VODA V HORNINACH

A. STECHIOMETRICKA VODA dehydratace skokem
1. Pevna - konstituéni (hydroxylova) *5"*. - 500° 650°C
2. Volna - krystalova (hydratova)—>CaS0,.2[H,0| 100°- 200°C

B. MOLEKULARNI VODA (molekular. poutana) dehydratace plynula
_ (dehydratacni kitvky)
1. Adsorpéni — hygroskopicka — ,,skalni vihkost™ '
tj. pevné vazana (,,tuha®) obalova voda pelikularni
zvl. formou je voda opalova— nespr. oznag. jako ,,jemné kapilarni™

2. Osmoticka (,,polotuha®)
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Voda ,chemicky ovlivnéna (vézana) - dehydratuje az ve druhé viné
v jilov. ///Sorpéni - pevne vAzani Bl dehydratuji plyﬁule a !
mine- p s osmoticka — omezené kapalna >- navazné |
ralech kapilarni — volné pohybliva | vprvoiviné
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3. Zeolitova — kombinace a) chem. vazané (,,hydratove®) vody a
b) volné , kanalkové“vody (snadno reversibil. dehydratuje)

4. Lehce vazana obalova voda (prechod ke kapilarni vod¢€)
a) Pendularni — obvésna (=koutkova=stykova) je nepohybliva
b) Funikuldrni — oblivnd je omezené kapilarné pohybliva

C. KAPILARNI VODA (Kapiliry.& 0,003 - 0,2 (max. 0,5) mm)
Meniskova energie — kapilarni tlak
a) Podepiena — vzestupna kapilarni trasen —horizontalné proudiva
b) ZavéSena — kapilarné sestupna — horizontilné neproudiva

D. GRAVITACNI VODA - JIMATELNA

Chemicky i molekuldrné dokonale volna voda, jejiz
proudovy rezim je ovladan pouze gravitaci
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FIGURE 14-2 =

Porosity in rocks. A and B: The de-
crease in porosity due to compac-
tion of spheres. C: A sand with high
- porosity due to good sorting. D: A
sandstone with low porosity due to
poor sortmg E: Low porosity due
to cementation. F: Very high poros-
ity due to well-sorted grains that are
- themselves porous. G: Porous zones
between lava flows. H: Limestone
rendered porous by solution along
joints. I: Massive rock rendered po-
rous by fractuting.
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Obr. 14.1. Sc ¥ zndzomenie zmeny porovitosti klastickych hornin v zd-
vislosti od stupria vytriedenia a cementdcie: a — vySe 30 % pdrovitost v dobre
wytriedenych sedimentoch, b - 17 % pdrovitost' v slabo vytriedenych sedimentock
v ktorych priestor medzi- velkymi zrmami je vyplneny jemnejsim
materidlom, ¢ - znacné zniZenie pdrovitosti a priepustnosti horniny v désled
pritomnosti cementacného materidlu obalujiiceho jednotlivé klastické zrnd.
(podla Skinnera - Portera 1987) |
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Box 7-1 id
Darcy’s Law of Groundwater Motion

The law formulated by Darcy is given in terms of the
volume of water moving through any opening in a given
amount of time, essentially a velocity term, and the

geometry of the general flow, or the ratio of the vertical
to the horizontal distance.

ey ebgeplil

is proportional to .l

ke

h, the vertica

i

- drop of the
Volume of water water from one
moving in a certain height to another

time through a certain
size opening

e

I, the distance the
| water has |
traveled | J

Darcy reasoned that the permeability of a rock is what
slows down the flow for a given drop of height A in a
certain distance [. So he made this proportion into an
equation by multiplying the right-hand side by a propor-
tionality factor, K. Darcy identified K as a measure of
the permeability of the rock, or in other words, how
easily it transmits water.

- e e P S—

i ' [ ]

| Hydraulic conductivity,
e mmmaene | a measure of permeability

Discharge rate: volume | | or ease of passage of

per unit time | water through rock

i h Difference in height
=KX= __. .. |
[ Distance traveled

b il

- Cross-sectional Ratio sometimes called
area | hydraulic “head” or
-- S— | hydraulic gradient
{see figure below)

PP p———

- From this equation, we can determine the velocity of
flow, or, if we know the velocity, the hydraulic conductiv-
ity.

Horizontal distance

K

Ground 460m

above sea level

Depth 20 m
Water level l s,
440 m above - %‘tﬁ-‘_;
sea level

Pressure difference between
A and B proportional to A

| h = difference in

Ground 420 m
above sea fevel

/
N

Water level 415 m
above seg level

water heighls

~{epth 5m

Darcy's Law
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Obr. 334. Pronikéni podzemni vody z povrchu do hloubky
(podle O. Meinzera)
P — provzdusnéné pasmo s pidni (p) vodou zavefenou
Z — zvodnéné pasmo s kapildrni (k) vodou podepienou

(i}~ provzdu¥nénd pdsmo (@erabn p) prosakové
I — hladina podzemni VOdy, 22— nepropustné vrstvy

Y X § AN Enlarged part of
Ei (. 3 . Wat er ascending
e d\NE g capillary tube
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Cross section showing the water table and its re-
lations to streams and a spring. The greatly en-
larged inset shows the movement of water
(black) in the zone of aeration.
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14.2  Water infiltrating the ground
Part of this water may be held in

from the surface passes through-
of the pore space is filled Wi‘ih-..dir.:-.
the soil and used by plants. The

14.3 ldedlly, the water table is a subdued reflection of the surface
of the ground. In {a) and (b) the water table rises as a horizontal
plane until it reaches the level of the valley bottoms on either side of

the hill. Thereafter, as more water soaks into the ground, it seeks an

outlet toward the valleys. Were the movement of the water not
slowed down by the material making up the hill, it would remain
essentially horizontal. The friction caused by the water passing

through the material {and even to some extent, the intermal {riction

of the water itself) results in a piling up of water beneath the hill;
the bulge is highest beneath the crest and lowest toward the valleys

(¢). The shape of the water table may be altered by pumping water

from a well (d). The water flows to this new outlet and forms o cone-
of depression.

water that passes downward eve

.. 5?t;111‘"ﬁti-¢n.,; Where all pore spaces are water- filled. The upper surface
ol s zone Is the groundwater table, or simply the water tablo. Tho.
may be capped by a capillary fringe. e s

ntually reaches the zone of

Perched water table —

Spring—,
- Impermeable shale
Permeable sandstone.__~

Main water table__
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. . - - N i [ 8
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Impermeable shale-

over o impermmtene s esulls when groundater sollects [ T T T T T
table. ' ' '® separated from the main water Lo L T e T e e
14.5 Nature seldom, if ever, provides uniformly permeable LT A B
material. In this diagram a hill is capped by permeable sandstone SRR e LU

that overlies impermeable shale. Water soaking into the sc:-ndstoriéf ?_(5)
from the surface is diverted laterally by the impermeable beds. . .
Springs result where the water table intersects the surface at the
contact of the shale and sandstone.

Permeable sandstone._

Water table
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4.4 The flow of groundwater through uniformly permeable ()
mateéerial is 's.'uggestedf h’ﬁere; Movement is not primarily along the
groundwater table: rather, particles of water define broadly looping
paths that converge toward the outlet and may-approach it from
below.
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14.4

In this diagrom ground water is shown in color. A perched water table lies above
a lens of impermeable shale which is enclosed in sundstone. A spring is shown
where- this shale crops out on the hillside. Three other springs oceur where the
permanent water table comes to the surfaee ot the contact. hetween (he
sandstone and the impermeable igneous rock, and also at the swale where the
permanen! water table crops oul as a swamp. Points A, B, and C d-es-ig-r—mf_c_ spots
at which it would be unwisé to deill for water. A und C are impermeable igneous
rocks. At point B a well which tups onlv the perched ground water will he
unreliable or dry during times of low precipitation. Reliable wells ma v be
expected below in the zone benecath the permanent water table. The river sands
and -grf_l_'v'f:'_lf;j should also provide «u relia hle source f?}_f'g-rm;m(_! waler,

tmpermeable Perched
shale water table’

Permanent water  Spring fed

Spring

Strearm sands.
and gravels:
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A perched water table is separated from the
main water table by an aquiclude composed of
shale or other impermeable beds.
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Figure 10.4 A perched water table may create the illusion of a
high regional water table.



- Obr. 366. Schematicky fez zndzornujici rozdil mezi orografickym A a hydrogeologickym
rozvodim B (podle R. Kettnera) o

1 — vrstvy nepropustnych hornin, 2 — vrstvy propustnych hornin; Sipky znaci proudy
podzemnich vod '
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Obr. 14.5. Zmeny hladiny podzemnej vody v zdvislosti od zmien sklonu neprie-

pusineho podloZia a zmeny litologického charakteru (, odnenej
homniny: a - pri stdlom uklone nepriepustného podloZia je priebeh hladiny
Pparalelny s podlozim zvodneného horizontu, b — prt zmierneni sklonu neprie-
pusiného podloZia dochddza k zvyseniyu hladiny a zniZeniu rychlosti pohybu
podzemnej vody, ¢ - pri zvySeni sklonu sa zni%i hladina a zvySi sa rychlost pohybu,
d - pri prechode do menej priepustnych hornin, sa zvy$t hladina a zni% rychlost
pohybu, e ~ pri prechode do priepustnejsich hormin, sa zni%i hladina a Zvysi
rychlost pohybu
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vyznaceny Sipkami. V depresidch nepriepustného podloZia v spodnej casti
zvodneného horizontu sa podzemnd voda nepohybuje a md charakter stojatej
- podzemnej vody -



Hydrogeologicky izol4tor a hydrogeologick4 bariéra. PoCevni (p)
a stropni (s) izolator: a — s neostrou hranici proti kolektoru, b —
s ostrym ohraniCenim proti kolektoru. Hydrogeologick4 bariéra:
¢ — pocevni, d — stropni. Sipky oznacuji smér proudéni pod-
zemni vody. | '



Obr. 28. Pretékajici pramen vytékajici z nddrfe spodni vody, seviené dvéma nepropustnymi sou-
orstvimi 3. a 4. 5. = horniny propustné; s. = hladina spodni vody, § == pramen.

b

Obr. 22. Schematické znézornéni roklinovych a ddolnich pramend. Y. == vrstuy nepropusiné, 2. =
vrstoy propustné, a = hladina spodnt vody, § = prameny.



Vistupny pramen vyvérajict pretlakem ze zvodnénjch vrstev v v rament synklindly. Zvodnéné
vrstyy jsou v podioli 1 nadlodi sevieny nepropustnymi vrstvams.

Obr. 24. Vrsteony pramen 3 vyvérajici na dolnim yichozu nakloniné styéné plochy mezi vrstvami
nepropusinymi 2. a propustnymi rozpukanymi horninami 3.

Ssaeessdn =25 .
AN QNG ey et Z "“"’ ¢
R ST e se

Obr. 25. V ddoli probikajicim v ose synklindly vyvéraji vrstevné prameny po obou strandch ddoli.
V udoli probihajicim v ose antiklindly neni vrstevnych prameni.
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Obr., 26. Pramen ssufovy.
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Obr. 11. Depresni kuZel, vznikajici poklesem hladiny spodni vody pii Cerpdnt vody ze studné ve vodo-

rovne ulozZenych vrstvdch. n = nepropusiny podklad, p = vrstvy propusiné, h = normdlni hladina

spodni vody, hy = hladina spodni vody ve studni; snizend derpdnim, d = depresivni kfivka hladiny
| spodni vody, vznikajict pfi ferpani.
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Obr. 12. Tvar depresniho kuZele hladiny spodni vedy v okoli studné Cerpajici vody z naklonénych
vrstey. | | "

Obr. 13. Veezovdni ¥iéni vody do studny, leici v biizkosti feky, snizi-li se hladina spodni vody
ve studni Cerpanim pod tirovert hladiny vody v tece.
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Obr;'..k';@, Vznik napjaté vody v podlofi éolkovitych vloZek neproptistngck hornin. n = nepropustné
podloZi, p = horniny propustné, j = jilovité nepropustné cotkovité vioFky, ulofené v propustnich hor-
nm{z_f} L P, 0 = ornice. Studna 1 zastihuje nenapjatou hladinu spodni vody h, studna 3 Cerpajici vodu
Z téze ndadrZe, md vodu napjatou, nebof je stlafovdna jilovitou cockovitou vlofkou . Studna 2 lerpd

vodu s volnou hladinou h,, kierd se zadriuje na horni qilovité vioZce §. o



14.7 To provide a reliable water source a well must penetrate
deep into th_e;_zc-ne ol saturation. In this diagram Well 1 reaches only
deep enough to tap the groundwater du ring periods of high water
table; a seasonal drop of this surface will dry up the well. Well 2
reaches (o the low water table, but continued pumping may
produce a cone of depression that will reduce effective flow. Well 3
is deep enough to produce reliable amounts of water, even with
‘continued pumping du-ri.n;g_ low water-table stages.
Cones of depression
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Figure 10.9 The formation and effect of cones of depression.
(A) Lowering of the water table in-a cone of depression around a
pumped well in.an unconfined aquifer. {B) Overlapping cones of
depression lead to net fowering of the water table.
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Obr. 221, Nesprduvné zaloZend a Spatné chrénénd  Obr. 212. Hladina podzemni vody (hl) pFizpisobuje se ne-
studné, V blizkosti Zumpa infikuje vodu mikroby.  7ovnému nepropustnému_podkladu (n). Z - vrstva propustni,
Je potiebf Zumpu betonovat a isolovat. (Podle SV -2vodnény obzor. Ve dvou sondich (studnich) je vod;*.
' L. Cepka)) ruzne (Cerné). Podzemni voda se pohybuje zvolna doprava.

| (Podle L. Cepka.)
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Obr. 360. Hustota a vzdélenost studnf se fidi primérem jejich depresnich kuzel. Nejvét-
si vydatnost md studna 2, potom 4a I, nejmensf studna 3 (podle L. Cepka)

:d — depresni kuzel, 2 — spravné zaloZen4 studna (Jejt depresni kuzel se jen dotykd de-
presniho kuZele studny 1), 3 — nespravné zaloZena studna (Jejt depresni kuzel pretind de-
presni kuzel studny 7); studna 4 byla rovnéz vyhloubena prilis blizko studny 3
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Obr. 220. Schema gravilainiho vodovodu. Pramenitd voda se odvadi z jimek
do reservoaru, odkud je vlastni vahou pfividéna na mista spotreby {(mésto).

(Podle L. Cepka.)
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do zmenu. pohybu znecistenej vody a kontamindciu vody v studni s dovtedy
vyhovujiicou pitnou vodou ’ |




Figure 10.12 Sallwater intrusion in a coastal zone. {f
g.rgundwat.er withdrawal exceeds recharge. the lens of fresh water
l-h-r.n_sz,. and salt water flows into more of the aquiter S’ys-t'em from
below.. "Upconing™ of saling waler also occurs below a cone of
deﬁpr.esﬁ*sion.- Stmitar effects may OcCur in-an inland setting where
waler is drawn from a fresh groundwaler zone underiain by more
saline waters. | |
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(b) Afier exiensive pumping by many weils

The boundary between fresh groundwater and
salt water along shorelines is determined by the
balance between recharge and discharge to the
ocean or wells. Normally, as in (a), the pressure
of fresh water keeps the salt-water margin
slightly offshore. Extensive pumping, as in (b},
lowers the pressure of the fresh water, allowing

the salt-water margin-to-meve-iniand.
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Obr. 14.8. Zmena hladiny podzemnej vody
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Obr 7. Razny prubeh hydroisohyps a pohyb spodm vody

- v blizkosti ficniho toku. o -

a: hydroisohypsy probihaji kolmo na tok feky a pohyb spodni
vody se déje rovnobeézné s ricnim tokem.

b: pribéh hydroisohyps ukazuje, Ze pohyb spodm vody smé-
ruje s obou stran do 7feky, takze feka rozmnoZuje svou vodnost
pritokem spodm vody.

c: prubeh hydroisohyps ukazuje, Ze hladina spodm vody ma
spad od 7eky, takZe se spodni voda rozmnozZuje vcezujici se
ricni vodou.

d: prubéh hydroisohyps ukazuje, Ze 7eka na levém brehu
svou vodu zirdci, kdeZio na pravém brehu pryimd spodm

vodu. (Podle E. PRINZE.)



Obr. 34. Vystupny pramen, pividsjici k povrchu puklinovou vodu, kterd vnikla do zemé rozdreengm
- pasmem pri dislokaci d, po jiném poruchovém pdsmu pii dislokaci 8, v = vyska pretlaku.

- e et e i p g sy o i hdsmu b dislokact 6.
- Obr. 33. Vy.ﬁupny pramen vyverajict Ze -zz}{}drzer;y.«:h-- vrsten v na j}e}wa}wvem pasmu pri dislok



Waler tevel
in artesian

Confining layers

A
Elevated water level in
-1 tower ailows pressurized
water to rise in pipes
in home.
5
Figure 10.3 Elevated water pressure, naturally and artificially
produced. {A) A confined aquifer. 'Na:tufa% internal pressure in the
system creates artesian conditions, in which water may rise above
the apparent {confined) local water table. The aquifer here is a |
sandstone; the confining layers, shale. {(8) The same resuit produced
artificially by building a water tower.
Lowland Uptand
artesian recharge
basin area
- [ = horizontal distance traveled = 200 ki (125 miles) ater table
e - i S e oS i s —— e b S o e "‘é‘%‘
.. Average heightof watertable  _____ ___ 88550

Flowing artesian well

PO ags ft
Ay

Figure 7-14

A confined water reservoir is created where water
enters an aquifer situated between two confining
aquicludes. The artesian well flows in response to the
natural {before the well was drilled) pressure
difference between the height of the water table in the

recharge area and the bottom of the well, equivalent fo

the pressure of a water column 300 m high in this

in recharge area

example. The actual pressure difference that governs
the flow from the top of the well is the difference
between the elevation of the water table and the top of
the well, If the well head were as high as the water
table in the recharge area, there would be no pressure
difference and thus no {low.
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In the artesian svstem diagrammed here
water is confined in a permeable
sandstone (the aquifer) between
overlying shale and underlying igneous
rock, both impermeable. The sandstone
receives water at the surface where it is
exposed at either side of the basin. The
water feeds down into the aquifer
beneath the basin. Here it is under
pressure of the water higher in the
sandstone. If a well punctures the shale
seal over the aquifer, then water will
rise in the well and flow out at the
surface. This water should rise to the
pressure surface indicated, but friction in -
the system reduces the flow.

1 453” | The wells in 'thg dICIQI'CIm meet the conditions that characterize an artesian system: (1) an
lnzllne;i Clque_r,_ (2) capped by an impermeable layer, (3) with water prevented from escaping
il;_ { mﬂ.;n?.ﬂr}ij or lc;;emlly; and (4) sufficient head to force the water abave fhe aquifer wherever
s tapped. in the well at the right of the diagram the head is great enouch 1 f ter

| | yrt oL - head is great e h rce water to
appear at the surface. aad'1s g nough to {orce water to
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Figu r6101 3 ~ Recharge to a confined aquifer. (A) The recharge
area 'Of-. t‘h!'S*-C-Ghﬁned'-aq'uife:*' s limited o the area where permeable
rocks inlersect the surface. (B) Recharge 10 the confined aquifer

may be reduced by placement of impermeable cover over the:
limited recharge area. o
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Obr. 215. Schema artéské pdnve se 'stfi;d'aj'i"cimif se propustn?m'ii '("t'eE'lzctwan_é): a nepropust-
nymi vrstvami (husté Srafovano). Svislé Sipky naznadluji infiltract srazkové vody, &isla ar-
téské studny {vrty).



	3. Podzemní voda obr00
	3. Podzemní voda obr01
	3. Podzemní voda obr02
	3. Podzemní voda obr03
	3. Podzemní voda obr04
	3. Podzemní voda obr05
	3. Podzemní voda obr06a
	3. Podzemní voda obr06b
	3. Podzemní voda obr07a
	3. Podzemní voda obr07b
	3. Podzemní voda obr08a
	3. Podzemní voda obr08b
	3. Podzemní voda obr09
	3. Podzemní voda obr10
	3. Podzemní voda obr11
	3. Podzemní voda obr12
	3. Podzemní voda obr13
	3. Podzemní voda obr14
	3. Podzemní voda obr15
	3. Podzemní voda obr16a
	3. Podzemní voda obr16b
	3. Podzemní voda obr17
	3. Podzemní voda obr18
	3. Podzemní voda obr19
	3. Podzemní voda obr20

