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In Illost 
instances, tIJe 

l~ater quality 
~s 

excellent 
in 

the headw
aters 

O
f 

these 
~~r€ams. 

ThesE' dreas 
are 

located 
in 

high 
altitu

d
e forest 

and 
m

ountainous 
areas, 

and m
ost of 

the 
runoff cOl'1es 

fro", snow
m

elt. 
A

ll 
these streanlS 

I have m
entionec aisolay progressive 

increase 
in salin

ity
 

levels as 
the w

ater flow
s 

to the 
low

er 
reaches of 

the 
drainage basins: 

the exceptions are stream
s 

th
a
t flow

 
cast from

 
the G

reat P
lains area of 

the !lnited S
tates and on 

into 
~he dow

nstream
 areas of 

the I"issouri 
dno 

r~is"issiDpi 
R

ivers. 
R

ainfall 
increases as 

we m
ove east 

in 
the 

U
nited S

tates and runoff 
likew

ise increases, dilutinQ
 the salt concen­

trations 
in 

stream
 
flOl~ that com

e from
 

the 
d

rier plains area east of 
the R

ocky !'ountains. 
In 

these arid and sem
iarid reoions, 

the soils at 
the 

low
er altitudes contain 

large am
ounts of salts, and 

the surface 
w

aters originating from
 

these areas generally have high concentrations 
of salt and 

sedim
ents. 

O
f course, 

salin
ity

 is not 
a new 

problem
. 

It has 
been a problem

 for a 
long 

tim
e 

in m
any areas of W

estern 
U

nited S
tates as w

ell 
as 

throughout 
the w

orld. 
A

ncient 
civ

ilizatio
n

s flourished w
ith 

irrig
atio

n
 of fertile 

valley lands, but dw
indled 

as 
high w

ater tables com
bined w

ith salt 
accum

ulations 
forced m

uch of the land out of production. 
In 

the w
orld 

today. 
about 

550.000 acres of irrig
ated

 land 
is going out of production 

annually because of salt accum
ulation and poor drainage. 

T
his loss of 

irrigated land can be reduced by b
etter soil 

and w
ater m

anagem
ent

practices. 
In the 

17 w
estern states in 

the U
nited S

tates w
here about 

37 m
illion acres of land are being 

irrig
ated

, nearly all 
the irrigation 

farm
ers 

need 
to be concerned w

ith the salin
ity

 problem
. 

They have 
long

been .concerned about 
the m

aintenance of a salt level 
in the root zone 

suitable for 
the crops they are grow

ing. 
Today, 

they are concerned 
about 

the quality of the return flow
s 

to the stream
s and riv

ers; and, 
in 

these m
ore 

arid riv
er basins w

here m
ineral 

quality of w
ater is a 

problem
, 

the users of all the 
land eith

er affect or are affected by 
the salt problem

. 
H

ow
ever, 

like sedim
ent, salin

ity
 in w

ater 
is a 

resu
lt of interaction of w

ater w
ith the so

il and other 
~
e
o
l
o
g
i
c
 form

a­
tions and, 

as 
such, can be 

influenced 
by m

an's 
action only to a deqree. 

M
aintaining high 

standards 
in 

the use 
and m

anaqem
ent of land and w

ater 
resources appears 

to be the best long-range solution to w
ater Q

uality 
problem

s originating on 
land areas. 

H
igh 

salt concentrations in w
ater not only affect the use of w

ater for 
crop production but 

lim
it 

its use for m
unicipal 

and 
industrial 

processes w
ithout costly treatm

ent. 
The reduced agricultural produc­

tion and 
increased operation co

st, 
both 

in 
agricultural 

and 
nonagri­

cultural activ
ities, as a resu

lt of increased salt concentrations 
in 

w
ater m

ake 
sal in

ity
 a significant econom

ic. 
as w

ell 
as environm

ental,
problem

. 
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' 
'II

':' 
n,

:,p
J 

to
 
"'

in
im

iz
e 

th
e:

 
am

ou
nt

 
o

f 
l'
C

t .
..if

'r
i 

"'
l 

:Y
'i

S
, 

j.)
I' 
~S
~>
_i
l'
·:
 

sy
st

er
1:

' 
S

fe
!"

 
o

es
! 

ad
ap

te
d 

to
 

ac
h

ie
v

e 
th

i~
 

en
d.

 
H

ow
ev

er
, 

ll
j(

H
ly

 
,:

(\
:;

p
s
 

3)
-1

2 
g

r(
J\

·,
"f

i 
(i

t.
 i

tt
: 

;:
;U

(c
c~

.s
!;

,.
il

1y
 

at
 

hi
gh

 
ir

ri
g

at
io

n
 e

f
f
;
~
j
p
n
c
j
c
s
 

by
 g

ra
vi

ty
 s

ys
tc

ns
, 

an
d 

!t
 

'II
o

u
ld

 
h~

 
~e

ry
 

co
st

ly
 t

o~
ha
nq
E:
 

tc.
' 

pr
es

s"
ri

ze
d 

sy
st

e'
ns

. 
T

hi
s 

is
 

pa
rt

ic
L

;l
ar

ly
 t

ru
e 

of
 

th
e 

cl
os

c-
gr

ow
~ 

de
eo

-r
oo

te
d 

cr
op

s 
su

ch
 

as
 

al
fa

lf
a 

'1n
d 

so
m

e 
of

 
th

e 
ro

w
 

cr
op

s 
su

ch
 

as
 c

ot
to

n 
or

 
so

rg
hu

m
. 

S
pr

in
kl

er
 

ir
ri

g
at

io
n

 s
ys

te
;n

s 
ar

e 
be

in
g 

us
ed

 f
ar

 t
he

se
 t

yp
es

 o
f 

cr
op

s 
in

 m
an

y 
ar

ea
s 

of
 t

he
 W

es
t, 

bu
t 

th
ey

 
ar

e 
no

t 
al

w
ay

s 
m

or
e 

ad
va

nt
ag

eo
us

 
th

an
 

go
od

 
gr

av
it

y 
sy

st
em

s 
w

he
n 

al
l 

th
in

gs
 a

re
 c

on
si

de
re

d.
 

M
or

e 
an

d 
m

or
e,

 
th

e 
dr

ip
 o

r 
tr

ic
k

le
 i

rr
ig

at
io

n
 s

ys
te

m
s 

ar
e 

be
in

g 
ut

.i
li

ze
d 

on
 

ve
ge

ta
bl

e 
an

d 
ci

tr
u

s 
cr

op
s,

 
an

d 
th

es
e 

sy
st

em
s 

ap
oe

ar
 t

o 
be

 t
he

 b
es

t 
su

it
ed

 f
o

r 
hi

gh
 

ef
fi

ci
en

cy
 i

n
st

al
la

ti
o

n
s,

 w
he

re
 w

at
er

 s
up

pl
ie

s 
ar

e 
li

m
it

ed
. 

R
et

ur
n 

fl
ow

s 
ar

e 
gr

ea
tl

y 
re

du
ce

d 
th

ro
ug

h 
th

e 
us

e 
of

 
pr

es
su

ri
ze

d 
sy

st
em

s 
ev

en
 

th
ou

gh
 

ef
fi

ci
en

ci
es

 m
ay

 b
e 

lo
w

 f
or

 s
om

e 
sp

ri
nk

le
r 

sy
st

em
s 

w
he

re
 w

at
er

 
is

 l
o

st
 t

hr
ou

gh
 e

va
po

ra
ti

on
 a

nd
 
d

ri
ft

 
in

 
th

e 
ap

pl
ic

at
io

n 
pr

oc
es

s.
 

As
 

hi
gh

 e
ff

ic
ie

n
ci

es
 a

re
 a

pp
ro

ac
he

d 
th

ro
ug

h 
th

e 
us

e 
of

 
im

or
ov

ed
 

sy
st

em
s 

an
d 

b
et

te
r 

w
at

er
 m

an
ag

em
en

t 
p

ra
ct

ic
es

, 
we

 
ne

ed
 

to
 b

e 
m

or
e 

co
nc

er
ne

d 
ab

ou
t 

th
e 

sa
lt

 b
al

an
ce

 i
n 

th
e 

ro
ot

 z
on

e 
of

 t
he

 p
la

nt
s 

be
in

g 
gr

ow
n.

 
It

 
ha

s 
be

en
 

kn
ow

n 
fo

r 
ge

ne
ra

ti
on

s 
th

at
 f

o
r 

il
'r

i~
at

ed
 

ag
ri

cu
lt

u)
'e

 t
o 

re
m

ai
n 

w
or

ka
bl

e 
ov

er
 t

im
e,

 
su

ff
ic

ie
n

t 
dr

ai
na

ge
 m

us
t 

be
 p

ro
vi

de
d 

to
 

av
oi

d 
an

 
ad

ve
rs

e 
sa

lt
 b

ui
ld

uo
 

in
 

th
e 

so
il

. 
T

hi
s 

ne
ce

ss
it

y 
ha

s 
le

d 
to

 
th

e 
"l

ea
ch

in
g 

re
qu

ir
em

en
t, 

"w
hi

ch
 

is
 d

ef
in

ed
 a

s 
th

e 
fr

ac
ti

on
 o

f 
ap

pl
ie

d 
ir

ri
g

at
io

n
 w

at
er

 t
h

at
 m

us
t 

m
ov

e 
th

ro
ug

h 
th

e 
so

il
 

to
 l

ea
ch

 s
al

ts
 f

ro
m

 
th

e 
ro

ot
 z

on
e 

(3
).

 

Th
e 

ob
vi

ou
s 

co
ns

eq
ue

nc
e 

of
 m

ee
tin

g 
th

e 
le

ac
hi

ng
 r

eq
~i

re
me

nt
 

is
 t

h
at

 t
he

 
dr

ai
na

ge
 w

at
er

 f
ro

m
 

th
e 

ir
ri

g
at

io
n

 e
n

te
rp

ri
se

 w
il

l 
ha

ve
 

a 
hi

gh
er

 
sa

lt
 

co
nc

en
tr

at
io

n 
th

an
 

th
e 

ir
ri

g
at

io
n

 w
at

er
. 

H
ow

ev
er

, 
a 

co
m

bi
na

tio
n 

of
 

re
ev

al
ua

ti
on

 o
f 

cr
op

 
sa

lt
 t

ol
er

an
ce

 d
at

a,
 

re
ce

nt
 a

dv
an

ce
s 

in
 

un
de

r­
st

an
di

ng
 o

f 
so

il
 c

he
m

is
tr

y,
 

an
d 

ap
pl

ic
at

io
n 

of
 s

o
il

 
~h
ys
ic
s 

o
ri

n
ci

p
le

s
le

ad
 t

o
 a

 p
os

si
bl

e 
m

an
ag

em
en

t 
sy

st
em

 f
or

 
ir

ri
g

at
io

n
 t

ha
t 

ca
n 

re
su

lt
 i

n 
si

g
n

if
ic

an
t 

re
du

ct
io

ns
 i

n 
th

e 
am

ou
nt

s 
of

 s
al

t 
di

sc
ha

rg
e 

fro
m

 
an

 
ir

ri
g

at
io

n
 p

ro
je

ct
 

(3
).

 

In
 

th
e 

pa
st

 t
he

 
le

ac
hi

ng
 r

eq
ui

re
m

en
t 

co
nc

ep
t 

ha
s 

be
en

 
ba

se
d 

on
 

th
e 

pr
in

ci
pl

e 
of

 s
al

t 
ba

la
nc

e.
 

If
 t

he
 t

o
ta

l 
sa

lt
 i

no
ut

 e
xc

ee
ds

 
th

e 
sa

lt
 

ou
tp

ut
, 

th
e 

sa
lt

 b
al

an
ce

 
is

 c
on

si
de

re
d 

ad
ve

rs
e,

 
an

d 
th

e 
ac

cu
m

ul
at

io
n 

of
 s

al
ts

 i
n 

th
e 

ro
ot

 z
on

e 
w

as
 

th
ou

gh
t 

to
 b

e 
hi

gh
ly

 u
nd

es
ir

ab
le

. 
M

an
y 

ir
ri

g
at

io
n

 p
ro

je
ct

s 
an

d 
dr

ai
na

ge
 s

ys
te

m
s 

ha
ve

 
be

en
 d

es
ig

ne
d 

ac
co
rd
in
~ 

to
 t

h
is

 p
ri

n
ci

p
le

. 
H

ow
ev

er
, 

ir
ri

g
at

ed
 a

gr
ic

ul
tu

re
 c

an
 o

pe
ra

te
su

cc
es

sf
ul

ly
 w

ith
ou

t 
th

e 
at

ta
in

m
en

t 
of

 a
 s

al
t 

ba
la

nc
e 

by
 

ir
ri

g
at

in
g

 
w

ith
 t

he
 

lo
w

es
t 

le
ac

hi
ng

 f
ra

ct
io

n 
va

lu
es

 p
os

si
bl

e 
th

at
 a

re
 c

om
m

en
su

ra
te

 
w

ith
 s

at
is

fa
ct

o
ry

 c
ro

p 
9r

ow
th

. 
R

es
ea

rc
h 

an
d 

m
od

el
in

g 
st

ud
ie

s 
of

 
th

e 
U

.S
. 

S
al

in
it

y
 L

ab
or

at
or

y 
ha

ve
 

v
er

if
ie

d
 t

h
at

 m
in

im
iz

in
g 

th
e 

le
ac

hi
n'

] 
fr

ac
ti

o
n

 r
ed

uc
es

 t
he

 r
et

ur
n 

of
 

ap
pl

ie
d 

sa
lt

s 
in

 
th

e 
re

tu
rn

 f
lo

w
 a

nd
 

m
in

im
iz

es
 

ri
v

er
 a

nd
 

gr
ou

nd
 w

at
er

 p
ol

lu
ti

on
. 

It
 m

ax
im

iz
es

 
th

e 
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,5
 

pr
ec

ip
it

B
ti

on
 o

f 
ca

rb
on

at
e 

a
"
~
 

gy
ps

un
 m

at
er

ia
ls

 
in

 
th

e 
so

il
, 

it
 

:r
lin

il'
,iz

es
 

so
il

 l
~
i
n
e
r
a
l
'
l
e
a
t
h
e
r
i
n
g
 

an
d 

di
ss

ol
l.

ti
on

 o
f 

sa
lt

 p
re

vi
ou

sl
y 

Je
po

si
tt

:d
 

io
th

e 
so

il
, 

an
d 

it
 r

ed
'Jc

t:s
 

th
e 

sa
lt

 
o

;c
k

"n
 

h
o

m
 

th
e 

un
de

rg
ro

un
d 

so
ur

ce
s 

(3
).

 

"~
he
 
'le

lll
or

l-!
·1

oh
aw

k 
P

ro
je

ct
 

in
 A

ri
zo

na
 a

nd
 

it
s 

co
nt

l'i
bu

ti
on

s 
of

 
sa

lt
 h

 
th

e 
C

ol
or

ad
o 

P.
iv

er
 

sy
st

en
 a

nd
 

th
e 

ro
le

 
in

 \
~h
ic
h 

im
pr

ov
ed

 
ir

ri
ga

ti
o(

1
ef

fi
ci

en
cy

 c
an

 
pl

ay
 i

n 
th

e 
s;

'lL
t i

on
s 

to
 

th
es

e 
p)

"o
bl

em
s 

is
 a

 g
oo

d 
ex

am
ol

e 
fo

)' 
b

ri
ef

 d
is

cu
ss

io
n.

 
Se

ve
ra

l 
ao

en
ci

es
 o

f 
th

e 
U

ni
te

d 
S

ta
tp

s 
Go

ve
~n

me
nt

 
m

ad
e 

a 
st

ud
y 

(4
) 

on
 
ir
ri
ga
ti
o~
 

ef
fi

ci
en

cy
 i

m
pr

ov
em

en
t 

in
 

th
e 

W
el

lto
n-

M
oh

aw
k 

P
ro

je
ct

;n
']

 i
m

pr
c'I

em
en

t 
p)

'o
(lr

an
s 

ha
ve

 
he

en
 

in
it

 ia
te

:L
 

Th
e 

ob
je

ct
 o

f 
th

e 
st

ll
d

y
 w

as
 

to
 r

le
te

)''
1i

ne
 w

ay
s 

to
 r

ed
uc

p 
th

p 
am

ou
nt

 
of

 
re

tu
rn

 f
lo

w
s 

to
 t

he
 C

ol
or

ad
o 

R
iv

er
 

sy
st

em
. 

B
ef

or
e 

th
ey

 a
re

 r
et

ur
ne

d,
 

th
ey

 a
re

 t
o 

be
 

tr
ea

te
d

 b
y 

a 
de

sa
lt

in
g 

Q
la

nt
 t

o 
im

or
ov

e 
th

e 
q

u
al

it
y

 o
f 

w
at

er
 d

el
iv

er
ed

 t
o

 M
ex

ic
o.

 

D
ee

p 
pe

rc
ol

at
io

n 
fr

om
 

th
e 

ir
ri

g
at

io
n

 a
pp

li
ca

ti
on

s 
en

te
rs

 t
he

 g
ro

un
d 

w
at

er
 a

qu
if

er
 u

nd
er

 
th

e 
pr

oj
ec

t 
la

nd
s.

 
Th

e 
le

ve
l 

of
 t

he
 a

qu
if

er
 

is
 

m
ai

nt
ai

ne
d 

be
lo

w
 

th
e 

ro
ot

 
zo

ne
 b

y 
pu

m
pi

ng
 

th
e 

gr
ou

nd
 w

at
er

 
in

to
 l

in
ed

 
ch

an
ne

ls
 f

or
 

tr
an

sp
or

t 
ba

ck
 

to
 t

he
 r

iv
er

. 

Th
e 

m
aj

or
 o

ff
-f

ar
m

 i
rr

ig
at

io
n

 d
is

tr
ib

u
ti

o
n

 s
ys

te
m

s 
in

 
th

e 
W

el
lto

n­
M

oh
aw

k 
P

ro
je

ct
 a

re
 s

om
e 

of
 t

he
 l

at
es

t 
an

d 
be

st
 t

o 
be

 b
u

il
t 

in
 t

he
 

U
ni

te
d 

S
ta

te
s.

 
B

ec
au

se
 

se
ep

ag
e 

fr
om

 t
he

 d
is

tr
ib

u
ti

o
n

 s
ys

te
m

 i
s 

li
m

it
ed

, 
m

os
t 

of
 

th
e 

em
ph

as
is

 
fo

r 
im

pr
ov

ed
 

ef
fi

ci
en

cy
 h

as
 

be
en

 
in

 
re

ga
rd

 t
o 

on
fa

rm
 

ir
ri

g
at

io
n

 s
ys

te
m

s 
an

d 
w

at
er

 m
an

ag
em

en
t. 

In
 c

om
pa

ri
so

n 
w

ith
 o

th
er

 p
ro

je
ct

s 
in

 
th

e 
U

ni
te

d 
S

ta
te

s,
 

th
e 

H
el

lt
on

­
M

oh
aw

k 
is

 a
lr

ea
dy

 o
ne

 o
f 

th
e 

m
or

e 
ef

fi
ci

en
t 

p
ro

je
ct

s.
 

C
ur

re
nt

ly
, 

th
e 

av
er

ag
e 

on
fa

rm
 e

ff
ic

ie
nc

y 
is

 a
bo

ut
 

56
 

pe
rc

en
t,

 
re

su
lt

in
g 

in
 

ap
pr

ox
im

at
e 

ly
 2

14
,0

00
 a

cr
e-

fe
et

 o
f 

re
tu

rn
 f

lo
w

 
an

nu
a 

ll
y

. 
Th

e 
st

ud
y 

sh
ow

ed
 t

ha
t 

a 
re

al
is

ti
c 

im
pr

ov
em

en
t 

m
ig

ht
 

be
 

ex
oe

ct
ed

 t
o 

in
cr

ea
se

 t
he

 
av

er
ag

e 
on

fa
rm

 e
ff

ic
ie

nc
y 

to
 a

bo
ut

 
72

 
~
e
r
c
e
n
t
,
 

w
hi

ch
 w

ou
ld

 
re

du
ce

 
th

e 
re

tu
rn

 f
lo

w
 

to
 

13
6,

00
0 

ac
re

-f
ee

t 
an

nu
al

ly
. 

If
 t

h
is

 
is

 a
ch

ie
ve

d,
 

th
er

e 
w

ou
ld

 
be

 a
bo

ut
 

78
,0

00
 a

cr
e-

fe
et

 
le

ss
 w

at
er

 
to

 t
re

at
 a

t 
th

e 
de

sa
lt

in
9 

p
la

n
t.

 
A

bo
ut

 
50

0,
00

0 
to

ns
 

le
ss

 s
a
lt

 p
ic

ku
p 

w
il

l 
re

su
lt

. 
On

 
th

e 
ba

si
s 

of
 t

he
 c

os
t 

di
ff

er
en

ce
 o

f 
ha

nd
li

ng
 t

he
se

 t
w

o 
fl

ow
s 

at
 t

he
 d

es
al

ti
ng

 
pl

an
t 

an
d 

th
e 

co
st

 o
f 

th
e 

on
fa

rm
 

im
pr

ov
em

en
t 

m
ea

su
re

s,
 

th
e 

co
st

 
ef

fe
ct

iv
en

es
s 

of
 

th
e 

on
fa

rm
 

im
pr

ov
em

en
ts

 
is

 a
bo

ut
 

si
x 

to
 o

ne
 

(4
).

 

Th
e 

m
et

ho
d 

of
 

ir
ri

g
at

io
n

 i
n 

th
e 

\'I
el

lto
n-

M
oh

aw
k 

is
 p

ri
m

ar
il

y 
ba

si
n 

fl
oo

di
ng

. 
Th

e 
ba

si
ns

 a
re

 l
ev

el
ed

 w
ith

 
li

tt
le

 o
r 

no
 g

ra
di

en
t 

an
d 

w
at

er
 

is
 r

el
ea

se
d 

th
ro

ug
h 

a 
hi

gh
 d

is
ch

ar
ge

 o
f 

ab
ou

t 
15

 f
ee

t 
pe

r 
se

co
nd

 s
o 

th
at

 t
he

se
 a

re
as

 
ar

e 
un

if
or

m
ly

 c
ov

er
ed

 q
ui

ck
ly

 w
ith

 t
he

 r
eo

ui
re

d 
am

ou
nt

 o
f 

w
at

er
. 

As
 m

uc
h 

as
 

3 
to

 5
 i

nc
he

s 
ar

e 
ap

pl
ie

d 
in

 o
ne

 
ir

ri
g

at
io

n
. 

Th
e 

cr
op

pi
ng

 p
at

te
rn

 
in

 t
he

 p
ro

je
ct

 a
re

a 
in

cl
ud

es
 a

lf
al

fa
, 

co
tt

on
, 

w
he

at
, 

be
rm

ud
ag

ra
ss

 
se

ed
, 

ci
tr

u
s,

 
so

rg
hu

m
, 

an
d 

se
ve

ra
l 

ot
he

r 
cr

op
s.

 
B

ec
au

se
 o

f 
th

e 
go

od
 

fa
rm

in
g 

pr
ac

ti
ce

s 
fo

ll
ow

ed
, 

th
e 

lo
ng

 q
ro

w
in

g 
se

as
on

, 
an

d 
th

e 
ad

eq
ua

te
 a

m
ou

nt
 

of
 w

at
er

 a
va

il
ab

le
, 

cr
op

 y
ie

ld
s 

ar
e 

hi
gh

; 
fo

r 
ex

am
pl

e,
 

i1
lf

il
lf

a 
y

ie
ld

 i
s 

ar
ou

nd
 8

 t
on

s 
pe

r 
ac

re
. 

',O
n

e 
of

 t
he

 p
ro

bl
em

s 
1S

 
th

at
 s

om
e 

cr
op

s 
ca

r 
be

 
qr

ol
m

 m
or

e 
ef

f1
cl

en
t l

y 
L
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