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Topics

m Soil Water Properties

m Soil Wetness

m Energy Status of Soil Water

m Soil Water Retention Characteristics

m Darcy’s Law-Steady State Water Flow
— Saturated Flow
— Unsaturated Flow

@ Richards Equation-Non-steady State
Water Flow




Soll Water Properties

# How much water there 1s?
— Soll wethess

1 What is the energy or force with which it is
held?

— Where does this water reside?
— How tightly Is this water held?




Soll Wethess




Soil Wetnhess

m Water Content by Weight, W
— Mass wetness,
— g of water/g of oven dry soll

@ Water Content by volume, Q
— Volume wetness,
— cm3 of water/ cm?3 of soil volume




Relationship Between Volume and
Mass Wetness




Methods of Measuring Soll
Wetness

2 Gravimetric Method.
1 Neutron scattering.

1 Time domain reflectometery.
m Gypsum Block.




1 Fast neutron collide with H atom and are slowed.
We measure slowed neutron. Since most H atoms
are associated with water, we characterize soll

wetness.

http://weather.nmsu.edu/Teaching Material/SOIL698/S  tudent Material/neutronprob/link.htm




Tirne Domealn Reflectorneiry (TDR)

Measures tne dieleciric ‘

Dieleciric property reflecis ine
a0llity of 2 rneaierial 1o store
electric cnarge.
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Irmpedance Proo
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Pnase Transrmission Propes




Time Domealn Transmission Propes
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Mezsures ine
elecirical
conducilvity of
ine soll

Fligner mo]:;ture
coriiernt, nigner s
ine elecirical
cornducivity.
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Energy of soll Water




Energy of Soll Water

1 |t tells us where does water resides In soll.

1 Big pores, medium size pores, or small pores.
Gilboa Ayre, 2007




Energy of Soll Water

Gilboa Ayre, 2007




Energy of Soll Water

Gilboa Ayre, 2007




Energy of Soll Water

Gilboa Ayre, 2007




Energy of Soll Water

Gilboa Ayre, 2007
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[voes ol Energy
E ineilc Energy

— clue to velocity

— Not Irmnporiant in soll waier -

E Poientlal Energy -
— due to position or internal \

2 10
maye-up of soll waiter
— very important in soll water

— It controls water floyw
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Concept of Caplllarity
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Caplllary Rise
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Welter ret
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'me force witn wnicn It 1s r
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iter residing?

2ntlon

smaller iIs the
curvature and
thus less

tightly is water
held




Mairic Potenilal

E Energy nolding ine water in soll 1s called ‘
rairic potenial energy or sirnply mairic
ooterizal,

¥ i s synonymous to vacuurr and tnus s \
also called suctior),
\
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Metnods of Measuring Mairic
Potentlal

Tenslometars
F rleai Dissipation Unit
Thermocouple Psycrirorneter




Tenslometer




rleai Dissipatlon Unit
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Measures ine rate

rligner ine weiter
dissipation and |
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Calipration Curve for rleat
Dissipation Unit

Temperature Difference
or

Rise in temperature




Therrmocouple Psycnrormeter

It Ures tr) ‘
relzail ee'unnduycﬁ

soll alr.
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VWelter Reteriorn
Chnaracieristics




Soll Water Retentlon Chnaracierist

Felationsnip peiweer
arncl energy witn wnicn It

Water Content (v/v)

0.5

1 10 100 1000 10000 100000 \

Water Potential, h (cm of water)
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Characten zatlon of Water

E Flanging

Tempe Ce
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Flanging Water Colurnn
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Esiimaiting Water Retention curves {
B Pedo-transfer Furicilon
E Inoui needed are 't'me part]cl: SIvAS
rlurmuuom Orgariic rraii i Igls
ouli dernsity. \
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lo-Transfer Functions
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Gupta and Larson (1979)

— Based on controlled lao studies

Hawls arncd Brakens

— Based on large NRCS data pase
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Water Flow Througn Solls ‘{

ELiquic water alweys moves from nighgr
nydraulic head to lower nyeerficmzzed




E\\rere H:HydrauJ]r* Hee cl, 1, 1s Saturated
| 1. " N . —
rlydraulic Conductivity, C —LLLJ-LEL

A




s Flux, J,

<—Depth of water=Q/A




Flydraulic Flead (H)

H=h+z

ssure nead, z=graviiailonzal riead

B =pr

o
(D

|

¥ Difference in nydraulic nead (DH) is 8
callsing tne waier o rmove,
E Hligner Is tne nydraulic nead gracdierii,
greater s waier flow raie,
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Flydraulic Conductlvity,

N
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|
Flydraulic Conductlvity, {
rlydraulic conducilvity (17)-cdefines ine siz ‘
of pores inrougn wnicn water flows.
\rger irie pores, rigner is tne nydraulic
onducilvity.
SamrJ/ solls nave large pore and thus \

nigner nydraulic concductlvity inean i 'me CJE\&
501]3.
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Flydraulic Conductivity

rlydraulic conductivity (¢)-clefines ir
tnrougn wnich waier flows,

ﬂ)

size of pores T—

Larger the pores, higher is the hydrauliccomskettyiiy

http://techalive.mtu.edu/ms















Flycralic

1215 WO Cormporients
to rratric head gradient e

(o) JrrlerrrrJonrrl neacd graclient

conductivity is now funciion of Some——






rlycraulic Concductivity Waiier
Content Relailonsnip




Waiier Retentlion and rlydraulic
Conductivity Functions




Waier Reienilon and rlydraulic
Conductlvity Functions

B Van Genucnien Furictior) ‘

N\
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Estirnating rlydraulic Conduciivity
FUncilon Pararneiers

ﬂ‘

g, =0015+0.005Clay +0.014Carbon
loga =- 2486+ 00255and- 002%Clay- 035 Carbon- 26176
\
m=1-1n













Apolication of Ricnards Eq.




Than« you
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anucnien’'s Function

Water Content, vol/vol

Van Genuchten Modeling: Red Wing
at 100% & 105% Proctor Density

10 100 1000 10,000

Suction, cm

100,000
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