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In the article it is shown, that when ground water is fluctuated in the forest mires of intcrmediate and upper types,
changes occur not only in thickness of pcat of fully saturated with water, but also in the cocfficient of filtration and
piczomctrical pressurc of gravitational water, which is in the deposit. Given these conditions and by using clementary
thcory of filtration of water flowing in hcterogencous grounds, we proposcd original formulac for determination of
water cxchange in forest mircs with underlying mincral strata. It was determinced, that the morc intensive the forest
mires of intermediate and upper types, arc drained , the weaker the vertical (AQ) water exchange occurs in them. Also
it was ascertained, that in Kuras hydrological station (Kaunas rcg.) in forest mires of intermediate and upper types valuc
AQ) on avcrage makes up 16-23 mm over vegetation period (May 13-15 - October 26-31 days) or 4.2-6.0% from the

amount of precipitation,
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Introduction

Estimation of the rate of water exchange in the peat
deposit of peatlands underlain by mineral strata and
a water-bearing stratum is an important task for hy-
drological calculations for providing foundation for the
schemes of drainage and regulation of water regime
of wetlands and for determination of the role of peat-
lands in feeding water-bearing layers with under-
ground water.

Besides, the speed of water exchange in mire’s
water affects the genesis, development and decompo-
sition of organic matter of the peat stratum and in
general, the circulation of greenhouse gas (Charman,
Aravena, Warner, 1994; Siegel, Reeve, Glaser, Ro-
manovicz, 1995; Sirin, Shumov, Vlasova, 1997).

Exact direct estimation of this component of wet-
land water balance is labour consuming and demands
organization of hydrogeological observations on the
searching territory and detailed investigation of wa-
ter permeability of the layer, separating the peat de-
posit from the underlying water-bearing stratum (Volf-
cun, 1972; Vorobjov, 1981; Zalitis, 1983). In connec-
tion with this in the calculations of water-balance mag-
nitude of the water turnover of the peat deposit with
the underlying strata are evaluated approximately, as
the rest member of the equation of wetland water bal-
ance (Shebeko, 1970). However, as indicated by P. K.
Vorobjov (1981) such a way of calculations gives suf-

ficiently approximate evaluation of the underground
feeding, because the rest member of the equation of
balance may have no connection with the latter, which
over the short periods of time can be commensurable
with the value calculated.

In connection with this, for determining of value
Q more accurately, some researchers (Ferronsky, Polya-
kov, 1982; Plummer et al., 1993; Sirin et al.; 1997) sug-
gested to measure not the very vertical flow of water
in the mire, but age of water, according to natural *H
in different depths of peat. Although natural *H is a
perfect indicator of water age, determination of exact
primary concentration of *H in the rain water, for ex-
ample, which was fallen 50-150 years ago, is problem-
atic (it is known, Sirin; 1999, that natural content of
*H in the atmospheric precipitations fluctuated in time
in the wide diapason, i.e. from 5 up to 15 TE and,
particularly, nuclear experiments also influence its
concentration).

Since, we cannot exactly determine the concen-
tration of natural *H in the water of precipitation, which
fell x-years ago, the method described cannot complete-
ly substitute more exact direct methods (they need
closer definition too) of determining vertical water
exchange in the peat stratum.

Independent determination of the component of
water balance of the territory - water filtration in the
peat deposit with the underlying mineral stratum -
entails difficulties, because when the level of ground
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water fluctuates in connection with nonmonolitism of
the peat, water permeability of the peat deposit, be-
ing lower the ground water is strongly changed too.
For such case in the meanwhile there is no united
scheme of calculating vertical water filtration.

Materials and methods

For deducing of the formulae of calculating for the
vertical filtration in nonmonolitic strata we should
apply theory of filtration of water in anysotrophic stra-
ta (Aravin, Numerov, 1953).

In this case the effective coefficient of filtration
K, for the bisequal stratum is equal (Aravin, Nume-
rov, 1953):

2
K.=7""7,

1
+ T
K

x| -

where K and K’ are the coefficients of filtration of the
upper and lower layers, respectively. In a generalized
form for any thickness of the deposit this formula has
the form:
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where H , H

depth of calculated ground layer, respectively. Then
the layer of water O, flowing through the thickness

of stratum H ,- Hn—l’ according to the Darsi law, will
be equal (Volfcun, 1972):

.1 - lower and upper co-ordinates of the

v
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where S -pressure of water (difference between water
levels in piezometric boreholes, installed in different
depths or difference between the pressure in piezom-
eter and ground water level (Figure 1); ¥ - area of the
wetland territory, in which are observed the uniform
hydraulic gradients are observed.

Putting magnitude K_from formula 2 into formula
3 and simplifying it, we obtain:
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Based on formula (4) work formulae were formed
in Table 1. There are the most known equations of the
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Figure 1. Scheme of installation of piezometers for determi-
nation of water filtration speed through peat deposit on the
high bog in the experimental hydrological station “Kuras™,

relationships between the depth of the layer (by cal-
culating from the soil surface) and the coefficient of
filtration (see Table 1),

Table 1. Formulas for the determination of vertical water
filtration (Q) in the nonmonolithic grounds

Lquation of the connection
of the coefficiens of il
tration Ky with the depth
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In nature the investigation of the dynamics of peat
deposit water exchange with the underlying water-
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bearing horizons was carried out on the experimental
basins - watersheds in Kuras hydrological station. Short
characteristic of experimental watersheds is present-
ed in Table 2. In the experimental watersheds we es-
tablished 56 boreholes of usual type and 24 boreholes
of a piezometric type. The coefficients of water return
and filtration were determined in the laboratory con-
ditions by using the apparatus (Ruseckas, 1982, 1991)
created by us. Adjustment of water return coefficients
was made in the field conditions according to a rise
in ground water level, when rainfall was heavy in late
autumn.

Results and discussion

As an example, a part of the results of calcula-
tions of vertical water exchange Q according to for-
mula 5, which depends upon the depth of ground
water, is presented in Figure 2. As seen from this
graph, in an empiric way we succeeded in obtaining
values Q only for narrow diapason (41-65 cm) of fluc-

tuation of ground water level (Hl’ ). This is explained

by the fact, that when ground water level is higher,
the runoff is formed in ditches (then fall of ground

Table 2. Short character-
istics of experimental wa- No of Arca, | Initial forest Stand | Drain Distance Ditch | Peat type Peat {under-
water- ha type age, age, between | depth, depth, | lying peat
tersheds S N .
shed years year draining m m mineral
objects.m ground)
Pinctum , .
1 15,0 sphagnosum 45-65 1963 200 0,9- Ollgo'- 2,2-4.,6 fine sand
1,1 trophic
ri
netum 20-45 | 1963 | 150200 | 1,0- | meso- 0,6-1.9
2 | 10,0 caricor 175 13 | trophi
sphagnosum, (173) ! rlclwpnc,
pinctum o Ig(l)_' )
ledosum trophic
Pinet
3 38| e 15-40 | 1963 50 1,0- | mesotro- | 1,2-1,5
sphagnosum 1.2 phic
4 4,7 Pinetum 15-40 1963 | 50-75 (63) I.1- meso- 0.8-1.8
carico- 1,3 trophic
sphagnosum
- Pinet
5 6.9 C"l'r‘i‘“‘){'" 2045 | 1963 | 75100 | 1.0- | meso- 1221
sphagnosum, b3 lr[(.)phnc,
pinctum N 1g<})1—.
ledosum trophic
Pinct
6 145 | e 40-60 | 1975 | 150200 | 09- | meso- 0,4-0,9
sphagnosum L2 trophic
Q, mmvh
. . . 0,00650 )
For the determination of water exchange (Q) in ;
. . . a 9968
peat with the underlying mineral strata, we select such SsRan ‘ S
time intervals in late autumn and winter periods when ' 1
evapotranspiration, runoff in the ditches and migra- -
tion of moisture in peat under the influence of tem- ]
. e :
perature gradients are absent, and precipitation does o 00500 |
not penetrate into the peat layer. ' \
Then for calculation of water exchange (Q) in the hniian }
. . . . 00450 +
peat layer with the underlying water-bearing horizons ;
we used the following formula of water-balance: 000400 |
j— — . 0 n 20 R1t] 40 50 60 70 /0 90
Q/ - (Hr H/—I) Fh (5)
I, cm

where H; H _, are lower and upper coordinates of the
depth of ground layer calculated, respectively.

F, - coefficient of water return of peat layer
H-H,.

Figure 2. Dependence of intensity (Q) of mire’s water in-
filtration through the bottom of mires bed into mineral stra-
ta on height (H) of soil-ground water level (¢ - experimental
data; A - data, obtained using formula 8).
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water level largerly depends not on value @, but on
the intensity of runoff in the ditches) and when ground
water level is low, 1t is complicated to determine the
coefficients of water return in the field conditions (low
levels of ground water in mires are usually observed
only in summer, when field method of determining
water return of peat, in connection with active evap-
oration of moisture, is not exact).

Vertical water exchange at any levels of ground
water has been determined by the following method.
At the beginning, according to modified formula 3

o(H, - H!)
“T SxW

we determined effective coefficient of filtration (K ) of

K (6)

the peat layer which is in depth H, - HI’ (Figure 1)

(where H, - depth of installation of piezometer; H|

=41 - 65 cm, i.e. the depth of ground water level, when
we have values Q, derived in an empirical way).

For the determination of value S, we used the data
of approximately 230-300 measurements for each wa-
tershed area, which we had gleaned over 12 years. It
turned out, that of six (watershed areas 1-5) cases in
five of them there is reliable straightlinear inverse
correlation (r = 0.594-0.684, p <0,004) betwcen the
ground water level and pressures. As an example of
dependence of piezometric pressure on the level of
ground water on the first watershed area is presented
in Figure 3. Equation of regression, characterizing the
dependence of pressure S on the depth of the level
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Figure 3. Dependence of pieczometrical pressure (St) (dif-
ference between water level in usual and piczometrical bore-

holes) on height (Hl' ) of ground water level in extensively

(L =200 m) drained high mirc (I - watcrshed).

of ground water (Hxl) on the VI watershed area is

approximated as parabola of the following nature: § =

-0,122( H{)* + 5,5303 H{ - 17,565;n - 0,796; limita-
tions: 3 cm < h < 90 cm. In this case value S increas-
es, when the depth of ground water level rises up to
24 c¢m, and then decreases. This phenomenon is at-
tributed to a decrease in piezometric inclination (in-
crease of pressing) of interlayer water in the area of
mire, when the water level is high and in rainy peri-
ods, because the interlayer water in mire and adjacent
mineral stratum is continuous (in a hydraulic way con-
nected). In our case feeding of them in the area of
mineral stratum is episodical, coinciding with high
ground water level in the mire.

Thus, when we knew all components, in formula
6, we calculated effective coefficient of filtraton K, for

separate watershed areas for layers (H, - Hl’) of

peat, which were below ground water (Figure 1). It was
found, that magnitude K_on the territory of Kuras
hydrological station fluctuated from 0.61 x 10 cm x
s'tod4.4-10%cm x s,

When we have in a such way established coeffi-
cients of filtration (K ) of peat at least for narrow di-
apason of fluctuation of ground water level (in our case
Hl’ =0,4-0,6 m) and by comparing them with approx-
imate value K_ calculated according theoretical formu-
las and simplified in an empirical way, we have spec-

ified function K, = f(H, - HI’) of distribution of peat

filtration coefficients K, for the whele diapason (Hx’

= 0,05-0,9 m) of fluctuation of ground water level. For

example, function X, = f{(/7, - Hl’) corrected in such
a way for the first watershed is the following:
K 2085
h = (11 + l).’».H (7

where H - the depth of calculated peat layer from the
mire’s surface.

In accordance with function K, = f(H) we chose
the formula of calculating value Q from Table 1. It
looks so:

W-S-a(m+1)
Q = o I/ITI 7
(H,+ D)™ - (H, +
By connecting formulas 7 and 8 we obtained:
2085W-S,(38+1)
= (7-1;1)<3'8”) _ (Hl + 1)(3,8+l) )

I)HHI (8)
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where W - area of the wetland territory in which the
uniform hydraulic gradients are observed.

Since we are calculating for one m? of a typical
mire territory, magnitude W in our case is equal 1 (i.e.
W =1),S, - pressure of water. We take this magnitude
at different levels of the ground water table (/) from
the graphs of dependence of piezometric pressure on
the height of ground water level. An example of such
a graph is presented in Figure 3. H, - depth of pie-
zometer installing. The scheme of measuring the depth
of piezometer installation is shown in Figure 1.

Good coincidence (differences do not exceed 10-
15%) of values Q (Fig. 3) calculated according to for-
mula 8 and predicted according to empirical data dem-
onstrates, that our deduced formulas are correct (Ta-
ble 1).

The data on runoff of mire water through mire bed
to the mineral stratum, which have been calculated in
the way described above, are presented in Table 3.

Table 3. Flowing of mires water through the bottom of mires
bed to mincral ground over period May 13-15 till October
26-31, 1978-1989, mm.

Distance between draining objects, m
Y 200 | 150-200 50 50-75 | 75-100 | 150-
ear
200
No of watershed
1 2 3 4 5 6

1978 20,3 19,4 14,1 13,8 16,3 18,9
1979 22.1 19,9 15,6 16,1 17,9 17,6

1980 28,5 25,9 20,1 211 23,9 18,¢
1981 26,4 24,2 17,6 19,7 22,8 18,4
1982 16,7 14,6 10,1 11,1 11,8 17,4
1983 14,8 12,2 8,6 9,0 11,9 18,2
1984 25,3 23,3 19,1 17,8 21,4 17,6
1985 225 20,2 15,6 16,0 | 20,1
1986 26,3 24,3 20,1 20,7 23,2 19,1
1987 29,6 27,7 21,1 21,8 24,0 1957
1988 22,5 20,8 16,1 15,9 17,9 19,4
1989 20,3 18,6 134 14,0 16,4 19,2
Average | 22,5 20,92 15,96 10,4 18,73 | 18,53

As shown in Table 3, the more intensive the drain-
age, the weaker the water exchange is expressed in
mires water with the underlying water-bearing horizon.
For instance. in May-October when L = 200 m. aver-
age value Q is equal 22.5 mm and when L = 50 m, it
diminishes up to 15.9 mm. For prediction of the chang-
es in water exchange AQ in mires underlain by miner-
al strata, which are supposed to occur under the in-
fluence of drainage or renaturalization of drained mires,
we should make a graph of the dependence of magni-
tude Q upon level (h) of ground water and according
to this graph make a prediction of magnitude Q(Q =

fth)). A supposed decrease in the ground water level

or a rise in it must be allowed for. These data are of
paramount importance when draining or during renat-
uralization of the areas that supplementary feed the
water-bearing layer with ground water in which water
collecting boreholes for potable water are installed.

Conclusions

1.When the level of ground water in the mires is
fluctuated, especially in the high bog, the changes
occur in water permeability of peat deposit which is
lower the ground water. For the calculation of vertical
water exchange in such cases we propose theoretical
formulae (Table 1).

2.The more intenstve the drainage of mires, the
weaker the water exchange (Q) is in mires with the
underlying water-bearing horizon. For instance, in the
vegetation period (May 13-15 till October 26-31) when
L =200 m, average value Q over 12 years is equal 22.5
mm, and when L = 50 m - magnitude Q decreases on
29% and makes up 15.9 mm.

3. In the conditions of the lowland of Middle
Lithuania the flowing of mires water through the bot-
tom of mires bed into the underlaying mineral strata
on average makes up 16-23 mm/year over the vegeta-
tion period (May 13-15 till October 26-31) or 4.2-6.0%
from the precipitation sum.
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OIIPEAEJIEHHE BEPTHUKAJIBHOI'O BOOOOBMEHA JIECHBIX BOJTOT C HHUIXKE-
JEXAIIMMH MHUHEPAJIbHBIMHU I'PYHTAMU

10. Pyceukac

Pesione

B crathe mokasario, 4To ApH KoneBanuu ypowred rpynTOBLIX BOH B BCPXOBHIX M IepeXOUNBIX AcchbiX Gonortax
MEHSIOTCS HE TOMEKO MOILHOCTL CN0A Topdha, HACKILUCITHONO A0 HONIT0H BIAroeMKOCTH, 110 1 ero KoadduumenT QuiIbTpaumy,
a TakXe H Ihe30METPHUYCCKHE ypOBeHb IpasuTaunoliioil soust. B aTuX ycnosusix, WCronnbiys 2JIEMEHTApPHYI0 TEOPHIO
(OHUNLTPALUMOHHOTO ABHXKEHA BOAB B aNH3OTPOMHLIX IPYHTAX, NPCIIOXEHB! OPHIHIAIbIbIC hOPMYIIBI IUTA OIPCUCICHHS
BonooOMcHA TOP(MAHON 3AMEKH C HHXEICKAWHME MHHEPUIBIBIMH IPYHTaMU. YCTAaNoBleHo, YTO 4eM necuble Gonora
BEPXOBOTO H NEPEXOANOro THNA OCYMICHBLI HHTEHCHBHCE, TeM crnalice fIposBIsScTCs BepTHKAILILIT Botoobmen (AQ) GonoTibix
BOI C HUXCICXKALMMHE MHHCDAILHBIMA TpyHTamMu. Boisisnetio, yto sesuniia AQ B ruaponoruyeckom craunonape "Kypac”
(Kaynacckwuii p-ot1) na necnpix 60M0Tax BEPXOBOIO W 1IEPEXOMIOTO THITA B cpe/iieM 3a sereraunounsiii nepuon (V.13-15 -
X.26-31) cocrasnger 16-23 MM unu 4,2-6,0% OT BESHUHIILI BLITALAIOMUX OCAUKOB.

Kiiouennle cioBa: BepTHKILHBIT BOJOOOMEH, MHTEHCHBHOCTH ocyurenus, Kod(duuuentsl hibTpauun, JiecHble

6onora, YPOBEHDL IPYHTOBBIX BOL
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