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Figure 1.—General relationships between GDE business requirements and field guide levels.
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Figure 2.—Diagram of GDE types, with the highlighted types (in box on left) representing those for which this 
field guide was designed.
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CharacteristicsSpringsPeatlands, including fens  
(groundwater dependent)

Other wetlands 
(groundwater dependent)

HydrologyCompletely groundwater 
dependent

Minerotrophic; always 
groundwater dependent

Minerotrophic; depend on 
groundwater, precipitation, and 
sometimes stream inflow

Water table positionAt ground surface or, for 
artesian, a piezometric 
surface above the ground 
surface

At or slightly below surface, or 
piezometric surface above the 
ground

Above or below ground surface; 
can fluctuate dramatically; can have 
periodic standing water

Soils and peat or 
muck depths

Mostly mineral soils; 
sometimes a small 
accumulation of peat

Accumulation of peat or muck 
up to several meters; little or no 
mineral soil within plant-rooting 
zone for fens

Usually little or no peat or muck 
accumulation; sometimes wood-rich 
peat

Redox conditionsaOxic to anoxic depending on 
geochemistry and residence 
time of water in aquifer

Anoxic slightly below the surface, 
leading to the accumulation of 
peat or muck

Temporary soil anoxia during times of 
high water table or standing water

Water movement  
within GDEs

Standing or flowing waterSlow to imperceptible flow on 
surface

Periodic standing or flowing water

Table 3.—Important GDE characteristics and the GDE types covered by this field guide.

a Redox (short for REDuction-OXidation) conditions describe a key chemical characteristic in hydrologic systems that controls the 
availability of many elements and the propensity of the system to support the accumulation of organic matter, such as peat and muck. 
At the ground surface, redox conditions are often controlled by the availability of oxygen.
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CharacteristicsSpringsPeatlands, including fens  
(groundwater dependent)

Other wetlands 
(groundwater dependent)

Table 3.—Important GDE characteristics and the GDE types covered by this field guide. (continued)

Water chemistryHighly variable; from acidic to 
basic, temperatures vary, can 
be thermal, can be saline

Minerotrophic, acidic (poor fens) 
to basic (rich fens); can be iron 
rich or calcareous

Highly variable, from acidic to basic 

VegetationGraminoids, forbs, shrubs, 
bryophytes, and trees; 
variable amount of wetland 
vegetation

Bryophytes, graminoids, and 
low shrubs; lichens; sometimes 
trees; always wetland vegetation

Tall woody plants and forbs 
(swamps) or emergent graminoids 
and floating aquatic macrophytes 
(marshes); mostly wetland vegetation
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 m
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f p
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 d
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 p
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 c
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 t
o 

ot
he

rs
 t

ha
t 

ar
e 

m
ai

nt
ai

ne
d

 b
y 

su
rf

ac
e 

w
at

er
. T

he
 s

ur
fa

ce
-w

at
er

 s
up

p
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 d
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b
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et

la
nd

s 
no

t 
su

p
p

or
te

d
 b
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b
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at
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 o
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 s

iz
e 

of
 t

he
 G

D
E

 
si

te
. A

 G
D

E
 s

ite
 g

en
er

al
ly

 h
as

 d
is

tin
ct

iv
e 

ve
ge

ta
tio

n 
th

at
 is

 p
re

se
nt

 
b

ec
au

se
 o

f t
he

 e
le

va
te

d
 w

at
er

 t
ab

le
. I

n 
so

m
e 

se
tt

in
gs

, s
uc

h 
as

 
d

rie
r 

re
gi

on
s,

 a
 v

er
y 

cl
ea

r 
b

ou
nd

ar
y 

m
ay

 e
xi

st
, w

hi
ch

 is
 e

vi
d

en
t 

fr
om

 d
iff

er
en

t 
ve

ge
ta

tio
n 

or
 t

op
og

ra
p

hi
c 

d
iff

er
en

ce
s,

 b
et

w
ee

n 
th

e 
G

D
E

 a
nd

 t
he

 u
p

la
nd

s.
 In

 o
th

er
 s

et
tin

gs
, a

 m
or

e 
gr

ad
ua

l t
ra

ns
iti

on
 

fr
om

 w
et

la
nd

 to
 u

pl
an

d 
w

ill
 o

cc
ur

, w
ith

 s
ig

ni
fic

an
t z

on
es

 o
f t

ra
ns

iti
on

 
th

at
 in

cl
ud

e 
b

ot
h 

w
et

la
nd

 a
nd

 u
p

la
nd

 p
la

nt
 s

p
ec

ie
s 

an
d

 v
er

y 
lit

tle
 

ch
an

ge
 in

 s
lo

p
e.

 In
 s

uc
h 

ca
se

s,
 t

he
 d

et
er

m
in

at
io

n 
of

 t
he

 b
ou

nd
ar

y 
of

 t
he

 w
et

la
nd

 is
 s

om
ew

ha
t 

su
b

je
ct

iv
e,

 a
nd

 m
us

t 
b

e 
b

as
ed

, 
ul

tim
at

el
y,

 o
n 

ei
th

er
 a

 ju
d

gm
en

t 
ca

ll 
or

 d
et

ai
le

d
 s

am
p

lin
g.

 T
he

 
fo

llo
w

in
g 

gu
id

es
 w

ill
 h

el
p

 d
et

er
m

in
e 

th
e 

ex
te

nt
 o

f t
he

 G
D

E
.

H
yd

ro
lo

g
y—

W
at

er
 o

n 
th

e 
su

rf
ac

e 
of

 t
he

 g
ro

un
d

, o
r 

sa
tu

ra
te

d
 

gr
ou

nd
 (n

ot
 fr

om
 r

ec
en

t 
p

re
ci

p
ita

tio
n)

, c
an

 b
e 

an
 in

d
ic

at
io

n 
th

at
 

th
e 

ar
ea

 is
 p

ar
t 

of
 t

he
 G

D
E

, a
lth

ou
gh

 t
he

 a
b

se
nc

e 
of

 w
at

er
 d

oe
s 

no
t 

p
re

cl
ud

e 
it 

fr
om

 b
ei

ng
 p

ar
t 

of
 t

he
 G

D
E

.

V
eg

et
at

io
n—

Th
e 

G
D

E
 w

ill
 t

yp
ic

al
ly

 h
av

e 
ob

lig
at

e,
 fa

cu
lta

tiv
e 

w
et

, 
an

d
 fa

cu
lta

tiv
e 

w
et

la
nd

 s
p

ec
ie

s,
 a

s 
d

is
tin

gu
is

he
d

 b
y 

th
e 

W
et

la
nd

 
In

d
ic

at
or

 S
ta

tu
s 

of
 t

he
 U

.S
. F

is
h 

an
d

 W
ild

lif
e 

S
er

vi
ce

 (1
98

8)
. T

he
  

ed
ge

 o
f t

he
 G

D
E

 w
ill

 g
en

er
al

ly
 b

e 
as

so
ci

at
ed

 w
ith

 a
 tr

an
si

tio
n 

fr
om

 
th

os
e 

w
et

la
nd

 s
p

ec
ie

s 
to

 m
or

e 
up

la
nd

 s
p

ec
ie

s.
 T

he
 p

re
se

nc
e 

of
 

b
ry

op
hy

te
s 

co
ul

d
 b

e 
in

d
ic

at
iv

e 
of

 a
 G

D
E

 w
et

la
nd

, a
lth

ou
gh

 t
he

 
ab

se
nc

e 
of

 b
ry

op
hy

te
s 

do
es

 n
ot

 in
di

ca
te

 th
at

 it
 is

 n
ot

 p
ar

t o
f t

he
 G

D
E.

La
nd

fo
rm

—
A

 c
ha

ng
e 

in
 s

lo
p

e 
(fr

om
 fl

at
te

r 
to

 s
te

ep
er

) c
an

 b
e 

as
so

ci
at

ed
 w

ith
 t

he
 e

d
ge

 o
f t

he
 G

D
E

. 

P
ea

t 
o

r 
m

uc
k—

Th
e 

p
re

se
nc

e 
of

 p
ea

t 
or

 m
uc

k 
ca

n 
in

d
ic

at
e 

a 
G

D
E

 w
et

la
nd

. A
 b

ou
nd

ar
y,

 w
ith

 p
ea

t 
or

 m
uc

k 
on

 o
ne

 s
id

e 
an

d
 n

o 
p

ea
t 

or
 m

uc
k 

on
 t

he
 o

th
er

, c
ou

ld
 b

e 
an

 in
d

ic
at

io
n 

of
 t

he
 e

d
ge

 o
f 

th
e 

G
D

E
. T

he
 a

b
se

nc
e 

of
 p

ea
t 

or
 m

uc
k 

d
oe

s 
no

t 
p

re
cl

ud
e 

it 
fr

om
 

b
ei

ng
 w

ith
in

 t
he

 G
D

E
.

S
p

ri
ng

—
A

 s
p

rin
g 

w
ill

 in
cl

ud
e 

an
 o

rifi
ce

, w
he

re
 w

at
er

 e
m

er
ge

s,
 

an
d

 p
os

si
b

ly
 a

 p
oo

l a
nd

/o
r 

ch
an

ne
l. 

In
cl

ud
e 

th
e 

or
ifi

ce
 a

nd
 e

m
er

-
ge

nc
e 

zo
ne

, w
hi

ch
 g

en
er

al
ly

 in
cl

ud
es

 o
b

lig
at

e 
an

d
 fa

cu
lta

tiv
e 

w
et

la
nd

 p
la

nt
 s

p
ec

ie
s,

 a
s 

d
is

tin
gu

is
he

d
 b

y 
th

e 
W

et
la

nd
 In

d
ic

at
or
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he
 U
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. F

is
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an
d

 W
ild

lif
e 

S
er

vi
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 (1
98

8)
, w

hi
ch

 a
re

 
su

p
p

or
te

d
 b

y 
th

e 
gr

ou
nd

w
at

er
 d

is
ch

ar
ge

 o
r 

sh
al

lo
w

 w
at

er
 t

ab
le

. 
A

 k
ey

 q
ue

st
io

n 
in

 t
he

 a
p

p
lic

at
io

n 
of

 t
hi

s 
fie

ld
 g

ui
d

e 
is

 h
ow

 m
uc

h 
of

 a
n 

as
so

ci
at

ed
 s

p
rin

g 
b

ro
ok

 s
ho

ul
d

 b
e 

in
cl

ud
ed

 in
 t

he
 s

ite
 a

re
a.

 
Th

e 
re

sp
on

se
 c

an
 b

e 
an

 a
rb

itr
ar

y 
ch

oi
ce

, b
as

ed
 o

n 
a 

se
t 

ru
n-

ou
t 

d
is

ta
nc

e;
 a

 s
ub

je
ct

iv
e 

d
ec

is
io

n,
 b

as
ed

 o
n 

ho
w

 fa
r 

th
e 

rip
ar

ia
n 

zo
ne

 a
p

p
ea

rs
 t

o 
b

e 
st

ro
ng

ly
 in

flu
en

ce
d

 b
y 

th
e 

sp
rin

g;
 o

r 
a 

m
or

e 
ob

je
ct

iv
e 

d
ec

is
io

n,
 s

uc
h 

as
 o

ne
 u

se
d

 in
 w

es
te

rn
 a

rid
 r

eg
io

ns
, 

w
hi

ch
 c

on
si

d
er

s 
th

e 
d

ow
ns

tr
ea

m
 b

ou
nd

ar
y 

of
 t

he
 s

p
rin

g 
to

 b
e 

th
e 

p
oi

nt
 w

he
re

 t
he

 s
p

rin
g 

b
ro

ok
 w

at
er

 t
em

p
er

at
ur

e 
ch

an
ge

s 
b

y 
2 

d
eg

re
es

 C
el

si
us

. P
ro

s 
an

d
 c

on
s 

ac
co

m
p

an
y 

ea
ch

 o
f t

he
se

 
al

te
rn

at
iv

es
. I

n 
th

is
 fi

el
d

 g
ui

d
e,

 2
0 

m
et

er
s 

of
 t

he
 r

un
-o

ut
 s

tr
ea

m
, 

or
 s

p
rin

g 
b

ro
ok

, a
re

 in
cl

ud
ed

 in
 t

he
 s

ite
 a

re
a 

fo
r 

sa
m

p
lin

g.
 If

 it
 is

 
d

es
ira

b
le

 t
o 

in
ve

nt
or

y 
(o

r 
m

on
ito

r)
 a

 lo
ng

er
 d

is
ta

nc
e 

of
 a

 s
p

rin
g 

b
ro

ok
, t

he
n 

a 
st

re
am

 a
nd

/o
r 

rip
ar

ia
n 

p
ro

to
co

l s
ho

ul
d

 b
e 

us
ed

 t
o 

co
lle

ct
 t

he
 d

at
a,

 w
hi

ch
 w

ou
ld

 t
he

n 
b

e 
co

ns
id

er
ed

 a
s 

a 
se

p
ar

at
e 

(a
lth

ou
gh

 c
om

p
an

io
n)

 s
et

 o
f d

at
a 

fr
om

 t
ho

se
 c

ol
le

ct
ed

 fr
om

 t
he

 
sp

rin
g 

as
 a

 p
ar

t 
of

 t
hi

s 
fie

ld
 g

ui
d

e.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

If 
p

os
si

b
le

, w
al

k 
ar

ou
nd

 t
he

 
p

er
im

et
er

 o
f t

he
 G

D
E

 w
he

n 
m

ea
su

rin
g 

or
 e

st
im

at
in

g 
si

ze
 (t

o 
av

oi
d

 e
xc

es
si

ve
 t

ra
m

p
lin

g)
. D

et
er

m
in

e 
th

e 
si

ze
 o

f t
he

 G
D

E
 s

ite
 

(in
cl

ud
in

g 
al

l t
he

 s
p

rin
g 

an
d

 w
et

la
nd

 fe
at

ur
es

 p
re

se
nt

) b
y 

on
e 

of
 

th
e 

fo
llo

w
in

g 
m

et
ho

d
s 

(li
st

ed
 in

 o
rd

er
 o

f h
ig

he
st

 t
o 

lo
w

es
t 

re
co

m
-

m
en

d
at

io
n)

: 

1.
 G

P
S

 t
ra

ve
rs

e 
of

 G
D

E
 e

d
ge

. (
M

os
t 

G
P

S
 u

ni
ts

 h
av

e 
a 

fe
at

ur
e 

th
at

 a
llo

w
s 

th
e 

op
er

at
or

 t
o 

w
al

k 
ar

ou
nd

 t
he

 e
d

ge
 o

f t
he

 u
ni

t 
an

d
 d

et
er

m
in

e 
th

e 
ar

ea
.) 

2.
 M

ea
su

re
 t

he
 a

ve
ra

ge
 w

id
th

 a
nd

 le
ng

th
 (f

or
 r

ec
ta

ng
ul

ar
 s

ite
s)

 
or

 d
ia

m
et

er
 (f

or
 r

ou
nd

 s
ite

s)
 u

si
ng

 a
 t

ap
e 

(s
uc

h 
as

 a
 1

00
-m

et
er

 
ta

p
e)

 o
r 

a 
ra

ng
efi

nd
er

. P
ac

in
g 

w
ith

 a
 k

no
w

n 
p

ac
e-

le
ng

th
 m

ay
 

al
so

 b
e 

d
on

e,
 a

lth
ou

gh
 it

 is
 le

ss
 a

cc
ur

at
e.

3.
 E

st
im

at
e 

th
e 

si
ze

 u
si

ng
 t

op
og

ra
p

hi
c 

m
ap

s,
 o

rt
ho

p
ho

to
s 

(G
IS

), 
sa

te
lli

te
 im

ag
es

 (G
IS

 o
r 

G
oo

gl
e 

E
ar

th
), 

or
 a

er
ia

l p
ho

to
s.

 

4.
 F

or
 la

rg
er

 fe
at

ur
es

, w
he

re
 it

 m
ig

ht
 n

ot
 b

e 
p

ra
ct

ic
al

 t
o 

w
al

k 
th

e 
p

er
im

et
er

, i
t 

m
ay

 b
e 

p
os

si
b

le
 t

o 
sk

et
ch

 t
he

 p
er

im
et

er
 in

 t
he

 
G

P
S

/d
at

a 
re

co
rd

er
 (i

f u
si

ng
 a

 u
ni

t 
th

at
 a

llo
w

s 
th

is
 t

yp
e 

of
 G

IS
 

en
tr

y)
, u

si
ng

 a
n 

im
ag

e 
in

 t
he

 b
ac

kg
ro

un
d

. T
hi

s 
m

ea
su

re
m

en
t 

w
ou

ld
 r

eq
ui

re
 a

 G
P

S
 u

ni
t 

th
at

 u
se

s 
so

ft
w

ar
e 

su
ch

 a
s 

A
rc

P
ad

, 
w

hi
ch

 a
llo

w
s 

th
e 

te
ch

ni
ci

an
 t

o 
sk

et
ch

 G
IS

 fe
at

ur
es

 o
n 

th
e 

sc
re

en
 w

ith
 a

er
ia

l i
m

ag
es

 a
s 

a 
b

ac
kg

ro
un

d
.
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5.
 E

st
im

at
e 

th
e 

ar
ea

 u
si

ng
 t

he
 fo

llo
w

in
g 

cl
as

se
s 

(la
st

 r
es

or
t):

 
�

<
 2

 m
2 .

 
�

2 
to

 1
0 

m
2 .

 
�

10
 t

o 
10

0 
m

2 .

 
�

10
0 

to
 1

,0
00

 m
2 .

 
�

0.
1 

to
 0

.5
 h

a.

 
�

0.
5 

to
 1

 h
a.

 
�

1 
to

 1
0 

ha
.

 
�

10
 t

o 
10

0 
ha

.

 
�

>
 1

00
 h

a.

N
o

te
 f

o
r 

V
er

y 
S

m
al

l S
ite

s

Ve
ry

 s
m

al
l s

ite
s 

ar
e 

vu
ln

er
ab

le
 to

 d
am

ag
e 

fro
m

 d
is

tu
rb

an
ce

 c
au

se
d 

by
 th

e 
cr

ew
 c

ol
le

ct
in

g 
da

ta
. F

ol
lo

w
 th

es
e 

gu
id

el
in

es
 fo

r s
am

pl
in

g 
ve

ry
 s

m
al

l s
ite

s 
(s

ee
 

ap
pe

nd
ix

 4
): 

• 
W

al
k 

ou
ts

id
e 

of
 th

e 
G

D
E 

si
te

 a
s 

m
uc

h 
as

 p
os

si
bl

e.
 

• 
R

ec
or

d 
ve

ge
ta

tio
n 

in
fo

rm
at

io
n 

fro
m

 o
ut

si
de

 th
e 

G
D

E 
if 

po
ss

ib
le

. 

• 
Ta

ke
 p

ho
to

s 
an

d 
dr

aw
 th

e 
si

te
 s

ke
tc

h 
fro

m
 o

ut
si

de
 th

e 
si

te
.

• 
C

on
si

de
r s

ki
pp

in
g 

so
il 

co
re

 a
nd

 w
at

er
 ta

bl
e 

m
ea

su
re

m
en

ts
. 

• 
D

o 
w

at
er

 m
ea

su
re

m
en

ts
 c

ar
ef

ul
ly.

 

• 
M

ak
e 

on
ly

 o
ne

 tr
ip

 (o
r v

er
y 

fe
w

) i
n/

ac
ro

ss
 th

e 
G

D
E 

fo
r m

ea
su

re
m

en
ts

.

B
o

x 
2

R
ef

er
en

ce
 P

oi
n

t
D

es
cr

ip
tio

n—
A

 r
ef

er
en

ce
 p

oi
nt

 is
 a

 s
p

at
ia

l l
oc

at
io

n 
or

 p
oi

nt
 o

n 
th

e 
gr

ou
nd

 t
ha

t 
ca

n 
b

e 
d

oc
um

en
te

d
 w

ith
 G

P
S

 a
nd

 p
lo

tt
ed

 o
n 

a 
m

ap
. T

hi
s 

p
oi

nt
 is

 v
al

ua
b

le
 fo

r 
p

lo
tt

in
g 

th
e 

si
te

 o
n 

a 
m

ap
 a

nd
 

re
lo

ca
tin

g 
a 

si
te

 fo
r 

fu
tu

re
 s

am
p

lin
g 

vi
si

ts
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

Fo
r 

sp
rin

gs
, t

he
 r

ef
er

en
ce

 p
oi

nt
 

sh
ou

ld
 b

e 
th

e 
sp

rin
g 

so
ur

ce
 (s

om
et

im
es

 r
ef

er
re

d
 t

o 
as

 t
he

 s
p

rin
g 
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Fo
r 

w
et

la
nd

s 
th

at
 a

re
 r

el
at

iv
el

y 
sm

al
l, 

th
e 

re
fe

re
nc

e 
p

oi
nt

 
co

ul
d

 b
e 

th
e 

ce
nt

er
 o

f t
he

 w
et

la
nd

 o
r 

th
e 

w
et

te
st

 p
ar

t 
of

 t
he

 w
et

-
la

nd
. F

or
 la

rg
er

 G
D

E
s,

 t
he

 r
ef

er
en

ce
 p

oi
nt

 c
ou

ld
 b

e 
th

e 
ce

nt
er

 o
f 

th
e 

si
te

 o
r 

so
m

e 
d

is
tin

gu
is

hi
ng

 fe
at

ur
e 

w
ith

in
 t

he
 G

D
E

. 

A
t 

th
e 

re
fe

re
nc

e 
p

oi
nt

, r
ec

or
d

 t
he

 la
tit

ud
e 

an
d

 lo
ng

itu
d

e 
co

or
d

i-
na

te
s 

(s
ee

 G
eo

re
fe

re
nc

in
g 

se
ct

io
n)

 t
ha

t 
w

ill
 e

na
b

le
 s

om
eo

ne
 t

o 
re

tu
rn

 t
o 

or
 n

ea
r 

th
at

 lo
ca

tio
n.

 A
ls

o 
re

co
rd

 s
p

ec
ifi

c 
in

fo
rm

at
io

n 
or

 fe
at

ur
es

 t
ha

t 
ca

n 
b

e 
us

ed
 t

o 
re

lo
ca

te
 t

he
 e

xa
ct

 p
os

iti
on

 o
f 

th
e 

re
fe

re
nc

e 
p

oi
nt

, i
d

ea
lly

 in
cl

ud
in

g 
a 

m
on

um
en

te
d

 t
re
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in

g 
th

e 
G

D
E

 s
ite

 u
si

ng
 t

he
 

fo
llo

w
in

g 
lis

t 
of

 p
hy

si
og

no
m

ic
 o

rd
er

s 
fr

om
 t

he
 N

at
io

na
l V

eg
et

a-
tio

n 
C

la
ss

ifi
ca

tio
n 

S
ta

nd
ar

d
s 

(N
V

C
S

) a
s 

d
es

cr
ib

ed
 in

 B
ro

hm
an

 
an

d
 B

ry
an

t 
(2

00
5)

.

• 
T

re
e 

d
o

m
in

at
ed

—
A

re
as

 w
he

re
 t

re
e 

lif
e 

fo
rm

 (s
ee

 g
ro

w
th

 
ha

b
it 

at
 N

R
C

S
 P

LA
N

TS
 d

at
ab

as
e 

at
 h

tt
p

:/
/p

la
nt

s.
us

d
a.

go
v/

) 
ha

s 
at

 le
as

t 
10

 p
er

ce
nt

 c
ov

er
 in

 t
he

 u
p

p
er

m
os

t 
st

ra
ta

 d
ur

in
g 

th
e 

p
ea

k 
gr

ow
in

g 
se

as
on

.

• 
S

hr
ub

 d
o

m
in

at
ed

—
A

re
as

 w
he

re
 s

hr
ub

 a
nd

/o
r 

su
b

sh
ru

b
 li

fe
 

fo
rm

s 
ar

e 
at

 le
as

t 
10

 p
er

ce
nt

 c
ov

er
 in

 t
he

 u
p

p
er

m
os

t 
st

ra
ta

.

• 
H

er
b

ac
eo

us
/n

o
nv

as
cu

la
r 

d
o

m
in

at
ed

—
A

re
as

 w
he

re
 h

er
b

a-
ce

ou
s 

an
d

/o
r 

no
nv

as
cu

la
r 

lif
e 

fo
rm

s 
ar

e 
at

 le
as

t 
10

 p
er

ce
nt

 
co

ve
r 

in
 t

he
 u

p
p

er
m

os
t 

st
ra

ta
.

• 
N

o
 d

o
m

in
an

t 
ve

g
et

at
io

n 
ty

p
e—

A
re

as
 w

he
re

 v
eg

et
at

io
n 

co
ve

r 
is

 a
t 

le
as

t 
1 

p
er

ce
nt

, b
ut

 t
he

 a
re

a 
d

oe
s 

no
t 

cl
as

si
fy

 a
s 

tr
ee

, s
hr

ub
, o

r 
or

d
er

 h
er

b
ac

eo
us

/n
on

va
sc

ul
ar

 d
om

in
at

ed
.
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• 
N

o
nv

eg
et
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ed

—
N

on
ve

ge
ta

te
d

 o
rd

er
 u

su
al

ly
 a

ss
oc

ia
te

d
 w

ith
 

op
en

 w
at

er
 o

r 
la

nd
-u

se
-d

om
in

at
ed

, h
um

an
-m

od
ifi

ed
 la

nd
, 

su
ch

 a
s 

he
av

y 
in

d
us

tr
ia

l, 
co

m
m

er
ci

al
, a

nd
 t

ra
ns

p
or

ta
tio

n 
fa

ci
lit

ie
s.

 

D
om

in
an

t 
Li

fe
 F

or
m

D
es

cr
ip

tio
n—

Th
is

 is
 a

 r
an

ki
ng

 o
f t

he
 li

fe
 fo

rm
s 

w
ith

 t
he

 g
re

at
es

t 
ca

no
p

y 
co

ve
r 

in
 t

he
 G

D
E

 s
ite

. T
he

 c
ov

er
 fo

r 
a 

lif
e 

fo
rm

 is
 t

he
 t

ot
al

 
ar

ea
 c

ov
er

ed
 b

y 
al

l s
p

ec
ie

s 
of

 t
ha

t 
lif

e 
fo

rm
. 

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
an

k 
th

e 
d

om
in

an
t 

lif
e 

fo
rm

s 
of

 
p

la
nt

s 
ro

ot
ed

 in
 t

he
 G

D
E

 u
si

ng
 t

he
 c

at
eg

or
ie

s 
lis

te
d

 b
el

ow
. I

t 
is

 
ap

p
ro

p
ria

te
 t

o 
ra

nk
 t

w
o 

lif
e 

fo
rm

s 
w

ith
 t

he
 s

am
e 

nu
m

b
er

 if
 t

he
y 

ha
ve

 t
he

 s
am

e 
(a

p
p

ro
xi

m
at

e)
 a

m
ou

nt
 o

f c
ov

er
.

R
an

k 
(1

 is
 g

re
at

es
t 

an
d

 5
 is

 le
as

t):

__
__

_ 
Tr

ee
.

__
__

_ 
S

hr
ub

 a
nd

 s
ub

sh
ru

b
.

__
__

_ 
G

ra
m

in
oi

d
.

__
__

_ 
Fo

rb
/h

er
b

.

__
__

_ 
B

ry
op

hy
te

.

__
__

_ 
A

q
ua

tic
 p

la
nt

s 
(s

ub
m

er
ge

d
 o

r 
flo

at
in

g)
.

__
__

_ 
U

nk
no

w
n.

D
om

in
an

t 
S

p
ec

ie
s 

D
es

cr
ip

tio
n—

Th
is

 is
 a

 li
st

 o
f t

he
 d

om
in

an
t 

sp
ec

ie
s 

w
ith

in
 e

ac
h 

lif
e 

fo
rm

. T
he

 d
om

in
an

t 
sp

ec
ie

s 
w

ith
in

 a
 li

fe
 fo

rm
 is

 t
he

 s
p

ec
ie

s 
w

ith
 t

he
 g

re
at

es
t 

ca
no

p
y 

co
ve

r 
in

 t
ha

t 
lif

e 
fo

rm
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 d
om

in
an

t 
p

la
nt

 s
p

e-
ci

es
 fo

r 
ea

ch
 li

fe
 fo

rm
 in

 t
he

 G
D

E
. R

ec
or

d
 s

ci
en

tifi
c 

na
m

es
 (s

uc
h 

as
 P

ic
ea

 e
ng

el
m

an
ni

i) 
or

 s
ym

b
ol

s 
(s

uc
h 

as
 P

IE
N

) t
ha

t 
ar

e 
lis

te
d

 in
 

th
e 

N
R

C
S

 P
LA

N
TS

 d
at

ab
as

e 
at

 h
tt

p
:/

/p
la

nt
s.

us
d

a.
go

v/
. 

S
p

ec
ie

s 
of

 In
te

re
st

D
es

cr
ip

tio
n—

Th
is

 is
 a

 li
st

 o
f s

p
ec

ie
s 

p
re

se
nt

 a
t 

th
e 

si
te

 t
ha

t 
ar

e 
of

 in
te

re
st

 fo
r 

m
an

ag
em

en
t, 

su
ch

 a
s 

in
va

si
ve

 s
pe

ci
es

, r
ar

e 
sp

ec
ie

s,
 

or
 s

p
ec

ie
s 

th
at

 a
re

 s
p

ec
ifi

c 
to

 G
D

E
s 

or
 a

 s
ub

se
t 

of
 G

D
E

s 
su

ch
 

as
 a

 c
al

ci
op

hy
le

, w
hi

ch
 is

 a
 p

la
nt

 t
ha

t 
gr

ow
s 

w
el

l i
n 

hi
gh

-c
al

ci
um

 
se

tt
in

gs
. A

 r
eg

io
na

l l
is

t 
of

 in
va

si
ve

 s
p

ec
ie

s 
w

ou
ld

 b
e 

he
lp

fu
l, 

as
 

w
ou

ld
 a

 g
ui

d
e 

to
 id

en
tif

yi
ng

 t
he

se
 s

p
ec

ie
s.
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H
o

w
 t
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ea
su

re
 a

nd
 r

ec
o

rd
—

Li
st

 a
ny

 s
p

ec
ie

s 
of

 in
te

re
st

 (S
O

I) 
th

at
 a

re
 p

re
se

nt
 a

t 
th

e 
si

te
. I

n 
p

ar
tic

ul
ar

, l
oo

k 
fo

r 
in

va
si

ve
 s

p
e-

ci
es

, r
ar

e 
sp

ec
ie

s,
 a

nd
 s

p
ec

ie
s 

th
at

 a
re

 fo
un

d
 p

rim
ar

ily
 in

 G
D

E
s 

or
 in

 a
 c

er
ta

in
 t

yp
e 

of
 G

D
E

.

B
ry

op
h

yt
es

D
es

cr
ip

tio
n—

Th
is

 is
 a

 v
er

y 
ge

ne
ra

l m
ea

su
re

 o
f t

he
 a

b
un

d
an

ce
 

of
 b

yr
op

hy
te

s 
(m

os
se

s,
 li

ve
rw

or
ts

, a
nd

 h
or

nw
or

ts
) a

t 
th

e 
si

te
. 

B
ry

op
hy

te
s 

ca
n 

b
e 

im
p

or
ta

nt
 c

om
p

on
en

ts
 o

f w
et

la
nd

s 
in

 t
er

m
s 

of
 e

co
sy

st
em

 fu
nc

tio
ni

ng
 a

nd
 a

s 
in

d
ic

at
or

s 
of

 c
on

d
iti

on
. 

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 g
en

er
al

 a
b

un
d

an
ce

 o
f 

b
ry

op
hy

te
s 

us
in

g 
th

e 
cl

as
se

s 
lis

te
d

 b
el

ow
:

 
�

N
on

e.

 
�

M
in

or
 c

om
p

on
en

t.

 
�

C
om

m
on

 c
om

p
on

en
t.

 
�

V
er

y 
ab

un
d

an
t.

P
la

n
t 

S
p

ec
im

en
s 

D
es

cr
ip

tio
n—

P
la

nt
 s

p
ec

im
en

s 
ar

e 
us

ef
ul

 fo
r 

id
en

tif
yi

ng
 u

nk
no

w
n 

sp
ec

ie
s,

 c
on

fir
m

in
g 

sp
ec

ie
s 

id
en

tifi
ca

tio
ns

, p
ro

vi
d

in
g 

vo
uc

he
rs

, 
an

d
 h

el
p

in
g 

w
ith

 t
he

 t
ra

in
in

g 
of

 fu
tu

re
 fi

el
d

 t
ec

hn
ic

ia
ns

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

If 
on

e 
of

 t
he

 d
om

in
an

t 
sp

ec
ie

s 
is

 n
ot

 k
no

w
n,

 t
he

n 
a 

sp
ec

im
en

 s
ho

ul
d

 b
e 

co
lle

ct
ed

. S
p

ec
ifi

c 
in

st
ru

ct
io

ns
 fo

r 
p

la
nt

 s
p

ec
im

en
 c

ol
le

ct
io

n 
ar

e—

• 
U

se
 t

he
 1

 in
 2

0 
ru

le
 a

s 
a 

gu
id

e:
 if

 fe
w

er
 t

ha
n 

20
 in

d
iv

id
ua

ls
 a

re
 

p
re

se
nt

 a
t 

th
e 

si
te

, d
o 

no
t 

co
lle

ct
 t

he
 p

la
nt

; i
ns

te
ad

, d
es

cr
ib

e 
th

e 
p

la
nt

, t
he

 s
et

tin
g,

 a
nd

 t
ak

e 
a 

p
ho

to
.

• 
C

ol
le

ct
 a

s 
m

uc
h 

of
 t

he
 p

la
nt

 a
s 

is
 r

ea
so

na
b

le
, i

nc
lu

d
in

g—

 �
Fl

ow
er

s 
or

 fr
ui

ts
. 

 �
B

el
ow

gr
ou

nd
 p

ar
ts

, t
o 

sh
ow

 w
he

th
er

 it
 h

as
 a

 c
au

d
ex

, t
ap

 
ro

ot
, r

hi
zo

m
es

, e
tc

. C
le

an
 d

irt
 fr

om
 t

he
 r

oo
ts

. 

 �
Fo

r 
w

oo
d

y 
p

la
nt

s,
 c

ol
le

ct
 a

 p
or

tio
n 

of
 a

 b
ra

nc
h 

w
ith

 le
av

es
 

an
d

 fl
ow

er
s/

fr
ui

ts
/c

on
es

. 

 �
Tw

o 
p

ie
ce

s 
(s

te
m

s 
or

 b
ra

nc
he

s)
. 
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• 
C

om
p

le
te

 a
 la
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el

 (a
p

p
en

d
ix

 9
) f

or
 e

ac
h 

sp
ec

im
en

 w
ith

 t
he

 
fo

llo
w

in
g:

 p
la

nt
 (o

r 
un

kn
ow

n 
nu

m
b

er
), 

co
lle

ct
io

n 
nu

m
b

er
, d

at
e,

 
si

te
 n

am
e,

 p
ro

je
ct

/u
ni

t,
 c

ol
le

ct
or

, a
ns

w
er

s 
to

 q
ue

st
io

ns
 a

b
ou

t 
th

e 
p

la
nt

.

• 
E

nv
el

op
es

 w
or

k 
w

el
l f

or
 s

m
al

l p
la

nt
s 

an
d

 s
ee

d
s.

• 
P

re
ss

 t
he

 s
p

ec
im

en
 in

 a
 p

la
nt

 p
re

ss
 a

s 
so

on
 a

s 
p

os
si

b
le

, w
ith

 
th

e 
la

b
el

 in
cl

ud
ed

. 

• 
A

ir 
ou

t 
sp

ec
im

en
s 

so
 t

he
y 

d
o 

no
t 

ge
t 

m
ol

d
y.

 

• 
Li

st
 a

ll 
co

lle
ct

ed
 s

p
ec

im
en

s 
on

 a
 s

he
et

 o
r 

no
te

b
oo

k.

• 
M

ak
e 

su
re

 t
ha

t 
an

y 
ot

he
r 

d
at

a 
co

lle
ct

or
s 

at
 t

he
 s

ite
 u

se
 t

he
 

sa
m

e 
un

kn
ow

n 
nu

m
b

er
s 

fo
r 

th
e 

sa
m

e 
p

la
nt

s.

A
n 

ex
p

er
ie

nc
ed

 b
ot

an
is

t 
sh

ou
ld

 id
en

tif
y 

th
es

e 
sp

ec
im

en
s 

la
te

r,
 

an
d

 t
ha

t 
id

en
tifi

ca
tio

n 
ca

n 
b

e 
en

te
re

d
 in

to
 t

he
 d

at
ab

as
e 

in
 p

la
ce

 
of

 “
un

kn
ow

n.
”

S
o

il 

R
ef

er
 t

o 
th

e 
so

ils
 m

ap
 t

o 
ge

t 
an

 id
ea

 o
f t

he
 r

an
ge

 o
f e

xp
ec

te
d

 
so

ils
 a

nd
 w

he
th

er
 t

he
 m

ap
p

ed
 s

oi
ls

 a
re

 c
on

si
st

en
t 

w
ith

 t
he

 s
oi

ls
 

ob
se

rv
ed

 a
t 

th
e 

si
te

. 

A
 s

in
gl

e 
so

il 
sa

m
p

le
 is

 t
ak

en
 t

o 
ge

t 
a 

ge
ne

ra
l i

d
ea

 o
f t

he
 a

m
ou

nt
 

of
 o

rg
an

ic
 m

at
er

ia
l a

nd
 w

et
la

nd
 s

oi
l f

ea
tu

re
s 

p
re

se
nt

. T
hi

s 
sa

m
p

le
 

is
 g

en
er

al
ly

 t
ak

en
 fr

om
 t

he
 c

en
te

r 
of

 t
he

 s
ite

.

Th
es

e 
so

il 
sa

m
p

lin
g 

m
et

ho
d

s 
ar

e 
ge

ne
ra

liz
ed

 fr
om

 U
S

D
A

 N
R

C
S

 
(2

00
6)

 a
nd

 S
ch

oe
ne

b
er

ge
r 

et
 a

l. 
(2

00
2)

 a
nd

 a
re

 in
te

nd
ed

 t
o 

gi
ve

 a
 

ge
ne

ra
l c

ha
ra

ct
er

iz
at

io
n 

of
 t

he
 s

oi
ls

 a
nd

 fo
cu

s 
m

ai
nl

y 
on

 t
he

 le
ve

l 
an

d
 d

ur
at

io
n 

of
 s

at
ur

at
io

n.
 In

fo
rm

at
io

n 
on

 t
he

 s
oi

l p
ro

fil
e 

gi
ve

s 
an

 
in

d
ic

at
io

n 
of

 t
he

 a
m

ou
nt

 o
f p

ea
t 

d
ev

el
op

m
en

t 
an

d
 p

ea
t 

te
xt

ur
e,

 
th

e 
d

eg
re

e 
of

 w
at

er
 t

ab
le

 fl
uc

tu
at

io
n,

 a
nd

 s
om

e 
in

d
ic

at
io

n 
of

 t
he

 
un

d
er

ly
in

g 
aq

ui
fe

r 
m

at
er

ia
ls

. T
hi

s 
fie

ld
 g

ui
d

e 
is

 n
ot

 in
te

nd
ed

 fo
r 

so
il 

m
ap

p
in

g 
p

ur
p

os
es

 o
r 

to
 g

en
er

at
e 

rig
or

ou
s 

ch
ar

ac
te

riz
at

io
ns

 
of

 s
oi

l p
ro

fil
es

 fo
r 

th
e 

en
tir

e 
w

et
la

nd
 s

ite
. M

et
ho

d
s 

he
re

 s
ho

ul
d

 
no

t 
b

e 
us

ed
 w

he
n 

re
gu

la
to

ry
 o

r 
ju

ris
d

ic
tio

na
l r

eq
ui

re
m

en
ts

 m
us

t 
b

e 
m

et
.

Th
er

e 
ar

e 
va

rio
us

 w
ay

s 
to

 t
ak

e 
so

il 
sa

m
p

le
s,

 s
uc

h 
as

 w
ith

 a
 s

oi
l  

sh
ov

el
 (s

ha
rp

sh
oo

te
r)

, a
n 

au
ge

r 
(to

 e
xt

ra
ct

 a
 c

or
e)

, o
r 

a 
so

il 
p

us
h 

 
p

ro
b

e.
 A

 t
ec

hn
iq

ue
 t

ha
t 

m
in

im
iz

es
 d

is
tu

rb
an

ce
s 

is
 r

ec
om

m
en

d
ed

. 
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If 
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ug
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 is

 u
se
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, s
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d
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 t
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 s

iz
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of
 a

ug
er

 
to

 b
e 

us
ed

. W
at

er
 t

ab
le

 e
le

va
tio

ns
 m

ay
 a

ls
o 

b
e 

re
co

rd
ed

 in
 t

he
 

so
il 

ho
le

s 
an

d
 t

he
se

 lo
ca

tio
ns

 w
ou

ld
 a

ls
o 

b
e 

lo
gi

ca
l l

oc
at

io
ns

 fo
r 

p
ie

zo
m

et
er

s 
or

 m
in

ip
ie

zo
m

et
er

s 
sh

ou
ld

 lo
ng

-t
er

m
 w

at
er

 t
ab

le
 

m
on

ito
rin

g 
b

e 
ne

ce
ss

ar
y 

(s
ee

 H
yd

ro
lo

gy
 s

ec
tio

n)
. T

he
 d

ep
th

 o
f 

th
e 

so
il 

sa
m

p
le

 s
ho

ul
d

 b
e 

ab
ou

t 
50

 c
en

tim
et

er
s 

to
 1

 m
et

er
, i

f 
p

os
si

b
le

. A
d

va
nc

em
en

t 
of

 t
he

 h
ol

e 
ca

n 
st

op
 w

he
n 

a 
to

ta
l o

f 4
0 

ce
nt

im
et

er
s 

of
 o

rg
an

ic
 s

oi
l i

s 
m

ea
su

re
d

. 

W
et

 s
oi

ls
 a

nd
 s

ta
nd

in
g 

w
at

er
 a

re
 m

or
e 

d
iffi

cu
lt 

fo
r 

so
il 

sa
m

p
lin

g,
 

b
ut

 in
 m

an
y 

in
st

an
ce

s,
 it

 c
an

 b
e 

ac
co

m
p

lis
he

d
 if

 t
he

 w
at

er
 is

 
no

t 
to

o 
d

ee
p

. S
am

p
lin

g 
so

ils
 a

t 
sp

rin
gs

 is
 n

ot
 n

ec
es

sa
ry

 if
 o

nl
y 

a 
m

in
er

al
 s

ub
st

ra
te

 e
xi

st
s;

 h
ow

ev
er

, i
f o

rg
an

ic
 s

oi
l e

xi
st

s 
at

 a
 

sp
rin

g,
 t

he
n 

so
il 

in
fo

rm
at

io
n 

sh
ou

ld
 b

e 
re

co
rd

ed
. T

he
 fo

llo
w

in
g 

lis
t 

d
es

cr
ib

es
 s

om
e 

re
as

on
s 

w
hy

 s
oi

ls
 in

fo
rm

at
io

n 
m

ig
ht

 n
ot

 b
e 

co
lle

ct
ed

:

• 
S

m
al

l s
ite

, w
he

re
 s

am
p

lin
g 

is
 c

on
si

d
er

ed
 t

oo
 d

es
tr

uc
tiv

e.
 

• 
Th

re
at

en
ed

, e
nd

an
ge

re
d

, o
r 

se
ns

iti
ve

 p
la

nt
 o

r 
an

im
al

 s
p

ec
ie

s 
p

re
se

nt
 a

t 
th

e 
si

te
.

• 
G

ra
ve

l, 
co

b
b

le
, o

r 
b

ou
ld

er
 s

ub
st

ra
te

.

• 
D

ee
p

 w
at

er
.

• 
Fr

oz
en

 g
ro

un
d

.

A
n 

E
q

ui
p

m
en

t 
Li

st
 fo

r 
so

il 
d

at
a 

co
lle

ct
io

n 
is

 in
 a

p
p

en
d

ix
 6

.

Lo
ca

ti
on

 o
f 

S
oi

l S
am

p
le

 
D

es
cr

ip
tio

n—
Th

is
 is

 t
he

 lo
ca

tio
n 

w
ith

in
 t

he
 s

ite
 w

he
re

 s
oi

l 
in

fo
rm

at
io

n 
is

 c
ol

le
ct

ed
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 lo
ca

tio
n 

of
 t

he
 s

oi
l 

sa
m

p
le

 a
s 

on
e 

of
 t

he
 fo

llo
w

in
g:

 
�

C
en

te
r 

of
 s

ite
.

 
�

O
th

er
:_

__
__

__
__

__
__

__
_.

 
�

N
ot

 t
ak

en
 b

ec
au

se
 o

f (
ci

rc
le

 o
ne

): 
se

ns
iti

ve
 s

ite
, r

oc
ky

 s
ub

-
st

ra
te

, d
ee

p
 w

at
er

, o
r 

fr
oz

en
 g

ro
un

d
.

57
G

D
E

: 
Le

ve
l I

In
ve

nt
or

y 
Fi

el
d

 G
ui

d
e

M
et

h
od

 o
f 

E
xt

ra
ct

in
g

 S
oi

l
D

es
cr

ip
tio

n—
Th

is
 is

 t
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et
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d
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r 
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ol

 u
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d
 t

o 
ex

tr
ac

t 
an

d
 

ob
se

rv
e 

so
il.

 W
he

n 
an

al
yz

in
g 

so
il 

in
fo

rm
at

io
n 

fo
r 

th
e 

si
te

, t
hi

s 
w

ill
 

p
ro

vi
d

e 
th

e 
le

ve
l o

f r
el

ia
b

ili
ty

 in
 t

he
 d

at
a 

co
lle

ct
io

n 
ef

fo
rt

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 o
ne

 o
f t

he
 fo

llo
w

in
g 

fo
r 

ea
ch

 h
ol

e 
or

 c
or

e:

• 
C

or
e/

au
ge

r.

• 
P

us
h 

p
ro

b
e.

• 
S

ho
ve

l. 

• 
O

th
er

:_
__

__
__

__
.

D
ep

th
 o

f 
P

ea
t 

or
 M

u
ck

 
D

es
cr

ip
tio

n—
O

rg
an

ic
 s

oi
ls

 d
ev

el
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 u
nd

er
 s

at
ur

at
ed

 (w
at

er
-

lo
gg

ed
) c

on
d

iti
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s 
th

at
 p

re
ve

nt
 d

ec
om

p
os

iti
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. H
is

to
so

ls
, h

is
tic

 
ep

ip
ed

on
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nd
 t

he
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re
se

nc
e 
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 fi

b
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l m
at

er
ia

l (
p

ea
t),
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em
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so
il 

m
at

er
ia

l (
m

uc
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 p
ea

t),
 a

nd
 s
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 s
oi

l m
at

er
ia

l (
m

uc
k)

 a
re

 
co

ns
id

er
ed

 t
he

 m
ax

im
um

 e
xp

re
ss

io
n 
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 a
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er
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si
s 

an
d

 a
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in

te
rp
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te

d
 a

s 
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d
ic
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of

 e
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m

el
y 

lo
ng

-t
er

m
 s

at
ur

at
io

n.
 

O
rg

an
ic

 s
oi

l m
at

er
ia

ls
 h

av
e 

or
ga

ni
c 

ca
rb

on
 c

on
te

nt
 (b

y 
w

ei
gh

t) 
of

 
12

 t
o 

18
 p

er
ce

nt
 o

r 
m

or
e,

 d
ep

en
d

in
g 

on
 t

he
 c

la
y 

co
nt

en
t 

of
 t
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so
il.

 L
ab

or
at

or
y 

an
al

ys
is

 o
f o

rg
an

ic
 c

ar
b

on
 c

on
te

nt
 c

an
 b

e 
d

on
e 

if 
ne

ed
ed

 t
o 

re
sp

on
d
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o 

sp
ec

ifi
c 

m
an

ag
em

en
t 

q
ue

st
io

ns
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 d
ep

th
 w

he
re

 t
he

 
p

ea
t,

 m
uc

ky
 p

ea
t,

 a
nd

 m
uc

k 
la

ye
rs

 b
eg

in
 a

nd
 e

nd
 in

 t
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 fi
rs

t 
80

 
ce

nt
im

et
er

s.
 T

he
 d

efi
ni

tio
ns

 fo
r 

th
e 

d
iff

er
en

t 
or

ga
ni

c 
la

ye
rs

 t
o 

re
co

rd
 a

re
 li

st
ed

 b
el

ow
:

1.
 P

ea
t 

(fi
b

ric
)—

U
nd

ec
om

p
os

ed
 o

r 
w

ea
kl

y 
d

ec
om

p
os

ed
 o

rg
an

ic
 

m
at

er
ia

l; 
p

la
nt

 r
em

ai
ns

 a
re

 d
is

tin
ct

 a
nd

 id
en

tifi
ab

le
; y

ie
ld

s 
cl

ea
r 

to
 w

ea
kl

y 
tu

rb
id

 w
at

er
; n

o 
p

ea
t 

es
ca

p
es

 b
et

w
ee

n 
fin

ge
rs

. 

2.
 M

uc
ky

 p
ea

t 
(h

em
ic

)—
M

od
er

at
el

y 
to

 w
el

l-
d

ec
om

p
os

ed
 o

rg
an

ic
 

m
at

er
ia

l; 
p

la
nt

 r
em

ai
ns

 r
ec

og
ni

za
b

le
 b

ut
 m

ay
 b

e 
ra

th
er

 in
d

is
-

tin
ct

 a
nd

 d
iffi

cu
lt 

to
 id

en
tif

y;
 y

ie
ld

s 
st

ro
ng

ly
 t

ur
b

id
 t

o 
m

ud
d

y 
w

at
er

; a
m

ou
nt

 o
f p

ea
t 

es
ca

p
in

g 
b

et
w

ee
n 

fin
ge

rs
 r

an
ge

s 
fr

om
 

no
ne

 u
p

 t
o 

on
e-

th
ird

; r
es

id
ue

 is
 p

as
ty

. 

3.
 M

uc
k 

(s
ap

ric
)—

S
tr

on
gl

y 
to

 c
om

p
le

te
ly

 d
ec

om
p

os
ed

 o
rg

an
ic

 
m

at
er

ia
l; 

p
la

nt
 r

em
ai

ns
 in

d
is

tin
ct

 t
o 

un
re

co
gn

iz
ab

le
; a

m
ou

nt
s 
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y 
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si
st

an
t 

re
m
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ns

, s
uc

h 
as

 r
oo

t 
fib

er
s 

an
d

 w
oo

d
.

D
ep

th
 t

o 
th

e 
M

in
er

al
 L

ay
er

D
es

cr
ip

tio
n—

Th
is

 is
 a

 m
ea

su
re

 o
f t

he
 d

ep
th

 t
o 

th
e 

fir
st

 d
om

i-
na

nt
ly

 m
in

er
al

 la
ye

r 
b

el
ow

 a
ny

 o
rg

an
ic

 la
ye

r 
th

at
 m

ay
 b

e 
p

re
se

nt
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If 
th

er
e 

ex
is

ts
 a

 s
ig

ni
fic

an
t 

or
ga

ni
c 

la
ye

r,
 s

uc
h 

as
 p

ea
t,

 t
he

n 
th

e 
m

in
er

al
 la

ye
r 

w
ou

ld
 b

e 
b

el
ow

 t
ha

t.
 If

 t
he

re
 is

 a
 s

m
al

l o
r 

no
ne

xi
s-

te
nt

 o
rg

an
ic

 la
ye

r,
 t

he
n 

th
is

 d
ep

th
 w

ill
 b

e 
sh

al
lo

w
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

M
ea

su
re

 t
he

 d
ep

th
 fr

om
 t

he
 

su
rf

ac
e 

to
 t

he
 fi

rs
t 

m
in

er
al

 la
ye

r 
(w

ou
ld

 b
e 

ze
ro

 if
 n

o 
or

ga
ni

c 
la

ye
r 

ex
is

ts
). 

T
ex

tu
re

 o
f 

M
in

er
al

 L
ay

er
D

es
cr

ip
tio

n—
Te

xt
ur

e 
d

es
cr

ib
es

 t
he

 m
in

er
al

 p
ar

tic
le

 s
iz

es
 a

nd
 

p
ro

p
or

tio
ns

 in
 a

 s
ed

im
en

t,
 s

uc
h 

as
 c

la
y,

 s
ilt

, a
nd

 s
an

d
.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

C
on

d
uc

t 
a 

ta
ct

ile
 e

va
lu

at
io

n 
of

 t
he

 
so

il 
te

xt
ur

e 
of

 t
he

 fi
rs

t 
un

d
er

ly
in

g 
m

in
er

al
 la

ye
r.

C
ol

or
 o

f 
M

in
er

al
 L

ay
er

 
D

es
cr

ip
tio

n—
C

ol
or

 is
 u

se
fu

l t
o 

un
d

er
st

an
d

 th
e 

co
m

p
os

iti
on

 o
f t

he
 

so
il 

an
d

 g
iv

es
 c

lu
es

 a
b

ou
t 

th
e 

co
nd

iti
on

s 
th

e 
so

il 
is

 s
ub

je
ct

ed
 t

o.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

D
es

cr
ib

e 
th

e 
co

lo
r 

of
 t

he
 fi

rs
t 

un
d

er
ly

in
g 

m
in

er
al

 la
ye

r,
 u

si
ng

 t
he

 M
un

se
ll 

co
lo

r 
sy

st
em

 c
ha

rt
.

R
ed

ox
im

or
p

h
ic

 F
ea

tu
re

s
D

es
cr

ip
tio

n—
Th

e 
ty

p
e 

an
d

 lo
ca

tio
n 

of
 r

ed
ox

im
or

p
hi

c 
fe

at
ur

es
 

w
ith

in
 t

he
 s

oi
l p

ro
fil

e 
ar

e 
us

ed
 t

o 
in

te
rp

re
t 

th
e 

d
eg

re
e 

of
 w

at
er

 
sa

tu
ra

tio
n.

 R
ed

ox
im

or
p

hi
c 

fe
at

ur
es

, a
 r

es
ul

t 
of

 ir
on

 (F
e)

 a
nd

 
m

an
ga

ne
se

 (M
n)

 o
xi

d
at

io
n 

an
d

 r
ed

uc
tio

n,
 a

re
 n

ot
 e

xp
ec

te
d

 in
 

or
ga

ni
c 

so
ils

, t
hu

s,
 t

he
re

 is
 n

o 
ne

ed
 t

o 
re

co
rd

 r
ed

ox
im

or
p

hi
c 

fe
at

ur
es

 in
 h

is
to

so
ls

 (4
0 

ce
nt

im
et

er
s 

or
 m

or
e 

of
 t

he
 u

p
p

er
 8

0 
ce

nt
im

et
er

s 
is

 o
rg

an
ic

 s
oi

l);
 m

in
er

al
 s

oi
ls

 h
av

in
g 

a 
hi

st
ic

 e
p

ip
ed

on
 

(s
ur

fa
ce

 h
or

iz
on

s 
of

 2
0 

ce
nt

im
et

er
s 

or
 m

or
e 

th
ic

k 
of

 o
rg

an
ic

 s
oi

l 
m

at
er

ia
l a

nd
 u

nd
er

la
in

 b
y 

m
in

er
al

 s
oi

l m
at

er
ia

l w
ith

 a
 c

hr
om

a 
of

 
2 

or
 le

ss
); 

or
 m

in
er

al
 s

oi
ls

 h
av

in
g 

p
ea

t,
 m

uc
ky

 p
ea

t,
 m

uc
k,

 o
r 

a 
m

uc
ky

 m
od

ifi
ed

 s
oi

l t
ex

tu
re

 w
ith

in
 1

2 
in

ch
es

 o
f t

he
 s

ur
fa

ce
.
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ic

at
e 
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d
ur
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of

 s
at

ur
at
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n.

 U
nd

er
 lo

ng
 d

ur
at

io
n 

(m
an

y 
w

ee
ks

 t
o 

m
on

th
s)

 o
f w

at
er

 s
at

ur
at

io
n 

an
d

 r
ed

uc
tio

n,
 F

e 
ox

id
e 

d
ep

le
tio

n 
fe

at
ur

es
 o

cc
up

y 
th

e 
en

tir
e 

gr
ou

nd
m

as
s.

 T
he

 F
e 

ox
id

e-
d

ep
le

te
d

 
gr

ou
nd

m
as

s 
ap

p
ea

rs
 g

re
ye

r 
or

 li
gh

te
r 

in
 c

ol
or

. S
ho

rt
 d

ur
at

io
n 

of
 

w
at

er
 s

at
ur

at
io

n 
or

 r
ap

id
 fl

uc
tu

at
io

n 
of

 w
at

er
 t

ab
le

s 
re

su
lts

 in
 F

e/
M

n 
ox

id
e 

no
d

ul
es

 a
nd

 c
oa

tin
gs

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 p
re

se
nc

e 
an

d
 d

ep
th

 
of

 t
he

 fo
llo

w
in

g 
fe

at
ur

es
:

• 
R

ed
ox

im
or

p
hi

c 
co

nc
en

tr
at

io
ns

—
R

ed
ox

 c
on

ce
nt

ra
tio

ns
 

in
cl

ud
e 

so
ft

 m
as

se
s,

 p
or

e 
lin

in
gs

, n
od

ul
es

, a
nd

 c
on

cr
et

io
ns

 
(s

ee
 g

lo
ss

ar
y 

fo
r 

d
efi

ni
tio

ns
). 

• 
R

ed
ox

im
or

p
hi

c 
d

ep
le

tio
ns

—
B

od
ie

s 
of

 lo
w

 c
hr

om
a 

(2
 o

r 
le

ss
) h

av
in

g 
va

lu
e 

of
 4

 o
r 

m
or

e 
w

he
re

 F
e/

M
n 

ox
id

es
 h

av
e 

b
ee

n 
st

rip
p

ed
 o

r 
w

he
re

 b
ot

h 
Fe

/M
n 

ox
id

es
 a

nd
 c

la
y 

ha
ve

 
b

ee
n 

st
rip

p
ed

, s
ee

 g
lo

ss
ar

y 
fo

r 
d

efi
ni

tio
ns

. S
oi

ls
 h

av
in

g 
an

 
ab

un
d

an
ce

 o
f g

le
ye

d
 m

at
er

ia
l a

re
 s

at
ur

at
ed

 fo
r 

lo
ng

 d
ur

at
io

n 
re

su
lti

ng
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 t
ho

ro
ug

h 
re

d
uc

tio
n 

of
 ir

on
 t

o 
Fe

+
2 

(fe
rr

ou
s 

iro
n)
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is
 t

he
 p

re
se

nc
e 

of
 fe

rr
ou

s 
iro

n 
th

at
 is

 r
es

p
on

si
b

le
 fo

r 
th

e 
gr

ee
ni

sh
 c

ol
or

s 
of

 g
le
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 A

n 
ab

se
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e 
of

 ir
on

 c
on

ce
nt

ra
tio

ns
 

w
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b
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p
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at
io

n 
d

oe
s 

no
t 

oc
cu

r 
at

 t
ha

t 
d

ep
th

.
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 c
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 c
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 c
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 c
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d
ox

im
or

p
hi

c 
fe

at
ur

e 
ob

se
rv

ed
 in

 a
re

as
 w

he
re

 g
ro

un
d

w
at

er
 r
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 t
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 d
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 b
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 b
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b
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.
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 b
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 d
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 p
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 c
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 D
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b
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 m
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b
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f c
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 c
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 d
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 d
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 d
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 C
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 s
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 p
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 c
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 c
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 c
on

d
iti

on
s 

th
at

 s
lo

w
 d
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 p
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f d
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f p
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 c
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e 

so
il 

m
ee

ts
 

th
e 

U
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 d
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l d
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 p
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 b
y 

gr
ou

nd
w

at
er

, a
nd

 (2
) t

he
 w

et
la

nd
 h

as
 o

rg
an

ic
 

so
ils

 m
ee

tin
g 

th
e 

U
S

D
A

 N
R

C
S

 (2
01

0)
 d
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 c
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 b
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w
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 o
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p
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l m
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l o
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l m
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 m
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 d
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 d
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 d
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 b
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 d
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 d
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 s
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, b
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 d
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 p
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et

te
st

 a
re

as
, w

he
re

 g
ro

un
d

w
at

er
 is

 a
t 

or
 n

ea
r 

th
e 

su
rf

ac
e 

fo
r 

ex
te

nd
ed

 p
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b
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b
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at
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 s
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 �
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b
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p
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d
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 C
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 c
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.
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.
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p
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.
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 p
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d
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b
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b
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.
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ke

n 
ju

st
 p

rio
r 

to
 r

efi
lli

ng
 t

he
 

b
or

eh
ol

es
 a

t 
th

e 
en

d
 o

f t
he

 fi
el

d
 d

ay
, w

hi
ch

 w
ou

ld
 p

ro
vi

d
e 

tim
e 

fo
r 

th
e 

w
at

er
 in

 t
he

 h
ol

e 
to

 e
q

ui
lib

ra
te

 w
ith

 t
he

 w
at

er
 t

ab
le

. 

If 
w

at
er

 is
 a

t o
r 

ab
ov

e 
th

e 
su

rf
ac

e,
 th

en
 it

 is
 n

ot
 n

ec
es

sa
ry

 to
 a

ug
er

 
a 

ho
le

 o
r 

m
ea

su
re

 w
at

er
 t

ab
le

 d
ep

th
. T

he
 w

at
er

 t
ab

le
 w

ou
ld

 b
e 

at
 

th
e 

su
rf

ac
e 

or
 a

t 
a 

d
ep

th
 o

f z
er

o.

S
te

p
s 

to
 m

ea
su

re
 w

at
er

 t
ab

le
 d

ep
th

:

• 
A

ug
er

 a
 h

ol
e 

ap
p

ro
xi

m
at

el
y 

0.
5 

to
 1

 m
et

er
 in

 d
ep

th
. A

 h
ol

e 
ca

n 
al

so
 b

e 
d

ug
 u

si
ng

 a
 s

ha
rp

sh
oo

te
r 

sh
ov

el
 a

lth
ou

gh
 t

hi
s 

cr
ea

te
s 

m
or

e 
d

is
tu

rb
an

ce
 t

o 
th

e 
w

et
la

nd
. 

• 
A

llo
w

 t
he

 w
at

er
 le

ve
l i

n 
th

e 
ho

le
 t

o 
eq

ui
lib

ra
te

. M
on

ito
r 

th
e 

w
at

er
 le

ve
l d

ep
th

 t
o 

d
et

er
m

in
e 

w
he

n 
th

e 
w

at
er

 le
ve

l h
as

 
st

ab
ili

ze
d

.

• 
La

y 
a 

sh
ov

el
 o

r 
si

m
ila

r 
ob

je
ct

 a
cr

os
s 

th
e 

to
p

 o
f t

he
 s

oi
l p

it 
op

en
in

g 
an

d
 m

ea
su

re
 fr

om
 t

he
 b

ot
to

m
 o

f t
hi

s 
ob

je
ct

. R
ec

or
d

 
th

e 
d

is
ta

nc
e 

to
 w

at
er

. 

• 
Fo

r 
st

an
d

in
g 

w
at

er
, r

ec
or

d
 z

er
o,

 w
hi

ch
 in

d
ic

at
es

 t
he

 w
at

er
 is

 
at

 o
r 

ab
ov

e 
th

e 
gr

ou
nd

 s
ur

fa
ce

.

If 
no

 w
at

er
 r

em
ai

ns
 in

 t
he

 h
ol

e,
 e

ve
n 

af
te

r 
w

ai
tin

g 
fo

r 
a 

p
er

io
d

 o
f 

tim
e,

 t
he

n 
re

co
rd

 it
 a

s 
“d

ry
.”

W
at

er
 T

ab
le

 T
yp

e

D
es

cr
ip

tio
n—

Th
is

 d
es

cr
ib

es
 t

he
 t

yp
e 

of
 w

at
er

 t
ab

le
 t

ha
t 

ex
is

ts
 

at
 t

he
 s

ite
 b

as
ed

 o
n 

ob
se

rv
at

io
ns

 m
ad

e 
w

hi
le

 m
ea

su
rin

g 
th

e 
w

at
er

 t
ab

le
 d

ep
th

. T
hi

s 
in

fo
rm

at
io

n 
gi

ve
s 

in
si

gh
t 

in
to

 t
he

 v
er

tic
al

 
gr

ad
ie

nt
s 

in
 t

he
 u

nd
er

ly
in

g 
aq

ui
fe

r.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

C
ho

os
e 

th
e 

te
rm

 t
ha

t 
b

es
t 

d
e-

sc
rib

es
 t

hi
s 

si
te

, b
as

ed
 o

n 
th

e 
w

at
er

 t
ab

le
 m

ea
su

re
m

en
ts

 t
ak

en
 

p
re

vi
ou

sl
y.

• 
A

p
p

ar
en

t—
W

at
er

 le
ve

l s
ta

b
ili

ze
d

 in
 a

 fr
es

h 
un

lin
ed

 b
or

eh
ol

e.

• 
A

rt
es

ia
n—

Th
e 

st
at

ic
 le

ve
l w

ith
in

 a
 c

as
ed

 b
or

eh
ol

e 
w

he
re

 
w

at
er

 r
is

es
 a

b
ov

e 
an

 im
p

er
m

ea
b

le
 la

ye
r 

(e
.g

., 
p

ea
t 

la
ye

r)
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ue

 t
o 

a 
p

os
iti

ve
 h

yd
ro

st
at

ic
 h

ea
d

 o
r 

w
he

re
 w

at
er

 d
is

ch
ar

ge
s 

fr
om

 a
n 

un
lin

ed
 b

or
eh

ol
e.

• 
P

on
d

in
g—

S
ta

nd
in

g 
w

at
er

 o
n 

to
p

 o
f t

he
 s

oi
l. 

• 
U

nk
no

w
n.

• 
O

th
er

:_
__

__
__

__
_.

Fl
ow

Fl
ow

 P
at

te
rn

s 
fo

r 
S

it
e

D
es

cr
ip

tio
n—

Th
is

 in
d

ic
at

es
 w

he
th

er
 t

he
 in

flo
w

 a
nd

 o
ut

flo
w

 a
re

 
su

rf
ac

e 
w

at
er

, g
ro

un
d

w
at

er
, o

r 
a 

co
m

b
in

at
io

n 
of

 t
he

 t
w

o.
 T

hi
s 

he
lp

s 
to

 c
ha

ra
ct

er
iz

e 
th

e 
ov

er
al

l w
at

er
 b

ud
ge

t 
of

 t
he

 w
et

la
nd

. T
he

 
w

at
er

 b
ud

ge
t 

of
 w

et
la

nd
s 

va
rie

s 
in

 t
he

 d
ep

en
d

en
ce

 o
n 

gr
ou

nd
-

w
at

er
 in

flo
w

/o
ut

flo
w

 o
r 

su
rf

ac
e 

w
at

er
 in

flo
w

/o
ut

flo
w

. 

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

In
flo

w
 (s

el
ec

t 
on

e)
:

• 
D

om
in

at
ed

 b
y 

gr
ou

nd
w

at
er

 in
flo

w
.

• 
D

om
in

at
ed

 b
y 

su
rf

ac
e 

w
at

er
 in

flo
w

 a
nd

/o
r 

p
re

ci
p

ita
tio

n.

• 
S

ub
st

an
tia

l a
m

ou
nt

s 
of

 b
ot

h 
gr

ou
nd

w
at

er
 a

nd
 s

ur
fa

ce
 w

at
er

 
in

flo
w

.

O
ut

flo
w

 (s
el

ec
t 

on
e)

:

• 
D

om
in

at
ed

 b
y 

gr
ou

nd
w

at
er

 o
ut

flo
w

.

• 
D

om
in

at
ed

 b
y 

su
rf

ac
e 

w
at

er
 o

ut
flo

w
.

• 
S

ub
st

an
tia

l a
m

ou
nt

s 
of

 b
ot

h 
gr

ou
nd

w
at

er
 a

nd
 s

ur
fa

ce
 w

at
er

 
ou

tfl
ow

.

• 
D

om
in

at
ed

 b
y 

ev
ap

ot
ra

ns
p

ira
tio

n.

O
cc

u
rr

en
ce

 o
f 

S
u

rf
ac

e 
W

at
er

D
es

cr
ib

e 
th

e 
oc

cu
rr

en
ce

 o
f s

ur
fa

ce
 w

at
er

 a
t 

th
e 

si
te

 u
si

ng
 o

ne
 o

f 
th

e 
fo

llo
w

in
g 

ca
te

go
rie

s 
(m

ay
 s

el
ec

t 
m

ul
tip

le
):

• 
N

o 
st

an
d

in
g 

or
 fl

ow
in

g 
w

at
er

 v
is

ib
le

.

• 
P

at
ch

es
 o

f s
ta

nd
in

g 
w

at
er

.

• 
E

xt
en

si
ve

 s
ta

nd
in

g 
w

at
er

.

• 
Fl

ow
in

g 
w

at
er

 in
 c

ha
nn

el
s.
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Fl
ow

 In
st

ru
m

en
t

R
ec

or
d

 t
he

 n
am

e 
of

 t
he

 in
st

ru
m

en
t 

us
ed

 t
o 

m
ea

su
re

 fl
ow

 (o
r 

d
is

ch
ar

ge
). 

Th
e 

in
st

ru
m

en
t 

w
ill

 v
ar

y 
d

ep
en

d
in

g 
on

 t
he

 s
ite

 t
yp

e;
 

th
er

ef
or

e,
 m

ul
tip

le
 o

p
tio

ns
 a

re
 p

re
se

nt
ed

 in
 a

p
p

en
d

ix
 1

0.

Fl
ow

 M
et

h
od

R
ec

or
d

 t
he

 m
et

ho
d

 u
se

d
 t

o 
m

ea
su

re
 fl

ow
 (o

r 
d

is
ch

ar
ge

). 
Th

e 
m

et
ho

d
 w

ill
 v

ar
y 

d
ep

en
d

in
g 

on
 t

he
 s

ite
 t

yp
e;

 t
he

re
fo

re
, m

ul
tip

le
 

op
tio

ns
 a

re
 p

re
se

nt
ed

 in
 a

p
p

en
d

ix
 1

0.

Fl
ow

 R
at

e

D
es

cr
ip

tio
n—

Th
is

 is
 a

 m
ea

su
re

 o
f t

he
 d

is
ch

ar
ge

 fr
om

 t
he

 a
q

ui
fe

r 
to

 t
he

 s
ur

fa
ce

. T
hi

s 
at

tr
ib

ut
e 

is
 m

or
e 

im
p

or
ta

nt
 fo

r 
sp

rin
gs

 t
ha

n 
w

et
la

nd
s 

su
p

p
lie

d
 b

y 
d

iff
us

e 
d

is
ch

ar
ge

. T
he

 fl
ow

 o
f a

 s
p

rin
g 

is
 

im
p

or
ta

nt
 fo

r 
b

ot
h 

ec
ol

og
ic

al
 r

ea
so

ns
 a

nd
 h

um
an

 u
se

s 
of

 t
he

 
sp

rin
g 

w
at

er
. I

n 
m

an
y 

ca
se

s,
 t

he
 fl

ow
 o

f a
 s

p
rin

g 
co

rr
el

at
es

 w
ith

 
th

e 
ec

ol
og

ic
al

 fu
nc

tio
ns

 a
nd

 v
al

ue
s 

of
 t

he
 s

p
rin

g 
ha

b
ita

t.

W
he

re
 t

o
 m

ea
su

re
 fl

o
w

—
If 

m
ea

su
rin

g 
a 

si
ng

le
 c

ha
nn

el
, m

ea
su

re
 

d
is

ch
ar

ge
 a

s 
cl

os
e 

as
 p

os
si

b
le

 t
o 

th
e 

sp
rin

g 
so

ur
ce

. I
n 

so
m

e 
si

tu
at

io
ns

, t
he

re
 w

ill
 n

ot
 b

e 
a 

si
ng

le
 d

is
tin

ct
 c

ha
nn

el
 w

he
re

 fl
ow

 
ca

n 
b

e 
m

ea
su

re
d

, i
n 

w
hi

ch
 c

as
e 

fo
llo

w
 t

he
se

 g
ui

d
el

in
es

:

• 
If 

th
er

e 
ar

e 
m

ul
tip

le
 c

ha
nn

el
s,

 a
nd

 if
 t

he
y 

al
l c

on
ve

rg
e 

to
 

a 
si

ng
le

 c
ha

nn
el

, m
ea

su
re

 d
is

ch
ar

ge
 in

 t
he

 s
in

gl
e 

ch
an

ne
l 

as
 c

lo
se

 a
s 

p
os

si
b

le
 t

o 
th

e 
co

nfl
ue

nc
e 

of
 a

ll 
of

 t
he

 m
ul

tip
le

 
ch

an
ne

ls
.

• 
If 

th
er

e 
ar

e 
m

ul
tip

le
 c

ha
nn

el
s 

th
at

 d
o 

no
t 

co
nv

er
ge

, t
he

n 
m

ea
su

re
 fl

ow
 in

 a
s 

m
an

y 
ch

an
ne

ls
 a

s 
p

os
si

b
le

. R
ec

or
d

 e
ac

h 
m

ea
su

re
 w

ith
 a

n 
ex

p
la

na
tio

n 
th

at
 it

 is
 d

iff
er

en
t 

(c
om

p
le

te
ly

 o
r 

p
ar

tia
lly

) t
ha

n 
ot

he
r 

m
ea

su
re

s 
of

 fl
ow

 a
t 

th
e 

si
te

.

• 
Fo

r 
ha

ng
in

g 
ga

rd
en

s 
an

d
 w

et
 w

al
ls

, i
f p

os
si

b
le

, t
ak

e 
a 

flo
w

 
m

ea
su

re
m

en
t 

at
 t

he
 b

as
e 

of
 t

he
 w

al
l w

he
re

 fl
ow

 c
oa

le
sc

es
 

in
to

 a
 c

ha
nn

el
. I

f t
hi

s 
is

 n
ot

 p
os

si
b

le
, p

ho
to

 d
oc

um
en

ta
tio

n 
of

 
th

e 
w

et
te

d
 a

re
a 

of
 r

oc
k 

fa
ce

 is
 a

n 
op

tio
n.

• 
If 

flo
w

 is
 v

er
y 

d
iff

us
e 

(a
s 

in
 a

 s
lo

p
ed

 w
et

la
nd

 o
r 

se
ep

), 
th

en
 

flo
w

 m
ea

su
re

m
en

ts
 m

ay
 n

ot
 b

e 
p

os
si

b
le

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

Fl
ow

 m
ea

su
re

m
en

t 
ap

p
lie

s 
m

ai
nl

y 
to

 s
p

rin
gs

, b
ut

 c
an

 b
e 

ap
p

lie
d

 t
o 

w
et

la
nd

s 
th

at
 h

av
e 

flo
w

in
g 

w
at

er
, s

uc
h 

as
 in

 a
n 

in
flo

w
, a

n 
ou

tfl
ow

, o
r 

d
is

tin
ct

 c
ha

nn
el

s.
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M
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su
re

 t
he

 q
ua

nt
ity

 o
f w

at
er

 d
is

ch
ar

gi
ng

 fr
om

 t
he

 G
D

E
 w

ith
 o

ne
 

of
 t

he
 m

et
ho

d
s 

lis
te

d
 in

 a
p

p
en

d
ix

 1
0,

 w
hi

ch
 a

ls
o 

d
es

cr
ib

es
 t

he
 

m
ea

su
re

m
en

t 
m

et
ho

d
s.

 F
lo

w
 s

ho
ul

d
 b

e 
m

ea
su

re
d

 a
nd

 r
ec

or
d

ed
 

m
ul

tip
le

 t
im

es
 (t

hr
ee

 t
im

es
 is

 r
ec

om
m

en
d

ed
) a

t 
th

e 
sa

m
e 

lo
ca

tio
n 

to
 in

cr
ea

se
 a

cc
ur

ac
y.

 M
ul

tip
le

 m
ea

su
re

s 
at

 d
iff

er
en

t 
lo

ca
tio

ns
 

m
ig

ht
 a

ls
o 

b
e 

ne
ce

ss
ar

y 
to

 c
ap

tu
re

 t
he

 t
ot

al
ity

 o
f fl

ow
. R

ec
or

d
 

an
d

 s
to

re
 a

ll 
flo

w
 m

ea
su

re
m

en
ts

 (i
n 

th
e 

fie
ld

 a
nd

 in
 t

he
 d

at
ab

as
e)

 
to

 a
llo

w
 fo

r 
ac

cu
ra

te
 a

na
ly

si
s 

of
 fl

ow
 fo

r 
th

e 
si

te
. 

A
ls

o 
re

co
rd

 a
n 

es
tim

at
e 

of
 t

he
 p

er
ce

nt
 o

f t
he

 s
ur

fa
ce

 d
is

ch
ar

ge
 

th
at

 w
as

 c
ap

tu
re

d
. 

Fo
r 

lim
no

cr
en

es
 t

ha
t 

d
o 

no
t 

ha
ve

 o
ut

flo
w

, t
he

 s
ta

tic
 h

ea
d

 c
ha

ng
e 

m
et

ho
d

 is
 u

se
d

. F
or

 li
m

no
cr

en
es

 t
ha

t 
ha

ve
 a

n 
ou

tfl
ow

, u
se

 o
ne

 o
f 

th
e 

ot
he

r 
m

ea
su

re
m

en
t 

te
ch

ni
q

ue
s 

d
es

cr
ib

ed
 p

re
vi

ou
sl

y.
 

If 
flo

w
 w

as
 n

ot
 m

ea
su

re
d

, t
he

n 
ex

p
la

in
 w

hy
 b

y 
se

le
ct

in
g 

on
e 

of
 

th
es

e 
op

tio
ns

:

 
�

D
iff

us
e 

ou
tfl

ow
.

 
�

N
o 

ou
tfl

ow
.

 
�

N
ot

 a
 s

p
rin

g.
 

 
�

S
p

rin
g 

is
 d

ry
.

 
�

O
th

er
:_

__
__

__
__

__
__

__
_.

N
ot

e:
 It

 m
ay

 b
e 

di
ffi

cu
lt 

to
 e

st
im

at
e 

th
e 

di
sc

ha
rg

e 
of

 s
pr

in
gs

 a
nd

 
w

et
la

nd
s 

th
at

 (1
) a

re
 s

m
al

l, 
(2

) h
av

e 
w

at
er

 th
at

 is
 s

ha
llo

w
 a

nd
 b

ro
ad

ly
 

or
 u

ne
ve

nl
y 

sp
re

ad
 o

ve
r 

a 
w

id
e 

ar
ea

, o
r 

(3
) h

av
e 

lim
ite

d 
m

ov
in

g 
w

at
er

. D
is

ch
ar

ge
 o

fte
n 

ch
an

ge
s 

th
ro

ug
ho

ut
 th

e 
da

y 
(b

ec
au

se
 o

f  
ev

ap
ot

ra
ns

pi
ra

tio
n)

, s
ea

so
na

lly
, o

r 
an

nu
al

ly
, w

hi
ch

 d
ec

re
as

es
 th

e 
 

ef
fe

ct
iv

en
es

s 
of

 s
in

gl
e 

m
ea

su
re

m
en

ts
 to

 p
re

ci
se

ly
 q

ua
nt

ify
 lo

ng
-t

er
m

 
di

sc
ha

rg
e 

ch
ar

ac
te

ris
tic

s.
 H

ig
hl

y 
qu

an
tit

at
iv

e 
di

sc
ha

rg
e 

m
ea

su
re

m
en

t 
w

ou
ld

 b
e 

a 
co

m
po

ne
nt

 o
f a

 L
ev

el
 II

I s
ur

ve
y.

 

R
ec

o
rd

 n
o

te
s 

o
n 

flo
w

—
M

ak
e 

no
te

s 
on

 e
vi

d
en

ce
 o

f r
ec

en
t 

hi
gh

 
d

is
ch

ar
ge

s,
 s

uc
h 

as
 h

ig
h 

w
at

er
 m

ar
ks

, o
rie

nt
ed

 v
eg

et
at

io
n,

 o
r 

d
eb

ris
 o

n 
or

 a
b

ov
e 

th
e 

ch
an

ne
l o

r 
flo

od
p

la
in

.

S
p

ri
n

g
 C

h
an

n
el

 C
h

ar
ac

te
ri

st
ic

s
Fo

r 
si

te
s 

th
at

 h
av

e 
sp

rin
g 

b
ro

ok
s 

or
 o

ut
flo

w
 c

ha
nn

el
s,

 r
ec

or
d

 
in

fo
rm

at
io

n 
fo

r 
th

e 
fo

llo
w

in
g 

q
ue

st
io

ns
.
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D
es

cr
ip

tio
n—

Th
is

 d
es

cr
ib

es
 t

he
 t

em
p

or
al

 fl
ow

 c
ha

ra
ct

er
is

tic
s 

of
 a

 s
p

rin
g.

 T
hi

s 
in

fo
rm

at
io

n 
is

 v
al

ua
b

le
 fo

r 
as

se
ss

in
g 

th
e 

im
p

or
-

ta
nc

e 
of

 t
he

 s
p

rin
g 

fo
r 

ha
b

ita
t 

fo
r 

aq
ua

tic
 o

rg
an

is
m

s.
 P

er
en

ni
al

 
sp

rin
gs

 a
re

 fr
eq

ue
nt

ly
 o

f h
ig

he
r 

va
lu

e 
fo

r 
aq

ua
tic

 a
nd

 t
er

re
st

ria
l 

sp
ec

ie
s 

th
an

 a
re

 e
p

he
m

er
al

 s
p

rin
gs

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

E
st

im
at

e 
th

e 
hy

d
ro

p
er

io
d

 o
f t

he
 

sp
rin

g.
 If

 t
he

 fi
el

d
 v

is
it 

ta
ke

s 
p

la
ce

 in
 t

he
 d

ry
 s

ea
so

n 
an

d
 t

he
 

sp
rin

g 
is

 fl
ow

in
g,

 it
 is

 li
ke

ly
 p

er
en

ni
al

.

 
�

P
er

en
ni

al
 (m

us
t 

ha
ve

 c
on

tin
uo

us
 fl

ow
 a

t 
tim

e 
of

 v
is

it)
.

 
�

In
te

rm
itt

en
t 

(v
is

ib
le

 e
vi

d
en

ce
 o

f fl
ow

, k
no

w
n 

to
 fl

ow
 a

t 
ce

rt
ai

n 
tim

es
 o

f t
he

 y
ea

r)
.

 
�

N
ot

 d
et

er
m

in
ed

.

Le
n

g
th

 o
f 

O
u

tfl
ow

 S
tr

ea
m

D
es

cr
ip

tio
n—

Th
is

 is
 a

n 
es

tim
at

e 
of

 t
he

 le
ng

th
 o

f t
he

 s
p

rin
g 

b
ro

ok
 

up
 t

o 
a 

m
ax

im
um

 o
f 2

0 
m

et
er

s 
d

ow
n 

gr
ad

ie
nt

. T
w

en
ty

 m
et

er
s 

is
 

an
 a

rb
itr

ar
y 

cu
t-

of
f t

ha
t 

ha
s 

b
ee

n 
es

ta
b

lis
he

d
 b

ec
au

se
 a

t 
so

m
e 

d
is

ta
nc

e 
d

ow
ns

tr
ea

m
, t

he
 s

p
rin

g 
b

ro
ok

 c
ha

ng
es

 fr
om

 a
 s

p
rin

g-
sp

ec
ifi

c 
ha

b
ita

t 
to

 a
 lo

tic
 h

ab
ita

t 
b

ec
au

se
 o

f c
um

ul
at

iv
e 

ch
an

ge
s 

in
 fl

ow
, t

em
p

er
at

ur
e,

 a
nd

 w
at

er
 q

ua
lit

y.
 T

he
 s

p
rin

g 
b

ro
ok

 s
er

ve
s 

as
 a

 h
ab

ita
t f

or
 m

an
y 

sp
rin

g-
sp

ec
ifi

c 
sp

ec
ie

s 
(c

re
no

bi
on

tic
 s

pe
ci

es
), 

so
 it

s 
le

ng
th

 is
 o

f i
nt

er
es

t 
fo

r 
un

d
er

st
an

d
in

g 
aq

ua
tic

 b
io

lo
gy

. 

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 d
is

ta
nc

e 
of

 t
he

 s
p

rin
g 

b
ro

ok
 t

o 
th

e 
d

ow
ns

tr
ea

m
 li

m
it 

of
 s

ur
fa

ce
 fl

ow
 fr

om
 (1

) t
he

 s
ou

rc
e 

(o
rifi

ce
) o

f a
 s

p
rin

g 
(th

at
 d

oe
s 

no
t 

ha
ve

 a
 w

et
la

nd
 b

et
w

ee
n 

th
e 

 
sp

rin
g 

an
d 

th
e 

ou
tfl

ow
 c

ha
nn

el
), 

(2
) t

he
 p

oi
nt

 w
he

re
 w

at
er

 c
oa

le
sc

es
 

in
to

 a
 c

ha
nn

el
 fo

r 
d

iff
us

e 
sp

rin
gs

 a
nd

 d
is

ch
ar

ge
 w

et
la

nd
s,

 (3
) t

he
  

ou
tfl

ow
 fr

om
 a

 li
m

no
cr

en
e,

 o
r 

(4
) t

he
 d

ow
ng

ra
d

ie
nt

 e
d

ge
 o

f a
 

w
et

la
nd

. 

 
�

<
 5

 m
et

er
s

 
�

5 
to

 1
0 

m
et

er
s

 
�

10
 t

o 
15

 m
et

er
s

 
�

15
 t

o 
20

 m
et

er
s

 
�

>
 2

0 
m

et
er

s
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u
tfl

ow

D
es

cr
ip

tio
n—

Th
is

 is
 a

 g
en

er
al

 d
es

cr
ip

tio
n 

of
 w

ha
t 

ha
p

p
en

s 
to

 
th

e 
sp

rin
g 

b
ro

ok
 o

r 
st

re
am

 d
ow

ns
tr

ea
m

 o
f t

he
 s

am
p

lin
g 

ar
ea

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

If 
flo

w
 c

on
tin

ue
s 

b
ey

on
d

 2
0 

m
et

er
s 

(d
ow

ns
tr

ea
m

 o
f t

he
 s

ite
), 

th
en

 a
ls

o 
no

te
 w

ha
t 

ha
p

p
en

s 
to

 
th

e 
flo

w
 a

ft
er

 t
he

 2
0 

m
et

er
s 

us
in

g 
th

e 
fo

llo
w

in
g 

op
tio

ns
: 

D
is

ap
p

ea
rs

 in
to

 t
he

 g
ro

un
d

.

C
on

tin
ue

s 
as

 fa
r 

as
 c

an
 b

e 
se

en
.

Fl
ow

s 
in

to
 a

no
th

er
 s

tr
ea

m
.

S
om

e 
flo

w
 is

 d
iv

er
te

d
. 

B
ec

om
es

 in
te

rm
itt

en
t.

O
th

er
:_

__
__

__
__

__
__

__
_.

W
at

er
 Q

u
al

it
y 

S
om

e 
co

re
 fi

el
d

-d
er

iv
ed

 w
at

er
 q

ua
lit

y 
p

ar
am

et
er

s 
ar

e 
in

cl
ud

ed
 t

o 
he

lp
 c

ha
ra

ct
er

iz
e 

th
e 

si
te

. T
he

se
 a

re
 t

he
 fo

llo
w

in
g:

 t
em

p
er

at
ur

e,
 

sp
ec

ifi
c 

co
nd

uc
ta

nc
e,

 p
H

, a
nd

 e
ith

er
 o

xi
d

at
io

n/
re

d
uc

tio
n 

p
ot

en
-

tia
l (

O
R

P
) o

r 
d

is
so

lv
ed

 o
xy

ge
n 

(D
O

). 
In

 a
d

d
iti

on
, w

at
er

 s
am

p
le

s 
m

ay
 b

e 
co

lle
ct

ed
 fo

r 
la

b
or

at
or

y 
an

al
ys

is
 o

f a
 w

id
er

 r
an

ge
 o

f w
at

er
 

q
ua

lit
y 

p
ar

am
et

er
s,

 if
 t

he
y 

ar
e 

ne
ed

ed
 t

o 
ad

d
re

ss
 t

he
 m

an
ag

e-
m

en
t 

re
q

ui
re

m
en

ts
 fo

r 
th

e 
fie

ld
 g

ui
d

e 
im

p
le

m
en

ta
tio

n.
 

D
et

ai
le

d
 in

st
ru

ct
io

ns
 fo

r 
co

lle
ct

in
g 

w
at

er
 s

am
p

le
s 

fr
om

 w
el

ls
 a

nd
 

su
rf

ac
e 

w
at

er
s 

an
d

 a
na

ly
zi

ng
 t

ho
se

 s
am

p
le

s,
 a

lo
ng

 w
ith

 q
ua

lit
y 

as
su

ra
nc

e/
q

ua
lit

y 
co

nt
ro

l p
ro

ce
d

ur
es

 c
an

 b
e 

fo
un

d
 in

 t
he

 U
S

G
S

 
N

at
io

na
l F

ie
ld

 M
an

ua
l f

or
 t

he
 C

ol
le

ct
io

n 
of

 W
at

er
-Q

ua
lit

y 
D

at
a 

(N
at

io
na

l F
ie

ld
 M

an
ua

l).
 T

he
 N

at
io

na
l F

ie
ld

 M
an

ua
l p

ro
vi

d
es

 
gu

id
el

in
es

 a
nd

 s
ta

nd
ar

d
 p

ro
ce

d
ur

es
 fo

r 
U

S
G

S
 a

nd
 o

th
er

 G
ov

er
n-

m
en

t 
ag

en
cy

 p
er

so
nn

el
 w

ho
 c

ol
le

ct
 s

am
p

le
s 

us
ed

 t
o 

as
se

ss
 t

he
 

q
ua

lit
y 

of
 t

he
 N

at
io

n’
s 

su
rf

ac
e-

w
at

er
 a

nd
 g

ro
un

d
w

at
er

 r
es

ou
rc

es
. 

E
ac

h 
ch

ap
te

r 
of

 t
he

 N
at

io
na

l F
ie

ld
 M

an
ua

l i
s 

p
ub

lis
he

d
 s

ep
ar

at
el

y 
an

d
 r

ev
is

ed
 p

er
io

d
ic

al
ly

. N
ew

ly
 p

ub
lis

he
d

 a
nd

 r
ev

is
ed

 c
ha

p
te

rs
 

ar
e 

p
os

te
d

 o
n 

th
e 

U
S

G
S

 W
eb

 p
ag

e 
“N

at
io

na
l F

ie
ld

 M
an

ua
l f

or
 

th
e 

C
ol

le
ct

io
n 

of
 W

at
er

-Q
ua

lit
y 

D
at

a,
” 

ht
tp

:/
/w

at
er

.u
sg

s.
go

v/
ow

q
/

Fi
el

d
M

an
ua

l/.

If 
th

er
e 

ar
e 

w
el

ls
, t

he
 w

at
er

 q
ua

lit
y 

sa
m

p
le

s 
sh

ou
ld

 b
e 

ta
ke

n 
fr

om
 

th
e 

w
el

ls
 w

ith
 a

 b
ai

le
r 

or
 p

um
p

. F
or

 s
p

rin
gs

 o
r 

d
is

ch
ar

ge
 a

re
as

 
w

ith
in

 w
et

la
nd

s,
 w

at
er

 q
ua

lit
y 

m
ea

su
re

m
en

ts
 s

ho
ul

d
 a

lw
ay

s 
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 W
at

er
 in

 w
et

la
nd

s 
m

ay
 b

e 
p

on
d

ed
 o

r 
flo

w
in

g.
 In

 e
ith

er
 c

as
e,

 t
ar

ge
te

d
 s

am
p

le
s 

sh
ou

ld
 b

e 
co

lle
ct

ed
 

fr
om

 a
n 

ar
ea

 t
ha

t 
ha

s 
su

ffi
ci

en
t 

d
ep

th
, i

s 
w

ith
in

 t
he

 w
et

la
nd

, a
nd

 
aw

ay
 fr

om
 in

le
ts

 (n
at

ur
al

 o
r 

an
th

ro
p

og
en

ic
) b

ec
au

se
 in

le
ts

 m
ay

 
in

flu
en

ce
 t

he
 c

om
p

os
iti

on
 o

f t
he

 w
at

er
 s

am
p

le
. I

n 
su

m
m

ar
y,

 
w

at
er

 q
ua

lit
y 

sa
m

p
lin

g 
sh

ou
ld

 b
e 

d
on

e 
at

 o
ne

 o
f t

he
 fo

llo
w

in
g 

lo
ca

tio
ns

, w
hi

ch
 a

re
 li

st
ed

 in
 o

rd
er

 o
f p

re
fe

re
nc

e:

• 
W

el
ls

 in
 w

et
la

nd
s 

(if
 p

re
se

nt
) a

nd
 a

t 
th

e 
so

ur
ce

 (o
rifi

ce
) o

f 
sp

rin
gs

. 

• 
W

he
re

 fl
ow

in
g 

w
at

er
 e

xi
st

s 
in

 w
et

la
nd

s.

• 
S

ta
nd

in
g 

su
rf

ac
e 

w
at

er
. 

• 
H

ol
es

 c
re

at
ed

 b
y 

th
e 

so
il 

sa
m

p
lin

g.

 �
Ti

m
e 

is
 n

ee
d

ed
 fo

r 
w

at
er

 t
o 

eq
ui

lib
ra

te
.

 �
Te

m
p

er
at

ur
e 

m
ay

 b
e 

th
e 

on
ly

 a
tt

rib
ut

e 
th

at
 c

an
 b

e 
ac

-
cu

ra
te

ly
 m

ea
su

re
d

 in
 a

 b
or

eh
ol

e 
b

ec
au

se
 t

he
 o

th
er

 w
at

er
 

q
ua

lit
y 

at
tr

ib
ut

es
 (c

on
d

uc
tiv

ity
, p

H
, D

O
 a

nd
/o

r 
O

R
P

) m
ay

 
b

e 
af

fe
ct

ed
 b

y 
th

e 
d

ig
gi

ng
 p

ro
ce

ss
. 

Lo
ca

ti
on

 o
f 

W
at

er
 Q

u
al

it
y 

M
ea

su
re

m
en

ts

D
es

cr
ip

tio
n—

Th
e 

lo
ca

tio
n 

w
ith

in
 a

 w
et

la
nd

 o
r 

sp
rin

g 
w

he
re

 a
 

w
at

er
 s

am
p

le
 o

r 
m

ea
su

re
m

en
t 

is
 c

ol
le

ct
ed

.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

S
ur

fa
ce

 w
at

er
 q

ua
lit

y 
sa

m
p

lin
g 

sh
ou

ld
 b

e 
co

m
p

le
te

d
 b

ef
or

e 
co

lle
ct

in
g 

d
at

a 
fo

r 
ot

he
r 

in
d

ic
at

or
s 

to
 a

vo
id

 d
eg

ra
d

in
g 

th
e 

w
at

er
 w

hi
le

 c
om

p
le

tin
g 

ot
he

r 
sa

m
p

lin
g 

ta
sk

s.
 U

se
 fl

ag
gi

ng
 if

 n
ec

es
sa

ry
 t

o 
ke

ep
 c

re
w

 m
em

b
er

s 
cl

ea
r 

of
 

th
e 

w
at

er
 s

am
p

lin
g 

lo
ca

tio
n 

un
til

 t
he

 w
at

er
 h

as
 b

ee
n 

sa
m

p
le

d
. 

Th
e 

lo
ca

tio
n 

of
 t

he
 w

at
er

 q
ua

lit
y 

m
ea

su
re

m
en

t 
is

 e
ith

er
 a

n 
un

b
ia

se
d

 lo
ca

tio
n 

or
 a

 t
ar

ge
te

d
 lo

ca
tio

n.

• 
U

nb
ia

se
d

—

 �
R

an
d

om
ly

 c
ho

se
n 

p
oi

nt
.

 �
C

en
te

r 
of

 s
ite

.

• 
Ta

rg
et

ed
 lo

ca
tio

n—

 �
S

p
rin

g 
so

ur
ce

 (r
ec

om
m

en
d

ed
 fo

r 
sp

rin
gs

).

 �
D

ow
n 

gr
ad

ie
nt

 fr
om

 s
p

rin
g 

so
ur

ce
.

 �
S

tr
ea

m
 e

xi
tin

g 
w

et
la

nd
.
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w
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 (i
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lu

d
es

 p
oo

ls
).

 �
H

ol
e 

(d
ug

 o
r 

au
ge

re
d

; i
nc

lu
d

in
g 

so
il 

sa
m

p
le

 h
ol

e)
.

 �
W

el
l/p

ie
zo

m
et

er
.

 �
O

th
er

:_
__

__
__

__
__

__
__

_.

T
im

e 
of

 W
at

er
 Q

u
al

it
y 

M
ea

su
re

m
en

ts

D
es

cr
ip

tio
n—

Th
is

 is
 t

he
 t

im
e 

of
 d

ay
 t

ha
t 

th
e 

sa
m

p
le

 o
r 

m
ea

su
re

-
m

en
t 

w
as

 c
ol

le
ct

ed
. T

hi
s 

in
fo

rm
at

io
n 

w
ill

 h
el

p
 w

ith
 t

he
 in

te
rp

re
ta

-
tio

n 
of

 t
he

 d
at

a 
b

ec
au

se
 m

an
y 

w
at

er
 q

ua
lit

y 
p

ar
am

et
er

s 
flu

ct
ua

te
 

d
iu

rn
al

ly
 b

ec
au

se
 o

f t
em

p
er

at
ur

e 
ch

an
ge

s,
 e

va
p

ot
ra

ns
p

ira
tio

n,
 

an
d

 p
ho

to
sy

nt
he

si
s.

 

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r

ec
o

rd
—

R
ec

or
d

 t
he

 t
im

e 
of

 d
ay

 t
ha

t 
th

e 
sa

m
p

le
 o

r 
m

ea
su

re
m

en
t 

w
as

 t
ak

en
.

T
em

p
er

at
u

re
 o

f 
W

at
er

 

D
es

cr
ip

tio
n—

Th
is

 is
 t

he
 t

em
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 c
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d
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.
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is

 is
 a

 li
st

 o
f a

ny
 a

rc
he

ol
og

ic
al

, p
al

eo
nt

ol
og

ic
al

, 
cu

ltu
ra

l, 
or

 h
is

to
ric

 s
ite

s 
or

 o
th

er
 h

um
an

 u
se

 o
f t

he
 s

ite
. M

an
y 



82
G

D
E

: 
Le

ve
l I

In
ve

nt
or

y 
Fi

el
d

 G
ui

d
e

sp
rin

gs
 in

 a
rid

 r
eg

io
ns

 h
av

e 
a 

lo
ng

 h
is

to
ry

 o
f u

se
 b

y 
N

at
iv

e 
A

m
er

ic
an

s 
an

d
 o

th
er

s.
 S

om
e 

ha
ve

 s
p

iri
tu

al
 v

al
ue

s 
as

so
ci

at
ed

 
w

ith
 t

he
m

. S
om

e 
fe

ns
 h

av
e 

p
re

se
rv

ed
 r

em
ai

ns
 o

f e
xt

in
ct

 a
ni

m
al

s.
 

K
no

w
le

d
ge

 o
f s

en
si

tiv
e 

si
te

s 
w

ill
 li

m
it 

in
ad

ve
rt

en
t 

d
am

ag
e 

to
 

th
es

e 
re

so
ur

ce
s.

H
o

w
 t

o
 m

ea
su

re
 a

nd
 r
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 c
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, p
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em

en
t 

In
d

ic
at

o
r 

T
o

o
l

R
es

p
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l s
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at
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d
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, p
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p
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f c
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r 

w
he

n 
ob

se
rv

ed
 

at
 m

ul
tip

le
 s

ite
s 

in
d

ic
at

e 
a 

ne
ed

 fo
r 

m
an

ag
em

en
t 

at
te

nt
io

n.
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 b
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 m
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 t
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 r
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 c
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p
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at
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 b
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at
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b
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 c
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p
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if 
d

is
tu

rb
an

ce
 e

xi
st

s 
w

ith
in

 it
s 

w
at

er
sh

ed
. 

• 
N

on
e 

of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
 t

he
 fo

llo
w

in
g 

lis
t 

ar
e 

ob
se

rv
ed
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um

-
st
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U

p
sl

op
e 

ro
ad

 d
itc

he
s 

an
d

 c
ro

ss
 d

ra
in

ag
e 

st
ru

ct
ur

es
 w

er
e 

in
st

al
le

d
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 a
 m

an
ne

r 
th

at
 c

on
ce

nt
ra

te
s 

ov
er

la
nd

 fl
ow

s 
an

d
 

sh
al

lo
w

 g
ro

un
d

w
at

er
 a

w
ay

 fr
om

 t
he

 s
ite

, c
au

si
ng

 d
es

ic
ca

tio
n 

of
 s

oi
ls

. 

• 
Fl

ow
 h

as
 b

ee
n 

ad
d

ed
 fr

om
 a

 d
iv

er
si

on
, a

nd
 e

xc
es

si
ve

 e
ro

si
on

 
or

 d
ep

os
iti

on
 is

 t
ak

in
g 

p
la

ce
 a

s 
a 

re
su

lt 
of

 t
hi

s 
in

cr
ea

se
d

 fl
ow

.

• 
Tr

ai
l d

ev
el

op
m

en
t 

ha
s 

in
te

rc
ep

te
d

, d
iv

er
te

d
, o

r 
co

nc
en

tr
at

ed
 

ov
er

la
nd

 fl
ow

s 
in

iti
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in
g 

a 
he

ad
cu

t 
th

at
 is

 d
ra

in
in

g 
th

e 
si

te
.

• 
U

p
sl

op
e 

ro
ad

 d
itc

he
s,

 c
ul

ve
rt

s,
 e

tc
., 

ar
e 

fa
ili

ng
 o

r 
in

 n
ee

d
 o

f 
re

p
ai

r.

W
at

er
 q

u
al

it
y:

 C
ha

ng
es

 in
 w

at
er

 q
ua

lit
y 

(s
ur

fa
ce

 o
r 

su
b

su
rf

ac
e)

 a
re

 n
o

t 
af

fe
ct

in
g

 t
he

 G
D

E
 s

it
e.

G
D

E
s 

ar
e 

co
m

p
le

x 
b

io
ge

oc
he

m
ic

al
 s

ys
te

m
s 

w
he

re
 w

at
er

, 
nu

tr
ie

nt
s,

 s
ed

im
en

ts
, m

ic
ro

cl
im

at
e,

 a
nd

 b
io

ta
 in

te
ra

ct
 a

s 
p

ar
t 

of
 

th
e 

na
tu

ra
l p

ro
ce

ss
es

. T
he

 e
co

lo
gy

 o
f a

 G
D

E
 is

 a
ff

ec
te

d
 b

y 
th

e 
q

ua
lit

y 
of

 t
he

 w
at

er
 s

up
p

or
tin

g 
th

e 
si

te
. C

ha
ng

es
 in

 w
at

er
 q

ua
lit

y 
ca

n 
ha

ve
 d

et
rim

en
ta

l e
ff

ec
ts

 o
n 

th
e 

flo
ra

 a
nd

 fa
un

a.
 G

D
E

s 
ar

e 
su

sc
ep

tib
le

 t
o 

p
ol

lu
tio

n 
fr

om
 a

 n
um

b
er

 o
f a

ct
iv

iti
es

. P
ol

lu
ta

nt
s 

m
ay

 b
e 

to
xi

c,
 w

hi
ch

 m
ay

 h
ar

m
 o

r 
el

im
in

at
e 

aq
ua

tic
 li

fe
. I

np
ut

s 
of

 
nu

tr
ie

nt
s 

(e
.g

., 
ni

tr
og

en
, p

ho
sp

ho
ru

s)
 c

an
 in

cr
ea

se
 t

he
 g

ro
w

th
 o

f 
aq

ua
tic

 v
eg

et
at

io
n 

an
d

 b
ac

te
ria

l a
b

un
d

an
ce

 a
nd

 lo
w

er
 d

is
so

lv
ed

 
ox

yg
en

 c
on

ce
nt

ra
tio

ns
. T

he
se

 e
ff

ec
ts

 m
ay

 c
au

se
 in

to
le

ra
nt

 
m

ac
ro

in
ve

rt
eb

ra
te

 c
om

m
un

iti
es

 t
o 

b
e 

re
p

la
ce

d
 b

y 
co

m
m

un
iti

es
 

th
at

 a
ss

oc
ia

te
d

 w
ith

 im
p

ai
re

d
 a

q
ua

tic
 s

ys
te

m
s.

Th
e 

ge
ol

og
y 

of
 s

om
e 

w
at

er
sh

ed
s 

na
tu

ra
lly

 y
ie

ld
s 

co
ns

tit
ue

nt
s 

(s
al

ts
, i

ro
n,

 n
ut

rie
nt

s,
 c

al
ci

um
 c

ar
b

on
at

es
, e

tc
.) 

th
at

 c
an

 in
hi

b
it 

gr
ow

th
 fo

r 
ce

rt
ai

n 
p

la
nt

 s
p

ec
ie

s.
 E

xa
m

p
le

s 
of

 G
D

E
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th
at

 h
av

e 
na

tu
ra

lly
 li

m
iti

ng
 w

at
er
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y 
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nd

iti
on

s 
th

at
 fa

vo
r 

so
m

e 
flo

ra
 

an
d

 fa
un

a 
ov

er
 o

th
er

s 
ar

e 
th

er
m

al
 s

p
rin

gs
, t

ra
ve

rt
in

e/
tu

fa
 d

e-
p

os
iti

ng
 s

p
rin

gs
, l

ow
 p

H
 s

p
rin

gs
, i

ro
n 

fe
ns

, a
nd

 c
al

ca
re

ou
s 

fe
ns

. 
U

nd
er

st
an

d
in

g 
th

e 
ge

ol
og

y,
 s

oi
ls

, a
nd

 w
at

er
 s

ou
rc

e 
is

 im
p

or
ta

nt
 

to
 b

e 
ab

le
 t

o 
ac

cu
ra

te
ly

 a
ss

es
s 

th
e 

ca
us

es
 o

f t
he

 w
at

er
 q

ua
lit

y 
d

at
a.

 In
 s

om
e 

ca
se

s,
 u

nu
su

al
 w

at
er

 c
he

m
is

tr
y 

va
lu

es
 c

ou
ld

 b
e 

na
tu

ra
l a

nd
, i

n 
ot

he
r 

ca
se

s,
 t

he
y 

co
ul

d
 b

e 
b

ec
au

se
 o

f m
an

ag
e-

m
en

t 
ac

tiv
iti

es
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d
 r
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ge
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f v
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b
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ty
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N

on
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of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
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 fo

llo
w

in
g 

lis
t 

ar
e 

ob
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rv
ed
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is
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d
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or
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ld
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e 
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sw

er
ed
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N

o”
 in
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D

at
a 
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ct
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 in
d

ic
at

e 
p

oo
r 

w
at

er
 q

ua
lit

y 
(r

eq
ui

re
s 

kn
ow

le
d

ge
 

of
 e

xp
ec

te
d

 r
an

ge
 o

f v
ar

ia
b

ili
ty

 fo
r 

th
e 

si
te

). 

• 
S

ou
rc

es
 o

f p
ol

lu
tio

n 
su

ch
 a

s 
m

in
in

g 
w

as
te

 o
r 

ta
ili

ng
s,

 la
nd

fil
ls

, 
he

rb
ic

id
es

, p
es

tic
id

es
, o

r 
ac

ci
d

en
ta

l s
p

ill
s 

of
 h

az
ar

d
ou

s 
ch

em
ic

al
s 

an
d

 w
as

te
 a

lo
ng

 r
oa

d
s 

ex
is

t.

• 
Th

er
e 

ha
s 

b
ee

n 
ex

ce
ss

iv
e 

us
e 

b
y 

no
nn

at
iv

e 
un

gu
la

te
s 

(s
uc

h 
as

 w
ild

 h
or

se
s 

an
d

 b
ur

ro
s,

 c
at

tle
, a

nd
 s

he
ep

) o
r 

na
tiv

e 
un

gu
la

te
s 

th
at

 h
av

e 
(1

) d
ep

os
ite

d
 fe

ca
l m

at
te

r 
an

d
 in

cr
ea

se
d

 
nu

tr
ie

nt
s 

in
 t

he
 w

at
er

 o
r 

(2
) d

am
ag

ed
 v

eg
et

at
io

n,
 a

llo
w

in
g 

in
cr

ea
se

d
 a

m
ou

nt
s 

of
 s

ed
im

en
t 

an
d

 n
ut

rie
nt

s 
to

 e
nt

er
 t

he
 

aq
ua

tic
 s

ys
te

m
. 

• 
S

ew
ag

e 
d

is
p

os
al

 o
n 

si
te

, o
r 

se
w

ag
e 

fr
om

 o
ff

-s
ite

 s
ep

tic
 

sy
st

em
s 

or
 la

go
on

s 
ha

s 
al

lo
w

ed
 p

ol
lu

ta
nt

s 
to

 le
ac

h 
in

to
 t

he
 

gr
ou

nd
w

at
er

 a
nd

 m
ov

e 
to

 s
p

rin
gs

 a
lo

ng
 a

 h
yd

ra
ul

ic
 g

ra
d

ie
nt

. 

• 
In

 s
om

e 
ca

se
s,

 e
xc

es
si

ve
 a

lg
ae

 m
ay

 b
e 

an
 in

d
ic

at
or

 o
f n

ut
ri-

en
t 

lo
ad

in
g 

in
 t

he
 w

at
er

. 

• 
V

eg
et

at
io

n 
sh

ow
s 

si
gn

s 
of

 s
tr

es
s 

fr
om

 c
he

m
ic

al
s 

in
 t

he
 w

at
er

.

Fo
ul

 s
m

el
ls

 o
r 

d
is

co
lo

re
d

 w
at

er
 s

ho
ul

d
 b

e 
fu

rt
he

r 
in

ve
st

ig
at

ed
 t

o 
d

et
er

m
in

e 
w

he
th

er
 a

 w
at

er
 q

ua
lit

y 
p

ro
b

le
m

 e
xi

st
s,

 o
r 

w
he

th
er

 t
he

 
fo

ul
 s

m
el

l i
s 

fr
om

 n
at

ur
al

 a
na

er
ob

ic
 c

on
d

iti
on

s 
an

d
 t

he
 d

is
co

lo
r-

at
io

n 
is

 fr
om

 a
 n

at
ur

al
 a

cc
um

ul
at

io
n 

of
 o

rg
an

ic
 m

at
te

r.
 

If 
a 

p
ro

b
le

m
 is

 id
en

tifi
ed

, w
at

er
 s

am
p

le
s 

sh
ou

ld
 b

e 
co

lle
ct

ed
 a

nd
 

an
al

yz
ed

 a
nd

 t
he

 r
es

ul
ts

 c
om

p
ar

ed
 a

ga
in

st
 r

el
ev

an
t 

w
at

er
 q

ua
lit

y 
cr

ite
ria

.
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af
fe
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g
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D
E

 s
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st
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ty
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In
 g

en
er

al
, s

ta
b

le
 la

nd
fo

rm
s 

ar
e 

at
 a

 s
ta

te
 o

f e
q

ui
lib

riu
m

 w
ith

 
p

hy
si

ca
l c

on
d

iti
on

s 
an

d
 p

ro
ce

ss
es

 t
ha

t 
af

fe
ct

 a
 s

ite
 s

uc
h 

as
 

cl
im

at
e,

 s
lo

p
e,

 s
oi

l, 
so

il 
m

oi
st

ur
e,

 a
nd

 g
eo

lo
gy

. A
nt

hr
op

og
en

ic
 

d
is

tu
rb

an
ce

s 
in

 t
he

 w
at

er
sh

ed
, i

nc
lu

d
in

g 
th

e 
G

D
E

, c
an

 c
au

se
 

in
st

ab
ili

ty
 in

 la
nd

fo
rm

s.
 T

he
 in

te
nt

 o
f t

hi
s 

in
d

ic
at

or
 is

 t
o 

id
en

tif
y 

ac
tiv

iti
es

 o
r 

ca
us

es
 o

f l
an

d
fo

rm
 in

st
ab

ili
ty

 a
t 

th
e 

G
D

E
 s

ite
. 

N
at

ur
al

 m
as

s 
w

as
tin

g 
ca

n 
oc

cu
r 

w
he

re
 g

ro
un

d
w

at
er

 d
is

ch
ar

ge
s 

on
 a

 s
lo

p
e 

b
ec

au
se

 g
eo

lo
gi

c 
m

at
er

ia
ls

 b
ec

om
e 

sa
tu

ra
te

d
 w

ith
 

w
at

er
, t

he
 a

ng
le

 o
f r

ep
os

e 
is

 r
ed

uc
ed

 t
o 

a 
ve

ry
 s

m
al

l v
al

ue
, a

nd
 

th
e 

m
at

er
ia

l t
en

d
s 

to
 fl

ow
 li

ke
 a

 fl
ui

d
. T

hi
s 

is
 b

ec
au

se
 g

ro
un

d
-

w
at

er
 r

ed
uc

es
 g

ra
in

-t
o-

gr
ai

n 
fr

ic
tio

na
l c

on
ta

ct
. A

s 
a 

re
su

lt,
 s

om
e 

d
is

ch
ar

ge
 w

et
la

nd
s 

ar
e 

as
so

ci
at

ed
 w

ith
 s

lo
p

e 
fa

ilu
re

s 
th

at
 a

re
 

na
tu

ra
l, 

b
ut

 t
he

y 
co

ul
d

 a
ls

o 
b

e 
p

ar
tia

lly
 t

he
 r

es
ul

t 
of

 m
an

ag
em

en
t 

ac
tiv

iti
es

.

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
O

nl
y 

na
tu

ra
l m

as
s 

m
ov

em
en

t,
 s

uc
h 

as
 s

lu
m

p
in

g,
 o

cc
ur

s.

• 
N

on
e 

of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
 t

he
 fo

llo
w

in
g 

lis
t 

ar
e 

ob
se

rv
ed

.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:
 

• 
E

xc
es

si
ve

 s
ed

im
en

t 
d

ep
os

iti
on

 h
as

 o
cc

ur
re

d
.

• 
S

tr
ea

m
 c

ha
nn

el
 a

lte
ra

tio
n 

ha
s 

oc
cu

rr
ed

, b
ey

on
d

 w
ha

t 
is

 
na

tu
ra

l.

• 
S

tr
ea

m
b

an
k 

er
os

io
n 

or
 a

 h
ea

d
cu

t 
is

 a
ff

ec
tin

g 
si

te
 s

ta
b

ili
ty

.

• 
S

lo
p

e 
fa

ilu
re

 h
as

 o
cc

ur
re

d
 fr

om
 u

nn
at

ur
al

 c
au

se
s.

• 
A

 r
oa

d
 c

ut
 o

r 
fa

ili
ng

 in
fr

as
tr

uc
tu

re
 (s

uc
h 

as
 r

et
ai

ni
ng

 w
al

ls
, l

og
 

cr
ib

s)
 is

 c
au

si
ng

 s
lo

p
e 

in
st

ab
ili

ty
.
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nt
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fu

nc
ti

o
ni

ng
 

na
tu

ra
lly

 a
nd

 is
 n

o
t 

en
tr

en
ch

ed
, e

ro
d

ed
, o

r 
o

th
er

w
is

e 
su

b
st

an
ti

al
ly

 a
lt

er
ed

. 
R

un
ou

t 
ch

an
ne

ls
 fr

om
 s

p
rin

gs
 o

r 
w

et
la

nd
s 

su
p

p
or

t 
flo

ra
 a

nd
 

fa
un

a 
th

at
 a

re
 a

n 
im

p
or

ta
nt

 a
nd

 o
ft

en
 u

ni
q

ue
 p

ar
t 

of
 t

he
 b

io
d

i-
ve

rs
ity

 o
f a

 s
ite

, t
he

re
fo

re
 t

he
 c

on
d

iti
on

 o
f t

he
 r

un
ou

t 
ch

an
ne

l i
s 

im
p

or
ta

nt
 t

o 
as

se
ss

. C
ha

ng
es

 in
 c

ha
nn

el
 a

nd
 b

an
k 

m
or

p
ho

lo
gy

 
or

 s
ub

st
ra

te
 c

om
p

os
iti

on
 c

an
 a

lte
r 

ha
b

ita
t.

R
un

ou
t 

ch
an

ne
ls

 a
re

 g
ro

un
d

w
at

er
-f

ed
 s

tr
ea

m
s 

th
at

 e
m

er
ge

 
fr

om
 s

p
rin

g 
or

ifi
ce

s 
(r

ef
er

re
d

 t
o 

as
 s

p
rin

g 
b

ro
ok

s 
or

 s
p

rin
g 

ru
ns

) 
or

 w
ith

in
 g

ro
un

d
w

at
er

-f
ed

 w
et

la
nd

s.
 S

ur
fa

ce
 d

ra
in

ag
e 

ar
ea

s 
to

 
th

es
e 

sp
rin

gs
 c

an
 b

e 
ve

ry
 s

m
al

l, 
of

te
n 

m
uc

h 
sm

al
le

r 
th

an
 t

he
 

re
ch

ar
ge

 a
re

a 
of

 t
he

 s
p

rin
gs

. T
he

 m
aj

or
 d

iff
er

en
ce

s 
in

 c
on

tr
ol

s 
on

 t
he

 c
ha

nn
el

 m
or

p
ho

lo
gy

 fo
un

d
 b

et
w

ee
n 

th
e 

sp
rin

g-
d

om
in

at
ed

 
an

d
 r

un
of

f-
d

om
in

at
ed

 c
ha

nn
el

s 
ar

e 
th

e 
d

is
ch

ar
ge

 r
eg

im
e 

an
d

 
th

e 
se

d
im

en
t 

in
p

ut
 (G

rif
fit

hs
 e

t 
al

. 2
00

8)
. T

he
 h

yd
ro

lo
gy

 u
ni

q
ue

 t
o 

sp
rin

g-
d

om
in

at
ed

 c
ha

nn
el

s 
an

d
 t

he
 la

ck
 o

f fi
ne

-g
ra

in
ed

 s
ed

im
en

t 
in

p
ut

 c
om

b
in

e 
to

 c
re

at
e 

th
e 

ob
se

rv
ed

 d
iff

er
en

ce
s.

 C
ha

nn
el

s 
d

ow
ns

tr
ea

m
 o

f s
p

rin
gs

 a
re

 t
yp

ic
al

ly
 s

tr
ai

gh
t,

 o
r,

 if
 s

in
uo

us
, t

he
y 

ar
e 

w
ith

ou
t 

re
gu

la
rit

y 
to

 t
he

 p
at

te
rn

. B
ar

s 
ar

e 
ab

se
nt

 o
r 

p
oo

rly
 

d
efi

ne
d

, b
ut

 is
la

nd
s 

or
 d

ow
ne

d
 t

im
b

er
 is

 c
om

m
on

 in
 t

he
 c

ha
nn

el
. 

S
p

rin
gfl

ow
-d

om
in

at
ed

 c
ha

nn
el

s 
ar

e 
a 

sp
ec

ia
l h

ab
ita

t 
of

 r
un

ni
ng

 
w

at
er

s 
b

ec
au

se
 o

f t
he

 r
el

at
iv

el
y 

un
ifo

rm
 t

em
p

er
at

ur
e 

an
d

 t
he

 
d

eo
xy

ge
na

te
d

 g
ro

un
d

w
at

er
 c

on
tr

ib
ut

io
n 

to
 t

he
 s

tr
ea

m
 (S

p
rin

ge
r 

an
d

 S
te

ve
ns

 2
00

9)
. S

p
rin

gfl
ow

-d
om

in
at

ed
 s

ys
te

m
s 

m
ay

 b
e 

su
f-

fic
ie

nt
ly

 s
ta

b
le

 h
ab

ita
ts

 t
o 

al
lo

w
 fo

r 
ev

ol
ut

io
na

ry
 m

ic
ro

ad
ap

ta
tio

n 
an

d
, u

lti
m

at
el

y,
 s

p
ec

ia
tio

n 
(M

cC
ab

e 
19

98
). 

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
Th

e 
ru

no
ut

 c
ha

nn
el

 is
 fu

nc
tio

ni
ng

 n
at

ur
al

ly
.

• 
N

on
e 

of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
 t

he
 fo

llo
w

in
g 

lis
t 

ar
e 

ob
se

rv
ed

.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
B

an
k 

m
or

p
ho

lo
gy

 h
as

 b
ee

n 
ch

an
ge

d
 b

y 
un

gu
la

te
 t

ra
m

p
lin

g,
 

ve
hi

cl
es

, o
r 

ot
he

r 
ac

tiv
iti

es
.

• 
C

ha
nn

el
 m

or
p

ho
lo

gy
 h

as
 b

ee
n 

ch
an

ge
d

 b
y 

ex
ca

va
tio

n,
 

d
itc

hi
ng

, o
r 

re
d

ire
ct

io
n.
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• 
Th

e 
ch

an
ne

l i
s 

en
tr

en
ch

ed
.

• 
E

ro
si

on
 o

f s
tr

ea
m

b
an

ks
 is

 b
ey

on
d

 t
he

 n
at

ur
al

 r
an

ge
 t

ha
t 

w
ou

ld
 b

e 
ex

p
ec

te
d

 a
t 

th
e 

si
te

.

S
oi

l i
n

te
g

ri
ty

: S
o

ils
 a

re
 in

ta
ct

 a
nd

 f
un

ct
io

na
l. 

Fo
r 

ex
am

p
le

, s
at

ur
at

io
n 

is
 s

uf
fi

ci
en

t 
to

 m
ai

nt
ai

n 
hy

d
ri

c 
so

ils
, i

f 
p

re
se

nt
; t

he
re

 is
 n

o
t 

ex
ce

ss
iv

e 
er

o
si

o
n 

o
r 

d
ep

o
si

ti
o

n.
Th

e 
p

ur
p

os
e 

of
 t

hi
s 

in
d

ic
at

or
 is

 t
o 

ev
al

ua
te

 t
he

 c
on

d
iti

on
 o

f t
he

 
so

il 
an

d
 t

o 
d

et
er

m
in

e 
if 

th
e 

so
il 

ha
s 

b
ee

n 
af

fe
ct

ed
 b

y 
ex

ce
ss

iv
e 

d
is

tu
rb

an
ce

. M
an

ag
em

en
t 

ac
tiv

iti
es

 c
an

 a
lte

r 
th

e 
so

il 
an

d
 t

he
 

hy
d

ro
lo

gi
c 

co
nd

iti
on

s 
th

at
 a

ff
ec

t 
th

e 
so

il.
 In

 t
he

 c
as

e 
of

 w
et

la
nd

s,
 

in
ta

ct
 h

yd
ric

 s
oi

ls
 a

re
 a

 u
se

fu
l i

nd
ic

at
or

 t
ha

t 
th

e 
d

ur
at

io
n 

an
d

 
fr

eq
ue

nc
y 

of
 s

at
ur

at
io

n 
ha

s 
b

ee
n 

su
ffi

ci
en

t 
to

 m
ai

nt
ai

n 
w

et
la

nd
 

so
il 

ch
ar

ac
te

ris
tic

s.
 S

oi
l s

at
ur

at
io

n 
cr

ea
te

s 
an

ae
ro

b
ic

 c
on

d
iti

on
s,

 
w

hi
ch

 le
ad

s 
to

 t
he

 r
ed

uc
tio

n,
 t

ra
ns

lo
ca

tio
n,

 a
nd

 a
cc

um
ul

at
io

n 
of

 
iro

n,
 m

an
ga

ne
se

, s
ul

fu
r,

 a
nd

 c
ar

b
on

 c
om

p
ou

nd
s 

(r
ed

ox
im

or
p

hi
c 

fe
at

ur
es

). 
S

at
ur

at
io

n 
al

so
 s

lo
w

s 
d

ec
om

p
os

iti
on

 o
f p

la
nt

 m
at

er
ia

l, 
w

hi
ch

 c
an

 le
ad

 to
 th

e 
ac

cu
m

ul
at

io
n 

of
 p

ea
t (

ov
er

 lo
ng

-t
er

m
 p

er
io

ds
). 

Th
is

 s
oi

l i
nt

eg
rit

y 
in

d
ic

at
or

 is
 in

te
nd

ed
 t

o 
as

se
ss

 w
he

th
er

 s
uc

h 
hy

d
ric

 s
oi

ls
 a

re
 b

ei
ng

 m
ai

nt
ai

ne
d

 in
 t

ho
se

 a
re

as
 w

he
re

 h
yd

ric
 

so
ils

 w
ou

ld
 b

e 
ex

p
ec

te
d

. I
n 

th
e 

ca
se

 o
f s

p
rin

gs
 w

ith
ou

t 
hy

d
ric

 
so

ils
, t

he
 in

te
nt

 is
 t

o 
d

et
er

m
in

e 
if 

so
il 

d
is

tu
rb

an
ce

 (e
ro

si
on

, 
d

ep
os

iti
on

, c
om

p
ac

tio
n,

 e
tc

.) 
ha

s 
oc

cu
rr

ed
. 

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
H

yd
ric

 s
oi

ls
 a

re
 p

re
se

nt
 a

nd
 s

oi
l s

at
ur

at
io

n 
is

 c
lo

se
 t

o 
th

e 
gr

ou
nd

 s
ur

fa
ce

.

• 
N

on
e 

of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
 t

he
 fo

llo
w

in
g 

lis
t 

ar
e 

ob
se

rv
ed

.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
S

oi
l c

om
p

ac
tio

n 
or

 e
ro

si
on

 b
ec

au
se

 o
f l

iv
es

to
ck

, v
eh

ic
le

s,
 o

r 
ot

he
r 

so
ur

ce
s.

• 
D

es
ic

ca
te

d
 p

ea
t 

or
 o

xi
d

iz
ed

 o
rg

an
ic

 m
at

te
r 

is
 o

b
se

rv
ed

 a
t 

th
e 

si
te

.
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• 
P
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t 

so
ils

 a
re

 c
hu

rn
ed

 b
ec

au
se

 o
f l

iv
es

to
ck

 h
oo

f a
ct

io
n.

 (T
hi

s 
re

fe
rs

 t
o 

th
e 

st
irr

in
g 

of
 t

he
 p

ea
t 

la
ye

r 
th

at
 c

au
se

s 
or

ga
ni

c 
m

at
te

r 
to

 b
e 

m
ix

ed
 in

to
 t

he
 u

nd
er

ly
in

g 
m

in
er

al
 la

ye
r.

 T
he

 s
oi

l 
st

ru
ct

ur
e 

is
 a

lte
re

d
 a

nd
 is

 m
as

si
ve

 o
r 

p
la

ty
.)

• 
P

ed
es

ta
ls

 c
re

at
ed

 b
y 

ho
of

 s
he

ar
, h

oo
f c

om
p

ac
tio

n,
 a

nd
 

d
is

ru
p

tio
n 

of
 r

oo
t 

sy
st

em
s.

• 
P

os
t 

ho
le

s/
p

ud
d

lin
g 

th
at

 r
es

ul
t 

fr
om

 lo
gg

in
g 

eq
ui

p
m

en
t,

 
re

cr
ea

tio
na

l v
eh

ic
le

s,
 li

ve
st

oc
k,

 a
nd

 w
ild

lif
e.

V
eg

et
at

io
n

 c
om

p
os

it
io

n
: T

he
 s

it
e 

in
cl

ud
es

 a
nt

ic
ip

at
ed

 
co

ve
r 

o
f 

p
la

nt
 s

p
ec

ie
s 

as
so

ci
at

ed
 w

it
h 

th
e 

si
te

 
en

vi
ro

nm
en

t,
 a

nd
 n

o
 e

vi
d

en
ce

 s
ug

g
es

ts
 t

ha
t 

up
la

nd
 

sp
ec

ie
s 

ar
e 

re
p

la
ci

ng
 h

yd
ri

c 
sp

ec
ie

s.
V

eg
et

at
io

n 
co

m
p

os
iti

on
 is

 a
n 

ex
p

re
ss

io
n 

of
 e

nv
iro

nm
en

ta
l 

co
nd

iti
on

s 
an

d
 m

an
ag

em
en

t 
ac

tiv
iti

es
. T

he
 a

b
un

d
an

ce
 o

f p
la

nt
 

sp
ec

ie
s 

w
ill

 r
es

p
on

d
 t

o 
ch

an
ge

s 
in

 h
yd

ro
lo

gi
c 

co
nd

iti
on

s 
at

 a
 

G
D

E
. I

n 
so

m
e 

ca
se

s,
 c

er
ta

in
 s

p
ec

ie
s 

d
is

ap
p

ea
r 

al
to

ge
th

er
 fr

om
 a

 
si

te
 b

ec
au

se
 o

f c
ha

ng
es

 in
 w

at
er

 t
ab

le
 o

r 
sp

rin
g 

flo
w

. V
eg

et
at

io
n 

co
m

p
os

iti
on

 c
an

 a
ls

o 
ch

an
ge

 b
ec

au
se

 o
f d

is
tu

rb
an

ce
s 

an
d

 
m

an
ag

em
en

t 
ac

tiv
iti

es
. T

he
 r

el
at

iv
el

y 
co

ns
is

te
nt

 a
va

ila
b

ili
ty

 o
f 

w
at

er
 a

t 
G

D
E

s 
su

p
p

or
ts

 h
yd

ric
 p

la
nt

s,
 w

hi
ch

 a
re

 g
en

er
al

ly
 m

or
e 

ab
un

d
an

t 
at

 G
D

E
s 

th
an

 in
 t

he
 s

ur
ro

un
d

in
g 

up
la

nd
s.

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
E

xp
ec

te
d

 v
eg

et
at

io
n 

fo
r 

th
e 

se
tt

in
g 

an
d

 e
nv

iro
nm

en
t 

is
 p

re
s-

en
t,

 w
hi

ch
 w

ou
ld

 g
en

er
al

ly
 in

cl
ud

e 
O

B
L 

or
 F

A
C

W
 s

p
ec

ie
s 

of
 

th
e 

W
et

la
nd

 In
d

ic
at

or
 S

ta
tu

s 
(U

S
FW

S
 1

98
8)

. P
rim

ar
ily

 n
at

iv
e 

sp
ec

ie
s.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
W

et
la

nd
 v

eg
et

at
io

n 
se

em
s 

to
 h

av
e 

b
ee

n 
gr

ea
tly

 r
ed

uc
ed

 o
r 

el
im

in
at

ed
. 

• 
O

ve
rs

to
ry

 o
f w

et
la

nd
 w

oo
d

y 
sp

ec
ie

s 
b

ut
 a

 la
ck

 o
f w

et
la

nd
 

un
d

er
st

or
y 

sp
ec

ie
s,

 s
ug

ge
st

in
g 

re
ce

nt
 h

yd
ro

lo
gi

c 
ch

an
ge

s 
(b

ec
au

se
 h

er
b

ac
eo

us
 v

eg
et

at
io

n 
is

 g
en

er
al

ly
 m

or
e 

re
sp

on
si

ve
 

to
 c

ha
ng

es
 in

 h
yd

ro
lo

gy
 t

ha
n 

w
oo

d
y 

sp
ec

ie
s)

. 
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• 
E
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d

en
ce

 s
ug

ge
st

in
g 

th
at

 u
p

la
nd

 s
p

ec
ie

s 
ha

ve
 in

cr
ea

se
d

. 

• 
D

om
in

an
ce

 b
y 

no
nn

at
iv

e 
or

 in
va

si
ve

 p
la

nt
s.

V
eg

et
at

io
n

 c
on

d
it

io
n

: V
eg

et
at

io
n 

ex
hi

b
it

s 
se

as
o

na
lly

 
ap

p
ro

p
ri

at
e 

he
al

th
 a

nd
 v

ig
o

r.
Th

is
 s

ta
te

m
en

t 
is

 in
te

nd
ed

 t
o 

ev
al

ua
te

 t
he

 h
ea

lth
 o

r 
vi

go
r 

of
 

th
e 

ve
ge

ta
tio

n,
 b

as
ed

 o
n 

a 
vi

su
al

 a
ss

es
sm

en
t.

 T
he

 c
on

d
iti

on
 o

f 
ve

ge
ta

tio
n 

ca
n 

b
e 

ad
ve

rs
el

y 
af

fe
ct

ed
 b

y 
m

an
ag

em
en

t 
ac

tiv
iti

es
.

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
S

ite
s 

th
at

 h
av

e 
d

en
se

, r
ob

us
t 

ve
ge

ta
tio

n 
gr

ow
th

 t
ha

t 
is

 
he

al
th

y-
lo

ok
in

g 
in

 t
er

m
s 

of
 le

af
 c

ol
or

, s
iz

e,
 a

nd
 s

ha
p

e.
 

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
S

ite
s 

th
at

 h
av

e 
d

is
co

lo
re

d
, d

ec
ad

en
t,

 w
ea

ke
ne

d
, o

r 
un

us
ua

lly
 

sp
ar

se
 v

eg
et

at
io

n.

• 
E

vi
d

en
ce

 o
f s

ev
er

e 
gr

az
in

g 
or

 b
ro

w
si

ng
 b

y 
liv

es
to

ck
 a

nd
/o

r 
na

tiv
e 

un
gu

la
te

s,
 s

uc
h 

as
 h

ed
ge

d
 p

la
nt

s.

T
h

re
at

en
ed

, e
n

d
an

g
er

ed
, a

n
d

 s
en

si
ti

ve
 s

p
ec

ie
s;

  
S

O
I/

S
O

C
; o

r 
fo

ca
l fl

or
al

 s
p

ec
ie

s.
 A

nt
ic

ip
at

ed
 fl

o
ra

l 
sp

ec
ie

s 
ar

e 
p

re
se

nt
 (w

ill
 v

ar
y 

b
y 

ec
o

lo
g

ic
al

 r
eg

io
n 

 
an

d
 w

ill
 r

eq
ui

re
 s

o
m

e 
b

as
el

in
e 

in
fo

rm
at

io
n)

.
S

om
e 

G
D

E
s 

su
pp

or
t t

hr
ea

te
ne

d,
 e

nd
an

ge
re

d,
 o

r 
se

ns
iti

ve
 s

pe
ci

es
; 

S
O

I/
sp

ec
ie

s 
of

 c
on

ce
rn

 (S
O

C
); 

or
 fo

ca
l fl

or
al

 s
p

ec
ie

s.
 T

he
 in

te
nt

 
of

 t
hi

s 
in

d
ic

at
or

 is
 t

o 
id

en
tif

y 
si

te
s 

th
at

 s
up

p
or

t 
th

es
e 

im
p

or
ta

nt
 

p
la

nt
 s

p
ec

ie
s.
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r 

to
 t

he
 c

on
se

q
ue

nc
es

 o
f a

 d
ro

ug
ht

 
th

at
 c

au
se

s 
sp

rin
gs

 a
nd

 w
et

la
nd

s 
to

 b
ec

om
e 

d
rie

r.
 In

 g
en

er
al

, 
sp

ec
ie

s 
ric

hn
es

s 
d

ec
lin

es
 a

s 
d

iv
er

si
on

 in
cr

ea
se

s,
 a

nd
 fu

nc
tio

na
l 

sh
ift

s 
in

 t
he

 s
tr

uc
tu

re
 o

f a
q

ua
tic

 a
nd

 w
et

la
nd

 c
om

m
un

iti
es

 o
cc

ur
. 

A
s 

d
iv

er
si

on
 in

cr
ea

se
s,

 in
to

le
ra

nt
 a

q
ua

tic
 t

ax
a 

(e
.g

., 
m

ay
fli

es
, 

ca
d

d
is

fli
es

, c
re

no
b

io
nt

ic
s)

 a
re

 r
ep

la
ce

d
 b

y 
to

le
ra

nt
 t

ax
a 

(e
.g

., 
m

id
ge

s,
 b

ee
tle

s,
 c

or
ix

id
s)

, a
nd

 n
on

na
tiv

e 
an

d
 u

p
la

nd
 v

eg
et

at
io

n 
b

ec
om

es
 m

or
e 

ab
un

d
an

t.
 

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

N
o 

flo
w

 r
eg

ul
at

io
n 

ex
is

ts
 a

t 
th

e 
si

te
.

Fl
ow

 r
eg

ul
at

io
n 

st
ru

ct
ur

es
 a

re
 s

ta
b

le
, a

cc
om

m
od

at
e 

flo
w

s,
 

an
d

 d
o 

no
t 

ad
ve

rs
el

y 
af

fe
ct

 t
he

 e
co

lo
gy

 o
f t

he
 s

ite
.

D
iv

er
si

on
s 

re
m

ov
e 

ve
ry

 s
m

al
l a

m
ou

nt
s 

of
 w

at
er

 a
nd

 h
av

e 
m

in
im

al
 e

ff
ec

ts
 o

n 
ec

ol
og

y.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

Th
er

e 
ex

is
ts

 c
ha

nn
el

iz
at

io
n 

or
 r

ed
ire

ct
io

n 
of

 fl
ow

, d
el

iv
er

y 
of

 w
at

er
 t

hr
ou

gh
 p

ip
es

 a
nd

 c
on

cr
et

e 
ch

an
ne

ls
 t

o 
ta

nk
s 

an
d
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rs
, e

xc
av

at
io

n 
an

d
 in

st
al

la
tio

n 
of

 s
p

rin
g 

b
ox

es
, d

itc
hi

ng
 

w
et

la
nd

s 
to

 d
ra

in
 t

he
m

, o
r 

im
p

ou
nd

in
g 

sp
rin

g 
so

ur
ce

s.
 (T

he
se

 
st

ru
ct

ur
es

 a
re

 d
es

ig
ne

d
 t

o 
ca

p
tu

re
 a

nd
 d

iv
er

t 
w

at
er

 fo
r 

us
es

 
su

ch
 a

s 
liv

es
to

ck
 w

at
er

in
g,

 d
om

es
tic

 u
se

, o
r 

irr
ig

at
io

n.
)

• 
Fl

ow
 d

iv
er

si
on

 is
 c

au
si

ng
 t

he
 a

re
a 

of
 w

et
la

nd
 v

eg
et

at
io

n 
an

d
 

so
ils

 t
o 

co
nt

ra
ct

.

C
on

st
ru

ct
io

n
 a

n
d

 r
oa

d
 e

ff
ec

ts
: C

o
ns

tr
uc

ti
o

n,
 r

ec
o

n-
st

ru
ct

io
n,

 o
r 

m
ai

nt
en

an
ce

 o
f 

p
hy

si
ca

l i
m

p
ro

ve
m

en
ts

, 
in

cl
ud

in
g

 r
o

ad
s,

 a
re

 n
o

t 
ad

ve
rs

el
y 

af
fe

ct
in

g
 t

he
 s

it
e.

 
R

oa
d

s 
ca

n 
ca

us
e 

ne
ga

tiv
e 

ec
ol

og
ic

al
 e

ff
ec

ts
 t

o 
ec

os
ys

te
m

s,
 

pl
an

ts
, a

nd
 w

ild
lif

e.
 T

he
 e

ffe
ct

s 
of

 r
oa

d 
co

ns
tr

uc
tio

n 
an

d 
op

er
at

io
n 

on
 w

et
la

nd
s 

an
d

 s
p

rin
gs

 in
cl

ud
e 

ne
ga

tiv
e 

ef
fe

ct
s 

fr
om

 c
ha

ng
es

 
to

 t
he

 c
he

m
is

tr
y 

an
d

 b
io

lo
gy

 o
f t

he
 lo

ca
l a

re
a 

to
 c

ha
ng

es
 in

 h
y -

 
d

ro
lo

gy
 t

ha
t 

go
 b

ey
on

d
 t

he
 im

m
ed

ia
te

 a
re

a 
of

 t
he

 r
oa

d
. L

os
s 

of
 

w
ild

lif
e 

ha
b

ita
t,

 lo
ss

 o
f s

p
ec

ie
s,

 a
nd

 b
io

d
iv

er
si

ty
 a

re
 o

th
er

 c
on

se
-

q
ue

nc
es

 o
f s

uc
h 

ch
an

ge
s.

 In
 a

d
d

iti
on

, r
oa

d
s 

ar
e 

b
ar

rie
rs

 t
ha

t 
ca

n 
ca

us
e 

ha
b

ita
t 

fr
ag

m
en

ta
tio

n 
an

d
 e

d
ge

 e
ff

ec
ts

, w
hi

ch
 m

ay
 a

ff
ec

t 
so

m
e 

p
la

nt
 a

nd
 a

ni
m

al
 s

p
ec

ie
s.

 R
oa

d
s 

ar
e 

al
so

 c
or

rid
or

s 
th

at
 c

an
 

fa
ci

lit
at

e 
th

e 
sp

re
ad

 o
f i

nv
as

iv
e 

sp
ec

ie
s.

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
N

o 
ev

id
en

ce
 s

ug
ge

st
s 

th
at

 c
on

st
ru

ct
io

n 
or

 r
oa

d
s 

ar
e 

af
fe

ct
in

g 
th

e 
G

D
E

.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
W

ith
in

 t
he

 s
ite

, r
oa

d
s 

ha
ve

 c
au

se
d

 t
ra

m
p

lin
g,

 s
oi

l c
om

p
ac

tio
n,

 
er

os
io

n,
 d

is
tu

rb
an

ce
 (b

ec
au

se
 o

f n
oi

se
 o

r 
m

ot
io

n)
, p

ol
lu

tio
n,

 
nu

tr
ie

nt
 lo

ad
in

g,
 o

r 
in

tr
od

uc
tio

n 
of

 in
va

si
ve

 p
la

nt
 s

p
ec

ie
s.

• 
R

oa
d

 is
 c

ha
nn

el
iz

in
g 

ru
no

ff
 a

nd
 d

el
iv

er
in

g 
se

d
im

en
t 

to
 t

he
 

si
te

. 

• 
P

hy
si

ca
l i

m
p

ro
ve

m
en

ts
, s

uc
h 

as
 b

ui
ld

in
gs

, l
at

rin
es

, w
at

er
 

d
ev

el
op

m
en

t 
st

ru
ct

ur
es

, p
ip

in
g,

 a
nd

 p
ar

ki
ng

 lo
ts

, a
re

 a
ff

ec
tin

g 
th

e 
si

te
.

• 
S

to
rm

w
at

er
 r

un
of

f f
ro

m
 a

 r
oa

d
 o

r 
p

ar
ki

ng
 lo

t 
is

 e
nt

er
in

g 
a 

w
et

la
nd

. 
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fe
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in

g
 a

nd
 e

xc
lo

su
re

s 
ar

e 
ap

p
ro

p
ri

at
e 

an
d

 f
un

ct
io

na
l.

Fe
nc

es
 a

re
 s

om
et

im
es

 u
se

d
 t

o 
ex

cl
ud

e 
an

im
al

s 
or

 p
eo

p
le

 fr
om

  
sp

rin
g 

or
 w

et
la

nd
 s

ite
s 

to
 p

re
ve

nt
 d

am
ag

e 
to

 v
eg

et
at

io
n,

 a
lte

ra
tio

n 
of

 s
ed

im
en

t fl
ux

, o
r 

ad
ve

rs
e 

af
fe

ct
s 

on
 w

at
er

 q
ua

lit
y.

 P
ro

pe
r 

pl
ac

e -
 

m
en

t 
an

d
 m

ai
nt

en
an

ce
 o

f f
en

ce
s 

is
 r

eq
ui

re
d

 t
o 

m
ee

t 
co

ns
er

va
tio

n 
ob

je
ct

iv
es

. T
hi

s 
in

d
ic

at
or

 a
ss

es
se

s 
if 

th
e 

fe
nc

es
 a

re
 a

p
p

ro
p

ria
te

ly
 

d
es

ig
ne

d
, l

oc
at

ed
, a

nd
 m

ai
nt

ai
ne

d
, a

nd
 if

 t
he

y 
ar

e 
w

or
ki

ng
 a

s 
in

te
nd

ed
.

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
Fe

nc
in

g 
w

as
 p

ro
p

er
ly

 d
es

ig
ne

d
 a

nd
 is

 fu
nc

tio
ni

ng
 t

o 
ex

cl
ud

e 
w

ha
te

ve
r 

it 
w

as
 in

te
nd

ed
 t

o 
ex

cl
ud

e,
 s

uc
h 

as
 li

ve
st

oc
k,

 w
ild

 
an

im
al

s,
 v

eh
ic

le
s,

 a
nd

 r
ec

re
at

io
n 

us
e.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
Fe

nc
e 

is
 d

ow
n,

 d
am

ag
ed

, o
r 

b
ro

ke
n.

• 
Fe

nc
e 

w
as

 n
ot

 d
es

ig
ne

d
 o

r 
co

ns
tr

uc
te

d
 in

 a
 m

an
ne

r 
th

at
 

ef
fe

ct
iv

el
y 

p
ro

te
ct

s 
th

e 
ec

ol
og

ic
al

ly
 v

al
ua

b
le

 p
or

tio
ns

 o
f t

he
 

si
te

.

H
er

b
iv

or
e 

ef
fe

ct
s:

 H
er

b
iv

o
ry

 is
 n

o
t 

ad
ve

rs
el

y 
af

fe
ct

in
g

 
th

e 
si

te
.

Th
is

 in
d

ic
at

or
 d

oc
um

en
ts

 w
he

th
er

 g
ra

zi
ng

 o
r 

b
ro

w
si

ng
 b

y 
na

tiv
e 

or
 n

on
na

tiv
e 

an
im

al
s 

is
 a

d
ve

rs
el

y 
af

fe
ct

in
g 

th
e 

si
te

. T
hi

s 
re

fe
rs

 t
o 

ef
fe

ct
s 

fr
om

 a
ni

m
al

s 
su

ch
 a

s 
ca

tt
le

, s
he

ep
, h

or
se

s,
 b

ur
ro

s,
 e

lk
, 

d
ee

r,
 o

r 
m

oo
se

. 

M
an

y 
sp

rin
gs

 a
nd

 w
et

la
nd

s 
ha

ve
 b

ee
n 

al
te

re
d

 b
y 

gr
az

in
g 

an
d

 
tr

am
p

lin
g 

of
 li

ve
st

oc
k,

 a
s 

w
el

l a
s 

ot
he

r 
no

nn
at

iv
e 

an
d

 n
at

iv
e 

un
gu

la
te

s.
 E

xc
es

si
ve

 g
ra

zi
ng

 in
 G

D
E

s 
ca

n 
d

am
ag

e 
or

 a
lte

r 
ve

g-
et

at
io

n,
 le

ad
 t

o 
in

cr
ea

se
d

 w
at

er
 t

em
p

er
at

ur
e,

 c
au

se
 s

oi
l e

ro
si

on
 

(in
cl

ud
in

g 
st

re
am

b
an

k 
er

os
io

n)
, a

nd
 a

d
d

 s
ed

im
en

t 
an

d
 n

ut
rie

nt
s 

to
 a

q
ua

tic
 s

ys
te

m
s.

 T
ho

se
 c

ha
ng

es
 c

an
 d

am
ag

e 
ha

b
ita

t 
fo

r 
w

ild
-

lif
e,

 fi
sh

, a
nd

 o
th

er
 a

q
ua

tic
 fa

un
a,

 s
uc

h 
as

 m
ac

ro
in

ve
rt

eb
ra

te
s.



98
G

D
E

: 
Le

ve
l I

In
ve

nt
or

y 
Fi

el
d

 G
ui

d
e

E
xa

m
p

le
s

Th
is
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d
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at

or
 w
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e 

an
sw

er
ed
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Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
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ce
s:

• 
N

o 
ev

id
en

ce
 in

d
ic

at
es

 a
d

ve
rs

e 
ef

fe
ct

s 
fr

om
 g

ra
zi

ng
 o

r 
b

ro
w

si
ng

 b
y 

na
tiv

e 
or

 n
on

na
tiv

e 
un

gu
la

te
s.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
N

at
iv

e 
or

 n
on

na
tiv

e 
un

gu
la

te
s 

ha
ve

 c
au

se
d

 e
xc

es
si

ve
 r

em
ov

al
 

of
 v

eg
et

at
io

n,
 a

b
no

rm
al

ly
 lo

w
 h

ei
gh

t 
(in

cl
ud

in
g 

he
d

gi
ng

 o
f 

sh
ru

b
s)

 o
r 

co
ve

r 
of

 v
eg

et
at

io
n,

 o
r 

m
aj

or
 c

ha
ng

es
 in

 s
p

ec
ie

s 
co

m
p

os
iti

on
. 

• 
N

at
iv

e 
or

 n
on

na
tiv

e 
un

gu
la

te
s’

 h
oo

f a
ct

io
n 

ha
s 

ca
us

ed
 t

ra
m

-
p

lin
g 

of
 v

eg
et

at
io

n,
 s

oi
l e

ro
si

on
, o

r 
ot

he
r 

gr
ou

nd
 d

is
tu

rb
an

ce
.

R
ec

re
at

io
n

al
 e

ff
ec

ts
: R

ec
re

at
io

na
l u

se
s,

 in
cl

ud
in

g
 

tr
ai

ls
, a

re
 n

o
t 

ad
ve

rs
el

y 
af

fe
ct

in
g

 t
he

 s
it

e.
 

R
ec

re
at

io
na

l a
ct

iv
iti

es
 c

an
 n

eg
at

iv
el

y 
af

fe
ct

 G
D

E
s.

 O
ff

-r
oa

d
 

ve
hi

cl
e 

us
e 

is
 in

cr
ea

si
ng

 o
n 

N
FS

 la
nd

s 
an

d
 h

as
 d

am
ag

ed
 m

an
y 

w
et

la
nd

 a
nd

 s
p

rin
g 

ha
b

ita
ts

. S
ad

a 
(2

00
1)

 d
oc

um
en

te
d

 h
ow

 
tr

am
p

lin
g 

b
y 

re
cr

ea
tio

ni
st

s 
af

fe
ct

ed
 t

he
 a

b
un

d
an

ce
 a

nd
 d

is
tr

ib
u-

tio
n 

of
 s

p
rin

g-
d

w
el

lin
g 

m
ol

lu
sk

s.
 T

he
 e

ff
ec

ts
 o

n 
sp

rin
gs

 is
 s

im
ila

r 
to

 t
ho

se
 c

au
se

d
 b

y 
ex

ce
ss

iv
e 

liv
es

to
ck

 a
nd

 w
ild

lif
e 

ac
tiv

ity
 in

 
rip

ar
ia

n 
an

d
 a

q
ua

tic
 s

ys
te

m
s,

 w
he

re
 it

 h
as

 d
eg

ra
d

ed
 r

ip
ar

ia
n 

ve
ge

ta
tio

n 
an

d
 in

cr
ea

se
d

 w
at

er
 t

em
p

er
at

ur
e,

 t
he

 a
m

ou
nt

 o
f fi

ne
 

su
b

st
ra

te
s,

 a
nd

 n
ut

rie
nt

 lo
ad

in
g 

(F
le

is
ch

ne
r 

19
94

, K
au

ff
m

an
 a

nd
 

K
ru

eg
er

 1
98

4)
. 

E
xa

m
p

le
s

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
Y

es
” 

in
 t

he
 fo

llo
w

in
g 

ci
rc

um
-

st
an

ce
s:

• 
N

on
e 

of
 t

he
 a

d
ve

rs
e 

ef
fe

ct
s 

in
 t

he
 fo

llo
w

in
g 

lis
t 

ar
e 

ob
se

rv
ed

.

Th
is

 in
d

ic
at

or
 w

ou
ld

 b
e 

an
sw

er
ed

 “
N

o”
 in

 t
he

 fo
llo

w
in

g 
ci

rc
um

-
st

an
ce

s:

• 
C

am
p

in
g,

 h
ik

in
g,

 a
nd

 a
ss

oc
ia

te
d

 r
ef

us
e 

ha
ve

 a
d

ve
rs

el
y 

af
fe

ct
ed

 t
he

 s
ite

.

• 
R

ec
re

at
io

n 
us

e 
al

on
g 

a 
sp

rin
g 

b
ro

ok
 h

as
 c

au
se

d
 d

ec
re

as
ed

 
ve

ge
ta

tio
n 

he
ig

ht
 o

r 
co

ve
r 

(th
ro

ug
h 

tr
am

pl
in

g 
or

 o
th

er
 d

am
ag

e)
.
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 p
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 r
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b
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ra
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st

.

ci
en

eg
a—
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 c
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d
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 t
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p
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 d
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b
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p
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 g
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d
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 p

ha
se

.

g
ra

m
in

o
id

—
Tr

ue
 g

ra
ss

es
 (P

oa
ce

ae
) o

r 
gr

as
s-

lik
e 

p
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at
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p
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 c
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, d

rip
, o

r 
p

ou
r 

on
to

 
un

d
er

ly
in

g 
w

al
ls

. H
an

gi
ng

 g
ar

d
en

s 
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 p
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 d
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ra
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p
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b
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 p
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 d
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p
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p
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 m
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 o
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U.S. Dept. of Agriculture
Forest Service

JOB HAZARD ANALYSIS (JHA)
References-FSH 6709.11 and-12

(Instructions on reverse)

1. WORK PROJECT/ACTIVITY

Field Data Collection

2. LOCATION3. UNIT

4. NAME OF ANALYST5. JOB TITLE6. DATE PREPARED

January 2010

7. TASK/PROCEDURES8. HAZARDS9. ABATEMENT ACTIONS

1. Driving from either official or 
temporary duty station to field 
location

a. Hazardous road conditions during 
some portions of the year

 �Drive with extreme caution.

 �All field personnel attend defensive driving class renewed at least every three 
portions of the year.

 �See “Winter Travel” and “General Driving” JHA.

b. Driving in off-road situations with or 
without four-wheel drive

 �All new personnel receive training on the use and operation of four-wheel drive 
vehicles.

 �Drive with extreme caution.

c. Vehicle breakdown and unable to 
get to shelter

 �Ensure that each vehicle is equipped with a seasonal survival kit that has been 
inspected and includes all items that are necessary.

d. Cell phones �Absolutely no using cell phones while driving a Government vehicle. This includes 
texting and talking.

e. Female traveling alone �Avoid hotel rooms on the ground floor. Do not accept a room with adjoining door 
entry. Keep cell phone handy and fully charged. Wear a wedding ring. Park in well 
lit areas.

2. Foot travela. Slips, trips, and falls �Wear nonskid boots that are appropriate for conditions.

 �Watch where walking.

 �Stay on trails when able.

 �Use a walking stick when necessary.

b. Allergic reaction to insect bites 
(e.g., bee stings)

 �Ensure that all personnel with known allergic reactions to insect bites carry 
appropriate medication. In addition, the allergic individuals should make sure 
that their partner knows where the medication is kept and can administer it in an 
emergency situation.
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 �In case of a bite or sting, watch subject closely for any allergic reaction. Call 911 
or local emergency number and evacuate immediately if any reaction away from 
injury site is observed.

c. Branches striking eyes �Keep a safe distance from partner.

 �Wear protective eyewear.

d. Crossing shallow streams �Always work with a partner when planning stream or river crossings with water 
depths over the knees. Choose crossing sites with shallow water, slow currents, 
and gradual slopes. Avoid crossing sites with water over mid-thigh depths or 
swift current.

 �Use pole or walking stick to help maintain balance with three-point support. Move 
one foot or pole at a time.

 �Watch for and avoid large, wet, rounded rocks because they may be slippery.

 �Be especially alert to the possibility of one foot becoming entrapped in rocks or 
branches and current forcing individual off balance and under water. 

 �Carry a rope or throw rope long enough to reach across the entire width of the 
crossing.

 �Make the crossing one person at a time with one person on the bank at all times. 
Stretch the safety rope between the person on the bank and the person crossing.

 �Logs should be used as last alternative and should be of sufficient size, dry, and 
algae free.

 �Leave vest unbuttoned, remove workbelt from waist, disconnect waist and 
sternum straps on pack, and be prepared to ditch any equipment if you are 
unable to recover from a fall.

 �Protect feet with proper footwear such as waders. Bring dry socks and footwear 
to wear during field work and hiking.

 �Do not cross streams during unfavorable weather.
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3. Use of snowmobile to travel to the 
field location

 �See “Snowmobile Use” JHA.

4. Use of boat to travel to the field 
location

 �See “Boat Travel” JHA.

5. Use of all-terrain vehicle to travel to 
the field location

 �See “ATV Travel” JHA.

6. Driving FS/GSA vehicles �See “General Driving and 15 Passenger Vans” JHA.

7. Overnight travel �See “Overnight Travel” JHA.

8. Office work �See “Office Work” JHA.

9. Conducting field worka. Use of hand tools such as hand 
axe, pruning saw, and shovel

 �When traversing slopes, carry hand tools on the downhill side.

 �Hand axes should always be carried sheathed with leather flap snapped shut.

 �Do not carry long handled tools over shoulder, or hatchets unsheathed in 
belt-loop.

b. Dehydration �Consume (in addition to regular meals) fruit and liquids that replace the loss 
of carbohydrates and maintain blood sugar levels at normal limits. Drink water 
regularly. Make sure you carry enough water. Take frequent breaks. Avoid open 
sunny areas if weather is extreme. Seek shaded areas.

c. Hypothermia �Prevent hypothermia by planning ahead and using your gear to stay warm and 
dry.

 �On cool days be aware of overheating and then rapidly cooling down.

 �Dress appropriately and in layers to account for temperature extremes.

 �Stay hydrated and eat high-energy foods.

 �See “Winter Travel” JHA for more detailed information.
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d. Poisonous plants present  
(e.g., poison ivy)

 �Make sure that crew members can identify poisonous plants in their work area.

 �Wear gloves and long-sleeve shirts.

 �Wash affected area with soap and water as soon as possible or use ivy-off 
products when water is not available. 

 �Wash potentially contaminated clothing as soon as possible after returning from 
the field.

e. Falling branch or tree �Wear hardhat.

 �Use extra caution during high-wind events.

f. Insect bites �Use appropriate insect repellent.

 �Secure bottom of pant legs to reduce the ability for ticks to access your lower leg.

 �Thoroughly examine your body for ticks when returning from field. If a tick is 
found, fully remove it using tweezers or fingernails. Do not use petroleum or try to 
burn the tick off. Save the tick for confirmation of Lyme disease. Monitor the area 
on body where tick was attached, watching for irritation or rash. If rash or flu-like 
symptoms develop, visit a doctor and inform him or her of tick bite.

g. Sun exposure �Use sun screen on exposed skin to prevent sunburn and skin damage. Know the 
signs and symptoms of heat exhaustion and heat stroke. Wear sunglasses and 
use sunscreen. Drink enough water to keep hydrated.

h. Altitude problems �Headache, shortness of breath, trouble sleeping, and dizziness. Drink more water 
than usual and reduce salty food intake.

i. Waders and wading boots �Only wear waders that are the correct size for your feet and body. Nylon breath-
able waders are adaptable to a wide variety of temperatures and conditions, and 
they are essential. Supportive wading boots are essential and give the traction 
and support necessary for stream work. Wading boots will be worn any time 
biological technicians are in streams.
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10. Encountering hazardous situationsa. Threatening individuals �Use positive communication and conflict management behaviors in early stages 
of conflict situations to prevent or diffuse low-level hostile behavior.

 �If threatened in any way by members of the public, withdraw and report the 
incident to your supervisor.

 �Always attain the landowner’s permission before entering private property.

b. Illegal activities �Leave the area immediately if you feel unsafe because of illegal activity.

 �If an area appears to be used for illegal activities, such as a marijuana garden or 
methamphetamine lab, leave the area immediately by the same route taken to 
enter the area.

 �Report suspicious activity to your supervisor.

 �Always attain the landowner’s permission before entering private property.

c. Wild animals such as black bears, 
wolves, bison, elk, deer, moose, 
bobcats, poisionus snakes, feral 
swine, etc.

 �Make noise by talking loudly or using a noisemaker such as a bell or whistle to 
reduce the chances of surprising an animal.

 �Immediately leave the area by backtracking if you encounter any animal that 
appears injured or sick, or may be feeding, mating, or have young nearby. Report 
the incident to the proper authorities if the animal acted aggressively without 
provocation.

 �Learn the appropriate actions to take if you are approached by any of the animals 
that may inhabit your work location. These actions differ depending on the type 
of animal.

 �Learn to identify dangerous animals in your working area and never harrass or 
provoke wildlife.

 �Avoid walking blindly through thick vegetation by using a stick or pole in front of 
you to part the brush or grass.

 �In areas with poisonous snakes, tap the ground in front of you with a pole or stick 
as you walk to help you see snakes before you get too close.

 �Wear snake-proof chaps when appropriate.
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d. Domestic animals such as dogs, 
cattle, swine, etc.

 �If an animal is acting aggressive or skittish, stay in the vehicle and wait for the 
landowner to come outside. Honk your horn if necessary to alert the landowner 
that you are there.

 �Ask landowners over the phone about the location of potentially dangerous 
domestic animals and request that they be moved or tied up while you are visiting 
the location, or plan to visit when the animal will not be there.

 �Make sure that landowners know when you are working in the area if you believe 
they may have an aggressive or protective animal.

e. Hazardous materials �Whenever encountering containers of unidentified liquids or powders, stay clear 
of the site. Do not walk into or touch spilled material. Avoid inhalation of fumes, 
smoke, and vapors, even if no hazardous materials are known to be involved. 
Do not assume that gases or vapors are harmless because they do not smell. 
Odorless gases or vapors may be harmful. Drums may contain toxic materials, 
leak, and contaminate their immediate surroundings.

 �If it is possible to read any labels without risk of contaminating yourself, do so 
and write the information down. Note location, time of encounter, and any other 
pertinent information. Then report it to supervisor.

 �Likely areas where hazardous materials are encountered include abandoned  
mine sites, old construction sites, and old homestead sites.

f. Encountering hunters �Plan field work appropriately given area hunting use and seasons.

 �Wear blaze orange vest or clothing.

 �Ensure landowners know where you will be and when you will be there.

 �Inform hunters of where you will be and how long you expect to be there, and 
find out where they plan to hunt.

 �If someone is hunting near your plot and is there first, return at a later date.

10. LINE OFFICER SIGNATURE 11. TITLE12. DATE
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ob

ta
in

 a
n 

ac
cu

ra
te

 m
ea

su
re

m
en

t o
r 

if 
th

e 
sp

rin
g 

ha
s 

a 
di

sc
ha

rg
e 

m
ag

ni
tu

de
 m

ak
in

g 
a 

flu
m

e 
th

e 
op

tim
al

 in
st

ru
m

en
t.

H
an

gi
ng

 g
ar

d
en

s 
an

d
 li

m
no

cr
en

es
, i

n 
p

ar
tic

ul
ar

, p
re

se
nt

 a
 c

ha
l-

le
ng

e 
fo

r 
m

ea
su

rin
g 

flo
w

. F
lo

w
 m

ea
su

re
m

en
ts

 a
t 

a 
ha

ng
in

g 
ga

r-
d

en
 c

ou
ld

 b
e 

ta
ke

n 
at

 t
he

 b
as

e 
of

 t
he

 w
al

l w
he

re
 fl

ow
 c

oa
le

sc
es

 
in

to
 a

 c
ha

nn
el

. I
f t

hi
s 

is
 n

ot
 p

os
si

b
le

, p
ho

to
 d

oc
um

en
ta

tio
n 

of
 

th
e 

w
et

te
d

 a
re

a 
of

 r
oc

k 
fa

ce
 is

 a
n 

op
tio

n.
 F

or
 li

m
no

cr
en

es
 t

ha
t 

d
o 

no
t 

ha
ve

 o
ut

flo
w

, t
he

 s
ta

tic
 h

ea
d

 c
ha

ng
e 

m
et

ho
d

 is
 u

se
d

. F
or

 
lim

no
cr

en
es

 t
ha

t 
ha

ve
 a

n 
ou

tfl
ow

, o
ne

 o
f t

he
 o

th
er

 m
ea

su
re

m
en

t 
te

ch
ni

q
ue

s 
d

es
cr

ib
ed

 in
 t

he
 fo

llo
w

in
g 

p
ar

ag
ra

p
hs

 w
ou

ld
 b

e 
ap

p
ro

p
ria

te
.
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If 
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si
ng

le
 c

ha
nn

el
 e

xi
st

s,
 t

he
 d

is
ch

ar
ge

 m
ea

su
re

m
en

t 
sh

ou
ld

 
b

e 
ta

ke
n 

as
 c

lo
se

 a
s 

p
os

si
b

le
 t

o 
th

e 
sp

rin
g 

or
ifi

ce
. I

f m
ul

tip
le

 
ch

an
ne

ls
 e

xi
st

, a
nd

 if
 t

he
y 

al
l c

on
ve

rg
e 

to
 a

 s
in

gl
e 

ch
an

ne
l, 

th
e 

d
is

ch
ar

ge
 c

an
 b

e 
m

ea
su

re
d

 in
 t

he
 s

in
gl

e 
ch

an
ne

l a
s 

cl
os

e 
as

 
p

os
si

b
le

 t
o 

th
e 

co
nfl

ue
nc

e 
of

 a
ll 

of
 t

he
 m

ul
tip

le
 c

ha
nn

el
s.

 A
lte

r-
na

tiv
el

y,
 t

he
 fl

ow
 a

t 
ea

ch
 o

rifi
ce

 c
an

 b
e 

m
ea

su
re

d
. 

3.
1 

A
cc

u
ra

cy
 o

f 
D

is
ch

ar
g

e 
M

ea
su

re
m

en
ts

A
cc

ur
ac

y 
of

 a
 d

is
ch

ar
ge

 m
ea

su
re

m
en

t 
is

 d
ep

en
d

en
t 

on
 m

an
y 

fa
ct

or
s,

 in
cl

ud
in

g 
th

e 
eq

ui
p

m
en

t 
us

ed
, t

he
 lo

ca
tio

n 
an

d
 c

ha
r-

ac
te

ris
tic

 o
f t

he
 m

ea
su

rin
g 

se
ct

io
n,

 t
he

 n
um

b
er

 a
nd

 s
p

ac
in

g 
of

 
m

ea
su

re
m

en
ts

, t
he

 r
at

e 
of

 c
ha

ng
e 

in
 s

ta
ge

, t
he

 m
ea

su
re

m
en

t 
d

ep
th

 a
nd

 v
el

oc
ity

, p
re

se
nc

e 
of

 ic
e 

an
d

/o
r 

d
eb

ris
, w

in
d

, a
nd

 (e
s-

p
ec

ia
lly

) t
he

 e
xp

er
ie

nc
e 

of
 t

he
 p

er
so

n 
co

nd
uc

tin
g 

th
e 

m
ea

su
re

-
m

en
t 

(T
ur

ni
p

se
ed

 a
nd

 S
au

er
 2

01
0,

 p
. 7

9)
. T

he
 a

cc
ur

ac
y 

is
 o

ft
en

 
ev

al
ua

te
d

 q
ua

lit
at

iv
el

y,
 t

ak
in

g 
al

l o
f t

he
se

 fa
ct

or
s 

in
to

 a
cc

ou
nt

.

S
ee

 R
an

tz
 e

t 
al

. (
19

82
) a

nd
 T

ur
ni

p
se

ed
 a

nd
 S

au
er

 (2
01

0)
 fo

r 
in

fo
rm

at
io

n 
on

 fi
el

d
 e

q
ui

p
m

en
t 

us
ed

 fo
r 

so
m

e 
of

 t
he

 m
et

ho
d

s 
d

es
cr

ib
ed

 in
 t

he
 fo

llo
w

in
g 

se
ct

io
n.

 

4.
 P

ro
ce

d
ur

e

4.
1 

C
u

rr
en

t 
M

et
er

A
 c

ur
re

nt
 m

et
er

 is
 a

n 
in

st
ru

m
en

t 
us

ed
 t

o 
m

ea
su

re
 t

he
 v

el
oc

ity
 

of
 fl

ow
in

g 
w

at
er

 a
t 

a 
sp

ec
ifi

c 
p

oi
nt

 in
 a

 c
ha

nn
el

. S
ev

er
al

 t
yp

es
 

of
 c

ur
re

nt
 m

et
er

s 
ar

e 
no

w
 a

va
ila

b
le

. S
el

ec
tin

g 
w

hi
ch

 m
et

er
 t

o 
us

e 
at

 a
 s

ite
 w

ill
 d

ep
en

d
 o

n 
p

ur
p

os
e,

 s
ite

 c
on

d
iti

on
s,

 a
nd

 c
os

t.
 

H
is

to
ric

al
ly

, t
he

 U
.S

. G
eo

lo
gi

ca
l S

ur
ve

y 
(U

S
G

S
) h

as
 u

se
d

 v
er

tic
al

-
ax

is
 c

ur
re

nt
 m

et
er

s 
(p

ric
e 

cu
rr

en
t 

m
et

er
), 

w
hi

ch
 a

re
 m

ec
ha

ni
ca

l 
d

ev
ic

es
 t

ha
t 

us
e 

sp
in

ni
ng

 c
up

s 
to

 m
ea

su
re

 t
he

 c
ur

re
nt

 v
el

oc
ity

 
(R

an
tz

 e
t 

al
. 1

98
2 

p
p

. 8
6–

88
). 

A
 s

m
al

le
r 

ve
rs

io
n 

(p
yg

m
y 

m
et

er
) i

s 
us

ed
 a

t 
si

te
s 

w
he

re
 w

at
er

 is
 s

ha
llo

w
, s

uc
h 

as
 a

 s
p

rin
g 

or
 w

et
la

nd
. 

A
d

va
nc

em
en

ts
 in

 a
co

us
tic

 t
ec

hn
ol

og
y 

ha
ve

 le
d

 t
o 

im
p

or
ta

nt
 

d
ev

el
op

m
en

ts
 in

 t
he

 u
se

 o
f a

co
us

tic
 D

op
p

le
r 

cu
rr

en
t 

p
ro

fil
er

s,
 

ac
ou

st
ic

 D
op

p
le

r 
ve

lo
ci

m
et

er
s,

 a
nd

 o
th

er
 e

m
er

gi
ng

 t
ec

hn
ol

og
ie

s 
fo

r 
th

e 
m

ea
su

re
m

en
t 

of
 d

is
ch

ar
ge

. T
he

se
 n

ew
 in

st
ru

m
en

ts
, b

as
ed

  
on

 a
co

us
tic

 D
op

p
le

r 
th

eo
ry

, h
av

e 
th

e 
ad

va
nt

ag
e 

of
 n

o 
m

ov
in

g 
p

ar
ts

, a
nd

 in
 t

he
 c

as
e 

of
 t

he
 a

co
us

tic
 D

op
p

le
r 

cu
rr

en
t 

p
ro

fil
er

, 
q

ui
ck

ly
 a

nd
 e

as
ily

 p
ro

vi
d

e 
th

re
e-

d
im

en
si

on
al

 s
tr

ea
m

-v
el

oc
ity

 
p

ro
fil

e 
d

at
a 

th
ro

ug
h 

m
uc

h 
of

 t
he

 v
er

tic
al

 w
at

er
 c

ol
um

n.
 A

d
d

iti
on

al
 

in
fo

rm
at

io
n 

on
 c

ur
re

nt
 U

S
G

S
 s

tr
ea

m
-g

ag
in

g 
pr

oc
ed

ur
es

, i
nc

lu
di

ng
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on
 u
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 o

f e
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ct
ro

ni
c 

fie
ld

 n
ot

eb
oo

ks
 a

nd
 p

er
so

na
l 

d
ig

ita
l a

ss
is

ta
nt

s 
(P

D
A

s)
, i

s 
av

ai
la

b
le

 in
 T

ur
ni

p
se

ed
 a

nd
 S

au
er

 
(2

01
0)

.

C
ur

re
nt

 m
et

er
s 

ar
e 

ne
ce

ss
ar

y 
in

 s
p

rin
gs

 o
r 

in
 w

id
e 

ch
an

ne
ls

 o
r 

hi
gh

-d
is

ch
ar

ge
 c

ha
nn

el
s 

w
he

re
 fl

ow
 c

an
no

t 
b

e 
ro

ut
ed

 in
to

 a
 

w
ei

r 
or

 a
 fl

um
e.

 M
ea

su
re

m
en

t 
lo

ca
tio

ns
 a

re
 s

el
ec

te
d

 in
 a

 s
tr

ai
gh

t 
re

ac
h 

w
he

re
 t

he
 s

tr
ea

m
b

ed
 is

 fr
ee

 o
f l

ar
ge

 r
oc

ks
, w

ee
d

s,
 a

nd
 

p
ro

tr
ud

in
g 

ob
st

ru
ct

io
ns

 t
ha

t 
cr

ea
te

 t
ur

b
ul

en
ce

 a
nd

 w
he

re
 a

 fl
at

 
st

re
am

b
ed

 p
ro

fil
e 

oc
cu

rs
 t

o 
el

im
in

at
e 

ve
rt

ic
al

 c
om

p
on

en
ts

 o
f 

ve
lo

ci
ty

.

Th
e 

cr
os

s-
se

ct
io

n 
of

 t
he

 c
ha

nn
el

 is
 d

iv
id

ed
 in

to
 p

ar
tia

l s
ec

tio
ns

, 
an

d
 t

he
 a

re
a 

an
d

 m
ea

n 
ve

lo
ci

ty
 o

f e
ac

h 
se

ct
io

n 
is

 m
ea

su
re

d
 s

ep
-

ar
at

el
y.

 A
 p

ar
tia

l s
ec

tio
n 

is
 a

 r
ec

ta
ng

ul
ar

 r
eg

io
n 

in
 w

hi
ch

 d
ep

th
 is

 
eq

ua
l t

o 
th

e 
d

ep
th

 m
ea

su
re

d
 a

t 
th

at
 lo

ca
tio

n,
 a

nd
 fo

r 
w

hi
ch

 w
id

th
 

is
 e

q
ua

l t
o 

th
e 

su
m

 o
f h

al
f t

he
 d

is
ta

nc
es

 o
f a

d
ja

ce
nt

 v
er

tic
al

s.
 A

t 
ea

ch
 v

er
tic

al
, t

he
 fo

llo
w

in
g 

ob
se

rv
at

io
ns

 a
re

 r
ec

or
d

ed
 o

n 
th

e 
d

at
a 

sh
ee

t:
 (1

) t
he

 d
is

ta
nc

e 
to

 a
 r

ef
er

en
ce

 p
oi

nt
 o

n 
th

e 
b

an
k 

al
on

g 
th

e 
ta

g 
lin

e,
 (2

) t
he

 d
ep

th
 o

f fl
ow

, a
nd

 (3
) t

he
 v

el
oc

ity
 a

s 
in

d
ic

at
ed

 b
y 

th
e 

cu
rr

en
t 

m
et

er
. T

he
 v

el
oc

ity
 s

ho
ul

d
 b

e 
m

ea
su

re
d

 a
t 

a 
d

ep
th

 
th

at
 is

 0
.6

 o
f t

he
 d

ep
th

 fr
om

 t
he

 s
ur

fa
ce

 o
f w

at
er

 in
 t

he
 c

ha
nn

el
. 

Th
e 

d
is

ch
ar

ge
 o

f e
ac

h 
p

ar
tia

l s
ec

tio
n 

is
 c

al
cu

la
te

d
 a

s 
th

e 
p

ro
d

uc
t 

of
 m

ea
n 

ve
lo

ci
ty

 t
im

es
 d

ep
th

 a
t 

th
e 

ve
rt

ic
al

 t
im

es
 t

he
 s

um
 o

f h
al

f 
th

e 
d

is
ta

nc
es

 t
o 

ad
ja

ce
nt

 v
er

tic
al

s.
 T

he
 s

um
 o

f t
he

 d
is

ch
ar

ge
s 

of
 

ea
ch

 p
ar

tia
l s

ec
tio

n 
is

 t
he

 t
ot

al
 d

is
ch

ar
ge

.

M
ea

su
re

m
en

ts
 a

re
 m

ad
e 

b
y 

w
ad

in
g 

in
 t

he
 s

tr
ea

m
 w

ith
 t

he
 

cu
rr

en
t 

m
et

er
 a

lo
ng

 t
he

 t
ag

 li
ne

. T
he

 p
er

so
n 

w
ad

in
g 

th
e 

ch
an

-
ne

l s
ho

ul
d

 s
ta

nd
 d

ow
ns

tr
ea

m
 o

f t
he

 v
el

oc
ity

 m
et

er
. D

et
ai

le
d

 
p

ro
ce

d
ur

es
 fo

r 
us

e 
of

 c
ur

re
nt

 m
et

er
s 

is
 d

oc
um

en
te

d
 in

 R
an

tz
 e

t 
al

. (
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) a

nd
 T

ur
ni

p
se

ed
 a

nd
 S

au
er

 (2
01

0)
.

A
cc

ur
ac

y 
of

 c
ur

re
nt

-m
et

er
 m

ea
su

re
m

en
ts

 c
an

 b
e 

ev
al

ua
te

d
 u

si
ng

 
m

et
ho

ds
 d

es
cr

ib
ed

 b
y 

S
au

er
 a

nd
 M

ey
er

 (1
99

2)
. T

he
ir 

st
ud

y 
in

di
-

ca
te

d 
th

at
 a

cc
ur

ac
y 

ca
n 

ra
ng

e 
fr

om
 2

-p
er

ce
nt

 m
ea

su
re

m
en

t 
er

ro
r 

un
d

er
 id

ea
l m

ea
su

re
m

en
t 

co
nd

iti
on

s 
to

 2
0-

p
er

ce
nt

 m
ea

su
re

m
en

t 
er

ro
r 

un
d

er
 p

oo
r 

co
nd

iti
on

s.
 U

nd
er

 g
en

er
al

ly
 n

or
m

al
 c

on
d

iti
on

s,
 

st
an

d
ar

d
 e

rr
or

s 
of

 m
ea

su
re

m
en

t 
ra

ng
e 

fr
om

 3
 t

o 
6 

p
er

ce
nt

.

4.
2 

Fl
oa

t 
M

et
h

od
Fl

oa
ts

 a
re

 u
se

fu
l f

or
 m

ea
su

rin
g 

d
is

ch
ar

ge
s 

at
 s

p
rin

gs
 a

nd
 

w
et

la
nd

s,
 w

he
re

 w
at

er
 is

 s
ha

llo
w

 a
nd

 v
el

oc
iti

es
 m

ay
 b

e 
to

o 
sm

al
l 

to
 a

cc
ur

at
el

y 
us

e 
a 

cu
rr

en
t 

m
et

er
. F

lo
at

s 
ca

n 
b

e 
al

m
os

t 
an

y 
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rt

ic
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 t
ha

t 
flo

at
s,

 s
uc

h 
as

 w
oo

d
en

 d
is

ks
; b

ot
tle

s 
p

ar
tly

 fi
lle

d
 w

ith
 w

at
er

, s
oi

l, 
or

 s
to

ne
s;

 o
r 

or
an

ge
s.

 F
lo

at
in

g 
ic

e 
ca

ke
s 

or
 d

is
tin

gu
is

ha
b

le
 p

ie
ce

s 
of

 d
rif

t 
m

ay
 b

e 
us

ed
 if

 t
he

y 
ar

e 
p

re
se

nt
 in

 t
he

 s
tr

ea
m

. F
lu

or
es

ce
nt

 d
ye

 c
an

 a
ls

o 
b

e 
us

ed
.

Tw
o 

cr
os

s-
se

ct
io

ns
 a

re
 s

el
ec

te
d

 a
lo

ng
 a

 r
ea

ch
 o

f s
tr

ai
gh

t 
ch

an
-

ne
l f

or
 a

 fl
oa

t 
m

ea
su

re
m

en
t.

 T
he

 c
ro

ss
-s

ec
tio

ns
 s

ho
ul

d
 b

e 
fa

r 
en

ou
gh

 a
p

ar
t 

so
 t

ha
t 

th
e 

tim
e 

th
e 

flo
at

 t
ak

es
 t

o 
p

as
s 

fr
om

 o
ne

 
cr

os
s-

se
ct

io
n 

to
 t

he
 o

th
er

 c
an

 b
e 

m
ea

su
re

d
 a

cc
ur

at
el

y.
 A

 t
ra

ve
l 

tim
e 

of
 a

t 
le

as
t 

20
 s

ec
on

d
s 

is
 r

ec
om

m
en

d
ed

, b
ut

 a
 s

ho
rt

er
 t

im
e 

m
ay

 b
e 

us
ed

 fo
r 

st
re

am
s 

w
ith

 s
uc

h 
hi

gh
 v

el
oc

iti
es

 t
ha

t 
it 

is
 n

ot
 

p
os

si
b

le
 t

o 
fin

d
 a

 s
tr

ai
gh

t 
re

ac
h 

of
 c

ha
nn

el
 h

av
in

g 
ad

eq
ua

te
 

le
ng

th
. T

he
 d

is
ta

nc
e 

b
et

w
ee

n 
th

e 
tw

o 
se

ct
io

ns
 is

 m
ea

su
re

d
 w

ith
 

a 
m

ea
su

rin
g 

ta
p

e,
 a

nd
 r

ec
or

d
ed

. T
he

 w
id

th
 a

nd
 d

ep
th

 o
f e

ac
h 

ch
an

ne
l c

ro
ss

-s
ec

tio
n 

is
 m

ea
su

re
d

 w
ith

 a
 t

ap
e 

m
ea

su
re

 a
nd

 r
e-

co
rd

ed
. I

n 
m

ak
in

g 
a 

flo
at

 m
ea

su
re

m
en

t,
 t

he
 fl

oa
t 

is
 in

tr
od

uc
ed

 a
 

sh
or

t 
d

is
ta

nc
e 

up
st

re
am

 fr
om

 t
he

 u
p

st
re

am
 c

ro
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el
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 m
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e 
d

ep
th

 o
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 d
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 t
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d
is

ch
ar

ge
 is

 s
im

ila
r 

to
 t

ha
t 

us
ed

 
in

 c
om

p
ut

in
g 

th
e 

d
is

ch
ar

ge
 fo

r 
a 

co
nv

en
tio

na
l c

ur
re

nt
-m

et
er

 
m

ea
su

re
m

en
t.

 D
is

ch
ar

ge
 is

 c
om

p
ut

ed
 b

y 
m

ul
tip

ly
in

g 
th

e 
ar

ea
 o

f 
th

e 
ch

an
ne

l b
y 

th
e 

m
ea

n 
ve

rt
ic

al
 v

el
oc

ity
.

Fl
oa

t 
m

ea
su

re
m

en
ts

 o
f d

is
ch

ar
ge

 t
ha

t 
ar

e 
ca

re
fu

lly
 m

ad
e 

un
d

er
 

fa
vo

ra
b

le
 c

on
d

iti
on

s 
m

ay
 b

e 
ac

cu
ra

te
 t

o 
w

ith
in

 +
/-

 1
0 

p
er

ce
nt

. 
W

in
d

 m
ay

 a
d

ve
rs

el
y 

af
fe

ct
 t

he
 a

cc
ur

ac
y 

of
 t

he
 c

om
p

ut
ed

 
d

is
ch

ar
ge

 d
ue

 t
o 

its
 e

ff
ec

t 
on

 t
he

 v
el

oc
ity

 o
f t

he
 fl

oa
ts

. I
f a

 n
on

-
un

ifo
rm

 r
ea

ch
 is

 s
el

ec
te

d
, m

ea
su

re
m

en
t 

re
su

lts
 m

ay
 b

e 
in

 e
rr

or
 

b
y 

as
 m

uc
h 

as
 2

5 
p

er
ce

nt
. 



17
2

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

4.
3 

V
ol

u
m

et
ri

c 
M

ea
su

re
m

en
t

Th
e 

vo
lu

m
et

ric
 m

ea
su

re
m

en
t 

of
 d

is
ch

ar
ge

 is
 t

he
 m

os
t 

ac
cu

ra
te

 
m

et
ho

d
 o

f m
ea

su
rin

g 
sm

al
l fl

ow
s 

(le
ss

 t
ha

n 
a 

fe
w

 g
al

lo
ns

 p
er

 
m

in
ut

e)
. T

he
 t

im
e 

re
q

ui
re

d
 t

o 
fil

l a
 c

on
ta

in
er

 o
f k

no
w

n 
ca

p
ac

ity
, 

or
 t

he
 t

im
e 

re
q

ui
re

d
 t

o 
p

ar
tly

 fi
ll 

a 
ca

lib
ra

te
d

 c
on

ta
in

er
 t

o 
a 

kn
ow

n 
vo

lu
m

e,
 is

 r
ec

or
d

ed
. T

he
 o

nl
y 

eq
ui

p
m

en
t 

re
q

ui
re

d
, o

th
er

 t
ha

n 
th

e 
ca

lib
ra

te
d

 c
on

ta
in

er
, i

s 
a 

st
op

w
at

ch
.

V
ol

um
et

ric
 m

ea
su

re
m

en
ts

 a
re

 u
su

al
ly

 m
ad

e 
w

he
re

 t
he

 fl
ow

 is
 

co
nc

en
tr

at
ed

 in
 a

 n
ar

ro
w

 s
tr

ea
m

, o
r 

ca
n 

b
e 

so
 c

on
ce

nt
ra

te
d

, s
o 

th
at

 a
ll 

th
e 

flo
w

 m
ay

 b
e 

d
iv

er
te

d
 in

to
 a

 c
on

ta
in

er
. E

xa
m

p
le

s 
of

 
si

te
s 

p
re

se
nt

in
g 

th
e 

op
p

or
tu

ni
ty

 fo
r 

vo
lu

m
et

ric
 m

ea
su

re
m

en
t 

of
 

d
is

ch
ar

ge
 a

re
 a

 V
-n

ot
ch

 w
ei

r,
 a

 n
at

ur
al

 o
r 

ar
tifi

ci
al

 c
on

tr
ol

 w
he

re
 

al
l t

he
 fl

ow
 is

 c
on

fin
ed

 t
o 

a 
no

tc
h;

 o
r 

a 
cr

os
s 

se
ct

io
n 

of
 n

at
ur

al
 

ch
an

ne
l w

he
re

 a
 t

em
p

or
ar

y 
ea

rt
h 

d
am

 c
an

 b
e 

b
ui

lt 
ov

er
 a

 p
ip

e 
of

 s
m

al
l d

ia
m

et
er

, t
hr

ou
gh

 w
hi

ch
 t

he
 e

nt
ire

 fl
ow

 is
 d

ire
ct

ed
. 

S
om

et
im

es
 it

 is
 n

ec
es

sa
ry

 t
o 

p
la

ce
 a

 t
ro

ug
h 

ag
ai

ns
t 

th
e 

ar
tifi

ci
al

 
co

nt
ro

l t
o 

ca
rr

y 
th

e 
w

at
er

 fr
om

 t
he

 c
on

tr
ol

 t
o 

th
e 

ca
lib

ra
te

d
 

co
nt

ai
ne

r.
 If

 a
 s

m
al

l t
em

p
or

ar
y 

d
am

 is
 b

ui
lt,

 t
he

 s
ta

ge
 b

eh
in

d
 t

he
 

d
am

 s
ho

ul
d

 b
e 

al
lo

w
ed

 t
o 

st
ab

ili
ze

 b
ef

or
e 

th
e 

m
ea

su
re

m
en

t 
is

 
b

eg
un

. T
he

 m
ea

su
re

m
en

t 
sh

ou
ld

 b
e 

m
ad

e 
th

re
e 

or
 fo

ur
 t

im
es

 t
o 

b
e 

ce
rt

ai
n 

no
 e

rr
or

s 
ha

ve
 b

ee
n 

m
ad

e 
an

d
 t

o 
b

e 
su

re
 t

he
 r

es
ul

ts
 

ar
e 

co
ns

is
te

nt
. S

ev
er

al
 c

al
ib

ra
te

d
 c

on
ta

in
er

s 
of

 v
ar

yi
ng

 s
iz

es
 

sh
ou

ld
 b

e 
ta

ke
n 

to
 t

he
 fi

el
d

 s
ite

.

4.
4 

P
or

ta
b

le
 W

ei
r 

P
la

te
A

 p
or

ta
b

le
 w

ei
r 

p
la

te
 is

 u
se

fu
l f

or
 d

et
er

m
in

in
g 

d
is

ch
ar

ge
 w

he
n 

d
ep

th
s 

ar
e 

to
o 

sh
al

lo
w

 a
nd

 v
el

oc
iti

es
 t

oo
 lo

w
 fo

r 
a 

re
lia

b
le

 
cu

rr
en

t-
m

et
er

 m
ea

su
re

m
en

t 
of

 d
is

ch
ar

ge
. A

 9
0-

d
eg

re
e 

V
-n

ot
ch

 

Ta
bl

e 
10

.2
.—

Ex
am

pl
e 

fie
ld

 s
he

et
 fo

r u
se

 w
ith

 th
e 

flo
at

 m
et

ho
d.

Fl
o

at
 m

et
ho

d

R
ea

ch
 le

ng
th

:

Tr
ia

l
T

im
e 

el
ap

se
d

Ve
lo

ci
ty

(r
ea

ch
 le

ng
th

/t
im

e)

#1 #2 #3
A

ve
ra

ge
 v

el
oc

ity
:

A
ve

ra
ge

 v
el

oc
ity

 x
 0

.8
5:

17
3

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

w
ei

r 
is

 p
ar

tic
ul

ar
ly

 s
ui

ta
b

le
 b

ec
au

se
 o

f i
ts

 s
en

si
tiv

ity
 a

t 
lo

w
 fl

ow
s.

 
Th

e 
U

S
G

S
 c

om
m

on
ly

 u
se

s 
th

re
e 

d
iff

er
en

t 
si

ze
s 

of
 w

ei
r 

p
la

te
; 

th
ei

r 
re

co
m

m
en

d
ed

 d
im

en
si

on
s 

ar
e 

gi
ve

n 
in

 fi
gu

re
 1

0.
1.

 

Th
e 

w
ei

r 
p

la
te

 is
 m

ad
e 

of
 g

al
va

ni
ze

d
 s

he
et

 ir
on

, u
si

ng
 1

0-
 t

o 
16

-g
au

ge
 m

et
al

. T
he

 9
0-

d
eg

re
e 

V
-n

ot
ch

 t
ha

t 
is

 c
ut

 in
 t

he
 p

la
te

 
is

 n
ot

 b
ev

el
ed

 b
ut

 is
 le

ft
 w

ith
 fl

at
, e

ve
n 

ed
ge

s.
 A

 s
ta

ff
 g

ag
e,

 
at

ta
ch

ed
 t

o 
th

e 
up

st
re

am
 s

id
e 

of
 t

he
 w

ei
r 

p
la

te
 w

ith
 it

s 
ze

ro
 a

t 
th

e 
el

ev
at

io
n 

of
 t

he
 b

ot
to

m
 o

f t
he

 n
ot

ch
, i

s 
us

ed
 t

o 
re

ad
 t

he
 h

ea
d

 
on

 t
he

 w
ei

r.
 T

he
 s

ta
ff

 g
ag

e 
sh

ou
ld

 b
e 

in
st

al
le

d
 fa

r 
en

ou
gh

 fr
om

 
th

e 
no

tc
h 

to
 b

e 
ou

ts
id

e 
th

e 
re

gi
on

 o
f d

ra
w

d
ow

n 
of

 w
at

er
 g

oi
ng

 
th

ro
ug

h 
th

e 
no

tc
h.

 D
ra

w
d

ow
n 

b
ec

om
es

 n
eg

lig
ib

le
 a

t 
a 

d
is

ta
nc

e 
fr

om
 t

he
 v

er
te

x 
of

 t
he

 n
ot

ch
 t

ha
t 

is
 e

q
ua

l t
o 

tw
ic

e 
th

e 
he

ad
 o

n 
th

e 
no

tc
h.

 C
on

se
q

ue
nt

ly
, i

f t
he

 w
ei

r 
p

la
te

 h
as

 t
he

 d
im

en
si

on
s 

re
co

m
m

en
d

ed
 in

 fi
gu

re
 1

0.
1,

 t
he

 s
ta

ff
 g

ag
e 

sh
ou

ld
 b

e 
in

st
al

le
d

 
ne

ar
 o

ne
 e

nd
 o

f t
he

 p
la

te
.

Fi
gu

re
 1

0.
1.

—
P

or
ta

bl
e 

w
ei

r p
la

te
 s

iz
es

.



17
4

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

To
 in

st
al

l t
he

 w
ei

r,
 t

he
 w

ei
r 

p
la

te
 is

 p
us

he
d

 in
to

 t
he

 s
tr

ea
m

b
ed

. 
A

 p
ic

k 
or

 s
ho

ve
l m

ay
 b

e 
ne

ce
ss

ar
y 

to
 r

em
ov

e 
st

on
es

 o
r 

ro
ck

s 
th

at
 p

re
ve

nt
 e

ve
n 

p
en

et
ra

tio
n 

of
 t

he
 p

la
te

. A
 c

ar
p

en
te

r’
s 

le
ve

l i
s 

us
ed

 t
o 

en
su

re
 t

ha
t 

th
e 

to
p

 o
f t

he
 p

la
te

 is
 h

or
iz

on
ta

l a
nd

 t
ha

t 
th

e 
fa

ce
 o

f t
he

 p
la

te
 is

 v
er

tic
al

. S
oi

l o
r 

st
re

am
b

ed
 m

at
er

ia
l i

s 
p

ac
ke

d
 

ar
ou

nd
 t

he
 w

ei
r 

p
la

te
 t

o 
p

re
ve

nt
 le

ak
ag

e 
un

d
er

 a
nd

 a
ro

un
d

 it
. I

t 
or

d
in

ar
ily

 r
eq

ui
re

s 
on

ly
 o

ne
 p

er
so

n 
to

 m
ak

e 
th

e 
in

st
al

la
tio

n.
 

A
 la

rg
e 

w
ei

r 
p

la
te

 o
f t

he
 d

im
en

si
on

s 
sh

ow
n 

in
 fi

gu
re

 1
0.

1 
ca

n 
m

ea
su

re
 d

is
ch

ar
ge

s 
in

 t
he

 r
an

ge
 fr

om
 0

.0
2 

to
 2

.0
 ft

3 /s
 (0

.0
00

57
 

to
 0

.0
57

 m
3 /s

) w
ith

 a
n 

ac
cu

ra
cy

 o
f +

/-
 3

 p
er

ce
nt

, i
f t

he
 w

ei
r 

is
 n

ot
 

su
b

m
er

ge
d

. A
 w

ei
r 

is
 n

ot
 s

ub
m

er
ge

d
 w

he
n 

ai
r 

ci
rc

ul
at

es
 fr

ee
ly

 
ar

ou
nd

 a
ll 

si
d

es
 o

f t
he

 n
ap

p
e.

 T
he

 g
en

er
al

 e
q

ua
tio

n 
fo

r 
flo

w
 o

ve
r 

a 
sh

ar
p

-e
d

ge
d

 9
0-

d
eg

re
e 

V
-n

ot
ch

 w
ei

r 
is

 

Q
 =

 C
h5/

2  

w
he

re
 Q
 =

 d
is

ch
ar

ge
, i

n 
cu

b
ic

 fe
et

 p
er

 s
ec

on
d

 o
r 

cu
b

ic
 m

et
er

s 
p

er
 

se
co

nd
, 

h 
=

 s
ta

tic
 h

ea
d

 a
b

ov
e 

th
e 

b
ot

to
m

 o
f t

he
 n

ot
ch

, i
n 

fe
et

 o
r 

m
et

er
s,

 

C
 =

 c
oe

ffi
ci

en
t 

of
 d

is
ch

ar
ge

.

E
ac

h 
w

ei
r 

sh
ou

ld
 b

e 
ra

te
d

 to
 d

et
er

m
in

e 
C

 b
y 

vo
lu

m
et

ric
al

ly
 m

ea
s -

ur
in

g 
th

e 
d

is
ch

ar
ge

 c
or

re
sp

on
d

in
g 

to
 v

ar
io

us
 v

al
ue

s 
of

 h
ea

d
. I

n 
th

e 
ab

se
nc

e 
of

 s
uc

h 
a 

ra
tin

g,
 a

 v
al

ue
 o

f 2
.4

7 
m

ay
 b

e 
us

ed
 fo

r 
C

 
w

he
n 

B
rit

is
h 

un
its

 a
re

 u
se

d
, o

r 
1.

36
 w

he
n 

m
et

ric
 u

ni
ts

 a
re

 u
se

d
. 

W
he

n 
th

e 
w

ei
r 

is
 in

st
al

le
d

, i
t 

w
ill

 c
au

se
 a

 p
oo

l t
o 

fo
rm

 o
n 

th
e 

up
st

re
am

 s
id

e 
of

 t
he

 p
la

te
. N

o 
re

ad
in

gs
 o

f h
ea

d
 o

n 
th

e 
no

tc
h 

sh
ou

ld
 b

e 
re

co
rd

ed
 u

nt
il 

th
e 

p
oo

l h
as

 r
is

en
 t

o 
a 

st
ab

le
 e

le
va

tio
n.

 
Th

e 
he

ad
 s

ho
ul

d
 t

he
n 

b
e 

re
ad

 a
t 

ha
lf-

m
in

ut
e 

in
te

rv
al

s 
fo

r 
ab

ou
t 

3 
m

in
ut

es
, a

nd
 t

he
 m

ea
n 

va
lu

e 
of

 t
ho

se
 r

ea
d

in
gs

 s
ho

ul
d

 b
e 

us
ed

 
as

 t
he

 v
al

ue
 fo

r 
he

ad
 in

 t
he

 e
q

ua
tio

n 
to

 c
om

p
ut

e 
d

is
ch

ar
ge

. A
ft

er
 

th
e 

co
m

p
le

tio
n 

of
 t

he
 m

ea
su

re
m

en
t,

 t
he

 w
ei

r 
p

la
te

 is
 r

em
ov

ed
. 

A
n 

on
lin

e 
m

et
ho

d
 fo

r 
ca

lc
ul

at
in

g 
d

is
ch

ar
ge

 u
si

ng
 a

 V
-n

ot
ch

 w
ei

r 
is

 a
va

ila
b

le
 a

t 
ht

tp
:/

/w
w

w
.lm

no
en

g.
co

m
/W

ei
rs

/v
w

ei
r.

ht
m

.

17
5

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

4.
3 

P
or

ta
b

le
 P

ar
sh

al
l F

lu
m

e
A

 p
or

ta
b

le
 P

ar
sh

al
l fl

um
e 

is
 a

no
th

er
 d

ev
ic

e 
fo

r 
d

et
er

m
in

in
g 

d
is

ch
ar

ge
 w

he
n 

d
ep

th
s 

ar
e 

to
o 

sh
al

lo
w

 a
nd

 v
el

oc
iti

es
 t

oo
 lo

w
 fo

r 
a 

cu
rr

en
t-

m
et

er
 m

ea
su

re
m

en
t 

of
 d

is
ch

ar
ge

. T
he

 p
or

ta
b

le
 fl

um
e 

us
ed

 b
y 

th
e 

U
S

G
S

 is
 a

 m
od

ifi
ed

 fo
rm

 o
f t

he
 s

ta
nd

ar
d

 P
ar

sh
al

l 
flu

m
e 

ha
vi

ng
 a

 3
-i

nc
h 

(0
.0

76
 m

et
er

) t
hr

oa
t.

 T
he

 m
od

ifi
ca

tio
n 

co
ns

is
ts

, p
rim

ar
ily

, o
f t

he
 r

em
ov

al
 o

f t
he

 d
ow

ns
tr

ea
m

 d
iv

er
gi

ng
 

se
ct

io
n 

of
 t

he
 s

ta
nd

ar
d

 fl
um

e.
 T

he
 p

ur
p

os
e 

of
 t

he
 m

od
ifi

ca
tio

n 
is

 
to

 r
ed

uc
e 

th
e 

w
ei

gh
t 

of
 t

he
 fl

um
e 

an
d

 t
o 

m
ak

e 
it 

ea
si

er
 t

o 
in

st
al

l. 

B
ec

au
se

 t
he

 p
or

ta
b

le
 P

ar
sh

al
l fl

um
e 

ha
s 

no
 d

ow
ns

tr
ea

m
 d

iv
er

g-
in

g 
se

ct
io

n,
 it

 c
an

no
t 

b
e 

us
ed

 fo
r 

m
ea

su
rin

g 
flo

w
s 

w
he

n 
th

e 
su

b
m

er
ge

nc
e 

ra
tio

 e
xc

ee
d

s 
0.

6.
 T

he
 s

ub
m

er
ge

nc
e 

ra
tio

 is
 t

he
 

ra
tio

 o
f t

he
 d

ow
ns

tr
ea

m
 h

ea
d

 o
n 

th
e 

th
ro

at
 t

o 
th

e 
up

st
re

am
 h

ea
d

 
on

 t
he

 t
hr

oa
t.

 A
lth

ou
gh

 a
 s

ub
m

er
ge

nc
e 

ra
tio

 o
f 0

.6
 c

an
 b

e 
to

le
r-

at
ed

 w
ith

ou
t 

af
fe

ct
in

g 
th

e 
ra

tin
g 

of
 t

he
 p

or
ta

b
le

 fl
um

e,
 in

 p
ra

ct
ic

e 
th

e 
flu

m
e 

is
 u

su
al

ly
 in

st
al

le
d

 s
o 

th
at

 t
he

 fl
ow

 fr
ee

ly
 p

as
se

s 
th

e 
th

ro
at

 w
ith

ou
t 

b
ei

ng
 s

lo
w

ed
 b

y 
p

on
d

in
g 

b
el

ow
 t

he
 fl

um
e.

 T
ha

t 
in

st
al

la
tio

n 
is

 u
su

al
ly

 a
cc

om
p

lis
he

d
 b

y 
b

ui
ld

in
g 

up
 t

he
 s

tr
ea

m
b

ed
 

a 
co

up
le

 o
f i

nc
he

s 
un

d
er

 t
he

 le
ve

l c
on

ve
rg

in
g 

flo
or

 o
f t

he
 fl

um
e.

 
Fi

gu
re

 1
0.

2 
sh

ow
s 

th
e 

p
la

n 
an

d
 e

le
va

tio
n 

of
 t

he
 p

or
ta

b
le

 P
ar

sh
al

l 
flu

m
e.

 T
he

 g
ag

e 
he

ig
ht

 o
r 

up
st

re
am

 h
ea

d
 o

n 
th

e 
th

ro
at

 is
 r

ea
d

 in
 

th
e 

sm
al

l s
til

lin
g 

w
el

l t
ha

t 
is

 h
yd

ra
ul

ic
al

ly
 c

on
ne

ct
ed

 t
o 

th
e 

flo
w

 
b

y 
a 

3/
8-

in
ch

 h
ol

e.
 T

he
 r

at
in

g 
fo

r 
th

e 
flu

m
e 

is
 g

iv
en

 in
 t

ab
le

 1
0.

3.
 

W
he

n 
th

e 
flu

m
e 

is
 in

st
al

le
d

 in
 t

he
 c

ha
nn

el
, t

he
 fl

oo
r 

of
 t

he
 c

on
-

ve
rg

in
g 

se
ct

io
n 

is
 s

et
 in

 a
 le

ve
l p

os
iti

on
 b

y 
us

in
g 

th
e 

le
ve

l b
ub

b
le

 
th

at
 is

 a
tt

ac
he

d
 t

o 
on

e 
of

 t
he

 b
ra

ce
s 

(fi
g.

 1
0.

2)
. A

 c
ar

p
en

te
r’

s 
le

ve
l c

an
 b

e 
us

ed
 fo

r 
th

at
 p

ur
p

os
e 

if 
th

e 
flu

m
e 

is
 n

ot
 e

q
ui

p
p

ed
 

w
ith

 a
 le

ve
l b

ub
b

le
. S

oi
l o

r 
st

re
am

b
ed

 m
at

er
ia

l i
s 

th
en

 p
ac

ke
d

 
ar

ou
nd

 t
he

 fl
um

e 
to

 p
re

ve
nt

 le
ak

ag
e 

un
d

er
 a

nd
 a

ro
un

d
 it

. A
ft

er
 

th
e 

flu
m

e 
is

 in
st

al
le

d
, w

at
er

 w
ill

 p
oo

l u
p

st
re

am
 fr

om
 t

he
 s

tr
uc

tu
re

. 
N

o 
ga

ge
-h

ei
gh

t 
re

ad
in

gs
 s

ho
ul

d
 b

e 
re

co
rd

ed
 u

nt
il 

th
e 

p
oo

l h
as

 
ris

en
 t

o 
a 

st
ab

le
 le

ve
l. 

A
s 

w
ith

 t
he

 p
or

ta
b

le
 w

ei
r,

 a
ft

er
 s

ta
b

ili
za

-
tio

n 
of

 t
he

 p
oo

l l
ev

el
, g

ag
e-

he
ig

ht
 r

ea
d

in
gs

 s
ho

ul
d

 b
e 

ta
ke

n 
at

 
30

-s
ec

on
d

 in
te

rv
al

s 
fo

r 
ab

ou
t 

3 
m

in
ut

es
. T

he
 m

ea
n 

va
lu

e 
of

 
th

os
e 

re
ad

in
gs

 is
 t

he
 g

ag
e 

he
ig

ht
 u

se
d

 in
 t

ab
le

 1
0.

3 
to

 o
b

ta
in

 t
he

 
d

is
ch

ar
ge

. A
 c

ar
ef

ul
ly

 m
ad

e 
m

ea
su

re
m

en
t 

sh
ou

ld
 h

av
e 

an
 a

cc
u-

ra
cy

 o
f +

/-
 2

 o
r 

3 
p

er
ce

nt
. A

ft
er

 c
om

p
le

tio
n 

of
 t

he
 m

ea
su

re
m

en
t,

 
th

e 
p

or
ta

b
le

 fl
um

e 
is

 r
em

ov
ed

.



17
6

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

Fi
gu

re
 1

0.
2.

—
W

or
ki

ng
 d

ra
w

in
g 

of
 m

od
ifi

ed
 3

-in
ch

 P
ar

sh
al

l fl
um

e.
 

17
7

G
D

E
: 

Le
ve

l I
In

ve
nt

or
y 

Fi
el

d
 G

ui
d

e

Gage height (ft)Discharge (ft
3
/s)Gage height (ft)Discharge (ft

3
/s)Gage height (ft)Discharge (ft

3
/s)

0.010.00080.210.0970.410.280
0.020.00240.220.1040.420.290
0.030.00450.230.1110.430.301
0.040.00700.240.1190.440.312
0.050.0100.250.1270.450.323
0.060.0130.260.1350.460.334
0.070.0170.270.1440.470.345
0.080.0210.280.1530.480.357
0.090.0250.290.1620.490.368
0.100.0300.300.1700.500.380
0.110.0350.310.1790.510.392
0.120.0400.320.1880.520.404
0.130.0450.330.1980.530.417
0.140.0510.340.2080.540.430
0.150.0570.350.2180.550.443
0.160.0630.360.2280.560.456
0.170.0690.370.2380.570.470
0.180.0760.380.2480.580.483
0.190.0830.390.2590.590.497
0.200.0900.400.269  

Table 10.3.—Rating table for 3-inch modified Parshall flume.
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