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This pa per pres ents the test re sults of hor i zon tal hy drau lic con duc tiv ity (k) of fen peats from east ern Po land. Three fen
peatlands in the Lubartów Pla teau (3 ob jects marked as LP1, LP2 and LP3) and two in the Siedlce Pla teau (2 ob jects marked
as SP1 and SP2) have been se lected. The ob jects rep re sent a val ley bog type and are sim i lar in peat thick ness, but dif fer ent
in area size. They also vary in terms of bo tanic com po si tions and ba sic phys i cal and chem i cal pa ram e ters of peats. BAT
permeameter was used for in situ mea sure ments of hor i zon tal hy drau lic con duc tiv ity. Hor i zon tal hy drau lic con duc tiv ity of the
peats var ies from 1.3 ́  10–8 to 1.1 ́  10–6 m/s. The low est val ues of hor i zon tal hy drau lic con duc tiv ity were ob served for silted
(high-ash) car bon ate peats and  amor phous or pseudo-fi brous peats, while the high est val ues were ob served for unsilted
(low-ash) non-car bon ate peats of fi brous struc ture. The anal y sis of vari abil ity of hor i zon tal hy drau lic con duc tiv ity showed
that the low est val ues were ob served in each case for the bot tom of the stud ied pro file. The study al lowed to in di cate the spe -
cific ar eas within the peatlands dif fer ing in per me abil ity, and iden tify the role of in di vid ual ob jects as nat u ral geo log i cal bar ri -
ers.
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INTRODUCTION

Ac cord ing to the prin ci ples of sus tain able de vel op ment
when de sign ing of con struc tion in vest ment, not only the cur rent
state of the en vi ron ment, but also the pro cesses which may
cause its fu ture trans for ma tion should be taken into ac count. In
or der to re duce the neg a tive ef fects of con struc tion in vest ments 
on soils and ground wa ter, it is im por tant to iden tify nat u ral geo -
log i cal bar ri ers within the area of the in vest ment or to as sess
the pos si bil ity of form ing ar ti fi cial bar ri ers, es pe cially in land fill
de sign ing. Cleav age (de struc tion) of nat u ral geo log i cal bar rier
as a re sult of con struc tion works, es pe cially dur ing road pro -
jects, is in creas ingly be com ing a very im por tant fac tor analysed 
in the EIA (En vi ron men tal Im pact As sess ment) pro ce dures.
The oc cur rence of nat u ral geo log i cal bar ri ers is also im por tant
in the pro tec tion of ground wa ter re sources and in the de ter mi -
na tion of pro tec tion zones of ground wa ter in takes.

The term “nat u ral geo log i cal bar rier” is used both for soils
used for seal ing land fills (Langer, 1998;  Dorn and Tantiwanit,
2001; Zhou and Li, 2001; Majer, 2007), as well as on a re gional

scale, for nat u ral soil lay ers oc cur ring in situ (Syrovetnik et al.,
2007; Falkowska, 2009; Rydelek, 2011).

The flow of sub stances (in clud ing pol lu tion), dis solved in
ground wa ter, through a soil layer is a com plex pro cess, which
con sists of both a sim ple lift ing of the sol ute by the ground wa ter
flow (advection), as well as the pro cesses of dif fu sion and dis -
per sion (Bear, 1972; Hoag and Price, 1995).

Fur ther more, the rate of out flow of wa ter in or ganic soils is
nec es sary for the anal y sis of op ti mal so lu tions in the field of
foun da tion en gi neer ing and road em bank ment tech nol ogy, if
there are or ganic soils, in clud ing peats, in the sub soil of roads.
Apart from me chan i cal pa ram e ters, fil tra tion pa ram e ters are ex -
tremely im por tant in the anal y sis of those so lu tions, since they
de ter mine the rate of con sol i da tion, and thereby the rate of sub -
si dence of re al ized struc tures. Con sid er ation and im ple men ta -
tion of the pro ce dure of sub soil con sol i da tion ac cel er ated by
over loaded em bank ments is con ducted with de tailed anal y sis
of the out flow of wa ter in the hor i zon tal and ver ti cal di rec tion.

The rate and the range of con tam i na tion ex pan sion as a re -
sult of the advection de pend on soil prop er ties, of which the
most im por tant is per me abil ity. Apart from low per me abil ity, nat -
u ral geo log i cal bar ri ers should also have a high nat u ral sorp tion
ca pac ity for haz ard ous sub stances and a con sid er able thick -
ness (Dorn and Tantiwanit, 2001; Falkowska, 2003; Majer,
2007). Since peats show high sorp tion ca pac ity, which have
been doc u mented by many re search ers (e.g., Twardowska and 
Kyzio³, 1996; Twardowska et al., 1999; Ho and McKay, 1999;
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Kyzio³, 2002; Allen et al., 2004; Ma and Tobin, 2004;
Borkowski et al., 2013), the most im por tant pa ram e ter 
de ter min ing the po ten tial in su lat ing ca pac ity of peats
is hy drau lic con duc tiv ity (k).

Hy drau lic con duc tiv ity (k) is one of the ba sic pa -
ram e ters used to de scribe per me abil ity of fully sat u -
rated soils. Ac cord ing to the Darcy’s law, the hy drau lic 
con duc tiv ity is ex pressed in ve loc ity units, usu ally in
m/s. For partly sat u rated soil, the hy drau lic con duc tiv -
ity is the func tion of the de gree of sat u ra tion and suc -
tion pres sure (Fredlund et al., 1996).

In min eral soils, hy drau lic con duc tiv ity de pends on 
many fac tors of which the most im por tant are: the
grain size dis tri bu tion, struc ture, po ros ity, de gree of
com pac tion and de gree of con sol i da tion.

In the case of peats, it is hard to find sim i lar cor re -
la tion as for min eral soils, be cause of their com po si -
tion of pri mar ily plant ma te rial with a vary ing de gree of
de com po si tion. Peats are clas si fied as ex hib it ing ex -
tremely high vol a til ity of ba sic pa ram e ters (mois ture
con tent and ash con tent (Ac), di rectly af fect ing the
val ues of den sity and po ros ity) which may also re sult
in high vol a til ity of hy drau lic con duc tiv ity within in di vid -
ual peatlands (Ingram, 1978; Hobbs, 1986). Hy drau lic 
con duc tiv ity of fen peats var ies within a very wide
range of 10–10 to 10–3 m/s, de pend ing on the di rec tion
of fil tra tion, type and de gree of de com po si tion of peat,
and depth (Boelter, 1965; Hobbs, 1986; Hoag and
Price, 1995; Beckwith et al., 2003a, b; Rizutti et al.,
2004), as well as on the re search meth od ol ogy ap plied (Dai and 
Spar ling, 1973). In ad di tion, hy drau lic con duc tiv ity of peats may
be sub jected to sea sonal vari a tions due to the in flu ence of
ground wa ter fluc tu a tion on shrink age and de gree of de com po -
si tion (Ken nedy and Price, 2005).

Hy drau lic con duc tiv ity of peats de pends also on the di rec -
tion of fil tra tion. It may be caused by the mor phol ogy, ori en ta -
tion of plant re mains and de gree of de com po si tion. Poorly de -
com posed peats com posed mostly of fi brous de bris of reeds or
sedges, hor i zon tally ori ented, ex hibit a higher per me abil ity in
the hor i zon tal di rec tion than ver ti cally. The in crease in de gree
of de com po si tion, and the as so ci ated change of struc ture from
fi brous to amor phous, causes a de crease of per me abil ity and
equal izes hy drau lic con duc tiv ity val ues in the hor i zon tal and
ver ti cal di rec tions (Hobbs, 1986).

In or der to de fine the role of peatlands as a nat u ral geo log i -
cal bar rier, a pre cise multi-proxy anal y sis of sorp tion prop er ties
of peats, as well as their fil tra tion prop er ties is re quired.

The aim of this study was to de ter mine the val ues of hor i -
zon tal hy drau lic con duc tiv ity of fen peats and its vari abil ity in
east ern Po land. In or der to achieve the wid est pos si ble range of 
vari a tion of test re sults, there were se lected peatlands of sim i lar 
thick ness but dif fer ent in terms of oc cu pied area, de pos its oc -
cur ring in the bot tom, bo tan i cal com po si tion and ba sic phys i cal
and chem i cal pa ram e ters of peats.

STUDY SITES

Five peatlands lo cated within the Lubartów Pla teau (3 ob -
jects marked as LP1, LP2, LP3) and Siedlce Pla teau (2 ob jects
marked as SP1, SP2) were se lected for the pur pose of this
study. Their lo ca tion is pre sented in Fig ure 1.

These peatlands rep re sent a type char ac ter is tic for both re -
gions – elon gated top o graphic lows within the val leys, filled with 
<4 m thick peat – val ley bogs. They are lo cated in the val ley of

the Kurówka River (LP1) or its trib u tar ies (LP2 and LP3) and the 
Bystrzyca River (SP1 and SP2).

MATERIALS AND METHODS

Dur ing the in situ test, 42 mea sure ments of hor i zon tal hy -
drau lic con duc tiv ity were con ducted in the peatlands us ing a
BAT permeameter. The tests were per formed in 9 ver ti cal pro -
files: 4 pro files in LP1 (15 mea sure ments), 2 pro files in LP2 (8
mea sure ments), and 1 pro file (19 mea sure ments) in each re -
main ing peatland. The dif fer ent num ber of stud ied pro files re -
sulted from the di ver sity of the geo log i cal struc ture of in di vid ual
peatlands. The mea sure ments were per formed at 50 cm in ter -
vals dur ing a dry sum mer pe riod. All tests were con ducted at a
depth greater than the ground wa ter ta ble, in a zone of full soil
sat u ra tion.

The BAT probe, pro tected by a guide pipe, is stat i cally
pressed into the soil along with a fil ter. The fil ter tip is equipped
with a rub ber seal. Dur ing the test, the seal is pen e trated by a
dou ble ended in jec tion nee dle. Con duct ing the test is pos si ble
af ter in ter con nec tion of the fil ter tip (placed in the soil), test con -
tainer and pres sure trans ducer (Fig. 2).

The tests were of “out flow” type. Be fore the test, an
overpressure was gen er ated in the test con tainer so that the
wa ter could flow from the test con tainer (in ter con nected with the 
fil ter tip) to the sur round ing peat lay ers. The meth od ol ogy of hy -
drau lic con duc tiv ity in the BAT method is based on the gas laws
(Boyle-Mariotte’s, Gay-Lus sac’s and Clapeyron’s) and the re -
cord ing of the pres sure changes in side the test con tainer. Ob -
ser va tion of the rate of these changes, di rectly re lated to the
amount of flow ing wa ter and thus the per me abil ity of the soil, al -
lows cal cu la tion of hy drau lic con duc tiv ity. Be fore each mea -
sure ment, the value of pore wa ter pres sure was de ter mined,
which was re quired to cal cu late the hor i zon tal hy drau lic con -
duc tiv ity from the equa tion (Torstensson and Petsonk, 1986):

Fig. 1. Location of studied peatlands

SP – Siedlce Plateau, LP – Lubartów Plateau



k = (P0V0)/Ft{1/P0u0 – 1/u0
2ln[(P0 – u0/P0)(Pt/Pt – u0)} [1]

where: P0 – ini tial sys tem pres sure [m H2O], Pt –sys tem pres sure at
time t [m H2O], u0 – pore wa ter pres sure in the soil  [m H2O], t – time
[s], V0 – ini tial sys tem vol ume of air [m3], F – form fac tor of fil ter [m],
de fined as fol lows:

F = 2Pl/ln{l/d + [1+(l/d)2]1/2} [2]

where: l – fil ter length, d – fil ter di am e ter.

Ba sic phys i cal and chem i cal prop er ties (mois ture con tent,
ash con tent, car bon ate con tent and cat ion-ex change ca pac ity)
were de ter mined at the lab o ra tory for 160 peat sam ples from
bore holes. Cat ion-ex change ca pac ity of stud ied peats was de -
ter mined by sorp tion of cop per (Sapek, 1982). Sam ples were
taken each time when a mac ro scopic change in the com po si -
tion of plant res i due or de gree of de com po si tion was no ticed,
but not less than ev ery 30 cm. The hor i zon tal dis tance be tween
the lo ca tion of the BAT probe test and the bor ing by which the
sam ples were taken was about 50 cm; first the BAT test was
per formed, then the sam ples were taken.

Peat type and de gree of de com po si tion were de ter mined for 
ev ery sam ple us ing a short ened three-step ap proach by
Okruszko (1974): R1 – fi brous peats (poorly de com posed), R2
– pseudo-fi brous peats (mod er ately de com posed), R3 – amor -
phous peats (higly de com posed).

The study adopted the clas si fi ca tion of peat ac cord ing to the 
ash con tent pro posed by Okruszko (1994): unsilted peats (ash
con tent be low 25%), poorly silted (25–50% of ash) and strongly
silted (50–80% of ash). De gree of de com po si tion was de ter -
mined only for unsilted peats (Borys, 1993).

Sub di vi sion of peats in terms of car bon ate con tent was
based in the study on Okruszko’s clas si fi ca tion (Okruszko,
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Fig. 2. Scheme of BAT piezometer 
(Torstensson and Petsonk, 1986, modified)

Peatland Area 
[ha] Main peat type

Thick ness
max i mum/

av er age [m]

Soil at the
bot tom

Ac

[%]

Mc

[%]

CaCO3

[%]

CEC

[cmol/kg]

k

[m/s]

LP1 180

al der peat/

reed peat/

tall sedge peat

3.5/1.4 sand,
 lo cally silt

48.2

(0.44)

360

(0.39)

2.61

(1.90)

111

(0.23)

2.3 ´ 10–7

min = 1.5 ´ 10–8; 
max = 5.6 ´ 10–7

(1.13)

LP2   25
reed peat/

al der peat
3.7/1.5 sand

32.0

(0.30)

508

(0.37)

7.3

(1.92)

132

(0.18)

3.2 ´ 10–7

min = 2.4 ´ 10–8; 
max = 1.1 ´ 10–6

(1.60)

LP3   43
tall sedge peat/

al der peat
3.3/1.1 clay

53.6

(0.32)

329

(0.33)

32.6

(0.70)

148

(0.03)

2.4 ´ 10–8

min = 1.3 ´ 10–8;
 max = 4.4 ´ 10–8

(0.51)

SP1 275
tall sedge peat/

reed peat 4.0/1.1
sand,

 lo cally silt
18.9

(0.13)

791

(0.30)

1.2

(1.30)

133

(0.21)

3.5 ´ 10–7

min = 4.2 ´ 10–8; 
max = 6.5 ´ 10–7

(0.86)

SP2   91
tall sedge peat/

al der peat 3.0/1.0 sand
40.8

(0.41)

495

(0.56)

19.6

(1.30)

140

(0.11)

1.9 ´ 10–7

min = 5.8 ´ 10–8;
 max = 6.0 ´ 10–7

(1.06)

Ac – ash con tent, Mc – mois ture con tent, CaCO3 – car bon ate con tent, CEC – cat ion-ex change ca pac ity, k – hor i zon tal hy drau lic con duc tiv ity, 
min – min i mum, max– max i mum, co ef fi cient of vari a tion given in pa ren the ses

T a  b l e  1

Ba sic char ac ter is tics of the peatlands and av er age val ues of phys i cal and chem i cal pa ram e ters of peats



1976): non-car bon ate peats (CaCO3 < 5%), poorly car bon ate
(5–20%), mod er ately car bon ate (20–45%) and highly car bon -
ate (CaCO3 > 45%).

RESULTS

The peats are di verse both in terms of bo tan i cal com po si -
tion and val ues of physicochemical pa ram e ters (Ta ble 1).

Con sid er ing the role of peatlands as nat u ral geo log i cal bar ri -
ers, the most im por tant pa ram e ters are: peat thick ness, cat -
ion-ex change ca pac ity (CEC) and hy drau lic con duc tiv ity. The
thick ness of the peatlands is sim i lar. The av er age CEC val ues in
each peatland ex ceed 110 cmol/kg, which in di cates the high
sorp tion ca pac ity of peat (the val ues are much higher than those
ob served in min eral soils). Av er age val ues of hor i zon tal hy drau lic 
con duc tiv ity are sim i lar for these peatlands (ex cept for LP3), but
the scat ter of val ues is con sid er able (co ef fi cient of vari a tion from
0.86 to 1.60). Among the de ter mined pa ram e ters, sim i lar vari -
abil ity is ob served only for the car bon ate con tent.

The high est av er age val ues of hor i zon tal hy drau lic con duc -
tiv ity were ob served in the peats of LP2 and SP1 (3.2 ́  10–7 and 
3.5 ´ 10–7 m/s), where there are peats of the low est val ues of
ash con tent (32.0 and 18.9%) and re lated high est val ues of
mois ture con tent. The low est av er age val ues of hor i zon tal hy -
drau lic con duc tiv ity were ob served in the peats of LP3 and SP2
(2.4 ́  10–8 and 1.9 ́  10–7 m/s), where there are highly silted car -
bon ate peats.

Ta ble 2 pres ents the av er age val ues of hor i zon tal hy drau lic
con duc tiv ity de pend ing on four cri te ria: peat type, ash con tent,
de gree of de com po si tion and car bon ate con tent.

DISCUSSION

The re search re sults (Ta ble 2) show that peats with dif fer ent 
bo tan i cal com po si tions have sim i lar val ues of hor i zon tal hy -

drau lic con duc tiv ity. Ash con tent is the main pa ram e ter af fect -
ing the val ues of hor i zon tal hy drau lic con duc tiv ity of the peats
un der study. Anal y sis of the re la tion be tween Ac and k yielded
the co ef fi cient of de ter mi na tion R2 = 0.64 (Fig. 3). Car bon ate
con tent and de gree of de com po si tion have also im pact on hor i -
zon tal hy drau lic con duc tiv ity (but they are not sta tis ti cally sig nif i -
cant, at the sig nif i cance level equal to 0.05). The vari abil ity of
hor i zon tal hy drau lic con duc tiv ity is also as so ci ated with the
depth of peat layer in the ver ti cal pro file (Fig. 4).

In the non-car bon ated peat pro files (all pro files of LP1 and
SP1, one pro file of LP2), a clear di vi sion into three zones was
ob served: bot tom, mid dle and top zone. The high est val ues of
hor i zon tal hy drau lic con duc tiv ity were found in the mid dle zone,
at the av er age depth of 1.5 m, where there are poorly de com -
posed peats of R1 de gree of de com po si tion and low est val ues
of ash con tent. The low est val ues of hor i zon tal hy drau lic con -
duc tiv ity were found at the bot tom of peat pro file, where there
are strongly silted peats.

In the pro files where non-car bon ated peats oc cur only at the 
top (up to 1 m depth) and car bon ate peats con sti tute the rest of
the pro file (one pro file of LP2 and SP2), there is a clearly
marked “jump ing” de crease of hor i zon tal hy drau lic con duc tiv ity
value from a depth of 1 m.

The low est val ues of hor i zon tal hy drau lic con duc tiv ity were
ob served in pro file LP3, where there are strongly silted and
strongly car bon ate peats ob served through the whole thick ness 
of the pro file.

In all of the peatlands, re gard less of their peat prop er ties,
the low est val ues of hor i zon tal hy drau lic con duc tiv ity were
found in the deep est parts of the pro files, which is prob a bly re -
lated to over bur den pres sure.

In peatlands LP3 and SP2, where the low est val ues of hor i -
zon tal hy drau lic con duc tiv ity were ob served (2.4 ´ 10–8 and
1.9 ́  10–7 m/s), there was also the high est CaCO3 con tent. Cal -
cium car bon ate oc curs in the peats in the form of microcrystals
of idiomorphic habit, which in di cates the crystallisation within
the peat de posit and autogenesis (Rydelek, 2013). The cal cite
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Peat clas si fi ca tion cri te rion

Hor i zon tal hy drau lic con duc tiv ity k [m/s] of the peatlands

LP1 peatland

(15)

LP2 peatland

(8)

LP3 peatland

(5)

SP1 peatland

(8)

SP2 peatland

(6)

Peat type

al der swamp peat 1.7 ´ 10–7 (4) 5.2 ´ 10–7 (4) – – 3.4 ´ 10–7 (2)

reed peat 2.1 ´ 10–7 (8) 1.3 ´ 10–7 (4) – 1.1 ´ 10–7 (2) –

tall sedge peat 3.2 ´ 10–7 (3) – 2.4 ´ 10–8 (5) 4.3 ´ 10–7 (6) 1.3 ´ 10–7 (4)

Ash con tent

unsilted peat 3.1 ´ 10–7 (5) 6.8 ´ 10–7 (3) – 3.9 ´ 10–7 (7) 4.3 ´ 10–7 (2)

poorly silted peat 1.8 ´ 10–7 (8) 1.9 ´ 10–7 (2) – 4.0 ´ 10–8 (1) 1.0 ´ 10–7 (2)

strongly silted peat 2.4 ´ 10–8 (2) 5.2 ´ 10–8 (3) 2.4 ´ 10–8 (5) – 6.6 ´ 10–8 (2)

De gree of de -
com po si tion

R1 4.7 ´ 10–7 (3) – – 5.1 ´ 10–7 (3) 4.3 ´ 10–7 (2)

R2 2.5 ´ 10–7 (3) 6.8 ´ 10–7 (3) – 3.0 ´ 10–7 (4) –

Car bon ate con -
tent CaCO3

non-car bon ate peat 2.3 ´ 10–7 (15) 4.1 ´ 10–7 (3) – 3.5 ´ 10–7 (8) 3.2 ´ 10–7 (3)

poorly car bon ate
peat – 1.6 ´ 10–7 (2) – – –

mod er ately car bon -
ate peat – 3.4 ´ 10–8 (2) – – –

highly car bon ate
peat – – 2.4 ´ 10–8 (5) – 7.4 ´ 10–8 (3)

T a  b l e  2

Av er age val ues of hy drau lic con duc tiv ity de pend ing on the peat type, ash con tent, de gree of de com po si tion 
and car bon ate con tent (num bers of mea sure ments in pa ren the ses)
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Fig. 3. Relationship between hydraulic conductivity (k) and ash content (Ac) in the peatlands

A – for all peat samples; B –  for non-carbonate peats (CaCO3 < 5%); C – for carbonate peats (CaCO3 > 5%);
 D – for unsilted peats (degree of decomposition R1 and R2); E – for silted peats; F – for peats from a depth 

down to 1m; G –  for peats form a depth between 1 and 2 m;  H – for peats from a depth >2 m



crys tals, while crys tal liz ing in the pore space, re duce the ef fec -
tive po ros ity, “clog ging” macropores, which can re duce the hor i -
zon tal hy drau lic con duc tiv ity.

Lab o ra tory tests of hy drau lic con duc tiv ity of stud ied peats in 
the Rowe-Barden cham ber show that val ues of hy drau lic con -
duc tiv ity in ver ti cal di rec tion var ies form 3.1 ´ 10–8 to 5.1 ´ 10–9

m/s and are lower than val ues in hor i zon tal di rec tion from BAT
tests (Rydelek, 2006).

SUMMARY AND CONCLUSIONS

The pa per pres ents a multi-proxy anal y sis of five fen
peatlands from east ern Po land. The peatlands have sim i lar

thick ness and high sorp tion ca pac ity of peats, but also show a
con sid er able vari a tion of hor i zon tal hy drau lic con duc tiv ity. The
value of hor i zon tal hy drau lic con duc tiv ity is mainly in flu enced by 
the phys i cal prop er ties of peats: ash con tent and de gree of de -
com po si tion. The high est val ues of hor i zon tal hy drau lic con duc -
tiv ity in all peatlands were ob served in the peats with the low est
ash con tent (unsilted peats) and de com po si tion de gree R1.
How ever, there is no clear im pact of bo tan i cal com po si tion
(type of peat) on the value of hor i zon tal hy drau lic con duc tiv ity.

Chem i cal prop er ties of peats also af fect the value of hor i -
zon tal hy drau lic con duc tiv ity. In the peats of sim i lar ash con -
tents, lower con duc tiv ity was ob served in the peats with a
higher con tent of authigenic cal cium car bon ate fill ing the
pore space.
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Fig. 4. Variability of horizontal hydraulic conductivity in vertical profiles of the peatlands 

R1, R2 – degree of peat decomposition, s – silted peat, s/c – silted peat/carbonate peat, initial system
pressure P0 [m H2O] given in parentheses



The peatlands also showed the char ac ter is tic vari abil ity of
hor i zon tal hy drau lic con duc tiv ity in ver ti cal pro files. The low est
hor i zon tal hy drau lic con duc tiv ity was ob served in the bot tom
zone, which is most likely re lated to both a lower con tent of or -
ganic mat ter and po ros ity re duc tion caused by over bur den
pres sure. There fore, the top zones of the peats have po ten tially 
worse in su lat ing prop er ties than the bot tom lay ers.

Car bon ate peatlands may be thus po ten tially better nat u ral
geo log i cal bar ri ers among all of the stud ied peatlands be cause
of their low val ues of hor i zon tal hy drau lic con duc tiv ity and high
val ues of cat ion-ex change ca pac ity.
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