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Forcword

A salmon or sea-trcut 's river passage te spawning gravels is ofte n rest ncted by the st ructures and precuces assocìated with
wate r resource management fc r water supply and flood prevennon: the atti tudes of the biclogi st and the water engiree r to
river mana gement are consequently somewhat different .

This repor t explains in urnple terme how the Ilsh and water contra i requiremenu can be reccn ciled and propose s design
crileria lo enable fish to negotiate st ructures such as sluice gates, we ìrs and fish passes. It also explams Ihe Ministry's legai
posit ion wtth regard lo obstr uctìo ns in migratory fish nvers and gives examples of the procedures necessary to obta in
ApprovaI for sat isfactory st ructures. The informatioo on flsh swimming speeds and endurance and the relation of rhese
parameters to water cont rol st ructures and fish pasees is essential to the effective management ofmigratory fish in our riverso

isheries Research



Froo nspe ce. A salmon on ìts way upstrea mleaps 3.65 m lo clear the Ornn Falls in Ross-shue. n owever . the
launch velocny or 8 .46111 s-' necessary to achieve thìs feat should certa inly noi be expected
from every salmon! T he bnef bui intense exenìon here demands the equivaìent of twìce the
fish's predic ted 'burst speed' swirnming maint aìned fa r a period of al least une minute . [Photo.
Milis, 1971.)
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I . Inl rod uct ion

Many of o ur rìvers hold stoc ks of salmo n (Salmo salar L.)
and sea tro ut (Salmo truua L ) and du nn g most of the year
some of the ad uli fìsh migra te upstream lo the head waters
where , with the advent of winter, they will eventua lly
spawn. Fo r a variety of reasons, including the genera tion of
power fo r milling , ìmprovìng navigation and measurìng
wate r Ilow, man has put obsracles in the way of migra toty
fish which have added lo those alread y pro vtdcd by nature
in the shape of rapids and warerfalls. While bot h salmo n
and sea tro ut , partic ularly the former , are capable of spec
tacula r leaps (sec fronlispiece) the rnoveme nt of fìsh over
man-made and nat ural obstacles can be helped . or even
made possible, by the judicious use of Iìsh passes. These are
dcslgncd to givc th e Iìsh an casier roure ovcr or round an
obs tacte by allowing il to overcom e thc water head
differcn ce in a scrìcs of stagcs (' pool and tra verse' fish pass)
or by rcducmg thc water veloc ìty in a sluping channel
(Dcnìl lìsh pass].

Salmon and sca tro ut make their spawning rum at d ifferent
Ilow condir lons, salmo n prefe rring much higher water Ilows
than sea Irou t. Uence the design of fiMi passcs requires an
understand ing o f the swimming abililY of fish (speed and
end ura nce) and the effect of water temperat ure o n this
abilit y . Also Ihe unique fealur es of each site must be appre 
ciated to enab le the pass lo be posilioned so thal it s enlrance
is readily Iocated .

As .....ell as salmon and sea lrou l , rivers oft en have stocks of
coarse fish and eels. Coarse fish migrali ons are generally
Iocal in cha racter and altho ugh some ob slru cl ions such as
weirs may allow downslream passages o nly , they do noi
cause a significanl prob lem . Eels, like salmon and sea t roUl,
travel botll up and down river duri ng the course of their life
histor ies. llo wever, t he climbing powe r of elve rs is legendary
and il is noi normally necessary tu offer Ihem help, while
aduli silver ecls migrate at lime s o f high waler Ilow whcn
downslream lllovement is comparati vely easy: for these
reasons neith er coane fish nor ecls are co nsidered further.

The provision of fish passes is. in many inslan ces, manda ·
lory under t he Salmon and Freshwate r Fisherics Act 1975
(Great Britain Parliament . 1975; see Append ix I). Tbis
repur t is in lended for those involved in the planning, siting ,
construclion and operalion of fish passes and is writt en lo
c1arify t lle hydraulic problems for the bio logist and the
b iolo~ic201 probkms for the enginee r. It is also intended lo
explain tlle criteria by which lhe design of 20n indhidual
pau is assessed for Minisleri201ApprovaI.

2. Fish swimming capabilities

A major factor in tlle design of a fish pau is the swimming
ability of t he migratory fish in lerms o f specd and endur
ance. Fish swill1 rni ng speed is o ftcn expressed in lerms of
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bo dy Icngths per sccond (BL 5" ' ) . but the more fundamen.
tal unit of met res per seco nd (m çl ) will be used in thi s
report since t his enables a dìrec t comparison lo be made
with thc spced of water Ilow . Fish swimming speeds are
Irequcntly dcscribed as bemg wn hin a range of eit her
'cruìsmg' speeds or 'burst ' speeds and are alt ribu ted to t he
use of t wo diffe rent ty pes of swimming muscle (Hudson ,
1973 ; webb. 1975 ; Ward le and Vidcler, 1980 ). The low er
'c ruìsmg' speeds, whìch can be maintained for long period s
(> 24 h) , employ the dark or red muscle - perhaps bener
termed aerobio muscle - which co nrracts only when oxy
geo is available lo the cella al a rate at least equa lto th at at
which it is used . Any rest rìct ion in the oxygcn supply hmirs
perfo rmance . The faster 'burst' speeds employ white or
anaerobic muscle which can contract rapid ly and powerfuJly
in the absence cf oxygen und become s exheusted o nly
whcn ali t he glycogen sto red in t he white rnuscle cel ls ìs
co nverted to lact ic acid o Rebuildlng of the glycogen store
uses oxygcu and can take relatively long pcriuds (up 10 24 h)
if cornpletely deplet ed (Wardle , 1978 ; Batt y end Wardle,
19 79).

A fish propels itself thro ugh IIJe water using waves o f con
traction o f the late ra! muscle . Wardle (197 5) contenda that
tlle Iimil lo its forward velocit y is set by the lime il takes
fo r a piece o f muscle lO soorten. lsolated muscle fibrcs
when st imulated by a single elect rical impu lse take a
characte rislic lime to shorten, so by measuring the conl rac
tion time o f Ihe isolated white swimming musde tbe maxi·
mum swimming velocit y can be predi cted .

High·speed swimming is always associated wilh short
endurance. In aclive fishing methods such as those using
Irawl amI seine nch,ali si7.es of fish can be obse rved keeping
stalion with the mo ving net Olemmings, 1973). Sma ll fish
swimmin8 near the net are seen to be mOVÌng wit h very
rapid tail beals whereas large lish, 1lI0ving at th e same
speed, are making slow ta i! sweeps. Thc small fish are
llloving d ose to t heir maxim um speed and $wim for only a
iliort period before Ihey dro p back , bui Ihe larger fish can
swim for long periods and have scope (or much greate r
specd; t hercfore lo wing speed amI duration o f tow can
arrecl the sÌ7e range of fish caughl. Recent findings have
ilio wn Illat maximum swimmin g speeds of most fish
spccics are simi lar for fish or Ihc same lengt h ;md are sur
prisingly high. A 0.195 m rainbo w trout (Salmu gairdneri ,
Richardson ) can achieve a maximum velocity of 1.58 m çl
and a maxilllUIll acceleration rate o f 32 .6 m S· l (Webb ,
1978) . Such high burst speeds and fasi slart abilit ics are
essential if migrato ry fish are to swim up or leap difficu lt
waterfalls.

Il is now well established that the swimming speed of a f1sh
Ihro ugh Ihe wate r is c10sely relaled lo i1s lai! beat frequency
and tha l the dislance Illoved du rill!! cach I~-,dy wave (stride
length J is aooll t 0 .7 ofthe fish length. Wardle (19 75) gives a
generaI formula which relates thc ma ximum swimming



whcre U is the maximum swimming speed, L the lcngth of
the flsh and 1 t he muscle rwitch contract ion tirne.

The twitch cont ractton lime of the lateral swimrning
muscle is short far small fish and increases wirh fish sile.
Muscle contract ion time is also sensìtìve to temperature :
cold muscle contracts slowly and warm muscle contract s
more rapidly as a result of the temperat ure depend ence of
the underlying biochemical and physiological proccsscs
(Wardle, 1980).

speed to the stride length ;

U = 0.71./21 .............................. (1)

Endurance is similarly det ermìne d by bot h body lengt h and
temperature and is governed by the amount of glycogen
stored in the wh ite musc1e. I bis reserve is used once the
fìsh exceeds its cruising speed and the rat e of depletio n
depends on temperature . The endur ance of a fish swimming
at ìts maximum speed is predìcted using anothe r empìrical
formula (Appendix III) whìch examìnes performa nce in
relation lo a finite encrgy stare (Zhou , 1982). Figure 2
relates endurance at maximum speed to fish length far a
series or specifie temperat ures. The maximum speed equìva.
lent to a part icular end urance li me in Figure 2 can be
derived from Figure 1 using the length of t he fish and thc
curve fa r t hc appropriate temperature .

Maxìmum swimming speed ts thus affected by both the
Icngth of the fish and the water lempe ralu re and il is
possible to prediet their effects (Figure 1) using an empiri 
cal formula (Appe ndix Il ) dcrived by Zhou ( 1982) from
276 measurements of muscle contr action lime (wardle,
1975) . These measurements covered a temperature range of
2° e lo 18° e and six specìes with a sfze range of O.05 m to
0.80 m. Water temperature has a considerable effect on the
maximum swimming speed, e.g., a 0.90 m salmon (7.8 kg]
has a predìcted maximum speed of only 2.5 m S· I at 2°e
but this increases to 9.6 m S· I al 25° C.

Figure 2 shows tha t , for a given length of fish, an increase
in temperature results in a dramalic reduction in enduran ce,
and far a given temperature, an ìncrease in fish length
results in a large increase in endura nce. The reduction in
endurance at t he higher t emperatu res results from the
ìncreased maximum swimming speeds and the consequent
faste r deplet ion in glycogen reserves, while thc dramattc
increase in endurance at a gìven temperat ure is simply a
result of the larger fìsh having a greater glycogen sta re.
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Table J. River temperatures al three seasons of the year
(1970) significant te migratory flsh movemer us.
1970 recc rds are represent at ìve of con tìnuous
tonger records, 4 lo 1I years. (From Water Resour.
ccs Board and Sco nìsh Developmem Depanmcnt .
1974 .)

111e swìmrr ung durations shown in Figure 2 should be taken
as the absolute maxima to incur complete exhaustio n, bui
unless a fish ìs being driven vcry hard. e.g. when played on a
flshing line, il is unlikely to deplete ìts energy store com
pletely . However, the spawning drive ora migrato ry fish lO

overcome diflicult obstacles must rnake seve re dcmands on
Its energy reserves and may well lise some or its store or
anaero bic glycogen. River March J unefJuly Octo ber

L '" lowest temperature du ring period
H '" highest
.lI '" mean

wear,
No rthum berland O 6 3

5 IO 8

l . 11 M

3 13 lO

9 17 13

8 17 13

8 14 12

L H M

IO IS 13

7 22 15

L H M

17 21 19

13 2 1 17

13 19 17

14 22 18

8 7

6 4

9 5

Irchen.
Hampshire

Avon ,
Glouces tershìre 3

Leven, Clyde O

Dee. Clwyd 3

River ternpcratures in th e UK cali range (rom o-c to abo ut
25°(. Table I shows the temperatu re range of flve rbers at
umes nf year signiflcant to mlgratory fish movemem (warer
Resources Hoard and Scon ish Develo pmen t Depart ment ,
1974) . Fish retu rning lO Iheir home river in J une/July wìll
encounter thc lughest te mpera tures and will rhus be capable
of aehieving rhe high swimming speeds necessary lo sur
mou nt many of rhe more d iffieult c bstr uctìons. Later
migrants, ret uming in October. ....ili be faced with lower
temperaturcs ami the earlier spring fish will encounter rhe
lowest ternperatu res and thushave a much reduced rnaxìmum
speed . Il must be st ressed t hat ali burst speeds and endur
ance predictions are coruìdered to be the maximum att ain
able wit h the fish in peak physìcal condnlon . Fish in poorer
conditio n through injury , drsease or bcing gravid would
naturaUy have a reduced swimming capability.
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A1though high water velocitics can prove difficult or even
impossible for Fìsh to overcome , th ey are considered to be a
major Iactor for ìnstlgatlng t he upst ream moveme nt of
salmomds. Migratio ns are often iniliated by freshets: the
no ise and turbu lence associated with the ìncrease of waler
velocìt y from freshets are thcught to be the factors that
enable a flsh to find the main upslream route through a nve r
syste m (Amotd . 19 74 ), just as Ihc current Issuìng from a
nver into the sea is thought lo be an impo rtant guide to lish
locating the rìver mout h (Mottley, 19 33; Buntsman, 1934).
The noise and tu rbulence o f high veloc ity water below an
obstruc uon can resu1t in t he standing wave or hydraulic
jump (see sect jcn 4.1) thal provid es the 'lead ' for fish and
may stimulate Ihem to move forward in read ìness to leap
ove r the o bstad e {Stuart , 196 2) . However, the downstream
approach lo a st ruct ure should always be designed such that
fish are en couraged lo swim ratber Ihan to leap . An unsuc
cessful leap may noi only be dama ging but, whilst the fìsh
ìs in rhe air , it ma y also attraci thc atten tion of potential
enemjes such as poa cbe rs.

3. Flow control srruc tures

Srrucrures are bui lt in nvers lo cont rol or measure water
Ilow, enabling the e ffecu o f spate or droughl c:onditions to
be mil i[t3led :md providin g a head o f water for milling or
electr icity generation . Whcre waler flow velocity through.
or a ver, a slruct ure exceeds Ihe 'b urst' speed capacil y afa
fish il consti lulcs a barrier lO fish ascenI. Since the enduro
ance of a fish al Ihe 'burst ' speed is very Iimiled . it is crucial
tha t the approach lo Ihe structure sho uld be as easy as
possible with adequale ' take-off deplh. High-speed flows
o f sha llo w wate r over lon g concrete aprons do not provide
adequate access to the positio ll where ' bursl' speed has lo
be employed . Ihe approa ch to a siruciure can also be made
very di fficult by a reduct ion in downstream water level
caused by channel dredging o r by scouring due to high flow
rat es and insufficienl bed prot ection . ll ence, whell designing
a flow-conl rol st ructure Iikely to be an obst ruct ion to
migratory lìsh passage , il is impo rta nt tha t the do wnstream
water conditions be prescribed and recorded so th at t hey
can be maintained . A red uclion in downs lream water leve!
can be very graduai and may on ly beco lnc evidenl when t hc
number of fish iII thc river above the st ructure has been
severely red uced , or when fish are observed being unsuccess
fuI in th eir attempts lo negoliale Ihc ob st ruction . The
presence of damaged fish in Ille river may also be an indica ·
tion thal an origjnally passable st ruct ure has become
lroublesomc to fish.

3 .1 Floo d relief channels

I hese large channels. CUI lO provide an overflow rou le for a
river in spale condilions, are a danger in that migrating fish
aUracted by tbe higb Oows - whicb may occur as infre
quenlly as once in IOyeau - may be Sl randed as Illc water
subsides. A relief channe l sho uld be designed so that il can
drain progressively as t he flow red uces and afford flSh an

escape rou te. Usually the channel offers no route up t he
nver since the velo cities are very high and the flow cont rol
weir al it s hcad is a to lal blo ck to upstream mìgrant s. Sec
tion 14 of the Salmon and Freshwater Fisheries Acl 19 75
(Greal Brn aìn Parliament . 1975) (Appendi x I) requ ires the
provision of grat ings across the exit of any channel that is
Iikely to attraci fish and then strand them.

3.2 Sluices

Tbe se are used lO regulate water f1ow, are in a varie ty of
shapes and are usually co nst ruct ed from wood and /or
met al. The majority are manually con t rolled bu t an Increa
sing number are being auto mated , using water -level sensors
and eìecmc mo to rs. Tbere are thr ee broad cat egorìes o f
sluice , namely undershct. overspiUand radiaI.

The undershot type (Figures 3 and 4), as the nam e implies,
effecu its ce ntro! by regulating the water I low under the
slutce gate . The fIow is approximalely equal to the mean
water velocity multjplied by the area o f sluìce gate open .
The mean water veloclty is equal to about [2 ghJ o.s . where
g ts the acceleration due lO gravity (9 .81 m 5"1) and h the
warer head difference across the sluke. This is an approxi 
meuon . because the velocity head (due to the velocit y o f
app roach lo the sluice), coe ffìcien ts o f discbarge and con·
tra cli on , and friction al roughness er fects are igno red; how ·
ever, it is suflicient for lìshery purposes. Tbe shape of the
open sluice apertu re is relevant lO fisb passage : it is better
lO have the sluice gate eilher fully closed or weU open Ihan
to have a narrow o pening which provides a few cenlime lres
of high velocity, squirting, ' leading' flow Ihrough which a
fish can nol pass bUI may exhaust Uself in trying. Fo r lìsh
passage th e ntinimum ape rlure should be 0.30 m x 0 .30 m
with a waler velocit y noi greater than about 3 m 5"1. As
shown in Figures I and 2, such a 'burst' spced could be
achieved by a 0.27 m fish al 15° C and mainlained for 7 s, a
DA I m lish al 10° C fo r 42 s, or a 0.76 m fish al 5°C fo r
about 20 min. T hc velod ly of 3 m S· I wo uld result from a
head diffe rence of 0 .45 ll1 and prod uce a flow th rough the
0 .30 111 squarc ape rlure of approximately 0 .27 mJ

5.
1

(5 .13 Mgal d- I ) .... Large automalic met al sluice gates ofte n
co mprise a single massive gate allowing low flow controI by
providing an o pcning o f a few centime tres only ; this results
in a noisy . squirt ing fl llW that is ver)' altract ive bUI, of
course, complete ly impan able In migrato ry fish (Figu re 5).
l o facililat e lìsh passage Ihroug h an undershol sluice il is
l>etler tn regulate now by a number of adjacent sluices
(Fi gure 6) onl y one of which necd be ope n ralher lha n by
one large gate . Sluices sho uld be designed to spill into a
deeper area (stilling basin) with the sluice sill ex tended
downstream so as lO slo pe inlO Ihis dee per area. There
shoul d be no base block in Ihe sluice apert ure 2nd dis·
charge should noi be d irected o nta a raised concrete block .

"'A waler flow or 1 cubie metre per second (m J S· I ) is
eq uivalent to abaut 19 miUion gallons per day (Mgal d-I )

IO
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This forrn or undersho t sluice rnakes flsh passage very d iffìcult , requiring bo th high speeds and long
endurance tirnes . The conc rete base block enables a water jet lO torni . and the flat base aUows the high

velociry flow lo persist a ver a co nsìderable distance.
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Figure4 Fish passage is much casier al th is arrangement or undershot stuìce. The lack or obstruction below the
sluice gale and graded approach to the sullìng bastn allow a rapid reduction or th c high water velocity by
forming the hydraulic jump eluse to the sluice gale .
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Figu~ 5 Undershot slujces wuh water flow conrrolled by fOUT small gal es. This enables a low discharge to be
achieved using one gale on ly whilst stili providing suffìcìent room fa r an ascend ing flsh to pass
under the gate.

Sl e e l gal e

Figure 6 Undershot sluìce wuh water Ilow co r urolled by une massive steel gale (oft en automated] . A low dìs
chargc is achieved by providing a very small opening tha t is att racuve to fish bui completely unpass
able.
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Figure 7 Overspill sluice with sharp edge and shallow water over concrete open: this prococes dìffìcult approach
conditions for fish because orinsufficient down stream water depth .
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Figure 8 Overspill sluice with curved edge and stilling basìn: this provides sufficienl water depth for an easy approach
and a smooth cresi Ilow.
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An overspnl slulce (Figures 7 and 8) regulates the water
head over the sluice gare. Here again, far the successful
passage of fìsh an adequate 'take-off" depth of not less
than l m on the downstream side should be ensured. This
can be provided either by a maintained downstream water

• level or by a deeper pool immediately below the sluice; the
sluice should never spill onta a raised concrete aprono In
any overspill situation (sluìce , traverse or weir) a curved or
graded downstream edge should be provided (Figure 8),
not a sharply truncated edge (Figure 7). This enables the
overflowing sheet of water lo adhere clcsely to the weìr
edge (adherent nappe), rat her than to fonn a separate jet ,
and often g ìves fìsh Ihe facility to swim over the obstruc
tion. As in the 'u ndershot ' u uìce , tbe dept h of warer must

be suffìcient to accommodate the flsh. Il ìs bette r te effect
water control with a number of narrow sluìces with ade
quate water deprh over each than to use one very wide gare
with a few cenum etres depth over il. The maximum recom.
mended head is calculated in the same way as fa r the under
shot type : a head difference of 0.4 5 m would produce a
maxìmum velocny of about 3 m S· I ; the sarne minimum
apertu re is necessary (widt h 0 .30 m) and would pennit a
flow of abau t 0 .09 m) S·I ,

Radiai sluice gates (Figure 9) are usually quite impassable,
particularly when sited on a stepped base. The only sit ua
tion in wlùch a radiai gate is passable is under flood condi·
tions when the approach on the downstream side is deep.
the sleps are drow ned and the gale is lifted high.

T
h

Hyd raul ic
j ump

= --.:L_ _ --..... /

4. Flow meesurement structures

These st ructures take many forms but usually att empt lo
relate the water hcad over the st ructure to the tota l rìver
flow. Good hydraulic conditions are essenrìal for accurate
measuremcnt, and the study of the necessary conditions
and erron in rneasuremenr of flow ìs now sufflcìenuy
exte nsive to ccnsntute an established science in its own
rìght .

The structure is designed such tha t the Ilow conditions _
the water velocity and depth - in the channel upstream of
the structure are govemed by the geomet ry of tbe st ruct ure
and the approach channel, and by the physical propert ies of
the water. Measurement st ructures are not affected by the
conditions of Ilow downstream from the strutt ure or by
the roughness and geornet ry of the channel weU upstream.
For a well-designed structure there ìs a unique head: dìs
charge relationship and critica] Ilow condit ions occur. The
te nn 'critìcal flow' ìs used bere in il generai sense, meaning
that for a given discharge the deprh ìs such that t he 'total
head' is a mimmum, or altemattve ly, for a given 'total head '
the depth is such that the discharge is a maximum. The
'to tal head ', wlùch is measured in metres of water, is the
tota l energy of the flow per unii weighl of water. It is the
sum of the potential head, the pressure head, and the velo
city head and is calculated using the Bem oulli energy
cquation. The crest of the st ructure is generally taken as
datum.

Upst ream
water leve I

•
. , ..

Stepped ba se

~~L- _

River bed

Figure 9 Radiai sJuice gale on a stepped base; th is is impassable to fìsh in ali conditions excep l
very high flows when the gate Iifted clear of the water.
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Turbu lent or skew approach flows are not conducive to
accurate Ilow measuremenl since the purpose of the srruc
ture is to enable the head: discharge reJationship te be
descnbed algebraically. However, even with the most regu
lar of ehannels, stre.amlines are often curved in the region of
the cresi of the structure and the pressure dist ribution with
in the flow ls not known. The coeffìcìents of dlscharge of
mcst types of st ructures are therefore derived empìrìcally
under rigorously cont rolled laboratory condu ìons.
Numcrous attem pts have been made to derive a standard
cquat ion for full width wcirs and recent tests by White
(1975) at the Hydraulics Research Station (HRS), England
yielded the following equation:

Q ' 0.564 Il + 0.150h I P ) b g"' Ih +0.001) " , ...(2 )
where, Q ::: discharge (ml S- I ) ,

h ::: upstream gauged head (m),
p ::: cresi height ofweir above upstream mean bed leve!(m) .
b ::: crest wìdth (m) ,
g ::: acceleratìcn due to gravity (m S· 2 ).

Th is equation filted the Hydraulics Research Station data
wilh a tolerance of ± 0.7% al the 95% confidence level. The
Hmìtsof'application set by Ihe range of data are h > 0.02 m,
P ;.. 0.15 m, and h/P ";;; 2.2, but accuracy dlminishes when
h < 0 .075 m or h/P> 1.8.

The above introduction to metering weìrs ìs superflcìal but
ìs intended te stress the stringent condilions necessary lo
gauge water flow eccurately. It will be appreciated that
these precise engineering requirements are usually cont rary
to the natural requirements fcr flsh passage. Ftsh prefer
irregular channels with deep pools for cover and not
straìght trapezoidal concrete channels with sharp crested
weirs having abruptly t runcated dcwnstream surfaces.
Hcwever, sìnce Ilow cont rol and measurement are neces
sary and many weirs already exist, a compromise must be
reached so that fish can swi mover gaugtng structures.

The accurate gauging of a wide range of flows involves twc
conflicting requirements: high flows demand a large crest
breadth if head 1055 [afflux] is not to be excessive, whereas
low flows demand a small crest -breadth in order that the
sensitivity of the gauging st ructure does not fall below an
aceeptable figure. One solution to this problem is the
compound weir in whìch low discharges are measured by
containing the flow within a comparatively narrow crest
sectìon and high dìscharges are measured with a much wider
crest section at a higher levet. The low-level crest (which ìs
usually separated from an adjaeent higher-Ievel crest by a
pier) can be designed to afford fish easy passage al low
Ilows. The 1:2, 1:5 profile wetr (Figure IO) desìgned by

Flow

Figure IO ACrump ( 1952) Ilow-gaugtngweirwith upstream and downst ream slopes of 1:2 and 1:5 respectively.
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Crump (1952) is a popu lar gauging wei r whìch is often
compounded whe reas the Ilat-V weir (Figure I l ), with
careful selection of cresi b readth and cross-slope. can
provìde sensuìvny at low flow s without the need for
dividing piers and also minimise head loss du ring Ilood
condi tio ns.

4.1 Crum p weir

A Crump weir is a two.d ìmensìonal . Iriangular profile
weir provid ing bcth an upsrream measurement of hydro
static head and a crest tapping for pressure measureme nt.
By th is me rhod o f double gauging and the choìce of a tri
angular profile wetr Crump showed, in l('Sa carried out at
flRS , th at relieble Ilow measurement was possible wit h
small afflux al high d ìscharges . A diagram of a compounded
Crump weir ts shown al Figure 12 and a photograph o f th e
Manley UaU compound Crum p weir on the Rìver Dee,
illust rati ng th e d ifferent elevanon cresu separa ted by
dividin g piers, il show n in Figure 13. A comprehensìve
treatment of the design ofCrump weirs is given by lIerschy
et a/ .(J917) and sufficìent de tail will be given here to a1low
an app recìatio n of the hydraulie cond itions only al they
affeet fish passage. Furthem l0re, only 'mod ular flow'· will
be eo nsidered sinee unde r 'd rowned l1ow' oond itions
passage by fish is considerably easier.

well upstream of the weir the water in Ihe river is flowin g
relatively slowly and obeying approxi mate ly the funda
menta l relatio nship: Ilow Q = cross-section area A x mean
velocn y U, As the water approaches the weir cresi il ìs
subjected to the 1:2 sloping face whìch reduces tbe avail
able cross-secuon area and causes th e water velocìty te
ìncrease. The wat er then Ilows aver the cresi and dow n the
1:5 downstream face o f Ihe weir, convert ing its poten rìal
energy to klnet ic energy . The depth o f water on thìs
downstream Iace decreases as the water accele rates under
the actio n c f gravity; rhe llow and vetocny in this region
being termed 'su per-cri t icai' , Downstream from the wet r the
river channel will be much the sarne in profil e as that found
above the wen, and the flow will be at abou t the same
depth md sub-critical velocuy as if the weir dìd not exist .
Tberefo re. the shallow water on the downstream face of
the wetr Iravelling at super-c ritical velocity has to change ìrs
state back to deeper water al sub-cn tical velociry . Th is
occurs qu ìte suddenly in the form of a roller or standing
wave below the weir, which is termed the 'hyd raulic [ump".
There is considerable lurbulence with in the hydraulic jump
which can cause severe bed erosion below the weir if the
jump does not occur ove r a finn , rocky base. Il is com mon
practice lo provide a stilling basin below a weir to ens ure
lha l this ene rgy is dissipated close to ils foo l in a co ncrete
Iined pool.

:,/FI OW

I

Figurr 11 A ' flat·V ' flow-gauging weir , with cross·secliun s10pes 1:2/ 1:5 and trave rse s10pes of belween I : IO

and 1:40 .

• Mod ular flow OCCUI'S when Ihe water level downstre am
from Ihe weir does noi affec l the flow o ver the weir and
the re is thu s 3 uniqu e relatio nship bel ween upsl ream
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waler level and 110w. If high lai lwate r conditions do
affect the flow, Ihe weìr is said to be 'dro wned ' and two
measuremenls ;ne neede<! , une being the upsl ream slale
and the other Ihe downst ream siate .



Flow
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Low uo'"Main n
"h way

Fis h coun ting e tec t rcc ee
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Stllling b as in
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Figure 12 Dtagrarn of a com pouruì Crump wetr shuwing the 10\\1 Ilow secno n th at provides the fish way and the
high cresi secnon for high Ilows. Nole the aut omatic flsh-counting electrode s on the 1:5 downst ream
wei r face. (Dcgram based on Bussell, 1978 .)

Figure 13 A vìew of the cornp ou nd Crlllllp weir al Manley Hall o n the Rive r Dee , Shropsh ire. Th e low crest secuon
cali be secn IO be gauging water Ilow whilst the high crest sccuon is d ry. The bridge spanning the low
flow section is used lo monitor the accuracy of an automatic flsh-cou m ing system ( Beach . 1978b ).
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The degree of difflculty facing a migratury fish try ing to
ascend a flow-measuring structu re can now be appreciat ed .
It is attracted to the structure by the noisy turbulence of
the hyd raullc jump which il has to overcome be fore nego
tiating the long do wnstream face of the weir covered with
water at shalluwdept h and Ilowing at supe r-crit ical veloctty .
The situation is o ften exace rbated by a tendency to trun
cate the downstream face of the weir sharply to minimise
the amount of bu ild ing materials used , since , if this trun
cet ion is noi closer to the cresi Ihan about t wice the
maxim um upsu eam ro tal water head , the gauging accuracy
wdl nor be bnpai red . Hcwever , the sharp edge resultin g
from nus tnmcation isoften not submerged by the hydrau lic
jump and requ ires a fish to leap (rom a region o f bigh turbu
tence onta a wei r fece thinly covered by water moving at

high velocity and in which il may have lo swìm a dtsrance
c f abo ut 3.5 m to reach the weir cresi.

Th e reco mmend atio ns (o r the design of a Crump weir to
allow fish passage derive (rom a co nsideratio n of the wate r
veloclues on its dcw nstream Ieee and requtre the sub
rnergence of any downsrream truncated edge . Hence the
stilling basin should be so designed that the hyd raulic
jump always forma o n this do wnst ream face . Figure 14
shows warer velocìty as a funcnon of gauged head h fa r a
range o f weir heights P and d ìstances Z downstream from
the cresr. Fou r weir heights are ccnsidered (P = 0.6 m . 0.7
m. 0 .8 m, 0 .9 m) and the water vetcctt y ìs calculated al
seven d istances from the crest (Z = 0 .5 m, l m. 1.5 m . 2 rn,
2.5 m. 3 m. 3.5 m) using the approp riale coeffk ient of
approach veloci ty (or each value o f P.

1.0

h

p

z
p :: 0.9 p =0 .6

,/
Crump secllon

0 .8

-.§. 0 .6
"O••~
"O•D,
~ 0 .4

0 .2

s
<;;
Il

•

5432

Ol-_ _ ---' ---'- --'- -'-__--'

O

Wat er vel oc lty (m s- 1 )

Figure 14 Mean water velocity at varioos d ìstances Z from the c resi of a Cru mp wetr plott ed
against upstr eam gauged head h . The smaUinset secuon explains the nomenclature
used . The beight of the weir P has a greate r mtluence o n water velocn y as the gauged
head ìncreases and is seen as a rhìckening of the appropri ale Z curve. Values of P from
0.9 to 0 .6 are gìven , the higher values causing a sltght reducnon in the mean water
velcc ìty . Far exa mple, at 2 m do wn from the weir cresi al a gauged head of 1.0 m. a
weir height ofO.9 m results in a mean water veloci ly of 4 .4 m S-I wh ich increases by
abou l 0 .04 m s-' as Ihe weir height dec reases to 0 .6 m .
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The maximum water velocity on a Crump weir, whtch
occurs in the region of supe r-crulcal flow just above the
hydraul icjump ,should no t exceed 3.5 m 5-1 • This swtmmìng
velccn y can be achleved, fo r example, by a fish of length
0.54 m in water of temperature l QO C and maint ained for
about 1.5 min befo re exhaustìo n. From Figure 14 it can be
seen that this velocity occurs at about 2.5 m from the weir
cresi for a gauged head of 0 .2 m {equi valent to a flow of
0 .1 8 ml S· I pe l mel le of weil) 0 1 a l abo u t I III fIUIII the

weir crest for a gauged head of 0.8 m [equtvalent to a flow
or 1.56 ml s-' per metre or weir). A sloping dista nce of
2.5 m co rresponds to a vert ìcal distance of O.5 m, so, since
the zone of super-critical flow ext ends shght ly below the
downstrearn water levet. the difference bet ween the Crump
weir cresi leve! and the downst ream water leve! must not
ex ceed 0 .5 m.

The channel condit ions do wnstream from a Crump weìr

are very impo rtant both fo r the operation of the weir and
for successùn fish passage. Careful consìde ratìon must be
gìven to the stilling besìn design to ensure sufflcient energy
dissipatio n at high flows. Failure to do this will resuh in a
continuation of super-critical and turbulent flows with
water velcctnes so high as to make the approach to the
weir by Ilsh impossible.

4.2 Flat-V wei.

A F1at·V weir (F igure I l) provides gauging sensit ivity at
low flows without t he nee<! for d ividing piers and minimises
head loss during flood co nditions. Two cross-section pro
files aIe common, 1:2/1 :2 and 1:2/ 1:5 with traverse sIopes
of l : IO lo 1:40. Due lo their downstrearn Ilow characle ris·
tics these weirs do noI give easy fish passage. At low Ilows
water is cunlained at the centre of the weir and issues as a
squirtin g flow with circular side edd ies. This is likely to
present fish with very high velueities al the centre o r the
weir whilst causing disorient alion al the sides. Th is type of
weir lacks the hori7.0lItal c rest necessary for automatic fish
counting (see Secti on 7).

4.3 Other gauging weirs

A large variety of weirs and flumes have been used for
several decades and lllany are stili in use. The broad-crested
weir was a weir of popu lar pronle , the upst ream edge of its
flat horizontal crest being eithe r 'sharp' or 'round-nosed ' .
lt is now rarely installed because of ilS variable coefficien!
of discharge, and because the vulnerability of its upstream
edge lo damage affects the calibrat ion characterislìcs.
However, many are stili in existe nce, so where an obstruc·
tion to fish passage occurs e30ch weir should be assessed
individually (u sing automatic fish count da la if available)
and appropriate remedial attion taken . This might take tbe
form of raising the downst ream water level with a notched
trave rse o r providing an effective fish pass round the struc
ture.
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5. Fish passes

Over th e years many fish passes have been co nst ructed to
many designs and have achieved varyìng degrees o r successo
Th e assessmem of th e effectì veness of a fish p30ss is d ifficult.
Il is often based on observed aggregat ions of fish below a
pass o r a decline in the numbers caught abc ve, but these
Indìces ignote many o the r important facto rs sucb as th e
natural varialio n iII the size of [hll rUIlS, the lime of th e run
in relati on to the water temperatur e and a possible size
selecting mechanism due to a more difficult passage for
smaU fish. In 1940 Mcl.eod and Nemenyì suggested that a
flsh pass shc uld:

"Contro! water vetocity betow the swim m ing cepacity
of the ruh; avoid rapid chongn in flow panem: provide
phy sicaJ end visual clearance; provìde resring areas es
required; operate without manual controì: discharge
l'nough wall'r to att raci the ruh;poUt'ss a weìì ìoce ted
fi$h entrance; beeconomical lo oonstruct end maintain;
operate wuhour ìnteeference by sedìment and debrù;
end. not requtre more water than is iJ1Iailoble or atto
cated",

These d iverse objec nves are stili being sought but there is
now the opp ortun ity to test the effecliveness of appropriate
passes by using automatìc fish co unters (see seclio n 7) .

In England and Wales only two basic types of fish pass are
now commonly inslalled : Ihe 'pool and traverse' type wit h
nol ched overflow weirs, :md thc Dcni! type . Oth cr varianls
are in existence, e.g. 83 type and ' pool and t raverse' with
submerged orifices, but the firsl Iwo arc generally accepted
as th c most effcct ive; th us, these will be th e only types
considered furthc r in this rcpurt . The fish tift ,e .g. Borland
type, although worthy of mention, will also no t be con
side red since il is inlendcd primari ly for large obstru ctions
and is uscd main ly in Scolland lo enable fish passagc over
high impounding dams. Thc Borland ]ift is described in
some det ail with examples of instal1ations iII both Scotland
and Ireland by Aitken et al. ( 1966) .

5.1 'Pool and traverse' fish pass

As th e namc implies. this pau consists of a series of traverses
(c ross waUs) and poo ls which are arranged to circumvent an
obstruct ion ( nalural or man-made) and afford fish a passage
to the higher waler level ineasy slages ( Figure 15) . ldeally,
the downslream entrance to the pass should be near tlte
obstruction so as lo bc easily localed by upst rearn migrating
fish, and the upslream end should be elose to the uppe r side
of the obst ruct ion so as to be easily locatcd by down stream
migrants( smolu and ke!u).



The arrangement or pools and traverses Is varied to suit a
particular obstruct ion. A long, low obstruction (Fi gure 16)
may requìre a pass of a simllar shallow gradient CUI into
adjoining land , whereas a wetr or dam (Figure 17) may
require t he pass to be tightly folded so as to position the
entr ance and exit close to the dam .

Recommended design requirement s fa r a 'pool and traverse'
flsh pass are as follows:

(a) rhc change in water level across a t raverse must not
exceed 0.4 5 m;

(b) pools shoul d have minimum dìmenslons of 3 m long
x 2 m wide x 1.2 m deep;

(c) traverses should be 0.3 m thick with not ches 0.6 m
wide and at Ieast 0.25 m deep;

(d) the downst ream edge of both the notch and the
traverse should be curved so as to reduce tu rbulence
and previde an adherent nappe (n ot a free spur ting
jet );

Ce) the pass entrance should be located easi1y by fish at
ali flows.

These reccmmendations are based on the Report of the
Committee on Ftsh Passes (Anon. 1942) and on subsequent
expe rience gained by MAFF, the puoi size being the mtni
mum to allow energy dissìpation of the 0.45 m difference
in water level and to provide adequate rest areas.,

The design requirements listed above are the major ones
examined when a flsh pass is subrni tted for Ministerial
ApprovaI. They fonn the guidelines for assessment of
effecrìveness but are applied Ilexibly since each site ìs
unique. Far example , if the water available for a pass is
always so low that the normally reccm mended m inimum
poo l size is more than adeq uate for energy dissipation, a
small reduction in size may be permlssible. Simi1arly, the
minimum notch size may be reduced pru vided the depth of
water of flowing thro ugh it is never less than 0.25 m, and
the width of the not ch ìs not less than 0.3 m.

Particula r auennon should be given to the posìtion of the
ent rance to the pass, sìnce it must be readily located by fish
under al1 110w conditions. A pass adjoining an ìrnpassable

. .;"

.~.','. ,
a

Figure 15 A schematic diagram of a 'pool and traverse' fish pass with notched traverses.
The dimenslons shown are recommended as the absolute minima. The head
dìffe rence between pools should not exceed 0.4 5 m.
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weir muy be effec uve ty bloc ked during high tlows bec ause
o f turbulence disor ienta t ing the fish or prevennng ns
appruach. Such flow cond itio ns are often those that
prompl salmon lo make their spawning run. One solut ton
to this prob lem is to ensu re that , in add ition lO carefu!
snmg o f the entrance . tbe pass alway s take s a fixed p repor
lion of the flow over the main weir. Norches in rhe traverses
should be arranged lo take tbe corree I propo rtion of the
d ry weather flow. The mvert (or re tenuon) leve! of the
uppermost noteh mu st always be lower than the adjo ining
weir cresi so that the pass ìs p refercnt ially supplied wit h
wat cr, instead o f 'wasting' it cver the cresi or a lo ng wcir
and thus at tracnng fish away l'rom the passo

Eq uation 3, although includ ing the side com racuons o f a
nctch , ìgnores the velocuy o f app roach . However. when
dcahng with a flsh pass an accur ate measu re is neuhe r
possible nor necessary. If this equation is applied to the
minimum size not ch recour nended (0 .60 m wide by 0.25
m deep) an app roxiruate 110w o f 0.13 m3 s- ' wuutd be
requ ired lo ensu re the nc tch runs full. Aiso ìh e max imum
water veloc ny resulung from the 0.4 5 m leve! dìfference
across the pools would be 2 .97 m S·I . Suc h a speed could
be uchìeved by a fish or lengt h 0.4 1 m in a rivc r of tem pera
(tue IO(\C and marntaìne d l'or abou t 40 s. or a fish o r
I c n~ l h 0.27 ili in a nve r of tem pera t ure 15°C and maìn.
tained for about 7 s.

Many hydraulic equa tio ns have been applied lo the flow o f
water over weirs and norches. each proclaiming a greate r
degree or prec ision and usua Uy ìnvclvmg a co rrespond ing
increase in complex rty . Fur fishery purpos.es rhe Francis
(1855) equation ìs sufficiently accurate and is usually
simplified lo :

Q= 1.84 Ib _ O.;Y' I/, I.S ,

where Q = Ilow ( 1113 s-' ),
b = weir b read th (m ) ,
,, =gauged water head ( m) .

.................. .(3)

5.2 Denil lìsh pass

The Denìl fish pass is named afte r the Belgian enginee r G.
Denil who se studìes in 1908 led lo the flrst successful
realisa tton of a channel fish pass using baflles for energy
dissipation tDenìl, 1936). The baffles ate c1ose1y spaeed
and set al ali angle lo the ax is of the channel (Figure 18)
tu fc rm secondary chan nets whilst leavtng a relatrvely large
p roport ion of the channel l'or the st raight main flow
th rough whieh thc lhh passo Flow re-enlering l'rom Ille
se..:ondary channets mcel5 tlle lllaill llow abruptly and

Figure 16 A 'poot and tr averse' Iìsh pass aro und Airthrey OarTI on the River Allan, Stralhallan . The pass
d ischarge s ob1iq uely across Ihe mai n river l1uw for easy locatinn hy fish al mediu m l1ows. Note the
subsidiary ent rance for use hy Iìsh att racte d lo Ihis s.ide of the dam al low flows. (PhoIO. Menzies.
193 4. 1
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Figure 17 A pian (after Aitken et al., 196 6) and two views
of the ' pool and tr aver se ' fhh pass circumventing
the power sta t ion da lll at Pit loehry on the River
TUlllmel.

ene rgy is dis sipated by the large tran sfer o f momentum
and intense mixing; energy reduct ion is not due to the
frìcfìonal effec t s of the nurnerous baffles (McLeod and
Nemenyi. 1940) as is some timcs suggested . The surfaces
of the secondary char mels sho uld be smoo th and their
ent rances well stre arnllned to reduce frictiona1 Iosses and
to ensure that the secondary cross currents re-ìssumg imo
thc main st ream are vigorous and free from major eddies so
that th ey effec tively check tbe velocity of the mai n f1ow.
Il is in thls connection that th e shape, pusition and spacing
of the baffles play such an important par t. Denìl's originaI
design required baffl es o r a shape so cornplex that il was
very difflcult to reproduce. Simple single-plane baffles
(Figu re 18 ) are just as effec tive (Mc Leod and Nemenyi,
1940) and have been pr oved in operauonat passes in th e
UK, th e Repuhlic of Ire1and, Canada , Denmark and else 
where . A phot ograph or a Denil pass ìs showu at Figure 19.

In add it ion to t he earlier wo rk by DeniJ, 19 36 ; McLeod
an d Nemenyi, 1940; Ziemer, 1962 , and othe rs, a recer u
dctai1ed examinat ton of practical Denil passes has been
ca rried out by Lnnne bjerg (1 980) at Silkebo rg in Denmark .
His work exam ìnes in detail the hydraulies of the Denil
pass and its cffec tivcness. He stutes Ihat (in Denmark) :

"In / 980 file number o[ dams and weirs preventing
sa ìmon {rom proceeding further up wafercourse
system s ts probahly over l ,OUO end [uh passes have
bcen built [or vny f cw of these",

The need for an economìcal pass whose entrance is eas ily
locat ed and which must occ llpy minima! space suggests a
pass with as steep a grad ient as possible. Il owever, the
water velocìty in a Deml pass inc reases app roxim ately as
the square roo t of the gradie nt , ano th e steeper pass allow s
a greater flow orwater. Conversely, a reductfon in the cross
section or the pass at a constant gradlent will result in a
lower tlow , lower velccity and redu ced building cos t. The
Iìmn to the free passage through a Denil pass is sei by the
swìmming space requìred by an ascend ing fish; McLeod
and Nemenyi ( 1940) report that a catfi sh {weight about
11 kg) passed through il Denìl pass having a passage widt h
or o nly 0 .25 m. The length of th e fish was 0 .84 rn and the
w idth of its head 0.23 m!

lI owever long or steep the Den il channel, th e water velocity
must be such thar neithe r rhe rnaximu m speed nor thc
endu rance o f th e flsh ìs exceeded, due conside ratlo n being
given to lìsh length alld water temperature (Fi gure I). A
m aximulll water velocity or 3m ç l is suggested as noi
being beyo lld Ih e ability o f any salmon and must sea·t ro ut.

Dell i! considered the forces OH a fish nego tia t ing his passes
to be co mposed of tWIl element., one due lo the drag for ce
necessary to overco me the waler ve10cil y and th e oth er due
to th e need far Ih e fish to lift itse1f agaillst gravity . The lìrst
is de fined by



fon =0.5 KplflA . . (4) where L ls the length of the fish ( m) and it is assumed that
o » IOOOkg m-3 and A ""0.0218 2 L1 •

where FD = d rag force (N) ,

K '" coe fflcient de pendent on body shape,

p = fish dens ity (kg m-").

U "" mean water velocuy (m S-I ) ,

A =maximum fish cross-secuo n (m1 ) .

The gravit ational force, acung on a flsh in an ìnclìned
channel. is given by

Fe"' Mg sin Q •••••••••••• • . .•• . . • • . . . . . • . • . . (6)

where. FG = gravitational force (N).

M :: fish mass (kg),

From a series of experìments Denil de rived a value o fO .25
for K and Lonnebjerg substitu ted this value in equation 4
lo give

FD = 2.728lfl 1. 1 ....... ...................(5)

g '" acceleration due lo gravity (9 .8 1 m s-" ),

Q = angle between channel slope and horizontal
{degree).

Invert

t
c

j
• • •

Figure 18 A schematic d iagrarn of a Denil fish pass with single plane ba ffles, lnser ìs a diagram of a single
bafllc with the recom mende d propor tionsQ:b .c-d :: l :0 .58:0 .47:0 .24; b is the fish free passage
width , end the distance between consecutive baffles is 0. 67 x Q . (Fro m Lonnebje rg, 1980.)
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Figure 19 A vìew up part of the ex tensìve Denìl fish pass complex al Enmst yman on the River Inagh in the
Repu bhc o f Ireland .

Assuming the following reJationship berween salmon r nass
and length (W.M. Shea rer. perso nal com munication) :

F = 2.728 cflL 2 + 104.64 L 2.964 sin Q. • ..•••_. . •. (10)

,\1 = 10.836 /.2.- ,

then,

FC = 104 .64 1.2.964 stn c .

As the to tal fo rce acting un the fish is

then from equatio ns ( 5) ami (8)

.............................(7)

............................. .(8 )

..........•..•............ .(9)

If the tot al fo rce o n a sal mon is not lO exceed 0.6 nf it s
wejght , the maximum warer veloc ìty pcrmissible in the
Denil pass can be calcula ted using equation (lO) to gìve

U '" 6 .19 LOAS2 [0.6 1 _ sin 0'10.5 • •••• .••••••••••~ 11)

These maxì mum vclocìtìe s are shown in Figure 20 against
fish length for three gradie nts of Derul pass ( I;3, 1:4 and
I :5) . A strict comparison with the bu rst speeds from Figure
I is Impossìble since Deuil did not take water temperat ure
int o account when arriving at h.is d rag figure of 0 .6 time s
thc weight of a salmon. However, there is sufficient correla
uon to allow Figures 1 and 2 lo be used to assess the ab ility
o f a salmon te negonate a pan ìcular Denil pass if the mean
water velocity and channel length are known .

Denil pro posed that sahnon and sea-uout exen a farce
equivalent to 0 .6 and 0 .7 tìmes the ir respective wefghts
when swimming energerìcally against a water Ilow. Thus, if
a 0.80 111 salmon tmass 5.59 kg, from equation 7) ls IO be
able to swim up a pass having a water veloclty or3 m s' l

und a grudient of 1:5 (sin Q '" 0 .20) with a rela tive veloc ìty
or 0 .3 m s" , it mu st exert a to tal farce of 32 .5 1 N (eq ua
non lO). This to tal (a ree is equivalent to a rnass nf 3.3 1 kg
x K and is 0.59 tim es the fish '5 weight .

Th e design of a Denìl fish pass requìres a knowledge o f the
retanonshtp bet ween Ilow a nd dcp th . Very few da ta on this
relationship are avaìlable , and tho se which do exist relate to
a vanety of pass desìgns which makes com parison d ìffìcult .
Lo nnebjerg (19 80) invest igated the effect s o f slope and
dimensio n on Ilow using mod els and con cluded tha t the
significant forces are those due to inertia and gravity . Usmg
Froude's law of scale he pro poses the following approxi
mare equanons for mean water veloc ity and Ilow :
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Lonnebjerg (l9g0) repor ts that in 194 5 at Hert ing in
Sweden a sìnglc-planc Deni1 pass was b uilt to the same
proportions as suggesred by the Cornmtnee o n Fish Passes.
but scaled up by 51170 and the channel slope decreased from
1:5 to I :6. A flow of 1.4 1113 S·I was measured uslng hyd ro
met ric vuncs , bUI unfonuuately no dat a are givcn on water
depths. Followin g the success of the pass at Herting th e
H sh and Wildlife Service of th e Departr nen t of the Interior
(USA) dec ided to buiId a similar pass at Dryden Dam on
the Wenatchee Rìver, washìngton and to moni to r ìts per 
fo rmance mo re fully: ns flow was mcasurcd tu be 0 .8511/

1. 0 S-I at a depr h of 0.9 1 m. Calculations based on Froude's
law of scale (equation s 12, 13 and 14) and the Committee
on Fish Passcs' figure cf 0 .60 m3 s-' predic I a flow o f
1.05 m3 s-" . which shows reason able agreemen t with the
measured f1ow , particula rly as a change of scale and slope ìs
Involved and thc passes are similar b ut not identica!'

.. .................( 12)

.. ........ .... .. .... .. ..( 13)

0.2 0.3 0 .4 0.5 0 .6 Q,7 0.8 0.&

Maximum water velocl ty al th ree grad icn ts cf
Denil flsh pass equated to speed achie vable by
Iish of various leng ths, based 0 11 the d rag force
for a sahn on being proportionaJ lo 0 .6 of irs
body weight . (S ubtruct 0 .3 III 5. 1 tu allow fish

to progress through the pass al this rate .]

flsh leng l h L (m)

o. ,

•
t::::: r:::::~v t •

a

l::::::E::: l-- ta

1;::::: V
r>a

~
~,

where À is the scale rario LpLM . LF is a dlmension in the
full size pass, and LM is the equ ivalent dimens ion in the

model passo
As the wat er velncity in a Denil pass increases in proport ion
lo the square root of the grad ient ,

e

o•o
o

•••o

Fig ure 20

o
o
;;
>,
•,

'.

...... .......... ...... ...... ( 14)

where Q' ts the sine of the slope angle as before.

The Reporl or thc Commìuee 0 11 Fish Passes fAnon. 1942)
proposed a pract ical Denil pass with a chaunel width of
0.91 m and baffl es set a dist ance apart equa! to two .thì rds
the width o r the char me! (ab ou l 0 .60 m) and sloping up·
stream at an angle of 450 lo the channel bed , the slope of
which should not exceed 1:4 (ì.e . sin o: '" 0 .25) . Large
restin g pools for fish (3 m long x 2 m wiùe x 1.2 m ùeep)
shoulù be provided at vert ical interval s o f 2 m. A test
channel was construc tcd in concrete wi th me lal baff1es as
defined above , by thc Comm itt ee on Fish Passes. The length
of channel betw ecn resting pools was 9 m anù the graùient
I :5. A conti nuous flow of O.60 m3

çl was obt aineù wit h a
mean walcr ve10city o f only I .g m ç l and a water dep th of
0 .91 m. At t he lower flow o f O.28 m3

çl (correspond ing to
a water depth of 0. 61 m) it was claimed that Ihere was slill
sufficienl room fo r fish to swim Ihe cllannel. In filct , in Ihe
Repu blic o f Irclalld fish hilve bee n ob served swimming up
Den il passes wit h a tot al waler depth of 0 .30 m whi ch is
eq uivalcnt to only 0 .15 m depth over th c invert o f Ihe
baffle (sce figure 18) .

Figure 21 Flow measurern ents in the Denil flsh pass al
Arup-M~lle on tbe River Rohden-Àrum ,
Denrnark (s1ope 1:4) : IOp curve ìs flow Q
against dep th h ;bottom curves are Ilow Q
against veloci ty U (so lid 1ine indic ates rneasured
values, bro ken line pred icted values).
( Lonnebjerg.1980.)

Lonnebjerg also supervised a project at Horsens in Denmark
in 197 8 which included mode l trials on a Denil-type passo
Th e conc!usio n from these trial s co rrobor ated Denil 's
original findings in that !he best incl ine fa r the baff1es was
found to be 450 and the best dislance between tlle baff1es
was 67% o f Ille channe l width . A pass was subsequent1y
construc ted incorporating tllese design crite ria al Arup
Mr lle, Denmark on the Ro llden.Àrum River with a chan nel
width of 0 .57 m and free passage of 0 .33 m. The slope was
1:4 (sin 0: "" 0 .25) and the length 9 .4 m. Comprehensive
f1 0w measuremen ts were made at this pass and the result s
are shown graphica11y in Figu re 21 ; the water dept ll h was
measured from the bottom of Ille channel and so Ihe water
height above the invert of tlle bafne was ahout 0. 12 - 0. 13
m less than h . An approximate ly linear relationsh ip
belwcen f10w and dept h exists a ver the range of wat er
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Figure 23 The Ilow Q in a Deml charme! of wid th L
related to up stream rwer leve! hual each of three
char me! gradients (sin Cl'= 0 .1O, 0. 15, 0.20).
(Red rawn from Larinier, 1983.)
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Aow measurement s in the experìm entat secuon
of Denillìsh pau al Hesselvig Enggàrd on the
Rìver Skjem , Denmark (slope l :5): top curve is
Ilow Q agains t tlepth h ;bottom cu rve is flc w Q
against rnean W31el velocity U. Note that since
there are no bo tt om baffles. h rep resent s the
water depth above the channel. ( from
Lonnebje rg, 19&0.)

0 . 10

depth s of 0.35 m lo 0.65 m; lite mean water velocity varìes
unly between 1.31 m 5"1 and 1.42 m s-' . In trials whh fish,
sixtee n b rook trout (Salvelinu s fo nt ìnalìs (Miteh ill» and
twc rainbow Irout (Salmo gairdneri Richa rdson) were
rejeased immediately downstream from the pass: afte r 7.5
hour s, e ight of the brook trou t and both of the raìnbow
ImUI had negoliated the pass, the smallest fish being a

0.25 m brook t rout .

Figure 22
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The success of the Denil pass al Arup M~Ue resulted in
Lonnebjerg hecom lng ìnvolved with the recently ìnstalled
Deml pass al the hyd roelectrìc power station al Tange 011
the Gudenà River, Denrnark. The structure comprìsed seven
resting poo ls and eìght Denil fbghts each 6 .55 m long with a
gradien t o f 1:5 . the total rise being abolii IO m. ln ord er to
predict the performance cf thìs ambitious project il was
proposed th at a single DCIIi! flight be tested prior to fie1d
consrructic n. Conseque ntl y a secucn of width 0 .57 m, free
passage 0 .32 III and dìstance berween baf fles o r 0 .3 2 m was
erected al a grad ient or 1:5 at a fish farm on the Skje rn
Rìvc r at Hesselvig Enggàrd . Denma rk. In this pass the
baffies occupied the sìdes of the channel onl y , bui in spire
o f the lack of bo tto m baffies - and th e conseq uenl higher
water velocilies at low flows - tne pass showed good
ene rgy-redud ng properties wiln CnelYeoe fficienU· belw een
5.9 and 7. 1.Th is type o f baffle arrangemen l was suggested
by the Com mitt ee on Fish Passes (An on, 19 42) as be ing
part ieularly suitab le for large variat io ns in water head _F10w
and velocily measurements fo r this pass are shown in Figure
22, where it ean be seen Ihal a change in nead from 0 .42 III
lo 0.53 m result ed in a change of no w from 0.12 ml ç l lo
0.19 mJ S· I a ver which range Ine velocit y inereased from
0.90 m çl lo o nJy 1.12m ç l .

Addi tiunal ìn fo rmanon on the Ilow charecteristics of a
Deni! fìsh pass with rhe baffle arrangcment as in Figure 18
is given by Larinier ( 1983). The relat ton between the water
Ilow and the upslream head hu over the invert of the lop
bafJ1e is gìven in Figure 23 . and tbe relatio u bet ween the
Ilow and the dcp th 11 in the pass ( norma! to the channel) in
Figure 24. The rneasurem ents were made at th ree gradìen ts
(sin a = 0.10 , 0 .15 and 0 .20 ) end provlde a useful addìnon
to the lim ited data available for this ty pe o f pass.

l he energy-red ucing property of thc Denil pass and its
relauvety low water dem and has been put to novel use by
th e Alaska Department of H sh and Game (Zieme r, 196 2) :
fo r th e install:a l ion of passes at remo te locat ions prefabri.
eated Iknil seclions (approximi!lely 3 m long) are attaehed
to Ihe fl03tS o f Iight 3ircr3ft and tlown to tne sites. Up lo
three sueh sect ions are then bolted end-to-end and leant
against the rim of the oos truclion . Thc design o r fish pass
used is designaled ' Model A' by Ine Alaska Deparlmem of
Fish and Ga me and is 3n 3d3pt31ion o f a modi fied Denil
p3SS developed by McLeod and Nemenyi ( 1940). Th e b;lffie
arrangement is cOlllplex and di ffieult to visualise bu i a
sm all d iagramma lic seclion is sho wn in Figu re 25 and a
view Ihrough such a seelion is shown in Figure 26.

.The Chezy coeffieient is a measure of l11e e ffect of Ihe
ruughness of a eha nnel on the veloc ity of water fiow
throu gh il. A glal.ed surface would have a eoefficienl in

exeess of 100, whereas a river channe! choked with .....eeds
and bo ulders and having hollows in ils bed and banks, and
sharp ben ds would have a coefficient of aboul 30.
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A 2.3 1 m high obstru ctlon to the p:lss:lge or salmon al
Gretchen Creek 0 1\ Afognak lsland . Alaska was surmoun.
ted iII 1959 using three secno ns or the 'Mode! " . Denil
channe l al an inclination or about 1:4. Th e followt ng
account or its performance is given by Zierner ( 1962) :

Figure 24 Thc relationship betwe en the llow Q and the
water depth " in a Oenil channcl or width L al
th ree gradicnts (sin a: = 0 . 10. 0. 15, 0 .20). The
bes! liIle has becn drawn th rough the experi 
menta! polnts fo r all three chan ne! gradìent s.
(Redrawll Irom Laritue r, 191U .)
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I

Figure 26 A vtew through the prefabricared Alaskan
'Model A' Denil fish passo

Figure 25 Cur-away secuonal diagram of the Alaskan
' Model A' Denìl fish pass prefabrìcated from
steel in 3 mlength s wuh a channel wìd th of
0.56 ID and channel depth ofO.69 m.
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"Constr uct èm ",D S accomptimed III/der force al'counI
proc cdures al a to tat COSi of $6,654. Thirty t ìneal [cct
01 steep pau ",QS installed on Q 26.2%grade" fa spali a
vcrt ìcal rise uf 7.6 {l'l't [ar a untt cosi of $876 per foot
of rise. A li the mat erials used in this projecl were j1m"..n
/O the snoreune of Q ìake 3.000 fee t d istant u sing a
two-pìace piane (JfI j10ats and th en man-packed to the
sfre, The [irst mi salmon migranti: a"il'ed at the fuh
pass entraI/ce /WO day s af ter ìts comp ìecion, enteret
without pause. ex ìted a/moSl immediateìy and con
tinu ed up the creek without uopping. During the 1960
season the bitl/nlds f cstimated that 3.500 red saùnon
passed Ihrollgh rllis steep passo..
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"Eq utvatent lo the UK grudient of 25.3%. The CK uses the
sine of the small angle lo give gradient , whereas the USA
uses the tangent of the angle.

t Th e s.almon nugrant refe rred l O is the red s.afmon (O"cor·
hy ncìua nerka (Walbaum» .



6. Approvai or fish pass design

The Salmon and Freshwate r Ptshertes Ac t 1975 (Great
Britain Parliament , 1975) requires that proposed new
obstrucuons in migratory fish rìvers and cen atn altera
uons lo existing obstructions must be approved by the
Ministry of Agriculture , Fisherìcs and Food. Init ially, a
detailed proposal should be submitted to the Inspector of
Sal mon and Freshwaler Fìsherìes at the Ministry as early as
posstble. The detail should include:
(a) a locat ion plan with Ordnanee Survey refe rcnce;
(b) full engineering drawings of the exìsting obstruction

( natu raI, weir, slutce, etc) ìncluding plan. side and see
tional elevanons:

(c) datum levels (p referably referred to Newlyn - the
Ordnance Survey datum} of ali crest s and inverts, and
upstream and downst rearn wate r levels;

(d) a water flow/frequeney graph applicable to the flow at
rho structure;

(e) any operat ing regime [e.g. water draw-off, sluice gate
manipulation, etc .) that may affect the flow available
for the fish pass;

(f) information on the migratory fish stocks (species.
length range. timing of main spawning run. etc.) and
water temperature; and

(g) any general in forrnation that may relate to the st ruc
ture (de sign eonstraint s, cornplex ownership arrange
ment, water abstracnon or fishing rtghts. etc.).

The details submitted are examined and an occasionai sile
vìsit unde rtaken. If the sile of the propose d fish pass ìs
not in the ownership of the water authori ty that auth ority
is required unde r seetion 18(2) of the 1975 Aet (see Appen
dix I Page 44 ) to serve nOl iee of thei r applicat ion , togcth er
with a pian and specification of thc proposed work , on the
owner and occupier of the sile . When eonsidering an appli
cation for "provisional approvaI" the Ministry must take
into account any objections made by the owner or occupier.

If the proposal s are considered satisfactory by both the
Minist ry. the local water authority Fishery Officer, and,
where approp riale, the consulting engineers thc authority
should then seek offid al 'provisional approvar from the
Ministry. This requ ires 3 complete sets or plans (4 sels if
the site is privalely owned) which must specify Ihe location
of the site, Ihe specification of the structure, the range of
water levels, and other items of .relevant inform ation as listed
above. When provisional appr ovaI is given each sei of plans
is 'sealed ' (Figure 27), two sets being rctained by the
Ministry , one sent to t he relevant water aUl horily and if
appropriate. one sent lo Ihe owner of the site of the pro·
posed structure. Comlruction of the pass can thcn proceed .

After an agreed period , usuaJly abou t 3 years, the Minislry
will con tact the water authority for information on the
operating effectiveness of the structure and its ability to

afford fish easy passase- If the authority is satisfìed with
the operauo n of the pass it may apply for ' fina! approva i'
enclosing any supporting evidence that ìllustrates the
effcctiveness of the passoIf this Is sarisfactory the Ministry
will app rove and certify the passo

However, ìt may happe n that rnodìficaticns to the pass
prove to be necessary berween provlsicnal and final approvai
stages and in such cases the Minist ry should again be con
sulted. When agreement is reached on revised plans the
ori g.in~ provìsional approval will be revoked and, afte r 90
days. a new 'provisional approval' glven on the basls of the
revised plans. The Mlnistry should of course be notified if
any changes are made to a fish pass after final approva i has
been given.

6.1 Example of 'p ool and traverse' flsh pass

The Iollowìng example of the way in which a proposed
scheme for a 'pool and traverse' fish pass ìs evaluat ed ìs
based on Figure 28 which refers to a prop osal and approvai
of 20 years ago. Thìs pass should noi be considered ideal,
nor applicable to ali situations, but merely an examp!e to
illustrate the aspect s examin cd for an effective fish passolt
should be noted that although the drawings in Figure 28
have been reduced considerably, sufficlent detail ts avadable
for dlscussion and the rest readable wirh rnagnlflcaricn.
Although the originai ìnformation presented in Figure 28a
and b is in Imperial units, all the dìmensìons in the fol1 owing
text are in met ric units.

The ime t key pian (scale 1:2500 ) in Figure 28a shows the
fish pass site in Telation lo lhe local town. The sile is noI
marked but it s position can be seen on the larger scale sec
tion to be where the flood challllcl rejoins the main rivec. A
large cent raI butt ress prole cts the west bank fromlhe f1 00d
channel outt1ow and a radiaI gate (noI shown) and weir link
this buttress to the wesl bank . The radiai gale and weiT
together conslitute an impassable barrie r al mos! or the
runge or river flows and it is proposed lo conslruct a pass
around it with seven pools . Two of the pools can be seen lo
be larger Ihan the (lthers. A small river flows inlO the main
river jusl downstre am l'rom the passoThe upstream arrange·
ment and its relat ion to the river is a liltle confused.

Figure 28b shows a detail ed pian, side elevatio n and sec
tional elevalions of the pass and weir. Here again Ihe up
stream exit is not clear and no delai! of the radiai' gate is
apparen !. To describe the pass from top to bottolTl , the
upst ream exit from the pass is th rough a rectangular side
not ch (0 .61 m wide x 0.76 III deep) from a square pool of
length about 3 m. The next two pools are 3.05 m long x
1.83 m wide below which is anolh er square pool of !ength

2 8
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Figure 27 T he fo rm of the Approval ce rtificate given by the Minister of Agricuh u re , Fisheries and Food to an
accep table set of plans for a fish pass scheme.

3.05 m. The nex t two poo ls are again 3.05 m long x 1.83 In

wide and connec ted to th e lowermost entrance poo l. This
pool has a rec tangular notch [again 0 .61 111 wide x 0. 76 m
deep) positioncd in its mos t downst ream corner and th e
opposite corner ìs faired to provìd e good flow ch arac teris
tìcs aud lo enab le the 90° course change require d o f fish

29

ente ring the passo Ilelow thìs poo l is a sulling bas in to
d issipate the energy of the water disch arged by the radia i
gare and weir , entry to this belng by two 0.6 1 m wid e x
0 .46 11I dcep notches. Wooden boards are used lo adjust the
various water lcvels throughout the pass. there being grooves
fo r Illese in the three lowerrn ost not ches and the most up
stream notcb .
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w ater depths in lite two lowermost pools and lite stilling
basin, at the m injm um Ilow just sufflcìent lo filI the
notches. would nowadays be considered too low ro con
form with present recommendati ons ( see secnon 5 .1); they
are 0 .78 m , 0 .81 m and 0 .46 m respecuvely . whereas 1.2 m
is now recommended . An apprc xima te water flow thr ough
the no rches is calculated using the Francis fo nn ula [equation
(3 ), secuon 5.1) and al no rch full woul d be aboul 0.645
01

3
S· I . AI a no tch depth of about 0.20 m {the absolute mi

nimu m recc mmended ) the flow would be 0 .100 m) s·l . The
invert level of the' upstream not ch ìs 42.67 m above the
ordnance datum at Newlyn (A.O.D.) and thu s the upstream
nverlevel rnust not be allowed to fall below 42.87 m A.O.D.
if this min imu m notch dep th ìs to be mainta ined through
a ut the pass (ali no tches being lite same sìze). The water
flow from th e st illing basin ìs by way of rwo 0 .6 1 m wide
notches which wo uld serve to reduce lite aIready ìnedequate
depth of 0 .46 m to unly 0 .13 m at lite minimum flow of
0.100 m) s-". Hence, lite upstream river leve! must be
main tained at 43.43 m A.O .D. (the notch full cond ition) to
ensure the maximum depth in lite stilling bas ino

However . if the upstream rtver level ìncreases above the
nc tch full eondition of 43.4 3 m A.O.D., water will spill
sideway s ìnto most of the flsh passo T his eould have d ìsas
trous eonseq uences to the direct flow th rough the pass and
disorien tate ascend ing fish so as to cause them to jum p
unsuccessfully al lite side walls. Hence the upstr earn"rìver
leve! mu st not exceed the notch full cond ition if side spill is
te be prevented and the maxirnum stiUing -asln dept h
prese rved . Also, excess water canno t be taken through lite
pau but mu st be d rawn off through the rad iai gare where it
will creale a com peting 'lead' far fish at tbe entrance lo
the pass and a tu rbulent sltuanon in the st illìng basin o

A flow/frequency graph for this river [nct incl uded) would
indicate th e percentage of tinte the flow exc eeds the neces
sary 0.745 m3 S· I and ìs spilled through the radiai sluìce ,
and also the pe rcen tage or lime when the flow is lower than
the idea! 0 .745 m) S· I . 11 ìs critica! to the appraisal oft his
pass tha t the operstìng regime or the radiai gale, and its
effec t on the upst ream water level , be fully understood and
docume nted. Inform au on must also be submitt ed o n the
fluctual ions in the downst ream water level so that the
access by fish to lite twc nc tches at the bo ttom of the
stilling basin can be assessed.

A summary o f the eltam ination o f F igure 28 would be as
follows:

(i) Pian dimensions or ali pools satisractory .

(il) Ali wate r lel'el changes between poo ls (0.43 m) accep t
able excep t for lItal al the entrance lo the pass rrom
thc stilling basin which is 100 great al 0 .76 m because
it exceeds the di ffere nce in wale r level of 0.45 m
recommended in section 5. 1.

figure 29 Two views of the compieted 'puol and trave rse'
fish pass{arrowed) based on plans in Figure 28,
showìng detail inside the pass and its rclation to
an adjoioing weir aod radiaI s1 uice gate.

(iii) The pass is unab le to cope wilh changes in upstream
river level : too high a level and side spillage results,
too low a leve! and the water deplh in the downstream
pools becom es grossly inadequate.

(iv) A compet ing flow from the radia i gate and t he tu rbu·
lent cond itio n in Ihe stilling basin woul d adversely
affect the fmding by fish of the pass enuance.
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(v) No informat ion is supplied on the dime nsions of the
radiai gate or its operating regime.

(vi) No infonn ation is supplìe d on the downstrearn water
level to be main tained and the eccess t o the notches
in the stilling basino

(vii) 'lhe pass would be ìmpr oved if the height o f the wall
divìdìug the pass from the ma in river (p resen tly al
43.43 m A.O.D.) we re enhanced along all pools up
strear n from the weir exce p t the upperm ost pool. This
would enable the pass to take more wate r. reduce the
compe tit ive 'le ad' from the radiai gale d lscharge, and
give more lati tude to the cont ro! oft he upst ream river
level.

(viii) Th e st illing basin sit uat ion must be improved to pro ·
vide greater water depth and reduce the water level
change into thc lowermo st pool of thc passo

lt r nust be stressed that , alth o ugh thìs pass was in fact
Approved, this occurred almost 20 yea rs ago when less was
kncwn of the swimming capabilities of migratory fish, and
when this r tver was not yet supporting a migratory Fish run .
AIso, subs tantì al alterations to the cou rse of the rìver and
adjoining banks now make the origina l pian (Figu re 28a)
unrecognisable. Figure 29 shows v tews of the site and pass
as it ìs today . The latest ìnformation shows that , whilsl
used by coarse fish (there are stili no migratory fish in the
river), the entra nce ìs confused by the discharge from the
adjoinin g weir and radiai sluice gate and by the out flcw
fro m a brook which dischar ges into t he rtver immedi ately
downstream from th e weir stilling basino

6 .2 Exarnple or a Den ìl fish pass

Part of a recent proposal for a Denil fish pass at Wood Mill
un the River Itchen, Hampshire is shown at Figure 30. Con.
slde rable background info rrnauon was avallable on this
schcme stnce the sile com aìns the oldest Approved fish
pass - it was o ffidally App roved in 186 2. Chang es in
do wnstream water Ievels had rendered tbe or iginai pass
Impassable : a finding whic h was confirmed recen tly usìng
an autcmat tc flsh counter and came ra sysrem. Fish obstruc
tion at this site was due to a ba tte ry o f sluice gates which
con trol the discharge or the river in to a tid al pool. In addi
tion to the several andent , manually-operated , wooden
sluice gates, a single large automatic steel sluice was used.
Th is, when just raised, prov ided a very goo d lead for fish

but was clearly impassable (see Figure 6).

Figure 30a shows a site pian ( redu ced to app rox imat ely
43 % of tbe size originai submitted) on which the proposed
Denil pass has been m arked . The river now s through the
sluices show n into the Salmon POlli and then out under
Woodmi1l Lane. Alt hough the linc or the pro po sed pass is
shown on the site pian , it is not in sufficien t det ail to con·
vey the complex arrangement of pool and river. Aiso tbe

sluice arrangement ìs complicated and would req uire more
dctailcd inform ation than ìs given here. Thìs was a situa tion
whcrc bot h photog raphs and a site visit were found to be
necessary. The plan also refers to the hlghest point to which
medi um tides flow and ìndìcates the presence o f a bench
mark (BM 13.7 , equ ivalent to 4 .0 1 m) on Woodmill Lane .
A smal! river, Monks Broo k , Flows in to the Salmon Pool:
infor mation on wheth er th is broo k suppo rts a migrato ry
fis h popu!ation that might be affec ted by the discharge
from the newly sited Denil pass should be sought. Little
more informa tion can be gained from Figure 30a but there
ìs a necd lo know the use to which the slipway ls pu t and
whether the turbulence generate d by the ncw pass wo uld
affect this.

Figure 308 Large-scale map giving location of

proposed Denil fish pass (ar rowed) .

Detailed engineering plans are shown in F igu re 30b. The
importa n t featu res with regard to fish passage are the
ac tual d imensions 01' the Denil channel and baffle s, the
entry and exit arrangements , and the up strearn and dow n·
stream water Icvels. A view of a singie ba ffle is shown and
alongside it, l'or com parison , a view of Denil 's or iginai
design. The dilllensions o r the ba fne s, their dista nce apart
and tbe slope of the channel are sat isfacto ry . A.O.D.levels
are mark ed on sect ional view B·B: as the scale is given, any
add itio nal levels can bc calculated . Thc upstream river leve!
is shown as a lll3Ìnt3Ìned level and is set at the lop of the
uppennost Denil baffle. This should be accep tablc, but
ext ra detaU o n thc capability o r tbe regulating sluiccs and
the min illlum summcr drought river level and its frequency
would allow a bctte r assessmen t to be made . The dow n-
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stream poo l levels are shown as 'nc rmal LWM' [low water
mark) end 'normal HWM' (high warer mark) . Here il can
be seen that at ncrmal HWM the pass will be ìnundated and
al nonn a! LWM fish will have easy accesso However, the
sìtueuon al low spring tides Is noi specified and thus it ìs

not cjear if the lowerrnost baffle will st ili be accessibje to
fish. Judging by the num ber of baffies submerged at nonnal
LV.'M it is h ighly probabl e th at this aspect has been con
sìdered carefully , but ìt should be documented . Extra detail
of th e pass entry md exit arrangements is shown by larger
scale elevation view s at 'X' md 'V'. These are useful and,
because of thei r larger scale would be bener vìews on which
to show upst ream and downst ream water leve! ranges. A
relevant Oow/ frequency d iagram wit h sufficie nt explana
tion should have been ìncluded. Fish-counter electrode s
are shown in the upstream channel of the pass and precau
tion s must be taken against the ìncursìcn of sali water when
the pass Ooods at high tides since this will gene rate false
fish-count dala . (An automat ic Ilsh-count er [see Section 7)
relies on th e relafìvely low ccnducnvny of fresh water for
ìts ope ration) .

A summary of the examination of Figure 30 is as follows:

(i) Water datum levels given are insufflcìent lOshow range
of upstream levello be maintained .

(ii) Water levels for down stream (ul1 tid al excunions are
not given.

(iii) Tbe head d ifference between the nonnal LWM and the
upstream maintained level is 2.267 m which is accep t
able (o r the ane Deni! flight proposed. However. the
tid al variat ion in the Salmon Pocl . which is influenced
both locally and by Southampton Water, is such that
fo r about one third of th e total time a near-maximum
water level difference occun between the Salmon Pool
and the upper river. Also , neither the minimum water
retentio n level in the Salmo n Pool nor the effect of
extr a·iow spring tides o n the aceess to the Pool are
specified. From the above it can be seen as mos t impor
tant tha t t he depth of subme rsion at ali times o( the
lower end o( the Denil be documented .

(iv) The Denii baffles are co nect1y proport io ned with
sufficienl ext ra width lo allow engageme nt in the
reeesses in the sides o( the channe!.

(v) Attention shouid be given to Ihe fish-counter channel
5ince the water velocity may be too low (or reliable
fish coun ts. A low weir lO increase Ihe water veloc ity
in the vicinity of the counter eleeuodes should be con
sidered. Elect rical insulation under the elecu ode5 may
be necessary if the eoncre le cons truction of a Jow
counting weir involves rein(orcing sleel d ose to the
5urface. Other points in conneetion with access lo the
coun ter electrodes and pho lOgraphic surveiJIance need
to be d iscussed further.

lt must be emphasised that the flgures used in this example
were only a small part of the total information made evail
able. Somelimes the ìnfc rmanon ìs available un an alterna
tive d rawing and must be ext racted and annotared on the
fish pass plans: this occurs because a full sei of engineeri ng
d rawings (o r a large project comprises hundreds of plans,
only a few of which are considered relevant to the fish pau
and so sent to the Ministry . However, the present procedure
o f selecung drawìngs. with its occasionai ornìssìon. is prefer
able to the Mìmst ry being req uired to search th rough
hund reds of ìrrelevan t engineering plans (or pert inent
information .

Thìs PU5 has now received full Approvai atter a satlsfac tc ry
Provisicnal Approvai pericd ;photographs of the ope rauonal
pau are shown in Figure 3 1.

7 . Automatic flsh.counters

The number of migratory flsh usìng a fish pass o r traverstng
a gauging structure can be obtained automarically if Iish are
constrained lO swim close to th ree stainless steel elect rodes
eìther fixed inside a tube or attached to the downstream
(ace of a weir (o pen channel cou nter) and connecte d to an
elect romc fìsh-counte r. The fieid from the three electrodes
define5 Iwo water volumes whose effect ive re5i5t ances are
eonstan tly moni tored . When these volumes are penetrated
successively by a migratory fish their effeetive resistances
change in tum because Ihe conductivity o f a fish's body i5
greater than that of the fresh water it di5places. The magni·
tude of the changes and the order in which (hey occur give
informat ion on the me o( the fish crossing Ihe electrode5
and its d irection of passage respeclively. The ope n chan nel
eounte r ha5 an advantage over the originai lube arrange
ment (Lethlean , J9S I) in that debri5 can flow freely over
the 5truc tu re and down the river , and it does not requ ire a
series of grid5 to constrain the fish to swim th rough a tube.

il 15 e5sential that . because fish deteet ion i5 aehieved by
co nduct ivity change, each fish passes no t unly th rough
the eounting zone bui al50 as d ose lo the elecu odes as
possible. Hence, i( a co mplete counl is to be obt ained, Ihe
elect rode slruc lu re mU5t be positioned whe re ali fish are
compelled to cross il al ali cond itions o( river flow. Also,
an inerease in water velocity mU5t be made to occur in the
vicini ty o f the electrodes to encourage fish not lO loiter
in Ihe coun ting zone, as lo iter ing may give rise to false
eount5. Joint expe rirnent5 with the Department of Agri
cultu re and Fisheries for Scol land on the River North Esk
at Mont rose (Beach et al ., 198 1) have shown th al the
majo rity of fish moving up5t ream swim very dose lO the
electrode5 whereas fish gOlng dow nstream swim anywhere
in the available waler column.
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a

c d

Figure 3 1 The com ple ted Denil flsh pass (arrowed) al Wood Mìlt. Views are (a) across the Salmon 1'001 to the pass.
(b) the lowcr cn rrance. (c and ti) the haffle arrangement inside the pass.

8. Condusions

(I) The SWi111 lT1 ing speed unti end urance ttrnes given in
Figures 1 and 2 shculd noi be excecded . It is stresscd
that they are consìdered the maxi mum att ainable ami
presume the Iish lo be in peak physical condlno n.
( 2) Flow contro! str uctu res sucli as Ilood relicf channe ls
should be designed so as lo d rain progressively and noi
suand fìsh. Thc minimum o pening l'o r a sluice apert ure

shou ld be not tess tha n 0 .30 m x 0 .30 m and the water
velocity noi greate r than abouI 3 m s-" : th is corresponds
to a wate r beati d iffcre nce or abou t 0 .45 m and a flow or
approx imately 0.27 mJ çl .

(3 ) Th e watcr head over a Cru mp flow-measurement
wei r should be such that excessjve velocittes do not occur
0 11 its downsrream face ; uny truncated sectìon sho uld
always be submerged. The maxi mu m water velocity , which
occu rs just abo ve the hydraulic jump . should not exceed
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3.5 m s" . Thi s velocìty ts artained at about 2.5 m rrom the
weir cresi for a gauged head of 0 .2 m (eq uivalent te a flow
o f 0 . 18 111) s-' pe r me tre of weir) or al abcut 1 m from the
weir cresi for a gauged head o f 0 .8 m (equivelent to a flow
o r 1.56 m) ç l pe r mei re o r weir}, Sìnce a slope o r length
2.5 m co rresponds lO a vertical d ìstance o r 0 .5 m , the
d iffe rence betwee n the Crum p weir cresi and the do wn
stream water leve! ( for the 0 .2 m gauged head] sho uld noi
exceed 0 .5 m.
(4 ) The basic design requ irements fo r a 'puoi and t raverse'
type o f fish pass to gain Minist ry 'Approva!' are :

(a) the chenge in water leve! across a t raverse should no i
exceed 0.4 5 m ;

(h) pool s shou ld have minimum dimensic ns o f 3 m lon g
by 2 m wide by 1.2 m deep ;

(c) each trave rse should be 03 m thìck with the notch
0 .6 m wide and at least 0 .25 m deep;

(d) Ihe dow nstream edge of bc th the nc tch and the
tr averse should be curved so as to reduce rurbu lence
and p revide an adheren t nappe;

(e) th e pau entrance should be located easily by fish at
ali Ilows. An apprcxunate flow of 0.13 m) $" 1

woukì be required lo ensure the norch runs full, and
th e 0.4 5 m change in water level wou ld result in a
maxim um veloci ry o f 2.9 7 m - I .

(5) The original design of Denil fish pass required baffle s of
complex shape, bUI sìngle-plane baff les have been show n to
be very effective and are used in successful fish passes in
many counrnes . The recornmended p roport ic ns for a Denil
pass ( Figure 18) , based o n the Report o f the Committee on
Pish Passes (Anon , 1942), req uire a channel width o f 0 .91
m wnh bafl1es set 0 .60 m aparl and slop ing ups rream at an
angle of 45 degrees to the channel bed , the slope of which
should not exceed 1:4 . Large resting pool s (3 m long x 2 In

wide x 1.2 m deep] should be provided at vertica l inlervals
of 2 m. I h rougll such a chan nel , of lenglh 9 m and gradienl
1:5 , Ihe flow was measured as 0. 6 m] S· I, the mean waler
velocity 1.8 111 S· l , .md the llle3n dcpth 0.91 1Il . A shallower
de plh o f 0 .6 1 m gave a l1 0w of 0 .28 m] S· I, and fish have
bee n observed swimming up a Denil pass with a water dep th
as shallow as 0.30 111 . App roximate fomlUlae presenled
allow waler t10w :md velocily lO be estimaled for pasr.es
built at differen t slopes and to different scales, and graphs
presellled allow flow and water dep th lO be estim ated .
(6 ) As the Ministe r o f Agricult ure. Fisheries ar:d Food is
legally requ ired lo Approve many fish pass proposaJs,
detailed site and enginee ring plans mu st be submilled.
These should show ali crest and inve rl d atu m he ights. the
expected range of upstream and downs l ream water levels.
and th e water llow/ freq uency al the sile. Ancilliary infor
mation on facto rs effect ing the ope ralio n o f lhe fish pass
sho uld also be ineluded , e.g. ope ralio n of adjacen l sluice
gates . Iype and behaviour of migralo ry fim , water tempera
ture, ownership, fishin g rights. etc . A sat isfacto ry p roposal
fa r a fish pass, wh ich requ ires lhree complele sets of plans
(four sets if Ihe sile is privately owned), is given Provisional
Approvai. After an agreed period (usually abou t 3 yea rs)
the effecl iveness o r Ihe pass is assessed and , if it is salisfac
tory , fu ll Approvai is given .
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Appe ndix t Salmon and Freshwater Flshe rles Act 19 75,
Chapler 51 , Part Il , Sect ions 9 . 18 .

Sect ion 9. Duty to mak e and mainta ìn fi sh passes
(I ) Where in any wate rs freque nted by salmon o r migra.
tory trou t -

(a) a new dam ìs constructed or an existing dam ts
raised or othe rwise alt ered so as to create ìnc reascd
obstruct ion lo the passagc of salrno n or migrato ry
tr ou t , or an y othe r obst ructiun lo the passage of
salmo n or migratory t rout is created , ìncreased o r
ceuscd : or

(b) a dam which fro m any cause has been destroyed or
taken dow n lo the extent of cne.half o f its length
is reb uilt or reinsta ted ,

the o wner o r occ upicr for the t ime being of the dam or ob
struction shall, if so requtred by not ice givcn by the wate r
autho rity for the area and within such reason able urne as
may be specified in thc no tice, make a Ilsh pass fa r salmon
or mìgrator y trout of such fonn and dimensions as the
Minister may approve as part of the struct ure uf, o r in
connection with , thc dam or obst ruction , and shall th ere
aft er maintain it in an e fficient sia te.
(2) If any such ow ner or occup ìer fails to make such a fìsh
pass, o r to mainta in such a fish pass in an effìcìent state , he
shall be guilty o f an offencc .

(3) Th e water authorit y may cause to be da ne any wo rk
req uired by this sectio n to be du ne, and fa r that purpose
may enter on th e dam or obst ruction or any land adjo ining
it , and may recover the expenses o f do ing the work in a
summary manncr from any person in default.
(4) Not hing in this seet ion -

(a) shall authorise the do ing of anyt hing that may
injuriou sly affect any publie wate rwo rks or
navigable river, canal, o r inland navigat ion, o r any
doc k , Ihe supply o f wate r to which is obtaincd
from any navigable river, canal o r in land naviga
tion , und er any Act of Parliament ; or

(b) shall prevent any perso n from removing a fish pass
fo r t lle purpose of repa iring or alt ering a dam o r
o tller obstruction, pruvided that t he fish pass is
restored to it s fo rmer state o f effìcieney within a
reasonable lim e ; or

(c) shall apply to any alte ratio n of a dam or othe r
obs truet ion , unless -
(i) the alterat ion consists of a rebuild ing or rein

statement of a dam o r olhe r obs t ruction des·
troyed or takcn do wn to the extent o f one·
half of its lengt h , o r

(ii) the dam or obst ruction as alte red causes mor e
obst ruction to t he passage of salmon or
migratory trout t han was caused by it as law
fully constructed o r mainta ined at any previo us
da te .

Seet ion l O. Power o[water authority to construct ond alter
fish passes

(1) Any water authority may , with the wntten consent of
the Minister, consrruct and maintain in any dam or in con
nection with any dam a flsh pass o f such forni and dimen
sìons as the Minister may appro ve, so lon g as no injury is
dcnc by such a flsh pass to the milling power, or to th e
supp ly o f water of or te any navigablc river, canal o r other
inland navigation .
(2) An y wate r authorit y may, wit h the writ ten consent of
the Minister, abolish or alte r, or resto re to lts fo nncr state
o f efficie ney , any exis ting fish pass o r free gap, or subst i
t ute anot her fish pass or free gap , provided that no injury
ls do ne to the milling powe r, or to t he supply of water of or
lo any navìgable nver, canal or other inland navigation.
(3) If any pcrson ìnjures any such ncw o r cxis tìng flsh pass,
he shall pay Ihe cxpenscs incurre d by the watcr aut hor ity
in repairing the inju ry, and any sucb expenses may be
reco vered by the warer authcrity in a surnmary mann er.

Section I I .Minister 's consenrs end approvals[or fish passes
( l ) Any approvai or consent given by the Minister to or in
relation lo a fish pass may , ìf in giving it hc indic ates that
fact , be provisional unti l he notìfìcs th e applìcant fo r appro
vai o rco nsent that the pass is funet ioni ng to hìs satisfactlon.

(2) whilc any such approvai or conse nt is provision al, the
Minister may, afte r giving the applicant not less than 90
days ' notice o f hìs intention to do so, revo ke the approvai
o r consen to
(3) Where the Minister revokcs a provisiona l approva i gtvcn
to a fish pass fo rrnlng part of or in connect ion with a dam
or olher obst ructio n, he may exlend t he period within
which a fìsh pass is to be made as part of or in eonnec lion
with the obstruClion.
(4) Th e Minister may approve and cert ify any fish pass if
he is o f opi nion thal it is eflìcient in ali respects and for ali
purposes, whether it was const ructed under this Act or nolo
(5) Where a fish pass has received the approvai of the
Minister , and th e appro vaI has not been revoked , it shall be
dee med lo be a fish pass in eonfor milY with this Act , no l
withstanding tha t it was not constr ucted in t he manner
and by the person specified in thi s Act.

Section 12 . Pcnalty for in;uring or obstruct ing fish pass or
f reegap

(l) lf any person -
(a) wilfully alte rs or injures a fish pass; or
(b) does any aet whereby salmon or trout are obst ruc·

ted or liable to he obst ructcd in using a fish pass or
whereby a fìsh pass is rendereu less eftìçjent ; or

(c) alte rs a dam or th e bed or banks o f the river so as
to render a fish pass less cfficient ; or

(d) uses any con l rivance or does any act whereby
salmon or t rout are in any way liablc to be scared ,
hindered or preven led from passing Ihrough a fish
pass,
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he shall be guilty o f an otfence , ami shall also in every case
pay any cxpenscs which may be mcurred in restoring the
fish pass lo us former state of efflcìe ncy: and uny sud i
expc nscs may be recovered in a summary manncr.
(2 ) The owncr o r occupicr o f a dam shall be dee med IO
nave altc rcd it if it ts da maged , dest roycd o r allowcd lO Iall
into a state of dìsrepalr, and if after notice is scrved on him
by the water authorir y in whose area the dam ìs or was su u
ated he fails lo rcpair o r reco nst ruct il within a reasonable
lime so as lo render the fish pau as effici ent as before the
damag e o r dc strucuon .
(3) If any person -

(a) does any act for the purpose of preven t ing salmon
or trout from passing through a Fìsh pass, or takes, or
at tcrnpt s lo take , any salmon o r t rou t in its passage
rhrough a flsh pau ; or
(b ) places àny obs nuctt on, uses any conrrwance or
does any act whereby salmon or rrout may be scared,
dete rred o r in any way prevented from freely entenng
and passing up and down a free gap at ali pericds of th e
year,

he m ali be guilt y of an o ffeuce .
(4) I his secuon shall not appl y to a temporary bridge or
ooard used fn r erossing a free gap , aod I3ke n away immed i·
alely after Ihe person using it has erosscd .

Scclion I3 .S/u ices

(I) Subjeel lO subsee l itJn (3) below, unless permi ssion in
writing is granled by Ihe water authori ty fo r t he area , any
sluk es for d rawing off Ihe wat er whieh would ol herwise
now ove r any dam in walclS freque nted by salmo n o r
migrato ry lrou t shall be kepl shut on Sundays amI at ali
times wne n t he waler is no i req uired for milJing purpo ses,
in such manner as to cause Ihe wale r to flow t hrough any
fish pass in or co nnecled wilh the dalll or , if Ihere is no
such fish passoove r Ihe daill.
(2) If allY perro n fails lo cOTnply wilh this seet ioll, he shall
be guilty of ali o ffence .
(3) I his sccl ioll shall noi prevenl any pcr son ope ning a
sluiee fo r thc purpo se o f 1clti ng off wate r in cases o f Ilood
o r fo r milling purpo ses o r whcn necessary for the purpose
o f mvigal ion o r, subject to previous nolice in wril ing being
givcn lo the water autho rily , fo r c1caning o r repair ing the
da m o r mill or ils appurtc llances.

Scel io n 14. (;raf ings
( I) Where wale r is dive rtetl from walers freq uenl ed by
salmon o r Illigralory l ruul by mca ns o f any conduit o r
art ificia l ehanncl and Ihe wat er so divcrted is uscd fo r the
purpmes of a waler o r cana l undertak.ing o r fo r the purposcs
o f any mill , Ihe owner o f the ul1ll ertaking o r the o ccupier
o f the mill shall, unless an exemption from th e ob ligat ion
is gran ted by l hc waler auIllor it y for Ihe arca, piace and
mainlain , al his (lwn cuSl, a grating o r grat ìngs across t he
co nd uil or channel fOI the purpo se o f prevent ing Ihe deseent
o f Ihe salmo n o r m.i"uatory l roUI.

( 2) In thc case o f any sudi co nduit or aruficial channel thc
owncr o f thc undc rt ak ing or rhc occupier of the mill shall
atso, unlcss an exempt ion is granted as afo resaid , piace and
mainta in at hls own cosi a graring o r gratings ac ross any
o utfal l of thc co nd uil o r ehanncl far the purpo se of preven
ung salmon or migratory trout ente ring the c utfall.
(3) A grati ng shall be con st ructed and placcd in such a
man ner and positicn as may be apprc ved by th e Minister.
(4) If any person wu hou t Jawfu l excuse fails lO piace or to
maìnram a grating in acoo rdance with th is secuo n . he shall
be guilty o f an o ffence.
(5) No sueh grat ing shall be so plaeed as to in terfcre wnh
th e passage of boat s on any navigable eanal.
(6) The ob ligations impo scd by rhis seet ion shall noi be in
for ce during such period (if any) in each yea r as may be
prescnbed by byetaw .
(7) T he obbgatlons imposed by this secuc n on the occu
pier o r a mill shall apply o nly where the cond uit o r eha nnel
was const ructc d o n o r aùer 18th J uly 19 ::!3 .

$celion 15. Po .....er o[ ....-ater autharity lo use grafings e'c. '0
limi! mm>emen(s o[ saìmon unti truut

(I) A waler aUlho rily , wilh Ihe wriUen cunsenl of Ihe
Ministe r -

(a) may cause a grat ing or grat ings o f sueh fonn and
dimensio ns as Ihey may delennine lo be placed
and mainlained , at Ihe e xpense o f Ihe aUlhority ,
at a suitable piace in any wale rco urse, mill race,
eut , leal , conduil o r o ther ehanncl fo r co nveying
water for any purpo sc from any walers freq uented
by salmon o r migratory tro ot ; and

(h) may cause any wale rco urse, mill race, eu t , Icat .
co nduit o r o lher channcl in which a grati ng is
placed under Ihis :>cct io n to be widened o r deep·
cncd at t he expe nse of the aut ho rity so far as may
be necessary lo compensale for lhe d iminulion of
any Ilo w o f watc r causcd hy Ihe placing of the
gralìng , o r shall lake so me o lher mcans to prevenl
the Ilow o f wale r being prejud icia lJy d inlinished or
o lhcrwise inju retl .

(2 ) If any perso n -
(a) inju res any such grating; or
(b ) removes any such grat ing or l'art o f any such

grati ng, exccpl d uring any period of Ihe yea r
d Uring which IInde r a byclaw gralings nced not be
mainlai ned ; or

(e) opens any such grating improperly ; o r
(d) pcnn ils any such graring lo be injured , or relllovcd ,

except as afor esaid, or improperly o pened ;
he shall be guilly o f an o ffence .
(3 ) A water au thoril Y, with Ihe writt en consenl o f the
Minister. may adopt such means as lhe Minisl er may
ap pro ve fo r pre\'en li ng Ihe ingress o f salmon o r lrout into
waters in wh ich Ihey u r Iheir spawning betls o r o va are ,
from the nalure o f Ihe ehanncJ or ot ller causes, liable to be
desl royed .
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(4) No th ing in this sccrìon shau -.
(a) af fec t thc liability undcr this Act of any per son to

piace and maintain a grattng : o r
(b) au tho risc a grat ing to be so placed or maint atned

durìn g any perlod of the year d urin g which unde r
a byclaw gratin gs necd not hc maintaincd , or

(c) au thorlse any grating to be placcd or maintaine d
so as to obst ruct any co nduìt or chan nel used for
navigat lcn o r in any way intcrfer e with thc cffcc
uve wo rking of any mill;

end not hing in subsectìon (3) ubovc shall aut ho rtsc thc
water aut ho rity prejudicia lly to interfere with watcr right s
used o r enjoyed l'o r the purposes o f manufacturing or fo r
mil ling purposcs or l'or druinage or navigation .

Sectìo n 16. ltoxes and crìbs in weìrs and dams
( 1) Any perso n who uscs a flslung weir or flshing mill
da m fo r thc taking o f salmon o r migrato ry tro ut by r ncans
of bo xes o r cnb s shall be guih y of an offence unless thc
bo xes or cr lbs satis fy the requirements speclfled in subsec 
tiun ( 2) below ,
(2) The requiremcnts mentioned in subsc crìo n ( 1) abovc
lir e ~

(a) the uppcr surfa cc of thc sill o f th c bo x or crib
must be leve! wìth the bed of the n vcr:

(b) the ba rs or ìnscales of the hcc k or up str eam sidc
of the bo x or crib -
(i) must not be nea rer lO cach o ther than 2

inches ;
( ii) m ust be ca pab lc of be ing remo ved ; anù

(iii) must be p laced pe rpendicularl)' ;
(c) there must not be attached to any such box or

crib any spur or lail wall, leader or outrigger of a
greate r lengt h than 20 feet fro m th e upp er or
lower side o f the box o r crib.

Seetion 17 . RestriClinns on laking salmon or tmut above
or below an obsfm ct ilm or in mi/l races

(1) Any person who takes or kills, or attcmpts to take or
kill, exce pt with rod alld line, o r sca res or d isturbs any
salmo n o r tro ut -

(a ) at any piace above o r belo w any dam o r any
obstruction , whet he r artificial or natural, which
hÙlders or rctards the passage o f salmo ll o r tro ut ,
ncing withi n 50 yards above or 100 ya rds be low
the dam or obstruction , or within sueh ot he r dis
tance from' the da m or obsl ruc tion as ma)' be
prescribed by byelaws; or

(b ) in any waters under o r adjacen t lo an y mill, o r in
t hc head race or ta il race o f any miti , or in any
wasle race or pool communicating with a mill ; o r

(c) in any arti lìeial channel con nected with any such
dam o r obst ructìon,

shall be guilty of an offence.
(2) Nothing in thls sectìon shall appl y to any legaI lìshing
mill dam not having a crib, box o r cr uìve, o r 10 any Iishing
bo x, coo p , apparat us, nel or mode of fishing in co nnect ion
with and forrmng part o r such a dam o r obst ruction for
purpo scs o r fishing.
(3 ) Whcre a fish puss approved by the Min ister ìs l'or th e
tim e bcmg allached lo a darn o r ob struct inn , thi s sccuon
sha ll not hc cnfo rccd in rcspcct of t he da m or obst ructl on
unnl co mpensation has been made by the wate r authority
to the pe rsons eut itlcd to fish in thc watc rs for that righi
o f lìshcry .

Section 18 . Prov ìsìons supplementary lo Pan 11
(1) If an y pcr son obstr ucts il pcrson lcgally autho rised
wh ilst hc ìs doing any acl aut hor tsed by sect ton 9 , lO o r
15 above , he shall be guilty o f an of fence
(2) The Minister shall no t glve a wat er authorit y his
co nsent -

(a) to tbe co nst ruction , abolit io n or altcrarto n o f a
fish pass or th e abolit ton or alte ration of a free gap
in pursuance o f sectlon IOabove ; o r

(b) to the do ing of any wo rk und er scctio n 15 abovc,
unless reasonable not ice of rho authority' s applicat ion
under the relevant section has been scrved to the oWller and
oec upier o f thc d am, lìsh pass o r free gap , wat crcour se, mi ll
raee, cut , Icat, co nduit o r ot her channel, with a pian and
speci fication o r the pro posed wo rk ; and the Minister shall
take into co nside rat iOlI any objec tio lls by th e o wner or
o ccupier, bcfo rc giving h is consent .

(3) If any injury is caused -
(a) to any dam by rcasoll of th e co nstructioll, aboli ·

t ion or alt eration of a fish pass or the abo lition or
alterat ion o f a free gap in pursuance of scetioll lO
above ; o r

(b) by anYlhing do ne by the watc r authority onùe r
seet ion 15 abovc ,

any pe rson sustaining any loss as a result may recove r from
the water autho rit y eo mpensat ioll for the inju ry sustained .
(4) Th c amount of any co mpensatio n ond er sect ion 10, 15
or 17 above shal! be seu lcd in case of dispute by a single
arbitrato r appoin ted by t!le Minister.
(5) In any easc in which a wat er aUlhority are Iiable to pay
co mpensation under this Part of thi s Act in respect o f
injury o r damage causcd by the making o r maintaining of
any work , eo mpensation shall not be reeo verable unless
pro cecdings for its recovery are instit uted withill two years
from the co mpletion o f the work .
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Appendix 2 Derivatlon o f maximum swimming speeds for
fish o f d ìffercnt lengths

t = 0 .1700L0 .4 288 + 0 .0028 I08eT _ 0.0425L0 .4288

X logeT - 0.00 77 A2

(a) The general formula relati ng maximum swimming
speed to muscle twitch cont ract ion lime ìs given by Ward le
(19 75) as

where U is the maximum swimmi ng speed , the factor 0 .7
ìs a coefficient defming the d ìstance moved through the
water fo r each body wave (st ride length ), L is the length
or the fish , and 1 ìs the muscle twit ch contrac ticn time.
(b) The empirica l fo rmula relat ing m uscle-twìt ch contrae
tion tirne to length o r fish was ob ta ìned by Zhou (1982)
after analysing 276 measurernen ts o r rnuscle con traction
time s. Six species were included with lengths ranging front
0 .05 IO to 0 .80 m, and temp eratures ranged from 2° C to
18°C (maximum 30°C) .

U = 0.7L/21 .... ................ A I

where T is the musc le tempera tu re (0 C).

Equation A2 gfves the shortest possible muscle contractio n
time and thu s, when used with equa tion A I , the maxi mum
possìble swimming spee d. Figure I in the text was drawn
using equatio ns A l and A2.
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Th e endurance lim e ' m is calculated from

where, P, = power from cxysen uptake (W).

Th e maxunurn o xygen up take rate fo r salmo n Is given by
Breu ( 1965; 1972) as 800 mg 01 kg- I h-I . [the weight
unit referred to ìs fish weight not muscle weight]. One
mill igram of oxygen can release 20 jou les of energy, so that
the po wer supplied by red musel e in aeorobic swìmming is
4.44 wans per kilogram of fish weigh t ; hence

Ap~ndix 3 Derìvano n of endu rance rìrnes for flsh o f
di ffe rent lengths

The endurance o r fish at various swimming speeds ts pre
dicted by relating performance lo a limited energy sto re
(Zh ou, 1982). As the speed exceeds the maximum cruislng
speed the glycogen store begins to be depleted. An enduro
ance lime ìs calculated by d ividing the lot al ene rgy store E
by the d ìfference be tween the potennal chernìcal po wer
Pc required l O drive the fish through the water at the
required speed , and the power P, being supplied by the red
musele lak ing oxygen from the water.

P, =4.44 x 10.836 L1.- , .. .............._.... ._....A5

Measurements have shown that the tot al ene rgy store, or
glycogen level. in most rested teleost fish can be es h igh as
lO gram per kilogram of rnuscle. The rnetabolìsm o f gly
cogen by anaercbic glycclysls to lacuc acid releases 558
joules fo r each grani o f glycogen, so th e maximum value of
l:: is 55 80 J kg-" . If it is assum ed that the average flsh has
about 5o;t of ìts weigh t as muscle, the maximum value o f
l:: becomes 1790 J kg-! o f fish. The total energy srore ìs
related lo th e length or a salmon by using the length/weight
relal ionship of W. M. Shea rer (per sonal comm unica t ion).
M'" 10.836 L1.964 • Thus,

..............................A6

wherc. tm = endurance time ( s).

Maximum cruising speed Uc is i mportan t since it determines
th e poin t at whic h aer obi c swlmmlng is no Ionger poss ible
and the glycoge n srore begins IO be depleted . It ìs the
highest speed . theo retìcauy . tha t can be maintained od
infìnùum , and is estimated by Zhou (1982) using the
fo llowing emp irica! equatìon:

.....•.•.....••••.......• A3

where L is the length of the flsh( m).

The chemical power Pc is calculated fo r a par licular fish
length , speed and water temperature using Ihe empirica!
equalion developed by Zh ou ( 1982) wh ich also takes Ihe
d rag fo rce and efficie ncy of pro pulsio n into accou n l:

Pc =0.9751 x e-(l·OOS22.T x u'U XL -1.I5 , A4

where. Pc = chemical power (W).

U = swimming speed (m S- I ) ,

T = Illusele temperat u re (uC).

4.

where Uc ìs the maximum cru ising speed (m ç l ) and the

other symbols are as defined above.
Figure 2 in the text was drawn using equation A6.
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• It is customary now to ex press oxygen cons umplio n in
lerms of mill igrams o r oxyge n since gaseous exc hange is
not involved al gill surfaces. AI NTP,

I mg01 = 0 .70 cm) 01 o r I cm) Ol = I .4J mg 01 '



Numero sDeci al

BULLETIN
DE

1383

FRANCAI5,

PJSCICULTURE
EDITE PAR

Le Conse il Supérie u r de la Pèche

C:NOUANTE·$ IXIEME .1.NNEE

(Juillet 1983)

GUIDE POUR LA CONCEPTION DES DISPOSITIFS

DE FRANCHISSEMENT DES BARRAGES

POUR LES POISSONS MIGRATEURS

M, l ARINIER

Rr:DACT IO N - ADM IN ISTRA T ID N

Cerare du Paractet

6.P. N:) 5

F • 80440 SOVE5

1983



GUIDE ?OUR LA CO ,'JCE ?Tl 0 1'J O;;S C;S ? C S:7 i F3
DE FRAillCHISSEMENT DES BA ;UIAG ES

POUR LES POISSONS MIGRATEURS

M . LARIN IER

RESUMÉ

L'euteu r -eeceue dans celte note res prinClpes de base cevar ugu iaer le orcreteur
lors ce la cc ececuce ces cuveeees oe franchissement de eenace s ou cobsta cres ocu r les
oorsscns m lgrate u r$. L'eccent est rtns sur l'impcrt anca de la suuauon et de t'e rt ra cnvne
ae ces ouvraq es. les onncrpes de foncti onnement el les cnt ères de dimensicnnemeru
des différents types de oasses tcessee il nass tns soceeser te. passe s il re tenns seur s.
écluses et escensec rs }sont évcc o és. Dans la oer mè re partie scnt recensés les ét éments
11 prend re en cometa lors de réteonseemeot d 'un proJet de pass e .

SU M M A RY

The autn or cu ur nes in uus paoer th e besic ar mc rc tes w mcrv can be used as a gUide
fo r planmng li sh pass age tacumes at dams or ccs t rucuon s. s cectet -ere reece is made te
tb e artracncn 01 fishw ays en weoces. Informallon ;5 presented ecncerrunq tuecucnat
teew res and deSign caremet era far dlHerent rypes of fi sh tacrrmes: ccct cesses. Oen ll
li snw ays, f ish iocxs and hsn ntrs. The autncr nas ccmcuee in tn e tast seenco a hst cf data
rec urrec far plannlng l ish tacuines.

AVERTISSEMENT

Ce document tenie de snuer de façon tr ès ccncrsa le pr obl ème des passes 11
porsscos dans son eese mere. Il ne prétend ces. ma lgré Que lQues exemples. recc nere à

tous 'es problème s cc ncrets qu i oeuvent se pose roen paruc ufie r su r ree gra nd s eours
c'eeo. Le recte u r se report era . pour plu s de c étaus. aux ouvrages . re cccrts eu
pubhcanona • parus ou à paraìtre - menncr més dans la su ite.

l • GENÉRALITES SUR LES PASSES

1.1 . Quel es t l e principe des d ispaaitif. d e f ra n c h issem en t 1

l e prinCipe genera i des rnsuositits de t ranctu ssemem ce nsis te il art ire r ree
rmqrete urs en un posnt c éte rm m é du co urs d'eau èrever de rccstacre et a res inc ite r ,
vene à les obl iger à passe r en am ont. en leur ouvrant une vale c'eac rceeses à oms son s
smctc- seneut ou en ree piégea nt dans une cuve el en dever sant celle-CI en amont
(svst èmes de piégeage 1'11 de transpcrt j.

Les viteases et les hauteurs de cnute dans les passes do'vent rest er eemeeueres
avec les cacacnés de nage ~ I de saut des espèces ccncem ées : les passes doivent
sermertre le passage de tOUI ree poisso n s et non pas seu lement ce lu i des •• i1thlàte s ",

Il cc nvie nt aussi de prendre en con s,deratlon d'a utres param ètras, camme la
turbulence. r éclalrement. le bru n o etc . qui peuvent mfluer cc nsrc éraoremeor sur h!
comport ement du poisson . Il est beaucoup plus délicat de concevo " des ouvrages de
franch,ssem ant efficaces pour cert am es espèces partlcu tiere ment ~Jt lgentes , camme
l' alose. Qua pour d 'aulres . cam me les salmonidés en generai ,
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, .2 . auels so n t les diffarents types de pa sses 3 poissons 1

il exrste c ens le rncnce une .nfi nl tede tvces oe cessesc u'u esrceceocem cc ss.cre
ee regrouoer en aceraues cat eqcne s.

l a casse cu e " rusnc ue" censis te arene r t nets amcn t el averpar un cnen ercrevse
caos l 'une des nvee. ehenal don t le lo nd et res parois sont garnlS ce ruqosues ou
crccetaeres smt tan t en quelq ue sorte un nnsseau naturet . La pen te d'un tel ouvrage ne
cecasse ces cuercces cour cento

le tvpe de casse qUI a éte le plus scuvenr uuus éest mccntestacremeo t la passe à
bassi ns successifs don t le enne-ce cons iste à ctvrser la hauteur à tranctur en crcs.ecrs
ceut es cn utes forma nt une ser ie de bassins ccmmumcuem emre eux ;:Iar ees ceverscus
. rmnces 0 1.1 écers " des cnric es eu des tentes vemcates. les eas sme jouent un douole
ròle : zc nes de reccs eveowenes pev r tes ccresces. ns essurent éqalement une
diss lpation ccoveeeete de l ' énerg ie de reau transrranr dans la casse. Il est cene
impc rtant de dimensionner corr ectement res bassins ; la cé mveuaticn enne deux baSSlns
succ essrts est à déter m iner en tcncnc n des eseèces mlgrat r;ces ece ste érees .

l ' k lusa à po isso ns (ou écfuse " Borland "I tcncnoene suwant un pr inc loe VOISln
de celu i d 'une éctuse de na vlgatlon : res migrate urs sont PII~9és cans un seaovrs éercs és
com'me le se -eu un eeteeu.

O'autres d isPOSlt lfs cc nstsrent è pieger les mlgra leurs dans une cuve puis à tes
traesoc rter à I 'amont. soit par vore c 'eau (s' il eosre une écnr se de nevtqanc n ], scn ;::lar
asc.enseur ou funi cula lre. sou enc ore tOUI simc tement par camion.

Oans tes écheil es à ralen ti sseurs - ou " Oenl' '', du nom de leur loventeur - sont
disposés sur le fond et/ou sur tes carcrs d 'un canal à torre pente lj uSC!u 'à 20%J des
ceuecreurs de formes plus cu mcmacomctexes oesnn ée a eéc uue ree vn esses movenn es
de réeeuremeer .

1,3. Exi.te-t· il un type de passe plu. efficace QU. l•• autre. '1

Il n'eeste pas de rvpe de passe plus eHicace que tous fes autres. L'exc énence
men tre que de nombreuses passes è bassins, à ralen t isseurs , de mème cee des
ascenseurs se scn t éga leme nl révélés ettrcacee - 0 1.1 Inetucaces. le point le plus délicat
dan! la concept ion d 'un di spositif de fr anchi.sement est en effet moins le cho i. du
tv pe de p.na • il exts re ra So uvent pl usleurs so lu t ions suscepti bles de donner
sati sfactl on - qua la néees sité d ' attirer tous le! migrat8urs vers son en trée le plu s
rapidem ent poasible lo rsqu 'ils arrivent sur l 'obstacle ,

L'attractivité d 'un disposit i! de franchissemenl est tiee à la situati on de t'ent ree et
il UX eondit ions hydrodynamiqu es (débi ts. v it esses, lignes de ccuranls) au voisinage de
celte en trée , qui ne doi t 8t re m asquée ni p.r dea éeou lement s prov enant des turbines
au des ouvrages éVilcuateu rs, n i par des zon es de recir culat ion ou d ' eaux mortes ,

l 'ecoulement pravena nt de la passe dOlt et re décelable par le po issen à part ir
d'une distanee de l'entr ee la ptus grande possible. C'es t pourqu oi il est ind ispensable de
creer au n lveau de cett eentr ee des vi tesses élevées, vi tesses devant eependant rester
compatlbles avec le oassage de touteS les espèces migratrices concernées, On peut
adopt er comme vite sse m in imale au droi t de l ' entr ee unII val eur de l 'o rdre du
métre/seconde, la vll esse opti male pour les salmonidés etan t de l'ordre de 2 m / s,

Un SOln partlcu lier doit ètre apporté il la conceptlOn de l 'entr ée d 'une passe tors de
l' élaborarlon d 'u n prOlet. en oartlcu lier sur les grands cours d'eau : on vén l iera que les
Vllesses à ou aUll entrees restent suff isam ment élevees pou r les diHérentes condltl ons
du nl veau aval suscepl lbl es d'etre rencontrees en periode de mlgrat lOn.

Oe lacon generale, des vll esses suffi santes peuvent èt re malOtenues en aglssan t
sur les secl lons d 'eco ulement (en "plOçant " ptus 0 1.1 molOSrécoulement au mveau de
l' entr eel et en modulant le debi t dans l 'ouvragede Iranchlssement sUlvant lescondi ti ons
de nl ....eau d 'eau ci l' a....al de l'obstacle

, . 4. Comme"t choisir l'im p lan t a t ion d 'un e p.... 1

Paur un barrag e eXIstant - ou un obstacle naturel comme un raolde · ,I est posslble
d 'observer et de noter le eamportement des mlgrateurs, c "est·a ·d lre leur route de



mlgra l l0n . .ec-s zones de staoutancn el es ccn -ts eu oerraçe JU s ~ i:!!c::...er l 'e:i
tenranves ce trancrussement. Ces mo.canc ns atceront 3 C:"leISlr !a srtuauco 1~ rer-tree
ce te casse.

Oans je cas d 'un ouvrage en crojet. on ne aeut falre cue ces ~ ..potneses SòJt e
comac rteroant nu ac-sson el seute resceoeoce eu crcre teur emre en ~ lI; ne ce corr -ete.

:"e ccrsscn a tencance a remont er dans ~ e cc urant le onrs a t'amo nt ccss.cre.
IUSQu 'à ce Qu 'll 5011 er- èt é par une crune d 'u ne haureur infranch.ssable eu car ces
courani s ou cee turbutances lrop vrcrems.

=n reg ie généra le. il convien i aanc d 'installar re nwee ae la passa f'! plus c-es
oosslble du oOln l au de la Iigne de plus naure rerncm ée eu mrgra leur lFig. 1 et ..11.

Oans le cas d 'un amenaçement ovcrcerecmcce. 10rSQIJ e tout le debll est turmn e.
te s migrat eurs serc nt généra lemen t arur és vers res ascua tews des t urome s. il
conviendra donc c'tnstauer re ntree oe la casse du cét é de l' USIne iFig. 2 el 3).

Il est posslble de ecuecte- les porssc ns sur toute la largeur de r usine en mstauaot
un canal ccuecteur ccmocrtant une ser le c'entr ées au -oessus des asceate crs oes
:urbine s (Fig, 51.

On peut ètre amené ili prevoir non se ure me nt plU$leur s entteea . mars ~USSI

plusieurs d isposmfs de franchlssemenl différents, Oans le cas d'u n amenagement
Mydro@teet riQue comeortant un barrage de retenue equlPé e'ecvraqes evacuateu rs et un
canal de cenvancn ccurt-crrcuua nr le COurS c 'eau sur lequel est Implantee rusme. :e
"l'\rgratEKJr peut se présenter 5011 eu cote de rustoe. au pled ces lurbines, SOIt du cète ou
bar rage lorsque cenn-ct ceverse : il ccrw.eocre donc c 'env isager ceua uisposmts da
' ranch lssement tc ratement .oc éceocems. cnacun ccmccrtam evennreuernent piu s'l!urs
ennees.

Le comportement du migra teu r n 'est pas le seui tacteur a ccnsscé rer cans le cnorx
ce j'implantation de la oasse : Il ccnvrent de crend re en compte I' expc smc n de la casse
aux crves. sa protecnon contre ree ceres tlortanrs, et son accessunut éde tacco a assurer
sa surveureoce . son ccntròre et son entrenen . Une casse à co.ssons est un ouvraqe
hydr au fiQue , au méme nt re qu'une pr ise d'eau, el il est necessaue e'assvrer san
eru renen. SI fastid ieuxsolt-il, faute de nuci erte ne pourra jouer ccnvenebtemem san ròle .

La crc recucn des cess es contre ree ceres ttc ttants s'ettecwe par Ies movens
ctesseu ee emcrcv es sur les ouvrages hvdrautiques : cr ème ucneme. gr ille 11 naneaux
su!fisamment espacés Ide 25 à 30 cm pour cermertre le passage.des 9ros mlgrateursl ; on
peut ut iliser aussi des ecrans en maçonnerie ou en belo n, des rangees de rall s, vOl re ces
paJplan ches banues 11 ramont de l'echell e.

Sur les cours d 'eau l tanSponant de nombreUll arb res ou branches en pér lode de
crue, il est import ant de rendre la passe alsém ent accessible pour faclliler I"ent retlen el
les répa rat ions . A cet égard, les passes Sl tuées en rive soni pre férabl es a cell es
implantees dans le corps mème des déverso lrs ou des seurls,

La sort le de la passe (sort le pour le poisso n, donc partle amont de la oassel ne COlt
se Irouver nl dan!; une zone de lo rte vll esse , a pro ll lm ile d'un ouvr age evacuateur, (vanne.
deve rsoln alin Qu e le pOlsson ne n'Que pas d'etre entraine de nouvea u a f aval. nl dao s
une zone d'ea u mort e ou de recl rcu lanon dans laQuelie le polsson peu l se lfouver pléq e

1.5. Quel d.bit faut-il con sac rer au fonetionnement
d 'une passe à poissons 7

Le dispos lt ll de !ranch.ssemen l don el re 11 recMelle du cours d'eau. En partlcu fier ,
le debl! aUli en lrées du ou des dlSPOSII IIs de franCMlssemenl dOlt elre 11 t'lkhell e ces
deb lts du cours d'e au en peTlocle de mlgratl on (de r ordre de 1 à 5 "{)l, Il est cependant
pos slb le de ne fa lre Ira ns lte r Qu'une partle du debll par la passe : le déblt suop lémentaire
né-cessa.re ili l 'an raetlon est alors inJect é a basse aress lan (.) dans le tranç on aval de la

(.) Lorsque cenalnes contra lntes l.eas au sile - en panlcul ie r sur desouvrag es ellislani s
• obligent Il implanter r entree de la passe en retral t des ecou lamen ts prmCloaUll , Il
est posslble d'utrliser une fract lon du deblt d'anral l sans diss loal lon d 'en ergie
préalaole sous fOrme de jets à forte s Vllesses.



,

;:I3SSe <) U il r~rme~ me me CU csccs.nt C~!~ ~ actc r-ct.c n ae -=eOI( :l':H.! se ' a ire aa r
l'inrermeoraee a":..H1 cu tus eur rate-ar OU cco cn ru seur ce -eec .r "g :i,. _..I '/ 1 : ~SS oe ce I' 'HU
il t ravees 'es qrufes msrauees en sorue ce ces c lff useurs COI! -ester Sl,or: lsammer'1ta.c.e
.< 0. 30 m/ si Dar (.lepon aux "/ 1(e 5 5 e 5 c a ns ~ a ca sse ce iaccn d "l e : 3 5 oertcraer e
ccmcon ement eu rr uqra te ur

La cebu scecrememarre c'aneacncn es: 'o urm SOli car ;lravlle. ac res c.s s .oancn
de Fenerqre cans un bassm . 5011sur res qrcsses mstauano ns Dar pomoage a par: :r eu mer
aval OLI oar oessaçe dans une OLI orusreurs centes rorcmes scecretes aun ce rec urr e res
oenes en énerqre.

1 .6 . Exis t . ·t -il u ne pass e-typ e pou r u n obsta c le
d e carac te ris tiq ue s don ne•• ?

Il serau tentant de ranqer tes dilferents ccstaetes en ctus.eu rs crasses • SUlvanl
leur na uteur par exem pte - el de croccser pour chacune crenes el en tcncncn cee esceces
mlgratrrCes un tvce de casse appr oone.

La mu llipl ielle des ccotremtes el oes i acl eurs te 'e re-e olOlog iQue, hvd rolog loue,
h vd raul iQue, lopo gra pn 'Qu e... j falt que cnac ue s ttu ancn eSI un cas cesoece et
rescene ece montre quune Ie ll e ctassuìeancn r lglce eSI suscecnbre au COntralre
d'lmtrainer de arcss.eres erreurs .

Lo!5 cuescues pcmts su tvants a toercnr à deter mu- er oou r une s.tuancn ccoeee le
tvce de casse QU I cc nvtent le rnreux.

1.6. 1. Des sct unons scmmaires com me ecnencrure s, passes an ecaame • ou
diagonales • (Fig . 7) ou passes en en,onno" • ou goutones • IFig. SI doivent restar
nrrutees :

aux ccstacres de fal bles nau teurs (1 ii l ,50m oour ree ceux premiè res , 1.S0 à 2 m pc ur
la n OISlame l cevenenr ars ément Irancmssebres en eaux movennes ou baotes ( . )
aux rnrqratev-s les plu s robustes (saurncns. tr uues de mer et. à ra r igueu r. tnntes}

el cela uruq uementlcrsque la suuanon locale re nd .pour div er sea terscn s.ta cc nstrucncn
d'une passe prcprerneru di te ditfictle.

Dan s le cas de barrage ii parement avaI vernc ar. rI su tf it, pour tavonser ie
t renc t ussemenr en eaux basses cee esceces qui se utent. d'amenager un e br ècne
ce rm enent d'assu re r une lame c 'eau d'une eca reseu r suttìsarue . Le co rssc n ne peu t
cependant sauter que s'il dispose d'une orutcnoeu r d'e au sutttsar ne ocur crenore un
.. acce' ,. au pred de rcbsracte : la cr ésenc e c'en rocnemenrs au pred d'u n barr age ceut
Interd ire san fran chisseme nl pa r le rruçratau r.

Dans le ces de barr age a parement ava I mclin é, I'e au e'etere en nappe mmce. ce
Qu i ceot ren o-e le passage ou ccrsscn «noc es.cre en eessee eaux. Il $uHil gen era lem ent
d'a ugmenler par un mOl/en Que leonQue l' épalsseur de la lame d'ea u · en concentrant le
debi t • po ur rendr e l' obs tacl e Iranchlssable ; on ul lhse SOli une l!c h arpe dlsposée
dl agon alem enl su r le parem ent ava l du barrage, salt un e goulo tle 1<l lll ée dans ce mèm e
parement ,

Il ne taut cependant pas donner à ce Iype d 'ouvrage une longu eur :ro p Ir:"lpo r:<l nl e
sous pel ne d 'imposer un etfort exagerE! au mtgrateu r QUI OOlf le fra nch lT d 'une seu le
tratt a,

(. , CenalOS seu l ls en enror.hement. ble n Que de ha uleu rs mooérées (1 ,50 a 2,SOml
peuvenl rester :Jr all Quement IOfrancrll ssables ~n eaux moye nnes ou hautes dans la
mesure où, la chu te ne dlml nuant Que tr es prog reSSlvem ent 10rSQue le débll
augm ente, les v'lesses et tes tu rDl: lences au drO'1 du seul l reSlenl mcompali bies
avee le passage du pOlsso n , Il s'391t en :>an 'cu her de cert alns seu rls, aes lm es a f ixer
le III mlOe ur ée cou rs d 'eau désfabll ises sUlte a d~s extra Cl lons lOtenSlves oe
mater laux alluv lonnaITes, 'l ui " Olncenl " l'écoulem enl de faço n a co ncentrer
localemenf une dlSSlpallon d 'énergle comcensant l'a balssemenl oe la ligne O'eau en
311al.



On eeur ccnstoerer un e vmcrame ce me tres :::)fT'I~ e ;J ('l 'T'Jxlm um ] -re :) 3S

cecesseeccv r une ecn arce arors cucn umn e-a ' a :onçueur .;: ':.; r:e . ~ ;. : c ::e 3 cne crzame
de metres.

Pcue ces oeux wces ce casses récnarpe et çculcnej, il est essee aer c'évuer es
ructu res de cente susce cnbtes ce btccuer le rnlg rateur t es profds concaves. :!n
part lcul ler ceux erees car ree renaussements de vreux banaqes a aa remer uaver roe.m e.
sont partlcul ierement netastes aux mrqr eteu rs Qui se tro vven t arr ètes le plu s scuveruil te
cassw e ae pente ell istanl au mveeu ce la navsse.

1. 6.2. Les aesses à ralentisseurs ont une :)Os$lbl llté c'acect encn a une n ès
grande vanére de sues . Ell es ceésentent un tru ér ét ce r necue- :

pour le saumon et la trut te de mer
pau r les cestacres de nauteurs mcoerees « 2,50 m envrrcn t
cc ur ies ouvrage s existam s. dans la mesure ou il est beaucou p pJus rec ite d'integrer
ce tvce de cesse dans le corps de rcuvraqe qu'une casse a eeesms successrts
dimenSlonn ée pour un c état .ceona ve.

L' instaUatlon de ce wce de passe perd q én ératement de son buér èt 'orsque la
nautev r de rebstacte il Irencrur cevreot ptus Importante : la neeessu éde prevo ir des
bessms de reoos [tous les ceux metres de chule envircn ! augmente la longueur du
dispos lll ' et peut rendre au sst interessante rt nsrauancn d 'une pass e il eessms
successu s.

cen ems tvces de passes à rateo nesews u ateonsseurs ce fond en chevrons -:!pals
par exemplel ceuvent ètee vnus és comme ghssll!res à canoe-eavax dans la mesure
eVldemment où teur jargeur le perrr.et (l ,-UJ m mlnl muml.

1. 6.3 tcrscu'cn a atterre à ptusre urs esp èces migratr iCes, rseumoos. truues de
mer , tru ues . oorsscns blancs. etc .Lta passa a bassins successus semole ètre la meuteure
scnmon. moms serecnve que la plupart des passes à reJenusseu rs.

On dist ingue quetre types de passes il bassins succ essus :

les passes ti cere te ou échencrures ceve rsemes.

les passes ti cntices ncv és.

les passes rmxtes {parois ou ècnaocrures c éversentes et cntices! (Fig. 9),

les casses ti tentes verncates (Fig. 10).

Oe Iaçcn generale , la cas se à ortnces nov ès présente oeu d'Im érè t. La passe à

tentes verncares ne convìent que pour les c ébus importants tsuc éne urs à 1 mJ/s
eovrrcru et n 'olfre c'mt ér èt qua Icrsque ree f luctuations des ruvea ux amont et ever scnt
Importantes,

Les passes il bassln;' à échancrures déve rsantes, assoclée s ou non à des orl tic es
de fondo sont les plus mleressanles car ellas s'adaptent à de nombreull cas de figure
(déblt dispon ible de QuelQues dìzalnesde litresà plus ieurs ml / slet, dans la me sure ou les
échancr ures sont su ffis amm enl profondes . ti des ~ariat l ons du n iveau am ont
rel all vement import antes.

1 .6.4. Paur les ouvrages de hauteurs importantes. I"insta ll a!l on d' un ascenseur
(Fig, 131ou d'une ecluse Bor land (Fig. 12)est plus faCIle et beaucoup moinscoule useQue
cell e d'une passe claSSIQue. La complelllté de 'eur fonC~lonnemenl (presence de
nombreux organes moblles • vannes, cuves, gr illes • aulomatisésl se rradu ll cependant
par des CoulS de malntenance éle vès. C'est la ralson pour laQuelle on peut 'eur prete rer
dans Cert3lns cas des passes .• srat lQues " d 'un gen ie civii plus cou leull mais d'u n
en tra tlen moms lourd.

Un ascenseur esI genéral emenr préférab le à une écluse Bor land : le probleme de
t'attract;vlté est ident lQue, maIs 'es pOlssons piégés dans la cuve de I"ascenseur
passeront obli gatol rement a l' amont. ce QUI n 'eSI pas torcemen t le cas pou r les pOlsso ns
O) iégés dans la cnambre aVOl I d'une eclus e Borland (à moms de dispose r dans le PUltS



ve-nc at de I'écruse un car retet suwant !.a ruveau ce reau ,H cbhq eant res co.ssc ns a
rernenter te -ecce t'éctuse se te m outj.

1.6.5 . texcer tence tranc a.se sur ree dispoSll lf s ce treeemssemem ;:our 'es
arcses est act ce uement tres nrnn ée. tes cuercu es coserveno os ett ecru ees sur le Rhone
et la Garor me Ind iQueralent un comport ement mlgratOlre tres cece ne ce cetui ce 'a
grande alose d ',.),m erlQue eu ~ord pcur reaceue .1 exrste un cert a," nombre de aesse s
etnc aces.

t es aloses mlg rent en bancs et il sem t ne imporrant de ieur off rir un passag e le plus
large soss.ote

Les emrees cnec.ce tes ces dlSpos il l'Sde traocr nssement ccrvent se trouver le long
cee nves.

t es afoses écrecveer beaucoup plus de repulsion a senqaqer et t ranctur une passe
que tes satrecmc és. Ell es font general ement olu sieurs va-er-vìer n [vfall-becx
actrviw "] dans le di spoSll lf ava r nde pesser en amcm.

Le meuteur tvce de disposltl' de trancmssement pour l'alose est l'ascenseur
mécanique cans la m esu re c ù1'0 1'1 est sur que les m igrat eurs oassercnr en emo ot une
fois ernrés au pled du dlspos n,l.

tcrscve rc esrecre ne se crère pas à t'lnstanenon d'un ascenseur. il est prefe raole,
dans t'état actuer ees cormarssa nces eu ccmocrtement de reteee. c'évuer les casses
à raìennssec rs (. et dechoisir une casse a bassms success.ts a cereìs ceversanres. a
écnancrures retere tes eu à fentes vernc ares. sous r éserve des ctsccsmcns
su tvantes

Les écnancrures et ree fentes doivent ètre suHisamm entlarges (de l'ord re de 0,40
à O, SOm emr urnum ] et suv ées le long ces.c a-ce mscue de piegeage des atoses
ce ns les encorgnuresl ,

Il ecnvrem e'évner la form ation de jets plongeants en pre voyant, scrt des
écnencrures en pian inc li né assurant un gu idage de la lame c'eeu. so.t cee
eenencrures en m ince parai maIS sutt tsammem ncvées par l'aval de tene sort e
que l' alose puisse pa sserd'un bas s," a t'auue en nageant dan s la lame c'eeu.

Les passes il eessms successu s a cnttcee ncv és se scnt averees de tacco generale
.oettrceces acur l' alose, cel le-CI ne cnercnem pas à s'engager dans ree cnuces suues
t-co en peotondeur .

L'a lose ne saurent pas. rerurée ces cesses doil se tro uver suHisamment immerq ée
de tecce cu e le m lgrateu r pursse y ce oerrer en nag eanl lCot'! du fond ce l'ouvert ure
d'e rit ree suuee à 0,50 · O,60 m au -dessous du mveau eveu.

Il convrenr c'evner la c reseoce de zooes c'eau morte ::Ians lout disDQslt lf de
fran cn.ssemen t ; en part lculier, dans les pan les aval des ;lasses suscept lbles d'etre
noyées , 0 1'1 prend ra gard e il conserver des vit esses sulfi sante s (D,3D m /s mlnlmuml
al in d ' incne r le m lgrateu r il passer il !"amont.

(9} Sien Qu'il ~lt lSle , BUSSI ollm en France Qu'auJl etBls -Un lS et au Canada, plusieurs
passes à ralen l .sseu rs (ralent lsseurs pl ans ou Lachade ned el em oru ntees par ies
aloses, ii '!s t ~lft lCl je de se ;lrono nce r de facon oOlecnv e sur r eff icaclte de tels
disposll1fs oour ces o!sceces,
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0,30m
de 0,20 à O,30 m : de préférence : 0,20· O,25m

PIV
Q
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B
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t 3 -

2. l.ES PA SSES A BAsSl NS SUCCESSI FS

2. 1. Typ e .

ParOl' c éversaotes td éverse m ent tout au long de la clOlson eec eremcec xbasSlns lou
écnencrv res
a nfices ecv èe
,\lhxte {parOiS c éversaores ou ectrencrures - on ficesl
Fent es verncates (une ou oeux fen tes!

2.2 . OéniveUation entre deux bassina ( O H )

2.2.1 , sasses a paro.s ou écnencrures ceversa mes ajets plongeants : lIe polsson
dcit se uter dans la lame d'eau ocur casse- d'un bassin il r autte l

Saumons et tnntes de mer : de 0,30 à 0,60 m ; de prét érence : 0,30 • 0.40 m
fru ites : de 0,30 il 0,45 m ; de cret èrenee : O,30 m
Aloses et POlssons ereocs : à évner.

2.2.2 . Passes li ca rota déversarnes. il écnaocrures et casse mixre li j et de
suri. ce : [le pOisson peul passer d'un bassin il r aut re en nagean l cene la fame d'eau}
Saumons <!I truues de mer : de 0.30 il 0.45 m ; de cretereo ee 0.30 - OAO m
r-u.tes : env iron D,30 m
Aloses : de 0,20 il 0.30m ; de pr.ference : 0,20· 0,25 m
Poissons creecs : de 0, 15 il 0.30 m

(suivanl ree escecest

2.2.3. Passes à cnuces noves

IdentlQues il 2.2.2 . ; à évner pour l'afose.

2.2.4. Passes à fenres verncares

Saumons. truites de mero
truues :
Aloses :

Rem. rqu•• :

On a rarement int érè t à trop auqmenter des cnutes entra deux basains Isaut ceut
ètre à remree de la casse pour tenere celle-ci plus en racuv et: on verrà. en ettet. qua le
volume utile cee bassms dcrt ètre prcporttcn neì à cene cnote.

Oans le cas des cesses à tent es verticale s. ce ne sc nt pas ree vueeses de nage des
mig rateurs qui Hmuent la chvte enne deux basstns, mais la n écesstt é de rédui re res
vuesse e dans ree fentes de facon ave ceues-cr. comete ten u du débit , soient sul.
f isammenl larges pour oerrnente le passage des rmqrateura.

2 .:1. Volume utile (vo lu me d 'eaul d•• bassina (V)

aese sur une puiasance disslpee mexuna te par unire de volume d'ee u dans les
bassi ns (P/ V ) comens e entre 150 et 2oowans/mJ.

P/V _ 9810 .. Q .. OH
L x B .. Tmov

puisaance dlsslpee per un tte de volu me (w an s/mJ)
déblt dans la passe (ml I sI
chule ee rre deux bassms (m I
longueur des bassms (m)
largeur cee bassms (mI
pre tcndeur e'eeu move nne dans le bassm pour le détnt ccnsmere (mI

Grosses easses 11 satmc mc és : pre ndre 200 waus/ ml
seut es casses. nasses il arcses : c-enere 150 watts/mJ

Si la casse ne compon e cee cveicuee bassins. ces vateurs sensrbremenr ctus
import antes de P/V aeuvent étre cnses pour ree salmomdés.



2A. Dimensio n a dea bassins ( L. BI

La fo rme cen e-ere ces eess.os • teur votv me ut ile etant fixe - est hee 3 re
cc nfiq u ranon et il rcnem ancn oes jets. c'est-a-cue au mode ce com m un.cancn ent re
':lassins ttcrmes el dunens.c ns oes teo res. arrlices ou écn ancrures. n iveau x c 'eau de part
el u'au t re de la crc.scm. Il convrent d'évner res phenomenes de " cc urt -cir cuìt ", c'e st- e
di re le passage dir ect d'un le i a for te vrresse d 'un cessm au sutvanr sans orss.cencn d'une
t racncn sutttsante ce son éne rg le cinénque. A l'o ppose. les jets ne oc.vent cas neurter
t roc .... rolemment tes parcis car cela oevt oerturoer fe co mportement du rniçrate ur.

De Iaccn qén érate. Il est préteracte de ne pas t rop s 'écart er des ceracté ns nc oes de
cesses exis tar ues et avan t cé mom re leur etticacu é. Pour ces easses. la longueur L est
qé ne ra te me nr com ense entre 7 et 12::1, d etam :

Passa a ecna ncru res : veteur la plus cen te ce la largeur de rècn ancru re ou de la
cnarga sur récnancrure
Passe Il parms u éveesentes : ch arge sur la paroi
Passe a Ientes verncates : largeur de la ' ente
Passe a cnnces nev ée : diametre ou plus pente dimens ron de rcnttce.

2 .5 . Dimen. iona m inimale. de. a c h a nCf u f e a. d e . o ritic a. e t de. f en t • •

1. Ech an crures" et tentes

Seumcn s. tnnres de mer : 0, 30 • 0,40 m
Arcses : O,J.O - 0 ,50 m (le long des parois l
r ruues. porssons brencs .. .. : 0, 20 m

2, Onuces
Saumons, t rurtes de mer : O, t O Il 0 ,15 m1

Tnntes. polsso ns bl ancs .. .. : 0 .05 a 0.10 m1

2 .6. Esti matio n d e a débits 8t cal8g_ d_. pa sse . à bassin a

Les formu les us uelles d 'hydrauliQue donnant les cebrts eu-cessus des céverscns
lepai.ou en mince ce rci. avec ou sans ccntracnon . ncv éecuceoeves sulvent le ca. Jet à

t ravers tes or ifi ces permettem de déterminer de Iacon accrc cn ée Ie d ébu dan s uoe easse
en fcncncn des ceracr éns nc ues des cbnscns (d imensions des écnancrures. fen tes et
cnucesj. du calage de la passe (cotes de déve rsement des écnancrures ou des tentes.
dénivellaticn entre de ux cl oisons successr ves ] et des mveaux c'ea u amont et aver .

Il est nécessaire détudier le cc moorte enent hvdrautique de la passe (évclution du
débrt , de la puissance disaipée par umt é de vo lume, des cnures entr e besstnst oc ur ree
difté rentes co nd ilions de ruveau x am ont el aver en pér iode de mi gration .

Si . à part i r d 'un certa m niveau a re recm. tes eond it ions hyd rauliQues deviennent
mccm nanbles evec le pass age du oorssoo. il convr ent de pré"olr un d isPOsltrf de
regulatlon en arne rtt ou de se toum er vers un autre type de passe _

Lor s du contr61e du déb il en amon t d'une passe, il faut verll er à ne pas creer
lacalemenl un e sing ularité lchute, m ise en v' lessel suscept ibla de blOQuer le migraleur .
C'est pou rQUOI ce contròl e ne peul génera le me nl s'effectuer Qu'en lnterv enant sur
plusieurs bassrns dan. la part ie amont de la passe lsuccesslon de déverso irs r&glables,
secl lon amonl a fentes verllcal es ou Il on lices noyés).

LorsQue le porsson dOlt passer d'un bassrn i1l'autre en saulanl, ado pler des valeurs
sensrbfemenl plu s grandes 10 ,SOm pou r les saumons et tr ulles de mer et D,30 m
pou r les (rurlesl

Si ces dimenS lOns devra lent convenir à la maJorrtédesespece.de polsso ns blancs. i l
eSI pess.ble Qu'eUes se reve lent msuffrsanles paur cert arnes especes partrculieres ,
com me le brach et . dOnt on connai [ peu le comport ement dans 'es ~asses .
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J I.) 0 ,1 25 (} ,2 50 0 ,500

L Lon~ueu r (,) 2, OC 2 ,50 3, 00

B La r geur (,) 1,25 l ,50 r.sc

T~y Pr ofond eu r ~oy.nne (. ) 1, 00 1, 30 1, .55

b l.ar;leu r fc:h. nc:rur . (. ) 0 , 20 D,3D I 0 , :'0

, Pe ll . ( III) 0 ; 73 O, }O 0 , 95

" Char~' . u r 4c: h.m c: r u r e (.) 0 ,4 2 0 , 55 0 ,15

,,' Dilll . n. ioni ori n c: . (. ) 0 ,1 5 x 0 ,15 0 , 2 x 0 , 2 0 ,3 x O, )

aH Deniv. ll~tion ent r . 2 !lan in. ("'t 0 ,30 I D, 3D 0 , 30

Figure 9 : PilS'. à basaina " i c ha nc r ur . s la t i ra l• • et o rif ic • • nove . (d ' a p ri.
LARINIER et MIRALLE51
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- - - - -

o iI" <; le d", <:Ieflecleu ' c ee teat 0. 18 0 .18 ~ 0.:0 0 . 40

e 0' $I3" ,e <:Ili eeneetece • " C"",O. 0 .94 1.25 a 1.52 1.10
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Fig ure 1O: Carac tilri. t ique. de. paue. à 'ente. verticale. {d'aprii. BELLI



3. l::C l.USC:S ET ASCENSEURS

3.1 . Une éctuse tF;g. 11Jse compose c'une cnamcre amon t sn c ée au mve au ce la
-eterwe eenée a une cham bre ava! ue qr ances crrnens.cns par un ccncuumcuoe ou un
:Iu lIS verncar. A cn ecue extr émue ces cn am ores sont msteuees ces van nas. la piupart eu
temcs eut cmens ées.

3 .2 . Le cvcre de tc ncnonnemen t peut se résumer amSI :

Phase c'amen : le rmqr ateu r est amr é dans la chambre aver. le Clé!) 11 dan s récruse
étan t cc nt-è lé par la vann e amonr.

Phases de remplissage el de scrne : la vanne aver est te rmee. le ec.sscn surt la
se-t ace IIbre Ic rs du rempl issage de réercse. On inerte le pals son à passer dans la
retenue en étebnssant un courant d'attrau cer l'ouvert ure d 'un av-c ess dans la
cham bre mt éneu re.

Phase de v.dange : au bout d 'un certa-n rerecs . on procede à la reouverture de la
vanne eva! et à la vldange de r éctcse. Cett e vidanqe dOlt èt re suffisam ment lente pcu r
évuer de t rop Iortes rruses en vnesse à remr ée de réercse.

3,3 , Letticacit é d'u n tet disposm l est nee non seulement à sc n ertrecnvu é (."
mais .l ussi au cc mocrtement du oorsson dan s l 'écnr se Qui ecu dem eurer dans la cnambre
ave r pendant toute la pnase c'enrau . suivre le niveau de ree u tor s de la ph ase de
re-nco tee el sort ir de reclus e ava", la v.dange. A cet éqard. il est nécesseue que res
vrresse s et ree turbutences dans la cnemcre evat restent accecra bres . Il faut d'Jul re ca rt
evue- un rempli ssage trop rapide enlrainant ces tu rb ulences exeçerees et un tort
entrainement d ';:m à fa surlace Qui ceuvent toeuer le poisson à rester da ns la cnambre
lnfér leu re.

Il est impossrble de déter rruner a priori cu euee seront tes cceorncos hydr8 uliQues
ccnmeres pou r tes mrqrateurs. C'est pou rqu c i il co nvieni de don ner au tc ncnonnem en t
de récrcse un maxim um de lIe~ibmlé (dans la cur ée de chèque phase du cvcre . dans le
deg ré et le temps d 'ouvertu re des vannes am cnr 1'11 ava L ete.j.

3 .4. M algr é cee préca uncns. de no mbreuses écluses se sc nt reverees peu ou p,as
efficaces . Ces crttrcuu és. tenant au compcrt ement de cen em es eec èces . ont ere
tccrnées aux ~ t a ts ·U n is et en U.R.S.S. de la teccn suìvante (Fig . 12\ :

tes m lgrateu rs sont piéq éa dans un vaste bass in de staoutancn sitc é au pied de
recluse

115 sont ensu ite ccu ss és dans le sas à rafde d 'une gnlle mobile fixee sur un chanot
se depla cant sur des raus hOrl zontaux te long des paro is lalérales du bassin.

Un carrelet mo bile suivant le ni veau de l 'eau lors de la pérlode de rem pl issa geooli ge
les polssons à passer à l'amont.

3.5, le pr inCIpe de l'ascenseur est t rès vOls in du système precédent : il consisl e à
pi éger les ml gr al eurs dans un e cuve au pied de l 'oosla cle , pu is à élever et déverser cell e
CI à l'amonl.

I·' Com me pour lout dlsposlllf de franchl ssement , recl use dOlt èl re blen sltuée , Son
déb ll el anl génera lement liml té à QuelQues cent<l tnes de lit res/ seconde, il pau t
s' avérer nécessalre de prevoir un déblt aUlli liaire d 'altra.t . La vanne aval dOlt éne
asservie au nive au d'eau ava l pour conserver des vllesses suffisantes à l'enu ée
lorSQu e ce niveau var ie . Il est enfin préh!rable d'ec lai rer la ch ambre inférieu re de
façcn à assure r une tranSlllon au O)Oint de vue écl alremenl entre le ml l ieu elltl!rleUr
et r ec luse.



.,

Pcur garanllr une ettrc acu ésu tt.s an te CU c I Scosl [li.; ~mme caos ,8 <;35ce t'éct use.
•1 est ~reférab le ;

5011 c'emeèc ner ree m lg rateurs ce sort ir de la euve une tcrs ou ' ils v on t pénet re
(SVSlème de V ou gr lUe an n-re roun

5011 d'amrer e t de pu:iger ree rr uqr at eurs dans un vaste oassin de sraoulancn pu is de
les obl iger a casse- au -cessus de ~a cuve E1n ree cc ussant a reree d'une grl lle
mobire lFig. 131.

3 . 6 . Que ce $011 acv r un ascense ur DU une ecruse. la ccocecncn de la cnsed'eeu
:>au r le débil dattrait peut sav érer oéucate en casde fo rt marnage de la retenue ament et
surtout de stranficanc n tnerrruq ue ou ctumrq ue de certe dernière .
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4 . lES PASSES A RALEN TISSEU RS

4. 1. La ccnceoncn et rtnstauenon c 'u ne casse a ratenns seurs est eros cencare
que celle d'une passe à bassms succ essus .

4.2. Il ecste un grand ncrncre de tvpes de reteons sev rs. Certams sont ancore
expérunentaux car ils ont ére peu unus és et rcn ccnnatt donc mal réreeco e de teur
domame de lonctionnement. Soni ccr mees dans la SUlle, à nrre c'eeemcre. ree
caracténs tiq ues de raìerms seurs déjà tesre s in sao el avant cemomr é teur eff tcacu é.

4.3. Les ceract értsnc ues c écmetncuee des rareons seurs sont cc nn ées sous
fo rme act menstco nene . r cutes les dimens.cns SOni recccrteee à une long ueur
caract érianq ue (Iargeur du canal ou hauteur des ratenns seurs). Il est Imperat if de ne oes
s'écarte r des ca-act énsncuee qéc rnétnques oeeeeee : IOUS res rerennsseurs cnt ete
svstémanq uernem test éssur mooère récurt et to ute mod ificatlon peut se tr adulre par une
en éranc e notable de la struct ure de l 'ècou lement preludiclao te à remc eerre du dls cosmf.

4 .4. Le poisson trancrut une passe a ra feousseue s d'une seule trait e. Il ne peut se
reccser entre res -a teonsseues . C'e st pc urquci. rc rsc ue la o ée.v euenee cevrem
import ante, le rnlgrateur dOlt fou rn rr un eHort intense, et Il see-ete cr étéraere de DrevOlr
des cessms de repos lde facon générale tous ree cevx merres de cnute erwrrcnj.

4 ,5. Les ver ées de s easses à rarenrt sseues ee.veo t et re rectil ignes :tou t
changement de crrecnon ne peut se te tre qu'au niveau d'un baSSIn de recc s d 'une
longueur suHisan te pcur Qua le jet issu de la vcré e amont ne vienne pas neu rte r trop
viol emment les pa rOIS (en part icufier dans les ehangements de di rection à 18001.

4 .6. Dan s une casse de earacté rtstiques ecr mees. le débit est flxé averntout cer
la cc srnc o du ratenns seue amont par rapport eu mveau d'eau amont. Dans une mo indre
mesure. il peut c éceocre des eondit ions d 'entonnement (prèsence ou non d'a rrondis sur
ree baicvers. cote du radier Il t'a mont de la cesse j.

De façon genéraie, il conv ient d' évue r en amont du prem ier ra tennsseur tcute
ccntracncn ou mise en vitesse susceptible de er ée e des jets et de reta roer "remercece"
de la passe Iformal 1on des courant s en héliee),

4.7. Le rad ier au niveau de remrée de la passe sera suHisamment immergé a u
dessous du mve au ava! de faeon à évue r une accétérancn recate de t'éccu terneru
pré jud ieiable au passage du poisson .

4.8. Il est pcssrble de juxtaecser plus ieurs bandes de ratenns seues de lana
(Laehadenèda, scraent s. ehevrons épais. etc.I ée faeon à cbtemr des passes aussuerçes
av e l'on c éstre. dane suseept lbles de :rans lter un très gros déblt.

4 .9. Passes à ralent lsseurs plans

4.9.1. Caractéristiques géometriQues (voir fig ure 14)



4.3.2. Caeomcns ovtmsanon :
Saumons. :rUII~S ce mer ' ca oret érence o.am .;; t. ~ : m

r ruues :

maxrmurn L '= 1.20 m
sentes (valeurs 5uggereeSI

cour L = 0.30 m 1= :;:0"'0
pour L = 0.90 m 1=1 7.::0 "'0
pou rL = 1.00m 1 = 16 ~

pour L = 1.20m 1 = 13%

de cr eférence : 0 .6 m ,. L :s;;;0 .9 m
seores [vateurs suggerees ) :

pour L :c 0.60m 1 := 20 %
pourL = 0.70 m 1 = 17 °'Q
pourL=O.aOm 1= 15 %
pou r L = 0.90 m 1 = 13.50%

4.3.3. Caractensuques nvcrauncues

Le5 tiq ures 15 et 16 donnent le c ébn Q. le nrant c'eau mo ven h en toncncn de la
pente I et de la eharge amont ha (pour des ccnmucns denron nernern vcrsmes de ceues
indiQuées su, la figure 14)

4.9.4 . vatecrs rmrnrnates de h Ipou' ceemenre la naqe du pOIS50n erzo u
"rernercec e ' de re casse )

hmm - 0 .5 1M 0,6 L

4 . l O. wasses à raren trsseurs de tvpe FATQU

4 .10.1 . Caract énsnques qécmémcues (vOlr tiçure 17)

4 . 10.2. Conditlons c 'unnsancn : idenr;Ques a eenes de la casse à ra tenns seurs
plans .

4.1 0 .3 . Célrac:é r lsl lques hydrau liQues

Las f igu res 18 et 19 ccnnenr le débt t Q et le nrar uc'eau moyen h en lonetion de la
pente I et de la charge emont ha (pour les ccncmcns d'e nrcnnernent vc.smes de cenee
indiquées sur la figu re 17).

4.10 .4. va teurs mi n ima les de h (pour permettre la nage du poisso n et / eu
" t'a mcrcaqe " de la casse }

hmin _OA L

4 .11 . Passes à ralent isseurs de fond sc recuts de Iype A

4 .1 1. l . Ceeact énsuques qèc mémques (VOI! figure 20)

4 . 11.2 . ccnemcne c'unnsencn :
Saumons. truues de me r : a : vale ur ccesernée 0.15 m ; maXlmu m : 0.20 m

Pentes : paur a = 0, 15 m 1< 15%
paur a ;< 0,20 m 1 ~11 ~

Tru it es : a : vareur cc os eutée 0, 10 m ; maxim um : 0.15 m
Pentes ;paura = 0.10 m 1 ~ 1 5 ~

paura ""' 0.15m 1<10%

4. l 1 .3. c aractensncues hvdrauliQues

Les f igu res 21 et22 cc eoeor :e c ét nt Q. le nrant c'eeu moven h en tcncncn de la
pente I et de la cha rge en emont ha.

4.11 .4. va teurs rmn srnetes de h (paur per rnerrre la nage du ;»olsson etvou
"remcrceç e " de la cesset

hm in _l .15 a
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5. PIÈCES A INClURE DA N 5 UN OOSSIER CE
PROJET DE PASSE A POISSONS

Ll concecnon d'une casse succose la connarssance er un cen alo ncmcre ce
l aCleurSld 'ord re biolog lQue. topograph lQue,hVdrologlQue el hvdr auhQue)QU'un e encué te
prél lrnlnal re dOli permett re de peécsser. c ee eréroents cc.vem figurer dans tou s res
coss.e rs de passes caosra mesure c ù reur con narssance esrmcrscen saare oc ur Ierrnu ter
un aVIS tors d'une ccnsuuanon.

l . Nom du eours c'eeu. Plans de SltUa110n t I 120 .000 ou 1/ 25.0001
2. Copie de re utensancn. du carn ee des cn erqes ou cee cor respondanc es scecrn er u la

necessn e de la cons trucncn d'une casse à cc.sscos e l evemueue rnent celle (f une
gl isslè re à eeoce-eavek o .

3. asceees de acrs scns . p érioces de rniç rancns [éventuetle rnent exna us de l 'elude ou de
la ncnce d·impactl.

4 , ca raerensncoes hydrologiques du cours e'eec ••
• débllSmove ns mensuels . déblt s jo urna liers su r une c éncce su lfisanle, cou rbes ces
déblts ctass és teeeuenes et mOIS cer mois ].

5. Prof ll en long de la secnc n eu cou rs ereeu «u eress ée par l'am enagem enl. t'ente du
cours e'ee u .

6. PIan du sue du barrage el lopog raphle sommaire du ht .II revet de rccvrece.

7. ca rac tensnc ces du barra ge (ou plu s generalem ent de rcesteetet
Natura el ròle du barrage thyaroeleetncne. aumentancn en eau . tc unsme...).
Con f igu rat lon du barra ge. emplacement et carecrensnq ues ces cuvreqes
evecuaeeurs. posmon de Fusine et des ouvrages armexes. :'\jombre 9 1 ceraete
nstrques des ruremes.
Gesnon de leau et mode c'ex cìcu anc n du barra ge : «ncc nence des débus
tu rbmes. déb it r éserve. regime de producncn rtcncucr memem au fil de t'ee u. par
écrcs ées t
Niveau emcnt de retenue normale .
Niveau ave! d'éueqe.
Niveaull c'eev amont et ava! a considére r en pénode de mi gratlon et débits
ccrresccocems.

8. ceract éneucues de la casse et ses annexes .
Pian de suuancn
Plans détaillés compon ant profils en long et coupes.
Note oescncnve dc r ma nt Ies caract éns uq ues de la cesse : mmensrcns des
bass ins, mode de cc mmur ucaucn entre bassins id lmenSl ons des ecnanc rures.
tentes ou ori f ice s), caract énstiq ues cee ralentiss eu rs , pente..,
Note precisant le comport em ent hyd rauhQuede la casse pou r les ruveavx amon t el
ava I considérés en cencoe de migrat ion idébits, mveaux c'eau...)
Mode d'Injection du déb lt d'ert rait .
Débits et vuesses à renn ee de la passe en fonct ion des débits du cours ::f eau .

Dans cert a.es cas. un dispositi f unique peut en eHet servir de passe a ocrsscns eree
ghsslere a eence-eavae. Dans ree autres ca so il est de tcures taccoe prlrlérable de
ccncevc« la ghssi ère et la passa en mème temcs dan s la mesure :

où se co se le probl ème de la recernucn du deb lt reserve entre les deull.ouvrages
où le débn transua nr dans la glisslère peut eventuellement ètr e uul isé comm e
déblt d 'attractlon pour la passe.

Ces données sont généralement imposslbles a réunlr su r la maJorllè cespettt s cours
d 'eau dépOurvus de S13tlon5 de laugeages. On dOli se contenter gén éralement de
ren seignements TreS fragmentaires, Qui se révèlent suHi san lS dans la plupan des
caso Par contr e. sur les grands cours d·eau . il est Ind ispensable de definIr TreS
clai reme nc la fou rchene des déb i1S pou r lesquels le dispositif defranctllssement dOlt
fon ct lonner co rrec':ement .
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DOSSIER " PASS E A POIS SONS"

BARRAG E (CBUTE, SEU IL) DE

COU RS D' U U :

DOMA!HAL D
COI1Mtl NE DE :

PROPRIETAIRE

A!J RESSE

NON DOMANIAL D
CODE HYDROLOClqUE

DE PARTDlENT

ROLE DU BARRAGE, OU PLUS GENERALEMENT DE L ' OBSTACLE :

BYDROELECTRIClTE D PRI SE D' UU (I RR I GATIOND NAVIGATlOND TOURl SI1E D CENTRALE TlIERlilQUr O ···)
ALlM.E NI ATlON EN uu D PISCICULTURE D STABILISATlO N DU LtT D

DERIVATt ON DES EAUX :

l ONCUEUR DE LA DER I VAT ION

DEBI! MAX I HVH DERIVE :

PRECI SER

OUIO NON O

DEB IT RESERVE

CATEGORIE :

[ CARAC TERIS TIQUES PI SCI COLES l
PREMIERE O SECOND E D

PE UPLEMENT PI SCI COLE

PERtOD E. DE MI CRATtO N PAR rSPE CE Oli GROUPE D 'E SP ECE S

ESPEcrs
MOIS J F " A " J J A S O " O

CARACTE RISTIQUES KYDROLOGIQUES DU GaliaS D'EAU

DEBIT MOl EN ~~NUEL : PERIODE DE RE FERENCE,
DE8I TS MOYENS HENSUELS

DEBIT D' ETI ACE (I)

(l) PRECISER (DE8 IT CARACTERIS TlQUE D' ETIACE• • • )



BARRAGE DE l

ICAllACTEl lStlQVES t1O!'J'IfOLOCIQUES DU eOURS D' U V l
PENTE = NArellE DES FC».'DS

"

FAI 8 LE : , MODEitE U

e ARACTERIST IQUES DO BARRAGE ET DES OUVIlAGES EVACUATEVIS

IAlUl.AGE

rrre

HAVTE~I MOY ENNE DE LA CI ETE AU - DES5 VS DV T[RRAt ~ HATU RCL

LQNG VE1JIl EH CRETE =

U.ICEVR EN CRETE l

COTE Ncr DE LA CRETE DV BARRACE l

COTE Nc r DV NIVEAU D'UU AVAL CORRESPONDAIlT AU DEI I T D'ETIACE OU AU DEI I T RESERVE(I)

OUVRACES EVACUATEtlS

'AlltlES DEVERSA.'HES l"utS

con Nel"

El' carrt

DE LA CltEtt

OUVIlAGES EVACUATEURS HOIlLES (V,\NNES, CUPETS, ETe •• •). PUelSEl LES SECTIONS , LES Cotts 00 M.ll IE1l .

NtVEAVK D'UV CARACTEtl lSTIQUES (MINlMtJM, HOYEN (2) , KAX IH1JH(3) ) DE PARI ET D'AVTRE DE L ' ot1VAACE A CONSIDEIER

EN FEllODE DE H1CRATION ET DEllTS eORllESFONDANTS( lol

HI VEAU AHONt

HI VU V AVAL

DEIIT

(I) DA.'fS LE CAS D' USE DERIVATION .

(2) POUK U S OlJVIlACf:S 1H1'ORTAIllS , FO\!lI..'flR LES COVR.!ES NI\'U l'l A'tQNT - III VUUX AVAL - DEllTS .

(lI DE FAç ON CENERALE, L ' EXPERI ENCE HONTRL QU'U N rONCtIONN~ENT eORRECT DV D1SFOSl1t r DE r~~RI SStHENT E~1RE LE

LE m;l tT D' ETI ACE ET UN DEII1 DE L ' ORDIlE DE J r OI S 'U DElIT J10YEN ANNUEL EST SUFFISANT .

( lo ) DAtiS LE CAS D'VNE DERIVATI ON, OONHER LE DEltT T1l.ANStTANl D,4J;S LE BIE r COU IlT-C I RCUItE.
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CARACTtR IS TlQtJES DE l 'AttENACEXE",. IfYtlROEUCTRI Qt'E

LOSCU[ UR OU CA.~AL D'AttENtE

LONCUEUR DES GALERIES D ' A!"!EN[E5 EH CHAllGE OIJ CONDU lTES '-DR CH g

l ONCUEUR OU CANAL DE f UITE I

Put SSANCE t NSf AlLEt

!lAUrEl/R DE CHUTE NETTE EH tAUll: HOTENNES

DE811 D' [ QUI PEHENT

rONCTIONNDiENT FIL DE L' EAU O Ect.US[[S D

NIVEA UX D'tAU tN 'tRtODE DE HtCJATION DE PART ET D' AUTA! DE L ' USlh~ Et DEatlS CORRLSPONDAb,S ( I)

NlVEAU .<HO"'

tll VEAU "'L

DEBI t

. (I ) DA..'l S LI CAS OC L! lHS POStT1f DE nA."Olt5S~" T ' W l ETI'..!: l~ I StALU A L ' US l !'1 [ ET LDltSOCt CES !'1tnAL"I

SONI S[NS 18LEHE", DltTERLNtS DE CtUX l NOl QUES ' LU5 HAllT, ES PARI lCULIER DA..'lS LE CAS D ' U"~ DERIVAtlON

lMl'ORTANtt.
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CAMCTERlSTIQUES DE LA l'ASSE ET DE SES ANN EX ES

NI VEAll AMON! MIN I I1UM Nt VE:All ....'t ONI ~OY[N NIVf.AU AM ONI HAXUlUM(I )

'" '"
EBIT (l'ASSE)

.FHI l n'~lI ~~fT rraH·erml;1~ f ~ f

- -
" ~1I1 'T Il'' "' '' ' r ~ Il ' r~"

---------- --- -~---- - -- - - - ---- - - ---- _ .~--_ . - - ._--~ -- --

l'ASSE A BASS INS SUCCESSI FS

TYPE(2) :

eNUTE [ !lIRE 8ASS I NS

lARCEUR DES BASSIN S (B)

NOHSRE DE CHUTES

LON GUEIJR (L) :

NmlIl RE O' ORIFICES l' M elOISON

TI RANT D'EAU MOYEN DANS LES BASSINS (1'OI1R NIVEAU AHONl HINI I1UM ) :

HAUTEUR DES HURS LATEkAlJX :

PUl SSANCE DISSI PEE l'QUR NIVE.AU O' U, U AMe N! HINIHlJM

LARGEUR DES ECHANCRURES OU DES FENTES

NOHB RE O'ECllANCRURES DlJ DE F.ENTES PAR e loISON

SECIION DES OR IFICES

COTE DEVERSEME NT ECHANCRURE AMON!

COTE ARASf.MENT DES MlJRS LATERAUX

lARGEUR [NTREE (AVAL) DE LA l'ASSE

COTE DEVERS[MENT ENTREE :

l'A SSE A RALENTISSEURS

BASS I N AMONI - BASS lN AVAL

PE NTETYPE l

lARCEUR DE LA PASSE :

DIKENS IO N CARACTERISTIQUE DES RAtENTI SSEURS

IlASSI NS DE UPOS

lARCEUR

N~BRE :

t ONGUEUR TIRA!'lT D ' U U !fOYES

COTE DEVERSEMENT DU RAtE NTISSEUR AMOIIT

HAUTEUR DES ffiIRS U.TERA1JX :

AUTRE TYPE DE DISPOSITIF DE FRA.'l CIl ISS EMENT

D l MENS IO NNE:KENT ET MODE DE rO~CrIONNOtENT PRECI SER

•

(l) POUR tEQUEt LA PASS E DOIT RESTER Eff I CACE

(2 ) PAROI S DEVERSANTES OU ECHANCRURES , Oll.I FICE NOYE, MIX TE (E CMA!'l CRlIRES • ORU ICE ""''tE) , rE NtES VERrICALES.



BARRACE DE

CARACURl SrIQCES DES TURBH;ES ,

"

- --
lTr E

n E (I)

NOMIRE DE TU RI I ~ E S

I DENTl QUE5

FAI RI CANT

ANNEE O' IN 5 TALLATI ON

NOMBRE DE rALE S 0 11
D'A UBES

DIST RIB UTEUR (l)

NO" I RE DE DI RECTRI CES

HAUTEUR DIRE CTR I CE

DI AMETRES DE LA ROUE ()

COTE AI E ROUE

HAUTEUk. DE LA ROUE

DE8 11 NOHINA L ( .. 3 / 1 )

r UI S SANCE NOHIN ALE ( K W).
VI TES SE DE ROTAT I ON

( t n /" D)

VtT ES SE SrEC I Fl QllE

l " t r I I _ n )

DEII T MI NI " U" DE
FOll'Cl1 0 NNEMENT

FORME Asr l RATE UR l') .

S ECTI ON DE SORTI E DE
L ' ASr U ATEUR

(1 ) VERTICAL , HORIZ ONTAL, INCLINE

(2) F IXE, NOBILE

() DIAHETIlE D' ENTREE ET DE SORTI E POOR LI S~. DE L' HILICE ET DU 110YI U PO\lR LES~ I T LI S RELICI S

(4) VI RTI CAL, cocce , I NCLI NI
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DOCUMENT S A FOURNIR

- Pl ans de s i t ua t ion (1/20 000 ou 1/25 000)

- Cop ie de l' autori sa t ion , du cahi e r des char ges ou des co r r es pondanc es

sp éc i f iant l a né ce ssité de la cons truction d ' une pa ss e à pois s ons e t

év en t ue l lement ce l l e d 'une gl issière à canoe-kayak

- P'r o f i I r.n ] on p, f1"!: 1 11 " .. c ti o n ,Ili r. ....Urll ,1 ' '' :...1 int~r"" "~ f' n r l 'nm~nn v. ..m" n t

- PIan du site du barrage et t opographie du Iit à l ' ava! de l'ouvrage

- PI an de conf i gura t ion du ba r rage avec l es carac té r istiques des ouv rages

év ac ua t eurs . posi tion de l' usine e t des ouvr ag es annexes.

- Pas se à poissons

plans de s i tua t ion

pl ans déta i l lés compor tant l es pr ofil s e D l ong et cou pe s

modes d'inj ection du débit d'attralt

débit e t vites s e à l'entr ée de la passe en fo nc tion des débits

du eours d 'eau

sys tème de proteetion eont re l es eo r ps d~rivants .

Fa it à

Le

Signa tu r e



LAISSEZ-LES REMONTER
L «es passes .... . »

a poissons pour migrateurs
Michel LARINIER lngénieur au C.E.M.A.G .R.E,F. de Toul ou l e.

« M. Benoist ìoue et engage M. et Mme Vigouroux comme cocker pakfrenier et
comme cuisìnière lÌ daur du J" de sepumbre à venir el pour une duri , de un an, rmou
velab ìe por tacite reconductton.. . »

« M. et Mme Vigouroux recevrant annuellement ÙJsomme de mille cinq cmu f rana
por annle ieoulie. payabk DI Louis ou en écus.•. »

« lls seroeu nourris et logh lÌ III pension.. . »
« nest stipuli qUI! seìon les usat es IocQUX et constasus. il ne sera plU donni d ÙJcui.

sine du saumon f rais plus de trois Jois par umaine de fillrier ii I'A ssomption d 'aoulo•• »

« Le présent contrar est itllbli de bonne foi m ce i our du 17 j uin 1&42 » .

Cet extralt d·un cc contrat de louaoe .. conclu aur la com·
mune de Salnt-Antolne-de-Breullh IDordogne) ..mbl. bl. n
Indlquer qu·U y • quelque 140 an•• le. cc ueage. locaux et
con.tant• •• avalent .oln d ·évlter que I•• p.nonn•• qui
loualent leur travaU fu_ent menacée. de . o uffrir de la mono
tonle d •• meta de pen.lon : du eaumon. t o uJo u rs du eaumon I

Déllcat. att.ntlon . .. toute .up.rflu. auJourdrhul I
Mala Iranlcl. de M lch.1 Rogu.tr Intltulé cc I. retour du eau

mon » , publlé d.mlèrement dane -e eete m6m. revuer denn.
qu.lqu••apolr... pour autant que ce. mlgrateu... - 'e t I••
autre. - pul•••nt remonter le coura d.a fleuvee ,

Cr••t ce qu.lron attend de. pa•••• • poi••on•• • Ien•••ont
bl.n conçue••t adapté•• sux donnée. n ..turello• .

LA N[CfSSill
D[ r ASSES A rOlSSONS

L'utilisation toujours crcis
sante des ressources en eau 
que ce soit pour la production
d 'énergie étect ric ue, l'irriga t ion,
l'a limentation en eau des aggio
mérations ou le tourisme - a
entrainé la co nstr ucti on tout au
long des rivières de nombreux
barrages et prises d'eau.

La créat ion de t els ouvrages
peut empecher la lib re circula-

o\OQUR-GARONNE/ NOV_ 19133/ ,..' 27

tion des poissons et éliminer
d'un secteur de cours d'eau cer
taines espèces ettectuant des
déplacements importants en
péri ode de reproduction pou r
d épcser leurs caute sur des
substrats tr ès ceract énstlques,
Il peu t s'agir d'esoec es effec
tuant leur cvcre complet en eau
douce tbardeau, brochet, ombre
c om m u n, t ru it e fa r i o ) ou
d' espèc es passant alternative
ment du milieu marin à l' eau
douce (saumon, t ruite de mer,
alose , est urgeon, lamp roie ,.. J.

Dans ce dernier ces, des
espèces comme -1e saumon et
l' alos e peuvent disparaitre d'un
cours d'ea u du fait de la ccns
truction de barrages. le cvcle
complet de ces animaux néces
sitant leur transit depuls leur
zone de croissance en mer
jusqu'à leurs zone s de repro
ductlon, sit uées généra fement

• dans les parties amont des
cours d 'e au. Une telle évo lution
const it ue une réduct ion Irréver
sib le de notre patrimo ine biol o
giQue, dans fa mesure où

5



s'étaient con st it uées dans cha
Que bessln ou eous-bessin des
popul ati ons de po issons aux
ca ra ct ér is t iq ue s bio logiqu es
particul ièr es, adapt ées à la
nature de leut milieu.

La sttuatlon actuelle est cer
tainement tr ès alarmante à ce
sujet : le nombre des co urs
d' eau trençais où subsistent les.
souchee originelies de truite
farlo. saumon attentlcue.•• est
tr ès réduit . En out re, certaines
espèces comme l' esturgeon
p euve n t ètre considérées
camme en va ie de di spari ti an.

Une telle évcluticn n' est pas
seulement liée à la construction
de barra ges mais également,
selon les ces, è une surex ploita
t ion par la péch e ou à des per
turbat ions dea zones de repr o
duction et de crcissance des
juvéniles text ractlo n de gra
viers. pcllutlonl . Tout efols . le
rOte des ou vra ges co ns t ruit s sur
les cours d'eau ceratt. dans bien
des ca s, prépono éranr. et il
importe de retté nue r dans la
mesure du possible.

On donne le nom de « pas
ses lt, cc d'échelles li , ou plus
généralement de cc dispositifs
de f ranchlssement I> aux svstè
mel permettant aux poissons
de fran chir cee obstacles.

le principe général de ces
passas consiste à ouvrir un e
vele d'eau Qui permette au pois
Hon de franchir l 'obst acle en
t:omournant ce darnler. Il est
évident qu 'en 8ucun polnt du
p8ssaga Qui lui eat réservé ' le
pois8on ne doit rencontrer un
caurant d'une vitesse supé
rieure à.sa capaclté de nage ou
de hautaur da chute dé passant
188 POl8ibJlltél de laut : las
pI'" dolv.m permenrw le
p8U8ge d. toute. le. e.piea.
et de toul I.. IndividuI et non
P8 $ seulement d El s
.. 8ti~la tes " ; ce qua l' on a sou
\;'a,i t oiJbli' dans le pflss é. Il co n
vient Bussi de prendre en consi·
dllration d'Butres oAramèt res
COrYVne f8 turbulence , l' écl8lre
rnent, le bNit, qu i peuvent
inf luer considérab lement sur le
comporternent du poisson.

L'EUlpérlenca montre qu' U est

•

baaucoup plus délicat de co nce 
voir de a dtsoostttts de fra nchis 
se ment efficaces po ur cert aines
esp èces particuti èrem ent exi
gentes, comme l'a lose, que
pour d'a utres co mme les salmo
nidés en général. Certai ns tvpes
de passes sont sp éci f iques dans
la mesure où leur ccncecticn et
leur s ca racté ristiou es hydrau li
oves conv iennent plus à cer o
tains migrateurs Qu'à d'autres
Iles passes à civetles par exe m
ple}.

Dlff[Rf:NTS rrres

Il ex iste dans le monde un e
inf inité de tvpes de passes . Il
est cependent possible de les
regrouper en qu elques cat éqo
ries .

• Le premier tvoe da paese
Qui vle nt à l' esprit est la paese
dite I l ruetlque Il , Qui co nsiste à
relier biefs amont et ava! per un
chenal creusé dans l'une des
nves : chenal à feible pente
touel c ues %) et do nt le fond et
les parots sont qa rrus de ruqosi
té s ou d'obst actes imi tant en
quelque so rte un rui sseau natu-
reI. .

• Le tvpe de passe Qui a été le
plus souve nt utili sé est Inccn
tes t ablement la passa à bassins
eucceeena. dont le pr in cipe cc n
siste è diviser la hauteur à f ran·
chir en plusiaur s patites chute s
qui forment un e série de bass ins
communiquant entre eux par
des échancrures , des orif ices ou
des fentes verticales. Les bas·
sins jo uent un double ròle:
zones 'de repo s éventuel pour
fas poi ssons, i1s assurent égale
ment une dissipation convena
ble de l'énargie de l' eau t ran si·
tant dans la passe. Il est donc
impo rtant de ne pas sous
dimen sionner les bassins, ce
Que l' on a souvent tenda nc e à
faire pour des raisons évidentes
d'écon om ie.

• Oans les échelles è ralen
t lsseurs - ou Cl Oeni l Il, du no m
de leur invente ur - sont dispo·
sés sur le fond et /ou sur les
parois d ·un cana l à forte pente
IjuSQu ·à 20 % ) des déflecteurs

ou des ailettes dest inées à
réduire tes vltesses moye nnes
de l' écoulement .

Les ét ud es ex périmant ales
menées par le C.E.M.A.G.R.E.F.
en co llaborat ion av ec le Consei l
Sup ér ieu r de la Pèche à la pis ci 
cult ure de Pont Crouzet (Tamt,
ont permis de- sétecticnner et
détermi ner les caracté ristiques
hvdreullques d'un cert eln nom
bre de ralentisseu rs de formes
très stmplee, susceptfbles de
s'adapte r eux condit ions ren
contrées sur la plupart des cbs 
tactes.

Les passes à relentisseurs
pr ésente nt un intérèt partic u
lier :

- po ur fes petits co urs d'eau
tcours d 'eau bret one par exem-
oret. .

- pour te saumon et la t ruite
de mer,

- pour les ouvrages exis
tents. dans la mesure où il est
beau coup ptus fac ile d'intégrer
ce type de passe - de faib le
enc ombrement - dans le co rps
de l'c uv raqe. qu'u ne passa à

bassins successi fs ci mension
née pour un débit ldentique.

Le cctsson f ranchi t une passe
à ra tentisseurs d'une seule
t raite. Il ne peut se reposer
ent ra fes ralenti sseu rs. C'est
pcurquoi. lorsqve la dé ni vella
t ion devien t importante, le
mig rateur doit fou rnir un effort
intens e, et il est préférable de
prév oir des bass ins de repos.

• L'écluse à poissons - ou
éclu se «( Bor land I> fon c·
tionne suiv ant un princ ipe voi
sin de celui d'une éctuse de
navig ation : les migrate urs sont
piégés dans un sas puis éc lusés
comme le serait une embarca
ti on.

L'e fficacité d'un tel dispositif
est liée non seuleme nt à son
attractivité (le migrate ur doit
évidemment en t rouver l 'entréel
mais aus si au comportament du
poisson dans l'é cluse; il doit
demeurer dans le sas pendant
to ute la phase d' attrait , suiv re
le nivaau de l' eau lors du rem~

plissage et sorti r de l'écluse
avant la vidange. A cet égard, il
est néc essaire qu a les vi tesses
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et les turbufences dans la cham
bre ava l restent acceptables.

II est q énératernent impossi
ble de d éterminer a pri or i quel
i es se rant le s con dit ions
hydrau tiques cptimeles pcur le5
migrateurs ; c'est pourquol il
co nvient de donner au tonction
n ement de l'écluse le ma ximum
de sou ples se (dans la durée de
chaque cvcle. dans le deg ré et
le te mps d'ou vert ure des van
nes amant et avat. etc.I.

D'eur res dispositif s de f ran o
chissem ent eo nsistent à atti rar
et è piéger les migrate urs dans
un e cu ve. pui s à tes t ran sporter
è I'a rno nt. soit par ascenseur ou
tunicu laire. sa it tout simple
m ent par cam ion.

0 :1 Lf:S Ii'iPLM'TE1:r
Pour un bar rage exfstant

ou un obstacle naturel - il est
oossible d' obse rve r et de note r
le co mportement des migra
teurs. c'est- è-dire leu r route de
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migration, leurs zones de stabu
Iaticn et res polnts du barrage
où s'effectuent les tentati ves
de franchissement. Ces indica
t ians aiderant à chaisir la sit ua
tian de l' entrée de la passe.

Dans le cas d' un auvrage en
orojet . on ne peut faire que des
hypathèses sur le comporte
ment du pa issan et seu!e l'exp é
rtence du prajecteur enrre en
ligne de comete.

Le polsson a te ndance è

remonter dans le ca urant le plus
à ramont possib !e. [usqu' à ce
qu'l! soit e rr èté par une chute
d'une hauteur infranchiss able
ou par des courants au des tur
bu tences t rop vtolents .

En règle q énérale. il convient
eone d'installer t'entr ée de la
passe le plus p r ès possible du
point ou de la Iigne de plus hau 
t re remontée du migrateur .

Dans le cas d 'u n am énaqe
ment hvdrc élec t rtque. lorsque
tout le débit est turbine, les
migrateurs seront généra lement
attirés vers les asoirateurs des

tu rbmes . Il co nviend ra da nc
d'fnstatler l' entrée de la passe
du c òt è de l' usine.

On oeut ètre ame n é è pr évoir
non s e u teme n t p lu s ieurs
entrées . mais aussl pìusie urs
disocsltits de ' f ranchissement
différents . Dans le cas d'un
aménagement hvdroélectrique
compart ant un barrage de rete
nue équipe d'auvrages evacua
teu rs et un canal de déri vat ian
caurt-ci rcuitant le ca urs d 'eau
sur lequel est lmpla nté e l' ustne.
le migra teur peut se pr ésente r
soit du c òt é de t'usine. au pied
des turb ines, so it du còté du
barrage lor s q u e ce l u i- c i
déverse : il canviendra dono
d' envisager deux disposttifs de
f ran c hissement tota le ment
indépendants, chacun co mpar
ta ne évent uelle ment plusieurs
entrèes .

Le co mportement du migra
teur n 'est pas le seui factéur à
considérer dans le chaix de
l' implantat ion de la passe : il
convient de prendre en compre
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hEGLEr;~ Er~ TATlOr'; OES BARRAGES ET PASSES A POlSSCI, S

• Sur les ouvrages neuveaux. rautensaton ou la cencession ne doit oas omenre, per
tout eù cela est nécessere. de prescrire la constructon d'un dispositil de trancnisse
ment. d'indiQuer Que le péutonnaue doit assurer la Iibre crcutauon des nnissons et de
Iirer un débn réservé suttsam permettant e'elmenter au mains la ou les passes.

e Sur les obstacles ennens. les mèmes prescnpnons dcvent intervenir en cas de
modification nécesstant une autonseuon en paniculier s'il V a auçmentaticn de pus
sante.

S'il n'va pas de moéitcation. l'Adminislrat ion peut prescri re é mur mumant la cnns
nucton d'une passe à poissons si le cours d'eau est class éau tine de l'anicle 428·2 du
Code Aurai. mais un fnancemem dcit ime treusé: il laut s'assuer per ailleurs d'un
débn de tonctioanement suffsent..

Faure de classement ducours deau selcn l'anicle428·2 du Code Aural, l'Administra·
tion paut réglemenler d'oHice dans celte meuère. dès lors quun éteblssemeu . màme
« f(mde en tit re " . pone préiueice à fmté rèt pén éret Cetre procédure demeure nem
plovée. mais pourrait ime epplquée dans QuelQues situaticns rélcates à régler cans le
Sud-Iluest.

l'exposition de la pesse aux
crues, sa protectlon cont re les
corps tlo rtents , et son accessi
bilité de façon à assure r sa sur
veillance. son cont rOle et son
ent retlen. Une passe à po issons
est un ou vrage hvdrauhcue, au
m èrne tltre qu 'une prise deau.
et il est n écessaire dassure r
son entretien. f aute de quei elle
ne pourra jo ue r co nve nebl e
m ent son ròle .

ADf\PTEi~ U:S PASSES
AUX ORSiACLES

Il peut èt re ten tan t de rang er
les obstacles en pfusleurs cat é
çcnes su iva nt certa ines de leurs
carac té rlst iques (hauteur par
exe mple) et de proposer pour
chacune d'eltes et en fonct ion
des espèces m igratrices censi
dérée s le tvpe de passa ap pro
prfé. Une tetle vision des chos es
est ut opique. la multi p licité des
facteu rs (d'ordre hydrol ogi qua ,
hy drau liqu e, t o pographiqu e,
bloloçique l ent rant en lig ne de

Pau •• ra lentisnurl de fond

PaSla • rala ntiSlaur s de fond
utilil es co mma gliSlièr e da canCHi·kevak

Pau a 111 ralantilseul' pian• .
l u r 1ft Gave d ·Ossau .

B

compre f alt que chaque situa
ti on est un cas d'espèce et qu e
rechercher toute forme de cles
slflcetion rigide sereit au con
t raire susceptible d'entrai ner de
grossières erreurs .

Il ne peu t pas exist e r un tvpe
de passes plus eff icace que les
eut res . L' exc érfen ce m on tre
Qua de nombreuses passes à
bessin s . à ralentisseurs . de
m ème que des ascenseurs ou
des écl uses se sont révé lés
aussi effi caces ou ineffi caces.

Il est amusant de vclr com
ment cert a ines per sc nnes ,
abo rdant le problème des pas
ses à poissons. se sont Inq é
niées à met t re au point de s crs
pcsltifs plus astuc ieux les un s
que les eutres. ne consomm ant
généralement que tr ès peu
d'eau, en faisant implicitement
l' hypothèse que tous les mi gra
teurs se prése nteraient
co mme par m irac le - au pied
du dispos iti f , pr èt s à et re trans
portés .

Le poi nt le plus d élicat dans la
ccnception d'un dispositif de
t rancbissement est peut- ètre
moins le cholx du tvpe de passe
- il existera le plus souvent plu 
sieurs solut ions et va riantes
susceptib les de donner satisfac·
ti on - que la nécessité d 'a ttire r
tous les mig rateurs ve rs so n
entrée le plus rapidem ent pa ssi·
ble lorsQu' ils arrivent sur l' obs 
tac le.
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• L'l corceoncn. la réalsenenet rentre tend'un disPosllif de Iranchissement dali erça
ger uans roure la mescre Oli Dassible la rescansabilile du malt re d'o:Mage.

Ce principe essennet est scwent perdu de vue en France : or ce SOni Ies rrahres
d'o lMage 11tH prennent rirullallve et trent uteneuremeu le néoefce de la eeeucn
d'olMages hvdraultoues sur es ccers c'eau. AU'delil ces conseis. ces autcnsanoes eu
ccntrèles de rAaministration, lesmattres d'ouvrage doivent restar responsabes deseen
sécuences indunes per leurs ntervenuors sures cours d'aau. nctanment en ce qui con
ceme le mainrien etìectit des mcwerrents de mçraucnees possons. et assuietts il une
ob~galion de résuitat.

L"amenageur dMail èue teeude constrv ira non plS des PISJeS • I dministra·
tiv" _. c'lst·i.dira agreees par l'Administri tion, mais des pl SSI S efficI 
ces. c'est ·i -dire empruntées par le poisson.

Lorsllu'il n'est pes tenu il une obligation de résultet. il est évdent que le malt ra
d'owrage cherchera davantage il meimser les coùts de constructionde la passa a POIS'
sons 1I 11'a assurer san efficacite.

La mauvaise situation de la
passe, ain si que san manque
d' attrac tivit é. expliquent une
grande part ie des échecs subis
dans le doma ine des passes.
princloatement sur les grands
cours d' eau .

L'e t t rac tivlt é est liée è la posi
ti on de l'ent r ée du poisson
ldone partle ava ll et au débit de
la passe. aux vi tesses et ecu
rants au voisinag e de cette
entrée, Qui ne doit etre masQuée
ni par des écaulements prove
nant des turbines, des déver
sairs ou des vannes, ni par des
zones d' eaux mortes.

QUll DEllIT ?

Le disposit if de franchi sse
meni doit et re à l' éch elle du
cours d 'e su. En particul ier, le
débit aux entrées du ou des dis
positi fs de franchissement doi t
ètre à " échelle des débits du
cours d'e au en période de
migration . Une passe d'un débit
de QuelQues centaines de Iit res/ 
seconde peut se révéler suffi 
samment attractive sur une
petite rivière à saumons bre·
tons; par contre, des disposi·
tKS de franchissement sur des
cours d 'eau comme la Dardo·
gne ou la Garonne nécessit e
ron t des débits de plusieu rs

m~/s . Ce seront des ouvrages
importants, do nc coùteux (plu
sìeurs millions de f rancsl .

Comme pour tout ouvrage
bvd rautique, on a souvent
recours aux études sur modèle
réduit Qui perrnettent d ' évit e r
un maximu m d'erreu rs. en parti
culier an ce Qui conce rne
l'Implant atton de la pas se et
l'cptfml saticn des ccndlticns
d'attrait . Ptusleurs études de ce
geme ldispositi fs de franchisse
ment aux barrages de Bellevme
sur la Loire, Beauregard et Gol
fech su r la Garonne, Berge rac
sur la Dordogne) ont été af1ec
tu ées ou sont en cours au Labo
rat oire d 'H ydrauliQue de l'lnst i·
tut de MécaniQue des Flu ides de
Toulouse.

DF.N5 LE 5OO·OUEST

Le Il pian saumon IO lancé en
1975 par le M inistère de l' Env i
ronnement a favori sé l 'aména
gem ent de nom breuses passes
à poissons dans c arta ines
régions - plus d'une soixan
taine en Bretagne et Basse
Nor mandie. Les résu ltats sont
beaucoup plus longs à se faire
sentir dans le Sud -Ouest ; en
particulier dans le bassin de
l'Adour où subsiste encore une
popu lation autochtone de sau-

mons, ooputation cependant en
nette réqression. Cela nent
ouelquefois à de plus grand es
diff icu lt és tecbnic ues tcours
oeau et amé nagement s plus
impcr tentsl . mais aussi à de
nombreux Il btocaq es » pro ve
nant soit de situanons luridi
ques confuses, soit de cas où le
propr iéta ire du barrage est en
situation iIIégale (surélévation
du barrage ou augmentat ion du
débit prètevé non autorisés,
vol re absen ce d 'autorisation de
lurb inage, non rescect du débit
r éserv é, ouvrages de franch is
sement absents ou non afimen
t és. pr ivi lèges - drcits fondés
en titre - n' event plus aucun
rapport avec leur cc nststance
ini ti ale) et ove l'Administ rat ion
est tnceoeb!e ou persiste è ne
pas voulolr résoudre.

Parrni les ouvrage s récents.
citons ceux construtts sur la
Nivelle aux barrages de Zaldu bia
l deux pré-barrages) et Uxundoa
(passe à bassins suc cess ifs et
st ation de caot ure! ; sur le Gave
d'Ossau fdeux passes à ratentis
seurs à la mi crocen trale de Lall 
hacarl : sur le Gave d' Aspe
(bassine au barrage de Gurmen
çc nl . Sur l'Aveyron, les nouvel
les inst allati ons ont été systé
matiQuement éQuipées de pas
ses : barrage de Lexos et de
BruniQuel (passes à bassi ns suc 
cessifs), barrages de Aoucade
et Aamouittet (passe à ralenti s
seurs et dispositi f expérimen ta l
mi xte : gl issière à canoe-kayak 
passe à poissons),

Citons enfin l'écluse à pois
sons au barrage de Palisse sur le
Tarn et les passes à bassins
successifs aux barrages de Gré
piac sur " Ariège et de Lestelle 
Saint -Martory sur la Garonne.

La réuss ite des programmes
de restauration et de protection
des espèces migratrices - en
particu lier le saum on - lancés
sur les cours d'eau du Sud
Ouest e t é voQués pa r
M . Aoguet dans un récem arti·
cle de la ravue • AD OUR
GARONNE I> 11l. passera obli
gatoirement par l' aménagement
d'une tren taine de passes à
poisso ns , do n t c e rt a in es ,
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-Les plans du dispositil doivant etre élsborils jusqu'aull moindres di tails.

Q.UELOUES Rl:COMMANDATIONS

• Il est dens tous las CI Spréfénbll decpncalloir le dispositif de franchis·
sement an meme tampl qUI II blrragl lui-mèma.

Il est indispensable de suivra de trn près l'allécution des trevaUll, louta
improvisttion consecutiva ili un manque deprécision des plans peut rendre
la disposit if partiellement OUtatalement ineffi caca (vitasses ou turbulan·
ces incompatibles aVlC la pungI du poissonl.

su ff isant - de reprod uc
teurs ;
,év entuell em ent fe rme
t ure de la pèc he pendant
c lus teurs arm ées paur per
m ettre un « décaJlage l>

sign ificati f des stocks : la
restauraticn d'une esp èce
miq rat rice impose en effet
un certaln no mbre de con
tralntes à tous les usagers
et en pa r ti cutier au x
pècheurs .

Ces cont raintes sercnt beau
coup rnìeux acc ept éea si les
mesures se traduisent eu bout
de queloues ar mées par un etfet
visib le sur les s tocks . Le sau
mon, à notre époque. n ' est p lus
un cc do n gratu it de la mer », Il
se m èrtte .

. Ia n c e m e n t d ' é tu d e s
d'observati on en conttn u
des pop ulati ons et de
l' inc idence des dfff érents
am énecements sur ces
popula tione : évat uati on
de l' eff icacité des disposi
tifs de f ranchissem ent
pour les adul tes. quan titi
cet icn des problèmes ren
ccnt rés per les juvén iles
lors de leur desèente vere
la me r tret ard è la migra
tion dan s les retenues,
mortal ité dans les turbi
nesl :
. mise en pla ca de movens
et ficaces dévafuation des
stccke, de ccnt ròle et de
Hmitaticn des ceptu res par
tes p ècheurs pou r garanti r
la su-vie d'un cont ingent

la concept ion d'une plSst Ifficace, relavant ili I. fois di l'hvdrotechniqui
et de la biologia, 1st soullent délicate ; eile dev;ent quelquefoil impossible
- et detoutas flçons balucoup plus coQu use - larsque Il passI doit litri
intégrée dlns un amenlgament où nen n'a éti prévu pour I. reeeveir•

-la mise au point d'un dispositif de franehissement ti efficace Il est IOU·
vent longue : elle dure gi néralement plusieurs enn ées apr' s sa eenstrue
uen. Il est done important de prévoir un svsteme le plus souple pOlSible
pour permettn un certain nombre d'ajustements ou de modifications,

•••

sttu ées sur les grands axes.
r éc tarner c nt de s inv est isse
ments irnpc rtants (not amment
8e rgerac , Tullière. M auzac sur
la Do rd ogne ; Go lf ech, Beau re
gard, le Bezacte sur la Garc nneì .

Sur le pian f in anei er, les
possibil it és Iimitée s d'équipe
m en t de g rands ouvraqes
devraie nt co nduire à la d étlni
tion de priorit és et à la mise en
piace d'un calendrier rèauste
perm ettant de concentrer les
études techniques sur les dispo
sitifs qui ser ont les prem iers
réafls és.

Ces em énaqem ent s ne suffl 
ront ce pendant pas à assure r le
succ ès des plans de restaura
tion . Il convient dès à prése nt :

• de crct éqer avec vi gi lance
l'habi t at du po isson (travè
res. aones de crclssance des
juvénilesl co nt re toute nou
velle atteinte , en part iculier
sa des t ruction lors des draga
ges 121 dans les Ht s mineurs,
ou son novaqe lors de l'instat
lat ion de m ic roc entrales
hvd roélectriques ;
- d'é vite r la co ns t ruc t io n de
nouvea ux ab sta cles sur les
axes de migrat ion (3) ;
• de prendre les mOVens
technlques et réglementaires
n écessatres à la ges t io n à

long term e des es pèces
rruqrat rices ' :

. dé fi nitio n d'une politique
de repeuplement et de
sout ien des effec t if s ;

(11 M. Aogue t : « LII IlItOur du saumon •.
nO 26 · juin 198 3.

(21 Un axamDle ,ec ent sur la Garonn ll : alolS
QUIIdes effons sont co nse nti. pa r tOUI Dour
,eltaure. 1111 Dopulal 'ons d ' alosa l en am onl
oe Golfech (construc tion d' un as censaur Dar
E,O.F.. lrans pon oe 3 a 7 000 gllin'teu rs en
amo nl de l'u$,n e depul' t. o" ansI. l'Adm,.
nil tration continue a acco rde r des autorisa'
fion. d'extraCt'o n danl les farei l onel oil a
llitlli obse ' \li&e la ' eoroduct lon des aloses
Irans oQn èes lAam.e , de Sigo' re . Heutll
Ga.onne!.

13 ) On peu t clte r ie cas de la centra le de
Montaud·S et l'la,ram su , le Ga \la de Pau oil
l' on a du a ttendre le dèb ut des tra vau x pour
l' ape rCll vOIf Qu' aucun dispos lt' f de fran·
chilsement n' a ~alt éllli p'évu. Une éCluse.
poissons a él é lanl tlien Que mai ~ ,nc rus'
lée . dans l"ouvrage an tre les aSDllat eu"
del tUfb,nes.

- C'est l'ob, ervet ion en contin~ des installetions 8llistentes Icomportl'
ment du poisson, contròll , ameliorati ons progressivesl qui parmet de faire
progressllr la tethniqua 8t d'évitar la répé1ition das memes arraurs.

- l a rechercha It l'upllrimantali on soni nllcessaires pour assurer la conti·
nuité du progres technique daRS ce domaine, at soni anrichiel par l'ellpi ·
rienci tir éa de l'observation des instaJlations axistantes.

- On oublil soulIent que l'i tablissamenl d'una passa ili poissons n'ast qu'un
pi:s·eUsr: mime bisn conçu, en particulier sur les grands cours d'81U, l'eff i·
caciti d'une plsn n'est pII l otale et induil danl le meilleur del CSl del
rllards dans les migrations. l 'eHecement d'Un obstacle {ancil n blrrag.
aVl nl perdu SI rlison d'lit ri . bl rrag. ili vlnnes mobile•.••l est toujours pri ·
férable ili la construetion d'une plSse. si aHicace soit·elle.
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s ulle oppor tunità e sulla proge ttazione del dispos i tivi d i
risal1ta p re vistl d all' art . 23 della L. R. n . 25/79.



M. FERRI

PROBLEMATI CHE CREATE DALLE OPERE I DRAULI CHE NEI CORSI APPENNINI

CI ALLA VITA ED ALLA RI PRODUZIONE DELLA FAUNA I TTICA

Dal punto di vista biologico i co rp i id ri c i veng ono conside r ati

co me amb ienti mo l to part i co lari che con cont i nu ità modific ano le

l o ro c aratteristiche s opr a tt ut to i n r el a z i one al modif i c arsi

de l l a t e mpe r a tu r a dell 'acqua.

I n fat ti le acque f redde e tu rbo l e n te del l'al ta montagna si

arr i cc h i s con o di o s s ige no che d imi n uisce man mano c he l'acqua del

fiume a umenta di tempera tura. Ciò co mporta c h e al le di verse

al t i met r i e la c ate n a ali mentare 51 di v e rsi fi ca pa s s and o da poche

spe cie par t i co l armente s peci al i zzate nell 'utili zzare l ' amb i ente

tumultuoso e fredd o delle a l te quote f ino a d a r rivare al g ran

nu mero di ani mal i che po s s on o vive r e ne l l e acque cal de e l e n t e

de ll a pianura . P iù de t t ag lia t a men t e ( mi r i f e r i s co alla mia

provincia ) esaminando la sola f auna itt i c a no t i amo che delle 23

specie c h e v ivono nelle ac qu e d i p ianu ra s1 pass a alla sola

Tro ta fario c h e ri esce a co lonizzar e anche acque di alta quo t a

dove la t e mp e ra tu r a invernale delle acqu e s f i o r a O°C , v iven do

un icamen t e di f onne larval1 d i i n sett i c he comp i o no 11, l o ro ciclo

f ra i sass i e l e r o c c e de l fondo : qu i n d i una si tua z ione limi t e ,

ben differente da quella r iscontrabile man mano c h e s i s c en d e a

vall e do ve la fauna i t ti c a r ispe c c h i a una maggio r di sponibilità

d i ci bo , all 'inte rno d i una catena al imentare c h e vede pre s enti

i n mi sura sempre maggiore BENTHOS ( l e f anne di v i ta M imale

presenti ne i f ondal i : vermi , mollusch i , i nse tti ... ) , FI TOPLANCTON

( al gh e u n i c ell ulari in sosp ensione ) , ZOO P LANCTDrI ( microo rganismi

che s i nutrono d i zooplancton ) , e ALGHE SUPERIOR I , che r o rmen o

l 'ambien t e pe r pesc i e rbivo ri , ca r nivori e onni vo ri che si

distribui sc on o lungo il f i u me i n ba se a lle l oro es ì genee alimen 

tari.

Qui n d i i n t e o r i a s i poss on o zon1zzare 1 co rsi d 'acqua 1n base
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a lla lo ro poss ibil it à
it t i che c h e fan no da

di garant i r e
r ife rimento :

l'ambiente
acque da

ad al cu ne s pec i e
t rot e , acque da

cevedano , acque da c a r pa ; i n r e a l t à questa suddiv i sion e p uò

e s s e r e s u f f i c i e nte à forn ire un para me tro gene rale d i val u t a zione

d i ques te a cque, ma occorre t e n e r e p r ese n t e che i n re e i t à i co r s i

de i fiumi e de i to r r e n ti ve n gon o percorsi dalle varie specie

itt i che i n base anc h e ad e s i genze riproduttive . Sono i n f a t t i

nu meros i i c a s i d i s pec i e it t i che c h e si r iprodu cono i n a c qu e di

ti po di ve r s o d a qu e l l e idon e e all a v i ta degli adu l t i . L ' e s e mpio

pi ù famo s o è c e rtamen t e que l l o del! ' a n gu i ll a , che s c e n de dalle

a cque i n t e r ne , a volt e d i montag na, f i no al ma r e , migrando fi no

al Mar dei Sargas si do ve , r iprodu c endos i , l a s cia a l no v e llame

l ' isti n to di ripercorrere in sen so i n v e rso il pe rcorso fatto

dag11 a dult i . Un esempi o ogg i meno no t o è qu ell o dello storione

c h e c o mun emente r i s a l iva dal ma re per r i p rodurs i nel la parte a l t a

de i g r a nd i fiumi : o gg i c iò non avvien e pe r chè , ad ese mpio , l u ngo

il Po la pre s enza d i alcu ne digh e h a e limin ato i s i ti di f rega

c h e qu es t o anima l e av eva i n Lome ll ina e i n T i cino .

Esaminando s olo pesci di acqua d o lce trov i a mo c h e a lcu n i risalgo

no s t ag i o nalmente d a l Po fi n o a lle a cqu e del l a bassa e de ll ' a l t a

col l ina (~) .

Al tr i pes c i comun i ne gli aff luent i del Po co mpio n o p i cc oli

s po s tame n t i , l i mi tat i a l l 'af f l u e n te , al l a r i c e r c a di luoghi

adat t i pe r l a f r ega (ca v e da n o , v e ì r-cne ) ,

La tro t a f a ri o r a pp re s en t a un esempio l ocal e , app enni n i co , della

capacit à de i s almonidi di comp ie re spett acolari s pos t a men t i v e rso

la pa r te a l ta di torrenti e r il all a r i cerc a d e ll e mi gl iori

condiz i o ni di os s ì genaz ì on e pe r la r i pr od u z i o n e , nono st an te c h e

g l i adulti s i adatti no be ne anc he ad acqu e meno os si gen a t e

qual ora vengano t rasci n a ti a val l e d a p i e ne impetuose .

Da qu an to s o mm a riamen t e esposto r i s ult a e vid ente che quando

l ' u omo ha nece s s it à di sba r ra r e i co rs i d ' acqua , c o n d i ghe o
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manufa tti d i protetione , p rovo c a de ll e so luz i on i d i continuità

che si ri percu ot o no anc he sull a fau na it ti c a dat o c h e spe s si ss i mo

queste ope r e s u pe rano le c a pa ci tà f i s i c h e dell e si n g o l e spec i e .

A vo lte l e anguille r iesc o n o a d agg i r are le b rig lie usc en do sul

te r r eno ba gna t o o int r ufoland os i t ra le c r e pe prov ocate d a l l e

inf11 t r a z i on i d 'acqua, ma nu lla pos sono qu ando gli s b ar r ame nti

s ono solidi e oc c u pano t utto l ' a l veo n a t ura l e;

Certi pes c i migra t ori di pic cole di men s i on i (ch e ppia e l ae c a )

s a r e bbe ro s tati b l oc cat i da s bar ra menti di di me n s i on i be n p i ù

ri do t t e d i qu e l l i r e a li zz a t i e l o s t ud i o e la r e al i zz a z i o n e di

una Ca r t a I tti ca prov inc iale c i hann o confermato come t a li

s pecie , p e r effet t o de l l e ope re t rasve rsali d i s ì et.emae r cne d i

alveo , sono ora c o n f i n a t e in p i a nu r a , me nt re una v o l t a e ra no

comuni fin o ai t r a t t i co l linari dei fiumi .

Nel l e a cque pre gia t e , d i montagna, la situazion e delle p opolaz io 

ni na t ura l i è più pesan te dat o che la speci e più imp ortante , la

tro ta , norma l men t e non riesce a sup e ra re sbar rament i p i ù a lti d i

m. l : se pen s iamo a lle mi g l i a i a di briglie es istenti p rop r i o i n

mon tagna capiamo i mot i v i delle d i ff i c o ltà che h anno le popola

zio ni na tura l i a s ost e n e r si , p ro pr i o pe r chè spess o veng on o lo ro

s ot t r a t ti gli acc ess i a i ru s c e l li i don e i pe r la fre g a .

Un ' a l t r a 1nc i d en z a n e ga tiv a g li s b a r r a me n ti l a man ife s tano per

effe tt o del l ' av al l ame n t o de l fo n d o del l 'a l veo c he s pes so 51 v iene

a f ormare i mm edia t a men t e a v a l l e de l l ' o pe r a , ne i t ratt i di

f ondov al l e durant e l ' es t at e , quando la p o r t a ta dei c o rs i d ' ac qu a

di minui sce drasti camen te con fo rti conseguen ze anche pe r 11

c o n t e n u t o d i o s s i gen o; l n ques t i cas i 11 pesce ce r ca di s pos ta r si

e t r ov a l u n go 11 perco r s o gli sbarramenti c h e Eli i mpedisco no 11

t r ans i t o.

Ne l le po zze che si f o rmano a v a l l e, il pesce si c oncent ra a tal

p un to che s pess o ne c o n s e guo no mor tal i t à d i massa pe r s e mp li c e

ma ncan z a di spazio e pe r malatti e infe t t i ve scatenate- d a l l ' a lt a
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de ns i t à :

nella g rande magg io ranza dei casi 11 s u pe rament o d i questi osta

co li non è p o s s ib il e a c a us a de ll 'eccess i v a alte zza. ma si

ve r if i cano anche s ltu a z i o n i i n cui l' o b i e t t i vo v i e n e ma nc a t o per

p oc hi c e ntime t ri .

Con t utto ciò 11 p ro b l e ma de gl i sbarrame n ti pot rebbe esse re

positivamen t e r i so lt o a f fron t ando lo z ona pe r z on a . v alutando l a

situa zione d i fa t t o ed i r i s ul t a ti che dive r same n t e s i potrebb e ro

o t t e n e r e .

I n gene r e i n pianura e ne i t r a t t i d i f o ndovalle , g li sbarramenti

sono poco nume rosi e s pe s s o delimit ano tra t t i suf fi c i e n t e men t e

l ungh i d i f i ume , garan t e ndo possibili tà di fre ga e r i fugi

sufficie nti a r i med i are 11 feno men o de ll e ac que s u r r i sc al da t e :

nella mia Prov incia n o n s a re bb e ro più d i quatt r o o s e i g11

sbarramenti bisogno si d i st ruttur e a t t e a gar a n t i r e 11 t r a ns i t o

a l l e spec i e p iù e s igen ti , rico r r e ndo a manufat t i agg i u n t i v i non

necessariam en t e s t ab i l i dato c h e cas o pe r c aso s i potre bbe

st udiar e anc h e l ' i mp iego d i st rutture mob i li o a perde r e,

11mi t an do l a p roge ttazion e pe s a nt e a poc hi pun t i critici e da

att u a re i n occ asione d i re stauri o rifac iment i.

Nel la pa r te al t a di f i umi e t o r r e nt i in montagna , .11 d isco rso

pot rebb e esse r e anco r a pi ù r e a li s t a. Sa r e bb e i n fatti u t o p ì c e la

p r ogettazione d i s c a l e di rimont a per ogn i s b ar r a me n t o esistente

ch e s up e r i 11 met ro di a lte zza , e i n o l t r e sapp i a mo c he anc he

nel l a prog e t t azi one di nu ove b rigl ie l 'i nclus ione d i queste ope r e

f a a umentar e 1 costi a l me no de l 20%. Ta l e si tuaz i o n e d i f a t t o ,

d 'al t ra canto , può positi va men te c ont ri b uire a l la pro ge t t az i o n e

di piani di aume nto della pes c o si tà p o t e nz i a nd o l 'i mpi e g o d i

tecniche di r ipopo l a me nto con u o va emb r i onate o t rote l le , dato

che queste tecniche pe r la l o r o e f ficaci a , r i ch i e dono la sc ru p o

losa elimina,i one dalle a r ee dI Inte r ve n to di o gni an imal e adulto

c h e cannibali zzando 11 nove ll a me pot re bbe c o mpromette re l a r iu-
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sci t a del progra rrrna.

Ne lla p ratica, l a p re s e n z a dell e b ri glie garanti sce c h e 11 co r so

d' acqua "sterilizzato" con l a pesca elet t ric a no n s a r à v i s i tato

da nessun animale ' adu lto pe r ch è l e b ri gli e a valle gli el~

impedirann o .

Nei to r r enti di fondovalle add i r i t tur a la prese n z a d i s bar r ament i

p uò pe rme t t ere la p rat ic a d i pe s ca fac lli t at a co n an i mali da

all eva mento , di pron t a cat tura , c on l a s icu r e z za c he non s i

av ra nn o p rom i s cu i t à con material e se lvati c o o n a turale .

In queste acque i luogh i i n cu i la p resen za d i s cale di rimon ta è

s e n t i ta sono prop ri o ce rt i t ra tti partico l a r i dov e sar e bb e
•

possibile u n ' a bbon da nte f re ga na tu ral e imped i ta attualme nte so lo

d a p oc he b rigli e : al t ri i nte rventi si i mpo r rebbero anc h e ave s ia

possib il e recuperare 11 val o re ec r ent tr rc c di amb i e n t i d i pa r ti 

colar e i nte r esse n a tu ra l e .

Un ' a l t ra pun t o de li c a t o sono a t tua lmente i baci n i i droel e t t ric i

che in pra ti ca b l occ ano la d iscesa na t u r a le d i t r o t e cond ann an d o 

l e a mo r t e s icu ra du rante i pe r i odic i svasi , prop r io perchè 11

baci no spess o funz i ona come una t rapp ola d e lim'ltat a a v al le dal la

diga e a monte da s b ar r a me nt i c h e s pe s s o conso lidano pon t i e

st r a de (nel modene se bacino d i Rio lu nato e di Font an al uc c i a) : i n

questi casi la risoluzion e s i i mpon e d a t o c h e s pesso 11 val ore

del pesce imp egna t o nell a r i s a li t a è v a l u tab lle i n mili on i d i

lire e i n quin tali d i anima l i natu rali che attua lmen t e sono

cons i de r a ti " a pe r de r e " pe r l a p r a tic a i mp o s s i bil i t à di re cupe

r arli . Anc he in questo caso l a s oluz i one potrebbe veni re s i a da

una p ro get t a z i o ne pe s a n t e ma anche d al l 'impi e go di impiant i

mobili da montarsi e smontars i nell e o pe r e a monte de l l 'invas o

s e con do un prog r -earna c h e tenga c on t o sia d e lle fregh e s i a del le

migrazioni concomi tanti a ll 'adde nsa rsi de gli ani mal i sot to le

b rig lie di monte qu ando l o svaso incominc ia a se ccare 11 lago e

11 pesce (quando ne abbia 11 t empo) s i met te " I n co r rent e " pe r
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f u ggire .

Da queste brevi consi de r a z ioni s i . può osse r vare come il pro ble ma

i n ques ti one sia c o mpl e s so ma sicu r a mente non ge n e r ali zzabil e con

so l uzioni a tappeto ; pe r o gni ope r a v ann o i n f at ti v a l ut a t i

at t ent amen t e i molteplici a spetti d i c u i si è accennat o e

studiand o , ove si r i t e n ga nece ssario, l e solu z ion i più ada t te;

con tale s p i rito , a mio avviso, vanno l et t e le indicazi on i del la

legislaz i one r e g i o n a l e in materia dr protez ione ed inc remento

della faun a i t t i c a , L .R . n . 25 del 6 agos t o 1979 , c h e a l l ' ar t .

23 p r e vede , ne i proget ti d i nu ov e o pe re , strut ture i d one e a lla

r i s a l i t a del pesce .

A tale proposito ri tengo do v e r oso confermar e la di s pon ibil i t à dei

Se r viz i di Cac c i a e Pesca de l l e Arrrn i n ist razioni Provincial i che ,

n~ sono ce rto , aa r-anno l ie t i di co llabo r a r e real izzando cosi

qu el l a n e c e s s ar i a i ntegrazione de l l a vo ro de i var i ent i pu bb lici

che già in mo l ti a l t r i paesi da se mpre , pe r mett e d i p rogettare

o pe r e pubbliche tenend o con to anc h e de ll e necess i tà de ll' amb i e n t e

e de lla faun a s e lvati ca : non di mentichiamo che ne l l' Euro pa

Cent ro-Nord anche l e s t r a de e le autost rade ve n gono proge t tate

tene ndo presenti le ne cess i tà de g l i spos tamenti de g li animali

selvatici , ma qu e s to è ce r t amente un alt ro a r gome nto .
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