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Abstract. Steady state downward flux was carridgdrolaboratory for 2 soil columns containing
sand and aggregated loam. The bulk elekrical ctivitigEC) was measured at the bottom of the colum
by horizontally installed TDR probes. The bulk Eftedwere evaluated by continuous flow and conwmiuti
method and they were converted to relative corat@ms, as were the effluent EC data. For sand, the
relative concentrations obtained from the efflivgate similar to those for TDR, while for aggregdteam
there were significant discrepancies. The resute wxplained by the different pore distributiothef soils.
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INTRODUCTION

Time domain reflectometry (TDR) method is widely used to suea volu-
metric water contenté) and bulk soil electrical conductivifeC,) of the soil.
To calculate the resident solute concentramnof the soil, first the pore water
electrical conductivitEC,) has to be determined froBC, of the soil. For this
purpose several salt calibration methods are introduced. ¥aal [4] divided
them into two main groups.

Indirect methodsan be applied in the case of steady state flosugh disturbed
and undisturbed soil samples. At constant watetenbmelativeEC values are calcu-
lated fromEG, values. These are equal to the relative soluteettrations.

Direct methodsre used under transient flow conditions as wehé case of steady
state flow for homogenised disturbed soil columns. Tlagamship betweekC, EGC,
andé is determined in separate measurement seriegxpeements are carried out on
soil columns with nearly the same structure.
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In this study we evaluate TDR data wittidirect methods Our aim is to
compare resident solute concentration obtainetidarontally installed CAMI/RS
TDR probes (Easy Test Ltd., Poland) with the efftueoncentratior(c;) of two
laboratory experiments with disturbed loam and gextiire soil columns.

MATERIAL AND METHODS
Theory

The relationship betweeBC, EC, and & was expressed by the following
empirical formula for soils havingC,, between 4-2dS/m[3].

EG =EC(H + T()EEC, )

where EC{) is theEC of the solid phase of the soil(8) is the transmission
coefficient accounting for tortuosity of the pore system of thie At constant
soil water content botEC; andT are constant.

The applied indirect methods: According to eq tlganstant soil water content
EC,is linearly related t&C, as well as to the resident solute concentrdtion
The resident solute concentratigg) can be expressed using the following
relative expressions:

Cr (X,t) - Cr, | _ ECa(X,t) - ECa,|

(2)

Cr rel(X.) =

Cro~ 5 ECa,o - ECa,i

wherec, is a reference concentration (e.g. the input solute caatieni, c,; is
the initial resident concentratiokC,, is the bulkEC associated witlt, , and
EC,,;is the initial bulkEC.

Under steady state conditiorgx,t) can be calculated indirectly by using
continuous flow or convolution methods [4,2].

* If the applied pulse with £concentration is long enough, after the solute
dispersion front passes through the horizontally installed TResrat depth X,
the resident concentration equals the input (reference) conaamnttait is related
to the measurelHC, value. Thu€GC,, can be read directly.

** |f the applied pulse with gconcentration is not long enough, the resident
concentration does not equal the input concentration at depth xotledt€t, ,
cannot be measured directly.

Assuming mass conservation of solute pi€g, can be calculated.
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1 [e0)
Corellp = e ec. [(EC(x)—EG, )t 3)
a0 —aj o

C x,t)- C i _ ECa(x,t) - ECa,i

Cr rel(X,t) =

(4)

Cro~ 5 ECa,o a ECa,i

wherec, ) = 1,1, is the period of pulse application.

Under steady state flow, the resident solute concentrationsivil a&column
experiment can be determined from the experimental data and segaifatation
measurements are not necessary.

Experimental method

Steady state downward flux was conducted throughil2columns containing
sandy and loam soil with an aggregate size of vty Table 1 shows the particle
size distribution, and Figure 1 presents the riterurves of the soil samples.

Table 1. Particle size distribution of soils (%)

Particle size
Soil type 0.002- 0.005- 0.01- 0.02- 0.05-
<0.002 0.005 0.01 0.02 0.05 0.25 >0.25
mm

Sand 7.84 0.64 0.4 1.12 3.44 49.08 37.48
(Chernozem) Loam 21.79 9.03 8.35 1295 36.35 11.55-
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The experiment was similar of that described by Wraith et al. [5].
Initially, the columns were saturated by 0.01 M GaGlution. Then volume of 0.035
M CaCl, solution was added on to the top of the columndisyglaced with two pore
volumes of 0.01 M Caghbolution. The columns were 10 cm long and had éoer
diameter. The lower end of the column was supported with anserezh that
water could flow out freely under atmospheric pressure. In theafasand, 1 cm
pressure head was used at the top of the column. In the case ofnthextare
soil, an unsaturated flow with 0.18 cr hate was applied. The effluent solutions
were analysed for electrical conductiviigC), EG and 8 was also measured by
TDR probes (Easy Test) horizontally installed at 9.5 cm deptieaoil column.
A schematic of the experiment is represented in Figure 2.

| Compaurer |

Aggregated loam Sand
Fig. 2. Schematic presentation of the experiment

RESULTS AND DISCUSSION

To evaluate the experiment we used convolutioncmtinuous flow methods.
The effluent solution breakthrough curves were cmagbto the TDR BTC's (Fig. 3).

In the case of sand, the effluent BTC was verylamio the BTC obtained by
TDR probes at the bottom (9.5 cm) of the soil colufifig. 3a.). After adding 1.8
pore volume of 0.035 M Cagsolution to the top of the column there was equili
brium in the system, thus continuous flow method wsed for calibration. For loam
soil, the slope of the TDR BTC was less steep thearslope of the efflueBTC (Fig.
3b.). As after adding two pores volume of Gatbere was not equilibrium in the
column, the convolution method was used for calitigahe TDR BTC.
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Fig. 3. Comparison of effluent BTC with TDR BTC a. for samdor loam soils

The results can be explained with the differendsvdien the so called resident
concentration and flux average concentration aseteby Kreft and Zuber [1].

* Resident or volume average concentrafmhis the mass of the solute per unit
volume of fluid contained in an elementary volurhéhe system.

* Flux average concentrati@g) is the mass of the solute per unit volume of fluid
passing through a given cross-section of soil dueimelementary time interval.

The TDR equipment measures resident concentration that is addedlifiam
the pores solute concentration in the soil column. The efflaententration,
however, is a flux average concentration, thus it is describatdebgolute con-
centration of the large pores.

The difference between and ¢ of soils can be explained by their pore size
distribution. To compare the pore size distributafnthe soil samples, pore size
density functions were calculated from the watemnon functions (Fig. 4).

The large steepness of the function shows that the dianfeperes differs
only in 1-2 orders of magnitude. Thus, there is only one unitrstfeant in the
column. In this case, is characterised mainly by the concentrations of the large
pores as well ag, therefore the TDR and effluent BTC's are similar.

In the case of the aggregated loam, the steepness of thiriuiscsmaller,
which means that large diameter gravitation pores (drh) andadsorption
pores (d < 10-"cm) are present in the column at the same timderereial flow
plays a significant transportation role in the egstwhile conductance of smaller
pores is negligible.

The effluent concentratiory ¢s characterised mainly by the solute concen-
trations of very large pores, while resident concentratioroigributed to the
whole pore water concentration. In small diameter poresdihesaution mixes
slower than in large pores, which causes less steep slope of the TDR BTC.
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Fig. 4. Pore size density function a. for sand b. for |c=2vifs

CONCLUSION

The effluent concentration depends mainly on the solute concenwmétamge
pores, while TDR concentration depends on the solute concentratiry@fand
small pores. In the case of sand, large pores are dominant, teatefdfDR and
effluent BTC’s are similar. As in aggregated loam lapgees and very small
pores are present at the same time under the applied fluxityeloere was
preferential flow in the column. In small pores the solutions stower, therefore
TDR and effluent BTC's cannot have the same shape.

In those cases where preferential flow occurs, TDR and effB€Qt's are
expected to differ from each other.
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POROWNANIE KRZYWYCH PRZEWODNICTWA ELEKTRYCZNEGO
GLEB W KOLUMNOWYM DOSWIADCZENIU LABORATORYJNYM
PRZY WYKORZYSTANIU TECHNIKI TDR
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Streszczenie. W warunkach laboratoryjnych prowanlzatiwiadczenie nad ustalonym
przeptywem grawitacyjnym przyzyciu 2 kolumn wypetnionych piaskiem oraz zagregaygiima. Wartgi¢
przewodnictwa elektrycznego mierzono przy dnie tkwiiza pomag zamocowanych poziomo sond TDR.
Dane z pomiaréw poddawano ocenie mgmdeptywu cigtego oraz konwolucyjn oraz przeksztatcano na
wartaici skzenia wzgtdnego, podobnie jak dane przewodnictwa elektryczmiiag wyptywu. Dla piasku
wartaici skzenia wzgkdnego otrzymane z wyptywu byly podobne do waitotrzymanych metedTDR,
podczas gdy dla zagregowanej gliny gpgiwaly znacgce r@nice. Otrzymane wyniki wyjaiono poprzez
réznice w rozktadzie wielkézi porow badanych gleb.

Stowa kluczowe: TDR, BTC, kolumna glebowa, wyptyw



