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sandy loam clay loam

Water movement in the soil
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Soil Moisture Constants \

Saturation SMT = OATM
""""" capacity ""'""1"'""'
] 1 aulal GW SMT=( _
__Fieldcapacity | | | 10 3/ .
(FC)
Readily AMC
(OMC) =-===-- SIS
SMT = (7 — 32 ATM)
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Available Moisture Content (A
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Readily Available Moisture Content (RA
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Depth of Water Held in Root Zone
For ease in calculation water present in the voids of the soil needs to be expre
as depth of water.

Let root zone depth = dm
Specific weight of dry soil = y4

cross-section area of soil considered=A

equivalent depth of water present in voids of the soil = Dm

Weight of water retained in certain volume of sail
- Weight of same volume of dry sail

AxDxvy,
- Adxyy,

Tq
_ —2.d-FC
D = T,

It is the depth of water stored in the root zone for full field capacity.
But this entire depth of water can’t be extracted by the plants, hence available moisture content will be
given as:

Available depth of water = Y . g.(FC - PWP)

w

Not available water = Lja’(PWP)

Tw

v
Equivalent depth of water readily available, RAMC = Y_dd(FC—OMC)

w



RAMC  Maximum allowable deficiency
(Culday)  Consumptive use per day

-E Example-2.1 Depth of water in root zone at field capacity and permanent wilting point'
are 0.5 m per metre depth of soil and 0.2 m per metre depth of soil. Find field capacity and permanent

wilting point Take y, = 13.73 KN/m®.
Solution:

Given: (:1'1,“,1 =05m; O{,l,,,2 =0.2m ; Depth of soil, d=1m ; y,=13.73 kN/m?
Weight of water retained in root zone corresponding to FC
Weight of dry soil

_ Ywx(dyqx1) _ 9.81x0.5x1 0
FC= yax(dx1) 13.73x1x1 35.72%
Yo XAy, X)) 9.81x(0.2x 1)
PWP ="y x(dx1) = 1373x(1x1)

Fly =

Field capacity (FC) =

=0.1429=14.29%

Alternate solution:

PWP = | xF.C=32"20, _14.099
25 5

Since depth of water in root zone at F.C is 2.5 times that at PWP.




-E Example-2.2 A loam soil has field capacity of 25% and wilting coefficient of 10%. The
dry unit weight of soil is 1.5 gm/cc. If the root zone depth is 60 cm, determine storage capacity of the
soil. Irrigation water is applied when moisture content falls to 15%.

Solution:
Given: FC=25% =025 ; PWP =0.10 ; Drydensity, p,=1.5gm/cc ; Root zone depth, d =60 cm
Moisture holding capacity of soil in root zone depth, dis given by

- Pd Fc —PwP)= ? %60 [0.25-0.1=13.5cm

Pw

When moisture content falls to 15%, the deficiency of water depth created will be given by

_ Pd 4 [F.C. - Fall in moisture content]

Pw

_ 1'T5><60[O.25—O.15]=90m

Hence, 9 cm depth of water is the net irrigation requirement.
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-_E[ Example-2.3 For best growth of a particular crop, F.C = 30%, PWP = 11%,

v, = 1300 kg/m3. Effective depth of root zone = 800 mm, C, per day = 12 mm. Moisture content must

not fall below 25% of water holding capacity between field capacity and permanent wilting point.
Determine frequency of irrigation.

Solution :
I FC = 30%
0.75 (FC - PWP)
! oMmC
0.25 (FC - PWP)
Y PWP = 11%

OMC = PWP + 0.25 (FC — PWP) = FC — 0.75 (FC — PWP)
FC -~ OMC = 0.75 (FC — PWP)

RAMC = :—dd-(FC—OMC)
W

RAMC = %XO.BXO.?B(O.S—O.H) =0.1432m

RAMC  143.2mm
C, per day 12 mm

12 day

frequency of irrigation (FW) = = 12.35 day

frequency of irrigation



-E Example-2.4 The following data were recorded from an irrigation field:

Field capacity = 20%

Permanent wilting point = 10%

Permissible depletion of available soil moisture = 50%

Dry unit weight of soil = 15,000 N/m3

Effective rainfall = 25 mm

Based on above data, the net irrigaton requirement per metre depth of soil will be

(a) 25 mm (b) 50 mm
(c) 75mm (d) 125 mm
[UPPSC 2004]
Solution: (b)
Let depth of root zone = 1000 mm
Given : FC = 20%, v, = 15 kN/m3; PWP = 1%, P_. = 25 mm
Permissible depletion of available soil pressure = 50%
Optimum Moisture Content, OMC = 0.5(20 - 10) + 10 = 15%
Readily Available Moisture Content, RAMC = Yo q(Fc—ome)
Yo FC =20%
15 5%
— EX1OOO(O.2O—O,15) __________________ OMC = 15%
= 7/5mm
Consumptive irrigationrequired = C,— P 0 raintal 5%
CIR =75-25=50mm | X __. PWP = 10%
NIR = CIR+ Leaching required
NIR = 580+0=50mm
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1. Determine what field capacity is (see table below)alisll dxull ax

2. Determine what permanent wilting point is (see table below)isilall J sl ddasi as
Take a silt loam (the majority of soil types in N. Otago) for example where:

OFC = 31 % (determined from soil drying or tables)s» (ebll d:lal) Zal)

OWP = 11 % (determined from soil drying or tables) & <kl dalall J gl adass

Texture FC (%) | PWP (%) Texture FC (%) PWP (%)
Sand 10 5 Silt loam 31 11
Loamy sand 12 5 Silt 30 6
Sandy loam 18 8 Clay loam 36 22
Sandy clay loam 27 17 Silty clay loam 38 22
Loam 28 14 Silty clay 41 27
Sandy clay 36 25 Clay 42 30

3. Calculate total amount of water available to plants within the soil profile, Gec Jals Uil Asliall sl s Maa)
44 this is the ‘total available

water (TAW)’ and is calculated by:

TAW = OFC - OWP = 31-11 = 20%.

4. Determine the soil depth to which the water is applied4de clall (ki 24 Sl 4 5l Gae 203
, for instance in Pallic soils this beis may determined based on the depth of the topsoil 400 mm, or in_other soils t
rooting depth of the crop.Assuming a rooting depth of grass to be 0-300 mmals 300-0 ¢ sS4 cadiadl Julals Gac ) il
TAW = 20 % (from 3)

" A\AJ . N\ DN ., OYONNw PN i vam
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5. Irrigation point (IP) is the moisture content at which irrigation should be applied.
This is generally taken as a half way point between OFC and OWP. ) ¢l 4ka|P) (2
O Gkl Cuatia A Adasi La sae lld i (5 1) 48 Saday O a3 A gk ) (5 gina

OFC s OWP.

IP=TAW /2 + Bwe=20/2 +11 =21

When soils reach 21 % (i.e. the IP) then we must re-fill to ©«(which is 31 %).

This is achieved by adding 10 % more moisture.

10 % of 300 mm =30 mm

1 L applied over 1 m:=1 mm, so 30 mm over 1 ha (10 000 m.) = 300 000 L or 300 m



Soil Properties
» Texture

» Definition: relative proportions of various sizes of individual soil partie
&s,4)l a0l ol plas! wliseo

» USDA classifications
» Sand: 0.05 - 2.0 mm
» Silt: 0.002 - 0.05 mm
» Clay: <0.002 mm

» Textural triangle: USDA Textural Classes
» Coarse vs. Fine, Light vs. Heavy
» Affects water movement and storage

» Structure
» Definition: how soil particles are grouped or arranged
» Affects root penetration and water intake and movement



USDA Textural 120
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> Bulk Density (p,) . _ Ms
po —
Vb

> pp = S0il bulk densityd. sl 4,1 435N g/emd
> M, = mass of dry soildila)) sl g
> V,, = volume of soil sample®. 3l p2=, ¢

> Typical values: 1.1 - 1.6 g/em?

L) L L L A MS
> Particle Density (p )&l &5 4S5, — v
S

> pp = soil particle density, g/cm®
> M, = mass of dry soil, g
> V, = volume of solids, cm?®

> Typical values: 2.6 - 2.7 g/em?



> Porosity (¢) volume of pores
~ volume of soil

6 = 1- 22 100%

Op

» Typical values: 30 - 60%




Water in Soils

» Solil water content

» Mass water content (0,,)

» 0., = mass water content (fraction)

» M,, = mass of water evaporated, ¢ (>24 hours @

105°C)

» M, = mass of dry soil, g



» Volumetric water content (6,)
Vw

Y

» 0,, = volumetric water content (fraction)
» V,, = volume of water

» V, = volume of soil sample

» At saturation, 6,, = ¢

» 0, =As 0,

» As = apparent soil specific gravity = p,/p,,
density of water = 1 g/cm?3)

» As = p, numerically when units of g/cm3 are used
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Volurmetric Water Content & Equivale
Depth
Typical Values for Agricultural Soils

Soil Solids (Particles): 50%

Very Large Pores: 15%
(Gravitational Water)

Total Pore
Space: 50% Medium-sized Pores: 20%
(Plant Available Water)

Very Small Pores: 15%
(Unavailable Water)
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Water-nolding Capacity o
Effect of Soil Texture

Coarse Sand Silty Clay Loam

Dry Soil

Gravitational Waier

Water Holding Capacity
Available Water

Unavailable Water




»Equivalent depth of water (

» d = volume of water per unit land area

pd = )

» d = equivalent depth of water in a soil layer

» L = depth (thickness) of the soil layer



The Hydrological Cycle and Water Balance
s

Transpiration

. ‘. - ‘ %
: | l!lootZono

Saturated Zone I* Unsaturated Zone °
- k " ]
b
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The Hydrological Cycle

The hydrological cycle describes
terrestrial pathways and
transformation of water.

Evaporation, precipitation, and

Reservoir (glgh;fgs) % of Total
Oceans 1370 97.25
Ice Caps & Glaciers 29 2.05
Groundwater 9.5 0.68

infiltration replenish soil water storage Lakes

0.125

0.01

0.065

0.005

0.013

0.001

0.0017

0.0001

and recharge groundwater - key life Soil Moisture
supporting processes. Atmosphere
The hydrologic cycle is “driven” by Streams & Rivers

solar radiation.

More than 97% of earth’s water
Is found in oceans; soil water
storage is less than 0.005% !

Residence times in various
“hydrological compartments”
vary considerably: >10,000yr
ice caps; >1000yr deep ground
water; <1 yr surface soil water.

0.0006

0.00004

EgBiosphere
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The Water Balance Equation

The primary use of soil water content information is for evaluation of the

water balance equation given as:

P41 =E1-DR AR —

Precipitation

Irrigation

Evapotranspiration (Soil and Plant)
Drainage

Surface Runoff

Change in Water Storage within the Soil Profile

(Soil Water Depletion)

AW

it

Saturated Zone !* Unsaturated Zone "

L_/ J

Evaporation ﬂ‘l
|

J

< /

7 Transpiration

a/
@ Evaporation
:

v

Extraction

* The concept is based on conservation of mass, balancing inputs and outputs
from a soil profile (inputs are taken as positive, outputs negative sign).

e Soil water storage W is defined as the equivalent depth of water stored in a
certain soil depth.

e Changes in storage are calculated for a given time interval (day, year):

AW=W,itiaWrinal-

e Under typical conditions AW is fairly significant over short period of times
(weeks to months), but generally evens out to zero over one to several years.



Changes in Soil Water Storage

0 — AW =AZ *A\G

Soil Depth, Z

Soil Depth, Z




The Water Balance Equation: Example

Example: Soil Water Balance

Problem Statement:

Estimate the drainage of water below a 2.0 m monitoring depth for the non-
vegetated location of a recent chemical spill. Assume that the volumetric
soil water content was monitored with a neutron probe having the soil-
specific calibration equation:

8, =-0.0130278 + 0.207666 x CR

The measured neutron count ratios (CR) for 20 cm depth increments at the
beginning and the end of the monitoring period are given as:

Depth [m] | 0.0-0.2 | 0.2-04 | 04-06 | 06-0.8 | 0.8-1.0 | 1.0-1.2 | 1.2-1.4 | 1416 | 16-1.8 | 1.8-2.0
CR-Start | 1.50 | 160 | 163 | 1.72 | 155 | 149 | 128 | 0.97 | 0.87 | 0.96
CR-End | 090 | 110 | 162 | 168 | 156 | 147 | 1.30 | 1.05 | 0.90 | 1.10

The cumulative precipitation during the measurement interval was 42 cm,
the surface runoff was 3 cm, and the cumulative Evapotranspiration (ET)
was 36 cm.




The Water Balance Equation: Example

Solution: We can solve this problem by applying the climatic
water balance equation:

(1) Change in soil water storage P+1I=ET+ DR+ RO-AW
where P is precipitation, | is irrigation, ET is

Depth Bvs O | Bus-6ve | AW, evapotranspiration, DR is drainage, RO is surface
0.0-0.2 | 0.298 | 0.174 0.124| 24.92 runoff, and DW is change in soil water storage. We
02-04 | 0319 | 0.215 0.104| 20.77 rearrange the equation to solve for drainage:

0.4-06 | 0.325 | 0.323 0.002| 042 DR=P+1-ET- RO+ AW

0.6-0.8 | 0.344 | 0.336 0.008| 1.66| Since there was no irrigation during the
measurement interval, the only unknown is the
0810 | 0309 ) 0.511 | -0.002| -042 change in soil water storage DW.
1.0-1.2 | 0296 | 0.282 | 0004| 083| The change in storage can be derived from neutron
1214 | 0253 | 0257 | -0004| -0.83| probe measurements. We first calculate the
volumetric water content for each depth increment
14-1.6 | 0188 | 0.205 | -0.017] -3.32 at the beginning and at the end of the
16-18 | 0168 | 0.174 | -0.006| -1.25 measurement period using the calibration equation.
1820 | 0186 | 0215 | -0.0290| 5.81 We then take the difference between these 6,
values and calculate the change in storage (it is
SUM |36.96 | equal to the change in the equivalent depth of
water) for each increment.

(2) Drainage below 2.0 m A - AO < D
DR=420-30-360+37=67 [mm]

The summation over the entire monitoring depth
gives the change in soil water storage. [make sure
you use the proper sign]




Equivalent Depth of Soil Water D,

In the context of the water balance equation it is useful to recall the
concept of equivalent depth of soil water D, relating volumetric water
content to water depth similar to climatic quantities (precipitation,
irrigation, evapotranspiration) commonly expressed in equivalent
units of water volume per unit soil surface area (or length).

D =60 -D
Where D is the soil depth increment having uniform water content 6,

D, is the volumetric water content in a given depth increment
expressed as soil water storage (Length)

D, is very useful in water balance calculations.

Volume of Air, Va I D

Volume of Water, r—
Vw ﬁ

Volume of Solids,
Vs




The Water Balance Equation: Example

Example: Equivalent Water Depth and Redistribution of Rainfall

Problem Statement:

Calculate the depth that a soil profile, initially at uniform wetness of
{-}V=0.1Tm3m'3, would be wet to saturated water content of 8s=0.49 m®m™
following 120 mm rainfall. Next, calculate depth of soil profile wetting to field
capacity water content of 6gc=0.24 m°m™ following internal redistribution of
the added water.

Solution:

We employ the relationship D = Dg/A6,, solving for the soil depth (D) wetted
from initial 6,=0.17 m>m™ to saturation water content 0,=0.49 m°m~ by 120
mm depth equivalent water (D). We must consider the initial water content
because all pore space is not available for occupancy by the invading
water.

120mm

= =37.5¢cm
' (0.49-017)

Next, we calculate redistribution to field capacity using the same
relationship:

120mm

— =1714cm
27 (0.24-0.17)




Volurmetric Water Content & Equivalent Dapin

YOLUME

| (cm?)

BB Equivalent Depth

OF SOIL (9)




*Field Capacity (FC or 9;,)
—Soil water content where gravity drainage becomes negligible
—Soil is not saturated but still a very wet condition

ETraditienally defined as the water content corresponding to a soil water potential of -1/10
ar

-Permanent Wilting Point (WP or ©,,,)
-Soil water content beyond which plants cannot recover from water stress (dead)
—Still some water in the soil but not enough to be of use to plants

—Traditionally defined as the water content corresponding to -15 bars of SWP
) &l aswlIFC 9IFQ) &yl Waio audlol e ey > 5l olio Sgio
alslaodl oluodl Sgizo al Ladsi W, la> ab, dls> Jl V (S Au o W
) awosladl Jeudl adass oy, 1/3- (Jl 1/10- 0 auysdl olo SLISLYWP glwp) Sgixo
slodl yay Jls V (wue) (siledl slp=Vl o (sdleidl WUl (Say V osadl &l olio
b Laudss 8,05 Wbl lpolasiiwl o UgSs &lasSIl aud Loy yud Sy @il (59
oo aboyil 15-J ablleoll oledl SqixoSWP




Available Water

» Definition

>
>

» Available Water Capacity (AWC)

>

>
>
>

Water held in the soil between field capacity and permanent wilting point
“Available™ for plant use

AWC = Gfe - %
Units: depth of available water per unit depth of soil, “unitless” (in/in, or mm/mm
Measured using field or laboratory methods (described in text)

ol 890" dnslal Jouill aliig sl é,08)l u @yl (a8 59>g0Jl o,
) aoliall oluoll s SIAWC) AWC = ofc - owp JS) a>lioll oball ac 1o
&ilase wdlol izl pwlall pi (oo / oo of «sd /esd) "6a>g La " (il &
(adl 89 axogo) ayyuiso 9|



S50il Hydraulic Properties and Soil Texture

Table 2.3. Example values of soil water characteristics for various soil textures.*

Soil texture 0:. 0, AWC
---------- in/inormme---------
Coarse sand 0.10 0.05 0.05
Sand 0.15 0.07 0.08
Loamy sand 0.18 0.07 0.11
Sandy loam 0.20 0.08 0.12
Loam 0.25 0.10 0.15
Silt loam 0.30 0.12 0.18
Silty clay loam 0.38 0.22 0.16
Clay loam 0.40 0.25 0.15
Silty clay 0.40 0.27 0.13
Clay 0.40 0.28 0.12

*  Example values are given. You can expect considerable variation from these values within

each soil texture.
I\



» Fraction available water depleted (f,)
Gec— 6
fa =
Ge — Owp

» (05 - 0,) = soil water deficit (SWD)
» 0, = current soil volumetric water content

» Fraction available water remaining (f,)
A — Bwp
fr =
Gre — Owp

» (0, - 0,,,) = soil water balance (SWB)




(a) Early in irrigation event Gravity vs. Capillarity

| N wetting front

S .0~ «—— Horizontal movement

Vertical movement due to capillarity

due largely to gravity
(b) Late in irrigation event

B

wetting front

Figure 2.8. Wetting patterns early and late in furrow irrigation water application.



Soil Water Potential

= Description
I Measure of the energy status of the soil water
> Important because it reflects how hard planis must work to exiract waier
I Units of measure are normally bars or atmospheres
b Soil water potentials are negative pressures (iension or suction)
> Water flows from a higher (less negative) potential to a lower (more negative) potential
b Qe
o Al el A8k Ala 8
B ohall gl )ainY dlall il Jasd of iag S (iSay Y pga
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Soil Water Potential

Y= WYst YnT Yo

> v, = total soil water potential

» Components

>y, = gravitational potential (force of gravity pulling on the water)

> v, = matric potential (force placed on the water by the soil matrix — soil wat
“tension™)

> v, = osmotic potential (due to the difference in salt concentration across a semi
permeable membrane, such as a plant root)

> Matric potential, y,,, normally has the greatest effect on release of water fro
plants



> Soil Water Release Curve
» Curve of matric potential (tension) vs. water content
> Less water — more tension S dlus Jaiuia I g2 Jil obia

> At a given tension, finer-textured soils retain more water
(larger number of small pores) il Jadias cluall Jaiia dad
_).\Si o\,,u 2,3..5.' @H\ Jia dacUll

1 L [ 1
Field capacity

30% level

50% level

40

Available water (%)

20 -

Permanent wilting point 415 bars

0 2 45056 8 10 12 14 16
Soil water potential (-bars)
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Matric Potential and Soil Texture

The tension or suction created by small capillary tubes
(small soil pores) is greater than that created by large tubes
(large soil pores). At any given matric potential coarse soils
hold less water than fine-textured soils.

Height of capillary
rise inversely related
to tube diameter




Water Infiltration
Def’n.: the entry of water into the

Influencing Factors

» Soil texture

Initial soil water content

Surface sealing (structure, etc.)

Soil cracking

Tillage practices

Method of application (e.g., Basin vs. Furfow)

vV v v v VvV Vv

Water temperature






AWC= FC - WP
-0.33 bar - ( - 15 bar)

% water by vol at Field Capacity = %FC = 55%
%water by vol at Wilt Point = % WP = 30%

% FC-% WP= % AWC

55%-30% = 25% & ( % water x inch soil = inch water)

For 4 feet of soil 25% AWC means that .25 x 48 inch.
= 12 inches of water stored in 48 inches of soll.

= 12 inches of water available/
4 ft.






http://upload.wikimedia.org/wikipedia/en/a/aa/Single_ring.JPG
http://upload.wikimedia.org/wikipedia/en/e/e9/Double_ring.JPG




Table 4 EXAMPLE CYLINDER INFILTROMETER DATA \

Time Readings Gauge Readings

Clock Cumulative Gauge Cumulative
hrs min mm mm
0800 0 187 0
0801 1 183 4
0802 2 182 5
0804 4 181 6
0806 6 180 7
0810 10 179 8
0820 20 177 10
0830 30 176 11
0900 60 173 14
1000 120 169 18
1100 180 166 21
1200 240 163 24
1400 360 158 29
1600 480 153 34
1800 600 149 38
2400 960 137 50
0300 1140 131 56
0600 1320 126 61

0840 1480 122 65




Accum. D (mm)

100

10

D =3.4282t0%377®

D (mm) R2=0.9834
-
1 10 100 1000 10000
Accum.T (min)
D = Kt = 3.4282t0337°
dD

dt

=] =Ktl"=m.K. t/""1 = 0.3379 x 3.4282t ;06621

I = 1.1583¢, %56



D = KtI" = 3.4282t93379
I = 1.1583¢, 06621

T (min) D (mm) | mm/min
1 4 0.1583

2 5 0.10003891
4 6 0.06322036
6 7 0.04833558
10 8 0.03446521
20 10 0.02178056
30 11 0.01665248
60 14 0.01052366
120 18 0.00665051
180 21 0.0050847
240 24 0.00420284
360 29 0.00321331
480 34 0.00265602
600 38 0.00229122
960 50 0.00167849
1140 56 0.00149797
1320 61 0.00135941
1480 65 0.00126023

100

Accum. D (mm)

-
o

10

D (mm) vy =3.4282x°77
Rz =0.9834

100 1000
Accum.T (min)

10000

Accum. Infiltration Depth {(mm)

200

400

600 800 1000

Accum. Time (min)

1200 1400

e=@==D (Mm) ==@==|mm/min

Infiltration depth in (mm/min)




Depth (cm) VY = 3.2408x06413

R? =0.9995
T (hr.) Depth (cm) | cm/hr) o
0.5 2.1 2.51
1 3.21 2.01
1.5 4.16 1.8
2 5.03 1.68 S
2.5 5.85 1.6 °
3 6.63 1.54
0.1 )
Accum. T (hr)
Chart Title
7
6
5
= .
E 3 :
g2 E
1
0
0 0.5 1 15 5 e ;

Accum. T (hr)

—@—Depth (cm) —@—Icm/hr)
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» 10g(9.50) = a log (20)
log(3.975) = a log (1) and by simultaneous solution:

» Thus,
» Z=0.003975 r -2°1 + 0.000025 r







INFILTRATION (DEPTH)

¥

Cumulative Infiltration Depth vs. Time
For Different Soil Textures

FINE SAND

-

SLOPE APPROACHES
STEADY-STATE RATE

SILT LOAM

ELAPSED TIME OR OPPORTUNITY TIME




Infiltration Rate, depth/time

Infiltration Raie vs, Tirne
For Differeni Soll Texiurss

Fine Sand

Fine Sandy Loam Steady State or

/ x = .
Basic Infiltraton Rate
Silt Loam

——————————————————————
- ——
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,———————————————— ——— ————————— WL e — . —

e~
Q--.
-
---------------
- -

Elapsed Time or Opportunity Time

Figure 2.9. Infiltration rate vs. opportunity time.



Water Infiltration Rates and Soil Text

Table 2.4. Basic infiltration rates for stationary sprinkler systems. (Adapted from Pair, 1983.)

Soil Texture Minimal Surface Sealing Some Surface Sealing
inh nh
Coarse sand 0.75-1.00 0.40-0.65
Fine sand 0.50-0.75 0.25-0.50
Fine sandy loam 0.35-0.50 0.15-0.30
Silt loam 0.25-0.40 0.13-0.28
Clay loam 0.10-0.30 0.03-0.25




Soil Infiltration Rate vs. Constant Irrigation
Application Rate

Constant Application Rate Sprinkler System

/l Potential Runoff

Infiltration Rate

d

+— Time When Surface Ponding Occurs

Rate

W Ber G W g A e W) N M Gl ek gk ey e en W -

Elapsed Time



Soil Infiltration Rate vs. Variable Irrigation
Application Rate

A |
Variable Application
Pattern of Moving
Sprinkler System
T T Potential
~ ™. _Runoff
2 ;
= yd ﬁ\

~

+— Time When Surface Ponding Occurs'\

>

- Elapsed Time



Depth of Penetration

» Can be viewed as sequentially filling the soil profile in layers
» Deep percolation: water penetrating deeper than the bottom of the root z
> Leaching: transport of chemicals from the root zone due to deep percolati
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Example 2.4

Given a soil with the following characteristics, calculate the depth to which 4 in. of infiltrated
water would penetrate.

Layer Depth O 0,
(in)
1 0-12 0.34 0.20
2 12-30 0.40 0.33
3 30+ 0.30 0.24

Using Equation 2.12:

SWD, =(0.34-0.20) 12 in. = 1.7 in.
SWD, =(0.40-0.33) 18 in. = 1.3 in.
3.01n. (1.7 in. + 1.3 in.) is required to fill the first two layers

The remaining water is: 4.0 in. - 3.0 in. = 1.0 in.

To find the depth penetrated in the third layer (L;), use the same equation, but solve for L; when
SWD;=1.01in.:

1.0

i = =67
s = 030-023) o7 ™"

The depth from the surface penetrated by a 4-inch application is then:
12 1n. + 18 in. + 16.7 in. = 46.7 in. (about 4 feet).



Example 3.10 Find the capacity o f a soil for the following dat

Root zone depth = 2m

Existing water content = 5%

Dry density o fsoil = 1.5 g/ m3

Water applied to the soil = 500 m3
Water loss due to evaporation etc.= 10%
Area o f plot =1000 sq.meters.

Solution.

Total water applied = 500 m3

Loss of water =10%



s Water used in the soil
90 _ 3
= 500 X m—450 m

=.450%x10° ¢
Total dry weight of the soil
=1000x%2%1.5%10° g
. % of water added

_ 450 x 10° <100
1000 x 2x 1.5 X 1(]3

= 15 %
-. New water content

=5%+15% = 20%
- Field capacity = 20 %




Example 3.11. Ajter how many days will you supply water
to soil {clay loam) in order to ensure efficient irrigation of the given

crop, if
(f) Field capacity of soil = 27%
(i) Permanent wilting point = 14%
(iti) Density of soil =15 glem’
(iv) Effective depth of root zone =75 cm
(v) Daily consumptive use of water for the given crop =11 mm.
Solution.

Available moisture =Field capacity— permanent wilting point

= 27~ 14=13%

Let the readily available moisture be 80% of the available
moisture.

.. Readily available moisture =13 x 0.8=104%



S Optimum  moisture
=27- 10.4=16.6%
Hence when irrigation water is applied, moisture is raised
from 166 to 27%.
“. Depth of water stored in root zone, during cach watering

.’;’_'d [Field capacity— Optimum water
content]

=rd

= [0.27-0.166] metres

="5"‘i“-75 x 0.104=0.117 m

=11.7 cm
Thus, depth of water available for evapo-transpiration
= 11.7 cm
Daijly consumptive use of water
= L1 cm .
~. Watering frequency \

=-T7=10 days.
Hence, water should be applied after every 10 day




Example 3.12 A loam soil has field capacity of 22% and
wilting coefficient of 10%. The dry unit weight of soil is 1.5

glem®. If the root zone depth is 70 cm, determine the storage capacity
of the soil. Irmigation water is applied when moisture content falls to
14%. If the water application efficiency is 75% determine the water
depth required to be applied in the field.

Solution
Maximum storage capacity =Available moisture

.—._"‘ [ Field capacity — Wilting coefficient]
1 s X 0.70

[ 022 - 0.10] metres

=0.126 m = 12.6 cm
Depth of irrigation water

= z};—‘i [ Field capacity — Optimum m.c. ]

12%07 1022 - 0.14] metres

0084 m = 84 cm

Field irrigation requirement

=% =112 em.




Sample Problem: Gravimetric determination of soil water

Wit. of cylinder + oven dry soil = 240¢g
wt. cylinder at field capacity =350¢g

wt cylinder at wilt point = 300

Wt cylinder on June 1 = 320

volume cylinder = 200 cc

350 320 300
BD = 240/200 = 1.2 g/cc

% water by wt. at FC = ((350-240)+240)x100 = 45.8%
% water by vol at FC = ((350-240) +200) x100 = 55%
and (%water by wt.) X (BD) = % water by Vol

Or 45.8 X 1.2 = 55%

% water by vol at WP = ((300-240) +200) x100 = 30%



Soil Water Measurement

Gravimetric
Measures mass water content (6,
Take field samples — weigh — oven dry — weigh
Advantages: accurate; Multiple locations

Disadvantages: labor; Time delay

Feel and appearance
Take field samples and feel them by hand

Advantages: low cost; Multiple locations
Disadvantages: experience required; Not highly accur



Soil Water Measuremeﬁt

» Neutron scattering (attenuation)
» Measures volumetric water content (0,)
» Attenuation of high-energy neutrons by hydrogen nucleus

» Advantages:
» samples a relatively large soil sphere
» repeatedly sample same site and several depths
» accurate

» Disadvantages:
» high cost instrument
» radioactive licensing and safety
» not reliable for shallow measurements near the soil surface

» Dielectric constant
» A soil’s dielectric constant is dependent on soil moisture
» Time domain reflectometry (TDR)
» Frequency domain reflectometry (FDR)
» Primarily used for research purposes at this time




Soil Water Measurement
Neutron Artenuation

—

Spherec of
Influence

Access Tube




Soil Water Measurement\

» Tensiometers

» Measure soil water potential (tension)

» Practical operating range is about 0 to 0.75 bar of tension (this can be a limitation on
medium- and fine-textured soils)

» Electrical resistance blocks

» Measure soil water potential (tension)

» Tend to work better at higher tensions (lower water contents)
» Thermal dissipation blocks

» Measure soil water potential (tension)

» Require individual calibration



L T —

Tepsiorneter for Meaasvrine Soil Water Poranitizl

)

Water Reservoir

Variable Tube Length (12 in- 48 in) . l —
Based on Root Zone Depth |

Porous Ceramic Tip

Vacuum Gauge (0-100 centibar)




Electrical Resistance Blocks & Meters




o

Description

Determination No.

| I 1]l

1 | Weight of empty container {W.) in g 20,12 | 20,08 | 20.00
2 | Weight of container + Wet soil (W, in gl44.12 | 44.11 146,10
3 | Weight of container + Dry soil (W) in g [41.12 | 4115|4501

CALCULATION:
1 | Weight of water =W_-W, 294 | 295 |32.09
2 | Weight of solid =W W, 21,06 | 21.08 |23.01
3 LY 13.96 [ 13.9913.43

Water content w = W‘ 1 x 100%

i 1
Average value 13.79%




matric potential

\

Soll Water Characteristic Curves
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Surface lrrigation
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Design of sprinkler irrigation -
Steps are as follow -

1. Inventory of Resources and Conditions.

A. Map of the area. It is essential that a map of the area concerned
is prepared and drawn to scale with sufficient accuracy to show
all dimensions so that lengths of main and laterals can be
scaled there from. It should be a contour map or, at least,
should show all relevant elevations with respect to water
source, pump location, and critical elevations in the fields to be
irrigated. The elevation map provides information about
pressure developed for pump.

B. Water supply—source, availability and dependability.- The
quantity available should also meet the seasonal and annual
requirements of the crops and the area to be irrigated. The
water should be chemically suitable for irrigating the crops and
soils of the area. It should not have any corrosive effect on the
equipment. The water should be relatively clean and free of
suspended impurities so that the sprinkler lines and nozzles
are not clogged.

C. Climatic conditions. - The consumptive use of a crop depends
upon the climatic parameters such as temperature, radiation
intensity, humidity and wind velocity. Sprinkler system is
designed for the daily peak rate of consumptive use of the
crops irrigated by it.

A peak demand in the range of 2 to 10 mm depth per day is
equivalent to a continuous flow of 0.23 to 1.16
litres/second /hectare.




sprinkler spacing, operating pressure, and nozzle sizes that

will most nearly provide the optimum water-application rate with

the greatest degree of uniformity of distribution.

A. Location and nature of water supply. -

= The layout of the mains will depend on the location of the well.
It is advantageous if the pump for the well designed to lift the
water and provide necessary pressure to overcome the
friction loss in the pipelines and to operate the sprinklers.

= Sometimes it may be necessary to adopt a sprinkler irrigation
system with an already laid underground pipeline water
distributuion system or field channels.

= In case of underground pipelines a portable pumping set can
be used with the suction attached to the hydrants mounted on
the pipe outlet

= In case of field channels running , the channel can be run
down the centre of the field the laterals will then be only half
as long so that smaller length laterals could be used, but the
channel may interfere with tillage operations and may result in
some reduction in the net area cropped.

= Another alternative is to have a permanent pumping plant at
the source and distribute the water in buried pressure
pipelines. These pipelines will usually run down the centre of
the field so that the outlets offer little hindrance to tillage and
other farm operations.
B. Orientation of laterals.-

= To obtain a reasonable degree of uniformity in the discharge of
each sprinkler, the mains should be located in the general
direction of the steepest slope, with the laterals at right
angles

= If the lateral slopes upgrade appreciably, it is difficult to
design for a reasonable length. If it slopes downgrade, the
length can be longer than usual, but rarely does the slope
remain uniform for each setting.

< A main located along the middle of a field, a given lateral will
normally be moved to successive positions up one side and then
down the other.

(a) Length of Main pipe,

width of field
l‘m -

2 2
(b) Frictional loss for assumed diameter of pipe, h 825fQ°Ly,
e ——




Q = discharge lit/sec
dm = Assumed diameter of pipe, cm
f = frictional coefficient

(c) Length of lateral pipe,
length of field
L= ———m

(d) Diameter of lateral pipe

1
[825fsq2 lr
df = -
hg r
Where, d; = diameter of Lateral pipe, cm
f = coefficient of friction
q = discharge of one sprinkler =Total discharge(Q)/Nos of
sprinkler
ha = operating pressure in terms of height or head of wat
(1 kg/cm2 = 10 m of water)
1/R =value for Nos of sprinklers from standard Table,
(for 13 sprinklers value of 1/R = 3068)
S = spacing of sprinkler, metre.

>
C. The number of possible arrangements
< The arrangement selected should provide for a minimal
investment in irrigation pipe, have low labour requirement.
< The choice will depend to a large extent upon the types and
capacities of the sprinklers and their operating pressures.
D. Sprinkler Selection and Spacing.-
= The actual selection of the sprinkler is based largely upon
design information furnished by the manufacturers of the
equipment.
= The choice depends mainly on the diameter of coverage
required, pressure available and sprinkler discharge.
< The best combination of sprinkler spacing and lateral
moves, suiting the application rate for the soil and wind
conditions should be selected.
= The required discharge of an individual sprinkler by the
following formula:
Se XS X1

360
in which, Q = required discharge of individual sprinkler,




i. Sj = spacing of sprinklers along the laterals, metres
ii. Sm = spacing of laterals along the main, metres
iii. = optimum application rate, cm/hr.
E. Height of sprinkler riser pipes.
< Sprinklers are located at maximum height of the crop.
< To avoid excessive turbulence in the riser pipes the
minimum height of riser is 30 cm when the riser pipe is of
2.5 cm diameter and 15 cm when it is of 1.8 to 2 cm
diameter.
4. Capacity of Sprinkler Systems.-
= The required capacity of a sprinkler system depends on the size
of the area to be irrigated (design area), the gross depth of
water applied in each irrigation, and the net operating time
allowed to apply water to this depth.
= The capacity of the system may be calculated by the formula:

= 2780 AD
Q= FHE

in which,
Q = discharge capacity of the pump, litres /sec
A =area to be irrigated, hectares
d = net depth of water application, cm
F = number of days allowed for the completion of one irrigation
H = number of actual operating hours per day
E = water application efficiency, per cent.
< In equation it may be noted that F and H are of major
importance in that they have a direct bearing on the capital
investment per hectare required for equipment.
= From the formula it is clear that the greater the product of these
two factors (operating time) the smaller is the system capacity
(and thereby the cost) for a given area.
6. Hydraulic Design of Sprinkler Systems.
= The hydraulic design of sprinklers is aimed at obtaining a
uniform irrigation coverage, the desired rate of application, the
break-up of sprinkler drops necessary to Minimize structural
deterioration of the soil surface, the efficiency desired to reduce
the energy requirement in operating the system and to
maximize area of coverage.
= The main hydraulic principles involved in a sprinkler system
design are given below.

A Thaahaviants a2 metesheeBBise cndimimba U o BMasidinacdnn alf 2 ssacdealedia




Example 2.2 Determine the required capacity of a sprinkler system to
apply water at the rate of 1.25 cm /hr. Two 186 metres long sprinkler
lines are required. Sixteen sprinklers are spaced at 12 metre intervals
on each line. The spacing between lines is 18 metres.

Solution:

5 XSy x|
360

B 12 x 18 x 1.25

360
0.75 Itres

_ sec
sprinkler
System capacity = total discharge of all sprinklers

=0.75x 32

= 24 litres/sec.



Example 2.4 Determine the system capacity for a sprinkler lrrlgation\
system to irrigate 16 hectares of maize crop. Design moisture use rate
is 5 mm per day. Moisture replaced in soil at each irrigation is 6 cm.
Irrigation efficiency is 70 per cent. Irrigation period is 10 days in a 12-
day interval. The system is to be operated for 20 hours per day.

Solution:
Given:A=16,F=10,H=20,d=6

System capacity

= 2780 o
= FHE
= 2780 X 8 x 2.85
- 6 x 15 X 75

=9.4 liters / second



Example 2.5 Determine the size of sprinklers, laterals, pump and \
power unit for the sprinkler system layout with the following
conditions:

Hn =353 m, Hj=05m Hm =22 m, Hs =3.5m, I = 1.25 cm / hr,
maximum length of main = 60 m, Sj= 15 m, Sm = 20 m and allowable
variation in pressure in the lateral is 20 per cent.

Solution:

1. Determine the sprinkler and the lateral capacities:

_ S5¢ XSy x1
360
_ 15x20x1.25
a 360
=1.05 litres -
=1.05— /sprinkler
Area of sprinkler nozzle, Diameter of sprinkler nozzle,d = 0.75 cm
2. Select 7.5 cm diameter lateral (assumed)
q=Ca,/2gh 3. Select 10 cm diameter main(assumed)
q 4. Pump size -
a = H, = H,+ H,, + H; + H;
J2gh . iy
ol =355+05+ 22+35
1.04 x 1073 =43.0m

© 0.95vV2 x 9.8 % 30

2 il QH 1x107%x10° x 45
= 0.45 x 10 m? T 76E 75 % 0.7

=9.43



Example 2.3 Allowing 1 hour for moving each 186 metre sprinkler
line described in Example 2.1 how many hours would be required to
apply a 5 cm irrigation to a square 16-hectare field? How many days
are required assuming 10-hour days?

Solution: Irrigation time to apply 5 cm irrigation at the rate of 1.25
cm/hour= %= 4 hours

Time required for moving the lateral = 1 hour

Total time per setting =4 + 1 =5 hours

Area of field = 16 x 10,000 = 1,60,000

Length of field =va = ¥160000 = 400 m

The entire length of 400 m is covered by the two 186 m laterals.
The number of moves required= 400/18 =22.2 say 22 moves

Total time required for irrigation =22 x 5 = 110 hours

=110/10 = 11 days.
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Need of Drainage

During rain or irrigation the fields become wet. The water infiltrate into |
the soil and is stored in its pores. When all the pores are filled with

water, the soil 1s said to be saturated and no more water can be absorbed;
when rain or irrigation continues, pools may form on the soil surface (as

shown in Figure). r
>
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Water in Soil After Heavy Rain




Arrangements of Sub-Surface Drains

I T

g




Example
In the design of an irrigation system, the following properties exist:
*Solil field capacity = 28% by weight,

*Permanent wilting point = 17% by weight;

*Bulk density = 1.36 g/cm’ ;

*Root zone depth = Im = 1000 mm;

*Peak ET = 5 mm/day;

e[rrigation efficiency = 60%,

*Water conveyance efficiency = 80%,

*Water lost in canals contributing to seepage = 50%;

«Rainfall for january = 69 mm and

*Evapotranspiration = 100 mm:;

*Salinity of irrigation water is 0.80 m mhos/cm while that acceptable
1s 4 mmhos/cm.

» Compute the drainage coefficient.



\ '
Solution:

Readily available moisture (RAM) = 7 (FC - PWP)
=1/2(28 - 17) = 5.5%.
In depth, RAM = 0.055 x 1.36 x 1000 mm
= 74.8 mm = Net irrigation

Shortest irrigation interval = RAM/peak ET
=74.8/5 = 15 days

With 1rrigation efficiency of 60 %,
GIR =74.8/0.6 = 124.7 mm. This is per irrigation.



(a) Water losses = GIR - Net irrigation
= 124.7-74.8
= 49.9 mm

Assuming 70% is deep percolation while 30% 1s wasted on
the soil surface (Standard assumption),

Deep percolation = 0.7 x 49.9
= 3491 mm




(b)Seepage

Water delivered to farm

Water delivered at dam
= (.8

Water delivered to farm = GIR = 124.7 mm
1.e. Water released at dam = 124.7/0.8 = 155.9 mm

Excess water or water lost in canal = 155.9 - 124.7

Conveyance Efficiency =

= 31.2 mm

Since half of the water is seepage (given), the rest will be
evaporation during conveyance

Seepage = 1/2 x 31.2 mm

= 15.6 mm




Neglecting Leaching Requirement,

Total water input into drains

= Deep percolation +Seepage +Rainfall
=3491+15.6 + 34.5
= 85.01 mm

This is per 15 days, since irrigation interval is 15 days
Hence,
Drainage coefficient = 85.01/15 = 5.67

= 6 mmzday,



2. Drain Depth and Spacing

q
Soil Surface L 1 (
- H
water levegl
K
inditch q\ h -— -
ditch —¥ Do Do draim level
Impermeable layer 1 lmpermea:lz layer f
65 [ L
- - o —
Ditch Situation Tube Situation

L = drain spacing;

h = mid drain water table height (m) above drain level;

Do = depth of aquifer from drain level to impermeable layer(m);
Q = water input rate(m/day) = specific discharge or drainage coefficient;
K = hydraulic conductivity(m/day);
H = depth to water table.




Design Water table depth (H):

This 1s the minimum depth below the surface at which the water
table should be controlled and i1s determined by farming needs
especially crop tolerance to water.

Typically, it varies from 0.5 to 1.5 m.




Design Depth of Drain

The deeper a drain is put, the larger the spacing and the more
economical the design becomes.

Drain depth, however, is constrained by soil and machinery
limitations.

Table : Typical Drain Depths(D)

Soil Type Drain Depth (m)
Sand 0.6

Sandy loam 0.8-1.0
Silt loam 0.8-1.8
Clay loam 0.6-0.8

Peat 1.2-1.5



Drain Spacing (L)

This is normally determined using the Hooghoudt equation. It states
that for ditches reaching the impermeable layer:

12— 8KD h N 4Kh R H :
q q e b —
For tube drains which do not reach the nl...,.,m
impermeable layer, the equation can be modified
: Kdh 4Kh*

as 7= 8Kdh i h {

Where q q 1 lrnn-&rn::ﬂ:l:lm i
g b ol

d = Houghoudt equivalent

Tubke Situation

The equation for tube drains can be solved using trial and error method
or the graphical method.




Example

For the drainage design of an irrigated area, drain pipes with a radius
of 0.1 m are used. They are placed at a depth of 1.8 m below the soil
surface. A relatively impermeable soil layer was found at a depth of
6.8 m below the surface. From auger hole tests, the hydraulic
conductivity above this layer was estimated as 0.8 m/day. The
average irrigation losses, which recharge the groundwater, are 40 mm
per 20 days so the average discharge of the drain system amounts to 2
mm/day.

Estimate the drain spacing, if the depth of the water table 1s 1.2 m.

r 3
IH=1.2m

e =— ——

K = 0.8 m/day D,=5m

88m

Impermesabla layer




Solution: I N o12m

668m
K = 0.8 m/day Do=5m

Impermeabla layar

Analytical solution

_8Kdh | 4Kh*  8x0.8xdx0.6 L 4x 0.8%x0.6°
q q 0.002 0.002
=1920d + 578———————— (1)

LZ




Trial One: Assume L=75m
for L =75 m and Do = 5 m, from Hooghout table, d = 3.49 m
Fromeq. (1), L'=(1920x 3.49) + 576 =7276.8; L=853m

Comment: The chosen L 1s small since 75 < 8.3 m

Trial Two: Assume L= 100 m,

for L= 100 m and Do = 5 m, from table, d = 3.78 m

From (1), L*= (1920 x 3.78) + 576 = 7833.6; L = 88.51m
Comment: Since 88.51 < 100, try a smaller L;
L should be between 75 and 100 m.



Table. Values of Equivalent depth of Houghoudt for r,=0.1 m, D and L in m

L~ Sm 75 10 15 20 25 30 s 40 45 50
D

0Sm 047 048 049 049 049 050 050 050 050 050 o050
075 060 065 069 071 073 074 075 075 075 076 076
100 067 075 08B0 08 089 091 093 0% 09 09 09
112 070 082 089 100 105 109 112 113 L14 L4 115
1.50 070 088 097 LI 119 125 128 131 134 135 136
175 070 091 102 120 130 139 145 149 152 155 157
200 070 091 108 128 141 15 157 16 166 L7 17N
225 070 091 113 134 150 169 169 176 181 184 186
250 070 091 113 138 157 169 179 187 1M 199 20
275 070 091 113 142 163 176 188 198 205 212 218
300 070 091 1.3 145 167 1.8 197 208 216 223 229
325 070 091 113 148 171 1.8 204 216 226 235 242
350 070 091 113 150 175 193 211 224 235 245 2
37 070 091 113 152 178 197 217 231 244 254 264
400 07 091 113 15 181 202 22 237 251 262 2T
45 070 091 1.13 152 18 208 231 250 263 276 287
SO0 070 091 113 15 188 215 238 258 275 289 1302
550 070 091 113 152 188 220 243 265 284 300 315
600 070 091 113 152 188 220 248 270 292 309 326
700 070 091 113 152 188 220 254 281 303 324 343

800 070 091 113 152 188 220 257 28 313 335 13156
900 070 091 1.13 152 188 220 257 28 318 343 1366
1000 070 091 113 152 188 220 257 28 323 348 34
= 071 093 114 153 18 224 258 291 324 356 388




Table. Values of Equivalent depth of Houghoudt for r, = 0.1 m, D and L in m

L- 50 75 80 85 %0 100 150 200 250

D

05 050 050 050 050 050 050 050 050 050
1 0% 097 097 097 098 098 09 09 09
2 172 180 182 1.8 18 18 100 192 1%
3 229 249 252 254 256 260 272 270 283
1 271 304 308 312 316 324 346 1358 366
5 302 349 355 361 367 378 412 431 443
6 323 385 393 400 408 423 47 497 515
7 343 414 423 433 442 462 522 557 581
8 356 438 449 461 472 495 568 6,13 643
9 366 457 470 482 495 523 609 663 7.00
10 374 474 489 504 518 547 645 7.09 753
125 374 502 520 538 556 S92 720 806 868
IS 374 520 5S40 560 580 625 777 884 964
175 374 530 553 57 599 644 820 947 104
20 374 530 562 587 6.12 660 854 997 111
25 374 530 574 59 620 679 89 107 121
30 374 530 574 59 620 679 927 113 129
35 374 530 574 59 620 679 944 116 134
40 374 530 574 59 620 679 944 118 138
45 374 530 574 59 620 679 944 120 138
50 374 530 574 59 620 679 944 12,1 143
60 374 530 574 596 620 679 944 1211 146
@ 388 538 57 600 626 682 955 122 147




Table. Values of Equivalent depth of Houghoudt for r, =0.1 m, D and L in m

L= Sm 75 10 15 20 25 30 EL) 40 45 so L+ 50 75 80 8s 90 100 150 200 250

D D
0Sm 047 048 049 049 049 050 050 0S5 05 05 050 0S 05 0S 05 05 0% o050 050 0S50 o050
075 060 065 069 071 073 074 075 075 075 0% 07 | 09 097 097 097 098 098 09 099 0%
100 067 075 080 086 0% 09 093 0% 09 095 09 2 172 180 182 182 1.8 18 100 192 1%
125 070 o082 089 100 105 109 112 113 L4 LM 105 3 229 249 252 154 256 260 272 270 283
15 07 088 097 111 L9 128 131 L3 135 13 4 271 304 308 312 316 324 346 358 366
175 07 091 102 120 130 45 149 152 155 157 S 302 349 355 361 367 378 412 431 443
200 070 09 108 128 141 57 16 166 17 172 6 323 385 393 400 408 423 470 497 S5.1S
228 0% o091 113 134 LS50 69 176 1Bl 184 186 7 34 414 423 433 442 aé2 S22 5851 sw
2% 07 091 113 ™ 187 1% 19 202 B8 356 438 449 461 472 495 568 613 643
275 070 o0%1 113 88 198 205 212 218 9 366 457 470 482 495 523 609 663 7.0
97 208 216 223 29 W0 37 474 489 504 518 547 645 109 193
04 216 226 235 242 125 374 S02 S20 538 556 5% 720 806 868
211 224 235 245 24 IS 374 520 540 560 580 625 177 884 964
217 231 244 254 264 175 374 530 553 576 599 644 820 947 104
222 237 21851 2@ 271 N 374 530 S6 587 612 660 854 997 1.1
185 208 231 250 263 27 287 25 374 530 574 596 620 679 899 107 121
188 215 238 258 275 218 3 374 530 574 59 620 679 9527 113 129
$s0 07 o091 113 1.38 220 243 265 284 300 315 3§ 374 530 574 596 620 679 944 116 134
600 07 09 113 188 220 248 270 292 309 326 40 374 530 574 596 620 679 944 118 138
700 070 091 113 152 188 220 254 281 303 324 34 & 374 530 574 596 620 679 S44 120 138
800 07 091 113 138 220 257 28 313 335 35 S0 374 530 574 596 620 679 %44 1211 143
200 07 o091 113 1.88 220 257 28 318 343 366 & 374 530 574 596 620 679 944 121 146
1000 07 0951 113 L 52 1.88 220 257 289 323 348 3 o 388 538 576 600 6.82

o™ 070 0% 1.4 153 189 224 258 291 324 156 388

300 070 091 113
328 070 091 113
iso 07 o091 113
375 07 091 113
400 070 091 113
45 07 o9 113
500 070 o091 113

BEbhunzesAs
2 2
o 3 7 T

sias




Trial Three: Assume L =90 m,
d=3.49+15/25(3.78 - 3.49) =3.66 m
L'=(1920x3.66)+576=7603.2m ;L =87m
Comment: Since 87 <90, try a smaller L;

L should be between 75 and 90.

Trial Four: Assume L = 87 m,
d=3.49+12/25(3.78 -3.49)=3.63 m
L:=(1920x 3.63) + 576 =7545.6; L. = 86.87 m

Comment: The difference between the assumed and
calculated L is <1, so : Drain Spacing = 87 m.




Graphical Solution

2 8Kh
Calculate gt and ——
q q
2 2
4Kh _ 4x%0.8x0.6 576
g 0.002
&Kh _ 8x0.8x0.6 1920

q 0.002

Locate the two points on graph given and join.

For a value of Do = 5 m; produce downwards to meet the line.
Read off the spacing on the diagram

L = 8 m
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3. Drain Diameters and Gradients

There are two approaches to design:

(a) Transport approach:

*Assumes that pipes are flowing full from top to end of field.
*Assumes uniform flow.

*Widely used in United States, Canada and Germany.

*Used to design collector drains.

(b) Drainage approach:

*Assumes that water enters the pipe all down the length as it is
perforated.

*This is more realistic.
*Widely used in United Kingdom, Holland and Denmark.
*This is used to design lateral drainage pipes.




Parameters Required to use Solution Graphs

(a) Types of pipes: Pipes can be smooth or rough:
Clay tiles and smooth plastic pipes are smooth; while
Corrugated plastic pipes are rough.

(b) Drainable area: The area drained by one lateral. It is equal to the
maximum length of a lateral multiplied by drain spacing.

The whole area drained by the laterals discharging into a collector
represents the drainable area of the collector.

¢)Specific discharge: Earlier defined. Same as drainage coefficient.

d) Silt safety factors: Used to account for the silting of pipes with
time by making the pipes bigger. 60, 75 and 100 % pipe capacity factors
are indicated. This means allowing 40, 25 and 0% respectively for
silting.

e) Average hydraulic gradient(%): It is normally the soil slope.




Example:

The drainage design of a field is:

drain spacing = 30 m, _
length of drain lines = 200 m,

slope = 0.10%,

specific discharge = 10 mm/day.

Estimate drain diameter. Assume 60% silt factor and clay tiles.
Solution:

Area to be drained by one lateral = 30m x 200m = 6000 m’ = 0.6 ha

Slope = average hydraulic gradient = 0.10% ;
q= 10 mm/day

Using chart for smooth drains,
nearest diameter = 70 mm inside diameter.




