PFRONICANJE VODE POD JEZOVI NA ZELO DEBELIH, HOMOGENO
PREPUSTNIH KAMENINAH

Dufan Kubder

S 3 slikami med tekstom

Podlago mnogih jezov tvorijo ved ali manj prepusine kamenine. ¥V
mnogih primerih so pod temi Ze v sarazimerno majhni globini neprepustne
kamenine. tako da je mogoce prepretiti preonicanje vode pod jezom in
v neposredni okalicl jeeuw z zalesniivijo prepustnih kamenin do le pudlage.
Voda bo potera pronicala samo okrog bokov jezu in tesnilnih objektov,

Pri jezovih na zelo debelih prepustnih kameninah pa teh ne moremo
zatcsniti do neprepustne podlage. V teh primetih voda ne bo pronicala
samo okrog bokov, temve¢ tudi pod jezom oziroma pod spodnjim robom
lesnilnih objektov. Tak3ne pogoje imamo pri jerovih na zeio debelih
konglomeratnih zasipih v alpskih dolinah ali na mofnoe razpokanem
apnencu n dalomitd.

Pretok okrog jezu lahko ocenimo na ta natin, da izradunamo pretak
v genmetriéno enostavnem, & ¢ vedno dovol] podobnem modelu. Tak
model nam kaZe sl 1. V modelu smo nadomestili jez z neprepustne
polkroglo priblizno istih dimenzij, akumulacijski bazen in doline pod
jezom z 3lebom v oblikl prisekanega stoZzea =z vrhom v sredi$fu polkrogle.
Nalogo 8e nadalje poenostavumo in raéunajmo kot da je gladina pod-
talnice vodoravna. Take pogoje pretoka bi imeli v madelu, & bi povrsino
pokrili z neprepusine plastin in &e bi pritisk vode bll povsod take volik,
da ne bi imeli proste gladine. Ker je globina neprepustne podiage zelo
velika, je debelina toka podtalnice {oddaljenust gladine podtalnice od
neprepustne podlage) tako velika, da zniZanje pladine podtalnice lahko
zancmarimo. S predlagano pacnostavitvijo pri radunu zato gotove nismo
napravili vclike napake. Ce je kamenina izotropno prepustna, imajo
v takem modclu tokovnice obliko kroZnice s sredistem v sredidéu pol-
krogle, ekvipotencialne ploskve pa obliko stoZcev s sredidfem v srediftu
polkrogle.

Poduben model bomo priredili tudi za radun pretoka skozi homngeno.
anizniropno prepustno kamenino,
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Sl 1. Tokovna mreza okrog neprepusthe polkrogle
Fig. 1. Flow net around an impermeable hemlsphere
Pojasnila so v tekstu
Explanatians see in the text

Izoiropni model

V izotropnem mode.u so tokovniee koncentridne krofniec. Veos tok
podtalnice lahko razde.imo na koncentridne krogelne lupine. ¥V nadalinjem
naj pomeni:

AB os mode.s, R, radij polkrogle, ki predstavlja jez, R oddaljenost med
sredifdem polkrogle in koncern Zleba, ki predstavija akumulacijski bazen.
R oddaljenost od sredidta polkrogle, » oddaljennsi od =i madela, « po-
lovica kota pri virhu poljubme ekvipotencialne ploskve, a. polovica kola
pri vrhu Zzlebov akumulaciiskega jezera in deline pod polkroglo, @ celolni
pretok pronicajode vode, » fillerska hilrost pronicajofe vode, k koeficienl
prepustnosti, k piezometrska visina v poljubni toéki, merjena od pevrsine
modela, h, piezomeirska gladina v akumulacijskem bazenw, ! dolZina
loka po lexevnici,

Presek poljubne ekvipotencialne ploskve z lupino debeline dR je

polkrozen trak s puvising d A;
d4A xv.dR xR.sinw.dR
Pretok v Jupini 2z debelino d R je

dQ dAw —aR.sinadR.k. -
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Ker jed!l = R. d « dobimn:

I AL LI S e .
R.de« (X7}
Po lotitvi neznunk dobimo
a.k.dR
" (- 371 L dh
sin« d Q@

Ker je pri = ua & = hy pti ¢ — 1 —u, h = 0, inlegriramo levin slran
od «.. dn 7 — 2, desno stran pa od i, do ©
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Ce vzrtavimo o vrednest in izracuonamo d . dobimao:

w.k.dR

d@ = — fi.

LI

ZzIntg

Celninn izgubn dobimo, &e integricamn na desni strani R od reba jexu (R.)
do xonca akumulaci jskega bazena {(Bi)

@ Q= — akhke(Ry—R)

-7

Ce spremenimo 3¢ naravne logaritme v desetnidke in yvpeljemo za 7 nie-
gove numeriéne vrednest. dobimo

(3 2) s DOEL (R B

]R 1g 20
P
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Izgube z Ry (doi¥lno bazena) lincarng naraifajo. Pri tem smo predpo-
stavili, da se voda preceja na vsem obmoedju po Koncentridnih krogih.
Do takega pretoka bi pridio samo v primerih, da je meja med prepusine
in neprepustne podlage tudi koncentriéna polkrogla s srediderm v sredifu
jezu in katere radij fe enak dulZini akumulacijskega bazena. V naravi
je skoraj vedno globina neprepusine podlage mnogo manj3a kot doliina
bazena. Izgube. ki jih dobimo, & v zgomjo formulo vstavimo za Ry
dolZine akumulacijskega bazena, bodo turej prav golave zelo visoko
cenjene.

Anizolropni model

Anizotropni model smo poskusili analizirati na nadin, kot ga podaja
Scott (1983, 110—111) za dvedimenzionalen problem.
Pri stacionarnem pretoku nestisljive tekotine skozi anizotropno sred-
stvo velja Laplaceova enaiba
T *
(@ o T Mgy, PR g
J ot d gz

v kateri pomenijo X, ky in k. prepustnosti v smerci nsi X, Y in 2, ki smo
{ih pastavili v smeri glamih prepustnosti. ¥Vsak anizotropen hidrogeolodki
model pa lahko spremenimo v izotropnega, & ga skrdimo v smeri glavnth
prepustnosti v merilih, ki so proporcionalna kvadratnim korenom pre-
pustnosti v teh smereh. Vpeljimo nove neznanke £, 4, ¢ tako, da je

5 r_]/ak“,y-—["ak,r;.z—lak
gar ek, 03 Oy —aky0vd Ot =uk. 02

o je poljubna konsiania.
Ce vslavimo te vrednosti v (4} in krajdamo, dobimo
2k 1 *h ' Mh U
t) &2 7 orn
Transformirani model torej res lahko abravnavamo kot izolropnega.

Pri peitenik in prodnatih sedimentih je prepusinest v vseh vodo-
ravnih smerch priblizno enaka. QOznagevali jo bomo s ks k. = ky = ka.
Pravokowno ha plasti je prepusinost mnogo manisa it jo bomo oznadevali

s kv k: = k.. Ce za poljubno konstanto e v (5) izberemo vrednost 17k,.
potem je z = & V vertikalni smeri modela ne bamao skréili, V smeri plasti

{6}

Tex
pa bomo model skréili v merilu 1: V * . Prav tako bi lahko model trans-
formirali tako, da bi pustili v smeri plasn dlmenzue nespremenjene in
bi ga v veclikalal smeri faztegnili v merilu ] ; 1;

Ugontoviti moramo 3e, s kakino prepustnost]o k: moramo radunati
v transformiranemn meodelu, da bomo dobili enake izgube kot v pryoelnem
anizotropnem meadelu. Vodni curck (del toka podtalnice, ki je omejen
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s sklenjenim plas&em tokovmic), razdelimo z ekvipotencialnimi ploskvami
tako, da je razlika v piezometriéni vidini med dvema sosrdnjima plo-
skvama Ak in razdaljs med obema A1 Ce je A h dovolj majhen, lahko
vstavimo za hideavli®ni gradient i — A h/A [. MnoZina vode, ki s¢ pretaka
v vodoem eurku s prednim presekom S, je potem
0! q,=s.v=—s,k,ﬂ
a1
Omejimo tanek vodni curek v prvotnem, anizotropnem in v trans-
formiranem, izotropnem maodelu tako, da2 je preéni presek trikotnik, ka-
terega stranice so na raziskanem kraju vzoredne koordinatnim ploskvam.
Na sprednjo ploskev poslavime irvirobnik, katerege robovi so vzperedni
koordinatnim osem (sl. 2.). Ker je voda nestisljiva, mora bitl vsota pre-
tokov skozi ploskve trirobnika (S:, Sy, S: v izotropnem modela, oz, S,
8;'. 8§ v anizotropnem modelu) enaka pretoku skozi sprednjo ploskev
curka (S vz. §). Ce pomeni:
g pretok v curky,
q: pretok skozi ploskev S,
qy preick skozi plaskev S\,
q. pretek skozi ploskev S
e
q — —{g: +q +q)
Pretok v smeri osi X pa je
h

(8) — q; - S:' = — S" ka -—
ax

Vrednost za :};2\ transformiranem, izoltopnem modelu {sl. 2b) pa dobimo

k]

t}h_ Ah Ah

4’).‘3 = AD ..1 leos u.

V prvoinem, anizetropnem modclu je razdalja A D povetana s Taktorjem
If’ katk,. Komponenta hidravliénega gradienta v smeri osi X je torej

o 4h Ak

dr AD :;I.’cch;Sa.}!k?i&u‘
Ploskev trirvbnika T BC = S,, ki je pravokotna na g, pa je proickeija
ploskve ABC . S naravnino Y 2, ki oklepa v ploskvijo § kot «
S;=S8.cosn

V prvotnem. anizoiropnem modelu pa je ploskev T B C = §. razpo-
tegnicna v smeri osi Y za faktor |/ ky'ky:

S, S.. Vhake, = 8. cosa.Vkaik.
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Sl 2. Shema vodnega curka: ¢ v anizolropnem in b v transformiranem —
izolropneta modelu
Fig. 2. Sketch of the stream tube: @ in the anlsotyopic model,
b in tke transformed — isotropic model
Pojasnila s0 v teksla
Txplansticng see in the toxt



Iz (8) dobimo kondno

: dh PR
%o — ki o S.ocosa Vi,
o abcos e ) kadk, ‘
X g 2
(sa} qz'_k,,."h'b'c-m-’--a-
JL
Pndobno dobimo za ¢,
. ¢
@ b) g, e 'i‘TE’S_”
N |

Ploskev E j&'s. razpolegnjena v obeh smereh, 1. v smeri osi X inosi Y 2a
faktor V ky'kp. Njena povriina je torej

8 = 8. | kalk)t = Scosy. kilk,
Za pretok skozi ploskey, ki je pravokotna na os Z, dobima

/ h.S.costs
(g(:] a-’ '.‘k"——i—~s-cos}’.kl|”{,,--~kﬁ_.j_. S . cus 7
4 Ucos K4 A1
celotni pretok je torej
‘ o » . x’ h - S
g ’—(Qx '~'fh "-qt):—kh 11 '(C058'3+C05!ﬂ+0052?}
Ah
(10) g -—S. ks, -
Al

Ce primerjameo {o enadbu z cnatba (7). ki velja za pretok v transformi-
ranem. izo‘ropnem meoedelu. in zahtevamo. ds naj bo ¢ = qq vidimo., da
mnra biti v transformiranem modelu prepustnost kr enaka horizontalni
prepustnosti fx v anizotropnem madelu

ke = kg

Primer jezu LIE Kokra

Jez HE Kokra v Krenju leZi v soteski Kokre, ki je yrezana v prepusten
pleistacenski knnglomeral. Zarod: nameravanegs povifanja jezu je bilo
treba raziskati, kakdne izgube vode skozi konglomerat pod jezom in okrog
jezu moramo pridakovati.

SitSo okolico je dobro raziskal Zlebnik (1965). Vedinn podatkov
povzemamo iz njegoveda deld, Konglomerat sega ved kilometrov na obe
strani sotezke. Od Primskovega in Buj proti vzhodu ga pokriva na po
vriimni mlaiéi kokrSki prod, pod katerim pr segn konglomerat 3¢ daled
proti vznocu. V Primskovem samem sa pa pri kopaniu vodnjakov ugoeto-
vill. da tu ni konglomerata, (emved sega prod navzdol da gladine pod-
talice. Vsekaker je pas. v kalerem manjka kenglomerat, zelo ozek. Ver-
igtno jo 10 stara, zasuta dolina Kokre, ki l¢ pofrkala ved ali man) vzpo-
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81. 3. Situacijn hidroeletttrarne Kokra (pa Zlebniku)}

Fig. 3. Location map of the Kokra hydroelectric powet station (after Zlebnik)
! Aluvialni nanos, 2 Mlajsi prodni zasip, § Starcj$ — konglomeratn: zasip,
4 Hidraizoh:pse, 5 Smer toka podtalnice, 6 Nazalja
1 Alluvial depoeits, 2 Younger gravel fill 3 Older — conglomerate till. 4 Water
table contour lines, 5 Direction of ground water flow, 6 Urban area



cedno z danadnjo ne njeni vzhodni strani. Danainja soteska Kokre od
Primskovesa do izliva v Savo je tore] epigenetska. Kljub znatno vedji
prepustnusti pa prod slure zasule doline rne bo mogel bistveno vplivati
na vodne izgube iz bazena HE Kokra, ker nasiopa le v ozkem pasu
in je ¥ neposrednem stizu 2 bazenom le v zgornjem delu, kjer je voda
plitva.

Neprepustno podlagoe Konglomerata in proda tvori v okolici Kranja
povsod oligocenska morska glina. Ta s¢ pokaZe na mnogin mestih na
povrsini na obrobju polja ali v strugi Save in Kokre, v sredini po.ja pa
je bila na ved mestih navrtana z raziskevalnimi vrtinami, tako da je
2lebnik lzhko nharisal dovaolj zanesljivo strukturno karto podlage pleisio-
cena. Po teh podatkih je oligocenska glina ra zgornjem kancu akumula-
cijskega bazena vkrog 20 m, pri izlivu Kokre v Save pa okrog 50 m pod
strugo Kokre.

Iz podatkov o merjenih prepustnostih v vrtinah smo izraéunali po-
vprebni koeficient prepustnost konglomerata

= 1,2.10-" msek
V modelu, ki smo ga prilagodili dimeneijam jezu in akumulaci'skega

bazena, j¢
k = 1,210~ m/sek
R, —156m
R, ... 1000 m
tn 49
h, .. 1dm

Ce te podatke vstavimo v enacbo (3), dobime za izgubc:
Q = 2.9.107" m¥sek = 290 l/sek

Lahko pritakujemo, da bodo dejanske izgube mnoga manjiin, ker je
globina neprepustne podlage mnogo rnanjsa, kol ie dolzina akumulacij-
skoga bazena in ker je akumulacijski bazen mnngo vZji, kot sma ¥ racunu
predpostaviti. Kotu a, = 45° ustreza samo #irina akumulacijskegr bazcna
neposrednoe ob jezu, navzgor se pa buzen ne Sivi, temved je povsod ori-
blizno enako Sirok. Za zgornji del bazena bi morali zato raunati z znatno
manjdita kotom. Zato smo bazen razdelili v dva dela: spodnji, ki s¢ Sirl
pod kotlom 45% do razdalze 100 m, in 2gornji, ki se tu zo2i in nato odpira
pod kotom le 10* do kenca bazena. Na meji med chema deloma tokovnice
ne bi hile koncentriéni krogi, vendar je to mejno obmoéje v primeri & ce-
linim prepusinim obmoéjem zelo majhno. tako da njegov vpliv lahko
zunemarimo. Pri tem radunu smo deobili za presok @ = 135 I/sek.

Ce hofemu upodtevati. da je vertikalna prepusinost deselkrat manjia
od vodoravae. moramo prirediti izotropni model tako, da vodoravne
dimenzije skrajiamo v merilu 1:10, tj. 1:3,16. Pretok v tem trans
formiranem izotropnem tadelu lahko radunamo po obrazvih, ki smo ik
izpeljali zgoraj, le v primeru, & ima jez abliko peclkrogle. V prvotnein.
anizotropnem meodelu jez nima oblike polkrogle, temve? rolacijskega
¢iipsoida, katerega vertikalna, rotacijska os je 0,316-krat krajda od vodo-
ravne., Pri modelu s kotom w, = 45 v vscj dolZini bazena dobimo pretok
Q — 931/sek. Ce pa razdelimo bazen, podobno kot prej, v dva dela
5 kotoma 45 in 109, dobitna pretok @ = 46 1'sek.
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Pri prepustnostih, kakrine lahko predpostavljamo za konglomerat,
bodo izgubc torej sorazmerno majhne.

Pri oceni celotnih izgub iz akumulacijskega bazeng HE Kokra moramo
seveda upoftevati, da sc bo del vode izgubljal tudi v drugih smerch, in
sicer skozr desni bok proti Savi nad sutofjem s Kokro in skozi levi bok,
kjer bo napajal podizlnico Kranjskega polja, katere gladina je 2e danes
deine nitja od struge Kokre.

WATER PERCOLATION UNDER DAMS ON VERY THICK,
HOMOGENEOUS, PERMEABLE ROCKS

Dulan Kufter

With 3 texifigures

The foundation beds of many dams consist of more or less permeable
rocks, Under these, in many cases in a relatively shallow deplh, lie
impermaeable rocks. Therefare water percolation under the dam may he
stopped by grouting of the pervious rocks down 1o their impervious
bottom. Water will therefore percolale unly arvund the abutments of
the dam.

Under dams founded on very thick permeable rocks, grouting down
ta watertight rocks is impossible. In such cases water will percolate not
only around the abutments of the dam, but also below the dam. Such
are the conditions under dams founded e.g. on very thick conglomerate
fills in Alpine valleys, ¢or on strongly fissured limestone or dolomite. In
such cages the leakage can be estimated by calculating the flow in a
geometrically simple, but sofficiently similar madel shown on Fig. 1.

In this maodel the dam is represented by an impervious hemisphere
of the same size as the dam. The reservair as well as the valley below
the dam arc considered to be channels in the shape of truncated conos
with their apexes in the centre of the hemisphere, For [urther simplifica-
tion it is assumed that the ground-water table is horizontal. A flow net
vorresponding to this conditlon could exist only in an arlesian aguiler.
In our model the impermeable basement lies in very great depth, thereforc
the thickness of the water bearing layer is great as well, and the in-
clination of the ground water table can be neglected without considerable
erpar,

Isotropic model

In the isotropic model the fiow lines are concentric circles. The ground
water flow can be represenied by c¢onceniric spherieal shells,

In our calculations the following symbols are used:

AB model axis = channel axes, B dislance from the centre of the
hemisphere, R, radius of the hemisphere representing {he dam, R/ distance
betweren the centre of the hemisphere and the end of the channel re-
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preseating rhe reservoir. r distance from the model axis, « onc half of
the apical angle of any equipotential surface, o, one hall of (he apical
angle of the channels, @ total leakage, v seepage velocity, k coefficient of
permeability, h piezometric head al an arbitrary point, h, piezometric

head in the reservoir, I length of an are of the flow line.

The cross seclion of an arbilrary equipotential surface wilh a shell

of o thickness dR is a half eircular ring with wn area dA.
dA=x.7.dR = . R.sinu.dR
The flow in a shell (d@Q) of a thickness @R will be

d@ = dA.v = - :t.R.Sinu.dR.k.%}:.
As the length of an element of a flow line d!f is
dl=R.dea,
we obtain
dh dai
Q= —x.R.sing.k, —~- dR = —x.k.sinu’ .dR.
RE.dan da

In separating the unknown variables we oblain,

m _da @ .‘t.k.dR.dh_
sin o 6Q

For o« == 1z, we have h — hy; and for &« = = —a,, we haveh - 0, and we
obtaln

r—as g

J‘_da__ —f‘t'k'dndh,

sin 22 aQ
L) ho

As the integral at the lelt side of the equation is symmetrical 1o : it can

be split into two equal parts

N—p 2

2
[—‘i'i- 2 [f‘-“— =2ln1.ga.|é —2 [lntg A —1mg"-'].
2] 4 2

S Eitte Josina

a an A

and therefore

.=—acd
() j Y o _2lmtg ™
sin e a
=y

From cquation (1) we obtain

qge TR o,

21n tg™
n f.'.q
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The lotal leakage @ can be obtained by integration of R from Lhe
dam (Ro) to the end of the basin (Ry)

a.k.ha{R; R
@ I
2In:g !;0

. 3 4 F s
Intreducing Lhe nwmerical value of N and changing natural into

decadic logarithmas, the total leakage will be
0-632 k - hq {HI — Hl,}
R
Igtig 4
The leakage ncresses preportionally with the lenght Bi of the reservoir.
It was assumed that the waler peremates in thi: whole area aleng
conceniric spheres. This assumption would be correct only in (he case
when the boundary between the permeable rocks and the impervious
basis forms a hemisphere, coneentric to the dam, with a radius equal to
the length of the reservoir. In practical cases, however, the depth of the
impervious basis will be much smuller than the length of the reservoir,
Therefore the .eakage obtained by the above cquation, will be rather
overcstimated.

Anisotropic model

The analysis of an anisotrapic madel was done in a similar way as by
Scott {1963, pp. 110—111) for twodimensional problems.
For a steady flow of water through an anisntrnpic mediom I.a-
place’s equation is valid:
2 g e
Bho o AR o
0 ad ty? Szt

€3] K, 0

where the principal permeability coefticients k., k,, and X. ate in the
directions of the X, ¥, and Z axes. An anisotropic hydrogeological madel
can be transformed inla an isolropic madel, by reducing it in the directions
of principal permeabilities proportionzlly te ‘he square roots of the per-

meabilities in the respective direclions Wew variables £ 5, 0 are in-
trodueed, acearding to

(5) a—Vak, & y— Vrz k, = — l'ak: S
da* _ok, 5 dyt —ak, 00t S =l 4
where @ is an arbilrary constant,
Introducing these values into equation (4). we obtain
&’ft_ - Mh j rﬁ.:h

DR ot AL

{13)

whith 43 the equation for isotropic tlow and therefure the trunslormed
mods ean be considered as an isotropic model.
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In sediments, composed of sands and gravels, the permeabilities in
Eorizontal Qirections k, will be near.y equal; k, = k, = k». Perpendi-
cularly ‘o the layers the permeability k. will be much lower; k: k. If

t
(or the arbiwrary constant “g" (eq 5) thce value a =l‘ is choosen, we
I¥8
Lave z — § In the vertica! direction the mocel will nol be reduced. In
{he horizonta) directions, however, the model will be reduced in scale

I:V ;;“ 1t would be possible as well to transforme vur model by enlarging

o

it in vertical direction on ihe scale I:V at the same horizontal ci-

icy
mensions.

1t has to be examined, what permeability k; must be intreduced in the
transformed model to obtain the same leakage as in the primary, aniso-
tropic model. We dissect an clementary stream tube by equipolential
surfaces in such a way. that the difference in piezometric heads between
two adjoining sucfaces is 4 h, and their distance J{, If 4 h is sufficiently
smatl, the hydraulic gradient ¢an be considered as being ¢ = 4 k{31 The
quantity of water Tlowing in the stream tube through a4 cress section
§ will therefore be
(7) Q¢—$.v=—S-ke'fo:

Let us chuose the elementary steeam tube in both the primary, aniso-
tropic model as well as in the isolrepic model so, that the cross section
forms a triangle whose sides are parallel 1o the coordinate plancs. On
the frontal Jace a trihedron is placed witk sides parallel to the coordinate
axcs (Fig. 2). As water is uncompressible, the sum of flows through the
surfaces of the trihedron (S., S, S: in the isotropic model, and 8., S/, §-.
in the anisotropic model) is equal to the flow through the {rontal surface
of the elementary stream tube (S and S’ cespectively).

In the anisotropic model we have

g the flow in the elementary suwcam tube
g, the Low through S
g, the flow through 5y
g:' the flow through S:.

g will be

g =-—(¢:" ! @& — &)

The componente of [ow in the direction ¢f the X axis will be

S h

() g =8 e — 5k
(R 5
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Yh
The value of r) _ in the transformed isotropic model (Fig. 3) is
3

nh JR dh

35 AD  Mlicosa

In the original, anisolropic model the distance AD is inereased by the

factor &'k, ‘Therefare the component of the hydraulic gradient in the
direction of lthe X axis is

oh  1h 4k

dr  4'D Alcasa lf'?;;}ic-,. )
The area TRC - S, is perpendicular to g: and 15 the projection of the
aréea ABC = § nn {u the plane ¥YZ, which forms with the surface § the
angle «,

S; - S.cosu.
In the original, anisotropic model the arca T'B'C’ = S, is extended in the
direction of the ¥ axis by the factor Vkaike:
S, = S: Vha'ke = 8. cosa lf"k—;.:‘ic;- :
From equation (8) we finally obtuin

Ak

Qe o ky.—— .5 .cosaFkyke
- Allcos a .Vkﬁ.“kr l ‘
, 4h.S. cos*
{8a) ge = Ka. -’ s g
and likewise
. 1h.3.cns®
(9} T R s

g1

The surface S.' is extended in both directions along the axes X and Y
by the factor Vk.q..’k,.. Its area is therefore

S. = 8. (Vhak)t = § . cosy. Kaik, .
The flow through the surface, perpendicular Lo the Z axis. is
dh AR Senste

{8c) G — Ko im Fotosykatky = Ky is o )
Il/cos At

The toial flow will be (herefore
AR, 8

g —— (g ¢ a Fa) —ks. - (eost ¢ + cost B & couts)

Ak

10 ! =S ks 3
(10 g A s
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In companng this equation wlith equation (7) we find that the trans-
iormed model permeability k; must be equal to the horizontal perimeability
%x ol the anisotropic model

ky —ky .

Dam of the Kokra Hydroelectric Power Station

The hydroclectric power station Kokra near the town Kranj is situated
in the garge of the river Kokra, which has cut its bed in permeable
Plelslocene conglomerate beds, As it was intended to rebuild the dam, it
was necessary to estimate the leakage.

The geology of the surroundings have becn studied in detail by
Zlebnik (1865). Most of the cited data are taken from his studies.

The Pleistocene conglomerate beds are underlain by impervious Qligo-
cene marine clay. According 0 the structural geologic map made by
Zlebnik (1965), the Qligocene clay is in the upper part of the reservoir
about 20 meters and at the confluence of the Sava and Kokra about
50 meters below the bottom of the river beds.

From the measurements of the permeability in bore holes the average
coeflicient of permeability of the conglomerate is k = 1,2. 16~ m/sec.

In the model, which has been adapted to suit the dam, the following
values were choasen

K = 12,1075 m/sec

Ro=15m
Ry = 1000 m
Qe =45°

ho = 14m

The lcakage, according to equation (3), would be
Q = 2,9. 101 m¥sec = 200 lit/sec

The leakage might be much smaller, the depth of the impervoious basis
being much smaller and the regervoir being narcower than assumed in
the calenlation. As the angle of 45* corresponds to the actual angle in the
immediete vicinity of the dam only, the basin was divided inte two
parts: with an angle of 45% up to 10¢ m from the dam. and fraom there
to the end of the reservoir with an angle of 10?. Between these two arcas
the flow lines will not be concentric circles. Iowever, this houndary
area is of small extenl in respect to the whole permeable area, Therefore
its influence may ba neglected. Such a calculation shows an expected
leakage of Q = 135)it/sec.

Assuming that permeability in vertical direction is ten times smaller
than in the horizontal one, the isotropic model has to be transformed as
mentioned on p. 197, so that the horizontal dimensions are reduced in the
seale of 1210, i e 1:316,

1f we want to use the equations as shown before [or the isotrnpic
model, the dam in the transformed model has to be of a hemispherical
shape. In the original. anisotropic model the dam is not of a hemispherical

199



shape, but a ratational ellipsoid, with a vertical rotation axis 0,315 times
shorter than the horizontal axis.

The madel with o — 43° throughout the whole iength of the reservoir
gives @ = 93 lit/sec. I we divide the reservoir as befure inlo two parts
with angles of 45% and 10* respectively. the leakage would be @ — 46 lit/sec,

Therelore the leakage will be relatively smail.
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