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The filtration coefficient values calculated according to widely applied empirical
formulae for grain-size composition and porosity of rocks, except for Hazen
formula, differ significantly from those determined in the laboratory by means of
Kamensky filtrometer and in the field by means of water charged into a drilled
well and measured by Nesterov infiltrometer (Dobkevicius, Plankis, 2000). The
factor and regression analysis of the data on the relationship of the filtration
coefficient to all the grain-size fractions and loose rock porosity enabled to
derive the formula for calculations of the filtration coefficient. The article pre-
sents the results of the analysis carried out.
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INTRODUCTION

From the times of Hazen (end of the 19th century)
up to modern times, quite a few formulae have been
created for determination of the filtration coefficient
(K) according to grain size composition and porosity
of loose rocks. In spite of the facts that the
calculations made according to these formulae do
not provide satisfactory results, production enter-
prises use them up to now for their purposes. An
analysis of filtration coefficient data calculated by
formulae of Hazen, Slichter, Zamarin, Kozeni,
Zuenkler, Sauerbrei, Bayer-Schweigel, and Orekhova
shows that only Hazen’s formula is good enough for
the calculation of the filtration coefficient for coarse
and medium-grained well-sorted sand deposits
(Dobkevicius, Plankis, 2000).

The interval of application of Hazen’s formula is
very narrow: the effective diameter d10 should be
within the range of 0.1-3.0 mm, and the coefficient
of heterogeneity d /d,, should vary only from 1 to
5. The rest formulae applied to calculate the filtra-
tion coefficient give big errors for loose rocks of
Lithuania. In order to get higher accuracy of a rela-
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tionship of the filtration coefficient to grain-size com-
position and porosity of rocks, the coefficient values
determined with the aid of a Kamensky infiltrome-
ter, grain size data and porosity of 70 rocks sam-
pled in the aeration zone during water recharge ex-
periments in Siauliai, Klaipéda and Siluté districts
have been analysed.

METHODS FOR DETERMINATION OF
RELATIONSHIP BETWEEN FILTRATION
COEFFICIENT AND GRAIN-SIZE
COMPOSITION

Statistical treatment of the data enabled to derive a
formula for calculation of the filtration coefficient
as a function of all grain size fractions and rock
porosity. For selection of approximating curves as
functions of the logarithmic value of the filtration
coefficient (lga) from percentages of fractions, the
TABLE CURVE software was used, whereas a hid-
den dependence among the above variables was ob-
tained by the FACTOR ANALYSIS and MULTIPLE
REGRESSION programmes. The relationships de-
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tected enabled to get new “complex” variables (fac-
tors) which, together with the porosity index, were
used in a multiple regression model as independent
variables presenting Igk as an dependent variable.

At the first stage the statistical treatment was
performed only for grain size levels (without frac-
tions 5-10 mm > 10 mm), taking into account the
filtration coefficient (Igk) determined in the labora-

tory.

RESULTS OF FACTOR AND REGRESSION
ANALYSIS

A matrix of factor loads determined after rotation
of factors in accordance with the Keiser varimax
method is given in Table 1 for 7 resulting characte-
ristics for the standardised values, whereas Table 2
shows the common character of the factors and va-
riables. Only the factors with their vectors excee-
ding 1 were used in the calculation. Table 1 shows
that there were two such factors.

Taken together they both provide conditions for
the formation of grain size composition by 78.9 per-
cent. Factor 1 (F1) is related mainly to Igk (corre-
lation equals to 0.98) and fraction <0.1 mm, with
an impressive negative value of factor load being
—0.963. Table 2 shows that factor F1 joins four frac-
tions (without fr 2-1 and fr 1-0.5 mm) into a cor-
relative association with the filtration coefficient, mo-
reover, the coarse fraction 5-2 mm is of the same
sign as that for the factor load of fraction < 0.1
and of an opposite sign for other significant load
values of fractions and Igk. That is, factor F1 forms
the grain-size composition of fluvioglacial deposits
and, hence, makes a basis for a relationship betwe-
en the Igk and weighing percentages of fractions;
some of them (0.5-0.25 mm and 0.25-0.1 mm) inc-
rease the values of the Igk, while other fractions
(5-2 mm and < 0.1 mm ) diminish the Igk (Fig. 1).

Factor F2 shows the absence of a linear correla-
tion between the grain size composition and the fil-
tration coefficient (factor load for F2 is statistically
insignificant and equals to —0.029). Such a position
of correlative association for factor F2 could mean
that the massif under study could contain hidden
cyclic components reflecting the process of rock for-
mation with the dynamics of one or several frac-
tions relative to each other. As an example of some
samples, the authors present sinusoidal relationships
(Fig. 2) between the fractions and the filtration co-
efficient.

Therefore, applying multiple regression to create
an empirical relationship between the Igk and grain-
size, factor F2 was not taken into account in the cal-
culations. Since the factors are taken as standardised
values calculated according to standardised variables
of grain-size composition, for practical convenience of
the usage of the empirical relationship, the following
actions have been undertaken: Action 1. F1 values
were recalculated by means of multiple regression with
factual non-standardised values of six fractions taken
as independent variables, as well as the Igk was re-
placed by the porosity index. Regression coefficients
and their significance are given in Table 3, and the
regression model is shown in Fig. 3.

According to the sign and value of the coeffi-
cients and their significance, the degree of impact
of each variable can be assessed.

Action 2. Factor F1 data obtained by multiple
regression (from the data given in Table 1) were
used to calculate the linear relationship between the
lgk and F1. Table 4 shows how the complex abstract
parameter F1 gives a 92.0-percent explanation (r =
= 96) of Igk variations, while Durbin—Watson statis-
tics D = 2.0 testifies to the absence of a significant
serial correlation in the model remainders.

The formation of grain size composition can be
greatly affected by constantly acting periodical or

Table 1. Matrix of factor loads
1 lentele. Faktorinés apkrovos matrica
Variables | Fraction, mm | 5-2 2-1 | 1-05 | 05-025 | 025-0.1 | <0.1 igk | 4 part of
dispersion
Factors F1 -0.573 0.012  -0.016 0.574 0.502 —0.963 0.980 0.400
F2 0.577 0.846 0.871 0.653 -0.716 0.035 -0.029 0.389
Table 2. Common character of variables and factors
2 lentelé. Kintamuju bendrijos su faktoriais
Variables | Fraction, mm | 52 | 241 1-0.5 05-025 | 0.25-0.1 <01 gk
Factors F1 0.3283 0.0002 0.0003 0.330 0.252 0.9265 0.9605
F1, F2 0.6381 0.7166 0.7590 0.7562 0.7646 0.9277 0.9613
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Fig. 1. Comparison of laboratory and model values of the permeability coefficient with the grain size of different rock
samples
1 pav. Laboratoriniy ir modeliniy filtracijos koeficiento verciy palyginimas su granuliometrine atskiry grunto pavyzdziy
sudétimi
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Fig. 2. Dependence of permeability coefficient and composition of different ground fractions on fraction 0.5-0.25 mm
2 pav. Filtracijos koeficiento (Igk) ir grunto skirtingy frakcijy procentinés sudéties priklausomybé nuo 0,5-0,25 mm

frakcijos

pulsating forces such as Sun’s gravitation-magnetic
field pulsation, Earth’s natural oscillations, earth-
quakes, etc. (M. Dobkevicius, B. Karmazinas, 2001),
as it is proved indirectly by the presence of factor
F2 in the results of factor analysis (see Fig. 2).
The final empirical formula takes into account a
92.0-percent factual dispersion of the Igk (r = 0.96,
Durbin—Watson statistics D = 2.05) (Fig. 3):
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Igk = 0.5094 + 0.99875F,,
F, = 0.020fr1 + 0.0134fr2 + 0.0233fr3 +

+ 0.0192fr4 + 0.029€r5 — 03295-1.161n, (1)

where frl < 0.1 mm, fr2 = 0.25-0.1 mm, fr3 = 0.5-
0.25 mm, fr4 = 1-0.5 mm, fr5 = 2-1 mm, fr6 = 5-
2 mm; n is the porosity index. Conditions of the
application of the formula are given in Table 5.
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Fig. 3. Calibration line for factual (laboratory) and calculated values of filtration coefficient. Abscissa — calculated lgk

values, ordinate — factual (laboratory) data on the Igk
3 pav. Kalibraciné ties¢ tarp faktiniy (laboratoriniy) ir iSskaiciuvoty filtracijos koeficiento verciy

Table 3. Results of regression relationship of factor F1 to grain size composition and porosity index (R = 0.9956;

R = 0.9912; D = 2.29)
3 lentele. F1 faktoriaus regresinés priklausomybés nuo granuliometrinés sudéties ir poringumo rodiklio rezultatai

Variables Standard error for

Regression coefficient . - t(41) criterion | P level of significance
regression coefficient

Fractions, mm

5-2 ~0.3295 0.0390 -8.4553 0.0000

2-1 0.0290 0.0262 1.1059 0.2752

1-0.5 0.0192 0.0051 3.7940 0.0005
0.5-0.25 0.0233 0.0026 8.9377 0.0000
0.25-0.1 0.0134 0.0027 5.0026 0.0000
<0.1 -0.0201 0.0035 -5.7001 0.0000

n (porosity index) -1.1610 0.6892 -1.6844 0.0997

Table 4. Regression relationship between filtration coefficient logarithm and factor F1 (Lgk = 0.5094 + 0.99875*F1;
R = 0.9595; R? = 0.9207; D = 2.05)
4 lentele. Filtracijos koeficiento logaritmo regresiné priklausomybé nuo F1 faktoriaus

Variable Regre.s.smn Standar.d dev1at1f)r.1 of t(46) criterion | P level of significance
coefficient regression coefficient
Free coefficient 0.50940 0.0426 11.9622 0.0000
F1 0.99875 0.0432 23.1060 0.0000

A comparison of the factual and the calculated stricts. This can be explained by several reasons.
(formula 1) values of the filtration coefficient is  Firstly, the rocks in the above regions differ in their
shown in Fig. 1; we see that not all data are con- origin, and this has not been taken into account
formable. The factual and calculated data correla- while constructing the formula. This is confirmed by
tion coefficient is 0.96. A higher conformity was ob-  differences in grain size (Fig. 1), although the litho-
tained for the rocks in Siauliai and Klaipéda di- logy of the deposits is similar. Deposit samples ta-
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ken in Klaipéda and Siauliai districts exhibit finer
fractions (<0.1 mm), while in Siluté region frac-
tions 0.25-0.1 and 0.5-0.25 mm are more common,
hence, the filtration coefficient is higher here. Se-
condly, while applying factual data for determina-
tion of filtration coefficient, the time factor (peri-
odical variations in filtration coefficient in time de-
pending on gravitational-magnetic pulsations in the
Sun (see Chapter II) is not taken into account.
Thirdly, the filtration coefficient values depend on
the accuracy of data on the grain size composition
and rock porosity, which presently are determined
not very accurately.

termined. In laboratories, usually only general poro-
sity is determined. However, its relationship with ef-
ficient porosity is not simple. General porosity ap-
proximately is the same, if compared to the effi-
cient one, only in coarse loose rocks or for me-
dium-grained particles. Finer aleurite or clay partic-
les increase the general porosity significantly, but
reduce the efficient porosity. This is due to a dec-
rease in size of the pores which can be full of fixed
water, and hence filtration at a normal pressure gra-
dients can stop absolutely. The diversity of the re-
lation of general and efficient porosity to pore per-
meability causes the highest error when determining

Table 5. Statistical characteristics of deposit grain size composition for empirical relationship (1) constructed to
determine the filtration coefficient
5 lentelé. Uolieny granuliometrinés sudéties statistinés charakteristikos empirinei filtracijos koeficiento priklauso-
mybei (1) nustatyti
Confidence
Fraction, Sk | Averme interval for an Median | Minimum | Maximum D1§per- Star}dz}rd Standard
mm average sion | deviation| error
-95% | +95%
>10 48 0.01 - 0.04 0 0 0.6 0.008 0.087  0.013
10-5 48 0.91 0.34 1.48 0 0 9.63 3.803 1.950 0.281
5-2 48 0.52 0.33 0.70 0.145 0 2.24 0.416 0.645 0.093
2-1 48 0.79 0.50 1.09 0.455 0 4.8 1.021 1.010  0.146
1-0.5 48 3.74 2.36 5.12 2.935 0 22.7 22.552 4.749  0.685
0.5-0.25 48 20.63 15.47  25.78 14.16 0.6 69.9 315.32 17.757  2.563
0.25-0.1 48 46.19 38.87 5352 43.01 11 96 635.75 25.214  3.639
<0.1 48 27.21 20.75 33.66 18.89 1.21 71.44 493.95 22.225  3.208
n 48 0.41 0.40 0.42 0.418 0.32 0.46 0.001 0.034  0.005

The grain size data depend also on the determi-
nation method. There are several methods applied
in practice: mechanical (sieving), silting, pipette,
X-ray method, etc. The first method gives grain-size
data affected by not only the average diameter of a
particle, but also its shape and position on a sieve
(ITpuuw, 1933). Moreover, the deposit particles of-
ten stick together into lumps which are difficult to
break. Some fine particles are attracted by molecu-
lar forces to the larger ones.

Performing grain size analysis by the second
method, the greatest impact on grain size is exerted
by the weight of the particles. The results will not be
fully reliable in this case, since smaller particles of more
weighty minerals settle more rapidly in water and in-
crease a share of the larger fractions. Calculating the
filtration coefficient according to empirical formulae,
as a rule, the method of grain-size determination is
not taken into account; the results obtained by diffe-
rent methods are not taken into account, either.

For determination of efficient porosity there is
no universal methodology, therefore it is rarely de-
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the filtration capacity by indirect methods. More-
over, the research has shown that determining the
weight (w) and density (p) of deposits by a thermal
method in weighing bottles a too small volume of
deposits is used, which finally results in biased data
on porosity and hence on the filtration coefficient
determined by means of empirical formulae.

CONCLUSIONS

1. Factor and regression analysis showed that frac-
tions < 0.1 mm and 5-2 mm reduce the value of
filtration, while the rest fractions increase it.

2. An empirical formula has been constructed
for calculation of the filtration coefficient as a func-
tion of grain-size and porosity.
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BIRIU UOLIENU FILTRACIJOS KOEFICIENTO IR
GRANULIOMETRINES SUDETIES TARPUSAVIO
EMPIRINE PRIKLAUSOMYBE

Santrauka

Nuo Hazeno laiky (XIX a. pabaiga) iki misy dieny yra
sukurta nemazai empiriniy formuliy biriy uolieny filtraci-
jos koeficientui apskaiciuoti, panaudojant jy granuliomet-
rinés sudeéties ir poringumo rodiklio duomenis. Palyginus
filtracijos koeficiento reikSmes, nustatytas laboratorijoje
Kamenskio filtrometru ir lauke ipylimy j Surfus S. Neste-
rovo infiltrometru, nustatyta, kad, iSskyrus Hazeno for-
mule, kitos formulés Lietuvos uolieny filtracijos koeficien-
tui apskaiciuoti duoda labai dideles paklaidas. Be to, Ha-
zeno formulé gali biiti taikoma tik labai siauram grudeliy
dydzio ir efektyvaus skersmens intervalui, faktiSkai, tik
vidutingriidZiui ir stambiagriidziui gerai iSruSiuotam smé-
liui.

Filtracijos koeficiento rySio su biriy uolieny granulio-
metrinémis frakcijomis ir poringumu pagrindu, panaudo-
jus faktorine ir regresing¢ analizes ir jvertinus 6 granulio-
metrinés sudéties frakcijas bei poringumo rodiklio duo-
menis, buvo gauta nauja empirin¢ formulé.

Muxkoaac JlookeBuutoc, bornanac Kapma3zunac,
IMarpac Kiumzac

OMITMPUYECKASA 3ABUCUMOCTDb MEXIY
KO2OOPULIMEHTOM OUIBTPALIIUN U
I'PAHYJIOMETPUYECKUM COCTABOM
CBIIIYYUX ITOPOJ

Pesmowme

Co Bpemén Xazena (xkomerny XIX B.) Ao Hammx IgHEH
CO3JIJAHO HEMAJIO AMITUPUYECKHX (HOPMYIT JUIs ONpeeIeHHs
ko3 duimenTa GUIBTPAIUU CHITYYUX MOPOJ MO JAaHHBIM
HUX TPaHyJIOMETPUYECKOTO coctaBa M mopucrtoctu. Coro-
CTaBJICHHE 3HAYECHUI KO3(pHUIMeHTa (DUIBTPAINH, OIIpe-
NenEéHHBIX B Jabopatopun € nomMouisio ¢unsrpomerpa Ka-
MEHCKOTO M B IIOJIe CITIOCOOOM HAJIMBOB BOIBI B IIYPQBI
ucnonbiys naHpuasTpomerp H. Hectepora, moxasano, uro
3T HOpMyITBI, 32 MCKITIOYeHHEM (HOpMYITBI Xa3eHa, COBEp-
MIEHHO HEe MPHUTOAHBI i pacuéra xoddduimeHta Guib-
Tpanuu mis nopox Jluteel. Kpome Toro, ara ¢opmyna
HMeeT OYeHb Y3KWU WHTEepBall NMPUMEHEHHS M IPUTOIHA
muIb Uit pacuéra kosdduimeHta QuUIbTpauUu MO Cy-
LIECTBY TOJIBKO /ISl KPYITHO- M CPEIHE3EPHUCTHIX, XOPOLIO
OTCOPTUPOBAHHBIX IIECKOB.

Ha ocHOBe naHHBIX aHanu3a CBS3U KO3 uireHTa
dwibTpanuu ¢ GpakIUIMH TPAHYIOMETPHUUECKOTO COCTABA
Y TIOPUCTOCTBIO CHIMYYUX MOPOJ C MOMOIIBI (HAKTOPHOTO
U PErpecCHOHHOTO aHaliu3a OblIa MOJIyueHa HOBasi 3MITH-
pudeckast opmyna Uil ero pacuéra HCHOJNB3Ysl TaHHBIE
6-u (pakuuii TPAaHYJIOMETPUIECKOTO COCTaBa M IMOKa3aTelb
TTOPHUCTOCTH.
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