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In tlic arliclc i t  is sliown, that whcn ground watcr is fluctuated in thc forcst ~ n i r c s  of i~ltcrnicdiatc and uppcr typcs, 
changes occur  not only in th ick~lcss  of pcat of  fully saturatccl witll watcr. but a lso it1 tllc cocff icicnt  of  fillratio11 and 
piczomctrical prcssurc o f  gravitational watcr, wllicl~ is it1 thc dcposit.  Givcn thcsc contlitiotls and by ~ ~ s i t i g  clcnlcntary 
thcory of  filtration o f  watcr  flowing in Ilctcrogcncous grounds,  wc proposcd o r i g i ~ l a l  formulac for tlctcrrninatiotl of  
watcr cxcliangc in forcst niircs witli u~ idcr ly ing  tnincral strata. It was dctcrnl i~icd,  that tllc rnorc itltcnsivc tlic forcst 
tnircs of intcrnlcdiatc and oppcr typcs, arc drairictl , tllc wcakcr tllc vcrlical ( A Q )  watcr c x c l l a ~ ~ g c  occurs i n  tlicm. Also 
it was asccrtaincd, that in Kuras llydrological station (Kaunas rcg.) in forcst mircs of  intcrnlcdiatc and uppcr typcs valuc 
AL) on avcragc makcs up 16-23 mm ovcr  vcgctation pcriod (May  13-15 - Octobcr  26-31 days)  o r  4 .2-6.0% froin thc 
atnorlnt of  prccipi tat ion.  

Key jvortls: cocfficicrits of  filtration, intctlsily of drainage, forcst mircs, ground watcr Icvcl, vcrtical watcr cxcharlgc 

Estimation of the rate of watcr 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  tlie 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 stratilln (Volf- 
cun, 1972; Vorobjov, 1981; Zalitis, 1983). In connec- 
tion with this in the calculations of water-balance mag- 
nitude of tlie water turnover of the peat deposit witli 
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 (198 1 )  such a way of calculations gives suf- 

ficiently approximate evaluation of  the undel-ground 
feeding, because tlie rest member of tlie equation of 
balance niay 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 nati~ral  'H 
in different depths of  peat. Although natural 'H is a 
perfect indicator of water age, determination of exact 
primary concentration of ' I i  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 tlie concen- 
tration of natural 'H in the water of precipitation, which 
fell x-years ago, the method described cannot complete- 
ly substitute Inore 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 f i l trat~on 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 non~nonolitisrn 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 for~nulae of calculating for the 
vertical filtration in nonmonolitic strata we should 
apply theory of filtration of water in anysotropliic stra- 
ta (Aravin, Numerov, 1953). 

In this case the effective coefficient of filtration 
Kc for the biseqi~al  stratum is equal (Aravin, Nume- 
rov, 1953): 

2 
&.= 1, 

- + -7 
K K  

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: 

where H,I-l - lower and upper co-ordinates of the 

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

of stratum H,,,- H,- l ,  according to the Darsi law, will 

be equal (Volfcun, 1972): 

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

Putting magnitude Kc from for~nula 2 into formula 
3 and simplifying it, we obtain: 
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Figure 1. Schcrne of installation of piezomcters for dctcrlni- 
nation of watcr filtration speed through pcat deposit on the 
high bog in the cxperitncntal hydrological station "Kuras". 

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

Table 1. Forrnulas for the determination of vertical water 
filtration (Q) in the nonmonolitliic grounds 

Based on forniula (4) work fo r~n i~ lae  were formed 
in Table 1. There are the most known equations of the 
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In nature the investigation of the dynamics of peat 
deposit water exchange with the underlying water- 

I:orn~ula h r  lhe dclcrniinalL,~i ole 

2 

n1\5 ' - I ~ ~ I I ,  - I ~ C ~ I I ,  

/>l\!S ' - I~(I,II, + n )  - I~( I , I I ,  + o )  

Il!S . n (,,I + I )  
Q = - -  

/I;*' - 11;" 

1VS .<I  (>>, + I )  
V - - 

(11: + I ) - * '  - (11, + I)-.' 

l!,.SJKz - 

I V , S ~  
Q - 



LTIC FORESTRY 
RTICAL WATER EXCH. .. .-I , ... /-'- . -4 J. RUSECKAS m 

bearing horizons was carr ied out  o n  the experimental  
basins - watersheds in Kuras hydrological station. Short 
characteristic o f  experimental  watersheds is  present- 
ed in Table 2. In the experinlental watersheds we  es- 
tablished 56 borelioles of  usual type and 24 boreholes 
of a piezometric type. T h e  coefficients o f  water return 
and filtration were  determined in the laboratory con- 
ditions by using the apparatils (Ruseckas, 1982, 1991) 
created by us. Adjustment o f  water  return coefficients 
was made in the field condit ions according to a rise 
in ground water level,  when rainfall was heavy in late 
autumn. 

Results and discussion 

A s  an  example ,  a part o f  the results o f  calcula- 
t ions o f  vertical water  exchange  Q according to for- 
mu la  5 ,  wh ich  depends  upon  the  dep th  o f  g round  
water ,  is presented in F igure  2. A s  seen  f rom this  
graph,  in an  enlpiric way  we  succeeded in obtaining 
values Q only for narrow diapason (4 1-65 cm)  o f  fluc- 

t i ~a t i on  o f  ground water  level ( H :  ). This  is explained 

by the fact, that when ground water  level is  higher, 
the runoff  is fonncd  in di tches ( then fall o f  ground 

Table 2. Short character- 
istics of experimental wa- 
tersheds 

For the determinat ion of  water  exchange (Q) in 
peat with the underlying mineral strata, we  select such 
time intervals in late autumn and winter periods when 
evapotranspirat ion,  runoff  in the di tches and  migra- 
tion o f  moisture in peat  under  the influence of  tem- 
perature gradients  are absent ,  and precipitation does  
not penetrate into the peat  layer. 

Then for calculation o f  water exchange (Q)  in the 
peat layer with the underlying water-bearing horizons 
we  used the following formula of  water-balance: 

Qf = ( H ,  - H[-l). F,, (5) 
where HI;  HI-, are  lower and  upper coordinates  o f  the 
depth of  ground layer  calculated,  respectively. 

No of 
watcr- 
shctl 

1 

2 

4 

I;;I - coef f ic ien t  o f  w a t e r  re turn  o f  pea t  l ayer  
HI - If., . 

n.tro4no 1- , - 
o In 211 30  40 t o  rio 7n 80 vn 

I f ,  crn 
Figure 2. Dependence of intensity (Q) of mire's water in- 
filtration through the bottom of mires bed into mineral stra- 
ta on height (1-1) of soil-ground water levcl ( 0  - experimental 
data; A - data, obtained using formula 8). 
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water level largerly depends not on value Q, but on 
the intensity of runoff in the ditches) and when ground 
water level is low, it is complicated to determine the 
coefficients of water return in the field conditions (low 
levels of ground water in inires 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 

we determined effective coefficient of filtration ( K c )  of 

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

(where HZ - depth of installation of piezometer; H,' 
= 41 - 65 c111, i.e. the depth of ground water level, when 
we have values Q, derived in an elnpirical way). 

For the determination of value S, we used the data 
of approxin~ately 230-300 measure~nents 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 

of ground water ( H :  ) on the VI watershed area is 

approximated as parabola of the following nature: S = 

-0,I22( H: )2  + 5,5303 H,' - 17,565; q - 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 cm, 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 stratunl is continuous (in a hydraulic way con- 
nected). In our case feeding of them in the area of 
mineral s t r a tun~  is episodical, coinciding with high 
grouncl water level in the mire. 

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

separate watershed areas for layers ( H Z  - H: ) of  

peat, which were below ground watcr (Figure 1). It was 
found, that magnitude Kc on the territory of Kuras 
hydrological station fluctuated from 0.6 1 x 1 0-4 C I ~  x 
s-I to 4.4 - 1 0 - k c 1  x s-I. 

Wllerl we have in a such way established coeffi- 
cients of filtration ( K c )  of peat at least for narrow di- 
apason of fluctuation of ground water level (in our case 

correlation (r = 0.594-0.684, p <0.004) between the H,' = 0,4-0,6 ln) and by co~nparing theln witli approx- 
ground water level and pressures. As an example of 

ilnate value Kc calculated according theoretical formu- dependence of piezomctric pressure on the level of 
las and silnplified in an empirical way, we have spec- ground water on the first watershed area is presented 

in Figure 3. Equation of regression, characterizing the ified function K,, =,f'(H, - H() of distribution of peat 
dependence of pressure S on the depth of the level 

filtration coefficients K, for the whole diapason ( H :  

'"J7 I = 0,05-0,9 ~ n )  of fluctuation of ground water level. For 

example, fi~nction K ,  = f(Ii, - H() corrected in such 

a way for the first watershed is the following: 

where H - the depth of calculated peat layer from the 
mirc's surface. . .-.:* .. In accordance with function K ,  = f (H) we chose . 
the formula of calculating value Q from Table 1 .  It 
looks so: 

Figure 3. Dcpcndence of piczomctrical prcssure (St) (dif- By connecting fornlulas 7 and 8 we obtained: 
fcrence bctwccn watcr lcvcl i l l  usual and piczomctrical borc- 2055 W . S, (3,s + 1) 
holes) on height ( H,! ) of ground watcr lcvcl in cxtcnsivcly Q=-- 

(H, + 1)(X,8+1) - ( H ~  + 1)(3,8+1) (9) 
(L = 200 m)  draincd high mirc ( I  - watcrshed). 
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where W - area of the wetland tcrritory in which the 
uniform hydraulic gradients are observed. 

Since we are calculating for one m2 of a typical 
mire territory, magnitude W in our case is equal 1 (i.e. 
I?' = I), St - pressure of water. We take this magnitude 
at different levels of  the ground water table (N,) from 
the graphs of dependence of  piezolnetric 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. Tlie sclieme 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 X and predicted according to empirical data dem- 
onstrates, that our deduced forlilillas are correct (Ta- 
ble 1). 

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

Table 3. Flowing  o f  mires water  tlirough the bottom o f  mircs 
bed to mineral ground over  period M a y  13-15 till October  
26-3 1, 1975- 1989,  m m .  

1989 1 20,3 1 8 1 13,4 1 14,O 1 16,4 1 19,2 
Average 1 22,s 1 20,92 1 15,95 1 16,4 1 18,73 1 18,53 

Year 

,/'(/I)). A supposed decreasc 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 watcr are installed. 

Conclusions 

Distance bctwcc~i draining ol>jccts, m 

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 calculatiorl of vertical 
water exchange in s u c l ~  cases we propose tlieoretical 
formulae (Table 1). 

2.The niore intensive the drainage of mires, the 
wcaker the water exchange (Q) is in mires with the 
underlying water-bearing horizon. For instance, in the 
vegetation period (May 13-1 5 till October 26-3 1) when 
L = 200 111, average value Q over 12 years is equal 22.5 
nznr, and when L = 50 111 - magnitude Q decreases on 
29% and makes LIP 15.9 n~m. 

3. In the conditions of the lowland of Middle 
Lithuania tile flowing of mires water tlirougli the bot- 
tom of liiires bed into the underlaying mineral strata 
on average makes up 16-23 nrn~/yeur- over the vegeta- 
tion period (May 13-15 t i l l  October 26-3 l )  or 4.2-6.0% 
from the precipitation suni. 

200 
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C ~ ) ~ ~ J ~ L T ~ ~ U ~ I O I I H O S O  LIRIIXCIIIIR BOnLl 11 ~ I I ~ ~ ~ o T ~ o ( ~ ) I ~ L ~ x  IPYMTaX, IlpCU-JlOXCllLl OplIlMII~UlLlIble (~)OPMYJII>I UJlR OIIPCLleJICIIlI~ 
nonoo6hlcrra ~op@nrroii sznex~r c Irrlxencmamrrhrrr hrnrrepmrr~rr~~hrrr rpyrriahrri. Ycrarron~re~ro,  TO YCM necrrbre ~ U J I O T ~  

nepxonoso rr rrepexonrroso Tuna ocyrueHLr urr-rerrcrlnrrcc, TCM cnnricc nponnJrncTcn B C ~ T I I K : U I L I I L I ~ ~  BOU-OO~MCII  (AQ) GO!~OTII~IX 
non c rrumcJrcxaur.rMu brrrHeparrLrrtrbri4 ~ J Y I I T ~ M M .  BI~IR~UICIIO,  TO ncJrlrqrlrra A Q  n S ~ I L I ~ O . T ~ O ~ ~ ~ I C C K O ~ ~  CTauuorrape "Kypacc" 
(Kay~acc~rr i i  p-orr) rra necrrbrx 6ono~ax oepxonoso 14 rrcpexonrror-o Tuna B cpcnirchi 3a ncrc~aurrorrrr~rri ncprron (V.13-15 - 
X.26-31) cocTannneT 16-23 hrhr IIJIII 4,2-6,0% or  neJrrrcrrrrrLr nhrrrauarowrrx ocanrton. 


