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HOW-TO-DO-IT SERIES

Preface

Volume I of the Problem Identification Training Manual consists of a
number of short, technical "How-To-Do-It" articles. The purpose of these
articles is to provide specific instructions on how to carry out the tasks
of problem identification. The How-To-Do-It series is merely a supplement
to the problem identification process (Volume I) and therefore the skills
presented here are some of the tools necessary to complete a problem
identification study.

The format of this volume will be organized along the following major
categories:

1) How-To-Do Methodologies related to the farmer's field;

2) How-To-Do Methodologies related to the irrigation water;

3) How-To-Do Methodologies related to the farmer's socio economic

network.

This methodology series is meant to provide all trainees with methods
of how to perform specific field tasks in problem identification. The
actual execution of these methods, however, requires training for discipline
members of field teams. The particular methods to be used depends on the
actual field situation and type of problems being investigated. Each team
member should keep in mind that this volume contains methods which will help
team members in problem identification.

Additional How-To-Do Methodologies will be provided to the trainees

during the Training Program.
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GROUNDWATER MONITORING TECHNIQUES
by Dan Sunada

INTRODUCTION

The most common method for obtaining groundwater levels are through the
use of observation wells and piezometers. The observation wells are cased
with either steel or plastic perforated pipe.

Usually the observation wells are installed on a grid system and
usually in clusters at each location when the aquifer is stratified. The
clusters of wells are installed at differing depths so that information on
the individual stratum can be identified. When detailed information on
water levels are needed (i.e. near canals and drains), a line of well may be
installed to better define the hydraulic gradient. Detailed driller's logs
should be obtained in order to identify the types and composition of the
individual strata, their thickness, and the thickness of the total aquifer.
Information from the driller's log will also provide information for the
depths of the wells. Shallow wells (less than 5 meters) can also be
installed by project personnel when the well casing can be driven using a
well point of a small drilling rig. Of course, driller's log information
may not be obtainable from this type of installation.

After the observation wells have been installed, much data can be
collected on the hydraulic conductivity, specific yield, and storage coeffi-
cients, transmissibility, and other values. The water should be sampled for
laboratory analysis once for reference and periodical field measurement of
electrical conductivity should be made. The water table elevations should
be periodically measured and recorded for each well with some wells measured
continuously by recorders. Each well should be provided with a cap to keep
debris and small children playing in the area from destroying the usefulness
of the wells. In addition, the wells should be periodically flushed to
insure representative flows and water quality information.

Piezometers are small diameter pipes perforated only at the descend

depth. Piezometers are used to obtain a measure of the hydraulic potential



of the aquifer at the depth corresponding to the perforation of the
piezometer. Piezometers may also be used to collect water quality samples
for laboratory analysis.

Piezometers are also installed on a grid systems (usually fairly close
to the wells) and in a cluster arrangement. Under good conditions with few
large rocks, piezometers can often be installed by project personnel by use
of a jetting rig by which water is forced through the piezometer pipe as it
is lowered into the ground (Mickelson et al., 1961); (Donnan and Bradshaw,
1952). The force of the water jet removes the unconsolidated particles.
Piezometers are also often driven into place. Information on the installa-
tion and evaluation of piezometers is presented by the USDI-USBR (1964),
Reeve and Jensen (1949), Bornstien and Alberts (1963), Myers and Van Bavel
(1962), and Donnan and Bradshaw (1952).

When selecting the sites for observation wells and piezometer
installations, they should be located where vehicular traffic, farming
equipment, or road maintenance equipment will not disturb or remove the
upper portions of the pipes.

The water level measurements for piezometers and wells are usually
measured from the top of the pipe to the water level. Therefore, in order
to relate all the data from all of the wells and piezometers in a grid
system, it is necessary to determine the elevations of the tops of each well
and piezometer casing, and thereby the respective water level elevations for
each well and piezometer.

Equipment for water sampling and depth to water determinations are
commercially available. However, it often becomes necessary to construct

equipment to meet the specific requirements of the project installations.
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PROCEDURE FOR OBSERVATION WELL INSTALLATION

kS
by Alan Early and Nasir Ahmed

When plans are being formulated to provide the irrigation water during
the growing season, a knowledge of the amount of water which might be avail-
able from the soil itself is valuable information. The possibilities that
the water table rises so high as to reduce crop production should also be
evaluated. Both the depth of the water table and its fluctuations during
the growing season are important.

Instructions for the field engineer are outlined below which will aid
in the installation of observation wells. These, in turn, provide the means
for measuring water table levels and fluctuations, as necessary, beneath a
watercourse system.

Procedure for Installation

1. Survey the hand pumps, open wells, ponds, etc. throughout the area
involved. Note the depth to the water table of each, on the
attached form. TIf the depth exceeds 20 feet, contributions from
the water table to plant needs will be negligible.

2. Consult well drillers, water users, hydrologists, etc., acquainted
with the area and get their opinions as to the normal annual
fluctuation of the water table from the current levels. Design
the observation wells tube at 2 feet (60 cm) deeper than the
lowest water table level expected. The observation wells should,
when possible, be placed at field intersections.

3. Auger the hole. (A screw type auger may be used for clay or silt
soils. A bucket type auger is satisfactory for all soil

textures.) Bore to a level at least two feet (60 cm) lower than

o

"This article was taken from The Problem Identification Handbook (April 1,
1980). Developed by the CSU-Pakistan Water Management Project sponsored by
U.S. Agency for International Development Contract No. AID/TAC-1100.



the expected lowest level of the water table. The diameter of the
augered hold should match the outside diameter of the pipe.*
Available augers larger than the pipe may be used, but the pipe
will not be as firmly anchored and secured from theft.

4. If available, pour coarse sand or pea gravel into the hole in
quantity sufficient to fill the bottom 6" (15 cm).

5. Excavate a collar-shaped area, 1 foot (30 cm) in diameter, around
the pipe. Fill this excavation with concrete to the level of the
surface of the surrounding soil. The primary purpose of this

concrete collar is to reduce the possibility of theft, and it may

be eliminated is the area is secure.

ot
«~

The top of the pipe should be about 4" (10 cm) above the surface of the
ground and should be threaded to accept a cap which can be screwed on with
pipe wrenches. When the well is not attended, the cap should always be
screwed on with sufficient force that it cannot be opened manually by
irresponsible persons who might drop soil and debris into the well.



SUGGESTED TABULATION FORM

WATERCOURSE

Date Type of Observation Depth of WT Location HMT
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MEASUREMENT OF HYDRAULIC CONDUCITIVITY -
by The Auger Hole Method
adapted by I. Garcia

Object: To measure saturated hydraulic conductivity in the field using
the auger-hole method.
INTRODUCTION

Hydraulic conductivity is defined as a measure of the ease with which
water can be transmitted through a porous material. The hydraulic conduc-
tivity is also defined as the physical property which can be measured and
expressed as a proportionality factor (K) in the Darcy equation,

= . g 2
q-= KALI (1)

where gq 1is the volume flux (L t-l) and AH/AL which is the hydraulic
gradient (L L—l). In this equation, the hydraulic conductivity K (L T-l)
depends both on the nature of the porous medium (soil) and the physical
properties of the fluid (water).

Measurements of saturated hydraulic conductivity are used in the
analysis of any saturated soil water-flow system. These include drainage of
soils for agricultural; drainage of highways, airports, and construction
sites; and the determination of seepage below dams.

PRINCIPLES

The auger hole method of measuring the hydraulic conductivity of soil
is illustrated in Figure 1. (1) A cylindrical hole is augered into a body
of soil that is water saturated. (2) Water is allowed to seep into and fill
the auger hole to the level of the water table. (3) The depth H of the
hole below the water table is measured. (4) Some or all of the water in the
auger hole is quickly removed to a distance vy below the water table.
Finally, (5) The rate of rise of water in the auger hole, which is related
to the hydraulic conductivity of the soil, is measured.

In Figure 1, r is the radius of the auger hole and S 1is the distance

from the bottom of the auger hole to the impermeable barrier.
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Figure 1. The auger hole method.

The relationship between the observed rate of rise of water in the

auger hole and the hydraulic conductivity is expressed by

= QX
K c 3 (2)

where C is the shape factor (see below) of the auger hole, dy is the
change in water height in the auger hole (cm) that occurs in time dt (sec)
and K is the hydraulic conductivity (m day-l). The mixed units m/day, cm
and sec, in Equation 2 are used for practical work. If homogeneous units

are used, then Equation 2 becomes

=..C dy
K=" 82 at (3)

where K and dy/dt have the same units and (/864 is dimensionless.

The values of C in Table 1 were obtained using auger hole seepage
theory (Boast and Kirkham, 1971). The values of C are for a wide range of
auger hole geometries. The shape of the auger hole is characterized by the
ratio of the length of the auger hole below the water table H to the
radius of the auger hole r. Table 1 contains C wvalues for auger holes of
seven values of H/r ranging from H/r = 1 to H/r = 100 (a quite small

diameter auger hole). For each of the seven values of H/r, C 1is shown for



Table 1. Values of C for Equation 2 for auger holes underlain by
impermeable or infinitely permeable material (Boast and
Kirkham, 1971).
S/H

H/r vy/H S/H

o 0.05 0.1 0.2 0.5 1 2 5 ®

1 1 447 423 404 375 323 286 264 255 254
0.75 469 450 434 408 360 324 303 292 291

0.5 555 537 522 497 449 411 386 380 379

2 1 186 176 167 154 134 123 118 116 115
0.75 196 187 180 168 149 138 133 131 131

0.5 234 225 218 207 188 175 169 167 167
5 1 51.9 48.6 46.2 42 .8 38.7 36.9 36.1 35.8
0.75 54.8 52.0 49 .9 46 .8 42.8 41.0 40.2 40.0
0.5 66.1 63.4 16.3 38.1 53.9 51.9 51.0 50.7
10 1 18.1 16.9 16.1 15.1 14.1 13.6 13.4 13.4
0.75 19.1 18.1 17.4 16.5 15.5 15.0 14.8 14.8
0.5 23.3 22.3 21.5 20.6 19.5 19.0 18.8 18.7
20 1 5.91 5.53 5.30 5.06 4.81 4.70 4.66 4.64
0.75 6.27 5.94 5.73 5.50 5.25 5.15 5.10 5.08
0.5 7.67 7.34 7.12 6.88 6.60 6.48 6.43 6.41
50 1 1.25 1.18 1.14 1.11 1.07 1.05 1.04
0.75 1.33 1.27 1.23 1.20 1.16 1.14 1.13
0.5 1.64 1.57 1.54 1.50 1.46 1.44 1.43
100 1 0.35 0.35 0.34 0.34 0.33 0.32 0.32
0.75 0.38 0.38 0.37 0.36 0.35 0.35 0.35
0.5 0.47 0.47 0.46 0.45 0.44 0.44 0.44
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auger holes that are empty, one-fourth full and half full. For each of
these 21 cases, C values are shown for auger hole with an impermeable
barrier at variocus dimensionless distances §S/H.

SPECIAL APPARATUS (Figure 2)

1. Soil auger or a commercial drilling rig.

2. Permeable material for casing the auger hole to prevent caving.
Materials used for casing auger holes may be thin perforated sheet
metal pipe, perforated stovepipe, drain til, thin perforated PVC
Pipe, etc.

3. Water elevation indicator. The indicator device consist of a
float lowered into the auger hole and connected to a counter
weight with a tape. This tape is mared, at equal time intervals,

as the water level rises in the auger hole.

Tape

Float

N\
M\
\\\N Counter weight
'-.-—"/
Auger hoij\\*( =

[

Figure 2. Water elevation indicator device.

4. Pump system to quickly removing water from the auger hole.
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PROCEDURE

In the following discussion, the installation of the auger hole (Steps
1 through 4) is done before determining the hydraulic conductivity.
Successive steps (5 through 9) are done several times so that more than one
estimate of the hydraulic conductivity can be made.

1. A vertical hole is dug with a soil auger or by another method to
the desired depth below the water table.

2. Install the permeable case in the hole, leaving the end of the
case several centimers above the soil surface. The pipe or tile
used as a casing should be back-filled properly to insure free
flow of groundwater into and out of the auger hole. The proper
way to install the casing is to place a small quantity of gravel
on the bottom of the hole and set the open pipe on this gravel.
Gravel is then back-filled around the pipe to a level above the
water table. The original soil can be used to fill the remaining
portion of the hole around the pipe to the soil surface. The
auger hole should be capped for protection.

Pump the hole several times until clean water is obtained.

4. Aallow the water to seep into and fill the auger hole to the level
of the water table. This will require at least a day for heavy,
tight soils. 1In the case of permeable sand soils, only a few
minutes are needed.

5. When the water in the auger hole is at water table level, lower
the float into the auger hole and mark a datum point on the tape.

6. Pull the float out of the auger hole.

Pump out or bail the water quickly.
8. Lower the float into the auger hole and mark the tap at frequent,
equal, time intervals as the water level rises in the auger hole.
9. From the datum point, determine the distance vy.
CALCULATIONS

Table 1 enables one to determine the hydraulic conductivity of a soil
K, from measured values of the rate of water risin.; in the auger hole
-dy/dt, and the relationship expressed in Equation 2. Intermediate values
of C can be obtained by interpolation. For accurate work use logarithmic
interpolation of ¢, and H/r at some known value of y/H, as explained

below.
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Sample calculation

To show the calculation, we present an example in Figure 3.

The readings of water level in the auger hole y as a function of time

were:
Time (sec) y (cm)
10 106

20 93

30 81

40 69

50 59

60 48

70 40

80 33

90 26

100 21

According to Figure 3a H/r = 30, y/H is taken at 0.5 and the depth to
the impermeable barrier, S, is not known. We therefore estimate C for the
two extreme cases i.e., S =0 and S = 00. Since we do not have values of
C corresponding to an H/r of 30 in Table 1 a logarithmic interpolation is
required (Figure 4). It is found that the value of C corresponding to an
H/r of 30 is between 3.21 (S = ®) and 3.80 (S = 0). We therefore choose a
value between these two extremes say, C = 3.51.

The rate of change in the height of water in the auger hole, obtained
in Figure 3b was ~dy/dt = 1.22 cm/sec. Thus, using the above values in
Equation 2 we find the hydraulic conductivity.

K(m/day) = (1.22)(cm/sec)(3.51) = 4.28 m/day.
COMMENTS

The advantages of wusing the auger hole method for hydraulic
conductivity determinations are as follows:

1. The soil is not disturbed (original conditions in the field).

2. The "sample" is large and takes into account many types of water

channel in the soil.

3. The fluid used is the soil solution itself and not tap water or

distilled water having unknown effects.

4. The method is not unduly time-consuming.

A series limitation inherent in the auger hole method is that the
presence of a water table is required and preferably it should not be too
low. This means that in most locations only a few opportunities for
measurements are available each year, most probably in spring. In some
locations the condition may be favorable all through the year; in others

this method will never be applicable.
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Reference datum

————

Soil surface
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Figure 3a. Dimensions of the example auger hole.
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Figure 3b. Relationship between values of y and time.
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SOIL CLASSIFICATION
by L. Willardson and D. Sunada

INTRODUCTION

A bulk volume of soil may contain four major constituents, inorganic
solids (minerals), organic solids, 1liquid (usually water), and air.
Different soils contain varying amounts of each constituent and the nature
of each constituent may vary. Soil classification is a systematic method of
analyzing these constituents and describing the soil by use of standardized
quantitative tests. Since the soil descriptions are based on definite
tests, anyone using the classification systems should be able to arrive at
the same soil classification.

Unfortunately, no single classification system is capable of describing
all the significant aspects of a soil to every person who uses it. An
adequate agricultural soil classification may present very little useful
information to an agronomist of geologist. Therefore, each field of study
involved with soils has its own (or several) classification system. The
system presented here is that used by the United States Department of
Agriculture, and is internationally used in agricultural studies.

SOIL TEXTURE

The USDA soil classification systems is based on soil texture, or the
relative proportions of various size groups of mineral particles in a given
soil. Inorganic soils may be divided into four components which are, in
order of decreasing size, gravel, sand, silt, and clay. The limiting
particle diameters for each of these components or soil separates is given
in Table 1. The soil classification by finding the proportions by weight of
sand, silt, and clay in the soil. Figure 1 is then entered and the inter-
sections of the proper proportions determinates the soil textural

classification.
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Table 1. Particle diameter of soil separates.

Soil Separate Particle Diameter (mm)
Gravel 2.0
Very Coarse Sand 2.0 - 1.0
Coarse Sand 1.0 - 0.5
Medium Sand 0.5 -0.25
Fine Sand 0.25 - 0.10
Very Fine Sand 0.10 - 0.05
Silt 0.05 - 0.002
Clay 0.002

Adapted from p. 1-2, Section 15 - Irrigation, SCS National

Engineering Handbook, USDA, 1964.
Example: A soil is found to have 12% sand, 53% silt, and 35% clay. The
intersection of these proportions on Figure 1 lies in the zone marked silt?
clay loam.*

It is necessary to perform a grain size analysis on the soil to find
its textural proportions. The simplest method of separating different sized
particles is by passing them through a series of wire mesh sieves which are
stacked in order of decreasing mesh openings. The soil is deposited on the
top sieve and the stack is shaken. The particles smaller than the mesh
opening will pass through and fall on the next finer mesh. When the soil
has been properly shaken, the sieves may be taken apart and the amount of
soil retained on each sieve may be weighed. Using this information, the
percentages may be computed.

This system works satisfactorily for the coarse sized particles, the
sands, and gravels. The weight of the finer particles is so small that they
generally do not pass through the small mesh openings. The finest sieve
that these particles will normally pass is the #200 sieve which has openings
of 0.074 mm. They may also adhere to the sides of the coarse particles and
can affect the accuracy of the weighings of that fraction. Ways have been
developed to deal with both of these problems.

To make an accurate analysis of the coarse fraction, the fine portion
of the soil may be washed away so that the coarse fraction is left. This
is normally accomplished by placing the soil on a #200 sieve mesh and spray-
ing water through the mesh and soil. The soil is then dried and a normal

sieve analysis can be run on the remaining material.

*
The following two pages are from Chapter I--Soil-Plant-Water Relationship,
Section 15 - Irrigation, Soil Conservation Service National Engineering
Handbook, U.S. Department of Agriculture, 1964.
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The grain size analysis is usually conducted on the fine fraction of
the soil by means of a hydrometer analysis. In this test, the fine fraction
of a soil is carefully mixed in a cylinder full of water and the mixture is
allowed to settle with time. As the soil particles settle, the specific
gravity of the mixture changes. The amount of material still in suspension
can be estimated by the difference between the specific gravity of the
mixture and the specific gravity of just the liquid without the soil
particles.

The specific gravity is measured by a hydrometer, a glass bulb with a
stem which has a calibrated scale inside it. The hydrometer is placed in
the mixture and the scale in the stem is read. This reading gives an
indication of the amount of soil in suspension. The diameter of the soil
particles is approximated by use of Stokes Law which relates the velocity of
a particle fall in a liquid to its diameter. Therefore, the test consists
of taking measurements of the specific gravity to find the percent of
material in suspension at particular times to determine the particle

diameter.
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SOIL PARTICLE SIZE ANALYSIS BY THE HYDROMETER METHO

by L. Willardson

Particle size analysis can be made by the hydrometer method for soils
having particles smaller than a number 40 (0.425 mm) screen. Sieving is
normally used if most of the particles are larger than a number 200 (0.075
mm) screen. The hydromer method is used if most of the particles are
smaller than a number 200 screen.

General Procedure

A known weight of soil is thoroughly mixed and dispersed in a known
volume of water. The specific gravity of the soil-water suspension is
measured with a hydrometer. As the larger heavier soil particles settle
out of the solution, the specific gravity of the suspension decreases. A
correlation related to the settling velocity of particles is made between
time and the specific gravity.

Equipment Needed

1. Stirring apparatus
Mechanical device or air-jet device
2. Hydrometer - either type
Type 151H - Calibrated to read specific gravity 1.000 in distilled
water at 20 degrees C

Type 151H - Calibrated in grains of soil per liter (-5 to +60

g/liter)
3. 1000 ml sedimentation cylinder
4. Thermometer accurate to 6.5 C
5. Water bath or constant temperature room

Detailed Procedure

For the hydrometer analysis the sample of all material passing the 2 mm
sieve (No. 10) should be about 115 g for sandy soils and 65g for silt and
clay soils. Determine the hygroscopic moisture correction factor by weigh-

ing out a 10 to 15g portion of the air dried soil and drying in a 110 C oven
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to a constant mass. The hygroscopic correction factor is the ratio of the
mass of the oven dried sample and the mass of the air dried sample.

The remaining 50 to 100g of a carefully weighed air dried sample is
placed in a 250 ml beaker and covered with 125 ml of recently prepared
sodium hexametaphosphate solution buffered with sodium carbonate to a pH of
8 or 9 (40 g/liter). Stir and allow to soak 12 to 16 hours (sodium
hexametaphosphate buffered with sodium carbonate is marketed as '"calgon').

Transfer the soaked soil to the stirring apparatus. If the mechanical
stirrer 1is wused, additional distilled water should be added to the
dispersion cup to fill it more than half full. Stir for one minute.

Care should be taken that all soil is transferred from the dispersion
device to the sedimentation cylinder. Distilled water is added to bring the
total volume in the sedimentation cylinder to 1000 ml.

The test is started by covering the end of the cylinder with the palm
of the hand and tipping the cylinder upside down and back for one minute (30
times). Make sure that all the soil at the bottom of the cylinder is
loosened and in suspension. Place the cylinder in a convenient place in the
constant temperature room. Hydrometer readings taken at the following
intervals of time: 2, 5, 15, 30, 60, 250, and 1440 minutes after the
beginning of sedimentation. The hydrometer is slowly immersed in the soil
suspension about 30 seconds before each reading to allow it to come to rest
before the reading time. Read the hydrometer at the top of the meniscus
formed by the suspension around its stem. The reading shall be made to the
nearest 0.005 specific gravity for hydrometer type 151-H or the nearest 0.5g
per liter for the type 152-H hydrometer. After each reading carefully
remove the hydrometer and place it with a spinning motion in a graduate of
clean water. Measure and record the temperature of the suspension after
each hydrometer reading.

After making the final hydrometer reading, wash the suspension on a
0.075 mm (No. 200) sieve. Dry the fraction retained on the sieve and
separate into fractions using 0.425 mm and 0.075 mm sieves and such
additional sieves as required. Record the masses retained.

Calculations

Calculate the oven-dried mass of soil used in the hydrometer analysis
by multiplying by the hygroscopic moisture correction factor.
Calculate the mass of the total sample represented by the mass of soil

used in the hydrometer test by dividing the oven dry mass of the hydrometer
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sample by the percent of the total sample passing the 2 mm (No. 10) sieve
and multiplying by 100. The mass obtained is W in the formulas for
calculating the percent remaining in suspension at the level where the
hydrometer measures the density of the suspension.

When the 151-H hydrometer is used, P 1s calculated from:
100,000 G

P = ( W G- Gl) (R - Gl)
For the 152-H hydrometer the percentage in suspension is:
P =22 % 100
Where: a = correction factor for the 152-H hydrometer reading
= percentage soil remaining in suspension at the level where the

hydrometer measures the suspension density

R = hydrometer reading after subtracting the composite correction
defined below

W = oven dry mass of soil in the total test sample represented by
weight of soil dispersed (defined in previous paragraph)

G = specific gravity of soil particles

G, = the specific gravity of the liquid (G1 = 1.00)

R

To obtain the composite hydrometer correction prepare a 100 ml of

the hydrometer reading (i.e., 1.025)

distilled water and dispersing agent in the same proportion as in the
sedimentation test. Place the hydrometer in this mixture and read the top
of the meniscus. For the type 151-H hydrometer the composite correction is
the difference between the reading and 1.000. For the 152-H hydrometer it
is the difference between the reading and zero. The correction is tempera-
ture dependent and should be established for the range of temperatures
expected in the sedimentation test.

The diameter of particle corresponding to the percentage P above is
calculated using Stokes' Law for drag forces on a sphere settling under
viscous conditions.

F, = 3muvD

d

where F is the drag force, p 1is the viscosity of the fluid, V is the

d
particle full velocity, and D is the diameter of the sphere. At the

terminal velocity, F, is the buoyant weight of the particle.

d
F o= (y. - Y,) m/6
c s W

where Y and Y, are the unit weights of the particles and water.
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Solving for D,

s w
D =K JL/T
where L is the fall distance of the particle measured in centimeters from
the water surface to the center of buoyance of the hydrometer (see Table 2)
and T is the time of the reading in minutes {(also the fall time). The
factor, K, is a function of temperature and specific gravity of the
particles. Values of K are tabulated in Table 3.

|1 0 4

Table 1. Correction factor "a" for specific gravity (hydrometer 152H).

G Haﬂ G HaH G Ha'l
2.95 0.94 2.75 0.98 2.55 1.02
2.90 0.95 2.70 .99 2.50 1.03
2.85 0.96 2.65 1.00 2.45 1.05
2.80 0.97 2.60 1.01

Table 2. Effective depth (L) vs. hydrometer reading.

Hydrometer 151H Hydrometer 152H
Reading L(cm) Reading L(cm) Reading L(cm)

1.000 16.3 0 16.3 32 11.1
1.002 15.8 2 16.0 34 10.7
1.004 15.2 4 15.6 36 10.4
1.006 14.7 6 15.3 38 10.1
1.008 14.2 8 15.0 40 9.7
1.010 13.7 10 14.7 42 9.4
1.012 13.1 12 14.3 44 9.1
1.014 12.6 14 14.0 46 8.8
1.016 12.1 16 13.7 48 8.4
1.018 11.5 18 13.3 50 8.1
1.020 11.0 20 13.0 52 7.8
1.022 10.5 22 12.7 54 7.4
1.024 10.0 24 12.4 56 7.1
1.026 9.2 26 12.0 58 6.8
1.028 8.9 28 11.7 60 6.5
1.030 8.4 30 11.4
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Table 3. Values of "K" for computing particle diameter in
hydrometer analysis.

Specific Gravity - G

Temp °C

2.6 2.65 2.7 2.79

16 0.0146 0.0144 0.0141 0.0139

18 0.0142 0.0140 0.0138 0.0136

20 0.0139 0.0136 0.0134 0.0132

22 0.0135 0.0133 0.0131 0.0129

24 0.0132 0.0130 0.0128 0.0126

26 0.0129 0.0127 0.0125 0.0124

28 0.0126 0.0124 0.0122 0.0121

30 0.0124 0.0122 0.0120 0.0118

SIEVE ANALYSIS

Dry mass of sample after washing on 0.075 mm (No. 200) sieve g
Size Mass Cumulative % Sediment % Total
Opening Sieve Retained Mass Mass Sample Sample

mm No. g Retained Passing Passing Passing




HYDROMETER ANALYSIS

Sample description Date
Specific Gravity Tested by
Location Hydrometer Correction
Hydrometer Sample % Finer than sieve. Mass dry soil W = g
Elapsed Hydrometer Reading % L K D % Finer
Time Time Temp Finer (Table 2) (Table 3) KJL/t in
t - min °c P cm mm Total Sample

Original Corrected

£e
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PARTICLE SIZE ANALYSIS BY SIEVING
by L. Willardson

Determination of the particle size distribution of soils and gravel or
sand drain envelope materials is important in drainage design. The
information is needed to protect drains from clogging by sediment.

Particle size analysis for fine soils is usually done by the hydrometer
method. Particle size analysis for sand, gravel or a coarse soil is done by
sieving.

General Procedure

A representative sample of the material is air dried. The material is
weighed and then shaken through a series of standard sieves of progressively
smaller sizes. The amount of material retained on each sieve is weighed and
a particle size distribution curve is plotted for identifying the material.

Equipment Needed

1. A balance of weighing device sensitive to 0.01 grams. The balance
should be able to weigh at least 500 grams of material.

2. A set of standard sieves of sizes numbers: 4, 10, 20, 40, 80,
100, 200, and PAN. The corresponding sieve openings are: 4.75, 2.00,
0.850, 0.425, 0.180, 0.150, and 0.075 mm, respectively. The pan catches all
material finer than a number 200 sieve. Other sizes besides those listed
can be used as long as they cover the range of sizes adequately.

3. A sieve shaker. The sieves can be shaken by hand or by means of a
sieve shaker machine. A cover is needed to prevent loss of material during
shaking.

Detailed Procedure

1. A representative sample of the material should be air dried. Care
should be taken to avoid separation of the material during handling to avoid
getting too many large or small particles from the sample.

2. The sample should be carefully split or divided to obtain an

average sample weighing 300 to 500 grams. A sample splitter can be used or
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the sample can be divided by hand on a paper or plastic sheet. Care should
be taken to avoid losing small or large particles from the sample.

3. The sample is weighed to the nearest 0.01 gram.

4. The sample is put into the top of a stack of sieves that become
progressively smaller toward the bottom. The coarsest mesh sieve should be
on top and the pan to collect the finest materials should be on the bottom.

5. The sieves should be jarred and shaken vertically and horizontally
until there is less than a one percent change in the weight of the material
on a sieve during one minute of shaking.

Overshaking can grind to powder the material on the screens.
The material should not be rubbed to make it go through the
screens.

6. When shaking is completed, the amount of material retained on each
screen should be weighed. The sum of all the weights should be nearly equal
to the weight of material placed in the sieves at the beginning.

7. When the sieves are cleaned by brushing, care should be taken to
avoid damaging the fine sieves.

8. The results appear as in the following table.

Sieve Opening Weight Cumulative
Number mm Retained Retained
4 4.75 0 0
10 2.00 0 0
20 0.850 9.10 9.10
40 0.425 16.95 26.05
80 0.180 23.40 49 .45
100 0.150 17.30 66.75
200 0.075 3.90 70.65
Pan -- 1.32 71.97
Total 71.97
Original Weight 72.00
Loss 0.03 grams

The cumulative weight retained is found by adding the weights retained
on each screen progressively.

9. The percent of material finer is calculated by subtracting the
cumulative weight retained from the total and dividing by the total. For
example, the percent of material finer than the number 80 screen is:

71.97-49.45
71.97

Following this procedure, a table can be prepared of opening sizes

X 100 = 31%

and percent finer.
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Opening Percent
mm Finer
2.00 87
0.850 64
0.425 31
0.180 7
0.150 2
0.075 0

10. The data are plotted on semi-log paper with the vertical linear
axis as percent finer and the horizontal logarithmic axis as particle size
or sieve opening.

A very steep curve indicates a uniform material. A flatter curve
indicates a graded material. The usual soil particle size distribution
curve has an "S§" shape.

11. A soil classification triangle can be used to classify the soil
from the data.
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CROP SURVEY METHODS

by M. B. Lowdermilk

Most agricultural field workers have had some experience in crop survey
methods. The purpose as related to command areas of farm irrigation systems
is to document over time the crops cultivated in each farmer's field for
each cropping season. Where three or more crops are cultivated in succes-
sion under intensive methods, the task is more complex. Also the task
becomes more complex when more than one crop is cultivated in a single
irrigation basin or a farmer's field.

Procedures Involved

1. First obtain or develop a precise map of the command area and
measure the irrigation basins for each farm. This can be done by
actual tape measurements or by pacing the field boundaries. If
the pacing method is used each field investigator will need to
calibrate his particular pace in terms of feet and inches or
meters and centimeters per pace.

2. Select a section of the command area and station a person with a
map near the center and use two persons making measurements and
calling out the particular crop or crops in each unit as the party
moves down a command area in a systematic manner.

3. Use codes for each crop such as W for wheat, F for Fallow, etc.
as shown in Figure C attached.

4. If the field work map is of adequate scale and there are several
crops in a given unit the recorder should enter the dominant crop

above the others such as

This How~To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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Ca = Cabbage

To = Tomatoes

W = Wheat

to indicate the dominant crop. If relay crops are used they can

be noted as Co + Berseem to show that Berseem is interplanted in
Cotton (Co).

The timing of crop surveys is important. For example, if the
survey is done during the transition of crops invalid data will
often occur because what appears fallow may be cultivated within a
short period. 1In each area one must choose the best time for a
particular crop survey.

Equally important is to return at the proper time in the crop
cycle to record the next crop. If there are two distinct cropping
seasons a decision can be made to enter the first crop as
Co = Cotton/W = Wheat over the next crop. There is however often
a problem because farmers change the size of their irrigation
basins and fields often in relationship to the «crops they
cultivate at a given time. Also farmers rent-in and rent-out land

from time to time.

Uses of Crop Survey Data

1.

Providing a record of cropping intensities, patterns, and
rotations over time.
Providing a record of intercropping and fallow over time.

Providing a record of shifts in field sizes and crops over time.
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MAPPING CROP STANDS

by Moslin Wahla and John Reussw

Often data are required about the quality of crop stands. Usually
these data are needed to determine the germination or emergence of a crop
variety under different conditions such as fertility, salinity, moisture,
composition, physical soil types, field levelness status, etc. depending on
the specific purpose of the investigation.

Procedures to Use

1. Select the fields or irrigation basins according to some
acceptable sampling method.

2. Decide on the areas within fields to be sampled on a random basis.

3. After the grid has been developed and the sampling frame, count
the plants in the grided sample area. For example, if the unit is
20 feet by 20 feet count the plants in the 400 square foot area
and record the data.

Example of Mapping Crop Stands to Determine the Influence of Field Levelness
on Cotton Stands and Yields/Acre

The example given below is taken from a study to determine the effect
of poorly leveled fields on crop productivity utilizing the elevation
differences on stands and yields of cotton in 15 sample fields. The method
and the results are presented from the work of Wahla and Reuss.

Fields were selected by Agricultural Extension workers during October
1975. Basis of selection was simply that the farmer was aware that a
significant elevation difference existed within the field. Two plots, each
twenty-foot square, were located so as to include the highest land within
the field in one plot and the lowest land within the other. A middle eleva-

tion plot of the same size was selected between the high and low elevation

“This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the (SU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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areas. Extreme edges or dirt borrow areas were avoided and selection of the
areas was made without regard to crop growth. In most cases elevation
differences were determined by depth of water at the final irrigation.
Where no irrigation was applied after plot selection, elevation differences
were determined by means of dumpy level.

The number of stalks within each plot area was counted, and the cotton
harvested from each plot at each picking date was weighed and recorded. To
date most of the plots have been picked three times. Data collected to date
are summarized in Table 1.

The low and mid elevation plots respectively averaged 4.6 and 2.2
inches lower than the high elevation plots. Thus, about 4.6 more inches of
water were applied to the low elevation areas than the high areas. Yield
data collection is not yet complete but preliminary analysis indicates a
definite and major yield difference due to elevation within the field.
Yields are generally very low, but in all cases, the yields from the low
elevation plots are below those of the high and mid elevation plots.
Average yield from the low elevation plots is only about one-half of that
from the high and middle elevation plots. The probability that this differ-
ence is due to chance is less than 0.005. There is an apparent reduction in
stands on the low lying plots, but this difference is less consistent than
the yield difference.

The data will be subjected to additional analysis after the data
collection is completed. However, the effect of excess water on the lowest
areas appears unmistakable. Apparently major yield depressions on signif-
icant portions of these fields are being caused by lack of adequate leveling
(see Table 1).

Such a method as described above can be used for several purposes as

required by the investigator.
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Table 1. Effect of elevation differences within fields on cotton
stands and yields (3 pickings).

Plot Elevation Difference Stand Yield
No. High Mid Low High Mid Low High Mid Low

inches* Stalks/400 ft2 1bs/acre
1 0 2.2 3.4 191 172 182 370 522 265
2 0 3.1 4.7 120 108 82 291 443 269
3 0 2.1 4.3 82 170 21 232 389 174
4 0 2.0 4.0 291 160 58
5 0 2.0 4.0 138 79 65
6 0 1.0 3.0 450 291 196
7 0 2.0 3.7 123 136 82 545 689 199
8 0 2.5 4.0 38 34 28 302 384 98
9 0 2.0 4.0 70 196 65 365 436 215
10 0 3.2 6.0 71 76 41 545 806 178
11 0 3.2 10.6 73 71 48 334 163 73
12 0 1.5 4.0 96 78 29 291 204 87
13 0 2.5 5.6 143 157 80 370 395 174
14 0 1.5 4.0 180 87 80 482 552 225
15 0 2.0 4.0 119 143 122 901 668 596
Means 2.19 4.58 109 118 12 390 345 191

*Elevation below highest point.
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YIELD ESTIMATE METHODS

by M. B. Lowdermilk

The following discussion will present a method of accounting for crop
yield estimations. This format, though specifically designed for nonfodder
crops such as rice, wheat, cotton, oats, etc., will put forth some general-
ized guidelines and procedures in which different types of crops can be
measured in a manner that is relevant to them. 1In describing this format,
three general dimensions making up the accounting format will be described
and then how the yield per crop is calculated will be put forth.

To begin the process, the researcher will ask the farmer what he

believes the estimated area under crop is and the estimated total units

produced. These questions will provide a baseline figure from which to
compare later calculations. The calculations are divided into three main
categories: harvest costs, home consumption estimates, and the total

quantity of units sold.

There are three types of harvest costs: direct costs, indirect costs,
and other types of costs. Direct costs involve the costs that are placed on
the activities that are an integral part of the immediate harvest; i.e.
cutting, picking, threshing, winnowing/cleaning, bagging, transport, and
storage. The indirect costs are payments to local artisans for services
rendered in relation to the harvest. These payments will go to such people
as the blacksmith, carpenters, shoemakers, barbers, religious leaders,
laundryman, etc. Other costs involve payments for various reasons to local
officers for services rendered during the harvest. Payments of this type go
to agricultural officers, revenue agents, irrigation officials, and the
like. These costs are in kind and they provide an indicator of what the

farmer pays for the harvesting of the crop.

“This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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The next dimension consists of the home consumption estimate. This
entails what the home unit utilizes for its own subsistence plus any extra
support that it may attain. Again the unit of measurement is in kind. A
critical aspect of measuring this dimension is the establishment of the home
unit. The researcher will have to include not only people, but also animals
owned by the family who are fed by that family. In addition, a definition
of what constitutes a full unit vs. a fractional unit must be ascertained.
For instance are small children and the elderly equal to a middle aged adult
in their consumptive patterns? Thus in defining a home consumption
estimate, different sub-units in the household and on the farm must be
delineated and then these units are added up and multiplied by a specific
level of consumption per unit.

A third measurement involves the total quantity of units sold by the
farmer. This measure, which is also labeled in kind, constitutes the total
amount of crop sold by the farmer. This measure is then added to the other
two measures to arrive at a total production figure.

Harvest Costs + Home Consumption Estimate + Total Quantity of Units
Sold = Total Production (in kind)

After this figure is calculated, the researcher then checks this answer to
the question asking the farmer to estimate the perceived total units
produced. If the two answers vary by more than 5%, then the researcher
should go through this accounting procedure again. If it continues to be
that much different, an examination of why the farmer perceived what he did
should follow. Dividing the total production by the area cropped will give
the researcher the yield per unit area of a particular crop for a particular
farmer.

Total Production
Area Cropped

= Yield/Unit Area

Additional checks to this accounting procedure involve getting an
estimate of production from several persons in the family and measuring the
area cropped when possible. What is of critical importance is that the
researcher must know the area and the crops raised and also he should be
aware of the various inputs placed into the system in order to have that
crop grow. This accounting method is only a rough procedure, but it does
serve as a check to an individual's perceived estimate of what he is

producing.
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EWUP
How to do it
Field Procedure

CONSUMPTIVE USE

by William Franklin*
INTRODUCTION

The total evaporation occurring from soil and plant surfaces and the
plant transpiration (evaporation from the pareachyma cells through stomatal
cells) is called evapotranspiration (ET). In addition to ET, plants will
use a small amount of water in tissue building. The sum of the ET and the
water use in tissue building is called consumptive use. However, because
the water removed in plant tissues is usually very small compared to ET, the
terms consumptive use and evapotranspiration are commonly used
interchangeably.

When the evapotranspiration rate of a particular crop is not limited by
soil water availability, and when the crop is growing vigorously with full
foliage, it is called potential evapotranspiration (Etp). Potential evapo-
transpiration is usually defined for a "reference'" crop and is regarded as a
function of climatic factors only.

Evapotranspiration for a crop may be greater or less than that for the
reference crop due to various environmental factors. This is referred to as
actual evapotranspiration (Et). The ratio of Et/Etp (when soil water is
not a limiting factor) is called the crop coefficient. When soil water is
limiting, the evapotranspiration will decrease, and a '"stress" factor (Ks)
term 1is introduced. An empirical equation to evaluate KS has been
proposed by Kincaid and Heermann (1974).

COMPUTING EVAPOTRANSPIRATION

A review of the alternative approaches to estimating the volume and

rates of water evaporated from wet crop and soil surfaces or transpired by

the plants «can be found in several literature sources (Jensen, 1973;

%
This How~To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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Doorenbos and Pruitt, 1977; Horton, 1973). As far as this technology is
applicable to the management of irrigation return flow quality (through
irrigation scheduling), Skogerboe et al. (1974b) and Jensen (1975) are good
summaries.

There are many methods by which evapotranspiration can be calculated,
however, the three most common approaches for estimating evapotranspiration
are (1) the Blaney-Criddle method; (2) the Modified Jensen-Haise method; and
(3) the Penman Combination method. These methods represent much of the
range in sophistication available today, varying in detail from a tempera-
ture dependent analysis (Blaney-Criddle) to an analysis of energy balance
and convective transport (Penman). It should be noted that both the
Jensen-Haise and Penman equations are calculated in cal c:m.zt-1 and can then
be converted to an equivalent depth of evaporation by dividing by an assumed
value for the latent heat of vaporization of 585 cal gm-l, which yields
units of length over time. This conversion is:

B, X 0.0017 > cm t'l_
Etp x 0.000673 » in t

The Blaney-Criddle Method
The Blaney-Criddle procedure for estimating evapotranspiration has the

form (Blaney and Criddle, 1950):

1

p - e O F .
t 100
where:
Et = monthly evapotranspiration in inches;
kt =0.0.173t - 0.134 (2)
kC = time distributed crop growth stage coefficient;
t = mean monthly temperature in °F; and
p = mean monthly percentage of annual daytime hours.

Crop curves and values for p can be found in Blaney and Criddle (1950) and
USDA Soil Comservation Service, Technical Report 21. Estimates of Et were
originally intended on a seasonal basis, but work by numerous individuals
have shortened this interval by interpolating values for p and kc'

The Modified Jensen-Haise Method

The Jensen-Haise procedure is a temperature and solar reduction
equation adjusted for location and elevation by vapor pressure functions

(Jensen and Haise, 1963):



38

E,p = C (T - T) R, (3)
in which,
Etp = average daily potential evapotranspiration of a well-watered
alfalfa crop having 30 to 50 cm of top growth, mm/day;
T = mean daily temperature, °C;
s - total daily solar radiation in langleys multiplied by 0.0171
to get mm/day;
TX = intercept of the temperature axis
= -2.5 - 0.14 (62 - el) °C/mb - elev(m)/550 (4)
e,)se; = saturation vapor pressures at the mean maximum and mean
minimum temperature, respectively, for the warmest month
of the year, in mb/
CT = tempe;ature coefficient
TC tC, 0y )
C1 = 38 - (2°C x elev/{m)/305) (6)
c, = 7.6;8 o (7N
LECEES) ®

In order to relate Etp to evapotranspiration values for other crops,

a crop growth stage coefficient was defined,

kCo - Et/Etp 9)
where

kco = crop growth stage coefficient; and

Et = potential evaporation for the specified crop

Kincaid and Heermann (1974) present polynomial regression equations for kCO
based on the table of coefficients presented by Jensen (1973).

The Penman Combination Method

Penman (1948) first derived an equation for the evapotranspiration of
a short, well-watered crop (generally assumed to be grass) based on a
combination of energy balance at the crop surface and the heat-mass transfer
processes due to air movements. The equation which resulted and is used
today is written for alfalfa:

_ 1 A A o. -
Etp = [A+Y (Rn+G)+15.36 Aty (a+bU2)(eZ ez)] 0.0171 {(10)
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in which,
A = slope of the saturation vapor pressure curve at a specified
temperature, d(mb)/d(°C);
Y = psychrometric constant, mb/°C;
Rn = net radiant energy, langleys/day (ly/day);
G = soil heat flux, ly/day;
U2 = wind run at a height of 2 meters, km/day;

a,b = empirical regression coefficients requiring local calibration;
e ° = saturation vapor pressure at the surface of the crop, mb; and
e = vapor pressure at the crop surface, mb.

The data available at most irrigated sites employing the Penman
approach include solar radiation (RS), temperature, wind, and relative
humidity or dew point temperature. In order to develop the parameters for
Equation 10 a number of empirical functions can be used. In the Grand
Valley of western Colorado, the approach that was used is described below.

Net radiation, Rn’ was determined from relationships presented by both
Jensen (1973) and Kincaid and Heermann (1974). This procedure begins by
defining solar radiation on a clear, cloudless day by plotting a curve

through the long-term maximal values:

_ _ (Day-107,2
RSO = 760 exp~ | 6 ] (11)
where
Rso = clear day solar radiation, ly/day; and

Day 1 - March 1.
A more recent review of Equation 11 indicates the coefficient 760 should be
increased about 10 percent, but the overall effect is negligible. 1In a

similar view, it is necessary to define the clear day net outgoing longwave

radiation:
R =¢' oT 4 (12)
bo k
where
R 0 = net clear day outgoing longwave radiation, ly/day;
el = -0.2+0.261 exp [-7.77 x 107 (273-1,%] (13)
Tk = temperature in degrees Kelvin (°C + 273)
0 = Stefan-Boltzmann constant = 11.21 x 1()_8 1y/°K

Based on Equations 11 and 12, the 1longwave radiation occurring on a

particular day equals (Jensen, 1973):
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R
s

Ry = [1.2 5~ - 0.2] R (14)

s0
and
Rn = (1-a) RS - Rb
(15) in which « = crop albedo (generally taken to be 0.23).
The exchange in heat from the soil is based on two assumptions: (1)
the soil temperature to a depth of 2 meters varies approximately with

average air temperature; and (2) the volumetric heat capacity of the soil is

0.5 cal cm—3 °C-1. The soil heat flux, G, is then written as (Jensen,
1973):
T. .-T.

6 = =L 4 100 (16)
where,

G = soil heat flux, ly/day;

Ti-l = mean temperature for the previous period, °C;

Ti+1 = mean temperature for the following period, °C; and

At = days between the preceding and following periods (period

interval).
Kincaid and Heermann (1974) use of comparison of current temperature with
the average of the previous 3 days to calculate G for irrigation

scheduling. They also present convenient expressions for A/A+y, y/At+y, and

o

ez as follows:
Y/A+Y = 0.959 - 0.0125T + 0.00004534T2 (17)
AA+Y = 1 - (y/A+y) (18)
ed = -0.6959 + 0.2946T - 0.005195T% + 89 x 1076173 (19)

in which T represents the mean daily temperature in °F.

The elevation of the term (e; - ez) in the Penman equation can be made
in several ways. For the Grand Valley studies, the following expression was
used:

eO+eO
(e; - ez) =2 1_ e

3 ] x rh (20)

in which
e;,eg = saturation vapor pressure at maximum and minimum
temperatures, mb; and
rh = maximum relative humidity (usually taken as the 6-8 AM

values) expressed as a fraction.
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MEASUREMENT OF EVAPOTRANSPIRATION

Consumptive use of water in a water balance computation of an irrigated
area is one of the major components of the budget. It is, therefore,
necessary that this value be determined as accurately as possible, and it is
imperative that the evapotranspiration estimating formulas be calibrated for
local conditions. Attempts to base conclusions on uncalibrated consumptive
use equations would be extremely presumptuous, as will be explained later in
this section. Tanner (1967) and the World Meteorological Organization
(WwMO) Technical 1, Note No. 83 (1966) provide a very good review of the
procedure and methodology wused for the measurement of potential
evapotranspiration in the field.

Measurement of evapotranspiration should include the means for the
actual measurement of consumptive use and, in addition, a complete weather
station to measure air temperature (plus data, maximum and minimum) dew
point temperature, relative humidity, precipitation, wind run, solar and net
radiation and evaporation (Class A pan). Doorembos (1976) presents an
excellent discussion on the establishment and operation of a weather station
for agricultural studies and the calibration of empirical ET indexes to
actual ET measurements. WMO (1971) and WMO (1970) also present much
information on the collection and analyses of hydrometeorological data.
Lysimetry

Probably the most accurate measurement of ET is obtained by the use of
lysimeters. Lysimetry is the only method of measuring evapotramnspiration
where the investigator has complete knowledge of all the terms of the water
balance equation. Harrold (1966) presents a very good review of the use of
lysimeters for measuring ET. Horton (1973) has compiled an annotated
bibliography on Et which includes lysimetry.

A lysimeter is a device which is hydrologically isolated from the
surrounding soil. This device contains a volume of soil (which is usually
planted to vegetation) and some means to measure the consumptive use
(described below). Lysimeters must be representative of the surrounding
conditions if they are to provide useful ET measurements. They must be
representative of the soil type.

Two types of lysimeters, which have worked quite well for calibration
purposes, are the constant water table lysimeter and hydraulic weighing

lysimeters. The constant-water table lysimeter are usually planted to grass
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(such as Kentucky Bluegrass) or other crops with shallow root systems. On
the other hand, the hydraulic weighing lysimeters are usually planted in
deeper rooted crops such as alfalfa or corn. The reference crops used in
the calculations, which are usually planted in lysimeters, are generally
considered to be well-watered grass or alfalfa.

Construction of a constant water table lysimeter is shown in Figure 1.
They are usually about 1 meter square and about 60 cm deep. The amount of
water use is calculated by using an area ratio of the lysimeter to the
reservoir. The evapotranspiration rate is very sensitive to the depth of
the water table in the lysimeter (usually kept at about 15 cm from surface
for grass). In addition, the crop must be trimmed periodically to insure
vigorous growth, and any vegetative growth extending beyond the sides of the
lysimeter should be trimmed back.

Construction of the hydraulic weighing lysimeters are shown in Figure
2, and a typical calibration curve is shown short a time period does not
give complete confidence in the resulting equations because temperature
is only one of many climatic factors affecting evapotranspiration. A
longer term analysis is needed before proposing a usable function for kt
beyond that expressed in Equation 2.

Jensen-Haise Calibration

In the Grand Valley, the mean minimum and mean maximum temperatures at
the 1480 meter elevation are 346.°C and 18.1°C, respectively. At these
temperatures, e, = 55.29 mb and e, = 20.58 mb so that C, = 1.44. The data

1 H

similarly result in CT being equal to 0.0255 and TX = =10.05. The
Jensen-Haise equation for the Grand Valley is, therefore, (multiplied by

0.0171 to yield mm/day):

_ -4
B, = 4-36 x 107" (T + 10.05) R (23)

Equation 23 overestimates evapotranspiration as determined from the
grass lysimeters (and divided by 0.87) by 4% to 5% over the accumulated
irrigation season. However, during the windy periods of May and June,
Equation 23 can underestimate Etp by about 10 to 15%. By solving for CT
and Tx and correlating with the lysimeter data, Equation 23 was slightly

modified as indicated below:

- 4
Etp = 4.75 x 107 (T + 9.646) Rs (24)
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Penman Calculations

The Penman equation has several regression formulas implied in its form
as listed in Equation 10. An evaluation of each of these was made, but the
only effective correlation was between the wind term coefficients, a and b.
Interestingly enough, the values determined for alfalfa (a = 0.90 and
b = 0.0062) are not significantly different from the values Penman orig-
inally suggested for grass (Jensen, 1973). The resulting Penman formula for
alfalfa (Etp) is:

- o_
Etp = 0.0171[C1(Rn+G) + C2(0.9+0.0062U2)(eZ ez)] (25)

Comparison of Methods

The mean monthly measured values of the grass lysimeter
evapotranspiration for the Grand Valley are plotted against both the
calibrated and original Blaney-Criddle relationships in Figure 4. These
data were collected in 1975. The other years do not differ markedly,
however. The revised function allows a substantially better monthly
estimate of consumptive use than the version suggested by Blaney and Criddle
(1950). In fact, over the season the measured and predicted (by the
adjusted equation) are identical. The Blaney-Criddle approach is satis-
factory for time periods greater than or equal to one month, but not the
daily or weekly periods needed for irrigation scheduling. It is also
obvious that application of the original Blaney-Criddle approach can lead to
significant errors if the method is not locally calibrated.

Figure 4 shows the comparison of measured and calculated Etp values
during the 1975 irrigation season in Grand Valley when the Jensen-Haise
method is applied. The error introduced by simply using the reported
function with the altitude correction is too small to be significant,
although about a 4 to 5 percent improvement was achieved in Figure 3. These
lysimeters are irrigated for the purpose of maintaining a low-temsion soil
moisture condition. A neutron access tube or other methods are installed to
assist in monitoring soil moisture distribution. A method of extracting the
surplus water and to provide a leaching mechanism should be installed. One
bar ceramic candles connected to a vacuum system work well for this purpose.

Calibrating Estimating Formulas

Once a reliable measurement of evapotranspiration is obtained, it is

then used to calibrate the evapotranspiration estimating formulas for the
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local conditions. For purposes of illustration, these formulas will be
calibrated for conditions encountered in the Grand Valley of Colorado.
Blaney-Criddle Calibration

The uncalibrated Blaney-Criddle equation, as described earlier,

underestimates Etp in the Grand Valley by approximately 40 percent.
Generally, in the windy months of spring the procedure underestimates Etp
by as much as 50%, whereas later results show substantial overestimation.

The calibration of Equation 1 involved solving for the k_Z term:

t
Et - 100
at - b= " (21)
t

In this case, kt was found to be:

k, = -0.00268 + 1.49 (22)
Even so, the month-to-month variations were large (i.e., Equations 1 and 22
overestimate EtP in May, July and September, while it underestimates the

values in June and August). It should be noted that calibration of the kt
parameter over so with local calibration. The Jensen-Haise method is often
used in conjunction with the Penman equation in many irrigation scheduling
services, primarily from July on when wind is less significant. The largest
error in the time distributed estimates (5 to 6 day intervals) was less than
2 mm per day in the latter part of the Grand Valley's 1975 irrigation
season. In June, a 5 mm error is noticeable.

Although the Penman equation shows more seasonal error than the
Jensen-Haise approach (Figure 5), it follows the lysimeter data better over
the season. In evaluating these results, it appears that time intervals
less tha 3 to 5 days are not justified by the sensitivity of the approaches.
In fact, the correlation between measured and predicted values om a daily
basis was less than 70 percent, whereas it was approximately 90 percent for

5 to 6 day periods.
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EWUP
How to do it
Field Procedure

DIFFERENTIAL LEVELING FOR BENCH MARK
SURVEY OF THE WATERCOURSE

by Wayne Clyma and Alan Earlyw

Differential leveling is the process of finding the differences in
elevation of any two points. It usually requires several setups of the
instrument along a general line between the two points. Each setup requires
a rod reading on a point of unknown elevation. A bench mark survey is
conducted to provide a widely spaced series of points (headgates, culverts,
bridges, etc.) of known elevation from which a topographic survey is
conducted at a later date.

THEORY OF LEVELING

Leveling is the process of determining the elevations of differences in
elevations of points. Figure 1 illustrates the basic procedure.

A level is set up at a location approximately half-way between bench

mark (B.M.) and a turning point (T.P.). A bench mark is relatively

permanent, natural or artificial object bearing a marked point whose eleva-

tion is known or assumed. A turning point is a temporary bench mark for the

purpose of continuing a line of levels. Portable turning points are
provided for field watercourse surveys and topographic surveys.

For examplg, referring to Figure 1, if the elevation of the bench mark
(B'M'l) is assumed to have an elevation of 100.000 meters, the elevation of
the turning point (T'P'l) can be determined by 1leveling. First, the

instrument is set up approximately half-way between B.M.. and T.P.l and is

1

leveled. A rod reading is taken on B.M.1 of 2.40. This rod reading is

termed a backsight (B.S.). A backsight is a rod reading taken on a bench

mark or turning point of known elevation. It is the vertical distance

between the B.M. and the line of sight of the instrument. The line of sight

This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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Figure 1. Theory of differential leveling.
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of the instrument is almost always higher than the B.M. or the T.P.
Therefore, the backsight is almost always positive and could be described as
a plus sight.

The height of instrument (H.I.) is the elevation of the line of sight

when the instrument is level. This corresponds to the line of sight of the
instrument and is obtained by adding the backsight to the elevation of the
B'M'l’ 100.00, to obtain the H.I., 102.40. Turning the telescope to bring
into view the rod held on T.P.1 a rod reading called a foresight is
obtained. A foresight (F.S.) is a rod reading taken on a turning point of

any other point of unknown elevation for which the elevation is to be
determined. The foresight is almost always subtracted from the height of
instrument and could be described as a minus sight. In the example of
Figure 1, the F.S., 0.45, is subtracted from the H.I., 102.40, to obtain the
elevation of T.P., 101.95. Thus, by a process known as leveling, we have
determined the difference in elevation of two points. This methodology may
now be used to check the elevations shown in Figure 1, and determine the
elevation of T.P.z.

From the above definitions, we can derive two equations that are quite
beneficial in leveling. These equations will be repeated many times during
a leveling exercise, so a person who is learning to use the level should
become thoroughly familiar with them. They are:

Elev. + B.S. = H.I.
H.I. + F.S. = Elev.

Note that if a backsight is taken on a B.M. or T.P. located on the roof
of a tunnel or the ceiling of a room with the instrument at a lower eleva-
tions, the backsight must be subtracted from the elevation to obtain the
height of instrument. Also, if a rod reading is taken on a pipe or some
other object higher than the instrument, the foresight must be added to the
height of instrument to obtain the elevation.

PROCEDURE FOR DIFFERENTIAL LEVELING

Several procedures and precautions should be observed for accurate
differential leveling. Refer to Figures 2 and 3 for sample rod readings and
a sample set of notes for a differential leveling exercise.

To begin a differential survey, the rodman holds a rod on B.M.1 while
the levelman goes forward a convenient distance (not over 100 meters for a

Bostrom-Brady farm level) and sets up the level. The levelman takes a
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DIFFERENTIAL LEVELING Sunny, calm Haily S. & N
FOR BENCH MARKS Tewolde W.
Alemaya College Campus Aug. 18, 1965
Sta BS HI FS Elev.
BM1 0.34 100.34 100.00 B.M.lz the southern bolt on the pole
TP, 2.45 101.16 1.63 98.71 nearest to the irrigation lab.
TP2 0.81 101.91 0.06 101.10 about 5 m from eastern side
BM2 3.98 101.91 3.98 97.93 door
TP3 0.00 101.19 0.81 101.10
TP4 1.98 100.71 2.46 98.73 B.M.Z: Steel rod on the N.E. corner
BM, 0.69 100.02 of the cattle guard into the
BS = 9.65 FS = 9.63 0.02 livestock area across from
poultry.
Error of closure =
9.65 - 9.63 = 0.02 check
Bh" ‘ N ”
Ag. Engr.
Bid. 1
-]
I -
©
8
L_J Dairy
ﬂw,_,__.é
e et
Pou”ry_’-— g to EXl! —_—
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Figure 3. Sample differential leveling notes.



55

reading on the rod and determines where the middle cross hair strikes the
rod, in Figure 2 at 0.34. This is a backsight and the notekeeper records
0.34 in the B.S. column of the notes. Now the H.I. is determined by adding
the B.S. to the elevation of the B.M., (100.00 + 0.34 = 100.34), and is
entered in the notes in the H.I. column. For the convenience of one who is
learning this procedure, a plus sign can be placed above the B.S. column and
a minus sign above the F.S. column to indicate how that column is used in
note computations.

After the B.S. has been obtained, the rodman steps the distance from
the B.M. to the instrument and then steps the same distance away from the
instrument in the direction of B.M.z. This pacing is one of the acceptable
methods of balancing the horizontal distances between the backsight and the
foresight. This distance can also be measured by stadia, but the accuracy
obtained by taping is not considered necessary. The effects of refraction,
curvature of the earth, and lack of instrument adjustment are thereby
eliminated. On slopes a zigzag path may be taken to utilize the longer rod
length available on the downhill sights.

CLOSED SURVEYS

To verify the accuracy of the leveling, a return check must always be

made. That is, the line of levels must be continued from B.M._, back over a

2

slightly different route to B.M. the initial starting point. To make the

1)
return check independent of the first line of levels, after the F.S. is

taken on B.M. lift the level slightly and relevel it so that the H.I. will

2’
be at a slightly and relevel it so that the H.I. will be at a slightly

different elevation. This results in a B.S5. on B.M.2 different from the
F.S. and should result in a better check of the line of levels. When the

survey party has returned to B.M._., a closed survey has been completed. All

1
leveling exercises should be closed surveys so that a check of the accuracy

of the survey can be made. Figure 4 gives a sample traverse for a benchmark
survey of a watercourse. Note that all available permanent structures are
used as bench marks. These bench marks must be marked with both a water-
proof maker and with a nail or screwdriver scratch for permanence. Figure 5
provides the sample survey notes for the traverse of Figure 4. Note the
double tabling of points which are both turning points (T.P.) and bench
marks (B.M.). Portable turning points are labeled PTP.
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(O mogha
¢, culvert
-

A
= pacca nakka
A sguare stone

eassevene acre line
A Jalar —_— square line
concrete base of power line —_———— pacca roac
® portable turning point —— watercourse

x instrument setup point

Figure 4. Sample traverse for bench mark survey of watercourse.
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Sunny  Wanyam
Hot Zahid
Calm Aug. 18, 1975

Sta. BS HI FS Elev.

BMl 3.02 103.02 100.00 Mogha Scratch Mark - Upstream Side
TP1 BM2 4.22 103.17 4.07 98.95 Pacca Kanna Corner of Squares
TP2 TP2 3.89 102.05 5.01 98.16 3, 4, 7 and 8
TP3 BM3 6.87 104.85 4.07 97.98 Sq. 6: CBPL* - Scratch
TP4 BM4 4.48 102.44 6.89 97.96 Sg. 14: CBPL - Scratch
TP5 BM5 4.32 101.75 5.01 97.43 Sq. 13, 14: Concrete culvert -
TP6 TP6 5.10 101.60 5.25 96.50 upstream
TP7 TP7 4.88 101.50 4.98 96.62
TP8 BM6 3.37 99.61 5.26 96.24 Sq. 15, 16, 17, 18: Square stone -
TP9 TP9 3.85 99.28 4.18 95.43 scratch
TPlo BM7 4.71 99.98 4.01 95.27 Sq. 25, 26, 28, 29: Square stone -
TP11 TP11 4.85 99.56 5.27 94.71 scratch
TP12 BM8 5.17 99.44 5.29 94.27 Pacca Nakka Corner of Squares 25,
TP13 TP13 4.37 98.81 5.00 94 .44 26, 28, 29
TP14 TP14 3.99 98.28 4.52 94.29
TP15 BM9 4.00 98.37 3.91 94.37 Sq. 23: CBPL - scratch
TP16 BMIO 6.02 100.77 3.62 94.75 Sq. 21: CBPL - scratch

BMl1 /5.91/ 94.86 Sq. 20: CBPL - scratch
TP17 TP17 6.27 101.77 5.27 95.50
TP18 BMl2 5.33 102.82 4.28 97.49 Sqg. 11: Concrete Culvert: Scratch -
TP19 BM13 4.81 103.74 3.89 98.93 Downstream
TP20 TP20 4.68 104.72 3.80 99.94 Sqg. 9: Steel frame on Jalar Base -

BM 4.51 100.11 scratch

1 Mogha

BS = 98.20 FS = 98.09 0.11 = Elev. Diff.
Error of closure = 98.20 - 98.09 = 0.11

*Concrete Base of Power Line - CBPL

Figure 5. Watercourse benchmark survey notes by differential leveling.
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ERROR OF CLOSURE
If there have been no errors made in a closed survey or if the errors
have compensated, then the elevation determined for B.M., by the return

1

check will be the same as the original elevation of B.M. Generally these

elevations are not exactly the same due to errors in rod ieadings or instru-
mental errors. The amount by which the original B.M. elevation and the B.M.
elevation observed upon the return check fail to agree is called the error
of closure.

Allowable errors of closure for a survey is a function of the accuracy
of the instrument and the length of the survey or the number of times the
instrument is set up. For a Bostrom-Brady level, the allowable error of
closure equals 0.01 meters per two instrument setups (0.01/2 setups). For
the notes shown in Figure 3, there were four instrument setups so the allow-
able error of closure was 0.02. The actual error for the survey. For
general leveling purposes with available equipment, the allowable error in
English units (feet) is given by:

Allowable error = O.OOOJ/

length of traverse in feet
100

If the sample traverse for Figure 4 were 20,000 ft., then the allowable
error is 0.0989 or 0.10 foot. Bench mark surveys which do not meet this
standard must be completely resurveyed until the error of closure is less
than the allowable error. The survey whose notes are provided in Figure 5
does not meet the standard and must be repeated.

CHECKING THE LEVEL NOTES

The computations of the level notes should always be checked by
comparing the difference between the sum of the backsights (B.S.) and the
sum of the foresights (F.S.) with the differences between the initial and
final elevation of the B.M. and used to close the survey before leaving the
field. This computation checks the notes for errors in arithmetic. The two
differences must agree or an error in arithmetic has been made. No set of
leveling notes is complete without an error of closure computation and check
of the arithmetical accuracy of the notes, before leaving the field.

USE OF THE BENCH MARK SURVEY

The bench mark survey when completed to the required standard of

accuracy becomes a basic for additional field surveys that are completed

subsequently. The permanent benchmarks can then become starting points for
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any portion of the profile leveling survey of the watercourse and of the
topographic survey of the watercourse. This set of benchmarks is then a set
of known elevations to facilitate the completion of these other surveys.
PORTABLE TURNING POINTS

While profile leveling, benchmark or topographic surveying, the need
for intermediate turning points arises frequently. The placement of the
staff rod on the ground or on the bed of the watercourse can lead to errors
of major magnitude, if when the rod is rotated in contact with the soil,
changes in rod elevation occur. To avoid this problem and source of
inaccuracy, portable, stable turning points are provided for field use.
Figure 6 shows this simple surveying item. It is nothing more than a 4 inch
square piece of #14 or #16 sheet metal with one-inch corners bent down at
90° from the face to form four legs. A rivet in the center holds a chain
handle to the bottom side. The rod is rotated on the rivet after the

turning point has been forced into the ground.

e,

a2

Figure 6. Portable pucca turning point.
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EWUP
How to do it

Field Procedure

PROFILE LEVELING OF MAIN AND LATERAL
CONVEYANCE CHANNELS

by Wayne Clyma and Alan Earlyﬁ

GENERAL

Profile leveling is the process of determining the elevation of the

ground surface at a series of points at measured intervals along a drainage
ditch, terrace, waterway, road, or for any other purpose where it is
necessary to consider changes in elevation of the ground surface.
TAPING PROFILES
It is necessary to tape or otherwise measure the horizontal distances
for a profile. Vertical distances along the profile would have no meaning
without the corresponding horizontal distances between changes in elevation.
Stakes or chaining pins are usually set along the fixed line for a
profile survey. These stakes or chaining pins are usually set before the
survey is made. Stakes are placed at fixed distances along a survey i.e.,
25', 50', or 100', depending upon the detail required for the survey. In
addition, stakes are set at points where the line changes direction and at

every full station. For the profile survey of the watercourse main and the

major branches, chaining pins should be used to mark the stations at 25'
distance intervals.

A full station is 0 + 00, 1 + 00, 2 + 00, etc. Stakes set at any other

point between the full stations are called plus stations and are designated,

for example 1 + 25. Note that 0 + 00 designates the beginning of the line.
Distances along the line indicace the full stations and the plus stations
for instance 150 ft is written as 1 + 50 ft. Thus, the digits to the left
of the + designate the distance in multiples of 100', while those to the

right indicate less than 100'. The station number is usually marked upon

7‘This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project

sponsored by U.S. Agency for International Development, Contract No.
ATD/TAC-1100.,
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that side of the stake facing 0 + 00. Stakes are arranged, when possible,
so that the wide part of the 2" x 5" stake points to the next station on the
line.

A stake is driven at each station located on the profile. Each station
will also be entered in the field notes. Pins will no longer be necessary
to count tape lengths, since the length of the line will be recorded in the
notes. For other than 100 ft tapes, two pins may be used to measure full
tape lengths. When other than full tape length is measured, the rear chain-~
man holds the partial tape length at the appropriate point. The stake is
located for that station. The note keeper adds the partial tape length to
his last station and records the new station. Since the head chainman has
the zero end of the tape, the intermediate distances are read directly on

the tape without subtraction.

Intermediate Sights

The purpose of the profile survey is to determine the true slope of the
ground surface or watercourse bed surface. This means that where there is
an obvious change in the slope of the ground or bed surface, a stake is
placed and an intermediate sight (foresight or minus sight) is taken so that
the elevation of the ground surface at that point can be determined. The
foresights for a profile are called intermediate sights because they are
foresights intermediate or between the foresights taken on T.P.'s for a
continuing line of levels. The student beginning profiles has a tendency to
take more intermediate rod readings than are necessary. The guide to
remember so that none are left out is to take an intermediate shot wherever
the ground surface changes slope. If in doubt, take the rod reading. It is
simpler to have an extra rod reading than to leave out one that was
necessary.

Procedure for Profile Leveling

The first step in profile leveling is to establish the centerline of
the watercourse, terrace outlet channel, or road to be profiled and to
measure the line accurately setting stakes at all points where rod readings
are to be taken. Set the level up near the line to be profiled. It is
normal to offset the instrument from the line so that more nearly equal
horizontal distances from the instrument to the rod can be obtained. A rod
reading is obtained on the bench mark and the height of instrument is

determined. Frequently the bench mark is located so that more than one
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instrument setup is required before the rod can be read at the stakes
located on the profile line. When this is necessary, the T.P.'s are
selected and the notes are as for a differential survey. Rod readings are
observed on the ground or bed with portable pucca turning point adjacent to
the stake of chaining pin for the intermediate shots. For turning points,
all rod readings are taken on top of a stake if the stake is used or on the
portable pucca turning point if chaining pins are used. When placing the
rod adjacent to a stake for an intermediate shot, the student should always

try to select average ground. That is, the rod should not be placed in a

hole, nor should it be placed on the top of a hill or clod. The location
should represent the average of the ground surface immediately around the
stake.

For an example of a ground surface profile and corresponding rod
readings, see Figures 1 and 2. After the instrument has been leveled, a rod
reading is obtained on the B.M. and the H.I. is computed. In the example, a
B.S. of 1.02 gives an H.I. of 101.02, a rod reading is then obtained near 0
+ 00 for the first shot, 0 + 38.03 for the second shot, and so forth until
station 0 + 72.56 has been read. A turning point is then necessary, so a
T.P. is selected and a foresight of 1.60 is obtained on the top of the
stake. The instrument is carried to a new position along the line,
releveled, a B.S. of 0.98 obtained on T.P., and a new H.I. computed. We are
now ready to take additional intermediate shots along the profile line.
This process is continued until the profile is completed. A complete set of
profile leveling notes is shown in Figure 3.

Closed Surveys

In profile leveling, as in differential leveling, a closed circuit of
levels must be made to check the accuracy of the survey. This is done, as
in differential leveling by running a line of differential levels back to
the bench mark from which the survey was begun.

Error of Closure and Checking the Notes

The method of checking the note computations and computing the error of
closure is shown in Figure 4. Note that for a profile survey the foresight
and the backsights used for computing the error of closure are only those
which were taken on the B.M.'s and T.P.'s. The intermediate rod readings
are not used in the computation for error of closure. The only method of

checking the intermediate rod readings is to rerun the entire profile.
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R H.]=/00.40
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148975

Figure 1. Rod readings for profile leveling.

PROFILE LEVELING

Sta. ES EI ES Elev.

BM1 1.02 101.02 100.00
0+ 00 1.21 99.81
0 + 38.03 1.47 99.55
0 +50.14 2.11 98.91
0+ 72.56 1.50 99.44

TP1 0.98 109.40 1.69 99.31
1+ 80 1.09 99.31
1 + 42.43 1.21 99.19
1 + 89.75 2.12 98.28

Figure 2. Left side of notes for profile shown in Figure 1.
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Sta. BS HI FS Elev.
BM 1.62 101.62 100.00
0+b0 0.51 101.11
0+4.12 0.86 100.76
0+8.75 1.14 100.48
0+12.50 1.39 100.23
0+15.96 0.92 100.70
0+20.58 1.65 99.97
0+27.85 1.98 99.64
0+30.00 2.16 99.46
0+36.90 2.39 99.23
0+39.42 2.25 99,37
0+42.30 2.76 98.86
TP 0.23 99.70 2.15 99.47
o0+ks.4 1.26 98.44
0+58.56 1.91 97.79
0+60.00 1.95 97.75
0+65.83 1.93 97.71
0+69.90 3.05 96.65
0+72.18 3.44 96.26
0+72.65 3.60 96.10
0+73.19 3.48 96.22
0+76.49 3.30 96.40
0+81.55 3.50 96.20
TP 0.54 96.93 3.31 96.39
0+83.15 96.93 1.27 95.66
0+85.30 1.49 95.44
0+88.10 1.56 95.37
0+90.00 1.83 95.10
0+93.40 1.90 95.03
0+97.31 2.21 94.72
TP3 3.32 99.70 0.55 96.38
TP4 1.72 100.93 0.49 99.21
BMl 0.92 100.01
2BS = 7.43 2FS = 7.42 100.00
Error of closure = 2BS - 2FS

= 7.43 - 7.42
= 0.01 0.01
Figure 3.

check

Tewolde W.R&N
Mehary T. ¢

Cloudy, shower

Oct. 7, 1965

BM: an x mark on the
retention wall at the
north side of the
Agri. Engr. building,
about 2.60 m above
the first step, under
a lamp post.

Sample notes for a profile leveling exercise.
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Plotting Profiles

Profiles are usually plotted on paper and the result called a cross
section. Special profile paper can be obtained which simplifies plotting,
but any ruled paper may be used.

The vertical scale of a profile is generally exaggerated with respect
to the horizontal scale in order to make differences in elevation more
pronounced. This is because the vertical distances in elevation are usually
much 1less than the horizontal distance covered by the profile. The
exaggeration is usually on a ratio of 10/1. That is, for a horizontal scale
of 1:500, (i.e., 1 foot equals 500 ft) the vertical scale would be 1:50
(1 foot equals 50 ft). Since the points plotted on the paper from the
profile represent "average ground" it is usually the practice to draw smooth
lines (not straight lines) from point to point.

The plotted profile is used for many purposes, such as:

1. Determination of the depth of cut for a drainage or irrigation
watercourse.

2. Determination of the fill for a farm pond.

3. Selection of the grades for a drainage ditch, irrigation

watercourse or culvert.
Rate of grade, gradient, or just grade is the rise or fall in feet per
100 feet. Thus, a grade of 2.5 means that there is 2.5 ft difference in the
elevation per 100 feet horizontally. Ascending grades are plus and
decending grades are minus. The selection of a grade line for a project
involves the principles of engineering desing.
The term '"grade" is also employed to denote the elevation of the

finished surface of an engineering project.
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VEGETATIVE LAND USE MAPPING ¢

by M. B. Lowdermilk and A. Early*
INTRODUCTION

The inventory of land and water resources in an area is important for
any hydrologic study. Significant agricultural land use surveys have been
conducted by the U.S. Department of Interior, Bureau of Reclamation, and the
U.S. Department of Agriculture, Soil Conservation Service for many irrigated
areas in the United States. In addition, detailed soil survey information
has been developed for almost all irrigated areas.

The quantity of water transpired by vegetation, and evaporative losses
from various water surfaces account not only for the most significant phase
of the hydrologic or water flow system, but also play an important role in
the salt flow system. An understanding of water and salt budgets can be
obtained only by careful study of the water and salt flow systems in the
area utilizing recognized hydrologic techniques. This is usually done by
extensively studying a small area and extending the results to the entire
irrigated area. A budgeting process must be designed to account for the
water as it moves about and changes use within the area, and it must also be
designed to account for the salt and its relative flow system.
Consequently, once such budgets have been prepared which define the system,
it then becomes possible to test or delineate the effects of various changes
or proposed water management alternatives upon the system. In order to
extend the analysis to an area-wide basis, it is important that the land use
be determined for the entire area.

The type of land use data required for the preparation of a budget
consists of delineating the wvarious types of vegetation and land uses

utilizing water in excess of normal precipitation. This cataloging process

This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
ATD/TAC-1100.
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is an expensive and time consuming effort which includes separating the
agricultural areas from the wetland phreatophytes, the urban areas and the
industrial areas as well as the open water surfaces. These types of studies
are not only necessary for budgeting procedures, but they also provide an
excellent data base for future studies in an area for many disciplines.
This data must be collected by field investigations.

Aerial photographs are an excellent tool to be used in vegetative land
use mapping. The most current photographs available should be used since
land use changes are usually minimal, field boundaries have not changed,
ditches have not been relocated, farmsteads and urban areas are easily
defined, and adjustments and updating are easily accomplished.

Aerial photographs having almost any scale can be ordered from the U.S.
Department of Agriculture, Agricultural Stabilization and Conservation
Service, Aerial Photography Division, Wester Laboratory in Salt Lake City,
Utah. It is important to select a scale for the photographs which
corresponds to other base maps or design maps which exist or will be used
for the project.

The range, township, and section numbers are marked on the photographs
which are then taken into the field and the land use at the time is marked
on the appropriate photographs for each field. A suggested land use mapping
index is presented in Table 1. Other indexes are in use by the USBR, SCS,
and other agencies, but whatever index is used for mapping purposes, it
should be compatible with other studies which have been undertaken in the
area or river basin. A typical photograph from which the land uses were
labeled in accordance with the water related land use index is shown in
Figure 1. For example, a field marked Al on the aerial photograph indicates
that during that year, corn was grown in that field. Although it is
realized that certain changes will occur from year to year, it is usually
safe to assume that the total acreages and the distribution of crop acreages
varies slowly with time over a large area.

Due to the scale distortion, which is always present in aerial
photographs, a effort should be made to prepare land use base maps with
accurately placed section lines. To assist in accomplishing this, maps
should be prepared using a grid based on geodetic coordinates. This is
usually not a problem since most agricultural areas in the western United

States have roads and field boundaries corresponding to these coordinates.
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Suggested land use mapping index.

Irrigated Croplan
1. Corn

2. Sugar beets
3. Potatoes
4. Peas
5. Tomatoes
6. Truck crop

7. Barley
8. Oats
9. Wheat

10. Alfalfa

11. Native grass
12. Cultivated g
13. Pasture

14. Wetland past
15. Native grass
16. Orchard

17. 1Idle

18. Other
Dry Cropland
Alfalfa
Wheat

Barley

Beans
Cultivated g
Fallow
.  Other
her Land Use
Farmlands
Residential
Urban

Stock yards
School yards
dustrial
Power plants
Refineries
Meat packing
Other
en Water Surfac
Major storag
Holding stor
Sump ponds
. Natural pond
reatophytes
Cottonwood
Salt Cedar
Willows
Rushes or ca
Greasewood

0

I

P

Grasses and/
Atriflex
Precipitation onl
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hay
rass and hay

ure

pasture

rasses

yards

es
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age

S

ttails

Sagebrush and/or rabbitbrush
Wildrose, squawberry, etc.

or sedges
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The scale of the base maps should correspond directly to the scale of the
aerial photographs. U.S. Geological Survey quadrangle maps can be used for
control where available. In addition, there are several computer techniques
available to correct for distortion if adequate control is established.

The various water related land use areas are then transferred from the
aerial photographs to the base maps which also depict the individual field
boundaries (see Figure 2). The irrigation conveyance system should be added
to the base maps in order that lands served by each canal or lateral could
be established if desired.

In addition, many sections are not exactly 640 acres (259 ha), and they
can often vary by as much as * 10 percent of this value. It is therefore
necessary to establish the area of each section. One method is to use
graphical computer techniques or planimeter each section from the
quadrangles to arrive at the correct acreage for that section. The acreage
of each land use within that section must also be determined from the base
maps by similar methods. The acreage of each and use is then summed for
each canal, each lateral, or each watershed to arrive at the needed values.

The results of these investigations, including the base maps and/or
tabulation of the data for each section or subgroup, should be organized and
made available for public distribution. This type of information is very
valuable and is needed by many state and local planning agencies, public
interest groups, environmental impact assessments, etc. In addition, this
information provides a very good basis for comparison in future land use
related investigations. Examples of these types of publications are Walker
and Skogerboe (1971) and Evans et al. (1973).
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SOIL MOISTURE DETERMINATION TECHNIQUES
by Alan Early¥

Water management proficiency requires that the technician learn the
water requirements of the plants to be grown and how much of that water can
be furnished from soil stored moisture and how much and how often it must be
applied through irrigation. Soil moisture determination, therefore, becomes
important as soon as soil samples have been collected and prepared.

First, the sample must be protected against moisture loss from the time
of collection until the initial weight has been recorded. Airtight metal or
plastic containers are used for this purpose. Two types of moisture deter-
mination methods are wused. The gravimetric (measurement by weight)
determination involves the determination of weight differences at the time
the sample is collected and after it has been dried to measure the amount of
the water contained in the soil. The touch and feel (TAF) method is a field

procedure which is utilized to make quick, practical estimates of moisture
resources and requirements.
GRAVIMETRIC DETERMINATIONS
The Oven

The oven is the tool utilized by the laboratory to determine soil
moisture analyses. It provides an exact analytical measurement of the
amount of moisture contained in the so0il, and through the combination of the
results from samples representing various segments of the soil profile, the
water content of the field within the root zone of the crop to be produced
can be calculated. The exact r=quirements of the research scientist are
provided for by this method.

Standard procedures in the use of the oven are:

a. Weigh and record the weights of the airtight containers and the

soil they contain.

*This How-To-Do-It was taken from The Problem Identification Handbook
(April 1, 1980). Developed by the CSU-Pakistan Water Management Project
sponsored by U.S. Agency for International Development, Contract No.
AID/TAC-1100.
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b. Open the containers and place in the oven which has been set at
105°C.
Dry for 24 hours.

d. Record the dry weight.

e. Subtract dry weight from the weight of the field-collected sample.
The difference is water.

This procedure may be repeated as necessary until the weight becomes

constant, since some soils dry more readily than others.

The Sun Drying Method

Since ovens are not generally available to the worker in the field, an
alternate method has been developed which utilizes solar energy for the
purpose of drying soil samples. In areas where the climate is warm and dry,
results have been found to be very close to those obtained from oven-dried
samples.

This procedure calls for the use of plastic sheets or of the same
plastic bags in which the samples are stored to be exposed to the sun after
the sample has first been weighed. Procedures utilized in the sun-drying of
samples are:

a. Determine weight of sheet or bag by weighing 100 of them and

determining the average weight.

b. Spread the sample out and break any clods present, thus providing

maximum exposure of the soil to the sun.

c. Place the samples in a convenient, protected area where maximum

exposure to the sun is available.

d. Exposure time
Time of year Sheet Bag
Hot Season 3 hours 5 hours
Cool Season 4 hours 7 hours

These tabulated times assume this number of hours of bright sunshine.
Drying cannot be conducted during cloudy or partly cloudy weather.

Overnight drying is not recommended since wind or storms can ruin
samples very quickly.

Note...these exposure times have been found to approach 1% of oven dry
weights in Pakistan, where the climate is warm and dry and sun intensity is
high.
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Specifications of drying sheets or bags:
Sheets
a. Sheets should be 2 to 6 mil polyethelene plastic, 24 inches

square.
b. Sheets need not be weighed if a special weighing dish is used.
Bags
a. If the same bag is used for drying as that in which the sample is

collected, larger bags are needed. 15" x 15" plastic bags are
recommended so that they may be folded to provide a two-inch rim
around the exposed sample. The use of the bag provides somewhat
more protection against spillage than the sheet, and requires
fewer supplies and less handling.

The Touch and Feel Method (TAF)

The touch and feel method is not intended to replace field samplings

and laboratory techniques. Rather, it is intended to enable the technician
to develop a practical, quick estimate in the field when decisions relative
to water use or irrigation planning are necessary.

The attached table presents descriptions of the appearance of the soil
as it is examined. First, determine the texture of the soil:

Wet a small handful of the soil and work it into an uniform consistency
by squeezing and kneading it.

A coarse soil when squeezed will leave moisture in the hand. The

sample shows little cohesion and will not form a "ribbon" when squeezed
between the thumb and forefinger.

A light soil leaves a wet outline on the hand when squeezed. Shows

some cohesion when manipulated and will form only a very weak "ribbon" when
squeezed between the thumb and forefinger.

A medium soil leaves a slightly wet outline when squeezed in the hand.

It shows definite cohesion, and will form a moderate ribbon (up to 1 inch in
length) between the thumb and forefinger.

A fine soil hardly leaves a moisture outline when squeezed in the hand.
It is strongly cohesive, and will sometimes ribbon out to almost two inches
between the thumb and forefinger.

Once the basic textural group has been determined and proper column in
the table has been chosen, the samples in the field moisture condition is

examined. The procedure is to squeeze the sample into a ball, about an inch
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in diameter. Test the ball for strength and compare its strength with the
descriptions in the column of the table representing the textural grade of
the sample. Estimate soil moisture deficiency in inches per foot of depth
from the table...last column.

The chart assumes the average soil available soil moisture, at field
capacity, for the four textural classes to be:

Coarse - 0.7 inches per foot

Light = 1.3 inches per foot

Medium - 1.8 inches per foot

Fine - 2.0 inches per foot

These values can be divided by 12 and multiplied by 100 to convert to
available moisture on a volume basis. This figure divided by the bulk
density of the soil will provide available moisture on a weight basis (which
the gravimetric procedure provides).

Comparison of the Three Techniques

Actually the three techniques which are discussed here are not designed
to replace one another. Rather, they are each utilized in that manner which
will expedite the management program most efficiently.

The procedure which provides the true analytical analyses of soil
moisture availability is