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b
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u
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b
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p
rogram

ad
d

ition
ally

sa
m

p
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P
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p
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a
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p
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p
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p
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c
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b
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p
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i
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b
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c
u
l
a
t
e
d
u
s
i
n
g
t
h
e
m
e
t
h
o
d
s
d
i
s
c
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i
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b
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e
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d
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d
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d
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p
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d
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d
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b
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D
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b
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b
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D
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b
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con
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p
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b
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ra
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D
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e.
5.

If
an

au
ger

w
as

n
ot

u
sed

to
d

ig
th

e
w

ick
section

h
ole,

an
d

a
sign

ifi
can

t
gap

rem
ain

s
b

etw
een

th
e

soil
an

d
th

e
P

V
C

tu
b

e,
p

ou
r

som
e

ad
d

ition
al

gravel
or

san
d

in
to

th
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ra
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−
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p
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b
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b
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p
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p
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p
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R
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d
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d
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n
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b
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d
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u
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p
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s
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u
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b
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b
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b
e,

a
n

d
th

en
d

ow
n

a
fi

b
er

gl
as

s
w

ic
k

in
to

a
co

ll
ec

to
r.

A
s

co
ll

ec
te

d
w

at
er

fi
ll

s
th

e
m

ea
su

re
-

m
en

t
re

se
rv

oi
r,

th
e

w
at

er
le

ve
l

is
m

on
it

or
ed

b
y

a
w

a
te

r
d
ep

th
se

n
so

r.
W

h
en

th
e

w
at

er
le

ve
l

in
th

e
m

ea
su

re
m

en
t

re
se

rv
oi

r
re

ac
h

es
th

e
to

p
of

th
e

si
p

h
on

tu
b

e,
th

e
w

at
er

em
p

ti
es

an
d

th
e

ev
en

is
re

co
rd

ed
b
y

an
at

ta
ch

ed
d

at
a

lo
gg

er
.

T
h

e
em

p
ti

ed
w

at
er

th
en

d
ra

in
s

in
to

th
e

sa
m

p
li

n
g

re
se

rv
oi

r.
A

sa
m

p
li

n
g

sy
ri

n
ge

,
at

ta
ch

ed
to

th
e

w
at

er
re

se
r-

vo
ir

sa
m

p
li

n
g

p
or

t
(b

lu
e

tu
b

e)
,

ca
n

d
ra

w
w

at
er

sa
m

p
le

s
ou

t
of

th
e

sa
m

p
li

n
g

re
se

rv
oi

r
fo

r
ch

em
ic

al
an

al
y
si

s.
E

x
ce

ss
w

at
er

d
ra

in
s

ou
t

of
an

ov
er

fl
ow

p
or

t
an

d
in

to
th

e
so

il
w

h
il

e
al

lo
w

in
g

a
vo

lu
m

e
of

w
at

er
to

re
m

ai
n

fo
r

sa
m

p
li

n
g

(s
ee

F
ig

u
re

8)
.

3
.2

C
o
n

si
d

e
ra

ti
o
n

s

A
so

il
w

at
er

b
al

an
ce

ta
ke

s
in

to
co

n
si

d
er

at
io

n
th

e
u

n
it

s,
lo

ss
es

an
d

st
or

a
ge

of
w

at
er

in
a

so
il

p
ro

fi
le

.
A

n
im

p
or

ta
n
t

co
m

p
on

en
t

of
th

e
w

at
er

b
al

an
ce

is
th

e
w

at
er

th
at

d
ra

in
s

fr
om

th
e

b
ot

to
m

of
th

so
il

p
ro

-
fi

le
,

of
te

n
re

fe
rr

ed
to

as
d

ee
p

d
ra

in
ag

e
or

“d
ee

p
p

er
co

la
ti

on
.”

T
h

is
is

w
at

er
th

at
h

as
g
on

e
su

ffi
ci

en
tl

y
fa

r
b

el
ow

th
e

ro
ot

zo
n

e
th

a
t

is
ca

n
n

ot
b

e
re

m
ov

ed
fo

rm
th

e
so

il
b
y

tr
an

sp
ir

at
io

n
o
r

ev
ap

o
ra

ti
on

.

T
h

e
ot

h
er

co
m

p
on

en
ts

of
th

e
w

at
er

b
al

an
ce

ca
n

b
e

m
ea

su
re

d
,
b
u

t
th

e
d

ee
p

d
ra

in
ag

e
ty

p
ic

al
ly

h
as

b
ee

n
co

m
p

u
te

d
as

th
e

re
m

ai
n

d
er

w
h

en
th

e
ot

h
er

co
m

p
on

en
ts

w
er

e
m

ea
su

re
d

an
d

ac
co

u
n
te

d
fo

r.
B

ec
a
u

se
of

u
n

ce
rt

ai
n
ti

es
in

th
e

m
ea

su
re

m
en

ts
of

th
e

ot
h

er
w

at
er

b
al

an
ce

co
m

-
p

on
en

ts
,

d
ee

p
d

ra
in

ag
e

es
ti

m
at

es
w

er
e

su
b

je
ct

to
la

rg
e

er
ro

rs
.

T
h

e
D

ra
in

G
au

ge
n

ow
al

lo
w

s
d

ir
ec

t
m

ea
su

re
m

en
t

of
th

e
d

ee
p

d
ra

in
ag

e
co

m
p

on
en

t
o
f

th
e

w
at

er
b
al

an
ce

.
T

h
is

is
ac

co
m

p
li

sh
ed

b
y

in
te

rc
ep

t-
in

g
an

d
co

ll
ec

ti
n

g
a

re
p

re
se

n
ta

ti
ve

sa
m

p
le

of
th

e
w

a
te

r
th

at
m

ov
es

b
el

ow
th

e
ro

ot
zo

n
e.

T
h

e
D

ra
in

G
au

ge
is

so
m

et
im

es
re

fe
rr

ed
to

as
a

p
as

si
ve

w
ic

k
ly

si
m

et
er

.
It

h
as

a
sp

ec
ia

ll
y

tr
ea

te
d

fi
b

er
gl

as
s

w
ic

k
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T

H
E

O
R

Y
G
2
D
ra

in
G
a
u
g
e

to
accom

m
o
d

ate
th

e
ro

ot
zon

e.

T
h

e
con

seq
u

en
ce

of
in

stallin
g

th
e

D
rain

G
au

ge
at

to
o

d
eep

a
d

ep
th

is
th

at
req

u
ires

a
lon

g
tim

e
to

com
e

to
stead

y
state

an
d

g
iv

e
d

rain
age

n
u

m
b

ers
th

a
t

are
rep

resen
tative.

T
h

e
con

seq
u
en

ce
o
f

in
stallin

g
it

a
to

o
sh

a
llow

a
d

ep
th

is
an

ov
er-estim

ation
of

d
eep

d
ra

in
age

b
ecau

se
som

e
w

a
ter

th
at

w
ou

ld
h

ave
b

een
tran

sp
ired

is
in

tercep
ted

a
n

d
m

ea-
su

red
as

d
rain

age.
It

is
also

p
ossib

le
th

at
ro

o
ts

co
u

ld
g
row

d
ow

n
th

e
w

ick
an

d
u

se
w

ater
from

,
or

clog
th

e
D

rain
G

au
ge.

T
h

is
can

b
e

m
in

im
ized

b
y

th
e

T
refl

an
-im

p
regn

ated
ro

ot
in

h
ib

itor
fab

ric
at

th
e

b
ottom

o
f

th
e

d
ivergen

ce
con

trol
tu

b
e

(in
stalled

).

D
iv
e
rg

e
n
c
e
C
o
n
tro

l
T
u
b
e
L
e
n
g
th

O
p

tim
al

p
erform

an
ce

of
trad

ition
al

p
assive

cap
illary

ly
sim

eters
is

on
ly

ach
ieved

b
y

p
recisely

m
atch

in
g

w
ick

len
gth

to
soil

ty
p

e.
T

h
e

ad
d

ition
of

a
n

in
n

ovativ
e

d
ivergen

ce
con

trol
tu

b
e

(D
C

T
)

n
eg

ates
th

e
n

eed
for

p
recise

w
ick

-soil
m

atch
in

g
in

th
e

D
rain

G
au

ge.
N

u
m

eri-
cal

a
n

d
lab

oratory
sim

u
lation

p
erform

ed
b
y

G
ee

et
al.

(2002)
h

ave
d

em
on

strated
th

e
eff

ectiven
ess

of
th

e
D

C
T

in
p

reven
tin

g
fl

u
x

d
iver-

gen
ce

arou
n

d
th

e
collection

p
oin

t.
F

igu
re

6
sh

ow
s

th
e

collectio
n

eff
ectiven

ess
of

th
e

D
rain

G
au

ge
as

a
fu

n
ction

of
D

C
T

h
eigh

t
for

six
d

iff
eren

t
fl

u
x

rates
in

a
coarse

san
d

.
It

is
ap

p
aren

t
th

at
in

th
is

m
ed

iu
m

,
reason

ab
le

collection
eff

ectiv
en

ess
can

b
e

ach
ieved

w
ith

a
D

C
T

h
eigh

t
of

as
little

as
30

cm
,

even
at

very
low

d
rain

age
fl

u
x
es

w
h

ere
d

iverg
en

ce
m

ost
read

ily
o
ccu

rs.
F

or
fi

n
er

tex
tu

red
soils,

a
D

C
T

h
eigh

t
of

u
p

to
60

cm
m

ay
b

e
n

ecessary.

In
th

e
ex

trem
e

case
of

very
fi

n
e

soils
w

ith
low

d
rain

age
fl

u
x
es

(i.e.
<

5
0

m
m

y
r −

1),
a

D
C

T
h

eigh
t

of
m

ore
th

an
60

cm
m

ay
b

e
n

ecessary
to

p
reven

t
fl

ow
d

ivergen
ce
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T

H
E

O
R

Y

w
h

ich
m

ain
tain

s
a

ten
sion

on
th

e
w

ater
at

th
e

b
ottom

of
th

e
soil

p
ro

-
fi

le
w

h
ere

it
is

ex
tractin

g
w

ater.
W

ith
ou

t
th

is
ten

sion
,

w
a
ter

w
o
u

ld
“
p

ile
u

p
”

at
th

e
ou

tfl
ow

b
ou

n
d

ary
an

d
force

th
e

w
ater

n
th

e
so

il
a
b

ove
to

m
ov

e
arou

n
d

th
e

D
rain

G
au

ge
rath

er
th

an
in

to
it

th
e

d
i-

vergen
ce

con
trol

tu
b

e
on

th
e

top
of

th
e

D
rain

G
au

ge
is

also
fo

r
th

e
p

u
rp

ose
of

m
ain

tain
in

g
vertical

fl
ow

ab
ove

th
e

G
au

ge
so

th
at

th
e

D
rain

G
au

ge
in

tercep
ts

a
rep

resen
tative

sam
p

le.

B
oth

th
e

am
ou

n
t

of
sam

p
le

an
d

its
ch

em
ical

com
p

osition
n

eed
to

b
e

rep
resen

tative
of

d
eep

d
rain

age
in

th
e

area
w

h
ere

th
e

D
ra

in
G

au
g
e

is
in

stalled
.

W
eath

er
or

n
ot

th
is

is
tru

e
is

d
eterm

in
ed

la
rgely

b
y

th
e

in
sta

llation
.

T
h

ere
are

fou
r

m
ain

issu
es

1.
D

ep
th

of
in

stallation
2.

S
oil

d
istu

rb
a
n

ce
ab

ov
e

th
e

D
rain

G
au

ge
3.

C
on

tact
b

etw
een

th
e

w
ick

an
d

th
e

soil
p

rofi
le

4.
R

o
ot

in
cu

rsion
in

to
th

e
D

rain
G

au
ge

w
ick

section
.

F
ollow

in
g

are
som

e
gen

eral
com

m
en

ts
related

to
th

ese
issu

es.
S

p
e-

cifi
c

in
stallation

p
ro

ced
u

res
are

th
en

ou
tlin

ed
in

th
e

n
ex

t
ch

ap
ter.

D
e
p
th

o
f
In

sta
lla

tio
n

In
an

y
soil

p
rofi

le,
th

ere
is

a
zon

e
of

rech
arge

an
d

sea
so

n
a
l

d
ep

le-
tion

ex
ten

d
in

g
to

th
e

b
ottom

of
th

e
ro

ot
zon

e.
S

in
ce

ro
ot

d
en

sity
d

ecreases
w

ith
d

ep
th

,
th

e
b

ottom
of

th
is

zon
e

m
ay

b
e

d
iffi

cu
lt

to
lo

cate.
In

an
n
u

a
l

crop
s

it
is

ty
p

ically
arou

n
d

1
m

(3
ft),

b
u

t
can

b
e

m
u

ch
d

eep
er

in
p

eren
n

ials.
T

h
ere

is,
of

co
u

rse,
a

p
ractica

l
lim

it
to

h
ow

d
eep

th
e

D
rain

G
au

ge
can

b
e

in
stalled

.
W

ith
sh

allow
-ro

oted
crop

s
th

is
is

n
ot

an
issu

e,
b

u
t

w
ith

d
eep

-ro
oted

p
lan

ts,
on

e
m

ay
n

eed
to

strike
a

com
p

rom
ise

b
etw

een
gettin

g
b

elow
all

ro
ots

an
d

in
sta

llin
g

th
e

D
ra

in
G

au
g
e

at
a

p
ractical

d
ep

th
.

E
ven

w
h

en
ro

ots
g
o

q
u

ite
d

eep
,

th
e

am
ou

n
t

of
w

ater
taken

u
p

b
y

th
ese

ro
ots

m
ay

b
e

q
u
ite

sm
all.

A
n

oth
er

con
sid

eration
is

th
e

d
ep

th
of

th
e

w
ater

tab
le.

T
h

e
w

a
ter

tab
le

d
ep

th
m

u
st

alw
ay

s
b

e
b

elow
th

e
b

ottom
o
f

th
e

D
rain

G
au

g
e

so
th

at
w

a
ter

can
d

rain
ou

t.
T

h
is

m
igh

t
som

etim
es

req
u

ire
th

a
t

th
e

D
rain

G
au

ge
b

e
in

stalled
at

a
sh

allow
er

d
ep

th
th

an
w

o
u

ld
b

e
id
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