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Determination of the permeability coefficient of
unsaturated zone by the method of pouring water
into open test pits
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For solving of groundwater contamination issues it is very important to know the
geofiltration parameters of unconsolidated rocks of an unsaturated zone which lar-
gely predetermine the possibilities and rate of groundwater and confined ground-
water contamination. These parameters are not easily determined because of the
heterogeneous character of unsaturated zone, which is not fully saturated with
water, thus making test pumpings impossible. Along with the not very accurate
laboratory method, the method of pouring water into open test pits with the aid of
N. S. Nesterov’s infiltrometer is used to determine the geofiltration parameters of
the mentioned zone.

Experimental field tests revealed that pouring into low-permeability rocks (the
permeability coefficient <0.1 m/d) using an infiltrometer with the ratio of standard
ring area (1:4) does not form a vertical flow under infiltrometer from the internal
ring. The mentioned ratio should be 1:10.

The article also contains the values of permeability coefficients of rocks in
unsaturated zones of exposures in the Klaipéda, Siauliai, Siluté, Kretinga towns and
the Sventoji, Pely$a and Armona rivers, determined with the aid of an infiltrometer.
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INTRODUCTION

suring the amount of water permeating into the
ground (Fig. 1). The external ring is necessary to

Determination of the permeability coefficient of un-
consolidated rocks of an unsaturated zone represents
one of the more complicated tasks of hydrogeologi-
cal field tests, because such a zone is not fully sa-
turated with water, what makes test pumpings im-
possible. The only rather reliable way to determine
the permeability coefficient of rocks in the mentio-
ned zone is to employ the method of pourings into
test pits with the aid of N. S. Nesterov’s infiltrome-
ter. The infiltrometer is composed of two (external
and internal) rings with the diameters 0.452 m and
0.226 m and a frame fixing the Mariot’s vessels mea-
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prevent the side flows of water permeating from the
internal ring, ie. it ensures the vertical flow.

MODIFICATION OF N. S. NESTEROV’S
INFILTROMETER

The staff members from the Departament of Hyd-
rogeology and Engineering Geology of Vilnius Uni-
versity performed experimental pourings into differ-
ently sized rings of the N. S. Nesterov’s infiltro-
meter (Table 1). It was observed that with increas-
ing the area of the external ring the values of the
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Fig. 1. Scheme of pouring into the test pit (after N. S. Ne-
sterov): I — Hariot’s vessels, 2 — shingle layer, 3, 4 — internal
and external rings

1 pav. Ipylimo i Surfa schema (pagal N. S. Nesterova):
I — Marioto indai, 2 — zvirgzdo sluoksnis, 3, 4 — vidinis
ir iSorinis Ziedas

permeability coefficient tended to decrease to the
stable values.

Figure 2 illustrates the dependence of the per-
meability coefficient (k) on the area of the external
ring. These values were obtained by pouring into
fine-grained dusty sands on the banks of the Pelysa
river and into sandy loams in Siauliai environs.

The results of experiment demonstrated that the
standard external ring of N. S. Nesterov’s infiltro-
meter (Table 1, Ne 4) did not contribute to the for-
mation of absolutely vertical flow within the inter-
nal ring (Ne 2). Part of the flow streams sideways,
what accounts for 1.5-2 times higher values of the
permeability coefficient.

The area of the external ring which would faci-
litate the formation of the vertical flow within the
internal ring must be no less than 0.385 m?. In other

Table 1. Ring size of upgraded N. S. Nesterov’s infiltro-
meter

1 lentel¢. Patobulinto N. S. Nesterovo infiltrometro Zie-
du matmenys

Ring number Ring radius Ring area, m?

1 0.041 0.0075
2 0.113 0.040
3 0.152 0.073
4 0.226 0.160
5 0.350 0.385
6 0.495 0.770
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Fig. 2. Dependence of the permeability coefficient on the
external ring. The area of internal ring in graph: 1 —
0.0075 m? 2, 3 - 0.04 m?

2 pav. Filtracijos koeficiento priklausomybés nuo iSorinio
ziedo ploto grafikas. Vidinio ziedo plotas: 7 — 0,0075 m?
2, 3 - 0,04 m»

words, the ratio between the internal and external
rings must be 1:10 instead of 1:4 (as in the stan-
dard infiltrometer). The test also demonstrated that
the diameter of the internal ring should be no less
than 0.04 m2

Otherwise the dependence values are not very
representative (Fig. 2, graph 1). The standard rings
of N. S. Nesterov’s infiltrometer may be used only
in deposits with the permeability coefficient higher
than 0.2 m/d.

Permeability coefficient calculation method

The common methods include the unsettled and set-
tled geofiltration test and filtration parameters sche-
mes of calculating. Following the first scheme it is
important that the poured water level in both rings
would be stable. In the second case the Hariot’s
vessels are disconnected, and the water level sinking
speed in the internal ring is measured.

The vertical water soakage (percolation) under
the infiltrometer is described by the equation (Nil-
sen, Van Genuchten, Biggar, 1986):

Al k (ot [+ hi)

where [ is the water soaking depth, /4 is the height
of water column in the internal ring, /4, is the height
of the capillary zone.

The methods of processing the data of pourings
into the infiltrometer, based on this equation were
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suggested by N. N. Bindeman and N. N. Verigin
(Kam, Ilecrakos, 1992). The shortcoming of these
methods is the necessity to know the depth of the
percolated water column. It may be determined in a
test pit, yet this way of identification is not always
accurate. V. V. Bedov and V. M. Shestakov have sug-
gested to express the percolation depth through the
volume of percolated water W = pwl (u is the coef-
ficient of water output, ® is the surface area of the
infiltrometer) and dl/dt of equation (1) is replaced
by v/u (v, is the water percolation rate). After re-
arrangement of equation (1) (bemos, 1971) we have:

Vs_

N k (ho+ h)Ipno + W

2
W )

This equation implies that in the graphic expres-
sion of pouring data under stable pressure (the

height of the water column in the infiltrometer is
h,=const)y v.- W = A + kW (Fig. 3), where test

data are plotted on a straight line, the numerical
value of the straight line direction coefficient C is
equal to the permeability coefficient k. Taking the
values of the two points on the straight line we get:
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Fig. 3. Graph of dependence of vw on w
3 pav. vW nuo W prikausomybes grafikas

RESULTS

It should be pointed out that geofiltration proper-
ties of formations in an unsaturated zone have been
very little investigated. The author has performed
more than 300 pourings into test pits at various
depths in Lithuanian and Latvian territories (in the
environs of the Klaipéda, Siauliai, Kretinga and Si-
luté towns and in the valley exposures of the Sven-
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toji, PelySa, Armona, Gauja and Atmata Rivers. The
obtained results imply that the unsaturated zone of
the mentioned regions in terms of lithology is very
heterogeneous, resulting in the diversity of filtration
capacity values (Table 2). There are cases when in
a segment of 20 cm the permeability coefficient
changes even 3 times, e.g., in Klaipéda environs in
an hour water percolated to the depth of 0.2 m in
loam, whereas the permeability coefficient changed
three times (k, = 1.37 m/d, k, = 0.78 m/d, k,=
= 0.44 m/d) (Dobkevicius, Klizas, 1994).

In the Armona River exposure, pourings were
performed in five planes at different depths. The
planes were spaced at 40-50 cm (Fig. 4). The valu-
es of the permeability coefficient at different depths
were from 1.1 m/d to 8.4 m/d. A wide range of
variations in small intervals of a section implies that
water pourings into test pits should be performed
at a different depth. This is the only way to find
out the geofiltration properties of rocks in unsatu-
rated zone and on the basis of the actual rate of
water flow and straight lines of functional depen-
dence v, - W = f(W) graphs to determine the thick-
ness of interlayers with different permeability.

When a section of the unsaturated zone is com-
posed of heterogeneous thin layers, one water po-
uring helps to determine the permeability coefficient
of only one layer with the lowest permeability. This
is illustrated in Fig. 5 (for example, in the case of
water percolating into the rock at a considerably
greater depth than in the underlying 3d plane). Ho-
wever, the water percolating from the 2d plane re-
ached the 3d plane, and the permeability coefficient
decreased, whereas in deeper layers it became stable.

We may draw a conclusion that the flow from
the second plane leans upon the less permeable and
well cemented sandstones and takes a sideway cour-
se with a stable discharge which, taken as a starting
point, yields an incorrect value of the permeability
coefficient. Moreover, judgements made on the ra-
tes of filtration lead to overestimation of percola-
tion depth. This circumstance was tested in labora-
tory with different sand samples. In the first stage,
on the basis of Kamenski’s scheme of unsettled geo-
filtration (Kamenski tube), the values of the per-
meability coefficient of these samples were determi-
ned to be 24 and 168 m/d. The next step included
water filtration through one layer composed of equ-
al portions of sand samples. In the first case the
sand with better permeability lay in the lower part
and in the second in the upper part of the layer.
The values of the permeability coefficient were 25
and 34 m/d, respectively. The ratios of the inter-
layers were set to 2:8 and 8:2. In the first case the
value of the permeability coefficient was 26 m/d and
in the secon 28 m/d. It is obvious that the inter-
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Table 2. Values of the permeability coefficient for lithological varieties of rocks of unsaturated zone at a water temperature of 15 °C

2 lentelé. Aeracijos zonos uolienu atmainu filtracijos koeficiento reikSmés esant 15°C vandens temperatiirai

Value of permeability coefficient
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Fig. 4. Lithological composition, physical and hydrodyna-
mic parameters obtained by pouring performed on diffe-
rent planes of the right slope of the Armona River val-
ley. I — fine-grained sand, clayey and cemented in the
lower part; 2 — fine-grained and thin-grained sand; 3 —
clay; 4 — fine-grained sand; 4a — grey; 4b — limonitic; 4c —
cemented; 5 — weakly cemented sandstone. Vertical lines —
maximal depths of infiltration; numbers above them -
pouring points

miniai parametrai nustatyti pagal ipylimy duomenis, atlik-
tus skirtingose deSiniojo Armonos upés §laito plokStumo-
se: 1 — smulkiagriidis smelis, apatin¢je dalyje molingas,
sucementuotas; 2 — smulkiagrudis ir itin smulkiagridis
smélis; 3 — molis; 4 — smulkiagradis smélis (¢ — pilkas,
b — limonitizuotas, ¢ — sucementuotas); 5 — silpnai suce-
mentuotas smiltainis. Vertikalios linijos — maksimaliis in-
filtracijos gyliai; skaiiai vir§ jy — ipylimo numeris
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Fig. 5. Percolation rates of pourings at different depths
of the slope of the Armona River valley

5 pav. Ipylimy sunkimosi greitis jvairiuose Armonos upés
slénio $laito gyliuose

layer with the permeability coefficient 168 m/d pro-
duced no influence on the permeability of the whole

layer in general.
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CONCLUSIONS

1. To perform pourings into low-permeability rocks of
unsaturated zone (with the permeability coefficient
> 0.2 m/d), the ratio between the external and in-
ternal rings of N. S. Nesterov’s infiltrometer should
be 1:10 instead of 1:4. Otherwise the permeability coef-
ficient is overstimated from 1.5 to 2 times.

2. Rocks of the unsaturated zone of NW Lithu-
ania are very heterogeneous. The values of the per-
meability coefficient vary from 0.04 to 31 m/d.
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AERACIJOS ZONOS UOLIENU FILTRACIJOS
KOEFICIENTO NUSTATYMAS VANDENS IPYLIMU I
SURFUS METODU

Santrauka

Vienas pagrindiniy hidrogeologiniy uzdaviniy yra uolieny
geofiltraciniy savybiy teisingas nustatymas. Geofiltraciniai
parametrai yra biitini sprendziant jvairius tkinius klausi-
mus: poZeminio vandens panaudojima, apsauga nuo uz-
terSimo, jy eksploatacijos jtaka gamtos aplinkai bei jvai-
riems inZineriniams statiniams ir t. t. Reikia paZymeéti,
kad ypac sunku nustatyti aeracijos zonos uolieny optima-
lius geofiltracinius parametrus, kadangi ju negalima gauti
pagal tiriamyjy iSpumpavimy duomenis. Tam tikslui nau-
dojami laboratoriniai metodai, skaiciavimai pagal empiri-
nes formules ir vandens jpylimai j Surfus. Taciau daugelj
iy metody teorinio pagrindimo ir panaudojimo klausimy
dar reikia papildomai analizuoti ir tobulinti.
Eksperimentiniais tyrimais nustatyta, kad atliekant van-
dens ipylimus i silpnai laidZias uolienas, kuriy filtracijos
koeficientai yra mazesni negu 0,2 m/d, N. S. Nesterovo
infiltrometro vidinio ir iSorinio ziedo ploty santykis 1:4
nesuformuoja vertikalaus srauto i§ vidinio ziedo, todél gau-
namos 1,5-2 kartus didesnés filtracijos koeficiento reiks-
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mes. Norint gauti realias reikSmes, reikia atlikti jpylimus,
kai ziedy ploto santykis yra 1:10.

Litologiniu atzvilgiu Siaurés vakary ir ryty Lietuvos
(Siauliy, Klaipédos, Kretingos, Silutés, Ukmergés, Anyks-
Ciy rajonai) aeracijos zonos uolienos yra labai nevienaly-
tés. Tai nulemia ir filtraciniy savybiy kaita tiek plane,
tiek profilyje. Vandens ipylimy | Surfus rezultatai rodo,
kad filtracijos koeficiento vertés svyruoja nuo 0,04 iki
31 m/d.

Muxogaac do6keBuuroc

OINIPEJEJEHUE KOS®OPUIIUMEHTA
OUIBTPAIIMU TTOPOJ 30HBI ADPALINU
METOJOM HAJIMBOB BO/JIbl B IIIYP®bI

PeszwowMme

OmHOI U3 OCHOBHBIX 3aJ1ay TUAPOTEOJIOTUU SIBJISIETCS TIpa-
BIJIBHOE OIpeneNieHNe (pUIbTPAIMOHHBIX CBOHCTB HOPOA.
leopunbTpalioHHbIe TAapaMEeTPbl HEOOXOIUMBI TPHU pe-
IIEHUU CaMbIX Pa3sHOOOpPa3HBIX XO3SHCTBEHHBIX 3ajad,
TaKuX KaK PErMOHANIbHOE WCIOJIb30BaHUE MOA3EMHBIX BOI,
UX OXpaHa OT 3arpsi3HEHUS, BIVSHHE JKCIUTyaTallud WH-
JKEHEPHBIX COOpYXeHUH u T. 1. [Ipu 3TOM OCOOEHHO CIIOXK-
HO OTIPENeNTUTh (PUIBTPAIMOHHBIE TAPAMETPHI TIOPOJT 30HBI
a’paium, Tak KaKk OHU He MOTYT OBITh OIPE/IEICHBI OIbIT-
HBIMU OTKadKaMmu. [[JIg 3TUX Iienel MpuMeHSIoTCs jJabopa-
TOPHBIE METOJBI, PACYETHI MO IMIIMPUYECKUM (HOpMyIaM
U HaJUBBI BOIBI B mypdbl. B TO ke BpeMs MHOTHE
BOIPOCHI TEOPETHUECKOTO OOOCHOBAHUS U MPAKTHUECKOTO
MIPUMEHEHHUS 3THX METO/IOB HYXIAINUCh B JIOTIOJTHUTEIBHBIX
pa3paboTkax M aHaim3e.

OKCHepUMEHTAIBPHBIMI HAOIIONEHUSIMH YCTaHOBIIEHO,
YTO TMPU HAJIMBaX BOABI B CIIaOOMPOHMIIAEMBIC MOPOIBI,
K03hdunreHTsl GuIbTpanmuu KOTOPBIX Hivke 0,2 mid,
COOTHOIICHUE TUIONIA/Ieli BHYTPEHHErO0 ¥ BHEIIHETO KOJell
(1:4) mapmmpTpomerpa H. LI. HectepoBa He obecnieunBaeT
BEPTUKAJIBHOCTH IIOTOKA U3 BHYTPEHHEro KOJIbIA, B pe-
3yJAbTaTe Yero MOoIydaeMble 3HAYCHHUS KOd(P(HUIINEHTOB
¢wibTpauu B 1,5-2 pasa Bbllle peanbHbIX. PeaabHble 3HA-
YEHHUSI MOXXHO IIOJYYHTh, €CIIM yKAa3aHHOE COOTHOIIECHHE
xorer; 6yner 1:10.

B muTONMOTNYECKOM OTHOIIEHHH MTOPOABI 30HBI a’paIliui
ceBepo-3amaqHoil U BoctouHoi yacteir Jluteer (Lllsy-
nstiickuit, Knainenckuii, Kperuarckuit, Innyrckmii, Yk-
MeprcKuid, AHMKIISHCKUNA pailOHbI) OYEHb HEOIHOPOJIHBI.
OTO ompenensieT BBHICOKYI0 M3MEHUYNBOCTH (IIIBTPALINOH-
HBIX CBONCTB NOPOJ KakK B IUIaHe, TaKk U B paspese. Pe-
3yJAbTaThl HAJIUBOB BOABI IMOKA3BIBAIOT, YTO 3HAUEHUS
k03¢ dumeHToB GUIBTpAIMK MOPOJ B 3TOH 30HE U3Me-
wsrores ot 0,04 mo 31 m/cyr.



