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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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How to do it 

Procedure 
GROUNDWATER MONITORING TECHNIQUES 

by Dan Sunada 

INTRODUCTION 

The most common method fo r  obtaining groundwater l eve l s  a r e  through the  

use of observation wells  and piezometers. The observation wells  a r e  cased 

with e i t he r  s t e e l  o r  p l a s t i c  perforated pipe. 

Usually the  observation wells  are  i n s t a l l e d  on a g r i d  system and 

usually i n  c lu s t e r s  a t  each locat ion when the aquifer  is  s t r a t i f i e d .  The 

c lu s t e r s  of wells  a re  i n s t a l l e d  a t  d i f f e r i ng  depths so  t ha t  information on 

the individual  stratum can be iden t i f i ed .  When de t a i l ed  information on 

water l eve l s  a r e  needed ( i - e .  near canals and dra ins ) ,  a l i n e  of well may be 

i n s t a l l e d  t o  b e t t e r  define the  hydraulic gradient .  Detailed d r i l l e r ' s  logs 

should be obtained i n  order t o  iden t i fy  the types and composition of the  

individual  s t r a t a ,  t h e i r  thickness,  and the  thickness of the  t o t a l  aquifer .  

Information from the d r i l l e r ' s  log w i l l  a l so  provide information for  the 

depths of the wells .  Shallow wells  ( l e s s  than 5 meters) can a l so  be 

i n s t a l l e d  by pro jec t  personnel when the  well casing can be driven using a 

well point  of a small d r i l l i n g  r i g .  Of course, d r i l l e r ' s  log information 

may not be obtainable from t h i s  type of i n s t a l l a t i on .  

After the observation wells  have been i n s t a l l ed ,  much data can be 

col lected on the  hydraulic conductivity,  spec i f i c  y ie ld ,  and storage coeff i -  

c i en t s ,  t r ansmiss ib i l i ty ,  and other values. The water should be sampled fo r  

laboratory analysis  once fo r  reference and per iodical  f i e l d  measurement of 

e l e c t r i c a l  conductivity should be made. The water t ab le  e levat ions  should 

be per iodical ly  measured and recorded fo r  each well with some wells  measured 

continuously by recorders. Each well should be provided with a cap t o  keep 

debr is  and small children playing i n  the area from destroying the usefulness 

of the wells .  In  addi t ion,  the wells  should be per iodical ly  flushed t o  

insure representative flows and water qua l i ty  information. 

Piezometers a re  small diameter pipes perforated only a t  the  descend 

depth. Piezometers a re  used t o  obtain a measure of the hydraulic po ten t ia l  



of the aquifer a t  the depth corresponding t o  the perforation of the 

piezometer. Piezometers may a l so  be used t o  co l l ec t  water qual i ty  samples 

for  laboratory analysis.  

Piezometers are  a l so  in s t a l l ed  on a gr id  systems (usually f a i r l y  close 

t o  the wells)  and i n  a c lus te r  arrangement. Undeit good conditions with few 

large rocks, piezometers can of ten be in s t a l l ed  by project  personnel by use 

of a j e t t i n g  r i g  by which water is  forced through the piezometer pipe a s  it 

is  lowered in to  the ground (Mickelson e t  a l . ,  1961); (Donnan and Bradshaw, 

1952). The force of the water j e t  removes the unconsolidated pa r t i c l e s .  

Piezometers a re  a l so  of ten driven in to  place. Information on the in s t a l l a -  

t ion  and evaluation of piezometers i s  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 select ing the s i t e s  for  observation wells and piezometer 

i n s t a l l a t i ons ,  they should be located where vehicular t r a f f i c ,  farming 

equipment, or  road maintenance equipment w i l l  not d i s turb  o r  remove the 

upper portions of the pipes. 

The water level  measurements for  piezometers and wells a re  usually 

measured from the top of the pipe t o  the water level .  Therefore, i n  order 

t o  r e l a t e  a l l  the data from a l l  of the wells and piezometers i n  a gr id  

system, it is  necessary t o  determine the elevations of the tops of each well 

and piezometer casing, and thereby the respective water l eve l  elevations for  

each well and piezometer. 

Equipment fo r  water sampling and depth t o  water determinations a rc  

commercially available.  However, i t  often become:j necessary t o  construct  

equipment t o  meet the spec i f ic  requirements of thle project  ins ta l la t ions .  
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PROCEDURE FOR OBS$PVATION WELL 
* 

by Alan E a r l y  and Nas i r  Ahnied 

When p l ans  a r e  being formulated t o  provide t h e  i r r i g a t i o n  water  dur ing  

t h e  growing season ,  a  knowledge of t h e  amount of water  which might be a v a i l -  

a b l e  from t h e  s o i l  i t s e l f  i s  va luab le  information.  The p o s s i b i l i t i e s  t h a t  

t h e  water  t a b l e  r i s e s  so  high a s  t o  reduce crop product ion should a l s o  be 

eva lua ted .  Both t h e  depth of t h e  water t a b l e  and i t s  f l u c t u a t i o n s  dur ing  

t h e  growing season a r e  impor taa t .  

I n s t r u c t i o n s  f o r  t h e  f i e l d  engineer  a r e  o u t l i n e d  below which w i l l  a i d  

i n  t h e  i n s t a l l a t i o n  of observa t ion  we l l s .  These, i n  t u r n ,  p rovide  t h e  means 

f o r  measuring water  t a b l e  l e v e l s  and f l u c t u a t i o n s ,  a s  necessary ,  beneath a  

watercourse system. 

Procedure f o r  I n s t a l l a t i o n  

1. Survey t h e  hand pumps, open w e l l s ,  ponds, e t c .  throughout t h e  a r ea  

involved.  Note t h e  depth t o  t h e  water  t a b l e  of each,  on t h e  

a t t ached  form. I f  t h e  depth exceeds 20 f e e t ,  c o n t r i b u t i o n s  from 

t h e  water  t a b l e  t o  p l a n t  needs w i l l  be  n e g l i g i b l e .  

2. Consul t  we l l  d r i l l e r s ,  water  u s e r s ,  hyd ro log i s t s ,  e t c . ,  acquainted 

wi th  t h e  a r ea  and g e t  t h e i r  opinions a s  t o  t h e  normal annual 

f l u c t u a t i o n  of t h e  water  t a b l e  from t h e  c u r r e n t  l e v e l s .  Design 

t h e  observa t ion  we l l s  tube  a t  2  f e e t  (60 cm) deeper t han  t h e  

lowest  water  t a b l e  l e v e l  expected. The observa t ion  we l l s  should ,  

when p o s s i b l e ,  be  placed a t  f i e l d  i n t e r s e c t i o n s .  

3. Auger t h e  hole .  (A screw type  auger  may be used f o r  c l a y  o r  s i l t  

s o i l s .  A bucket type  auger i s  s a t i s f a c t o r y  f o r  a l l  s o i l  

t e x t u r e s . )  Bore t o  a  l e v e l  a t  l e a s t  two f e e t  (60 cm) lower than  

* 
This  a r t i c l e  was taken from The Problem I d e n t i f i ~ c a t i o n  Handbook (Apr i l  1, 
1980). Developed by t h e  CSU-Pakistan Water Management P r o j e c t  sponsored by 
U.S. Agency f o r  I n t e r n a t i o n a l  Development Cont rac t  No. AIDITAC-1100. 



t h e  expected lowest  l e v e l  of t h e  water  tablle.  The diameter  of t h e  
;t- 

augered hold should match t h e  o u t s i d e  d iameter  of t h e  p ipe .  

Avai lab le  augers  l a r g e r  than  t h e  p ipe  may be used,  b u t  t h e  p i p e  

w i l l  no t  be a s  f i rmly  anchored and secured from t h e f t .  

4 .  I f  a v a i l a b l e ,  pour coarse  sand o r  pea g r a v e l  i n t o  t h e  ho le  i n  

q u a n t i t y  s u f f i c i e n t  t o  f i l l  t h e  bottom 6" (15 cm). 

5 .  Excavate a co l la r - shaped  a r e a ,  1 f o o t  (30 cm) i n  d iameter ,  around 

t h e  p ipe .  F i l l  t h i s  excava t ion  wi th  concre te  t o  t h e  l e v e l  of  t h e  

s u r f a c e  of t h e  surrounding s o i l .  The primary purpose of t h i s  

concre te  c o l l a r  i s  t o  reduce t h e  p o s s i b i l i t y  of  t h e f t ,  and it may 

be e l imina t ed  i s  t h e  a rea  i s  secure .  

* 
The top  of t h e  p ipe  should be about  4" (10 cm) above t h e  s u r f a c e  of t h e  
ground and should be threaded t o  accep t  a  cap which can be screwed on wi th  
p i p e  wrenches. When t h e  wel l  i s  no t  a t t ended ,  t.he cap should always be 
screwed on with s u f f i c i e n t  f o r c e  t h a t  it cannot be opened manually by 
i r r e s p o n s i b l e  persons who might drop s o i l  and d e b r i s  i n t o  t h e  we l l .  



SUGGESTED TABULATION FORM 

WATERCOURSE 

Date Type of Observation Depth of WT Locat ion HMT 



EWUP 

How to  do i t  

Field Procedure 
MEASUREMENT OF HYDRAULIC CONDUCITIVI 

by The Auger Hole Method 

adapted by I .  Garcia 

Object :  To measure s a t u r a t e d  hydraul ic  conduletivity i n  the  f i e l d  us ing  

the  auger-hole method. 

INTRODUCTION 

Hydraulic conduct iv i ty  i s  def ined  a s  a  measure of t h e  ease  wi th  which 

water can be t r ansmi t t ed  through a porous m a t e r i a l .  The hydraul ic  conduc- 

t i v i t y  is a l s o  def ined  a s  t h e  phys ica l  proper ty  which can be measured and 

expressed a s  a  p r o p o r t i o n a l i t y  f a c t o r  (K) i n  the  Darcy equat ion ,  

where q i s  the  volume f l u x  (L t - l )  and AH/& which i s  t h e  hydraul ic  

g rad ien t  (L L - ~ ) .  I n  t h i s  equat ion ,  t he  hydraul ic  conduc t iv i ty  K (L  T - I )  

depends both  on the  na tu re  of t he  porous medium ( s o i l )  and the  phys ica l  

p r o p e r t i e s  of t h e  f l u i d  (water ) .  

Measurements of s a t u r a t e d  hydraul ic  conduc t iv i ty  a r e  used i n  t h e  

a n a l y s i s  of any s a t u r a t e d  s o i l  water-flow system. These inc lude  drainage of 

s o i l s  f o r  a g r i c u l t u r a l ;  drainage of highways, ayirports,  and cons t ruc t ion  

s i t e s ;  and the  determinat ion of seepage below dams. 

PRINCIPLES 

The auger hole  method of measuring the  hydraul ic  conduct iv i ty  of s o i l  

is  i l l u s t r a t e d  i n  Figure 1. (1 )  A c y l i n d r i c a l  hole i s  augered i n t o  a  body 

of s o i l  t h a t  i s  water s a t u r a t e d .  ( 2 )  Water i s  allclwed t o  seep i n t o  and f i l l  

the  auger hole t o  t h e  l e v e l  of t he  water t a b l e .  ( 3 )  The depth H of t he  

hole below the  water t a b l e  i s  measured. ( 4 )  Some ofr a l l  of t he  water i n  t h e  

auger hole  i s  quickly  removed t o  a  d i s t ance  y below the  water t a b l e .  

F i n a l l y ,  (5)  The r a t e  of r i s e  of  water  i n  the  auger ho le ,  which i s  r e l a t e d  

t o  t h e  hydraul ic  conduct iv i ty  of t he  s o i l ,  i s  measured. 

I n  Figure 1 ,  r is t h e  r ad ius  of t he  auger hole  and S i s  t h e  d i s t ance  

from the  bottom of the  auger hole t o  t h e  impermeable b a r r i e r .  
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Figure 1. The auger hole meth.od. 

The re la t ionsh ip  between the  observed r a t e  of r i s e  of water i n  the  

auger hole and the  hydraulic  conduct iv i ty  i s  expressed by 

where C i s  the  shape f a c t o r  (see below) of the  auger hole ,  dy is the  

change i n  water he ight  i n  the  auger hole (cm) t h a t  occurs i n  time d t  (sec)  

and K is the  hydraulic  conductivi ty (m day"). The mixed u n i t s  m/day, cm 

and s e c ,  i n  Equation 2 a re  used f o r  p r a c t i c a l  work. I f  homogeneous u n i t s  

a r e  used, then Equation 2 becomes 

where R and dy/dt have the  same u n i t s  and C'/864 i s  dimensionless. 

The values  of C i n  Table 1 were obtained using auger hole seepage 

theory (Boast and Kirkham, 1971). The values of C a r e  f o r  a  wide range of 

auger hole geometries. The shape of the  auger hole is charac ter ized  by the  

r a t i o  of the length  of the  auger hole below the  water t a b l e  H t o  the  

radius of the  auger hole r .  Table 1 conta ins  C va lues  f o r  auger holes of 

seven values of H / r  ranging from H / r  = 1 t o  H/r = 100 (a q u i t e  small 

diameter auger ho le ) .  For each of the  seven values of H/r ,  C i s  shown f o r  



Table 1. Values o f  C for Equation 2 for  auger holes  underlain by 
impermeable or i n f i n i t e l y  permeable material (Boast and 
Kirkham, 1971). 



auger holes t h a t  a re  empty, one-fourth f u l l  and ha l f  f u l l .  For each of 

these 21 cases ,  C values a re  shown f o r  auger holle with an impermeable 

b a r r i e r  a t  various dimensionless d is tances  S/H.  

SPECIAL APPARATUS (Figure 2 )  

1. S o i l  auger or  a  commercial d r i l l i n g  r i g .  

2 .  Permeable mater ia l  f o r  casing the auger hole t o  prevent caving. 

Materials  used fo r  casing auger holes may be t h i n  perfora ted  sheet  

metal p ipe ,  perfora ted  stovepipe,  dra in  t i l ,  t h i n  perfora ted  PVC 

Pipe,  e t c .  

3. Water e leva t ion  ind ica to r .  The indicator. device cons i s t  of a  

f l o a t  lowered i n t o  the auger hole and connected t o  a counter 

weight with a tape .  This tape is mared, a.t equal time i n t e r v a l s ,  

a s  the water l e v e l  r i s e s  i n  the auger hole.  

Auge 

Figure 2 .  Water e levat ion indicator  device. 

4. Pump system t o  quickly removing water from the  auger hole.  



PROCEDURE 

In  the  following discuss ion,  the  i n s t a l l a t i o n  of the  auger hole (Steps 

1 through 4) i s  done before determining the  hydraulic  conduct iv i ty .  

Successive s t e p s  ( 5  througn 9 )  a r e  done severa l  times so  t h a t  more than one 

es t imate  of the hydraulic  conductivi ty can be made. 

1. A v e r t i c a l  hole is  dug with a s o i l  augeir o r  by another method t o  

the  des i red  depth below the  water t a b l e .  

2 .  I n s t a l l  the  permeable case i n  the  hole,,  leaving the  end of the  

case severa l  centimers above the  s o i l  sur face .  The pipe o r  t i l e  

used as  a  cas ing should be back- f i l l ed  properly t o  insure  f r e e  

flow of groundwater i n t o  and out  of the  auger hole .  The proper 

way t o  i n s t a l l  the  casing i s  t o  place a small quant i ty  of gravel  

on the  bottom of the  hole and s e t  the  open pipe on t h i s  gravel .  

Gravel i s  then back- f i l l ed  around the  pipe t o  a  l e v e l  above the  

water t a b l e .  The o r i g i n a l  s o i l  can be used t o  f i l l  the  remaining 

por t ion  of the  hole around the  pipe t o  the  s o i l  sur face .  The 

auger hole should be capped f o r  p ro tec t ion .  

3 .  Pump the  hole severa l  times u n t i l  c lean  water i s  obtained.  

4 .  Allow the  water t o  seep i n t o  and f i l l  the  auger hole t o  the l e v e l  

of the  water t a b l e .  This w i l l  requi re  i3t l e a s t  a  day f o r  heavy, 

t i g h t  s o i l s .  In  the  case  of permeable sand s o i l s ,  only a few 

minutes a r e  needed. 

5 .  When the  water i n  the  auger hole i s  a t  water t a b l e  l e v e l ,  lower 

the  f l o a t  i n t o  the  auger hole and mark el datum po in t  on the  tape .  

6. P u l l  the  f l o a t  out  of the auger hole.  

7 .  Pump out  o r  b a i l  the  water quickly.  

8. Lower the  f l o a t  i n t o  the  auger hole and mark the  t a p  a t  f requent ,  

equal ,  time i n t e r v a l s  a s  the  water level. r i s e s  i n  the  auger hole .  

9 .  From the  datum po in t ,  determine the  d is tance  y.  

CALCULATIONS 

Table 1 enables one t o  determine the hydraul ic  conduct iv i ty  of a  s o i l  

K ,  from measured values of the  r a t e  of water r i s i n g  i n  the  auger hole 

-dy/dt ,  and the  r e l a t i o n s h i p  expressed i n  Equation 2 .  Intermediate values 

of C can be obtained by in te rpo la t ion .  For accura te  work use logari thmic 

in te rpo la t ion  of C, and H / r  a t  some known va.lue of y/H, a s  explained 

below. 



Sample ca lcu la t ion  

To show the  ca lcu la t ion ,  we present  an example i n  Figure 3 .  

The readings of water l e v e l  i n  the  auger hole y a s  a function of time 

were : 
Time ( s e c l  

According t o  Figure 3a H / r  = 30, y/H i s  taker1 a t  0.5 and the  depth t o  

the  impermeable b a r r i e r ,  S ,  i s  not known. We therefore  est imate C f o r  the  

two extreme cases i - e . ,  S = 0 and S = 00. Since we do not have values of 

C corresponding t o  an H / r  of 30 i n  Table 1 a logarithmic in te rpo la t ion  is  

required (Figure 4 ) .  I t  i s  found t h a t  the  value of C corresponding t o  an 

H / r  of 30 i s  between 3.21 (S = m) and 3 -80 (S = 0 ) .  We therefore  choose a 

value between these  two extremes say,  C = 3.51. 

The r a t e  of change i n  the height  of water i n  the  auger hole ,  obtained 

i n  Figure 3b was -dy/dt = 1.22 cm/sec. Thus, using the  above values  i n  

Equation 2 we f i n d  the  hydraulic conductivi ty.  

COMMENTS 

The advantages of using the  auger hole method f o r  hydraulic 

conductivi ty determinations a r e  a s  follows: 

1. The s o i l  i s  not d is turbed ( o r i g i n a l  condit ions i n  the  f i e l d ) .  

2 .  The "sample" i s  large  and takes i n t o  account many types of water 

channel i n  the  s o i l .  

3. The f l u i d  used is  the  s o i l  so lu t ion  i t s e l f  and not t ap  water o r  

d i s t i l l e d  water having unknown e f f e c t s .  

4. The method i s  not unduly time-consuming. 

A s e r i e s  l i m i t a t i o n  inherent  i n  the  auger hole method is  t h a t  the  

presence of a  water t a b l e  is required and preferably  it should not  be too  

low. This means t h a t  i n  most locat ions  only a few oppor tuni t ies  f o r  

measurements a r e  ava i l ab le  each year ,  most probably i n  spr ing.  In  some 

locat ions  the  condit ion may be favorable a l l  through the  year ;  i n  o the rs  

t h i s  method w i l l  never be appl icable .  
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Figure 3a. Dimensions of the example auger hole.  
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Figure 4. Logarithmic interpolation of C and H/r at y/H = 0.5. 
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SOlL CLASSlFTCAT JON 

by L. Willardson and D. Sunada 

INTRODUCTION 

A bulk volume of soil may contain four major constituents, inorganic 

solids (minerals), organic solids, liquid (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 Depart.ment of 

Agriculture, and is internationally used in agricul'tural 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 determina-tes the soil textural 

classification. 



Table  1 .  P a r t i c l e  d iamete r  o f  s o i l  s e p a r a t e s .  

S o i l  S e p a r a t e  

Gravel 
Very Coarse Sand 
Coarse Sand 
Medium Sand 
F i n e  Sand 
Very F i n e  Sand 
S i l t  
Clay 

-p 

P a r t i c l e  Diameter (mm) 

Adapted from p .  1-2,  S e c t i o n  15 - I r r i g a t i o n ,  SCS N a t i o n a l  
Engineer ing  Handbook, USDA, 1964. 

Example: A s o i l  i s  found t o  have 12% sand ,  53% silt, and 35% c l a y .  The 

i n t e r s e c t i o n  o f  t h e s e  p r o p o r t i o n s  on F i g u r e  1 l i e s  i n  t h e  zone marked s i l t y  
-L 

c l a y  loam. 

I t  i s  n e c e s s a r y  t o  perform a  g r a i n  s i z e  a n a l y s i s  on t h e  s o i l  t o  f i n d  

i t s  t e x t u r a l  p r o p o r t i o n s .  The s i m p l e s t  method o f  s e p a r a t i n g  d i f f e r e n t  s i z e d  

p a r t i c l e s  i s  by p a s s i n g  them th rough  a  s e r i e s  of w i r e  mesh s i e v e s  which a r e  

s t a c k e d  i n  o r d e r  o f  d e c r e a s i n g  mesh open ings .  The s o i l  i s  d e p o s i t e d  on t h e  

t o p  s i e v e  and t h e  s t a c k  i s  shaken.  The p a r t i c l e : ;  s m a l l e r  t h a n  t h e  mesh 

opening w i l l  p a s s  th rough  and f a l l  on t h e  n e x t  f i n e r  mesh. When t h e  s o i l  

has  been p r o p e r l y  shaken,  t h e  s i e v e s  may be t a k e n  a p a r t  and t h e  amount o f  

s o i l  r e t a i n e d  on each s i e v e  may be  weighed. Using t h i s  i n f o r m a t i o n ,  t h e  

p e r c e n t a g e s  may be  computed. 

T h i s  sys tem works s a t i s f a c t o r i l y  f o r  t h e  c o a r s e  s i z e d  p a r t i c l e s ,  t h e  

s a n d s ,  and g r a v e l s .  The weight  o f  t h e  f i n e r  p a r t i c l e s  i s  s o  s m a l l  t h a t  t h e y  

g e n e r a l l y  do n o t  p a s s  th rough  t h e  s m a l l  mesh open ings .  The f i n e s t  s i e v e  

t h a t  t h e s e  p a r t i c l e s  w i l l  normal ly  p a s s  i s  t h e  11200 s i e v e  which h a s  openings  

of 0.074 mm. They may a l s o  adhere  t o  t h e  s i d e s  o f  t h e  c o a r s e  p a r t i c l e s  and 

can a f f e c t  t h e  accuracy  o f  t h e  weighings  o f  t h a t  f r a c t i o n .  Ways have been 

developed t o  d e a l  w i t h  b o t h  o f  t h e s e  problems.  

To make an  a c c u r a t e  a n a l y s i s  o f  t h e  c o a r s e  f r . a c t i o n ,  t h e  f i n e  p o r t i o n  

o f  t h e  s o i l  may be washed away s o  t h a t  t h e  c o a r s e  f r a c t i o n  i s  l e f t .  T h i s  

i s  normal ly  accomplished by p l a c i n g  t h e  s o i l  on a  11200 s i e v e  mesh and spray-  

i n g  w a t e r  th rough  t h e  mesh and s o i l .  The s o i l  i s  t h e n  d r i e d  and a  normal 

s i e v e  a n a l y s i s  can be run  on t h e  remaining m a t e r i a l .  

-1. 

The fo l lowing  two pages  a r e  from Chapter  I - -Soi l -Plant-Water  R e l a t i o n s h i p ,  
S e c t i o n  15 - I r r i g a t i o n ,  S o i l  Conserva t ion  ServFce Nat iona l  Engineer ing  
Handbook, U.S. Department of A g r i c u l t u r e ,  1964. 



The g ra in  s i z e  ana lys i s  i s  usual ly  conducted on the f i n e  f r a c t i o n  of 

the  s o i l  by means of a  hydrometer ana lys i s .  I n  t h i s  t e s t ,  the f i n e  f r a c t i o n  

of a  s o i l  i s  c a r e f u l l y  mixed i n  a  cyl inder  f u l l  of water and the  mixture i s  

allowed t o  s e t t l e  with time. A s  the  s o i l  p a r t i c l e s  s e t t l e ,  the  s p e c i f i c  

g rav i ty  of the mixture changes. The amount of ma te r i a l  s t i l l  i n  suspension 

can be est imated by the  d i f fe rence  between the  s p e c i f i c  g rav i ty  of the  

mixture and the  s p e c i f i c  g rav i ty  of j u s t  the  l i q u i d  without the  s o i l  

p a r t i c l e s .  

The s p e c i f i c  g rav i ty  i s  measured by a  hydrom~eter, a  g l a s s  bulb with a  

stem which has a  c a l i b r a t e d  s c a l e  ins ide  i t .  The hydrometer i s  placed i n  

the  mixture and the  s c a l e  i n  the  stem is  readl. This  reading g ives  an 

ind ica t ion  of the  amount of s o i l  i n  suspension. The diameter of the  s o i l  

p a r t i c l e s  i s  approximated by use of Stokes Law whilch r e l a t e s  the  v e l o c i t y  of 

a  p a r t i c l e  f a l l  i n  a  l i q u i d  t o  i t s  diameter.  Therefore,  the  t e s t  c o n s i s t s  

of taking measurements of the  s p e c i f i c  g rav i ty  t o  f i n d  the  percent  of 

ma te r i a l  i n  suspension a t  p a r t i c u l a r  times t o  determine the  p a r t i c l e  

diameter . 
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SOIL PARTICLE S I Z E  ANALYSIS BY THE 

by L .  Willardson 

P a r t i c l e  s i z e  a n a l y s i s  can be made by t h e  hydrometer method f o r  s o i l s  

having p a r t i c l e s  smal le r  than a  number 40 (0.425 mrn) screen .  S ieving  i s  

normally used i f  most of t he  p a r t i c l e s  a r e  l a r g e r  than  a  number 200 (0.075 

mm) screen .  The hydromer method i s  used i f  moist of t he  p a r t i c l e s  a r e  

smal le r  than  a  number 200 screen .  

General Procedure 

A known weight of s o i l  i s  thoroughly mixed and d i spe r sed  i n  a  known 

volume of water .  The s p e c i f i c  g r a v i t y  of t he  so i l -water  suspension i s  

measured wi th  a  hydrometer. A s  the  l a r g e r  heaviler s o i l  p a r t i c l e s  s e t t l e  

o u t  of t he  s o l u t i o n ,  t he  s p e c i f i c  g r a v i t y  of t h e  suspension decreases .  A 

c o r r e l a t i o n  r e l a t e d  t o  the  s e t t l i n g  v e l o c i t y  of p a r t i c l e s  i s  made between 

time and t h e  s p e c i f i c  g r a v i t y .  

Equipment Needed 

1. S t i r r i n g  appara tus  

Mechanical device o r  a i r - j e t  device 

2.  Hydrometer - e i t h e r  type 

Type 151H - Cal ib ra t ed  t o  read s p e c i f i c  g r a v i t y  1.000 i n  d i s t i l l e d  

water a t  20 degrees C 

Type 151H - Cal ib ra t ed  i n  g r a i n s  of s o i l  p e r  l i t e r  ( -5  t o  +60 

g / l i t e r )  

3 .  1000 m l  sedimentat ion cy l inde r  

4 .  Thermometer accu ra t e  t o  0 .5  C 

5 .  Water ba th  o r  cons tan t  temperature room 

De ta i l ed  Procedure 

For the  hydrometer a n a l y s i s  t he  sample of a l l  m a t e r i a l  pas s ing  the  2 mm 

s i eve  (No. 10)  should be about 115 g f o r  sandy scl i ls  and 659 f o r  s i l t  and 

c l a y  s o i l s .  Determine the  hygroscopic moisture c c ~ r r e c t i o n  f a c t o r  by weigh- 

ing  out  a  10 t o  159 por t ion  of t he  a i r  d r i e d  s o i l  a,nd dry ing  i n  a  110 C oven 



t o  a  c o n s t a r ~ t  mass. The hygroscopic  c o r r e c t i o n  f a c t o r  i s  t h e  r a t i o  of t h e  

mass of t h e  oven d r i e d  sample and t h e  mass of  t h e  a i r  d r i e d  sample.  

The remaining 50 t o  lOOg of a  c a r e f u l l y  weighed a i r  d r i e d  sample i s  

p laced  i n  a  250 m l  beaker  and covered w i th  125 m l  of  r e c e n t l y  p repared  

sodium hexametaphosphate s o l u t i o n  bu f f e r ed  w i th  soclium carbona te  t o  a  pH of 

8 o r  9 (40 g / l i t e r ) .  S t i r  and a l low t o  soak 12 t o  16 hours  (sodium 

hexametaphosphate bu f f e r ed  w i th  sodium carbona te  i s  marketed a s  "calgon") .  

T r a n s f e r  t h e  soaked s o i l  t o  t h e  s t i r r i n g  appa ra tu s .  I f  t h e  mechanical  

s t i r r e r  i s  used ,  a d d i t i o n a l  d i s t i l l e d  wate r  should be added t o  t h e  

d i s p e r s i o n  cup t o  f i l l  it more than  h a l f  f u l l .  S t i r  f o r  one minute .  

Care should be t aken  t h a t  a l l  s o i l  i s  t r a n s f e r r e d  from t h e  d i s p e r s i o n  

dev i ce  t o  t h e  sed imenta t ion  c y l i n d e r .  D i s t i l l e d  wate r  i s  added t o  b r i n g  t h e  

t o t a l  volume i n  t h e  sed imenta t ion  c y l i n d e r  t o  1000 m l .  

The t e s t  i s  s t a r t e d  by cover ing  t h e  end o f  t h e  c y l i n d e r  w i th  t h e  palm 

of t h e  hand and t i p p i n g  t h e  c y l i n d e r  ups ide  down and back f o r  one minute (30 

t i m e s ) .  Make s u r e  t h a t  a l l  t h e  s o i l  a t  t h e  bottom of  t h e  c y l i n d e r  i s  

Loosened and i n  suspens ion .  P l ace  t h e  c y l i n d e r  i n  a  convenient  p l a c e  i n  t h e  

c o n s t a n t  t empera ture  room. Hydrometer read ings  t aken  a t  t h e  fo l l owing  

i n t e r v a l s  of t ime:  2 ,  5 ,  15 ,  30 ,  60 ,  250, and 1440 minutes  a f t e r  t h e  

beg inn ing  of s ed imen ta t i on .  The hydrometer i s  s lowly  immersed i n  t h e  s o i l  

suspens ion  about  30 seconds b e f o r e  each r ead ing  t o  a l low it t o  come t o  r e s t  

b e f o r e  t h e  read ing  t ime .  Read t h e  hydrometer a t  t h e  t op  of  t h e  meniscus 

formed by t h e  suspens ion  around i t s  stem. The read ing  s h a l l  be made t o  t h e  

n e a r e s t  0.005 s p e c i f i c  g r a v i t y  f o r  hydrometer t y p e  151-H o r  t h e  n e a r e s t  0 .5g  

p e r  l i t e r  f o r  t h e  type  152-H hydrometer.  A f t e r  each read ing  c a r e f u l l y  

remove t h e  hydrometer and p l a c e  i t  w i th  a  sp inn ing  motion i n  a  g r adua t e  of 

c l e a n  wate r .  Measure and record  t h e  t empera ture  of  t h e  suspens ion  a f t e r  

each hydrometer read ing .  

A f t e r  making t h e  f i n a l  hydrometer r e ad ing ,  wash t h e  suspens ion  on a  

0.075 mm (No. 200) s i e v e .  Dry t h e  f r a c t i o n  r e t a i n e d  on t h e  s i e v e  and 

s e p a r a t e  i n t o  f r a c t i o n s  u s ing  0.425 mm and 0 .075 mm s i e v e s  and such  

a d d i t i o n a l  s i e v e s  a s  r equ i r ed .  Record t h e  masses r e t a i n e d .  

C a l c u l a t i o n s  

C a l c u l a t e  t h e  oven-dr ied mass of  s o i l  used i n  t h e  hydrometer a n a l y s i s  

by m u l t i p l y i n g  by t h e  hygroscopic  mois tu re  cor rec t iox l  f a c t o r .  

C a l c u l a t e  t h e  mass of  t h e  t o t a l  sample r ep r e sen t ed  by t h e  mass of s o i l  

used i n  t h e  hydrometer t e s t  by d i v i d i n g  t h e  oven d r y  mass of  t h e  hydrometer 



sample by the  percent  of t h e  t o t a l  sample pass ing  t h e  2 mm (No. 10)  s i eve  

and mul t ip ly ing  by 100. The mass obta ined  i s  W i n  t h e  formulas f o r  

c a l c u l a t i n g  t h e  percent  remaining i n  suspension a t  t he  l e v e l  where t h e  

hydrometer measures the  d e n s i t y  of t he  suspension.  

When t h e  151-H hydrometer i s  used,  P i s  c a l c u l a t e d  from: 

For the  152-H hydrometer the  percentage i n  su.spension i s :  

Where: a = c o r r e c t i o n  f a c t o r  f o r  t h e  152-H hydrometer reading  

P = percentage s o i l  remaining i n  suspension a t  t he  l e v e l  where t h e  

hydrometer measures t h e  suspension dens i ty  

R = hydrometer reading  a f t e r  s u b t r a c t i n g  the  composite c o r r e c t i o n  

def ined  below 

W = oven dry  mass of s o i l  i n  the  t o t a l  t e s t  sample represented  by 

weight of  s o i l  d i spe r sed  (def ined  i n  previous paragraph) 

G = s p e c i f i c  g r a v i t y  of s o i l  p a r t i c l e s  

G = t he  s p e c i f i c  g r a v i t y  of t h e  l i q u i d  ()GI = 1.00)  1 
R = t h e  hydrometer reading ( i - e . ,  1.025) 

To ob ta in  the  composite hydrometer c o r r e c t i o n  prepare  a 100 m l  of 

d i s t i l l e d  water and d i s p e r s i n g  agent  i n  t h e  same propor t ion  a s  i n  t h e  

sedimentat ion t e s t .  P lace  t h e  hydrometer i n  t h i s  mixture and read  t h e  top  

of t he  meniscus. For the  type 151-H hydrometer tlne composite c o r r e c t i o n  i s  

the  d i f f e r e n c e  between t h e  reading  and 1.000. For the  152-H hydrometer i t  

i s  t h e  d i f f e r e n c e  between t h e  reading and zero .  The c o r r e c t i o n  i s  tempera- 

t u r e  dependent and should be e s t a b l i s h e d  f o r  t h e  range of temperatures  

expected i n  the  sedimentat ion t e s t .  

The diameter of p a r t i c l e  corresponding t o  thle percentage P above is 

c a l c u l a t e d  us ing  Stokes '  Law f o r  d rag  fo rces  on a sphere s e t t l i n g  under 

v iscous  cond i t ions .  

Fd = 3npVD 

where Fd i s  the  drag f o r c e ,  p i s  the  v i s c o s i t y  of t h e  f l u i d ,  V i s  t h e  

p a r t i c l e  f u l l  v e l o c i t y ,  and D i s  the  diameter of  the  sphere.  A t  the  

te rminal  v e l o c i t y ,  Fd is t h e  buoyant weight of  t h e  p a r t i c l e .  

3 
Fc = (YS - Y,) / 6  

where s and yW a r e  the  u n i t  weights of t he  p a r t i c l e s  and water .  



Solv ing  f o r  D ,  

where L i s  t h e  f a 1  1 d i s t a n c e  of t h e  p a r t i c l e  measured i r ~  cen t ime t e r s  from 

t h e  wate r  s u r f a c e  t o  t h e  c e n t e r  of buoyance of t he  hydrometer ( s e e  Table  2)  

and T i s  t h e  t ime  of t h e  read ing  i n  minutes ( a l s o  t h e  f a l l  t i m e ) .  The 

f a c t o r ,  K ,  i s  a  f u n c t i o n  of  t empera ture  and s p e c i f i c  g r a v i t y  of  t h e  

p a r t i c l e s .  Values of  K  a r e  t a b u l a t e d  i n  Table  3. 

Tab le  1. Cor r ec t i on  f a c t o r  "a" f o r  s p e c i f i c  g r a v i t y  (hydrometer 152H). 

G "a" G "a" G I t  I1 a  

Table  2 .  E f f e c t i v e  dep th  (L) v s .  hydrometer read ing .  

Hydrometer 151H Hydrometer 152H 

Reading L(cm) Reading L(cm) Reading L(cm) 



Table 3 .  Values of "Kt' for  computing part i c l e  diameter i n  
hydrometer analys is .  

Speci f ic  Gravity - G 

Temp O C  

2.6 2.65 i! . 7 2.79 

SIEVE ANALYSIS 

Dry mass of sample a f t e r  washing on 0.075 mrn (No. 200) s i eve  9 

Size  Mass Cumulative % Sediment % Total 
Opening Sieve Retained Mass Mass Sample Sample 

m No. 9 Retained Passing Passing Passing 



HYDROMETER ANALYSIS 

Sample description Date 

Specific Gravity Tested by 

Location Hydrometer Correction 

Hydrometer Sample % Finer than sieve.  Mass dry s o i l  W = 9 

Elapsed Hydrometer Reading % L K D % Finer 
Time Time Temp Finer (Table 2 )  (Table 3 )  ~mt in  

t - m i n  OC 
Original P cm Corrected mm Total Sample 
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How to do i t  

Field Procedure 

PARTICLE SIZE ANALYSIS RY SIEVING 

by I,. Wi 1 la rdsorr 

Determination of the partic-I(. size distrit)ution 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 . 0 1  grams. The balance 

should be able to weigh at least 500 grams of material. 

2 .  A set of standard sieves of sizes numbers: 4 ,  1 0 ,  2 0 ,  4 0 ,  8 0 ,  

100 ,  200,  and PAN. The corresponding sieve openings are: 4 . 7 5 ,  2 . 0 0 ,  

0 . 8 5 0 ,  0 . 4 2 5 ,  0 . 1 8 0 ,  0 . 1 5 0 ,  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 divid<.d to o t ) l a i n  ai l  

average sample weighing 300 to 500 grams. A sample splitter can be used or 



t h e  sample can be d iv ided  by hand on a paper o r  p l a s t i c  shee t .  Care should 

be taken t o  avoid l o s i n g  small  o r  l a r g e  p a r t i c l e s  from t h e  sample. 

3 .  The sample i s  weighed t o  t h e  nea res t  0.01 gram. 

4. The sample is pu t  i n t o  the  top  of a s t a c k  of s i e v e s  t h a t  become 

progress ive ly  smal le r  toward the  bottom. The c0arses. t  mesh s i e v e  should be 

on top  and the  pan t o  c o l l e c t  t h e  f i n e s t  m a t e r i a l s  shlould be on t h e  bottom. 

5. The s i e v e s  should be j a r r e d  and shaken v e r t i , c a l l y  and h o r i z o n t a l l y  

u n t i l  t h e r e  i s  l e s s  than a one percent  change i n  the  weight of t he  m a t e r i a l  

on a s i eve  dur ing  one minute of shaking. 

Overshaking can g r i n d  t o  powder t h e  m a t e r i a l  on the  screens .  

The m a t e r i a l  should not  be rubbed t o  make it go through t h e  

screens .  

6 .  When shaking is completed, t h e  amount of m a t e r i a l  r e t a i n e d  on each 

screen should be weighed. The sum of a l l  t he  weights should be nea r ly  equal  

t o  the  weight of m a t e r i a l  placed i n  the  s i e v e s  a t  t h e  beginning. 

7. When the  s i e v e s  a r e  cleaned by brushing,  c a r e  should be taken t o  

avoid damaging the  f i n e  s i eves .  

8. The r e s u l t s  appear a s  i n  the  fol lowing t a b l e .  

Sieve Opening Weight Cumulative 
Numbe r 
4 
10 2.00 
2 0 0.850 
40 0 -425 
80 0.180 
100 0.150 
200 0.075 
Pan - - 

T o t a l  
Or ig ina l  Weight 
Loss grams 

Retained 
0 

The cumulative weight r e t a i n e d  i s  found by adding t h e  weights r e t a i n e d  

on each screen  progress ive ly .  

9 .  The percent  of m a t e r i a l  f i n e r  is c a l c u l a t e d  by s u b t r a c t i n g  t h e  

cumulative weight r e t a i n e d  from t h e  t o t a l  and d iv id ing  by the  t o t a l .  For 

example, t he  percent  of m a t e r i a l  f i n e r  than the  niunber 80 screen is:  

Following t h i s  procedure,  a t a b l e  can be prepared of opening s i z e s  

and percent  f i n e r .  



Opening 
mm 

Percent 
Finer 

10. The data a r e  p l o t t e d  on semi-log paper with the  v e r t i c a l  l i n e a r  

a x i s  a s  percent  f i n e r  and the  hor izon ta l  logari thmic a x i s  a s  p a r t i c l e  s i z e  

o r  s ieve  opening. 

A very s t eep  curve i n d i c a t e s  a  uniform mate r i a l .  A f l a t t e r  curve 

i n d i c a t e s  a  graded mate r i a l .  The usual  s o i l  p a r t i c l e  s i z e  d i s t r i b u t i o n  

curve has an "S" shape. 

11. A s o i l  c l a s s i f i c a t i o n  t r i a n g l e  can be used t o  c l a s s i f y  the  s o i l  

from the  data .  



How t o  do it 

Procedure 

CROP SURVEY METHODS 

Most a g r i c u l t u r a l  f i e l d  workers have had some expe r i ence  i n  c rop  survey  

methods. The pu\rpose a s  r e l a t e d  t o  command a r e a s  of farm i r r i g a t i o n  systems 

i s  t o  document over  t ime t h e  c rops  c u l t i v a t e d  i n  each f a r m e r ' s  f i e l d  f o r  

each c ropping  s ea son .  Where t h r e e  o r  more c rops  a r e  c u l t i v a t e d  i n  succes -  

s i o n  under i n t e n s i v e  methods,  t h e  t a s k  i s  more complex. Also t h e  t a s k  

becomes more complex when more t han  one c rop  i s  c u l t i v a t e d  i n  a  s i n g l e  

i r r i g a t i o n  b a s i n  o r  a  f a r m e r ' s  f i e l d .  

Procedures  Involved 

1. F i r s t  o b t a i n  o r  develop a  p r e c i s e  map of  t h e  command a r e a  and 

measure t h e  i r r i g a t i o n  b a s i n s  f o r  each farm. This  can  be  done by 

a c t u a l  t a p e  measurements o r  by pacing t h e  f i e l d  boundar ies .  I f  

t h e  pac ing  method i s  used each f i e l d  i n v e s t i g a t o r  w i l l  need t o  

c a l i b r a t e  h i s  p a r t i c u l a r  pace  i n  terms of  f e e t  and inches  o r  

mete rs  and cen t ime t e r s  p e r  pace .  

2 .  S e l e c t  a  s e c t i o n  of t h e  command a r e a  and s t a t i o n  a  person  w i th  a  

map nea r  t h e  c e n t e r  and use  two persons  making measurements and 

c a l l i n g  o u t  t h e  p a r t i c u l a r  c rop  o r  c rops  i.n each u n i t  a s  t h e  p a r t y  

moves down a  command a r e a  i n  a  s y s t e m a t i c  manner. 

3 .  Use codes f o r  each c rop  such a s  W f o r  wheat ,  F  f o r  Fa l low,  e t c .  

a s  shown i n  F igu re  C a t t a c h e d .  

4. I f  t h e  f i e l d  work map i s  o f  adequate  s c a l e  and t h e r e  a r e  s e v e r a l  

c rops  i n  a  g iven  u n i t  t h e  r e co rde r  should e n t e r  t h e  dominant c rop  

above t h e  o t h e r s  such a s  

-t- 

This  How-To-Do-It was t aken  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1 ,  1980).  Developed by t h e  CSU-Pakistan Water, Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Con t r ac t  No. 
AID/TAC-1100. 



Ca = Cabbage 

To = Tomatoes 

W = Wheat 

t o  i n d i c a t e  t h e  dominant c rop .  I f  r e l a y  c rops  a r e  used t hey  can 

be noted a s  Co + Rcrseen~ t o  show t h a t  Rer,seem i s  i n t e r p l a n t e d  i n  

Cot ton (Co). 

5 .  The t iming  of  c rop  surveys  i s  impor tan t .  For  example, i f  t h e  

survey  i s  done du r ing  t h e  t r a n s i t i o n  of c rops  i n v a l i d  d a t a  w i l l  

o f t e n  occur  because what appears  f a l l o w  may be c u l t i v a t e d  w i t h i n  a  

s h o r t  pe r i od .  I n  each  a r e a  one must choose t h e  b e s t  t ime f o r  a  

p a r t i c u l a r  c rop  survey .  

6 .  Equa l ly  impor tan t  i s  t o  r e t u r n  a t  t h e  p rope r  t ime i n  t h e  c rop  

c y c l e  t o  record  t h e  nex t  c rop .  I f  t h e r e  a r e  two d i s t i n c t  c ropping  

seasons  a  d e c i s i o n  can be made t o  e n t e r  t h e  f i r s t  c rop  a s  

Co = CottonlW = Wheat over  t h e  n e x t  c rop .  There i s  however o f t e n  

a  problem because fa rmers  change t h e  s i z e  of  t h e i r  i r r i g a t i o n  

b a s i n s  and f i e l d s  o f t e n  i n  r e l a t i o n s h i p  t o  t h e  c rops  t h e y  

c u l t i v a t e  a t  a  g iven  t ime .  Also fa rmers  r e n t - i n  and r e n t - o u t  l and  

from t ime  t o  t ime .  

Uses of  Crop Survey Data 

1. Prov id ing  a  r e co rd  o f  cropping i n t e n s i t i e s ,  p a t t e r n s ,  and 

r o t a t i o n s  over  t ime .  

2 .  P rov id ing  a  r e co rd  o f  i n t e r c r o p p i n g  and f a l l ow  over  t ime .  

3. Prov id ing  a  r e co rd  of  s h i f t s  i n  f i e l d  s i z e s  and c rops  ove r  t ime .  
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How t o  do i t  

Field Procedure 

MAPPING CROP STANDS 
-L 

by Mosl in  Wahla and John Reuss 

Of ten  d a t a  a r e  r e q u i r e d  a b o u t  t h e  q u a l i t y  o f  c rop  s t a n d s .  U s u a l l y  

t h e s e  d a t a  a r e  needed t o  d e t e r m i n e  t h e  g e r m i n a t i o n  o r  emergence o f  a  c rop  

v a r i e t y  under d i f f e r e n t  c o n d i t i o n s  such a s  f e r t i l i t y ,  s a l i n i t y ,  m o i s t u r e ,  

compos i t ion ,  p h y s i c a l  s o i  1 t y p e s ,  f i e l d  l e v e l  rless s t a t u s ,  e t c .  depending on 

t h e  s p e c i f i c  purpose  of  t h e  i n v e s t i g a t i o n .  

P rocedures  t o  Use 

1. S e l e c t  t h e  f i e l d s  o r  i r r i g a t i o n  b a s i n s  a c c o r d i n g  t o  some 

a c c e p t a b l e  sampl ing method. 

2 .  Decide on t h e  a r e a s  w i t h i n  f i e l d s  t o  be  sampled on a  random b a s i s .  

3 .  A f t e r  t h e  g r i d  h a s  been developed and t h e  sampl ing f rame ,  coun t  

t h e  p l a n t s  i n  t h e  g r i d e d  sample a r e a .  F o r  example,  i f  t h e  u n i t  i s  

20 f e e t  by 20 f e e t  coun t  t h e  p l a n t s  i n  t h e  400 s q u a r e  f o o t  a r e a  

and r e c o r d  t h e  d a t a .  

Example of  Mapping Crop S t a n d s  t o  Determine t h e  InEluence of F i e l d  Leve lness  -- 

on Cot ton  S t a n d s  and Yie lds /Acre  

The example g i v e n  below i s  t a k e n  from a  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t  

o f  p o o r l y  l e v e l e d  f i e l d s  on c rop  p r o d u c t i v i t y  u t i l i z i n g  t h e  e l e v a t i o n  

d i f f e r e n c e s  on s t a n d s  and y i e l d s  o f  c o t t o n  i n  15 sample f i e l d s .  The method 

and t h e  r e s u l t s  a r e  p r e s e n t e d  from t h e  work o f  Wahla and Reuss .  

F i e l d s  were s e l e c t e d  by A g r i c u l t u r a l  E x t e n s i o n  workers  d u r i n g  October  

1975. B a s i s  o f  s e l e c t i o n  was s imply t h a t  t h e  fa rmer  was aware t h a t  a  

s i g n i f i c a n t  e l e v a t i o n  d i f f e r e n c e  e x i s t e d  w i t h i n  tlqe f i e l d .  Two p l o t s ,  each 

twen ty - foo t  s q u a r e ,  were l o c a t e d  s o  a s  t o  i n c l u d e  t h e  h i g h e s t  l a n d  w i t h i n  

t h e  f i e l d  i n  one p l o t  and t h e  lowes t  l and  w i t h i n  t h e  o t h e r .  A midd le  e l e v a -  

t i o n  p l o t  o f  t h e  same s i z e  was s e l e c t e d  between t h e  h i g h  and low e l e v a t i o n  

J. 

T h i s  How-To-Do-It was t a k e n  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1, 1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, C o n t r a c t  No. 
AID/TAC-1100. 



a r e a s .  Extreme edges  o r  d i r t  borrow a r e a s  were avoided and s e l e c t i o n  of t h e  

a r e a s  was made w i t h o u t  r e g a r d  t o  c r o p  growth.  In  most c a s e s  e l e v a t i o n  

d i f f e r e n c e s  were determined by dep th  o f  wa te r  a t  t h e  f i n a l  i r r i g a t i o n .  

Where no i r r i g a t i o n  was a p p l i e d  a f t e r  p l o t  s e l e c t i o n ,  e l e v a t i o n  d i f f e r e n c e s  

were determined by means of dumpy l e v e l .  

The number of s t a l k s  w i t h i n  each  p l o t  a r e a  was coun ted ,  and t h e  c o t t o n  

h a r v e s t e d  from each p l o t  a t  each p i c k i n g  d a t e  was weighed and recorded .  To 

d a t e  most o f  t h e  p l o t s  have becn p i rked  t h r e e  t i m e s .  D a t a  c o l l e c t e d  t o  d a t e  

a r c  sumn~arized i n  'I'ablc I .  

The low and mid e l e v a t i o n  p l o t s  respectively averaged 4 .6  and 2 . 2  

i n c h e s  lower than t h e  h igh  e l e v a t i o n  p l o t s .  Thus,  abou t  4.6 more i n c h e s  of 

wa te r  were a p p l i e d  t o  t h e  low e l e v a t i o n  a r e a s  t h a n  t h e  h i g h  a r e a s .  Yie ld  

d a t a  c o l l e c t i o n  is  n o t  y e t  complete b u t  p r e l i m i n a r y  a n a l y s i s  i n d i c a t e s  a  

d e f i n i t e  and major y i e l d  d i f f e r e n c e  due t o  e l e v a ~ t i o n  w i t h i n  t h e  f i e l d .  

Y i e l d s  a r e  g e n e r a l l y  v e r y  low, b u t  i n  a l l  c a s e s ,  t h e  y i e l d s  from t h e  low 

e l e v a t i o n  p l o t s  a r e  below t h o s e  o f  t h e  h igh  and mid e l e v a t i o n  p l o t s .  

Average y i e l d  from t h e  low e l e v a t i o n  p l o t s  i s  o n l y  abou t  one-ha l f  of t h a t  

from t h e  h i g h  and middle  e l e v a t i o n  p l o t s .  The p r o b a b i l i t y  t h a t  t h i s  d i f f e r -  

ence  i s  due t o  chance i s  l e s s  t h a n  0.005. There  i s  a n  a p p a r e n t  r e d u c t i o n  i n  

s t a n d s  on t h e  low l y i n g  p l o t s ,  b u t  t h i s  d i f f e r e n c e  i s  l e s s  c o n s i s t e n t  t h a n  

t h e  y i e l d  d i f f e r e n c e .  

The d a t a  w i l l  be  s u b j e c t e d  t o  a d d i t i o n a l  a n a l y s i s  a f t e r  t h e  d a t a  

c o l l e c t i o n  i s  completed.  However, t h e  e f f e c t  of e x c e s s  wa te r  on t h e  lowes t  

a r e a s  a p p e a r s  unmis takab le .  Apparent ly  major y i e l d  d e p r e s s i o n s  on s i g n i f  - 
i c a n t  p o r t i o n s  of t h e s e  f i e l d s  a r e  b e i n g  caused by l a c k  of adequa te  l e v e l i n g  

( s e e  Tab le  1).  

Such a  method a s  d e s c r i b e d  above can b e  used f o r  s e v e r a l  purposes  a s  

r e q u i r e d  by t h e  i n v e s t i g a t o r .  



Table 1. Effect  of e levat ion di f ferences  within f i e l d s  on cot ton 
stands and y ie lds  (3  p ickings) .  

P l o t  Elevation Difference Stand Yield 
No. High Mid Low High Mid LO; High Mid Low 

inches* Stalks1400 ft" l b s l a c r e  

Means 2.19 4.58 109 118 7 ;! 390 34 5  191 

*Elevation below highest  po in t .  
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YIELD ESTIMATE METHODS 

The f o l l o w i n g  d i s c u s s i o n  w i l l  p r e s e n t  a  method of  a c c o u n t i n g  f o r  c rop  

y i e l d  e s t i m a t i o n s .  T h i s  f o r m a t ,  though s p e c i f i c a l l y  des igned  f o r  nonfodder 

c r o p s  such a s  r i c e ,  wheat ,  c o t t o n ,  o a t s ,  e t c . ,  w i l l  p u t  f o r t h  some g e n e r a l -  

i z e d  g u i d e l i n e s  and p rocedures  i n  which d i f f e r e n t  t y p e s  of  c rops  car1 be  

measured i n  a  manner t h a t  i s  r e l e v a n t  t o  them. I n  d e s c r i b i n g  t h i s  f o r m a t ,  

t h r e e  g e n e r a l  d imensions  making up t h e  a c c o u n t i n g  format w i l l  b e  d e s c r i b e d  

and t h e n  how t h e  y i e l d  p e r  c r o p  i s  c a l c u l a t e d  w i l l  be  p u t  f o r t h .  

To b e g i n  t h e  p r o c e s s ,  t h e  r e s e a r c h e r  w i l l  a s k  t h e  fa rmer  what he 

b e l i e v e s  t h e  e s t i m a t e d  a r e a  under c rop  i s  and t h e  e s t i m a t e d  t o t a l  u n i t s  

produced. These q u e s t i o n s  w i l l  p r o v i d e  a  b a s e l i n e  f i g u r e  from which t o  

compare l a t e r  c a l c u l a t i o n s .  The c a l c u l a t i o n s  a r e  d i v i d e d  i n t o  t h r e e  main 

c a t e g o r i e s :  h a r v e s t  c o s t s ,  home consumption e s t i m a t e s ,  and t h e  t o t a l  

q u a n t i t y  o f  u n i t s  s o l d .  

There  a r e  t h r e e  t y p e s  o f  h a r v e s t  c o s t s :  d i r e c t  c o s t s ,  i n d i r e c t  c o s t s ,  

and o t h e r  t y p e s  of  c o s t s .  D i r e c t  c o s t s  i n v o l v e  t h e  c o s t s  t h a t  a r e  p l a c e d  on 

t h e  a c t i v i t i e s  t h a t  a r e  a n  i n t e g r a l  p a r t  o f  t h e  immediate h a r v e s t ;  i . e .  

c u t t i n g ,  p i c k i n g ,  t h r e s h i n g ,  winnowinglcleaning,  bagg ing ,  t r a n s p o r t ,  and 

s t o r a g e .  The i n d i r e c t  c o s t s  a r e  payments t o  l o c a l  a r t i s a n s  f o r  s e r v i c e s  

rendered  i n  r e l a t i o n  t o  t h e  h a r v e s t .  These payments w i l l  go t o  such p e o p l e  

a s  t h e  b l a c k s m i t h ,  c a r p e n t e r s ,  shoemakers,  b a r b e r s ,  r e l i g i o u s  l e a d e r s ,  

laundryman, e t c .  Other  c o s t s  i n v o l v e  payments f o r  v a r i o u s  reasons  t o  l o c a l  

o f f i c e r s  f o r  s e r v i c e s  rendered  d u r i n g  t h e  h a r v e s t .  Payments of t h i s  t y p e  go 

t o  a g r i c u l t u r a l  o f f i c e r s ,  revenue a g e n t s ,  i r r i g a t i o n  o f f i c i a l s ,  and t h e  

l i k e .  These c o s t s  a r e  i n  k i n d  and t h ~ y  provi t l r~  .In i n d i c a t o r  of what t h e  

farmer pays f o r  t l~c. I ~ ; t r v c ~ s l  i n g  of  L I I ~  crop .  

-I. 

T h i s  How-To-Do-It was t a k e n  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1,  1980) .  Developed by t h e  CSU-Pakistan 'Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, C o n t r a c t  No. 
AIDITAC-1100. 



The next  dimension c o n s i s t s  of t h e  home cons~umption e s t ima te .  This  

e n t a i l s  what t h e  home u n i t  u t i l i z e s  f o r  i t s  own subs i s t ence  p l u s  any e x t r a  

suppor t  t h a t  it may a t t a i n .  Again t h e  u n i t  of mea,surement i s  i n  kind.  A 

c r i t i c a l  a spec t  of measuring t h i s  dimension i s  t h e  es tab l i shment  of t h e  home 

u n i t .  The r e sea rche r  w i l l  have t o  inc lude  no t  only people ,  bu t  a l s o  animals  

owned by the  family who a r e  fed by t h a t  family.  In  a d d i t i o n ,  a d e f i n i t i o n  

of what c o n s t i t u t e s  a f u l l  u n i t  v s .  a f r a c t i o n a l  u n i t  must be a s c e r t a i n e d .  

For i n s t ance  a r e  small  c h i l d r e n  and t h e  e l d e r l y  equa l  t o  a middle aged a d u l t  

i n  t h e i r  consumptive p a t t e r n s ?  Thus i n  de f in ing  a home consumption 

e s t i m a t e ,  d i f f e r e n t  sub-uni t s  i n  t h e  household and on t h e  farm must be 

d e l i n e a t e d  and then  t h e s e  u n i t s  a r e  added up and m u l t i p l i e d  by a s p e c i f i c  

l e v e l  of consumption p e r  u n i t .  

A t h i r d  measurement involves  t h e  t o t a l  q u a n t i t y  of u n i t s  s o l d  by t h e  

farmer.  This  measure, which i s  a l s o  l abe l ed  i n  kintl, c o n s t i t u t e s  t h e  t o t a l  

amount of  crop so ld  by t h e  farmer.  This  measure i s  then  added t o  t h e  o t h e r  

two measures t o  a r r i v e  a t  a t o t a l  p roduct ion  f i g u r e .  

Harvest  Costs  + Home Consumption Es t imate  + T o t a l  Quant i ty  of  Uni t s  
Sold = T o t a l  Product ion ( i n  kind)  

Af t e r  t h i s  f i g u r e  i s  c a l c u l a t e d ,  t h e  r e sea rche r  t hen  checks t h i s  answer t o  

t h e  ques t i on  ask ing  t h e  farmer t o  e s t i m a t e  t h e  perce ived  t o t a l  u n i t s  

produced. I f  t h e  two answers vary  by more t han  _ti%, then  t h e  r e sea rche r  

should go through t h i s  account ing procedure aga in .  I f  it cont inues  t o  be 

t h a t  much d i f f e r e n t ,  an  examination of  why t h e  farmer perce ived  what he d id  

should fol low.  Dividing t h e  t o t a l  p roduct ion  by t h e  a r ea  cropped w i l l  g ive  

t h e  r e sea rche r  t h e  y i e l d  p e r  u n i t  a r ea  of  a p a r t i c u l a r  crop f o r  a p a r t i c u l a r  

farmer.  

To ta l  Product ion = Yield,Unit Area 
Area Cropped 

Addi t iona l  checks t o  t h i s  account ing procedure involve g e t t i n g  an  

e s t i m a t e  of p roduct ion  from s e v e r a l  persons i n  t h e  Eamily and measuring t h e  

a r ea  cropped when p o s s i b l e .  What i s  of  c r i t i c a l  importance i s  t h a t  t h e  

r e sea rche r  must know t h e  a r ea  and t h e  c rops  r a i s e d  and a l s o  he should be 

aware of  t h e  va r ious  i n p u t s  placed i n t o  t h e  system i n  o r d e r  t o  have t h a t  

crop grow. This  account ing method i s  only  a rough procedure,  b u t  it does 

s e rve  a s  a check t o  an i n d i v i d u a l ' s  perce ived  e s t i m a t e  of what he i s  

producing. 
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CONSUMPTIVE USE 
-L 

by W i  1 l iam ~ r a n k l  i n "  

INTRODUCTION 

The t o t a l  e v a p o r a t i o n  o c c u r r i n g  from s o i l  and p l a n t  s u r f a c e s  and t h e  

p l a n t  t r a n s p i r a t i o n  ( e v a p o r a t i o n  from t h e  pareachyrna c e l l s  th rough  s tomata1  

c e l l s )  i s  c a l l e d  e v a p o t r a n s p i r a t i o n  (ET). I n  a d d i t i o n  t o  ET, p l a n t s  w i l l  

u se  a  s m a l l  amount o f  w a t e r  i n  t i s s u e  b u i l d i n g .  Ilhe sum of  t h e  ET and t h e  

w a t e r  use  i n  t i s s u e  b u i l d i n g  i s  c a l l e d  consumptive u s e .  However, because  

t h e  w a t e r  removed i n  p l a n t  t i s s u e s  i s  u s u a l l y  v e r y  s m a l l  compared t o  ET, t h e  

terms consumptive u s e  and e v a p o t r a n s p i r a t i o n  a r e  commonly used 

i n t e r c h a n g e a b l y .  

When t h e  e v a p o t r a n s p i r a t i o n  r a t e  o f  a  p a r t i c u l a r  c rop  i s  n o t  l i m i t e d  by 

s o i l  w a t e r  a v a i l a b i l i t y ,  and when t h e  c rop  i s  growing v i g o r o u s l y  w i t h  f u l l  

f o l i a g e ,  it i s  c a l l e d  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  (E ) P o t e n t i a l  evapo- 
t P  

t r a n s p i r a t i o n  i s  u s u a l l y  d e f i n e d  f o r  a  " r e f e r e n c e "  c rop  and is  regarded  a s  a  

f u n c t i o n  o f  c l i m a t i c  f a c t o r s  o n l y .  

E v a p o t r a n s p i r a t i o n  f o r  a  c rop  may b e  g r e a t e r  o r  l e s s  t h a n  t h a t  f o r  t h e  

r e f e r e n c e  c rop  due t o  v a r i o u s  env i ronmenta l  f a c t o r s .  T h i s  i s  r e f e r r e d  t o  a s  

a c t u a l  e v a p o t r a n s p i r a t i o n  ( E t ) .  The r a t i o  o f  Et/:E (when s o i l  w a t e r  i s  
t P  

n o t  a  l i m i t i n g  f a c t o r )  i s  c a l l e d  t h e  c rop  c o e f f i c i e n t .  When s o i l  w a t e r  i s  

l i m i t i n g ,  t h e  e v a p o t r a n s p i r a t i o n  w i l l  d e c r e a s e ,  an'd a  " s t r e s s "  f a c t o r  (Ks) 

term i s  i n t r o d u c e d .  An e m p i r i c a l  e q u a t i o n  t o  e v a l u a t e  Ks has  been 

proposed by Kincaid  and Heermann (1974).  

COMPUTING EVAPOTRANSPIRATION 

A review of  t h e  a l t e r n a t i v e  approaches  t o  e s t i m a t i n g  t h e  volume and 

r a t e s  o f  w a t e r  evapora ted  from wet c rop  and s o i l  s u r f a c e s  o r  t r a n s p i r e d  by 

t h e  p l a n t s  can be  found i n  s e v e r a l  l i t e r a t u r e  s o u r c e s  ( J e n s e n ,  1973; 

* 
T h i s  How-To-Do-It was t a k e n  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1 ,  1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored  by U.S. Agency f o r  I n t e r n a t i o n a l  De.velopment, C o n t r a c t  No. 
AID/TAC-1100. 



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 sophis tication available today, varying in detail f rom a tempera- 

ture dependent analysis (Blaney-Criddle) to an analysis of energy balance 

and convective transport (Penman). It should be noted that both the 
-2,-1 Jensen-Haise and Penman equations are calculated in cal cm and can then 

be converted to an equivalent depth of evaporation by dividing by an assumed 
- 1 value for the latent heat of vaporization of 585 cal gm , which yields 

units of length over time. This conversion is: 

The Blaney-Criddle Method 

The Blaney-Criddle procedure for estimating evapotranspiration has the 
1 

form (Blaney and Criddle, 1950): - 1 

where : 

E = monthly evapotranspiration in inches; t 
kt = 0.0.173t - 0.134 
kc = time distributed crop growth stage coefficient; 

t = mean monthly temperature in O F ;  and 

p = mean monthly percentage of annual dayt.ime hours. 

Crop curves and values for p can be found in Blaney and Criddle (1950) and 

USDA Soil Conservation Service, Technical Report 21. Estimates of E were t 
originally intended on a seasonal basis, but work by numerous individuals 

have shortened this interval by interpolating values for p and k . 
C 

The Modified Jensen-Haise Method 

The Jensen-Haise procedure is a temperature and solar reduction 
4 

equation adjusted for location and elevation by vapor pressure functions 

(Jensen and Haise, 1963): 



E = Ct(T - Tx) Rs 
t P  

i n  which, 

E = average d a i l y  p o t e n t i a l  evapot ranspi ra t ion  of a  well-watered 
t P  

a l f a l f a  crop having 30 t o  50 cm of top  growth, mm/day; 

T  = mean d a i l y  temperature,  OC;  

R = t o t a l  d a i l y  s o l a r  r a d i a t i o n  i n  langleys  mul t ip l i ed  by 0.0171 
S 

t o  g e t  mm/day; 

T  = i n t e r c e p t  of t h e  temperature a x i s  
X 

= -2.5 - 0.14 (e2 - e l )  OC/mb - elev(m)/550 (4)  

e2 , e l  = s a t u r a t i o n  vapor p res su res  a t  t h e  mean maximum and mean 

minimum temperature,  r e s p e c t i v e l y ,  f o r  t h e  warmest month 

of t h e  y e a r ,  i n  mb/ 

CT = temperature c o e f f i c i e n t  
1 

I n  order  t o  r e l a t e  E t o  evapo t ransp i r a t ion  va lues  f o r  o t h e r  c rops ,  
t P  

a  crop growth s t a g e  c o e f f i c i e n t  was def ined ,  

k - Et/Etp  
co 

where 

k = crop growth s t age  c o e f f i c i e n t ;  and 
C 0 

Et  
= p o t e n t i a l  evaporat ion f o r  t h e  s p e c i f i e d  crop 

Kincaid and Heermann (1974) p resen t  polynomial regr 'ession equat ions f o r  k 
C 0 

based on t h e  t a b l e  of c o e f f i c i e n t s  presented by Jensen (1973). 

The Penman Combination Method 

Penman (1948) f i r s t  derived an equat ion  f o r  t h e  evapo t ransp i r a t ion  of 

a  s h o r t ,  well-watered crop (gene ra l ly  assumed t o  be g r a s s )  based on a  

. combination of energy balance a t  t he  crop su r face  aind t h e  heat-mass t r a n s f e r  

processes due t o  a i r  movements. The equat ion  which r e s u l t e d  and i s  used 

today i s  w r i t t e n  f o r  a l f a l f a :  



i n  which, 

A = s l o p e  of t h e  s a t u r a t i o n  vapor  p r e s s u r e  curve  a t  a  s p e c i f i e d  

t empera ture ,  d(mb)/d(OC); 

y = psychromet r ic  c o n s t a n t ,  mbIoC; 

Rn = n e t  r a d i a n t  energy ,  l ang l eys lday  ( l y / d i ~ y ) ;  

G = s o i l  h e a t  f l u x ,  l y /day ;  

U2 
= wind run a t  a h e i g h t  o f  2  me t e r s ,  km/day; 

a , b  = e m p i r i c a l  r e g r e s s i o n  c o e f f i c i e n t s  r e q u i r i n g  l o c a l  c a l i b r a t i o n ;  

e  O = s a t u r a t i o n  vapor  p r e s s u r e  a t  t h e  s u r f a c e  of t h e  c r o p ,  mb; and 
z 

e = vapor  p r e s s u r e  a t  t h e  c rop  s u r f a c e ,  mb* 
z 

The d a t a  a v a i l a b l e  a t  most i r r i g a t e d  s i t e s  employing t h e  Penman 

approach i nc lude  s o l a r  r a d i a t i o n  (Rs) ,  t empe ra tu r e ,  wind, and r e l a t i v e  

humidi ty  o r  dew p o i n t  t empera ture .  I n  o r d e r  t o  develop t h e  paramete rs  f o r  

Equat ion 10 a  number o f  e m p i r i c a l  f u n c t i o n s  can be  used.  I n  t h e  Grand 

Va l l ey  o f  wes te rn  Colorado, t h e  approach t h a t  was used i s  d e s c r i b e d  below. 

Net r a d i a t i o n ,  R n ,  was determined from r e l a t i o n s h i p s  p r e sen t ed  by b o t h  

Jensen  (1973) and Kincaid  and Heermann (1974).  Th i s  procedure  beg in s  by 

d e f i n i n g  s o l a r  r a d i a t i o n  on a  c l e a r ,  c l o u d l e s s  day by p l o t t i n g  a  curve  

through t h e  long-term maximal v a l u e s :  

[Day-107 2 R = 760 exp- 
SO 167 I 

where 

R = c l e a r  day s o l a r  r a d i a t i o n ,  ly /day ;  and 
S O  

Day 1 - March 1. 

A more r e c e n t  review of Equat ion 11 i n d i c a t e s  t h e  c o e f f i c i e n t  760 should  be 

i nc r ea sed  about  10 p e r c e n t ,  b u t  t h e  o v e r a l l  e f f e c t  i s  n e g l i g i b l e .  I n  a  

s i m i l a r  view, it i s  nece s sa ry  t o  d e f i n e  t h e  c l e a r  day n e t  ou tgo ing  longwave 

r a d i a t i o n :  

Rbo = E '  mk4 (12) 

where 

Rbo = n e t  c l e a r  day ou tgo ing  longwave r a d i a t i o n ,  l y /day ;  
- 4 2 ' = -0 .2  + 0.261 exp [ -7 .77 x  10 (273-Tk ] (13) 

Tk 
= t empera ture  i n  deg ree s  Kelvin  (OC + 273) 

o = Stefan-Boltzmann c o n s t a n t  = 11.21 x  lyIoK 

Based on Equa t ions  11 and 12,  t h e  longwave r a d i a t i o n  o c c u r r i n g  on a  

p a r t i c u l a r  day e q u a l s  ( Jensen ,  1973):  



and 
R - - (1-a) R - 
n !; 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 OC-' . The soil heat flux, G, is lthen written as (Jensen, 

1973) : 

where, 

G = soil heat flux, ly/day; - 
Ti- 1 = mean temperature for the previous period, OC; - 
Ti+l = mean temperature for the following period, OC; 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/A+y, and 

e0 as follows: 
2 

y/A+y = 0.959 - 0.0125T + 0.00004534T2 

in which T represents the mean daily temperature in OF. 

The elevation of the term (ei - e ) in the Penman equation can be made 
Z 

in several ways. For the Grand Valley studies, the following expression was 

used : 

eO + e0 
(el - ez) = 2 

2 - eO x rh 1 

in which 
eo,ey = saturation vapor pressure at max~~mum and minimum 
Z 

temperatures, mb ; and 

rh = maximum relative humidity (usually taken as the 6-8 AM 

values) expressed as a fraction. 



MEASUREMENT OF EVAPOTRANSPIRATION 

Consumptive use of water  i n  a  water  balance computation of an i r r i g a t e d  

a r ea  i s  one of t h e  major components of t h e  budget .  I t  i s ,  t h e r e f o r e ,  

necessary  t h a t  t h i s  va lue  be determined a s  a c c u r a t e l y  a s  p o s s i b l e ,  and it i s  

impera t ive  t h a t  t h e  evapo t r ansp i r a t i on  e s t i m a t i n g  formulas be c a l i b r a t e d  f o r  

l o c a l  cond i t i ons .  Attempts t o  base  conclusions on unca l ib ra t ed  consumptive 

use  equa t ions  would be extremely presumptuous, a s  w i l l  be explained l a t e r  i n  

t h i s  s e c t i o n .  Tanner (1967) and t h e  World Met.eorologica1 Organiza t ion  

(WMO) Technical  1, Note No. 83 (1966) provide a ve ry  good review of t h e  

procedure and methodology used f o r  t h e  measurement of p o t e n t i a l  

evapo t r ansp i r a t i on  i n  t h e  f i e l d .  

Measurement of evapo t r ansp i r a t i on  should inc lude  t h e  means f o r  t h e  

a c t u a l  measurement of consumptive use and,  i n  a d d i t i o n ,  a  complete weather 

s t a t i o n  t o  measure a i r  temperature  (p lus  d a t a ,  rnaximum and minimum) dew 

p o i n t  t empera ture ,  r e l a t i v e  humidity,  p r e c i p i t a t i o n ,  wind run ,  s o l a r  and n e t  

r a d i a t i o n  and evapora t ion  (Class  A pan) .  Doorenbos (1976) p r e s e n t s  an 

e x c e l l e n t  d i s cus s ion  on t h e  es tab l i shment  and ope ra t i on  of  a  weather s t a t i o n  

f o r  a g r i c u l t u r a l  s t u d i e s  and t h e  c a l i b r a t i o n  of empi r i ca l  ET indexes t o  

a c t u a l  ET measurements. WMO (1971) and WMO (1970) a l s o  p r e s e n t  much 

informat ion  on t h e  c o l l e c t i o n  and ana lyses  of hydrometeorological  d a t a .  

Lys ime t ry 

Probably t h e  most a c c u r a t e  measurement of ET is obta ined  by t h e  use  of 

l y s ime te r s .  Lysimetry i s  t h e  on ly  method of measuring evapo t r ansp i r a t i on  

where t h e  i n v e s t i g a t o r  has complete knowledge of a l l  t h e  terms of t h e  water  

balance equa t ion .  Harrold (1966) p r e s e n t s  a  ve ry  good review of t h e  use  of  

l y s ime te r s  f o r  measuring ET. Horton (1973) has  compiled an annota ted  

b ib l iography  on E t  which inc ludes  lys imet ry .  

A l y s ime te r  i s  a  device which i s  hyd ro log ica l ly  i s o l a t e d  from t h e  

surrounding s o i l .  This  device con ta in s  a  volume of s o i l  (which i s  u s u a l l y  

p l an t ed  t o  vege t a t i on )  and some means t o  measure t h e  consumptive use 

(descr ibed  below). Lysimeters must be r e p r e s e n t a t i v e  of t h e  surrounding 

cond i t i ons  i f  they  a r e  t o  provide  u s e f u l  ET measurements. They must be 

r e p r e s e n t a t i v e  of t h e  s o i l  type .  

Two types  of l y s ime te r s ,  which have worked q u i t e  well f o r  c a l i b r a t i o n  

purposes ,  a r e  t h e  cons t an t  water  t a b l e  l y s ime te r  and hydrau l i c  weighing 

ly s ime te r s .  The constant-water  t a b l e  l y s ime te r  a r e  u s u a l l y  p l an t ed  t o  g r a s s  



(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 lysimc-ter is shown in Figure 1. 

They are usually about 1 meter square and about 60 cni 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 lysimleters 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 i3 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.OC and 18.1°C, respectively. At these 

temperatures, e = 55.29 mb and el = 20.58 mb so that C = 1.44. The data 2 H 
similarly result in C~ 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): 

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 E by about 10 to 15%. By solving for 
t P C~ 

and Tx and correlating with the lysimeter data, Equation 23 was slightly 

modified as indicated below: 



Water  Stage - 
!a Recorder 

Soi l 

\welded Aluminum Lysimeter 
Tank I m  x I m  x 0.46 m 

Figure 1 .  Constant water t a b l e  lys imeter .  



1.2~117 Diameter 
I Bar Ceramic Candle 

8;tyl Rubber Tubing 

Figure 2. Hydraulic weighing lysimeter. 



Penman C a l c u l a t i o n s  

The Penman equa t i on  has  s e v e r a l  r e g r e s s i o n  formulas  impl ied i n  i t s  form 

a s  l i s t e d  i n  Equat ion 10. An e v a l u a t i o n  of  each of  t h e s e  was made, bu t  t h e  

on ly  e f f e c t i v e  c o r r e l a t i o n  was between t h e  wind term c o e f f i c i e n t s ,  a  and b .  

I n t e r e s t i n g l y  enough, t h e  v a l u e s  determined f o r  a l f a l f a  ( a  = 0.90 and 

b  = 0.0062) a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  v a l u e s  Penman o r i g -  

i n a l l y  sugges ted  f o r  g r a s s  ( Jensen ,  1973) .  The r e s u l t i n g  Penman formula f o r  

a l f a l f a  (E ) i s :  
t P  
E  = 0.0171 [Cl(Rn+G) + C2(0.9+0.0062U2) ( ea - ez ) ]  
t P  :z 

(25 

Comparison of  Methods 

The mean monthly measured v a l u e s  of t h e  g r a s s  l y s i m e t e r  

e v a p o t r a n s p i r a t i o n  f o r  t h e  Grand Val ley  a r e  plostted a g a i n s t  bo th  t h e  

c a l i b r a t e d  and o r i g i n a l  Blaney-Criddle  r e l a t i o n s h i p s  i n  F igu re  4.  These 

d a t a  were c o l l e c t e d  i n  1975. The o t h e r  y e a r s  do n o t  d i f f e r  markedly,  

however. The r e v i s e d  f u n c t i o n  a l l ows  a  s u b s t a n t i a l l y  b e t t e r  monthly 

e s t i m a t e  o f  consumptive use  t han  t h e  v e r s i o n  sugges ted  by Blaney and C r i d d l e  

(1950).  I n  f a c t ,  ove r  t h e  season  t h e  measured and p r e d i c t e d  (by t h e  

a d j u s t e d  equa t i on )  a r e  i d e n t i c a l .  The Blaney-Crid.dle approach i s  s a t i s -  

f a c t o r y  f o r  t ime  p e r i o d s  g r e a t e r  t h a n  o r  equa l  t o  one month, b u t  n o t  t h e  

d a i l y  o r  weekly p e r i o d s  needed f o r  i r r i g a t i o n  s chedu l i ng .  I t  i s  a l s o  

obvious  t h a t  a p p l i c a t i o n  of  t h e  o r i g i n a l  Blaney-Cridclle approach can l e a d  t o  

s i g n i f i c a n t  e r r o r s  i f  t h e  method i s  n o t  l o c a l l y  c a l i b r a t e d .  

F igu re  4 shows t h e  comparison of measured and c a l c u l a t e d  E v a l u e s  
t P  

du r ing  t h e  1975 i r r i g a t i o n  season  i n  Grand Val ley  when t h e  Jensen-Haise  

method i s  a p p l i e d .  The e r r o r  in t roduced  by s imply u s ing  t h e  r epo r t ed  

f u n c t i o n  w i th  t h e  a l t i t u d e  c o r r e c t i o n  i s  t o o  smal l  t o  be  s i g n i f i c a n t ,  

a l though  about  a  4 t o  5 p e r c e n t  improvement was achieved i n  F igu re  3 .  These 

l y s i m e t e r s  a r e  i r r i g a t e d  f o r  t h e  purpose of ma in t a in ing  a  low-tension s o i l  

mo i s tu r e  c o n d i t i o n .  A neu t ron  a c c e s s  t ube  o r  o t h e r  methods a r e  i n s t a l l e d  t o  

a s s i s t  i n  moni to r ing  s o i l  mo i s tu r e  d i s t r i b u t i o n .  A method of e x t r a c t i n g  t h e  

s u r p l u s  wate r  and t o  p rov ide  a  l e ach ing  mechanism should  be i n s t a l l e d .  One 

b a r  ceramic candles  connected t o  a  vacuum system work w e l l  f o r  t h i s  purpose .  

C a l i b r a t i n g  Es t ima t i ng  Formulas 

Once a  r e l i a b l e  measurement o f  e v a p o t r a n s p i r a t i o n  i s  ob t a ined ,  it i s  

t h e n  used t o  c a l i b r a t e  t h e  e v a p o t r a n s p i r a t i o n  e s t i m a t i n g  formulas  f o r  t h e  



I cm. Manometer = 0.2702 cm ET 
= 0.10637 in E T  

Load, Kg 

Figure 3 .  
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Figure 4. Comparison of lysimeter data with the Blaney-Criddle 
estimate for well-watered grass in 1975. 
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local conditions. For purposes of illustration,, these formulas will be 

calibrated for conditions encountered in the Clcand Valley of Colorado. 

Blaney-Criddle Calibration 

The uncalibrated Blaney-Criddle equation, as described earlier, 

underestimates E 
tp 

in the Grand Valley by approximately 40 percent. 

Generally, in the windy months of spring the procedure underestimates E 
t P 

by as much as 50%, whereas later results show substantial overestimation. 

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

In this case, kt was found to be: 

kt = -0.00268 + 1.49 (22) 

Even so, the month-to-month variations were large (i.e., Equations 1 and 22 

overestimate E in May, July and September, while it underestimates the 
tp 

values in June and August). It should be noted that calibration of the kt 
parameter over so with local calibration. The Jen.sen-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 app,ears 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 on a daily 

basis was less than 70 percent, whereas it was approximately 90 percent for 

5 to 6 day periods. 
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Figure 5. Comparison of lysimeter data and the Penman equation 
estimate for alfalfa in 1975. 
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LEVELING FOR BENCH MARK 
SURVEY OF THE WATERCOURSE 

-1. 

by Wayne Clyma and Alan  at-ly" 

D i f f e r e n t i a l  Leveling i s  t h e  p roces s  of f i n d i n g  t h e  d i f f e r e n c e s  i n  

e l e v a t i o n  of any two p o i n t s .  I t  u s u a l l y  r e q u i r e s  s e v e r a l  s e tups  of t h e  

ins t rument  a long  a  gene ra l  l i n e  between t h e  two p o i n t s .  Each s e t u p  r e q u i r e s  

a  rod read ing  on a  p o i n t  of unknown e l e v a t i o n .  A bench mark survey is  

conducted t o  p rov ide  a  widely spaced s e r i e s  of p o i n t s  (headga tes ,  c u l v e r t s ,  

b r i d g e s ,  e t c . )  of known e l e v a t i o n  from which a  topographic  survey i s  

conducted a t  a  l a t e r  d a t e .  

THEORY OF LEVELING 

Level ing i s  t h e  process  of determining t h e  e l e v a t i o n s  of d i f f e r e n c e s  i n  

e l e v a t i o n s  of p o i n t s .  F igu re  1 i l l u s t r a t e s  t h e  b a s i c  p rocedure .  

A l e v e l  i s  s e t  up a t  a  l o c a t i o n  approximately half-way between bench 

mark (B.M.) and a  t u r n i n g  p o i n t  ( T . P . ) .  A bench mark i s  r e l a t i v e l y  

permanent, n a t u r a l  o r  a r t i f i c i a l  o b j e c t  bea r ing  a  marked p o i n t  whose e l eva -  

t i o n  i s  known o r  assumed. A t u r n i n g  p o i n t  i s  a  temporary bench mark f o r  t h e  

purpose of con t inu ing  a  l i n e  of l e v e l s .  P o r t a b l e  t u r n i n g  p o i n t s  a r e  

provided f o r  f i e l d  watercourse  surveys  and topographic  surveys .  

For example, r e f e r r i n g  t o  F igu re  1, i f  t h e  e l e v a t i o n  of t h e  bench mark 

(B.M.l) i s  assumed t o  have an e l e v a t i o n  of 100.000 me te r s ,  t h e  e l e v a t i o n  of 

t h e  t u r n i n g  p o i n t  (T.P. l )  can be determined by l e v e l i n g .  F i r s t ,  t h e  

ins t rument  i s  s e t  up approximately half-way between B.M. and T.P.  and i s  
1 1 

l e v e l e d .  A rod r ead ing  is t aken  on B.M. o f  2.40. This  rod r ead ing  i s  
1 

termed a  backs igh t  (B .S . ) .  A backs igh t  i s  a  rod read ing  t aken  on a  bench 

mark o r  t u r n i n g  p o i n t  o f  known e l e v a t i o n .  I t  i s  t h e  v e r t i c a l  d i s t a n c e  - 
between t h e  B.M. and t h e  l i n e  of  s i g h t  of t h e  i n s t rumen t .  The l i n e  of s i g h t  

* 
This  How-To-Do-It was taken  from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1 ,  1980).  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Con t r ac t  No. 
AIDITAC-1100. 
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Figure 1. Theory of differential leveling. 



of t h e  i n s t rumen t  i s  a lmos t  always h i g h e r  t h a n  t h e  B.M. o r  t h e  T . P .  

The re fo r e ,  t h e  backs igh t  i s  a lmos t  always p o s i t i v e  and cou ld  be  de sc r i bed  a s  

a  p l u s  s i g h t .  

The h e i g h t  - of  i n s t rumen t  (H . I . )  i s  t h e  e l e v a t i o n  of t h e  l i n e  o f  s i g h t  

when t h e  i n s t rumen t  i s  l e v e l .  Th i s  cor responds  t o  t h e  l i n e  of s i g h t  o f  t h e  

i n s t rumen t  and i s  ob t a ined  by adding t h e  b a c k s i g h t  t o  t h e  e l e v a t i o n  of  t h e  

B.M. 100.00, t o  o b t a i n  t h e  H. I . ,  102.40. Turning t h e  t e l e s c o p e  t o  b r i n g  
1 ' 

i n t o  view t h e  rod he ld  on T.P. l  a  rod r ead ing  c a l l e d  a  f o r e s i g h t  i s  

ob t a ined .  A f o r e s i g h t  (F .S . )  i s  a  rod r ead ing  t aken  on a  t u r n i n g  p o i n t  of 

any o t h e r  p o i n t  of unknown e l e v a t i o n  f o r  which t h e  e l e v a t i o n  i s  t o  be  

determined.  The f o r e s i g h t  i s  a lmos t  always s u b t r a c t e d  from t h e  h e i g h t  of 

ins t rument  and could be de sc r i bed  a s  a  minus s i g h t .  I n  t h e  example of 

F igu re  1, t h e  F . S . ,  0 .45 ,  i s  s u b t r a c t e d  from t h e  H . I . ,  102.40, t o  o b t a i n  t h e  

e l e v a t i o n  of T.P. , 101.95. Thus, by a  p r o c e s s  known a s  l e v e l i n g ,  we have 

determined t h e  d i f f e r e n c e  i n  e l e v a t i o n  of two p o i n t s .  Th i s  methodology may 

now b e  used t o  check t h e  e l e v a t i o n s  shown i n  Figu.re 1,  and de te rmine  t h e  

e l e v a t i o n  o f  T.P. 2  ' 
From t h e  above d e f i n i t i o n s ,  w e  can d e r i v e  two e q u a t i o n s  t h a t  a r e  q u i t e  

b e n e f i c i a l  i n  l e v e l i n g .  These equa t i ons  w i l l  be  r epea t ed  many times du r ing  

a  l e v e l i n g  e x e r c i s e ,  s o  a  pe r son  who i s  l e a r n i n g  t o  u s e  t h e  l e v e l  should  

become thoroughly  f a m i l i a r  w i th  them. They a r e :  

E l ev .  + B.S. = H . I .  

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

Note t h a t  i f  a  backs igh t  i s  t aken  on a  B.M. o r  T.P.  l o c a t e d  on t h e  roof  

of a  t u n n e l  o r  t h e  c e i l i n g  of  a  room wi th  t h e  ins t rument  a t  a  lower e l eva -  

t i o n s ,  t h e  backs igh t  must be  s u b t r a c t e d  from t h e  e l e v a t i o n  t o  o b t a i n  t h e  

h e i g h t  of i n s t rumen t .  Also ,  i f  a  rod r ead ing  is t aken  on a  p i p e  o r  some 

o t h e r  o b j e c t  h i g h e r  t h a n  t h e  i n s t rumen t ,  t h e  f o r e s i g h t  must be added t o  t h e  

h e i g h t  o f  ins t rument  t o  o b t a i n  t h e  e l e v a t i o n .  

PROCEDURE FOR DIFFERENTIAL LEVELING 

S e v e r a l  p rocedures  and p r e c a u t i o n s  should  b e  observed f o r  a c c u r a t e  

d i f f e r e n t i a l  l e v e l i n g .  R e f e r  t o  F igu re s  2 and 3 f o r  sample rod r ead ings  and 

a  sample set  of  n o t e s  f o r  a  d i f f e r e n t i a l  l e v e l i n g  e x e r c i s e .  

To beg in  a  d i f f e r e n t i a l  su rvey ,  t h e  rodman ho ld s  a  rod on B.M. whi l e  
1 

t h e  levelman goes forward a  convenien t  d i s t a n c e  (n'ot over  100 me te r s  f o r  a  

Bostrom-Brady farm l e v e l )  and s e t s  up t h e  l e v e l .  The levelman t a k e s  a  



Datum ."lane Elev. 0.00 (Mean Sea Level) 

Figure 2 .  I l lustrat ing the procedure for taking backsights and foresights of 
di f ferent ial  level ing.  



DIFFERENTIAL LEVELING 
FOR BENCH MARKS 

Alemaya College Campus 

Sunny, calm Haily S. & N 
Tewolde W. 
Aug. 18 ,  1965 

S t a  BS H I  FS E lev .  

BM1 
0.34 100.34 100.00 B.M.l :  the  southern b o l t  on the  pole  

TP1 
2.45 101.16 1.63 98.71 nea res t  t o  the  i r r i g a t i o n  l a b .  

TPz 0.81 101.91 0.06 101.10 about 5 m from e a s t e r n  s i d e  

B M ~  
3.98 101.91 3.98 97.93 door 

TP4 1 .98 100.71 2.46 98.73 B.M.2:  S t e e l  rod on the  N.E.  corner  

BM1 
0.69 100.02 of the  c a t t l e  guard i n t o  the  

B S =  9.65 F S =  9.63 0.02 l ives tock  a rea  across  from 

pou l t ry .  

Error  of c losure  = 

9.65 - 9.63 = 0.02 check 

Poultry -u 
Figure 3 .  Sample d i f f e r e n t i a l  l e v e l i n g  notes .  



r e ad ing  on t h e  rod and de te rmines  where t h e  middle c r o s s  h a i r  s t r i k e s  t h e  

rod ,  i n  F igu re  2 a t  0 . 34 .  Th is  i s  a  backs igh t  and t h e  no tekeeper  r e co rds  

0 .34  i n  t h e  B.S. column of t h e  n o t e s .  Now t h e  H . I .  i s  determined by adding 

t h e  B.S. t o  t h e  e l e v a t i o n  of  t h e  B.M.,  (100.00 + 0 .34  = 100 .34) ,  and i s  

e n t e r e d  i n  t h e  no t e s  i n  t h e  H . I .  column. For  t h e  convenience of  one who i s  

l e a r n i n g  t h i s  procedure ,  a  p l u s  s i g n  can be placed above t h e  B.S. column and 

a  minus s i g n  above t h e  F.S.  column t o  i n d i c a t e  how t h a t  column i s  used i n  

n o t e  computat ions .  

A f t e r  t h e  B.S. has  been ob t a ined ,  t h e  rodman s t e p s  t h e  d i s t a n c e  from 

t h e  B.M. t o  t h e  ins t rument  and t hen  s t e p s  t h e  same d i s t a n c e  away from t h e  

ins t rument  i n  t h e  d i r e c t i o n  of  B.M. Th i s  pac ing  irs one of t h e  a c c e p t a b l e  
2 ' 

methods of  ba l anc ing  t h e  h o r i z o n t a l  d i s t a n c e s  betweein t h e  b a c k s i g h t  and t h e  

f o r e s i g h t .  Th i s  d i s t a n c e  can  a l s o  be measured by s t a d i a ,  b u t  t h e  accuracy  

ob t a ined  by t a p i n g  i s  n o t  cons idered  necessa ry .  The e f f e c t s  of  r e f r a c t i o n ,  

cu rva tu r e  of  t h e  e a r t h ,  and l a c k  of ins t rument  ad jus tment  a r e  t he r eby  

e l im ina t ed .  On s l o p e s  a  z i gzag  p a t h  may be  t aken  t o  u t i l i z e  t h e  l onge r  rod 

l e n g t h  a v a i l a b l e  on t h e  downhi l l  s i g h t s .  

CLOSED SURVEYS 

To v e r i f y  t h e  accuracy  of  t h e  l e v e l i n g ,  a  r e t u r n  check must always be 

made. That  i s ,  t h e  l i n e  of  l e v e l s  must be cont inued from B.M. back ove r  a  
2 

s l i g h t l y  d i f f e r e n t  r o u t e  t o  B.M. t h e  i n i t i a l  s t a r t i n g  p o i n t .  To make t h e  
1 ' 

r e t u r n  check independent  of t h e  f i r s t  l i n e  of  l e v e l s ,  a f t e r  t h e  F.S. i s  

t aken  on B.M. l i f t  t h e  l e v e l  s l i g h t l y  and r e l e v e l  it s o  t h a t  t h e  H . I .  w i l l  
2 ' 

be  a t  a  s l i g h t l y  and r e l e v e l  it s o  t h a t  t h e  H . I .  w i l l  be a t  a  s l i g h t l y  

d i f f e r e n t  e l e v a t i o n .  Th is  r e s u l t s  i n  a  B.S. on B.M. d i f f e r e n t  from t h e  2 
F.S. and should r e s u l t  i n  a  b e t t e r  check o f  t h e  l i n e  of l e v e l s .  When t h e  

survey  p a r t y  ha s  r e t u rned  t o  B.M. a  c l o sed  survey  h.as been completed.  A l l  
1'  - 

l e v e l i n g  e x e r c i s e s  should be  c lo sed  surveys  s o  t h a t  a  check of  t h e  accuracy  

of  t h e  survey can be  made. F i g u r e  4  g i v e s  a  sample t r a v e r s e  f o r  a  benchmark 

survey  of a  wate rcourse .  Note t h a t  a l l  a v a i l a b l e  permanent s t r u c t u r e s  a r e  

used a s  bench marks. These bench marks must be marked w i th  bo th  a  wate r -  

proof maker and w i th  a  n a i l  o r  sc rewdr iver  s c r a t c h  f o r  permanence. F i g u r e  5 

p rov ide s  t h e  sample survey  no t e s  f o r  t h e  t r a v e r s e  o f  F igu re  4 .  Note t h e  

double  t a b l i n g  of  p o i n t s  which a r e  bo th  t u r n i n g  p o i n t s  (T.P.)  and bench 

marks (B.M.). P o r t a b l e  t u r n i n g  p o i n t s  a r e  l a b e l e d  PTP. 



0 rr.osk..a -- 
( , c u l v e r t  

pAczza na!i~:a 
s q u a r e  s t o n e  . . . . ,,. . . . a c r e  l i n e  

A j a l a r  -- squa re  l i n e  
0 C G A C L - ~ L C  base of pod;.r l i i ~ c  - .. -. - - pacca L O ~ ?  
@ p o r t a b l e  t u r n i n g  p o i n t  -- w a t e r c o u r s e  

n i n s t r u m e n t  s e t u p  p o i n t  

Figure 4. Sample traverse for bench mark survey of watercourse. 



WATERCOURSE BENCH MARK SURVEY 
BY DIFFERENTIAL LEVELING 

Chak 11O/JB, Lyal lpur  

S t a .  BS H I  F S 

T P ~  BM; 

TP2 TP2 
TP3 BM3 
TP4 BM4 
TP5 BM5 
TP6 TP6 
TP, TP, 

Sun:ny W any am 
Hot Zahid 
Calm Auq. 1 8 ,  1975 

Elev . 

Mogha Sc ra t ch  Mark - Upstream Side 
Pacca Kanna Corner of Squares 

3 ,  4 ,  7 and 8 
Sq. 6: CBPL* - Scra tch  
Sq. 14: CBPL - Scra tch  
Sq. 13 ,  14: Concrete c u l v e r t  - 

upstream 

Sq. 15,  16 ,  1.7, 18: Square s tone  - 
s c r a t c h  

Sq. 25, 26, 28, 29: Square s tone  - 
s c r a t c h  

Pacca Nakka Corner of Squares 25, 
26, 28, 29 

Sq. 23: CBPL - s c r a t c h  
Sq. 21: CBPL - s c r a t c h  
Sq. 20: CBPL - s c r a t c h  

Sq. 11: Concrete Culvert :  Scra tch  - 
Downstream 

Sq. 9: S t e e l  frame on J a l a r  Base - 
Mogha :scratch 

BS = 98.20 FS = 98.09 0.11 = Elev. D i f f .  

E r ro r  of c losu re  = 98.20 - 98.09 = 0.11 

*Concrete Base of Power Line - CBPL 

Figure 5. Watercourse benchmark survey notes  by d i f f e r e n t i a l  l eve l ing .  



ERROR OF CLOSURE 

I f  there have been no e r ro r s  made i n  a closed survey or i f  the e r rors  

have compensated, then the elevation determined for  B.M. by the re turn 
1 

check w i l l  be the same a s  the o r ig ina l  e levat ion of B . M . l -  Generally these 

e levat ions  are  not exactly the same due t o  e r ro r s  i n  rod readings o r  ins t ru -  

mental e r ro r s .  The amount by which the o r ig ina l  B.M. e levat ion and the B.M. 

elevation observed upon the  re turn check f a i l  t o  agree i s  ca l led  the  e r ro r  

of closure.  - 
Allowable e r ro r s  of closure fo r  a survey i s  a function of the  accuracy 

of the instrument and the length of the survey or  the number of times the 

instrument i s  s e t  up. For a Bostrom-Brady l eve l ,  the allowable e r r o r  of 

closure equals 0.01 meters per two instrument setupls (0.0112 setups) .  For 

the notes shown i n  Figure 3 ,  there  were four instrument setups so the allow- 

able e r ro r  of closure was 0.02. The ac tua l  err0.r f o r  the  survey. For 

general level ing purposes with avai lable  equipment, the allowable e r ro r  i n  

English un i t s  ( f e e t )  i s  given by: 

/ 
----- 

Allowable e r ro r  = 0.000 length of t raverse  i n  f e e t  
100 

v 
I f  the sample t raverse  fo r  Figure 4 were 20,000 f t . ,  then the allowable 

e r ro r  i s  0.0989 or  0.10 foo t .  Bench mark surveys which do not meet t h i s  

standard must be completely resurveyed u n t i l  the eirror of closure i s  l e s s  

than the allowable e r ro r .  The survey whose notes are  provided i n  Figure 5 

does not meet the standard and must be repeated. 

CHECKING THE LEVEL NOTES 

The computations of the l eve l  notes should always be checked by 

comparing the difference between the sum of the backsights (B.S.) and the 

sum of the fo res igh ts  (F.S.) with the differences between the i n i t i a l  and 

f i n a l  e levat ion of the B.M. and used t o  close the survey before leaving the 

f i e l d .  This computation checks the notes fo r  e r ro r s  i n  ari thmetic.  The two 

differences must agree or  an e r ro r  i n  ari thmetic has been made. No s e t  of 

level ing notes is complete without an e r ro r  of closure computation and check 

of the ar i thmet ical  accuracy of the notes,  before leaving the f i e l d .  

USE OF THE BENCH MARK SURVEY 

The bench mark survey when completed t o  the required standard of 

accuracy becomes a bas ic  fo r  addi t ional  f i e l d  surveys t h a t  are  completed 

subsequently. The permanent benchmarks can then become s t a r t i n g  points  f o r  



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 frequenlly. 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 {I14 or !I16 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. 

Figure 6 .  Portable pucca turning point. 



How t o  do it 

Field Procedure 

PROFILE LEVELING OF M A I N  AND LATERAL 
CONVEYANCE CHANNELS 

3. 

by Wayne Clyma and Alan ~ a r l . ~ "  

GENERAL 

P r o f i l e  l e v e l i n g  i s  t h e  process  of determiming t h e  e l e v a t i o n  of t h e  

ground s u r f a c e  a t  a  s e r i e s  of poir l ts  a t  measured i . n t e rva l s  a long a  dra inage  

d i t c h ,  t e r r a c e ,  waterway, road,  o r  f o r  any o t h e r  purpose where it i s  

necessary  t o  cons ider  changes i n  e l e v a t i o n  of t h e  ground s u r f a c e .  

TAPING PROFILES 

I t  i s  necessary  t o  t a p e  o r  o therwise  measure t h e  h o r i z o n t a l  d i s t a n c e s  

f o r  a  p r o f i l e .  V e r t i c a l  d i s t a n c e s  a long t h e  p r o f i l e  would have no meaning 

without  t h e  corresponding h o r i z o n t a l  d i s t a n c e s  between changes i n  e l e v a t i o n .  

S takes  o r  cha in ing  p i n s  a r e  u s u a l l y  se t  a long  t h e  f i x e d  l i n e  f o r  a  

- p r o f i l e  survey.  These s t a k e s  o r  cha in ing  p i n s  a r e  u s u a l l y  s e t  be fo re  t h e  

survey i s  made. S takes  a r e  placed a t  f i x e d  d i s t a n c e s  a long a  survey i . e . ,  

2 5 ' ,  5 0 t ,  o r  l o o ' ,  depending upon t h e  d e t a i l  requi red  f o r  t h e  survey .  I n  

a d d i t i o n ,  s t a k e s  a r e  s e t  a t  p o i n t s  where t h e  l i n e  changes d i r e c t i o n  and a t  

every  f u l l  s t a t i o n .  For  t h e  p r o f i l e  survey of t h e  watercourse main and t h e  

major branches ,  cha in ing  p i n s  shou1.d be used t o  mark t h e  s t a t i o n s  a t  25'  

d i s t a n c e  i n t e r v a l s .  

A f u l l  s t a t i o n  i s  0  + 00,  1 + 00,  2  + 00,  e t c .  S takes  s e t  a t  any o t h e r  

p o i n t  between t h e  f u l l  s t a t i o n s  a r e  c a l l e d  p l u s  -- s t a t i o n s  and a r e  des igna t ed ,  

f o r  example 1 + 25. Note t h a t  0  + 00 des igna t e s  t h e  beginning of t h e  l i n e .  

Dis tances  a long t h e  l i n e  i n d i c a t e  t h e  f u l l  s t a t i o n s  and t h e  p l u s  s t a t i o n s  

f o r  i n s t a n c e  150 f t  i s  w r i t t e n  a s  1 + 50 f t .  Thus, t h e  d i g i t s  t o  t h e  l e f t  

of t h e  + d e s i g n a t e  t h e  d i s t a n c e  i n  m u l t i p l e s  of l o o ' ,  whi le  t hose  t o  t h e  

r i g h t  i n d i c a t e  l e s s  t han  100 ' .  The s t a t i o n  number i s  u s u a l l y  marked upon 

* 
This  How-To-Do-It was taken  from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1, 1980). Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Cont rac t  No. 
AIDITAC-1100. 



t h a t  s i d e  of t h e  s t a k e  f a c i n g  0  + 00. S takes  a r e  a r ranged ,  when p o s s i b l e ,  

s o  t h a t  t h e  wide p a r t  of t h e  2" x 5" s t a k e  p o i n t s  t o  t h e  next  s t a t i o n  on t h e  

l i n e .  
a - 

A s t a k e  i s  d r iven  a t  each s t a t i o n  l oca t ed  on t h e  p r o f i l e .  Each s t a t i o n  

w i l l  a l s o  be en t e r ed  i n  t h e  f i e l d  no tes .  P in s  w i l l  no longer  be  necessary  

t o  count t a p e  l e n g t h s ,  s i n c e  t h e  l eng th  of t h e  l i n e  w i l l  be recorded i n  t h e  

no t e s .  For o t h e r  than  100 f t  t a p e s ,  two p i n s  may ble used t o  measure f u l l  

t a p e  l eng ths .  When o t h e r  t han  f u l l  t ape  l e n g t h  i s  measured, t h e  r e a r  chain-  

man holds  t h e  p a r t i a l  t a p e  l eng th  a t  t h e  appr0priat .e  p o i n t .  The s t a k e  i s  

loca t ed  f o r  t h a t  s t a t i o n .  The no te  keeper adds t h e  p a r t i a l  t ape  l e n g t h  t o  

h i s  l a s t  s t a t i o n  and records  t h e  new s t a t i o n .  S ince  t h e  head chainman has  

t h e  ze ro  end of t h e  t a p e ,  t h e  i n t e rmed ia t e  d i s t a n c e s  a r e  read d i r e c t l y  on 

t h e  t ape  without  s u b t r a c t i o n .  

In te rmedia te  S i g h t s  

The purpose of t h e  p r o f i l e  survey i s  t o  determine t h e  t r u e  s lope  of t h e  

ground s u r f a c e  o r  watercourse bed s u r f a c e .  This  means t h a t  where t h e r e  i s  

an obvious change i n  t h e  s lope  of t h e  ground o r  bed s u r f a c e ,  a  s t a k e  i s  

p laced  and an  i n t e rmed ia t e  s i g h t  ( f o r e s i g h t  o r  minus s i g h t )  i s  taken  s o  t h a t  

t h e  e l e v a t i o n  of t h e  ground s u r f a c e  a t  t h a t  p o i n t  can be determined.  The 

f o r e s i g h t s  f o r  a  p r o f i l e  a r e  c a l l e d  i n t e rmed ia t e  s i g h t s  because t hey  a r e  

f o r e s i g h t s  i n t e rmed ia t e  o r  between t h e  f o r e s i g h t s  t aken  on T .P . ' s  f o r  a  

cont inu ing  l i n e  of l e v e l s .  The s t u d e n t  beginning prabfi les  has  a  tendency t o  

t ake  more i n t e rmed ia t e  rod readings than  a r e  necessary .  The guide t o  

remember s o  t h a t  none a r e  l e f t  o u t  i s  t o  t a k e  an int .ermediate  s h o t  wherever 

t h e  ground s u r f a c e  changes s lope .  I f  i n  doubt ,  t a k e  t h e  rod read ing .  I t  i s  

s impler  t o  have an e x t r a  rod read ing  than  t o  l eave  o u t  one t h a t  was 

necessary .  

Procedure f o r  P r o f i l e  Level ing 

The f i r s t  s t e p  i n  p r o f i l e  l e v e l i n g  i s  t o  e s t a b l i s h  t h e  c e n t e r l i n e  of 

t h e  watercourse,  t e r r a c e  o u t l e t  channel ,  o r  road t o  be p r o f i l e d  and t o  

measure t h e  l i n e  a c c u r a t e l y  s e t t i n g  s t a k e s  a t  a l l  p o i n t s  where rod read ings  

a r e  t o  be taken .  S e t  t h e  l e v e l  up near  t h e  l i n e  t o  be p r o f i l e d .  I t  i s  

normal t o  o f f s e t  t h e  ins t rument  from t h e  l i n e  s o  t h a t  more n e a r l y  equa l  

h o r i z o n t a l  d i s t a n c e s  from t h e  ins t rument  t o  t h e  rod can be  ob ta ined .  A rod - 
reading i s  obta ined  on t h e  bench mark and t h e  h 'e ight  of ins t rument  i s  

determined. Frequent ly  t h e  bench mark i s  l oca t ed  s o  t h a t  more than  one 



ins t rument  s e t u p  i s  requi red  be fo re  t h e  rod can be read a t  t h e  s t a k e s  

l o c a t e d  on t h e  p r o f i l e  l i n e .  When t h i s  i s  nec~essa ry ,  t h e  T .P . ' s  a r e  

s e l e c t e d  and t h e  no t e s  a r e  a s  f o r  a  d i f f e r e n t i a l  survey .  Rod read ings  a r e  

observed on t h e  ground o r  bed wi th  p o r t a b l e  pucca t u r n i n g  p o i n t  a d j a c e n t  t o  

t h e  s t a k e  of cha in ing  p i n  f o r  t h e  i n t e rmed ia t e  s h o t s .  For t u r n i n g  p o i n t s ,  

a l l  rod read ings  a r e  taken on t o p  of a  s t a k e  i f  t h e  s t a k e  i s  used o r  on t h e  

p o r t a b l e  pucca t u r n i n g  p o i n t  i f  cha in ing  p i n s  a r e  used.  When p l a c i n g  t h e  

rod a d j a c e n t  t o  a  s t a k e  f o r  an i n t e rmed ia t e  s h o t ,  t h e  s tuden t  should always 

t r y  t o  s e l e c t  average ground. That i s ,  t h e  rod should n o t  be p laced  i n  a  

ho l e ,  nor  should it be p laced  on t h e  t op  of a  h i l l  o r  c lod .  The l o c a t i o n  

should r ep re sen t  t h e  average of t h e  ground s u r f a c e  immediately around t h e  

s t a k e .  

For an example of a  ground s u r f a c e  p r o f i l e  and corresponding rod 

r ead ings ,  s e e  F igures  1 and 2.  A f t e r  t h e  ins t rument  has  been l e v e l e d ,  a  rod 

read ing  i s  ob ta ined  on t h e  B.M. and t h e  H . I .  i s  computed. I n  t h e  example, a  

B.S. of 1.02 g ives  an H . I .  of 101.02, a  rod read ing  i s  t h e n  obta ined  nea r  0  

+ 00 f o r  t h e  f i r s t  s h o t ,  0  + 38.03 f o r  t h e  second :shot,  and s o  f o r t h  u n t i l  

s t a t i o n  0  + 72.56 has been read .  A t u r n i n g  p o i n t  i s  t hen  neces sa ry ,  s o  a  

T.P. i s  s e l e c t e d  and a  f o r e s i g h t  of  1.60 i s  ob ta ined  on t h e  t o p  of  t h e  

s t a k e .  The ins t rument  i s  c a r r i e d  t o  a  new p o s i t i o n  a long  t h e  l i n e ,  

r e l e v e l e d ,  a  B.S. of  0.98 obta ined  on T.P. ,  and a  new H . I .  computed. We a r e  

now ready t o  t a k e  a d d i t i o n a l  i n t e rmed ia t e  s h o t s  a long  t h e  p r o f i l e  l i n e .  

This  p roces s  i s  cont inued u n t i l  t h e  p r o f i l e  i s  compl~eted. A complete s e t  of 

p r o f i l e  l e v e l i n g  no t e s  i s  shown i n  F igure  3. 

Closed Surveys 

I n  p r o f i l e  l e v e l i n g ,  a s  i n  d i f f e r e n t i a l  l e v e l i n g ,  a  c lo sed  c i r c u i t  of 

l e v e l s  must be made t o  check t h e  accuracy of  t h e  survey.  This  i s  done, a s  

i n  d i f f e r e n t i a l  l e v e l i n g  by running a  l i n e  of d i f f e r e n t i a l  l e v e l s  back t o  

t h e  bench mark from which t h e  survey was begun. 

E r r o r  of Closure and Checking t h e  Notes 

The method of checking t h e  no t e  computations and computing t h e  e r r o r  of  

c l o s u r e  i s  shown i n  F igure  4. Note t h a t  f o r  a  p r o f i l e  survey t h e  f o r e s i g h t  

and t h e  backs ights  used f o r  computing t h e  e r r o r  of c l o s u r e  a r e  on ly  t hose  

which were taken  on t h e  B.M.'s and T . P . ' s .  The in t e rmed ia t e  rod read ings  

a r e  no t  used i n  t h e  computation f o r  e r r o r  of c l o s u r e .  The only  method of  

checking t h e  i n t e rmed ia t e  rod read ings  i s  t o  r e run  t h e  e n t i r e  p r o f i l e .  



Figure  1. Rod readings f o r  p r o f i l e  l e v e l i n g .  

PROFILE LEVELING 

S t a .  ES E I E  S  Elev.  

F igure  2 .  L e f t  s i d e  of no t e s  f o r  p r o f i l e  shown i n  F igure  1. 



PROFILE FOR AG.  ENGR. CULVERT 

- 

S t a .  BS H I  FS Elev. 

IBS = 7.43 tFS = 7.42 
E r r o r  of c l o s u r e  = IBS - tFS 

= 7.43 - 7.42 
= 0 .01  

Tewolde W.RW 
Mehary T .  I$ 

Cloudy, shower 
Oct .  7 ,  1965 
BM: an x mark on t h e  
r e t e n t i o n  wa l l  a t  t h e  
no r th  s i d e  of t h e  
Agri .  Engr. b u i l d i n g ,  
about  2.60 m above 
t h e  f i r s t  s t e p ,  under 
a  lamp p o s t .  

0 .01  check 

F igure  3 .  Sample n o t e s  f o r  a  p r o f i l e  l e v e l i n g  e x e r c i s e .  



Figure 4. Cross section plot for a profile leveling exercise. 
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P l o t t i n g  P r o f i l e s  

P r o f i l e s  a r e  u s u a l l y  p l o t t e d  on p a p e r  and t h e  r e s u l t  c a l l e d  a  c r o s s  

s e c t i o n .  S p e c i a l  p r o f i l e  p a p e r  can b e  o b t a i n e d  which s i m p l i f i e s  p l o t t i n g ,  

b u t  any r u l e d  p a p e r  may b e  used .  

The v e r t i c a l  s c a l e  of  a p r o f i l e  i s  g e n e r a l l y  e x a g g e r a t e d  w i t h  r e s p e c t  

t o  t h e  h ~ r i z o n t a l  s c a l e  i n  o r d e r  t o  make d i f f e r e n c e s  i n  e l e v a t i o n  mow 

pronounced.  T h i s  i s  h c c c r - ~ s ~  t h e  v r r t  i c a  l c l  i st,aoc.es 111 c l eva t  ion  a r e  usua l  ly  

much l e s s  than  Ltie h o r i z o n t a l  t l i  s t a ~ ~ c t a  coverc.d by t h e  p r o f  i l e .  I't1e 

e x a g g e r a t i o n  i s  u s u a l l y  on a  r a t i o  of 10 /1 .  Tha t  i s ,  f o r  a  h o r i z o n t a l  s c a l e  

o f  1:500,  i . . ,  1  f o o t  e q u a l s  500 f t )  t h e  v e r t i c a l  s c a l e  would b e  1:50 

( 1  f o o t  e q u a l s  50 f t ) .  S i n c e  t h e  p o i n t s  p l o t t e d  on t h e  p a p e r  from t h e  

p r o f i l e  r e p r e s e n t  "average ground" it i s  u s u a l l y  t h e  p r a c t i c e  t o  draw smooth 

l i n e s  ( n o t  s t r a i g h t  l i n e s )  from p o i n t  t o  p o i n t .  

The p l o t t e d  p r o f i l e  i s  used f o r  many p u r p o s e s ,  such  a s :  

1. D e t e r m i n a t i o n  o f  t h e  d e p t h  o f  c u t  f o r  a  d r a i n a g e  o r  i r r i g a t i o n  

w a t e r c o u r s e .  

2 .  D e t e r m i n a t i o n  of  t h e  f i l l  f o r  a  farm pond. 

3 .  S e l e c t i o n  o f  t h e  g r a d e s  f o r  a  d r a i n a g e  d i t c h ,  i r r i g a t i o n  

w a t e r c o u r s e  o r  c u l v e r t .  

R a t e  of  g r a d e ,  g r a d i e n t ,  o r  j u s t  g r a d e  is  t h e  r i s e  o r  f a l l  i n  f e e t  p e r  

100 f e e t .  Thus,  a  g rade  o f  2 .5  means t h a t  t h e r e  i s  2 .5  f t  d i f f e r e n c e  i n  t h e  

e l e v a t i o n  p e r  100 f e e t  h o r i z o n t a l l y .  Ascending g r a d e s  a r e  p l u s  and 

decending g r a d e s  a r e  minus.  The s e l e c t i o n  o f  a  g r a d e  l i n e  f o r  a  p r o j e c t  

i n v o l v e s  t h e  p r i n c i p l e s  o f  e n g i n e e r i n g  d e s i n g .  

The term "grade" i s  a l s o  employed t o  d e n o t e  t h e  e l e v a t i o n  o f  t h e  

f i n i s h e d  s u r f a c e  of  a n  e n g i n e e r i n g  p r o j e c t .  



EWUP 

How to do it 

Field Procedure 

VEGETATlVE LAND USE MAPP I NG! 
J- 

by M. B. Lowdermilk and A. ~ a r l ~ "  

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 th.e 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 various types of vegetation and land uses 

utilizing water in excess of normal precipitation. This cataloging process 

J- 

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. 



is  an expensive and time consuming e f f o r t  which inc ludes  s e p a r a t i n g  t h e  

a g r i c u l t u r a l  a r e a s  from t h e  wetland phrea tophytes ,  t h e  urban a r e a s  and t h e  

i n d u s t r i a l  a r e a s  a s  wel l  a s  t h e  open water  s u r f a c e s .  These t ypes  of s t u d i e s  

a r e  no t  only necessary f o r  budgeting procedures ,  b u t  they  a l s o  provide  an  

e x c e l l e n t  da t a  base f o r  f u t u r e  s t u d i e s  i n  an a r e a  f o r  many d i s c i p l i n e s .  

This  d a t a  must be c o l l e c t e d  by f i e l d  i n v e s t i g a t i o n s .  

A e r i a l  photographs a r e  an e x c e l l e n t  t o o l  t o  be  used i n  v e g e t a t i v e  land  

use mapping. The most c u r r e n t  photographs a v a i l a b l e  should be used s i n c e  

land use changes a r e  u s u a l l y  minimal, f i e l d  boundaries  have n o t  changed, 

d i t c h e s  have n o t  been r e l o c a t e d ,  farmsteads and urban a r e a s  a r e  e a s i l y  

de f ined ,  and adjustments  and updat ing a r e  e a s i l y  accomplished. 

A e r i a l  photographs having almost any s c a l e  can be ordered from t h e  U.S. 

Department of Agr i cu l tu re ,  A g r i c u l t u r a l  S t a b i l i z a t i o n  and Conservat ion 

Se rv i ce ,  A e r i a l  Photography Div i s ion ,  Wester Laboraltory i n  S a l t  Lake C i t y ,  

Utah. I t  i s  important  t o  s e l e c t  a  s c a l e  f o r  t h e  photographs which 

corresponds t o  o t h e r  base  maps o r  de s ign  maps which e x i s t  o r  w i l l  be used 

f o r  t h e  p r o j e c t .  

The range,  township, and s e c t i o n  numbers a r e  marked on t h e  photographs 

which a r e  t h e n  taken  i n t o  t h e  f i e l d  and t h e  land use  a t  t h e  t ime i s  marked 

on t h e  a p p r o p r i a t e  photographs f o r  each f i e l d .  A suggested land use  mapping 

index i s  presen ted  i n  Table 1. Other  indexes a r e  i n  use by t h e  USBR, SCS, 

and o t h e r  agenc i e s ,  b u t  whatever index i s  used f o r  mapping purposes ,  it 

should be compatible w i th  o t h e r  s t u d i e s  which have been undertaken i n  t h e  

a r ea  o r  r i v e r  ba s in .  A t y p i c a l  photograph from which t h e  land uses  were 

l a b e l e d  i n  accordance with t h e  water  r e l a t e d  land use index i s  shown i n  

F igure  1. For example, a  f i e l d  marked A 1  on t h e  a e r i a l  photograph i n d i c a t e s  

t h a t  dur ing  t h a t  y e a r ,  corn was grown i n  t h a t  f i e l d .  Although it i s  

r e a l i z e d  t h a t  c e r t a i n  changes w i l l  occur  from yea r  t o  y e a r ,  it i s  u s u a l l y  

s a f e  t o  assume t h a t  t h e  t o t a l  ac reages  and t h e  d i s t r i b u t i o n  of  c rop  acreages  

v a r i e s  s lowly wi th  t ime over  a  l a r g e  a r e a .  

Due t o  t h e  s c a l e  d i s t o r t i o n ,  which i s  always p r e s e n t  i n  a e r i a l  

photographs,  a  e f f o r t  should be made t o  p repa re  Land use base  maps w i th  

a c c u r a t e l y  p laced  s e c t i o n  l i n e s .  To a s s i s t  i n  accomplishing t h i s ,  maps 

should be prepared  using a  g r i d  based on geode t i c  coo rd ina t e s .  This  i s  

u s u a l l y  n o t  a  problem s i n c e  most a g r i c u l t u r a l  a r e a s  i n  t h e  western United 

S t a t e s  have roads and f i e l d  boundaries  correspondirng t o  t he se  coo rd ina t e s .  



Table 1 .  Suggested land use mapping index. 

A. Irrigated Cropland 
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 hay 
1 2 .  Cultivated grass and hay 
13.  Pasture 
14.  Wetland pasture 
15.  Native grass pasture 
16 .  Orchard 
17 .  Idle 
18 .  Other 

B. Dry Cropland 
1 .  Alfalfa 
2 .  Wheat 
3 .  Barley 
4 .  Beans 
5 .  Cultivated grasses 
6 .  Fallow 
7 .  Other 

C. Other Land Use 
1 .  Farmlands 
2 .  Residential yards 
3 .  Urban 
4. Stock yards 
5. School yards 

D. Industrial 
1 .  Power plants 
2 .  Refineries 
3 .  Meat packing 
4 .  Other 

E. Open Water Surfaces 
1 .  Major storage 
2 .  Holding storage 
3 .  Sump ponds 
4 .  Natural ponds 

F. Phreatophytes 
1 .  Cottonwood 
2 .  Salt Cedar 
3 .  Willows 
4. Rushes or cattails 
5. Greasewood 
6 .  Sagebrush and/or rabbitbrush 
7 .  Wildrose, squawberry, etc. 
8 .  Grasses and/or sedges 
9. Atriflex 

P. Precipitation only 



Figure  1 .  Typica l  a r e a l  photograph used f o r  land use  mapping showing t h e  
land use  mapping index used i n  Table 9 .  
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The s c a l e  of t h e  b a s e  maps shou ld  cor respond  d i r e c t l y  t o  t h e  s c a l e  o f  t h e  

a e r i a l  pho tographs .  U.S. G e o l o g i c a l  Survey q u a d r a n g l e  maps c a n  b e  used f o r  

c o n t r o l  where a v a i l a b l e .  I n  a d d i t i o n ,  t h e r e  a r e  s e v e r a l  computer t e c h n i q u e s  

a v a i l a b l e  t o  c o r i e c t  f o r  d i s t o r t i o n  i f  adequa te  c o n t r o l  i s  e s t a b l i s h e d .  

The v a r i o u s  wa te r  r e l a t e d  l a n d  u s e  a r e a s  a r e  t h e n  t r a n s f e r r e d  from t h e  

a e r i a l  photographs  t o  t h e  b a s e  maps which a l s o  d e p i c t  t h e  i n d i v i d u a l  f i e l d  

b o u n d a r i e s  ( s e e  F i g u r e  2 ) .  The i r r i g a t i o n  conveyanre sys tem shou ld  be  added 

t o  t h e  b a s e  maps i n  o r d e r  t h a t  l ands  s e r v e d  hy c x d i c - t l  c a n a l  o r  l a t e r a l  cou ld  

be e s t a b l i s h e d  i f  d e s i r e d .  

I n  a d d i t i o n ,  many s e c t i o n s  a r e  n o t  e x a c t l y  640 a c r e s  (259 h a ) ,  and t h e y  

can  o f t e n  v a r y  by a s  much a s  + 10 p e r c e n t  of t h i s  v a l u e .  I t  i s  t h e r e f o r e  

n e c e s s a r y  t o  e s t a b l i s h  t h e  a r e a  of each  s e c t i o n .  One method i s  t o  u s e  

g r a p h i c a l  computer t e c h n i q u e s  o r  p l a n i m e t e r  each  s e c t i o n  from t h e  

q u a d r a n g l e s  t o  a r r i v e  a t  t h e  c o r r e c t  a c r e a g e  f o r  t h a t  s e c t i o n .  The a c r e a g e  

o f  each  l and  u s e  w i t h i n  t h a t  s e c t i o n  must a l s o  b e  de te rmined  from t h e  b a s e  

maps by s i m i l a r  methods.  The a c r e a g e  of each  ancl u s e  i s  t h e n  summed f o r  

each  c a n a l ,  each  l a t e r a l ,  o r  each  watershed t o  a r r i v e  a t  t h e  needed v a l u e s .  

The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s ,  i n c l u d i n g  t h e  b a s e  maps a n d / o r  

t a b u l a t i o n  of t h e  d a t a  f o r  each  s e c t i o n  o r  subgroup,  shou ld  b e  o r g a n i z e d  and 

made a v a i l a b l e  f o r  p u b l i c  d i s t r i b u t i o n .  T h i s  t y p e  o f  i n f o r m a t i o n  i s  v e r y  

v a l u a b l e  and i s  needed by many s t a t e  and l o c a l  p l a n n i n g  a g e n c i e s ,  p u b l i c  

i n t e r e s t  g r o u p s ,  env i ronmenta l  impact a s s e s s m e n t s ,  e t c .  I n  a d d i t i o n ,  t h i s  

i n f o r m a t i o n  p r o v i d e s  a v e r y  good b a s i s  f o r  comparison i n  f u t u r e  l a n d  u s e  

r e l a t e d  i n v e s t i g a t i o n s .  Examples o f  t h e s e  t y p e s  of' p u b l i c a t i o n s  a r e  Walker 

and Skogerboe (1971) and Evans e t  a l .  (1973) .  



Figure 2 .  Finished map corresponding t o  the area l  photograph shown i n  
Figure 1 .  



EWUP 

How t o  do it 

Field Procedure 
SOIL MOISTURE DETERMI NAT I 

by Alan Early:: 

Water management p ro f i c i ency  r equ i re s  t h a t  t.he t echn ic i an  l e a r n  t h e  

water requirements of t h e  p l a n t s  t o  be grown and how much of t h a t  water  can 

be furn ished  from s o i l  s to red  moisture and how much and how o f t e n  it must be 

appl ied  through i r r i g a t i o n .  S o i l  moisture de terminat ion ,  t h e r e f o r e ,  becomes 

important  a s  soon a s  s o i l  samples have been co l l ec t ed  and prepared.  

F i r s t ,  t h e  sample must be p ro tec t ed  a g a i n s t  moisture l o s s  from t h e  time 

of c o l l e c t i o n  u n t i l  t h e  i n i t i a l  weight has been recorded. A i r t i g h t  metal o r  

p l a s t i c  conta iners  a r e  used f o r  t h i s  purpose. Two types of moisture de te r -  

mination methods a r e  used. The gravimetr ic  (measurement by weight) 

determinat ion involves t h e  determinat ion of weight d i f f e rences  a t  t h e  time 

t h e  sample i s  c o l l e c t e d  and a f t e r  it has been d r i e d  t o  measure t h e  amount of 

t h e  water  contained i n  t h e  s o i l .  The touch and f e e l  (TAF) method i s  a  f i e l d  - - -- 
procedure which i s  u t i l i z e d  t o  make quick ,  p r a c t i c a l  e s t ima tes  of moisture 

resources  and requirements.  

GRAVIMETRIC DETERMINATIONS 

The Oven 

The oven i s  t h e  t o o l  u t i l i z e d  by t h e  l abora to ry  t o  determine s o i l  

moisture ana lyses .  I t  provides an  exac t  analyt . ica1 measurement of t h e  

amount of moisture contained i n  t h e  s o i l ,  and through t h e  combination of t h e  

r e s u l t s  from samples r ep resen t ing  var ious  segments of t h e  s o i l  p r o f i l e ,  t h e  

water content  of t h e  f i e l d  wi th in  t h e  roo t  zone of t h e  crop t o  be produced 

can be ca l cu la t ed .  The exac t  requirements of t h e  research  s c i e n t i s t  a r e  

provided f o r  by t h i s  method. 

Standard procedures i n  t h e  use of t h e  oven a r e :  

a .  Weigh and record t h e  weights of t h e  a i r t i g h t  con ta ine r s  and t h e  

s o i l  they  conta in .  

*This How-To-Do-It was taken from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1, 1980). Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Contract  No. 
AIDITAC-1100. 



b .  Open t h e  con ta ine r s  and p l ace  i n  t h e  oven which has been s e t  a t  

1 0 5 O C .  

c .  Dry f o r  24 hours.  

d .  Record t h e  dry weight.  

e .  Sub t r ac t  dry weight from t h e  weight of t h e  f i e l d - c o l l e c t e d  sample. 

The d i f f e r e n c e  i s  water .  

This  procedure may be repeated a s  necessary u n t i l  t h e  weight becomes 

c o n s t a n t ,  s i n c e  some s o i l s  dry  more r e a d i l y  than  o t h e r s .  

The Sun Drying Method 

Since  ovens a r e  not  gene ra l ly  a v a i l a b l e  t o  t h e  worker i n  t h e  f i e l d ,  an 

a l t e r n a t e  method has been developed which u t i l i z e s  s o l a r  energy f o r  t h e  

purpose of d ry ing  s o i l  samples. I n  a r e a s  where t h e  c l imate  i s  warm and d r y ,  

r e s u l t s  have been found t o  be very  c l o s e  t o  t hose  obtained from oven-dried 

samples.  

This  procedure c a l l s  f o r  t h e  use of p l a s t i c  s h e e t s  o r  of t h e  same 

p l a s t i c  bags i n  which t h e  samples a r e  s t o r e d  t o  be exposed t o  t h e  sun a f t e r  

t h e  sample has f i r s t  been weighed. Procedures u t i l i z e d  i n  t h e  sun-drying of 

samples a r e :  

a .  Determine weight of s h e e t  o r  bag by weighing 100 of them and 

determining t h e  average weight.  

b .  Spread t h e  sample o u t  and break any c lods  p r e s e n t ,  t hus  provid ing  

maximum exposure of t h e  s o i l  t o  t h e  sun. 

c .  P lace  t h e  samples i n  a convenient ,  prot.ected a rea  where maximum 

exposure t o  t h e  sun i s  a v a i l a b l e .  

d .  Exposure time 

Time of yea r  Shee t  Bag 
Hot Season 3 hours 5 hours 

Cool Season 4 hours 7 hours 

These t abu la t ed  times assume t h i s  number of hours  of b r i g h t  sunshine.  

Drying cannot be conducted dur ing  cloudy o r  p a r t l y  cloudy weather.  

Overnight dry ing  i s  no t  recommended s i n c e  wind o r  storms can r u i n  

samples very quick ly .  

Note . . .  t he se  exposure t imes have been found t o  approach 1% of oven d ry  

weights i n  Pak i s t an ,  where t h e  c l ima te  is  warm and dry  and sun i n t e n s i t y  i s  

high.  



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 i.s used for drying as th\at 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 i3 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 



ir diameter .  Tes t  t h e  b a l l  f o r  s t r e n g t h  and compalre i t s  s t r e n g t h  wi th  t h e  

d e s c r i p t i o n s  i n  t h e  column of  t h e  t a b l e  r ep re sen t ing  t h e  t e x t u r a l  grade oT 

t h e  sample. Est imate  s o i l  mois ture  de f i c i ency  i n  inches  p e r  foo t  of dep th  

from t h e  t a b l e  . . .  l a s t  column. 

The cha r t  assumes t h e  average s o i l  a v a i l a b l e  s o i l  mois ture ,  a t  f i e l d  

c a p a c i t y ,  f o r  t h e  fou r  t e x t u r a l  c l a s s e s  t o  be:  

Coarse - 0.7  inches p e r  f o o t  

Light  - 1 . 3  inches pe r  f o o t  

Medium - 1.8 inches  p e r  f o o t  

F ine  - 2.0  inches  p e r  f o o t  

These va lues  can be d iv ided  by 12 and m u l t i p l i e d  by 100 t o  conver t  t o  

a v a i l a b l e  mois ture  on a  volume b a s i s .  This  f i g u r e  d iv ided  by t h e  bu lk  

d e n s i t y  of t h e  s o i l  w i l l  p rov ide  a v a i l a b l e  mois ture  on a  weight b a s i s  (which 

t h e  g rav ime t r i c  procedure p rov ides ) .  

Comparison of t h e  Three Techniques 

Actua l ly  t h e  t h r e e  techniques  which a r e  d i s cus sed  here  a r e  n o t  designed 

t o  r ep l ace  one ano the r .  Ra ther ,  they  a r e  each u t i l i z e d  i n  t h a t  manner which 

w i l l  exped i t e  t h e  management program most e f f i c i e n t l y .  

The procedure which provides  t h e  t r u e  ana1:ytical ana lyses  of s o i l  

mois ture  a v a i l a b i l i t y  i s  t h e  use  of t h e  oven. The o t h e r  methods have been 

developed t o  supplement,  n o t  r e p l a c e ,  t h i s  one. The accuracy of  t h e  sun- 

dry ing  method i s  determined by t h e  c a r e  wi th  whicli t h e  sample i s  handled; 

t h e  tempera ture ,  humidity,  and i n t e n s i t y  of  t h e  sun.  I t s  accuracy might n o t  

be dependable i n  cool  o r  humid c l ima te s ,  b u t  i n  warm, dry a r e a s  l i k e  

Pak i s t an  t h e  r e s u l t s  have been found t o  be p r a c t i c a l  and a c c u r a t e  when 

samples a r e  p rope r ly  handled and p ro t ec t ed .  

The TAF method i s  no t  in tended  t o  r ep l ace  g rav ime t r i c  procedures .  I t  

has  been developed f o r  u se  by t h e  t e c h n i c i a n  t o  make qu ick ,  p r a c t i c a l  f i e l d  

dec i s ions .  I f  t h i s  procedure i s  t o  be accu ra t e  and e f f e c t i v e ,  t h e  person 

us ing  it should c o n s t a n t l y  c a l i b r a t e  h i s  " f ee l "  a g a i n s t  g r av ime t r i c  r e s u l t s .  

I t  i s  suggested t h a t  he develop a  graph,  s i m i l a r  t o  t h e  fo l lowing ,  on a  

r e g u l a r  b a s i s .  



EWUP 

How to do it 

Field Procedure 
SOIL MOISTURE SAMPI J N G  AND CALCUIATIO 

USING A K I N G  TUBE SAMPLER 

by Alan Early* 

The k ing  t u b e  sampler i s  a  u s e f u l  t o o l  t o  t h e  wate r  management 

s p e c i a l i s t .  When p rope r ly  cons t ruc t ed  and correct:ly used it can prov ide  

vo lumet r ic  samples o f  s o i l  t o  c a l c u l a t e  d r y  bu lk  d e n s i t y  a s  w e l l  a s  s o i l  

mois tu re  pe r cen t ages  and p l a n t  food ana ly se s .  However, extremes i n  s o i l  

mois tu re  pe r cen t ages  may l i m i t  d e n s i t y  accuracy.  I n  ve ry  d r y  s o i l  some of 

t h e  sample may o f t e n  be  l e f t  a t  t h e  bottom of t h e  h o l e ,  on t h e  o t h e r  hand, 

ve ry  wet s o i l  w i l l  s t i c k  t o  t h e  s i d e s  of  t h e  t ube .  I n  e i t h e r  c a s e  lower 

t han  a c t u a l  d e n s i t y  v a l u e s  may r e s u l t .  

A few p recau t i ons  and sugges t i ons  have been developed which w i l l  a s s i s t  

i n  avo id ing  t h e s e  p i t f a l l s .  

1. Be s u r e  t h e  t ube  i s  c l e a n  and f r e e  o f  r u s t .  Clean and p o l i s h  t h e  

t ube  r e g u l a r l y .  Cover w i t h  a  l i g h t  f i l m  o f  o i l  i f  t ube  i s  n o t  

used r e g u l a r l y .  

2 .  Measure t h e  i n s i d e  d iamete r  of t h e  c u t t i n g  edge of t h e  t u b e  and 

check t h e  e x t e r i o r  dep th  c a l i b r a t i o n s  above t h e  c u t t i n g  edge.  

R e j e c t  t h e  t ube  i f  any of t h e  measurements a r e  n o t  w i t h i n  0.005 

f t  ( . 01  c e n t i m e t e r ) .  

3 .  S e l e c t  r e p r e s e n t a t i v e  s i t e s  from t h e  f i e l d  t o  be  sampled. Areas 

w i t h i n  t h e  f i e l d  which appear  d i f f e r e n t  from t h e  "average" should 

be  sampled s e p a r a t e l y .  

4 .  Al ign t h e  tube  v e r t i c a l l y  and s t r i k e  t h e  t ube  v e r t i c a l l y  i n t o  t h e  

ground a l lowing  t h e  po in t ed  edge of t h e  hammer t o  move i n s i d e  t h e  

t ube  i n  an  up and down motion.  Never swing t h e  hammer a s  a  d r i v -  

i n g  dev i ce .  

5 .  P l ace  a  s t r a i g h t  edge on t h e  ground nex t  t o  t h e  h o l e  a s  a  

r e f e r e n c e  p o i n t  t o  s t o p  t h e  sample t ube  a t  each  dep th  g r adua t i on .  

*This How-To-Do-It was t aken  from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1, 1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Con t r ac t  No. 
AID/TAC-1100. 
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Remove the hammer from inside the tube and orient it horizontally 

(perpendicular to the tube) passing the hammer slot over the end 

of the tube. Rotate the hammer 90' in a horizontal plane and lift 

the tube slowly, vertically from the soil. 

Place your left index finger over the cutting edge of the tube as 

it emerges from the surface of the soil to :prevent sample 

spillage. 

Invert the tube with top of tube over the container (moisture can 

with tight fitting lid or plastic bag) which is to keep the sample 

in proper moisture condition until weights have been determined. 

Force the sample loose by pushing it loose with the index finger. 

A clean, polished tube, properly construct.ed will easily release 

the sample into the container. Close the container immediately to 

prevent the loss of moisture. Do not allow unweighted sample to 

be exposed directly to the sun, especially samples collected in 

plastic bags. 

Repeat steps 4 through 8 for as many different depth increments as 

needed. 

Repeat steps 3  through 9 for at least two replicates in other 

representative sites of the field being sampled. 

Weigh and record the weight of the wet sample in the field. 

Samples placed in plastic bags should be weighed immediately. 

Dry the sample. 

Reweigh the sample after predetermined drying time. (The sample 

is considered dry when no further weight changes occur.) 

Make necessary calculations using the following procedures. 
2 a. Volume = 3 . 1 4  (D/2) H .  

b. Water Weight = (wet weight of sample and container) - dry 

weight of sample and container). 

c. Net dry weight of sample = dry weight (sample and container) 

- weight of container. - 
weight of water d. Percent moisture by weight = net - dry weight of soil x 100 

net dr wei ht of soil e. Field dry bulk density = volumeYof s:mple (cc) (gm) 

f. Percent moisture by volume = field dry bulk density x percent 
weight of water moisture by weight or volume of sample 



g. Approximate available moisture (inches per foot) ASM = 12 x % 
MC Volume - Volume at wilting point where % MC-Vol at the 

wilting point is to come from laboratory analysis of soil 

moisture characteristic. 



S 3 I L  I.lOISTUFC SAt.PLING REPORT 

D a t e  
D a t e  L a s t  Irr 
D a t e  o f  n e x t  

i g a t i o n  
H o u r s  D r y i n g  T 

D i a m e t e r  o f  k i n g  t u b e  -- - 
Volume o f  s a m p l e  6" = - 

W t H 2 0  NetDryWt PNC-Wt: DE - 
i r r i g a t  

R ~ D  T r t m t  -- 
Y 

D e p t h  
(0-6"  ) 

Rep T r t m t  

-- 
-- 
-- 
-- -- 
-- 
-- 

D e p t h  W e t W t  ( q )  Drywt  ( g )  - 
1 (0-6" ) 

2 (6-12" ) 

3 (12-24")  
4 (24-36")  
5 (36-48")  
6 (48-60")  
7 (60-72")  

%MC-Wt DBD %MC-Vol ~ ~ ~ ( i n / f t )  -- - 

Rep T r t m t  D e p t h  W e t W t  (q)  DryWt (9) w t H ? O  NetDryWt bMC-Wt DBD %MC-Vol A S f i ( i n / f t )  -- - 

~ e p  T r t m t  D e p t h  W e t W t  (g) DryWt ( g )  WgH20 NetDryWt --- %MC-Wt - DBD %MC-Vol ASM ( i n / f t )  
l ( 0 - 6 "  I 

Aep T r t m t  D e p t h  WetNq ( g )  DryWt ( g )  WgH30 

-- l ( 0 - 6 "  ) 

-- 2 (6-12")  

NetDryWt $MC-Wt DBD %MC-Vol A ~ M ( i n / f t )  -- - 



EWLSP 

How to  do it 

Field Procedure 
SOIL PROFILES AND WATER TABLES 

The p o s i t i o n  o f  t h e  w a t e r  t a b l e  i s  a n  i n d i c a t i o n  o f  whether  o r  n o t  a  

d r a i n a g e  problem e x i s t s .  A h i g h  w a t e r  t a b l e  means t h a t  something has  t o  be 

done t o  reduce t h e  amount o f  w a t e r  i n  t h e  s o i l .  Under o r d i n a r y  c o n d i t i o n s  

i n  a r i d  r e g i o n s ,  t h e  w a t e r  t a b l e  shou ld  n o t  be  o c c a s i o n a l l y  h i g h e r  t h a n  1 . 2  

m e t e r s  below t h e  s o i l  s u r f a c e ,  and most of t h e  t ime  it should  b e  2 . 0  mete r s  

o r  more below t h e  s o i l  s u r f a c e .  A sha l low w a t e r  t a b l e  w i l l  c a u s e  s a l t  t o  

accumulate  on t h e  s o i l  s u r f a c e  from d i r e c t  e v a p o r a t i o n .  A h i g h  w a t e r  t a b l e  

w i l l  a l s o  cause  poor  a e r a t i o n  c o n d i t i o n s  i n  t h e  r o o t  zone of t h e  p l a n t s .  

I f  t h e  w a t e r  t a b l e  i s  t o o  h i g h  under  i r r i g a t e d  c o n d i t i o n s ,  some form of 

a r t i f i c i a l  d r a i n a g e  must be  p rov ided .  

Where a r i t i f i c i a l  d r a i n a g e  i s  r e q u i r e d ,  it i s  i m p o r t a n t  t o  know t h e  

l o c a t i o n  and p o s i t i o n  of t h e  w a t e r  t a b l e .  I t  i s  a l s o  i m p o r t a n t  t o  know t h e  

t e x t u r e  c h a r a c t e r i s t i c s  of t h e  s o i l  p r o f i l e .  

General  P rocedure  

A hand a u g e r ,  a  power auger  o r  a  s o i l  c o r i n g  d e v i c e  i s  used t o  make a  

h o l e  i n  t h e  s o i l  t o  a  dep th  of two mete r s  o r  more. The d e p t h  and t e x t u r e  o f  

t h e  v a r i o u s  s o i l  l a y e r s  shou ld  be recorded .  The d e p t h  a t  which f r e e  w a t e r  

i s  n o t i c e d  shou ld  a l s o  be  recorded .  Observa t ions  of t h e  p o s i t i o n  of t h e  

wa te r  t a b l e  i n  t h e  h o l e  shou ld  be  observed o v e r  a  p e r i o d  o f  days  o r  weeks o r  

months,  depending on t h e  need.  I f  t h e  w a t e r  t a b l e  i s  t o o  h i g h ,  a  d r a i n a g e  

system shou ld  be  c o n s i d e r e d .  

Equipment Needed 

Hand auger  o r  power s o i l  sampler  c a p a b l e  of making a  h o l e  5 cm o r  

l a r g e r  i n  d i a m e t e r  t o  a  d e p t h  o f  two m e t e r s  o r  more. 

Survey ing  equipment and s t a k e s  f o r  l o c a t i n g  t h e  w a t e r  t a b l e  h o l e s  b o t h  

f o r  s u r f a c e  p o s i t i o n  and e l e v a t i o n .  

"This How-To-Do-It was t a k e n  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1, 1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, C o n t r a c t  No. 
AID/TAC-1100. 



Measuring tape  t o  determine depth from the  s o i l  s u r f a c e  t o  t h e  water  

t a b l e .  

Deta i led  Procedure 

In t h e  a r ea  s e l e c t e d  foz  s tudy of a  water  t a b l e  problem, l a y  o u t  a  

r egu la r  g r i d  l o c a t i o n  f o r  t h e  water t a b l e  0bservat:ion ho l e s .  The spac ing  

may be 1 o r  2 k i lometers  i n  l a r g e  a r e a s  o r  a s  l i t t l e  a s  50 meters  i n  a  

normal spacing.  

Make a  v e r t i c a l  hole  i n  t h e  s o i l ,  keeping no te s  of t h e  s o i l  t e x t u r e ,  

s t r u c t u r e ,  c o l o r  changes,  s o i l  cond i t i ons  and wetness f o r  each of t h e  

l a y e r s .  A s p e c i a l  no t e  should be made of  t h e  depth  f o r  t h e  f i r s t  appearance 

of v i s i b l e  water i n  t h e  s o i l  be ing  removed. 

The completed ho l e  should be covered o r  p ro t ec t ed  so  t h a t  animals  w i l l  

no t  s t e p  i n  it and t h e  ho le  can be l e f t  f o r  obse rva t ion .  Observat ions of 

t h e  water l e v e l  i n  t h e  ho l e  should be made p e r i o d i c a l l y .  Observat ions may 

be made hour ly ,  d a i l y ,  weekly, monthly o r  annual ly , ,  depending on t h e  need. 

For farm dra inage  des ign ,  d a i l y  obse rva t ions  a r e  u s u a l l y  r equ i r ed .  The 

obse rva t ions  c o n s i s t  of measuring and record ing  t h e  d i s t a n c e  from t h e  s o i l  

s u r f a c e  t o  t h e  water  t a b l e  u s ing  t ape  o r  a  cha in  o r  a  rod. 

I f  e l e v a t i o n  changes and s lope  of  t h e  water  t a b l e  a r e  impor tan t ,  

e l e v a t i o n s  of t h e  s o i l  s u r f a c e  should be determined a t  each auger  ho l e  f o r  

r e f e r ence .  Data from t h e  observa t ion  ho l e s  can be used t o  make maps of 

depth t o  water t a b l e  and water  t a b l e  contours .  

I f  t h e  ho l e  i s  uns t ab l e  o r  i f  long- te rm obse rva t ions  a r e  needed, a  

pe r fo ra t ed  p ipe  surrounded wi th  coarse  sand can be used t o  l i n e  t h e  ho l e .  



EWUP 

How to do it 

Field Procedu 
GUIDELINES FOR 

re 
CUTTHROAT FLUME IN! 

by Alan Early* 

P r e c i s e  water  measurement is  necessary i f  gooti water  management i s  t o  

be r e a l i z e d .  A u se fu l  say ing  i s ,  "How can you on a  farm manage water  i f  t h e  

amount of  water  t o  be managed i s  n o t  known?" Measuring water  i s  t h e  most 

b a s i c  requirement f o r  developing an understanding of any i r r i g a t i o n  system. 

F i r s t  of a l l ,  t h e  p r e c i s i o n  of water  measurement i s  d i c t a t e d  by t h e  accuracy 

wi th  which t h e  flow measuring device i s  cons t ruc t ed .  Exact  t o l e r a n c e s  i n  

f a b r i c a t i o n  a r e  t h e r e f o r e  r equ i r ed .  

The fol lowing i s  a  g u i d e l i n e ,  f i l l - i n  t a b l e ,  and check l i s t  f o r  

i n spec t ing  c u t t h r o a t  flumes. A l l  measurements of flume dimensions must be 

met w i th in  1/16 i n .  (0.005 f t  o r  1 .5  m) of t h e  s p e c i f i e d  l e n g t h ,  o r  w i t h i n  

0 . 5  degrees  of  t h e  s p e c i f i e d  ang le ,  i f  t h e  flume i s  t o  be accep tab l e  f o r  

f i e l d  use .  Flumes which do n o t  meet t h e s e  s t anda rds  should be  r e j e c t e d .  

*This How-To-Do-It was taken  from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1, 1980).  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Cont rac t  No. 
AIDITAC-1100. 



TABLE OF LINEAR DIMENSIONS Tolerance (0 -005 ft) 

Specification EJ? -- Middle 

TABLE OF ANGLES MEASURED 

Bottom Other 

Angles are measured from the vertical wall (or staff gauge) to the 

floor of the flume in the direction corresponding to the arrows in the 

attached diagram. 

Tolerance : 0.5 degree 

Spec. Measured Spec. Measured Spec. Measured 

1. 6. 11 .  

2. 7 .  12. 

3. 8. 13.  

4 .  9 .  14.  

5.  10. 15. 

GENERAL QUALITATIVE MEASURES AND OBSERVATIONS 

1. Staff gauges should be located precisely at distances L and Lb a 
from the throat, respectively, with these distances being measured 

to the center of the staff gauge markings. 

2. Staff gauges installed perpendicular to th.e floor of the flume. 

3 .  When installed with stilling wells, the centerline of the 

piezometer holes for water entry must be precisely at distances 

L and % from the throat (tolerance: .005 ft). a 



4.  When i n s t a l l e d  w i t h  s t i l l i n g  w e l l s ,  t h e  s t a f f  gauge i n  each 

s t i l l i n g  w e l l  must s t a r t  a t  e x a c t l y  t h e  same datum ( f l o o r  of t h e  

f lume)  i n  t h e  s t i l l i n g  wel l  a s  i n  t h e  r e s p e c t i v e  converging and 

d i v e r g i n g  s e c t i o n s .  

5 .  S i d e s  must be p e r p e n d i c u l a r  t o  t h e  f l o o r  th roughout  t h e  converg ing  

i n l e t  and d i v e r g i n g  o u t l e t  s e c t i o n s .  

6. S i d e s  must be p l a n e  number s u r f a c e s ,  f r e e  of b u c k l e s  and b u l g e s .  

7 .  The bend of t h e  w a l l s  i n  t h e  t h r o a t  s e c t i o n  must be  s h a r p  and 

p e r p e n d i c u l a r  t o  t h e  f l o o r  a l o n g  t h e  d i r e c t i o n  of t h e  f low.  

8. A c r o s s  b r a c e  shou ld  be  p l a c e d  a c r o s s  t h e  t o p  o f  t h e  f lume a t  t h e  

c e n t e r  o f  t h e  converging i n l e t  s e c t i o n  and a t  t h e  c e n t e r  o f  t h e  

d i v e r g i n g  o u t l e t  s e c t i o n  w i t h  t h e s e  c r o s s  b r a c e s  b e i n g  p a r a l l e l  t o  

t h e  flume f l o o r .  

9 .  Metal  s t r i p s  shou ld  be  p l a c e d  on t o p  of t h e  f lume w a l l s  on b o t h  

s i d e s  o f  t h e  f lume and n e a r  t h e  c e n t e r  of b o t h  t h e  i n l e t  converg- 

i n g  s e c t i o n  and o u t l e t  d i v e r g i n g  s e c t i o n ,  w i t h  a l l  f o u r  meta l  

p i e c e s  b e i n g  p a r a l l e l  t o  t h e  f l o o r  o f  t h e  f lume.  

10. The f l o o r  of t h e  f lume should b e  a  f l a t  p l a n e  s u r f a c e  and f r e e  of 

b u l g e s .  

11. B o l t s  o r  o t h e r  means of a t t a c h i n g  t h e  s t a f f  gauges t o  t h e  f lume 

w a l l s  ( i f  s t i l l i n g  w e l l s  a r e  n o t  used)  shou ld  n o t  r e s u l t  i n  any 

p r o t r u s i o n  i n t o  t h e  f low.  



EWUP 

How to do i t  

Field Procedure 
HOW TO READ STAFF GAUGE ON FLUMES 

HOW TO DETERMINE DISCHARGE FROM THE READING 

by Alan E a r l y  and Waynr Clyma:? 

STAFF GAUGE 

The s t a f f  gauge i s  u s u a l l y  a metal l i c  s c . a k  t o  measure t h e  wate r  

s u r f a c e  l e v e l  from a  f i x e d  r e f e r e n c e  p o i n t .  I t  t e l l s  t h e  dep th  of wate r  o r  

t h e  s t a t i c  head a c t i n g  a t  any p o i n t .  

On t h i s  gauge, one f o o t  i s  d iv ided  i n t o  10 equa l  d i v i s i o n s  and each  

d i v i s i o n  i s  l a b e l l e d .  ( 1 ,  2 ,  3 ,  e t c .  . . .  up t o  9 ) .  'These d i v i s i o n s  a r e  made 

w i th  b l ack  l i n e s  on whi te  p a i n t .  A f t e r  each t e n  d i v i s i o n s ,  f o o t  marks a r e  

a l s o  l a b e l l e d ,  1 . 0 ,  2 . 0 ,  e t c . ,  up t o  t h e  maximum d e s i r e d  dep th .  The 1110th 

f t  d i v i s i o n s  a r e  f u r t h e r  d iv ided  i n t o  10 d i v i s i o n s  each (1/100 f t ) ,  a s  shown 

on t h e  diagram. 
/ 

HOW TO READ THE GAUGE L, . - - 
Suppose t h a t  t h e  wate r  s u r f a c e  l e v e l  i s  "L" a s  

shown i n  t h e  diagram. The read ing  i s  between 0  and 1 . 0  

f t ,  and c a l i b r a t i o n s  0 . 4  and 0 . 5  f t .  I n  t h i s  i l l u s t r a -  

t i o n ,  t h e  wate r  l e v e l  (L) i s  above t h e  0 .4  f t  d i v i s i o n  

and below t h e  0 . 5  f t  and below t h e  1 . O f  r ead ing  on t h e  

gauge. The f i r s t  r e co rd ing ,  t h e r e f o r e ,  i s  0 . 4  f t .  The 

f i n a l  r e co rd ing  t h e n  i s  ob t a ined  by adding t h e  1/100 f t  

c a l i b r a t i o n s  which a r e  found between 0 . 4  f t  and t h e  i I ' -  --==I - 
water  l e v e l ,  L. The 1/100 f t  c a l i b r a t i o n s  a r e  a l t e r -  

n a t e l y  b l ack  and whi te .  Reading downward from 0 . 5  t o  0  

t h e y  a r e  b l a c k l l ,  wh i t e / 2 ,  b l a c k / 3 ,  wh i t e /4 ,  b l a c k / 5 ,  

whi te /6 .  When they  a r e  read from t h e  0 . 4  c a l i b r a ~ t i o n  

upward, t h e y  a r e  whi te /  1,  b l a c k / 2 ,  w h i t e l 3 ,  b l a c k / 4 .  

Thus t h e  wate r  l e v e l  L  i s  0 . 4  f t  + 41100 f t  = 0 .44  f t ,  

o r  0 . 5  f t  - 61100 f t  = 0 .44  f t .  

?'This How-To-Do-It was taker1 from T h e  lJrobl em I dc.nt i I ' i  ( . a t  i on Harrdbook 
( A p r i l  1, 1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Developnocnt, Con t r ac t  No. 
AIDITAC-1100. 

, '.-. 



S i m i l a r l y ,  i f  t h e  water  l e v e l  is  above t h e  1 . 0  f t  d i v i s i o n  upon t h e  

gauge, t h e  s t e p s  a r e  t h e  same except  t h a t  t h e  read ing  i s  1 . 0  f t  + t h e  t e n t h s  

+ t h e  1 /100ths .  Thus a s  i l l u s t r a t e d ,  i f  L '  i s  t h e  water  l e v e l ,  then  the  

read ing  i s :  

3 .  1.00 f t  

p l u s  h .  .10 s t  
1) 1 u  s C .  .06 I t  

. .  .-. . 

t o t a l  d .  1 .16  1.1 

Gauge readings above t h e  2 ,  3 ,  4 ,  e t c .  c a l i b r a t i o n s  a r e  computed i n  t h e  same 

manner . 
Note t h a t  a l l  l a b e l s  a r e  a t  t h e  t op  of each b l ack  l i n e  s o  t h a t  t h e  t op  

of each b l ack  l i n e  i n d i c a t e s  an even number and t:he bottom of t h a t  l i n e  

i n d i c a t e s  an odd number. 

Example : 

(1) Reading a t  Sec t ion  AA' 

i s  1.06 (F igure  2 ) .  

(2) Reading a t  Sec t ion  BB' 

i s  0.37 (Figure 3 ) .  

( 3 )  Reading a t  Sec t ion  C C '  

i s  2.00 (Figure 4 ) .  
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DETERMINING THE DISCHARGE 

To determine t h e  d i s cha rge  wi th  flumes, water  l e v e l s  a t  bo th  t h e  

upstream and downstream we l l s  ' a re  measured wi th  s t a f f  gauges f i xed  on t h e  

flumes. The reading of t h e  upstream gauge i s  h  and t h a t  of t h e  down- a  
s t ream gauge i s  hb. When ha and hb a r e  known, t h e  d i scharge  can be 

determined from t h e  flow c a l i b r a t i o n  t a b l e s  which a r e  provided wi th  t h e  

equipment. 

There a r e  two types  of flow c a l i b r a t i o n  t a b l e s ,  one f o r  f r e e  flow and 

t h e  o t h e r  f o r  submerged flow cond i t i ons .  

I f  hb/ha i s  l e s s  t han  65%, t h e  f r e e  flow c a l i b r a t i o n  t a b l e  w i l l  be 

used and i f  hb/ha i s  g r e a t e r  than  65% then  t h e  submerged flow c a l i b r a t i o n  

t a b l e  must be used. 

For example, i n  an 8" x 3 '  c u t t h r o a t  flume, i f  h  i s  0.50 and hb i s  a  
0 .25 ,  hb/ha = 0.25/0.50 = 50%. 50% is  l e s s  than 65%, s o  t he  f r e e  flow 

c a l i b r a t i o n  t a b l e  w i l l  be used and one can e a s i l y  determine t h e  d i s cha rge  of 

0 .83  cubic  f e e t  p e r  second (CFS) i n  t h e  flow c a l i b r a t i o n  t a b l e  w r i t t e n  i n  

f r o n t  of 0.50 ha.  I f  ha i s  0.48 and hb i s  0 .36 ,  then  hb/ha = 0.36/0.48 

= 75% which i s  more than  65% s o  t h e  submerged c a l i b r a t i o n  t a b l e  w i l l  be used 

and t h e  d i scharge  of 0 .7  c f s  can be  observed i n  f r o n t  of 0.48 ha under 12 

The flow c a l i b r a t i o n  t a b l e s  used i n  t h i s  example a r e  a t t ached  and t h e  

concerned read ings  a r e  shown under l ined .  

PRECAUTIONS FOR USE OF STAFF GAUGE 

1 .  Make s u r e  t h a t  t h e  gauge i s  i n s t a l l e d  v e r t i c a l l y .  

2 .  A l l  gauges of t h e  flume should g ive  t h e  same reading i n  s t and ing  water ,  

wi th  t h e  flume p rope r ly  l e v e l e d .  I n c o r r e c t  i n s t a l l a t i o n  of gauges o r  

t h e  flume w i l l  r e s u l t  i n  wrong measurements. 

3 .  While reading t h e  gauge, t h e r e  should be no d i s tu rbance  i n  t h e  water  

s u r f a c e  near  t h e  gauge. 

4 .  I f  t h e r e  i s  d i s tu rbance ,  t h a t  should be removed by p l ac ing  t h e  hand 

p a r a l l e l  t o  t h e  v e r t i c a l  s i d e  of t h e  flume. 

5 .  I f  a  d i s tu rbance  i n  t h e  s u r f a c e  i s  no t  e a s i l y  removed, then  t h e  average 

of minimum and maximum readings should be taken .  

6 .  P u l l  ou t  a l l  t h e  mud and d i r t  from t h e  s t i l l i n g  wells.+: I t  can a f f e c t  

your read ing  by b locking  t h e  i n l e t  p o r t s .  

*To avoid e r r o r  due t o  d i s tu rbance  i n  t he  water  s u r f a c e  l e v e l  nea r  t h e  
gauges, flumes a r e  u s u a l l y  provided wi th  s t i l l i n g  w e l l s  i n  which gauges a r e  
i n s t a l l e d  and readings of h  and hb i n  t h e  s t i l l i n g  we l l  gauges a r e  
used f o r  d i scharge  calculationas.  



Table 1 .  Free flow ca l ibra t ions  f o r  s e l ec t ed  cutthroat  flumes 
(values  l i s t e d  are discharge i n  c f s ) .  

Table 2 .  Submerged flow ca l ibra t ions  f o r  8" x 3 '  cutthroat  flume 
(values  l i s t e d  are discharge i n  c f s ) .  
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How to do it 

Field Procedure 
COLLECTING S O I L  SAMPLES FOR 

SO[[, E'RRTlLITY AND SALINITY ANALYSES 
-I- 

by B i l l  ~ t e w a r t "  

The ana ly se s  of  t h e  s o i l  sample p rov ide s  a  qu i ck ,  p r a c t i c a l  way f o r  t h e  

farmer  and t h e  f i e l d  s u p e r v i s o r  t o  o b t a i n  advanced i n fo rma t ion  about  t h e  

f i e l d s  w i th  which t h e y  w i l l  be working du r ing  tlhe fo l lowing  p roduc t i on  

season .  C u l t u r a l  d e c i s i o n s  can be made i n  advance,. t h u s  a l l owing  f o r  more 

e f f i c i e n t  p lann ing  f o r  t ime  and s u p p l i e s  when th.e s o i l  i s  p repared  f o r  

p l a n t i n g .  

I f  t h e  t e s t s  a r e  t o  be of va lue  t o  t h e  fa rmer ,  he  must be a b l e  t o  

a s s o c i a t e  each of  them wi th  a  p a r t i c u l a r  s e t  of  f i e l d  c o n d i t i o n s .  F a m i l i a r i t y  

w i th  t h e  f i e l d s  and w i th  t h e  s i t u a t i o n s  which t h e  t e s t s  r e p r e s e n t  w i l l  

e nab l e  him t o  fo rmula te  h i s  p roduc t i on  p l a n  ahead of  t ime .  The purpose of  

t h e  sample manner i n  which t h e  s o i l  sample i s  c o l l e c t e d  and p r epa red ,  

t h e r e f o r e ,  becomes ve ry  impor tan t .  Ra ther  p r e c i s e  t e chn iques  have been 

developed which, when fo l lowed ,  w i l l  p rov ide  accura . te  i n fo rma t ion  about  t h e  

f i e l d s  under  t h e  c o n d i t i o n s  which t h e  s o i l  sample r e p r e s e n t s - - i t  must be 

emphasized t h a t  samples which a r e  no t  r e p r e s e n t a t i v e ,  o r  which a r e  improper ly  

handled a r e  w o r t h l e s s .  

Tools  

The sample can be c o l l e c t e d  w i th  t h e  shove l  o r  spade ,  normal ly  used on 

t h e  farm f o r  o t h e r  work. S o i l  sampling augers  and t u b e s ,  however, s i m p l i f y  

t h e  c o l l e c t i o n .  I n  P a k i s t a n ,  t h e  King Tube Sampler i s  widely  used.  Sampling 

equipment must be c l e a n  and f r e e  from r u s t  t o  e l i m i n a t e  p o l l u t i o n - - c l e a n ,  

we l l -kep t  equipment i s  a l s o  e a s i e r  t o  u se .  I f  m i c r o n u t r i e n t  a n a l y s e s  a r e  t o  

be performed,  s t a i n l e s s  s t e e l  and p l a s t i c  t ubes  and bucke ts  a r e  recommended 

t o  e l i m i n a t e  any p o s s i b i l i t y  of  i n t roduc ing  i r o n  .3nd z i n c  i n t o  t h e  sample 

from t h e  equipment.  

* 
Thi s  How-To-Do-It was t aken  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1 ,  1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Con t r ac t  No. 
AIDITAC-1100. 
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1 .  USE ANY 6~ 1HF TOOLS SHOWN BELOW TO TAUE SAhlPLtS. TAUE SAMPLE TO, THEP\OW,z;: . DEPIH,'UrC)r::' :' '.' I .  , . . . * .  ., : f ,', :! '..;! 

SOIL TUBE . SOIL AUGER SPADE . . . . 

The f i e l d  s u p e r v i s o r  who i s  r e s p o n s i b l e  f o r  sannpling procedures  w i l l  

g r a d u a l l y  develop a  " rou t i ne"  which s i m p l i f i e s  t h e  sampling procedure  and 

reduces  t h e  t ime invo lved .  A r a t h e r  d e f i n i t e  procedure  is  fol lowed:  

F i r s t :  The person who is sampling t h e  f i e l d  must become f a m i l i a r  w i th  

t h e  v a r i o u s  s i t u a t i o n s  w i t h i n  t h e  f i e l d  and sample acco rd ing ly .  Each sample 

must r e p r e s e n t  a  s p e c i f i c  f i e l d  s i t u a t i o n  and c o n d i t i o n ,  and be l a b e l e d ,  

bagged, and packaged acco rd ing l y .  

thf. H Shhll'lt \LtO~lll) P~PPESEIJT A uI.~lrOFth APEA SIZE 11; 1HE AREA AND OBSERVE 
IHCSE LAFlhll:\l IS 

Irl1.Tf.r l 1 I,.[> '11 l[:OllFE ISAl.ll! SILT f.1 A Y l  CC\lO?. S! Off. GEGQtE Of' EkOSION. 
DPAlrJAC.1 FAST A\AI~JAG[h\LNI ~FtQ11112AIION. ROTATI~N, El(:)  . . "LL 

Second: Using clear1 equipment,  col l tbct  10 to 20 co re s  from each 

s e l e c t e d  a r e a .  ( I f  t h e  spade i s  used ,  t h e  "core1' is  a sample of t h e  furrow 

s l i c e ,  1 inch  wide,  from t h e  c e n t e r  of t h e  b l a d e . )  Most of  t h e  f e r t i l i t y  

e lements  a r e  normal ly  con ta ined  i n  t h e  upper s i x  i nches  of  t h e  s o i l ,  s o  

sample t o  t h e  dep th  of  t h e  "plow s l i ce1! - -usua l ly  6 t o  8 i n c h e s .  Add i t i ona l  
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samples may be  t a k e n  a t  i n t e r v a l s  from t h e  e n t i r e  r o o t  zone f o r  s a l i n i t y  
-9, 

a n a l y s e s ,  when n e c e s s a r y .  I f  s u b s o i l  samples a r e  t o  be t a k e n ,  e i t h e r  f o r  

f e r t i l i t y  o r  s a l i n i t y  a n a l y s e s ,  c o l l e c t  a  second sample from t h e  same b o r e  

from t h e  6" t o  t h e  12" l e v e l ,  e t c . ,  u n t i l  t h e  d e s i r e d  dep th  i s  reached.  

Label and submit  t h e s e  samples s e p a r a t e l y .  

Th i rd :  Thoroughly mix t h e  sample,  b r e a k i n g  up any c l o d s  which might be 

p r e s e n t .  Dry t h e  sample ( a i r  d r y ,  do n o t  h e a t ) .  Spread t h e  sample upon a  

f l a t ,  c l e a n  s u r f a c e  and " q u a r t e r "  t h e  sample u n t i l  abou t  a  q u a r t  ( a b o u t  

1 l i t e r  volume) of s o i l  remains f o r  f e r t i l i t y  a n a l y s e s .  Samples abou t  t w i c e  

t h i s  s i z e  shou ld  be  c o l l e c t e d  f o r  complete s a l i n i t y  a n a l y s i s .  

Four th :  Package t h e  sample i n  a  s t r o n g ,  c l e a n  c o n t a i n e r .  

F i f t h :  Be s u r e  t o  f u l l y  i d e n t i f y  each sample and r e c o r d  t h e  

i n f o r m a t i o n  needed t o  i d e n t i f y  it w i t h  t h e  f i e l d  s i t u a t i o n  from which it was 

c o l l e c t e d .  

S i x t h :  Submit complete i n f o r m a t i o n  t o  Ithe l a b o r a t o r y .  ( T h e i r  

i n f o r m a t i o n  can o n l y  r e p r e s e n t  t h a t  which t h e y  a r e  g i v e n . )  Package t h e  

samples and d e l i v e r  them t o  t h e  l a b o r a t o r y  w i t h  t h a t  i n f o r m a t i o n .  

T h i s  completes t h e  sampling p r o c e s s  f o r  1 f i e l d  c o n d i t i o n .  Repeat  f o r  

each segment of t h e  f i e l d  which i s  sampled. 

Be s u r e  t h a t  samples a r e  p r o t e c t e d  a g a i n s t  breakage and mixing on t h e i r  

way t o  t h e  l a b o r a t o r y .  

2. 

For  s a l i n i t y  a n a l y s e s ,  s u b s o i l  samples a r e  always r e q u i r e d .  



EWUP 

How t o  do i t  

Field Procedure 
INSTALLATION AND USE CUTTHROAT 

FLUMES FOR WA'I'EH MEASUHEMEN'C 

by W .  A .  Moskin, W. Clyma, and A .  Early;: 

A cons iderab le  amount of work has been done on t h e  development of water  

measuring equipment i nc lud ing  f lumes,  wei rs  and flow meters .  The c u t t h r o a t  

flume i s  t h e  l a t e s t  development i n  t h i s  s e r i e s .  I t  has  s p e c i f i c  advantages: 

1. S a t i s f a c t o r y  water  measurements can be made under bo th  f r e e  and 

submerged flow cond i t i ons .  

2 .  Head l o s s  through t h i s  flume i s  low, even lower t han  t h e  P a r s h a l l  

flume which has been used f o r  many y e a r s .  

I n  summary, t h i s  flume provides  a c c u r a t e  water  flow r a t e  measurement i n  

t h e  f l a t  g r a d i e n t  channels  commonly encountered i n  i r r i g a t i o n  systems. The 

c u t t h r o a t  flume i s  e a s i l y  cons t ruc t ed  due t o  i t s  f l a t  bottom and c o n s i s t e n t  

wa l l  geometry. I t s  advantages have r e s u l t e d  i n  wide acceptance by many 

involved i n  water  management work i n  f l a t  g r a d i e n t  channels ,  such a s  

i r r i g a t i o n  and dra inage  channels .  

THEORETICAL CONSIDERATIONS 

A .  Flume S e l e c t i o n  

A flume wi th  t h e  proper  t h r o a t  s i z e  must be s e l e c t e d .  Flow measurement 

i s  n o t  a s  a c c u r a t e  a t  low heads o r  a t  very  h igh  heads.  Tables  1 and 2 may 

be u t i l i z e d  a s  a guide t o  s e l e c t i o n  of flume t h r o a t  width f o r  t h e  flume 

l eng ths  of 3 f e e t  o r  1 meter ,  which a r e  commonly used i n  on-farm water  

management r e sea rch  ( s ee  Tables  1 and 2 ) .  

B .  Flume Dimensions Checkup 

A l l  flume dimensions must be measured t o  be s u r e  t h a t  t h e  flume has  

been cons t ruc t ed  p rope r ly .  I f  dimensions of t h e  tlhroat vary  more than  1/16 

i n . ,  r e j e c t  t h e  flume. Check a l s o  f o r  genera l  appe,arance of t h e  flume. The 

*This How-To-Do-It was taken  from The Problem I d e n t i f i c a t i o n  Handbook 
(Apr i l  1, 1980).  Developed by t h e  CSU-Pakistan Water Management P ro j ec t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Cont rac t  No. 
AID/TAC-1100. 



Table 1 .  Free f low c a l i b r a t i o n s  for  s e l e c t e d  c u t t h r o a t s  f lumes 
( v a l u e s  l i s t e d  a r e  d i scharge  i n  c f s ) .  



Table 2. Free flow calibrations for selected cutthroat flumes, metric units (Q*, cms). 

- --- - -. . - 

h* meters 10X90CM 20XgOCM 30X90CM 20X180CM 40X180CM 60X180CM 30X270CM 60X270CM 100X27CCM 
a 



w a l l s  should be  v e r t i c a l  and pe rpend i cu l a r  t o  t h e  f l a t  bottom. The 

converging and d i v e r g i n g  s e c t i o n s  should be f a b r i c a t e d  accord ing  t o  s p e c i f i -  

c a t i o n s .  Check a l l  welded j o i n t s .  I f  welds a r e  found improper,  t h e  flume 

should  be r e j e c t e d .  

C .  Gauge I n s t a l l a t i o n  

Check t h e  gauges.  Gauges and i n l e t s  t o  t h e  s t i l - l i n g  w e l l s  r e ad ing  t h e  

upstream head (ha)  a s  w e l l  a s  t h e  downstream head (hb) should  be check 

a g a i n s t  t h e  s p e c i f i c a t i o n s .  I f  t h e  flume i s  equipped w i th  s t i l l i n g  w e l l s ,  

check t h e  wate r  l e v e l  nex t  t o  t h e  s t a f f  gauges a s  con~pared t o  t h e  l e v e l  i n  

t h e  s t i l l i n g  w e l l s  i n  s t a n d i n g  wate r  wi th  t h e  fl.ume p r o p e r l y  l e v e l e d .  

I n c o r r e c t  i n s t a l l a t i o n  w i l l  cause  e r roneous  d i s c h a r g e  r ead ings .  

D .  O r i e n t a t i o n  f o r  Leve l ing  

I f  t h e  flume must be  i n s t a l l e d  i n  a  channel  w i t h  water  f lowing  i n  i t ,  

make s u r e  t h a t  two l o n g i t u d i n a l  and t r a n s v e r s e  l o c a t i o n s  on t h e  flume t o p  

a r e  p a r a l l e l  w i th  two s i m i l a r  l o c a t i o n s  on t h e  flume bottom. A s  c l o s e  t o  

t h e  flume t h r o a t  a s  p o s s i b l e ,  p r e f e r a b l y  on t h e  converging s e c t i o n  of t h e  

f lume,  p l a c e  a  s h o r t  (about  6 i n .  long)  c a r p e n t e r ' s  l e v e l  i n  t h e  t r a n s v e r s e  

d i r e c t i o n  of t h e  f l o o r  of t h e  flume and b r i n g  t h e  bubble  t o  t h e  l e v e l  

p o s i t i o n .  L ikewise ,  b r i n g  t h e  flume t o  a  l e v e l  p o s i t i o n  i n  t h e  l o n g i t u d i n a l  

d i r e c t i o n .  F ind  t h e  same t r a n s v e r s e  l e v e l  p o s i t i o n  somewhere on t h e  t o p  of  

t h e  flume, e i t h e r  i n  t h e  t h r o a t  r e g i o n ,  on t h e  c r o s s p i e c e  a t  t h e  s t a r t  o f  

t h e  converging s e c t i o n ,  o r  on t h e  c r o s s p i e c e  a t  t h e  s t a r t  o f  t h e  converging 

s e c t i o n .  Mark t h i s  p o s i t i o n  f o r  l a t e r  l e v e l i n g  t h e  flume i n  f lowing  wa t e r .  

Likewise f o r  l o n g i t u d i n a l l y  l e v e l i n g ,  p l a c e  t h e  l e v e l  on t o p  of  t h e  w a l l s  of 

t h e  converging o r  d i v e r g i n g  s e c t i o n  of t h e  flume. Wherever t h e  bubble  comes 

t o  t h e  c e n t e r ,  mark t h a t  p o s i t i o n  on t h e  t o p  of t h e  w a l l s .  Always use  t h e s e  

two marked p o s i t i o n s  t o  l e v e l  t h e  flume i f  i t  must be  i n s t a l l e d  i n  f lowing  

wa t e r ,  o the rw i se  always u se  t h e  f l o o r  of t h e  flume t o  i n s u r e  t h a t  t h e  flume 

is  i n s t a l l e d  i n  a  l e v e l  p o s i t i o n .  

Check t h e s e  predetermined p o s i t i o n s  occasional1.y w i t h  r e f e r e n c e  t o  t h e  

flume bot tom,  a s  t h e  flume may become deformed w i t h  long con t inued  use .  

INSTALLATION AND OPERATIONAL CONSIDERATIONS 

Exper ience  r e v e a l s  t h a t  i n s t a l l a t i o n  of a  flume i n  t h e  channel  f o r  f low 

measurement does n o t  always make a  farmer  happy. H i s  complaint  is  t h a t  t h e  

flume ha s  "eaten"  much of h i s  wa t e r .  I f  t h e  channel  ha s  a  f l a t  g r a d i e n t  

w i th  v e r y  l i t t l e  f r e eboa rd ,  and t h e  flume has  been i n s t a l l e d  f o r  f r e e  flow 



c o n d i t i o n s ,  c o n s i d e r a b l e  wate r  w i l l  be  s t o r e d  I-n t h e  i r r i g a t i o n  ( o r  

d r a i n a g e )  channel  above t h e  flume. This  c r e a t e s  an  u n c o n t r o l l a b l e  s i t u a t i o n  

f o r  t h e  farmer  a s  w e l l  a s  t h e  pe r son  making d i s c h a r g e  measurements. The 

upstream s e c t i o n  of  t h e  channel  may ove r top ,  c aus ing  s p i l l a g e ,  and g r e a t  

concern on t h e  p a r t  of  t h e  fa rmer .  U n t i l  s t e ady  s t a t e  c o n d i t i o n s  a r e  

a ch i eved ,  t h e  measured d i s c h a r g e  i s  much l e s s  t han  t h a t  pa s s ing  through 

t h a t  p o i n t  p r i o r  t o  flume i n s t a l l a t i o n .  These d i f f i c u l t i e s ,  and o t h e r s ,  

f o r c e  t h e  development of p rope r  i n s t a l l a t i o n  t e chn iques ,  which i n  t u r n  

f a c i l i t a t e  measurements and minimize t h e  farn~txrs complaints  about  ou r  

f r i e n d ,  Mr. C .  T .  Flume f o r  "ea t ing"  h i s  wa t e r .  

Helpful  sugges t i ons :  

1. E s t a b l i s h  an amiable  acqua in tence  w i th  t h e  farmer .  Exp l a in  your  

miss ion  t o  him, comple te ly .  

2 .  Never approach t h e  farmer  b u r e a u c r a t i c a l l y .  T r e a t  him a s  t h e  

impor t an t  pe rson  he i s .  

3. Develop f r i e n d l y  r e l a t i o n s h i p s  w i t h  a l l  f a rmers  concerned. 

4. Remember, t h e  fa rmer  i n  whose channel  t h e  flume i s  i n s t a l l e d  i s  

ve ry  impor tan t  t o  u s ,  w i thou t  h i s  coope ra t i on  our  work i s  

meaningless .  

5 .  Attempt t o  convince t h e  concerned farmer  t h a t  ou r  miss ion  i s  t o  

h e l p  - him ach ieve  b e t t e r  wa te r  management. 

6 .  Never make f a l s e  promises  t o  win f a v o r s  ( g e t t i n g  h i s  wate r  supply  

i n c r e a s e d ,  e t c . ) .  Adverse r e l a t i o n s h i p s  i n  t h e  f u t u r e  w i l l  

r e s u l t .  

7 .  I f  we f a i l  t o  make a  farmer  unders tand  t h e  program, it i s  b e t t e r  

n o t  t o  a rgue .  Wait f o r  ano the r  cooperat-ive farmer  t o  i r r i g a t e .  

Make measurements t h e r e .  

8.  Always remember t h a t  most i r r i g a t i o n  channe ls  have f l a t  g r a d i e n t  

beds  w i th  ve ry  l i t t l e  f r e eboa rd .  Take some t ime  t o  dec ide  about  

t h e  s i t e  f o r  f lume i n s t a l l a t i o n .  With t h e  c u t t h r o a t  f lume,  good 

d i s c h a r g e  measurements can be  made, even under  submerged flow 

c o n d i t i o n s .  However, submergence should  n o t  exceed 90% i f  

p o s s i b l e .  Higher submergence w i l l  reduce energy  l o s s ,  b u t  t h e  

problem of  t h e  upstream s e c t i o n  b e i n g  over topped could be  

minimized a l t e r n a t i v e l y  th rough  c a r e f u l  i n s t a l l a t i o n  and /o r  by 

b u i l d i n g  up t h e  banks of  t h e  upstream channe l .  However, where 

c o n d i t i o n s  pe rmi t  ( s t e e p - g r a d i e n t  c o n d i t i o n s  w i th  more f r eeboa rd )  

i n s t a l l a t i o n  should  be f o r  f r e e  flow c o n d i t i o n s .  



9 .  The flume should be placed i n  t h e  c e n t e r  of t h e  channel .  I t  

should be p a r a l l e l  t o  t h e  d i r e c t i o n  of water  flow i n  t h e  channel .  

10. The s i d e s  and bottom and around t h e  flume w a l l s  should be p rope r ly  

s ea l ed  s o  t h a t  t h e r e  a r e  no l eaks  bes ide  nor under t h e  flume. 

Sandy s o i l  cond i t i ons  impose s e r i o u s  leak  problems. P l a s t i c  

s h e e t s  o r  c l o t h  used a s  a  cu to f f  wal l  i n  t h e  surrounding s o i l  can 

be used t o  overcome t h i s  problem. 

11. The flume should be p rope r ly  l eve l ed  bo th  i n  t he  l o n g i t u d i n a l  and 

i n  t h e  t r ansve r se  d i r e c t i o n .  For t h i s  purpose,  t h e  flume bottom 

can be used while  i n s t a l l i n g  i t  i n  a  dry  channel .  For i n s t a l l a -  

t i o n  i n  flowing water ,  t h e  two r e f e r ence  p o i n t s  a l r eady  marked on 

t h e  t ops ide  of t h e  flume wa l l s  can be usedl. 

12. Before record ing  read ings  of t h e  upstream and downstream gauges,  

always check f o r  l e aks  along t h e  s i d e s  and underneath t h e  flume. 

The i n s i d e  bottom of t h e  flume should be checked and cleaned of 

any sediment o r  t r a s h  a s  t h i s  w i l l  cause ha t o  i n c r e a s e  and 

r e s u l t  i n  an erroneous read ing .  Also,  make s u r e  t h a t  t h e  flume 

i s  s t i l l  i n  a  l e v e l  p o s i t i o n  bo th  longi t iud ina l ly  and t r a v e r s e l y .  

I f  l e a k s  a r e  observed,  s t o p  them, and i f  t h e  l e v e l  i s  d i s t u r b e d ,  

r e l e v e l  t h e  flume. Repeat t h i s  p rocess  be fo re  record ing  each 

read ing  of t h e  gauges. 

INTERPRETATIONAL CONSIDERATIONS 

Recording t h e  gauge read ings  and determining t h e  d i s cha rge  from t h e  

r a t i n g  t a b l e s  i s  t h e  e a s i e s t  s t e p  i n  t h e  flow measurement p roces s .  Who can 

answer wi th  f u l l  confidence t h a t  flow measured wiLth t h i s  flume i s  q u i t e  

c o r r e c t ?  To answer t h i s  ques t i on  con f iden t ly  r e q u i r e s  more than  simply 

record ing  gauge read ings .  

Experience has shown t h a t  on f l a t - g r a d i e n t  channels  t h e  flume has  t o  be 

i n s t a l l e d  much longer  be fo re  i t  reaches a  s teady-st-ate  flow cond i t i on  than  

i s  necessary  f o r  s t eep -g rad i en t  channels .  Shor t  per iod  i n s t a l l a t i o n s  may 

o f t e n  lead  t o  wrong conc lus ions .  The s e c t i o n  through which t h e  water  flows 

i s  r e s t r i c t e d  t o  a  much sma l l e r  width through t h e  flume a s  compared t o  t h a t  

upstream from t h e  flume. This  imposes a  problem of water  s t o r a g e  i n  t h e  

upstream s e c t i o n  of t h e  channel and a  sma l l e r  volume of flow through t h e  

flume dur ing  t h e  i n i t i a l  per iod  of flume i n s t a l l a t i o n .  S u f f i c i e n t  time 

should be given t o  a l low t h e  channel s t o r a g e  t o  s t o p  inc reas ing ,  and t h e  



flow through t h e  flume t o  equa l  t h e  s t eady  s t a t e  flow i n  t h e  channel .  I n  

s h o r t ,  one must wa i t  long enough a f t e r  t h e  flume i s  i n s t a l l e d  s o  t h a t  

equ i l i b r ium cond i t i ons  between inf low above t h e  flume and outf low through 

t h e  flume a r e  e s t a b l i s h e d .  This  can be noted e a s i l y  w i th  t h e  volume of flow 

becoming cons t an t  ( t h e  h  gauge read ing  d o e s n ' t  change wi th  t ime)  a s  t h e  a  
water  l e v e l  i n  t h e  upstream s e c t i o n  of t h e  ch;rnnel ceases  t o  i n c r e a s e .  

A .  Water Measurement Apf)lications 

The c u t t h r o a t  flume i s  a  flow measuring dev ice .  I t  i s  s imple i n  

c o n s t r u c t i o n ,  easy t o  i n s t a l l  and g ives  reasonable  accuracy i n  flow measure- 

ment, both under f r e e  flow and submerged flow cond i t i ons .  Proper  water  

management p l a n s  a  v i t a l  r o l e  i n  t h e  economi-c u t i l i z a t i o n  of water  

resources .  For b e t t e r  water  management, it i s  e s s e n t i a l  t o  know t h e  r a t e  

of flow through any water  flow system and t o  know how much water  a c t u a l l y  

e n t e r s  a  s p e c i f i c  f i e l d .  These ques t i ons  a r e  b e s t  answered by us ing  a  

c u t t h r o a t  flume a t  va r ious  l o c a t i o n s  i n  a  water  conveyance channel .  S e l e c t  

any convenient  l e n g t h  of t h e  conveyance system. I n s t a l l  t h e  flume a t  t h e  

s t a r t i n g  p o i n t  and another  flume a t  t h e  end of tlnat s e l e c t e d  l eng th .  The 

r a t i o  of t h e  second flow volume t o  t h e  f i r s t  flow w i l l  p rov ide  us w i th  t h e  

conveyance e f f i c i e n c y  of t h a t  p o r t i o n  of t h e  water  d e l i v e r y  subsystem. Use 

t h e  second flow volume t o  determine t h e  depth  of water  app l i ed  t o  a  s p e c i f i c  

f i e l d .  I n  t h e  above example, t h e  f i r s t  flume i s  i n s t a l l e d  a s  c l o s e  t o  t h e  

channel i n l e t  a s  p o s s i b l e  and t h e  second a s  c l o s e  t o  t h e  f i e l d  a s  p o s s i b l e .  

From t h e  depth  of water  a p p l i e d ,  c a l c u l a t i o n s  of t h e  water  a p p l i c a t i o n  

e f f i c i e n c y  can be made. Suggest ions a r e  given below on e v a l u a t i o n  of 

d e l i v e r y  and a p p l i c a t i o n  e f f i c i e n c i e s . '  

B .  Measurement I n s t a l l a t i o n  

The f i r s t  flume should be i n s t a l l e d  c l o s e  t o  t h e  i r r i g a t i o n  channel 

i n l e t .  The most important  p o i n t  abou t h e  f i r s t  flume i n s t a l l a t i o n  i s  

whether o r  no t  submergence of t h e  i n l e t  occurs .  By i n l e t  submergence i s  

meant t h e  reduc t ion  i n  i n l e t  d i scharge  due t o  water  backup i n  t h e  channel 

because of flume i n s t a l l a t i o n .  The e f f e c t  can be noted by i n s t a l l i n g  

another  flume about  1 ,000 f e e t  below t h e  f i r s t  one. I f ,  a f t e r  p u l l i n g  ou t  

t h e  f i r s t  f lume, no change i n  flow i s  observed a t  t h e  second, t hen  one can 

be con f iden t  t h a t  t h e  f i r s t  flume i s  not  submerging t h e  i n l e t .  I f  some 

inc rease  i n  flow occurs  a t  t h e  second flume, t hen  a  l o c a t i o n  a t  a  s l i g h t l y  

g r e a t e r  d i s t a n c e  from t h e  i n l e t  must be used f o r  t h e  f i r s t  f lume. 

Continuous adjustment  i n  t h e  p o s i t i o n  of t h e  f i r s t  flume i s  necessary  u n t i l  



no change o c c u r s  i n  t h e  f low th rough  t h e  second Plume a f t e r  removing t h e  

f i r s t  one.  Before  i n s t a l l i n g  t h e  flume n e a r  t h e  i n l e t ,  r ecord  t h e  wa te r  

s u r f a c e  e l e v a t i o n s  i n  t h e  i r r i g a t i o n  cana l  upst ream from t h e  i n l e t  and i n  

t h e  channel  j u s t  below (downstream from) t h e  i n l e t .  I f  t h e s e  two e l e v a t i o n s  

d i f f e r  by l e s s  t h a n  h a l f  a f o o t  (15 crn), one shou ld  check a s  d e s c r i b e d  above 

t o  s e e  i f  flume i n s t a l l a t i o n  has  submerged t h e  i n l e t .  A f t e  t h e  f lume 

i n s t a l l a t i o n ,  t h e r e  shou ld  be no change i n  t h e  w a t e r  s u r f a c e  e l e v a t i o n s  o f  

t h e  upst ream c a n a l .  The upst ream s e c t i o n  of t h e  flume shou ld  show some 

i n c r e a s e  i n  e l e v a t i o n .  The flume shou ld  b e  i n s t a . l l e d  i n  such a  p o s i t i o n  

t h a t  t h e  i n c r e a s e  i n  w a t e r  l e v e l  i n  t h e  i r r i g a t i o n  channe l  i s  a s  s m a l l  a s  

p o s s i b l e  when t h e r e  i s  a  danger  of submerging t h e  i n l e t .  I n  do ing  a l l  t h i s ,  

h i g h l y  submerged f low c o n d i t i o n s  which would eindanger o u r  measurement 

accuracy  shou ld  n o t  r e s u l t .  The flume shou ld  n o t  b e  i n s t a l l e d  a t  more t h a n  

90 p e r c e n t  submergence. I f  t h e  channel  downstream from t h e  i n l e t  has  a  

s t e e p  g r a d i e n t ,  t h e n  t h e  chances  of t h e  i n l e t  b e i n g  submerged w i t h  f lume 

i n s t a l l a t i o n  a r e  s m a l l ,  b u t  i f  t h e  channel  has  a  f l a t  g r a d i e n t ,  t h e n  i n l e t  

submergence must b e  g i v e n  s e r i o u s  c o n s i d e r a t i o n .  

The volume of f low which p a s s e s  th rough  t h e  i n l e t  o r  th rough  t h e  flume 

i n s t a l l e d  c l o s e  t o  t h e  i n l e t  has  t o  go somewhere th rough  t h e  conveyance 

system t o  b e  u t i l i z e d  f o r  i r r i g a t i o n  purposes .  How much of  t h i s  d i s c h a r g e  

i s  b e i n g  e f f e c t i v e l y  used f o r  i r r i g a t i o n  purposes  i s  a n o t h e r  a r e a  o f  

i n t e r e s t  f o r  t h e  w a t e r  management s p e c i a l i s t .  I f  some of t h i s  i n l e t  d i s -  

charge  does  n o t  r each  t h e  f i e l d s ,  t h e n  we must a s k  "Where does  it go?" 

These and many o t h e r  q u e s t i o n s  f o r c e  a  p e r s o n  who i s  i n t e r e s t e d  i n  b e t t e r  

w a t e r  management t o  f u r t h e r  i n v e s t i g a t e  t h e  s i t u a t i a ~ n .  

De te rmina t ion  o f  volume of f low th rough  a  c e r t a i n  l e n g t h  o f  conveyance 

system r e q u i r e s  i n s t a l l a t i o n  of a n o t h e r  f lume.  T h i s  flume must b e  i n s t a l l e d  

a s  c l o s e  t o  t h e  f i e l d s  b e i n g  i r r i g a t e d  a s  p o s s i b l e ,  making c e r t a i n  t h a t  no 

s p i l l a g e  l o s s e s  a r e  caused i n  t h e  upst ream s e c t i o n  of t h e  channe l .  The 

d i s c h a r g e  measurement made by t h i s  second flume w i l l  s e r v e  f i v e  purposes :  

1. Determine t h e  conveyance e f f i c i e n c y  of t h e  wa te r  d e l i v e r y  

subsystem. 

2 .  Determine t h e  o v e r a l l  wa te r  l o s s e s  o f  t h e  sys tem.  

3 .  E v a l u a t e  t h e  d e p t h  o f  a p p l i c a t i o n  of i r r i g a t i o n  t o  a  s p e c i f i c  

f i e l d .  

4.  E v a l u a t e  t h e  a p p l i c a t i o n  e f f i c i e n c y  t o  s p e c i f i c  f i e l d s  ( w i t h  

a d d i t i o n a l  measurements) .  



5 .  E v a l u a t e  t h e  o v e r a l l  i r r i g a t i o n  e f f i c i e n c y  o f  a  p a r t i c u l a r  

i r r i g a t i o n  sys tem.  

A l l  o f  t h e  above l i s t e d  e v a l u a t i o n s  make t h i s  w a t e r  measurement t h e  

most impor tan t  e l ement  of  t h e  e n t i r e  s t u d y .  El-roneous measurement w i l l  

j e o p a r d i z e  t h e  whole w a t e r  management i n v e s t i g a t i o ~ ~ .  

The fol lowir lg  s t e p s  w i l l  h e l p  t o  a  g r e a t  e x t e n t  t o  g e t  t h i s  measurement 

w i t h  r e a s o n a b l y  a c c u r a c y .  

1. A f t e r  t h e  second flume i s  i n s t a l l e d ,  make s u r e  t h a t  one p e r s o n  is  

d e s i g n a t e d  t o  walk a l o n g  t h e  channe l  back t o  t h e  f i r s t  f lume which 

h a s  been i n s t a l l e d  n e a r  t h e  i n l e t .  T h i s  p e r s o n  shou ld  make n o t e  

of  s p i l l s ,  s t e a l i n g  bank l e a k s ,  t r a d i n g  between t h e  f a r m e r s ,  bank 

f a i l u r e s ,  w a t e r  d i v e r s i o n s  i n t o  o t h e r  b r a n c h e s ,  and a n y t h i n g  

s p e c i a l  which might a f f e c t  t h e  d i s c h a r g e  measurement a t  t h e  second 

f lume.  He s h o u l d  be  i n t r u c t e d  t o  keep a  r e c o r d  o f  a l l  t h e s e  

happenings  w i t h  t i m e .  

2 .  When t h e  second flume i s  i n s t a l l e d ,  t h e  f low i s  reduced f o r  t h e  

i n i t i a l  p e r i o d s  f o l l o w i n g  i n s t a l l a t i o n .  I n  f l a t  g r a d i e n t  

c h a n n e l s ,  a  l o t  o f  w a t e r  i s  s t o r e d  i n  t h e  upst ream s e c t i o n  o f  t h e  

channe l .  S u f f i c i e n t  t i m e  shou ld  b e  a l lowed  t o  d i s s i p a t e  t h i s  

s t o r a g e ,  o t h e r w i s e  f a l s e  c o n c l u s i o n s  a r e  l i k e l y .  Wait l o n g  enough 

a f t e r  flume i n s t a l l a t i o n  t o  a c h i e v e  s t e a d y  f low c o n d i t i o n s .  T h i s  

can b e  n o t e d  when t h e  f low r a t e  becomes c o n s t a n t  ( t h e  ha gauge 

r e a d i n g  does  n o t  change w i t h  t i m e )  i f  t h e r e  a r e  no changes  i n  t h e  

upst ream s e c t i o n  o f  t h e  channe l .  

C .  Water D e l i v e r y  E f f i c i e n c y  

Water d e l i v e r y  e f f i c i e n c y  i s  t h e  r a t i o  o f  f low a t  t h e  second flume t o  

t h e  f low a t  t h e  f i r s t .  F o r  example,  i f  t h e  d i s c h a r g e  a t  t h e  second flume i s  

1 . 2  c u b i c  f e e t  p e r  second ( c u s e c )  and t h a t  f o r  t h e  f i r s t  f lume i s  1 . 8  

c u s e c s .  t h e  d e l i v e r  e f f i c i e n c y  i s :  

D.  I r r i g a t i o n  Channel Losses  

I r r i g a t i o n  channe l  l o s s e s  c o n s i s t  of  seepage  from t h e  channe l  i n t o  t h e  

u n d e r l y i n g  groundwater  and of  s p i l l s  which o c c u r  from l e a k y  b a n k s ,  over -  

t o p p i n g  t h e  banks of  t h e  c h a n n e l ,  e t c .  Losses  may be measured o r  r e p o r t e d  

i n  s e v e r a l  ways. One method o f  r e p o r t i n g  t h e  l o s s  i s  t h e  p e r c e n t  l o s s  which 

i s  : 



Loss (%) = 100-Ed(%) = flume 1-flume 2  
flume 1 - x 100 = - 0 a 6  x 100 = 33% 0 . 8  

Another method i s  a  d ischarge  r a t e  pe r  u n i t  length of channel.  Assume 

the  d i s t ance  between the  above flumes i s  2400 f t :  

Loss = flume 1-flume 2  - - - 0 e 6  = 0.25 cubic f e e t  p e r  second 
length  of channel 2.4 per 10oO feet 

100 f e e t  

Using cusecs/1000 f e e t  a s  a  measure of l o s s  permits  t he  d i r e c t  comparison of 

t he  l o s s  r a t e  f o r  d i f f e r e n t  channels and lengths  of channel.  The channel 

l o s s  r a t e  does appear t o  increase  with inc reas ing  d ischarge  and decrease 

wi th  inc reas ing  l eng th  of watercourse,  so  t h i s  method of r epor t ing  l o s s  may 

a l s o  be considered.  

Probably t h e  most c o r r e c t  method f o r  r epor t ing  l o s s  i s  i n  terms of a  

seepage r a t e .  The l o s s  between two loca t ions  a1on.g t h e  i r r i g a t i o n  channel 

i s  measured. The length  of t h e  s e c t i o n  and t h e  wetted per imeter  a t  s e v e r a l  

l oca t ions  i n  t h e  channel i s  measured. The average wetted per imeter  i s  

c a l c u l a t e d  and the  l o s s  may be repor ted  a s :  (us ing  5 f e e t  a s  an assumed 

average wetted per imeter )  

LOSS = flume 1-flume 2 - 0 '6  = 5 1 . 8 4 i n . / d a y = 2 . 1 6 i n . / h r  ( l eng th )  (wetted per imeter )  - o(5) 

E .  Water Applicat ion 

The water a p p l i c a t i o n  t o  a  f i e l d  i s  determined by t h e  flow r a t e ,  t h e  

time of a p p l i c a t i o n ,  and t h e  a rea  of t h e  f i e l d ,  a s  fol lows:  

q t  = dA 

q  = flow r a t e  i n  cusecs 

t = time i n  hours 

d  = depth of a p p l i c a t i o n  i n  inches 

A = a rea  of f i e l d  i n  ac res  

I f  t h e  flow a t  flume 2  near  t h e  f i e l d  averages 1  .;! cusecs during the  time 

per iod  of 2.25 hours ,  and t h e  water i s  being appl ied  t o  a  f i e l d  of 150 f t  x  

200 f t ,  which i s  approximately 0.69 a c r e s ,  then  t h e  water a p p l i c a t i o n  is :  

The amount of water appl ied  i s  2.9 a c r e  inches pe r  a c r e .  

F. Applicat ion Ef f i c i ency  

The a p p l i c a t i o n  e f f i c i e n c y  i s  computed a s  t h e  amount of water s t o r e d  i n  

t h e  s o i l ,  o r  t h e  s o i l  moisture de f i c i ency ,  divided by t h e  amount of water 

appl ied  t o  t h e  f i e l d .  Determination of s o i l  moisture def ic iency  may be 



accomplished by several procedures, the most simple of which is soil 

moisture sampling. If the soil moisture deficiency was 2.3 inches, then the 

applications efficiency for this example equals: 
(amount of water stored in- the soil) - EA = (2.3) = 59% 
(amount of water applied to the field) - loo mTy 

G. Irrigation Efficiency 

The irrigation efficiency is determined as the product of the deliver 

efficiency and the application efficiency. It :is a measure of the effec- 

tiveness of the water used that is available at the inlet. For the examples 

already cited, the irrigation efficiency is calculated as: 

Additional information may also be derived from these basic flow 

measurements, but these are some important examples. 



EWUP 

How to  do it 

Field Procedure 
FIELD AND WATERCOURS ;E ORIENTATION MAPPI 
USING PLANE TABLE AND PEEP-SIGHT A.LIDADE 

--- 
by Wayne Clyma and Alan Ear ly  

The p l ane  t a b l e  and a l i d a d e ,  F igu re  1, a r e  f r e q u e n t l y  used ins t ruments  

where l ayou t  maps a r e  needed of i r r e g u l a r  f i e l d  and wate rcourse  o r i e n t a t i o n s .  

Th is  o f f e r s  t h e  advantages  o f  p r epa r ing  t h e  map wh i l e  survey ing  i s  

done and pe rmi t s  checking t h e  wate rcourse  and f i e l ' d  l ayou t  a s  shown on t h e  

map w i th  t h e  a c t u a l  l ayou t .  Also ,  where t h e  de s ign  o f ,  f o r  example, a  farm 

pond, i s  completed a s  soon a s  a  map has  been p r epa red ,  t h e  d e s i g n  can be 

completed and s t a k e d  a l l  i n  one o p e r a t i o n .  No r e t u r n  t r i p  t o  a n  o f f i c e  t o  

p r epa re  t h e  map, make and d e s i g n ,  and t h e n  anothler t r i p  t o  t h e  f i e l d  t o  

s t a k e  t h e  dam, pond, and s p i l l w a y  is nece s sa ry .  The p r i n c i p a l  d i sadvantage  

of u s ing  t h e  p l ane  t a b l e  and a l i d a d e  i s  t h e  e x t r a  f i e l d  t ime  nece s sa ry .  

When bad weather  o c c u r s ,  no work i s  p o s s i b l e .  

The b a s i c  equipment f o r  t h e  p l ane  t a b l e  and a l i d a d e  method of mapping 

c o n s i s t s  of a  t r i p o d ,  drawing board ,  a l i d a d e  equipped w i th  peep - s igh t  a l i g n -  

ment h a i r s ,  rod ,  t a p e ,  and p e n c i l ,  paper  and s c a l e  f o r  p r epa r ing  t h e  map. 

Paper i s  f a s t ened  t o  t h e  board and p o s i t i o n s  a r e  p l o t t e d  on t h e  paper  by 

s i g h t i n g  through t h e  a l i d a d e  f o r  d i r e c t i o n ,  and de te rmin ing  t h e  d i s t a n c e  by 

t a p i n g .  

THE PLANE TABLE 

The p l ane  t a b l e  (F igure  1 )  i s  a  r e c t a n g u l a r  hoard (1)  u s u a l l y  18 x 31 

i nches .  (46 x 79 cm) w i t h  a  means f o r  a t t a c h i n g  it t o  a  t r i p o d .  The t op  

s u r f a c e  of t h e  board i s  provided t o  a t t a c h  a  s h e e t  of mapping pape r .  

The t a b l e  i s  l e v e l e d  by changing t h e  posi t ic ln  and t h e  l e n g t h s  of t h e  

l e g s .  A sma l l  s p i r i t  l e v e l  i s  provided f o r  l e v e l  ing t h e  t a b l e  ( 2 ) .  

* 
T h i s  How-To-Do-It was t aken  from The Problern I d e n t i f i c a t i o n  Handbook 
( A p r i l  1 ,  1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored by U.S. Agency f o r  I n t e r n a t i o n a l  Development, Con t r ac t  No. 
AID/TAC-1100. 



Figure 1 .  The plane t a b l e  and a l i d a d e .  



THE ALIDADE 

The alidade in Figure 1 has two peep-sight brackets (3) with the 

vertical hairs separated by a distance of 18 inches. The alidade has a 

linear, usually brass, base (4) that supports it when resting on the table. 

One edge of the support (5) is usually leveled and this is the sighting 

edge. A separate, small magnetic compass (6) is provided for proper 

orientation of the plane table. 

SETTING UP THE PLANE TABLE 

The tripod and plane table are set up at an appropriate central 

location with respect to the line of sight for field layout or watercourse 

to be mapped. Using the level bubble on the separate level provided, the 

table is leveled. Leveling the table is sometimes difficult. The table is 

then rotated in a horizontal plane until magnetic north is the top of the 

map, or until another reference direction has been selected. The location 

of the instrument is designated on the map either arbitrarily or by using 

other known points to determine instrument location. A map can then be 
prepared using the alidade to sight locations and the tape to determine 

distances. 

Alidades of other types can be used to determine both elevation and 

stadia distances. Because of the difficulties oE maintaining a precisely 

leveled table, the surveyor may find it advantageous to use the plane table 

for locations and the farm level for elevations. This procedure may seem 

unnecessary (duplication of equipment). However, use of the level 

eliminates most of the difficulties of keeping ithe table level for good 

elevation control. Where a plane table and alidade are available, a level 

is usually available. One experienced surveyor for both level and table can 

usually keep two experienced rodmen busy. 

ORIENTING THE PLANE TABLE 
Location of the instrument on the map that is to be made is usually 

accomplished by two methods: (1) compass and (2) backsighting. 

To orient the table by compass, the alidade is placed in the direction 

that is desirable for a north-south line. The table is then rotated until 

the compass needle points to magnetic north. The board is clamped and a 

line is drawn on the paper for future reference and to periodically check 

the orientation of the board. 



O r i e n t a t i o n  o f  t h e  board by b a c k s i g h t i n g  r e q u i r e s  t h a t  two p o i n t s  b e  

l o c a t e d  i n  t h e  f i e l d .  They may o r  may n o t  be  l o c a t e d  on t h e  map. I f  n o t  

l o c a t e d  on t h e  map, t h e  o r i e n t a t i o n  o f  t h e  l i n e  i s  assumed f o r  b e s t  u s e  o f  
c- 

t h e  p a p e r  f o r  c o n s t r u c t i o n  of t h e  map, t h e n  t h e  o r i e n t a t i o n  o f  t h e  l i n e  i s  

assumed f o r  b e s t  use  of t h e  p a p e r  i n  c o n s t r u c t i n g  t h e  map. D i s t a n c e s  i n  a l l  

d i r e c t i o n s  may b e  e s t i m a t e d  and s c a l e d  t o  make s u r e  t h a t  t h e  s c a l e  s e l e c t e d  

w i l l  p e r m i t  a l l  t h e  a r e a  t o  be  mapped t o  be  i n c l u d e d .  

I f  two p o i n t s  (A and B) a r e  a l r e a d y  l o c a t e d  on t h e  map, t h e  i n s t r u m e n t  

can be  l o c a t e d  a t  e i t h e r  p o i n t .  The a l i d a d e  i s  t h e n  p o i n t e d  a l o n g  t h e  A-B 

l i n e  and t h e  t a b l e  is  r o t a t e d  u n t i l  A ( o r  B) is  s i g h t e d  and a l i g n e d  w i t h  t h e  

v e r t i c a l  h a i r .  

I f  p o i n t  A i s  l o c a t e d  on t h e  map and p o i n t  B  is  a  more d e s i r a b l e  

i n s t r u m e n t  l o c a t i o n ,  t h e n  t h e  i n s t r u m e n t  i s  s e t  up a t  p o i n t  A .  The t a b l e  

may b e  i n i t i a l l y  o r i e n t e d  by compass o r  by some o t h e r  known l i n e .  The 

i n s t r u m e n t  i s  t h e n  s i g h t e d  a t  p o i n t  B and a  l i n e  i s  drawn. The d i s t a n c e  t o  

B can b e  measured by p a c i n g  o r  t a p i n g ,  depending upon t h e  accuracy  r e q u i r e d .  

B i s  t h e n  marked. The i n s t r u m e n t  i s  moved t o  palint  B ,  s e t  up,  and t h e  

a l i d a d e  p o i n t e d  a l o n g  l i n e  B-A on t h e  map. The t a b l e  i s  r o t a t e d  u n t i l  t h e  

v e r t i c a l  h a i r  i s  a l i g n e d  on p o i n t  A.  

A f t e r  t h e  t a b l e  has  been o r i e n t e d  by e i t h e r  of t h e  methods,  s e v e r a l  

d i s t a n c e  o b j e c t s  shou ld  be  l o c a t e d  and s h o r t  l i n e s  i d e n t i f i e d  a t  t h e  edge o f  

t h e  map w i t h  a  d e s c r i p t i o n  o f  what t h e  o b j e c t s  a r e .  The o r i e n t a t i o n  o f  t h e  

t a b l e  can t h e n  b e  checked p e r i o d i c a l l y  w i t h o u t  having t h e  rodman r e t u r n  t h e  

p o i n t  A .  By c a r e f u l l y  s e l e c t i n g  w e l l - d e f i n e d  o b j e c t s  on t h e  s k y l i n e ,  

r e o r i e n t a t i o n  o f  t h e  t a b l e  i s  more a c c u r a t e .  The l a r g e  d i s t a n c e s  r e q u i r e  

minute a d j u s t m e n t s  f o r  p r o p e r  o r i e n t a t i o n .  A s t r a i g h t  p i n  i s  u s u a l l y  p l a c e d  

i n  t h e  t a b l e  a t  t h e  p o i n t  r e p r e s e n t i n g  i n s t r u m e n t  l o c a t i o n .  The a l i d a d e  i s  

t h e n  k e p t  a g a i n s t  t h e  p i n  when s i g h t i n g  l o c a t i o n s .  Even w i t h  t h e  p i n ,  c a r e  

i s  r e q u i r e d  i n  keeping t h e  l i n e  o f  s i g h t  of t h e  a l i d a d e  r a d i a t i n g  from t h e  

s t a t i o n .  

P o i n t s  on t h e  map t h a t  r e q u i r e  p r e c i s e  l o c a t i o n s  may b e  l o c a t e d  by 

i n t e r s e c t i o n  o r  t r i a n g u l a t i o n .  With t h e  i n s t r u m e n t  a t  one l o c a t i o n ,  l i n e s  

a r e  drawn t h a t  r e p r e s e n t  t h e  l i n e  o f  s i g h t  t o  t h e  d e s i r e d  p o i n t s .  The 

ins t rument  i s  r e l o c a t e d  by c a r e f u l l y  t a p i n g  t h e  d i s t a n c e  t o  t h e  new 

l o c a t i o n .  Line  of s i g h t  l i n e s  a r e  drawn from t h e  l o c a t i o n  t o  t h e  d e s i r e d  

p o i n t s .  Where two l i n e s  i n t e r s e c t ,  t h i s  i s  t h e  l o c a t i o n  o f  t h e  p o i n t .  By . , 



u s i n g  t h r e e  jristrumerit l o c a t i o n s ,  a t r i a n g l e  of' e r r o r  i s  formed around each  

p o i n t .  These methods a r e  i n d i c a t e d  i n  F i g u r e  2 .  

A sample f i e l d  and w a t e r c o u r s e  l a y o u t  su rvey  aind map a r e  i l l u s t r a t e d  i n  

F i g u r e  3 .  P o i n t s  A and B a r e  p o i n t s  o f  known l o c a t i o n .  The d i s t a n c e  

between t h e s e  p o i n t s  has  been t a p e d .  The p l a n e  t a b l e  i s  s e t  up o v e r  p o i n t  A 

and t h e  mapping s h e e t  has  been s e t  up w i t h  t h e  p o i n t s  A and B s e p a r a t e d  by 

t h e  s c a l e d  l e n g t h  ( u s u a l l y  1' = 2 2 0 ' ) .  The a l i d a d e  i s  a l i g n e d  t o  s i g h t  from 

A t o  B and t h e  d o t t e d  l i n e  r a y s  a r e  t h e n  made t o  t h e  c o r n e r s  o f  t h e  f i e l d  

( 1 ,  2 ,  3 ,  and 4 ) ,  t h e  c e n t e r l i n e  of t h e  w a t e r c o u r s e  ( 5  and 6 )  and t h e  

boundar ies  o f  t h e  n e x t  f i e l d  (7 and 8 ) ,  c e n t e r l i n e  o f  t h e  bund. 

The p l a n e  t a b l e  i s  moved and s e t  up o v e r  p o i n t  B and o r i e n t e d  t o  p o i n t  

A ,  a s  shown i n  F i g u r e  4 .  The p o i n t s  1, 2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  and 8  a r e  

r e s i g h t e d  and a p p r o p r i a t e  d o t t e d  l i n e  r a y s  a r e  drawn a s  i l l u s t r a t e d .  Once 

t h e  i n t e r s e c t i n g  r a y s  have been o b t a i n e d  t h e  f i e l d  boundar ies  can be  drawn, 

a s  shown, w i t h  s o l i d  l i n e s .  I n  a  l i k e  manner, p o i n t s  C and D a r e  chosen i n  

t h e  n e x t  f i e l d ,  a s  shown i n  F i g u r e  4 .  The d i s t a n c e s  from B t o  C and C t o  D 

a r e  t aped  and t h e  p rocedure  c o n t i n u e s  f o r  mapping t h e  e n t i r e  a r e a .  
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Figure 2. Illustration of the intersection and 
triangulation methods of locating points. 



Figure 3 .  Step 1 i n  plane t a b l e  mapping (plane t a b l e  over 
po int  A ) .  



Figure  4 .  S t e p  2 i n  p l a n e  t a b l e  mapping ( p l a n e  t a b l e  over  
p o i n t  B )  . 
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TOPOGRAPHIC MAPPING USING G R I D  METHOD AND 

-1. 

by Wayne Clyma and Alan ~ a r l ~ ' ' '  

Maps a r e  e s s e n t i a l  t o  t h e  b e s t  farm p l a n n i n g .  I n  a d d i t i o n ,  maps a r e  

f r e q u e n t l y  t h e  b a s i s  f o r  e n g i n e e r i n g  d e s i g n  of farm l a y o u t s  and s o i l  and 

wate r  c o n s e r v a t i o n  s t r u c t u r e s  and f a c i l i t i e s .  E:xperience i n d i c a t e s  a  

d e f i n i t e  s h o r t a g e  of maps which p r o v i d e  adequa te  background f o r  farm p l a n -  

n ing  and e n g i n e e r i n g  des ign  ( s c a l e  1:5000 o r  l e s s ) .  F i e l d  t e c h n i c i a n s ,  no 

m a t t e r  where, have encounte red  a  need f o r  adequa te  maps t o  a s s i s t  i n  t h e  

a p p l i c a t i o n  of e n g i n e e r i n g  t e c h n i q u e s .  

TOPOGRAPHIC MAPS 

A map which shows h o r i z o n t a l  d i s t a n c e s ,  h o r i z o n t a l  a n g l e s ,  and 

e l e v a t i o n s  i s  c a l l e d  a  topograph ic  map. The a d d i t i o n  of e l e v a t i o n  t o  a  map 

r e s u l t s  i n  t h e  map showing topography,  o r  r e l i e f  of t h e  l and  s u r f a c e .  The 

con tour  map i s  t h e  s i m p l e s t  method of showing e l e v a t i o n  on an  o t h e r w i s e  

two-dimensional s h e e t  of p a p e r .  A con tour  i s  an imaginary l i n e  of c o n s t a n t  

e l e v a t i o n  on t h e  s u r f a c e  of t h e  e a r t h .  The s h o ~ r e l i n e  of a  l a k e  i s  a  

con tour  f r e q u e n t l y  s e e n  i n  n a t u r e  a s  t h e  w a t e r l i n e  i s  a  l i n e  of c o n s t a n t  

e l e v a t i o n .  A con tour  l i n e  i s  a  l i n e a r  connec t ing  p o i n t s  on t h e  map which 

r e p r e s e n t s  p o i n t s  on t h e  s u r f a c e  of t h e  ground having t h e  same e l e v a t i o n .  

The e l e v a t i o n  of t h e  con tour  l i n e  i s  u s u a l l y  i n d i c a t e d  by numbers on t h e  

l i n e .  

The f o l l o w i n g  c h a r a c t e r i s t i c s  of con tour  l i n e s  a r e  u s e f u l  gu ides  i n  

drawing and i n t e r p r e t i n g  maps: 

1 .  Evenly spaced c o n t o u r s  show a  uniform s l o p e .  

2 .  The d i s t a n c e  between c o n t o u r s  i n d i c a t e s  t h e  s t e e p n e s s  of t h e  

s l o p e .  Wide s p a c i n g  deno tes  f l a t  sl opcls: c l o s e  s p a c i n g ,  s t t l cp  

s 1 opes .  

* 
T h i s  How-To-Do-It was t a k e n  from The Problem I d e n t i f i c a t i o n  Handbook 
( A p r i l  1 ,  1980) .  Developed by t h e  CSU-Pakistan Water Management P r o j e c t  
sponsored  by U.S. Agency f o r  I n t e r n a t i o n a l  Development, C o n t r a c t  No. 
AID/TAC-1100. 



3 .  Contours which i n c r e a s e  i n  e l e v a t i o n  r e p r e s e n t  h i l l s .  Those which 

dec r ea se  i n  e l e v a t i o n  p o r t r a y  v a l l e y s .  Contour e l e v a t i o n s  a r e  

shown a t  b reaks  i n  t h e  con tour  t o  avo id  confus ion .  ----- 
4. I r r e g u l a r  con tours  s i g n i f y  rough, rugged count ry .  

5 .  Contour l i n e s  t end  t o  p a r a l l e l  each  o t h e r  on uniform s l o p e s .  

6 .  Contours never  meet excep t  on a  v e r t i c a l  s u r f a c e  such a s  a  wal l  o r  

c l i f f .  They cannot  c r o s s  excep t  i n  t h e  t ~ n u s u a l  c a se  of an over -  

hanging s h e l f .  Kni fe-edge co~id i  t ions  arc. seltlom found i n  11a t u r c i l  

fo rmat ions .  

7 .  Val l c y s  a r ta  usual ly  characL(.rizeti by V-sliaprti c 'o~ i tours ,  r i d g e s  by 

U-shaped con tou r s .  

8.  The V t s  formed by con tours  c r o s s i n g  a  s t ream p o i n t  upstream.  

9 .  The U t s  made by con tou r s  c r o s s i n g  a  r i d g e  l i n e ,  p o i n t  down t h e  

r i d g e .  

10. A l l  con tour  l i n e s  must c l o s e  upon thems;elves e i t h e r  w i t h i n  o r  

wi thout  t h e  bo rde r s  of t h e  map. 

METHODS OF MAPPING 

There a r e  t h r e e  methods of making topographic  maps f o r  a g r i c u l t u r a l  

eng inee r i ng  survey ing ,  t hey  a r e :  

1. Grid  method 

2 .  Angle and s t a d i a  method 

3 .  Plane  t a b l e  and a l i d a d e  method ( t e l e s c o p e  a l i d a d e  w i t h  s t a d i a  

h a i r s )  

The p a r t i c u l a r  method used depends upon s e v e r a l  f a c t o r s .  These a r e :  

2 .  The use  of t h e  man 

2 .  The kind of  equipment a v a i l a b l e  

3 .  The kind of personne l  a v a i l a b l e  

4 .  The topography of  t h e  land t o  be  mapped 

5 .  The s i z e  of t h e  a r e a  t o  be  mapped 

Another method of  mapping i n  u s e ,  which has  a g ; r i c u l t u r a l  a p p l i c a t i o n ,  

i s  a e r i a l  photography. The a e r i a l  photograph f u r n i s h e s  d e t a i l s  of topog- 

raphy,  u n a v a i l a b l e  i n  o t h e r  methods of  mapping. I n  a d d i t i o n ,  by t h e  use  of 

s t e r e o s c o p e s ,  con tou r s  can be  added t o  t h e  a e r i a l  photograph w i t h  a  minimum 

of f i e l d  survey ing  f o r  h o r i z o n t a l  and v e r t i c a l  c o n t r o l .  A e r i a l  photographs 

may, o r  may n o t ,  be  a v a i l a b l e  i n  t h e  a r e a s  where work i s  t o  be done. 

THE GRID METHOD 

The g r i d  method of topographic  mapping ha s  s e v e r a l  advan tages .  I t  can  

be  done w i th  a  farm l e v e l  and a  s t e e l  t a p e ,  equipment which a r e  r e a d i l y  



a v a i l a b l e .  I t  l e n d s  i t s e l f  t o  topograph ic  mapping o f  i n d i v i d u a l  f i e l d s  and 

farms where t h e  ground s u r f a c e  i s  r e l a t i v e l y  f l a t .  The amount o f  e f f o r t  

s p e n t  i n  t h e  f i e l d  do ing  t h e  survey i s  about  equa l  t o  t h e  e f f o r t  s p e n t  i n  

t h e  o f f i c e  p r e p a r i n g  t h e  map. The rurlrlillg of con tour  1 i ~ r e s  , )cross  ve ry  f l a t  

ground i s  d i f f i c u l t .  T h e r e f o r e ,  t h e  t . ~ k l  ng 01- I - ~ l t ~ v d t i o n s  a t  regularly 

spaced i n t e r v a l s  s h o ~ ~ l d  r e s u l t  i r ~  a  b e t t e r  topograph ic  elap. The g r i d  method 

i s  t h e  most w ~ d e l y  used method of su rvey ing  f o r  l and  l e v e l i n g ,  s i n c e  t h e  

r e l o c a t i o n  o f  each p o i n t  i s  s i m p l e .  T h i s  r e l o c a t i o n  o f  each  p o i n t  i s  

e s s e n t i a l  t o  checking e l e v a t i o n s  a s  t h e  l e v e l i n g  p r o g r e s s e s .  

PROCEDURE FOR THE G R I D  METHOD OF MAPPING 

Where p o s s i b l e ,  t h e  a r e a  t o  be mapped shoulld have two s i d e s  t h a t  

i n t e r s e c t  a t  r i g h t  a n g l e s  (90") w i t h  each  o t h e r .  Th i s  i s  p a r t i c u l a r l y  

a p p l i c a b l e  t o  t h e  uniform l a y o u t  o f  t h e  k i l a - b u n d i  p a t t e r n  o f  P a k i s t a n .  I f  

t h i s  i s  n o t  p o s s i b l e ,  t h e n  t h e  d i a g o n a l s  and a l l  f o u r  s i d e s  o f  t h e  f i e l d  

need t o  be measured, o r  i f  t h e  f i e l d s  a r e  i r r e g u l a r  i n  shape ,  a  p l a n e  t a b l e  

su rvey  o f  f i e l d  boundar ies  i s  n e c e s s a r y  b e f o r e  local t ion o f  t h e  g r i d  p o i n t s  

i s  p o s s i b l e .  Two s i d e s  of t h e  f i e l d  can t h e n  be s t a k e d  a t  r e g u l a r  i n t e r v a l s  

f o r  t h e  g r i d  and t h e  su rvey ing  done i n  t h e  same manner a s  f o r  two s i d e s  t h a t  

i n t e r s e c t  a t  90 d e g r e e s .  A f t e r  a  p r e l i m i n a r y  survey  o f  t h e  a r e a  t o  be 

mapped, two s i d e s  a r e  s e l e c t e d  t o  e s t a b l i s h  t h e  g r i d .  Each s i d e  i s  t h e n  

s t a k e d  w i t h  t a l l  s t a k e s  a t  r e g u l a r  i n t e r v a l s .  The l e n g t h  o f  t h e  i n t e r v a l  

depends upon t h e  use  o f  t h e  map. General  topograph ic  maps a r e  f r e q u e n t l y  

s t a k e d  a t  25 o r  30 mete r  i n t e r v a l s .  Maps f o r  l a n d  l e v e l i n g  d e s i g n  and 

computat ions  a r e  u s u a l l y  s t a k e d  a t  10 t o  15 meter  i n t e r v a l s .  

One s i d e  o f  t h e  a r e a  i s  t h e n  numbered a t  each  s t a k e  l o c a t i o n  from 0 t o  

t h e  end o f  t h e  s t a k e s .  The o t h e r  s i d e  i s  l e t t e r e d  a t  each  s t a k e  l o c a t i o n  

from A t o  t h e  end o f  t h e  s t a k e s .  The s t a k e s  used a t  each  g r i d  p o i n t  shou ld  

be a  minimum o f  1 meter  h i g h  and 2 mete r s  i s  p r e f e r r e d .  

A f t e r  t h e  two s i d e s  have been s t a k e d ,  t h e n  two a d d i t i o n a l  s i d e s  a r e  

s t a k e d .  The s t a k e s  s t a r t  a t  1 and c o n t i n u e  t o  t h e  end o f  t h e  l e t t e r e d  

p o i n t s .  The o t h e r  row s t a r t s  a t  R and c o n t i n u e s  t o  t h e  end o f  t h e  numbered 

s t a k e s .  The rodman can t h e n  l o c a t e  h imse l f  a t  any g r i d  p o i n t  by s i g h t i n g  

a long  t h e  f o u r  s t a k e s  t h a t  form t h e  two l i n e s  t h a t  i n t e r s e c t  a t  h i s  

p a r t i c u l a r  g r i d  p o i n t .  

A f t e r  t h e  4 rows of s t a k e s  have been e s t a b l i s h e d  a t  t h e  g r i d  p o i n t s ,  

t h e n  t h e  e l e v a t i o n  o f  each g r i d  p o i n t  i s  e s t a b l i s h e d  by p r o f i l e  l e v e l i n g .  



Each g r i d  p o i n t  i s  d e s i g n a t e d  by t h e  a p p r o p r i a t e  l e t t e r  and number a s  shown 

i n  t h e  sample n o t e s  i n  F i g u r e  1. The s u r v e y  i s  c l o s e d  by r e t u r n i n g  t o  t h e  

BM a f t e r  t h e  e l e v a t i o n  o f  e a c h  g r i d  p o i n t  has  been de te rmined .  I t  i s  impor- 

t a n t  t h a t  t h e  ar rangement  of  t h e  g r i d  be shown i n  t h e  n o t e s  on t h e  r i g h t  

s i d e  o f  t h e  page .  T h i s  w i  11  a s s u r e  t h n t  t h e  map i s  p r o p e r l y  o r i e n t e d  when 

i t  i s  p repared  i n  t h c  o t f i c e .  

For w a t e r c o u r s e  su rvey  purposes  t a k i n g  i s n o t  n e c e s s a r y .  General  

w a t e r c o u r s e  su rveys  r e q u i r e  t h e  use  o f  a  o n e - a c r e  g r i d .  For  t h i s  purpose  

t h e  approximate  l o c a t i o n  of  t h e  c e n t e r  o f  a n  a c r e  c a n  b e  o b t a i n e d  v i s u a l l y  

o r  by p a c i n g ,  b u t  w i t h o u t  t a p i n g  o r  s t a k i n g  t h e  l o c a t i o n .  A p o r t a b l e  t u r n -  

i n g  p o i n t  i s  merely  used a t  t h i s  l o c a t i o n  t o  g i v e  a  r e p r e s e n t a t i v e  e l e v a t i o n  

f o r  t h a t  a c r e .  Survey ing  b e g i n s  and ends  a t  a  bench mark determined i n  t h e  

i n i t i a l  bench mark s u r v e y  o f  t h e  w a t e r c o u r s e  a r e a .  

F o r  t h e  d e t a i l e d  su rvey  o f  sample f a r m e r s '  f i e l d s ,  a  more i n t e n s i v e  

d a t a  c o l l e c t i o n  scheme i s  r e q u i r e d .  Four  e levai r ion d e t e r m i n a t i o n s  p e r  

i r r i g a t i o n  u n i t  a r e  r e q u i r e d  f o r  t h i s  purpose .  Each a c r e  might  p o s s i b l y  

have 2 t o  10 of  t h e s e  s m a l l e s t  i r r i g a t i o n  u n i t s .  The i n t e n s i t y  t h u s  

i n c r e a s e s  t o  8 t o  40 s h o t s  on a  p e r  a c r e  b a s i s ,  depending on t h e  number of  

bunded u n i t s  p e r  a c r e .  

MAP PREPARATION 

The t o p o g r a p h i c  map i s  p repared  from t h e  f ield1 n o t e s .  A map p r e p a r e d  

from t h e  f i e l d  n o t e s  shown i n  F i g u r e  1 i s  shown i n  F i g u r e  2 .  F o r  r e l a t i v e l y  

f l a t  a r e a s ,  a  c o n t o u r  i n t e r v a l  o f  0 .25 m e t e r s  shou ld  b e  used .  F o r  a  more 

r o l l i n g  topography 0 .50  meter  o r  1 .00 mete r  i n t e r v a l s  can be used .  

For  w a t e r c o u r s e  mapping a  c o n t o u r  i n t e r v a l  o f  0 .25  f e e t  i s  r e q u i r e d  f o r  

g e n e r a l  u s e .  For  l a n d  l e v e l i n g  d e s i g n  a  g r i d  s p a c i n g  of  50 f e e t  i s  d e s i r -  

a b l e  on s m a l l  l e v e l i n g  j o b s  and 100 f e e t  i s  a c l ~ e p t a b l e  on l a r g e - s c a l e  

l e v e l i n g  j o b s .  The r e q u i r e d  p r e c i s i o n  of  l e v e l i n g  i s  f 0 . 0 5  f e e t  (0 .10 

maximum d i f f e r e n c e  a c r o s s  t h e  i r r i g a t e d  u n i t ) .  Thus i f  t o p o g r a p h i c  maps a r e  

t o  be  used f o r  l a n d  l e v e l i n g  d e s i g n  work t h e  c o n t o u r  i n t e r v a l  s h o u l d  be  a  

maximum o f  0 . 5  f e e t ,  w i t h  0 . 2 5  f e e t  t h e  p r e f e r r e d  i n t e r v a l .  

Note t h a t  c e r t a i n  i n f o r m a t i o n  i s  i n c l u d e d  on t h e  t o p o g r a p h i c  map. A 

t i t l e ,  l o c a t i o n  o f  t h e  mapped a r e a ,  s u r v e y  p e r s o n n e l ,  d a t e  o f  t h e  s u r v e y ,  

s c a l e ,  p e r s o n  p r e p a r i n g  t h e  map, d a t e  of  map p r e p a r a t i o n ,  l e g e n d ,  n o r t h  

a r row,  and impor tan t  n a t u r a l  and manmade t o p o g r a p h i c  f e a t u r e s  shou ld  always 

b e  i n c l u d e d  on t h e  map. 



TOPOGRAPHlC LEVELING 

No. B S HI F  S E l e v .  

Cloudy, windy Tewolde W .  

Aug. 19 ,  1965 H a i l u  S.  

U M I  - A p o i n t  x ,  marked on 

t h e  p o l e  s t a n d  on t h e  p o l e  

n e x t  t o  t h e  b r i d g e  on t h e  

road t o  t h e  H o r t i c u l t u r e  

a r e a  abou t  4 m e t e r s  from 

t h e  road and 52 m e t e r s  from 

t h e  s o u t h  wes t  end of  t h e  

b r i d g e .  

l o  Hor t ~ c u l l u r e  

TP 1 2.51 102.42 1.29 99.91 * x  Denotes Gr id  S la t i on  

B4 
1.14 101.28 

A4 0.70 101.72 

BM 1 2.44 99.98 

-- 

E r r o r  of  c l o s u r e  = FS - BS 
= 3.73 - 3.71 
= 0.02 0.02 Check 

-- - . . - - - - -. 
F i g u r e  1. F i e l d  n o t e s  f o r  t o p o g r a p h i c  map u s i n g  g r i d  method 

of  mapping. 



TCPOGY.A?YIC MA? 
C o l l e g e  F a r m  
S u r v e y e d  b y  T e w e l d e r b r h a n  W . M .  & H a i l u  S:. 
D a t e :  A u g u s t  1 9 ,  1 9 6 5  
S c a l e :  1 : 7 5 0  
P l o t t e d :  b y  H a i l u  S .  
Date :  A u g u s t  2 3 ,  1 9 6 5  

Figure 2 .  Topographic map from f i e l d  notes  i n  Figure 1 .  



Maps a r e  f r e q u e n t l y  p r e p a r e d  w i t h  one contouir more h e a v i l y  t h a n  t h e  

o t h e r s .  N o t i c e  i n  F i g u r e  2 t h a t  t h e  even mete r  c o n t o u r s ,  99 .00 ,  100.00 and 

101.00 a r e  more h e a v i l y  a c c e n t u a t e d .  T h i s  i s   done t o  p r o v i d e  b e t t e r  

c o n t r a s t  between t h e  g e n e r a l  r e l i e f  and t h e  d e t a i l e d  topography o f  t h e  a r e a .  

The c o n t o u r s  a r e  e n t e r e d  on t h e  map by p l a c i n g  a t r i a r l g ~ ~ l a r  s c a l e  o r  

r u l e r  between g r i d  p o i n t s  of  known e l e v a t i o r i .  l'llc. p o i r ~ t  o t  even numbered 

con tour  i s  p r o p o r t i o n e d  between t h c  two p o i n t s ,  il p r o c t ~ d ~ ~ r c  which assumes a 

uniform topography o r  s l o p e  i n  t h e  v i c i n i t y .  
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How t o  do it kJ 

Field Procedure 
EVALUATION OF FURROW IRRIGATION SYSTEMS!-/ 

by Thomas W .  Ley and Wayne clymafl 

INTRODUCTION 

Eva lua t i on  of t h e  performance of furrow i r r - i g a t  i on  systems r e q u i r e s  

t h e  c o l l e c t i o n  and a n a l y s i s  of d a t a  r e l a t i n g  t o  bo th  t h e  o p e r a t i o n  and 

management of t h e  wate r  a p p l i c a t i o n  subsystem. The procedures  sugges ted  f o r  

t h e  c o l l e c t i o n  and ana ly se s  of da t a  which fo l low can be used a t  two l e v e l s  

depending on t h e  amount of d e t a i l  d e s i r e d .  The l e s s  d e t a i l e d  approach 

p rov ide s  s a t i s f a c t o r y  e v a l u a t i o n  of system performance u t i l i z i n g  a  sugges ted  

minimum number of a n a l y s e s .  The more d e t a i l e d  approach adds i n fo rma t ion  on 

t h e  o p e r a t i n g  a s p e c t s  of t h e  h y d r a u l i c s  of t h e  system. Most o f t e n ,  t h e  more 

d e t a i l e d  measurements a r e  d e s i r e d  f o r  an e v a l u a t i o n  of some a s p e c t  of system 

des ign  h y d r a u l i c s .  The l e s s  d e t a i l e d  approach p rov ide s  f u l l y  t h e  b e n e f i t s  

of an e v a l u a t i o n  of  farmer  p r a c t i c e .  Discussior~l  of t h e  p rocedures  f o r  

c o l l e c t i n g  and ana lyz ing  t h e  more d e t a i l e d  t ypes  of d a t a  i s  provided i n  a  

l a t e r  s e c t i o n .  An equipment l i s t  and suggested d a t a  forms a r e  provided 

l a t e r .  The fo l l owing  s u b s e c t i o n s  d i s c u s s  t h e  d a t a  t o  be c o l l e c t e d ,  t h e  

ch rono log i ca l  e v a l u a t i o n  procedure  and suggested ana ly se s  of t h e  da t a  f o r  

t h e  e v a l u a t i o n  of farmer  p r a c t i c e s .  

REQUIRED DATA 

Pre l im ina ry  Data 

There  i s  a  l a r g e  amount of p r e l im ina ry  s i t e  d a t a  which should be  

c o l l e c t e d  and analyzed b e f o r e  t h e  e v a l u a t i o n  of an i r r i g a t i o n  occu r s .  

I1prepared under t h e  
Development, Cont rac t  
o p i n i o n s ,  conc lus  i 011s 

suppo r t  of t h e  U.S. Agency f o r  I n t e r n a t i o n a l  
s ATDINE-C-1351 and AIDIDSAN-C-0058. A l l  r epo r t ed  
o r  rc~commerrtii~l ions art. thost. of t h e  a u t h o r s  and no t  

L host. n f' L llc. I r i r r t l  i I I R  ;~gi.~rc.y o l 1 he ( 1 .  S. Govc rrrtnerit . 

l ' ~ e s e a r c h  AssociaLe and Assoc i a t e  L'rofessor, r e s p e c t i v e l y ,  Dept.  of 
A g r i c u l t u r a l  and Chemical Engineer ing ,  Colorado S t a t e  U n i v e r s i t y ,  
F o r t  C o l l i n s ,  Colorado. 



These da t a  inc lude  phys i ca l  information of t h e  s i t e  and information from t h e  

farmer concerning h i s  i r r i g a t i o n  system and i t s  ope ra t ion .  A l i s t  of 

suggested ques t ions  t o  d i r e c t  t o  t he  farmer i n  o rde r  t o  o b t a i n  information 

i n  each of t h e  fol lowing ca t egor i e s  i s  included i n  Appendix A .  Other more 

s i t e  s p e c i f i c  ques t ions  should a r i s e  from t h e  f a rmer ' s  answers t o  t h e s e  

genera l  ques t ions .  

1 .  Farmer -- opera t ion  and managemerlL. --Understandi ng why o r  how a 
--- 

farmer does c e r t a i n  t h ings  i n  managing and ope ra l ing  t h e  i r r i g a t i o n  system 

i s  v i t a l .  Often t h i s  aspec t  of e v a l ~ i a t i n g  i r r i g a t i o n  performance may be 

overlooked and i n c o ~ p l e t e  knowledge of t h e  i r r i g a t i o n  system s t a t e  r e s u l t s .  

Farmer management may be cons t r a in ing  t h e  l e v e l  of performance which can be 

a t t a i n e d .  The genera l  l e v e l  of knowledge of t h e  farmer concerning i r r i g a -  

t i o n  p r i n c i p l e s  and p r a c t i c e s  i s  eva lua ted .  Other information d iscussed  

l a t e r  w i l l  a i d  i n  determining i f  system management can be improved. 

2. Water supply.--The farmer w i l l  know t h e  a v a i l a b l e  water  supply ,  

source ,  d e l i v e r y ,  frequency, e t c .  He may have only a  genera l  knowledge of 

t h e  flow r a t e  and q u a l i t y .  These should be measured dur ing  t h e  course of an 

eva lua t ion .  On-farm conveyance l o s s e s  may be a  b i g  problem. The farmer may 

o r  may not  know. Measure t h e  l o s s e s  i f  necessary .  

3 .  Crop cha rac t e r i s t i c s . - -The  crops grown artd t h e  p l a n t i n g  d a t e s  of 

each must be known. Avai lable  da t a  i n  t h e  l i t e r a t u r e  on crop seasonal  water  

requirements ,  r a t e s  and s t a g e s  of growth, maximum p o t e n t i a l  roo t ing  dep ths ,  

time from p l a n t i n g  t o  e f f e c t i v e  cover ,  e t c .  This  information along wi th  

c l imate  da t a  i s  used t o  e s t ima te  crop water use through t h e  i r r i g a t i o n  

season.  The crop roo t  zone should be measured a t  each i r r i g a t i o n  f o r  crops 

with expanding roo t  systems. The measured roo t  zone f o r  a  pe renn ia l  crop 

(such a s  a l f a l f a )  can o f t e n  be assumed v a l i d  f o r  t h e  e n t i r e  season unless  a  

h ighly  f l u c t u a t i n g  water t a b l e  i s  encountered. The crop roo t  zone a t  each 

i r r i g a t i o n  determines t h e  a v a i l a b l e  s o i l  water r e s e r v o i r  a t  t h a t  time and i s  

necessary t o  determine t h e  s o i l  water  de f i c i ency ,  t he  s t r e s s  a t  t h e  t ime of 

i r r i g a t i o n  and performance parameters such a s  water a p p l i c a t i o n  and water  

requirement e f f i c i e n c i e s .  

4 .  Physical  charac te r i s t ics . - -Measure  and record t h e  f i e l d  

dimensions. Stakes should be d r iven  i n t o  t h e  ground a t  25-m i n t e r v a l s  a long 

t h e  l eng th  ( a d j u s t  f o r  s i z e  of f i e l d  a s  necessary) .  Measure and record 

su r f ace  e l e v a t i o n  a t  each s t a k e  ( s t a t i o n )  us ing  a  f i e l d  rod and l e v e l .  P l o t  



t h e  s u r f a c e  p rof  i l e  ( e l e v a t i o n  v s .  l e n g t h ) .  Measure and r e c o r d  furrow 

s p a c i n g s  a t  s e v e r a l  l o c a t i o n s  i n  t h e  f i e l d .  Determine i f  t h e  downstream 

boundary c o n d i t i o n  i s  ponded o r  f r e e  ou t f low.  Determine where and how t o  

measure furrow i n f l o w  and r u n o f f .  

5 .  S o i l  s u r v e y . - - I f  a v l i l a b l e ,  o b t a i n  i n f o r m a t i o n  on s o i l s  i n  t h e  

a r e a  (on t h e  f a r m ) ,  such a s  maps and c1ass i f i c :a t ions  from a  l o c a l  o r  

r e g i o n a l  o f f i c e  ( e . g . ,  USDA S o i l  Conserva t ion  S e r v i c e  o r  s i m i l a r  government 

agency) .  Such i n f o r m a t i o n  i s  v e r y  u s e f u l  and a i d s  t h e  d e s i g n  of d a t a  

c o l l e c t i o n  p rocedures .  S o i l  t y p e s  and t e x t u r e s  a r e  known and maps u s u a l l y  

d e p i c t  t h e  v a r i a t i o n  of s u r f a c e  t e x t u r e s  i n  a  f i e l d .  I f  t h i s  i n f o r m a t i o n  i s  

n o t  a v a i l a b l e ,  a  s o i l  su rvey  i s  n e c e s s a r y  t o  de te rmine  t h e  s o i l  t y p e s  and 

u n i f o r m i t y  i n  t h e  f i e l d  b e i n g  s t u d i e d .  S o i l  samples shou ld  be  c o l l e c t e d  i n  

a  minimum of  t e n  l o c a t i o n s  i n  t h e  f i e l d  ( i  . e .  , a t  f i v e  l o c a t i o n s  a l o n g  t h e  

l e n g t h  and two a l o n g  t h e  w i d t h ) .  Samples shou ld  be  t a k e n  from a  minimum of  

f o u r  d e p t h s  w i t h i n  t h e  expec ted  r o o t  zone,  i - e . ,  every  30 cm i n  a n  expec ted  

1 . 2  m r o o t  zone ( a d j u s t  a s  n e c e s s a r y ) .  These samples shou ld  b e  ana lyzed  t o  

de te rmine  s o i l  t y p e s .  

Once s o i l  t y p e s  and v a r i a t i o n s  th rough  t h e  f i e l d  a r e  known t h e  a p p a r e n t  

s p e c i f i c  g r a v i t y  o f  t h e  s o i l  ( b u l k  d e n s i t y )  and t h e  f i e l d  c a p a c i t y  and 

w i l t i n g  p o i n t  of t h e  s o i l  must b e  de te rmined .  Garc ia  (1978) p r e s e n t s  proce-  

d u r e s  f o r  t h e s e  measurements. Depending on t h e  r e s u l t s  o f  t h e  s o i l  su rvey  , 

t h e  sample c o l l e c t i o n  p rocedure  i s  d e f i n e d .  For  a  f i e l d  w i t h  uniform s o i l s  

i t  i s  n e c e s s a r y  t o  c o l l e c t  d a t a  on t h e  above s o i l  p r o p e r t i e s  i n  a  minimum of 

t h r e e  l o c a t i o n s  i n  t h e  f i e l d  t o  o b t a i n  a  good average .  For  a  f i e l d  w i t h  

nonuniform s o i l s  t h e  above s o i l  p r o p e r t i e s  must b e  de te rmined  f o r  each  major  

s o i l  t y p e .  A minimum of t h r e e  r e p l i c a t i o n  of samples i s  n e c e s s a r y  t o  o b t a i n  

an a v e r a g e .  I n  a l l  c a s e s ,  it i s  n e c e s s a r y  t o  sample w i t h  d e p t h .  See 

Appendix B f o r  f u r t h e r  d i s c u s s i o n .  

Accurate  d e f i n i t i o n  o f  t h e  above s o i l  p r o p e l - t i e s  i s  n e c e s s a r y .  The 

t ime and e f f o r t  n e c e s s a r y  t o  a c h i e v e  t h i s  a r e  w e l l  worth  it and w i l l  

e l i m i n a t e  hav ing  t o  r e p e a t  any sampling.  These d a t a  a r e  most e a s i l y  

c o l l e c t e d  b e f o r e  t h e  c r o p  i s  p l a n t e d .  Some change of a p p a r e n t  s p e c i f i c  

g r a v i t y  of t h e  plow l a y e r  w i t h  t ime may be expec ted .  Sampling p l a n s  f o r  

s o l 1  wa te r  cor~ te r i t  arid ~ n f i  l t r a t i o n  t e s t s  w i  11 he f ~ l n c t i o n s  of s o i l  t y p e  and 

u n i f o r m i t y .  The r e s u l t s  of t h e  s o i l  s u r v e y  shou ld  t h u s  b e  a v a i l a b l e  i n  

advance of t h e  i n i t i a l  i r r i g a t i o n  e v a l u a t i o n .  



I f  s o i l  s a l i n i t y / a l k a l i n i t y  i s  expec ted  t o  b e  a problem ( i n d i c a t e d  by 

maps, p r e v i o u s  s u r v e y s ,  i n f o r m a t i o n  from t h e  f a r m e r ) ,  samples shou ld  b e  

ana lyzed  t o  de te rmine  t h e  s a l i n i t y / a l k a l i n i t y .  Such a  problem may a l s o  

i n d i c a t e  t h e  p r e s e n c e  of  a  h i g h  w a t e r  t a b l e .  

6 .  Water t ab le . - -The  fa rmer  shou ld  have g e n e r a l  knowledge o f  w a t e r  

t a b l e  c o n d i t i o n s  i n  t h e  a r e a .  S o i l  su rvey  r e s u l t s  may i n d i c a t e  a  h i g h  w a t e r  

t a b l e .  I f  t h e  w a t e r  t a b l e  i s  h i g h  o r  expec ted  t o  f l u c t u a t e  c o n s i d e r a b l y  

( i  . e .  , w i t h i n  t h e  maximum p o t e n t i a l  r o o t  z o n e ) ,  it 1.s d e s i r a b l e  t o  moni to r  

t h e  ground w a t e r  l e v e l  th rough  t h e  i r r i g a t i o n  s e a s o n .  T h i s  can b e  done w i t h  

a  s e r i e s  of  g r i d  o f  o b s e r v a t i o n  w e l l s  (EWUP, Vol. 1 1 ,  1979) .  

A h i g h  w a t e r  t a b l e  can l i m i t  c r o p  growth th rough  wa te r - logg ing .  The 

groundwater  q u a l i t y  can a l s o  s e r i o u s l y  a f f e c t  c r o p  growth and shou ld  be  

measured.  

Crop w a t e r  use  from t h e  c a p i l l a r y  f r i n g e  o r  t h e  w a t e r  t a b l e  i s  

p o s s i b l e .  E s t i m a t e s  o f  c r o p  consumptive use  by e v a p o t r a n s p i r a t i o n  modeling 

t e c h n i q u e s  w i l l  n o t  co r respond  w i t h  measured s o i l  w a t e r  d e f i c i t s  (by s o i l  

w a t e r  c o n t e n t  sampl ing)  when t h e  c rop  i s  u s i n g  groundwater ,  assuming e i t h e r  

method i s  y i e l d i n g  a c c u r a t e  r e s u l t s .  T h i s  i s  s i g n i f i c a n t  i f  t h e  w a t e r  t a b l e  

r i s e s  d u r i n g  t h e  s e a s o n  due t o  e a r l y  o v e r r i g a t i o n .  Water t a b l e  f l u c t u a t i o n s  

due t o  o v e r r i r i g a t i o n  may a l s o  c o n t r i b u t e  t o  c r o p  c:onsumptive use  and can - I 
a f f e c t  r o o t  zone expans ion .  I 
On The Day Before  I r r i g a t i o n  . / 

I n f i l t r a t i o n  Data.--Blocked fu r row i n f i l t r a t i o n  t e s t s  shou ld  b e  

conducted i n  a t  l e a s t  f o u r  l o c a t i o n s  a l o n g  t h e  i r r i g a t e d  run when t h e  f i e l d  

has  a  uniform s o i l .  When nonuniform s o i l s  a r e  p r e s e n t ,  a  minimum o f  t h r e e  

r e p l i c a t i o n s  of  a  t e s t  shou ld  be  conducted on e a c h  s o i l  t y p e .  There  shou ld  

b e  enough l a b o r  a v a i l a b l e  s o  t h a t  each  i n f i l t r o m e t e r  ( F i g u r e  1 )  i s  manned 

th roughout  t h e  t e s t .  The t e s t s  shou ld  l a s t  n o t  l e s s  t h a n  seven t o  e i g h t  

h o u r s ,  and i n  some c a s e s ,  a s  long  a s  t h e  d u r a t i o n  o f  i r r i g a t i o n .  Garc ia  1 
(1978) p r e s e n t s  p rocedures  f o r  t h e  assembly and o p e r a t i o n  o f  t h e  i I 

I 

i n f i l t r o m e t e r s .  I n f i l t r a t i o n  t e s t s  shou ld  be  conducted i n  furrows o t h e r  
I 

t h a n  t h o s e  i n  which advance and r e c e s s i o n  d a t a  w i l l  b e  c o l l e c t e d ,  b u t  must 

be  i n  fu r rows  which w i l l  b e  i r r i g a t e d .  F u r t h e r  d i s c u s s i o n  o f  c o n s i d e r a t i o n s  

o f  where t o  sample and how o f t e n  i s  i n c l u d e d  i n  Appendix B. I 



P r e i r r i g a t i o n  S o i l  Water Content  Data.--Garcia (1978) p r e s e n t s  

p rocedures  f o r  t h e  c o l l e c t i o n  and a n a l y s i s  of s o i l  samples f o r  de t e rmina t i on  

of s o i l  wa te r  con t en t  by t h e  g r a v i m e t r i c  method. I n  furrow i r r i g a t i o n ,  it 

i s  d i f f i c u l t  t o  de te rmine  average  wate r  c o n t e n t s  i n  t h e  s o i l  p r o f i l e  s i n c e  

t h e  e n t i r e  s o i l  s u r f a c e  i s  n o t  covered w i th  wate r  du r ing  i r r i g a t i o n  and 

t h e r e  may be  s i g n i f i c a n t  l a t e r a l  movement of wate r  i n  t h e  s o i l .  I n  a l l  

i n s t a n c e s ,  samples should  be t aken  from each of s e v e r a l  l a y e r s  of t h e  

measured o r  expected maximum r o o t i n g  dep th  of tllc r r o p  ( i  . e . ,  f o r  a  1 . 2  m 

r o o t  zone,  sample each 30-cm l a y e r ,  and i n  t h e  top  30-cm l a y e r ,  c o l l e c t  

samples from each 15-cn~ increment ) .  Tf t he  wate r  t a b l e  i s  h i g h e r  o r  nea r  

t h e  expected maximum r o o t i n g  dep th ,  samples should be c o l l e c t e d  t o  n e a r  t h e  

wate r  t a b l e .  Each i nd iv idua l  sample should be 150 grams o r  more. A problem 

a r i s e s  i n  de te rmin ing  where t o  sample a t  each l o c a t i o n .  When eve ry  furrow 

i s  i r r i g a t e d ,  it i s  sugges ted  t h a t  samples be t aken  from t h e  bottom of t h e  

wet furrow and t h e  middle of t h e  furrow r i d g e  ( p l a n t  row) between furrows 

t o  g e t  a  r e p r e s e n t a t i v e  average  (F igu re  2 a ) .  When eve ry  o t h e r  furrow i s  

i r r i g a t e d ,  it i s  sugges ted  t o  t a k e  samples from t h e  bottom of t h e  i r r i g a t e d  

furrow,  t h e  middle of t h e  furrow r i d g e  ( p l a n t  row), and from t h e  bottom of 

t h e  n o n i r r i g a t e d  furrow,  i n  o r d e r  t o  g e t  a  r e p r e s e n t a t i v e  average  of t h e  

wate r  con t en t  below t h e  ground s u r f a c e  and between wet furrows (F igu re  2b) .  

For t h i s  c a s e ,  a n  average wate r  con t en t  f o r  each l a y e r  sampled could be  

de f i ned  a s :  

where P = average  wate r  c o n t e n t  f o r  t h e  l a y e r ,  
w,avg 

Pw, 1 = water  con t en t  f o r  t h e  l a y e r  i n  a r e a  1 ( s e e  F igu re  2 b ) ,  

P  = water  c o n t e n t  f o r  t h e  l a y e r  i n  a r e a  2  ( s e e  F i g u r e  2b ) ,  
w,2 

P = water  con t en t  f o r  t h e  l a y e r  i n  a r e a  3 ( s e e  F igu re  2b ) .  
w,3 

I t  i s  po in t ed  o u t  t h a t  a r e a  2  (F igu re  2b) r e c e i v e s  tw ice  t h e  weight  of t h e  

o t h e r s  i n  computing t h e  average ,  s i n c e  t h i s  a r e a  does i n  f a c t  occur  tw ice  i n  

t h e  s o i l  volume be ing  r e p r e s e n t e d .  

S o i l  sampling l o c a t i o n s  i n  t h e  f i e l d  a r e  determined by t h e  r e s u l t s  of 

t h e  s o i l  su rvey .  I f  s o i l s  i n  t h e  f i e l d  a r e  found t o  be uniform a  minimum of 

t h r e e  sampling l o c a t i o n s  i n  d i f f e r e n t  p a r t s  of t h e  f i e l d  (a long  t h e  furrow) 

should b e  s e l e c t e d  t o  o b t a i n  an average f o r  t h e  f i e l d .  I f  s o i l s  a r e  non- 

uniform o r  i f  nonuniform wa te r  a p p l i c a t i o n s  a r e  expec ted ,  a  minimum of 
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Figure 1. Blocked furrow infiltrometer. 



t h r e e  r e p l i c a t i o n s  of  samples i n  each  r e p r e s e n t a t i v e  a r e a  a r e  nece s sa ry  f o r  

computing an  average .  For  i n s t a n c e ,  t h e  d i s t r i b u t i o n  of  a p p l i e d  wate r  i n  

many f i e l d s  i s  nonuniform. A sampling scheme t o  d e l i n e a t e  t h e  d i f f e r e n c e s  

a long  t h e  l e n g t h  might be t h r e e  r e p l i c a t i o n s  of  samples a t  t h e  head ,  middle 

and t a i l  ends  of  a  f i e l d .  See Appendix B f o r  f u r t h e r  d i s c u s s i o n  of t h e  

c o n s i d e r a t i o n s  of  sampling p l a n s ,  numbers of samples t o  c o l l e c t ,  e t c .  

I t  is recommended t h a t  e v a l u a t i o n  d a t a  ( i n f  low/runof f ,  advance/ 

r e c e s s i o n ,  e t c . )  hr c o l l e c t e d  on ,i mirii~num of  t h r e e  furrows.  Flumes o r  

o t h e r  flow measuring dev i ce s  should h e  i n s t a l l e d  a t  t h e  head and t a i l  ends  
a 

of each  furrow t o  be e v a l u a t e d .  Care must be t aken  t o  en su re  t h a t  t h e  

flumes ( i f  used)  a r e  l e v e l ,  have no l e a k s  around them, and t h a t  t h e  furrow 

s i d e s  a r e  b u i l t  up i n  t h e  approach t o  t h e  flume t o  p r e v e n t  over topping .  

S ince  t h e  f lume,  be ing  a  c r i t i c a l  dep th  f low measurement dev i ce  r e q u i r i n g  a  

l o s s  of  head,  wa te r  i n  t h e  approach s e c t i o n  of t h e  furrow w i l l  back up. 

Th is  e f f e c t  i s  more pronounced on s m a l l e r  s l o p e s  t h a n  s t e e p e r  ones .  Flow 

measuring dev i ce s  should b e  i n s t a l l e d  on t h e  day be fo r e  i r r i g a t i o n .  

On t h e  Day of  I r r i g a t i o n  

The fo l l owing  d a t a  a r e  t aken  on a  minimum of t h r e e  furrows a s  t h e  

i r r i g a t i o n  p r o g r e s s e s .  The c lock  t ime when wate r  i s  in t roduced  t o  each  

furrow be ing  s t u d i e d  should be  recorded .  

Advance Data.--Record t h e  c lock  t ime a t  which t h e  wate r  a r r i v e s  a t  each 

s t a t i o n  ( i . e . ,  every  25 m) a s  t h e  w a t e r f r o n t  moves (down t h e  furrow.  

In f low D a t a . - P e r i o d i c a l l y  record  t h e  c lock  t ime  o r  e l ap sed  t ime from 

t h e  beg inn ing  of i r r i g a t i o n  and read ing  f o r  each  i n f l ow  r a t e  measuring 

dev i ce .  

Runoff Data.--Record - t h e  c lock  t ime  when wate r  reaches  t h e  p o i n t  

( u s u a l l y  nea r  end of f i e l d )  where t h e  runoff  raLe measuring dev i ce s  a r e  

l o c a t e d .  I t  i s  sugges ted  t h a t  runoff  d a t a  be  col l e c t ed  a t  30 s e c ,  1 min, 

2  min, 4 min, 8 min, 15 min, 30 min and t hen  every  1/2-hour from t h e  t ime  

when runoff  beg in s .  

Recess ion Data.--Towards t h e  end of  i r r i g a t i o n ,  remove t h e  f low 

measuring dev i ce s  from t h e  fu r rows .  Record t h e  c lock  t ime when wate r  i s  

s h u t  o f f .  Record t h e  c lock  t ime a t  which wate r  recedes  from each  s t a t i o n .  

The reced ing  wate r  edge i s  hard  t o  d e f i n e .  Recess ion  a t  a  p a r t i c u l a r  p o i n t  

i s  assumed t o  have occur red  when approximately  t.wo-thirds of  t h e  furrow 

wet ted  pe r ime t e r  i s  f r e e  of wate r .  Very sha l low flow c o n d i t i o n s  e x i s t  



a )  Suggested Sample Holes when Every  Furrow is I r r i g a t e d  

b )  Suggested Sample Holes when Everyother Furrow i s  I r r i g a t e d  

Figure 2 .  Suggested s o i l  water sampling, locat ions  across  
an i rr iga ted  furrow spacing. 



du r ing  r e c e s s i o n .  Small puddles  and r i p p l e s  i n  t h e  furrow bottom f u r t h e r  

compound t h e  problem. Consis tency i s  of prim(- importance when t a k i n g  

r e c e s s i o n  d a t a .  

A l l  flow measuring dev i ce s  should be checked ( lu r ing  t h e  i r r i g a t i o n  t o r  

l e aks  and proper  o p e r a t i n g  condi t i o ~ l s .  During th~:. course  of t h e  e v a l u a t i o n  

any unusual f a c t o r s  o r  c o n d i t i o n s  should be no ted .  For  i n s t a n c e ,  c r acks  i n  

t h e  s o i l  s i g n i f i c a n t l y  a f f e c t  advance r a t e .  Any e r o s i o n  and s ed imen ta t i on  

should be no ted .  Crop c o n d i t i o n s  ( i  e .  , r e l a t - i ve  s i z e ,  c o l o r ,  s t a n d ,  

w i l t i n g ,  e t c . )  th roughout  t h e  s e c t i o n  of t h e  f i e l d  be ing  i r r i g a t e d  should be 

nc t ed .  S tun t ed  growth may i n d i c a t e  s a l i n i t y  prtoblems, poor i n f i l t r a t i o n  

r a t e s  e . ,  change i n  s o i l  t e x t u r e  of plow pan l a y e r  which reduces  

i n f i l t r a t i o n )  o r  o t h e r  problems. 

A f t e r  I r r i g a t i o n  

P o s t - i r r i g a t i o n  s o i l  wa te r  con t en t  samples should be  c o l l e c t e d  anywhere 

from 1-112 days t o  3 days a f t e r  i r r i g a t i o n .  Th i s  depends on t h e  s o i l  t ype  

and t h e  t ime r equ i r ed  f o r  t h e  s o i l  t o  d r a i n  t o  f i e l d  c a p a c i t y .  Garcia  

(1978) p r e s e n t s  a  f i e l d  p rocedure  f o r  e s t i m a t i n g  when ( a f t e r  w e t t i n g )  a  s o i l  

has  d r a ined  t o  f i e l d  c a p a c i t y .  The same c o l l e c t i o n  procedures  a s  p r e v i o u s l y  

d i s cus sed  app ly .  

DISCUSSION AND RECOMMENDATIONS 

I t  i s  impor tan t  t o  convey t o  t h e  farmer  what w i l l  be  done d u r i n g  t h e  

e v a l u a t i o n .  Crop damage and s o i l  d i s t u r b a n c e  should be minimized. 

Cooperat ion of  t h e  farmer  i n  a l l  a s p e c t s  of  t h e  e v a l u a t i o n  i s  a  n e c e s s i t y .  

I t  i s  impor tan t  t h a t  no th ing  t h e  i n v e s t i g a t o r s  do b e f o r e  o r  d u r i n g  t h e  

e v a l u a t i o n  cause t h e  farmer  t o  d e v i a t e  from h i s  normal i r r i g a t i o n  p r a c t i c e s .  

I t  i s  impor tan t  t h a t  p r e l i m i n a r y  d a t a  c o l l e c t e d  e a r l y  i n  t h e  season  be  

good d a t a .  A c a r e f u l ,  coo rd ina t ed ,  determined e f f o r t  h e r e  w i l l  s ave  much 

time and e l i m i n a t e  problems and headaches l a t e r  i n  t h e  season .  Fo r  

i n s t a n c e ,  t h e  s o i l  wa te r  c o n t e n t  of a  f i e l d  b e f o r e  t h e  i n i t i a l  i r r i g a t i o n  of  

t h e  season  may g e n e r a l l y  be assumed a s  uniform.  Much e f f o r t  i n  c a r e f u l  s o i l  

sampling and i n  c o l l e c t i o n  of more samples ( t o  i n c r e a s e  t h e  p r e c i s i o n  w i th  

which t h e  mean s o i l  wa te r  c o n t e n t  i s  e s t i m a t e d )  i s  recommended. The 

e s t ab l i shmen t  o f  t h i s  i r : i t i a l  ( 'onti i t ion s e r v e s  an important  purpose.  I t  i s  

t h e  s t a r t i n g  p o i n t  f o r  a r oo t  zone s o i  1 water  b l~ t lge t .  

From t h i s  i n i t i a l  c o n d i t i o n ,  wa te r  added t o  t h e  r o o t  zone of t h e  c rop  

by p r e c i p i t a t i o n  (measured by r a i n  gages s e t  up i n  s e v e r a l  l o c a t i o n s  a t  t h e  



s i t e )  arid by i r r i g a t i o n  (measurc\d by i r r i g a t i o n  ev ;~  l u a t i o r i s )  i s  known. Crop 

use  i s  e s t i m a t e d  u s i n g  c l i m a t e  d a t a  and c r o p  s t a g e  and growth d a t a  i n  a n  

a c c u r a t e ,  c a l i b r a t e d  e v a p o t r a n s p i r a t i o n  model. A root-zone s o i l  w a t e r  

budget  can t h u s  be c a l c u l a t e d  th rough  t h e  s e a s o n .  S o i l  w a t e r  c o n t e n t  d a t a  

c o l l e c t e d  a t  succeed ing  i r r i g a t i o n s  o f  t h e  season  alre used a s  a  check on t h e  

p r e d i c t e d  s o i l  w a t e r  s t a t u s  when c a l i b r a t i o n  of  t h e  ET model i s  n e c e s s a r y .  

I f  t h e r e  i s  a  h i g h  w a t e r  t a b l e  i n  t h e  a r e a ,  c rop  u s e  from t h e  c a p i l l a r y  

f r i n g e  o r  t h e  w a t e r  t a b l e  i t s e l f  can be  e s t i m a t e d .  The d i f f e r e n c e  between 

t h e  c a l c u l a t e d  c r o p  use  and t h e  measured s o i l  w a t e r  d e f i c i t  (by sampl ing)  

d u r i n g  an i r r i g a t i o n  i n t e r v a l  i s  an e s t i m a t e  o f  t h e  c r o p  u s e  from t h e  w a t e r  

t a b l e  d u r i n g  t h a t  i n t e r v a l .  I f  t h e r e  i s  no reason t o  b e l i e v e  t h a t  t h e  c r o p  

i s  u s i n g  w a t e r  from a  w a t e r  t a b l e ,  t h e n  t h e  compluted d i f f e r e n c e  i n d i c a t e s  

t h e  accuracy  o f  each method and p o s s i b l y  needed a c t i o n  t o  improve sampl ing 

o r  p r e d i c t i v e  t e c h n i q u e s .  

I n  some i n s t a n c e s ,  c o l l e c t i o n  of a d v a n c e / r e c e s s i o n  d a t a  may n o t  be 

n e c e s s a r y  a t  each  i r r i g a t i o n .  For  i n s t a n c e ,  a  uniform a p p l i c a t i o n  of w a t e r  

may be  expec ted  on a  f i e l d  w i t h  s h o r t e r  l e n g t h s  of  run on a  h e a v i e r  s o i l .  

I n  t h i s  c a s e ,  t h e  d i s t r i b u t i o n  i s  assumed uniform and a l l  t h a t  i s  r e q u i r e d  

i s  t h e  w a t e r  on and wa te r  o f f  t o  de te rmine  t h e  wa te r  added t o  t h e  s o i l .  

While t h i s  c a s e  may o c c u r ,  it i s  a d v i s a b l e  t o  c o l l e c t  advance and r e c e s s i o n  

d a t a  when any nonun i fo rmi ty  o f  wa te r  a p p l i c a t i o n  i s  s u s p e c t e d  due t o  poor  

i r r i g a t i o n  p r a c t i c e s ,  nonuniform s o i l s ,  nonunifol-m f i e l d  s l o p e s ,  e t c .  i n  

o r d e r  t o  know t h e  d i s t r i b u t i o n  of  a p p l i e d  w a t e r .  

During t h e  c o u r s e  of  a n  a c t u a l  i r r i g a t i o n  e v a l u a t i o n ,  it i s  recommended 

t h a t  a  p a r t i a l  e v a l u a t i o n  o f  t h e  d a t a  be ing  c o l l e c t e d  be  conducted.  T h i s  i s  

accomplished b e s t  by p r o c e s s i n g  t h e  d a t a  a s  it i s  c o l l e c t e d  i n  t h e  f i e l d  and 

i n t e r p r e t i n g  t h e  r e s u l t s .  For  i n s t a n c e ,  it i s  e a s y  t o  e v a l u a t e  i n f l o w  and 

runof f  d a t a  and a n  obv ious  e r r o r  i s  determined i f  t h e  r u n o f f  i s  g r e a t e r  t h a n  

t h e  i n f l o w .  T h i s  check on d a t a  p r o v i d e s  t h e  i n v e s t i g a t o r  a  means of  

e l i m i n a t i n g  wasted t ime  and e f f o r t  i n  t h e  col1ec:tion o f  e r r o n e o u s  d a t a .  

FIELD DATA ANALYSIS 

F i e l d  d a t a  a n a l y s i s  p r o v i d e s  a  b a s i s  f o r  u n d e r s t a n d i n g  t h e  performance 

of t h e  i r r i g a t i o n  sys tem and how t h e  sys tem i s  b e i n g  o p e r a t e d .  The d a t a  may 

be  ana lyzed  th rough  a  number of p r o c e d u r e s .  Those p r e s e n t e d  h e r e  r e p r e s e n t  

t h e  minimum of  a n a l y s e s  r e q u i r e d  t o  f o r m u l a t e  an  u n d e r s t a n d i n g  o f  t h e  

s y s t e m ' s  performance r e s u l t i n g  from a  p a r t i c u l a r  management scheme. 



I n f i l t r a t i o n  Data.--The d a t a  c o l l e c t e d  d u r i n g  b locked  fu r row 

i n f i l t r a t i o n  t e s t s  a r e  g e n e r a l l y  o f  t h e  form: t o t a l  volume i n f i l t r a t e d  p e r  

u n i t  l e n g t h  v s .  e l a p s e d  t ime .  The d a t a  a r e  p lo t t . ed  on l o g - l o g  o r  r e c t a n -  

g u l a r  g r i d  p a p e r .  Garcia  (1978) p r e s e n t s  methods o f  a n a l y z i n g  t h e  d a t a  such 

t h a t  an  i n f i l t r a t i o n  r e l a t i o n s h i p  of e i t h e r  o f  t h e  f o l l o w i n g  forms can be 

determined:  

3 -1 where z  = cumula t ive  volume i n f i l t r a t e d  p e r  1111it l e n g t h  (L'L ), 

t = e l a p s e d  t ime  ( T ) ,  
3  -1 -1 

C = s t e a d y - s t a t e  o r  l a r g e - t i m e  i n f i l t r a t i o n  r a t e  (L T  L  ) ,  

k ,  a ,  K ,  A = e m p i r i c a l  c o n s t a n t s .  

An i n f i l t r a t i o n  f u n c t i o n  o f  ? i t h e r  form (Eq .  2 o r  3 )  should  b e  found,  and 

u s u a l l y  it i s  determined f o r  t h e  mean of  t h e  i n f i l t r a t i o n  d a t a  c o l l e c t e d  a t  

p a r t i c u l a r  l o c a t i o n s  i n  a  f i e l d .  For  i n s t a n c e ,  t h e  mean would b e  determined 

f o r  i n f i l t r a t i o n  d a t a  on each major s o i l  t y p e  o r  f o r  each  a r e a  where a  

sampling p l a n  c a l l e d  f o r  t e s t s  t o  b e  made. 

S o i l  Water Content  Data . - -Procedures  f o r  de te rmin ing  t h e  w a t e r  c o n t e n t  

( d r y  weight  b a s i s )  of each o f  t h e  s o i l  samples c o l l e c t e d  a r e  p r e s e n t e d  by 

Garcia  (1978) .  The d e p t h  of wa te r  i n  t h e  s o i l  p r o f i l e  i s  found u s i n g  t h e  

f o l l o w i n g  r e l a t i o n s h i p :  

where d  = water  d e p t h  i n  t h e  s o i l  p r o f i l e  (L) ,  m 
P  = w a t e r  c o n t e n t  ( d r y  weight  b a s i s )  o f  t h e  i t h  l a y e r  of t h e  

w , i  
p r o f i l e  (MM-I) ,  

I(b, i 
= s o i l  bu lk  d e n s i t y  i n  t h e  i t h  l a y e r  of t h e  p r o f i l e  

- 3  -1 
[ M L - ~ ( M L  ) I ,  

Y = t h i c k n e s s  of t h e  i t h  l a y e r  ( L ) .  
i 
n  = number of r o o t  zone l a y e r s  sampled.  

The p r e i r r i g a t i o n  w a t e r  d e p t h s  a t  each  sampling l o c a t i o n  ( i . e . ,  p o s i t i o n  i n  

t h e  f i e l d )  a r e  averaged and compared t o  t h e  wa te r  d e p t h  when t h e  s o i l  i s  a t  

f i e l d  c a p a c i t y .  T h i s  g i v e s  an e s t i m a t e  of t h e  amo'unt o f  wa te r  which needs  

t o  b e  a p p l i e d  d u r i n g  i r r i g a t i o n  t o  b r i n g  t h e  r o o t  zone t o  f i e l d  c a p a c i t y .  

T h i s  method f o r  de te rmin ing  t h e  s o i l  wa te r  defi .cj . t  a t  i r r i g a t i o n  t i m e  i s  



s u b j e c t  t o  t h e  l r r g e  degree of v a r i a b i l i t y  observed i n  s o i l  wa te r  con ten t  

sampling s t u d i e s ,  and may g ive  u l ~ r e l  i a b l e  r e s u l t s .  When re1 i a b l e  c rop  dat;, 

and,  c l i m a t e  da l a  a r e  a v a i l a b l e ,  i111other e s t i m a t e  o f  t h e  s o i l  water  d e f i c i t  

car1 be oh ta ined  through t h e  use  o f  all cvapotra11sl)iraltion modeling procedure 

and s o i l  water  hudgctirig as 'd i s r -uss t> t l  e a r l i e r .  

P r e  and p o s t i r r i g a t i o n  waLer depths  can be compared t o  o b t a i n  an 

e s t i m a t e  of t h e  dep th  of wate r  i n f i l t r a t e d  (assuming t h e r e  i s  no deep 

p e r c o l a t i o n  of  wate r  p a s t  t h e  lowest  sampling dep th)  a t  each of t h e  sampling 

l o c a t i o n s .  Th is  i s ,  of  cou r se ,  s u b j e c t  t o  t h e  comment made p r e v i o u s l y  

concerning t h e  r e l i a b i l i t y  of  s o i l  sampling t o  de te rmine  wate r  c o n t e n t s .  

The temporal  and s p a t i a l  v a r i a b i l i t y  i n  s o i l  p r o p e r t i e s  can be magnitudes 

and even o r d e r s  of magnitude i n  j u s t  a  smal l  a r e a  of a  f i e l d .  Thus, t h e  

l i m i t a t i o n  on t h e  r e l i a b i l i t y  of  r e s u l t s  i s  imposed. 

Advance/Recession Data.--Normally, t h e s e  d a t a  a r e  p l o t t e d  on a  

r e c t a n g u l a r  g r i d  w i th  t ime a s  t h e  o r d i n a t e  and d i s t a n c e  a long  t h e  furrow a s  

t h e  a b s c i s s a  (F igu re  3 ) .  The d i f f e r e n c e  i n  t ime between t h e  two curves  i s  

t h e  i n f i l t r a t i o n  oppo r tun i t y  t ime .  The i n f i l t r a t i o n  oppo r tun i t y  t ime a t  

each s t a t i o n  a long  t h e  f i l e d  should be  determined..  Of ten ,  t h e  s u r f a c e  

e l e v a t i o n s  a r e  a l s o  p l o t t e d  on t h e  same s h e e t .  Nonuniformity of  s l o p e  a long  

t h e  run w i l l  u s u a l l y  show up i n  t h e  advance and r e c e s s i o n  curves .  A p l o t  of  

t h e  s u r f a c e  p r o f i l e  may o f t e n  be ve ry  u s e f u l  i n  h e l p i n g  t o  e x p l a i n  

v a r i a t i o n s  i n  advance and r e c e s s i o n  r a t e s .  

Inflow/Runoff Data.--The in f low and runoff  d a t a  should be p l o t t e d  v s .  

t ime (wi th  in f low and runof f  r a t e s  a s  t h e  o r d i n a t e s  and t ime a s  t h e  

a b s c i s s a )  on t h e  same r e c t a n g u l a r  g r i d .  These a r e  t h e  in f low and runoff 

hydrographs.  The in f low hydrograph i s  p l o t t e d  up t o  t h e  t ime of s h u t  o f f .  

Graphica l  i n t e g r a t i o n  of  t h e  a r ea  under t h i s  curve  r e p r e s e n t s  t h e  volume of  

wate r  a p p l i e d ,  'a L The runoff  hydrograph i s  a l s o  p l o t t e d  up t o  t h e  

t ime of s h u t o f f .  A f t e r  s h u t o f f ,  t h e  runof f  r a t e  i s  assumed t o  dec r ea se  

l i n e a r l y  from t h e  runoff  r a t e  a t  t h e  t ime of  s h u t o f f  t o  z e r o  a t  t h e  end of 

r e c e s s i o n .  Graphica l  i n t e g r a t i o n  of t h e  e n t i r e  a r e a  under t h i s  curve 

r e p r e s ~ n t s  t h e  t o t a l  r~ lno f  f vol ~mtx, W (I,'). The d i  i ' f c rcncr  between t h e  
U 

volume of app l i ed  watcXr ancl volt~rne of r u n o f f ,  a s  t i r . l t~ rmin~d  by t h i s  melhod, 

i s  t h e  volume of water remaining i n  t h e  f i e l d ,  o r  t h e  t o t a l  volume 

i n f i l t r a t e d  du r ing  t h e  i r r i g a t i o n ,  i . e . ,  
- Wi - Wa ; Wu 

3  where W .  = t o t a l  volume i n f i l t r a t e d  ( L  ) .  
1 



L 
Distance Down Field,  x 

Figure 3. Simplified representation of advance and recession curves 
and phases or irrigation. 



The in f low-runof f  method i s  assumed t o  be  t h e  most a c c u r a t e  f o r  

d e t e r m i n i n g  t h e  t o t a l  volume of  i n f i l t r a t i o n .  T h i s  i s  because  i t  g i v e s  t h e  

average  i n f i l t r a t i o n  f o r  t h e  e n t i r e  furrow l e n g t h  (ds  opposed t o  " p o i n t "  

t y p e  m e a s ~ ~ r e n ~ e n t s  froni i n f i l t r a t i o n  t e s t s  o r  s o i  l w a t e r  d a t a ) ,  and because  

f low r a t e s  can u s u a l l y  be measured more a c c u r a t e l y  t h a n  i n f i l t r a t i o n  o r  s o i l  

w a t e r  c o n t e n t .  

S u b s u r f a c e  D i s t r i b u t i o n  o f  Appl ied  Water.--The s u b s u r f a c e  d i s t r i b u t i o n  

of  a p p l i e d  w a t e r  i n  furrow i r r i g a t i o n  can  be de te rmined  when t h e  f o l l o w i n g  

i n f o r m a t i o n  i s  known. 

1. A r e p r e s e n t a t i v e  i n f i l t r a t i o n  f u n c t i o n ( s )  a s  de te rmined  above.  

2 .  I n f i l t r a t i o n  o p p o r t u n i t y  t i m e s  a l o n g  t h e  i r r i g a t e d  r u n ,  i . e . ,  

advance and r e c e s s i o n  t i m e s  a t  p o i n t s  a l o n g  t h e  run .  

Upon c o n s t r u c t i o n  of  t h e  s u b s u r f a c e  p r o f i l e ,  it i s  p o s s i b l e  t o  c h a r a c t e r i z e  

t h e  performance of  a  p a r t i c u l a r  i r r i g a t i o n .  Howlever, b e f o r e  i r r i g a t i o n  

performance p a r a m e t e r s  a r e  d e f i n e d  it i s  n e c e s s a r y  t o  d e f i n e  s e v e r a l  r e l a t e d  

q u a n t i t i e s  upon which t h e y  depend.  

F i g u r e  4 r e p r e s e n t s  a n  i d e a l i z e d  p r o f i l e  o f  i n f i l t r a t e d  w a t e r  a s  a  

r e s u l t  o f  a  furrow i r r i g a t i o n .  The d i s t a n c e  AB i s  t h e  f i e l d  l e n g t h ,  and t h e  

l i n e  DFG i s  t h e  boundary of  t h e  i n f i l t r a t e d  w a t e r .  I f  t h e  downstream 

boundary c o n d i t i o n  i s  one o f  f r e e  o u t f a l l ,  t h e n  runof f  w a t e r  from t h e  f i e l d  

can b e  assumed t o  ex tend  t o  t h e  imaginary  f i e l d  l e n g t h  C ,  and t o  i n f i l t r a t e  

a c c o r d i n g  t o  t h e  p r o f i l e  CD. The w a t e r  r equ i rement  d e p t h  a t  t h e  t ime  o f  

i r r i g a t i o n  i s  assumed uniform a long  t h e  f i e l d  1engt.h and i s  r e p r e s e n t e d  by 

l i n e  EFH. With t h e s e  concep t s  i n  mind t h e  fol- lowing q u a n t i t i e s  w i t h  

a p p r o p r i a t e  u n i t s  shown i n  F i g u r e  4 a r e  d e f i n e d .  

1 .  T o t a l  volume of a p p l i e d  w a t e r ,  Wa ( a r e a  ACDGA). T h i s  i s  t h e  

t o t a l  volume of  wa te r  i n t r o d u c e d  p e r  fu r row.  

2 .  T o t a l  volume of  w a t e r  r e q u i r e d  i n  t h e  r o o t  zone t o  r e a c h  f i e l d  

c a p a c i t y ,  W ( a r e a  ABEHA). T h i s  i s  t h e  v o l u m e t r i c  s o i l  w a t e r  d e f i c i t .  r 
3 .  T o t a l  volume o f  w a t e r  s t o r e d  i n  t h e  r o o t  zone ,  W ( a r e a  ABDFHA). 

r z  
T h i s  volume o f  w a t e r  i s  dependent  upon t h e  f i e l d  c a p a c i t y  o f  t h e  s o i l  and 

t h e  a v a i l a b l e  s t o r a g e  a t  t h e  t ime  of  i r r i g a t i o n .  The t o t a l  volume o f  w a t e r  

a v a i l a b l e  f o r  p l a n t  use  a f t e r  t h e  i r r i g a t i o n  and d r a i n a g e  p e r i o d  e q u a l s  t h e  

d i f f e r e n c e  between t h e  f i e l d  c a p a c i t y  (FC) and t h e  permanent w i l t i n g  p o i n t  

(PWP) of  t h e  s o i l ,  assuming t h e  r o o t  zone i s  comple te ly  f i l l e d  from t h e  



permanent w i l t i n g  p o i n t  t o  f i e l d  c a p a c i t y  du r ing  i r r i g a t i o n  [ i . e . ,  t h e  t o t a l  

a v a i l a b l e  wa t e r  expressed  a s  a  d e p t h ,  TAW = (FC - PW)  x  (bu lk  d e n s i t y  of  

t h e  s o i l )  x  ( r o o t i n g  d e p t h ) ] .  

4 .  T o t a l  v o l ~ m e  of deep p e r c o l a t i o n ,  W ( a r e a  FGHF). The volume of 
P 

wate r  which i n f i l t r a t e s  p a s t  t h e  lower boundary of' t h e  r oo t  zone.  W may 
P 

equa l  z e ro  i n  some c a s e s .  

5 .  To t a l  volume of t a i l w a t e r  o r  r uno f f ,  W ( a r ea  BCDR). The volume 
I1 

of  wate r  which runs o f f  t h e  end of  t h e  f i e l d  i f  f r e e  o u t f a l l  c o n d i t i o ~ l s  

e x i s t  . 
6 .  T o t a l  volume of r o o t  zone d e f i c i t  a f t e r  i r r i g a t i o n ,  Wdf ( a r ea  

DEFD) . 
Wdf 

e q u a l s  z e r o  i f  t h e  r o o t  zone i s  comple te ly  f i l l e d .  

The i n f i l t r a t i o n  r e l a t i o n s h i p ( s )  a s  determined from i n f i l t r a t i o n  t e s t s  

and t h e  i n f i l t r a t i o n  o p p o r t u n i t y  t imes  from advance / r ece s s ion  d a t a  a r e  used 

t o  p l o t  t h e  subsu r f ace  d i s t r i b u t i o n .  The t o t a l .  i n f i l t r a t e d  volume a s  

p r e d i c t e d  by t h e  i n f i l t r a t i o n  f u n c t i o n ( s )  should  be determined from t h i s  

p l o t .  Comparison of  t h i s  va lue  w i th  t h a t  determined by t h e  in f low/ runof f  

hydrograph a n a l y s i s  i s  a  check on t h e  adequacy of t h e  i n f i l t r a t i o n  

f u n c t i o n ( s )  i n  p r e d i c t i n g  t h e  t o t a l  i n f i l t r a t e d  volume. I f  t h e r e  i s  s i g n i f -  

i c a n t  d e v i a t i o n ,  t h e  m u l t i p l i c a t i v e  c o n s t a n t s  of  t h e  i n f i l t r a t i o n  

f u n c t i o n ( s )  should be a d j u s t e d  by a  t r i a l  and e r r o r  volume ba l ance  p rocedure  

u n t i l  t h e  two v a l u e s  c o i n c i d e .  Once t h i s  i s  f i n i s h e d ,  t h e  subsu r f ace  

d i s t r i b u t i o n ,  a s  p r e d i c t e d  by t h e  "ad jus ted"  i n f i l t r a t i o n  f u n c t i o n ( s ) ,  i s  

p l o t t e d .  The s o i l  wa te r  d e f i c i t  a s  e s t ima t ed  th rough  s o i l  wa te r  c o n t e n t  

ana ly se s  o r  e v a p o t r a n s p i r a t i o n  s t u d i e s  i s  a l s o  p l o t t e d  on t h e  same s h e e t .  

E f f i c i e n c y  and Performance Paramete rs . - -Graphica l  i n t e g r a t i o n  of  each 

of t h e  r e p r e s e n t a t i v e  a r e a s  o f  t h e  subsu r f ace  d i s t r i b u t i o n  i s  used t o  f i n d  

each  of t h e  volumes a s  p r e v i o u s l y  d i s c u s s e d .  Values of  volume a p p l i e d ,  

volume i n f i l t r a t e d  and volume of  runof f  a s  determined by bo th  t h e  in f low/  

runof f  ana ly se s  and by t h e  subsu r f ace  d i s t r i b u t i o n  should correspond 

(assuming t h e  i n f i l t r a t i o n  f u n c t i o n  used t o  c o n s t r u ~ c t  t h e  subsu r f ace  p r o f i l e  

i s  r e p r e s e n t a t i v e ,  i . e . ,  y i e l d s  good p r e d i c t i o n  of t o t a l  i n f i l t r a t i o n  wate r  

volume).  

Four i r r i g a t i o n  performance paramete rs  a r e  de f i ned  a s  f o l l ows :  

I .  Water a p p l i c a t i o n  e f i c i e r ~ c y ,  
Ea ' i s  t h e  p e r c e n t  of t h e  amount of 

wate r  a p p l i e d  which i s  s t o r e d  i n  t h e  r o o t  zone f o r  f u t u r e  use .  
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AB l e n g t h  of furrow (L) 

ACDGA 3 t o t a l  volume of a p p l i e d  water  p e r  fu r row,  Wa(L ) 

ABEHA 3 t o t a l  volume of  requirement  p e r  furrow,  Wr(L ) 

3 ABDFHA t o t a l  volume of a c t u a l  r oo t  zone s t o r a g e  p e r  furrow,  Wrz(L ) 

FGHF 3 t o t a l  volume of  deep p e r c o l a t i o n  p e r  furrow,  Wp(L ) 

BCDB 3 
t o t a l  volume of runof f  wate r  p e r  fu r row,  h' (L ) 

U 

DEFD t o t a l  volume of  r o o t  zone d e f i c i t  a f t e r  i r r i g a t i o n  p e r  

furrow,  w (L') d  f  

F igu re  4 .  I d e a l i z e d  subsu r f ace  p r o f i l e  of app l i ed  wate r  i n  furrow 
i r r i g a t i o n .  



where 

2 .  Water requirement  e f f i c i e n c y ,  E inclic-ates t h e  p e r c e n t  of t h e  
r  ' 

amount o-f wa te r  r e q u i r e d  t o  ref-;  11 t h e  r o o t  zone which i s  s u p p l i e d  by an 

i r r i g a t i o n .  

3 .  Runoff ( o r  t a i l w a t e r )  r a t i o ,  R t ,  r e p r e s e n t s  t h e  f r a c t i o n  of t h e  

t o t a l  amount a p p l i e d  which i s  l o s t  a s  r u n o f f  from t h e  end of t h e  f i e l d .  

4 .  Deep p e r c o l a t i o n  r a t i o ,  R r e p r e s e n t s  t.he f r a c t i o n  o f  t h e  t o t a l  
P ' 

amount a p p l i e d  which i s  l o s t  a s  deep p e r c o l a t i o n  p a s t  t h e  bottom of  t h e  r o o t  

zone.  

The sum of  t h e  deep p e r c o l a t i o n  r a t i o ,  t h e  rlunoff r a t i o  and t h e  w a t e r  

a p p l i c a t i o n  e f f i c i e n c y  (expressed  a s  a  f r a c t i o n )  i s  u n i t y .  Each of t h e  

above volumes can be t r e a t e d  a s  average  d e p t h s  when d i v i d e d  by t h e  p r o d u c t  

of furrow l e n g t h  and i r r i g a t e d  furrow s p a c i n g .  

EXAMPLE SYSTEM EVALUATION 

The f o l l o w i n g  d i s c u s s i o n  p r e s e n t s  t h e  r e s u l t s  of a n  e v a l u a t i o n  of a  

furrowed i r r i g a t i o n  system u s i n g  t h e  p rocedures  j u s t  d i s c u s s e d .  A d e s i g n  o f  

t h i s  f i e l d  was fo rmula ted  u s i n g  t h e  SCS fur row i r r i g a t i o n  d e s i g n  p rocedure  

(USDA, 1978 d r a f t ) .  The r e s u l t s  of t h i s  d e s i g n  a r e  p r e s e n t e d  i n  a  s e p a r a t e  

a n a l y s i s  o f  t h e  d e s i g n  p rocedure  (Ley and Clylna, 1980) .  Thus ,  it i s  

p o s s i b l e  t o  compare t h e  c u r r e n t  sys tem o p e r a t i o n  and performance w i t h  t h e  

sngges ted  d e s i g n  o p e r a t i o n  and performance.  U l t i m a t e l y ,  t h i s  a l l o w s  f o r  

d e t e r m i n a t i o n  o f  p o s s i b l e  sys tem r e d e s i g n  and management changes such  t h a t  

improved system performance r e s u l t s .  Recommended d e s i g n  paramete rs  a r e  

r e p e a t e d  h e r e  f o r  t h e  r e a d e r ' s  convenience.  



Q = 0.57 - 0 . 7 6  l p s l f u r r o w  (9-12 gpmlfurrow) 

T1 = 720 min 

i r r i g a t e d  furrow s p a c i n g  = 1 . 1 2  ni (3 .67 f t )  

d e s i g n  d e p t h  = 61 mm ( 2 . 4  i n . )  

The c r o p  i r r i g a t e d  was s u g a r  b e e t s  p l a n t e d  on a 0 . 5 6  m ( 1 . 8 4  i t )  row 

s p a c i n g .  P re  and p o s t i r r i g a t i o n  s o i l  w a t e r  c o n t e n t  samples were c o l l e c t e d ,  

however, a n a l y s i s  has  proven them t o  be i n a d e q u a t e .  A t  any r a t e ,  a n  average  

e v a p o t r a n s p i r a t i o n  r a t e  f o r  s u g a r  b e e t s  was de te rmined  t o  be  n e a r  6  mmlday 

( 0 . 2 4  i n . / d a y )  i n  t h e  g e n e r a l  a r e a .  The e l a p s e d  t ime  from t h e  p r e v i o u s  

i r r i g a t i o n  (when t h e  r o o t  zone was l a s t  comple te ly  f i l l e d )  t o  t h e  t ime  of  

t h e  i r r i g a t i o n  b e i n g  e v a l u a t e d  was 12  days .  The s o i l  wa te r  d e f i c i t  was t h u s  

e s t i m a t e d  t o  be  approx imate ly  72 mrn ( 2 . 8  i n . ) .  

The fa rmer  was i r r i g a t i n g  t h e  furrows from a  c o n c r e t e - l i n e d  head d i t c h  

u s i n g  1 114- in .  s i p h o n  t u b e s .  Every o t h e r  furrow was b e i n g  i r r i g a t e d  s o  t h e  

i r r i g a t e d  furrow s p a c i n g  was 1 . 1 2  m .  The average  fu r row g r a d e  i s  0.0098 

m l m .  The furrow l e n g t h  i s  365 m .  In f low and runof f  measurements were t a k e n  

a t  t h e  head o f  t h e  fu r row and a t  x  = 350 m ,  r e s p e c t i v e l y .  S o i l s  were found 

t o  be  uniform a l r e a d y ,  a l t h o u g h  t h e r e  was some v a r i a t i o n  i n  t e x t u r e  w i t h  

d e p t h .  

F i v e  blocked furrow i n f i l t r a t i o n  t e s t s  were conducted t h e  day b e f o r e  

i r r i g a t i o n  a t  f i v e  l o c a t i o n s  a l o n g  t h e  l e n g t h  of  run .  The d a t a ,  reduced t o  

t h e  form of  volume i n f i l t r a t e d  p e r  u n i t  l e n g t h  v s .  t i m e ,  a r e  p l o t t e d  i n  

F i g u r e  5 .  The mean i n f i l t r a t e d  volume p e r  u n i t  l e n g t h  v s .  t ime  was found 

and i s  a l s o  p l o t t e d  i n  F i g u r e  5 .  A l e a s t  s q u a r e s  r e g r e s s i o n  p r o c e d u r e ,  

o u t l i n e d  i n  Garc ia  (1978) ,  was used t o  de te rmine  a n  e m p i r i c a l  i n f i l t r a t i o n  

f u n c t i o n  of t h e  form o f  Eq. ( 3 )  f o r  t h e  mean: 

z = 2369.4 t 0.37 + 70 t (11)  
3  where z  = cumula t ive  volume i n f i l t r a t e d  (cm Im), 

t = t ime  (min) .  

T h i s  f u n c t i o n  i s  a l s o  p l o t t e d  i n  F i g u r e  5 .  

Advance and r e c e s s i o n  d a t a  and s u r f a c e  e l e v a t i o n  d a t a  a r e  p l o t t e d  i n  

F i g u r e  6 .  I n f i l t r a t i o n  o p p o r t u n i t y  t i m e s  a t  s t a t i o n s  a l o n g  t h e  fu r row a r e  

i n c l u d e d .  The t ime  of  advance t o  t h e  runof f  measur ing d e v i c e  (x  = 350 m) 

was 180 min. The p l o t  o f  t h e  s u r f a c e  p r o f i l e  s l o p e  ( F i g u r e  6 )  i n d i c a t e s  t h e  

u n i f o r m i t y  of  s l o p e  i s  a c c e p t a b l e .  



Normally, t he  farmer  o p e r a t e s  u s ing  a  12-hr i n f l ow  o r  s e t  t ime .  For  

t h i s  p a r t i c u l a r  i r r i g a t i o n ,  however, a  power f a i l - u r e  caused pump shutdown 

and i n t e r r u p t e d  t h e  i r r i g a t i o n .  The i n f l ow  t ime ove r  which measurements 

were t aken  was 7 .5  h r .  In f low and runof f  d a t a  f o r  t h i s  t ime d u r a t i o n  a r e  

p l o t t e d  i n  F igu re  7 .  Graphica l  i n t e g r a t i o n  of  t h e  a r e a  enc losed  by each of 

t h e s e  curves  r e s u l t e d  i n  t h e  fo l lowing  volumes: 

T o t a l  volume a p p l i e d ,  W = 22.86 m 3 
a  

T o t a l  runoff  volume, WII = 6.68 m 3 

Tota l  - i n f i l t r a t e d  volumc., W. = W3 - WU 
I 

An average  i n f i l t r a t e d  dep th  can be found by d i v i d i n g  by t h e  furrow l e n g t h  

and i r r i g a t e d  furrow spac ing .  I n  t h i s  c a s e ,  a  fiurrow l e n g t h  of  350 m i s  

used s i n c e  t h i s  i s  t h e  d i s t a n c e  over  which i n f i l t r a t i o n  occu r r ed .  The 

average  i n f i l t r a t e d  dep th  i s :  

I n f i l t r a t i o n  oppo r tun i t y  t imes  (from F igu re  7 )  a r e  used i n  Equa t ion  (11)  t o  

p l o t  t h e  subsu r f ace  d i s t r i b u t i o n  ( s e e  F i g u r e  8 ) .  The o r d i n a t e  i n  F i g u r e  8  

i s  a c t u a l l y  an average  i n f i l t r a t i o n  dep th  i n  cm which i s  ob t a ined  by 
3 3 conve r t i ng  va lue s  ob t a ined  i n  Equa t ion  (11)  from cm / m  t o  m / m ,  t h en  by 

d i v i d i n g  by t h e  i r r i g a t e d  furrow spac ing  (m) and m u l t i p l y i n g  by 100 t o  

o b t a i n  cm. Graphica l  i n t e g r a t i o n  of  t h e  a r ea  enc lo sed  by t h i s  curve  r e s u l t s  

i n  an e s t i m a t e  of t o t a l  volume i n f i l t r a t e d  p e r  uni . t  wid th  a s  p r e d i c t e d  by 

t h e  blocked furrow i n f i l t r a t i o n  f u n c t i o n  (Equat ion 11 ) .  Th i s  e s t i m a t e  i s :  

3 
'it l p r e d .  

= 15.19 m / m  of width  

where 'it l p r e d .  = e s t ima t ed  t o t a l  volume i n f i l t r a t e d  p e r  u n i t  wid th  
3 -1 

( L L  1 .  
Mu l t i p ly ing  by t h e  furrow spac ing  (1 .12  m) y i e l d s  an  e s t i m a t e  of  t h e  t o t a l  

volume i n f i l t r a t e d .  Hence, 

= 17.02 m 3 

where W i I p r e d .  3 = e s t i m a t e  of t o t a l  i n f i l t r a t e d  volume (L ) .  
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Figure  5.  Blocked furrow i n f i l t r a t i o n  tes t  d a t a .  
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Figure 6. Advance/recession curves, surface profile slope and infiltration opportunity times. 



An e s t i m a t e  o f  t h e  average  i n f i l t r a t e d  dep th  a s  p r e d i c t e d  by t h e  b locked  

furrow i n f i l t r a t i o n  f u n c t i o n  i s :  

Comparison o f  t h e  p r e d i c t i o n  o f  t o t a l  i n f i l t r a t e d  volume a s  o b t a i n e d  u s i n g  

t h e  b locked furrow i n f i l t r a t i o n  f u n c t i o n  w i t h  t h e  v a l u e  o b t a i n e d  by in f low/  

runof f  hydrograph a ~ ~ a l y s i s  shows t h e  f o l l o w i n g  d e v i a t i o n :  

T h i s  d e v i a t i o n  i s  a c c e p t a b l e ,  c o n s i d e r i n g  t h e  a c c u r a c y  w i t h  which d a t a  can 

be  c o l l e c t e d  i n  t h e  f i e l d .  Had t h e  d e v i a t i o n  been u n a c c e p t a b l e  ( i . e . ,  

g r e a t e r  t h a n  10 - 15 p e r c e n t ) ,  t h e n  ad jus tment  of  t h e  m u l t i p l i c a t i v e  

c o n s t a n t s  i n  t h e  i n f i l t r a t i o n  f u n c t i o n  would have been n e c e s s a r y  (by a  

volume b a l a n c e  t r i a l  and e r r o r  p rocedure  o r  g r a p h i c a l  p r o c e d u r e ,  s e e  example 

b o r d e r  i r r i g a t i o n  e v a l u a t i o n  by Ley and Clyma, 1980) u n t i l  t h e  d e v i a t i o n  was 

w i t h i n  a n  a c c e p t a b l e  r ange .  

Resu l t s . - -Each  o f  t h e  volumes a s s o c i a t e d  w i t h  performance p a r a m e t e r s  

can b e  de te rmined  w i t h  t h e  r e s u l t s  o f  t h e  i n f l o w / r u n o f f  hydrograph a n a l y s i s  

and t h e  s u b s u r f a c e  d i s t r i b u t i o n  p l o t .  For  t h i s  c a s e ,  t h e  i n f l o w / r u n o f f  

hydrograph r e s u l t s  a r e  used.  The volumes a r e  a s  f o l l o w s :  

T o t a l  volume a p p l i e d ,  W = 22.86 m 3 
a  -, 

T o t a l  r u n o f f  volume, Wu = 6 . 6 8  m' 

T o t a l  volume i n f i l t r a t e d ,  W:  = 1 6 . 1 8  m 3 
1 I. m T o t a l  volume r e q u i r e d ,  W = (72 mm) (------- r 1000 m 

) ( 3 5 0  m)(1 .12 m) 

= 28.22 m 3  

T o t a l  volume s t o r e d ,  W = 1 6 . 1 8  m 3 
r z  

T o t a l  volume deep p e r c o l a t e d ,  W = 0 . 0  m 3 
P  

T o t a l  d e f i c i t  volume, Wdf  = 28.22 - 16 .18  

= 12.04 m 3  

Each volume can b e  conver ted  t o  a n  a v e r a g e  d e p t h  by d i v i d i n g  by t h e  p r o d u c t  

of  fu r row l e n g t h  and i r r i g a t e d  furrow s p a c i n g .  The performance pa ramete r s  

f o r  t h i s  i r r i g a t i o n  a r e  de te rmined  u s i n g  E q u a t i o n s  ( 6 )  t h r o u g h  ( 1 0 ) .  
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Figure 7. Inflow and runoff hydrographs. 

50 

Q, 
C 

40 C 
*- 

E 
\ 

U)  

30 C .- - 
L 

Q, 
0 

& 20 
5: 
0 
U )  .- 
CI 

-. 

- *  Advance Time = 180 minutes 
Cutoff T ime = 450 minutes 

A In f low 

0 Runoff 

n - 
.- 

10 - 
1" " I\ 

0 I I I I I I I I 
0 50 100 150 200 250 300 350 400 450 500 



Distance along Furrow, m 

Figure 8. Subsurface distribution of applied wat.er estimated from 

u 
Q, 
+ 4.0 - 
0 
L 
C n n - (m V V 

blocked furrow infiltration function, z = 2369.4t 0.37 + 

3 70.0t (2-cm /m, t-min). 

.- 
rC 

C 

" 6.0 
Q, 

E 
2 - 
>" 

- I 
I 

- Estimated Soil Water De f ic i t  = 72  rnrn 
I 

----- - ---- - ---- -4 
8.0 - I 



144 

W r z  Water a p p l i c a t i o n  e f f i c i e n c y ,  E = --- . 
a W  100 

a 

= 70.8% 

W 
Water requircmerit e f f i c i e n c y ,  E = I00 

r W  
r 

W - u  Ta i lwa t e r  r a t i o ,  
Rt - rj- 

a  

= 0.292 

W 
Deep p e r c o l a t i o n  r a t i o ,  R - 4 

P  - wa 

S ince  t h e  i r r i g a t i o n  was i n t e r r u p t e d  by a  power f a i l u r e ,  it i s  n o t  

p o s s i b l e  t o  compare t h e  de s ign  w i th  t h e  r e s u l t s  of  t h i s  e v a l u a t i o n .  

However, it i s  known t h a t  t h e  farmer  normal ly  u se s  a 12-hr s e t  t ime and t h a t  

he makes no ad jus tment  t o  t h e  furrow in f l ow  r a t e  once t h e  s iphon  t u b e s  a r e  

s e t .  Hence, r e f e r r i n g  a g a i n  t o  F i g u r e  7 ,  it i s  p o s s i b l e  t o  e s t i m a t e  what 

t h e  volumes f o r  a  12-hr  i n f l ow  t ime  would have been.  Th i s  i s  done by 

e x t r a p o l a t i n g  bo th  t h e  in f low and runoff  curves  o u t  t o  720 minutes  a t  a  

- d i s cha rge  r a t e  equa l  t o  t h e i r  averages  f o r  t h e  l a s t  h a l f  of  t h e  450 minute 

i r r i g a t i o n .  Changes w i l l  occur  i n  W a ,  W U ,  W i ,  W r z  and p o s s i b l y  W . 
P  

Es t ima t e s  of  what t h e  volumes and performance paramete rs  f o r  t h e  12-hr  s e t  

might have been a r e  a s  f o l l ows :  

W = 36.40 m 3 
a  



Table 1 provides a summary of the evaluation and a comparison with the 

design. 

Table 1. Summary of evaluation and comparison with design. 

Parameter 
Evaluation Evaluation 

1/ (measured) (estimated) Design- 

Inflow time, min 
Average furrow inflow rate, Aps 

Design depth or requirement, mm 

Average depth applied, mm 

Average infiltrated depth, mm 

Water application efficiency, % 
Water requirement efficiency, % 
Tailwater ratio, dec. 
Deep percolation ratio, dec. 

7 20 
0.57-0.76 
(9-12 gpm) 

6 1 
(2.4 in.) 

70.0 
(2.76 in.) 

56.5 
(2.22 in.) 

81.4 
92.7 
0.186 
0.00 

?'values for average depth applied, average depth inf iltrsted and design 
performance parameters are averages for the 0.57-0.76 Aps (9-12 gpm) 
range of furrow inflow rates. 

CONCLUSIONS 

1. It is obvious that the interrrupted irrigation was inadequate. 

However, the uniformity of application was good. 

2. Extrapolation of flow rates on the inflow/runoff hydrographs (to 

720 min) yields an estimate of what the system performance would normally be 

under the farmer's current (12-hr set) operation. Assuming these results 

valid, the farmer would be doing only a fair job of replenishing the needed 

soil water and would. have a large amount of runoflE loss. Comparison with 



t h e  sugges ted  d e s i g n  paramete rs  i n d i c a t e s  why t h i s  happens .  F i r s t ,  t h e  

f a r m e r ' s  average  furrow i n f l o w  r a t e  f o r  t h e  i r r i g a t i o n  i s  w e l l  above t h e  

sugges ted  range .  T h i s  would be  a  major reason  f o r  t h e  h i g h  amount o f  runof f  

l o s s e s  a s  compared t o  d e s i g n .  Second, t h e  fa rmer  i r r i g a t e d  a t  a  h i g h e r  s o i l  

wa te r  d e f i c i t  t h a n  sugges ted  by d e s i g n  a n a l y s e s .  T h i s  f a c t o r  c o n t r i b u t e s  t o  

t h e  u n d e r - i r r i g a t i o n  which i s  o c c u r r i n g  wi t h  h i  s  r r l r r e n t  mcinngenient. 

3 .  The i n i t i a l  d e s i g n  f o r  t h i s  f l e l d  was forni111atc.d t o r  a d c s i g ~ i  

d e p t h  of 72 mm ( 2 . 8  i n . ) ,  t h e  approxi lnat r  operatinlq s o i l  w a t e r  d e f i c i t  f o r  

t h e  fa rmer .  Only marginal  l y  a c c e p t a b l e  l e v e l s  of d e s i g n  perforlnance cou ld  

b e  o b t a i n e d  f o r  t h e s e  d e s i g n  c o n d i t i o n s .  I t e r a t i o n s  of t h e  d e s i g n  p rocedure  

f o r  s m a l l e r  d e s i g n  d e p t h s  were c a r r i e d  o u t  and a  f e a s i b l e  d e s i g n  de te rmined  

f o r  a  d e s i g n  d e p t h  of 6 1  mm ( 2 . 4  i n . ) .  The farmer  cou ld  s i g n i f i c a n t l y  

improve system performance by a l t e r i n g  h i s  sys tem management t o  a p p l y  a  

s m a l l e r  amount (61 mm) on a  more f r e q u e n t  b a s i s .  i . e . ,  r educ ing  t h e  d e s i g n  

d e p t h  from 72 mm ( 2 . 8  i n . )  t o  6 1  mm (2 .4  i n . )  s h o r t e n s  t h e  i r r i g a t i o n  

i n t e r v a l  by 1 t o  2  days .  

RECOMMENDATIONS 

1. The fa rmer  shou ld  c o n s i d e r  a l t e r i n g  h i s  system management t o  t h e  

s m a l l e r  d e s i g n  a p p l i c a t i o n  d e p t h  a s  d i s c u s s e d .  Given t h e  range o f  fu r row 

i n f l o w  r a t e s  sugges ted  from t h e  d e s i g n ,  0 .57 t o  0 .76 2ps (9 t o  12  gpm), 

a c c e p t a b l e  l e v e l s  o f  system performance can be  ach ieved .  

2 .  F u r t h e r  e v a l u a t i o n s  of t h e  i r r i g a t i o n  system a r e  n e c e s s a r y .  I f  

t h e  farmer  a c c e p t s  t h e  above d e s i g n  paramete rs  t h e n  an e v a l u a t i o n  of t h e  new 

d e s i g n  and management i s  d e s i r e d .  Also ,  s e a s o n a l  changes i n  f a c t o r s  and 

c o n d i t i o n s  which a f f e c t  t h e  system performance must be  e v a l u a t e d  s o  t h a t  an  

e f f i c i e n t  o p e r a t i o n  can be  implemented th roughout  t h e  s e a s o n .  The example 

p r e s e n t e d  has  o n l y  i l l u s t r a t e d  t h e  many f a c t o r s  and c o n d i t i o n s  t o  b e  

cons idered  f o r  one i r r i g a t i o n  o f  t h e  s e a s o n .  

COLLECTION AND ANALYSIS OF MORE DETAILED DATA 

Data C o l l e c t i o n  

When i t  i s  d e s i r a b l e  t o  o b t a i n  more d e t a i l e d  i n f o r m a t i o n  on t h e  

p h y s i c a l  o p e r a t i n g  a s p e c t s  o f  t h e  i r r i g a t i o n  system,  t h e  f o l l o w i n g  measure- 

ments shou ld  b e  made i n  sequence w i t h  t h e  p rocedures  d e s c r i b e d  p r e v i o u s l y .  

Furrow Cross  S e c t i o n  Data.--An e s t i m a t e  o f  t h e  furrow c r o s s - s e c t i o n a l  

a r e a  can b e  o b t a i n e d  th rough  t h e  u s e  of t h e  d e v i c e  shown i n  F i g u r e  9 .  The 

furrow p r o f i l o m e t e r  i s  p l a c e d  i n  t h e  furrow w i t h  t h e  s l i d i n g  rods  j u s t  



resting on the furrow bottom. An identification marker of the location is 

placed next to the profilometer and a photo of them is taken. This should 

be done in several (at least three) preselected points along each of the 

furrows in which other measurements are made ( i . . ,  advance/recession, 

inflow/runoff, etc.). Furrow cross section data should be collected both 

before and after the irrigation; it is suggestecl that these data be 

collected at the same time soil water content samples are collected. Care 

and good judgement should be exercised in the placement of the profilometer, 

making sure to place it in a representative section of the furrow without 

disturbing the soil. 
40 cm------ q 

Sliding Rods 

Figure 9. Furrow profilometer. 

Flow Depth and Top Width Data.--The flow depth and top width are 

measured in each of the furrows in which inflow/runoff and advance/ 

recession data are taken. Measurements should be made at several points 

along these furrows several times during the irrigation. These measurements 

should be taken at approximately the same location each time. When these 

data are collected, it is desirable to make the measurements as often as 

possible during the advance, and may be spaced out at 30 to 60-minute 

intervals during the rest of the irrigation. 

Furrow Infiltration Data.--Another method for determining infiltration 

during furrow irrigation, is the inflow-outflow method presented by Criddle, 

et al. (1956). Small flumes or other flow measuring devices are placed in 

the furrow at some spacing, i. e. , anywhere from 25 m to 75 m. The inf low 

and outflow rates vs. time are recorded for each section. Flow depth and 

top width measurements are also taken in these sections. A volume balance 

procedure (discussed shortly) is used to determine an infiltration 

relationship. When these data are collected the measurements should be made 

in furrows other than those in which advance a:nd recession data are 

collected. 



Data Ana l y s e s  - -- - . . . . -. -. . - .- . 

Furrow P r o f i l e s  and S u r f a c e  Storap-e.--Once Che Furrow c r o s s  s e c t i o n  - - - -- - - . . . - -- - - - -. - . 

photos  a r e  r e a d y ,  t h e  d a t a  i s  t r a n s c r i b e d  t o  Ltie a p p r o p r i a t e  d a t a  form. 

These d a t a  can t h e n  be  a n a l y z e d ,  and i n  g e n e r a l ,  a n  empi r i ca l .  power 

r e l a t i o n s h i p  between c e n t e r  dep th  and c ross - sec t : i . ona l  a r e a  found: 

L where A = furrow c r o s s - s e c t i o n a l  a r e a  (L ) ,  f  
y  = c c ~ ~ t e r  dep th  ( L ) ,  

AR,  RH = rxn~l)iric;ll c o r ~ s t ; r i ~ t s  

'I'he c o r ~ s  t a n t s  AK I HK car1 hca Found u s  i r ~ g  '-1 I <,as t s q u a r e s  t e c h n i q u e .  

Usua l ly  a  meall r e l a t i o l l s h i p  f o r  t h e  t n l  i re  f ~ i r r u w  l e r ~ g t l i  i s  detercnined a s  

f o l l o w s :  

a .  Graphical ' ly  e s t i m a t e  t h e  a r e a  of  each  c r o s s  s e c t i o ~ i  a t  d e p t h s  of  

1, 2 and 3 cm from t h e  fu r row bottom a t  t h e  fu r row c e n t e r l i . n e .  

b .  C a l c u l a t e  t h e  mean a r e a  f o r  t h e  furrow s e c t i o n s  of e a c h  fu r row a t  

each d e p t h .  

c .  Perform a  l o g a r i t h m i c  t r a n s f o r m a t i o n  of' Kql~aCion ( A - 1 )  and a  l e a s t  

s q u a r e s  r e g r e s s i o n  of  t h e  t r a n s  formed va c i a b  l c s  t o  d e t e r m i n e  t h e  

c o n s t a n t s  AR and BR.  

Assuming t h e  e m p i r i c a l  r e l a t i o n s h i p  f o r  t h e  fu r row c r o s s - s e c t i o n a l  a r e a  

( a s  j u s t  d e r i v e d )  i s  v a l i d  f o r  t h e  e n t i r e  fu r row l e n g t h ;  f low d e p t h  d a t a  a r e  

used t o  f i n d  f low a r e a s  a t  each of t h e  p o i n t s  where t h e  f low d e p t h  i s  

measured.  S i n c e  f low dep th  d a t a  a r e  a v a i l a b l e  t.hrough t h e  advance phase  arid 

t h e  remaining phases  of i r r i g a t i o n ,  a n  a v e r a g e  c r o s s - s e c t i o n a l  f low a r e a  f o r  

t h e  e n t i r e  fu r row 1.ength can be found f o r  each  of t h e s e  p h a s e s .  I n  t u r n ,  an  

e s t i m a t e  o f  t h e  t o t a l  volume of  w a t e r  i.n t h e  fu r row ( s u r f a c e  s t o r a g e )  f o r  a  

p a r t i c u l a r  l e n g t h ,  can  be  found by m u l t i p l y i n g  t h e  a v e r a g e  fl.ow a r e a  by t h e  

fu r row l e n g t h  b e i n g  c o n s i d e r e d .  The volume o f  s u r f a c e  s t o r a g e  may be  

n e c e s s a r y  i n  c e r t a i n  volume b a l a n c e  a n a l y s e s .  

The c r o s s - s e c t i o n a l  f low a r e a  r e l a t i o r ~ s h i p  and flow dep th  d a t a  a r e  a l s o  

used i.n e s t i m a t i n g  t h e  furrow roughness  i n  a  r e l a t i o n s h i p  such a s  Manning 's  

fo rmula :  



'3  - 1  where Q = f low r a t e  a t  a  p a r t i c u l a r  sec t io r r  (L"I' ) ,  

r~ = Manning's ro t~ghness  f a c t o r ,  

S = bed s 1 ope (I, I."), 
0 

R = h y d r a u l i c  r a d i u s  ( L )  , 
2  A = c r o s s - s e c t i o n a l  f low a r e a  ( L  ) ,  

f  
C = c o n s t a n t  dependent on u n i t s  ( 1 . 0  f o r  m e t r i c ,  1 .486  f o r  u  

E n g l i s h ) .  

For  such an a n a l y s i s  s t e a d y  uniform flow i n  a  p r i s m a t i c  channe l  of  uniform 

s l o p e  i s  assumed. T h i ~ s  a l l o w s  usage of  Manning's formula w i t h  t h e  energy 

g r a d i e n t  e q u a l  t o  t h e  furrow bed s l o p e .  The c o n d i t i o n  of  s t e a d y  uniform 

flow i n  furrow i r r i g a t i o n  i s  approximated a t  t h e  tj.me when t h e  s o i l  h a s  

reached i t s  b a s i c  i n t a k e  r a t e .  Thus,  f low dep th  d a t a  o n l y  f o r  abou t  t h e  

l a s t  h a l f  o f  t h e  i r r i g a t i o n  should be used.  The flow r a t e  a t  any p a r t i c u l a r  

s e c t i o n  a l o n g  a  furrow i s  assumed t o  d e c r e a s e  l i n e a r l y  from t h e  i n f l o w  r a t e  

t o  t h e  runof f  r a t e  when t h e  s o i l  i s  a t  i t s  b a s i c  i n t a k e  r a t e .  Hence, 

Equa t ion  (A-2) can be s o l v e d  f o r  Manning's n  s i n c e  t h e  o t h e r  v a r i a b l e s  can 

be e s t i m a t e d  ( i . e . ,  R and Af a r e  found from t h e  furrow c r o s s  s e c t i o n  

r e l a t i o n  and flow d e p t h  d a t a ) .  P o i n t  e s t i m a t e s  of  n  w i l l  r e s u l t ,  which 

a r e  averaged t o  f i n d  t h e  mean furrow roughness .  

Furrow I n f i l t r a t i o n  by Inflow-Outflow.--Griddle, e t  a l .  (1956) p r e s e n t  

a complete method f o r  a n a l y z i n g  d a t a  c o l l e c t e d  i n  t h e  in f low-ou t f low 

procedure .  I t  i n v o l v e s  a  volume b a l a n c e  p rocedure  u s i n g  t h e  in f low-ou t f low 

r a t e  measurements t o  de te rmine  t h e  furrow i n f i l t r a t i o n  v s .  t ime .  S i n c e  f low 

dep th  d a t a  a r e  a v a i l - a b l e  f o r  t h e  s e c t i o n s  of  furrol.4 b e i n g  e v a l u a t e d ,  t h e  

volume of  s u r f a c e  s t o r a g e  f o r  t h o s e  s e c t i o n s  can be found a s  d e s c r i b e d  

p r e v i o u s l y .  These e s t i m a t e s  of  s u r f a c e  s t o r a g e  volurne a r e  t ime  d i s t r i b u t e d  

a s  a r e  t h e  i n f l o w  r a t e  and ou t f low r a t e  measurements. A volume b a l a n c e  a s  

f o l l o w s  r e s u l t s  i n  a  t ime  d i s t r i b u t i o n  of t h e  volume : i n f i l t r a t e d .  

V I N F ( ~ )  = v ~ N ( t )  - [VOUT(t) + V S s ( t ) ]  (14)  

where 
3 

VINF(t) = t o t a l  volume i n f i l t r a t e d  a t  t ime  t ,  (L ) ,  

VIN(t)  = t o t a l  volume of  i n f l o w  t o  furrow s e c t i o n  a t  t ime  t ,  

(L3) ,  

VOUT(t) = t o t a l  volume o f  ou t f low from fur row s e c t i o n  a t  t ime  
3  

t ,  (L 1 ,  
VSS(t) volume of  w a t e r  i n  s u r f a c e  s t o r a g e  a t  t i n e  t ,  ( L ' ~ ) .  



I n  g e n e r a l ,  a  funct ioni l l  r e l a t i o n s h i p  f o r  i u f i  l t r a t  ion can be tlc~Lcr~nined f o r  

t h e  d a t a :  volume i n f i l t r a t e d  v s .  t  imc. Plorc complelc d i s c t ~ s s i o n  of Ll l r .  

method i  s found i n  Cri d d l e ,  et a1 . (1956) .  

EQU L PMENT I,I ST AN]) SUG(;I:SrI'I<D DATA FORPIS 

E q i  - - i ~ m t ~ n  . -. L 

The fo l lowing  l l s t  of  equipment necessa ry  f o r  t h e  eva lua t io r l  of Lhree 

furrows i s  sugges ted .  

1. S ix  flow measurement dev i ce s  ( i . e . ,  sma l l  c u t t h r o a t  f lumes w i th  

1 - i n .  t h r o a t s ) .  

2 .  Eng inee r ' s  l e v e l ,  f i e l d  r od ,  cha in  o r  t a p e ,  orange f l a g g i n g .  

3 .  Wood s t a k e s  and l a t h e  f o r  s t a t i o n  markers ,  crayon f o r  marking and 

h a t c h e t  f o r  d r i v i n g  them i n t o  ground. 

4 .  S o i l  sampling equipment: 

a .  s o i l  auger  o r  tube  sampler 

b .  s o i l  sample cans  wi th  t i g h t  f i t t i n g  l i d s  (up t o  200, 2 - in .  

d iamete r  c ans )  

c .  box f o r  c a r r y i n g  cans 

5 .  Small c a r p e n t e r ' s  l e v e l s  f o r  l e v e l l n g  f lumes,  e t c .  

6 .  Blocked furrow i n f i l t r a t i o n  equipment (up t13  10 s e t s ,  s e e  

F igu re  1 )  p l u s  p l a s t i c  s h e e t i n g .  

7 .  50 smal l  w i r e  s t a k e s  w i th  orange f l a g g i n g .  

8.  Bulk d e n s i t y  equipment.  

9 .  Ins t ruments  f o r  measuring time ( s t o p  watch,  wrist watch w i th  

second hand).  

10 .  Buckets f o r  hau l i ng  wa t e r .  

1 1 .  Shove ls ,  s l e d g e  hammers. 

12.  S o i l  un i fo rmi ty  box ( p a r t i t i o n e d  box) .  

13.  P e n c i l s ,  c l i p b o a r d s  and da t a  forms. 

For  t h e  more d e t a i l e d  measurements i nc lude :  

14 .  Device f o r  measuring flow dep th  and top  wid th .  

1 5 .  Furrnw p ro f i  lomcter ( s e e  Fi  g u r ~  A l )  . 

16. Camtxrd, f ~ l m  aritl ~ d e n t i f i c a L i o n  marker. 

17 .  Small flow measurement dev i ce s  f o r  furrow i r ~ f  i l t r a t  ion by inf low- 

ou t f low method. 



Data Forms 

Data  forms f o r  t h e  f o l l o w i n g  d a t a  s e t s  a r e  p rov ided :  

S o i l  Water Content  Data 

Bu1.k Dens i ty  Data 

Blocked Furrow I n f i l t r a t i o n  Data  

Water A d v . ~ ~ ~ c e / R c c i ~ s s  ion  Data 

1:Iow Hate 1);1L;1 

1;urrow Cross - sec t i c )na l  Area Data 

Furrow infiltration Data (Inflow-Outflow Method). 

Each form i n c l u d e s  a  s p e c i a l  code f o r  i d e n t i f i c a t i o r l  of t h e  e v a l u a t i o n  

s i t e :  

I d e n t  (RE, FA, F I ,  1, F U ) ,  

where t h e  d a t a  a r e  i d e n t i f i e d  by t h e  L e t t e r s  i n  p a r e n t h e s i s .  

RE--Kegion 

FA--Spec i f i c  Farm 

F I - - F i e l d  Number on Farm 

I - - T r r i g a t i o n  Number ( s t a r t i n g  from t h e  f i r s t  i r r i g a t i o n  a t  
t h a t  l o c a t i o n )  

FU--Furrow Number 



- -- . <--- 

L > L  

sol I,  WATEII (:ON'~TSNT nN1.n 

Idcnt (RE,FA,~T , I)  : Obsbrver : Date: 

Before 
S o i l  Type: Crop : After Irr igat ion 

F - Furrow 
Remarks : 

R - ROW 



I d e n t  (R F F F ) :  
E '  A '  I '  u Ohservc?r: Date: 

Crop: 11 - How 
1: - Furrow 

Remarks : 

S t n .  

-- 

R 
F 

Wt.Can 
& S o i l  

Dry 
F! 

Bulk 
D e n s i t y  

b 

W t .  
S o i l  

Dry 
g 

2nd 
Read. 
I n s t .  

S o i l  
Depth 

cm 

1st 
Read. 
T n s t .  

S o i l  
Vol .  

cm 
3 Can 

No. 

W t .  
Can 

T a r e  
R 

!!t .Can 
& S o i l  
Mois t .  

p, 



BLOCKED FURROW'INFILTROMETER v 

Ident (RE,FA,FI,I,F) : Observer : Date: 

Crop : Infiltrometer No. 

Remarks: A - Cross-sectional area of cylindrical supply reservoir. WP - Furrow wetted perimeter 
A = Station = WP = 

*All clock times are on 24-hour basis 



WATER ADVANCE/RECESSION DATA 

Ident (RE,FA,FI,I): Date: Crop : Irrigation Start : 

Soil: Observer: Finish: 

Comments Total Time: 

Furrow; Fur row :- Furrow : 

Stream Size: Stream Size: Stream Size: 

r Recession I I Advance Recession 1 

*All clock times are on 24-hour basis. 





FARM AND FIELD DATA 

IDENTIFICATION OBSERVER - DATE 

FARMER ADDRESS 

(Sketch the  farm and on-farm water de l i very  system noting pert inent  
roads, boundaries, f i e l d  boundaries, l oca t ions  o f  pumps, open dra ins ,  
e t c . )  

, I 1 .. ---- _ i. . . j  .- .__---- 
I . . .  ..-...... . 
I i-?----I. - 4 -.----, --..I -.- I . .  --.: -. 
i .. -...(----- 4 -- -Ly-71 L--. -- -- - .--.. I---- * - 
? - . . .  -..;--. .. --! (-.~ \IL -+-. . -: , - .- --  -- 



FLOW DEPTH AND TOP WIDTH DATA 

Ident  (RE ,FA,FI,  I ,Fu) : Length : Observer: Date : 

Crop : Furrow Spacing (m): - 

Remarks : d - Flow depth (cm) 
w - Top width o f  f low (cm) 

S t a r t  End S t a r t  End S t a r t  End S t a r t  End 

S t a t i o n  

S t a r t  End S t a r t  End S t a r t  End S t a r t  End 
Time 

S t a t i o n  
dlw 



APPENDIX A RECONNAISSANCE QUESTIONNAIRE 

1. Farmer opera t ion  and management 

How does t h e  fanner  decide when t o  i r r i g a t e ?  
What i s  h i s  i r r i g a t i o n  frequency? How does i t  change during 

the  season? 
How does he decide how t o  i r r i g a t e ?  
How does he decide how much water t o  apply? 
Does t h e  farmer know t h e  t o t a l  flow r a t e  a v a i l a b l e  t o  him? 
What a r e  t h e  farmer 's  opera t ing  hours? 
Does he i r r i g a t e  aL n ight?  
How does he decide how long t o  i r r i g a t e  a f i e l d ?  
How long does he i r r i g a t e  a f i e l d ?  
Does t h e  farmer have any problems wi th  t h e  system? 
What a r e  h i s  c u l t i v a t i o n  and t i l l a g e  p r a c t i c e s ?  
Does he i r r i g a t e  every furrow o r  a l t e r n a t e  furrows? 
How many furrows does he i r r i g a t e  i n  one s e t ?  
How many s e t s  does it take  t o  i r r i g a t e  t h e  f i e l d ?  
Does he t r y  t o  compact t h e  furrows equal ly? 

Water supply 

What a r e  t h e  sources of a v a i l a b l e  water? 
I s  t h e  de l ive ry  s t a t i o n  (poin t  of d ive r s ion  t o  farm) a problem, 

i . e . ,  high l o s s e s ,  e t c . ?  
I s  t h e  on-farm d i s t r i b u t i o n  system a problem ( i . e . ,  t o o  many 

i n - f i e l d  channels ,  high l o s s e s ,  e t c . ) ?  
What i s  t he  flow r a t e  of each source of water? 
When i s  each source a v a i l a b l e  and f o r  how long? 
I s  t h e  frequency of de l ive ry  and a v a i l a b l e  head a problem? 
What i s  t h e  water q u a l i t y ?  
How i s  t h e  water de l ive red  t o  each f i e l d ?  



3. Crop c h a r a c t e r i s t i c s  

What a r e  t h e  c rops  be ing  grown? 
What a r e  t h e  r e s p e c t i v e  p l a n t i n g  d a t e s ?  
What cropping p a t t e r n s ,  i f  any,  have been fol.lowed? 
Does t h e  farmer  have any major problems i n  c rop  produc t ion?  
What a r e  t h e  major i n p u t s ?  P o t e n t i a l  y i e l d ?  
What i s  h i s  expected y i e l d ?  Average y i e l d  i n  a r ea?  
Any obvious p h y s i c a l  symptoms of  problems? 

4.  P h y s i c a l  c h a r a c t e r i s t i c s  

Does t h e  farmer  know t h e  f i e l d  dimensions? 
Does he know t h e  s l ope  and c ro s s - s l ope  ( i f  any)? 
Has t h e  f i e l d  been l e v e l e d  t o  a uniform s lope?  
I f  y e s ,  when? If no,  why no t ?  
What p r o v i s i o n s ,  i f  any, a r e  made f o r  s u r f a c e  runo f f ?  
Does runoff  l e ave  t h e  farm o r  i s  it used aga in  somewhere on t h e  

farm? 
What is  t h e  border  spac ing  and how d i d  t h e  farmer  dec ide  on t h a t  

spac ing?  
What i s  t h e  furrow spacing? 
What i s  t h e  method o f  d i v e r t i n g  wate r  i n t o  each furrow? 



5. Soil survey 

Does the farmer know the soils on his farm? 
Does he know of any trouble spots (i.e., very light or heavy soils 

or salinity problems)? 

6. Water table 

Does the farmer know the groundwater level? 
Does he feel it is a problem? 
Is surface/subsurface drainage provided? If so, where? 
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EWUP 

How to do it C 

Field Procedure 
EVALUATION OF GRADED BORDER IRRIGATION SYSTEMS- 

2/ Thomas W .  Ley and Wayne Clyma- 

INTRODUCTION 

Data c o l l e c t i o n  and a n a l y s i s  procedures  f o r  eva lua t ing  t h e  performance 

of  graded border  i r r i g a t i o n  systems a r e  p re sen t ed .  Information i s  c o l l e c t e d  

on both  t h e  phys ica l  and managerial  a s p e c t s  of o p e r a t i o n a l  systems.  Basic  

d a t a  reduc t ion  procedures  d e f i n e  t h e  s t a t e  of t h e  i r r i g a t i o n  system. A l i s t  

of suggested equipment and da t a  forms a r e  inc luded .  

REQUIRED DATA 

Pre l iminary  Data 

The e v a l u a t i o n  of  any i r r i g a t i o n  system n e c e s s a r i l y  r e q u i r e s  t h e  

c o l l e c t i o n  and a n a l y s i s  of a  l a r g e  amount of d a t a .  Not t h e  l e a s t  of which 

a r e  b a s i c  p re l imina ry  s i t e  da ta  which can be ob ta ined  through in t e rv i ews  

wi th  t h e  farmer and by performing s e v e r a l  b a s i c  phys i ca l  measurements. 

Basic  s i t e  information must be known be fo re  t h e  eva:luation of an i r r i g a t i o n  

occurs .  I t  i s  a l s o  d e s i r a b l e  t o  o b t a i n  a s  much informat ion  a s  p o s s i b l e  from 

t h e  farmer concerning h i s  ope ra t i on  and management of  t h e  i r r i g a t i o n  system 

before  an  i r r i g a t i o n  i s  eva lua t ed .  A l i s t  of  suggested ques t i ons  i s  found 

i n  Appendix A f o r  each of t h e  fo l lowing  c a t e g o r i e s  of in format ion .  The 

l i s t ,  i s  by no means exhaus t ive ,  and o f t e n  t h e  farmers  answers t o  some of 

t h e  ques t i ons  w i l l  l e ad  t h e  t r a i n e d  person t o  o t h e r  more s i t e  s p e c i f i c  

ques t i ons .  

i / ~ r e p a r e d  under suppor t  of United S t a t e s  Agency f o r  I n t e r n a t i o n a l  
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and Chemical Engineer ing Department, Colorado S t a t e  Un ive r s i t y ,  F o r t  
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1. Farmer operation and management.--Understanding why or how a farmer 

does certain things in managing and operating the irrigation system is 

vital. Often this aspect of evaluating irrigation performance may be over- 

looked and incomplete knowledge of the irrigation system state results. 

Farmer management may be constraining the level of performance which can be 

attained. The general level of knowledge of the farmer concerning irri- 

gation principles and practices is evaluated. Other information discussed 

later will aid in determining if system management can be improved. 

2. Water supply.--The farmer will know the available water supply, 

source, delivery, frequency, etc. He may have only a general knowledge of 

the flow rate and quality. These should be measured during the course of an 

evaluation. On-farm conveyance losses may be a big problem. The farmer may 

or may not know. Measure the losses if necessary. 

3. Crop characteristics.--The crops grown and the planting dates of 

each must be known. Available data in the literature are needed on crop 

seasonal water requirements, rates and stages of growth, maximum potential 

rooting depths, time from planting to effective cover, etc. This informa- 

tion along with climatic data is used to estimate crop water use through the 

irrigation season. The crop root zone should be measured at each irrigation 

for crops with expanding root systems. The measured root zone for a peren- 

nial crop (such as alfalfa) can often be assumed valid for the entire season 

unless a fluctuating water table is encountered. The crop root zone at each 

irrigation determines the available soil water reservoir at that time and is 

necessary to determine the soil water deficiency, the stress at the time of 

irrigation and performance parameters such as water application and water 

requirement efficiencies. 

4. Physical characteristics.--Measure and record the field 

dimensions. Stakes should be driven into the ground at 25-m intervals along 

the length (adjust for size of field as necessary). Measure and record 

surface elevations at each stake (station) using a field rod and level. 

Plot the surface profile (elevation vs. length). Measure and record the 

cross-slope and border spacing at each station. Determine if a ponded or 

free outflow boundary condition exists at the downstream end. Determine 

where and how to measure border inflow and runoff. 

5. Soil survey.--If available, obtain infonnation on soils in the 

area (on the farm), such as maps and classifications from a local or 



r eg iona l  o f f i c e  ( e - g . ,  USDA S o i l  Conservat ion Serv ice  o r  s i m i l a r  government 

agency).  Such information is  very  u se fu l  and a i d s  t h e  des ign  of d a t a  

c o l l e c t i o n  procedures .  S o i l  types  and t e x t u r e s  a r e  known and maps u s ~ ~ a l l y  

d e p i c t  t h e  v a r i a t i o n  of s u r f a c e  t e x t u r e s  i n  a  f i e l d .  I f  t h i s  in format ion  i s  

no t  a v a i l a b l e  a  s o i l  survey i s  necessary  t o  determine t h e  s o i l  types  and 

uni formi ty  i n  t h e  f i e l d  being s t u d i e d .  S o i l  samples should be c o l l e c t e d  i n  

a  minimum of t e n  l o c a t i o n s  i n  t h e  f i e l d  ( i . e . ,  a t  f i v e  l o c a t i o n s  a long  t h e  

l eng th  and two along t h e  wid th) .  Samples should be taken from a  minimum of  

fou r  depths  w i th in  t h e  expected r o o t  zone, i . e . ,  every  30 cm i n  an expected 

1.2 m r o o t  zone ( a d j u s t  a s  neces sa ry ) .  These samples should be analyzed t o  

determine s o i l  t ypes .  

Once s o i l  t ypes  and v a r i a t i o n s  through t h e  f i e l d  a r e  known t h e  apparen t  

s p e c i f i c  g r a v i t y  of t h e  s o i l  (bulk d e n s i t y ) ,  t h e  f i e l d  capac i ty  and w i l t i n g  

p o i n t  of t h e  s o i l  must be determined. Garcia (1978) p r e s e n t s  procedures  f o r  

t h e s e  measurements. Depending on t h e  r e s u l t s  of t h e  s o i l  survey t h e  sample 

c o l l e c t i o n  procedure i s  de f ined .  For a  f i e l d  wi th  uniform s o i l s  it i s  

necessary  t o  c o l l e c t  d a t a  on t h e  above s o i l  p r o p e r t i e s  i n  a  minimum of t h r e e  

l o c a t i o n s  i n  t h e  f i e l d  t o  o b t a i n  a  good average.  I t  i s  necessary  t o  sample 

wi th  depth.  For a  f i e l d  wi th  non-uniform s o i l s  t h e  above s o i l  p r o p e r t i e s  

must be determined f o r  each major s o i l  type .  A minimum of t h r e e  r e p l i c a -  

t i o n s  of  samples i s  necessary  t o  o b t a i n  an average.  Sampling wi th  depth  i s  

r equ i r ed .  See Appendix B f o r  f u r t h e r  d i s cus s ion .  

Accurate d e f i n i t i o n  of t h e  above s o i l  p r o p e r t i e s  is  necessary .  The 

t ime and e f f o r t  necessary  t o  ach ieve  accu ra t e  d a t a  w i l l  e l i m i n a t e  having t o  

r epea t  any sampling. These da t a  a r e  most e a s i l y  c o l l e c t e d  b e f o r e  t h e  crop 

i s  p l an t ed .  Some change of apparen t  s p e c i f i c  g r a v i t y  of t h e  plow l a y e r  wi th  

t ime may be expected.  Sampling p l ans  f o r  s o i l  water  conten t  and i n f i l t r a -  

t i o n  t e s t s  w i l l  be func t ions  of s o i l  type and uni formi ty .  The r e s u l t s  of 

t h e  s o i l  survey should t h u s  be  a v a i l a b l e  i n  .advance of  t h e  i n i t i a l  

i r r i g a t i o n  eva lua t ion .  

I f  s o i l  s a l i n i t y / a l k a l i n i t y  i s  expected t o  be  a  problem ( i n d i c a t e d  by 

maps, p rev ious  surveys ,  in format ion  from t h e  fa rmers ) ,  samples should be 

analyzed t o  determine t h e  s a l i n i t y / a l k a l i n i t y .  Such a  problem may a l s o  

i n d i c a t e  t h e  presence of a  high water  t a b l e .  

6.  Water table . - -The farmer should have gene ra l  knowledge of water  

t a b l e  cond i t i ons  i n  t h e  a r e a .  S o i l  survey r e s u l t s  may i n d i c a t e  a  high water  



t a b l e .  I f  t h e  water  t a b l e  i s  high o r  expected t o  f l u c t u a t e  cons iderab ly  

( i . e . ,  w i th in  t h e  maximum p o t e n t i a l  r o o t  zone),  it i s  d e s i r a b l e  t o  monitor 

t h e  ground water  l e v e l  through t h e  i r r i g a t i o n  season.  This  can be done wi th  

a  s e r i e s  o r  g r i d  o f  obse rva t ion  we l l s  (EWUP, Vol. 11, 1979). 

A high water  t a b l e  can l i m i t  c rop growth through water- logging.  The 

groundwater q u a l i t y  can a l s o  s e r i o u s l y  a f f e c t  crop growth and should be 

measured. 

Crop water  use from t h e  c a p i l l a r y  f r i n g e  o r  t he  water  t a b l e  i s  

p o s s i b l e .  Es t imates  of crop consumptive use by evapo t r ansp i r a t i on  modeling 

techniques  w i l l  no t  correspond wi th  measured s o i l  water  d e f i c i t s  (by s o i l  

water  conten t  sampling) when t h e  c rop  i s  us ing  groundwater,  assuming each 

method i s  y i e l d i n g  accu ra t e  r e s u l t s .  This  i s  s i g n i f i c a n t  i f  t h e  water  t a b l e  

r i s e s  dur ing  t h e  season due t o  e a r l y  o v e r i r r i g a t i o n .  Water t a b l e  f l u c t u a -  

t i o n s  due t o  o v e r i r r i g a t i o n  may a l s o  c o n t r i b u t e  t o  c rop  consumptive use and 

can a f f e c t  roo t  zone expansion. 

On t h e  Day be fo re  I r r i g a t i o n  

P r e i r r i g a t i o n  S o i l  Water Content Data.--Garcia (1978) p r e s e n t s  

procedures  f o r  t h e  c o l l e c t i o n  and a n a l y s i s  of  s o i l  samples f o r  determining 

water  con ten t  by t h e  g rav ime t r i c  method. Depending on t h e  r e s u l t s  of t h e  

s o i l  survey (which should be a v a i l a b l e  by t h i s  p o i n t  i n  t ime) ,  t h e  sampling 

p l a n  i s  devised .  I f  t h e  s o i l  survey r e s u l t s  show t h e  s o i l s  t o  be uniform,  a  

minimum of t h r e e  l o c a t i o n s  i n  d i f f e r e n t  p a r t s  of t h e  f i e l d  a r e  s e l e c t e d  f o r  

sampling t o  o b t a i n  an average f o r  t h e  f i e l d .  However, i f  c e r t a i n  v a r i a t i o n s  

a r e  expected (non-uniform water  a p p l i c a t i o n s ,  e tc . : )  o r  i f  s o i l s  a r e  non- 

uniform a minimum of  t h r e e  r e p l i c a t i o n s  of samples should be c o l l e c t e d  where 

t h e  non-uniformit ies  a r e  o r  where v a r i a t i o n s  a r e  expected.  For  i n s t a n c e ,  

non-uniform water  a p p l i c a t i o n s  along t h e  l eng th  of run i s  common and c o l l e c -  

t i o n  of a  minimum of t h r e e  r e p l i c a t i o n s  of  samples a t  a  minimum of  t h r e e  

r e p r e s e n t a t i v e  l o c a t i o n s  along t h e  l eng th  i s  suggested.  See Appendix B f o r  

f u r t h e r  d i s c u s s i o n  on sampling and how o f t e n  t o  sample. 

I n  a l l  c a se s ,  samples should be c o l l e c t e d  from each  of s e v e r a l  l a y e r s  

of t h e  measured o r  expected maximum roo t ing  depth  of t h e  c rop  ( i  . e .  , f o r  a  

1 .2  m r o o t  zone, sample each 30-cm l a y e r ,  and i n  t h e  t o p  30-cm l a y e r  c o l l e c t  

samples from each 15-cm increment) .  I f  t h e  water  t a b l e  i s  h ighe r  t han  t h e  

expected maximum roo t ing  depth,  samples should be c o l l e c t e d  t o  t h e  water  

t a b l e .  Each i n d i v i d u a l  sample should be 150 grams o r  more. 



Other preparations for the evaluation should be made on the day before 

irrigation such as installation of flow measuring devices and cylinder 

infiltrameters. Contact the farmer and find out the time he expects to 

start irrigating. Plan to arrive in sufficient time to complete all 

preparations for the evaluation(s) such as preparation of data forms and 

assignment of duties. 

On the Day of Irrigation 

Infiltration Data.--For uniform soils at least three and preferably a 

total of six cylinder infiltration tests should be conducted in three 

locations along the length. For non-uniform soils; three replications of 

tests shoi~ld be made in each area where a different soil texture exists. If 

non-uniformity in distribution along the length of run is anticipated, then 

three replications for each representative length of the field is necessary 

to delineate these differences. During the season differences in soil water 

content will accentuate the differences in infiltration and the distribution 

of water. See Appendix B for further discussion of considerations of where 

to sample and how often. 

The infiltrometer measurements should be started as the water arrives 

at each infiltrometer and the ponded depth maintained the same as the depth 

of flow of the irrigation water. If the tests cannot be conducted during 

irrigation, they should be conducted on the day before irrigation and a 

buffer ring should be used. Garcia (1978) presented procedures for 

installing the infiltrometers and conducting the tests. 

Inflow/Runoff Data.--Flow measurement devices to determine inflow to 

and runoff from the border should be properly installed before the 

irrigation. The clock timeL/ at which water is first introduced to the 

border should be recorded. A measurement of the initial inflow rate should 

be taken. Periodically during the irrigation record the inflow rate and 

clock time of the observation. When the water reaches the runoff measure- 

ment device begin making runoff rate vs. time measurements. A suggested 

pattern for taking runoff data from the time runoff starts is to take a 

reading at 30 sec, 1 min, 2 min, 4 min, 8 min, 1!5 min, 30 min, and then 

every 1/2 hour. Record the clock time when water entering the border is 

terminated 

L/~lock tines should be on a 24-hour basis (military time). 



Advance/Recession Data.--The r a t e  of wa te r f ron t  advance should be 

observed and recorded.  When t h e  moving s t ream f r o n t  i s  i r r e g u l a r ,  record  

t h e  t ime when an "average" f r o n t  reaches each s t a t i o n  ( s ee  F ig .  1 ) .  A f t e r  

t h e  in f low i s  te rmina ted ,  record t h e  r a t e  of r eces s ion .  I d e a l l y ,  t h i s  would 

be t h e  t ime when water  d i sappears  from each s t a t i o n .  I t  is  d i f f i c u l t  t o  

determine t h e  l o c a t i o n  of t h e  receding water  edge. When water  has 

disappeared from 50 percent  of t h e  g r i d  s u r f a c e  art1a represen ted  by each 

s t a t i o n ,  r eces s ion  is assumed t o  have occurred a t  t h a t  s t a t i o n .  Consis tency 

i s  of primary importance i n  t ak ing  r eces s ion  d a t a .  

Af t e r  I r r i g a t i o n  

P o s t i r r i g a t i o n  s o i l  water  conten t  samples should be c o l l e c t e d  anywhere 

from 1-112 days t o  3 days a f t e r  i r r i g a t i o n .  This  depends on t h e  s o i l  t ype  

and t h e  t i m e  requi red  f o r  t h e  s o i l  t o  d r a i n  t o  f i e l d  capac i ty .  Garcia 

(1978) p r e s e n t s  a  f i e l d  procedure f o r  e s t ima t ing  when ( a f t e r  we t t i ng )  a s o i l  

has  dra ined  t o  f i e l d  capac i ty .  The same c o l l e c t i o n  procedures  a s  p rev ious ly  

d i scussed  apply .  

DISCUSSION AND RECOMMENDATIONS 

To ensure  coopera t ion  of  t h e  farmer dur ing  t h e  e v a l u a t i o n ,  de sc r ibe  

e x a c t l y  what w i l l  be done. Minimize crop damage and s o i l  d i s tu rbance .  Be  

s u r e  t h e  farmer w i l l  ope ra t e  h i s  system a s  he u s u a l l y  does.  Avoid remarks 

which may i n f l u e n c e  h i s  management dec i s ions .  The purpose of t h e  e v a l u a t i o n  

is  t o  determine t h e  system performance and eva lua t e  t h e  system ope ra t i on  a s  

t h e  farmer c u r r e n t l y  manages it. 

I t  i s  important  t h a t  p re l iminary  da t a  c o l l e c t e d  e a r l y  i n  t h e  season be  

good d a t a .  A c a r e f u l ,  coord ina ted ,  determined e f f o r t  he re  w i l l  save much 

time and e l i m i n a t e  problems and headaches l a t e r  i n  t h e  season.  For 

i n s t a n c e ,  t h e  s o i l  water  con ten t  of a  f i e l d  be fo re  t h e  i n i t i a l  i r r i g a t i o n  of  

t h e  season may g e n e r a l l y  be assumed a s  uniform. Much e f f o r t  i n  c a r e f u l  s o i l  

sampling and i n  c o l l e c t i o n  of more samples ( t o  i n c r e a s e  t h e  p r e c i s i o n  wi th  

which t h e  mean s o i l  water  conten t  i s  es t imated)  i s  recommended. The es tab- -  

l ishment  of  t h i s  i n i t i a l  cond i t i on  s e rves  an impor tan t  purpose. I t  i s  t h e  

s t a r t i n g  p o i n t  f o r  a  r o o t  zone s o i l  water  budget.  

From t h i s  i n i t i a l  cond i t i on ,  water  added t o  t h e  r o o t  zone of  t h e  crop 

by p r e c i p i t a t i o n  (measured by r a i n  gages set  up i n  s e v e r a l  l o c a t i o n s  

a t  t h e  s i t e ) ,  and by i r r i g a t i o n  (measured by i r r i g a t i o n  e v a l u a t i o n s )  i s  

known. Crop use  is es t imated  us ing  c l ima te  da t a  and crop s t a g e  and growth 



Figure 1. Illustration of irregular waterfront advance and location of 
"average" waterfront. 



data in an accurate, calibrated evapotranspiratiori model. A root zone soil 

water budget can thus be calculated through the season. Soil water content 

data collected at succeeding irrigations of the season are used as a check 

on the predicted soil water status when calibration of the ET model is 

necessary. 

If there is a high water table in the area, crop use from the capillary 

fringe or the water table itself can be estimated. The difference between 

the calculated crop use and the measured soil water deficit (by sampling) 

during an irrigation interval is an estimate of the crop use from the water 

table during that interval. If there is no reason to believe that the crop 

is using water from a water table, then the computed difference indicates 

the accuracy of each method and possibly needed action to improve sampling 

or predictive techniques. 

In some instances, collection of advance/recession data may not be 

necessary at each irrigation. For instance, a uniform application of water 

may be expected on a field with shorter lengths of run on a heavier soil. 

In this case, the distribution is assumed uniform and all that is required 

is the water on and water off to determine the water added to the soil. 

While this case may occur, it is advisable to collect advance and recession 

data when any non-uniformity of water application is suspected due to poor 

irrigation practices, non-uniform soils, non-uniform field slopes, etc. in 

order to know the distribution of applied water. 

During the course of an actual irrigation evaluation, it is recommended 

that a partial evaluation of the data being collected be conducted. This is 

accomplished best by processing the data as it is collected in the field and 

interpreting the results. For instance, it is easy to evaluate inflow and 

runoff data. An obvious error is determined if the runoff is greater than 

the inflow. This check on data provides the investigator a means of 

eliminating wasted time and effort in the collection of erroneous data. 

FIELD DATA ANALYSIS 

Field data analysis provides a basis for understanding the performance 

of the irrigation system and how the system is being operated. The data may 

be analyzed through a number of procedures. Those presented here represent 

the minimum of analyses required to formulate an understanding of the 

system's performance resulting from a particular management scheme. 



S o i l  Water - 
The s o i l  water  con ten t  may be es t imated  by two methods: 1 )  g r av ime t r i c  

method, and 2 )  f e e l  method. The s o i l  water content. expressed a s  a  depth  of  

water  p e r  u n i t  depth of r o o t  zone car1 be es t imated  using t h e  r e s u l t s  of t h e  

g rav ime t r i c  s o i l  water  ana lyses  i n  t h e  fol lowing equa t ion :  

where d  = t h e  s o i l  water  con ten t  expressed a s  a depth (L) f o r  t h e  
m 

e n t i r e  depth i n v e s t i g a t e d ,  

P = dry  weight s o i l  water  con ten t  f o r  t h e  i t h  l a y e r  of t h e  
w , i  - 1 r o o t  zone (MM ), 

-3 - 1  
'b , i  

= s o i l  bulk d e n s i t y  i n  t h e  i t h  l a y e r  [(MLW3) (ML ) 1, 

Y i = t h i cknes s  of t h e  i t h  s o i l  l a y e r  (L) ,  

n  = number of  l a y e r s  i n  t h e  r o o t  zone which were sampled. 

The p r e - i r r i g a t i o n  s o i l  water con ten t  d a t a  a r e  checked wi th  t h e  s o i l  

f i e l d  capac i ty  t o  e s t i m a t e  t h e  s o i l  water  d e f i c i t  ( a v a i l a b l e  r o o t  zone 

s t o r a g e )  a t  t h e  t ime of i r r i g a t i o n .  A s  p r ev ious ly  d i s cus sed ,  crop water  use 

and r o o t  zone s o i l  water  budget ing a l s o  provides  a  check on t h e  s o i l  water  

d e f i c i t  a t  i r r i g a t i o n  t i m e .  The pre-  and p o s t - i r r i g a t i o n  s o i l  water  d a t a  

can a l s o  be  u s e f u l  i n  ana lyz ing  depths  i n f i l t r a t e d  and adequacy of i r r i -  

g a t i o n  along t h e  border  assuming t h e r e  is no deep p e r c o l a t i o n  of  water  below 

t h e  lowest  dep ths  i n v e s t i g a t e d .  

The f e e l  method f o r  e s t ima t ing  s o i l  water  con ten t  i s  l a r g e l y  s u b j e c t i v e  

s i n c e  it i s  dependent upon v i s u a l  i n spec t ion  of  cer t . a in  c h a r a c t e r i s t i c s  of  

t h e  s o i l  sample. The method should be used only when t h e  i n v e s t i g a t o r  has  a  

l a r g e  amount of  exper ience  and even then  only  f o r  a  rough e s t i m a t e  of s o i l  

water con ten t .  Table 1 d e s c r i b e s  t h e  r e l a t i o n s h i p  between s o i l  p h y s i c a l  

appearance and s o i l  water con ten t  f o r  vary ing  s o i l  t ypes .  

Advance and Recession 

The advance and r eces s ion  da t a  a r e  p l o t t e d  on coo rd ina t e  paper  a s  shown 

i n  F igure  2 .  The advance curve i s  a  p l o t  of t h e  time t h e  wa te r f ron t  

advances along t h e  border  v s .  t h e  l e n g t h  of t h e  border .  The r eces s ion  curve 

i s  a  p l o t  of t h e  t ime t h e  wa te r f ron t  recedes  from t h e  s u r f a c e  v s .  t h e  border  

l eng th .  The i n t a k e  oppor tun i ty  time i s  t h e  d i f f e r e n c e  between t h e  advance 

and r eces s ion  t i m e  a s  shown i n  F igure  2 .  I n t a k e  oppor tun i ty  times r ep re sen t  



the amount of time water has the opportunity to infiltrate at points along 

the border. Surface elevation data are often plotted on the same graph as 

an aid in explaining variations in advance and recession rates, and 

resultant effects on infiltration opportunity time. 

Infiltration Relationship 

The data from cylinder infiltration rests are reduced to the form of 

cumulative depth of infiltration vs. time. The reduced data are then 

plotted on log-log paper (Garcia, 1978). In general, the data plot as 

straight lines, but may slightly curve and often will "dogleg." Some curves 

steepen after a few minutes either because of release of trapped air 

(usually in sandier soils) or because the cylinders were not driven deeply 

enough. Soils which have cracks, into which water disappears quickly, often 

exhibit curves which are initially steep and then flatten. Plow plans may 

cause a similar, but usually delayed effect. The average infiltrated depth 

vs. time should be computed using the data from each area where soil proper- 

ties were found to be uniform (Merriam and Keller, 1978). The average 

infiltrated depth vs. time should then also be plotted on the same log-log 

graph as the individual data sets for these areas. A least squares regres- 

sion technique (see Garcia, 1978) is often used to find an infiltration 

function of the following form for the average infiltrated depth vs. time: 

z = kta 

where z = cumulative depth infiltrated (L), (2 

t = time (T) 

k, a = empirical constants. 

This type of infiltration function is usually considered representative in 

border irrigation. In most cases, the infiltration relationship resulting 

from ring infiltration tests is inadequate in predicting the actual 

infiltration which occurs during the irrigation. The actual average 

infiltrated depth cah be found using inflow and runoff data (discussed 

later) for the irrigation. The following procedure is used to find the 

predicted average infiltrated depth (as predicted. by the infiltration 

relationship). 

1. Using intake opportunity times (from advance/recession data) for 

stations along the border and the infiltration relationship, find 

the predicted infiltrated depth at each station. 



Intake 
Opportunity 
Time 

Time of Cutoff 
- - - - - - A -  ---- - ---------------- 

Distance Down Field ( x )  

Figure 2. Typical advance and recession curves for border 
irrigation. 



Table. 1. Soil moisture deficiency and appearance relationship chart (after Merriam and Keller, 1978). 
(This chart indicates approximate relationship of soil moisture deficiency between field capacity 
and wilting point. For more accurate information the soil must be checked by drying samples.) 

-- 

Moisture Soil Texutre Classification Moisture 
Deficiency Coarse Sandy Medium Fine Deficiency 
(in./ft) -- - (loamy - sand) - - - - -. -- (sandy loam) -- (loam) (clay loam) (in./ft) 
0.. 0 Leaves wet outline Appears very dark, Appears very dark, Appears very dark, 0.0 

on hand when leaves wet outline leaves wet outline leaves slight mois- 
squeezed on hand, makes a on hand, will rib- ture, on hand when 

0.2 short ribbon bon out about one squeezed, will rib- 0.2 
Appears moist inch bon out about two 
makes a weak Quite dark color, inches 

0.4 ball makes a hard ball Dark color, forms 0.4 
a plstic ball, Dark color, will 

Appear slightly slicks when rubbed slick and ribbons 
0.6 moist sticks Fairly dark color, easily 0.6 

together makes a good ball Quite dark, forms 
a hard ball 

0.8 Dry, loose, flows Quite dark, will 0.8 
thru fingers. Slightly dark make thick ribbon, 
(wilting point) color, makes a Fairly dark, may slick when 

1 .O weak ball forms a good ball rubbed 1 .O 

Lightly colored 
1.2 by moisture, will Slightly dark, 

not ball forms weak ball 

Fairly dark, makes 
a good ball 1.2 

Very slight color Will ball; small 1.4 
due to moisture Lightly colored, clods will flatten 
(wilting point) small clods crum- out rather than 

ble fairly easily crumble 1.6 

Slight color due Some darkness due 
to moisture, small to unavailable 1.8 
clods are hard moisture, clods are 
(wilting point) hard, cracked 

(wilting point) 2.0 
- --- -- -- -. - - -- - - 

~ield-~ethod of ~~~roxirnatin~ Soil Moisture (Deficiency) for Irrigation; Transactions of the American Society 
of Agricultural Engineers, Vol. 3, No. 1, 1960; John L. Merriam, Professor, California Polytechnic State 
University, 1975, San Luis Obispo, California. 



2 .  Determine t h e  average i n f i l t r a t e d  depth f o r  each reach (d i s t ance  

between s t a t i o n s )  by averaging t h e  p red ic t ed  i n f i l t r a t e d  depths of 

success ive  s t a t i o n s .  

3. Determine t h e  predic ted  average i n f i l t r a t e d  depth f o r  t h e  e n t i r e  

border  by summing t h e  reach averages (found i n  2)  and d iv id ing  by 

t h e  number of reaches.  Keep i n  mind t h a t  t h i s  va lue  is  an  

est imated o r  p red ic t ed  value r e s u l t i n g  from t h e  use  of t h e  

empir ica l  i n f i l t r a t i o n  func t ion .  

Inflow and Runoff 

Inflow and runoff da ta  provide a simple means of determining t h e  a c t u a l  

average i n f i l t r a t e d  depth.  The inf low and runoff hydrographs a r e  con- 

s t r u c t e d  on t h e  same rec tangular  g r i d  by p l o t t i n g  inf low and runoff r a t e s  
3 v s .  t ime.  An es t imate  of t h e  t o t a l  volume of water app l i ed ,  Wa(L ), i s  

found by g raph ica l ly  i n t e g r a t i n g  the  a rea  under t h e  inf low hydrograph. An 
3 es t imate  of t h e  t o t a l  runoff volume, WU(L ), i s  found by g raph ica l ly  

i n t e g r a t i n g  t h e  a rea  under t h e  runoff hydrograph. An es t ima te  of t h e  t o t a l  
3 i n f i l t r a t e d  volume, Wi(L ) i s  found by t ak ing  t h e  d i f f e rence  a s  fol lows:  

The a c t u a l  average i n f i l t r a t e d  depth can then  be determined by d iv id ing  W 
i 

by t h e  product of t h e  border  width and length .  

Adequacy of I n f i l t r a t i o n  Rela t ionship  

Once both t h e  p red ic t ed  average i n f i l t r a t e d  depth and t h e  a c t u a l  

average i n f i l t r a t e d  depth have been found they  a r e  compared. This  i s  a  

check on the  adequacy of t he  empir ica l  i n f i l t r a t i o n  funct ion  i n  p r e d i c t i n g  

t h e  average i n f i l t r a t e d  depth. I f  t h e  two va lues  a r e  no t  approximately 

equal  ( i . e . ,  l e s s  than 5 t o  10 percent  d i f f e r e n c e ) ,  then  t h e  i n f i l t r a t i o n  

r e l a t i o n s h i p  should be ad jus ted  accordingly u n t i l  t h e  p red ic t ed  va lue  i s  

approximately equal  t o  t h e  a c t u a l  va lue .  The adjustment procedure i s  done 

e i t h e r  g raph ica l ly  o r  numerical ly and involves f ind ing  a  new value f o r  t h e  

m u l t i p l i c a t i v e  cons tant  i n  Equation ( 2 ) ,  while  t h e  va lue  of t h e  exponent 

remains t h e  same (Merriam and K e l l e r ,  1978). On t h e  log-log p l o t ,  t h i s  

implies  t h e  s lope  of t h e  curve remains cons tant  and t h e  curve i s  e i t h e r  

s h i f t e d  upwards o r  downwards. Both t h e  graphica l  and numerical procedures 

a r e  much more f u l l y  and e a s i l y  explained i n  t h e  example eva lua t ion  presented  

l a t e r .  



Runoff Data Not Available.--When runoff  d a t a  a r e  no t  a v a i l a b l e ,  t hen  

t h e  adequacy of t h e  i n f i l t r a t i o n  func t ion  must be checked us ing  a  d i f f e r e n t  

method (Merriam and K e l l e r ,  1978) .  I n  t h i s  ca se ,  t h e  checkpoint  i s  t h e  

a c t u a l  average app l i ed  depth r a t h e r  than  t h e  a c t u a l  average i n f i l t r a t e d  

depth.  The method r e q u i r e s  t h e  e x t r a p o l a t i o n  of t h e  advance and r eces s ion  

curves t o  t h e i r  i n t e r s e c t i o n .  This  provides  an  e s t i m a t e  of  how f a r  t h e  

water  would have spread i f  t h e  downstream boundary cond i t i on  a t  end of  t h e  

border  was an imaginary extended border  l e n g t h ,  and i s  a  means of account ing 

f o r  a l l  of t h e  water  app l i ed .  The p red i c t ed  average g l l i e d  -- depth i s  found 

by u t i l i z i n g  i n t a k e  oppor tun i ty  t imes i n  t h e  i n f i l t r a t i o n  r e l a t i o n s h i p  a s  

p rev ious ly  d i s cus sed .  Now, however, t h e  oppor tun i ty  t imes f o r  t h e  imaginary 

extended l eng th  must be included i n  t h e  a n a y l s i s .  The a c t u a l  average 

app l i ed  depth  i s  found by d iv id ing  t h e  t o t a l  app l i ed  .volume by t h e  imaginary 

wet ted a r ea  ( i . e . ,  t h e  product  of border  width and t o t a l  imaginary extended 

l e n g t h ) .  Comparison of t h e  p red i c t ed  average and a c t u a l  average app l i ed  

depths  i n d i c a t e s  i f  adjustment  of t h e  i n f i l t r a t i o n  r e l a t i o n s h i p  i s  

necessary .  This  procedure i s  obvious ly  no t  a s  a c c u r a t e  a s  t h a t  used when 

runoff  da t a  a r e  a v a i l a b l e  due t o  t h e  e r r o r s  in t roduced  i n  e x t r a p o l a t i o n  of  

t h e  advance and r eces s ion  curves.  

Subsurface D i s t r i b u t i o n  

The subsur face  d i s t r i b u t i o n  of app l i ed  water  i n .  border  i r r i g a t i o n  can 

be determined when t h e  fo l lowing  informat ion  i s  known. 

1. A r e p r e s e n t a t i v e  i n f i l t r a t i o n  func t ion  ( a s  determined above) .  

2 .  I n f i l t r a t i o n  oppor tun i ty  times along t h e  i r r i g a t e d  run,  i . e . ,  

advance and r eces s ion  times a t  p o i n t s  a long t h e  run.  

Upon c o n s t r u c t i o n  of  t h e  subsur face  p r o f i l e ,  it i s  p o s s i b l e  t o  c h a r a c t e r i z e  

t h e  performance of a  p a r t i c u l a r  i r r i g a t i o n .  However, be fo re  i r r i g a t i o n  

performance parameters  a r e  def ined  it i s  necessary  t o  d e f i n e  s e v e r a l  r e l a t e d  

q u a n t i t i e s  upon which t.hey depend. 

F igu re  3 r e p r e s e n t s  an i d e a l i z e d  p r o f i l e  of i n f i l t r a t e d  water  a s  a  

r e s u l t  of border  i r r i g a t i o n .  The d i s t a n c e  AB i s  t h e  border  l e n g t h ,  and t h e  

l i n e  DFG i s  t h e  boundary of  t h e  i n f i l t r a t e d  water .  I f  t h e  downstream 

boundary cond i t i on  i s  one of  f r e e  o u t f a l l ,  then  runoff  water  from t h e  f i e l d  

can be assumed t o  extend t o  t h e  imaginary f i e l d  l e n g t h  C ,  and t o  i n f i l t r a t e  

according t o  t h e  p r o f i l e  CD. The water  requirement depth  a t  t h e  time of 

i r r i g a t i o n  i s  assumed uniform along t h e  border  l eng th  and i s  represen ted  by 



Distance Along Irrigated Run ( x )  

AB l e n g t h  of border  (L) 

ACDGA 3 -1 t o t a l  volume of app l i ed  water  p e r  uni t .  f i e l d  wid th ,  Wa(L L  ) 

ABEHA 3 - 1  t o t a l  volume of requirement p e r  u n i t  f i e l d  wid th ,  Wr(L L ) 

ABDFHA t o t a l  volume of a c t u a l  r o o t  zone s t o r a g e  p e r  u n i t  f i e l d  width,  

FGHF t o t a l  volume of deep p e r c o l a t i o n  p e r  u.nit  f i e l d  width,  

BCDB 3 -1 t o t a l  volume of  runoff  water  pe r  u n i t  f i e l d  width,  Wu(L L  ) 

DEFD t o t a l  volume of roo t  zone d e f i c i t  a f t e r  i r r i g a t i o n  p e r  u n i t  
3 -1 

f i e l d  width,  Wdf(L L  ) 

Figure  3. Idea l i zed  subsur face  p r o f i l e  of app l i ed  water  i n  
border  i r r i g a t i o n .  



l i n e  EFH. With t h e s e  concep ts  i n  mind t h e  fo l l owing  q u a n t i t i e s  w i th  

a p p r o p r i a t e  u n i t s  a r e  de f i ned  i n  F igu re  3. 

1. T o t a l  volume of a p p l i e d  wa t e r ,  Wa ( a r e a  ACDGA). T h i s  i s  t h e  

t o t a l  volume of wate r  in t roduced  p e r  u n i t  wid th  of b o r d e r .  

2 .  T o t a l  volume of wate r  r equ i r ed  i n  t h e  r o o t  zone t o  r e ach  f i e l d  - 
c a p a c i t y ,  W ( a r e a  ABEHA). Th i s  i s  t h e  vo lumet r ic  s o i l  wa te r  

I 

d e f i c i e n c y .  

3. T o t a l  volume of wate r  s t o r e d  i n  t h e  iroot zone,  W ( a r e a  
r z 

ABDFHA). This  volume of wate r  i s  dependent upon t h e  f i e l d  

c a p a c i t y  o f  t h e  s o i l  and t h e  a v a i l a b l e  s t o r a g e  a t  t h e  t ime of 

i r r i g a t i o n .  The t o t a l  volume of wate r  a v a i l a b l e  f o r  p l a n t  use  

a f t e r  t h e  i r r i g a t i . o n  and d r a inage  p e r i o d  e q u a l s  t h e  d i f f e r e n c e  

between t h e  f i e l d  c a p a c i t y  (FC) and t h e  permanent w i l t i n g  p o i n t  

(PWP) of t h e  s o i l ,  i f  t h e  r o o t  zone i s  comple te ly  f i l l e d  du r ing  

i r r i g a t i o n  [ i . e . ,  t h e  t o t a l  a v a i l a b l e  wa t e r  expressed  a s  a  dep th ,  

TAW = (FC - PWP) x  (bu lk  d e n s i t y  of t h e  s o i l )  x  ( r o o t i n g  d e p t h ) ] .  

4 .  T o t a l  volume of deep p e r c o l a t i o n ,  W ( a r e a  FGHF). The volume 
P  

of wa t e r  which i n f i l t r a t e s  p a s t  t h e  lower boundary of t h e  r o o t  

zone.  W may equa l  z e r o  i n  some c a s e s .  
P  

5. T o t a l  volume of  t a i l w a t e r  o r  r u n o f f ,  WU ( a r e a  BCDB). The 

volume of  wate r  which runs  o f f  t h e  end of t h e  f i e l d  i f  f r e e  

o u t f a l l  cond i t i ons  e x i s t .  
. 

6. T o t a l  volume of r o o t  zone d e f i c i t  a f t e r  i r r i g a t i o n ,  Wdf ( a r e a  

DEFD). Wdf e q u a l s  z e r o  i f  t h e  r o o t  zone i s  comple te ly  f i l l e d .  

The t o t a l  volume of  water  a p p l i e d  and t h e  to ta l .  volume of runoff  a n  be  

cross-checked w i th  t h e  hydrograph ana ly se s  d i s cus sed  e a r l i e r ,  when such d a t a  

a r e  a v a i l a b l e .  Volumes can be conver ted  t o  average  dep th s  by d i v i d i n g  by 

t h e  p roduc t  of border  wid th  and bo rde r  l e n g t h .  

I r r i g a t i o n  Performance Parameters  

Four  i r r i g a t i o n  performance paramete rs  a r e  d i s c ~ l s s e d  and may b e  de f i ned  

u s i n g  e i t h e r  volumes o r  dep th s .  

1. Water app l i c a t . i on  e f f i c i e n c y ,  E is  t h e  p e r c e n t  of t h e  amount of a  ' 
water  appl  iecl w h i c h  is storet i  i n  the r o o t  zone i'or f u t u r e  use .  



I t  i s  a. measure of t h e  e f f e c t i v e n e s s  of t he  i r r i g a t i o n  i n  s t o r i n g  

water .  

where W r Z  and W a r e  a s  defined previous ly ,  and DaU and Da a r e  t h e  a  
corresponding average depths (L) a s soc ia t ed  wi th  t h e s e  volumes, 

r e spec t ive ly .  

2. Water requireeen-t  e f f i c i e n c y ,  
Er i n d i c a t e s  t h e  percent  of t h e  

amount of water  requi red  t o  r e f i l l  t h e  roo t  zone, which i s  

supplied by an i r r i g a t i o n .  I t  i s  a  measure of t h e  e f f e c t i v e n e s s  

of t h e  i r r i g a t i o n  i n  meeting t h e  crop requ.irement. 

where W r z  and W a r e  a s  defined previous ly ,  and DaU and D a r e  t h e  r u 
corresponding average depths (L)  a s soc ia t ed  wi th  these  volumes, 

r e spec t ive ly .  

3. Tai lwater  r a t i o ,  R t ,  r ep resen t s  t h e  f r a c t i o n  of t h e  t o t a l  

amount appl ied  which i s  1-ost a s  t a i l w a t e r  o r  runoff from t h e  end 

of t h e  border .  

3 where WU and Wa a r e  volumes (L ) a s  previous ly  def ined .  

4 .  Deep pe rco la t ion  r a t i o ,  R  represent.^ t h e  f r a c t i o n  of t h e  
P ' 

t o t a l  amount appl ied  which i s  l o s t  a s  deep p e r c o l a t i o n  p a s t  t h e  

bottom of t h e  roo t  zone. 

where W i s  a s  previous ly  def ined .  
P  

I t  i s  pointed out  t h a t  t h e  sum of t h e  water  a p p l i c a t i o n  e f f i c i e n c y  

(expressed a s  a  f r a c t i o n ) ,  t h e  t a i l w a t e r  r a t i o ,  and t h e  deep pe rco la t ion  

r a t i o  i s  un i ty .  

Another performance parameter o f t e n  used desc r ibes  t h e  uni formi ty  of 

water a p p l i c a t i o n .  I t  may be unnecessary, however, when a  p l o t  of t h e  



s u b s u r f a c e  d i s t r i b u t i o n  o f  a p p l i e d  w a t e r  ( a s  d i s c u s s e d  e a r l i e r )  i s  

a v a i l a b l e .  T h i s  pa ramete r  i s  a  measure of  t h e  uniEormity  of  t h e  s p a t i a l  

d i s t r i b u t i o n .  S e v e r a l  t e c h n i q u e s  f o r  c h a r a c t e r i z i n g  t h e  s p a t i a l  d i s t r i b u -  

t i o n  o f  i n f i l t r a t e d  w a t e r  have been developed.  One o f  t h e  more common and 

more e a s i l y  c a l c u l a t e d  p a r a m e t e r s  i s  UCH, t h e  Hawaiian Sugar  P l a n t e r ' s  

A s s o c i a t i o n  u n i f o r m i t y  c o e f f i c i e n t  ( H a r t ,  1961) :  

UCH = 1 - 1: - = 1-0.798 - 
X X 

- 
where x = t h e  mean i n f i l t r a t e d  d e p t h  (de te rmined  from s e v e r a l  

o b s e r v a t i o n s ) ,  
s = t h e  s t a n d a r d  d e v i a t i o n  of  t h e  o b s e r v a t i o n s .  

EXAMPLE SYSTEM EVALUATI9N 

The f o l l o w i n g  d i s c u s s i o n  p r e s e n t s  t h e  r e s u l t s  o f  a n  e v a l u a t i o n  of  a  

g raded  b o r d e r  i r r i g a t i o n  sys tem a s  t h e  f a r m e r  was c u r r e n t l y  o p e r a t i n g  i t .  

The o r i g i n a l  d a t a  a r e  t a k e n  from Merriam and Keller (1978) .  The v a l u e  of  

b e i n g  a b l e  t o  d e s c r i b e  sys tem o p e r a t i o n  and performance th rough  a n  

e v a l u a t i o n ,  and t h e n  comparing t h e  r e s u l t s  t o  a n  a p p r o p r i a t e  d e s i g n  i s  

i l l u s t r a t e d .  A d e s i g n  f o r  t h e  f i e l d  was fo rmula ted  u s i n g  t h e  SCS b o r d e r  

i r r i g a t i o n  d e s i g n  p r o c e d u r e  (USDA, 1974) .  The r e s u l t s  o f  t h i s  d e s i g n  a r e  

p r e s e n t e d  i n  a  s e p e r a t e  a n a l y s i s  o f  t h e  d e s i g n  p r o c e d u r e  (Clyma, 1980) .  

Changes i n  sys tem o p e r a t i o n  and management f o r  improved w a t e r  a p p l i c a t i o n  

a r e  more e a s i l y  r ecogn ized  when compared t o  t h e  d e s i g n .  

U n f o r t u n a t e l y ,  f o r  t h i s  p a r t i c u l a r  e v a l u a t i o n ,  r u n o f f  d a t a  and 

p o s t i r r i g a t i o n  s o i l  w a t e r  c o n t e n t  d a t a  a r e  n o t  a v a i l a b l e .  The p r e i r r i g a t i o n  

s o i l  w a t e r  s t a t u s  was e v a l u a t e d  u s i n g  t h e  f e e l  method p r e v i o u s l y  d i s c u s s e d .  

Recommended d e s i g n  p a r a m e t e r s  a r e  r e p e a t e d  h e r e  f o r  t h e  r e a d e r ' s  

convenience .  

T = 118 min 
a  

s t r i p  wid th  = 7.9  m (26  f t )  

d e s i g n  d e p t h  = 114 mrn (4 .5  i n . )  

The fa rmer  was o p e r a t i n g  t h e  sys tem u s i n g  t h e  f u l l  a v a i l a b l e  s t r e a m  of  

34 PI'S ( 1 . 2  c f s )  on rt b o r d e r  s t r i p  wid th  of o n l y  7 m (23 i t )  and b o r d e r  

l e n g t h  of  210 m (700 c f s ) .  T h i s  g i v e s  a  u n i t  widt.h s t r e a m  of  4 . 8 3  21s-m 

(0.052 c f s / f t )  (which i s  l a r g e r  t h a n  t h e  d e s i g n  v a l u e  due t o  s m a l l e r  b o r d e r  I 

w i d t h ) .  Due t o  h a r v e s t  o p e r a t i o n s ,  t h e  fa rmer  schedu led  a  more f r e q u e n t  



water  a p p l i c a t i o n .  The a p p l i c a t i o n  time was 88 minutes and t h e  s o i l  water 

d e f i c i t  a t  t h e  t ime of i r r i g a t i o n  was es t imated  t o  be 74 rnm (2.9 i n . ) .  

Four cy l inde r  i n f i l t r a t i o n  tests were conducted dur ing  t h e  eva lua t ion  

i n  fou r  l o c a t i o n s  along t h e  length  s i n c e  t h e  s o i l  was found t o  be f a i r l y  

uniform. These d a t a ,  i n  t h e  form of cumulative tlepth i n f i l t r a t e d  ve r sus  

t ime,  a r e  p l o t t e d  i n  Figure 4 .  A wide range o:f i.rii.tia1 in t ake  rates  i s  

observed. However, a f t e r  approximately 30 minut.es, t he  d a t a  curves have 

nea r ly  the  same s lope .  The average cumulative i n t a k e  v s .  time was d e t e r -  

mined from t h e  fou r  s e t s  of  da t a  and i s  a l s o  p l o t t e d  i n  F igure  4 ( a s  t h e  

curve l abe l ed  "average").  A s  can be seen ,  t h e r e  is a s i g n i f i c a n t  dogleg i n  

t h i s  curve (Merriam and K e l l e r ,  1978). Since a l l  of t h e  da t a  p l o t s  e x h i b i t  

nea r ly  t h e  same s lope  a f t e r  30 minutes,  it was decided a  s t r a i g h t  l i n e  

t y p i c a l  of t h i s  cond i t i on  b u t  a l s o  t y p i c a l  of t h e  wide range of i n i t i a l  

r a t e s  was most r e p r e s e n t a t i v e .  The curve l abe l ed  " typica l"  i s  t h e  r e s u l t .  

I t  i s  f e l t  t h a t  t h e  " typ ica l "  curve provides  adequate r e p r e s e n t a t i o n  of t h e  

i n t a k e  d a t a ,  and i s  e a s i e r  t o  desc r ibe  f u n c t i o n a l l y .  The i n f i l t r a t i o n  

func t ion  de f in ing  t h e  " typ ica l "  curve is:  

z = 4.27 t 
0.64 

1 ( 9  

where z = depth  i n f i l t r a t e d  (mm) 

t = i n t a k e  oppor tuni ty  time (min). 

Equation (9) was a l s o  used t o  develop t h e  i n i t i a l  des ign  r e s u l t s  presented  

e a r l i e r .  

Advance and r eces s ion  da t a  were c o l l e c t e d  at. 30-m s t a t i o n s  along t h e  

i r r i g a t e d  run.  These da t a  along with i n f i l t r a t i o n  oppor tuni ty  t imes and t h e  

su r f ace  p r o f i l e  s lope  a r e  presented  i n  F igure  5. S ince  runoff da t a  a r e  no t  

a v a i l a b l e ,  t h e  advance and r eces s ion  curves were ex t r apo la t ed  t o  t h e i r  

i n t e r s e c t i o n  i n  F igure  5. The imaginary extended l eng th  i s  seen  t o  be  about 

260 m. I n t ake  oppor tuni ty  times f o r  t h e  imaginary extended l eng th  a r e  

inc luded .  An e s t ima te  of t h e  a c t u a l  average app l i ed  depth can now be  

determined. The inf low r a t e  of 34 2ps (1 .2  c f s )  was cons tan t  f o r  t h e  e n t i r e  

88-min. du ra t ion .  Therefore:  



F i g u r e  4 .  Cy l inder  i n t a k e  d a t a .  
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Figure 5. Advance/recession, surface profile curves and infiltration opportunity times. 



This value can be used a s  a  checkpoint f o r  t e s t i n g  t h e  adequacy of t he  

i n f i l t r a t i o n  funct ion  previous ly  determined i n  p r e d i c t i n g  the  - average 

appl ied  depth.  The procedure is  i l l u s t r a t e d  i n  Table 2. Equation (9)  and 

i n f i l t r a t i o n  oppor tuni ty  times from Figure 6 a r e  used t o  f i n d  i n f i l t r a t e d  

depths a t  s t a t i o n s  along the  run ( a c t u a l  p lus  extended l eng th ) .  The average 

depth f o r  each 30-m reach is found. The l a s t  reach was only 15 m ,  thus  t h e  

average depth t h e r e  was determined p ropor t iona te ly  t o  i t s  length .  The 

average appl ied  depth f o r  t he  e n t i r e  wetted length  a!; p red ic t ed  by Equation 

(9)  i s  ca l cu la t ed  a s  76.9 mm. This does no t  corrcbspond with t h e  a c t u a l  

average depth appl ied  of 99 mm, a s  found e a r l i e r .  

Adjustment of t h e  i n f i l t r a t i o n  funct ion  i s  necessary.  The procedure 

f o r  doing t h i s  i s  i l l u s t r a t e d  g raph ica l ly  i n  Figure 6 .  The " typica l"  curve 

represented  by Equation (9)  i s  s h i f t e d  upwards i n  Figure 6 keeping t h e  s lope  

of t h e  curve cons tan t .  The "adjusted" curve should have a  s lope  equal  t o  

t h e  " typ ica l "  curve and should pass  through t h e  p o i n t ,  where t h e  depth 

equals  99 mm and t h e  time equals  t h e  time a t  which t h e  " typica l"  curve has a  .. 
depth of 76.9 mm i n f i l t r a t e d .  This  time (us ing  Equation ( 9 ) )  i s  approxi- I 

mately 92 minutes.  The i n t e r c e p t  a t  u n i t  time f o r  t h e  ad jus ted  curve i s  * 

approximately 5.48 mm. A numerical procedure f o r  determining t h e  f u n c t i o n a l  

r e l a t i o n s h i p  of t h e  "adjusted" curve involves f ind ing  a  new value f o r  k i n  

Equation ( 2 ) ,  such t h a t  wi th  a  = 0.64 and t = 92 min, z w i l l  equa l  99 mm: 

Thus, t he  "adjusted" i n f i l t r a t i o n  curve i s  represented by: 

z = 5.48 t 0.64 

where z = cumulative i n f i l t r a t e d  depth (mm) 

t = t ime (min) . 



Table 2 .  Check on i n f i l t r a t e d  depths and t o t a l  app l i ed  depth p red ic t ed  by " typ ica l "  i n f i l t r a t i o n  
funct ion  and "adjusted" i n f i l t r a t i o n  func t ion  ( a f t e r  Merriam and K e l l e r ,  1978).  

S t a t i o n  (m) 0 3 0 60 90 120 150 180 210 240 260 

Opportuni ty 
Time (min) 9 6 118 126 123 112 9 9 8 4 66 3 8 0 

I n f i l t r a t i o n  Depths (using Equation (9 ) )  

Depth (mm) 79 .3  90.5 94 .3  92.9 87 .5  80 .8  72 .8  62 .4  43.8  G .  0 

Average 
Depth (mm) 84.9 92.4  93.6 90.2  84 .2  76.8 67 .6  53 .1  0 . 5  (21.9)  

Average Depth on 260 nun = 653.7/8 .5  = 76.9 mm 

I n f i l t r a t i o n  Depths (us ing  Equation (11 ) )  
+' 

101.7 116.1 121.1 103.7 93.4  80 .0  
03 

Depth (mm) 119.2 112.3 56.2 0 .0  

Average 
Depth (mm) 108.9 118.6 120.2 115.8 108.0 98.6 86 .7  68 .1  0 .5 (28 .1)  

Average Depth on 260 mm = 838.8/8 .5  = 98.7 mm 



Figure 6. Illustration of adjustment of infiltration function. 
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A check on t h e  adequacy of t h e  "adjusted" curvt? i s  provided i n  t h e  lower 

s e c t i o n  of  Table  2 us ing  t h e  same procedure  a s  b e f o r e .  I t  i s  seen  t h a t  

Eqca t ion  (11) adequa te ly  p r e d i c t s  t h e  t o t a l  average a p p l i e d  dep th .  

R e s u l t s  

The subsu r f ace  d i s t r i b u t i o n  o f  a p p l i c d  wate r  a s  p r e d i c t e d  by EquaLion 

(11) i s  p l o t t e d  i n  F igure  7 .  

Each of  the  volumes a s s o c i a t e d  w i t h  Figure  7 ( a s  p r ev ious ly  d i s c u s s e d )  

can be found by g r a p h i c a l  i n t e g r a t i o n  of r e l a t e d  a r e a s  o f  F igure  7 .  On a  

u n i t  width b a s i s  ( f o r  border  width of 7  rn), t hey  a r e  a s  fo l lows:  
3 

Volume a p p l i e d ,  Wa = 25.6 m /m 
3 Volume runo f f ,  W = 2.7 m /m u 3 Volume i n f i l t r a t e d ,  22.9 m / m  

3 Volume r e q u i r e d ,  W = 15.7 m /m r 3 Volume s t o r e d ,  W = 15.7 m /m 
r z  3 Volume deep p e r c o l a t e d ,  W = 7.2 m /rn 

p 3  Volume d e f i c i t ,  Wdf = 0.0 m /m 

Each of t h e s e  volumes can be converted t o  an  average  dep th  by d i v i d i n g  by 

t h e  border  l e n g t h  of 240 m .  U t i l i z i n g  t h e  above volumes, t h e  performance 

parameters  f o r  t h i s  i r r i g a t i o n  a r e  determined u s ing  Equat ions  (4)  through 

( 7 ) .  

W 
Water a p p l i c a t i o n  e f f i c i e n c y ,  = - .  Ea w rz 100 

'rz Water requirement  e f f i c i e n c y ,  E = - 100 
'r 

Ta i lwa te r  r a t i o ,  



Figure 7. Subsurface distribution of applied water. 
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W 
Deep percolation ratio, R - 2  

P - wa 

The uniformity of water application is illustrated in Figure 8. 

Table 3 presents a comparison of the suggested design with the system 

as it was operated for.this irrigation. The expected runoff and deep 

percolation for the design are not available. 

Table 3. Comparison of design and current operation. 

Current 
Parameter Design Operation 

Unit width stream, 2js-m 
Time of application, min 
Border strip width, m 
Design depth or requirement, mm 
Average depth applied, mm 
Water application efficiency, % 
Water requirement efficiency, % 
Tailwater ratio, dec. 
Deep percolation ratio, dec. 

4.31 (0.0464 cfs/ft) 
118.0 

7.9 (26.0 ft) 
114.0 (4.5 in.) 
142.5 (5.61 in.) 

80.0 - - 

CONCLUSIONS 

As a result of the evaluation, and comparison of the results to the 

suggested design, the following conclusions are made: 

1. Obviously, the farmer irrigated too soon, i.e., at a smaller 

requirement than suggested. Although he was aware of this and was trying to 

apply a lighter amount, he still overirrigated the entire field. 

2. Using the entire available flow on a smaller strip width, the 

farmer was using a larger unit width stream. The smaller application time 

used must be an attempt at reducing the amount applied. At 80% design 

efficiency and a requirement of 74 mnm (2.9 in.), design equations yield an 

application time of approximately 68 minutes for this larger unit width 

stream. For the given field length this may be too short, since the 

distance of advance for this time if about 150 m (Figure 5). Poor 

distribution and underirrigation of the lower end would probably result. 



3. The a n t i c i p a t e d  advance curve f o r  t he  design should be only 

s l i g h t l y  s t eepe r  than i n  Figure 5 due t o  the  o f f s e t t i n g  e f f e c t s  of g r e a t e r  

app l i ca t ion  t ime,  but  higher  i n i t i a l  i n t ake  r a t e  of the  d r i e r  s o i l .  The 

a n t i c i p a t e d  recess ion  curve should be s l i g h t l y  s t e e p e r  a t  t he  lower end and 

s h i f t e d  upwards by an amount equal  t o  t h e  inc rease  of a p p l i c a t i o n  t ime,  

compared t o  F igure  5 .  Thus, t h e  expected r e s u l t  i f  t h e  system were operated 

according t o  design would be a more uniform applicat- ion of water ,  with t h e  

upper end being s l i g h t l y  o v e r i r r i g a t e d  and t h e  lower end being s l i g h t l y  

unde r i r r iga t ed .  

4. For t h e  border  s t r i p  width c u r r e n t l y  i n  use ,  t h e  farmer could use 

t h e  l a r g e r  u n i t  width stream and decrease t h e  a p p l i c a t i o n  time t o  around 106 

minutes and expect  a value of Ea near  80%. The r e s u l t i n g  i r r i g a t i o n  would 

most l i k e l y  be l e s s  uniform, however. 

5.  The nonuniformity i n  s lope  f o r  t h e  f i r s t  90 m probably causes t h e  

r ecess ion  curve t o  be s t e e p e r  i n  t h a t  s e c t i o n .  The f i r s t  30 m ,  be ing  much 

s t e e p e r ,  would cause a s h o r t  l a g  time; and then t h e  next ,  f l a t t e r  60-m 

s e c t i o n  would cause t h e  r ecess ion  t o  slow down. The advance i s  a l s o  slowed 

down i n  t h e  30-m s t a t i o n  t o  90-m s t a t i o n  s e c t i o n  ( r e f e r  t o  Figure 5 ) .  I f  

t h i s  s e c t i o n  were graded t o  t h e  s lope  of t h e  remainder of t h e  f i e l d ,  t h e  

advance and r ecess ion  curves should be more "pa ra l l e l "  and t h e  amount of * !  

o v e r i r r i g a t i o n  i n  t h a t  s e c t i o n  reduced. 

6 .  The l a r g e  amount of deep pe rco la t ion  i s  a r e s u l t  of i r r i g a t i n g  too  . 
soon. The amount of runoff i s  about r i g h t ,  however, i n d i c a t i n g  t h e  farmer 

had about t h e  c o r r e c t  inf low time. An e f f i c i e n t  i r r i g a t i o n  would most 

l i k e l y  be impossible f o r  t h e  210 m border ,  t h e  given s o i l  water d e f i c i t  and 

t h e  a v a i l a b l e  stream. E i t h e r  a very  non-uniform i r r i g a t i o n  would r e s u l t ,  

with t h e  requirement a t  t h e  upper end j u s t  being met; o r  t he re  would be a 

l a r g e  amount of runoff on what have t o  be very  narrow borders  (so t h a t  t h e  

u n i t  width stream would be l a r g e  enough f o r  t h e  des i r ed  advance t ime) .  

RECOMMENDATIONS 

1. The farmer should at tempt t o  adhere t o  an  i r r i g a t i o n  schedule i n  

which the  design depth of 114 mm (4.5 i n . )  is  appl ied  a t  each i r r i g a t i o n .  

Obviously, however, seasonal  changes i n  crop requirement and i n f i l t r a t i o n  

r a t e  would have t o  be taken i n t o  account.  
. 

2 .  Land l e v e l i n g  t o  ob ta in  a more uniform grade i n  t h e  d i r e c t i o n  of . I 

i r r i g a t i o n  would inc rease  t h e  uniformity of t h e  water  a p p l i c a t i o n .  I n  



particular, the overirrigation occurring at the upper end of the border 

would be reduced. 

3. The combined effects of the first two rec:ommendations would yield 

high values for Ea and Er. Also, it is pointed out, that runoff losses 

from the border could be effectively reduced through the use of a tailwater 

reuse system. 

4. The farmer should not deviate from an irrigation schedule in which 

he applies 114 mm (4.5 in.) at each irrigation. The implication of 

operating at lower values of design depth for the given available flow rate 

and border dimensions is that the efficiency and uniformity of water 

application would be reduced. Otherwise, increased flexibility in the 

timing and rate of water delivery is necessary to obtain a specific unit 

width stream for a particular design depth, design efficiency and 

application time. 

5. Using the 7-m (23-ft) width borders rather than the design 

recommended 7.9-m (26-ft) width results in a larger unit width stream when 

the full available flow is utilized. This reduces the application 

efficiency. Assuming the other design parameters had been used with this 

unit width stream, a reduction in efficiency from the design efficiency is 

expected. The farmer could use a slightly smaller application time than the 

design and still achieve good results since the deviation in border widths 

was small. The best alternatives are to reduce the supply rate to the field 

or increase the width to 7.9 meters. 

EQUIPMENT LIST AND SUGGESTED DATA FORMS 

Equipment 

The equipment needed for a detailed evaluation of a border irrigation 

system is: 

1. Engineer's level and rod for reading ground surface elevations. 

2. A measuring tape for locating stations and measuring border 

dimensions. 

3. Laths or stakes, hatchet and crayon for marking stations. 

4. Instrument for measuring time (wristwatch with a second hand). 

5. Equipment for collecting soil samples to determine water content. 

a .  Soil auger or probe to take soil samples. 

b. Soil cans with tight-fitting lids. 

6. Equipment for determining bulk density. 

7. Cylinder infiltrometers (up to 6 sets). 



8.  Device f o r  measuring t h e  wa t e r  l e v e l  i n  c y l i n d e r  such a s  a  hook o r  

s t a f f  gauge. 

9 .  Equipment f o r  i n s t a l l i n g  c y l i n d e r s .  

a .  Metal  p l a t e  o r  a  heavy t imbe r .  

b .  Sledge hammer. 

10. 3 - m i l  p l a s t i c  s h e e t i n g  o r  o t h e r  waterproof  membrane. 

11. Buckets f o r  h a u l i n g  wa t e r .  

12 .  Shove ls .  

13. Devices f o r  measuring f low such a s  P a r s h a l l  o r  c u t t h r o a t  

f lumes,  c a l i b r a t e d  s i phons ,  weirs o r  f low meters. 

14.  P e n c i l s ,  c l i p b o a r d s  and d a t a  forms. 

Data Forms -- 
Data forms f o r  t h e  fo l l owing  d a t a  sets a r e  p rov ided :  

S o i l  Water Content  Data 

Bulk Dens i ty  Data 

Cy l inde r  I n f i l t r o m e t e r  Data 

Water Advance/Recession Data 

Flow Rate  Data 

Farm and F i e l d  Data 



L Y  J 

SOIL WATER CONTENT DATA 

Identification: Observer : Date: 

Soil Type: Crop : Before 
After 

Irrigation 

Remarks : 
* 

Station 

- 

Depth 
cm 

- 

Can 
No. 

Wt.Can 
& Soil 
Dry 

g 

Wt. 
Soil 
Dry 
R 

Wt. 
Can 
Tare 

g 

'wt.~an 
& Soil 
Wet 

g 

Wt. 
Water 

g 

Water 
depth 

d 
mrn - 

Water 
Content 

% by 
Weight 

Bulk 
Density 

Yh 

Water 
Content 

% by 
Volume 

---- 

- 



BULK DENSITY DATA 

I d e n t i f i c a t i o n :  O b s e r v e r :  Date: 

Crop : 

Remarks : 

S t a t i o n  

S o i l  
Depth 

c m  
Can 
No. 

W t .  
Can 

T a r e  
g 

Wt.Can 
& S o i l  
Mois t .  

g 

W t .  
S o i l  
Dry 
R 

Wt.Can 
6 S o i l  

Dry 
g 

1st 
Rend. 
T n s t .  

2nd 
Read. 
Tnst. 

Soi l .  
V o l .  

c m  
3 

Y 

Bulk  
D e n s i t y  

b 



CY1,INDER INF 1LTROI.ICTER < 

Identification: Observer: -- Date : 

Crop : . 
Remarks : 

Station: 

I Infiltrometer NO. 1 
Station: 

I Infiltrometer No. 1 
Station: 

I Infiltrometer No. 



WATER ADVANCE/RECESSION DATA 

Identification: Date: Crop : Irrigation Start: 

Soil : Observer : Finish : 

Comments : Total Time: 

Border: Border: Border: 

Stream Size: Stream Size: 

*All clock times are on 24-hour basis. 

Stream Size: 
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FLOW RATE DATA 

IDENTIFICATION OBSERVER IIATE 

CROP LENGTH INFLOW or RUNOFF 

FURROW/ BORDER NO. FURROW SPACING/BORDER WIDTH 

MEASURING DEVICE START TIME STOP TIME 

COMHENTS : 

1 
Elapsed Flow Average Vo 1 ume Volume 

Clock* Time AT Reading Rate Flow Rate ( ) ( 1 
Time (mid (min) ( 1 ( 1 ( > (6) x (3) 1 (7) 

( 1  ) (2 1 (3) (4) (5 1 (6) (7 1 (8) 

-- 
-- - 

- 
-- 

- 
-- 
- 
- 

':All clock times are on 24-hour basis. 

- -- -- 

-- 



FARM AND FIELD DATA 

IDENTIFICATION OBSERVER DATE 

FARMER ADDRESS 

(Sketch the farm and on-farm water del ivery system noting pertinent 
roads, boundaries, f i e l d  boundaries, locat ions  o f  pumps, open drains,  
e t c . )  



APPENDIX A 

RECONNAISSANCE QUESTIONNAIRE 

1. Farmer o p e r a t i o n  and management 

How does t h e  farmer  dec ide  when t o  i . r r igated!  
What is  h i s  i r r i g a t i o n  f requency? }low does i t  change d u r i n g  

t h e  seas or^? 
Mow does  he dec ide  how t o  i r r i g a t e ?  
How does he  dec ide  how much waLer t o  apply? 
Does t h e  fa rmer  know t h e  t o t a l  flow r a t e  a v a i l a b l e  t o  him? 
What a r e  t h e  f a r m e r ' s  o p e r a t i n g  hours?  
Does he i r r i g a t e  a t  n i g h t ?  
How does  he  dec ide  how long t o  i r r i g a t e  a f i e l d ?  
How long does  he  i r r i g a t e  a f i e l d ?  
Does t h e  farmer  have any problems w i th  t h e  system? 
What a r e  h i s  c u l t i v a t i o n  and t i l l a g e  p r a c t i c e s ?  
Does he i r r i g a t e  more t h a n  one bo rde r  s t r i p  a t  once? 

Water supp ly  

What a r e  t h e  sou rce s  of a v a i l a b l e  wate r?  
Is t h e  d e l i v e r y  s t a t i o n  ( p o i n t  of  d i v e r s i o n  t o  farm) a problem, 

i . e . ,  h igh  l o s s e s ,  e t c . ?  
Is t h e  on-farm d i s t r i b u t i o n  system a problem ( i . e . ,  t o o  many 

i n - f i e l d  channe ls ,  h igh  l o s s e s ,  e t c . ) ?  
What i s  t h e  f low r a t e  of each sou rce  of water?  
When i s  each  sou rce  a v a i l a b l e  and f o r  how long? 
Is t h e  f requency of  d e l i v e r y  and a v a i l a b l e  head a problem? 
What i s  t h e  water  q u a l i t y ?  
How i s  t h e  wate r  d e l i v e r e d  t o  each f i e l d ?  



3. C r o ~  c h a r a c t e r i s t i c s  

What a r e  t h e  c rops  be ing  grown? 
What a r e  t h e  r e s p e c t i v e  p l a n t i n g  d a t e s ?  
What c ropping  p a t t e r n s ,  i f  any,  have been followed? 
Does t h e  farmer  have any major problems i n  c rop  produc t ion?  
What a r e  t h e  major i npu t s ?  P o t e n t i a l  y i e l d ?  
What is  h i s  expected y i e l d ?  Average y i e l d  i n  are.a? 
Any obvi 011s phys i ca l  symptoms of p roh l~en~s?  

4. Phvs i ca l  c h a r a c t e r i s t i c s  

Does t h e  farmer  know t h e  f i e l d  dimensions? 
Does he know t h e  s l o p e  and c ro s s - s l ope  ( i f  any)?  
Has t h e  f i e l d  been l e v e l e d  t o  a  uniform s lope?  
I f  y e s ,  when? I f  no,  why no t?  
What p r o v i s i o n s ,  i f  any,  a r e  made f o r  s u r f a c e  runof f?  
Does runof f  l e a v e  t h e  farm o r  i s  i t  used a g a i n  somewhere on t h e  

farm? 
What i s  t h e  border  spac ing  and how d i d  t h e  farmer  dec ide  on t h a t  

spac ing?  
What i s  t h e  method of  d i v e r t i n g  wate r  i n t o  each  border?  



5 .  S o i l  survey -- - . . .--. .. 

Does the farmer know the  s o i l s  on h i s  farm'? 
Does he know o f  any trouble  spo t s  ( i . e . ,  very l i g h t  or  heavy s o i l s  

or  s a l i n i t y  problems)? 

6 .  Water t a b l e  

Does the  farmer know the  groundwater l e v e l ?  
Does he f e e l  it i s  a problem? 
I s  surface/subsurface drainage provided? I f  s o ,  where? 



APPEND [X £3 

SOIL MOISTURE MEASUREMENT CONSIDERA'IIONS 

Basic  gu ide l ines  t o  a i d  t h e  eva lua to r  i n  e s t a b l i s h i n g  procedures  

f o r  sampling (where t o  samples,  how many samples,  e t c . )  a r e  d i s cus sed .  

Plans w i l l  be needed t o  determine when, where and how much t o  sample f o r  

s o i l  parameters  such a s  f i e l d  c a p a c i t y ,  w i l t i n g  p o i n t ,  bu lk  d e n s i t y ,  

water  conten t  and i n f i l t r a t i o n  a s  d i scussed  i n  t h e  t e x t .  I t  i c  r e c a l l e d  

t h a t  a  minimum of t h r e e  r e p l i c a t i o n s  of samples i s  c a l l e d  f o r  i n  a l l .  

c a se s  t o  o b t a i n  a  s imple average.  The fo l lowing  d i scus s ion  i s  intended 

t o  provide a  means of determining when more samp:les should be c o l l e c t e d  

(and how many more) t o  i nc rease  t h e  p r e c i s i o n  of t h e  r e s u l t s  and a l s o  t o  

i l l u s t r a t e  s imple tests  which can be used t o  i n t e r p r e t  t h e  r e s u l t s .  

Garcia (Appendix A ,  1978) has presen ted  a  b a s i c  t rea tment  of t h e  

s t a t i s t i c a l  ana lyses  of measurements. These i nc lude  measures of c e n t r a l  

tendency, such a s  mean; measures of v a r i a b i l i t y , ,  such a s  t h e  s t anda rd  

d e v i a t i o n ;  and s imple s t a t i s t i c a l  i n f e r ence  based on t h e s e  popu la t i on  

parameters  such t h a t  f o r  a  given l e v e l  of p r o b a b i l i t y  an i n t e r v a l  of 

va lues  which enc loses  t h e  t r u e  va lue  of a  parameter  i s  es t imated .  

Seve ra l  s t u d i e s  have focused on determining t h e  v a r i a b i l i t y  of s o i l  

sampling f o r  water  con ten t  (Black e t  a l . ,  1965; Reuss e t  a l . ,  1975; 

S t a p l e  and Lehane, 1962; Hewlett  and Douglass,  1961).  Each of t h e s e  

s t u d i e s  p r e s e n t s  r e s u l t s  of s i t e  s t u d i e s  i nc lud ing  means and s tandard  

d e v i a t i o n s  of sampling and e x t r a p o l a t i o n  of t h e s e  r e s u l t s  t o  methods of 

e s t ima t ing  numbers of samples requi red  f o r  given l e v e l s  of p r e c i s i o n .  

The problems wi th  such approaches i s  t h a t  it i s  necessary  t o  know 

beforehand t h e  v a r i a b i l i t y  of water  con ten t s  t o  be expected i n  a  f i e l d  

such t h a t  t h e  number of samples o r  r e p l i c a t e d  samples t o  c o l l e c t  t o  

o b t a i n  a  confidence i n t e r v a l  f o r  t h e  mean a t  a  given p r e c i s i o n  ( l e v e l  of 

p r o b a b i l i t y )  can be determined. I t  i s  d i f f i . c u l t  t o  e s t i m a t e  t h e  

combined e f f e c t s  of sampling e r r o r s ,  p o s s i b l e  sampling bi .as ,  and t h e  

v a r i a t i o n  of s o i l  p r o p e r t i e s  i n  a  f i e l d  ( l e t  a lone  t h e  i n d i v i d u a l  

e f f e c t s ) .  A t  any r a t e ,  g e n e r a l i z a t i o n s  a r e  made such a s :  r e q u i r i n g  30 

o r  more samples pe r  t rea tment  t o  provide f a i r  assurance  t h a t  t h e  l e a s t  

s i g n i f i c a n t  d i f f e r e n c e  between t h e  means of two !treatments be l e s s  than  

0 .5  i nch  of water  (S t ap l e  and Lehane, 1961).  I t  should be obvious t h a t  



given  a  c e r t a i n  l e v e l  of v a r i a b i l i t y  i n  a  g iven  samplxng p l a n ,  t h e  p r e c i s i o n  

w i th  which a  t r u e  v a l u e  is  e s t ima t ed  w i l l  i n c r e a s e  a s  t h e  number of samples 

t aken  i n c r e a s e s .  However, t h i s  i s  even f u r t h e r  magnif ied where one is  

t r y i n g  t o  e s t i m a t e  t h e  d i f f e r e n c e  between two t r u e  v a l u e s .  For  i n s t a n c e ,  

Reuss e t  a l .  (1975) p r e sen t ed  r e s u l t s  which showed t h a t  95% confidence 

i n t e r v a l s  f o r  b e f o r e  and a f t e r  i r r i g a t i o n  wate r  c o n t e n t s  i n  a  p r o f i l e  could 

be e s t ima t ed  a s  9 .50 2 0 .37  inches  and 12.00 2 0.61 i nches ,  r e s p e c t i v e l y .  

These were q u i t e  a ccep t ab l e  f o r  t h e  number o f  co r e s  taken:  f i v e .  However, 

f o r  t h e  d i f f e r e n c e  of 2 .5  inches  t h e  p r e c i s i o n  is 20 .71  inches  o r  

approximately  228% of t h e  v a l u e  which was be ing  e s t ima t ed .  Th i s  was 

unaccep t ab l e ,  and t o  i n c r e a s e  t h e  p r e c i s i o n  w i th  which t h e  d i f f e r e n c e  i s  

e s t ima t ed  t h e  number of samples t o  c o l l e c t  bo th  b e f o r e  and a f t e r  i r r i g a t i o n  

i s  more t h a n  60. Th is  assumes t h e  v a r i a b i l i t y  o r  e r r o r  v a r i a n c e  o f  sampling 

i s  a  c o n s t a n t .  

Two u s e f u l  t o o l s  f o r  ana lyz ing  s e t s  of samples f o r  s i g n i f i c a n t  

d i f f e r e n c e s  a r e  one-way and two-way a n a l y s i s  of v a r i a n c e  t e s t s .  For  

i n s t a n c e ,  i f  a  s o i l  su rvey  shows nonuniform s o i l s  i n  t h e  f i e l d  be ing  

s t u d i e d ,  b u t  s i g n i f i c a n t  d i f f e r e n c e s  i n  i n f i l t r a t i o n  r a t e s  through t h e  f i e l d  

a r e  no t  su spec t ed ,  a  one-way a n a l y s i s  of v a r i a n c e  of s e v e r a l  s e t s  of 

r e p l i c a t e d  t e s t s  would s t a t i s t i c a l l y  de te rmine  i f  s i g n i f i c a n t  d i f f e r e n c e s  

between l o c a t i o n s  a r e  p r e s e n t .  S i m i l a r l y ,  a  two-way a n a l y s i s  of v a r i a n c e  

can be used t o  check on d i f f e r e n c e s  between r e p l i c a t i o n s  a t  a  sampling 

l o c a t i o n  and on d i f f e r e n c e s  between sampling l o c a t i o n s .  

I n  a l l  i n s t a n c e s ,  it should be remembered t h a t  r e p l i c a t i o n s  (minimum of  

t h r e e )  a r e  r equ i r ed  t o  e s t a b l i s h  an  average .  I f  s o i l s  a r e  uniform,  t h r e e  

co r e s  i n  t h e  e n t i r e  f i e l d  may be  a l l  t h a t  a r e  nece s sa ry ,  however, more may 

be d e s i r e d  t o  i n c r e a s e  p r e c i s i o n .  When s o i l s  a r e  n~onuniform, r e p l i c a t i o n s  

(minimum of  t h r e e )  i n  each major s o i l  t ype  a r e  necessa ry  t o  e s t a b l i s h  t h e  

mean f o r  t h a t  s o i l  type .  More samples w i l l  i n c r e a s e  t h e  p r e c i s i o n .  A 

one-way a n a l y s i s  o f  va r i ance  w i l l  de termine i f  s i g n i f i c a n t  d i f f e r e n c e s  

between t h e  e s t ima t ed  means e x i s t .  Tradeof fs  i n  p r e c i s i o n  and c o s t s  ( t ime  

and e f f o r t  of t h e  e v a l u a t o r )  occur .  I n  g e n e r a l ,  t h ~ e  b e s t  de s ign  t o  use  i s  

t h e  one t h a t  p rov ides  t h e  maximum p r e c i s i o n  a t  a  g iven  c o s t  ( e f f o r t )  o r  t h a t  

p rov ides  a  s p e c i f i e d  p r e c i s i o n  ( e r r o r )  a t  t h e  l e a s t  c o s t  (Black e t  a ] . ,  

Chapter 5,  1965) .  
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