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Restoration of pits, left after surface mining, by filling them with water in order to provide landscape ímprovement, recreation and

often even inigatíon opportunities is cunently desired recultivation technology. This paper proposes a general solution for the water

balance in man-made catchment areas created mostly by coal mining in deep depressions without any runoff. This paper briefly

describes the project of hydro-recultivation, which involves the CSA mine situated on the boundary between the Most and Chomu-

tov districts, in both the extÍeme years in terms of rainfall (dry and wet) and the average years. The water balance results simulated

by the WBCM-5 model (Water Balance Conceptual Model) were used as basic data for finding the optimum open water 1eve1 for

damming up, with Íespect to the dry i'e' not flooded, part of the catchment area, and then for determining the time required to fill

the reservoir.

WBCM-5 model; time to fill the reservoir; extreme hydrological years

TNTRODUCTION

In the 1990's the ťrrst projects of hydro-recultivated
mining pits in the area of Chomutov-Most (Czech Repub-

lic) were conceived, where suďace mining was caried out

to a great extent in the past. Hydro-recultivation means

ťrlling up a mining pit with water for better landscape' Íish

breeding and recreation purposes. Studies were conducted

at the Benedikt reservoir' LeŽáky mine (both on the Most
district), and also, more recently, at the largest mine pit

called CSA (CzechoslovakArmy Pit) on the border of the

districts of Most and Chomutov (Fig. 1). The purpose of
these projects was to fmd water balance of precipitation,

runoff and evapo- transpiration. Subsequent computation
has shown that extemal water inflow is necessary to fill in
the space-capacity of huge mine pits. Hydrometeorologi-
cal data was expected to be implemented through a water

balance model simulating a water filling process. The pur-

pose of this simulation was to determine daily and month-

ly values of water balance components in order to have an

idea of how much time is needed for filling the pit. After
the ťrst computations it was evident that without external
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Fig. 1. Situation ofsignificant
surface mines in Northem
Bohemia
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inflows from Krušné hory (ore Mountains) brooks and
also from the Bílina river a significant filling with water
could never be achieved. The main purpose of this paper
was to produce a feasibility study of the water balance
model WBCM-S (Water Balance Conceptual Model) for
the natural hydrological balance, together with man-made
water resouÍces manipulations (K o v a r' 2004).

MATERIALAND METHODS

The catchments of the CSA pit have partly a former
natural geography, however, their greater part has been
formed by suďace mining with slopes of natural stability
creating an about 120 m deep pit with an almost flat bot-
tom in an altitude elevation of 105 to 110 m a.s.l. The
purpose of this study is to determine the water balance for
three precipitatioďtemperature characteristic years _ nor-
mal, wet and dry - with the f,rnal water level in the pit as
high as 230 m a.s.l. that corresponds with the pits'upper
banks. Consequently, for this computation it was neces-
sary to collect data on deep seepage, formerly pumped out
ofthe pit during surface coal mining, and also runoffdata
of four brooks that had been drained out by an artificial
gallery before the mining started late in the 1950's.

Average pit bank slopes: 5-10%
More detailed catchment physiographical characteris-

tics are provided in Tables I arird2. The runoffcurve nu-
merical values were determined for individual land use
from standard tables (B o on stra, Ri tzema, 1994;
P o n c e, H a w k i n s, I 996), assuming the hydrological
soil group "C" O.S. SCS, 1986, 1992). Asthe water area
changes with its depth, the dry area in the mining part of
the catchment changes too, while their absolute area values
remain unchanged.

Characteristic properties of earth material

Dumped earth material has a granular character, inner
friction angle tp = 30o. Deposited earth material has a mini-
mum hydraulic conductivity close to day. Typical granu-
lometric curves are described elsewhere (K o v á ř,
K u n a , 1998). At the present stage the average CN values
vary between 85 to 92, after fundamental agri-forestry re-
cultivation the CN values for individual land use can be
estimated as CN: 73 (forest), CN: 7l (meadows) and
CN: 85 (urbanized area) (Table 1). The recultivation plan
has been designed by Baňské projeký Teplice, Co. Ltd.
and was used for the WBCM model parameter estimations
(interception depth and root zone depth).

Table l. Land use in km2 and adjoined CN-values (Curve Numbers)

Elevation (m a.s.l.) Average CN of dry areas

73.4

73.4

73.s

73.7

73.8

Catchment

A detailed drawing of the water divide was done by
land surveying, the catchments area was derived from
a map in a ratio scale 1: l0 000. The catchments' charac-
teristics were determined as follows:

Total catchment area: F.: 53.1 km2
Mining catchment area: F- :26.1 kJrL2

Pit area Fo: 23.0 km2 1to natural geomorphology)

- Highest geographical elevation: 753 m a.s.l.

- Lowest geographical elevation: 105 m a.s.l.

Hydrometeorological data

Daily data ťrles have been recorded at the hydromete-
orological station at Kopisty (CHMI Ústí n. L.) (Czech
Hydrometeorological Institute) as follows:

Daily precipitation (mm)
Average daily temperature ('C)
Sunshine duration (rs)
Average wind speed (*.t-t)
Average relative, air humidiý (%)
The daily data ťrles were assessed for a period of

2}years (1975-1995) with selection of the following
characteristic years:

1976 as dry year
1979 as normal year (average year)
1981 as wet year

Water resources data

The basic water resources information for water bal-
ance calculation is given in the form of bathygraphical
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Table 2. Land use in dry areas in %

Elevation
(m a.s.l.)

Forest Meadows
Urbanized

areas

110

140

20s

230

78.8

76.9

63.8

53.'.I

15.4

16.8

26.3

33.6

5.8

6.3

9.9

t2.6
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curves of the CSA pit (Fig. 2), as shown in Table 3 . Aver-

age goundwater inflow volumes pumped from the pit are

shown in Table 4.

ModelWBCM

The WBCM model (version 5) that was implemented

with the aim of quantiýing the water balance on the CSA
pit catchment is a lumped model with probability para-

meter distribution over the area. It is based on the inte-

grated storage approach. Each storage element represents

the natural storages ofinterception, soil surface, root (or

active) zone, the whole unsaturated zone and groundwater

zone (if the latter is not very deep). The model takes into

consideration the storage ofindividual zones and assesses

their daily values, including input and output rates, in line

with physical regularities as reflected by the system of
recurrent final difference and algebraic equations balanc-

ing the following processes (K o v a r, 2004,2006):
Potential evapotranspiration, interception and through-

fall
Surface runoff recharge
Active soil moisture zone dynamics
Soil moisture content and actual evapotranspiration
Ground water dynamics, base flow, total flow

Table 3. Bathygraphic ordinates of areas and volumes ofthe CSA pit

Elevation
(m a.s.l.)

Area

Gm1
Volume
(mil. m3)

Ground water
inflow (l/s)

110

140

r70

205

220

230

0. 15

z.3J

s.85

10.91

12.76

14.21

0.528

33.9'.77

162.815

448.238

623.773

7s8.t'79

25.0

25.0

22.0

t s.5

13.0

I 1.0

Fig.2. Bathygraphical curves of the CSApit

The modified Monteith-Penman method, as well as the

Priestley-Taylor method, or alternatively the Hamon

method, were used for assessing daily values of potential

evapotranspiration computation. The selection of one of
these methods depended on input data availabiliý. The

model unit that computes actual interception and through-
fall is based on the simulation of irregular distribution of
local interception capacities around their mean value, WIC
(WBCM model parameter). These capacities oscillate

between zero (bare soil) and a multiple of WIC. To avoid
an abrupt threshold concept, a linear distribution around

the WlC-value was accePted.
For quantiffing direct runoff recharge the US Soil

Conservation Service (SCS) method based on Curve

Number (CN) assessment was used. The standard proce-

dure for the initial CN value was accepted, and the daily
storages of the active zone, SS, were computed by this
procedure. The recharge of active (root) and thus of all
unsaturated zones depends greatly on the previous soil
moisture content, and is controlledby a field capacity (FC)
paÍameter.

Simultaneously, exhaustion from this zone by eva-

potranspiration was computed. In order to simulate this
procedure, an approach was applied, which takes into ac-

count the proportion between actual and potential eva-

potranspiration accordíng to the soil moisture contents and

according to the particulm physical properties ofthe soil.

The saturated zone is filled with groundwater recharge

and depleted through base flow. This is simulated only

within the framework of short-term groundwater partici-

pation in the water balance. The William's method (Ta I -

laksen, van Lanen,2004) was appliedhere. In

cases where possible control of model efťrciency can be

achieved either through runoff or through gtound water

table fluctuations, automatic optimisation was applied.

Three parameters were optimised by minimising the sum

of least squared differences between the computed and

Table 4. Pumped volumes of deep ground water from CSA pit

Year r993 t994 I 995 r996 1997

Volume (m3) 2 727 721 3 865 459 3 943 086 3 407 764 2 694 584
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observed l0-day runoffdepths on the experimental gauged
catchments.

Thus, the water balance equation controls the volumes
of the main components of the water balance (L a I ,
2000):

SRAIN:AE + STF + (AWP + LWZ) (1)

where: SRAIN - rainfall depth (mm)
STF - total runoff depth (mm)
AE - actual evapohanspiration (mm)

^WP 
- change in soil moisture content (mm)

AV,IZ - change in ground water storage (mm)

RESULTSAND DISCUSSION

Model based calculations of the hydrological balance
were made for each damming from 105 m a.s.l. to 230 m
a.s.l. with changes of water level in an interval of 5.0 m.
In this paper cumulative tables were shown only for dam-
ming water in reservoirs of 110 m, 140 m, l7O m,205 m
and 230 m a.s.l. In this section of the calculation the
WBCM-5 model was used for assessing evaporation from
a free water surface E, and evaporation from the terres-
trial section of the catchment ("dryland") Eo. The total
evapotranspiration (territorial evapotranspiration) thus
amounts to:

E: Eu + Ep (2)

The runoff section of the model is the solution of the
runoff from the terrestrial section of the catchments Oo
which means the solution of the dynamics of surface run-
offOro and runoff from the saturated zone O.*:

O.: O.. + Or*

Expressed by the equation ofhydrological balance this
means:

AW:P+ O-E
where: ÁW _ change in reservoir volume

P - precipitation
O - total runoff
E - tenitorial evapotranspiration

Water management balance

In conffast to hydrological balance, water management
balance includes also components influenced by man-
made activities, i.e. groundwater inflows caused by a mor-
phological depression - mine waters Oro (data supplied
by BP Teplice a.s.) and external surface inflow (i.e. inflow
of the brooks from the Krušné hory - ore Mountains re-
gion) o.. (data CHMU). Inflow of the Bílina river is not
included. After modification the equation (3) will be:

O : O.. + OpD + Opr (5)

Table 5 comprises a section of the hydrological bal-
ance which does not include any extemal inflow. For full
damming of the water surface to the maxima level of 230
m a.s.l. (water volume aprox. 760 million m3 ) components
of hydrological balance were calculated and furthermore
external inflow from Krušné hory brooks were taken into
account.

Figs 3 and 4 provide water balance of the characteris-
tic years dry 197 6 and wet I 98 I .

(3)

(4)

Table 5. Hydrological balance of the CSAmine watershed in characteristic years

Month

Hydrological components in characteristic years

Dry (1976) Normal (1979) Wet (1981)

P (mm) E (mm) Or(mm) P (mm) E (mm) Or(mm) P (mm) E (mm) O. (mm)
1

2

J

4

5

6
,7

8

9

10

11

12

63.r

6.7

13.7

17.4

24.4

16.6

17.3

61 .3

18.7

27.5

23.1

7.4

23.7

15.8

29.2

39.6

55.1

5s.3

45.6

37.3

20.9

13.4

12.3

6.9

II,2

1.3

2.2

1.9

1.7

2.8

0.4

6.2

0.9

3.0

1.3

0.4

19.8

2'7.9

27.3

30.0

17.5

67.4

39.9

40.8

'74.3

148

45.6

45.4

8.6

10.0

23.'.7

37.6

62.7

ó5.3

4.7

36.s

26.2

15.0

14.t

9,1

3.0

'1.4

4.8

4.3

1,9

13.4

5.2

5.3

11.4

2.r

4.8

5.1

4r.9

1,4.0

4s.8

30.3

53.6

14.9

20.r

57.3

59.9

92.6

40.8

37.4

13.1

1'.7.9

36.9

42.9

65.2

62.5

5r.4

46.4

27.3

26.7

24.2

9.8

9.2

I,'7

10.8

4.',7

10.4

2.0

21.3

14.8

7.5

I 1.0

5.0

5.5

: 297.2 355. I 33.3 450.7 357.5 68.7 608.6 24.3 103.9

AW =-24.6 mm ÁW = 161.9 mm ÁW:288'2 mm

Explanations: P_precipitation,ÁW_changeofreservoirvolume,o_totalrunofflevelofdamming_230.0ma.s.l.,E_tenitorialevapoffarrspiration
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Fig. 3. Water balance - dry Year 1976

Fig. 4. Water balance - wet year 1981

the original state, yet with considerable investments in-

volved.An average yearly volume of 7.1 millionm3 (after

subtractíng l0%o of the necessary discharge) would be

quite radical. Table 7 further describes the overall water

management balance for maximum inflow of reservoir in

an average (normal) year from own catchment sources.

On the basis of this data we may derive an idea on the

time needed for ťrlling the reservoir including the possibil-

ity of further ínflow of water from Krušné hory (ore

Mountains) brooks and the river Bílina. The balance of
precipitation corresponds to the normal year (1979), the

balance of tenestrial evaporation of a dry year (1976).

Thus we consider as likely, due to the fact that the com-

parison of the average temperatures in the years 1976-

1996 indicates the normal precipitation year 1'979 haď

an under average level of evaporation because the as-

sessed data, needed for measuring daily evaporation, were

under average (lower day temperatures, less sun hours,

lower average wind speed, higher relative humidity). In

fact I97 6 should be an average evaporation year and there-

fore it has been used in the balance indicated in Table 7.

From on analysis of water balance, accomplished with the

model WBCM-5, it is also possible to assess the so called

10

E
E

't45,0

125,0
'105,0

85,0

65,0

45,0

25,0

5,0

-15,0

-35,0

-55,0

P,/ffi\ÝP_o P_o-E

In the initial study (K o v á ř, K u n a' 1998) selected

catchments were chosen with regard to the present topo-

graphical situation, from which water could be diverted to

the CSA quarry/ pit, on the condition of eliminating shift-

ing brooks and cross connecting galleries. This concerns

the river basins of the Kundratický, Vesníchý, Sramniclaý

and Černichý brooks (in the case of Šramnický and

Černic[ý brooks the name changes to Albrechtichý brook

after their confluence). Furthermore, it would be possible

to influx the quarry pit with waters drained by the Jiřetín

brook' which at present ís artificially diverted along the

rim of the quarry. In Table 6 the area of each river basin

and expected average yearly flow of water volumes is in-

dicated.
It is necessary to mention here that the indicated values

have been created from isolinear maps of average spe-

ciťtc elementary runoff (TP 34,l969).As the accuracy of
this data is not very high, more precise and accurate meas-

urements, or other calculation methods' should be imple-

mented.
It should be noted that the revitalízation of the men-

tioned four main small rivers would undoubtedly contrib-

ute to the revitalization ofthe region and bring it closer to
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Table 6. Characteristics of brook in Krušné hory (ore Mountains)

River basin
Surface

G-l
Average specific elementary

runoff (l.s-l.km-2;
Average yearly discharge Q,

(lA)
Average yearly-runoffO.

(10'. m')
Kundratic\ý b.

Vesnicloý b.

Albrechticlcý b

Jiřetínshý b.

4.'.77

4.05

16.38

816

7.5

7.5

7.5

'7.5

36

30

Í23

6l

I 128

958

3874

I 930

Table 7. Water management of incÍement of the CSA mine watershed in an average year. Proposed y ear: 1979 (precipitation), 1976 (evaporation)
Annual sum of precipitation: 450.7 mm
Annual evaporation: 550.1 mm
Annual inflow from terrestrial part of river basin 6'7.5-68.7 mm (according to damming level)

* P. _ precipitation on water suďace
** Influx of rivers from Krušné hory (ore Mountains) was not included: (o., = 0)
O=Or+Opo+(O..)
1Y7=P,+0-E

"small" variation, wherein an inflow of waters from
Krušné hory (ore Mountains) brooks would bring an equi-
librium of the water surface within levels varying from
200-205 m a.s.l. in 50 years. However, the situation re-
quiÍes to ťrll the reservoir up to 230 m a.s.l. as a watel
level should reach the banks. Shortening of this time could
be expected with the inflow ofwaters from the ohře river,
yet this would surely cause many landscape as well as
ecological problems. A possible climate change that causes
less water available might still worsen this situation (P r e -
te1,2006; Kab at, S chaik,2003).
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Level
(m a.s.l.)

Water area

Gml

Surface of
terrestrial river

basin (km2)

Influents Inflows
total in

(103.m3)

Losses
total E

(103.m3)

Variation in
volume ÁW

(103.m)
Pr*

1103.m3)

oP
(103.m3)

o.o
1103.m3)

opr**
(103.m3)

110

140

170

205

220

230

0. 15

2.3)

5.85

10.91

12.76

14.2r

25.95

23.77

20.2s

15.19

13.34

I 1.89

68

10s0

2637

4917

5751

6404

r752

1604

r375

1044

9r6

817

788

788

694

489

410

238

2608

3442

4706

6450

70'77

7459

83

Í282

3218

6002

'7019

7817

2525

2160

1488

448

58

-358
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KoVÁŘ' P. - NovoTNÁ , J . (Česká zemědělská uni verzita'Fakulta Životrrflro prostředí, katedra biotechnických úprav

krajiny, Praha, Česká republika):

Využití hydrologického modelu pro stanovení parametrů rekultivace zbytkových jam zatopením'

ScientiaAgric. Bohem., 38,2007: I9I-197 '

Rekultivace zbýkoých jam po těžbě uhlí zatopením vodou a jejich qnržití pro kr1j1!trorné, rekreační a mnohdy

i hospodářské účely je u o.'ésr'i době běŽnou 
" ' .i^*"e mire i !ádanou technologii- Příspěvek uvádí obecné řešení

hydrologické bilance tczuoo u-cr" vytvořených,^"'o"p"g'"i'o''"nrl povodí většinou v bez_odtokoých depresích'

Vedle dřívějších studií hydrologické bjlance "#iň;''-u*i 
ulotunia.n LeŽálq a Benedikt na Mostecku byly zpraco-

vány studie hydrorekultivace lomu Čse y 
-n'-o' 

m"l on"':' Most a Chomutóv vždy v letech srážkově extrémních

(suchých a mokr"ých) i u t.t..r' pruměrných. Úč;i; g;r'1" 
"'11i(1999-2000) 

bylo určení hlavních složek hydrolo'

gické bi'ance na cíloých kótách stálého udržení včetně bilance terestrické částipóvodí' Výsledky bilance simulované

modelem 
'BCM-' 

slouŽí jako podk'ad t nut.r.ni optimální hladiny naďrŽeni s ohledem na náročnost rekultivace

nezatopené části povodí, Joúo nuiouste'í .k'-"ňč'ň p.orto, a potiáuy extemích vod pro nalepšení procesu napouš-

tění nádrže. Z důvodu omezeného rozsahu je příspěvek iu^er"npo.,r. nu vodní bilanci lokality lomu ČSA'

Konkétním úkolem studie byl qpočet nvarár"g"te bilance nově vmiklého jezera v lokalitě povodí zbýkové

jámy lomu Čse. pouoai:. a"*ár"'" wrypd'" " 
ímaÉ částitéŽ původním rostlým terénem' když po douhlení lomu

se předpokláda l^lwareni jezera 4rvlbezodtfiového (během napouštění) a potom prutočného s vyrržitím vnějších

přítoků. Bylo tedy ,^priJiirii"tťsložky hydr"T;gi.ké iitun.. pró rok ,raíoue normální, suchý a mokry a pro ftnál-

ní stav napuštění jámy 
'" 

Jiroi vodní stavy á r*áirr-ir'"" až na cílovou kótu 230 m n. m. s oh'edem na dobu, kdy může

být tohoto stal.rr dosazerro. Návamě bylo zapotrJiivoJohospodarské bilance se započtením h'oubovych prusaků měře-

ných v minulosti u p".""n*y.r, s hodnotami-r"o"e e"'p""ich objemůvody a talé se zahmutím pruměrných odtoku

z poto1ru stékajících, x'os'í.r' hor, kdyby pripuáuro u ':'uí'" 
j'jLh zaúýění do prostoru jámy 1omu'

Modelové vypočty hydrologické bilance uvív p'*'a"ny piol'onotlivé stavynadržení od 105 m n' m' do 230 m

n' m. při mrěnách t<ot v'intervitu 5,0 m' V prióJ,.t, jro.' ,ru'airrv'souhrnné táu''lt'7 pouze pro kóty nadrŽení vody

vnádrŽi:l10m, 140m, 170m,2O5ma.,,OÁn.-.Ýtetočástiýpočtubylopouzitómodelu'BCM-5prořešení
vyparuzvolnévodníhladinyEuaýparuzterestrickéčástipovodí(,,per'rrina..)E".

Vodohospodářská bilance oproti bilanci hyd.;i;c*ké ješťě navic óúsahuje komponenty ovlivněné antropickou čin-

ností, tj. přítoky poar"*oi.r, vod vailklé dďJil;^._fGickou _ dů'ni vody o.o 6iaa1e dodány BP Teplice, a's')

a externí přítoky (tj. přítoky noatru;n9|9*r.y"r' í"i"trl ď !úŤj: 
Črnrq' Ďotaci z řeky Bíliny počítána není'

Tab. 5 obsahuje část hydrologické uitance, ttira n.rut'*r,j. záďny exteÁí přítok' Pro plné. nadržení vodní hladiny

na maximální kótu 230 m n. m. (objem vody ;;ň;t1ňÍvú "rp"e,.ny 
komponentyhydrologické bilance a dále

byly zohledneny moarosti exteňí áotu" vod z loušnohorsloých potoků'

V tab. 6 iso'' pr'ileane "u"a"'y 
plochy 3'anoit-i"r' pouooi a předpokládané nrťr1nc-rne'roční objemy vod' které

jimi tečou. zae:e ti"ulioá"'kň; z. 
"uěa.* 

t'oa.'oty vycházeji'zmapy izolinií pruměrných specifických elemen-

tárúchodtoků, jejich přesnost není lysoká u .ncry uy uyt zpresrre"y .Éá"i* neuo iin1'mi ýpočtoými metodami'

Tab. 7 obsahuje celkovou vodohospodářsko,' u^i^r^#i p.o á*i-ag dotaci nádrže p'o |*-e'y (normální) rok z vlast_

ních zdrojů povodí. ž-te"nt riaajů ue 
"d'"ář;;;drtavu 

i o dobe plncni náďrze včetně nutnosti další dotace vod

'T'l"}:ťJl,Í"oj:||;:J:H llH"- wBcM-5, je rovněž moŽné usuzovat natzv- ,naloď' variantu, kdyby se

s dotací vod z krušnohorských potoků rovno vaináhlannaustálila v rcarrczíkótz'O-2os m n' m' za cca 50 7et' ZWá- 
,

cení této doby by pak bylo pravděpodob.'e .ieňou dotací vod z reky ohře, coŽ by jistě přineslo i řadu krajinářshých

a ekologických problémů'

model vodní bilance WBCM-S; doba napouštění zbýkovych jam; vodohospodářská bilance; hydrologická bilance;

extrémní hydrologické roky
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