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PREFACE

Selection of the opfimum drainage plan and the design- and
construction of adequate and successful,drainage.faci]itiés depend
upon the reliability and adequacy of the basic drainage data. The
basic data must provide the knowledge of soil texture, =saturated
hydraulic conductivity of the soil and topographf of the area
under consideration.

Texture of the soil is.an important property specially in
the design of sub surface drainage svstem because it is a sotl
characteristic which has a geﬁera] refationship with hydraulic
conductivity and water retention. 1t is difficult to measure the
saturated hvdraulic conductivity of the soi! in the fields when
water tabhle is present at large depth. If the soil c]assificatioﬁ
of\lhe area is avallable than the saturated hydraulic conductivity
can bLe determined by the Johnson's curves. In this study the field
measurement of In situ saturated  hydraulic conductivity was
carried out by wusing the Guelph Permeameter. The Guelph
Permeameter is a verv useful and reliable equipment for the
measurement of insitu saturated hvdraulic conductivity of the soail
when water table is at shallow depth or at large depth. Tn this
report hydrological sotl properties of doab between Sher river and
left bank canal of Bargi pfoject such as texture. s0il moisture
characferiStics curﬁg; and saturated hvdraulic conductivity have
been determined in situ and are reported here. This report is
prepared by Sri §. L. Srivastava, R& . Dr. B. Soni, Head. Drainacge
Division. The field work has been carried out Ly Sri
S.L.Srivastava, R.A. Shri Dhénpa! Singh and Sri Dinesh Kumas

attached to.Sbil Water Laboratory.
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Abstract

This study deals with the estimation of hydrological"sbil
parameters of the doab between Sher and Bérau river and Bargi left
bank canal falling in Naisingpur district of M.P..The soil
properties to be determined are Soil Texture, 'Sat. Hydraulic
' conductivity using Gﬁelph permeameter (for in situ measurement)
and from Johnsons g:aph, Matric flux potential, Alpha parameter

and Soil moisture characteristic curves.

Based upon the soil classification " of Soil Survey
Department of Govt. of M. P;, a base map for soil classification
was prepared and at.xwelve locations disturbed soil .sampling and
insitu measurement of Saturated conductivity was perfcrﬁéd. The .
soil samplés wef; brought to the Soil Water Laboratory of the’
Institute and'the tektural analysis of all the samples was carried
out and is presented here. The matfic flux potential , alpﬁa_.
parameter and saturated hydraulic conductivity as given by

Johnsons gfaph were also determined and are presented here.




1.0 INTRODUCTION

Narsingpur district is loéated in the Jabalpur division of
Madhva pradesh. Narsingpur city is about 100 kms aﬁay from
Jabalpur city. This area comes under the command area of Bargi
irrigation project. which is a multipurpose project. The Bargi dam
is constructed on river Narmada. The.area for the . present study
selected is the doab of river Sher. Rarau and left hank canal of

Bargi irrigation project (Fig.l}.

1.1 Salient features of the Bargi Project:

The proposed Bargi Project fn M.P. comprises of é dam about
one mfie long and 210 high across the river Narmada af Bargi near
Jabalpur, and canal system to provide controlled irrigation to 6.6
lac. acres, a major portion of the area lies towards the south
west and the remaining to the north-east of Narmada river. About
20,653 acres is under forest while the remaining area is under
cultifation.

whereas, the-river’dischargé touches a‘peak‘ point of about
4.19 lac cusecs during the Monsoon Season, it' falls off very
considerably during the summer months. Its catchment area up to
the proposed dam site comprises of 5,600 square miles of -partly
hilly and parfdy féfest covered tand. The gross capacity of the
proposed reservoir is 3.18 million acre feet of which 0.60. millien
acre feet will be allocated for dead storage.

It is proposed to take off canal systém which would ,irrigate
-land on both sides of the river. it will irrigate area of
76.60.000 acres on both the "banks of the river.. The salient

features of the project are given below:
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Location:

Madhya Pradesh

1. State
2. District ~ Dam - Jabalpur
Command - Jabalpur
& Narsinghpur District
3. Latitude 22 - 56 - 30" )
. . s t .55,
Longitude 79 - 55 - 3ov ) oPOsheet No
4. River Narmada
5. LLocation Dam site is near village
Bijora 11.2 km (7 milés) east of village Baréi
Hydrology:
C.G.S. (units) F.P.S. (Units)
1. Catchment area upto’ 14,556.05 sq.km. 5,620 sq.M,
dam site. '
2. Maximum annual rain- 2,311 mm. 90.98 inches
fall 1926 upto (Jamtara)
3. . Minimum annual rain- 664 mm. . 26.16 inches
fall 1899
{upto Jamtara) .
4, Average annual rain- 1,448 mm. 57.01 inches
falt 1891-1967
(upto Jamtara)
) 3 _
5. Design flood 45,296 m /sec. 16,000,000 cusecs
_ A ) 3 A = .
6. Actual observed 11,876 m /sec. 4,19,500 cusecs
maximum flood, at B
Jamtara (9-7-61)
7. Available runcoff at
" Bargi (1891-1967)
frqm computer series
‘:‘;3

¥
-




i} 50% dependability
ii) 75% dependability

iii) 90% dependability

.250 M.A.F.
.450 'M.A.F.
.880 M.A.F.

Gross command area
Culturablé area
Area to be irrigated
Annual irrigation
Left hank-main canal

Right bank main canal
No.l

Right bank main 'canal
No.II

2.98 lakh hac.

38

.67 lakh hac.

5.181 lakh hac.

58.06 "

37.86 "

.93 lakh acre
.36 lakh acre

.60 lakh .acre

Lenéth of Main Canal:

1.

ii.

iii.

Left bank main canal

Right bank main canal
No. 1

Right bank main canal
No. IT.

135.06 km.

43.65 km.

1.2 General description of the area:

1.2,

N.

1 Location & extent:

The area lies between E.longitudes 78 - 35’ to 79 - 50' and

latitudes 22 - 35’ to 23

- 5' and

includes - Jabalpur

district

and Gadarawara and Narsinghpur tehsils .of Naréinghpur district.



lIn the ndrth. river Hiran limits the bodndary of command area of
Jabalpur district, while river Narmada limits the boundary -for
Narsingpur district. 1In the west, the extent of command area ends
with Shakker river. In the south and west direction there 1is no
prominent features to show the boundary of the area. Howéver.
proposed left bank canal will form the boundary in south. The

area to be irrigated tehsilwise is shown in Table I,

Table 1. Tehsilwise area to be irrigated from Bargi Project
‘in Narsingpur district (acres)

District - Tehsil Geographical Cultivable area
area as per T mmm o .
villagewise Covered by To be
statistics Project irrigated
Narsinghpur ., Narsinghpur .  3,05,653 2,45,743 - 2,221,166
Gadarwara 1.24,680 1,01,144 91,033
Total * 4,30,333 3,46,887 3,12,199
1.2.2° Physiography & relief:

The ‘elevation above mean sea level of the command area varies
from 1027 to 1248 feet. The general _topbgraphy of +the area
aﬁpears to be flat except in the vicinity of the rivers, where
deep gullies and ravines have formed giving rise‘to-unduiating to
rolling topography. As such the entire area is a broad- pla}nl of
low relief, Local 'differénces in, elevation is small.‘due‘to
adoptions of Haveli system‘of cultivation, which has checkgd the
erosion., In the plain area; the slope ranges from 0 to 3%, but in_
area having undulating topography the steeper slopes even up to
15% are noticed. The distribution of area under different slope

class are as per Table 2.




Table 2: Distribution of area under different class

Slope class Slope % | Area covered Percéntage"
A - 0 -1% l2,56,620 29.65
B 7 1 -3% 2,68,480 | 31.03
C , 3~ 5% 1,60,440 18.58
D 5 -8 % 10,240 1.18
E ' 8 - 15 % 17,920 2007
BC o 1 -5% 64,000 : l7.39
D ‘ 3-8 % 87,532 10.11
8,65,232 100.01
1.2.3‘ Rivers, major streams & drainage:

The area'is provided with a number of rivers and major
streams. The main river of the area is Narmada, it covers whole
of the area starting from village Ghughri in. Jabalpur. tahsil to
village shakalpur in Gadarwara tahsil. The depth of Narmada in
various localities varies from 40 to 100 feet. The river - Narmada
flows from south to north from village Ghughﬁfi to Gwaﬁighat and
than onward, it flows east to west. The other major tributaries
ére Sher and Sakko_both flo@ south-east to north-west and merge
wifh Narmada at Sagon Ghat and Sokalpur.respeétively. There are
number of minor tributaries namely .Bururewa,. Umar, Sikhchain,
Shankér ﬁala, Singri, Sifarewa ~and Machhavai"~ in Narsinghpur

district



In this way district is having a net work of drainage, which
drain excess water of the area successfully and finally into the
river -Narmada. On an average after every ;0 miles one or the
other major or minor streams are present for the drainage. Thésé
streams and rivers are quite deep and do not silt up like those in
alluvium tracts, where the natural drains have chocked up and have
blocked the dréinage system. Hence due to net work of drainage
and théir position in the landscape the command area is well
drained. The natural drainage follows the general sldpe of the
land. The rainfall of Narsingpur varies from 453" to 50", but even
there is no préblem of water Stagnation' or ‘upward movemént of

salts.

1.2.4 Geology:

Soils of whote of the Bargi Project in Jabalpur and
Narsingpur distriqt have been derived from trap' rook but with
regard to soils only Deccan trap is important one which has given
rise to Characteristic colour and properties to the soils of _the
area. - Deccan trap is the great formation of horizontally bedded
basaltic lavas that occupies a large portion of ﬁhe western parf

-of India.

In Narsingpur district quite a large area of the‘district is
covered by the Deccan trap. Fresh trappen exposures are seen in
the south-east and north of the district while the central part is
occupied b& ;he'older alluvium and flat land composed of dark
grayish brown, dark brown with small area under yellowish brown

colour.




1.2.5 " Climate:

.The tract enjoys a sub—t;opiCal climate. The annual ralnfall
of Narsinghpur district varies from 45' to 50"/ most of ‘it
preeipitaie during'monsobn season'i.e. end of June to _epd of
September. The summer temperature goes as h1gh as 45°. Ce The -
lextremes of cold and heat are experlenced durlng w1nter and summer

respectlvely.



2.0 Methodology
2.1 Particle Size Distribution

©2.1.1 Soil Texture

Soil texture is a term which refers to the size range of
the particles present in the soil mass. The diameter of the -
particles present in the soil sample ﬁakes the soil to be <coarse,
medium and fine. Table 3 gives the textural class names of
soils as per particle diameter. fhe traditional method of
characterising particle sizes in the sbiis is:-to devide .the
‘particle sizes.into.graﬁel, sand, silt and clay. Tﬁe soil texture
is-actually determined by separating these fractions and measuring’
their proportion which is called the mechanical analysis.lThe soil
texture triangie is then used to convert quantitative data from
détailed gradation analysis of separates less than 2 mm in
diamefer to textural! class names of soils. B8Soil texture is
especially important in sub surface drainage as it has a direct
relationéhip with hydrauli¢ conductivity and water retention

{David 1982).

Tab 3: Textural classification as per particle Diameter
Material Diameter
Stones ' >10 inches.
Cobbles 10 - 3 inches
Coarse gravel 3 - 0.5 inches
Fine gravel 0.5 - 2 mm
Very coarse sand 2 = 1 mm
Coarse sand 1 - 0.5 mm
Medium sand 0.5 - 0.25 mm
Fine sand 0.25 - 0.1 mm
very fine sand 0.1 - 0.03 mm
Silt 0.005 - 0.002 mm
Clay‘_ . <0.002 mm




“In a particle size distribution curve,the y-axis or the
ordinate in the graph-indicates the'percentagg of " scil particles
having the diameter finer than. indicated on X-axis. Chart are also
available‘in literature showing the pércentages of élay, silt and
sand- in the basic soil texéural claéées. The-triangle of particle

size distribution is given in Fig. 2 (drainage manual USDA).
2.1.2 80il Moisture Tension and PF values

"The m01sture conta1ned in the pore spaces of & soil mass is
subJected to the capxllary forces, This cap1l{a:y force causes a
negative soil moisfure tension, which is also called suction. The
suc{fon is exfressed as the height of water column (h) that will
risé from tﬁe‘wafgr.table' ﬁgainst the force of gravity. This

height is inversely proportional to the diameter of the pores

Therefdre,_h = 0.3/d, where d = equivalent'pore diame;er ({EPD) of

a cylindrical porq‘wi;h the éame.capillary. The negathe logarithm
of soil moisture fension in centimetérs. of water is wused to
indicate the soii moisture tension. This negative_ log .Df ,ﬁoil
moisfure is referred to as pF. Table 4 sﬁgws'the characteristic

figures of capillary soil moisture.

2.1.3 Field Capacity

The water present in a saturated soil is allowed to drain

out, the water quickly leaves thg-soil via largest pores and air
is ﬁulled into the soil. This mdvemént of water is mainl& due to
the gravitational poteﬁtial difference. When the raﬁidly"moving
water in the unsaturated soil ceases to move then the soil is said
to be at Field capacity. Field capacity occurs when soil retains
the maximum amount of water with little or no further loss of

water by drainage or loss of gravitational water. A s0il water

10
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Tab 4: Characteristic figures of soil moisture and pF

Equivaleht pore SMT ~ PF value

diameter { m) : -{cm)
3,000 o 1 0
1,200 2.5 0.4
1,000 3.0 0.5
300 10 1.0
30 100 2.0
20 . 150 2.20 FC
15 200 2.30
9 . 340 2.51 ME
3 - . 1,000 3.00
0.3 10,000 4.00
0.2 15,000 4.18 Wp_
0.03 107 ‘ 5.00
0.003 10 7:00 oven dry
-FC = Field capacity, ME = Moisture Equivalent
WP = Wilting point

matrix potentia! of about -1/3 barsAhas been found to correspond
to the field capacity. A bar is equal to loddynes. A dyne is equal
to the force that -imparts to a mass of 1 gram an acceleration of 1
cm/sec% A bar is also eqgual t6 1,020 cm water <column or 1,020

2
gm/cm .

2.1.4 wWilting Point

As soil becomes drier, the conductivity rapidly decreases‘
and movement and uptake of water becomes élower. Therefore, if no
additicnal water is added to the soil, the plant will absorb water
slower than water is lost by transpiration. Thus‘é water deficit

develops in the plantl This point is called wilting point. A soil

T 12




water matrix potential of about -15 bars has been found "to

correspond to wilt point (Henry. 1984)«

2.1.5 Available water

The water present in the soil between field capacity and
wilting point is known as available water. It 1is ,géﬁerally
considered to be matrix potential! in the range of -0.3 ‘to -15.0

bars.

4

2.1.6 Effect of texture on Available water

The capacitj of soil to hold water is related to .surface
" area as well as pofe‘space volume:'Hence, water holding capacity
is related to both structure and texture of the soil. In general
fine textured soils have the maximum total water holding capacity.
-but maximum available water is 'held in medium-textured soils.
Several researchers have indicated that available water in many
soils is cjoseiy correlated with content of silt and very fine
sand. It is well known that sandy soils. are more droughty than
clayvey soils, because fine-textured soils are able to retain more
'aQaflable water. Also. there is a difference in the soil of
soil-moisture characteristic curves of sand and- clay. The flatneés
of. the curve for fine sandy loam'at water matrix potential is']eés
th&n -4.,0 bars which means that most of the available water in ;he
sandy soils have a high potential. Therefore, plants can readily
use fh%s water in sandy soils. Since in clay or clay loam soils
the water is available at lower potential therefore it can be

- rapidly used by the plants.

13



2.3 Sieve Analysis

In the Indian .Standard (IS: 460-1562), the sieves are
designated by the size of aperture in mm. whereas in BS (410-1962)
and ASTM (El11-1961) standards; the sieve sizes are given in terms
of the number of opening§ per inch. These are described in Report
TR-82 by Dr.Seth, 1990. The mechanical analysis of soil is

performed by sieve analysis and sedimentation analysis.

The soil sample for which the sieve analvsis is to be
" carried out is first dried in .the oven. Weigh the required
quantity of soil sample and keep in 1000ml Beaker, soak it‘ with
water, paddle the sample " throughly in water and transfer the
slurry to the 0l075 m sieve and washing should be continued until
water passing through the sieve is substantially cleaned so that
Siltraﬁﬁ-clay particles are seperated from sand and graﬁels
fraction to collect the material passing through 0.075 mm (200
No.) sieve and material retained on it in seperat e containers and
keep them in oven for drying. weight both group of so0il retained .
and passed through 0.075 mm. sieve, and retained amount wused for
sieve analvsis.-The sieves used for fine sieve analysis are: 2mm,
600, 425, 300. 212, ]50 and 75 micron. In order to carry out the
sieve analysis the sieves are arranged in one over another in the
IOWering'order‘nfimash openings. The cover is placed on the top
of assembly and a ‘container is kept at bottom. The entire

assembly is shaken by sieve shaker. Shaking of the sample is

performed for nearly 10 minutes.

At the end the portion retained on each sieve is collected

and weighted. The percentage of soil sample retained on each sieve

on the basis of total weight of soil sample and the percentage of

14




weight passing through each sieve was calculated (Bowles ,1986}).

The calculations were started with IOQ percent and subtracting the
pércéntage retained on each sieve as a cumulative procedure as

-given by l

Percentage passing = Percentage arriving - percentage retained
2.4 Wet Mechanical'analysis

The soil fraction which is finer than 75 micron size is
used for sedimentation analysis. This_analysis_ is based on the
stokes law which 'states that all othgr'factqrs being constant the
velocity at which gréins settle out of' suspension 'is dependent
upon the weight. shape and size of grains. Assumptions are made
for the analysis that the soil partlcles are qpherlcal and all the
particles have some specific gravity. This assumption leads to the
fact -that coarser particles settle more'quickiy than finer ones..
The terminal velocity of a particlg cin suspenéién is giVen . by

following formula:

RS S Y
- '18 r? P T R R S S T B I ) * % 4 B & & 3 = s e 3 NI )
where, v = Terminal velocityv, 3
T = Radius of spherical particle (cm),
D = Diameter of particle {cm),
g = densityv (unit wi.) of part1cleq (g/cm Y,
Y = density of water/liquid (g /cm }
'l = viscosity of water/liquid (g-sec/cm )
1) ‘= d /g
“ =.viscosity in absolute units of dynes-sec/sq.cm,
and . g = acceleration due to gravity (cm/sec)
1f water is used as -a medium for suspension, reT G y = G
as ¥ = | g/cu.cm. Therefore from eq. (1)
G-1 2
——== D e e RN e L(2)
180070 (
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At 20 ¢ viscosity of distilled water is approximately 0.01

poise. For G = 2.68, the equation (2) reduces to

vV =2.91.5 D ... e, e, e (3)

Equation (3) is an approximate solution of stokes law and

is used for estimation{of diameter of soil particles (Seth, 1990).

2.5 Hydrometer Method

Ih the hydrometer anelysis' the Weight. Wd per ml of
suspen51on is found by reading the density of soil suspen51on at 5
-depth He at - various t1me 1ntervals -'This height He goes on
increasing as the particles settle with thel increase in time
interval. Therefore, it is necessary to cal1brate the hydrometer
and sedimentation jar before the start of the sed1mentat1on test.
This callbratJOn'wrll_prov1de the - relat1on between He and the

density readings of the hydrometer. -

2.5.1 Calibration of Hydrometer

The stem of the hydrometer has horizoptal markings which
gives the density of the soil suspension siteated at the centre 6f7
the bulb at.any_tiﬁe. For the sake of convenience the hydrometer
readings are Eubtraeted byione and the remainder is multiplied by
one thousand to glve a reduced read1ng 1nd1cated as Rh. Hydrometer
readings 1ncrease in the downward d1rect10n _towards hydrometer
bulb. - Referring to fig. 3 when hydrometer is 1mmersed in the jar
water level increases, the level aa rieee to alal and bb to blbl.
At th1s point time blhl corresponds to the centre of hydrometer at'

which. denq1ty measutrements are taken.
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He

(H +h/2 +Vh/2A) -Vh/A
He

H + 0.5{h ~Vh/A)

Above egquation have two variable He and H which depends
upon the hydrometef reéding (Rh). By se]ecting various hyvdrometer
readings the déptﬁ H can be measured with the help of an scale and
corresponding effective depths (He) can be found as Vh, A and h

are constant for a given hydrometer.

2.5.2 Test procedure
2.5.2.1 Soil Suspension Preparation

About 24 to 60 gm of oven dried sample {depending upon the
type of soil) is taken and is weighed accurately. The sample 1is
placed in a beaker and distilled water is added to form a smooth
thin paste. A deflocculating agent {e.g. sodium oxalate, sodium
silicate and éodium palyphosphate coméound such as tetra sodium
petrophosphate, sodium hexaﬁetaphosphate (calgon) and sodium
tripolyphosphate) is also added to get a proper dispersion of
soil, 18:2720 (Part IVj-1965 recommends the wuse of dispersing
solution containing 33 g of'sodiuﬁ' hexametaphosphate and 7g of
sodium carbonate in distilled water to make one litre of solution.
50 ml of this solution is added to beaker containing soil sample,
this mixture is warmed gently for about £0 minutes. The contents
are then transferred to the cup of mechanicai mixture, The soil
sample is stirred well for about 15 minutes and 1is then washed
through 75 micron sieve using distilled water. Now the sample 1is
ready for analysis and is transferred to measuring cylinder care
should be taken that the volume of suspension should be 1000 mi
for analysis. |

The sedimentation jhr is shaken vigorously and 1is kept
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‘Verticle over solid bases. The hydrometer is inserted and readings
are taken at definite time interval (1/2, 1, 2, 4, 8,15, 30 mins
and 1,2,4 hours etc.). To take reading, hydrometer is‘insgrted 30
seconds before the gziven time iﬁterval so that it is.étable at the
time when reading is taken. The readiﬁg is taken fof upper level
of meniscqs. A suitéble meniscus cqrrection is then applied to.thé

hydrometer readings.

.2.5.2.2 Correction for hydrometer feadiﬁg

Hydrometers are generally calibrated at 270C, if fhg
temperature of soil suspension is not 27°C, a temperaturé
correction {Ct) should be applied to. the . observed hydrometer
reading. 1f -tgmperature is more than 270C the reading of
hydromefer will be less hence temperature correction will be
positive and vice versa. .Other correétigns to be applied are
meniscus éorrection and dispersiﬁg agent correction. As reading of
hydrometer is taken at thé top of meniscus,' actual ;eading at
water level is higher. Hence meniscus correction (Cm) 1is always
positive. It is found by immersing the hydrometer in clean water.
The dispersing agentlcorrection (Cd) is always negative as it

increases the density of water.

Therefore corrected hydrometer reading

R

Rn + Cm + Ct- Cd

where, Rn = observed hydrometer reading at the top of meniscus

Cm, Ct and Cd <can be ‘combined inta C  which is. called

composite correction.

R = Rn + C

19




2.5.2.3 Determination of composite correction

To calculate ,C’, an identiéal cylinder with 1000 ml
capacity is taken and filled with distilled water and same
quantity of dispersing agent as is used in sedimentation analysis.
The temperafure of both cylinders being same the hydromefer is
immersed in this comparison cylinder. The reading of hydrometer is
taken ét the top of meniscus. The negative .of this reading so
obtained gives.the composite correction. Composite correction is
found before thé test and also at time interval more than 30

minutes.

2.5.2.4. Computation of D and N

The observed hydrometer readings were corrected suitably as
per the calculated meniscus and temperature corrections and from
the corrected hydrometer reading the He was éalculated for the
corresponding time and Rh. The particle size diameter was

calculated by

3

-5 0.5 ‘
D = 10 M {(He/t) "7 ............ e P e (4)

The over all percentage finer was calculated as below

Moo= NeTao e e, (s)
where, N' = _ﬁal%g-g—ii
N = over all‘pe;centage finer,
N' = percentage finer based on Wd,
G = specific gravity of soil particles,
Wd = weight per ml of suspension,’and
W = total dry weight of soil

t = time to fall through & height He
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The grain size was plotted against percentage finer on semi

10g paper and are given in Figs. 16 to 26 for all the samples.

2.6 Measurement of Field Saéurated Hydrauvlic Conductivity by
Gueliph Permeameter

Hydraulic conductivity is the measure of the ability of a
s0il to conduct water under a unit hydraulic gradiént. Field
saturated hydraulic conductivity (Kfs) refer to the saturated
hydraulic conductivity of soil containing entrapped air. Field
saturated hydraulic conductivity is more appropriate than the
truely saturated hydraulic conductivity for umsaturated zone
investigations because by definition, positive pressure heads do
not persist in unsaturated conditions long enough for entrapped
air to dissolve. In the presence of the water table, the auger
hole method is a simple and reliable technique for measuring
saturated hy&rau}&c ., conductivity in  relatively uniform soils.-
However this method cannot be used if the waterA-table is not
present in the region of interest. The methods for measuring
hydraulic conductivity in the absence of the water table are more
complicated. The shallow well permeameter method, also kﬁown as
the dry auger hole method and the Dbore hole 'permeameter method
are the techniques for measuring hydraulic conductivity. Hydraulic
conductivity decreases as the soil water suction increases. This
relationship is called. the cpﬁductivity' pressure ~head
relﬁtionship. The Guelph permeameter is used to determine Kfs for
a particular soil. Once the soil waier suction is mcésured, the
hydraulic conductivity (K) at that'§6il water suction {¢) can be

readily estimated by relatioship

K = Kfzs(e™¥) _ ' (6)
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where

o = Alpha is a parameter indicating slope of the curve

relating natural log of K to ¢

L@ = Soil water suction in cm of water
e = 2.71828 (base of natural logrithm}
Kfs = Saturated hydraulic conductivity of the soil

Guelph permeameter can measure matric fluix potential (¢m)
which is the measure of a soil's ability to pull water by
‘capillary force through a unit cross -sectional area in -a. unit
time. The matric flux potential (¢m) in sq.cm/sec is given by

following felationship

¢ = 0.0572 * X # Rl - 0.0237 * X % R2Z.....c0uuvnrnnnns (7)
m

Alpha parameter (o) is the slope of the curve relating the
natural log of hydraulic conductivity (K) to soil water suction in

per cm expressed by following relationship

2.6.1 Guelph Permeameter Apparatus

The Guelph Permeameter is essentially an "in hole" Mariotte
bottle constructed of concentric transparent plastic tubes. The
apparatus cbmpriées the‘following sections. The two models of
Guelph -Permeameter can be reffered in Shukla and Soni (19%3).

(j) Tripod Assembly ‘ )

(ii) Support Tubes and lower air tube fittings

(iiti) Reservoir Assembly

2 - ' *



{(iv) Wwell Head Scale and upper air tube fittings

{v) Auxilliary tools

(i} Tripod Assemblyv:

The tripod assembly (Fig.4} consists of a tripod based with
' movable tripod rushing and three detachable tripod legs .complete
with end tips. The flexible tripod base has three leg sockets
into which the tripod legs are inSefted. Tripod chain is used for

firm placement and support of tripod legs.

(ii) Support Tube and Lower Air tube .fittings:

These are the fittings which conduct water from the
reservoir assembly into the well holé and provide the means for
establishing and maintaining‘a constgnt.head in the well hole. The
support tube supports the reservoir assembly (Fig, 5) over 'the
well hole and transports water from the reservoir to the water
cutlet. The water outlet tip serves as a base for the permeameter
and disperses the energy of the out flowing water through the
ribbed vents at fhe bottom to the tip to minimize erosion of the
scil in the well hole. The air tip seating washer rests on thé
inside step of the water outlet tip and is the seat for the Aif
Iniet tip when the air inlet is fully seated égainst the air
;ip seating washer, éir cannot move up through the support tube
and there is no flow of water out of the reservoir. The air inlet
tip is connected to the boftom of the lower air tube and is used
to regulate the well head‘height. The air restriction washer is
located inside the air inlet tip and regulates air flow to provide

a constant, non fluctuating head in the well.

(iii) Reservoir Assembly:

The reservoir assembly (Fig.6) provides a means of storing
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water and measuring the outflow rate while the Guelph Permeameter

is in use. It consiéts'bf inner reservoir tube, outer reservoir
. tube, reservoir'valve, bése and reservoir cap. For studies 1in
very low permeability ' soils. for example clay soil, use of
the inner reservoir alone is required to provide adequate

"outflow rate. When working in moderate to high permeable soils,
for example sands and-loahy soils, the reservoir combination 1is
used. The 'inner reservoir tube is graduated in centimeters for
measuring the rate of fall of water out of the reservoir in both
situations. The Guelph permeameter shéws the closed or sealed
state with’air inlet tip sealed against air tip seating washer.
When air tube is uplifted, with accompanying air iﬁlet tib and
well heighf indicator, water flows from the reservoir down the
inside of the support tubelthrough the water outlet tip and 1into
the well. The water height in the well is established by the
ﬁeight of the air inlet tip. This waterrheight in the well can be
set and read using wel]l height indicator.in conjunction with the

~well head scale. .

The reservoir base includes the reservoir valve. The base
connects and seats the inner and outer reservoir-‘tubes to tﬁe
support tube. Water flow is controlled by the position of the
reservoir valve. When the valve position is up, both reservoirs
supply water to the well hole. When it is pointing straight down,
only the innéf reservdir supplies water to the well hole. The
reservoir cap provides an airtight éover for thé top of the
reservoir, the seal of the air tube and supports the well head

scale, The middle air tube is located inside the inner reservoir

tube. Two ports are located in the reservoir cap namely Fill
port and Fill plug. The vacuum port consists of an Access tube,
-Neoprene.tube and clamping ring. The vacuum port facilitates
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pulling a vacuum when the reservoirs are not initially

completely filled.

S

{iv) Well Head Scale and Upper Air Tube Fittings:

The upper air tube is connected to be Middle air tube with
an air tube coupling. It serves as an extension to facilitate

settiﬁg the well head after the well head scale is put in place.
(v) Auxiliary Tools

The Guelbh permeaneter .kit includes & soil auger fof
excavating a well, a sizing auger, & well peepl brush, a vacuum
hand pump for pulling a vacuum in the reservoir and a collapsible
water container for carryihglwater to the field. The well peep
brush meant for removing any smear layer that exists in the 
auger ed well hole that may create a barrier to the natural flow of

water out of the well into. surrounding soil.

2.6.2 Procedure

The Guelph permeameter method (Reynold et.al. 1985)
measures the steady state liquid recharge necessary to maintain
a constant depth of liquidf in an uncaged c¢ylindrical weli
finished above the water éable. Constant head level in the well
hole is established and maintained by regulating the level of the
- bottom of the air tube which is located in the centre of the
permeameter. As the water level in.the reservoir falls, a vacuum
is created in the air space above water. When the pefmepmeter is
operating, an equilibrium is established. Therreduced pressure.
“in the air above the water in the reservoir together with the

pressure of the water column extending from the surface of the
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well to the surface of the water in the reservoir which is aiways
-equal to the atmospheric pressure. (Fig.&)

When a constant well height Qf water is established in a
cored hole in a soil, a bulb of saturated s0il with specific
dimension is rather quickly established. The bulb is very stable
and its shape depends on the type of soil, the radivs of the wel]
and the head of water in the well. The shape of the bulb is
numerically described by the C factor used in the calculations.
Once the bulb shape is established, the outflow of water from the
well reaches a steady state flow rate which can be measured. The
rate of this constant outflow of water, together with the
diameter of. the well and height éf water in the weli can be - used
to determine the field saturated hydraulic conductivity of _the
soil.

The Richard analysis of éteady state discharge from a
cylindrica! well in unsaturated soil, as measured by the Guelph
permeaneter technique accounts for all the forces that contribute
to three dimensional flow of water into soils; the hydraulic push
of water into soil, the gravitational! pull of liguid out through
bottom of the well and the capillary pull of water out of the
well intb the surrounding soil. The Richard analysis is the
basis for the calculation of field saturated hydraulic
.conductivity. The € factor is a numerically derived shape factor
which is dependent on the well radius and head of water in the

well (Shukla and Soni, 1993).

2.6.3 Procedures for Fiéld Use

Before making a measurement with the Guelph permeameter  in
the field, it is necessary to perform a site and soil evaluation,

prepare a well- hole, assemble the permeameter, fill the
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reservoirs, and place the permeameter in the well hole., The brief

flow chart is shown in Fig.8.

‘2.6.4’ Well preparation

The . instruments needed for excévating "and preparing a
well bore hole are soil auger and sizing auger. The soil auger
and sizing auger. The soil auger is used to remove bulk amounts
of soil and rock. The sizing auger is used as a finishing tool
to produce a proper sized well hole of uniform geometry and to
cleaﬁ debris off the bottom of the ‘well hole. The sizing
auger is designed to produce a.hole that is uniformly 6 cm in
diameter with a flat bottom. Generally, the procedure is to use
the soil auger Lo excavate the well hole down to a depth 13 cm
less than that desired for the final well hole. The last 15 cm
can than be excavated using the sizing auger to prodube a debris
free Well hole of uniform geometry. '

In the moist soils'or in medium to fine textured soils, the
process of angering & hole may c¢reate a smear layer’ which can
block the natural flow of water out of the well into the
surrounding soil. In order‘to obtain reliable and represeqtative
results using the Guelph Permeameter, the smear layer muét be
removed. The well peep brush is designed to use in the standard 6

cm diameter well hole.

2.6.5 Permeameter Placement

Tripod is centered over the well hole and slow}y the
permeameter is lowered soO that the support tube enters into the
well hole. The tripod is used to support the permeameter in

well down to approximately 38 cm in depth. .For use in wells



deeper that 38 cm, the tripod rushing alone provides the functions
of centering and stabilizing the permeameter (Fig.9). After
the permeameter is placed, it can be easily filled with water.
The following standard procedure should be followed for making

measurements,

(i) Verify that both the reservoirs are connected. The
reservoirs are connected when the notch on the . reservoir

valve is bointing up.

{hi) Establish a 5 cm well Head Height (H1). Slowly raise the
air inlet tip to establish the 5 cm well head height.
"Raising the air tﬁbe too guickly can cause turbuience and

erosion in the well.

{(iii) Observe the .rate of fall of " the water level in the
reservoir. If it is too slow, then turn tHe TeServoir vaive
so that the notch is pointing down. Water will then be
supplied, only from the small diametér inner reservoif which
will result in a much greater drop in water level between

teadings.

{iv) Measure permeameter outflow. lThis is indicated by the rate
of fall of water in the resérvoir. Readings should be made
at rtegular time intervéls, usually 2 minute intervals are
used. The difference of readings at conéecutive interval
divided by the time interval equals the rate of fall of
water, R1 in the reservoir. Continue monitoring the rate of
fall of water in the reservoir until the rate_of fall does
not significantly change in three consecutive *time

intervals. This rate is called Rl and is defined as the
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"Steady state rate of fall" of water in the reservoir at
height H1 which is the first well height established and is

always Scm in the standardized procedure.

{v) Establish 10 cm Well head height {H2). Slowly raise the air
inlet tip to establish the second well head height of 10 cm.
Monitor the rate of fall of water, R2, in the reservoir

until a stable value of RZ is measured.

{vi} The field saturated hydraulic conductivity, Ks can be

calculated using the following equation:

Ks = 0.0041%X*¥R2 - 0.0054*X*%R1 . ... ... ...ttt innenrnenn (9)
where,
X = Reservoir constant, equal to 35.1% where reservoir

combination is used and 2.16 when only inner
reservoir is used |

RZ = Steady rate of fall of water in the reservoir for a
head of 10 cm,

R1 = steady rate of fall of water in the reservoir for a

well head of 5 cm.

2.7 Pressure Plate Apparatus

This is a standard method for obtaining the soil moisture
retention curve, Pressure plate apparatus (Fig.10) cqnsists of a
pressure chamber in which a saturated soil sample is placed on a
’porous ceramic plate fhrough which the soil solution passes but no
soil particle or air can pass. The soil solution which passes
through the membrane is in contact with atmospheric pressure, As
. soon as the air pressure inside the chambers are raised above the

atmospheric it takes excess water from the soil out of the chamber
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through the membrane outlet. Soil water will flow out from the
soil sample until the metric potential of the unsaturated flow is
same as the applied air pressure. The air pressure is t heﬁ,
released and the moisture content of the soil 1is gravimetrically
determined.

During a. runm, sbil moisturé will flow from around from each
of the soil parficle and out through the ceramic plate until such
time as the effective curvature of the water film through-out the

-soil are the same as at the pores in the plates; When this occurs
an equilibrium is reached and the flow of moisture ceases. When
air pressure in the chambgr is increased, flow of water from the
samples starts again and continue wuntil a new equilibrium is
reached. A source of regulated gas pressure is required for all
extraction work. Compressed air from a compressor is the most
efficient source of supply. |

The ceramic platgs are available ip different range. Each
ceramic pressure plate cell consists of a porous ceramic plate,
covered on one side by a thin neoprene diaphragm sealed to the
edges of the ceramic plate. An internal screen between the plate
and diaphragm provides a passage for flow of water. "An  outlet
stem running through the plates connects this passage to an
outflow tube fitting which to the atmosphere outside of the

- extractor. Cross section view of ceramic pressure plate cell and

soil sample is shown in Fig.11. To use the ceramic pressure platé

cell, one or more soil samples are placed on the 'poroué ceramic
surface held in place by retaining rings of appropriate height.
The soil samples together with the porous ceramic plate are then
saturated with water. This is usually done by allowing an excess
of water to stand on the surface of the cell for several hours.

When the saturation .is complete, the cell can be mounted into the
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pressure vessel.r Air pressure is used tp effect extréction of
moisture from the soil samples under controllgd conditions. The 1
bar ceramic plates are ideal for the routine qeferminatioﬁ_of the
1/1 bar and 1/3 bar.range of the soil suction. The 3 bar pressure
plate cells are used in the range of 0-3 bars. The 15 bar ceramic
cells are commonly used for measufement of soil moisture suction
in the range of 5-15 bars of soil suction,

The moisturerretentidn curve of a soil sample can generally
be determined by equilibrating a soil sample at a suc;ession is
known teﬁsion value and each fime” dete;mining the: amount 'of
moisture. The graph is plotted- between fhe tension aﬁd
corresponding\soil moisture value to obtain the soil moisture
;etention curve. Different types of soil .yields different

‘retention curves,




3.0 Procedure

3.1 Soil Sampling

The pilot area as shown in Fig.12 & 13 was selected for the
estimation of soil h&dfolytic propertfes of the area. The soil
sampling ﬁas carried” out from this area. Samples have 'been
collected from 12 different sites at 21 points as indicated in the
Fig. 12 & 13. Samples are collected' for Grain size
distribution and so0il mdistufe retention curve ‘analﬁsis.
_ Measureﬁént "of field saturated hydfadlic conductivity " ‘was
also carried out at 21 points of 12 different sites bf Guelph
Permeameter using Tripod'assemblﬁ and without Tripod"assembly as

shown in Fig. 14 & 15 respebtively.'

3.2 Grain Size Analysis

1. Oven dried samplelweighing‘SOO gm was taken and soaked with

water.
2. - This sample was washed through no. 200 sieve. The washing was

carried out carefully using distilled water.
3. Twe group of soils, one passing through the sieve and another
.retained on the sieve were collected separately.
4. Both the groups of soil were thgn oven dried. The group
retained on sieve.wés subjected to sieve analysis and the
“group passing through the sieve was subjected to
sedimentatiqn‘analysis._ k
Af"-Sieve Analysis
1. .-Oven dried‘soil sample retained on no.200 sieve was‘ taken
for the sieve analysis. |
2.7 The sample was sieved through a set of sieves i.e. 4, 10, 14,

20, 40, 50, 70, 200 nc. sieves. The sieving was performed

-
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Fig.l4 Experiment by Guelph Permeameter using tripod assembly
in Narsinghpur district

Fig.l5 Experiment by Guelph Permeameter without triéod assembly
in Narsinghput district
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with mechanical sieve shaker for 10 to 15 minutes.

The stack of sieves werébre$0;ed from sieve shaker and weight
of material rgtained lon each sieve was computed. .The
percentage of tatal soil sample retained on each sieve Wwas
also calculated.

The percentage of weight passing through each sieve was
calculated The calculation was started with 100 percent and
subtractlng the percentage,.retalned on each sieve as a
cumulative procedure as gzven by

Percentage passing = Percentage arriving - percentage

retained

A plot on semilogrithmic paper of grain size. versus percent

passing was pldtted (Figs. 16 to 36).

_'Hydrometer Analysis

The scil group passing through the sieve no.200 was oven
dried and S0 gm of the sample was taken for hydrometer

analysis.

The s011l sample (50 gm) was qoaked with 100 ml of sodium

hexametaphosphate solution for 24 hours.

" All the contents were,transferred into the mixer cup and

suitable quantity of water was added. The mixing was _carried
out for 2 to 3 minutes. The mixture was then carefully
transferred to the sedimentation cylinder;

The cylinder of . soil suspensioh‘ was covered with rubber

stopper and-the SUSPENnsion was, carefully agitated for one

minute. The jar was placed constant temp. both and the cap

was removed. ~ The hydrometer and thermometer were then
inserred in the controlled jar and readings of hydrometer

were taken out 0.5, 1,2,4,8.15.30,60,120, 240 and 1440

minutes

4
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=]

Tﬁe temperature of suspensioﬁ was also recorded to the
accuracy of IOC for each hyvdrometer reading.

Between the hydrometer readings,' hydrometer was placed in
another jar containing 100 mi of dispersivg agent and QOOml
of water and placed at the same temperature as other jar. The
reading of hydfometer was calculateﬁ "to find out the
hvdrometer éorrecrions. - l

The Qiameter and the percentage fineriwith respect to each
elapsed time interval was calculated.? The grain size was
plotted against perééntage finer on séﬁi log paber (Fig.l16 to
36)Y. On the basis of grain size-saﬂd, éilt, clay percengage

are given' in Tab. 3.

Procedure for measurehent‘ of field saturated hydraulic

conductivity-

A well hole Was_prepared at ‘the site with the help of soil

auger and sizing auger. The hole was dug with the help of

soil auger to a depth 13 cm.leés than the desired for "final
well depth. The 1535 cim was tdug with the help of sizing auger
to.broduce a debris free well hole of uniform geometry of via
6 cm and bottom flat. |

Tripod was centered over the well hole and permeameter Wwas

Jowered so that the support tube entered into ﬁhe well hole.

After the permeameter is placed, it is filled with water.

“Verification was then made for ensuring that both the
. reservoirs were connected.

“The air inlet tip was sloﬁly raised to establish the 5 cm
.

we]l'head'hefght (H1).
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5. - The rate of fall of the water in the reservoir was measured
at a regular time intcrval. The difference in readings at 
consecutive time interval divided by the-time interval gave
the rate of fall of water level, R1 in the reservoir.

6. The rate of fall of water in the reservdirr was continuously
monitored until it was almost same for three consecutive
intervals. This rate of fall of Qater‘is gélIed Rl and is
defined as steady state rate of fall. :

7. A 10 cm well head height (H2) was established and the rate of
fall of water, R2, in the reéervoir.was-obtained for stable
value of R2. ‘ 7

8. The field saturated hydraulic conductivity. (Ks) ‘was then
calculated using following eqﬁation (9) (Tab 6).
9., The metric flux potential (¢m)'ahd alpha (a) werTe calculgted

‘using equation (7) and (8) respectively (Tab 7).

3.4 Soil Moisture Retention

Soil samples were prepared after drying light ‘hammering‘.and
passing through 2.0mm sieve. Thé passing soils from 2.0mm sieve .
were used for determining soil moisture retention by applying -
0.10, 0.33, 0.50, 0.70, -1.00, 3.00, 5.00, 10.00, 15.00 ﬁars
' respectively. i

Pressure plate apparatus (Soil Moisture Corpbration Co. USA)
was used to test the soil moisture retention behavior of. the
soil samples. Each of these samples were festgd against 0.10,
0.33, 0.50 and 1.0 bar, by one bar pressure plate. - Where as 3
bar by 3 bar plate and 5 bar by 5 bar plate as well as 10 bar and
15 bar with 15 bar pressure plate and £ollowfng proéedure‘ should

be followed for measurement.
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(i) First saturated the pressure plates and then prepared
- sail sample placed on plate in three separate Tings and

socaked with water for complete saturation.

{ii) Saturated plate containing soil samples placed in pressure
chambers and applied desired pressure till reaching

equiiibrium.

(iii) Samples taken out from the pressure chambers and we ighed
on the high precision micro balance to record the moist

weight of the samples.

(iv) These weighed samples placed in the oven at 105°c-110"¢C
till weight hecame constant on drying. The dry weight was
recorded by weighing and moisture by weight was determined

from the moist and dry weight of the sample.

Measurement of moisture of all soil samples of 12 sites at
21 points were carried out and rtesults are given in the
Table 8 .  Soil moisture retention curves are also plotted and

are shown in Fig. 37 to 57 respectively.
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4.0 Result And Discussion

The particle size analyvsis of the soil samples were carried
out in the séil water laboratory of the Institute. The grain size
distribution:of the soil particies have been determined. From the
particle size distribution «curves the grain size distribution
of the soil samples were estimated. Using soii triangle graph
(Fig 2) the textural classification of the soil of study area
was fnuna and is given in Tab.6. The grain size distribution shows
that in general sand content varies from 2.5% to 20% . except at
ltocation N31 were sand content is as high as 64.65%. 5ilt content
is varies from 10 to 20 % and clay from 50 to 85 =% except at
location N31 were clay content is only 22 % {Tab.5). The particle
size distribution curves are also prepared by plotting the grain
éize in millimeter and the percentage passing on a log normal
scale fnr all the soil samples. These graphs are illustrated in
Figs. from 6 to 36. )

The saturated hydraulic conductivity of the soil samples
wmeasured by Guelph permeameter is given in Tab (6). The insitu
values are varies from 0.002 to 0.09 m/day. But at location N 31
apd N 10. the hydraulic conductivity is high respectively as 0.96
and 1.12 (m/day). At location N S51 the values of hydraulic
conductivity obtained by Guelph permeameter ~was  very low i.e.
0.001987 m/day. The depth. of water table has beenlmeasured and it
s abserved th@t it varies from 2 to 8 meter except at location
N8l where it is 25 meter deep.

The relationship between in-situ saturated hydraulic
conductivity and texture has also been given by Johnson (1963).
The hyvdraulic conductivity values obtained by Johnson's graph 1is

given in Tab 6. . The metric {flux potential as calculated by
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equation (7) varies from 0.0001 to 0.08 mz/day {Tab 7). The slope
parameter alpha were calcilated using equation (8} and varies_
from 3 to 236 per m {Tab 7). The so0i! moisture measurement
carried out at Nine pressures are given in Tab. 8 the values of
field capacity varies from 22% to 43% and wilting point varied
from 10% to 26%. respectively. The available moisture Lhat‘ is
useful to point varied from 10 to 25%. The soil moisture
characteristic curves have been also plotted and are shown in }ig.

37t 37 for different locations.
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5.0 Conclusions ..

From {his study, it is observed that the study area has
predﬁmiqant,in clay. Soil survey organization of Govt. of M. P, .
has also showed that about 90 % of the area is containing. mostly
cla&. Conseqqenfly the hydraul?c .conductivity and metiric flux

potential values are also low. in accordance with the clay

'

texture of the soil.
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6.0 Suggestions for further research

1. The
for
and

2. The
of

for

present study should be carried out on a smaller grid
better estimation of saturated hydraulic 'conductivity

soil moisture retention curves:

field experiments should also be carried out on the basis
soil series given by Soil Survey office, Govt. of M.P.

s0il texture analysis.

3. The ground water table should. be measured regularly for

estimation of water tabhle fluctuation and determination of

ground water flow.
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