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o
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sl
op

es
b
e
l
o
w
th
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r
o
a
d
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a
n
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s
le
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g
do

wn
t
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e
m
a
i
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s
t
r
e
a
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t
h
e
b
o
t
t
o
m
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e
p
h
o
t
o
g
r
a
p
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F
r
o
m
19
90

on
,
a
ra
pi
dl
y
in
cr
ea
si
ng

pr
op

or
ti

on
of

fo
re

st
ha

rv
es

ti
ng
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N
e
w
Ze

al
an

d w
i
l
l
be

o
n
st
ee
p-

la
nd

ar
ea
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Ha

rv
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ti
ng
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th
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e
ar
ea
sw
i
l
l
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e

th
e
co

ns
tr
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ti

on
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a
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tw
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f
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gg
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g
ro
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s
a
n
d
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ce
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ro

ut
es
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Ex

pe
ri

en
ce

ov
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se
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a
n
d
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N
e
w

Z
e
a
l
a
n
d
ha

s
sh
ow
n
t
h
a
t
t
h
e

co
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on
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u
c
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a
n

h
a
v
e

se
ve
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e
n
v
i
r
o
n
m
e
n
t
a
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c
a
n

ca
us

e
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ra
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d
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th
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n
e
w
l
y
e
x
p
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s
e
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r
o
u
n
d
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a
n
d
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e
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m
a
s
s
i
v
e
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s
o
f
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il
a
n
d
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d
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r
i
n
g
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c
a
n
le
ad

to
th
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nf
il
li
ng

of
st

re
am

sa
n
d

re
du

ce
dw
a
t
e
r
qu
al
it
y.

A
s
ha

rv
es

ti
ng

mo
ve
s
i
n
t
o

st
ee

pl
an

da
r
e
a
s
,

fo
re
st

m
a
n
a
g
e
r
s
a
n
d

en
gi

ne
er

s
n
e
e
d

to
b
e
ab
le

to
es
ti
ma
te
h
o
w

pr
o-

p
o
s
e
d
r
o
a
d
i
n
g
sy
st
em
sw
i
l
l
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fe
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se
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st
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-
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,
a
n
d
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a
n
d
w
a
t
e
r
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al

it
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n
i
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e
a
m
o
u
n
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d
fr
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fo
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ad
s
in

se
ve
ra
l
ar

ea
s
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th
e
So

ut
h

Is
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N
e
w
Ze

al
an
d.

In
19
85

th
e
g
r
o
u
p
b
e
g
a
n

a
de
ta
il
ed

st
ud

y o
f

th
e
ef
fe
ct
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fo
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st

r
o
a
d
i
n
g
o
n
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r
r
u
n
o
f
f
,
a
m
o
u
n
t
o
f
s
e
d
i
m
e
n
t
e
r
o
d
e
d
,
a
n
d
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e

s
e
d
i
m
e
n
t

s
u
p
p
l
y

to
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s
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t
w
o
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s
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G
o
l
d
e
n
D
o
w
n
s
a
n
d
M
o
t
u
e
k
a

Forests
(Fig.

1)
contain

large
areas

w
i
t
h
steep

topography.
S
o
m
e

of
the

steepland
is

underlain
byrelatively

stable
gravels,

b
u
t
m
u
c
h

o
f

it
h
a
s
b
e
e
n
f
o
r
m
e
d
o
n

ero-

sion-prone
granites.

T
h
e
s
e
coarse-grained

crys-
talline

rocks
have

developed
a
mantle

c
o
m
p
o
s
e
d

of
c
r
u
m
b
l
y
,
sand-sized

particles
w
h
i
c
h
a
p
p
e
a
r
to

b
e
v
e
r
y
sensitive

to
track

a
n
d
r
o
a
d
building.I

t
is

estimatedt
h
a
t
2.6

million
tonnes

of
loose

material
were

disturbed
during

the
construction

of
the

200
k
m
of

roads
throughgranitei

n
the

twoforests,
b
y
the

deposition
ofsidecastfill

a
n
d
the

creation
of

cutbanksa
n
d

the
drainage

channelsa
t
their

bases
(“table

drains”).
S
o
m
e

of
this

material
a
n
d

that
f
r
o
m

the
r
o
a
d

surface
itself

h
a
d

entered
local

s
t
r
e
a
m
courses,

resulting
in

s
e
d
i
m
e
n
t
deposition

w
h
i
c
h
h
a
s
c
o
n
c
e
r
n
e
d
variousl

o
c
a
l

authorities.

R
o
a
d
e
r
o
s
i
o
n
e
x
p
e
r
i
m
e
n
t
s

K
y
f
u
i
k
s
R
o
a
d

in
C
o
m
p
a
r
t
m
e
n
t
4
4
2
of

G
o
l
d
e
n

D
o
w
n
s

Forest
w
a
s

c
h
o
s
e
n

as
typical

of
roads

underlain
b
y

granite.
This

w
a
s
c
o
n
f
i
r
m
e
d
b
y

a
s
u
b
s
e
q
u
e
n
t
s
u
r
v
e
y

of
the

d
i
m
e
n
s
i
o
n
s
a
n
d

gra-
dients

of
roads

throughout
Golden

D
o
w
n
s
a
n
d

M
o
t
u
e
k
a

Forests.
A
n
average

kilometre
of

r
o
a
d

w
a
s

foundt
o

havet
h
e

following
characteristics:

width,
4.5

m
;
gradient,

4°;
c
u
t
b
a
n
k
area,

4
5
0
0
m?;

ands
i
d
e
c
a
s
t
fill

area,
1
0
0
0
0
m
2
.

Thet
e
s
t
section

of
Kyfuiks

R
o
a
d
w
a
s
graded

to
produce

a
f
r
e
s
h
l
y
e
x
p
o
s
e
d
surface

m
o
r
e
represen-

tative
of

c
o
n
d
i
t
i
o
n
s
s
o
o
n

after
construction,

a
n
d

subdividedi
n
t
o
three

25
x
4
-
m
plots.

T
o
d
e
t
e
r
m
i
n
e

the
sedimenty

i
e
l
d
f
r
o
m
the

road
surface

alone,
the

cutbanko
f

the
lowestp

l
o
t

(No.
1
)
wasi

s
o
l
a
t
e
d
as

a
s
e
d
i
m
e
n
t
source

bya
series

of
metal

troughs
installed

just
a
b
o
v
e
the

table
drain.

T
h
e
troughs

c
a
u
g
h
t
s
e
d
i
m
e
n
t
f
r
o
m

the
c
u
t
b
a
n
k

without
r
e
-
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D
a
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R
i
v
e
r
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K
y
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i
k
s
R
o
a
d

H
e

Y
T
a
p
a
w
e
r
a
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B
e
e

0
1
0

2
0
k
m 
 FIG.

1
—

Locationo
f
f
i
e
l
d

sites
in

G
o
l
d
e
n
D
o
w
n
s
a
n
d
M
o
t
u
e
k
a

Forests.
Shaded

a
r
e
a
s
represent

extent
of

granite
terrain.

for
each

plot
using

s
e
r
i
e
s
of

inexpensive
d
r
u
m
s

a
n
d
weirs.

Thefirst
a
n
d
higher

of
the

t
w
o
d
r
u
m
s

caught
sediment

c
a
r
r
i
e
d
b
y
w
a
t
e
r

alongt
h
e

table
drain.

In
the

second
d
r
u
m
the

deptho
f
water

flow
in

a
metal

V
-
n
o
t
c
h
weir

w
a
s
recorded

to
m
e
a
s
u
r
e

runoff.
T
h
e
rainfall

record
f
r
o
m
a
n
automatic

rain

T
o
determine

the
sedimentyields

from
steeper

sections
of

forest
roads

a
n
d

f
r
o
m

those
w
i
t
h

h
i
g
h
e
r
c
u
t
b
a
n
k
s
,
t
w
o
a
d
d
i
t
i
o
n
a
l
plots

weree
s
t
a
-

blished
o
n
H
e
r
r
i
n
g
R
o
a
d

in
M
o
t
u
e
k
a

Forest
in

early
1987.

T
h
e

layout
a
n
d

the
m
e
a
s
u
r
e
m
e
n
t

m
e
t
h
o
d
s
w
e
r
e
t
h
e
s
a
m
e
a
s
a
t
K
y
f
u
i
k
s
R
o
a
d
,
e
x
c
e
p
t

that
they

were
designed

to
measure

only
sedi-

ment
yield.

E
r
o
s
i
o
n

o
f
t
h
e
r
o
a
d
s
u
r
f
a
c
e
a
n
d

cutbank
A
s
expected,

the
plots

recently
established

o
n

the
steeper

road
sections(i.e.,

o
n
Herring

Road)
p
r
o
d
u
c
e
d

m
o
r
e

s
e
d
i
m
e
n
t

than
the

sites
o
n

K
y
f
u
i
k
s
R
o
a
d
.
In

thefirst
6
months

o
f

1987,
o
n
e
of

the
H
e
r
r
i
n
g
Roadp

l
o
t
s
yielded

a
total

of
169

k
g

(0.40
k
g
/
m
?
)
whereas

i
t
s
counterpart

at
K
y
f
u
i
k
s

Roady
i
e
l
d
e
d
only

33
k
g
(0.15

kg/m?).
However,

a
l
t
h
o
u
g
h

this
H
e
r
r
i
n
g
R
o
a
d

site
p
r
o
d
u
c
e
d
a
b
o
u
t

three
times

m
o
r
e

s
e
d
i
m
e
n
t

than
the

sites
o
n

K
y
f
u
i
k
s
Road,

r
o
a
d
s
o
f

similar
gradient

m
a
k
e
u
p

only
1
0
%

of
the

total
road

network.

B
a
s
e
d

o
n

the
s
e
d
i
m
e
n
t

production
figures

listed
in

Table
1,

the
data

collected
f
r
o
m
H
e
r
r
i
n
g

R
o
a
d
,
a
n
d
i
n
f
o
r
m
a
t
i
o
n
f
r
o
m
t
h
e
r
o
a
d
s
u
r
v
e
y
,
the

average
s
e
d
i
m
e
n
t

yield
for

the
200

k
m

of
r
o
a
d

o
c
c
u
p
y
i
n
g

granite
terrain

in
the

t
w
o

forests
(
a
s
s
u
m
i
n
g

freshly
g
r
a
d
e
d

conditions)
is

esti-
m
a
t
e
d

at
9000

tonnes/yr.
B
e
c
a
u
s
e

the
area

of
these

forests
underlain

b
y
granite

is
12

550
ha,

the
rate

of
s
e
d
i
m
e
n
t
production

f
r
o
m
roadsi

n
granite

is
a
r
o
u
n
d

0.7
t
o
n
n
e
s
p
e
r

h
e
c
t
a
r
e
of

forest,
e
a
c
h

year.

T
A
B
L
E

1
—

S
e
d
i
m
e
n
t
t
o
t
a
l
s
a
n
d

production
r
a
t
e
s
a
t

the
K
y
f
u
i
k
s
R
o
a
d

erosion
p
l
o
t
s

for
1
8
m
o
n
t
h
s
,
e
n
d
i
n
g
J
u
n
e

  

S
e
d
i
m
e
n
t
f
r
o
m
sidecast

fill

T
h
e
s
e
d
i
m
e
n
t
production

f
r
o
m
sidecastfill

w
a
s

not
m
e
a
s
u
r
e
d

at
K
y
f
u
i
k
s
R
o
a
d
.

H
o
w
e
v
e
r
,

data
f
r
o
m
earlier

erosiont
r
i
a
l
s
in

the
R
o
c
k
y
River

area
of
M
o
t
u
e
k
a
Forest

showedt
h
a
t
each

square
metre

of
sidecast

materiallost
o
n
average

about
2
kg

of
sediment

p
e
r

year
for

the
3
years

after
r
o
a
d
con-

struction.
M
a
x
i
m
u
m

losses
were 6

k
g

per y
e
a
r
.

Total
sediment

production
Sediment

lost
from

the
sidecastfill

plus
that

calculated
to

c
o
m
e

f
r
o
m

the
r
o
a
d

surface
a
n
d

cutbank
totalled

about
13

160
tonnes/yr.

There-
fore,

the
m
e
a
n
overall

sedimenty
i
e
l
d
attributable

to
roadinginthe

12
500

h
a
of
M
o
t
u
e
k
a
a
n
d
G
o
l
d
e
n

D
o
w
n
s
Forests

t
h
a
t

is
underlain

b
y

granitei
s

esti-
m
a
t
e
d

at
1.1

t
o
n
n
e
s
/
h
a
e
a
c
h

year.
Again, i

t
is

e
m
p
h
a
s
i
s
e
d

that
this

figure
is

representative
of

conditions
shortly

after
construction;

current
overall

rates
are

expected
to

b
e
lower.

Sincei
t

is
likely

that
the

current
road

density
of

16
m/haw

i
l
l

n
e
e
d

to
b
e
d
o
u
b
l
e
d
before

thef
o
r
e
s
t
s
are

logged,
yearly

sediment
y
i
e
l
d
could

rise
to

2
tonnes/ha.

Ane
a
r
l
i
e
r
study

in
the

Dart
River

area
of

south-
w
e
s
t

N
e
l
s
o
n

(Fig.
1)

s
h
o
w
e
d

that
after

con-
struction,

the
total

s
e
d
i
m
e
n
t
input

f
r
o
m
the

road
s
y
s
t
e
m
briefly

e
x
c
e
e
d
e
d
the

inputattributable
to

natural
erosion

in
the

catchment.
D
a
t
a

f
r
o
m

anothers
t
u
d
y
of

south-west
N
e
l
s
o
n
rivers

yielded
a
n
n
u
a
l

estimates
of

1-3
t
o
n
n
e
s
/
h
a

for
b
e
d
l
o
a
d

transport
a
n
d

3
-
1
0
t
o
n
n
e
s
/
h
a

for
s
u
s
p
e
n
d
e
d

sediment,
suggesting

that
natural

yields
m
a
y
be

five
to

ten
times

higher
than

those
estimated

here
for

road
erosion i

n
granite

areas.
Thus,

although
the

visual
i
m
p
a
c
t

of
r
o
a
d

construction
can

b
e

dramatic,
theamounts

o
f
sediment

y
i
e
l
d
e
d
to

local
river

courses
m
a
y

notb
e

particularly
significant

 

  

stricting
the

f
l
o
w
of

w
a
t
e
r
down

t
h
e
t
a
b
l
e

drain.
g
a
u
g
e
w
a
s

usedt
o

estimate
s
t
o
r
m
magnitudes,

1987
h
e
n

compared
with

backeround
r
a
t

Sediment
y
i
e
l
d
a
n
d
w
a
t
e
r
runoff

w
e
r
e
m
e
a
s
u
r
e
d

intensities,
a
n
d

energyl
e
v
e
l
s
.

a
&

e
s

Plot
W
e
i
g
h
t

 ----------------
Yield

----------------
R
o
a
d
surface

only
R
o
a
d
surface

a
n
d

(kg)
(
k
g
/
m
?
)

c
u
t
b
a
n
k
(
k
g
/
m
?
)

Plot
1
o
n
K
y
f
u
i
k
s
R
o
a
d
s
h
o
w
i
n
g

e
q
u
i
p
m
e
n
t
u
s
e
d

to
collect

sedi-
m
e
n
t
a
n
d
measure

runoff
from

an
1

1
9
5

1.95
*

405
+

isolated
section

of
r
o
a
d

surface
E

4
(
u
p
p
e
r

right).
T
r
o
u
g
h
s

for
trap-

2
3
8
5

1
.
7
8

3
5
=

x
p
i
n
g

material
f
r
o
m

the
c
u
t
b
a
n
k

a
r
e
a
l
s
o
visible.

4
à

3
2
8
3

*
1
.
8
9

3
0
-

=

D
25-

W
a
t
e
r

level
,

u
2

2
0
-

x

S
o
o
n

It
s
h
o
u
l
d

b
e

stressed,
h
o
w
e
v
e
r
,

that
freshly

=
154

R
E
X

g
r
a
d
e
d

roads
are

m
o
r
e

p
r
o
n
e

to
erosion

than
e
s

N
e
e
e

“older”
roads.

For
example,

the
circled

points
o
n

=
R
E
)
u

N
e
a

Figure
2
identify

storms
that

occurreda
t

least
10

5-
‘

=
N
E
R
,

e
e

ae
B
e
.

2
2

months after
the

Kyfuiks
R
o
a
d

surface
h
a
d
been

él
%

5
®

7
graded, all

of
w
h
i
c
h
yielded

muchl
e
s
s
sediment

0
500

1000
1500

2000
than

storms
of

similar
intensity

that
occurred

Kinetic
energy

(J/sqm)
shortly

after
grading.

Therefore,
the

a
n
n
u
a
l
sedi-

:
|

.
m
e
n
t

p
r
o
d
u
c
t
i
o
n

r
a
t
e

o
f

0
.
7

t
o
n
n
e
s
/
h
a
,

w
h
i
l
e

F
I
G
.
2
—
T
h
e

effect
of

s
t
o
r
m
e
n
e
r
g
y
o
n
sediment

y
i
e
l
d
for
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