Soil Science and Soil Physics - Labs 

Laboratory exercise 2
Hydraulic characteristics: Saturated hydraulic conductivity Ks and retention curve
Tasks: 

· Determine retention curve of soil water content close to saturation using  approx. 100 ccm undisturbed soil sample. Use suction device with sintered glass and sand tank. Draw retention curve using measured values and values requested from the teacher. Determine value of saturated water content s. Draw field capacity and wilting point.
· Determine bulk density d of the soil core and calculate porosity p
· Using 1 liter undisturbed soil core, determine coefficient of saturated hydraulic conductivity using permeameter device with constant and falling head.

· Include your results into the final report

1. Determination of the retention curve close to saturation on sintered glass funnel and sand tank

Tools: saturated soil sample in approx. 100 ccm ring, sintered glass funnel, three way stopcock, 10 ml burette, lab stand, wash-bottle, glass pad, scale, beaker, paper forms

Directions: 

· Drain the sintered glass to get 2 cm water drop relative to top of sintered glass – follow guidance of the teacher

· Reading on burette (A) in ml into line i = 1 of the given form

· Measure distance of the top of sintered glass from the chosen hsd 
· Weight the saturated sample on the glass pad ( msat’ ) and insert on the sinter, add water in the glass pad on the top of soil sample

· Let the sample drain, when stabilized in burrete, read on the burette and add to records B.  Measure the distance in burette on the selected datum h’i 
· Drain approx 4-7 ml from the burette by the 3-way stopcock. OFF marker must lead toward the funnel tubing. Stop the flow by stopcock blocking ALL 3 ways. 

· Do another burette A reading. Connect burette and funnel again and continue B etc. until water in burette is 20 cm below the relative datum or when bubbles enter the sinter glass.
· Weight sample  ( msintr’ ) just for control, it is not used in calculation

· Open lide of the sand tank, gently press sample in the sand bed and close in plastic wrap and secure with glass lid. Suction head (hst) is set to -50 cm.

· Earliest after 24hrs come and weight your sample together with aluminium pan (mAlpan), then strip off the net and rubber and weight these components separaterly. Weight aluminium pan separately prito to sample insertion as well. 
Let sample dry in the oven at 105°C.

· Earliest after additional 24hrs come vtake your sample off the oven – careful – it is HOT, weight dry sample as it is (ring, soil, Al.pan). 

· Dump the sample, clean the ring and weight it. Measure the sized (diameter and height) of the sample and calculate volume

· Do the calculation of the absolute soil water content values, subtracting all wrappings

Calculation: 
Use the excel sheet for the calculation. The aim is to obtain pairs water content  and pressure head h.

Determine saturated water content s (equiv. h = 0)
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Do the calculation of 
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for each hi . First row (i = 0) contains 
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, h = 0. Following values are calculated by:
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where Vwi  is volume drained at ith step.
Pressure heads hi are given by vertical distance of the middle of the soil core (ring) the water level in burette with negative sign.

Value of the water content at the sand tank is referenced to hst = -50 cm. Calculate the water content on the sand tank:
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Draw the graph of retention curve 
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 for measured values, values plotted 
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on the horizontal, h  on the vertical axis. 

Send these values to the teacher, incl. value of the water content at the sand tank 
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by email and the name of the sample. Further values will be derived calculated 330 cm , 1 bar, 3 bar, 7 bar a 15 bar, due to the fact that measurement would last several months.

2. Determination of bulk density
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3. Calculation of porosity
Use particle density s from the Lab 1
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4. Hydaulic conductivity measurement
Tools: undisturbed soil core of 9 cm in diameter in plexiglass container-Tempe cell, burette modifies ad Mariotte bottle, stand
Direction: 

Device with constant head
Setup of the device with constant head is prepared. Undisturbed sample is placed in Tempe cell fully saturated with water – connected through tubing with the burette and outflow.

Set hydraulic gradient
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where:
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difference of pressure heads at the inlet and outlet of the Tempe cell (Mariotte bottle inner tubing and end of the tubing at the outlet), L… lengh of the sample.

It is convenient to set up 
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, flow velocity equals to saturated hydraulic conductivity.

Fill the burette with water and let the stopcock open to flow through the system. Wait until water is flowing at the outlet checking bubbles in the sample. Perform readings on burette at the interval relative to the draining (read the burette approx. 5 times) or repeat the experiment if flowing quickly. Close the stopcock.

Falling head device

Use the same device, remove the stopper with the inner tubing. Burette is not Mariotte bottle type now. Perform the same experiment with extension of recording vertical distance of the falling water head in the burette relative to the outlet. Eg. Start at 300 ml marker on the burette, record the time tp of flow to 500 ml marker and calculate the volume of water flown through the sample
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 (200 ml in this case). Measure the distance of 500 ml (
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) markers on the burette. 

Calculation: 
Follow the Darcy’s law. First calculate Q in time. 
Constant head difference
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where: 
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is volume of the water in the time 
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two adjacent times (min)

draw 
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 and see the variation from several measurements. Find stable flow
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. Use Darcy’s Law to get 
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Falling head difference
Use Darcy’s Law to get 
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Variables defined in the text.
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