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SUMMARY

This study is aiming at the estimation of differeote sample size as parameter for soil
physical properties and saturated hydraulic condtctmeasurement. It concerns the manual
reading of field experimental data collection gtyaét an experimental site of Czech University

of Life Sciences in Prague equipped by a consteadl nfiltrometer.

A newly constructed constant head infiltrometerthed department design was used. It
consists of two Mariotte’s bottles system to redtlee measurement fluctuations caused by the
disturbance created to water supply cut. The newipetent was tested firstly on a Chernozom
type sandy loam soil in the field. And secondly tbguipment tested in a laboratory on
undisturbed soil samples from the same origin adigid experiment. Analytical and numerical
data analysis methods were used to compare theendé of different size of soil core samples as

well as manual and automatic reading technique.

Paying attention to the field saturated hydraulanductivity, in-situ measurement
techniques by infiltrometer accurate readings amsiclered, pointing out the main indications
for the correct reading of each measuring approlagboratory automatic reading techniques are

also considered.

Statistical data analysis showed that the resultsaburated hydraulic conductivity
performed by constant head infiltrometer which raemsured on differently sized soil core (inner
diameter of 5cm and 8cm) samples have no signifiddierence.

Summary ii
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Steady state depth of ponded water
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Hydraulic conductivity
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Flow rate or flux
Ring radius
Time

velocity

Inflow or outflow

Significance level for statistical analysis

cm min*
cm
min

cm mint

cm®min?

Shape parameter of the van Genuchten (1980) model cm mirf g™

Matrix flux potential

Viscosity of water

Soil water potential, water pressure head, tension
Soil water retention curve

Volumetric water content

Saturated water content

Difference between initial and saturated waterteat
Soil bulk density

Soil particle density

Density of water

cm min?
1

g ciimin’
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chem®
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1 INTRODUCTION

The saturated hydraulic conductivity is one of thest important soil hydraulic properties.
The hydraulic conductivity is a quantitative measof soil ability to transmit water. It defines
the behavior of a soil water system to forced bampaonditions. When water moves through
soil various forces act in response. It is verysgere to soil porous media texture and structure.
There are many different applications since it eteed such as environmental protection, soil
reclamation, irrigation and drainage for agricudlueind non agricultural purposes, landfills, sport

yard etc. It is also one of the primary input pagtens for hydraulic models simulation.

A direct measurement of saturated hydraulic condiytis always preferred in the all kind
of studies. Klute, (1986) reported its importanbany methods have been developed several
years for field and laboratory measurements ofratdd hydraulic conductivity. Unfortunately,
these methods often yield substantially dissimiésults, as saturated hydraulic conductivity is
extremely sensitive to sample size, flow geometng soil physical and hydraulic characteristics
(Bagarello et al., 2000).

According to Bouma, (1983) most of the saturatedrawylic conductivity measurement
methods are neither appropriate for all applicaioar accurate for all soil types and conditions.
The literature (Dunn and Philips, 1991) shows thgardless to the land practices a small portion
of the soil volumes transports a large portion loé water flow, indicating that the spatial
hydraulic characteristics of soils are highly vhka Saturated hydraulic conductivity
measurements should therefore be evaluated carefulensure that the saturated hydraulic
conductivity values obtained are accurate and g@ate for the intended use.

The most commonly used field methods to measurgaatl hydraulic conductivity above
water table are infiltration tests. The infiltratidests are determined by devices called usually
infiltrometers. Commercially available ring or aylier shaped infiltrometers are thin-walled,
both ends are open, metal or plastic cylinders aithoutside beveled cutting edge on the one
end. Various types of cylinders are arranged inodsolitary cylinder and pressure

infiltrometers.
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In this study, a special newly constructed constsedd infiltrometer, common soil core

sampling rings of different sizes were used.
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2 AIMS AND OBJECTIVES

There are three main objectives of the thesis:

The first objective of this study is to evaluatee timfluence of sampling technique and
measurement technique in situ and comparing ttatheratory technique. And to identify factors
which require more detailed investigations further.

The second objective of this study is to evalulagedffects of the hydraulic connections with
the subsoil of the profile on the saturated hydcazdnductivity value and to include the

influence of the core sample size and develop eeWwtiques for the experiments.
The third one is to evaluate hypotheses of thenagsans.
Hypotheses are:

- The size of the soil sample ring has not significgafluence on the measured saturated
hydraulic conductivity in our soil.
- The subsoil hydraulic interaction supposes to Isageificant influence on the saturated

hydraulic conductivity measurements in situ.

Batjargal Danaa CULS, Prague 2012 Page 3



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

3 LITERATURE REVIEW

3.1 Review of measuring methods

When the soil media consists of two phases (watdrsil particles) the flow of water is
called Saturated flow. When the soil porous mediasists of three phases (water, soil particle
and air) system it is called Unsaturated flow. Thain difference between unsaturated and
saturated flows distinguishes in the hydraulic aartidity. When the soil is saturated, all pores
are filled with water. When the soil is unsaturassime of the pores entrap air so that the
conductive portion of the soils cross sectionalaare diminished. Unsaturated hydraulic
conductivity determination is more difficult to cpare the saturated hydraulic conductivity
determinations. Several methods exist for lab deteation of unsaturated hydraulic conductivity
such as Steady state method (Klute and Dirksen§)1@utflow method (Gardner, 1956), Hot
wind method (Arya et al, 1975), Centrifugal mett{@dnca and Wright, 1992) etc. Field method

example is Tension infiltrometer (Perroux and Whii@88) for unsaturated flow.

The saturated hydraulic conductivity Ban be measured in a laboratory or in a fielde@ir
laboratory methods are constant or falling heathpameters (Klute and Dirksen, 1986). In situ,
if the ground water table is close to the soil acef and Kmeasurements below the water level
Auger-hole method or Piezometer methods are thé ommsmon ones. If ground water table is
deep, above water level measurements such as sindl@uble-ring infiltrometer tests (Bouwer,
1986), the pressure infiltrometer, tension disdltieimeter, mini disc infiltrometer and the
Guelph permeameter (Reynolds and Elrick, 2002)oeansed to determinesK

Several methods exist to measure the saturatecui@conductivity in both the unsaturated
and saturated zone (Baetens, 2007). Methods foratter condition will not be discussed
because they are not important for this thesisfiédd methods for the unsaturated zone can be
subdivided into two main categories such as thg imfiltrometers (Reynolds et al., 2002) and

the constant head permeameters (Reynolds and E266).

Single and double-ring infiltrometers, pressurétimdimeters and multiple ring infiltrometers
belong to the ring infiltrometers. The single amabble-ring infiltrometers are typically metal

cylinders which are driven into the soil and thésady-state infiltration rates are determined
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applying falling or constant head techniques. Ahmdtto analyze infiltration data from a single-
ring infiltrometer will be outlined further. A dolgsring infiltrometer consists of a single ring
around which a second larger ring is placed angedrinto the soil. Water is ponded between the
two rings in order to reduce edge effects and tomtaim vertical flow below the central cylinder
(Reynolds et al., 2002). Many designs of pressunfiitrometers has been developed until now.

(Example: Matula andozakova 1997)

The Guelph permeameter belongs to the categorheotonstant head permeameters. The
permeameter is a down-hole Mariotte devive and tagirthe level of water in the hole in the
soil consistently. And the infiltrated water voluriseto be measured easily. By measuring the
steady-state infiltration rate at different pondesight it is then possible to calculate the field-

saturated hydraulic conductivity (Reynolds et B983).
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3.1.1 Field methods

Conventional field methods to measure saturatedauoid conductivity are the Auger-hole
method, piezometer or single and double ring nafitteters. Single and double ring infiltrometers

can only measure water flow under ponded (saturatattitions.
Auger-hole method:

The general principle of Auger-hole method is sien@ hole is bored into the soil to a
certain depth below the water table. When equilibristate is reached with the surrounding
ground water, some amount of the water in the Isolewered by pumping or bailing. The water
seeps into the hole again, and the rate at whielwtter rises in the hole is measured and then

converted by a suitable formula to the hydrauliodigectivity of the soil.

The Auger-hole method gives the average permegalofithe soil layer extending from
the water table to a small distance below the botbd the hole. This method is appropriate for
single layered soil. If there is an impermeablestagt the bottom of the hole, the value @fi&
governed by the soil layers above this impermeber. The use of this method is limited to

areas with a high ground water table.

Double ring infiltrometer:

The double ring infiltrometer consists of an inaad outer ring. Both rings inserted into
the ground and each ring is supplied with a condt@ad of water. The outer ring helps in
reducing the error that may result from lateraflio the soil. The rate of infiltration is measured
by amount of water, known surface area due to Hrarpeters of the inner ring, infiltrates per
unit of time. Hydraulic conductivity can be estimatfor the soil when the water flow rate in the

inner ring is at a steady state. (http://www.usgd.au/agric/web04/double%20ring)

Some draw-backs of the double ring are that iely ¥ime consuming, requiring frequent
attention, either by recording measurements or ayntaining equilibrium in the height between
the rings. The rings are heavy to transfer. It asguires a flat undisturbed surface which
sometimes is not available. The infiltration rateigs with different soil types, which can effect

the accuracy of the results. (McKenzie et al., 20&2sults from this double ring infiltrometer
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can be taken only as directory information. Howethey can be considered as accurate enough
for some applications e.g. design of the sportasexf land drainage pipes, landfill isolation
layers, etc.

When use above methods in soil with distinct maarep, preferential flow will
dominate. This does not take place under procdisesain or conventional irrigation system.

Therefore many authors attempted to create a vegaditential (tension) on the water flow.
Angulo-Jaramillo et al., (2000) divided infiltronses into two groups:

a. Tension disc infiltrometers

b. Pressure ring infiltrometers

According to Philip, (1969); Reynolds and Elrickadt, (1990) both the pressure and tension
infiltrometer methods allow to establish of a thdemensional infiltration process that
accomplishes steady-state conditions after a gahphase.

a. Tension disc infiltrometer

Gardners, (1939) developed a negative head perntearBexon, (1975) developed a closed-
top ring infiltrometer to quantify macropores. Wate applied to a closed-top system, which
permits the imposition of negative pressure onpitveded water surface. Negative tension can be
considered as simulating a positive soil air presssareated by a negative air pressure above
ponded surface water. A simplification was madeTbpp and Zebchuk, (1985). The limitation
of this device is the infiltration which has to $tarted by ponding (positive head) the closed-top

infiltrometer, then adjusted to a negative pressiinttp://en.wikipedia.org/wiki/disc_permea)

Some research effort was continued in this, insegéehtion has been given mainly to the
sorptivity* apparatus of Dirksen, (1975) which ussdcteramic plate as a base. Based on his
design, Clothier and White, (1981) developed theptsaty tube which can provide a constant
negative potential (tension) on the soil surfacewklver, the sorptivity tube had some
shortcomings, hence modifications to the designdetthe development of the disc permeameter
by Perroux and White, (1988). It is also knownhastension infiltrometer.

* Sorptivity as a measure of the porous mediurltsorb or desorb liquid by capillary action (Phill957)
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The tension infiltrometer methods can be dividetb ithree groups: single disk with
single tension; single tension with discs havinffedent radii; and single disk with multiple
tensions (Reynolds et al., 2000). Single tensiaih wiscs having different radii: The hydraulic
conductivity is calculated from the infiltrationtes of two, or three experiments employing discs
of different radii only for one tension. Smettemda@lothier, (1989) modified the twin ring
method of Scotter et al., (1982) by extending tbeded method to unsaturated discs of two
contrasting radii. Thony et al., (1991) developadaliernative approach which is based on using
three discs of different radii. Single disc with lhple tensions: This method is more
advantageous, because only one infiltrometer (discheeded to determine the unsaturated
hydraulic conductivity. Perroux and White, (1988ggented designs for tension infiltrometers,
where water could be supplied at both positive meghtive tensions (Figure 1a and 1b). Angulo-
Jaramillo, (2000) following the design of PerromdaNhite, (1988) developed a system of three
tension infiltrometers TRIMS - triple ring infiltroeters at multiple suction to evaluate and

compare multiple disc approach with a single ditsmatiple tensions approach.

o

Interchangeable
calibrated
walar rasarveir

Interchangeable
calibrated
waler reservoir

Air inlet
Air inlet |
(L) Bubble tower %
H I H /—'_I" 1 Side tube
_; | volume
Spacer  oiiniess I l equal to

steel mesh volume
of water

above sail

z Height
~“material ! Stainless adil?sli ng
Nylon steel screw
screen | cylinder /
Membrane "0 ring ||
retaining seals |I° \ Air
band \_ hale

Silicone : > H R |
\ sealant = = HE H 1
> ;;ﬂ—] E
— P — t P e e

Soil surface

\ Supply membrane A Air exit

a. b.
Figure 1. Infiltrometer diagram. a. at negativeepsure, tension; b. at ponded, positive pressure

(http://en.wikipedia.org/wiki/Disc_permeameter)
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b. Pressure infiltrometers

The pressure infiltrometer is designed to measuwatKhe soil surface, with minimal
disturbance of it. A sealed ring is driven a knadapth into the soil, after which a constant head

is applied until near steady-state infiltratiorera reached (Reynolds and Elrick, 1991).

Pressure infiltrometers are used mainly to measaterated hydraulic conductivity, but
can also be used to determine matrix flux potensalptivity, macroscopic capillary length
parameter, the effective wetting front, pressuradheair entry pressure head and water entry
pressure head. The method is based on pondedatiditi through ring inserted certain depth into

unsaturated soil.

A relatively simple pressure infiltrometer (Matad Kozédkoval997) is a Mariotte type
infiltrometer (Figure 2) consists of non corrosivaterials (plastic cylinder, Teflon and PVC).
The device principally works according to mechahirgdraulic force. It doesn’t require any
external energy source. It is a portable devicapk to operate and set up. The device enables to
measure ponded cumulative infiltration from a srdameter of infiltration ring with satisfactory

accuracy.

1- Piston valve to open/close the water outlet

2- Moveable air tube to set the applied water pness
on infiltrating surface

3- Mariotte type water reservoir

4- Plexiglass tube of a small diameter to enabbei@te
reading of the corresponding water level

5- Infiltrometer ring

6- Bulb of field saturated soil

7- Wetting front

Figure 2. Schematic diagram of pressure infiltroene{Matula and Kozakova, 1997)
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The major components of the ponded infiltrometer aMariotte’s bottle, a valved base
and a containment ring. Mariotte’s bottle is a giical shaped bottle or tank which delivers a
constant rate of flow from closed system. It is ednafter French physicist Edme Mariotte
(1620-1684). The design of Mariotte’s bottle wi#topper and air inlet via siphon was again
reported by McCarthy (1934)he pressure at the bottom of the air inlet tub&wsays the same
as the pressure outside the reservoir. Thus aitbeaim. If the entrance to the siphon is at the
same depth, then it always supplies the watermabsgiheric pressure and delivers a flow under

constant head height, which refers to the watezlldrop in the Mariotte’s bottle.

This principal has many variations in apparatusgieand it has been used widely when
a constant water pressure is required, supplyirtgived constant head and measuring infiltration
rate in soil. The drawback of the design is thad gensitive for gas inlet leakage and that during
operation liquid cannot be added, since it wouldngje the pressure control. Nowadays accurate

control is supported by electronic devices.
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3.1.2 Laboratory methods

Hydraulic conductivity in saturated zone can be soead with two types of laboratory
apparatuses: constant head permeameter and fadiar) permeameter. Undisturbed soil samples
are typically used to measures.KBut in case if disturbed samples are tested iohsu
permeameters, it is important to note that theykhbe carefully saturated with water by the aid
of an upward flow through the soil column. Duringetdevelopment of the experiment, the

certain water head has to be maintained.

a. Constant head apparatus

The constant-head method (Figure 3) is typicalgdusn granular soil which its saturated
hydraulic conductivity is higher than fine grainedil. This procedure allows water to move
through the soil under a steady state head condnitule the quantity of water flowing through

the soil sample is measured over a period of time.

Water
supply

-

l

AH
Overtlow
-+
Cross sectional
1 area A
L Soil sample
1 Screen plates

Figure 3. Constant head apparatus (http://echo2.epVICAIRE/mod_3/chapt_8/main.htm)

Batjargal Danaa CULS, Prague 2012 Page 11



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

In this case, Darcy's law is applied to a soil sengb length L and a cross sectional area
A through which a constant flow rate Q is generdig@ constant head differential (Equation 1).
By knowing the quantity Q of water flow measurezhdth L of sample, cross-sectional area A of
soil sample, time t required for the quantity oftevaQ to be discharged, and hydraulic haat)

the saturated hydraulic conductivity can be catedaising Darcy’s law (Equation 2):
Q=Av (1)

where v is the flow velocity, [L T]
vV = th (2)

and expressing the hydraulic gradignag:
whereAH [L] is the difference of hydraulic head over diste L [L].
Q=-AK-== (4)

Solving K [L T™:

_ QL
" A-AH (5)

Before starting the measurement, the sample sHmilkcbmpletely saturated because the
air bubbles will reduce the cross sectional ared mver the hydraulic conductivity. The

preferential pathways along the wall of the columane to be avoided.
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b. Falling head apparatus

The falling-head method is totally different thdre tconstant head methods in its initial
setup. However, the advantage to the falling-heathad is that it can be used for both fine-
grained and coarse-grained soils.

|

PO
I
R R R R R

Ho
i Hl E
-l L | 'é:
Soil sample LT
. 2F ¢

Figure 4. Falling head apparatus (http://echo2.egflVICAIRE/mod_3/chapt_8/main.htm)

The soil sample is first capillary saturated theater allowed to flow through the soil
without maintaining a constant pressure head. 8iHmgd head permeameter (Figure 4) is used
for cohesive sediments, with low hydraulic conduitgi The timet during which the head in a
tube of radiug, attached to the permeameter and supplying thelsarfalls fromH, to H; is
measured with such a permeameter. The followiraicgiship gives the resulted flow rate:

L
Q=mrs . — (6)
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In this case, for the sample with a cross sectiaredA and with the length, Darcy's

law (Equation 4) can be followed.

Solving the equations 4 and 6 will be obtained:

re - —A-K-% (7)

dt
The column of soil sample is considered to havgiadrical shape, described by a radiysThe

result after integration should be:

2L H,
K= %ll’l (H_1 (8)
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3.1.3 Other estimation methods

Several models have been developed for describliegsbil water retention curve and
saturated hydraulic conductivity based on discreéasurements. Although many techniques are
available, most of them remain time consuming avstlg, and consequently many researchers
have searched for and found alternative methodestonate these properties. Pedotransfer
function (PTFs) is a good example of this soluti@aetens, 2007)

In general some analytical models can be fit toeexpental data. When, no experimental
data are available or obtainable pedotransfer fomet(PTFs) can be used to estimate either the
soil hydraulic parameters used in analytical modatsh as the van Genuchten (1980) model or a

discrete set of data pairs of the soil water r@ent)(6) curve.

Such PTFs have been obtained by regression tedwiqartificial neural networks,
classification and regression trees (CART), growgthod of data handling (GMDH) and fractal
mathematics (Wosten et al., 2001). Independent fiteentechnique used, there exists a lot of
uncertainty in applying PTFs to soil conditionsfeiiént from those under which PTFs were
derived (e.g. stone content) (Cornelis et al., 2Q@&E, 2005). For that reason PTFs have to be

used with caution.

Batjargal Danaa CULS, Prague 2012 Page 15



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

3.2 Review of affecting factors for saturated hydraulicconductivity determination

Saturated hydraulic conductivity is affected by habil and testing fluid properties. It
depends on the soil pore geometry as well as theosity and density of fluid. The hydraulic
conductivity for a given soil becomes lower whee fluid is more viscous than water. Pore
geometry and continuity within a soil or landscapay depending on the direction of
measurement. The vertical component gt#nh be different from the horizontal component.

It is important to preserve the texture-structumeraction is that the antecedent structure by
both the core/ column collection procedure andr€asuring technique in order to measured K
value to be a representative of the porous mediuits inatural condition (Reynolds et al., 2002).

Following factors should be considered for satutdigdraulic conductivity determination:

1. Soil layer texture (particle size distribution, psity). Soil textural-structural
conditions are critically important factors detenmpg both the magnitude of saturated
hydraulic conductivity and the best methods for soeag it. The K value tends to
increase greatly with coarse texture because afi@ease in the number and size of
large, high water conductive pores. (Dane and Texhb2002)

2. Solil structure (cracks, worm holes, plant root cteds). Also rock fragments can have
a profound impact on measured hydraulic properifes/hich the spatial variation
influences the amount and distribution of infilica, and as a consequence the
amount of overland flow. Rock fragments presensail influence soil hydraulic
properties by affecting soil porosity and watemflpaths (Baetans, 2007). As rock
fragment content increases, the area availablevéter flow decreases, and overall
water movement can become restricted. But incrgasick fragment content the
creation of new voids in the stone-earth contaat inarease the saturated hydraulic
conductivity.

3. Seasonal affects and time trend. Just above tbeifrg temperature of water is useful
to inhibit microbiological activity and soil struge influence. (Klute, 1986).
Microorganisms are naturally occurring part of #wl. Therefore development of

microorganisms can not be suppressed.

Batjargal Danaa CULS, Prague 2012 Page 16



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

4. Soil salinity and acidity (Sodium ion decreases raytic conductivity, while
Magnesium ion increases it). The dissolved sals iand their concentrations in the
water can affect Kthrough flocculation or dispersion of clay parthim the porous
medium. Flocculation of clay will causes Ko increase by increasing the size and
numbers of water transmitting pores. Dispersioklay will decrease Kby blocking
pores with clay particle. Extensive clay dispersioii reduce the K of a soil to
virtually zero (Dane and Topp, ed. 2002). Waterdug® measuring the Kof a
natural porous medium should be therefore eithéiveavater extracted from the
porous medium, or a laboratory approximation tteg the same major ion speciation
and concentrations as the native water. Local nypalitap water is often an adequate
approximation to the native water. Although thisgld always be checked. Distilled
or deionized water shouldn’'t be used for measutimg K; of a natural porous
medium, as these types of water encourage clagdigm (Reynolds and Elrick et al.,
2002).

5. Microbiological activity is very important time depdant affect on ¥ usually
decreases K(Reynolds and Elrick et al., 2002). Earthworms ants can increase the
macrostructure of the soil through time, and cagnespen up macro pores extending
the entire length of the core which cause pipe ftdwater may subsequently occur.
But the growth of algae within the soil sample amdthe soil surface, in other hand,
can gradually block soil pores, and therefore causiene dependent decrease in the
measured Kvalue. Earthworm burrowing can be stopped stotiggsoil cores for a
period of time (5 — 7days) at temperature thatfégently below freezing to kill the
earthworms is about -5°C (Reynolds and Elrick gt24102)

6. Geomorphology — Swelling clay minerals change cleaimtomposition of soil. So
large effect on K Oosterbaan and Nijland, (1994) reported the evassil particles
(sand and silt) are deposited near the river bamksyeas the finer particles (silt and
clay) are deposited in the back swamps further awnay the river. The coarse soils
usually have a fairly high KThis factor is not important for this study. Thenef it

will not be considered.
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7. Testing liquid properties. Freshly tapped wateringroper for measurement. It
reduces K It has tremendous air in. Also hydraulic condutti is directly
proportional to testing water viscosity, and watiscosity is inversely proportional to
temperature. For example: an increase in water @egiyre from 10 to 25°C will
result in a 45% increase ingskKall other factors remaining constant. Precise
measurements and comparisons glv&lues should be therefore always be corrected
to a reference water temperature. (Reynolds andkdt al., 2000).

8. Entrapment of air. Bubbles of air entrapped wittiie porous medium physically
block pores and can thereby cause thetd be less than when the material is
completely saturated. In relatively structurelesgamals, entrapped air can reduce the
measured Kby a factor of two or more. (Bouwer, 1978) Air Iblds occur through
entrapment of resident air by the infiltrating watéhen the porous medium is being
wetted up, and through exsolution of air that wasaillly dissolved in the infiltrating
water. Air entrapment and exsolution problems amimized (but not necessarily
eliminated) by slow bottom up wetting of porous mea under vacuum using water
that has been de aired by boiling, autoclaving gpiration into a vacuum (Klute,
1986). The saturation process might be also enllamgeeplacing the air in the pores
with carbon dioxide before starting the saturapoocess. As carbon dioxide is highly
water soluble, any bubbles entrapped during thara@n process will dissolve
quickly into the infiltrating water (Reynolds et,a2002)

9. Core sample size. Many soil properties show gneatia variation. This variability is
the result of intrinsic (natural) or extrinsic (il or management related) processes.
Furthermore, it has to be taken into account thatpsoperties do not refer to a point
in the soil system, but to a certain macroscopitume. Sampling a very small
volume results in a extreme variation in the meadusoil properties, sampling
sequentially larger soil volumes reduces the raofgeesults until a large enough
volume is reached and each measurement gives the sesult (McBratney, 1998).
The sample volume at which this occurs, is the elgary representative volume
(REV) (Figure 5).
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10r

POROSITY

AVERAGING VOLUME SIZE

Figure 5. The representative elementary volume epin@fter Bear 1972)

The range of sample volumes over which a giverabéeiis invariant has been defined as
the REV-domain. Buchter et al., (1994) demonstratési principle clearly for the coarse
fragment content of a Swiss soil which decreasgureentially to an asymptomatic value
with increasing sample volume. They estimated #peasentative elementary volume for
determination of the coarse fragment content betwed 10° m® and 2.1 10° m®. In
laboratory, the size of the REV should be theoa#liicestimated in order that an
appropriate soil core sampler should be selectegractice, REV is rarely determined.
Therefore standard core or metal cylinders are .ukeds extremely sensitive to even
small differences in sample size, flow geometry smitistructure (Bouma, 1983)

Standard core is a soil sampling ring. It is alsown as Kopecky ring.
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3.3 Review of data analysis methods

In general, saturated hydraulic conductivity iscaddted from Darcy’s law based on measuring
soil water flux and hydraulic gradient. The thremensional steady-state flow in saturated soils can

be described using the law of Darcy:

__k .[aHx CoH, aHZ]
q S lox ’ oy ’ oz

9)

where H y, ;[L] is the hydraulic head andsHL T is the saturated hydraulic conductivity defined
as the discharge observed per unit area at a ydiablic gradient and mainly depending on soil

structure and particle size (Reynolds et al., 2002)

Many authors (Reynolds and Elrick, 1990; Wu and, R887) presented and discussed steady

state theory.

» There are many models and system to describe sadungdraulic conductivity, but the
reliability of these depends on how accurate we aameve the different assumptions

which were created.
» The interpretation of our final results always mistconsidered the model’'s assumptions.

» The spatial variability of Kin a solil is too high, so sometimes when we wamepresent
a soil with a unique value is useful to do a stats analysis in order to find to the most

representative value ofsK
* The representative&alue is defined for the specific purpose, forathwill be used.

Because of entrapped air during the infiltrationgass, field saturated hydraulic conductivity
could be lower than hydraulic conductivity in comtelly saturated conditions. Thereby, Wl

be referred toespectively for infiltrometer test.
Single ring pressure infiltrometer measurements:

According to steady-flow conditions, flow rate ofiag infiltrometer is given by:
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o=+ () (+ 1)

where Q [12 T™] is steady state infiltration rate, r[L] is radiokthe ring, H[L] is the steady value
of hydraulic head applied during the measuremght’] is a parameter, & T7'] is the

saturated hydraulic conductivity, G[L™"] is a shape parameter given by:

G = 0,316% +0,184 (11)

and rL] is the ring radius, dis the depth of insertion of the ring into thel4&eynolds and
Elrick, 1990).

The accuracy of measurements by single ring pressiittrometer can be affected by
other factors: during the insertion of the infilmeter ring, soil macrostructure can collapse for
soil matrix compression (or soil shattering), ahé wall of the ring can cut off non-vertical

pores.

Reynolds and Elrick (1990) developed a method tcutate saturated hydraulic
conductivity from obtained data. According to theirethod the field-saturated hydraulic

conductivity Ksfollows from:

— ds
Krs = -RZ( H 1 L1) (12)
T Rs\C1d+C2Rs '[C1d+C2Rs]

where g [L® T is the steady-state flow rates ] is the ring radius, H [L] is the steady-state
depth of ponded water in the ring and d [L] is depf ring insertion into the soil. The
coefficients = 0.316 and €= 0.184 are dimensionless quasi-empirical constéatt apply for

d>3cm and H 5cm.

One of the major drawbacks limiting the use of Eaque(12) are the boundary conditions
that have to be met, otherwise the coefficienta@ G depend on the depth of ring insertion

and the height of ponded water in the ring.
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A more generalized solution to describe infiltrativom single-ring infiltrometer was
developed by Wu and Pan (1997) using scaling tect@si. Their infiltration equation can be

written as:

i £\—0.5

—=a+b (—) (13)
lc Tc

where i [L TY] is the infiltration rate,d [L T™] is the characteristic infiltration rate, t [T] the
time, T [T] is the characteristic time scale, a and bdineensionless constants (a = 0.9084, b =
0.1682).

When one measures the cumulative infiltration |, fhdrameter B can be calculated by equation
(14) (Philip, 1957):

I =Bt+CVt (14)
where: B and C are parameters related to hydraahductivity and sorptivity.
The hydraulic conductivity of the soil K is calatgd as follows:

| &

where A is van Genuchten parameter relating theesdure classes.

Wu and Pan (1999) found the-Kalues determined using their method to be conighara
with those calculated using the single head metifddeynolds and Elrick (1990) and close to
the true values determined for three different sypksoils using numerical tests.

Unsaturated flow is more complicated and basedropgr assumptions and conditions,

governing equation (16) is called Richard’s equatio

a0

E=2lkmwC+1) (16)

where K(h) is unsatuated hydraulic conductivityT[l'], H is the pressure head [L], z is elevation

head [L],0 is the water content fLL™3], t is time [T].
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Richard’s equation is valid in terms of hydrauleall:
h=H+z. (17)

Relationship of unsaturated and saturated hydraadizductivity estimation equations
(equation (18) Gardner, 1958, equation (19) Gardner Mayhugh, 1958, equation (20) Brooks
and Corey, 1964) are:

K(h) = Ks exp (ch) (18)
K(h)= Ks exp (c(h-h)) (19)
K(h)/ Ks= (h/h)™ (20)

where: K(h) is unsaturated hydraulic conductivity['], Ks — saturated hydraulic conductivity

[L T, his soil water potential [L].

c -empirical constant, depending on particle sis&itution, (c=0.1-0.01cih)
h, — air entry value
m-coefficient related to the pore distribution
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4 MATERIALS AND METHODS

Factors affecting the determination of the satardmgdraulic conductivity on the samples of
different size and with the connection to the sildagers and without this connection evaluated

on the basis of the laboratory and field experiment

Two different sizes of sampling rings made from ahetere used. Their dimensional
characteristics are below:
“Small ring” - its inner diameter is 5.0cm. Heigsftthe ring is 5.1cm. Volume is 100ém
“Big ring” - inner diameter is 8.0cm. Height isO8m. Volume of the big ring is 251émBoth

of them were not yet a representative elementalynve (REV).

To maintain a certain ponded water head on sampling surface sticky plastic tape
(height of the tape is 2.0cm) has been used. Tdstipltape was not easy solution to keep exactly
the same height for all replicate measurement.

The ponded head infiltration measurements were dsimg a newly constructed constant
head infiltrometer. It is described further in fiedxperiment. In brief, the pressure infiltrometer
consists of 2 Mariotte type cylinder bottles (he¢ighcm, weight 11549), rubber stoppers with air
entry and refilling tubes, teflon valves, connestand Plexiglas tubes. The total height of the
infiltrometer is 53.5cm including base and stopp®tume is 2000cm3, each cylinder reservoir
inner diameter of 10.5cm, height of 44cm and thal toeight when filled with water is 31549.

Total tare weight of the new equipment is 2354gallaeight filled with water is 6354g.
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2

1 - Refilling tube and valv

2 — Rubber stopper

=] 3 — Bubbling tube, to set the water
pressure on infiltrating surface

4 — Mariotte type cylinder reservoir

474 . 5 — Teflon valve open/close water inlet

6 — Plexiglass tube

7 — Constant water head on soil
surface

8 — Soil core sample

BRRTTTTTTTTTTTTTERRN

¢

/_ o*\

 JUAGARBRUREEE Iy

Figure 6. Schematic diagram of new equipment

A valve is on top of the rubber stopper and theswegservoir to enable refilling with no
any disturbance to the infiltration surface. Thélthometer does not need to be removed from
the surface. This was the big advantage of thistcoction with two water reservoirs and easy

switching, thus the water can be refilled during éxperiment.
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The infiltration experiments can be illustratedshswn Figure 7 .

Y, = =

-

e -
e

Cross-sectional area (A)

Flux q

Figure 7. lllustration of infiltration process (Saurvey technical note 6, USDA, NRC, 2004)

The both experiments field and lab followed by Ganshead technique aeduation (4
and 5) can be rewritten as equation (21):
Ks=QL/AAHt (21)
where:
Q — inflow of water, crh
L — soil sample length, cm. For this study it egutde insertion depth of infiltrometer ring.
Which is for big ring L=5cm, for small ring L=5.1cm
A — cross sectional area, cm2. #&for cylindrical shaped sample
AH — inflow and outflow difference, cm

t- time, min
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4.1 Field experiment

The in-situ infiltration tests took place betweée L6 November and 20 November 2011 in
the experimental field of Czech University of Lieiences on a sandy loam (according to soil
type it is Chernozem) soil the same that used Herlaboratory experiments. Vegetation was

permanent grass. Field condition example is in &4bl

Table 1. Field experiment condition (one day examp)

Location: CULS potato field Big ring No: 6
Date: 20 Nov 2011 Weather: Mostly 8 initial: Note:
cloudy
Tillage treatment: ) o o
Permanent grass Temp: +4°C 26.0% L=5.0cm
r=4.0cm
Sign. Rep 14 Const. level height: h=1.5cm
(Set 2) 1.5cm

Prior to all measurements, 16 measurement plotdetivinto two different sets (Figure 8)
were chosen. Criteria used for the selection ofesgntative plots were the soil compaction,
observing the grass dense and tractor path. Aotrgetthway shouldn’t be included in order to
avoid influence of soil compaction on the measur@midowever it was not a hundred percent
sure that there was no influence of soil compactibime soil also can be affected of people
walking or driving tractor. The weather conditiahsring the experimental period were cold and
relatively dry. Day time temperatures ranged betwd&C - +5°C during the experiment period

(no precipitation).

The measurements were conducted using a constadtihidtrometer. The soil surface
was smoothened and leveled, the layer with grasiswas removed approximately 5.0cm before
the infiltrometer rings were placed onto the pldibe sandy loam soil was relatively easy to
smoothen and level it using a knife. The rings, enafdmetal, had inner-diametersofl 5.0cm for
small, 8.0cm for big ring and height of 5.0cm biggrand 5.1cm small ring. The rings were
hammered down into the soil until full depth of tiveg into the ground. Then the grass residue

was clipped and leaf litter was removed from thié aface by tearing scissors. The measuring
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devices were placed on the surface straight anegause the surface was perfectly smoothened

and leveled.

The one set of replicates were placed approximat@gm to 30cm apart from each
others. The distance between two sets was 1.5nanAtant ponded head, for which a value of
1.3cm to 1.6cm (supported plastic tape) was maiathiby the Mariotte’s bottle system of
cylinder reservoirs. The target setting was 1.5&mach replicate constant water head was
measured individually. After filling the ring catgy with water until it reached a water level
slightly higher than 1.5cm, the infiltrometer wast 40 the appropriate head and the actual

readings were initiated from the moment the filsbabbles developed in the Mariotte’s bottle.

® ) 0@-

Mariotte’s Mariotte’s

I bottle ‘ ‘ bottle

OOOOHO00 66
oICoNCRCIOIVIO0

Figure 8. Field and lab experiment sampling map
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Where:

Small circles with three digit numbers are représgrthe small ring (inner diametei=8.0cm),
volume of 100crh

Bigger circles with one to two digits are the higgs (d=8.0cm), volume of 251cin

The inside numbers of circles are the actual ringloers.

No inf — means no infiltration took place.

Readings of the cumulative infiltration were madanonally every 2 min for at least 90
minutes or until the infiltration rates of threecsassive time intervals were constant.
The time allowed for infiltration at each replicatas set approximately 90 min. Also it was

verified experimentally. Figure 9 gives an overviefithe set up of the field experiment.

Figure 9. Experimental set up of a field measuregmen

Batjargal Danaa CULS, Prague 2012 Page 29



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

As shown in Figure 9 and Figure 10 to maintain ¢bastant water head on the ring
surface, the plastic sticky tape (2.0cm height) wasd. In this purpose, the soil around the
sampling ring was dug out and outer wall of the tiecame ready to be extended by plastic tape
(Figure 10).

Figure 10. Constant water head maintained by ptasstpe.

Normal tap water was used for the experiments. Sdme experimental procedure was
applied on 2 sets of soil core samples. Both twe ksad 4 big and 4 small replicate undisturbed

soil core samples.

After the fieldKs measurement, each core was taken to the labjtthers saturated from

the bottom on filter paper and the saturated hydraonductivityKs, was measured in the lab.

No infiltration (zero infiltration) took place in4&hours with allowed ponded water head
condition for one small ring sample (Appendix 6hefefore one infiltration test of the small ring

was missed from field experiment. It was small i@ 005.
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4.2 Laboratory experiments

For laboratory analysis 32 undisturbed soil sampléssamples from areas surrounding and
each of the replicate rings(16) after field measwet, were taken to laboratory test. The

measurements were conducted in the laboratorfigdthiversity of Life Sciences, Prague.

Figure 11. Lab experiment set up

The same constant head infiltrometer (Figure 1&gy dsr laboratory analysis in addition
digital data logging software (Figure 12) Dasy L{bchnical balance connected to Dasy Lab
software) used to record data in the lab. Dasy padgram uses an USB-based analog and digital
input/output module USB-1208LS (Measurement Conmgjti
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Figure 12. Dasy Lab reading

The samples were weighed and left to saturate dnfilter paper immersed in water.
Finally, the cores were oven dried for 24 hourd@i°C and then measured the mass of dry soil
sample. Initial and final volumetric moisture camttes well as moisture content at saturation, dry

bulk density, particle density and porosity weréedmined and calculated.
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During particle density determination procedure samlatively big stones (Figure 13)
found in few replicates. And the stone effect isvaekable for this relatively small size of core

samples. It influences the dry bulk density, p&taensity and Kmeasurement as well.

Figure 13. Stones in replicate.(big ring No. 12)

Also small ants did tremendous influence on irdiitvn test. The ants were found in few
samples and they made many unusual holes. Fourlearfgmall ring No. 093 and 072 or big
ring No. 5 and 7) were significantly affected ahdit Ks were increased dramatically, because of

ant-made preferential flow ways.
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5 RESULTS

Based on field experiment manual reading (Appemixrom Mariotte’ bottle, infiltration rate and

cumulative infiltration graphs are drawn at eaglicate and shown one of the example in Figurerid a
Figure 15.

Infiltration rate, cm min ™
= 2,5
! *
c
= *
IS 2
e *
© 15
g & Infiltration rate, cm
e 1 o, 000 min~ 1
T Ve, e 00000 * *
5 00 ¢ G007 00, L0000 4000000,
g 0,5
g
0 . ‘ . ‘ .
0 20 40 60 80 100
Time, min

Figure 14. Field experiment Infiltration rate gragexample: big ring No.6 )

Cumulative infiltration, cm3

4500
4000 oo*®
3500 "oﬁ”
3000 R ad
2500 oo®
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1500
1000 +°
500 ¢

Cumulative infiltration, cm

0 20 40 60 80 100

Time, min

Figure 15. Field experiment Cumulative infiltratignaph (example: big ring No. 6)
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Then saturated hydraulic conductivity was calcadte each sampling ring. An example

of calculation shown in Table 2.

Table 2. Kscalculation based on field experiment data. (examel big ring No. 6)

Calculation

Q,cm*min™’ 40.07

L,cm 5.00

h, cm 1.50

r,cm 4.00

AH, cm 6.50
Ks=(Q*L)/(mt*r2*AH) Ks, cm min™’ 0.61

Ks, ms™ 1.02E-04

It shows K at cm mirt and m $ units. But further analysis only unit of cm riwas taken into
account. The field experiment results are sumradrin Table 3. The average Bf big ring is

0.62cm mirt while small ring K average is 0.35 cm min

Table 3. Summary of field experiment

Infiltration Infiltration .
Replicate rate, rate, Constant head, KSZ c_r;n Ring No.  Set No. Ring
i,cmmin™ i, cm3 min™ h, cm min type
1 0.90 46.48 15 0.71 2 1 big
3 0.99 50.22 15 0.77 4 1 big
6 0.40 20.44 1.3 0.32 1 1 big
7 0.80 40.23 14 0.63 5 1 big
9 1.20 60.60 1.6 0.91 7 2 big
10 0.60 27.61 14 0.43 8 2 big
11 0.75 38.46 15 0.59 13 2 big
14 0.80 40.07 15 0.61 6 2 big
2 0.89 18.37 15 0.72 130 1 small
4 0.60 11.74 1.3 0.48 72 1 small
5 0.64 12.62 1.3 0.51 93 1 small
12 0.25 4.94 15 0.19 9 2 small
13 0.25 4.79 15 0.19 120 2 small
15 0.20 3.70 15 0.15 45 2 small
8 0.25 5.00 1.5 0.20 159 2 small
Ksaverage of big ring 0.62
Ksaverage of small ring 0.35

Batjargal Danaa CULS, Prague 2012 Page 35



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

Figure 16 and Figure 17 show bar charts of fieldegxnent K. Sampling ring number
and different sizes are marked.

Saturated hydraulic conductivity
0,90
0,80
0,70 - 2 big
0,60 - H 130 small
T:
‘€ 0,50 ® 4 big
§
- 0,40 W72 small
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’ m 1 big
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Figure 16. Set 1 Kgraph
Saturated hydraulic conductivity
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Figure 17. Set 2 Kyraph
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Lab experiment data was automatically collectedasy Lab supported by ASC format.
Data series with ASC format reading can be easiyverted to MS Excel worksheet. And
manual readings from Mariotte’s bottle pasted i@ tight cell column of the sheet to make the
readings easy to compare (Table 4). Reading oDty Lab is included the beaker tare weight.

Two sizes of beaker with tare weight of 139.3g 88dg were used.

Table 4. Laboratory experiment data logging (exampd small ring No. 122)

Lab experiment- Ring No. 122 Small ring

Reading: every 2min Technical balance (Dasy Lab)
Recording Date  06.12.2011, 08:00:00 AM
Dasy Lab reading Mariotte's bottle reading
. . Reading, Infiltration, Cumulative  Reading, Infiltration, _Cu_mulgnve
Time, min L X 3 3 infiltration,
g g infiltration, g cm cm o

00:00,0 0 0.00 0.00 2000 0 0.00
02:00,0 221.20 81.90 81.90 1940.00 60.00 60.00
04:00,0 173.66 73.86 155.76 1870.00 70.00 130.00
06:00,0 220.41 81.11 236.87 1780.00 90.00 220.00
08:00,0 176.08 76.28 313.15 1700.00 80.00 300.00
10:00,0 217.86 78.56 391.71 1620.00 80.00 380.00
12:00,0 184.89 85.09 476.80 1540.00 80.00 460.00
14:00,0 217.60 78.30 555.10 1480.00 60.00 520.00
16:00,0  180.40 80.60 635.70 1400.00 80.00 600.00
18:00,0 213.69 74.39 710.09 1320.00 80.00 680.00
20:00,0 179.84 80.04 790.13 1240.00 80.00 760.00
22:00,0 213.38 74.08 864.21 1160.00 80.00 840.00
24:00,0 181.33 81.53 945.74 1080.00 80.00 920.00
26:00,0 214.02 74.72 1020.46 1000.00 80.00 1000.00
28:00,0 180.60 80.80 1101.26  920.00 80.00 1080.00
30:00,0 213.72 74.42 1175.68 840.00 80.00 1160.00

Cumulative infiltration graph (Figure 18) of Dasylh reading and Mariotte’s bottle
reading done simultaneously. Then saturated hyidraohductivity calculated (Table 5) based

on Dasy Lab and Mariotte’s bottle reading.
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Figure 18. Lab experiment cumulative infiltratioragh (example small ring No. 122)

Table 5. Lab experiment K calculation (example small ring No. 122)

Mariotte's
Dasy Lab bottle
Q,cm®min™ 39.62 39.23
L,cm 5.10 5.10
h, cm 1.40 1.40
r,cm 2.50 2.50
AH, cm 6.50 6.50
Ks=(Q*L)/(m*r**aH) K, cm min™ 1.58 1.57

In this example automatic reading of Dasy Lab ighsly bigger than Mariotte’s bottle

manual reading. Therefore two reading series sqiifference and Root mean square difference

(RMSD) were analyzed in Table 6. In total eleverasugements done simultaneously on Dasy

Lab and Mariotte’s bottle system. Five Dasy Lab sueements average were higher than

Mariotte’s bottle reading. Four Mariotte’s bottleadings were higher than Dasy Lab. Two

reading were equal to each other. And RMSD is OD8uain”. The assumption was not

confirmed by statistical analysis. From statistigaint of view for Dasy Lab reading and

Mariotte’s bottle reading there was no evidencese correction factor.
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Table 6. RMSD calculation of two reading series.

Ks cm mint

10 big 0.13 0.13 0.00
14 big 0.43 0.42 0.00
15 big 2.25 2.36 0.01
16 big 0.96 0.98 0.00
11 big 0.08 0.07 0.00
122 small 1.58 1.57 0.00
047 small 1.27 1.22 0.00
158 small 1.68 1.77 0.01
159 small 0.39 0.39 0.00
093 small 6.01 6.18 0.03
120 small 0.77 0.65 0.01

SSD 0.07

RMSD 0.08

If show Dasy Lab and Mariotte’s bottle reading eliéinces (Figure 19).

Comparison of Dasy Lab and Mariotte's bottle reading
7,00

6,00 x
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4,00

3,00 @ Dasylab
2,00

K, cm min!

X x
X

X Mariotte
X

X
X  x
0

1,00 -

0,00 -~
0 50 100 15
Ring numbers

200

Figure 19. Comparison of Dasy Lab and Mariotte’stl®oreading
The lab and field experiment infiltration rate [Emin™], Ks [cm min™], dry bulk density [g

cm™3] of individual rings, some particle density [g Ginmeasurement result is summarized in
Table 7.
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Table 7. Summary of all experiment

Infiltration r ate, -~ Dry Bulk  Particle  Ring
Ring No. i, cm3 min't Ks, cm min density  density type
Field Lab Field Lab g cms g cmid

2 46.48 56.38 0.71 0.86 1.29 big
4 50.22 6.10 0.77 0.09 1.28 2.65 big
1 20.44 123.71 0.32 1.89 1.35 big
5 40.23 81.48 0.63 1.25 1.34 big
7 60.60 52.27 0.91 0.80 1.26 2.62 big
8 27.61 56.32 0.43 0.86 1.34 big
13 38.46 143.00 0.59 2.14 1.34 big
6 40.07 8.30 0.61 0.13 1.41 big
3 151 0.02 1.62 2.63 big

9 8.94 0.14 1.44 big
10 8.81 0.13 1.46 big
12 2.30 0.04 1.52 2.63 big
14 27.83 0.43 1.43 big
15 146.70 2.25 15 2.62 big
16 63.47 0.96 1.31 big
11 5.10 0.08 1.46 big
130 18.37 36.69 0.72 1.42 1.26 small
072 11.74 73.24 0.48 2.88 1.35 small
093 12.62 152.71 0.51 6.00 1.08 2.62 small
009 4.94 0.50 0.19 0.02 1.44 small
120 4.79 19.73 0.19 0.77 1.36 small
045 3.7 0.14 0.15 0.01 1.46 small
159 5.00 9.83 0.20 0.39 1.29 small
122 39.23 1.58 1.35 small
047 31.79 1.27 1.46 small
168 3.03 0.12 1.42 small
091 1.34 0.05 1.42 small
106 0.67 0.03 1.62 small
002 0.67 0.03 15 2.63 small
073 0.67 0.03 1.46 small
158 42.74 1.68 1.14 2.64 small
005 0.13 0.00 1.46 2.62 small

Average of big ring 0.62 0.75 1.40 2.63
Average of small ring 0.35 1.02 1.38 2.63
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The initial and saturated soil moisture conteny, lailk density, particle density, porosity
for all rings are summarized in Table 8.

Table 8. Summary of initial and saturated physicaproperties for soil samples.

Number o . Particle .
Ring type of 0 Initial 0 Saturated Bulk density density mean, Porosity,
. mean mean mean, g cm?® - %
replicates gcns
All rings 32 0.21 0.28 1.39 2.63 47.23
Small rings 16 0.21 0.28 1.38 2.63 47.54
Big rings 16 0.21 0.30 1.39 2.63 47.12

Figure 20 shows overview ofsiheasurement including field and lab experimentonir
this figure one of the big outlier (small ring Nd23) was clearly seen.

Saturated hydraulic conductivity, cm min™
6,00
5,00
4,00
c
£ 3,00
£
o
¥ 2,00
1,00 | | I
Oloollllillllll 11 I |- i_||_||l|||‘ 1
Big rings Small rings
H Field m Lab M Field m Lab

Figure 20. Field and Lab experiment comparison tfecently sized core samples
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The ring No. 093 is mostly affected by ant-madeshand preferential flow dominated
which was obvious that is not occurred naturallyud this ring result was removed from further
statistical analysis.

Soil physical properties and saturated hydrauliodoativity are shown on a graph
(Figure 21) to investigate there is any relatiopdetween dry bulk density or particle density
and K.
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Figure 21. Soil physical properties on differerglged soil core samples
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Statistical analysis

An analysis of variance ANOVAa(= 0.05) for the data calculated by MS Excel. To

determine whether there were significant differande saturated hydraulic conductivities
measured for different core sample ring size. Adsointeraction between the field and lab
measurement was considered.

If see the K average (Table 3) of small and big rings at fimeasurement it can say the
bigger ring infiltrates through over two times largsoil area (50cth than the small ring
(19.6¢cnt) and may therefore more macropores and other hed#rogeneities could happen.
However porosity (Table 8) result presents thereislifference.

All series of data divided into four groups in arde do comparison: big ring from field
experiment, small ring from field experiment, bigg from lab experiment and small ring from
lab experiment. All statistical tests of tkgvalues were therefore carried out using the 4 ggoup
of data set in Table 9. Also, arithmetic meansndadad deviation factors and coefficients of

variation were calculated.

Table 9. Comparison of main statistical parameter$or K ¢

Saturated hydraulic conductivity K5, cm min™

Parameters Big ring field Small ring field BigringLab  Small ring Lab

STD 0.185890713 0.221014975 0.772707893  0.884117416
Variance 0.034555357 0.048847619 0.597077488  0.781663605
Median 0.62 0.20 0.61 0.12
Mean 0.62 0.35 0.75 0.68
Min 0.32 0.15 0.02 0.00
Max 0.91 0.72 2.25 2.88
Range 0.59 0.57 2.22 2.88
Mode NA 0.19 0.86 NA

Statistical parameters graph is done using log-abstale, which is common for this

type of analysis. (Figure 22)
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Figure 22. Comparison of #nain statistic values on Log scale

To find out differences among the Keasurements conducted in a field and laboratory o
big and small core samples ANOVA statistical analydone. And there was no significant
difference between big or small and lab or fieldlgsis at the statistical probability level=
0.05 assumed. (Table 10)
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Table 10. Analysis of variance done using four grqus of data.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Big ring field 8 4.97 0.62125 0.034555
Small ring field 7 2.44 0.348571 0.048848
Big ring Lab 16 12.0496 0.7531 0.597077
Small ring Lab 16 16.24528 1.01533 2.496446
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 2.382778 3 0.794259 0.727625 0.541126 2.821628
Within Groups 46.93782 43 1.091577
Total 49.3206 46

F=0.727625 calculated is lower than Fcritical=2@&23 and P=0.54 value is higher than
a=0.05. Null hypothesis is not rejected. There wasesidence to keep null hypothesis that
means there was no significant difference betweem §roups averageKit yields Saturated
hydraulic conductivity measured in the lab or fieldd core sample size big or small don't
influence on average KiIf exclude one big outlier ring No. 093, ANOVAstgt is shown in
Table 11.

Table 11. Analysis of variance done excluding oudr small ring No. 093 result.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Big ring field 8 497 0.62125 0.034555
Small ring field 7 2.44 0.348571 0.048848
Big ring Lab 16 12.0496 0.7531 0.597077
Small ring Lab 15 10.24528 0.683019 0.781664
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.828226 3 0.276075 0.567433 0.639536 2.827049
Within Groups 20.43443 42 0.486534
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Total 21.26265 45
F calculated ratio including ring No. 093 is 0.7236 F calculated ratio excluding ring

No. 093 is 0.567433.
While both cases F critical value is equal to 28ich is much higher than F calculated

ratios. Based on this ANOVA result, ring No. 093damot influence as much as shown on graph
(Figure 20). But the reason was obvious (Appendligntl it was not naturally occured. Thus the

outlier was not counted in further statistical ga.

When consider the ANOVA factor is only ring size.this purpose data divided into two

groups as big ring and small ring the statisticellgsis of variance presents in Table 12.

Table 12. Analysis of variance done using 2 groups data.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Big 24 17.0196 0.70915 0.403946
Small 22 12.68528 0.576604 0.560487
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 0.201656 1 0.201656 0.421294 0.519666 4.061706
Within Groups 21.061 44 0.478659
Total 21.26265 45

Based on this ANOVA test it can be conclude tharena significant difference (at=0.05)
between two groups average. K presents differently sized core samples (lsid amall rings)

have no influence on measureg K
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6 DISCUSSION

Saturated hydraulic conductivity skon differently sized core samples (small and big)
obtained, by means determined in the field ancelgieriments. In order to see a statistical point
of view each data set characterized accordinglyivel@ by using four different groups, some
basic statistics such as mean value, standardtaevigere considered. In particular the ANOVA
was done by MS excel function at0.05. Table 9 and Figure 22 summarize and compare
statistics obtained for each data set. A log snakxds to be used to keep together 46 resulting

varieties of magnitude orders in the same diagiMohénty et al., 1994).

Most of the affecting factors for saturated hydi@wonductivity mentioned in Literature
review were observed and confirmed by results ©f $kudy except soil texture or salinity and
acidity factors. Soil samples measured in a fieldradisturbed samples taken in a lab were more
or less representative of one layer soil profilma$ and big rings had similar height of 5cm and
5.1cm. Therefore soil texture difference or solinsy and acidity factors might not be a case for
this study.

One of the important factor which is not mentiomediterature review is soil compaction. It
should be considered this kind of study and eveseied during the field experiments. Figure 8
shows there were two rings with no infiltration. ©is from set 1, another is from set 2. Ponded
water head was maintained at 1.5cm and allowedazdsh But no infiltration took place. No
rock fragments were found down the spot (Appendjx Bhis can be explained by soil
compaction factor only. Wheel-traffic is the maousce of soil compaction in agricultural fields
(Mohanty, 1994) Soil compaction was reported as a cause of sewegdtive results such as
large pores destruction, which reduces saturatettahjic conductivity, from the aspect of
surface soil hydrology and agriculture; surfaceoftimcrease, soil water storage decrease, yield
decrease. (Hillel, 1998)

During sample preparation process for particle tgmseasurement, bigger stones (size of
1.5cm x 2cm x 1lcm dimension) found (Figure 13) oms replicates and later these were
connected to lower Kvalues (Table 7). Big ring No. 3 and 12 or smaibrNo. 2 had been

affected by stone or rock fragment factor. The bk density (Table 7) measurement was
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confirmed this trend. Dry bulk densities of thesgys ranged between 1.5g ¢nand 1.62g cn.
While the calculated average dry bulk density wa®d cm?. For example: big ring No. 12,K
was 0.04cm mif which is very low among the wholesKneasurements. As rock fragment
content increases, the area available for watev flecreases, and overall water movement can

become restricted (Baetens, 2007).

The values of K(Table 9) for big ring in the field ranged betwe®B82cm mirt and 0.91cm
min?, for small ring in the field ranged between 0rb5mint and 0.72cm mik Based on the
result it can be concluded big ring can have manee$ for preferential flow. However the K
values from lab experiment (Table 9) for big rimgged from 0.02cm mito 2.25cm mii, for
small ring ranged between 0.00cm rhiand 2.88cm mik Here some unequal condition should
be mentioned. The lab measurement performed a mateh from field experiment and the
samples kept in a refrigerator at°€4- +6C. The field experiment done within 5 days, the
sample temperature ranged betweél -#5C. While lab experiment temperature ranged°€20
- +24C. The temperature difference is approximatel$C20Qt is confirmed that temperature
increases and dncreases too. An increase in water temperatora &0C to 25C will be result

in a 45% increase indéll other factors remaining constant (Reynoldale2000).

Also the idea of air entrapment was observed. Mimmis value (Table 9) of lab experiment
was 0.00cm mih which is lower than field experiment. Field minim K; was 0.15cm mif.
Undisturbed samples from eight big rings and eightall rings were taken after field
measurement gone through in those soil rings. Apprately one to five days after field
measurement the ring samples were taken from s#ote gnd transferred to the lab. It means
sixteen rings measured twice. Firstly processed field and then in a lab. Before the second
measurement some air might be entrapped in sod samples. This was an agreement with

Bouwer, (1978) that entrapped air can reduce thessared K by a factor of two or more.

The significant difference, calculated as alues obtained from mentioned four groups of
data set. When comparing four groups of data AN(Vable 10) it was found that there was no

significant difference.
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From the above mentioned Table 9 and Figure 2%otlmving relation can be observed:

a) The comparison between standard deviations darigem 0.19 to 0.22 for field
measurement. For lab experiment ranged betweer008B7 With respect to reliability of result

the field direct measurement is preferred (KIuBg4).

b) The variance among four groups identifies smiadjs have higher variance in both lab and

field experiment data.

¢) The small rings Kmedian values are much lower than mean values aa@rip big rings.
This phenomenon can be explained by core sampéeasizaffecting factor. Sampling a small

volume results in an extreme variation in the mes$sgoil properties. (McBratney, 1998)

d) The K mean values for small rings were smaller in feghdi lab conditions. In particularsK
measured in a field for small rings were much lotha@n big rings. It agreed with Mohanty et al.,
(1994) supposed the lowest averagevilues, possibly because of smaller sample shee, t
presence or absence of open-ended macroporeshdn lmind bigger sample size has a greater

probability for the presence of large macroporesulting in higher Kvalues.
e) The logarithmic scaling shows the small ringdala produces a distribution less spread.

f) For the lab data set, on the contrary, the stechdleviation remains high and lab data

distribution more spread. However lab set had mepécates.

g) Statistically, the highest ranged data set wadsh experiments, range was 2.88 for small
rings and 2.22 for big rings. While the field expeent statistical range was 0.57-0.59. It is

another confirmation of the field experiment prefese.

In addition, microbiological factor such as earthme and ants increased the macropores
of the soil through the time. For small ring No30®e ants made many holes and caused pipe
flow of water and this ring removed from the stided analysis. Also small ring No. 072, big

ring No. 5 and 9 were affected by same factor.
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Both small and big ring measurements, however, sttandard deviation distributions
without specific trend and more or less accumulatedund low values. Concerning
measurement, standard deviation versus mean vglaghics, represented on the logarithmic
scale, show, on the contrary, that the small rsngiore sensitive to random measurement errors

than the big rings.

In addition, the standard deviation of the measergin the case of the lab experiment is

characterized by an increasing drift which is albaissent for the field measurements.
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7 CONCLUSIONS AND RECOMMENDATIONS

A new simple constant head infiltrometer was dewetb Its design factors such as water
reservoir diameter, bubbling rate and volume, ciypacere tested. The design consists of two
Mariotte’s bottle type of water cylinder reservogach of the volume is 2000ml. Reading metric
scale (sub-div. ml) 10ml. Soil physical properteesd K, measured at 46 replicates along two

different core sample size were used.

Further the effectiveness of new equipment obseovels measurement and it was assessed
by statistical analysis. For very small flow ratéise diameter of reservoir seemed too big.
However, in sense of minimizing equipment error thading period of time can be set longer.
Reading fluctuations were compared with digitaldirg Dasy Lab. For small ring K
measurement fluctuations were larger. It recommevitsn measure only on small core ring

volume of approximately 100cm? better to chose allemdiameter of cylinder reservoirs.

Soil physical properties as well ag &n a differently sized soil core samples were psepl.
Comparison of differently sized soil core sampleaswpossible to describe the observed
cumulative ponded infiltration pattern accurate,thwionly a small underestimation or

overestimation of the cumulative infiltration.

Ks values obtained through these 2 core sample gizea well with values found using
the same technique although the boundary conditiodger which this method normally may be
applied were not met. It was possible to descrhme dbserved cumulative infiltration using
constant head infiltrometer skestimated on different core sample size data dgweh no
significant influence. Largest differences in satad hydraulic conductivity were observed

between unusual cases such as ant-made holesaasaiithompaction.

The first hypothesis which is the size of soil séngpring has not significant influence

on the measured saturated hydraulic conductivityuinsoil was true.

The second hypothesis was not true. However lalkererpnt fluctuation was seemed
quiet high from the graphs (Figure 20 and 21). &atistically there is no significant difference

between the field and lab experiment.
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9 APPENDICES

Appendix 1. One of the big ring measurement infidid.

Batjargal Danaa CULS, Prague 2012 Page 57



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

Appendix 2. Technical balance reading (connectededasy Lab software)
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Appendix 3. Manual data logging and small ant svaton the picture
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Appendix 4. Example of ant-made holes and antsijaute the glass tube (Small ring No. 093)

Appendix 5. Stones found in some soil core sampleample small ring No. 002.

Batjargal Danaa CULS, Prague 2012 Page 60



M.Sc. thesis: Saturated hydraulic conductivity nueed on differently sized soil core samples

Appendix 6. No infiltration spot(small ring No. 005 here were not rock fragments. Thus it was b soi
compaction factor.
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Time, Reading, Infiltration, Infiltration rate, Cumulative
No min cms3 cms3 cm min™ infiltration, cm3
1 0 2020 0 0
2 2 1810 210 2.09 210
3 4 1670 230 2.29 440
4 6 1560 170 1.69 610
5 8 1450 110 1.09 720
6 10 1350 100 0.99 820
7 12 1240 110 1.09 930
8 14 1130 110 1.09 1040
9 16 1020 110 1.09 1150
10 18 920 100 0.99 1250
11 20 820 100 0.99 1350
12 22 730 90 0.90 1440
13 24 650 80 0.80 1520
14 26 570 80 0.80 1600
15 28 490 80 0.80 1680
16 30 400 90 0.90 1770
17 32 320 80 0.80 1850
18 34 230 90 0.90 1940
19 36 1930 90 0.90 2030
20 38 1840 90 0.90 2120
21 40 1750 90 0.90 2210
22 42 1660 90 0.90 2300
23 44 1580 80 0.80 2380
24 46 1500 80 0.80 2460
25 48 1420 80 0.80 2540
26 50 1340 80 0.80 2620
27 52 1250 90 0.90 2710
28 54 1170 80 0.80 2790
29 56 1090 80 0.80 2870
30 58 1020 70 0.70 2940
31 60 950 70 0.70 3010
32 62 870 80 0.80 3090
33 64 790 80 0.80 3170
34 66 710 80 0.80 3250
35 68 630 80 0.80 3330
36 70 540 90 0.90 3420
37 72 465 75 0.75 3495
38 74 385 80 0.80 3575
39 76 1980 80 0.80 3655
40 78 1905 75 0.75 3730
41 80 1830 75 0.75 3805
42 82 1755 75 0.75 3880
43 84 1680 75 0.75 3955
44 86 1600 80 0.80 4035
45 88 1530 70 0.70 4105
46 90 1450 80 0.80 4185

Appendix 7. Field measurement data logging (mareading of big ring No.
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