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Introduction

Many methods are available to measure the Hydraulic Conductivity

of both saturated and unsaturated soil. A summary of methods, with
literature references, will be presented here. Emphasis is not =n

a highly detailed description of theory or procedure -the reader

is referred to speciflic publications for that- but on operalional
aspects, such as cost, accuracy, complexity, advantages, disadvantages
etc. These adpects are often neglected in purely technical descriptions,

even though they are of paramount jwportance for practical applications.

¥iow af water: measurement of hydraulic conductivity. J.. Boums

Sarurated so0il
2aruiales aus.

Permeability of saturated soil is defined in terms of the
hydraslic conductivity (Kga.) which follows from the law of
Narcy:

Xsag = E}S{

In-which Ksa:(ms—l) is found as a ratio betwdéen a flux q
(ws™') and a gradient of the hydraulic head Al (mm-!).
Saturation is defined as a state in which the seil-water hax:
3 Zery or positive pressure. Some entrapped ulr may ocouwE- At
saturation, ail pofes are therefore not necessarily filled
with water. '
ieference methods for measurement of Kg,¢ can beclassified in
four major types, which use:

1 Calculations bascd on soil texture, moisture rTecention data

or &017 naryhoony data

None of these methods qualify as reference methods

2 tndisturbed samples

2.1 sampling cylinders

2.2 Cypsum~encased large columns

5 Auger holes

3.7 Auger holes
Piccometers

3.3 lnverse auger-hole method

4 Specific techniquas

fL,1 AIr COCry Dermeamcter
4.2 Double ring infiltration

4.3 Urainflow

‘the Bouwer double-tube method is not included as a refurence method.

'iij
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ungaturated soiy

Permeability of unsaturated soil is also celfined 1n terms of

the hydrauiic conductivity (K) wiich {oliows fron the Taw of
Darcy. Unliwe K for maturated soil, which bas one charvacter.st.c
value, K for unsaturated soii (X peat/ L8 different for differcot
molstute contenis {(amd corresponding prossure heads). K pooo s
therefore not represented by one vaiue bul by an infinite
aumber of values which are usualiy showa by curves relating

K

ungat O eirther the molsture content 19) o to t egative

pressure head (%), K, 4. 35 defired as a ratio beiween a {lux

¢ {ms ') and a gradient aof the hydraulic head &H (nm '), at

defined 8 or h-values,

Next to hydrauiic conductivity, the diffusity (D) is also being

used to describe fiow 1n unsaturated soil:

ad

where dh!dg = shape of the moisture rentention curve. Many
methods determine D (mzs_‘). which has to be transfiormed into
K wvalyes.

A special catepory of fiow is the so-calleu: "bypass—flow"
which descrihes dnwﬁward fiow of free water aiong macropores
through an  unsaturated soil matrix. This type of {low occurs
frequently under field conditions, Hul is nol covered in
classical soil physics theory. A method to measure Lypass {iow
is inciuded in this chapter, even though 1t does mnot represent

uvnsaturaterd flow in the usual sense.

Reference methods for Kinsar 8nd D can be claseified in Tour

major types, which use:

1 Caiculalions

.7 Based on so0il texture
1.2 Dased on moisture retention data

Caiculations based on soil morpliology are not inciuded

Ao

LOW BYHEICTWS

sl tesl

Twosplate method
whiitrataen n colunns

518

Giav—sLep ketihod

rantaneous-proafiie method

e

BOTPLOVILY awesurement

GOL~a. T e bihod

thowatepory as auded which conlains

bypass-Iiow,

Coiumn-out{iow method (bypass~Iiow)

a me oo

tor

wmeasuring
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Method 2.1 Keap-Use of sampling cylinders

Pr;nc{ple: An undisturbed soil sample is collected in a rigid metal or plastic
cylinder. The sample 15 slowly saturated and a water flux 15 (nduced “hrough
the semple, usually by shallow, constant ponding on top and by allogeing free

outflow at the bottom, The measured 7lux 15 used to ralculate ¥, Ly the

el

law

weeded: Rigid metal or plastic cylinders with an internal volume of
often 100 cm’ orsometines 300 cm’: sampling equipment such asg spades and devices

to push cylinders into seil; laboratory set-up for measurements.

Procedure: Two possibilities ex:st: (') Shallow, constant ponding and monitoring

of outflow, and (7) Measurement of the rate of decline of the ponded water al a

certain height in a collar on top of the sample, after stopping the addit.on of

water,

Calcuiations: tor the first procedure K is calcwlated as follows:

_o .
ST n

In  aHy/ aH) 12
where: 0 = volume of water per unit time (m® s~ !}
Ay = surface arca of soil sample (m®}
Ay = surface ares of coilar on top of sample (m')
L = length of soll sample
H = Mydraulic Aead 1= h + ) {m) (h = pressure head)
z = helght above the bottom of the soil (m)

Time required: Samplinag, and measurement take little time, Batch treatment well
possibile. Saturation of samples may take several days when they are nit:ially
dry, but sampling in clayey soilschnold occur only when the soil 15 wetr or
moist. Then, saturation takes little Lime.

Cost: lamited. Cylinders and the luboratory set-up are simple and cheap.
Accuracy: Good, assuming that undisturhed samples are obtained that &0 not swe.l

upon weiting. Measurement under controlled laboratory conditions .ir terws of

temperature is favorable, but transportation may induce disturbance and cessication

of samples.

Advantages: Simple method which allows many multiple measurements in a shart time.

By cnanging sampling direction, both vertical and horizental samples may be

obtained.

Disturbance of Lhe woll may occur when sangling. Sample sizes

varn taai

thas are o7ten ased may LE Td LW 1o b representativee Tor the soil structure

. - = Ly 1 .
Lu B characterizoed, Sampling 1n wtony sosls 1s lmpossable. Sampliing only 1n so1l

Goovwe the water-table, ond he wator table bs beinag lowered before samplina.

dard « ey s1zes of 103 cm’ shonld be avoided as

Vee of small, s

. - c £ othe
ConcaLning ftlt and clay. Sample siee whoula be o function of the size of the

tural elements S opedl”) oand of Lhe pattern of occurremn o of large pores.

an oviinder sizes are appr. 6 liters. sampics should Lo taken in soals

Liatl are very moist or wet at the time of sampling. The salt concentration and

¢ Lemperature of the percelating water should correspond with natural soil

condltiony.
Roeforunee:
Yiune . AL (1965): Laboratury measurcement of hyeraulic conductivity of saturated

o1l in: Methods of soil analysis !. ed. C,A. Black, ASA monograph 9.
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Method 2.2 K -Use of gypsum=- ercased large columns
sat 4 7 . . . o
anfl by cuiting the tile. For furtner detaiis the reader 15 referred Lo Bouma
B . A,

Principle. An undisturbed cylindrical columi with a diameter and heignt, of etoaL CIGR1Y.

. . . s . . : : . -settin
W cmoor more 1s carefully carved out im sitd in very moist or wet soii . i % a5 cubes can be strenghteoned oy adding a tian tayer of guick-setting
An anfaltrometer 1s placed on top. The columa is encaserd in Tipsuin arod the copeent hirlore application of the gypsun.

column. The coiumn of s01l 1s saturated and the steady f.ux of water, s mon.tored

Al s alis N

fnring constant, shaliow ponding, induced by a mariotte device, and [ree outtlow

douma, J. 19770 Soil osurvey and the study of walor 1o wrsaturated soai,
Acuma, J.oo B
at the botrom. This fiux is equal 1o Kgat Decause the gradient of the hydraulac fen sl Survey Paper 11, Soil Sarvey inatitaie, Wageninden, 07 p.
head H = 3 :‘*.1_“. . 1 -
o - Acima, gL AN LLWL Delkxer UUAV A method Tor reeasacang the veriscal oand
Aciima, . WG WL Dok
Equipment nreded: Cylinder infiitrometer with mariotle device; field equ.pment e e
SAERDE neeen ’ B hercontal Koo, of Cray solls with nacropares. Soud Gol. o0, Amer. Journ.
o st
such as spades and knifes to carve out the volumi; gypsum or other materials that
FionfL
ailow formation of a rigid, weil-fitting encasement .
N . i I A O AT The hydrauiac conductivaty
Procedure: Steady inflow into the column can be measured with a marioctte device, Houna, J., Wil wvan dioovra and GUH. Stolf Tren. T Y
) ” . . ce j i the Netherlands.
or steady outflow can be coliecied of soil adjacent to tiie draims 1n some heavy cilay s0iis in the
X . o 50: 37i-38;.
Calculations: Koype 15 equal to the measured flux, J.oef hydroiogy 50: 379-383

Time recuired: At leant three cojumns can ne carved cut per day in surfare

0% 1.
Sampling in subsoil takes more timo. Hoasurements itself take litile tiue because

fiuxes become stea.y very rapidiy in 1nitiaily very moist or wet sail. L

measurements take p.ace in the field; most time required is needed for excavation

and sampie preparation.

Cost: Limited, Cylinder infiitrometers are most expensive.
Accuracy: Very good, considering presence of g large volume of undisturbed sosil
which 1s not transported. The measured fiux 15 equal to Kgap, which 1s therefore
obtained in a very accurate manner.

Advantages: Attractive method to obtain large,

used 10 stony soil.

undisturbed sample. Method can he

Disadvantages: Carving of a column of s0ll in very i100se structures 1s daliicult,

Can orly be used in soil above the water-tabie uniess the water-tabie 1s iowered

before sampling. Oniy Kgat~vertical can be deterzined (see remarks) .

Remarks: Columns shouid be carved out in s0ils that are Very moist or wet at the

time of sampling. The salt concentration and Lhe temperature of the perco.ating

water should correspond with natural 5011 conditions.

Two variants of the method have been developed:

{1} The cube method, which not only measures Ksat—vert. but also K e

e
SUR coverea cube of so0il and Dy making
Teasuremenis twice. For further information th

Dekker (1961},

This is accompiished by turning a gyp

e reader is referred to Bouma and

{2} The drain-cube method, which MEASUres Kgat in soul directly above and below

tile drains. This is done by Carving out a cube of 501l around the tile drain
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Method 3.1 K -Use of auger holes

sat

Principle: An auger hole is made to a level well below the water—table, The
hoie is pumped out and the velocity with which the water moves back into the
hole 1s measared. This velocity 15 related to X

sat WiLh a calculat.on procedure.

A variant of the method removes water to a constant Jevel and meintaing -t there.

The necessary pumping rate 1s monitored and 1s used to calculate Ksh,.

Fyuipment needed: Auger, stopwatch, mrasuring equipment for water levels, pump.

Procedure: Two procedures can be followed: (1) The rate is measured by which the
water-level moves back 1o i1ts original level hefore pumping, and {2} The pumping

rate 15 measured WNLCH 14 N0Uessary Lo Malnldln the water level at a e L1t led

ievel which 1s lower than the level an surrounding soil,

Cal 5: For the f:vsr procedure, Fgar 1% calculated as follows (Van Beers,
DaEY X - c nY

Tsar oAt 1)
where: y = distance between the warer—-table level and the level in the augerhole

.t o= time after ecumplylng of the augerhole and © = geometry factor (from
tables).

For the second procedure {Ranger, 1953):

where: @ = fiow rate (m' s~5)

r = radius augerhole (m)
G = depth augerhole below watertable (m)
= hei1ght water table in the augerhole (m)

= geometry factor, as a function of y, r and the distance to an

impermeable level, 1f presenst.
Time yequired: Boring of hele and pumping takes little time. Consistancy between
replicate measurements can usually be obtained after several houre in slowly
permeable soils. A shorter period 1s usually needed 1n more permeable sollis.
Calculations take very l:ittie time due o the use of NOMOGrams .
Cost: very limited. However, use of electric PuUmMps 15 expensive anc corpiicated
i the field. Procedure | can be executed with simple manual pumping. This 18

more daifficuit with procedure 2.

Accuracy: Good in reasonably homogenecus sandy soils, without layering. In layered,

clayey solls conditions are quite different from those that are assumed in the
models that are used to calculate the geometry factor €. Accuracy may ‘e low

under thase conditions.

Simple field methods whach allow many measurermcnts in a relatively

short perzod of time, if applied 1n sandy, homogeneous soils.

v Methods can only be used 1n so1l helow the water-table.,

IR

fagerholens o clayey s0ils will often have puddled wells which do not allow

flow of water into <he auvvertioles. Thus, unrepresent ative

oy 1
Hal ) Ksat values are

ohtoeined, T

e method is not su:table for unstable 5010 structares in which bore-

holes will collaps. The method yields a K ar 'hat 14 an undetined mixture of
v

verticaland horrzontal flow lines, “ithough the horizontal component dominates.

Ko: Rugerholes can be made 1n o dry perion of the year to be used later when

LB oCLffaonlt o remove by mechanical means once 1t has cecurred.
LI

ey, WoOUFL wvan L 1USEY: The auger-hole merhad. nt, Institute for Land

Keclamation and Improvement. boell. no. 1. Wageningen.

Black, C.a. fed.) [1905): Methods of Soil ANalysis. Agroncmy no. 9, American

society of Agronomy Monographs. Mad:ison Wisconsin.

Zenger, C.N. (1953): Theory and problems of water percolation., U.S. bur. of

Heclamation Eng. Monogr. 8

Wattr-table has higher levels. Thus, puddilng of sidewails 15 avoided. Puddling



Methed 3.2 ant-use of pirezometers

pPrincipie: A ciosed, open-ended pipe s instalied an ihe 5011 to well helow

the water-table and a cylindrical hole is hored beyond the end ol the jpipe by
inserting a small aucer into the pipe. Water s pumped outl and the velooity with
Wwhich the water moves back inte the hoie 1s measured. This veiocity is resated

io K with a calculation procedure. The four-hoies methed also uses piezomelers
E

at
and con be described as folliows:

Two auger hoies are made to a level weil Delow the water-tanle. Water is pumped
from ome hele anto the other until a stationary condition obtains. At iecsst two
Mezometers are used to measure (he head-gradients between the two holies. The
pumping rate i1s related to KSat with a calculation procedure.

Equaprent needed: Prezometers, small augers, pump, stopwatch, measuring equipment
for water levels.

Procedure: The rise of the water-ievel 1n a pilerometer is measured after removal
of water that was present at hydraui:c equiiibrium. The piezometers an the four-
hole method indicate steady pressures that correspond with the steady flow regime
between the two auger-holes,

Calculations: K is vaiculated as follows {(Luthin and Kirkham, 1%49;:

K in . (1)
sat YZ
where: r = radius of piezometer (mj

L., ty7 time (57
i

¥ .¥p= distance hetween water-level in piezometer and groundwater level

at times L. and tz.

C = geometry factor (m)
The four-hoies method uses the feoliowing calculation (5nell and Van Schiifgaarde,
1964 :
(2

. -1,
where: O = pumping speed (' s )

cr
[

= distance between water-tanlie and Lower boundary augerholes (m)

T = distance between the two horeholes um}

d = distancoe between the two piezometers which are placed at regular
distances between the two boreholes {m)

€ = geometry factor, which depends on G, 4, D and the distacne To an

impermeable layer, if present. Tables of C values are przssented by

Snell and Van Schilfgaarda, 1964,

Tame required: Precine placement of the piezemetors fakern more time than borang

a hole, bul time required 18 stiyll iiml -aries Lest 18 more laborious

as 1t requires anstallation  and monat

noaen oand plezomeiers,
Cascuintanns tare 11110 time due to tae wse af pomeeirams and standara tables.
Cost: Limited. Bowever, use of ap clec!ir.e panp o oxponsive and complicated in

iae faend, ThHe ppezometer method can e exrcuted wilin a sample handpump. The

four-tioies method requires use of a punp.

ACCutary: G00A 35 S04 s tnal are reasonally Domoees

s owithoweyg -defaned Layers.

inodavered, clayey soi.s conditions are gquite dafterent 0 wore thal are

Aarsuneg Gn the models that are used to calcurate geometry factoers C. Accuracy may

e Low Lader aese conditions,

A

Tancs:s Helatively simphe msothod 030 a.u0ws many measurencnts inoa short

period of time. The piezometer nli0ws Charvacierion

1 af specatuc layers in the

311 DPCause water can fnter the pieZrmetor only at Lhe botiom. This makes

the measuremont more specafic than thie one with The aucerhoie-method (3.1).

The Tour-holes Jethod characterizers a larae voiuse oF Lol .

rvpantacs s5: Methods can oniy be used inoacal

Lrw thin water-table. Plezometer

c.eyey roudls will often have punaied nidewal s whooh o not al.ow fiow

- This is the more sericus Since She cavity DoLow the piezometer 18

very small. Thus,

unrepresentative [Low, Ks . Va..as are cobta.ned. The method
at
cannot be used 1n unstabie 5011 materials. The measured X refiects only
5

propeviies an the herizontal directi.on,

Instasiation of piezometers 1n a dry period with jow watertabies may
avo.d the puddling probliem.

instadiation of the piezometers shouid occur with care to avoid f[low of water
Aiong thelr shafts. This mechanism is & potentia. source of error.
Reforonces:

S - . . \ .
BULRAG, GUNL, and Don Kirknam (19490 : A piesometler method Tor neasuring per-
meability of s011 1n situ beiow a water table. 551k bCi. 6B: 349350

Snci., AW and L van Schilfgaarde {(iTW41: Four well methor of measuUring

hydrauiic conductivity in saturated soils. Trans. Am. Soc. Agr. Eng. 7: B3-87, 9i.



Method 3.3 The 1inverse auger-hole method

Pronciple; An augerhale 15 made te the required depth in sorl above

Dle. The hole is fiiled with water and, after o cer‘a.n perindg,

“re

frltration rate s mea.sured. This rate is “trensilated” ate oa

auger, stoowaich, measuring taps-.
rocecures can e followed: (1) The rate 18 heegoorw

waler v the borehosle moves downwards, ar (2, T o1a
cr o has to be added 1o the borehele to maintain tae
waler at a consiant level.

measured by owh

dialionis: The Tollowing eduation s used for the second procedure;
Trycran

grad:ents of 1 m per m,

10y .
| -— . log ;i ——
sat Tty Ty

where: r = radius borehole (m!

v

Y142 = hewaht of waterlevel in the borehole above its hottom at
: Limes b, and t, (m)

Tl = oLime (5]

Time required: Soaking of soil 1s necessary when 1nltial conditions are
mo1st or dry. This may take ot least a day, The measurement itseif, to

be executed several consecutive tipes to establish constancy, takes severa:
nours.

Limzited, Equlpment s simple,

Goud s reasonably homos

neous sandy soils without laverina.
rffects
red K

<ed clitys, Ui method s Srable hecause patural swe!

canno* e achiieved Ly o felatively)

short soasx:na period, The e
and horroontal comoog

1o an wadetined mixt are of verty

by LEe oot tnat the

Slraulic gradient 1s e

ol oLomn .

methiod which a.lows many replicatl e measarenen

Simple

Cannut be uued an s6:ls with very high Ko vaiues and 1n
Y sat

his method 16 widely used in the USR as the so-called "percolation
hich 18 used to estilmate o1l permeabiility for septic tank cisposal

L 11855 Field measurement of hydraulic conductivity above a
veotabiel In: O.AL Black (8100 Methodn of soils analysis. 1. Anronomy
Am.Soc. of hygronemy. Madisor Wis., USA: 214-052.

Int. Inst, for Land Reclam. and Impr, (ILRI) {!974): Drainage principles
and applications, 111; 2972-204. Wazeningen, The Nerherlands,

T

K - Ary entr ermeameter
sat ¥ P

Water infiltrates into @ry suil from an infiltrometer, using a high

readd

e water. Once the water has infiltrated to a depth of atout 0 cm, water

apoiication 1s stopped. Continued anfiltra

ion .nho the soll cduses the develop-
et of a negative pressure in the (closed) infiltrometer. This pressure is
AL, ~1th a manometer, and decreascs t0 a critical value when the air-entry
pressure of the wetted soirl 1s excended and air hubbles through the wetted soil
into the infiltromerer. Then, the pressure belng reglstrated by the manometer
drops to zere. The critical pressure, the depth of wetting and the infiltration
Tale are used to valculate X

sat’

LUy

iiameter 20 or 30 cml. No futher spec:ial eguipment needed,

Procedure: A horizontal plane is prepared :n the so0il at the required depth

an top of which the air-entry-permeameter 1s placed. The experimental procedure
was described above.

Caiculation: Ksa' 1s calculated with the following eguation:

- [BF]

o
K - — :
nEEE:

sat A {y-4 h

where: Q/A = flux, just before water application is stopped (ms_]i
2 = depth of water front (m}
Y = height of water 1n standpipe above the so01l surface at the moment
when water apollvation is stopped ()

The term hy is measured as fol lows:

Ba = Ppipy + G+ 2 )

where: h, = air entry valiue (mj
G = height manometer above so01)l surface (m)

Time required: One measurement can be made in about one hour, including placement

of the permeameter, At one location, water can only be applied once.
Cous”: Restricted to the alr-permeameter

Acca-acy: Good an dry so0:l5 with well defined air entry values. Poor under other

Tions.

Relatively rapid method which uses a large sample,

vantages: The method can only be used in soil with well defined air-entry
values, Occurrence of continuous macropores results in instant air breakthrough,
making the test useless. Applicat:on can only be coasidered 1n sandy, nonswelling
and non-stony soil. ant of clayey soils can only be measured when the soil is

wet o oand swollen, moL in dry condition.
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Rrmarks: None.
Holerences:

Bouwer, H. (i966,; :

fapd fieia measurenent of air entry value and hydrau. .o

conductivaty of soil as significant parameters in fiow system analysis. ~atoer

Res, Res. 2, &4: 129-738.

Topp, G.C. and M,R. Binns (1976; :

with a modified air-entry permeameter, Can. J. Soil Sci. 56:

Field measurement of hydraulic oo

ductavity

139-147,

Method 4.3 KQ\t—DOuh]o ring infiltration

S Two concPntric cylindrre are placed on

top of the soil and they are

Draied wath water., The water leveis in

two vings are masntained at a conntant

vevelr, white the downward rate of movemen' of the wiler-irvel 12 the InNer-ring

15 onservec. This rate is represestative for K

sat

bLeyoand a certain depth for an extended period of {ime, tiigher 1nitial inflltration

Wihen wetting has progressed

rates can be mrasured as well.

needed: An arner- and outer wetal cyiindor, to he used as winfiltrometer.

Measur.ng equipment to observe the downward rate of movement of water in the

ARDeT oyisnder.

srocadure: The wniflltratien rate s observed unl:, oo

~tant. A pottle with

In®

iotte device can be used to measure the anfiltratics rate.

by

K =
sat A

. N . -1 . .
where: Q/h = fiux (ms '), {0 = fiow rate in @’s " and A = surface area infiltro-

meter in mw;

h = pressure head at s011 surface (m;
hg = pressure head at the 1nfi.iration front (m)
z = depth infiltration {ront below surface [m.

As the infiltration front moves decper, {n-hyl wili become much smaller than

(2). Thus, equation {i) changes to:

K= o (2}

Yarawes in different soils, out USLILLY SCVeral nours per

Steady infiltration rates are directiy equal to K . No additionai
Sa
calculat.ons needrd.

Limited, oniy iafiltrometers reedsd and TEATLT I CQuAPRIeAT .

Accuracy: tagh, when fluxes are accuraiely measured. Tnner infiitrometers often
have a diameter of 30 cm, Ylelding relatively 1avae sampias.

Advantages: Simple, direct method. Steady infiltration rates are equal to

K__, 17 NOROGRNAOUS sogis.

The meihod does not work in s0ile with si0wly or vory nighly
permeasie horizons that occur relatively clore Lo the soll surface. Then,

the prossare head dradient 1s most to o1 omm ¢ with the result

that the infiliration rate ss iower than K . Alco,
nat

OOCUr away [rom the outer ring in 50118 with macro

iateral flow of water may

SOUesS. This Gisrupts the

Tamiired cmaodymame . o P



Mothod 4.4 L9 - drainflow

K 1n swelling clayey

cat s0:1s can only be measured 1n o inatially wet

sa1i. The method bheing described here can be used then. Howevery, continuous

cownward flow in the soil shoula be assured.

le: Water-table levels and drain discharges are measured
W ocertein perraod,

Peferences: BT 35 caloulated wit

an eyuat ron which
suween drain discharge, water-table level
Yile characteristics.,

et nes relationuh:
Survey Investigations for irrigation. Rome. [ Wil

FAO (1979) . Soil

[re

neade

Hucket, staopwatch, piezometers, and measuring
Winger, R.J. (1960}, In place permeab:lity tests and their use in subsa face

The caleulation is based on the drainage eguation
fooghaudt, as follows:

drainage. Int. Congr. Com:. Irrig. and Drainage. Madraid.

B Xodn. 4 Ky, n?

T YA
-1
where: g = Jdrain discharge per m' of surface area (ms
Y = hetaght of water-level between the drains, measured
halfway hetwaen the drains (m)
d = eguivalent thickness ot the layer through which flow
aceurs, to e determined from tables {(m)
I = distance bDelwean *lu drains (m]
. - -1
Ko = Egar of 501l below the drains (ms™ ")
KL) = st‘; of soil above the draing 'Cms‘ll

"he equivalent thickness d 1s smaller than the real thickness of
wne layer through which flow occurs, as 1t expresses the effect
0wt the resistapce of the so1l surrounding the drains, For specific
valcalation details, reader 13 referred to

verniiirwid: The me
AL

¢ reference below,

s lapuriouas, bhecause reneated measurements
Revded. Dran discharge depends, of cuurse, on weather conditions.
Low, except for time regquirements.

! acy: lLimited. Flow ahove the (ralns 1s vertical; the direction
Luiuw the dra.ns is varilanle. e volume of sol1l being charac terized
Luowvery ‘arge, The edquat:on being used 1s velid for "i1deal”™ soll

w.oth oo uniform profile, cornstant thickness and permeabllity and
stationary flow. This i1s otten not true, and the valuoe of Jd may
“herefore vary considerably.

v Ltanes: Very large samole consisiing of undisturbed soil, except
le compaciion ardund the drains,

e5: Method can only be used when drasns dischayrge water and
water level in the ditches :s bolow drainievel,
None .

of Land Reclamation and Improvement {(ILRI) (1974) ., Drainage
proneiples and applications vol. 3: 337-431,




20

Method 1.2 L - Calcurations based on moisture relonlion data
unsa

Method 1.1 K ¢ Calculations hased on so1l texture
unsa

e The methnd

Dasrd Onoa meeinl- concept in whinh 5oLl
ATt resrecsenl od o as b

ddirs of oyLinariea, pores. Thesr (eguivalent)
-'Ja'.(‘: e gra

oo dasiribmtion s derived Tiom i siare roteni oo data. Whoen

o dostribation of a4 seal (5011 texiture

o

rejared 1o sol permeabiiity Ty me
wranu e K

rereSs510N ANaiysis,
ture data.,

ane 1l Kihi oand nosl texture data are avaiiable.
caicu.ations are needed.

el hivhoW,

cotulated, ali o pores are [iLied with owoter, A5 he presayre head
Curves anid s0il 4

GCTRAENS, ANCTTASIAGLY SEaL wer pores aie omptied, K oJdecreasnses

Aceoraingly inoa pattern that 15 reiated o the pore-site distribution.

slical

neodel: none, if atisture reteniion oata are available.

vy conmpmiter o)

Louiations ase needed,

e procedure used by Bloemen (19600 will be described
cific exemple of this approach. His calculations are

based on the equation of Brocks and Corey (1964} :

Procedire: Two procedures ars being Joliowed, One procedure was

Lian iy pablished by MarsSall, Miliodngion and Qiark and war later

Tized by Green and Corey (1971). The second proredure was

. Jtaln . deraved by fBrooxs and Oorey (U041
Kihy = K| __j (i) CAataons: The fivsl proceduare 18 Based o0 Poireuilil’s jaw and
h sLar:s' W_.\_th an equation oef wilag the piensare head (h) at which
pores with radius r are stili filied with water:

where: K. = K, . }

h,; T AT ontry vasue of the sols sanpie -ig -

n - measure for the pore size distribut.on. h = e—— vt
Thase three variabies are transfovmed into terms that relate to soid P.-G.1

texture. To this purpose reqression ANalyses are mnade using exishing

s
data. The foliowing results were obtained for a wide range of soris:

where: § = surface tension of water (kg s
P o= aensity of waicr (kg ont)

- . - L =2,
1,93 -0.74 . - 4 = acceleration o) cravity ‘ms )
L 0.02 M . P (5 = 167 emd ") r = radius crylindrical pore (m)

29 ~0.96 0.79 02,7 . Polseuslle’s law relates the [iow rate of water to the size of
hy, = 9914 My - P t8 = ac.loem) a {cylindricail pore. as foiiows:
.3 R . 1.6
no= .4 o+ 4,536 (£%7Po - 095 58 iegm Wi 2
where: .“.d = mAedian qQrairn-size; ‘d"z_
= qrain-size distribution index as defined by Bloemen (1930; 1in which: = viscosity of the water | 1
P ¥

f = poraos:ity

Fraations 11, and

are sonwhel ang The s lcture-conbtent varge
Time required: Very little time required when caiculation programs are af the roill o as diwvidied an nei- R The pare
avallabie. .

VELANE 1N AT IRLArval 1 a4 Funied Tes orliindrical pores that are
stiil filied with water at the
from the moisture re

Very limited.
Toor. Estimates Jor

TP LT TS o

.- 0 Vaiues are read

roRAVe each a relat.vciy hagh Prtion curve. The foliowing equation results

deviation L& vaiue) . can AaLso b caiecnlated after introduction of a pore-1nteract 1on nodel s
from corresponding moisture reots o w08 Cata. Correlation of such : L . ’
vaiues, witi the alonlated ones ccurding to the equations 1.sted above, K (8], = K ¥ . Loy (23421 'r._2 13
low coelficients of .77 (Biocmen, G980 . sC it ]

Simpie, rapid method that yields man data in oa St time., where K (@), = % for CH = 3 s osaturated ssall. o< om o= opore-
cS: (miy suatab.e Tor sanas with littie clay, {or wiich vith jowest water ¢ontent 7or wiich caliulatiosns are made. p = constant
are defined. Not suitable for so1ls with poorly defined f = poresity 1wla=3), The term v/ 15 @ mALtChLAng faclior which
ha values, el N - :/ R .
RemarkS: Due to the limited appiicability and the relatively nagh ceranes ihe Tatin of fie measuicd versis the caiculated Ko,
errar inveived, this method is not recommended, with the exception for The second procedare is basec on the foliowing equation i4):
santa. . paon
relerence: Kih) = Ks \_i ' v
Ricemen, G.w. J%8G. Caicula“ion of hydrauiic conductivities of 2 ‘j

BLLLS
from texture and organic matter content. Zeitsch. far Pflanzenern.
und Bodenkunde. 143: SBi-615.

Tel hiy ® asr-entry value. o< meoanure -or
cofunea oy Arooks and Corey |14 . ¥ooand
cderived from the moisture retention cusve T
-

&

pore-size d.stritution as
qust. ba measured. n as

A ey use the factor
which is defined as "effective saturation":

5~ =%
Ser_ F
i -5




Ry ——

2
where: § T ratio of water-filled pores to total porasity and
Sr = resicugl saturation. They prove that:

n o= 2+ 31N

il

where: A d {log 5.} / 4 (log h)

Time required: Quite limited if moisture retention data are availabile,
Measurements of Kiar lfor matching purposes) and h
LiTw .

[

a May take coonscerable

Yery lamited 1f activities can be restricted to calculat.uns
suys Highor for the
of ten poorly

well o doetermined i owedl

procedure than for the second, i.cause of
wes. Particular N, values can o

fined

¥ be

vands. Clayey so1ls with macrooore. have
procedure works rather well i sapn:
the oguivalent jore-size model Ls sultable., Proi,
ErANe Ln ClAYyey 56..% A% :5 euld

e 1ned Ny values, Toe ¥
SeLis Tor whidlh,

%

nU by often very amall matehing tactors,
Uorey. The malching factor has no physical

cited by Green and
silcance.

Both precedires are relavively simple and cheap, allowing
S0 apDiicet ton, 1noa shaart meriod of time,

Botloret wds have severe theoretical limitations for
ory Gefined hy velues ang with a pore size distribution
126d LY e sroetic capillary-bundie mode
Unfortunately, most snils belonag o both of these probien ca
These methods shou!d be applied with utmost care to avol
Heneratlon o irrelevant date.

kofe
.E:r'f;f.“

that cansst bhe LI NS I FITA

ure l: Green, R and J.C. Corey [1971). calculation of
Hydraalic condy tivity: A further evaluation of some predictive methods.
Sail Sea. Soc. Amwer. Proc, 4% 4-8.

Procedure 7:

Hrooks, R.H. and T. Corey (1964) . Hydraulic properties
of purous media. Colorado STate Univ. Hydr. Papers 3. 27 p.

Method 1.3 K

ise of i H
unsat ¢ ¢l sall morphology

Measurements of pore sizes an thin sections can be used to calculate

K ,oas discussed 1o omethod 1.0 K

. ET‘L%;: S .

Che metnod cuan be vaed 1o calculale
. . . in

8011 that cannot be sampied for Lrad: VS

, For thin lavers of sandy
at A )
pnal pliysical methods.
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vethod 2.1, - K - Crust test
unsat

The infiltration rate through a crust 1s measured which is

present on top of a so1l column. A steady flow system develops and the

measured flux is then egual to K a#t the subcrust pressure hend
unsat

which is also measured.

Equipmerit needed: A cylinder infiltrometer and tensiometer equipment.

re: An undisturbed, large soil sample is carved out in situ and
‘s encased in gypsum afler placement of an infiltrometer on top. (see
column method for Ksat: method 2.2.0. A crust s placed on top of the
soil. Tt 1s made by mixing guick setling cement and sand in particular
mixtures {usually 10%, 20% and 50% cement), Sand und cement are mixed
when dry and a paste is formed by adding water. This paste is put on

top of the sﬁil and hardens in a few minutes. The infiltration rate
through the crust is measured and the subcrust pressure head. The latter
should preferably be measured at Lwo poinls to allow an estimate of the
vert_cal hydraulic gradient which 1s usualily 1 am in a deep column of

soi)l. The measurement s repeated with several crusts.

itions: The flux 1s egual to Kunsa' at the measured suberust

pressure head. No calculations are needed.

Time required: Limited. Preparat:on of samples will vlake some time; but
measurements can be made quite rapidiy since the method 1s restricted to
pressure heads c¢lose to saturalion, when fluxes are relatively high.

Cost: Limited, when a cylinder 1nfiltromeler is available.

eyt kxcellent, because flux and assocrated pressure head are ob-
tained directly, while the sample 1s Jarge.

ﬁ%ﬁﬂffﬂfﬁ Simple, very accurate method which ylelds K values in a
pressure head range for which K values are difficult 1o cbiain with

other methods., The method of crust application ensures perfect contact

between seil and crust.
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apges: The ranpe of the method is restricted to pressure hieads

- - N -
of approxamateiy O to-n0 ¢m or so, which are associated wilh {luxes of

at ieast severar mm's per day,

Eariier versions of the meihod used gypsum-sand crusts. Theee

may dissolve siowly during the measurcments, Use of quick setiing ecrment

overcomes th.se problems.The method, as descr:bed here, measures 10w

into the so1l. Outflow from a sovi column can also be measured, huth then

the column stiouid be sufficiently Long.

icference: (Only i g
i nly the latest paper 1= mentioned, see other refercnces sn

the following paper).

Bouma, J., C. Belmans, L.W. Dekier and W.J.M, Jeurissen. 1983. ASSesslng

the suitability of soils with macropores for subsurface ligquid waste

disposai. Journai of Environmenta Guality 12 (3;: 305-311
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Metheod 2.2, K ~Two-piate method
unsat

A soil sample 15 piaced beiwern two poraus-plates which are

cunected to ¢ifferent (negativel pressure heads. A steady flow a8 ertab-

Jished and K is chtained by aiso measuring Lhe fwo pressurce heads

unsal

in so1: adjacent to the Lwo piates.

needed: Porous piates, tensiometers, {iux measurming egquipment.

{ialiberte and Corey, 19671 or to prsitive gav pressure (Eirick and

Bowman, 1964;. & smail differeace in pressure 15 induced hetween the two

piates, so as to aliow calcuiation of the ¥ ai the averape pressure head.

Caiculations: K L 8 considercd constanl for the pressure head range
_— unsa

being considered. K for the averape pressure wcad {eiiows from:
uns

sat

K = L e
ansat A T onlaz

- . . - 3 -1,
where ¢ = voiume of water that lcave. the sampie auring time t (m’s '}

. - 2

A = cross sectlona. survace (@ |

h = pressure nead im)

7z = depth below the soil surface in the sampie (m)

Time Teguired: At iower pressure heads, equiiibriun stoady-state Tiow
systems are only reached after severai days or more, which makes the
method very timeconsuming. At higher pressure heads, measurements tawe
less time, aithough freguent observations of [luxes and pressure heads
are necded.

Cosi: Material costs are low, but labour cost may be high.

Accuracy: Good, whern the gradient of the pressure head 15 iow. However,
Tiuxes can oniy be measured 1f the gradient has some vaiue. At certain

molsture contents, K may change strongiy upon small changes 1n moisture

cortent. Then, the method is rather inaccurate.
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Advantapes: Relatively simple method reguiring only simple, direct

valeelations.

Eitiéinh13103; Labour 1ntensive methad, Results are approximate due to
the averaging procedure involved. Contact of soil and plates s vritival
to allow flow, and this may ofer problems in swelling or unstali¢ souls

because plates should not ve pressed too hard onto the sod’
=4 !

closed system does not aliow wir 1o escape, nor does 1t allow arr-entry.
Remarks: A variant of the method has been published by Henseler and

Renger {1968) who used a decreasing pre

ssure head difference in a “falling-

head" method. Nielsen et al 11960, 1961} used one porous plate at the

bottom of the sample o induce a constant flux there, while allowing free

evaporation at the top of the sumple.

Eeferencgii

Henseler, K.l. und M.Henger, 1968: Die Bestimmung der wasserdurchlassipkeit in
Wasserungesidttigden Boden mivw der Doppeltmembran-Druckapparatur. 2.
Piflanzencrn. Bodenw. 1220 220-7224.

Nielsen, UD.K., D.Kirkham and E.H. Perrier, 1960: Soil capillary conductivity:
Comparison of measured and calculated values. Soil Sci. Soc. Amer. Proc.
24: 157-:60.

Nielsen, D.R. and ..W. Biggar, 9A1: Measuring capillary conductivity
Soil Sei. 9r: 107-101.

Elrick, D.E. and Howman, D.H., 1964: Improved apparatus for soil moisture

flow m=asurements. %oil Sci .Soc. Amer. Proc. 28: 450-453.
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Method 2.3 X - Infiltration in columns
unsat

A long column, filled with dry soil, is sublected to a
Crlux of water at its upper surrace. After some time a
LanrTomoisture content and prexsure head :s cbserved bolow the
ceoof infiltration. The measured flux s ecual to K,,gat 8t
womtasured water content and pressare head.

feent negded: Column fiiled with soll, equipment Lo apply water,
: r and eguipment “o measure water contents. Required
1s simple and not edpen

IV

Three methnds are beirn fnllowed to apply water at a
antorate: {1] Water van be sproirkled on othe column at a4 series
rates that are lower than Kgge

PoWater s applied through a

porovs plate to which a negative prevsure 1. applied (Youngs, 1961),

wro D Water rs applied Uhrough a4 Crust wilh a higher res:stance

Which aliows a small positive head on top of Lhe crust (see method
. ¥ . - et

sart 2.1 the crust test),

ulations: Very sim and direct: Flux 1s egual to K

ure content and pressure head.

unsat at

Java are rapidly obtained at high fluxes. Low fluxes
times of infilrration.

Lamited.

wracy: Good. The procedure is cuite direct, Kunsat D and & are
e directly.

sample melhod with good accuracy,

tages: LONG Measurement tives 4t low fluxes, Method, using
Deare :iffannct be applied in so1ls with macropores pecause
wToLhurtecrrcuiting,

s: None.

onces:

Yoargs, E_G

$963. An anfiltration method of meastring the hydraulic
cyadurtivity of unsaturated porous materials. Soul Sc1. 97 307-311.
¥ Y p

6., D. and W.R, Gardner. 1970, “easurement of ynseturated

vonductivity anc diffusivity by infiltration through an 1mpeding layer,

Lol Sci, 109: 149-:153.
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Method 3.1, % One-step methad, yieiding &
unsat

Princaipie: A oson. SamY e s

piaced an 4 parous plate 4noa p
b

FERRLTS onacher
a7 n a Bichner furnel. “he samaie 13 an “tact throuph ke a,atc ot
waler of a whown Fhe. Suddeniy the preanure on Lhe chamber i g s
oA kno VAaLue ar the nepalive pressoare helow the porous PTG e
Looa kne Vaiucl . Dutiiow from the SAa%p.e s measured as oa o Lot
dnve a new hydraniic e

Pibrium

As oeen reached, the meistbare mbenl

the sampie s determgned. Data are used 1o calcuiate the diffusity (s which

van be transformed inlo K.

needed: Pressure chamber or Buchner funnel with associated eqgulp-

neC principie,

%: The equation used to calculate D is as Tollows:

Dig}

< (B, - G
o Y F
Where: o (g) = diffusiiy (a” I
o = Moisture conlent At {ime t i
t .. X -3
Car = Minal mosture content amom
L = time afier a

ppuitation of pressure (s)
heipht soii sampie (m;

o
"

Time reg rredidepenging on the aressure

tanes more 1ime Lo reack

e pe TAnge Deing considered. Equiiibrium
Al Lower pressure heads,
himited; ecuipment 1s

Acy' timited, beiasse ¢

an be measured seo

relativeiy simsie and

inexpens; ve.
Corelatively snall

Fanpie Ssizes. QULTiow vo.umes
fateiv with A graduated burettie. Transformation of O into
K oanvoivey 1atradustion of some CUror.
ii‘-igiagq: Reiative.ly simpie met-od thal virlds goed data for a iimited
range of nressure heads and ma.slure contents,

Eiﬁadvantagsﬁ: rather Lime CONSURL G at o ow
S8, Canaoh e used to ohtain K near satur
ing ou! {iow rates.

Rem; 4 This methed is suitable te be a
g pien.
Relcrences:

fomxes. Unsuitabie in osweiling

ation, because of rapidiy chang-

Mired simultancously 1n a series

LiS520 0 Note on the separation ana
cguations. SSSAY 26404~ W,

Jaynes, D.B. ard "
Loan 1n situ melyod cdraulic CORGUaLivity SSATA4:
Gupta, S.C., U.A. Farre.l asd W.E, Larson (1974 : Dete

sl water diffusivities from one-step out{iow experi
716.

solution of diffusion type

Tvver 1198005 Comparison of one-siep outi o

method
Tar Arasuring n

BOA-WGT L
aTning olectsve
ments. SS5SAP 38 7i0-
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- fiie method
Method 3.2 K, Instantanecus-proflii

nsat

- N : . monstu o Aand covered withoa plastic
Aomnil oprofiie 38 weited oo sty oand o d i

aporation. Molsture contente ane poesnure heads are

) L hes
Terent times during natural drainape of the soil. These

ot ralenaate B

:J‘ar-‘i: LENRIAnciers, cquipment to omeannce molsture contents
rohed, ather miscaliencous equipment .

principic.

;. Fluxes arc caiculated as {oi.ows:

.—) dr ()
di’z
whernm: -
glz,ti = Tiax at depth 2z ;mc.i ! ;
o = naistuce content (m
- = drath below surface (m)

1 =

(5]

¥ 1s calculated as foilows:

thredl The measurenent may Ladr SCVETAl wnew:

, parlicolariy in

- o 1 - w 4 3 - b o
1i® wilh jow anternal drainage rates. ¥ic.d cbservations tak
t.me.

celatively high, due to cquipment peeds and .abour iniensive pro-

Coaures.,

Goad. Methad 5s direct,y derived from field drainage experiments
eRes thus a s itein vaitdalion.
nnoMetnod vielcs represent

ive Gata Tar Tiend soils iR oa pressure

trat us reieovant for antep CraLnAEe pron.ens,

7 rerslana, T.ow does toaliow occur-
Coastulpl.on ol o wernlona. CLow does pntoa
wiih eat praperties. ApnL.cation an

ORE01L8 L8 nol possibie. Melhod Lc onol osuital

Lo "B VA URS near

tatiralian because of very rapid drainage. Very iome CAnsUmLIng when 0w
-
{

BRI SR & T ot oI Sal

o THe metnnd can o aino

he umed
r obhnoerved pressarce heads
: W F

Trom where apwars ©oow oo
the water-fahie -

'_‘.\\-Jr,g LU TR R TR

cowoa det e

a.

B L A (R

fwarG. the ol sur

unwiward L.

ctoan.

wo Lowa suhsurlace Jum zons. osee Richar

R

b A simiaar method Tor soul sanpies an the laboratory has been
Wind V1969, and Boels et.ai. 1978

oy MU Kre

psoand Y. Stylianon. 1870 Pracedure and Yest of an

RLernas draitage metllod Tore measuTing i hewran e ool r.nr'fCI"]SthS in
Srt. 891l Se.ence Li40 395-400. (provide. a noaecos e CXABpIe .

Richards, L.A., W R.Gardner and G. Opa*a. 1956. .
water loss from spil. Sail Science Soc. Amer. Proc. 20: 330-3i4.

Phvsica., pronesnes determining
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wird, G.P..'96G, tap.ilary cond:
Proco Bymp, Waler op,
Bor. s, Do, TR H.YL wun
system of automntic

vty dath estimated by a s
¢ Unsaturated Zone, Waperangen, Neth
wals, Lot Veerman and L I ‘n-\‘lt.
determirnition of sull moist
vnsaturated hydrauiic conductivities. Soil

ure charactep; -,

Scrence 126:19:.19%,
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Method 4.1, Konsay ~ 3orptivity measurement, yielding D.

PBrinciple: Water is applied under pressure to a soil sample through a
porous niate. Pressure is applied in such a way that the cumulative ad-
serption of water is proportiocnate to V—:‘ Sorptivity values obtained are
used o caleulate the diffusity (D) which can be transformed in Kunsat'
Eguipnent needed: A special apparatus is needed for applying water to a
5011 smmpie with a rate that is proportionate to v_‘L—.‘ Additional equipment
15 minimal .

Procedure: Application of water occurs with a pump and special pears which
2ilow the cumalative absorption of water (i) to be proporticnate to Yi?
Variow:o combinations of pumping velocities, gear size and pump-volume can

be used to induce specific Serptivaty (S! values, where:
i=syt

The water content and pressure head are measvred in soil adjacent to the
porous plate, as spon as S is constant. This is often the case after only

a2 few minutes. Five to ten determinations can be made in each sample,

_ e
o s’ G 4 e & :-7
VT @ e T T T oge © @5 TR S T T\
1 © A 1 i

wher‘eé’ = constant varying between 0.50 and 0.67

Time reguired: Limited. A sample can be used for several determinations
and calculations are rapid when a computer program 1s avallable.

Lout: lLimited, once the special apparatus has been bought.

Accuracy: Good, althouph co-nlex calculatiens for D are needed, which
inelude the empirical !"actnrd/. This new method has not yet been tested

extensively,



31

ﬂfﬂﬂﬂiﬂﬂfﬁi Simpie, rapid method that allows mutipie measurements

1In a shorl time.

Compiex calcuiations fop 0. Additional

error 1atroaaced

when trans "Ml ; : I
transforming O to K. Applications limited to sandy and SUily s01is

SWeiling soils are more difficuit to characlerize with this method
Rem: : 15i
Hemarus: This 15 a promsing method that should he widely appiied and

tested.
Relercence;

PHEen - 9. F cantroi sorptiv measurement t et T ets)
Di1rk { 7 ux
. fl ciled s pta 1Ly measure L5 Lo geternine

so1l hydraulse property functions. Soil Sei. Soc. Amer, J. 43: 827-334
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iethad 4.2 K Hot-air method, yielding o

unsat

top for a

ed at Ale imited period of
ihe mogsture conten’ distsibiiaon 1n Lhe sample afler
sennnred and 3s used lo calcuiate .

trear of hot air
: eosaTp.e
Pnadistusbed sonl samples are LaMen in L0 om o taph melal cylinders.

A hol-atr pun capabhie of producing a
+

ars' con, live sa

aead of approximately
oonta the saspies durirg a peiod of approx. 6 min-

hirs are desorbea Lo g pressy

SRR AT

veors 1 pushed Trom the cyiind poand is cul 1n 5 mm thick siices,
wreorontent s measurcc. Mo.sture content is piottled
S praph as used Yo ecaicuiate .

Gl Wit e m

versss ddesth and

Ca.cuiations: Diffusivity 1s caicuiated as foilows:
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where:
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o= 0 TTaniwvaty im ]

messlare content al depth k. after t osec

sLia.s matsture content
duratian of evaporation {s)
x = depln my

“he Toliowinp boundiry canditions apply:

¢ shouid be homogenocus

2) the evaporalive joss, which is being measured repcatedly during the
proccdure, shouid be proporticnate to V1 and

the nessture content in the bottom of the sampie should remain constant
[semi-infinite sample).

reviitred: Litie time needed. The measuremens fakes some 45 minutes
r. Caiculations can be made with a computer.
Tamited.

FKeasomable, but there are sevora. sources of orrer: evaporation
afbf_dorlng SAMpLIng. viscositly changrs «f thre waler d. ing the measure~
mrntoann the  approximate character of {ie calculat.on nrocedure.

: +t Rapid, simple method which aliows mutiple measurcments in a

Some Lheoretical limitations of !
Lransport 1= not ascilhermai. The me

e~ mettad Mave lo be recopg-
Lhed goes not worid well in
Ay becavse of irreguiar avaporation inoa sandy malrix when

a siream of forced air. Molsture retention curve i1s necded Lo

1Y .
SRR e specifie testing of the methad :r rerded Lo evaiuate
vical limitations. So far, curves obtained vicld ;ood resuits when
Appiied in simuiation models, particulariy in clay woiis.
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T, AL Farrel: and G.R. Blake, 1975, A “e.d study ol suil water
Gepirtior patierns sn presence of prowing =oybesrn roots. I, Determination
o hydraulic properties of the soii. Soil $Seci. Soc. Amer. Proc. 39:4Z4-
430 .
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Method 5.1 Column-outilaw method (hypass flow)

ineipl
subjected Lo sprivkinong-rrrrpat ren with a defined ntens:ty andg |
Tae mass of the sorl s determrned. The moment that wnler et

A larpe, urdisturbed dry colunn of a 501l with macropires 15

the votamn In observed and the outlow rate Is measvured dues ) Shp.
Toe colemn s weiphed wfter tenmination of the experimen .

of the « 7 mass 18 atnributed 4o sadsorpiion of water. : o
witer - eft the s, unmataray 5oLl Mass LS expressed o T

e Tar Dypass

applied water 1o obtain a
drota

~

centape va:

oocyLinde: 501, Suwer-pipe sepments o

o have oeernused suecesfully, A simnle stan. o
an el outfow from the column. Sprinkling eqaipment .

SO prine g,

)

Hads .

coout flow at o pirven time is compared with the inflow
e percest gpe of  bynass iow, The deten

Tatron b thoe
3 stiart ol the eaxperiment allows an estimate o wuil porosity
doe!l the assocoated melstere content abl saturation. Accord:ing 1o carcy
theory, Tov From o the coltumn can onl
o mote e head

y ovtcur when the selr 18 satur-—
O ocm au the suttom of the

[T

when nr

and h o= —z0 om At the Lop of o 20 om hiph corel. Gulflow during v
sass Yow  ovcurs much o rore rapidly.

sdr Litiie. wWheo commercial

reguir sprinikling equipment 1s used, cight
e he run o noaboul 30 mic otes.The measured outfiow data are direct-
oo additional calcolations needed,

Very 1imytned,

ey Good. Tre measurement of outflow 1s accurate. The nTiow rate 1is
Ticult to mean.r

when imtermittent sprinkizng i appiie
es: Simple, chean and rapid methoed which sllows moti;
merts Ll oan tmparient ot
It sadvar

measure—

nomenon trat has so far bheen ipnores.
pest Free outfiaw at the botton of Lhe coure 1s only real:iotic an

501 ve free macronore—drarnage Lo the subsoil. 1 the macrupores,
such as cravks, end al s cortasn denth, they wilt 117 up wott water and

water will have Lo Slowly 1

T inito the soul matr:x, Short-ce

treoa short cure, will continusus pores, is then not representative Tor f

iling wp of the macropores were deserihed by

s after
Houma and Woston, o aeadag .

 Sample siye should be such that macrupore patterns are we.l re-
‘;n'u:.:u::LTd.
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