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APPENDIX   B
Agricultural Impact Assessment

(Decision Analysts Hawaii, Inc.)
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it
ab

le
 f

or
 f

ar
m

in
g 

(I
II

 r
at

in
g 

u
nd

er
 t

he
 S

C
S

ra
ti

ng
, C

 u
nd

er
 th

e 
L

SB
 r

at
in

g,
 a

nd
 O

th
er

 u
nd

er
 th

e 
A

L
IS

H
 r

at
in

g)
.

c.
S

oi
l C

h
ar

ac
te

ri
st

ic
s[2

,3
]

C
on

si
st

en
t 

w
it

h 
th

e 
ab

ov
e 

so
il 

ra
ti

ng
s,

 t
he

 s
m

al
l a

m
ou

nt
 o

f 
la

nd
 in

 t
he

 P
et

i-
ti

on
 A

re
a 

th
at

 c
ou

ld
 b

e 
u

se
d

 f
or

 f
ar

m
in

g 
ex

hi
bi

ts
 a

 n
u

m
be

r 
of

 f
av

or
ab

le
ch

ar
ac

te
ri

st
ic

s:
 t

he
 s

oi
l 

d
ep

th
 e

xc
ee

d
s 

30
 i

nc
he

s,
 t

he
 t

ex
tu

re
 i

s 
fi

ne
 a

lt
ho

u
gh

st
on

y,
 t

he
 s

oi
ls

 h
av

e 
m

od
er

at
e 

ti
lla

bi
lit

y,
 s

oi
ls

 a
re

 w
el

l 
d

ra
in

ed
, t

he
 s

lo
p

es
 a

re
ge

nt
le

 (s
ee

 b
el

ow
), 

th
e 

er
os

io
n 

ha
za

rd
 is

 s
lig

ht
, a

nd
 th

e 
so

il 
pH

 is
 n

eu
tr

al
.[2

,3
]
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E
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M

PA
C

T
 O

N
 A

G
R

IC
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d
.

E
le

va
ti

on
[1

]

T
he

 g
ro

un
d

 e
le

va
ti

on
 o

f t
he

 P
et

it
io

n 
A

re
a 

ra
ng

es
 fr

om
 s

ea
 le

ve
l a

t i
ts

 s
ou

th
-

er
nm

os
t t

ip
 to

 6
5 

fe
et

 a
lo

ng
 it

s 
no

rt
he

rn
 b

ou
nd

ar
y.

e.
S

lo
p

es
[1

]

T
he

 P
et

it
io

n 
A

re
a 

is
 r

el
at

iv
el

y 
fl

at
 t

o 
ge

nt
ly

 s
lo

p
in

g,
 w

it
h 

sl
op

es
 g

en
er

al
ly

ra
ng

in
g 

fr
om

 1
 t

o 
5 

p
er

ce
nt

. 
 H

ow
ev

er
, 

a 
m

od
es

t 
ri

d
ge

li
ne

 w
it

h 
25

%
 s

lo
p

es
fo

rm
s 

pa
rt

 o
f t

he
 n

or
th

er
nm

os
t b

ou
nd

ar
y 

of
 th

e 
Pe

ti
ti

on
 A

re
a.

f.
C

li
m

at
ic

 C
on

d
it

io
n

s

L
ik

e 
ot

he
r 

ar
ea

s 
in

 H
aw

ai
'i,

 t
he

 'E
w

a 
p

la
in

 h
as

 a
 m

ild
 s

em
it

ro
p

ic
al

 c
lim

at
e

th
at

 is
 d

ue
 p

ri
m

ar
ily

 to
 th

re
e 

fa
ct

or
s:

 (1
)  

H
aw

ai
'i’

s 
m

id
-P

ac
if

ic
 lo

ca
ti

on
 n

ea
r 

th
e

T
ro

pi
c 

of
 C

an
ce

r,
 (2

) t
he

 s
ur

ro
un

d
in

g 
w

ar
m

 o
ce

an
 w

at
er

s 
th

at
 v

ar
y 

lit
tl

e 
in

 te
m

-
pe

ra
tu

re
 b

et
w

ee
n 

th
e 

w
in

te
r 

an
d

 s
um

m
er

 s
ea

so
ns

, a
nd

 (3
) t

he
 p

re
va

ili
ng

 n
or

th
-

ea
st

er
ly

 tr
ad

ew
in

d
s 

th
at

 b
ri

ng
 a

ir
 h

av
in

g 
te

m
pe

ra
tu

re
s 

th
at

 a
re

 c
lo

se
 to

 th
os

e 
of

th
e 

su
rr

ou
nd

in
g 

w
at

er
s.

 

So
la

r 
R

ad
ia

ti
on

[5
]

T
he

 E
w

a 
re

gi
on

 o
f 

O
'a

hu
 i

s 
on

e 
of

 t
he

 s
u

nn
ie

st
 a

re
as

 o
n 

th
e 

is
la

nd
. 

 I
t 

is
se

m
i-

ar
id

, w
it

h 
a 

re
la

ti
ve

ly
 w

ar
m

 a
nd

 d
ry

 c
lim

at
e,

 a
nd

 a
n 

av
er

ag
e 

d
ai

ly
 in

so
la

-
ti

on
 o

f 5
00

 c
al

or
ie

s 
pe

r 
sq

ua
re

 c
en

ti
m

et
er

.

R
ai

nf
al

l[6
]

A
ve

ra
ge

 a
nn

u
al

 r
ai

nf
al

l 
in

 t
he

 P
et

it
io

n 
A

re
a 

is
 a

p
p

ro
xi

m
at

el
y 

21
 i

nc
he

s.
M

os
t 

of
 t

hi
s 

ra
in

fa
ll 

oc
cu

rs
 d

u
ri

ng
 t

he
 w

in
te

r 
ra

in
y 

se
as

on
 (

O
ct

ob
er

 t
hr

ou
gh

A
pr

il)
, w

hi
le

 th
e 

su
m

m
er

 m
on

th
s 

(M
ay

 th
ro

ug
h 

Se
pt

em
be

r)
 a

re
 h

ot
 a

nd
 d

ry
.

T
em

pe
ra

tu
re

s[6
]

A
ve

ra
ge

 lo
w

 te
m

pe
ra

tu
re

s 
ra

ng
e 

 fr
om

 a
bo

ut
 6

1°
 F

ah
re

nh
ei

t i
n 

th
e 

w
in

te
r 

to
ab

ou
t 

70
° 

in
 t

he
 s

u
m

m
er

.  
A

ve
ra

ge
 h

ig
h 

te
m

p
er

at
u

re
s 

ra
ng

e 
fr

om
 a

bo
u

t 
80

° 
in

th
e 

w
in

te
r 

to
 8

8°
 in

 th
e 

su
m

m
er

. 
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W
in

d
s 

an
d

 S
to

rm
s[6

]

T
he

 p
re

va
ili

ng
 s

ur
fa

ce
 w

in
d

s 
ar

e 
tr

ad
ew

in
d

s 
th

at
 b

lo
w

 fr
om

 a
 n

or
th

ea
st

er
ly

d
ir

ec
ti

on
, w

it
h 

oc
ca

si
on

al
 s

ou
th

er
ly

 w
in

d
s.

  L
ow

-v
el

oc
it

y 
su

rf
ac

e 
w

in
d

s 
of

 le
ss

th
an

 1
0 

m
ile

s 
p

er
 h

ou
r 

oc
cu

r 
fr

eq
u

en
tl

y.
  

T
he

 t
ra

d
ew

in
d

s 
te

nd
 t

o 
br

ea
k 

d
ow

n
d

u
ri

ng
 t

he
 f

al
l, 

gi
vi

ng
 w

ay
 t

o 
lig

ht
er

, m
or

e 
va

ri
ab

le
 w

in
d

 c
on

d
it

io
ns

 t
hr

ou
gh

th
e 

w
in

te
r 

an
d

 i
nt

o 
th

e 
ea

rl
y 

sp
ri

ng
.  

St
or

m
s 

ar
e 

in
fr

eq
u

en
t, 

oc
cu

rr
in

g 
m

os
tl

y
fr

om
 th

e 
so

ut
h 

in
 th

e 
w

in
te

r 
m

on
th

s.

g.
Ir

ri
ga

ti
on

 W
at

er
[7

]

H
is

to
ri

ca
ll

y,
 t

he
 s

u
ga

rc
an

e 
fi

el
d

s 
w

it
hi

n 
th

e 
P

et
it

io
n 

A
re

a 
w

er
e 

ir
ri

ga
te

d
w

it
h 

gr
ou

nd
w

at
er

.

h
.

R
oa

d
 A

cc
es

s

Fi
el

d
s 

in
 th

e 
P

et
it

io
n 

A
re

a 
ar

e 
re

ac
he

d
 v

ia
 P

um
p 

10
 R

oa
d

 w
hi

ch
 c

on
ne

ct
s 

to
K

al
ae

lo
a 

B
ou

le
va

rd
.  

In
 tu

rn
, K

al
ae

lo
a 

B
ou

le
va

rd
 c

on
ne

ct
s 

to
 th

e 
H

-1
 F

re
ew

ay
.

i.
S

u
m

m
ar

y

A
bo

ut
 1

5 
ac

re
s 

(±
5 

ac
re

s)
 o

f 
th

e 
P

et
it

io
n 

A
re

a 
ar

e 
go

od
 f

or
 g

ro
w

in
g 

lo
w

-e
le

-
va

ti
on

 c
ro

p
s,

 a
nd

 a
no

th
er

 3
3 

ac
re

s 
(±

12
 a

cr
es

) 
ar

e 
su

it
ab

le
 f

or
 t

he
se

 c
ro

p
s.

  T
he

re
m

ai
ni

ng
 1

26
 a

cr
es

 (
±1

7 
ac

re
s)

 a
re

 p
oo

rl
y 

su
it

ed
 f

or
 f

ar
m

in
g,

 l
ar

ge
ly

 b
ec

au
se

m
os

t o
f t

he
 la

nd
 is

 c
or

al
 o

ut
cr

op
.

5.
C

O
M

P
A

T
IB

IL
IT

Y
 W

IT
H

 S
U

R
R

O
U

N
D

IN
G

L
A

N
D

U
S

E
S

L
an

d
 u

se
s 

su
rr

ou
nd

in
g 

th
e 

P
et

it
io

n 
A

re
a 

ar
e 

sh
ow

n 
in

 F
ig

u
re

s 
1 

an
d

 2
, a

nd
in

cl
u

d
e:

 (
1)

 t
o 

th
e 

w
es

t, 
th

e 
K

o 
O

lin
a 

G
ol

f 
C

ou
rs

e 
an

d
 K

o 
O

lin
a 

M
ar

in
a;

 (
2)

 t
o

th
e 

no
rt

h,
 t

he
 v

ac
an

t 
la

nd
s 

of
 t

he
 l

ar
ge

r 
K

ap
ol

ei
 W

es
t 

P
ro

je
ct

 A
re

a;
 (

3)
 t

o 
th

e
ea

st
, t

he
 C

it
y 

of
 K

ap
ol

ei
 a

d
ja

ce
nt

 t
o 

K
al

ae
lo

a 
B

ou
le

va
rd

; a
nd

 (
4)

 t
o 

th
e 

so
u

th
,

th
e 

G
ra

ce
 P

ac
if

ic
 Q

u
ar

ry
 (

no
t 

sh
ow

n)
, 

K
al

ae
lo

a 
B

ar
be

rs
 P

oi
nt

 H
ar

bo
r 

an
d

 i
ts

re
la

te
d

 in
d

us
tr

ia
l a

ct
iv

it
ie

s,
 a

nd
 K

ap
ol

ei
 B

us
in

es
s 

Pa
rk

.

A
s 

in
d

ic
at

ed
, a

ll 
of

 th
e 

cu
rr

en
t a

nd
 p

la
nn

ed
 la

nd
 u

se
s 

su
rr

ou
nd

in
g 

th
e 

P
et

i-
ti

on
 A

re
a 

ar
e 

u
rb

an
, w

it
h 

no
 a

d
ja

ce
nt

 o
r 

ne
ar

by
 a

gr
ic

u
lt

u
ra

l 
ac

ti
vi

ti
es

.  
If

 t
he

be
tt

er
 a

gr
ic

u
lt

u
ra

l 
la

nd
 w

it
hi

n 
th

e 
P

et
it

io
n 

A
re

a 
w

er
e 

to
 b

e 
fa

rm
ed

, 
nu

is
an

ce
is

su
es

 c
ou

ld
 a

ri
se

, 
w

it
h 

re
si

d
en

ts
 o

f 
ne

ar
by

 h
om

es
 a

nd
 o

p
er

at
or

s 
of

 n
ea

rb
y

st
or

es
 c

om
p

la
in

in
g 

ab
ou

t 
fa

rm
in

g 
ac

ti
vi

ti
es

 t
ha

t 
cr

ea
te

 d
u

st
, 

no
is

e,
 c

he
m

ic
al

d
ri

ft
, e

tc
.
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6.
L

O
C

A
T

IO
N

A
L

A
D

V
A

N
T

A
G

E
S

 A
N

D
 D

IS
A

D
V

A
N

T
A

G
E

S

T
he

 P
et

it
io

n 
A

re
a 

is
 w

el
l-

lo
ca

te
d

 fo
r 

se
rv

in
g 

th
e 

H
on

ol
ul

u 
co

ns
um

er
 m

ar
ke

t
an

d
 e

xp
or

t 
m

ar
ke

ts
.  

T
hi

s 
is

 d
u

e 
to

 t
he

 s
ho

rt
 t

ru
ck

in
g 

d
is

ta
nc

e 
to

 t
he

 H
on

ol
u

lu
m

ar
ke

ts
, t

he
 H

on
ol

ul
u 

In
te

rn
at

io
na

l A
ir

po
rt

, a
nd

 H
on

ol
ul

u 
H

ar
bo

r.
 

In
 t

he
 U

.S
. 

m
ai

nl
an

d
 m

ar
ke

t, 
ho

w
ev

er
, 

fa
rm

er
s 

in
 H

aw
ai

'i 
m

u
st

 c
om

p
et

e
ag

ai
ns

t f
ar

m
er

s 
on

 th
e 

m
ai

nl
an

d
 a

nd
 in

 M
ex

ic
o,

 C
en

tr
al

 a
nd

 S
ou

th
 A

m
er

ic
a,

 th
e

C
ar

ib
be

an
, A

us
tr

al
ia

, N
ew

 Z
ea

la
nd

, S
ou

th
ea

st
 A

si
a,

 e
tc

.  
M

os
t o

f t
he

 c
om

pe
ti

ng
fa

rm
 a

re
as

 h
av

e 
lo

w
er

 p
ro

d
u

ct
io

n 
an

d
 d

el
iv

er
y 

co
st

s 
th

an
 H

aw
ai

'i 
d

oe
s.

  C
om

-
p

et
in

g 
ag

ai
ns

t 
M

ex
ic

o 
is

 p
ar

ti
cu

la
rl

y 
d

if
fi

cu
lt

 g
iv

en
 t

he
 N

or
th

 A
m

er
ic

a 
Fr

ee
T

ra
d

e 
A

gr
ee

m
en

t (
N

A
FT

A
) a

nd
 M

ex
ic

o’
s 

pr
ox

im
it

y 
to

 m
aj

or
 U

.S
. m

ar
ke

ts
.
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 C
U

R
R

E
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T
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G
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L
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U
R

A
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L
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N
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U
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E
S
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H

is
to

ri
c 

A
gr

ic
u

lt
u

ra
l U

se
s[1

,3
,7

,8
-1

0]

Fo
llo

w
in

g 
th

e 
M

ah
el

e 
of

 1
84

8,
 t

he
 P

ro
je

ct
 A

re
a 

w
as

 p
ar

t 
of

 a
 4

3,
25

0-
ac

re
gr

an
t 

w
hi

ch
, f

ro
m

 1
87

1 
to

 1
87

7,
 w

as
 l

ea
se

d
 f

or
 c

at
tl

e 
gr

az
in

g.
  

In
 1

87
7,

 J
am

es
C

am
pb

el
l p

ur
ch

as
ed

 m
os

t o
f t

he
 p

ro
pe

rt
y 

(i
nc

lu
d

in
g 

th
e 

P
ro

je
ct

 A
re

a)
 fo

r 
ca

tt
le

ra
nc

hi
ng

—
an

 a
ct

iv
it

y 
th

at
 la

st
ed

 u
nt

il 
18

99
.

C
am

pb
el

l t
he

n 
le

as
ed

 t
he

 p
ro

pe
rt

y 
to

 B
en

ja
m

in
 D

ill
in

gh
am

 in
 1

88
9 

w
ho

, i
n

tu
rn

, s
ub

le
as

ed
 th

e 
la

nd
 to

 th
e 

'E
w

a 
Pl

an
ta

ti
on

 C
om

pa
ny

 to
 c

ul
ti

va
te

 s
ug

ar
ca

ne
.

T
he

 'E
w

a 
Pl

an
ta

ti
on

 C
om

pa
ny

 g
re

w
 q

ui
ck

ly
 a

nd
 c

on
ti

nu
ed

 o
pe

ra
ti

ng
 u

nt
il 

19
70

w
he

n 
th

e 
O

'a
hu

 S
ug

ar
 C

om
pa

ny
 (O

SC
o)

 to
ok

 o
ve

r 
op

er
at

io
ns

.  
Su

ga
rc

an
e 

cu
lt

i-
va

ti
on

 w
as

 c
on

ti
nu

ed
 u

nt
il 

19
95

 w
he

n 
O

SC
o 

cl
os

ed
.

U
nt

il 
ab

ou
t 

19
70

, a
bo

u
t 

65
 a

cr
es

 (
37

%
) 

of
 t

he
 P

et
it

io
n 

A
re

a 
w

er
e 

u
se

d
 f

or
gr

ow
in

g 
su

ga
rc

an
e.

  
T

he
 r

em
ai

ni
ng

 a
cr

ea
ge

 w
as

 u
ns

u
it

ab
le

 f
or

 c
u

lt
iv

at
io

n.
  

In
th

e 
ea

rl
y 

19
70

s,
 th

is
 a

cr
ea

ge
 w

as
 r

ed
u

ce
d

 to
 a

bo
u

t 2
8 

ac
re

s 
(1

6%
) 

of
 th

e 
P

et
it

io
n

A
re

a 
d

ue
 to

 s
ha

llo
w

 s
to

ny
 s

oi
ls

, l
ow

 y
ie

ld
s 

an
d

 th
e 

lo
ng

 tr
uc

ki
ng

 d
is

ta
nc

e 
fr

om
th

e 
fi

el
d

s 
to

 th
e 

m
ill

.

In
 r

ec
en

t 
ye

ar
s 

so
m

e 
li

ve
st

oc
k 

op
er

at
io

ns
 t

oo
k 

p
la

ce
 w

it
hi

n 
th

e 
P

et
it

io
n

A
re

a.
  S

pe
ci

fi
ca

lly
, i

n 
th

e 
la

te
 1

96
0s

, s
om

e 
of

 t
he

 la
nd

 u
ns

u
it

ab
le

 f
or

 c
ro

p 
fa

rm
-

in
g 

w
as

 u
se

d
 f

or
 a

 p
ig

ge
ry

.  
A

nd
 a

ft
er

 O
SC

o 
cl

os
ed

 in
 1

99
5,

 s
om

e 
of

 t
he

 f
or

m
er

su
ga

rc
an

e 
la

nd
 w

as
 u

se
d

 to
 g

ra
ze

 a
 fe

w
 h

or
se

s.

b
.

C
u

rr
en

t A
gr

ic
u

lt
u

ra
l U

se
s[1

]

C
u

rr
en

tl
y,

 n
on

e 
of

 t
he

 l
an

d
 i

n 
th

e 
P

et
it

io
n 

A
re

a 
is

 u
se

d
 f

or
 a

gr
ic

u
lt

u
re

.  
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fa
ct

, m
os

t o
f i

t l
ie

s 
va

ca
nt

 a
nd

 u
nu

se
d

—
ex

ce
pt

 fo
r 

th
e 

R
O

W
 u

se
d

 b
y 
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e 

H
aw
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-
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E
IW

E
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ia
n 

R
ai

lw
ay

 S
oc

ie
ty

 f
or

 t
he

 O
R

&
L

, 
an

d
 q

u
ar

ry
in

g 
an

d
 s

to
ck

p
il

in
g 

ac
ti

vi
ti

es
in

si
d

e 
an

d
 a

d
ja

ce
nt

 t
o 

th
e 

so
u

th
er

n 
bo

u
nd

ar
y 

of
 t

he
 P

et
it

io
n 

A
re

a.
  I

n 
ad

d
it

io
n,

a 
C

oa
st

 G
u

ar
d

 R
an

ge
 L

ig
ht

 u
se

d
 b

y 
na

vi
ga

to
rs

 t
o 

en
te

r 
K

al
ae

lo
a 

B
ar

be
rs

 P
oi

nt
H

ar
bo

r 
is

 lo
ca

te
d

 a
t t

he
 s

ou
th

er
nm

os
t t

ip
 o

f t
he

 P
et

it
io

n 
A

re
a.

8.
P

O
T

E
N

T
IA

L
C

R
O

P
S

[1
1]

B
as

ed
 o

n 
th

e 
ab

ov
e 

ag
ro

no
m

ic
 c

on
d

it
io

ns
, t

he
 P

et
it

io
n 

A
re

a 
is

 s
u

it
ab

le
 f

or
lo

w
-e

le
va

ti
on

 c
ro

p
s 

co
m

m
er

ci
al

ly
 g

ro
w

n 
in

 H
aw

ai
'i,

 i
nc

lu
d

in
g 

bu
t 

no
t 

lim
it

ed
to

: a
sp

ar
ag

u
s,

 b
ea

ns
 (

gr
ee

n,
 b

u
sh

, a
nd

 s
na

p
), 

be
ll 

p
ep

p
er

s,
 b

it
te

rm
el

on
,c

an
ta

-
lo

up
e,

 C
hi

ne
se

 p
ea

s,
 c

uc
um

be
rs

, d
ai

ko
n,

 d
ry

 o
ni

on
s,

 e
gg

pl
an

t, 
fl

ow
er

s/
nu

rs
er

y
p

ro
d

u
ct

s,
 g

in
ge

r 
ro

ot
, 

gr
ee

n 
on

io
ns

, 
gr

ee
n 

p
ep

p
er

s,
 h

ea
d

 a
nd

 s
em

i-
he

ad
 l

et
-

tu
ce

s,
 h

er
bs

, h
on

ey
d

ew
 m

el
on

s,
 li

m
es

, l
ot

us
 r

oo
t, 

ly
ch

ee
, M

an
oa

 le
tt

uc
e,

 m
an

go
,

m
u

st
ar

d
 c

ab
ba

ge
, O

ri
en

ta
l 

sq
u

as
h,

 p
ar

sl
ey

, p
u

m
p

ki
ns

, s
ee

d
 c

ro
p

s,
 s

w
ee

t 
co

rn
,

sw
ee

t p
ot

at
oe

s,
 ta

ng
er

in
es

, a
nd

 w
at

er
m

el
on

s.
 

9.
A

C
R

E
A

G
E

R
E

Q
U

IR
E

M
E

N
T

S
 F

O
R

 D
IV

E
R

S
IF

IE
D

C
R

O
P

S

a.
C

ro
p

s 
to

 R
ep

la
ce

 I
m

p
or

ts
[1

2]

Fo
r 

lo
w

-e
le

va
ti

on
 fr

ui
ts

 a
nd

 v
eg

et
ab

le
s 

th
at

 h
av

e 
a 

hi
st

or
y 

of
 p

ro
fi

ta
bl

e 
pr

o-
d

u
ct

io
n 

in
 H

aw
ai

'i,
 p

ot
en

ti
al

 la
nd

 r
eq

u
ir

em
en

ts
 in

 2
01

0 
fo

r 
10

0%
 im

po
rt

 s
u

bs
ti

-
tu

ti
on

 f
or

 t
he

 H
aw

ai
'i 

an
d

 O
'a

hu
 m

ar
ke

ts
 is

 e
st

im
at

ed
 a

t 
12

,7
00

 a
cr

es
 a

nd
 8

,6
00

ac
re

s,
 r

es
p

ec
ti

ve
ly

, 
p

lu
s 

so
m

e 
ad

d
it

io
na

l 
ac

re
ag

e 
fo

r 
fa

llo
w

in
g 

la
nd

 b
et

w
ee

n
cr

op
s.

  
T

he
se

 e
st

im
at

es
 t

ak
e 

in
to

 a
cc

ou
nt

 e
st

im
at

ed
 c

on
su

m
p

ti
on

, p
ro

d
u

ct
io

n
tr

en
d

s,
 s

ea
so

na
l a

nd
 a

nn
u

al
 m

ar
ke

t 
sh

ar
es

, y
ie

ld
s,

 a
nd

 t
he

 n
u

m
be

r 
of

 c
ro

ps
 p

er
ye

ar
.  

A
ls

o,
 t

he
se

 f
ig

u
re

s 
ar

e 
fo

r 
ac

re
ag

e 
in

 c
ro

p
—

no
t 

ha
rv

es
te

d
 a

cr
ea

ge
 a

s 
is

ty
pi

ca
lly

 r
ep

or
te

d
 in

 g
ov

er
nm

en
t p

ub
lic

at
io

ns
.

A
llo

w
in

g 
fo

r 
co

m
p

et
it

io
n 

fr
om

 im
p

or
ts

, t
he

se
 e

st
im

at
es

 d
ro

p
 t

o 
ab

ou
t 

ha
lf

.
M

ar
ke

t s
ha

re
s 

fo
r 

H
aw

ai
'i 

gr
ow

er
s 

ar
e 

lim
it

ed
 b

y 
th

e 
fo

llo
w

in
g 

fa
ct

or
s:

  (
1)

 lo
ca

l
va

ri
et

ie
s 

ar
e 

no
t 

p
er

fe
ct

 s
u

bs
ti

tu
te

s 
fo

r 
al

l i
m

p
or

ts
 (

e.
g.

, p
re

m
iu

m
-p

ri
ce

d
 s

w
ee

t
M

au
i o

ni
on

s 
ve

rs
u

s 
in

ex
pe

ns
iv

e 
st

or
ag

e 
on

io
ns

); 
(2

) 
so

m
e 

cr
op

s 
ca

nn
ot

 b
e 

pr
o-

d
u

ce
d

 p
ro

fi
ta

bl
y 

in
 t

he
 s

u
m

m
er

 d
u

e 
to

 c
om

p
et

it
io

n 
fr

om
 l

ow
-c

os
t 

im
p

or
ts

 o
f

fr
u

it
s 

an
d

 v
eg

et
ab

le
s 

fr
om

 C
al

if
or

ni
a,

 o
th

er
 s

ta
te

s,
 a

nd
 M

ex
ic

o;
 a

nd
 (

3)
 o

ve
r-

pr
od

uc
ti

on
 m

us
t b

e 
av

oi
d

ed
 in

 o
rd

er
 to

 m
ai

nt
ai

n 
pr

of
it

ab
le

 p
ri

ce
 le

ve
ls

.

Si
nc

e 
H

aw
ai

'i 
fa

rm
er

s 
al

re
ad

y 
su

pp
ly

 a
 p

or
ti

on
 o

f 
th

e 
H

aw
ai

'i 
m

ar
ke

t, 
la

nd
re

qu
ir

em
en

ts
 f

or
 in

cr
ea

se
d

 im
p

or
t 

su
bs

ti
tu

ti
on

 a
re

 a
 f

ra
ct

io
n 

of
 t

he
 a

bo
ve

 e
st

i-
m

at
es

.

K
A

PO
L

E
IW

E
ST

:I
M

PA
C

T
 O

N
 A

G
R

IC
U

L
T

U
R

E
10

b
.

E
xp

or
t C

ro
p

s[1
2]

T
he

 p
ot

en
ti

al
 m

ar
ke

t 
fo

r 
ex

po
rt

 c
ro

ps
 is

 f
ar

 la
rg

er
 t

ha
n 

th
e 

H
aw

ai
'i 

m
ar

ke
t:

a 
p

op
u

la
ti

on
 o

f 
29

0.
8 

m
ill

io
n 

in
 2

00
3 

fo
r 

th
e 

U
.S

. c
om

p
ar

ed
 t

o 
a 

re
si

d
en

t-
p

lu
s-

vi
si

to
r 

po
pu

la
ti

on
 o

f o
nl

y 
1.

4 
m

ill
io

n 
fo

r 
H

aw
ai

'i.
[1

3,
14

]
T

o 
ta

ke
 a

d
va

nt
ag

e 
of

 th
is

la
rg

e 
p

ot
en

ti
al

, 
H

aw
ai

'i 
fa

rm
er

s 
ar

e 
ex

p
lo

ri
ng

 v
ar

io
u

s 
ex

p
or

t 
cr

op
s 

on
 l

an
d

s
re

le
as

ed
 f

ro
m

 p
la

nt
at

io
n 

ag
ri

cu
lt

u
re

.  
O

ve
r 

th
e 

ne
xt

 2
0+

 y
ea

rs
, o

ne
 o

r 
m

or
e 

of
th

es
e 

cr
op

s 
m

ay
 p

ro
ve

 s
uc

ce
ss

fu
l a

nd
 m

ay
 g

ro
w

 in
to

 a
 m

aj
or

 e
xp

or
t c

ro
p.

H
ow

ev
er

, t
he

 h
is

to
ry

 o
f 

ag
ri

cu
lt

u
ra

l e
ff

or
ts

 in
 H

aw
ai

'i 
re

ve
al

s 
th

at
 d

ev
el

op
-

in
g 

m
aj

or
 n

ew
 e

xp
or

t 
cr

op
s 

co
m

p
et

it
iv

e 
in

 o
ve

rs
ea

s 
m

ar
ke

ts
 i

s 
d

if
fi

cu
lt

. 
 F

or
ex

am
p

le
, o

ve
r 

th
e 

p
as

t 
50

 y
ea

rs
 i

n 
H

aw
ai

'i,
 f

ar
m

er
s 

ha
ve

 e
xp

lo
re

d
 n

u
m

er
ou

s
po

ss
ib

ili
ti

es
 fo

r 
ex

po
rt

 c
ro

ps
, b

ut
 th

ey
 h

av
e 

d
ev

el
op

ed
 o

ve
rs

ea
s 

m
ar

ke
ts

 fo
r 

ju
st

on
e 

d
iv

er
si

fi
ed

 c
ro

p
 t

ha
t 

re
qu

ir
es

 m
or

e 
th

an
 1

0,
00

0 
ac

re
s 

(m
ac

ad
am

ia
 n

u
ts

 a
t

18
,0

00
 a

cr
es

 i
n 

20
02

); 
on

e 
ad

d
it

io
na

l 
cr

op
 t

ha
t 

re
qu

ir
es

 m
or

e 
th

an
 5

,0
00

 a
cr

es
(c

of
fe

e 
at

 7
,2

00
 a

cr
es

);
 a

nd
 o

nl
y 

fi
ve

 a
d

d
it

io
na

l 
cr

op
s 

or
 c

ro
p

 c
at

eg
or

ie
s 

th
at

re
qu

ir
ed

 m
or

e 
th

an
 1

,0
00

 a
cr

es
 (

p
ap

ay
a 

at
 2

,3
20

 a
cr

es
, b

an
an

as
 a

t 
1,

44
0 

ac
re

s,
tr

op
ic

al
 s

pe
ci

al
ty

 f
ru

it
s 

at
 1

,1
70

  a
cr

es
, f

lo
w

er
s/

nu
rs

er
y 

pr
od

u
ct

s 
at

 3
,4

20
 a

cr
es

,
an

d
 s

ee
d

 c
ro

ps
 a

t 3
,5

00
 a

cr
es

).[1
1]

  T
ro

pi
ca

l s
pe

ci
al

ty
 fr

ui
t i

nc
lu

d
e 

lo
ng

an
, l

yc
he

e,
m

an
go

, r
am

bu
ta

n,
 s

ta
r-

fr
ui

t, 
et

c.

c.
R

ec
en

t T
re

n
d

s[1
1]

Fo
r 

al
l d

iv
er

si
fi

ed
 c

ro
ps

—
i.e

., 
al

l c
ro

ps
 o

th
er

 th
an

 s
ug

ar
ca

ne
 a

nd
 p

in
ea

pp
le

,
in

cl
u

d
in

g 
bo

th
 c

ro
p

s 
to

 r
ep

la
ce

 i
m

p
or

ts
 a

nd
 c

ro
p

s 
fo

r 
ex

p
or

t—
la

nd
 r

eq
u

ir
e-

m
en

ts
 h

av
e 

gr
ow

n 
by

 a
n 

av
er

ag
e 

of
 l

es
s 

th
an

 2
00

 a
cr

es
 p

er
 y

ea
r 

si
nc

e 
th

e
m

id
-1

98
0s

, o
r 

le
ss

 th
an

 2
,0

00
 a

cr
es

 p
er

 d
ec

ad
e 

(s
ee

 F
ig

ur
e 

6 
an

d
 A

pp
en

d
ix

 A
).

D
u

ri
ng

 t
he

 5
-y

ea
r 

pe
ri

od
 f

ro
m

 1
99

8 
to

 2
00

2,
 a

cr
ea

ge
 in

cr
ea

se
d

 f
or

 ju
st

 t
hr

ee
of

 t
he

 m
aj

or
 e

xp
or

t 
cr

op
 c

at
eg

or
ie

s:
 t

ro
p

ic
al

 s
p

ec
ia

lt
y 

fr
u

it
s 

u
p

 3
70

 a
cr

es
, f

lo
w

-
er

s/
nu

rs
er

y 
p

ro
d

u
ct

s 
u

p
 7

45
 a

cr
es

, a
nd

 s
ee

d
 c

ro
p

s 
u

p
 4

30
 a

cr
es

.  
D

u
ri

ng
 t

hi
s

sa
m

e 
p

er
io

d
, a

cr
ea

ge
 d

ec
lin

ed
 f

or
 f

ou
r 

of
 t

he
 m

aj
or

 e
xp

or
t 

cr
op

s:
 m

ac
ad

am
ia

nu
ts

 d
ow

n 
2,

20
0 

ac
re

s,
 c

of
fe

e 
d

ow
n 

20
0 

ac
re

s 
fo

r 
co

ff
ee

, 
p

ap
ay

a 
d

ow
n 

1,
23

0
ac

re
s,

 a
nd

 b
an

an
as

 d
ow

n 
16

0 
ac

re
s.

  
T

he
 n

et
 c

ha
ng

e 
w

as
 a

 d
ec

re
as

e 
of

 2
,2

45
ac

re
s.
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O
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 D
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E
R

S
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C
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O
P
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5]

St
at

ew
id

e,
 a

 v
as

t a
m

ou
nt

 o
f 

la
nd

 h
as

 b
ee

n 
re

le
as

ed
 f

ro
m

 p
la

nt
at

io
n 

ag
ri

cu
l-

tu
re

 (
ab

ou
t 

23
9,

30
0 

ac
re

s 
si

nc
e 

19
68

), 
an

d
 t

hi
s 

re
le

as
e 

of
 l

an
d

 h
as

 f
ar

 o
u

tp
ac

ed
th

e 
d

em
an

d
 fo

r 
la

nd
 fo

r 
d

iv
er

si
fi

ed
 c

ro
ps

 (a
n 

in
cr

ea
se

 o
f a

bo
ut

 2
5,
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0 

ac
re

s 
ov

er
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th
is

 s
am

e 
pe

ri
od

)—
se

e 
Fi

gu
re

 6
 a

nd
 A

pp
en

d
ix

 A
.  

T
he

 n
et

 d
ec

re
as

e 
in

 c
ro

p 
la

nd
am

ou
nt

ed
 to

 2
14

,2
00

 a
cr

es
.  

W
hi

le
 s

om
e 

of
 th

e 
re

le
as

ed
 la

nd
 h

as
 b

ee
n 

co
nv

er
te

d
or

 i
s 

sc
he

d
u

le
d

 t
o 

be
 c

on
ve

rt
ed

 t
o 

no
n-

ag
ri

cu
lt

u
ra

l 
u

se
s,

 m
os

t 
of

 i
t 

re
m

ai
ns

av
ai

la
bl

e 
fo

r 
d

iv
er

si
fi

ed
 c

ro
ps

.

T
he

 a
bo

ve
 in

d
ic

at
es

 th
at

 a
m

pl
e 

la
nd

 is
 a

va
ila

bl
e 

in
 H

aw
ai

'i 
to

 a
cc

om
m

od
at

e
th

e 
gr

ow
th

 o
f d

iv
er

si
fi

ed
 c

ro
ps

, w
he

th
er

 d
em

an
d

 is
 b

as
ed

 o
n 

po
te

nt
ia

l o
r 

re
ce

nt
tr

en
d

s.
  I

n 
ot

he
r 

w
or

d
s,

 t
he

 li
m

it
in

g 
fa

ct
or

 t
o 

th
e 

gr
ow

th
 o

f 
d

iv
er

si
fi

ed
 c

ro
ps

 is
no

t
th

e
la

nd
 s

up
pl

y,
bu

t 
ra

th
er

 t
he

 s
iz

e 
of

 t
he

 m
ar

ke
t

fo
r 

cr
op

s 
th

at
 c

an
 b

e 
gr

ow
n

pr
of

it
ab

ly
 in

 H
aw

ai
'i.

T
he

se
 f

in
d

in
gs

 a
ls

o 
ap

p
ly

 t
o 

O
'a

hu
.  

Si
nc

e 
19

68
, t

he
 c

on
tr

ac
ti

on
s 

an
d

 e
ve

n-
tu

al
 c

lo
su

re
s 

of
 t

hr
ee

 s
u

ga
r 

p
la

nt
at

io
ns

 p
lu

s 
th

e 
co

nt
ra

ct
io

ns
 o

f 
tw

o 
p

in
ea

p
p

le
p

la
nt

at
io

ns
 r

el
ea

se
d

 a
bo

u
t 

47
,5

00
 a

cr
es

.  
Fu

rt
he

rm
or

e,
 m

os
t 

of
 t

he
 2

8,
30

0 
ac

re
s

re
le

as
ed

 s
in

ce
 1

99
0 

re
m

ai
ns

 a
va

ila
bl

e.
  F

ie
ld

s 
in

 K
un

ia
 a

nd
 'E

w
a 

ar
e 

re
ga

rd
ed

 a
s

am
on

g 
th

e 
be

st
 fa

rm
 la

nd
 in

 H
aw

ai
'i.

  T
he

se
 la

nd
s 

ha
ve

 b
ee

n 
le

as
ed

 fo
r 

fa
rm

in
g,

bu
t 

m
ar

ke
ts

 f
or

 c
ro

ps
 g

ro
w

n 
on

 t
he

 la
nd

 a
re

 s
ti

ll 
be

in
g 

d
ev

el
op

ed
.  

O
n 

O
'a

hu
’s

N
or

th
 S

ho
re

, v
ar

io
u

s 
cr

op
s 

ar
e 

be
in

g 
ex

p
lo

re
d

, b
u

t 
m

os
t 

of
 t

he
 f

or
m

er
 s

u
ga

r-
ca

ne
 a

nd
 p

in
ea

pp
le

 la
nd

 r
em

ai
ns

 fa
llo

w
.
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P
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C
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N
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X
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T
IN

G
A

G
R

IC
U

L
T

U
R

A
L

O
P

E
R

A
T

IO
N

S

T
he

 P
ro

je
ct

 w
ill

 h
av

e 
no

 im
pa

ct
 o

n 
ex

is
ti

ng
 a

gr
ic

u
lt

u
ra

l o
pe

ra
ti

on
s 

be
ca

u
se

no
ne

 e
xi

st
 w

it
hi

n 
or

 n
ea

r 
th

e 
Pe

ti
ti

on
 A

re
a.

12
.I

M
P

A
C

T
 O

N
 T

H
E

 G
R

O
W

T
H

 O
F 

D
IV

E
R

S
IF

IE
D

C
R

O
P

S

T
he

 P
et

it
io

n 
A

re
a 

D
ev

el
op

m
en

t 
w

il
l 

co
m

m
it

 a
bo

u
t 

15
 a

cr
es

 (
±5

 a
cr

es
) 

of
go

od
 a

gr
ic

u
lt

u
ra

l 
la

nd
 t

o 
a 

no
n-

ag
ri

cu
lt

u
ra

l 
u

se
. 

 T
hi

s 
am

ou
nt

 o
f 

la
nd

 c
ou

ld
su

pp
or

t a
bo

ut
 a

bo
ut

 tw
o 

fa
rm

 jo
bs

, b
as

ed
 o

n 
ab

ou
t 1

2.
5 

jo
bs

 p
er

 1
00

 a
cr

es
. 

M
or

e 
re

al
is

ti
ca

ll
y,

 t
he

 d
ev

el
op

m
en

t 
of

 t
hi

s 
ag

ri
cu

lt
u

ra
l 

la
nd

—
co

m
bi

ne
d

w
it

h 
ot

he
r 

d
ev

el
op

m
en

ts
 in

 H
aw

ai
'i—

in
vo

lv
es

 th
e 

lo
ss

 o
f t

oo
 li

tt
le

 g
oo

d
 a

gr
ic

ul
-

tu
ra

l l
an

d
 t

o 
af

fe
ct

 (
1)

 t
he

 a
va

ila
bi

lit
y 

of
 la

nd
 t

o 
fa

rm
er

s 
in

 H
aw

ai
'i,

 (
2)

 a
gr

ic
u

l-
tu

ra
l 

la
nd

 r
en

ts
, (

3)
 t

he
 g

ro
w

th
 o

f 
d

iv
er

si
fi

ed
 a

gr
ic

u
lt

u
re

, o
r 

(4
) 

p
ot

en
ti

al
 a

gr
i-

cu
lt

ur
al

 e
m

pl
oy

m
en

t.

T
hi

s 
co

nc
lu

si
on

 i
s 

ba
se

d
 o

n 
th

e 
ab

ov
e 

fi
nd

in
g 

fr
om

 S
ec

ti
on

s 
9 

an
d

 1
0,

 a
nd

fr
om

 A
pp

en
d

ix
 A

, t
ha

t 
am

pl
e 

la
nd

 is
 a

va
ila

bl
e 

fo
r 

d
iv

er
si

fi
ed

 a
gr

ic
u

lt
u

re
, w

it
h

th
e 

av
ai

la
bl

e 
su

pp
ly

 f
ar

 e
xc

ee
d

in
g 

lik
el

y 
or

 p
ot

en
ti

al
 d

em
an

d
.  

Fu
rt

he
rm

or
e,

 in
p

ra
ct

ic
e,

 t
he

 g
oo

d
 a

gr
ic

u
lt

u
ra

l 
la

nd
 w

it
hi

n 
th

e 
P

et
it

io
n 

A
re

a 
ha

s 
al

re
ad

y 
be

en
re

m
ov

ed
 f

ro
m

 t
he

 in
ve

nt
or

y 
of

 f
ar

m
 la

nd
 d

u
e 

to
 it

s 
sm

al
l a

cr
ea

ge
, i

ts
 is

ol
at

io
n

K
A

PO
L

E
IW

E
ST

:I
M

PA
C

T
 O

N
 A

G
R

IC
U

L
T

U
R

E
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fr
om

 o
th

er
 f

ar
m

in
g 

ar
ea

s,
 a

nd
 t

he
 e

xi
st

in
g 

an
d

 p
la

nn
ed

 u
rb

an
 u

se
s 

th
at

 s
u

r-
ro

un
d

 th
e 

Pe
ti

ti
on

 A
re

a.

13
.O

FF
S

E
T

T
IN

G
B

E
N

E
FI

T
S

T
he

 lo
ss

 o
f 

15
 a

cr
es

 (
±5

 a
cr

es
) 

of
 g

oo
d

 a
gr

ic
u

lt
u

ra
l l

an
d

 w
ill

 b
e 

of
fs

et
 b

y 
th

e
fo

llo
w

in
g 

be
ne

fi
ts

 o
f t

he
 P

et
it

io
n 

A
re

a 
D

ev
el

op
m

en
t:

—
1,

15
4 

ne
w

 h
om

es
;

—
17

.1
 a

cr
es

 o
f n

ew
 p

ar
ks

;

—
59

.9
 a

cr
es

 o
f a

 n
ew

 g
ol

f c
ou

rs
e;

—
jo

bs
 s

u
p

p
or

te
d

 b
y 

d
ev

el
op

m
en

t 
ac

ti
vi

ty
, 

in
cl

u
d

in
g 

(1
) 

d
ir

ec
t 

co
n-

st
ru

ct
io

n 
an

d
 o

th
er

 jo
bs

 in
vo

lv
ed

 w
it

h 
d

ev
el

op
m

en
t, 

an
d

 (
2)

 in
d

ir
ec

t
jo

bs
 s

u
p

p
or

te
d

 b
y 

p
u

rc
ha

se
s 

of
 g

oo
d

s 
an

d
 s

er
vi

ce
s 

by
 c

on
st

ru
ct

io
n

co
m

pa
ni

es
 a

nd
 th

ei
r 

em
pl

oy
ee

s;

—
jo

bs
 s

u
pp

or
te

d
 b

y 
pu

rc
ha

se
s 

of
 g

oo
d

s 
an

d
 s

er
vi

ce
s 

by
 th

os
e 

liv
in

g 
in

Pe
ti

ti
on

 A
re

a 
ho

m
es

; a
nd

—
ta

x 
re

ve
nu

es
 (

ex
ci

se
 t

ax
es

, p
er

so
na

l 
in

co
m

e 
ta

xe
s,

 c
or

p
or

at
e 

in
co

m
e

ta
xe

s,
 p

ro
p

er
ty

 t
ax

es
, 

et
c.

) 
p

ai
d

 b
y 

(1
) 

co
m

p
an

ie
s 

an
d

 e
m

p
lo

ye
es

d
ir

ec
tl

y 
an

d
 in

d
ir

ec
tl

y 
su

pp
or

te
d

 b
y 

d
ev

el
op

m
en

t 
ac

ti
vi

ti
es

, (
2)

 r
es

i-
d

en
ts

 li
vi

ng
 in

 P
et

it
io

n 
A

re
a 

ho
m

es
,  

an
d

 (
3)

 c
om

pa
ni

es
 a

nd
 e

m
pl

oy
-

ee
s 

d
ir

ec
tl

y 
an

d
 in

d
ir

ec
tl

y 
su

pp
or

te
d

 b
y 

pu
rc

ha
se

s 
of

 g
oo

d
s 

an
d

 s
er

-
vi

ce
s 

by
 th

os
e 

liv
in

g 
in

 P
et

it
io

n 
A

re
a 

ho
m

es
. 
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 C
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N
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6]

a.
A

va
il

ab
il

it
y 

of
 L

an
d

s 
fo

r 
A

gr
ic

u
lt

u
re

T
he

H
aw

ai
i 

St
at

e 
C

on
st

it
ut

io
n,

 t
he

 H
aw

ai
i 

St
at

e 
P

la
n,

 t
he

 S
ta

te
 A

gr
ic

ul
tu

re
Fu

nc
ti

on
al

 P
la

n,
 a

nd
 t

he
 G

en
er

al
 P

la
n 

of
 t

he
 C

it
y 

an
d 

C
ou

nt
y 

of
 H

on
ol

ul
u

ca
ll

d
ir

ec
tl

y 
or

 im
pl

ic
it

ly
 fo

r 
pr

es
er

vi
ng

 th
e 

ec
on

om
ic

 v
ia

bi
lit

y 
of

 p
la

nt
at

io
n 

ag
ri

cu
l-

tu
re

 a
nd

 p
ro

m
ot

in
g 

th
e 

gr
ow

th
 o

f 
d

iv
er

si
fi

ed
 a

gr
ic

u
lt

u
re

.  
T

o 
ac

co
m

p
lis

h 
th

is
,

an
 a

d
eq

ua
te

 s
up

pl
y 

of
 a

gr
ic

ul
tu

ra
lly

 s
ui

ta
bl

e 
la

nd
s 

an
d

 w
at

er
 m

us
t b

e 
as

su
re

d
. 

W
it

h 
re

ga
rd

 to
 p

la
nt

at
io

n 
ag

ri
cu

lt
ur

e,
 th

e 
Pe

ti
ti

on
 A

re
a 

is
 n

o 
lo

ng
er

 p
ar

t o
f a

su
ga

r 
pl

an
ta

ti
on

 s
in

ce
 t

he
 p

la
nt

at
io

n 
cl

os
ed

 in
 1

99
5 

fo
r 

re
as

on
s 

u
nr

el
at

ed
 t

o 
th

e
pr

op
os

ed
 P

ro
je

ct
.

W
it

h 
re

ga
rd

 to
 d

iv
er

si
fi

ed
 a

gr
ic

ul
tu

re
, d

ev
el

op
m

en
t o

f t
he

 P
et

it
io

n 
A

re
a 

w
ill

no
t 

lim
it

 t
he

 g
ro

w
th

 o
f 

d
iv

er
si

fi
ed

 a
gr

ic
u

lt
u

re
 s

in
ce

 a
m

p
le

 a
gr

ic
u

lt
u

ra
l 

la
nd

 i
s

av
ai

la
bl

e 
on

 O
'a

hu
 a

nd
 o

n 
ot

he
r 

is
la

nd
s.

  T
hi

s 
is

 d
ue

 to
 th

e 
en

or
m

ou
s 

su
pp

ly
 o

f

K
A

PO
L

E
IW

E
ST
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M
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C

T
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N
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R

IC
U

L
T

U
R

E
13



ag
ri

cu
lt

u
ra

l l
an

d
 t

ha
t 

is
 n

ow
 a

va
ila

bl
e 

d
u

e 
to

 t
he

 c
on

tr
ac

ti
on

 o
f 

pl
an

ta
ti

on
 a

gr
i-

cu
lt

ur
e.

b
.

C
on

se
rv

at
io

n
 o

f 
A

gr
ic

u
lt

u
ra

l L
an

d
s

In
 a

d
d

it
io

n 
to

 t
he

 a
bo

ve
, 

St
at

e 
p

ol
ic

ie
s 

ca
ll 

fo
r 

co
ns

er
vi

ng
 a

nd
 p

ro
te

ct
in

g
p

ri
m

e 
ag

ri
cu

lt
u

ra
l 

la
nd

s,
 i

nc
lu

d
in

g 
p

ro
te

ct
in

g 
ag

ri
cu

lt
u

ra
l 

la
nd

s 
fr

om
 u

rb
an

d
ev

el
op

m
en

t.

H
ow

ev
er

, t
he

se
 p

ol
ic

ie
s,

 w
hi

ch
 w

er
e 

w
ri

tt
en

 b
ef

or
e 

th
e 

m
aj

or
 c

on
tr

ac
ti

on
 o

f
pl

an
ta

ti
on

 a
gr

ic
ul

tu
re

 in
 th

e 
19

90
s,

 a
ss

um
e 

im
pl

ic
it

ly
 th

at
 p

ro
fi

ta
bl

e 
ag

ri
cu

lt
ur

al
ac

ti
vi

ti
es

 w
ill

 b
e 

av
ai

la
bl

e 
to

 u
ti

liz
e 

th
es

e 
ag

ri
cu

lt
ur

al
 la

nd
s.

  T
hi

s 
ha

s 
pr

ov
en

 to
be

 a
 q

ue
st

io
na

bl
e 

as
su

m
pt

io
n 

in
 v

ie
w

 o
f t

he
 e

no
rm

it
y 

of
 th

e 
co

nt
ra

ct
io

n 
of

 p
la

n-
ta

ti
on

 a
gr

ic
u

lt
u

re
, t

he
 a

bu
nd

an
t 

su
pp

ly
 o

f 
la

nd
 t

ha
t 

ca
m

e 
av

ai
la

bl
e 

fo
r 

d
iv

er
si

-
fi

ed
 a

gr
ic

u
lt

u
re

, a
nd

 t
he

 s
lo

w
 g

ro
w

th
 i

n 
th

e 
am

ou
nt

 o
f 

la
nd

 b
ei

ng
 u

ti
liz

ed
 f

or
d

iv
er

si
fi

ed
 a

gr
ic

ul
tu

re
 (s

ee
 S

ec
ti

on
s 

9 
an

d
 1

0 
ab

ov
e,

 F
ig

ur
e 

6,
 a

nd
 A

pp
en

d
ix

 A
). 

Fu
rt

he
rm

or
e,

 d
is

cu
ss

io
ns

 i
n 

th
e 

A
gr

ic
u

lt
u

re
 p

or
ti

on
 o

f 
th

e 
St

at
e 

Fu
nc

ti
on

al
P

la
n 

re
co

gn
iz

e 
th

at
 r

ed
es

ig
na

ti
on

 o
f l

an
d

s 
fr

om
 A

gr
ic

ul
tu

ra
l t

o 
U

rb
an

 s
ho

ul
d

 b
e

al
lo

w
ed

 “
…

 u
po

n 
a 

d
em

on
st

ra
te

d
 c

ha
ng

e 
in

 e
co

no
m

ic
 o

r 
so

ci
al

 c
on

d
it

io
ns

, a
nd

w
he

re
 t

he
 r

eq
u

es
te

d
 r

ed
es

ig
na

ti
on

 w
ill

 p
ro

vi
d

e 
gr

ea
te

r 
be

ne
fi

ts
 t

o 
th

e 
ge

ne
ra

l
p

u
bl

ic
 t

ha
n 

it
s 

re
te

nt
io

n 
in

 …
ag

ri
cu

lt
u

re
;”

 t
ha

t 
is

, w
he

n 
an

 “
ov

er
ri

d
in

g 
p

u
bl

ic
in

te
re

st
 e

xi
st

s.
”[1

7]
  T

he
 e

no
rm

ou
s 

co
nt

ra
ct

io
n 

in
 p

la
nt

at
io

n 
ag

ri
cu

lt
ur

e,
 r

es
ul

ti
ng

in
 t

he
 s

u
p

p
ly

 o
f 

ag
ri

cu
lt

u
ra

l 
la

nd
 f

ar
 e

xc
ee

d
in

g 
d

em
an

d
, 

co
ns

ti
tu

te
s 

a 
m

aj
or

ch
an

ge
 i

n 
ec

on
om

ic
 c

on
d

it
io

ns
.  

M
or

eo
ve

r,
 d

ev
el

op
m

en
t 

in
 t

he
 P

et
it

io
n 

A
re

a
w

ill
 p

ro
vi

d
e 

co
m

m
u

ni
ty

 b
en

ef
it

s 
(h

om
es

, p
ar

ks
, a

 p
or

ti
on

 o
f 

a 
go

lf
 c

ou
rs

e,
 jo

bs
,

an
d

 t
ax

 r
ev

en
u

es
) 

th
at

 f
ar

 e
xc

ee
d

 t
ha

t 
w

hi
ch

 c
ou

ld
 b

e 
p

ro
vi

d
ed

 b
y 

d
iv

er
si

fi
ed

ag
ri

cu
lt

u
re

 (
ab

ou
t 

tw
o 

jo
bs

). 
 I

n 
pr

ac
ti

ce
, h

ow
ev

er
, d

ev
el

op
m

en
t 

of
 t

he
 P

et
it

io
n

A
re

a 
w

ill
 n

ot
 r

es
ul

t i
n 

a 
lo

ss
 o

f e
xi

st
in

g 
or

 p
ot

en
ti

al
 a

gr
ic

ul
tu

ra
l e

m
pl

oy
m

en
t.

c.
'E

w
a 

D
ev

el
op

m
en

t P
la

n
, C

it
y 

&
 C

ou
n

ty
 o

f 
H

on
ol

u
lu

T
he

 p
ro

po
se

d
 u

rb
an

 d
ev

el
op

m
en

t o
f t

he
 P

et
it

io
n 

A
re

a 
is

 c
on

si
st

en
t w

it
h 

th
e

'E
w

a 
D

ev
el

op
m

en
t P

la
n 

in
 th

at
 th

e 
Pe

ti
ti

on
 A

re
a 

is
 w

it
hi

n 
th

e 
d

es
ig

na
te

d
 U

rb
an

G
ro

w
th

 B
ou

nd
ar

y.

H
ow

ev
er

, p
or

ti
on

s 
of

 t
he

 d
ev

el
op

m
en

t 
ar

e 
in

co
ns

is
te

nt
 w

it
h 

pl
an

ne
d

 p
ha

s-
in

g 
of

 u
rb

an
 e

xp
an

si
on

.  
Sp

ec
if

ic
al

ly
, m

os
t o

f t
he

 w
es

te
rn

 p
or

ti
on

 o
f t

he
 P

et
it

io
n

A
re

a 
no

rt
h 

of
 t

he
 O

R
&

L
 R

O
W

 is
 s

ch
ed

u
le

d
 f

or
 u

rb
an

 e
xp

an
si

on
 b

et
w

ee
n 

20
06

an
d

 2
01

5,
 w

hi
le

 m
os

t 
of

 t
he

 e
as

te
rn

 p
or

ti
on

 n
or

th
 o

f 
th

e 
O

R
&

L
 R

O
W

 is
 s

ch
ed

-
ul

ed
 fo

r 
ur

ba
n 

ex
pa

ns
io

n 
af

te
r 

20
16

.  
T

he
 r

em
ai

ni
ng

 p
or

ti
on

 o
f t

he
 P

et
it

io
n 

A
re

a
an

d
 a

ll 
of

 th
e 

su
rr

ou
nd

in
g 

la
nd

s 
ar

e 
sc

he
d

ul
ed

 fo
r 

ur
ba

n 
ex

pa
ns

io
n 

by
 2

00
5.

K
A

PO
L

E
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15
.R

E
FE

R
E

N
C

E
S

[1
]

H
el

be
r,

 H
as

te
rt

 &
 F

ee
, P
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u
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APPENDIX   D
Botanical Survey

(Char and Associates)
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 p
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 p
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 d
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at
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 k
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 c
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at
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 b
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ip
le

x
su

be
re

ct
a

),
 fl

av
er

ia
 (

F
la

ve
ria

tr
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 fl
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 p
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um
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H
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R
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Vegetation type
Scientific name Common name Status q g f k

FLOWERING PLANTS
DICOTS

ACANTHACEAE (Acanthus family)
Asystasia gangetica (L.) T. Anderson Chinese violet, coromandel X - - + +

AIZOACEAE (Fir-marigold family)
Sesuvium portulacastrum (L.) L. ‘akulikuli I + - - -

AMARANTHACEAE (Amaranth family)
Achyranthes aspera L. X - - + +
Amaranthus spinosus L. spiny amaranth, pakai kuku X - - - +
Amaranthus vi ridis L. slender amaranth, pakai X - - - +

APOCYNACEAE (Dogbane family)
Thevetia peruviana (Pers.) K. Schum. be-still tree X - - - +

ASTERACEAE (Daisy family)
Ageratum conyzoides L. maile hohono X - - + -
Bidens cynapiifolia Kunth West Indian beggar’s tick X - - + -
Emilia fosbergii Nicolson flora’s paintbrush, pualele X - + - +
Flaveria trinervia (Spreng.) C. Mohr. flaveria X + - - -
Lactuca serriola L. prickly lettuce X - - + -
Pluchea carolinensis (Jacq.) G. Don sourbush, pluchea X + + - +
Pluchea indica (L.) Less. Indian fleabane X + - - +
Sonchus oleraceus L. sowthistle, pualele X - - - +
Tridax procumbens L. coat buttons X - + - -
Verbesina encelioides (Cave) Benth.

& Hook. golden crown-beard X + + + +
Xanthium strumarium var. canadense

(Mill.) Torr. & A. Gray cocklebur, kikania X - + - -

BORAGINACEAE (Borage family)
Heliotropium curassavicum L. kipukai, nena I + - - -
Heliotropium procumbens var. depressum

(Cham.) Fosb. X - - - +

9

Vegetation type
Scientific name Common name Status q g f k

CAPPARACEAE (Caper family)
Cleome gynandra L. wild spider flower, hohohina X + - - -

CHENOPODIACEAE (Goosefoot family)
Atriplex semibaccata R. Br. Australian saltbush X - + - +
Atriplex suberecta Verd. saltbush X + + - -
Chenopodium carinatum R. Br. X - - + -
Chenopodium murale L. ‘aheahea X - - - +

CONVOLVULACEAE (Morning glory family)
Ipomoea obscura (L.) Ker-Gawl. field bindweed X - + - +
Ipomoea triloba L. little bell, pink bindweed X - + - -
Merremia aegyptia (L.) Urb. hairy merremia, koali kua hulu X? + - - +

CUCURBITACEAE (Gourd family)
Coccinia grandis (L.) Voigt ivy gourd, coccinia X - + - +
Momordica charantia L. wild bittermelon X - - + -
Sicyos pachycarpus Hook. & Arn. kupala E + - + -

CUSCUTACEAE (Dodder family)
Cuscuta sandwichiana Choisy kauna‘oa E - - + -

EUPHORBIACEAE (Spurge family)
Chamaesyce hirta (L.) Millsp. hairy spurge, garden spurge X - + - +
Chamaesyce hypericifolia (L.) Millsp. graceful spurge X - + - +
Chamaesyce prostrata (Aiton) Small prostrate spurge X - - - +
Euphorbia graminea Jacq. X - - + -
Ricinus communis L. castor bean, koli, pa‘aila,

ka‘apeha X - + - +

FABACEAE (Pea family)
Acacia farnesiana (L.) Wind. klu X - + - +
Alysicarpus vaginalis (L.) DC alysicarpus X - - - +
Desmanthus pernambucanus (L.) Thellung slender mimosa, virgate mimosa X - + - +
Indigofera hendecaphylla Jacq. creeping indigo X - - - +
Indigofera suffruticosa Mill. indigo, ‘iniko X + + - +
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Vegetation type
Scientific name Common name Status q g f k

Leucaena leucocephala (Lam.) de Wit koa haole X + + + +
Pithecellobium dulce (Roxb.) Benth. ‘opiuma X - + - +
Prosopis pallida (Hump. & Bonpl. ex
Willd.) Kunth kiawe X + + + +
Senna surattensis (N.L. Burm.)
H. Irwin & Barneby kolomona, kalamona X - + - +

LAMIACEAE (Mint family)
Leonotis nepetifolia (L.) R. Br. lion’s ear X + + + +

MALVACEAE (Mallow family)
Abutilon grandifolium (Willd.) Sweet hairy abutilon, ma‘o X - + + -
Abutilon incanum (Link) Sweet ma‘o, hoary abutilon I? - + - +
Malva parviflora L. cheese weed X - - - +
Malvastrum coromandelianum (L.) Garcke false mallow, hauuoi X - + + +
Sida ciliaris L. X - - - +
Sida fallax Walp. ‘ilima I - + + +
Sida rhombifolia L. X - - - +

MORACEAE (Mulberry family)
Ficus microcarpa L.f. Chinese banyan X - - + -

NYCTAGINACEAE (Four-o’clock family)
Boerhavia coccinea Mill. X - + - +

PASSIFLORACEAE (Passion flower family)
Passiflora foetida L. running pop, pohapoha X - + - -

POLYGONACEAE (Buckwheat family)
Antigonon leptopus Hook. & Arnott Mexican creeper, chain-of-hearts X - - + -

PORTULACACEAE (Purslane family)
Portulaca oleracea L. common purslane, pigweed, ‘ihi X - - + +

11

Vegetation type
Scientific name Common name Status q g f k

SOLANACEAE (Nightshade family)
Nicandra physalodes (L.) Gaertn. apple of Peru X + - - -
Nicotiana glauca R.C. Graham tree tobacco X + + - -
Solanum americanum Mill. popolo, glossy nightshade I? + - + +
Solanum lycopersicon var. cerasiforme

(Dunal) Spooner, Anderson & Jansen currant tomato, wild tomato X - + - +

STERCULIACEAE (Cacao family)
Waltheria indica L. ‘uhaloa, hi‘aloa, kanakaloa I? + + - +

VERBENACEAE (Verbena family)
Lantana camara L. lantana, lakana X - - + -

MONOCOTS

COMMELINACEAE (Spiderwort family)
Commelina benghalensis L. hairy honohono X - - - +

POACEAE (Grass family)
Bothriochloa pertusa (L.) A. Camus pitted beardgrass X - + - -
Cenchrus ciliaris L. buffelgrass X + + + +
Chloris barbata (L.) Sw. swollen fingergrass, mau‘ulei X + + - +
Cynodon dactylon (L.) Pers. Bermuda grass, manienie X + + - -
Eragrostis cilianensis (All.) Link stinkgrass X - + - +
Melinis repens (Wind.) Zizka Natal redtop, Natal grass X + + - -
Panicum maximum Jacq. Guinea grass X + + + +
Panicum maximum var. trichoglume

Eyles ex Robyns green panicgrass X - - + +
Setaria verticillata (L.) P. Beauv. bristly foxtail, mau‘u pilipili X + - - -
Sporobolus sp. X + - - -
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Scientific nameCommon nameStatus
Vegetation type 

r k b

FLOWERING PLANTS    

DICOTS   

ACANTHACEAE (Acanthus family) 
Asystasia gangetica (L.) T. Anderson Chinese violet, coromandel X- + - 

AMARANTHACEAE (Amaranth family) 
Achyranthes aspera L. X- + - 

ANACARDIACEAE (Mango family) 
Schinus terebinthifolius Raddi Christmas berry X- + - 

ASTERACEAE (Daisy family) 
Emilia fosbergii Nicolson 
Pluchea carolinensis (Jacq.) G. Don 
Pluchea Indica (L.) Less. 
Tridax procumbens L. 
Verbesina encelioides (Cav.) Benth. 
 & Hook. 
Xanthium strumarium var. canadense 
 (Mill.) Torr. & A. Gray 

flora’s paintbrush, pualele 
sourbush, pluchea 
Indian pluchea 
coat buttons 

golden crown-beard 

cocklebur, kikania 

X
X
X
X

X

X

+ - + 
+ + + 
+ - - 
+ + + 

+ + + 

- - + 

BORAGINACEAE (Borage family) 
Cordia dichotoma Forst. f. 
Heliotropium procumbens var. 
 depressum (Cham.) Fosb. 

Sebesten plum X

X

- - + 

- + - 
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Scientific name Common name Status
Vegetation type 

r k b

CACTACEAE (Cactus family) 
Hylocereus undatus (Haw.) Britton 
 & Rose nigh-blooming cereus X - + - 

CAPPARACEAE (Caper family) 
Cleome gynandra L. wild spider flower, hohohina X - + - 

CHENOPODIACEAE (Goosefoot family) 
Atriplex semibaccata R. Br. 
Atriplex suberecta Verd. 
Chenopodium Murale L. 

Australian saltbush 
saltbush
‘aheahea

X
X
X

+ + + 
+ + + 
- + - 

CONVOLVULACEAE (Morning glory family) 
Ipomoea obscura (L.) Ker-Gawl. 
Ipomoea triloba L. 

field bindweed 
little bell, pink bindweed 

X
X

- + + 
- - + 

CUCURBITACEAE (Gourd family) 
Coccinia grandis (L.) voigt Ivy gourd, coccinia X - + + 

EUPHORBIACEAE (Spurge family) 
Chamaesyce hirta (L.) Millsp. 
Chamaesyce hypericifolia (L.) Millsp. 
Euphorbia graminea Jacq. 
Ricinus communis L. 

hairy spurge, garden spurge 
graceful spurge 

castor bean, koli, pa‘aila 

X
X
X
X

+ + + 
+ + + 
- + - 
- - + 

   

9

Scientific name Common name Status
Vegetation type 

r k b

FABACEAE (Pea family) 
Acacia farnesiana (L.) Willd. 
Desmanthus pernambucanus (L.) Thellung 
Indigofera suffruticosa Mill. 
Leucaena leucocephala (Lam.) de Wit 
Pithecellobium dulce (Toxb.) Benth. 
Prosopis pallida (Humb. & Bonpl. ex 
 Willd.) Kunth 
Senna surattensis (N.L. Burm.) 
 H. Irwin & Barneby 

klu
slender mimosa 
indigo, ‘iniko 
koa haole 
‘opiuma

kiawe

kolomona, kalamona 

X
X
X
X
X

X

X

- - + 
+ + + 
- + + 
+ + + 
- - + 

+ + + 

- - + 

Lamiaceae (Mint family) 
Leonotis nepetifolia (L.) R. Br. 
Ocimum gratissimum L. 

lion’s ear 
wild basil 

X
X

+ + + 
- + - 

MALVACEAE (Mallow family) 
Abutilon grandifolium (Willd.) Sweet 
Abutilon incanum (Link) Sweet 
Malva parviflora L. 
Malvastrum coromandelianum (L.) Garcke 
Sida Ciliaris L. 
Sida fallax Walp. 
Sida rhombifolia L. 

hairy abutilon, ma‘o 
ma‘o, hoary abutilon 
cheese weed 
false mallow, hauuoi 

‘ilima

X
I?
X
X
X
I
X

+ + + 
+ - + 
- + - 
- + + 
- + - 
+ + + 
- + - 

MORACEAE (Mulberry family) 
Ficus microcarpa L.f. Chinese banyon X - + - 
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Scientific name Common name Status
Vegetation type 

r k b

NYCTAGINACEAE (Four-o’clock family) 
Boerhavia coccinea Mill. 
Bougainvillea gilbra choisy bougainvillea, pukanawila 

X
X

- - + 
- + - 

PASSIFLORACEAE (Passion flower family) 
Passiflora foetida L. running pop, pohapoha X + - + 

POLYGONACEAE (Buckwheat family) 
Antigonon leptopus Hook. & Arnott Mexican creeper, chain-of-hearts X - + - 

PORTULACACEAE (Purslane family) 
Portulaca oleracea L. pigweed, ‘akulikuli kula X - + - 

SOLANACEAE (Nightshade family) 
Nicotiana glauca R.C. Graham 
Solanum americanum Mill. 
Solanum lycopersicon var. cerasiforme 
 (Dunal) Spooner, Anderson & Jansen 

tree tobacco 
popolo, glossy nightshade 

currant tomato, wild tomato 

X
I?

X

- - + 
- + - 

+ - + 

STERCULIACEAE (Cacao family) 
Waltheria indica L. ‘uhaloa, hi‘aloa, kanakaloa I? + - + 

VERBENACEAE (Verbena family) 
Lantana camara L. lantana, lakana X - + - 

   

11

Scientific name Common name Status
Vegetation type 

r k b

MONOCOTS    

POACEAE (Grass family) 
Bothricochloa pertusa (L.) A. Camus 
Cenchrus ciliaris L. 
Chloris barbata (L.) Sw. 
Cynodon dactylon (L.) Pers. 
Digitaria insularis (L.) Mez ex Ekman 
Eragrostis cilianensis (All.) Link 
Eragrostis sp. 
Melinis repens (Willd.) Zizka 
Panicum maximum Jacq. 
Panicum maximum var. trichoglume Eyles 
 ex Robyns 

pitted beardgrass 
buffelgrass
swollen fingergrass, mau‘ulei 
Bermuda grass, manienie 
sourgrass
stinkgrass

Natal redtop, natal grass 
Guinea grass 

green panicgrass 

X
X
X
X
X
X
X
X
X

X

- - + 
+ + + 
+ + + 
- - + 
- + - 
+ - + 
+ + - 
+ - + 
+ + + 

- + - 







APPENDIX   E
Avifaunal and Feral Mammal Survey

(Phillip L. Bruner)
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APPENDIX   F
Archaeological Inventory Surveys

(Cultural Surveys Hawaii, Inc.)
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Figure 1 Portion USGS Barbers Point Map Showing Present Project Area(s)

2

Figure 2 Tax Map Key 9-1-15 Showing Project Area(s)

3
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Figure 4 Map Showing Previously Unsurveyed Portion of the Present Project Area

6

Figure 5 Map Showing Location of Seventy-two Backhoe Test Trenches in the Area of Present Concern (adapted from 
Burgett and Rosendahl 1989:5)
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Introduction

Figure 2: Portion of TMK 9-1-15 Showing Location of Project Area 
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Introduction

Figure 3: Aerial Photograph Showing the Location of the Project Area 
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Field Investigation 

Figure 9: Aerial Photo of Project Parcel Showing Areas A and B, and CSH Sinkholes 
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Introduction

Figure 1. Portion of U
.S. G

eological Survey m
ap (1983), B

arbers Point Q
uadrangle show

ing 
sinkholes excavated. 
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Introduction

Figure 2. Portion of TMK 9-1-15 showing location of sinkholes excavated 
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Introduction

Figure 3. Aerial photograph showing the location of Areas A and B and of sinkholes excavated
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Figure 8. Map showing general areas of archaeological study near the project area
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Field Investigation 

Figure 9. Aerial photo of Cordy & Hammatt (2003) project area showing Areas A and B, and sinkholes identified
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Introduction

Figure 1USGS Topographic Map, Ewa Quad, Showing Project Location 
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Introduction

Figure 2 Tax Map Key 1-9-1-15, Showing Project Area Location 
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Introduction

Figure 3 TMK 9-1-15 Showing Haun (1986) Study and Cordy and Hammatt (2003) Study
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Documentation of ‘Ewa Irrigation System

Figure 6 Five types of irrigation lines used in the Hawaiian Furrow System 
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Documentation of ‘Ewa Irrigation System

Figure 7 Five Types of Irrigation Lines: Main Ditches (upper left); Straight Ditches (lower left - juncture with main 
ditch); Level Ditches (upper center); Watercourses (upper right); and, furrows (lower right) (Armstrong 1923)
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Documentation of ‘Ewa Irrigation System

Figure 10Three types of concrete ditch lining: Field stone and concrete lining for steep grades (left); concrete lining
through sandy fields (center); and, standard type of concrete lining (Armstrong 1923:53) 
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Documentation of ‘Ewa Irrigation System

Figure 11 1926 Map of Ewa Plantation in Contrast to Sizeof City of Honolulu (1926 Ewa Plantation Annual Report)
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Documentation of ‘Ewa Irrigation System

Figure 121927 Map Showing Numbered Fields (East to West) of the Ewa Plantation (1927 Ewa Plantation Co. Annual 
Report)
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Documentation of ‘Ewa Irrigation System

Figure 151939 Map Showing Numbered Fields (West to East) of the Ewa Plantation Co. (Conde and Best 1973:285)
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Documentation of ‘Ewa Irrigation System

Figure 16 Waialua Flume Irrigation Method; Portable Cement Sections (EwaPlantation Co. 1944) made at the Ewa
workshop (left); flumes set in field with furrows(Armstrong 1923:41) in a herring bone pattern (right)
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Results of Field Documentation

Figure 21 USGS Topographic Map, Ewa Quad, Showing the Location of Plantation Infrastructure within the Project Area 
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Results of Field Documentation

Figure 22 Aerial Photograph (2000) Showing the Location of Plantation Infrastructure within the Project Area
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Historical Background

Figure 5. Portion of 1922 War Department Fire Control Map, Barber’s Point Quad, showing project area
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Field Investigation 

Figure 12. Map identifying historic properties within the project area
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Management Summary 

Figure i. Map of the project area showing location of sites recommendedfor further work or preservation 
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Introduction

Figure 2. Portion of TMK 9-1-14 showing the location of the project area 
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Historical Background

Figure 5. Portion of 1922 War Department Fire Control, Barber’s Point Quad Map, showing project area
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Figure 12. Map identifying historic properties within the project area 
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Significance and Recommendations

Table 6. Summary of Sites Identified, Work Completed, and Recommendations

SIHP
Site

#

Previously
Identified?

Nature of Site Posited Function Work
Accomplished

SignificanceRecommendation

-4893Hammatt et al. 
1994

PavementFilled sinkhole (safety
filling assoc. with 
ranching or military)

L, M, P, D, T DNo further work 

-4895Hammatt et al. 
1994

MoundsAgriculture(agricultural
clearing)

L, M, P, D, T DNo further work 

-4896
A/B

Hammatt et al. 
1994

Site complexTemporary habitation, 
agriculture

L, M, P, D, T 
(tested in 1994) 

C, D Data Recovery/ 
Preservation

-4897
A/B/
C/D

Hammatt et al. 
1994

Site complexAgricultureL, M, P, D, T DNo further work 

-4898Hammatt et al. 
1994

MoundsAgricultureL, M, P, D DNo further work, as 
has been destroyed 
by bulldozing 
activities

-4900
A/B/
C

Hammatt et al. 
1994

Wall and 2 
sinkholes

AgricultureL, M, P, D DNo further work, as 
wall is in remnant
condition and 
sinkholes have been 
destroyed by 
bulldozing activities

-6679O‘Hare et al. 
2004

CanalPlantation flood control L, M, P, D DNo further work 

-6684Designatedin
present study 

Pavement with 
slab uprights 

Temporary habitation L, M, P, D, T DNo further work 

-6685Designatedin
present study 

EnclosureTemporary habitation L, M, P, D, T DNo further work 

-6686
A/B

Designated in 
present study 

Mound
complex

Agricultural clearing L, M, P, D, T DNo further work 
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Significance and Recommendations

SIHP
Site

#

Previously
Identified?

Nature of Site Posited Function Work
Accomplished

SignificanceRecommendation

-6687Designatedin
present study 

Enclosure with
upright

Possible shrineL, M, P, D, T DConsultation with 
SHPD regarding 
Preservation

-6688Designatedin
present study 

Gilbert Trig 
Station

Geographic markerL, M, P, D DPreservation

-6689Designatedin
present study 

Concrete flumeAgriculture (Sugar cane
irrigation)

L, M, P, D DNo further work 

-9545Lewis1970
Sinoto 1976, 
Olson & James
1982, Hammatt
et al. 1994 

SinkholeHabitationL, M, P, D, T 
(tested in 1976) 

C, D Preservation

-9546Lewis1970,
Barrera 1975, 
Sinoto 1976, 
Hammatt et al. 
1994

WallRanching,animal
enclosure

L, M, P, D DNo further work 

-9555Barrera1975,
Sinoto 1976 

Cist moundStorage (?) L, M, P, D, T DNo further work

-9617
A/B

Sinoto 1976, 
Hammatt et al. 
1994

Site complexTemporary habitation L, M, P, D, T DPreservation

-9633Sinoto1976,
Hammatt et al. 
1994

CaveBurialL, M, P, D, T C, D, E Preservation

-9714Placedon
National Register 
1975

O.R.&L. right 
of way 

TransportationL, M, P, D A, B, C, D Preservation

L=Located with a GPS, M. = Mapped, P = Photographed, D=Described, T=Tested 
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Significance and Recommendations

Figure 57. Map of the project area, showing location of sites recommended for further work or preservation 
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APPENDIX   G
Air Quality Study

(B.D. Neal & Associates)
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R
e
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C
l
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P
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i
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h
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I
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o
f
 
P
r
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c
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T
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I
m
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o
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P
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c
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o
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T
r
a
f
f
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E
l
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c
t
r
i
c
a
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D
e
m
a
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S
o
l
i
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W
a
s
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e
 
D
i
s
p
o
s
a
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I
m
p
a
c
t
s
 
o
n
 
P
r
o
j
e
c
t
 
f
r
o
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C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
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2
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9
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C
o
n
c
l
u
s
i
o
n
s
 
a
n
d
 
R
e
c
o
m
m
e
n
d
a
t
i
o
n
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R
e
f
e
r
e
n
c
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3
2
 

 
F
I
G
U
R
E
S
 

F
i
g
u
r
e

 
 
1
 
 
P
r
o
j
e
c
t
 
L
o
c
a
t
i
o
n
 
M
a
p
 

 
T
A
B
L
E
S
 

T
a
b
l
e

 
 
1
 
 
 
S
u
m
m
a
r
y
 
o
f
 
S
t
a
t
e
 
o
f
 
H
a
w
a
i
i
 
a
n
d
 
N
a
t
i
o
n
a
l
 
A
m
b
i
e
n
t
 

 
 
A
i
r
 
Q
u
a
l
i
t
y
 
S
t
a
n
d
a
r
d
s
 

 
 
2
 
 
 
A
n
n
u
a
l
 
W
i
n
d
 
F
r
e
q
u
e
n
c
y
 
f
o
r
 
H
o
n
o
l
u
l
u
 
I
n
t
e
r
n
a
t
i
o
n
a
l
 

 
 
 
 
 
 
A
i
r
p
o
r
t
 

 
 
3
 
 
 
A
i
r
 
P
o
l
l
u
t
i
o
n
 
E
m
i
s
s
i
o
n
s
 
I
n
v
e
n
t
o
r
y
 
f
o
r
 
I
s
l
a
n
d
 
o
f
 

 
 
O
a
h
u
,
 
1
9
9
3
 

i

 
T
A
B
L
E
S
(
c
o
n
t
.
)
 

T
a
b
l
e

 
 
4
 
 
 
A
n
n
u
a
l
 
S
u
m
m
a
r
i
e
s
 
o
f
 
A
m
b
i
e
n
t
 
A
i
r
 
Q
u
a
l
i
t
y
 
M
e
a
s
u
r
e
m
e
n
t
s
 

 
 
f
o
r
 
M
o
n
i
t
o
r
i
n
g
 
S
t
a
t
i
o
n
s
 
N
e
a
r
e
s
t
 
K
a
p
o
l
e
i
 
W
e
s
t
 
P
r
o
j
e
c
t
 

 
 
5
 
 
 
E
s
t
i
m
a
t
e
d
 
W
o
r
s
t
-
C
a
s
e
 
1
-
H
o
u
r
 
C
a
r
b
o
n
 
M
o
n
o
x
i
d
e
 
C
o
n
c
e
n
t
r
a
-
 

 
 
 
 
 
 
t
i
o
n
s
 
A
l
o
n
g
 
R
o
a
d
w
a
y
s
 
N
e
a
r
 
K
a
p
o
l
e
i
 
W
e
s
t
 
P
r
o
j
e
c
t
 

 
 
6
 
 
 
E
s
t
i
m
a
t
e
d
 
W
o
r
s
t
-
C
a
s
e
 
8
-
H
o
u
r
 
C
a
r
b
o
n
 
M
o
n
o
x
i
d
e
 
C
o
n
c
e
n
t
r
a
-
 

 
 
 
 
 
 
t
i
o
n
s
 
A
l
o
n
g
 
R
o
a
d
w
a
y
s
 
N
e
a
r
 
K
a
p
o
l
e
i
 
W
e
s
t
 
P
r
o
j
e
c
t
 

 
 
7
 
 
 
E
s
t
i
m
a
t
e
d
 
I
n
d
i
r
e
c
t
 
A
i
r
 
P
o
l
l
u
t
i
o
n
 
E
m
i
s
s
i
o
n
s
 
f
r
o
m
 

 
 
 
 
 
 
K
a
p
o
l
e
i
 
W
e
s
t
 
P
r
o
j
e
c
t
 
E
l
e
c
t
r
i
c
a
l
 
D
e
m
a
n
d
 

 
 
8
 
 
 
E
s
t
i
m
a
t
e
d
 
I
n
d
i
r
e
c
t
 
A
i
r
 
P
o
l
l
u
t
i
o
n
 
E
m
i
s
s
i
o
n
s
 
f
r
o
m
 

 
 
 
 
 
 
K
a
p
o
l
e
i
 
W
e
s
t
 
P
r
o
j
e
c
t
 
S
o
l
i
d
 
W
a
s
t
e
 
D
i
s
p
o
s
a
l
 
D
e
m
a
n
d
 

 
i
i



 
1
 

1
.
0
 
 
S
U
M
M
A
R
Y

A
i
n
a
 
N
u
i
 
C
o
r
p
o
r
a
t
i
o
n
 
i
s
 
p
r
o
p
o
s
i
n
g
 
t
o
 
d
e
v
e
l
o
p
 
t
h
e
 
W
e
s
t
 
K
a
p
o
l
e
i
 

P
r
o
j
e
c
t
 
a
t
 
K
a
p
o
l
e
i
,
 
O
a
h
u
.
 
 
T
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
 
w
i
l
l
 
c
o
n
s
i
s
t
 
o
f
 
a
 

t
o
t
a
l
 
o
f
 
2
,
3
7
0
 
r
e
s
i
d
e
n
t
i
a
l
 
u
n
i
t
s
,
 
a
 
2
3
-
a
c
r
e
 
r
e
g
i
o
n
a
l
 
c
o
m
m
e
r
c
i
a
l
 

a
r
e
a
,
 
a
 
t
r
a
n
s
i
t
/
m
i
x
e
d
-
u
s
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
n
 
1
6
 
a
c
r
e
s
,
 
a
 
2
-
a
c
r
e
 

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

s
c
h
o
o
l
,
 
2
5
 
a
c
r
e
s
 
o
f
 
p
u
b
l
i
c
 
p
a
r
k
 
f
a
c
i
l
i
t
i
e
s
,
 
a
n
d
 
4
7
 
a
c
r
e
s
 
o
f
 
r
o
a
d
s
 

a
n
d
 
o
p
e
n
 
s
p
a
c
e
.
 
 
D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
i
s
 
n
o
t
 
e
x
p
e
c
t
e
d
 
t
o
 
b
e
 

c
o
m
p
l
e
t
e
d
 
a
n
d
 
f
u
l
l
y
 
o
c
c
u
p
i
e
d
 
u
n
t
i
l
 
s
o
m
e
t
i
m
e
 
a
f
t
e
r
 
2
0
2
0
.
 
 
T
h
i
s
 

s
t
u
d
y
 
e
x
a
m
i
n
e
s
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
s
h
o
r
t
-
 
a
n
d
 
l
o
n
g
-
t
e
r
m
 
a
i
r
 
q
u
a
l
i
t
y
 

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

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

r
e
d
u
c
e
 
a
n
y
 
p
o
t
e
n
t
i
a
l
 
a
i
r
 
q
u
a
l
i
t
y
 
i
m
p
a
c
t
s
 
w
h
e
r
e
 
p
o
s
s
i
b
l
e
 
a
n
d
 

a
p
p
r
o
p
r
i
a
t
e
.
 
 
P
o
t
e
n
t
i
a
l
 
i
m
p
a
c
t
s
 
o
n
 
t
h
e
 
p
r
o
j
e
c
t
 
f
r
o
m
 
n
e
a
r
b
y
 

i
n
d
u
s
t
r
i
a
l
 
s
o
u
r
c
e
s
 
a
r
e
 
a
l
s
o
 
e
x
a
m
i
n
e
d
.
 

B
o
t
h
 
f
e
d
e
r
a
l
 
a
n
d
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
s
 
h
a
v
e
 
b
e
e
n
 
e
s
t
a
b
l
i
s
h
e
d
 
t
o
 
m
a
i
n
t
a
i
n
 

a
m
b
i
e
n
t
 
a
i
r
 
q
u
a
l
i
t
y
.
 
 
A
t
 
t
h
e
 
p
r
e
s
e
n
t
 
t
i
m
e
,
 
s
e
v
e
n
 
p
a
r
a
m
e
t
e
r
s
 
a
r
e
 

r
e
g
u
l
a
t
e
d
 
i
n
c
l
u
d
i
n
g
:
 
p
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
,
 
s
u
l
f
u
r
 
d
i
o
x
i
d
e
,
 
h
y
d
r
o
g
e
n
 

s
u
l
f
i
d
e
,
 

n
i
t
r
o
g
e
n
 

d
i
o
x
i
d
e
,
 

c
a
r
b
o
n
 

m
o
n
o
x
i
d
e
,
 

o
z
o
n
e
 

a
n
d
 

l
e
a
d
.
 
 

H
a
w
a
i
i
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
 
a
r
e
 
c
o
m
p
a
r
a
b
l
e
 
t
o
 
t
h
e
 
n
a
t
i
o
n
a
l
 

s
t
a
n
d
a
r
d
s
 
e
x
c
e
p
t
 
t
h
o
s
e
 
f
o
r
 
n
i
t
r
o
g
e
n
 
d
i
o
x
i
d
e
 
a
n
d
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 

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

R
e
g
i
o
n
a
l
 
a
n
d
 
l
o
c
a
l
 
c
l
i
m
a
t
e
 
t
o
g
e
t
h
e
r
 
w
i
t
h
 
t
h
e
 
a
m
o
u
n
t
 
a
n
d
 
t
y
p
e
 
o
f
 

h
u
m
a
n
 
a
c
t
i
v
i
t
y
 
g
e
n
e
r
a
l
l
y
 
d
i
c
t
a
t
e
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 
o
f
 
a
 
g
i
v
e
n
 

l
o
c
a
t
i
o
n
.
 
 
T
h
e
 
c
l
i
m
a
t
e
 
o
f
 
t
h
e
 
K
a
p
o
l
e
i
 
a
r
e
a
 
i
s
 
v
e
r
y
 
m
u
c
h
 
a
f
f
e
c
t
e
d
 

b
y
 
i
t
s
 
l
e
e
w
a
r
d
 
a
n
d
 
c
o
a
s
t
a
l
 
s
i
t
u
a
t
i
o
n
.
 
 
W
i
n
d
s
 
a
r
e
 
p
r
e
d
o
m
i
n
a
n
t
l
y
 

t
r
a
d
e
 
w
i
n
d
s
 
f
r
o
m
 
t
h
e
 
e
a
s
t
 
n
o
r
t
h
e
a
s
t
 
e
x
c
e
p
t
 
f
o
r
 
o
c
c
a
s
i
o
n
a
l
 
p
e
r
i
o
d
s
 

w
h
e
n
 
k
o
n
a
 
s
t
o
r
m
s
 
m
a
y
 
g
e
n
e
r
a
t
e
 
s
t
r
o
n
g
 
w
i
n
d
s
 
f
r
o
m
 
t
h
e
 
s
o
u
t
h
 
o
r
 
w
h
e
n
 

 
2
 

t
h
e
 
t
r
a
d
e
 
w
i
n
d
s
 
a
r
e
 
w
e
a
k
 
a
n
d
 
l
a
n
d
b
r
e
e
z
e
-
s
e
a
b
r
e
e
z
e
 
c
i
r
c
u
l
a
t
i
o
n
s
 
m
a
y
 

d
e
v
e
l
o
p
.
 
 
W
i
n
d
 
s
p
e
e
d
s
 
t
y
p
i
c
a
l
l
y
 
v
a
r
y
 
b
e
t
w
e
e
n
 
a
b
o
u
t
 
5
 
a
n
d
 
1
5
 
m
i
l
e
s
 

p
e
r
 
h
o
u
r
 
p
r
o
v
i
d
i
n
g
 
r
e
l
a
t
i
v
e
l
y
 
g
o
o
d
 
v
e
n
t
i
l
a
t
i
o
n
 
m
u
c
h
 
o
f
 
t
h
e
 
t
i
m
e
.
 
 

T
e
m
p
e
r
a
t
u
r
e
s
 
i
n
 
t
h
e
 
l
e
e
w
a
r
d
 
O
a
h
u
 
a
r
e
a
 
a
r
e
 
g
e
n
e
r
a
l
l
y
 
v
e
r
y
 
m
o
d
e
r
a
t
e
 

w
i
t
h
 
a
v
e
r
a
g
e
 
d
a
i
l
y
 
t
e
m
p
e
r
a
t
u
r
e
s
 
r
a
n
g
i
n
g
 
f
r
o
m
 
a
b
o
u
t
 
6
5
°
F
 
t
o
 
8
4
°
F
.
 
 

T
h
e
 
e
x
t
r
e
m
e
 
m
i
n
i
m
u
m
 
t
e
m
p
e
r
a
t
u
r
e
 
r
e
c
o
r
d
e
d
 
a
t
 
t
h
e
 
n
e
a
r
b
y
 
(
f
o
r
m
e
r
)
 

E
w
a
 
P
l
a
n
t
a
t
i
o
n
 
i
s
 
4
7
°
F
,
 
w
h
i
l
e
 
t
h
e
 
e
x
t
r
e
m
e
 
m
a
x
i
m
u
m
 
t
e
m
p
e
r
a
t
u
r
e
 
i
s
 

9
3
°
F
.
 
 
T
h
i
s
 
a
r
e
a
 
o
f
 
O
a
h
u
 
i
s
 
o
n
e
 
o
f
 
t
h
e
 
d
r
i
e
r
 
l
o
c
a
t
i
o
n
s
 
i
n
 
t
h
e
 

s
t
a
t
e
 
w
i
t
h
 
r
a
i
n
f
a
l
l
 
o
f
t
e
n
 
h
i
g
h
l
y
 
v
a
r
i
a
b
l
e
 
f
r
o
m
 
o
n
e
 
y
e
a
r
 
t
o
 
t
h
e
 

n
e
x
t
.
 
 
M
o
n
t
h
l
y
 
r
a
i
n
f
a
l
l
 
h
a
s
 
b
e
e
n
 
m
e
a
s
u
r
e
d
 
t
o
 
v
a
r
y
 
f
r
o
m
 
a
s
 
l
i
t
t
l
e
 

a
s
 
a
 
t
r
a
c
e
 
t
o
 
a
s
 
m
u
c
h
 
a
s
 
1
5
 
i
n
c
h
e
s
.
 
 
A
v
e
r
a
g
e
 
a
n
n
u
a
l
 
r
a
i
n
f
a
l
l
 

a
m
o
u
n
t
s
 
t
o
 
a
b
o
u
t
 
2
1
 
i
n
c
h
e
s
 
w
i
t
h
 
s
u
m
m
e
r
 
m
o
n
t
h
s
 
b
e
i
n
g
 
t
h
e
 
d
r
i
e
s
t
.
 

T
h
e
 
p
r
e
s
e
n
t
 
a
i
r
 
q
u
a
l
i
t
y
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
a
p
p
e
a
r
s
 
t
o
 
b
e
 

r
e
a
s
o
n
a
b
l
y
 
g
o
o
d
 
b
a
s
e
d
 
o
n
 
n
e
a
r
b
y
 
a
i
r
 
q
u
a
l
i
t
y
 
m
o
n
i
t
o
r
i
n
g
 
d
a
t
a
.
 
 
A
i
r
 

q
u
a
l
i
t
y
 
d
a
t
a
 
f
r
o
m
 
t
h
e
 
n
e
a
r
e
s
t
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
s
 
o
p
e
r
a
t
e
d
 
b
y
 
t
h
e
 

H
a
w
a
i
i
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
s
u
g
g
e
s
t
 
t
h
a
t
 
a
l
l
 
n
a
t
i
o
n
a
l
 
a
i
r
 
q
u
a
l
i
t
y
 

s
t
a
n
d
a
r
d
s
 

a
r
e
 

c
u
r
r
e
n
t
l
y
 

b
e
i
n
g
 

m
e
t
,
 

a
l
t
h
o
u
g
h
 

o
c
c
a
s
i
o
n
a
l
 

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

m
o
n
o
x
i
d
e
 
m
a
y
 
o
c
c
u
r
 
n
e
a
r
 
c
o
n
g
e
s
t
e
d
 
r
o
a
d
w
a
y
 
i
n
t
e
r
s
e
c
t
i
o
n
s
.
 

I
f
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
 
i
s
 
g
i
v
e
n
 
t
h
e
 
n
e
c
e
s
s
a
r
y
 
a
p
p
r
o
v
a
l
s
 
t
o
 

p
r
o
c
e
e
d
,
 
i
t
 
m
a
y
 
b
e
 
i
n
e
v
i
t
a
b
l
e
 
t
h
a
t
 
s
o
m
e
 
s
h
o
r
t
-
 
a
n
d
/
o
r
 
l
o
n
g
-
t
e
r
m
 

i
m
p
a
c
t
s
 
o
n
 
a
i
r
 
q
u
a
l
i
t
y
 
w
i
l
l
 
o
c
c
u
r
 
e
i
t
h
e
r
 
d
i
r
e
c
t
l
y
 
o
r
 
i
n
d
i
r
e
c
t
l
y
 
a
s
 

a
 
c
o
n
s
e
q
u
e
n
c
e
 
o
f
 
p
r
o
j
e
c
t
 
c
o
n
s
t
r
u
c
t
i
o
n
 
a
n
d
 
u
s
e
.
 
 
S
h
o
r
t
-
t
e
r
m
 
i
m
p
a
c
t
s
 

f
r
o
m
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
w
i
l
l
 
l
i
k
e
l
y
 
o
c
c
u
r
 
d
u
r
i
n
g
 
t
h
e
 
p
r
o
j
e
c
t
 
c
o
n
s
t
r
u
c
-

t
i
o
n
 
p
h
a
s
e
.
 
 
T
o
 
a
 
l
e
s
s
e
r
 
e
x
t
e
n
t
,
 
e
x
h
a
u
s
t
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
s
t
a
t
i
o
n
a
r
y
 

a
n
d
 
m
o
b
i
l
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
,
 
f
r
o
m
 
t
h
e
 
d
i
s
r
u
p
t
i
o
n
 
o
f
 
t
r
a
f
f
i
c
,
 

a
n
d
 
f
r
o
m
 
w
o
r
k
e
r
s
'
 
v
e
h
i
c
l
e
s
 
m
a
y
 
a
l
s
o
 
a
f
f
e
c
t
 
a
i
r
 
q
u
a
l
i
t
y
 
d
u
r
i
n
g
 
t
h
e
 

p
e
r
i
o
d
 
o
f
 
c
o
n
s
t
r
u
c
t
i
o
n
.
 
 
S
t
a
t
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
r
e
g
u
l
a
t
i
o
n
s
 

r
e
q
u
i
r
e
 
t
h
a
t
 
t
h
e
r
e
 
b
e
 
n
o
 
v
i
s
i
b
l
e
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
 
a
t
 
t
h
e
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p
r
o
p
e
r
t
y
 
l
i
n
e
.
 
 
H
e
n
c
e
,
 
a
n
 
e
f
f
e
c
t
i
v
e
 
d
u
s
t
 
c
o
n
t
r
o
l
 
p
l
a
n
 
m
u
s
t
 
b
e
 

i
m
p
l
e
m
e
n
t
e
d
 
t
o
 
e
n
s
u
r
e
 
c
o
m
p
l
i
a
n
c
e
 
w
i
t
h
 
s
t
a
t
e
 
r
e
g
u
l
a
t
i
o
n
s
.
 
 
F
u
g
i
t
i
v
e
 

d
u
s
t
 
e
m
i
s
s
i
o
n
s
 
c
a
n
 
b
e
 
c
o
n
t
r
o
l
l
e
d
 
t
o
 
a
 
l
a
r
g
e
 
e
x
t
e
n
t
 
b
y
 
w
a
t
e
r
i
n
g
 
o
f
 

a
c
t
i
v
e
 
w
o
r
k
 
a
r
e
a
s
,
 
u
s
i
n
g
 
w
i
n
d
 
s
c
r
e
e
n
s
,
 
k
e
e
p
i
n
g
 
a
d
j
a
c
e
n
t
 
p
a
v
e
d
 

r
o
a
d
s
 
c
l
e
a
n
,
 
a
n
d
 
b
y
 
c
o
v
e
r
i
n
g
 
o
f
 
o
p
e
n
-
b
o
d
i
e
d
 
t
r
u
c
k
s
.
 
 
O
t
h
e
r
 
d
u
s
t
 

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

d
i
s
t
u
r
b
e
d
 

a
t
 

a
n
y
 

g
i
v
e
n
 

t
i
m
e
 

a
n
d
/
o
r
 

m
u
l
c
h
i
n
g
 

o
r
 

c
h
e
m
i
c
a
l
l
y
 

s
t
a
b
i
l
i
z
i
n
g
 
i
n
a
c
t
i
v
e
 
a
r
e
a
s
 
t
h
a
t
 
h
a
v
e
 
b
e
e
n
 
w
o
r
k
e
d
.
 
 
P
a
v
i
n
g
 
a
n
d
 

l
a
n
d
s
c
a
p
i
n
g
 
o
f
 
p
r
o
j
e
c
t
 
a
r
e
a
s
 
e
a
r
l
y
 
i
n
 
t
h
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
s
c
h
e
d
u
l
e
 

w
i
l
l
 
a
l
s
o
 
r
e
d
u
c
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
.
 
 
M
o
n
i
t
o
r
i
n
g
 
d
u
s
t
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 

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

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

p
r
o
g
r
a
m
.
 
 
E
x
h
a
u
s
t
 
e
m
i
s
s
i
o
n
s
 
c
a
n
 
b
e
 
m
i
t
i
g
a
t
e
d
 
b
y
 
m
o
v
i
n
g
 
c
o
n
s
t
r
u
c
-

t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
a
n
d
 
w
o
r
k
e
r
s
 
t
o
 
a
n
d
 
f
r
o
m
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
d
u
r
i
n
g
 

o
f
f
-
p
e
a
k
 
t
r
a
f
f
i
c
 
h
o
u
r
s
.
 

A
f
t
e
r
 
c
o
n
s
t
r
u
c
t
i
o
n
,
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
 
c
o
m
i
n
g
 
t
o
 
a
n
d
 
f
r
o
m
 
t
h
e
 

p
r
o
p
o
s
e
d
 
d
e
v
e
l
o
p
m
e
n
t
 
w
i
l
l
 
r
e
s
u
l
t
 
i
n
 
a
 
l
o
n
g
-
t
e
r
m
 
i
n
c
r
e
a
s
e
 
i
n
 
a
i
r
 

p
o
l
l
u
t
i
o
n
 
e
m
i
s
s
i
o
n
s
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
.
 
 
T
o
 
a
s
s
e
s
s
 
t
h
e
 
i
m
p
a
c
t
 
o
f
 

e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
t
h
e
s
e
 
v
e
h
i
c
l
e
s
,
 
a
n
 
a
i
r
 
q
u
a
l
i
t
y
 
m
o
d
e
l
i
n
g
 
s
t
u
d
y
 
w
a
s
 

u
n
d
e
r
t
a
k
e
n
 
t
o
 
e
s
t
i
m
a
t
e
 
c
u
r
r
e
n
t
 
a
m
b
i
e
n
t
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
c
a
r
b
o
n
 

m
o
n
o
x
i
d
e
 
a
t
 
i
n
t
e
r
s
e
c
t
i
o
n
s
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
v
i
c
i
n
i
t
y
 
a
n
d
 
t
o
 
p
r
e
d
i
c
t
 

f
u
t
u
r
e
 
l
e
v
e
l
s
 
b
o
t
h
 
w
i
t
h
 
a
n
d
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
.
 
 
D
u
r
i
n
g
 

w
o
r
s
t
-
c
a
s
e
 
c
o
n
d
i
t
i
o
n
s
,
 
m
o
d
e
l
 
r
e
s
u
l
t
s
 
i
n
d
i
c
a
t
e
d
 
t
h
a
t
 
p
r
e
s
e
n
t
 

1
-
h
o
u
r
 
a
n
d
 
8
-
h
o
u
r
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
r
e
 
w
i
t
h
i
n
 
b
o
t
h
 

t
h
e
 
s
t
a
t
e
 
a
n
d
 
t
h
e
 
n
a
t
i
o
n
a
l
 
a
m
b
i
e
n
t
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.
 
 
I
n
 
t
h
e
 

y
e
a
r
 
2
0
2
0
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

w
e
r
e
 
p
r
e
d
i
c
t
e
d
 
t
o
 
r
e
m
a
i
n
 
l
a
r
g
e
l
y
 
u
n
c
h
a
n
g
e
d
 
d
e
s
p
i
t
e
 
a
n
 
e
x
p
e
c
t
e
d
 

i
n
c
r
e
a
s
e
 
i
n
 
t
r
a
f
f
i
c
.
 
 
T
h
i
s
 
i
s
 
b
e
c
a
u
s
e
 
a
v
e
r
a
g
e
 
m
o
t
o
r
 
v
e
h
i
c
l
e
 

e
m
i
s
s
i
o
n
s
 
a
r
e
 
e
x
p
e
c
t
e
d
 
t
o
 
c
o
n
t
i
n
u
e
 
t
o
 
d
e
c
r
e
a
s
e
 
o
v
e
r
 
t
i
m
e
 
a
s
 

o
l
d
e
r
,
 
m
o
r
e
-
p
o
l
l
u
t
i
n
g
 
v
e
h
i
c
l
e
s
 
a
r
e
 
r
e
t
i
r
e
d
.
 
 
W
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
 
i
n
 

t
h
e
 
y
e
a
r
 
2
0
2
0
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
e
s
t
i
m
a
t
e
d
 
t
o
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i
n
c
r
e
a
s
e
 
s
l
i
g
h
t
l
y
 
a
t
 
t
h
e
 
i
n
t
e
r
s
e
c
t
i
o
n
 
o
f
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
n
d
 

K
a
l
a
e
l
o
a
 
B
o
u
l
e
v
a
r
d
 
c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
w
i
t
h
o
u
t
-
p
r
o
j
e
c
t
 
c
a
s
e
,
 
w
h
i
l
e
 

o
t
h
e
r
 
l
o
c
a
t
i
o
n
s
 
w
o
u
l
d
 
r
e
m
a
i
n
 
n
e
a
r
l
y
 
u
n
c
h
a
n
g
e
d
.
 
 
W
o
r
s
t
-
c
a
s
e
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
s
h
o
u
l
d
 
r
e
m
a
i
n
 
w
e
l
l
 
w
i
t
h
i
n
 
b
o
t
h
 
n
a
t
i
o
n
a
l
 
a
n
d
 
s
t
a
t
e
 

s
t
a
n
d
a
r
d
s
.
 
 
 
 
D
u
e
 
t
o
 
t
h
e
 
s
m
a
l
l
 
i
m
p
a
c
t
 
t
h
e
 
p
r
o
j
e
c
t
 
i
s
 
e
x
p
e
c
t
e
d
 
t
o
 

h
a
v
e
,
 
i
m
p
l
e
m
e
n
t
i
n
g
 
m
i
t
i
g
a
t
i
o
n
 
m
e
a
s
u
r
e
s
 
f
o
r
 
t
r
a
f
f
i
c
-
r
e
l
a
t
e
d
 
a
i
r
 

q
u
a
l
i
t
y
 
i
m
p
a
c
t
s
 
i
s
 
p
r
o
b
a
b
l
y
 
u
n
n
e
c
e
s
s
a
r
y
 
a
n
d
 
u
n
w
a
r
r
a
n
t
e
d
.
 

D
e
p
e
n
d
i
n
g
 
o
n
 
t
h
e
 
d
e
m
a
n
d
 
l
e
v
e
l
s
,
 
l
o
n
g
-
t
e
r
m
 
i
m
p
a
c
t
s
 
o
n
 
a
i
r
 
q
u
a
l
i
t
y
 

a
r
e
 
a
l
s
o
 
p
o
s
s
i
b
l
e
 
d
u
e
 
t
o
 
i
n
d
i
r
e
c
t
 
e
m
i
s
s
i
o
n
s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
a
 

d
e
v
e
l
o
p
m
e
n
t
'
s
 
e
l
e
c
t
r
i
c
a
l
 
p
o
w
e
r
 
a
n
d
 
s
o
l
i
d
 
w
a
s
t
e
 
d
i
s
p
o
s
a
l
 
r
e
q
u
i
r
e
-

m
e
n
t
s
.
 
 
Q
u
a
n
t
i
t
a
t
i
v
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
t
h
e
s
e
 
p
o
t
e
n
t
i
a
l
 
i
m
p
a
c
t
s
 
w
e
r
e
 

n
o
t
 
m
a
d
e
,
 
b
u
t
 
b
a
s
e
d
 
o
n
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
d
e
m
a
n
d
 
l
e
v
e
l
s
 
a
n
d
 
e
m
i
s
s
i
o
n
 

r
a
t
e
s
 

i
n
v
o
l
v
e
d
,
 

a
n
y
 

i
m
p
a
c
t
s
 

w
i
l
l
 

l
i
k
e
l
y
 

b
e
 

n
e
g
l
i
g
i
b
l
e
.
 
 

N
e
v
e
r
t
h
e
l
e
s
s
,
 
i
n
c
o
r
p
o
r
a
t
i
n
g
 
e
n
e
r
g
y
 
c
o
n
s
e
r
v
a
t
i
o
n
 
d
e
s
i
g
n
 
f
e
a
t
u
r
e
s
 

a
n
d
 
p
r
o
m
o
t
i
n
g
 
c
o
n
s
e
r
v
a
t
i
o
n
 
a
n
d
 
r
e
c
y
c
l
i
n
g
 
p
r
o
g
r
a
m
s
 
w
i
t
h
i
n
 
t
h
e
 

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

i
m
p
a
c
t
s
.

I
n
 
e
v
a
l
u
a
t
i
n
g
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
,
 
i
t
 
m
a
y
 
b
e
 
a
p
p
r
o
p
r
i
a
t
e
 
t
o
 

c
o
n
s
i
d
e
r
 

n
o
t
 

o
n
l
y
 

i
m
p
a
c
t
s
 

c
r
e
a
t
e
d
 

b
y
 

t
h
e
 

p
r
o
j
e
c
t
 

b
u
t
 

a
l
s
o
 

p
o
t
e
n
t
i
a
l
 
i
m
p
a
c
t
s
 
o
n
 
t
h
e
 
p
r
o
j
e
c
t
 
f
r
o
m
 
n
e
a
r
b
y
 
i
n
d
u
s
t
r
i
a
l
 
s
o
u
r
c
e
s
.
 
 

D
u
e
 
t
o
 
t
h
e
 
r
e
l
a
t
i
v
e
l
y
 
c
l
o
s
e
 
p
r
o
x
i
m
i
t
y
 
o
f
 
i
n
d
u
s
t
r
i
e
s
 
l
o
c
a
t
e
d
 
a
t
 

C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
k
,
 
o
c
c
a
s
i
o
n
a
l
 
i
m
p
a
c
t
s
 
o
n
 
t
h
e
 
p
r
o
j
e
c
t
 
f
r
o
m
 

e
m
i
s
s
i
o
n
s
 
e
m
a
n
a
t
i
n
g
 
f
r
o
m
 
t
h
e
s
e
 
f
a
c
i
l
i
t
i
e
s
 
m
a
y
 
o
c
c
u
r
 
i
n
 
c
o
n
j
u
n
c
t
i
o
n
 

w
i
t
h
 

c
o
i
n
c
i
d
e
n
t
a
l
 

o
c
c
u
r
r
e
n
c
e
s
 

o
f
 

i
n
d
u
s
t
r
y
 

m
a
l
f
u
n
c
t
i
o
n
s
 

a
n
d
 

s
o
u
t
h
e
r
l
y
 
w
i
n
d
s
,
 
b
o
t
h
 
o
f
 
w
h
i
c
h
 
a
r
e
 
r
e
l
a
t
i
v
e
l
y
 
i
n
f
r
e
q
u
e
n
t
 
e
v
e
n
t
s
.
 
 

I
n
c
r
e
a
s
e
d
 
s
c
r
u
t
i
n
y
 
b
y
 
t
h
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
,
 
a
n
 
a
i
r
 
q
u
a
l
i
t
y
 

t
a
s
k
 

f
o
r
c
e
 

m
a
n
d
a
t
e
d
 

b
y
 

t
h
e
 

s
t
a
t
e
 

l
e
g
i
s
l
a
t
u
r
e
,
 

a
n
d
 

t
h
e
 

m
o
d
e
r
n
i
z
a
t
i
o
n
 
b
y
 
s
o
m
e
 
i
n
d
u
s
t
r
i
a
l
 
p
a
r
k
 
t
e
n
a
n
t
s
 
s
h
o
u
l
d
 
h
e
l
p
 
t
o
 

m
i
t
i
g
a
t
e
 
f
u
t
u
r
e
 
i
m
p
a
c
t
s
 
o
n
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
.
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2
.
0
 
 
I
N
T
R
O
D
U
C
T
I
O
N

T
h
e
 
A
i
n
a
 
N
u
i
 
C
o
r
p
o
r
a
t
i
o
n
 
i
s
 
p
r
o
p
o
s
i
n
g
 
t
o
 
d
e
v
e
l
o
p
 
t
h
e
 
K
a
p
o
l
e
i
 
W
e
s
t
 

P
r
o
j
e
c
t
 
o
n
 
5
4
7
 
a
c
r
e
s
 
o
f
 
v
a
c
a
n
t
 
l
a
n
d
s
 
o
n
 
t
h
e
 
W
a
i
a
n
a
e
 
(
w
e
s
t
)
 
s
i
d
e
 
o
f
 

t
h
e
 
C
i
t
y
 
o
f
 
K
a
p
o
l
e
i
 
o
n
 
t
h
e
 
i
s
l
a
n
d
 
o
f
 
O
a
h
u
 
(
s
e
e
 
F
i
g
u
r
e
 
1
 
f
o
r
 

p
r
o
j
e
c
t
 
l
o
c
a
t
i
o
n
)
.
 
 
T
h
e
 
p
r
o
j
e
c
t
 
w
o
u
l
d
 
i
n
c
l
u
d
e
 
l
a
n
d
s
 
a
l
o
n
g
 
b
o
t
h
 

s
i
d
e
s
 
o
f
 
t
h
e
 
f
u
t
u
r
e
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
f
r
o
m
 
a
 
s
h
o
r
t
 
d
i
s
t
a
n
c
e
 
w
e
s
t
 
o
f
 

K
a
l
a
e
l
o
a
 
B
o
u
l
e
v
a
r
d
 
t
o
 
t
h
e
 
e
a
s
t
e
r
n
 
b
o
u
n
d
a
r
y
 
o
f
 
t
h
e
 
K
o
 
O
l
i
n
a
 

d
e
v
e
l
o
p
m
e
n
t
 
a
r
e
a
.
 
 
T
h
e
 
m
a
u
k
a
 
b
o
r
d
e
r
s
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
 
f
o
r
m
e
d
 
b
y
 

t
h
e
 
H
-
1
 
F
r
e
e
w
a
y
 
a
n
d
 
t
h
e
 
N
a
n
a
k
a
i
 
G
a
r
d
e
n
s
/
H
o
n
o
k
a
i
 
H
a
l
e
 
c
o
m
m
u
n
i
t
i
e
s
,
 

w
i
t
h
 
l
a
n
d
s
 
e
x
t
e
n
d
i
n
g
 
m
a
k
a
i
 
t
o
 
o
r
 
s
l
i
g
h
t
l
y
 
m
a
k
a
i
 
o
f
 
t
h
e
 
f
o
r
m
e
r
 
O
a
h
u
 

R
a
i
l
w
a
y
 
a
n
d
 
L
a
n
d
 
C
o
m
p
a
n
y
 
t
r
a
c
k
 
a
l
i
g
n
m
e
n
t
.
 
 
T
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
w
i
l
l
 

i
n
c
l
u
d
e
 

2
,
3
7
0
 

r
e
s
i
d
e
n
t
i
a
l
 

u
n
i
t
s
 

o
n
 

1
3
8
 

a
c
r
e
s
,
 

a
 

r
e
g
i
o
n
a
l
 

c
o
m
m
e
r
c
i
a
l
 
a
r
e
a
 
o
n
 
2
3
.
2
 
a
c
r
e
s
,
 
a
 
t
r
a
n
s
i
t
/
m
i
x
e
d
-
u
s
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
n
 

1
5
.
8
 
a
c
r
e
s
,
 
a
 
2
-
a
c
r
e
 
n
e
i
g
h
b
o
r
h
o
o
d
 
c
o
m
m
e
r
c
i
a
l
 
a
r
e
a
,
 
a
 
g
o
l
f
 
c
o
u
r
s
e
 

o
c
c
u
p
y
i
n
g
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
2
0
0
 
a
c
r
e
s
,
 
a
b
o
u
t
 
2
5
 
a
c
r
e
s
 
o
f
 
p
u
b
l
i
c
 
p
a
r
k
 

l
a
n
d
s
,
 
a
n
 
e
l
e
m
e
n
t
a
r
y
 
s
c
h
o
o
l
 
o
n
 
6
 
a
c
r
e
s
 
a
n
d
 
o
t
h
e
r
 
a
r
e
a
s
 
t
o
t
a
l
i
n
g
 
4
7
 

a
c
r
e
s
 
u
s
e
d
 
f
o
r
 
r
o
a
d
s
 
a
n
d
 
o
p
e
n
 
s
p
a
c
e
.
 
 
C
o
n
s
t
r
u
c
t
i
o
n
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 

i
s
 
e
x
p
e
c
t
e
d
 
t
o
 
c
o
m
m
e
n
c
e
 
d
u
r
i
n
g
 
2
0
0
8
,
 
a
n
d
 
f
u
l
l
 
d
e
v
e
l
o
p
m
e
n
t
 
a
n
d
 

o
c
c
u
p
a
n
c
y
 
i
s
 
p
l
a
n
n
e
d
 
f
o
r
 
s
o
m
e
t
i
m
e
 
a
f
t
e
r
 
2
0
2
0
.
 

T
h
e
 
p
u
r
p
o
s
e
 
o
f
 
t
h
i
s
 
s
t
u
d
y
 
i
s
 
t
o
 
d
e
s
c
r
i
b
e
 
e
x
i
s
t
i
n
g
 
a
i
r
 
q
u
a
l
i
t
y
 
i
n
 

t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
a
n
d
 
t
o
 
a
s
s
e
s
s
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
s
h
o
r
t
-
 
a
n
d
 
l
o
n
g
-
t
e
r
m
 

d
i
r
e
c
t
 
a
n
d
 
i
n
d
i
r
e
c
t
 
a
i
r
 
q
u
a
l
i
t
y
 
i
m
p
a
c
t
s
 
t
h
a
t
 
c
o
u
l
d
 
r
e
s
u
l
t
 
f
r
o
m
 

c
o
n
s
t
r
u
c
t
i
o
n
 
a
n
d
 
u
s
e
 
o
f
 
t
h
e
 
p
r
o
p
o
s
e
d
 
f
a
c
i
l
i
t
i
e
s
 
a
s
 
p
l
a
n
n
e
d
.
 
 

P
o
t
e
n
t
i
a
l
 
i
m
p
a
c
t
s
 
o
n
 
t
h
e
 
p
r
o
j
e
c
t
 
f
r
o
m
 
n
e
a
r
b
y
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
s
o
u
r
c
e
s
 

a
r
e
 
a
l
s
o
 
d
i
s
c
u
s
s
e
d
.
 
 
M
e
a
s
u
r
e
s
 
t
o
 
m
i
t
i
g
a
t
e
 
i
m
p
a
c
t
s
 
e
i
t
h
e
r
 
b
y
 
t
h
e
 

p
r
o
j
e
c
t
 
o
r
 
o
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
 
s
u
g
g
e
s
t
e
d
 
w
h
e
r
e
 
p
o
s
s
i
b
l
e
 
a
n
d
 
a
p
p
r
o
-

p
r
i
a
t
e
.

 
6
 

3
.
0
 
 
A
M
B
I
E
N
T
 
A
I
R
 
Q
U
A
L
I
T
Y
 
S
T
A
N
D
A
R
D
S

A
m
b
i
e
n
t
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
a
r
e
 
r
e
g
u
l
a
t
e
d
 
b
y
 
b
o
t
h
 

n
a
t
i
o
n
a
l
 

a
n
d
 

s
t
a
t
e
 

a
m
b
i
e
n
t
 

a
i
r
 

q
u
a
l
i
t
y
 

s
t
a
n
d
a
r
d
s
 

(
A
A
Q
S
)
.
 
 

N
a
t
i
o
n
a
l
 
A
A
Q
S
 
a
r
e
 
s
p
e
c
i
f
i
e
d
 
i
n
 
S
e
c
t
i
o
n
 
4
0
,
 
P
a
r
t
 
5
0
 
o
f
 
t
h
e
 
C
o
d
e
 
o
f
 

F
e
d
e
r
a
l
 
R
e
g
u
l
a
t
i
o
n
s
 
(
C
F
R
)
,
 
w
h
i
l
e
 
S
t
a
t
e
 
o
f
 
H
a
w
a
i
i
 
A
A
Q
S
 
a
r
e
 
d
e
f
i
n
e
d
 

i
n
 
C
h
a
p
t
e
r
 
1
1
-
5
9
 
o
f
 
t
h
e
 
H
a
w
a
i
i
 
A
d
m
i
n
i
s
t
r
a
t
i
v
e
 
R
u
l
e
s
.
 
 
T
a
b
l
e
 
1
 

s
u
m
m
a
r
i
z
e
s
 
b
o
t
h
 
t
h
e
 
n
a
t
i
o
n
a
l
 
a
n
d
 
t
h
e
 
s
t
a
t
e
 
A
A
Q
S
 
t
h
a
t
 
a
r
e
 
s
p
e
c
i
-

f
i
e
d
 
i
n
 
t
h
e
 
c
i
t
e
d
 
d
o
c
u
m
e
n
t
s
.
 
 
A
s
 
i
n
d
i
c
a
t
e
d
 
i
n
 
t
h
e
 
t
a
b
l
e
,
 
n
a
t
i
o
n
a
l
 

a
n
d
 
s
t
a
t
e
 
A
A
Q
S
 
h
a
v
e
 
b
e
e
n
 
e
s
t
a
b
l
i
s
h
e
d
 
f
o
r
 
p
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
,
 

s
u
l
f
u
r
 
d
i
o
x
i
d
e
,
 
n
i
t
r
o
g
e
n
 
d
i
o
x
i
d
e
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
,
 
o
z
o
n
e
 
a
n
d
 

l
e
a
d
.
 
 
T
h
e
 
s
t
a
t
e
 
h
a
s
 
a
l
s
o
 
s
e
t
 
a
 
s
t
a
n
d
a
r
d
 
f
o
r
 
h
y
d
r
o
g
e
n
 
s
u
l
f
i
d
e
.
 
 

N
a
t
i
o
n
a
l
 
A
A
Q
S
 
a
r
e
 
s
t
a
t
e
d
 
i
n
 
t
e
r
m
s
 
o
f
 
b
o
t
h
 
p
r
i
m
a
r
y
 
a
n
d
 
s
e
c
o
n
d
a
r
y
 

s
t
a
n
d
a
r
d
s
 
f
o
r
 
m
o
s
t
 
o
f
 
t
h
e
 
r
e
g
u
l
a
t
e
d
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
.
 
 
N
a
t
i
o
n
a
l
 

p
r
i
m
a
r
y
 
s
t
a
n
d
a
r
d
s
 
a
r
e
 
d
e
s
i
g
n
e
d
 
t
o
 
p
r
o
t
e
c
t
 
t
h
e
 
p
u
b
l
i
c
 
h
e
a
l
t
h
 
w
i
t
h
 

a
n
 
"
a
d
e
q
u
a
t
e
 
m
a
r
g
i
n
 
o
f
 
s
a
f
e
t
y
"
.
 
 
N
a
t
i
o
n
a
l
 
s
e
c
o
n
d
a
r
y
 
s
t
a
n
d
a
r
d
s
,
 
o
n
 

t
h
e
 
o
t
h
e
r
 
h
a
n
d
,
 
d
e
f
i
n
e
 
l
e
v
e
l
s
 
o
f
 
a
i
r
 
q
u
a
l
i
t
y
 
n
e
c
e
s
s
a
r
y
 
t
o
 
p
r
o
t
e
c
t
 

t
h
e
 
p
u
b
l
i
c
 
w
e
l
f
a
r
e
 
f
r
o
m
 
"
a
n
y
 
k
n
o
w
n
 
o
r
 
a
n
t
i
c
i
p
a
t
e
d
 
a
d
v
e
r
s
e
 
e
f
f
e
c
t
s
 

o
f
 
a
 
p
o
l
l
u
t
a
n
t
"
.
 
 
S
e
c
o
n
d
a
r
y
 
p
u
b
l
i
c
 
w
e
l
f
a
r
e
 
i
m
p
a
c
t
s
 
m
a
y
 
i
n
c
l
u
d
e
 

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

o
r
 
o
t
h
e
r
 
p
o
t
e
n
t
i
a
l
 
i
n
j
u
r
y
 
t
o
 
t
h
e
 
n
a
t
u
r
a
l
 
o
r
 
m
a
n
-
m
a
d
e
 
e
n
v
i
r
o
n
m
e
n
t
,
 

e
.
g
.
,
 
s
o
i
l
i
n
g
 
o
f
 
m
a
t
e
r
i
a
l
s
,
 
d
a
m
a
g
e
 
t
o
 
v
e
g
e
t
a
t
i
o
n
 
o
r
 
o
t
h
e
r
 
e
c
o
n
o
m
-

i
c
 
d
a
m
a
g
e
.
 
 
I
n
 
c
o
n
t
r
a
s
t
 
t
o
 
t
h
e
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
,
 
H
a
w
a
i
i
 
S
t
a
t
e
 
A
A
Q
S
 

a
r
e
 
g
i
v
e
n
 
i
n
 
t
e
r
m
s
 
o
f
 
a
 
s
i
n
g
l
e
 
s
t
a
n
d
a
r
d
 
t
h
a
t
 
i
s
 
d
e
s
i
g
n
e
d
 
"
t
o
 

p
r
o
t
e
c
t
 
p
u
b
l
i
c
 
h
e
a
l
t
h
 
a
n
d
 
w
e
l
f
a
r
e
 
a
n
d
 
t
o
 
p
r
e
v
e
n
t
 
t
h
e
 
s
i
g
n
i
f
i
c
a
n
t
 

d
e
t
e
r
i
o
r
a
t
i
o
n
 
o
f
 
a
i
r
 
q
u
a
l
i
t
y
"
.
 

E
a
c
h
 
o
f
 
t
h
e
 
r
e
g
u
l
a
t
e
d
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
 
h
a
s
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
t
o
 
c
r
e
a
t
e
 

o
r
 
e
x
a
c
e
r
b
a
t
e
 
s
o
m
e
 
f
o
r
m
 
o
f
 
a
d
v
e
r
s
e
 
h
e
a
l
t
h
 
e
f
f
e
c
t
 
o
r
 
t
o
 
p
r
o
d
u
c
e
 

e
n
v
i
r
o
n
m
e
n
t
a
l
 
d
e
g
r
a
d
a
t
i
o
n
 
w
h
e
n
 
p
r
e
s
e
n
t
 
i
n
 
s
u
f
f
i
c
i
e
n
t
l
y
 
h
i
g
h
 

c
o
n
c
e
n
t
r
a
t
i
o
n
 
f
o
r
 
p
r
o
l
o
n
g
e
d
 
p
e
r
i
o
d
s
 
o
f
 
t
i
m
e
.
 
 
T
h
e
 
A
A
Q
S
 
s
p
e
c
i
f
y
 
a
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m
a
x
i
m
u
m
 
a
l
l
o
w
a
b
l
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
f
o
r
 
a
 
g
i
v
e
n
 
a
i
r
 
p
o
l
l
u
t
a
n
t
 
f
o
r
 
o
n
e
 

o
r
 
m
o
r
e
 
a
v
e
r
a
g
i
n
g
 
t
i
m
e
s
 
t
o
 
p
r
e
v
e
n
t
 
h
a
r
m
f
u
l
 
e
f
f
e
c
t
s
.
 
 
A
v
e
r
a
g
i
n
g
 

t
i
m
e
s
 
v
a
r
y
 
f
r
o
m
 
o
n
e
 
h
o
u
r
 
t
o
 
o
n
e
 
y
e
a
r
 
d
e
p
e
n
d
i
n
g
 
o
n
 
t
h
e
 
p
o
l
l
u
t
a
n
t
 

a
n
d
 
t
y
p
e
 
o
f
 
e
x
p
o
s
u
r
e
 
n
e
c
e
s
s
a
r
y
 
t
o
 
c
a
u
s
e
 
a
d
v
e
r
s
e
 
e
f
f
e
c
t
s
.
 
I
n
 
t
h
e
 

c
a
s
e
 
o
f
 
t
h
e
 
s
h
o
r
t
-
t
e
r
m
 
(
i
.
e
.
,
 
1
-
 
t
o
 
2
4
-
h
o
u
r
)
 
A
A
Q
S
,
 
b
o
t
h
 
n
a
t
i
o
n
a
l
 

a
n
d
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
s
 
a
l
l
o
w
 
a
 
s
p
e
c
i
f
i
e
d
 
n
u
m
b
e
r
 
o
f
 
e
x
c
e
e
d
a
n
c
e
s
 
e
a
c
h
 

y
e
a
r
.

T
h
e
 
H
a
w
a
i
i
 
A
A
Q
S
 
a
r
e
 
i
n
 
s
o
m
e
 
c
a
s
e
s
 
c
o
n
s
i
d
e
r
a
b
l
y
 
m
o
r
e
 
s
t
r
i
n
g
e
n
t
 

t
h
a
n
 
t
h
e
 
c
o
m
p
a
r
a
b
l
e
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
.
 
 
I
n
 
p
a
r
t
i
c
u
l
a
r
,
 
t
h
e
 
H
a
w
a
i
i
 

1
-
h
o
u
r
 
A
A
Q
S
 
f
o
r
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
i
s
 
f
o
u
r
 
t
i
m
e
s
 
m
o
r
e
 
s
t
r
i
n
g
e
n
t
 
t
h
a
n
 

t
h
e
 
c
o
m
p
a
r
a
b
l
e
 
n
a
t
i
o
n
a
l
 
l
i
m
i
t
.
 
 
T
h
e
 
U
.
S
.
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
P
r
o
t
e
c
t
i
o
n
 

A
g
e
n
c
y
 
(
E
P
A
)
 
i
s
 
c
u
r
r
e
n
t
l
y
 
w
o
r
k
i
n
g
 
o
n
 
a
 
p
l
a
n
 
t
o
 
p
h
a
s
e
 
o
u
t
 
t
h
e
 

n
a
t
i
o
n
a
l
 
1
-
h
o
u
r
 
o
z
o
n
e
 
s
t
a
n
d
a
r
d
 
i
n
 
f
a
v
o
r
 
o
f
 
t
h
e
 
n
e
w
 
(
a
n
d
 
m
o
r
e
 

s
t
r
i
n
g
e
n
t
)
 
8
-
h
o
u
r
 
s
t
a
n
d
a
r
d
.
 

T
h
e
 
H
a
w
a
i
i
 
A
A
Q
S
 
f
o
r
 
s
u
l
f
u
r
 
d
i
o
x
i
d
e
 
w
e
r
e
 
r
e
l
a
x
e
d
 
i
n
 
1
9
8
6
 
t
o
 
m
a
k
e
 

t
h
e
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
s
 
e
s
s
e
n
t
i
a
l
l
y
 
t
h
e
 
s
a
m
e
 
a
s
 
t
h
e
 
n
a
t
i
o
n
a
l
 
l
i
m
i
t
s
.
 
 

I
n
 
1
9
9
3
,
 
t
h
e
 
s
t
a
t
e
 
a
l
s
o
 
r
e
v
i
s
e
d
 
i
t
s
 
p
a
r
t
i
c
u
l
a
t
e
 
s
t
a
n
d
a
r
d
s
 
t
o
 

f
o
l
l
o
w
 
t
h
o
s
e
 
s
e
t
 
b
y
 
t
h
e
 
f
e
d
e
r
a
l
 
g
o
v
e
r
n
m
e
n
t
.
 
 
D
u
r
i
n
g
 
1
9
9
7
,
 
t
h
e
 

f
e
d
e
r
a
l
 
g
o
v
e
r
n
m
e
n
t
 
a
g
a
i
n
 
r
e
v
i
s
e
d
 
i
t
s
 
s
t
a
n
d
a
r
d
s
 
f
o
r
 
p
a
r
t
i
c
u
l
a
t
e
,
 

b
u
t
 
t
h
e
 
n
e
w
 
s
t
a
n
d
a
r
d
s
 
w
e
r
e
 
c
h
a
l
l
e
n
g
e
d
 
i
n
 
f
e
d
e
r
a
l
 
c
o
u
r
t
.
 
 
A
 

S
u
p
r
e
m
e
 
C
o
u
r
t
 
r
u
l
i
n
g
 
w
a
s
 
i
s
s
u
e
d
 
d
u
r
i
n
g
 
F
e
b
r
u
a
r
y
 
2
0
0
1
,
 
a
n
d
 
a
t
 
t
h
i
s
 

t
i
m
e
,
 
i
t
 
i
s
 
e
x
p
e
c
t
e
d
 
t
h
a
t
 
t
h
e
 
n
e
w
 
s
t
a
n
d
a
r
d
s
 
f
o
r
 
p
a
r
t
i
c
u
l
a
t
e
 
w
i
l
l
 

b
e
 
i
m
p
l
e
m
e
n
t
e
d
 
b
y
 
2
0
0
5
.
 
 
T
o
 
d
a
t
e
,
 
t
h
e
 
H
a
w
a
i
i
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 

h
a
s
 
n
o
t
 
u
p
d
a
t
e
d
 
t
h
e
 
s
t
a
t
e
 
p
a
r
t
i
c
u
l
a
t
e
 
s
t
a
n
d
a
r
d
s
.
 
 
I
n
 
S
e
p
t
e
m
b
e
r
 

2
0
0
1
,
 
t
h
e
 
s
t
a
t
e
 
v
a
c
a
t
e
d
 
t
h
e
 
s
t
a
t
e
 
1
-
h
o
u
r
 
s
t
a
n
d
a
r
d
 
f
o
r
 
o
z
o
n
e
 
a
n
d
 

a
n
 
8
-
h
o
u
r
 
s
t
a
n
d
a
r
d
 
w
a
s
 
a
d
o
p
t
e
d
.
 

 
8
 

4
.
0
 
 
R
E
G
I
O
N
A
L
 
A
N
D
 
L
O
C
A
L
 
C
L
I
M
A
T
O
L
O
G
Y

R
e
g
i
o
n
a
l
 
a
n
d
 
l
o
c
a
l
 
c
l
i
m
a
t
o
l
o
g
y
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 
a
f
f
e
c
t
s
 
t
h
e
 
a
i
r
 

q
u
a
l
i
t
y
 
o
f
 
a
 
g
i
v
e
n
 
l
o
c
a
t
i
o
n
.
 
 
W
i
n
d
,
 
t
e
m
p
e
r
a
t
u
r
e
,
 
a
t
m
o
s
p
h
e
r
i
c
 

t
u
r
b
u
l
e
n
c
e
,
 
m
i
x
i
n
g
 
h
e
i
g
h
t
 
a
n
d
 
r
a
i
n
f
a
l
l
 
a
l
l
 
i
n
f
l
u
e
n
c
e
 
a
i
r
 
q
u
a
l
i
t
y
.
 

A
l
t
h
o
u
g
h
 
t
h
e
 
c
l
i
m
a
t
e
 
o
f
 
H
a
w
a
i
i
 
i
s
 
r
e
l
a
t
i
v
e
l
y
 
m
o
d
e
r
a
t
e
 
t
h
r
o
u
g
h
o
u
t
 

m
o
s
t
 
o
f
 
t
h
e
 
s
t
a
t
e
,
 
s
i
g
n
i
f
i
c
a
n
t
 
d
i
f
f
e
r
e
n
c
e
s
 
i
n
 
t
h
e
s
e
 
p
a
r
a
m
e
t
e
r
s
 
m
a
y
 

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

a
n
d
 
l
o
c
a
l
 
c
l
i
m
a
t
e
s
 
w
i
t
h
i
n
 
t
h
e
 
s
t
a
t
e
 
a
r
e
 
c
a
u
s
e
d
 
b
y
 
t
h
e
 
m
o
u
n
t
a
i
n
o
u
s
 

t
o
p
o
g
r
a
p
h
y
.

H
a
w
a
i
i
 
l
i
e
s
 
w
e
l
l
 
w
i
t
h
i
n
 
t
h
e
 
b
e
l
t
 
o
f
 
n
o
r
t
h
e
a
s
t
e
r
l
y
 
t
r
a
d
e
 
w
i
n
d
s
 

g
e
n
e
r
a
t
e
d
 
b
y
 
t
h
e
 
s
e
m
i
-
p
e
r
m
a
n
e
n
t
 
P
a
c
i
f
i
c
 
h
i
g
h
 
p
r
e
s
s
u
r
e
 
c
e
l
l
 
t
o
 
t
h
e
 

n
o
r
t
h
 
a
n
d
 
e
a
s
t
.
 
 
O
n
 
t
h
e
 
i
s
l
a
n
d
 
o
f
 
O
a
h
u
,
 
t
h
e
 
K
o
o
l
a
u
 
a
n
d
 
W
a
i
a
n
a
e
 

M
o
u
n
t
a
i
n
 
R
a
n
g
e
s
 
a
r
e
 
o
r
i
e
n
t
e
d
 
a
l
m
o
s
t
 
p
e
r
p
e
n
d
i
c
u
l
a
r
 
t
o
 
t
h
e
 
t
r
a
d
e
 

w
i
n
d
s
,
 
w
h
i
c
h
 
a
c
c
o
u
n
t
s
 
f
o
r
 
m
u
c
h
 
o
f
 
t
h
e
 
v
a
r
i
a
t
i
o
n
 
i
n
 
t
h
e
 
l
o
c
a
l
 

c
l
i
m
a
t
o
l
o
g
y
 
o
f
 
t
h
e
 
i
s
l
a
n
d
.
 
 
T
h
e
 
s
i
t
e
 
o
f
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
 
i
s
 

l
o
c
a
t
e
d
 
o
n
 
t
h
e
 
b
r
o
a
d
 
E
w
a
 
P
l
a
i
n
 
l
e
e
w
a
r
d
 
o
f
 
t
h
e
 
K
o
o
l
a
u
 
M
o
u
n
t
a
i
n
s
.
 

W
i
n
d
 
f
r
e
q
u
e
n
c
y
 
d
a
t
a
 
f
o
r
 
H
o
n
o
l
u
l
u
 
I
n
t
e
r
n
a
t
i
o
n
a
l
 
A
i
r
p
o
r
t
 
(
H
I
A
)
,
 

w
h
i
c
h
 
i
s
 
l
o
c
a
t
e
d
 
a
b
o
u
t
 
1
0
 
m
i
l
e
s
 
t
o
 
t
h
e
 
e
a
s
t
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
,
 

a
r
e
 
g
i
v
e
n
 
i
n
 
T
a
b
l
e
 
2
.
 
 
T
h
e
s
e
 
d
a
t
a
 
c
a
n
 
b
e
 
e
x
p
e
c
t
e
d
 
t
o
 
b
e
 
r
e
a
s
o
n
a
b
l
y
 

r
e
p
r
e
s
e
n
t
a
t
i
v
e
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
.
 
 
W
i
n
d
 
f
r
e
q
u
e
n
c
y
 
f
o
r
 
H
I
A
 
s
h
o
w
 

t
h
a
t
 
t
h
e
 
a
n
n
u
a
l
 
p
r
e
v
a
i
l
i
n
g
 
w
i
n
d
 
d
i
r
e
c
t
i
o
n
 
f
o
r
 
t
h
i
s
 
a
r
e
a
 
o
f
 
O
a
h
u
 
i
s
 

e
a
s
t
 
n
o
r
t
h
e
a
s
t
.
 
 
O
n
 
a
n
 
a
n
n
u
a
l
 
b
a
s
i
s
,
 
3
4
.
7
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
t
i
m
e
 
t
h
e
 

w
i
n
d
 
i
s
 
f
r
o
m
 
t
h
i
s
 
d
i
r
e
c
t
i
o
n
,
 
a
n
d
 
m
o
r
e
 
t
h
a
n
 
7
0
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
t
i
m
e
 

t
h
e
 
w
i
n
d
 
i
s
 
i
n
 
t
h
e
 
n
o
r
t
h
e
a
s
t
 
q
u
a
d
r
a
n
t
.
 
 
W
i
n
d
s
 
f
r
o
m
 
t
h
e
 
s
o
u
t
h
 
a
r
e
 

i
n
f
r
e
q
u
e
n
t
 
o
c
c
u
r
r
i
n
g
 
o
n
l
y
 
a
 
f
e
w
 
d
a
y
s
 
d
u
r
i
n
g
 
t
h
e
 
y
e
a
r
 
a
n
d
 
m
o
s
t
l
y
 
i
n
 

w
i
n
t
e
r
 
i
n
 
a
s
s
o
c
i
a
t
i
o
n
 
w
i
t
h
 
k
o
n
a
 
s
t
o
r
m
s
.
 
 
W
i
n
d
 
s
p
e
e
d
s
 
a
v
e
r
a
g
e
 
a
b
o
u
t
 

1
0
 
k
n
o
t
s
 
(
1
2
 
m
p
h
)
 
a
n
d
 
m
o
s
t
l
y
 
v
a
r
y
 
b
e
t
w
e
e
n
 
a
b
o
u
t
 
5
 
a
n
d
 
1
5
 
k
n
o
t
s
 
(
6
 

a
n
d
 
1
7
 
m
p
h
)
.
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A
i
r
 
p
o
l
l
u
t
i
o
n
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
,
 
t
h
e
 
f
o
r
m
a
t
i
o
n
 
o
f
 

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

t
e
m
p
e
r
a
t
u
r
e
.
 

 
C
o
l
d
e
r
 

t
e
m
p
e
r
a
t
u
r
e
s
 

t
e
n
d
 

t
o
 

r
e
s
u
l
t
 

i
n
 

h
i
g
h
e
r
 

e
m
i
s
s
i
o
n
s
 

o
f
 

c
o
n
t
a
m
i
n
a
n
t
s
 

f
r
o
m
 

a
u
t
o
m
o
b
i
l
e
s
 

b
u
t
 

l
o
w
e
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
p
h
o
t
o
c
h
e
m
i
c
a
l
 
s
m
o
g
 
a
n
d
 
g
r
o
u
n
d
-
l
e
v
e
l
 
c
o
n
c
e
n
t
r
a
-

t
i
o
n
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
f
r
o
m
 
e
l
e
v
a
t
e
d
 
p
l
u
m
e
s
.
 
 
I
n
 
H
a
w
a
i
i
,
 
t
h
e
 

a
n
n
u
a
l
 
a
n
d
 
d
a
i
l
y
 
v
a
r
i
a
t
i
o
n
 
o
f
 
t
e
m
p
e
r
a
t
u
r
e
 
d
e
p
e
n
d
 
t
o
 
a
 
l
a
r
g
e
 
d
e
g
r
e
e
 

o
n
 
e
l
e
v
a
t
i
o
n
 
a
b
o
v
e
 
s
e
a
 
l
e
v
e
l
,
 
d
i
s
t
a
n
c
e
 
i
n
l
a
n
d
 
a
n
d
 
e
x
p
o
s
u
r
e
 
t
o
 
t
h
e
 

t
r
a
d
e
 
w
i
n
d
s
.
 
 
A
v
e
r
a
g
e
 
t
e
m
p
e
r
a
t
u
r
e
s
 
a
t
 
l
o
c
a
t
i
o
n
s
 
n
e
a
r
 
s
e
a
 
l
e
v
e
l
 

g
e
n
e
r
a
l
l
y
 
a
r
e
 
w
a
r
m
e
r
 
t
h
a
n
 
t
h
o
s
e
 
a
t
 
h
i
g
h
e
r
 
e
l
e
v
a
t
i
o
n
s
.
 
 
A
r
e
a
s
 

e
x
p
o
s
e
d
 
t
o
 
t
h
e
 
t
r
a
d
e
 
w
i
n
d
s
 
t
e
n
d
 
t
o
 
h
a
v
e
 
t
h
e
 
l
e
a
s
t
 
t
e
m
p
e
r
a
t
u
r
e
 

v
a
r
i
a
t
i
o
n
,
 
w
h
i
l
e
 
i
n
l
a
n
d
 
a
n
d
 
l
e
e
w
a
r
d
 
a
r
e
a
s
 
o
f
t
e
n
 
h
a
v
e
 
t
h
e
 
m
o
s
t
.
 
 

T
h
e
 

p
r
o
j
e
c
t
'
s
 

n
e
a
r
 

c
o
a
s
t
a
l
,
 

l
e
e
w
a
r
d
 

l
o
c
a
t
i
o
n
 

r
e
s
u
l
t
s
 

i
n
 

a
 

r
e
l
a
t
i
v
e
l
y
 

m
o
d
e
r
a
t
e
 

t
e
m
p
e
r
a
t
u
r
e
 

p
r
o
f
i
l
e
 

c
o
m
p
a
r
e
d
 

t
o
 

o
t
h
e
r
 

l
o
c
a
t
i
o
n
s
 
a
r
o
u
n
d
 
O
a
h
u
 
a
n
d
 
t
h
e
 
s
t
a
t
e
.
 
 
B
a
s
e
d
 
o
n
 
m
o
r
e
 
t
h
a
n
 
5
0
 
y
e
a
r
s
 

o
f
 
d
a
t
a
 
c
o
l
l
e
c
t
e
d
 
a
t
 
t
h
e
 
f
o
r
m
e
r
 
n
e
a
r
b
y
 
E
w
a
 
P
l
a
n
t
a
t
i
o
n
,
 
a
v
e
r
a
g
e
 

a
n
n
u
a
l
 
d
a
i
l
y
 
m
i
n
i
m
u
m
 
a
n
d
 
m
a
x
i
m
u
m
 
t
e
m
p
e
r
a
t
u
r
e
s
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 

a
r
e
 
6
5
°
F
 
a
n
d
 
8
4
°
F
,
 
r
e
s
p
e
c
t
i
v
e
l
y
 
[
1
]
.
 
 
T
h
e
 
e
x
t
r
e
m
e
 
m
i
n
i
m
u
m
 
t
e
m
p
e
r
a
-

t
u
r
e
 
o
n
 
r
e
c
o
r
d
 
i
s
 
4
7
°
F
,
 
a
n
d
 
t
h
e
 
e
x
t
r
e
m
e
 
m
a
x
i
m
u
m
 
i
s
 
9
3
°
F
.
 

S
m
a
l
l
 
s
c
a
l
e
,
 
r
a
n
d
o
m
 
m
o
t
i
o
n
s
 
i
n
 
t
h
e
 
a
t
m
o
s
p
h
e
r
e
 
(
t
u
r
b
u
l
e
n
c
e
)
 
c
a
u
s
e
 

a
i
r
 
p
o
l
l
u
t
a
n
t
s
 
t
o
 
b
e
 
d
i
s
p
e
r
s
e
d
 
a
s
 
a
 
f
u
n
c
t
i
o
n
 
o
f
 
d
i
s
t
a
n
c
e
 
o
r
 
t
i
m
e
 

f
r
o
m
 
t
h
e
 
p
o
i
n
t
 
o
f
 
e
m
i
s
s
i
o
n
.
 
 
T
u
r
b
u
l
e
n
c
e
 
i
s
 
c
a
u
s
e
d
 
b
y
 
b
o
t
h
 
m
e
c
h
a
n
-

i
c
a
l
 
a
n
d
 
t
h
e
r
m
a
l
 
f
o
r
c
e
s
 
i
n
 
t
h
e
 
a
t
m
o
s
p
h
e
r
e
.
 
 
I
t
 
i
s
 
o
f
t
e
n
t
i
m
e
s
 

m
e
a
s
u
r
e
d
 
a
n
d
 
d
e
s
c
r
i
b
e
d
 
i
n
 
t
e
r
m
s
 
o
f
 
P
a
s
q
u
i
l
l
-
G
i
f
f
o
r
d
 
s
t
a
b
i
l
i
t
y
 

c
l
a
s
s
.
 
 
S
t
a
b
i
l
i
t
y
 
c
l
a
s
s
 
1
 
i
s
 
t
h
e
 
m
o
s
t
 
t
u
r
b
u
l
e
n
t
 
a
n
d
 
c
l
a
s
s
 
6
 
t
h
e
 

l
e
a
s
t
.
 
 
T
h
u
s
,
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
d
i
s
s
i
p
a
t
e
s
 
t
h
e
 
b
e
s
t
 
d
u
r
i
n
g
 
s
t
a
b
i
l
i
t
y
 

c
l
a
s
s
 
1
 
c
o
n
d
i
t
i
o
n
s
 
a
n
d
 
t
h
e
 
w
o
r
s
t
 
w
h
e
n
 
s
t
a
b
i
l
i
t
y
 
c
l
a
s
s
 
6
 
p
r
e
v
a
i
l
s
.
 
 

I
n
 
t
h
e
 
K
a
p
o
l
e
i
 
a
r
e
a
,
 
s
t
a
b
i
l
i
t
y
 
c
l
a
s
s
 
5
 
o
r
 
6
 
i
s
 
g
e
n
e
r
a
l
l
y
 
t
h
e
 

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

 
1
0
 

n
i
g
h
t
t
i
m
e
 
o
r
 
e
a
r
l
y
 
m
o
r
n
i
n
g
 
h
o
u
r
s
 
w
h
e
n
 
t
e
m
p
e
r
a
t
u
r
e
 
i
n
v
e
r
s
i
o
n
s
 
f
o
r
m
 

d
u
e
 
t
o
 
r
a
d
i
a
t
i
o
n
a
l
 
c
o
o
l
i
n
g
.
 
 
S
t
a
b
i
l
i
t
y
 
c
l
a
s
s
e
s
 
1
 
t
h
r
o
u
g
h
 
4
 
o
c
c
u
r
 

d
u
r
i
n
g
 
t
h
e
 
d
a
y
t
i
m
e
,
 
d
e
p
e
n
d
i
n
g
 
m
a
i
n
l
y
 
o
n
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
c
l
o
u
d
 
c
o
v
e
r
 

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

b
r
e
e
z
e
.

M
i
x
i
n
g
 
h
e
i
g
h
t
 
i
s
 
d
e
f
i
n
e
d
 
a
s
 
t
h
e
 
h
e
i
g
h
t
 
a
b
o
v
e
 
t
h
e
 
s
u
r
f
a
c
e
 
t
h
r
o
u
g
h
 

w
h
i
c
h
 
r
e
l
a
t
i
v
e
l
y
 
v
i
g
o
r
o
u
s
 
v
e
r
t
i
c
a
l
 
m
i
x
i
n
g
 
o
c
c
u
r
s
.
 
 
L
o
w
 
m
i
x
i
n
g
 

h
e
i
g
h
t
s
 
c
a
n
 
r
e
s
u
l
t
 
i
n
 
h
i
g
h
 
g
r
o
u
n
d
-
l
e
v
e
l
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
c
o
n
c
e
n
t
r
a
-

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

b
e
c
o
m
e
 
t
r
a
p
p
e
d
 
w
i
t
h
i
n
 
t
h
e
 
m
i
x
i
n
g
 
l
a
y
e
r
.
 
 
I
n
 
H
a
w
a
i
i
,
 
m
i
n
i
m
u
m
 
m
i
x
i
n
g
 

h
e
i
g
h
t
s
 
t
e
n
d
 
t
o
 
b
e
 
h
i
g
h
 
b
e
c
a
u
s
e
 
o
f
 
m
e
c
h
a
n
i
c
a
l
 
m
i
x
i
n
g
 
c
a
u
s
e
d
 
b
y
 
t
h
e
 

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

t
h
e
 
s
u
r
r
o
u
n
d
i
n
g
 
o
c
e
a
n
.
 
 
L
o
w
 
m
i
x
i
n
g
 
h
e
i
g
h
t
s
 
m
a
y
 
s
o
m
e
t
i
m
e
s
 
o
c
c
u
r
,
 

h
o
w
e
v
e
r
,
 
a
t
 
i
n
l
a
n
d
 
l
o
c
a
t
i
o
n
s
 
a
n
d
 
e
v
e
n
 
a
t
 
t
i
m
e
s
 
a
l
o
n
g
 
c
o
a
s
t
a
l
 
a
r
e
a
s
 

e
a
r
l
y
 
i
n
 
t
h
e
 
m
o
r
n
i
n
g
 
f
o
l
l
o
w
i
n
g
 
a
 
c
l
e
a
r
,
 
c
o
o
l
,
 
w
i
n
d
l
e
s
s
 
n
i
g
h
t
.
 
 

C
o
a
s
t
a
l
 
a
r
e
a
s
 
a
l
s
o
 
m
a
y
 
e
x
p
e
r
i
e
n
c
e
 
l
o
w
 
m
i
x
i
n
g
 
l
e
v
e
l
s
 
d
u
r
i
n
g
 
s
e
a
 

b
r
e
e
z
e
 
c
o
n
d
i
t
i
o
n
s
 
w
h
e
n
 
c
o
o
l
e
r
 
o
c
e
a
n
 
a
i
r
 
r
u
s
h
e
s
 
i
n
 
o
v
e
r
 
w
a
r
m
e
r
 

l
a
n
d
.
 
 
M
i
x
i
n
g
 
h
e
i
g
h
t
s
 
i
n
 
H
a
w
a
i
i
 
t
y
p
i
c
a
l
l
y
 
a
r
e
 
a
b
o
v
e
 
3
0
0
0
 
f
e
e
t
 

(
1
0
0
0
 
m
e
t
e
r
s
)
.
 

R
a
i
n
f
a
l
l
 
c
a
n
 
h
a
v
e
 
a
 
b
e
n
e
f
i
c
i
a
l
 
a
f
f
e
c
t
 
o
n
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 
o
f
 
a
n
 

a
r
e
a
 
i
n
 
t
h
a
t
 
i
t
 
h
e
l
p
s
 
t
o
 
s
u
p
p
r
e
s
s
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
,
 
a
n
d
 
i
t
 

a
l
s
o
 
m
a
y
 
"
w
a
s
h
o
u
t
"
 
g
a
s
e
o
u
s
 
c
o
n
t
a
m
i
n
a
n
t
s
 
t
h
a
t
 
a
r
e
 
w
a
t
e
r
 
s
o
l
u
b
l
e
.
 
 

R
a
i
n
f
a
l
l
 
i
n
 
H
a
w
a
i
i
 
i
s
 
h
i
g
h
l
y
 
v
a
r
i
a
b
l
e
 
d
e
p
e
n
d
i
n
g
 
o
n
 
e
l
e
v
a
t
i
o
n
 
a
n
d
 

o
n
 
l
o
c
a
t
i
o
n
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
t
r
a
d
e
 
w
i
n
d
.
 
 
T
h
e
 
E
w
a
 
P
l
a
i
n
 
i
s
 
o
n
e
 

o
f
 
t
h
e
 
d
r
i
e
s
t
 
a
r
e
a
s
 
o
n
 
O
a
h
u
 
d
u
e
 
t
o
 
i
t
s
 
l
e
e
w
a
r
d
 
a
n
d
 
n
e
a
r
 
s
e
a
 
l
e
v
e
l
 

l
o
c
a
t
i
o
n
.
 
 
A
v
e
r
a
g
e
 
a
n
n
u
a
l
 
r
a
i
n
f
a
l
l
 
a
m
o
u
n
t
s
 
t
o
 
a
b
o
u
t
 
2
1
 
i
n
c
h
e
s
 
b
u
t
 

m
a
y
 
v
a
r
y
 
f
r
o
m
 
a
b
o
u
t
 
1
0
 
i
n
c
h
e
s
 
d
u
r
i
n
g
 
a
 
d
r
y
 
y
e
a
r
 
t
o
 
m
o
r
e
 
t
h
a
n
 
4
0
 

i
n
c
h
e
s
 
d
u
r
i
n
g
 
a
 
w
e
t
 
y
e
a
r
 
[
1
]
.
 
 
M
o
s
t
 
o
f
 
t
h
e
 
r
a
i
n
f
a
l
l
 
u
s
u
a
l
l
y
 
o
c
c
u
r
s
 



 
1
1
 

d
u
r
i
n
g
 
t
h
e
 
w
i
n
t
e
r
 
m
o
n
t
h
s
.
 
 
M
o
n
t
h
l
y
 
r
a
i
n
f
a
l
l
 
m
a
y
 
v
a
r
y
 
f
r
o
m
 
a
s
 

l
i
t
t
l
e
 
a
s
 
a
 
t
r
a
c
e
 
t
o
 
a
s
 
m
u
c
h
 
a
s
 
1
5
 
i
n
c
h
e
s
 
o
r
 
m
o
r
e
.
 

5
.
0
 
 
P
R
E
S
E
N
T
 
A
I
R
 
Q
U
A
L
I
T
Y

P
r
e
s
e
n
t
 
a
i
r
 
q
u
a
l
i
t
y
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
i
s
 
m
o
s
t
l
y
 
a
f
f
e
c
t
e
d
 
b
y
 
a
i
r
 

p
o
l
l
u
t
a
n
t
s
 
f
r
o
m
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
,
 
i
n
d
u
s
t
r
i
a
l
 
s
o
u
r
c
e
s
,
 
a
g
r
i
c
u
l
t
u
r
a
l
 

o
p
e
r
a
t
i
o
n
s
 
a
n
d
 
t
o
 
a
 
l
e
s
s
e
r
 
e
x
t
e
n
t
 
b
y
 
n
a
t
u
r
a
l
 
s
o
u
r
c
e
s
.
 
 
T
a
b
l
e
 
3
 

p
r
e
s
e
n
t
s
 
a
n
 
a
i
r
 
p
o
l
l
u
t
a
n
t
 
e
m
i
s
s
i
o
n
 
s
u
m
m
a
r
y
 
f
o
r
 
t
h
e
 
i
s
l
a
n
d
 
o
f
 
O
a
h
u
 

f
o
r
 
c
a
l
e
n
d
a
r
 
y
e
a
r
 
1
9
9
3
.
 
 
T
h
e
 
e
m
i
s
s
i
o
n
 
r
a
t
e
s
 
s
h
o
w
n
 
i
n
 
t
h
e
 
t
a
b
l
e
 

p
e
r
t
a
i
n
 
t
o
 
m
a
n
m
a
d
e
 
e
m
i
s
s
i
o
n
s
 
o
n
l
y
,
 
i
.
e
.
,
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
n
a
t
u
r
a
l
 

s
o
u
r
c
e
s
 
a
r
e
 
n
o
t
 
i
n
c
l
u
d
e
d
.
 
 
A
s
 
s
u
g
g
e
s
t
e
d
 
i
n
 
t
h
e
 
t
a
b
l
e
,
 
m
u
c
h
 
o
f
 
t
h
e
 

p
a
r
t
i
c
u
l
a
t
e
 
e
m
i
s
s
i
o
n
s
 
o
n
 
O
a
h
u
 
o
r
i
g
i
n
a
t
e
 
f
r
o
m
 
a
r
e
a
 
s
o
u
r
c
e
s
,
 
s
u
c
h
 
a
s
 

t
h
e
 
m
i
n
e
r
a
l
 
p
r
o
d
u
c
t
s
 
i
n
d
u
s
t
r
y
 
a
n
d
 
a
g
r
i
c
u
l
t
u
r
e
.
 
 
S
u
l
f
u
r
 
o
x
i
d
e
s
 
a
r
e
 

e
m
i
t
t
e
d
 
a
l
m
o
s
t
 
e
x
c
l
u
s
i
v
e
l
y
 
b
y
 
p
o
i
n
t
 
s
o
u
r
c
e
s
,
 
s
u
c
h
 
a
s
 
p
o
w
e
r
 
p
l
a
n
t
s
 

a
n
d
 
r
e
f
i
n
e
r
i
e
s
.
 
 
N
i
t
r
o
g
e
n
 
o
x
i
d
e
s
 
e
m
i
s
s
i
o
n
s
 
e
m
a
n
a
t
e
 
p
r
e
d
o
m
i
n
a
n
t
l
y
 

f
r
o
m
 
i
n
d
u
s
t
r
i
a
l
 
p
o
i
n
t
 
s
o
u
r
c
e
s
,
 
a
l
t
h
o
u
g
h
 
a
r
e
a
 
s
o
u
r
c
e
s
 
(
m
o
s
t
l
y
 
m
o
t
o
r
 

v
e
h
i
c
l
e
 

t
r
a
f
f
i
c
)
 

a
l
s
o
 

c
o
n
t
r
i
b
u
t
e
 

a
 

s
i
g
n
i
f
i
c
a
n
t
 

s
h
a
r
e
.
 

 
T
h
e
 

m
a
j
o
r
i
t
y
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
e
m
i
s
s
i
o
n
s
 
o
c
c
u
r
 
f
r
o
m
 
a
r
e
a
 
s
o
u
r
c
e
s
 

(
m
o
t
o
r
 
v
e
h
i
c
l
e
 
t
r
a
f
f
i
c
)
,
 
w
h
i
l
e
 
h
y
d
r
o
c
a
r
b
o
n
s
 
a
r
e
 
e
m
i
t
t
e
d
 
m
a
i
n
l
y
 

f
r
o
m
 
p
o
i
n
t
 
s
o
u
r
c
e
s
.
 
 
B
a
s
e
d
 
o
n
 
p
r
e
v
i
o
u
s
 
e
m
i
s
s
i
o
n
 
i
n
v
e
n
t
o
r
i
e
s
 
t
h
a
t
 

h
a
v
e
 
b
e
e
n
 
r
e
p
o
r
t
e
d
 
f
o
r
 
O
a
h
u
,
 
e
m
i
s
s
i
o
n
s
 
o
f
 
p
a
r
t
i
c
u
l
a
t
e
 
a
n
d
 
n
i
t
r
o
g
e
n
 

o
x
i
d
e
s
 
m
a
y
 
h
a
v
e
 
i
n
c
r
e
a
s
e
d
 
d
u
r
i
n
g
 
t
h
e
 
p
a
s
t
 
t
e
n
 
y
e
a
r
s
,
 
w
h
i
l
e
 

e
m
i
s
s
i
o
n
s
 
o
f
 
s
u
l
f
u
r
 
o
x
i
d
e
s
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
a
n
d
 
h
y
d
r
o
c
a
r
b
o
n
s
 

p
r
o
b
a
b
l
y
 
h
a
v
e
 
d
e
c
l
i
n
e
d
.
 

T
h
e
 
H
-
1
 
F
r
e
e
w
a
y
,
 
w
h
i
c
h
 
b
o
r
d
e
r
s
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
o
n
 
t
h
e
 
n
o
r
t
h
,
 
i
s
 
a
 

m
a
j
o
r
 
a
r
t
e
r
i
a
l
 
r
o
a
d
w
a
y
 
t
h
a
t
 
p
r
e
s
e
n
t
l
y
 
c
a
r
r
i
e
s
 
m
o
d
e
r
a
t
e
 
t
o
 
h
e
a
v
y
 

l
e
v
e
l
s
 
o
f
 
v
e
h
i
c
l
e
 
t
r
a
f
f
i
c
 
d
u
r
i
n
g
 
p
e
a
k
 
t
r
a
f
f
i
c
 
h
o
u
r
s
.
 
 
E
m
i
s
s
i
o
n
s
 

f
r
o
m
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
 
u
s
i
n
g
 
t
h
i
s
 
r
o
a
d
w
a
y
,
 
p
r
i
m
a
r
i
l
y
 
n
i
t
r
o
g
e
n
 
o
x
i
d
e
s
 

 
1
2
 

a
n
d
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
,
 
w
i
l
l
 
t
e
n
d
 
t
o
 
b
e
 
c
a
r
r
i
e
d
 
o
v
e
r
 
p
o
r
t
i
o
n
s
 
t
h
e
 

p
r
o
j
e
c
t
 
s
i
t
e
 
b
y
 
t
h
e
 
p
r
e
v
a
i
l
i
n
g
 
w
i
n
d
s
.
 

S
e
v
e
r
a
l
 
s
o
u
r
c
e
s
 
o
f
 
i
n
d
u
s
t
r
i
a
l
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
a
r
e
 
l
o
c
a
t
e
d
 
i
n
 
t
h
e
 

C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
k
,
 
w
h
i
c
h
 
i
s
 
l
o
c
a
t
e
d
 
a
b
o
u
t
 
1
.
5
 
m
i
l
e
s
 
t
o
 
t
h
e
 

s
o
u
t
h
 
a
t
 
B
a
r
b
e
r
s
 
P
o
i
n
t
.
 
 
I
n
d
u
s
t
r
i
e
s
 
c
u
r
r
e
n
t
l
y
 
o
p
e
r
a
t
i
n
g
 
t
h
e
r
e
 

i
n
c
l
u
d
e
 

t
h
e
 

C
h
e
v
r
o
n
 

a
n
d
 

B
H
P
 

r
e
f
i
n
e
r
i
e
s
,
 

H
-
P
o
w
e
r
,
 

K
a
l
a
e
l
o
a
 

P
a
r
t
n
e
r
s
,
 
A
p
p
l
i
e
d
 
E
n
e
r
g
y
 
S
e
r
v
i
c
e
s
,
 
H
a
w
a
i
i
a
n
 
C
e
m
e
n
t
 
a
n
d
 
o
t
h
e
r
s
.
 
 

H
a
w
a
i
i
a
n
 
E
l
e
c
t
r
i
c
 
C
o
m
p
a
n
y
’
s
 
K
a
h
e
 
G
e
n
e
r
a
t
i
n
g
 
S
t
a
t
i
o
n
 
i
s
 
l
o
c
a
t
e
d
 

a
b
o
u
t
 
3
 
m
i
l
e
s
 
t
o
 
t
h
e
 
n
o
r
t
h
w
e
s
t
 
a
t
 
K
a
h
e
 
P
o
i
n
t
.
 
 
T
h
e
s
e
 
i
n
d
u
s
t
r
i
e
s
 

e
m
i
t
 

l
a
r
g
e
 

a
m
o
u
n
t
s
 

o
f
 

s
u
l
f
u
r
 

d
i
o
x
i
d
e
,
 

n
i
t
r
o
g
e
n
 

o
x
i
d
e
s
,
 

p
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
a
n
d
 
o
t
h
e
r
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
.
 
 

P
r
e
v
a
i
l
i
n
g
 
w
i
n
d
s
 
f
r
o
m
 
t
h
e
 
e
a
s
t
 
o
r
 
n
o
r
t
h
e
a
s
t
 
w
i
l
l
 
c
a
r
r
y
 
t
h
e
s
e
 

e
m
i
s
s
i
o
n
s
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
s
i
t
e
 
m
o
s
t
 
o
f
 
t
h
e
 
t
i
m
e
.
 

U
n
t
i
l
 
r
e
c
e
n
t
l
y
,
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
o
r
i
g
i
n
a
t
i
n
g
 

f
r
o
m
 
a
g
r
i
c
u
l
t
u
r
a
l
 
s
o
u
r
c
e
s
 
c
o
u
l
d
 
m
a
i
n
l
y
 
b
e
 
a
t
t
r
i
b
u
t
e
d
 
t
o
 
s
u
g
a
r
 

c
a
n
e
 
o
p
e
r
a
t
i
o
n
s
 
n
e
a
r
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
.
 
 
E
m
i
s
s
i
o
n
s
 
f
r
o
m
 
b
o
t
h
 
t
h
e
 

m
i
l
l
 
a
n
d
 
t
h
e
 
c
a
n
e
f
i
e
l
d
 
o
p
e
r
a
t
i
o
n
s
 
i
n
 
t
h
e
 
a
r
e
a
 
h
a
v
e
 
n
o
w
 
b
e
e
n
 

e
l
i
m
i
n
a
t
e
d
 
w
i
t
h
 
t
h
e
 
c
l
o
s
u
r
e
 
o
f
 
t
h
e
 
O
a
h
u
 
S
u
g
a
r
 
C
o
m
p
a
n
y
 
a
n
d
 
m
u
c
h
 
o
f
 

t
h
e
 

f
o
r
m
e
r
 

s
u
g
a
r
c
a
n
e
 

l
a
n
d
s
 

a
r
e
 

c
u
r
r
e
n
t
l
y
 

b
e
i
n
g
 

u
s
e
d
 

a
s
 

p
a
s
t
u
r
e
l
a
n
d
 
o
r
 
f
o
r
 
d
i
v
e
r
s
i
f
i
e
d
 
a
g
r
i
c
u
l
t
u
r
e
.
 
 
L
o
n
g
-
r
a
n
g
e
 
u
s
e
s
 
f
o
r
 

t
h
e
 
l
a
n
d
 
h
a
v
e
 
n
o
t
 
y
e
t
 
b
e
e
n
 
d
e
t
e
r
m
i
n
e
d
.
 

N
a
t
u
r
a
l
 
s
o
u
r
c
e
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
e
m
i
s
s
i
o
n
s
 
t
h
a
t
 
a
l
s
o
 
c
o
u
l
d
 
a
f
f
e
c
t
 

t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
b
u
t
 
c
a
n
n
o
t
 
b
e
 
q
u
a
n
t
i
f
i
e
d
 
v
e
r
y
 
a
c
c
u
r
a
t
e
l
y
 
i
n
c
l
u
d
e
 

t
h
e
 
o
c
e
a
n
 
(
s
e
a
 
s
p
r
a
y
)
,
 
p
l
a
n
t
s
 
(
a
e
r
o
-
a
l
l
e
r
g
e
n
s
)
,
 
w
i
n
d
-
b
l
o
w
n
 
d
u
s
t
,
 

a
n
d
 
p
e
r
h
a
p
s
 
d
i
s
t
a
n
t
 
v
o
l
c
a
n
o
e
s
 
o
n
 
t
h
e
 
i
s
l
a
n
d
 
o
f
 
H
a
w
a
i
i
.
 



 
1
3
 

T
h
e
 
S
t
a
t
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
o
p
e
r
a
t
e
s
 
a
 
n
e
t
w
o
r
k
 
o
f
 
a
i
r
 
q
u
a
l
i
t
y
 

m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
s
 
a
t
 
v
a
r
i
o
u
s
 
l
o
c
a
t
i
o
n
s
 
o
n
 
O
a
h
u
.
 
 
E
a
c
h
 
s
t
a
t
i
o
n
,
 

h
o
w
e
v
e
r
,
 
t
y
p
i
c
a
l
l
y
 
d
o
e
s
 
n
o
t
 
m
o
n
i
t
o
r
 
t
h
e
 
f
u
l
l
 
c
o
m
p
l
e
m
e
n
t
 
o
f
 
a
i
r
 

q
u
a
l
i
t
y
 
p
a
r
a
m
e
t
e
r
s
.
 
 
T
a
b
l
e
 
4
 
s
h
o
w
s
 
a
n
n
u
a
l
 
s
u
m
m
a
r
i
e
s
 
o
f
 
a
i
r
 

q
u
a
l
i
t
y
 
m
e
a
s
u
r
e
m
e
n
t
s
 
t
h
a
t
 
w
e
r
e
 
m
a
d
e
 
n
e
a
r
e
s
t
 
t
o
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 

f
o
r
 
s
e
v
e
r
a
l
 
o
f
 
t
h
e
 
r
e
g
u
l
a
t
e
d
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
 
f
o
r
 
t
h
e
 
p
e
r
i
o
d
 
1
9
9
9
 

t
h
r
o
u
g
h
 
2
0
0
3
.
 
 
T
h
e
s
e
 
a
r
e
 
t
h
e
 
m
o
s
t
 
r
e
c
e
n
t
 
d
a
t
a
 
t
h
a
t
 
a
r
e
 
c
u
r
r
e
n
t
l
y
 

a
v
a
i
l
a
b
l
e
.

D
u
r
i
n
g
 
t
h
e
 
1
9
9
9
-
2
0
0
3
 
p
e
r
i
o
d
,
 
s
u
l
f
u
r
 
d
i
o
x
i
d
e
 
w
a
s
 
m
o
n
i
t
o
r
e
d
 
b
y
 
t
h
e
 

S
t
a
t
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
a
t
 
a
n
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
t
i
o
n
 
l
o
c
a
t
e
d
 
a
t
 

K
a
p
o
l
e
i
.
 
 
C
o
n
c
e
n
t
r
a
t
i
o
n
s
 
m
o
n
i
t
o
r
e
d
 
w
e
r
e
 
c
o
n
s
i
s
t
e
n
t
l
y
 
l
o
w
 
c
o
m
p
a
r
e
d
 

t
o
 
t
h
e
 
s
t
a
n
d
a
r
d
s
.
 
 
A
n
n
u
a
l
 
s
e
c
o
n
d
-
h
i
g
h
e
s
t
 
3
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

(
w
h
i
c
h
 
a
r
e
 
m
o
s
t
 
r
e
l
e
v
a
n
t
 
t
o
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
)
 
r
a
n
g
e
d
 

f
r
o
m
 
1
5
 
t
o
 
1
9
 

g
/
m
3
,
 
w
h
i
l
e
 
t
h
e
 
a
n
n
u
a
l
 
s
e
c
o
n
d
-
h
i
g
h
e
s
t
 
2
4
-
h
o
u
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

r
a
n
g
e
d
 

f
r
o
m
 

5
 

t
o
 

9
 
g
/
m
3
.
 

 
A
n
n
u
a
l
 

a
v
e
r
a
g
e
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
o
n
l
y
 
a
b
o
u
t
 
1
 
t
o
 
2
 
g
/
m
3
.
 
 
T
h
e
r
e
 
w
e
r
e
 
n
o
 

e
x
c
e
e
d
a
n
c
e
s
 
o
f
 
t
h
e
 
s
t
a
t
e
/
n
a
t
i
o
n
a
l
 
3
-
h
o
u
r
 
o
r
 
2
4
-
h
o
u
r
 
A
A
Q
S
 
f
o
r
 

s
u
l
f
u
r
 
d
i
o
x
i
d
e
 
d
u
r
i
n
g
 
t
h
e
 
5
-
y
e
a
r
 
p
e
r
i
o
d
.
 

P
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
 
l
e
s
s
 
t
h
a
n
 
1
0
 
m
i
c
r
o
n
s
 
i
n
 
d
i
a
m
e
t
e
r
 
(
P
M
-
1
0
)
 
i
s
 

a
l
s
o
 
m
e
a
s
u
r
e
d
 
a
t
 
t
h
e
 
K
a
p
o
l
e
i
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
.
 
 
A
n
n
u
a
l
 
s
e
c
o
n
d
-

h
i
g
h
e
s
t
 
2
4
-
h
o
u
r
 
P
M
-
1
0
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
f
r
o
m
 
2
9
 
t
o
 
1
2
9
 
g
/
m
3

b
e
t
w
e
e
n
 
1
9
9
9
 
a
n
d
 
2
0
0
3
.
 
 
A
v
e
r
a
g
e
 
a
n
n
u
a
l
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
f
r
o
m
 

1
4
 
t
o
 
1
9
 
g
/
m
3
.
 
 
A
l
l
 
v
a
l
u
e
s
 
r
e
p
o
r
t
e
d
 
w
e
r
e
 
w
i
t
h
i
n
 
t
h
e
 
s
t
a
t
e
 
a
n
d
 

n
a
t
i
o
n
a
l
 
A
A
Q
S
.
 

C
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
m
e
a
s
u
r
e
m
e
n
t
s
 
w
e
r
e
 
a
l
s
o
 
m
a
d
e
 
a
t
 
t
h
e
 
K
a
p
o
l
e
i
 

m
o
n
i
t
o
r
i
n
g
 

s
t
a
t
i
o
n
.
 

 
T
h
e
 

a
n
n
u
a
l
 

s
e
c
o
n
d
-
h
i
g
h
e
s
t
 

1
-
h
o
u
r
 

 
1
4
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
f
r
o
m
 
1
.
2
 
t
o
 
2
.
0
 
m
g
/
m
3
.
 
 
T
h
e
 
a
n
n
u
a
l
 
s
e
c
o
n
d
-

h
i
g
h
e
s
t
 
8
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
f
r
o
m
 
0
.
6
 
t
o
 
1
.
8
 
m
g
/
m
3
.
 
 
N
o
 

e
x
c
e
e
d
a
n
c
e
s
 
o
f
 
t
h
e
 
s
t
a
t
e
 
o
r
 
n
a
t
i
o
n
a
l
 
1
-
h
o
u
r
 
o
r
 
8
-
h
o
u
r
 
A
A
Q
S
 
w
e
r
e
 

r
e
p
o
r
t
e
d
.

N
i
t
r
o
g
e
n
 
d
i
o
x
i
d
e
 
i
s
 
a
l
s
o
 
m
o
n
i
t
o
r
e
d
 
b
y
 
t
h
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
a
t
 

t
h
e
 
K
a
p
o
l
e
i
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
.
 
 
A
n
n
u
a
l
 
a
v
e
r
a
g
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 

t
h
i
s
 
p
o
l
l
u
t
a
n
t
 
r
a
n
g
e
d
 
f
r
o
m
 
7
 
t
o
 
9
 

g
/
m
3
,
 
s
a
f
e
l
y
 
i
n
s
i
d
e
 
t
h
e
 
s
t
a
t
e
 

a
n
d
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
.
 

T
h
e
 
n
e
a
r
e
s
t
 
a
v
a
i
l
a
b
l
e
 
o
z
o
n
e
 
m
e
a
s
u
r
e
m
e
n
t
s
 
w
e
r
e
 
o
b
t
a
i
n
e
d
 
a
t
 
S
a
n
d
 

I
s
l
a
n
d
 
(
a
b
o
u
t
 
1
2
 
m
i
l
e
s
 
e
a
s
t
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
)
.
 
 
T
h
e
 
s
e
c
o
n
d
-

h
i
g
h
e
s
t
 
8
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
2
0
0
2
 
a
n
d
 
2
0
0
3
 
w
e
r
e
 
8
8
 
a
n
d
 

7
7

g
/
m
3
,
 
r
e
s
p
e
c
t
i
v
e
l
y
,
 
w
h
i
c
h
 
i
s
 
w
e
l
l
 
i
n
s
i
d
e
 
t
h
e
 
s
t
a
t
e
 
a
n
d
 

f
e
d
e
r
a
l
 
s
t
a
n
d
a
r
d
s
.
 
 
T
h
e
 
8
-
h
o
u
r
 
s
t
a
n
d
a
r
d
 
f
o
r
 
o
z
o
n
e
 
d
i
d
 
n
o
t
 
e
x
i
s
t
 

p
r
i
o
r
 
t
o
 
2
0
0
2
.
 
 
P
r
i
o
r
 
t
o
 
2
0
0
2
,
 
t
h
e
 
n
o
w
 
o
b
s
o
l
e
t
e
 
s
t
a
t
e
 
1
-
h
o
u
r
 

s
t
a
n
d
a
r
d
 
w
a
s
 
t
y
p
i
c
a
l
l
y
 
e
x
c
e
e
d
e
d
 
s
e
v
e
r
a
l
 
t
i
m
e
s
 
e
a
c
h
 
y
e
a
r
.
 

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

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

r
e
p
o
r
t
e
d
 
w
e
r
e
 
m
a
d
e
 
a
t
 
t
h
e
 
d
o
w
n
t
o
w
n
 
H
o
n
o
l
u
l
u
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
 

b
e
t
w
e
e
n
 
1
9
9
6
 
a
n
d
 
1
9
9
7
.
 
 
A
v
e
r
a
g
e
 
q
u
a
r
t
e
r
l
y
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 

n
e
a
r
 
o
r
 
b
e
l
o
w
 
t
h
e
 
d
e
t
e
c
t
i
o
n
 
l
i
m
i
t
,
 
a
n
d
 
n
o
 
e
x
c
e
e
d
a
n
c
e
s
 
o
f
 
t
h
e
 

s
t
a
t
e
 
A
A
Q
S
 
w
e
r
e
 
r
e
c
o
r
d
e
d
.
 
 
M
o
n
i
t
o
r
i
n
g
 
f
o
r
 
t
h
i
s
 
p
a
r
a
m
e
t
e
r
 
w
a
s
 

d
i
s
c
o
n
t
i
n
u
e
d
 
d
u
r
i
n
g
 
1
9
9
7
.
 

B
a
s
e
d
 
o
n
 
t
h
e
 
d
a
t
a
 
a
n
d
 
d
i
s
c
u
s
s
i
o
n
 
p
r
e
s
e
n
t
e
d
 
a
b
o
v
e
,
 
i
t
 
a
p
p
e
a
r
s
 

l
i
k
e
l
y
 
t
h
a
t
 
t
h
e
 
S
t
a
t
e
 
o
f
 
H
a
w
a
i
i
 
A
A
Q
S
 
f
o
r
 
s
u
l
f
u
r
 
d
i
o
x
i
d
e
,
 
n
i
t
r
o
g
e
n
 

d
i
o
x
i
d
e
,
 
p
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
,
 
o
z
o
n
e
 
a
n
d
 
l
e
a
d
 
a
r
e
 
c
u
r
r
e
n
t
l
y
 
b
e
i
n
g
 



 
1
5
 

m
e
t
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
.
 
 
W
h
i
l
e
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
m
e
a
s
u
r
e
m
e
n
t
s
 
a
t
 

t
h
e
 
K
a
p
o
l
e
i
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
 
s
u
g
g
e
s
t
 
t
h
a
t
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
r
e
 

w
i
t
h
i
n
 
t
h
e
 
s
t
a
t
e
 
a
n
d
 
n
a
t
i
o
n
a
l
 
s
t
a
n
d
a
r
d
s
,
 
l
o
c
a
l
 
“
h
o
t
 
s
p
o
t
s
”
 
m
a
y
 

e
x
i
s
t
 
n
e
a
r
 
t
r
a
f
f
i
c
-
c
o
n
g
e
s
t
e
d
 
i
n
t
e
r
s
e
c
t
i
o
n
s
.
 
 
T
h
e
 
p
o
t
e
n
t
i
a
l
 
f
o
r
 

t
h
i
s
 
w
i
t
h
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
i
s
 
e
x
a
m
i
n
e
d
 
l
a
t
e
r
 
i
n
 
t
h
i
s
 
r
e
p
o
r
t
.
 

6
.
0
 
 
S
H
O
R
T
-
T
E
R
M
 
I
M
P
A
C
T
S
 
O
F
 
P
R
O
J
E
C
T

S
h
o
r
t
-
t
e
r
m
 
d
i
r
e
c
t
 
a
n
d
 
i
n
d
i
r
e
c
t
 
i
m
p
a
c
t
s
 
o
n
 
a
i
r
 
q
u
a
l
i
t
y
 
c
o
u
l
d
 

p
o
t
e
n
t
i
a
l
l
y
 
o
c
c
u
r
 
d
u
e
 
t
o
 
p
r
o
j
e
c
t
 
c
o
n
s
t
r
u
c
t
i
o
n
.
 
 
F
o
r
 
a
 
p
r
o
j
e
c
t
 
o
f
 

t
h
i
s
 
n
a
t
u
r
e
,
 
t
h
e
r
e
 
a
r
e
 
t
w
o
 
p
o
t
e
n
t
i
a
l
 
t
y
p
e
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 

e
m
i
s
s
i
o
n
s
 
t
h
a
t
 
c
o
u
l
d
 
d
i
r
e
c
t
l
y
 
r
e
s
u
l
t
 
i
n
 
s
h
o
r
t
-
t
e
r
m
 
a
i
r
 
q
u
a
l
i
t
y
 

i
m
p
a
c
t
s
 

d
u
r
i
n
g
 

p
r
o
j
e
c
t
 

c
o
n
s
t
r
u
c
t
i
o
n
:
 

(
1
)
 

f
u
g
i
t
i
v
e
 

d
u
s
t
 

f
r
o
m
 

v
e
h
i
c
l
e
 
m
o
v
e
m
e
n
t
 
a
n
d
 
s
o
i
l
 
e
x
c
a
v
a
t
i
o
n
;
 
a
n
d
 
(
2
)
 
e
x
h
a
u
s
t
 
e
m
i
s
s
i
o
n
s
 

f
r
o
m
 
o
n
-
s
i
t
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
.
 
 
I
n
d
i
r
e
c
t
l
y
,
 
t
h
e
r
e
 
a
l
s
o
 

c
o
u
l
d
 

b
e
 

s
h
o
r
t
-
t
e
r
m
 

i
m
p
a
c
t
s
 

f
r
o
m
 

s
l
o
w
-
m
o
v
i
n
g
 

c
o
n
s
t
r
u
c
t
i
o
n
 

e
q
u
i
p
m
e
n
t
 

t
r
a
v
e
l
i
n
g
 

t
o
 

a
n
d
 

f
r
o
m
 

t
h
e
 

p
r
o
j
e
c
t
 

s
i
t
e
,
 

f
r
o
m
 
a
 

t
e
m
p
o
r
a
r
y
 

i
n
c
r
e
a
s
e
 

i
n
 

l
o
c
a
l
 

t
r
a
f
f
i
c
 

c
a
u
s
e
d
 

b
y
 

c
o
m
m
u
t
i
n
g
 

c
o
n
s
t
r
u
c
t
i
o
n
 
w
o
r
k
e
r
s
,
 
a
n
d
 
f
r
o
m
 
t
h
e
 
d
i
s
r
u
p
t
i
o
n
 
o
f
 
n
o
r
m
a
l
 
t
r
a
f
f
i
c
 

f
l
o
w
 
c
a
u
s
e
d
 
b
y
 
l
a
n
e
 
c
l
o
s
u
r
e
s
 
o
f
 
a
d
j
a
c
e
n
t
 
r
o
a
d
w
a
y
s
.
 

F
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
 
m
a
y
 
a
r
i
s
e
 
f
r
o
m
 
t
h
e
 
g
r
a
d
i
n
g
 
a
n
d
 
d
i
r
t
-
m
o
v
i
n
g
 

a
c
t
i
v
i
t
i
e
s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
s
i
t
e
 
c
l
e
a
r
i
n
g
 
a
n
d
 
p
r
e
p
a
r
a
t
i
o
n
 
w
o
r
k
.
 
 

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

a
c
t
i
v
i
t
i
e
s
 
i
s
 
d
i
f
f
i
c
u
l
t
 
t
o
 
e
s
t
i
m
a
t
e
 
a
c
c
u
r
a
t
e
l
y
.
 
 
T
h
i
s
 
i
s
 
b
e
c
a
u
s
e
 

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

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

t
h
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
s
i
t
e
,
 
t
h
e
 
a
m
o
u
n
t
 
a
n
d
 
t
y
p
e
 
o
f
 
d
i
r
t
-
d
i
s
t
u
r
b
i
n
g
 

a
c
t
i
v
i
t
y
 
t
a
k
i
n
g
 
p
l
a
c
e
,
 
t
h
e
 
m
o
i
s
t
u
r
e
 
c
o
n
t
e
n
t
 
o
f
 
e
x
p
o
s
e
d
 
s
o
i
l
 
i
n
 

w
o
r
k
 
a
r
e
a
s
,
 
a
n
d
 
t
h
e
 
w
i
n
d
 
s
p
e
e
d
.
 
 
T
h
e
 
E
P
A
 
[
2
]
 
h
a
s
 
p
r
o
v
i
d
e
d
 
a
 
r
o
u
g
h
 

e
s
t
i
m
a
t
e
 

f
o
r
 

u
n
c
o
n
t
r
o
l
l
e
d
 

f
u
g
i
t
i
v
e
 

d
u
s
t
 

e
m
i
s
s
i
o
n
s
 

f
r
o
m
 

 
1
6
 

c
o
n
s
t
r
u
c
t
i
o
n
 
a
c
t
i
v
i
t
y
 
o
f
 
1
.
2
 
t
o
n
s
 
p
e
r
 
a
c
r
e
 
p
e
r
 
m
o
n
t
h
 
u
n
d
e
r
 

c
o
n
d
i
t
i
o
n
s
 
o
f
 
"
m
e
d
i
u
m
"
 
a
c
t
i
v
i
t
y
,
 
m
o
d
e
r
a
t
e
 
s
o
i
l
 
s
i
l
t
 
c
o
n
t
e
n
t
 
(
3
0
%
)
,
 

a
n
d
 
p
r
e
c
i
p
i
t
a
t
i
o
n
/
e
v
a
p
o
r
a
t
i
o
n
 
(
P
/
E
)
 
i
n
d
e
x
 
o
f
 
5
0
.
 
 
U
n
c
o
n
t
r
o
l
l
e
d
 

f
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
w
o
u
l
d
 
l
i
k
e
l
y
 
b
e
 

s
o
m
e
w
h
e
r
e
 
n
e
a
r
 
t
h
a
t
 
l
e
v
e
l
,
 
d
e
p
e
n
d
i
n
g
 
o
n
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
r
a
i
n
f
a
l
l
 

t
h
a
t
 
o
c
c
u
r
s
.
 
 
I
n
 
a
n
y
 
c
a
s
e
,
 
S
t
a
t
e
 
o
f
 
H
a
w
a
i
i
 
A
i
r
 
P
o
l
l
u
t
i
o
n
 
C
o
n
t
r
o
l
 

R
e
g
u
l
a
t
i
o
n
s
 
[
3
]
 
p
r
o
h
i
b
i
t
 
v
i
s
i
b
l
e
 
e
m
i
s
s
i
o
n
s
 
o
f
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
f
r
o
m
 

c
o
n
s
t
r
u
c
t
i
o
n
 
a
c
t
i
v
i
t
i
e
s
 
a
t
 
t
h
e
 
p
r
o
p
e
r
t
y
 
l
i
n
e
.
 
 
T
h
u
s
,
 
a
n
 
e
f
f
e
c
t
i
v
e
 

d
u
s
t
 
c
o
n
t
r
o
l
 
p
l
a
n
 
f
o
r
 
t
h
e
 
p
r
o
j
e
c
t
 
c
o
n
s
t
r
u
c
t
i
o
n
 
p
h
a
s
e
 
i
s
 
e
s
s
e
n
t
i
a
l
.
 

A
d
e
q
u
a
t
e
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
c
o
n
t
r
o
l
 
c
a
n
 
u
s
u
a
l
l
y
 
b
e
 
a
c
c
o
m
p
l
i
s
h
e
d
 
b
y
 
t
h
e
 

e
s
t
a
b
l
i
s
h
m
e
n
t
 
o
f
 
a
 
f
r
e
q
u
e
n
t
 
w
a
t
e
r
i
n
g
 
p
r
o
g
r
a
m
 
t
o
 
k
e
e
p
 
b
a
r
e
-
d
i
r
t
 

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

o
f
 
d
u
s
t
.
 
 
I
n
 
d
u
s
t
-
p
r
o
n
e
 
o
r
 
d
u
s
t
-
s
e
n
s
i
t
i
v
e
 
a
r
e
a
s
,
 
o
t
h
e
r
 
c
o
n
t
r
o
l
 

m
e
a
s
u
r
e
s
 
s
u
c
h
 
a
s
 
l
i
m
i
t
i
n
g
 
t
h
e
 
a
r
e
a
 
t
h
a
t
 
c
a
n
 
b
e
 
d
i
s
t
u
r
b
e
d
 
a
t
 
a
n
y
 

g
i
v
e
n
 
t
i
m
e
,
 
a
p
p
l
y
i
n
g
 
c
h
e
m
i
c
a
l
 
s
o
i
l
 
s
t
a
b
i
l
i
z
e
r
s
,
 
m
u
l
c
h
i
n
g
 
a
n
d
/
o
r
 

u
s
i
n
g
 
w
i
n
d
 
s
c
r
e
e
n
s
 
m
a
y
 
b
e
 
n
e
c
e
s
s
a
r
y
.
 
 
C
o
n
t
r
o
l
 
r
e
g
u
l
a
t
i
o
n
s
 
f
u
r
t
h
e
r
 

s
t
i
p
u
l
a
t
e
 
t
h
a
t
 
o
p
e
n
-
b
o
d
i
e
d
 
t
r
u
c
k
s
 
b
e
 
c
o
v
e
r
e
d
 
a
t
 
a
l
l
 
t
i
m
e
s
 
w
h
e
n
 
i
n
 

m
o
t
i
o
n
 
i
f
 
t
h
e
y
 
a
r
e
 
t
r
a
n
s
p
o
r
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
t
h
a
t
 
c
o
u
l
d
 
b
e
 
b
l
o
w
n
 

a
w
a
y
.
 
 
H
a
u
l
 
t
r
u
c
k
s
 
t
r
a
c
k
i
n
g
 
d
i
r
t
 
o
n
t
o
 
p
a
v
e
d
 
s
t
r
e
e
t
s
 
f
r
o
m
 
u
n
p
a
v
e
d
 

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

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

t
i
r
e
 
w
a
s
h
i
n
g
,
 
m
a
y
 
b
e
 
a
p
p
r
o
p
r
i
a
t
e
.
 
 
P
a
v
i
n
g
 
o
f
 
p
a
r
k
i
n
g
 
a
r
e
a
s
 
a
n
d
/
o
r
 

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

a
s
 
p
o
s
s
i
b
l
e
 
c
a
n
 
a
l
s
o
 
l
o
w
e
r
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
f
o
r
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 

e
m
i
s
s
i
o
n
s
.
 
 
M
o
n
i
t
o
r
i
n
g
 
d
u
s
t
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 
p
r
o
p
e
r
t
y
 
l
i
n
e
 
c
o
u
l
d
 
b
e
 

c
o
n
s
i
d
e
r
e
d
 
t
o
 
q
u
a
n
t
i
f
y
 
a
n
d
 
d
o
c
u
m
e
n
t
 
t
h
e
 
e
f
f
e
c
t
i
v
e
n
e
s
s
 
o
f
 
d
u
s
t
 

c
o
n
t
r
o
l
 
m
e
a
s
u
r
e
s
.
 

O
n
-
s
i
t
e
 
m
o
b
i
l
e
 
a
n
d
 
s
t
a
t
i
o
n
a
r
y
 
c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
a
l
s
o
 
w
i
l
l
 

e
m
i
t
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
 
f
r
o
m
 
e
n
g
i
n
e
 
e
x
h
a
u
s
t
s
.
 
 
T
h
e
 
l
a
r
g
e
s
t
 
o
f
 
t
h
i
s
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e
q
u
i
p
m
e
n
t
 
i
s
 
u
s
u
a
l
l
y
 
d
i
e
s
e
l
-
p
o
w
e
r
e
d
.
 
 
N
i
t
r
o
g
e
n
 
o
x
i
d
e
s
 
e
m
i
s
s
i
o
n
s
 

f
r
o
m
 
d
i
e
s
e
l
 
e
n
g
i
n
e
s
 
c
a
n
 
b
e
 
r
e
l
a
t
i
v
e
l
y
 
h
i
g
h
 
c
o
m
p
a
r
e
d
 
t
o
 
g
a
s
o
l
i
n
e
-

p
o
w
e
r
e
d
 
e
q
u
i
p
m
e
n
t
,
 
b
u
t
 
t
h
e
 
s
t
a
n
d
a
r
d
 
f
o
r
 
n
i
t
r
o
g
e
n
 
d
i
o
x
i
d
e
 
i
s
 
s
e
t
 
o
n
 

a
n
 
a
n
n
u
a
l
 
b
a
s
i
s
 
a
n
d
 
i
s
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
b
e
 
v
i
o
l
a
t
e
d
 
b
y
 
s
h
o
r
t
-
t
e
r
m
 

c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
e
m
i
s
s
i
o
n
s
.
 
 
C
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 

d
i
e
s
e
l
 

e
n
g
i
n
e
s
,
 

o
n
 

t
h
e
 

o
t
h
e
r
 

h
a
n
d
,
 

a
r
e
 

l
o
w
 

a
n
d
 

s
h
o
u
l
d
 

b
e
 

r
e
l
a
t
i
v
e
l
y
 
i
n
s
i
g
n
i
f
i
c
a
n
t
 
c
o
m
p
a
r
e
d
 
t
o
 
v
e
h
i
c
u
l
a
r
 
e
m
i
s
s
i
o
n
s
 
o
n
 
n
e
a
r
b
y
 

r
o
a
d
w
a
y
s
.

P
r
o
j
e
c
t
 
c
o
n
s
t
r
u
c
t
i
o
n
 
a
c
t
i
v
i
t
i
e
s
 
w
i
l
l
 
a
l
s
o
 
l
i
k
e
l
y
 
o
b
s
t
r
u
c
t
 
t
h
e
 

n
o
r
m
a
l
 
f
l
o
w
 
o
f
 
t
r
a
f
f
i
c
 
a
t
 
t
i
m
e
s
 
t
o
 
s
u
c
h
 
a
n
 
e
x
t
e
n
t
 
t
h
a
t
 
o
v
e
r
a
l
l
 

v
e
h
i
c
u
l
a
r
 
e
m
i
s
s
i
o
n
s
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
w
i
l
l
 
t
e
m
p
o
r
a
r
i
l
y
 
i
n
c
r
e
a
s
e
.
 
 

T
h
e
 
o
n
l
y
 
m
e
a
n
s
 
t
o
 
a
l
l
e
v
i
a
t
e
 
t
h
i
s
 
p
r
o
b
l
e
m
 
w
i
l
l
 
b
e
 
t
o
 
a
t
t
e
m
p
t
 
t
o
 

k
e
e
p
 
r
o
a
d
w
a
y
s
 
o
p
e
n
 
d
u
r
i
n
g
 
p
e
a
k
 
t
r
a
f
f
i
c
 
h
o
u
r
s
 
a
n
d
 
t
o
 
m
o
v
e
 
h
e
a
v
y
 

c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
a
n
d
 
w
o
r
k
e
r
s
 
t
o
 
a
n
d
 
f
r
o
m
 
c
o
n
s
t
r
u
c
t
i
o
n
 
a
r
e
a
s
 

d
u
r
i
n
g
 
p
e
r
i
o
d
s
 
o
f
 
l
o
w
 
t
r
a
f
f
i
c
 
v
o
l
u
m
e
.
 
 
T
h
u
s
,
 
m
o
s
t
 
p
o
t
e
n
t
i
a
l
 
s
h
o
r
t
-

t
e
r
m
 

a
i
r
 

q
u
a
l
i
t
y
 

i
m
p
a
c
t
s
 

f
r
o
m
 

p
r
o
j
e
c
t
 

c
o
n
s
t
r
u
c
t
i
o
n
 

c
a
n
 

b
e
 

m
i
t
i
g
a
t
e
d
.

7
.
0
 
 
L
O
N
G
-
T
E
R
M
 
I
M
P
A
C
T
S
 
O
F
 
P
R
O
J
E
C
T

7
.
1
 
 
R
o
a
d
w
a
y
 
T
r
a
f
f
i
c

A
f
t
e
r
 
c
o
n
s
t
r
u
c
t
i
o
n
 
i
s
 
c
o
m
p
l
e
t
e
d
,
 
u
s
e
 
o
f
 
t
h
e
 
p
r
o
p
o
s
e
d
 
f
a
c
i
l
i
t
i
e
s
 

w
i
l
l
 
r
e
s
u
l
t
 
i
n
 
i
n
c
r
e
a
s
e
d
 
m
o
t
o
r
 
v
e
h
i
c
l
e
 
t
r
a
f
f
i
c
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 

a
r
e
a
,
 

p
o
t
e
n
t
i
a
l
l
y
 

c
a
u
s
i
n
g
 

l
o
n
g
-
t
e
r
m
 

i
m
p
a
c
t
s
 

o
n
 

a
m
b
i
e
n
t
 

a
i
r
 

q
u
a
l
i
t
y
.
 

 
M
o
t
o
r
 

v
e
h
i
c
l
e
s
 

w
i
t
h
 

g
a
s
o
l
i
n
e
-
p
o
w
e
r
e
d
 

e
n
g
i
n
e
s
 

a
r
e
 

s
i
g
n
i
f
i
c
a
n
t
 
s
o
u
r
c
e
s
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
.
 
 
T
h
e
y
 
a
l
s
o
 
e
m
i
t
 
n
i
t
r
o
g
e
n
 

o
x
i
d
e
s
 
a
n
d
 
o
t
h
e
r
 
c
o
n
t
a
m
i
n
a
t
e
s
.
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F
e
d
e
r
a
l
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
r
e
g
u
l
a
t
i
o
n
s
 
r
e
q
u
i
r
e
 
t
h
a
t
 
n
e
w
 
m
o
t
o
r
 

v
e
h
i
c
l
e
s
 
b
e
 
e
q
u
i
p
p
e
d
 
w
i
t
h
 
e
m
i
s
s
i
o
n
 
c
o
n
t
r
o
l
 
d
e
v
i
c
e
s
 
t
h
a
t
 
r
e
d
u
c
e
 

e
m
i
s
s
i
o
n
s
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 
c
o
m
p
a
r
e
d
 
t
o
 
a
 
f
e
w
 
y
e
a
r
s
 
a
g
o
.
 
 
I
n
 
1
9
9
0
,
 
t
h
e
 

P
r
e
s
i
d
e
n
t
 
s
i
g
n
e
d
 
i
n
t
o
 
l
a
w
 
t
h
e
 
C
l
e
a
n
 
A
i
r
 
A
c
t
 
A
m
e
n
d
m
e
n
t
s
.
 
 
T
h
i
s
 

l
e
g
i
s
l
a
t
i
o
n
 
r
e
q
u
i
r
e
s
 
f
u
r
t
h
e
r
 
e
m
i
s
s
i
o
n
 
r
e
d
u
c
t
i
o
n
s
,
 
w
h
i
c
h
 
h
a
v
e
 
b
e
e
n
 

p
h
a
s
e
d
 
i
n
 
s
i
n
c
e
 
1
9
9
4
.
 
 
M
o
r
e
 
r
e
c
e
n
t
l
y
,
 
a
d
d
i
t
i
o
n
a
l
 
r
e
s
t
r
i
c
t
i
o
n
s
 
w
e
r
e
 

s
i
g
n
e
d
 
i
n
t
o
 
l
a
w
 
d
u
r
i
n
g
 
t
h
e
 
C
l
i
n
t
o
n
 
a
d
m
i
n
i
s
t
r
a
t
i
o
n
,
 
w
h
i
c
h
 
w
i
l
l
 

b
e
g
i
n
 

t
o
 

t
a
k
e
 

e
f
f
e
c
t
 

d
u
r
i
n
g
 

t
h
e
 

n
e
x
t
 

d
e
c
a
d
e
.
 

 
T
h
e
 

a
d
d
e
d
 

r
e
s
t
r
i
c
t
i
o
n
s
 
o
n
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
n
e
w
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
 
w
i
l
l
 
l
o
w
e
r
 

a
v
e
r
a
g
e
 
e
m
i
s
s
i
o
n
s
 
e
a
c
h
 
y
e
a
r
 
a
s
 
m
o
r
e
 
a
n
d
 
m
o
r
e
 
o
l
d
e
r
 
v
e
h
i
c
l
e
s
 
l
e
a
v
e
 

t
h
e
 
s
t
a
t
e
'
s
 
r
o
a
d
w
a
y
s
.
 
 
I
t
 
i
s
 
e
s
t
i
m
a
t
e
d
 
t
h
a
t
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 

e
m
i
s
s
i
o
n
s
,
 
f
o
r
 
e
x
a
m
p
l
e
,
 
w
i
l
l
 
g
o
 
d
o
w
n
 
b
y
 
a
n
 
a
v
e
r
a
g
e
 
o
f
 
a
b
o
u
t
 
3
0
 
t
o
 

4
0
 
p
e
r
c
e
n
t
 
p
e
r
 
v
e
h
i
c
l
e
 
d
u
r
i
n
g
 
t
h
e
 
n
e
x
t
 
1
0
 
y
e
a
r
s
 
d
u
e
 
t
o
 
t
h
e
 

r
e
p
l
a
c
e
m
e
n
t
 
o
f
 
o
l
d
e
r
 
v
e
h
i
c
l
e
s
 
w
i
t
h
 
n
e
w
e
r
 
m
o
d
e
l
s
.
 

T
o
 
e
v
a
l
u
a
t
e
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
l
o
n
g
-
t
e
r
m
 
i
n
d
i
r
e
c
t
 
a
m
b
i
e
n
t
 
a
i
r
 
q
u
a
l
i
t
y
 

i
m
p
a
c
t
 
o
f
 
i
n
c
r
e
a
s
e
d
 
r
o
a
d
w
a
y
 
t
r
a
f
f
i
c
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
a
 
p
r
o
j
e
c
t
 
s
u
c
h
 

a
s
 
t
h
i
s
,
 
c
o
m
p
u
t
e
r
i
z
e
d
 
e
m
i
s
s
i
o
n
 
a
n
d
 
a
t
m
o
s
p
h
e
r
i
c
 
d
i
s
p
e
r
s
i
o
n
 
m
o
d
e
l
s
 

c
a
n
 
b
e
 
u
s
e
d
 
t
o
 
e
s
t
i
m
a
t
e
 
a
m
b
i
e
n
t
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

a
l
o
n
g
 
r
o
a
d
w
a
y
s
 
l
e
a
d
i
n
g
 
t
o
 
a
n
d
 
f
r
o
m
 
t
h
e
 
p
r
o
j
e
c
t
.
 
 
C
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 

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

t
h
e
 
m
o
s
t
 
a
b
u
n
d
a
n
t
 
o
f
 
t
h
e
 
p
o
l
l
u
t
a
n
t
s
 
g
e
n
e
r
a
t
e
d
 
b
y
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
.
 
 

F
u
r
t
h
e
r
m
o
r
e
,
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
i
s
 
g
e
n
e
r
a
l
l
y
 
c
o
n
s
i
d
e
r
e
d
 

t
o
 
b
e
 
a
 
m
i
c
r
o
s
c
a
l
e
 
p
r
o
b
l
e
m
 
t
h
a
t
 
c
a
n
 
b
e
 
a
d
d
r
e
s
s
e
d
 
l
o
c
a
l
l
y
 
t
o
 
s
o
m
e
 

e
x
t
e
n
t
,
 
w
h
e
r
e
a
s
 
n
i
t
r
o
g
e
n
 
o
x
i
d
e
s
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
m
o
s
t
 
o
f
t
e
n
 
i
s
 
a
 

r
e
g
i
o
n
a
l
 
i
s
s
u
e
 
t
h
a
t
 
c
a
n
n
o
t
 
b
e
 
a
d
d
r
e
s
s
e
d
 
b
y
 
a
 
s
i
n
g
l
e
 
n
e
w
 
d
e
v
e
l
o
p
-

m
e
n
t
.

F
o
r
 
t
h
i
s
 
p
r
o
j
e
c
t
,
 
t
h
r
e
e
 
s
c
e
n
a
r
i
o
s
 
w
e
r
e
 
s
e
l
e
c
t
e
d
 
f
o
r
 
t
h
e
 
c
a
r
b
o
n
 

m
o
n
o
x
i
d
e
 
m
o
d
e
l
i
n
g
 
s
t
u
d
y
:
 
(
1
)
 
y
e
a
r
 
2
0
0
4
 
w
i
t
h
 
p
r
e
s
e
n
t
 
c
o
n
d
i
t
i
o
n
s
,
 

(
2
)
 
y
e
a
r
 
2
0
2
0
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
,
 
a
n
d
 
(
3
)
 
y
e
a
r
 
2
0
2
0
 
w
i
t
h
 
t
h
e
 



 
1
9
 

p
r
o
j
e
c
t
.

T
o
 
b
e
g
i
n
 
t
h
e
 
m
o
d
e
l
i
n
g
 
s
t
u
d
y
 
o
f
 
t
h
e
 
t
h
r
e
e
 
s
c
e
n
a
r
i
o
s
,
 

c
r
i
t
i
c
a
l
 
r
e
c
e
p
t
o
r
 
a
r
e
a
s
 
i
n
 
t
h
e
 
v
i
c
i
n
i
t
y
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
w
e
r
e
 

i
d
e
n
t
i
f
i
e
d
 

f
o
r
 

a
n
a
l
y
s
i
s
.
 

 
G
e
n
e
r
a
l
l
y
 

s
p
e
a
k
i
n
g
,
 

r
o
a
d
w
a
y
 

i
n
t
e
r
s
e
c
t
i
o
n
s
 

a
r
e
 

t
h
e
 

p
r
i
m
a
r
y
 

c
o
n
c
e
r
n
 

b
e
c
a
u
s
e
 

o
f
 

t
r
a
f
f
i
c
 

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

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
t
r
a
f
f
i
c
 
q
u
e
u
i
n
g
.
 
 
F
o
r
 
t
h
i
s
 
s
t
u
d
y
,
 
s
e
v
e
r
a
l
 
o
f
 
t
h
e
 

k
e
y
 
i
n
t
e
r
s
e
c
t
i
o
n
s
 
i
d
e
n
t
i
f
i
e
d
 
i
n
 
t
h
e
 
t
r
a
f
f
i
c
 
s
t
u
d
y
 
w
e
r
e
 
a
l
s
o
 

s
e
l
e
c
t
e
d
 
f
o
r
 
a
i
r
 
q
u
a
l
i
t
y
 
a
n
a
l
y
s
i
s
.
 
 
T
h
e
s
e
 
i
n
c
l
u
d
e
d
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 

i
n
t
e
r
s
e
c
t
i
o
n
s
:

K
a
l
a
e
l
o
a
 
B
o
u
l
e
v
a
r
d
 
a
t
 
F
a
r
r
i
n
g
t
o
n
 
H
i
g
h
w
a
y
;
 

K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
t
 
K
a
m
o
k
i
l
a
 
B
o
u
l
e
v
a
r
d
;
 

K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
t
 
K
a
l
a
e
l
o
a
 
B
o
u
l
e
v
a
r
d
;
 

K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
t
 
H
a
n
u
a
 
S
t
r
e
e
t
;
 

K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
t
 
R
o
a
d
 
H
;
 

A
l
i
i
n
u
i
 
D
r
i
v
e
 
a
t
 
K
o
i
o
 
D
r
i
v
e
 

A
l
i
i
n
u
i
 
D
r
i
v
e
 
a
t
 
O
l
a
n
i
 
S
t
r
e
e
t
.
 

T
h
e
 
t
r
a
f
f
i
c
 
i
m
p
a
c
t
 
r
e
p
o
r
t
 
f
o
r
 
t
h
e
 
p
r
o
j
e
c
t
 
[
4
]
 
d
e
s
c
r
i
b
e
s
 
t
h
e
 

p
r
o
j
e
c
t
e
d
 
f
u
t
u
r
e
 
t
r
a
f
f
i
c
 
c
o
n
d
i
t
i
o
n
s
 
a
n
d
 
l
a
n
e
a
g
e
 
c
o
n
f
i
g
u
r
a
t
i
o
n
s
 
o
f
 

t
h
e
s
e
 
i
n
t
e
r
s
e
c
t
i
o
n
s
 
i
n
 
d
e
t
a
i
l
.
 
 
I
n
 
p
e
r
f
o
r
m
i
n
g
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 

i
m
p
a
c
t
 
a
n
a
l
y
s
i
s
,
 
i
t
 
w
a
s
 
a
s
s
u
m
e
d
 
t
h
a
t
 
a
l
l
 
r
e
c
o
m
m
e
n
d
e
d
 
t
r
a
f
f
i
c
 

m
i
t
i
g
a
t
i
o
n
 
m
e
a
s
u
r
e
s
 
w
o
u
l
d
 
b
e
 
i
m
p
l
e
m
e
n
t
e
d
.
 

T
h
e
 
m
a
i
n
 
o
b
j
e
c
t
i
v
e
 
o
f
 
t
h
e
 
m
o
d
e
l
i
n
g
 
s
t
u
d
y
 
w
a
s
 
t
o
 
e
s
t
i
m
a
t
e
 
m
a
x
i
m
u
m
 

1
-
h
o
u
r
 
a
v
e
r
a
g
e
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
e
a
c
h
 
o
f
 
t
h
e
 

t
h
r
e
e
 
s
c
e
n
a
r
i
o
s
 
s
t
u
d
i
e
d
.
 
 
T
o
 
e
v
a
l
u
a
t
e
 
t
h
e
 
s
i
g
n
i
f
i
c
a
n
c
e
 
o
f
 
t
h
e
 

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

e
a
c
h
 
s
c
e
n
a
r
i
o
 
c
a
n
 
b
e
 
m
a
d
e
.
 
 
C
o
m
p
a
r
i
s
o
n
 
o
f
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
v
a
l
u
e
s
 
t
o
 

t
h
e
 
n
a
t
i
o
n
a
l
 
a
n
d
 
s
t
a
t
e
 
A
A
Q
S
 
w
a
s
 
a
l
s
o
 
u
s
e
d
 
t
o
 
p
r
o
v
i
d
e
 
a
n
o
t
h
e
r
 

m
e
a
s
u
r
e
 
o
f
 
s
i
g
n
i
f
i
c
a
n
c
e
.
 

 
2
0
 

M
a
x
i
m
u
m
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
t
y
p
i
c
a
l
l
y
 
c
o
i
n
c
i
d
e
 
w
i
t
h
 

p
e
a
k
 
t
r
a
f
f
i
c
 
p
e
r
i
o
d
s
.
 
 
T
h
e
 
t
r
a
f
f
i
c
 
i
m
p
a
c
t
 
a
s
s
e
s
s
m
e
n
t
 
r
e
p
o
r
t
 

e
v
a
l
u
a
t
e
d
 
m
o
r
n
i
n
g
 
a
n
d
 
a
f
t
e
r
n
o
o
n
 
p
e
a
k
 
t
r
a
f
f
i
c
 
p
e
r
i
o
d
s
.
 
 
T
h
e
s
e
 
s
a
m
e
 

p
e
r
i
o
d
s
 
w
e
r
e
 
e
v
a
l
u
a
t
e
d
 
i
n
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 
i
m
p
a
c
t
 
a
s
s
e
s
s
m
e
n
t
.
 

T
h
e
 
E
P
A
 
c
o
m
p
u
t
e
r
 
m
o
d
e
l
 
M
O
B
I
L
E
6
 
[
5
]
 
w
a
s
 
u
s
e
d
 
t
o
 
c
a
l
c
u
l
a
t
e
 
v
e
h
i
c
u
l
a
r
 

c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
e
m
i
s
s
i
o
n
s
 
f
o
r
 
e
a
c
h
 
y
e
a
r
 
s
t
u
d
i
e
d
.
 
 
O
n
e
 
o
f
 
t
h
e
 
k
e
y
 

i
n
p
u
t
s
 

t
o
 

M
O
B
I
L
E
6
 

i
s
 

v
e
h
i
c
l
e
 

m
i
x
.
 

 
U
n
l
e
s
s
 

v
e
r
y
 

d
e
t
a
i
l
e
d
 

i
n
f
o
r
m
a
t
i
o
n
 
i
s
 
a
v
a
i
l
a
b
l
e
,
 
n
a
t
i
o
n
a
l
 
a
v
e
r
a
g
e
 
v
a
l
u
e
s
 
a
r
e
 
t
y
p
i
c
a
l
l
y
 

a
s
s
u
m
e
d
,
 
w
h
i
c
h
 
i
s
 
w
h
a
t
 
w
a
s
 
u
s
e
d
 
f
o
r
 
t
h
e
 
p
r
e
s
e
n
t
 
s
t
u
d
y
.
 
 
B
a
s
e
d
 
o
n
 

n
a
t
i
o
n
a
l
 
a
v
e
r
a
g
e
 
v
e
h
i
c
l
e
 
m
i
x
 
f
i
g
u
r
e
s
,
 
t
h
e
 
p
r
e
s
e
n
t
 
v
e
h
i
c
l
e
 
m
i
x
 
i
n
 

t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
w
a
s
 
e
s
t
i
m
a
t
e
d
 
t
o
 
b
e
 
4
3
.
6
%
 
l
i
g
h
t
-
d
u
t
y
 
g
a
s
o
l
i
n
e
-

p
o
w
e
r
e
d
 
a
u
t
o
m
o
b
i
l
e
s
,
 
4
3
.
6
%
 
l
i
g
h
t
-
d
u
t
y
 
g
a
s
o
l
i
n
e
-
p
o
w
e
r
e
d
 
t
r
u
c
k
s
 
a
n
d
 

v
a
n
s
,
 
3
.
6
%
 
h
e
a
v
y
-
d
u
t
y
 
g
a
s
o
l
i
n
e
-
p
o
w
e
r
e
d
 
v
e
h
i
c
l
e
s
,
 
0
.
2
%
 
l
i
g
h
t
-
d
u
t
y
 

d
i
e
s
e
l
-
p
o
w
e
r
e
d
 
v
e
h
i
c
l
e
s
,
 
8
.
4
%
 
h
e
a
v
y
-
d
u
t
y
 
d
i
e
s
e
l
-
p
o
w
e
r
e
d
 
t
r
u
c
k
s
 
a
n
d
 

b
u
s
e
s
,
 
a
n
d
 
0
.
6
%
 
m
o
t
o
r
c
y
c
l
e
s
.
 
 
F
o
r
 
t
h
e
 
f
u
t
u
r
e
 
s
c
e
n
a
r
i
o
s
 
s
t
u
d
i
e
d
,
 

t
h
e
 
v
e
h
i
c
l
e
 
m
i
x
 
w
a
s
 
e
s
t
i
m
a
t
e
d
 
t
o
 
c
h
a
n
g
e
 
s
l
i
g
h
t
l
y
 
w
i
t
h
 
f
e
w
e
r
 
l
i
g
h
t
-

d
u
t
y
 
g
a
s
o
l
i
n
e
-
p
o
w
e
r
e
d
 
a
u
t
o
m
o
b
i
l
e
s
 
a
n
d
 
m
o
r
e
 
l
i
g
h
t
-
d
u
t
y
 
g
a
s
o
l
i
n
e
-

p
o
w
e
r
e
d
 
t
r
u
c
k
s
 
a
n
d
 
v
a
n
s
.
 

A
m
b
i
e
n
t
 
t
e
m
p
e
r
a
t
u
r
e
s
 
o
f
 
5
9
 
a
n
d
 
6
8
 
d
e
g
r
e
e
s
 
F
 
w
e
r
e
 
u
s
e
d
 
f
o
r
 
m
o
r
n
i
n
g
 

a
n
d
 

a
f
t
e
r
n
o
o
n
 

p
e
a
k
-
h
o
u
r
 

e
m
i
s
s
i
o
n
 

c
o
m
p
u
t
a
t
i
o
n
s
,
 

r
e
s
p
e
c
t
i
v
e
l
y
.
 
 

T
h
e
s
e
 
a
r
e
 
c
o
n
s
e
r
v
a
t
i
v
e
 
a
s
s
u
m
p
t
i
o
n
s
 
s
i
n
c
e
 
m
o
r
n
i
n
g
/
a
f
t
e
r
n
o
o
n
 
a
m
b
i
e
n
t
 

t
e
m
p
e
r
a
t
u
r
e
s
 
w
i
l
l
 
g
e
n
e
r
a
l
l
y
 
b
e
 
w
a
r
m
e
r
 
t
h
a
n
 
t
h
i
s
,
 
a
n
d
 
e
m
i
s
s
i
o
n
 

e
s
t
i
m
a
t
e
s
 
g
i
v
e
n
 
b
y
 
M
O
B
I
L
E
6
 
g
e
n
e
r
a
l
l
y
 
h
a
v
e
 
a
n
 
i
n
v
e
r
s
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 

t
o
 
t
h
e
 
a
m
b
i
e
n
t
 
t
e
m
p
e
r
a
t
u
r
e
.
 



 
2
1
 

A
f
t
e
r
 
c
o
m
p
u
t
i
n
g
 
v
e
h
i
c
u
l
a
r
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
e
m
i
s
s
i
o
n
s
 
t
h
r
o
u
g
h
 
t
h
e
 

u
s
e
 
o
f
 
M
O
B
I
L
E
6
,
 
t
h
e
s
e
 
d
a
t
a
 
w
e
r
e
 
t
h
e
n
 
i
n
p
u
t
 
t
o
 
a
n
 
a
t
m
o
s
p
h
e
r
i
c
 

d
i
s
p
e
r
s
i
o
n
 
m
o
d
e
l
.
 
 
E
P
A
 
a
i
r
 
q
u
a
l
i
t
y
 
m
o
d
e
l
i
n
g
 
g
u
i
d
e
l
i
n
e
s
 
[
6
]
 

c
u
r
r
e
n
t
l
y
 
r
e
c
o
m
m
e
n
d
 
t
h
a
t
 
t
h
e
 
c
o
m
p
u
t
e
r
 
m
o
d
e
l
 
C
A
L
3
Q
H
C
 
[
7
]
 
b
e
 
u
s
e
d
 

t
o
 

a
s
s
e
s
s
 

c
a
r
b
o
n
 

m
o
n
o
x
i
d
e
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

a
t
 

r
o
a
d
w
a
y
 

i
n
t
e
r
s
e
c
t
i
o
n
s
,
 
o
r
 
i
n
 
a
r
e
a
s
 
w
h
e
r
e
 
i
t
s
 
u
s
e
 
h
a
s
 
p
r
e
v
i
o
u
s
l
y
 
b
e
e
n
 

e
s
t
a
b
l
i
s
h
e
d
,
 
C
A
L
I
N
E
4
 
[
8
]
 
m
a
y
 
b
e
 
u
s
e
d
.
 
 
U
n
t
i
l
 
a
 
f
e
w
 
y
e
a
r
s
 
a
g
o
,
 

C
A
L
I
N
E
4
 
w
a
s
 
u
s
e
d
 
e
x
t
e
n
s
i
v
e
l
y
 
i
n
 
H
a
w
a
i
i
 
t
o
 
a
s
s
e
s
s
 
a
i
r
 
q
u
a
l
i
t
y
 

i
m
p
a
c
t
s
 

a
t
 

r
o
a
d
w
a
y
 

i
n
t
e
r
s
e
c
t
i
o
n
s
.
 

 
I
n
 

D
e
c
e
m
b
e
r
 

1
9
9
7
,
 

t
h
e
 

C
a
l
i
f
o
r
n
i
a
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
T
r
a
n
s
p
o
r
t
a
t
i
o
n
 
r
e
c
o
m
m
e
n
d
e
d
 
t
h
a
t
 
t
h
e
 

i
n
t
e
r
s
e
c
t
i
o
n
 
m
o
d
e
 
o
f
 
C
A
L
I
N
E
4
 
n
o
 
l
o
n
g
e
r
 
b
e
 
u
s
e
d
 
b
e
c
a
u
s
e
 
i
t
 
w
a
s
 

t
h
o
u
g
h
t
 
t
h
e
 
m
o
d
e
l
 
h
a
s
 
b
e
c
o
m
e
 
o
u
t
d
a
t
e
d
.
 
 
S
t
u
d
i
e
s
 
h
a
v
e
 
s
h
o
w
n
 
t
h
a
t
 

C
A
L
I
N
E
4
 
m
a
y
 
t
e
n
d
 
t
o
 
o
v
e
r
-
p
r
e
d
i
c
t
 
m
a
x
i
m
u
m
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
i
n
 
s
o
m
e
 

s
i
t
u
a
t
i
o
n
s
.
 

 
T
h
e
r
e
f
o
r
e
,
 

C
A
L
3
Q
H
C
 

w
a
s
 

u
s
e
d
 

f
o
r
 

t
h
e
 

s
u
b
j
e
c
t
 

a
n
a
l
y
s
i
s
.

C
A
L
3
Q
H
C
 
w
a
s
 
d
e
v
e
l
o
p
e
d
 
f
o
r
 
t
h
e
 
U
.
S
.
 
E
P
A
 
t
o
 
s
i
m
u
l
a
t
e
 
v
e
h
i
c
u
l
a
r
 

m
o
v
e
m
e
n
t
,
 
v
e
h
i
c
l
e
 
q
u
e
u
i
n
g
 
a
n
d
 
a
t
m
o
s
p
h
e
r
i
c
 
d
i
s
p
e
r
s
i
o
n
 
o
f
 
v
e
h
i
c
u
l
a
r
 

e
m
i
s
s
i
o
n
s
 
n
e
a
r
 
r
o
a
d
w
a
y
 
i
n
t
e
r
s
e
c
t
i
o
n
s
.
 
 
I
t
 
i
s
 
d
e
s
i
g
n
e
d
 
t
o
 
p
r
e
d
i
c
t
 

1
-
h
o
u
r
 

a
v
e
r
a
g
e
 

p
o
l
l
u
t
a
n
t
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

n
e
a
r
 

r
o
a
d
w
a
y
 

i
n
t
e
r
s
e
c
t
i
o
n
s
 

b
a
s
e
d
 

o
n
 

i
n
p
u
t
 

t
r
a
f
f
i
c
 

a
n
d
 

e
m
i
s
s
i
o
n
 

d
a
t
a
,
 

r
o
a
d
w
a
y
/
r
e
c
e
p
t
o
r
 
g
e
o
m
e
t
r
y
 
a
n
d
 
m
e
t
e
o
r
o
l
o
g
i
c
a
l
 
c
o
n
d
i
t
i
o
n
s
.
 

A
l
t
h
o
u
g
h
 
C
A
L
3
Q
H
C
 
i
s
 
i
n
t
e
n
d
e
d
 
p
r
i
m
a
r
i
l
y
 
f
o
r
 
u
s
e
 
i
n
 
a
s
s
e
s
s
i
n
g
 

a
t
m
o
s
p
h
e
r
i
c
 
d
i
s
p
e
r
s
i
o
n
 
n
e
a
r
 
s
i
g
n
a
l
i
z
e
d
 
r
o
a
d
w
a
y
 
i
n
t
e
r
s
e
c
t
i
o
n
s
,
 
i
t
 

c
a
n
 
a
l
s
o
 
b
e
 
u
s
e
d
 
t
o
 
e
v
a
l
u
a
t
e
 
u
n
s
i
g
n
a
l
i
z
e
d
 
i
n
t
e
r
s
e
c
t
i
o
n
s
.
 
 
T
h
i
s
 
i
s
 

a
c
c
o
m
p
l
i
s
h
e
d
 
b
y
 
m
a
n
u
a
l
l
y
 
e
s
t
i
m
a
t
i
n
g
 
q
u
e
u
e
 
l
e
n
g
t
h
s
 
a
n
d
 
t
h
e
n
 

a
p
p
l
y
i
n
g
 
t
h
e
 
s
a
m
e
 
t
e
c
h
n
i
q
u
e
s
 
u
s
e
d
 
b
y
 
t
h
e
 
m
o
d
e
l
 
f
o
r
 
s
i
g
n
a
l
i
z
e
d
 

i
n
t
e
r
s
e
c
t
i
o
n
s
.
 
 
C
u
r
r
e
n
t
l
y
,
 
o
n
e
 
o
f
 
t
h
e
 
s
t
u
d
y
 
i
n
t
e
r
s
e
c
t
i
o
n
s
 
i
s
 

u
n
s
i
g
n
a
l
i
z
e
d
,
 
A
l
i
i
n
u
i
 
D
r
i
v
e
 
a
t
 
O
l
a
n
i
 
S
t
r
e
e
t
.
 
 
I
n
 
t
h
e
 
f
u
t
u
r
e
,
 
i
n
 

a
c
c
o
r
d
a
n
c
e
 
w
i
t
h
 
t
h
e
 
t
r
a
f
f
i
c
 
r
e
p
o
r
t
,
 
t
h
i
s
 
i
n
t
e
r
s
e
c
t
i
o
n
 
a
l
o
n
g
 
w
i
t
h
 

 
2
2
 

A
l
i
i
n
u
i
 
D
r
i
v
e
 
a
t
 
K
o
i
o
 
D
r
i
v
e
 
a
n
d
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
t
 
R
o
a
d
 
H
 
w
e
r
e
 

a
s
s
u
m
e
d
 
t
o
 
b
e
 
u
n
s
i
g
n
a
l
i
z
e
d
.
 

I
n
p
u
t
 
p
e
a
k
-
h
o
u
r
 
t
r
a
f
f
i
c
 
d
a
t
a
 
w
e
r
e
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
h
e
 
t
r
a
f
f
i
c
 
s
t
u
d
y
 

c
i
t
e
d
 

p
r
e
v
i
o
u
s
l
y
.
 

 
T
h
i
s
 

i
n
c
l
u
d
e
d
 

v
e
h
i
c
l
e
 

a
p
p
r
o
a
c
h
 

v
o
l
u
m
e
s
,
 

s
a
t
u
r
a
t
i
o
n
 
c
a
p
a
c
i
t
y
 
e
s
t
i
m
a
t
e
s
,
 
i
n
t
e
r
s
e
c
t
i
o
n
 
l
a
n
e
a
g
e
 
a
n
d
 
s
i
g
n
a
l
 

t
i
m
i
n
g
s
 
(
w
h
e
r
e
 
a
p
p
l
i
c
a
b
l
e
)
.
 
 
A
l
l
 
e
m
i
s
s
i
o
n
 
f
a
c
t
o
r
s
 
t
h
a
t
 
w
e
r
e
 
i
n
p
u
t
 

t
o
 
C
A
L
3
Q
H
C
 
f
o
r
 
f
r
e
e
-
f
l
o
w
 
t
r
a
f
f
i
c
 
o
n
 
r
o
a
d
w
a
y
s
 
w
e
r
e
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 

M
O
B
I
L
E
6
 
b
a
s
e
d
 
o
n
 
a
s
s
u
m
e
d
 
f
r
e
e
-
f
l
o
w
 
v
e
h
i
c
l
e
 
s
p
e
e
d
s
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
t
o
 

t
h
e
 
p
o
s
t
e
d
 
s
p
e
e
d
 
l
i
m
i
t
s
 
(
2
5
 
t
o
 
4
5
 
m
p
h
 
d
e
p
e
n
d
i
n
g
 
o
n
 
l
o
c
a
t
i
o
n
)
.
 

M
o
d
e
l
 
r
o
a
d
w
a
y
s
 
w
e
r
e
 
s
e
t
 
u
p
 
t
o
 
r
e
f
l
e
c
t
 
r
o
a
d
w
a
y
 
g
e
o
m
e
t
r
y
,
 
p
h
y
s
i
c
a
l
 

d
i
m
e
n
s
i
o
n
s
 

a
n
d
 

o
p
e
r
a
t
i
n
g
 

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.
 

 
C
o
n
c
e
n
t
r
a
t
i
o
n
s
 

p
r
e
d
i
c
t
e
d
 
b
y
 
a
i
r
 
q
u
a
l
i
t
y
 
m
o
d
e
l
s
 
g
e
n
e
r
a
l
l
y
 
a
r
e
 
n
o
t
 
c
o
n
s
i
d
e
r
e
d
 
v
a
l
i
d
 

w
i
t
h
i
n
 
t
h
e
 
r
o
a
d
w
a
y
-
m
i
x
i
n
g
 
z
o
n
e
.
 
 
T
h
e
 
r
o
a
d
w
a
y
-
m
i
x
i
n
g
 
z
o
n
e
 
i
s
 

u
s
u
a
l
l
y
 
t
a
k
e
n
 
t
o
 
i
n
c
l
u
d
e
 
3
 
m
e
t
e
r
s
 
o
n
 
e
i
t
h
e
r
 
s
i
d
e
 
o
f
 
t
h
e
 
t
r
a
v
e
l
e
d
 

p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
r
o
a
d
w
a
y
 
a
n
d
 
t
h
e
 
t
u
r
b
u
l
e
n
t
 
a
r
e
a
 
w
i
t
h
i
n
 
1
0
 
m
e
t
e
r
s
 
o
f
 

a
 
c
r
o
s
s
 
s
t
r
e
e
t
.
 
 
M
o
d
e
l
 
r
e
c
e
p
t
o
r
 
s
i
t
e
s
 
w
e
r
e
 
t
h
u
s
 
l
o
c
a
t
e
d
 
a
t
 
t
h
e
 

e
d
g
e
s
 
o
f
 
t
h
e
 
m
i
x
i
n
g
 
z
o
n
e
s
 
n
e
a
r
 
a
l
l
 
i
n
t
e
r
s
e
c
t
i
o
n
s
 
t
h
a
t
 
w
e
r
e
 
s
t
u
d
i
e
d
 

f
o
r
 
a
l
l
 
t
h
r
e
e
 
s
c
e
n
a
r
i
o
s
.
 
 
T
h
i
s
 
i
m
p
l
i
e
s
 
t
h
a
t
 
p
e
d
e
s
t
r
i
a
n
 
s
i
d
e
w
a
l
k
s
 

e
i
t
h
e
r
 
a
l
r
e
a
d
y
 
e
x
i
s
t
 
o
r
 
a
r
e
 
a
s
s
u
m
e
d
 
t
o
 
e
x
i
s
t
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.
 
 
A
l
l
 

r
e
c
e
p
t
o
r
 
h
e
i
g
h
t
s
 
w
e
r
e
 
p
l
a
c
e
d
 
a
t
 
1
.
8
 
m
e
t
e
r
s
 
a
b
o
v
e
 
g
r
o
u
n
d
 
t
o
 

s
i
m
u
l
a
t
e
 
l
e
v
e
l
s
 
w
i
t
h
i
n
 
t
h
e
 
n
o
r
m
a
l
 
h
u
m
a
n
 
b
r
e
a
t
h
i
n
g
 
z
o
n
e
.
 

I
n
p
u
t
 
m
e
t
e
o
r
o
l
o
g
i
c
a
l
 
c
o
n
d
i
t
i
o
n
s
 
f
o
r
 
t
h
i
s
 
s
t
u
d
y
 
w
e
r
e
 
d
e
f
i
n
e
d
 
t
o
 

p
r
o
v
i
d
e
 
"
w
o
r
s
t
-
c
a
s
e
"
 
r
e
s
u
l
t
s
.
 
 
O
n
e
 
o
f
 
t
h
e
 
k
e
y
 
m
e
t
e
o
r
o
l
o
g
i
c
a
l
 

i
n
p
u
t
s
 
i
s
 
a
t
m
o
s
p
h
e
r
i
c
 
s
t
a
b
i
l
i
t
y
 
c
a
t
e
g
o
r
y
.
 
 
F
o
r
 
t
h
e
s
e
 
a
n
a
l
y
s
e
s
,
 

a
t
m
o
s
p
h
e
r
i
c
 
s
t
a
b
i
l
i
t
y
 
c
a
t
e
g
o
r
y
 
6
 
w
a
s
 
a
s
s
u
m
e
d
 
f
o
r
 
t
h
e
 
m
o
r
n
i
n
g
 

c
a
s
e
s
,
 
w
h
i
l
e
 
a
t
m
o
s
p
h
e
r
i
c
 
s
t
a
b
i
l
i
t
y
 
c
a
t
e
g
o
r
y
 
4
 
w
a
s
 
a
s
s
u
m
e
d
 
f
o
r
 
t
h
e
 

a
f
t
e
r
n
o
o
n
 
c
a
s
e
s
.
 
 
T
h
e
s
e
 
a
r
e
 
t
h
e
 
m
o
s
t
 
c
o
n
s
e
r
v
a
t
i
v
e
 
s
t
a
b
i
l
i
t
y
 



 
2
3
 

c
a
t
e
g
o
r
i
e
s
 
t
h
a
t
 
a
r
e
 
g
e
n
e
r
a
l
l
y
 
u
s
e
d
 
f
o
r
 
e
s
t
i
m
a
t
i
n
g
 
w
o
r
s
t
-
c
a
s
e
 

p
o
l
l
u
t
a
n
t
 
d
i
s
p
e
r
s
i
o
n
 
w
i
t
h
i
n
 
s
u
b
u
r
b
a
n
 
a
r
e
a
s
 
f
o
r
 
t
h
e
s
e
 
p
e
r
i
o
d
s
.
 
 
A
 

s
u
r
f
a
c
e
 
r
o
u
g
h
n
e
s
s
 
l
e
n
g
t
h
 
o
f
 
1
0
0
 
c
m
 
a
n
d
 
a
 
m
i
x
i
n
g
 
h
e
i
g
h
t
 
o
f
 
1
0
0
0
 

m
e
t
e
r
s
 
w
e
r
e
 
u
s
e
d
 
i
n
 
a
l
l
 
c
a
s
e
s
.
 
 
W
o
r
s
t
-
c
a
s
e
 
w
i
n
d
 
c
o
n
d
i
t
i
o
n
s
 
w
e
r
e
 

d
e
f
i
n
e
d
 
a
s
 
a
 
w
i
n
d
 
s
p
e
e
d
 
o
f
 
1
 
m
e
t
e
r
 
p
e
r
 
s
e
c
o
n
d
 
w
i
t
h
 
a
 
w
i
n
d
 

d
i
r
e
c
t
i
o
n
 
r
e
s
u
l
t
i
n
g
 
i
n
 
t
h
e
 
h
i
g
h
e
s
t
 
p
r
e
d
i
c
t
e
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
.
 
 

C
o
n
c
e
n
t
r
a
t
i
o
n
 
e
s
t
i
m
a
t
e
s
 
w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
a
t
 
w
i
n
d
 
d
i
r
e
c
t
i
o
n
s
 
o
f
 

e
v
e
r
y
 
5
 
d
e
g
r
e
e
s
.

E
x
i
s
t
i
n
g
 
b
a
c
k
g
r
o
u
n
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
i
n
 
t
h
e
 

p
r
o
j
e
c
t
 
v
i
c
i
n
i
t
y
 
a
r
e
 
b
e
l
i
e
v
e
d
 
t
o
 
b
e
 
a
t
 
l
o
w
 
l
e
v
e
l
s
.
 
T
h
u
s
,
 

b
a
c
k
g
r
o
u
n
d
 
c
o
n
t
r
i
b
u
t
i
o
n
s
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
f
r
o
m
 
s
o
u
r
c
e
s
 
o
r
 
 

r
o
a
d
w
a
y
s
 
n
o
t
 
d
i
r
e
c
t
l
y
 
c
o
n
s
i
d
e
r
e
d
 
i
n
 
t
h
e
 
a
n
a
l
y
s
i
s
 
w
e
r
e
 
a
c
c
o
u
n
t
e
d
 

f
o
r
 
b
y
 
a
d
d
i
n
g
 
a
 
b
a
c
k
g
r
o
u
n
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
0
.
5
 
p
p
m
 
t
o
 
a
l
l
 

p
r
e
d
i
c
t
e
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
2
0
0
4
.
 
 
A
l
t
h
o
u
g
h
 
i
n
c
r
e
a
s
e
d
 
t
r
a
f
f
i
c
 
i
s
 

e
x
p
e
c
t
e
d
 
t
o
 
o
c
c
u
r
 
w
i
t
h
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
w
i
t
h
i
n
 
t
h
e
 
n
e
x
t
 
s
e
v
e
r
a
l
 

y
e
a
r
s
 
w
i
t
h
 
o
r
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
,
 
b
a
c
k
g
r
o
u
n
d
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 

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

e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
m
o
t
o
r
 
v
e
h
i
c
l
e
s
 
a
r
e
 
f
o
r
e
c
a
s
t
 
t
o
 
d
e
c
r
e
a
s
e
 
w
i
t
h
 
t
i
m
e
.

H
e
n
c
e
,
 
a
 
b
a
c
k
g
r
o
u
n
d
 
v
a
l
u
e
 
o
f
 
0
.
5
 
p
p
m
 
w
a
s
 
a
s
s
u
m
e
d
 
t
o
 
p
e
r
s
i
s
t
 
f
o
r
 

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

P
r
e
d
i
c
t
e
d
 
W
o
r
s
t
-
C
a
s
e
 
1
-
H
o
u
r
 
C
o
n
c
e
n
t
r
a
t
i
o
n
s

T
a
b
l
e
 
5
 
s
u
m
m
a
r
i
z
e
s
 
t
h
e
 
f
i
n
a
l
 
r
e
s
u
l
t
s
 
o
f
 
t
h
e
 
m
o
d
e
l
i
n
g
 
s
t
u
d
y
 
i
n
 
t
h
e
 

f
o
r
m
 
o
f
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
w
o
r
s
t
-
c
a
s
e
 
1
-
h
o
u
r
 
m
o
r
n
i
n
g
 
a
n
d
 
a
f
t
e
r
n
o
o
n
 

a
m
b
i
e
n
t
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
 
 
T
h
e
s
e
 
r
e
s
u
l
t
s
 
c
a
n
 
b
e
 

c
o
m
p
a
r
e
d
 
d
i
r
e
c
t
l
y
 
t
o
 
t
h
e
 
s
t
a
t
e
 
a
n
d
 
t
h
e
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
.
 
 
E
s
t
i
m
a
t
e
d
 

w
o
r
s
t
-
c
a
s
e
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
r
e
 
p
r
e
s
e
n
t
e
d
 
i
n
 
t
h
e
 

t
a
b
l
e
 
f
o
r
 
t
h
r
e
e
 
s
c
e
n
a
r
i
o
s
:
 
 
y
e
a
r
 
2
0
0
4
 
w
i
t
h
 
e
x
i
s
t
i
n
g
 
t
r
a
f
f
i
c
,
 
y
e
a
r
 

2
0
2
0
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
 
a
n
d
 
y
e
a
r
 
2
0
2
0
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
.
 
 
T
h
e
 

 
2
4
 

l
o
c
a
t
i
o
n
s
 
o
f
 
t
h
e
s
e
 
e
s
t
i
m
a
t
e
d
 
w
o
r
s
t
-
c
a
s
e
 
1
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
l
l
 

o
c
c
u
r
r
e
d
 
a
t
 
o
r
 
v
e
r
y
 
n
e
a
r
 
t
h
e
 
i
n
d
i
c
a
t
e
d
 
i
n
t
e
r
s
e
c
t
i
o
n
s
.
 

A
s
 
i
n
d
i
c
a
t
e
d
 
i
n
 
t
h
e
 
t
a
b
l
e
,
 
t
h
e
 
h
i
g
h
e
s
t
 
e
s
t
i
m
a
t
e
d
 
1
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
-

t
i
o
n
 
w
i
t
h
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
v
i
c
i
n
i
t
y
 
f
o
r
 
t
h
e
 
p
r
e
s
e
n
t
 
(
2
0
0
4
)
 
c
a
s
e
 
w
a
s
 

4
.
5
 
m
g
/
m
3
.
 
 
T
h
i
s
 
w
a
s
 
p
r
o
j
e
c
t
e
d
 
t
o
 
o
c
c
u
r
 
d
u
r
i
n
g
 
t
h
e
 
m
o
r
n
i
n
g
 
p
e
a
k
 

t
r
a
f
f
i
c
 
h
o
u
r
 
n
e
a
r
 
t
h
e
 
i
n
t
e
r
s
e
c
t
i
o
n
 
o
f
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
n
d
 
K
a
l
a
e
l
o
a
 

B
o
u
l
e
v
a
r
d
.
 
 
C
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
t
 
o
t
h
e
r
 
l
o
c
a
t
i
o
n
s
 
a
n
d
 
t
i
m
e
s
 
s
t
u
d
i
e
d
 

w
e
r
e
 

3
.
2
 

m
g
/
m
3
 

o
r
 

l
o
w
e
r
.
 

 
A
l
l
 

p
r
e
d
i
c
t
e
d
 

w
o
r
s
t
-
c
a
s
e
 

1
-
h
o
u
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
e
 
2
0
0
4
 
s
c
e
n
a
r
i
o
 
w
e
r
e
 
w
i
t
h
i
n
 
b
o
t
h
 
t
h
e
 
n
a
t
i
o
n
a
l
 

A
A
Q
S
 
o
f
 
4
0
 
m
g
/
m
3
 
a
n
d
 
t
h
e
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
 
o
f
 
1
0
 
m
g
/
m
3
.

I
n
 
t
h
e
 
y
e
a
r
 
2
0
2
0
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
,
 
t
h
e
 
h
i
g
h
e
s
t
 
w
o
r
s
t
-

c
a
s
e
 
1
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
w
a
s
 
p
r
e
d
i
c
t
e
d
 
t
o
 
o
c
c
u
r
 
d
u
r
i
n
g
 
t
h
e
 

m
o
r
n
i
n
g
 
a
t
 
t
h
e
 
i
n
t
e
r
s
e
c
t
i
o
n
 
o
f
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
n
d
 
H
a
n
u
a
 
S
t
r
e
e
t
.
 
 

A
 
v
a
l
u
e
 
o
f
 
3
.
9
 
m
g
/
m
3
 
w
a
s
 
p
r
e
d
i
c
t
e
d
 
t
o
 
o
c
c
u
r
 
a
t
 
t
h
i
s
 
l
o
c
a
t
i
o
n
 
a
n
d
 

t
i
m
e
.
 
 
P
e
a
k
-
h
o
u
r
 
w
o
r
s
t
-
c
a
s
e
 
v
a
l
u
e
s
 
a
t
 
t
h
e
 
o
t
h
e
r
 
l
o
c
a
t
i
o
n
s
 
a
n
d
 

t
i
m
e
s
 
s
t
u
d
i
e
d
 
f
o
r
 
t
h
e
 
2
0
2
0
 
w
i
t
h
o
u
t
 
p
r
o
j
e
c
t
 
s
c
e
n
a
r
i
o
 
r
a
n
g
e
d
 
b
e
t
w
e
e
n
 

1
.
4
 
a
n
d
 
3
.
8
 
m
g
/
m
3
.
 
 
C
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
e
x
i
s
t
i
n
g
 
c
a
s
e
,
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

d
e
c
r
e
a
s
e
d
 
s
o
m
e
w
h
a
t
 
o
r
 
r
e
m
a
i
n
e
d
 
a
b
o
u
t
 
t
h
e
 
s
a
m
e
.
 
 
A
l
l
 
p
r
o
j
e
c
t
e
d
 

w
o
r
s
t
-
c
a
s
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
i
s
 
s
c
e
n
a
r
i
o
 
r
e
m
a
i
n
e
d
 
w
i
t
h
i
n
 
t
h
e
 

s
t
a
t
e
 
a
n
d
 
n
a
t
i
o
n
a
l
 
s
t
a
n
d
a
r
d
s
.
 

P
r
e
d
i
c
t
e
d
 
1
-
h
o
u
r
 
w
o
r
s
t
-
c
a
s
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
e
 
2
0
2
0
 
w
i
t
h
 

p
r
o
j
e
c
t
 
s
c
e
n
a
r
i
o
 
w
e
r
e
 
l
a
r
g
e
l
y
 
u
n
c
h
a
n
g
e
d
 
c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
2
0
2
0
 

w
i
t
h
o
u
t
 
p
r
o
j
e
c
t
 
s
c
e
n
a
r
i
o
.
 
 
A
 
m
a
x
i
m
u
m
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
4
.
4
 
m
g
/
m
3

w
a
s
 
p
r
e
d
i
c
t
e
d
 
t
o
 
o
c
c
u
r
 
d
u
r
i
n
g
 
t
h
e
 
m
o
r
n
i
n
g
 
p
e
a
k
 
h
o
u
r
 
a
t
 
t
h
e
 

i
n
t
e
r
s
e
c
t
i
o
n
 
o
f
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
n
d
 
K
a
l
a
e
l
o
a
 
B
o
u
l
e
v
a
r
d
.
 
 
O
t
h
e
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
b
e
t
w
e
e
n
 
1
.
7
 
a
n
d
 
3
.
4
 
m
g
/
m
3
,
 
w
e
l
l
 
w
i
t
h
i
n
 
t
h
e
 

s
t
a
t
e
 
a
n
d
 
f
e
d
e
r
a
l
 
s
t
a
n
d
a
r
d
s
.



 
2
5
 

P
r
e
d
i
c
t
e
d
 
W
o
r
s
t
-
C
a
s
e
 
8
-
H
o
u
r
 
C
o
n
c
e
n
t
r
a
t
i
o
n
s

W
o
r
s
t
-
c
a
s
e
 
8
-
h
o
u
r
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
e
s
t
i
m
a
t
e
d
 
b
y
 

m
u
l
t
i
p
l
y
i
n
g
 
t
h
e
 
w
o
r
s
t
-
c
a
s
e
 
1
-
h
o
u
r
 
v
a
l
u
e
s
 
b
y
 
a
 
p
e
r
s
i
s
t
e
n
c
e
 
f
a
c
t
o
r
 

o
f
 
0
.
5
.
 
 
T
h
i
s
 
a
c
c
o
u
n
t
s
 
f
o
r
 
t
w
o
 
f
a
c
t
o
r
s
:
 
(
1
)
 
t
r
a
f
f
i
c
 
v
o
l
u
m
e
s
 

a
v
e
r
a
g
e
d
 
o
v
e
r
 
e
i
g
h
t
 
h
o
u
r
s
 
a
r
e
 
l
o
w
e
r
 
t
h
a
n
 
p
e
a
k
 
1
-
h
o
u
r
 
v
a
l
u
e
s
,
 
a
n
d
 

(
2
)
 
m
e
t
e
o
r
o
l
o
g
i
c
a
l
 
c
o
n
d
i
t
i
o
n
s
 
a
r
e
 
m
o
r
e
 
v
a
r
i
a
b
l
e
 
(
a
n
d
 
h
e
n
c
e
 
m
o
r
e
 

f
a
v
o
r
a
b
l
e
 
f
o
r
 
d
i
s
p
e
r
s
i
o
n
)
 
o
v
e
r
 
a
n
 
8
-
h
o
u
r
 
p
e
r
i
o
d
 
t
h
a
n
 
t
h
e
y
 
a
r
e
 
f
o
r
 

a
 
s
i
n
g
l
e
 
h
o
u
r
.
 
 
B
a
s
e
d
 
o
n
 
m
o
n
i
t
o
r
i
n
g
 
d
a
t
a
,
 
1
-
h
o
u
r
 
t
o
 
8
-
h
o
u
r
 
p
e
r
s
i
s
-

t
e
n
c
e
 
f
a
c
t
o
r
s
 
f
o
r
 
m
o
s
t
 
l
o
c
a
t
i
o
n
s
 
g
e
n
e
r
a
l
l
y
 
v
a
r
y
 
f
r
o
m
 
0
.
4
 
t
o
 
0
.
8
 

w
i
t
h
 
0
.
6
 
b
e
i
n
g
 
t
h
e
 
m
o
s
t
 
t
y
p
i
c
a
l
.
 
 
O
n
e
 
s
t
u
d
y
 
b
a
s
e
d
 
o
n
 
m
o
d
e
l
i
n
g
 
[
9
]
 

c
o
n
c
l
u
d
e
d
 

t
h
a
t
 

1
-
h
o
u
r
 

t
o
 

8
-
h
o
u
r
 

p
e
r
s
i
s
t
e
n
c
e
 

f
a
c
t
o
r
s
 

c
o
u
l
d
 

t
y
p
i
c
a
l
l
y
 
b
e
 
e
x
p
e
c
t
e
d
 
t
o
 
r
a
n
g
e
 
f
r
o
m
 
0
.
4
 
t
o
 
0
.
5
.
 
 
E
P
A
 
g
u
i
d
e
l
i
n
e
s
 

[
1
0
]
 
r
e
c
o
m
m
e
n
d
 
u
s
i
n
g
 
a
 
v
a
l
u
e
 
o
f
 
0
.
7
 
u
n
l
e
s
s
 
a
 
l
o
c
a
l
l
y
 
d
e
r
i
v
e
d
 

p
e
r
s
i
s
t
e
n
c
e
 
f
a
c
t
o
r
 
i
s
 
a
v
a
i
l
a
b
l
e
.
 
 
R
e
c
e
n
t
 
m
o
n
i
t
o
r
i
n
g
 
d
a
t
a
 
f
o
r
 

l
o
c
a
t
i
o
n
s
 
o
n
 
O
a
h
u
 
r
e
p
o
r
t
e
d
 
b
y
 
t
h
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
[
1
1
]
 

s
u
g
g
e
s
t
 
t
h
a
t
 
t
h
i
s
 
f
a
c
t
o
r
 
m
a
y
 
r
a
n
g
e
 
b
e
t
w
e
e
n
 
a
b
o
u
t
 
0
.
2
 
a
n
d
 
0
.
6
 

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

l
o
c
a
t
i
o
n
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
a
n
d
 
t
h
e
 
t
r
a
f
f
i
c
 
p
a
t
t
e
r
n
 
f
o
r
 
t
h
e
 
a
r
e
a
,
 
a
 

1
-
h
o
u
r
 
t
o
 
8
-
h
o
u
r
 
p
e
r
s
i
s
t
e
n
c
e
 
f
a
c
t
o
r
 
o
f
 
0
.
5
 
w
i
l
l
 
l
i
k
e
l
y
 
y
i
e
l
d
 

r
e
a
s
o
n
a
b
l
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
w
o
r
s
t
-
c
a
s
e
 
8
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
 

T
h
e
 
r
e
s
u
l
t
i
n
g
 
e
s
t
i
m
a
t
e
d
 
w
o
r
s
t
-
c
a
s
e
 
8
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
r
e
 

i
n
d
i
c
a
t
e
d
 
i
n
 
T
a
b
l
e
 
6
.
 
 
F
o
r
 
t
h
e
 
2
0
0
4
 
s
c
e
n
a
r
i
o
,
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
w
o
r
s
t
-

c
a
s
e
 
8
-
h
o
u
r
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
e
 
t
h
r
e
e
 
l
o
c
a
t
i
o
n
s
 

s
t
u
d
i
e
d
 
r
a
n
g
e
d
 
f
r
o
m
 
0
.
8
 
m
g
/
m
3
 
a
t
 
t
h
e
 
A
l
i
i
n
u
i
 
D
r
i
v
e
/
O
l
a
n
i
 
S
t
r
e
e
t
 

i
n
t
e
r
s
e
c
t
i
o
n
 

t
o
 

2
.
2
 

m
g
/
m
3
 

a
t
 

t
h
e
 

K
a
p
o
l
e
i
 

P
a
r
k
w
a
y
/
K
a
l
a
e
l
o
a
 

B
o
u
l
e
v
a
r
d
 
i
n
t
e
r
s
e
c
t
i
o
n
.
 
 
T
h
e
 
e
s
t
i
m
a
t
e
d
 
w
o
r
s
t
-
c
a
s
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

f
o
r
 
t
h
e
 
e
x
i
s
t
i
n
g
 
c
a
s
e
 
w
e
r
e
 
w
i
t
h
i
n
 
b
o
t
h
 
t
h
e
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
 
o
f
 

5
 
m
g
/
m
3
 
a
n
d
 
t
h
e
 
n
a
t
i
o
n
a
l
 
l
i
m
i
t
 
o
f
 
1
0
 
m
g
/
m
3
.

 
2
6
 

F
o
r
 

t
h
e
 

y
e
a
r
 

2
0
2
0
 

w
i
t
h
o
u
t
 

p
r
o
j
e
c
t
 

s
c
e
n
a
r
i
o
,
 

w
o
r
s
t
-
c
a
s
e
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
e
d
 
b
e
t
w
e
e
n
 
0
.
8
 
a
n
d
 
2
.
0
 
m
g
/
m
3
,
 
w
i
t
h
 
t
h
e
 
h
i
g
h
e
s
t
 

c
o
n
c
e
n
t
r
a
t
i
o
n
 
o
c
c
u
r
r
i
n
g
 
a
t
 
K
a
p
o
l
e
i
 
P
a
r
k
w
a
y
 
a
n
d
 
H
a
n
u
a
 
S
t
r
e
e
t
.
 
 
A
l
l
 

p
r
e
d
i
c
t
e
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
w
i
t
h
i
n
 
t
h
e
 
s
t
a
n
d
a
r
d
s
.
 

F
o
r
 
t
h
e
 
2
0
2
0
 
w
i
t
h
 
p
r
o
j
e
c
t
 
s
c
e
n
a
r
i
o
,
 
w
o
r
s
t
-
c
a
s
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

r
e
m
a
i
n
e
d
 
n
e
a
r
l
y
 
u
n
c
h
a
n
g
e
d
 
c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
w
i
t
h
o
u
t
 
p
r
o
j
e
c
t
 
c
a
s
e
,
 

i
n
d
i
c
a
t
i
n
g
 

m
i
n
i
m
a
l
 

p
r
o
j
e
c
t
 

i
m
p
a
c
t
.
 

 
A
l
l
 

p
r
e
d
i
c
t
e
d
 

8
-
h
o
u
r
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
i
s
 
s
c
e
n
a
r
i
o
 
w
e
r
e
 
w
i
t
h
i
n
 
b
o
t
h
 
t
h
e
 
n
a
t
i
o
n
a
l
 
a
n
d
 

t
h
e
 
s
t
a
t
e
 
A
A
Q
S
.
 

C
o
n
s
e
r
v
a
t
i
v
e
n
e
s
s
 
o
f
 
E
s
t
i
m
a
t
e
s

T
h
e
 
r
e
s
u
l
t
s
 
o
f
 
t
h
i
s
 
s
t
u
d
y
 
r
e
f
l
e
c
t
 
s
e
v
e
r
a
l
 
a
s
s
u
m
p
t
i
o
n
s
 
t
h
a
t
 
w
e
r
e
 

m
a
d
e
 

c
o
n
c
e
r
n
i
n
g
 

b
o
t
h
 

t
r
a
f
f
i
c
 

m
o
v
e
m
e
n
t
 

a
n
d
 

w
o
r
s
t
-
c
a
s
e
 

m
e
t
e
o
r
o
l
o
g
i
c
a
l
 
c
o
n
d
i
t
i
o
n
s
.
 
 
O
n
e
 
s
u
c
h
 
a
s
s
u
m
p
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
w
o
r
s
t
-

c
a
s
e
 
m
e
t
e
o
r
o
l
o
g
i
c
a
l
 
c
o
n
d
i
t
i
o
n
s
 
i
s
 
t
h
a
t
 
a
 
w
i
n
d
 
s
p
e
e
d
 
o
f
 
1
 
m
e
t
e
r
 
p
e
r
 

s
e
c
o
n
d
 
w
i
t
h
 
a
 
s
t
e
a
d
y
 
d
i
r
e
c
t
i
o
n
 
f
o
r
 
1
 
h
o
u
r
 
w
i
l
l
 
o
c
c
u
r
.
 
 
A
 
s
t
e
a
d
y
 

w
i
n
d
 
o
f
 
1
 
m
e
t
e
r
 
p
e
r
 
s
e
c
o
n
d
 
b
l
o
w
i
n
g
 
f
r
o
m
 
a
 
s
i
n
g
l
e
 
d
i
r
e
c
t
i
o
n
 
f
o
r
 
a
n
 

h
o
u
r
 
i
s
 
e
x
t
r
e
m
e
l
y
 
u
n
l
i
k
e
l
y
 
a
n
d
 
m
a
y
 
o
c
c
u
r
 
o
n
l
y
 
o
n
c
e
 
a
 
y
e
a
r
 
o
r
 
l
e
s
s
.

W
i
t
h
 
w
i
n
d
 
s
p
e
e
d
s
 
o
f
 
2
 
m
e
t
e
r
s
 
p
e
r
 
s
e
c
o
n
d
,
 
f
o
r
 
e
x
a
m
p
l
e
,
 
c
o
m
p
u
t
e
d
 

c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
o
u
l
d
 
b
e
 
o
n
l
y
 
a
b
o
u
t
 
h
a
l
f
 
t
h
e
 
v
a
l
u
e
s
 

g
i
v
e
n
 
a
b
o
v
e
.
 
 
T
h
e
 
8
-
h
o
u
r
 
e
s
t
i
m
a
t
e
s
 
a
r
e
 
a
l
s
o
 
c
o
n
s
e
r
v
a
t
i
v
e
 
i
n
 
t
h
a
t
 

i
t
 
i
s
 
u
n
l
i
k
e
l
y
 
t
h
a
t
 
a
n
y
o
n
e
 
w
o
u
l
d
 
o
c
c
u
p
y
 
t
h
e
 
a
s
s
u
m
e
d
 
r
e
c
e
p
t
o
r
 
s
i
t
e
s
 

(
w
i
t
h
i
n
 
3
 
m
 
o
f
 
t
h
e
 
r
o
a
d
w
a
y
s
)
 
f
o
r
 
a
 
p
e
r
i
o
d
 
o
f
 
8
 
h
o
u
r
s
.
 

7
.
2
 
 
E
l
e
c
t
r
i
c
a
l
 
D
e
m
a
n
d



 
2
7
 

T
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
 
a
l
s
o
 
w
i
l
l
 
c
a
u
s
e
 
i
n
d
i
r
e
c
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 

e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
p
o
w
e
r
 
g
e
n
e
r
a
t
i
n
g
 
f
a
c
i
l
i
t
i
e
s
 
a
s
 
a
 
c
o
n
s
e
q
u
e
n
c
e
 
o
f
 

e
l
e
c
t
r
i
c
a
l
 
p
o
w
e
r
 
u
s
a
g
e
.
 
 
T
h
e
 
a
n
n
u
a
l
 
e
l
e
c
t
r
i
c
a
l
 
d
e
m
a
n
d
 
o
f
 
t
h
e
 

p
r
o
j
e
c
t
 
w
h
e
n
 
f
u
l
l
y
 
d
e
v
e
l
o
p
e
d
 
i
s
 
e
x
p
e
c
t
e
d
 
t
o
 
r
e
a
c
h
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 

4
2
 
m
i
l
l
i
o
n
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
 
[
1
2
]
.
 
 
E
l
e
c
t
r
i
c
a
l
 
p
o
w
e
r
 
f
o
r
 
t
h
e
 
p
r
o
j
e
c
t
 

w
i
l
l
 
m
o
s
t
 
p
r
o
b
a
b
l
y
 
b
e
 
p
r
o
v
i
d
e
d
 
m
a
i
n
l
y
 
b
y
 
o
i
l
-
f
i
r
e
d
 
g
e
n
e
r
a
t
i
n
g
 

f
a
c
i
l
i
t
i
e
s
 
l
o
c
a
t
e
d
 
o
n
 
O
a
h
u
,
 
b
u
t
 
s
o
m
e
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
p
o
w
e
r
 
c
o
u
l
d
 

a
l
s
o
 
c
o
m
e
 
f
r
o
m
 
s
o
u
r
c
e
s
 
b
u
r
n
i
n
g
 
o
t
h
e
r
 
f
u
e
l
s
,
 
s
u
c
h
 
a
s
 
H
-
P
o
w
e
r
 
a
n
d
 

t
h
e
 
A
E
S
 
c
o
a
l
-
f
i
r
e
d
 
p
o
w
e
r
 
p
l
a
n
t
 
a
t
 
C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
k
.
 
 
I
n
 

o
r
d
e
r
 
t
o
 
m
e
e
t
 
t
h
e
 
e
l
e
c
t
r
i
c
a
l
 
p
o
w
e
r
 
n
e
e
d
s
 
o
f
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
,
 

p
o
w
e
r
 
g
e
n
e
r
a
t
i
n
g
 
f
a
c
i
l
i
t
i
e
s
 
w
i
l
l
 
b
e
 
r
e
q
u
i
r
e
d
 
t
o
 
b
u
r
n
 
m
o
r
e
 
f
u
e
l
 

a
n
d
 
h
e
n
c
e
 
m
o
r
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
w
i
l
l
 
b
e
 
e
m
i
t
t
e
d
 
a
t
 
t
h
e
s
e
 
f
a
c
i
l
i
t
i
e
s
.

G
i
v
e
n
 
i
n
 
T
a
b
l
e
 
7
 
a
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
t
h
e
 
i
n
d
i
r
e
c
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 

e
m
i
s
s
i
o
n
s
 
t
h
a
t
 
w
o
u
l
d
 
r
e
s
u
l
t
 
f
r
o
m
 
t
h
e
 
p
r
o
j
e
c
t
 
e
l
e
c
t
r
i
c
a
l
 
d
e
m
a
n
d
 

a
s
s
u
m
i
n
g
 
a
l
l
 
p
o
w
e
r
 
i
s
 
p
r
o
v
i
d
e
d
 
b
y
 
b
u
r
n
i
n
g
 
m
o
r
e
 
f
u
e
l
 
o
i
l
 
a
t
 
O
a
h
u
'
s
 

p
o
w
e
r
 
p
l
a
n
t
s
.
 
 
T
h
e
s
e
 
v
a
l
u
e
s
 
c
a
n
 
b
e
 
c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
i
s
l
a
n
d
-
w
i
d
e
 

e
m
i
s
s
i
o
n
 
e
s
t
i
m
a
t
e
s
 
f
o
r
 
1
9
9
3
 
g
i
v
e
n
 
i
n
 
T
a
b
l
e
 
3
.
 
 
T
h
e
 
e
s
t
i
m
a
t
e
d
 

i
n
d
i
r
e
c
t
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
p
r
o
j
e
c
t
 
e
l
e
c
t
r
i
c
a
l
 
d
e
m
a
n
d
 
a
m
o
u
n
t
 
t
o
 
l
e
s
s
 

t
h
a
n
 
1
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
p
r
e
s
e
n
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
e
m
i
s
s
i
o
n
s
 
o
c
c
u
r
r
i
n
g
 

o
n
 
O
a
h
u
.
 
 
I
f
 
p
o
w
e
r
 
i
s
 
s
u
p
p
l
i
e
d
 
i
n
s
t
e
a
d
 
o
r
 
i
n
 
p
a
r
t
 
b
y
 
c
o
a
l
 
o
r
 

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

t
h
a
n
 
t
h
e
 
v
a
l
u
e
s
 
g
i
v
e
n
 
i
n
 
T
a
b
l
e
 
7
.
 

7
.
3
 
 
S
o
l
i
d
 
W
a
s
t
e
 
D
i
s
p
o
s
a
l

S
o
l
i
d
 
w
a
s
t
e
 
g
e
n
e
r
a
t
e
d
 
b
y
 
t
h
e
 
p
r
o
p
o
s
e
d
 
d
e
v
e
l
o
p
m
e
n
t
 
w
h
e
n
 
f
u
l
l
y
 

c
o
m
p
l
e
t
e
d
 
a
n
d
 
o
c
c
u
p
i
e
d
 
i
s
 
n
o
t
 
e
x
p
e
c
t
e
d
 
t
o
 
e
x
c
e
e
d
 
a
b
o
u
t
 
2
2
 
t
o
n
s
 

p
e
r
 
d
a
y
 
[
1
2
]
.
 
 
M
o
s
t
 
p
r
o
j
e
c
t
 
r
e
f
u
s
e
 
w
i
l
l
 
l
i
k
e
l
y
 
b
e
 
h
a
u
l
e
d
 
a
w
a
y
 
a
n
d
 

b
u
r
n
e
d
 
a
t
 
t
h
e
 
H
-
P
o
w
e
r
 
f
a
c
i
l
i
t
y
 
a
t
 
C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
k
 
t
o
 

g
e
n
e
r
a
t
e
 

e
l
e
c
t
r
i
c
i
t
y
.
 

 
B
u
r
n
i
n
g
 

o
f
 

t
h
e
 

w
a
s
t
e
 

t
o
 

g
e
n
e
r
a
t
e
 

e
l
e
c
t
r
i
c
i
t
y
 
w
i
l
l
 
r
e
s
u
l
t
 
i
n
 
e
m
i
s
s
i
o
n
s
 
o
f
 
p
a
r
t
i
c
u
l
a
t
e
,
 
c
a
r
b
o
n
 

m
o
n
o
x
i
d
e
 
a
n
d
 
o
t
h
e
r
 
c
o
n
t
a
m
i
n
a
n
t
s
,
 
b
u
t
 
t
h
e
s
e
 
w
i
l
l
 
b
e
 
o
f
f
s
e
t
 
t
o
 
s
o
m
e
 

 
2
8
 

e
x
t
e
n
t
 
b
y
 
r
e
d
u
c
i
n
g
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
f
u
e
l
 
o
i
l
 
t
h
a
t
 
w
o
u
l
d
 
b
e
 
r
e
q
u
i
r
e
d
 

t
o
 
g
e
n
e
r
a
t
e
 
e
l
e
c
t
r
i
c
i
t
y
 
f
o
r
 
t
h
e
 
p
r
o
j
e
c
t
.
 
 
T
a
b
l
e
 
8
 
g
i
v
e
s
 
e
m
i
s
s
i
o
n
 

e
s
t
i
m
a
t
e
s
 
a
s
s
u
m
i
n
g
 
a
l
l
 
p
r
o
j
e
c
t
 
s
o
l
i
d
 
w
a
s
t
e
 
i
s
 
b
u
r
n
e
d
 
a
t
 
H
-
P
o
w
e
r
.
 
 

T
h
e
s
e
 

v
a
l
u
e
s
 

c
a
n
 

b
e
 

c
o
m
p
a
r
e
d
 

t
o
 

t
h
e
 

i
s
l
a
n
d
-
w
i
d
e
 

e
m
i
s
s
i
o
n
 

e
s
t
i
m
a
t
e
s
 
f
o
r
 
1
9
9
3
 
g
i
v
e
n
 
i
n
 
T
a
b
l
e
 
3
.
 
 
T
h
e
 
e
s
t
i
m
a
t
e
d
 
p
o
t
e
n
t
i
a
l
 

i
n
d
i
r
e
c
t
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
p
r
o
j
e
c
t
 
s
o
l
i
d
 
w
a
s
t
e
 
d
i
s
p
o
s
a
l
 
d
e
m
a
n
d
 

a
m
o
u
n
t
 
t
o
 
l
e
s
s
 
t
h
a
n
 
0
.
1
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
p
r
e
s
e
n
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 

e
m
i
s
s
i
o
n
s
 
o
c
c
u
r
r
i
n
g
 
o
n
 
O
a
h
u
.
 

8
.
0

I
M
P
A
C
T
S
 
O
N
 
P
R
O
J
E
C
T
 
F
R
O
M
 
C
A
M
P
B
E
L
L
 
I
N
D
U
S
T
R
I
A
L
 
P
A
R
K
 

I
n
 
a
d
d
i
t
i
o
n
 
t
o
 
a
s
s
e
s
s
i
n
g
 
t
h
e
 
a
i
r
 
q
u
a
l
i
t
y
 
i
m
p
a
c
t
s
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
o
n
 

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

p
o
l
l
u
t
i
o
n
 
s
o
u
r
c
e
s
 
l
o
c
a
t
e
d
 
i
n
 
t
h
e
 
s
u
r
r
o
u
n
d
i
n
g
 
a
r
e
a
 
o
n
 
t
h
e
 
r
e
s
i
d
e
n
t
s
 

o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
i
s
 
a
l
s
o
 
o
f
 
c
o
n
c
e
r
n
.
 
 
F
o
r
 
t
h
e
 
t
h
i
s
 
p
r
o
j
e
c
t
,
 
t
h
e
 

i
s
s
u
e
 
o
f
 
p
r
i
m
a
r
y
 
c
o
n
c
e
r
n
 
i
s
 
t
h
e
 
C
a
m
p
b
e
l
l
 
I
n
d
u
s
t
r
i
a
l
 
P
a
r
k
 
(
C
I
P
)
 

l
o
c
a
t
e
d
 
a
b
o
u
t
 
1
.
5
 
m
i
l
e
s
 
s
o
u
t
h
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
.
 
 
S
e
v
e
r
a
l
 
l
a
r
g
e
 

i
n
d
u
s
t
r
i
a
l
 
s
o
u
r
c
e
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
a
r
e
 
l
o
c
a
t
e
d
 
a
t
 
C
I
P
 
i
n
c
l
u
d
i
n
g
 

A
p
p
l
i
e
d
 
E
n
e
r
g
y
 
S
y
s
t
e
m
s
 
(
A
E
S
)
 
G
e
n
e
r
a
t
i
n
g
 
S
t
a
t
i
o
n
,
 
K
a
l
a
e
l
o
a
 
P
a
r
t
n
e
r
s
 

C
o
g
e
n
e
r
a
t
i
o
n
 
P
l
a
n
t
,
 
t
h
e
 
C
h
e
v
r
o
n
 
a
n
d
 
B
H
P
 
R
e
f
i
n
e
r
i
e
s
,
 
H
-
P
o
w
e
r
 
a
n
d
 

H
a
w
a
i
i
a
n
 
C
e
m
e
n
t
.
 
 
D
u
r
i
n
g
 
t
h
e
 
p
a
s
t
 
f
e
w
 
y
e
a
r
s
,
 
s
e
v
e
r
a
l
 
i
n
c
i
d
e
n
t
s
 
o
f
 

a
c
u
t
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
l
e
v
e
l
s
 
h
a
v
e
 
o
c
c
u
r
r
e
d
 
i
n
 
a
r
e
a
s
 
w
i
t
h
i
n
 
a
n
d
 

a
d
j
a
c
e
n
t
 
t
o
 
C
I
P
.
 
 
S
o
m
e
 
o
f
 
t
h
e
s
e
 
i
n
c
i
d
e
n
t
s
 
h
a
v
e
 
b
e
e
n
 
c
a
u
s
e
d
 
b
y
 

u
p
s
e
t
 
c
o
n
d
i
t
i
o
n
s
 
a
t
 
t
h
e
 
B
H
P
 
a
n
d
 
C
h
e
v
r
o
n
 
R
e
f
i
n
e
r
i
e
s
,
 
w
h
i
l
e
 
t
h
e
 

s
o
u
r
c
e
 
o
r
 
s
o
u
r
c
e
s
 
o
f
 
o
t
h
e
r
 
i
n
c
i
d
e
n
t
s
 
h
a
v
e
 
n
e
v
e
r
 
b
e
e
n
 
i
d
e
n
t
i
f
i
e
d
.
 

A
s
 
i
n
d
i
c
a
t
e
d
 
i
n
 
S
e
c
t
i
o
n
 
4
,
 
t
h
e
 
p
r
e
v
a
i
l
i
n
g
 
w
i
n
d
s
 
a
r
e
 
i
n
 
t
h
e
 

n
o
r
t
h
e
a
s
t
 
q
u
a
d
r
a
n
t
,
 
w
h
i
c
h
 
w
i
l
l
 
c
a
r
r
y
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
C
I
P
 
a
w
a
y
 
f
r
o
m
 

t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
m
o
r
e
 
t
h
a
n
 
7
0
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
t
i
m
e
.
 
 
W
i
n
d
s
 
f
r
o
m
 
t
h
e
 

s
o
u
t
h
,
 
w
h
i
c
h
 
c
o
u
l
d
 
c
a
r
r
y
 
e
m
i
s
s
i
o
n
s
 
t
o
w
a
r
d
 
t
h
e
 
s
i
t
e
,
 
o
c
c
u
r
 
l
e
s
s
 

t
h
a
n
 
a
b
o
u
t
 
5
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
t
i
m
e
.
 
 
W
h
i
l
e
 
e
s
t
i
m
a
t
i
n
g
 
s
p
e
c
i
f
i
c
 
a
i
r
 



 
2
9
 

p
o
l
l
u
t
i
o
n
 
l
e
v
e
l
s
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
i
s
 
b
e
y
o
n
d
 
t
h
e
 
s
c
o
p
e
 
o
f
 
t
h
e
 

p
r
e
s
e
n
t
 
s
t
u
d
y
,
 
i
t
 
i
s
 
u
n
l
i
k
e
l
y
 
t
h
a
t
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
e
x
c
e
e
d
 
a
i
r
 

q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
 
d
u
r
i
n
g
 
n
o
r
m
a
l
 
o
p
e
r
a
t
i
o
n
s
.
 
 
E
m
i
s
s
i
o
n
s
 
d
u
r
i
n
g
 

n
o
r
m
a
l
 
o
p
e
r
a
t
i
o
n
s
 
a
r
e
 
r
e
g
u
l
a
t
e
d
 
b
y
 
t
h
e
 
H
a
w
a
i
i
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 

H
e
a
l
t
h
,
 

a
n
d
 

i
n
d
u
s
t
r
y
 

o
p
e
r
a
t
o
r
s
 

a
r
e
 

r
e
q
u
i
r
e
d
 

t
o
 

d
e
m
o
n
s
t
r
a
t
e
 

c
o
m
p
l
i
a
n
c
e
 
w
i
t
h
 
s
t
a
t
e
 
a
n
d
 
n
a
t
i
o
n
a
l
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.
 
 
P
e
r
h
a
p
s
 

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

i
n
 
c
o
n
j
u
n
c
t
i
o
n
 
w
i
t
h
 
s
o
u
t
h
e
r
l
y
-
w
i
n
d
 
p
e
r
i
o
d
s
.
 
 
E
v
e
n
 
i
f
 
i
n
d
u
s
t
r
y
 

o
p
e
r
a
t
o
r
s
 
a
r
e
 
v
e
r
y
 
d
i
l
i
g
e
n
t
 
i
n
 
o
p
e
r
a
t
i
n
g
 
a
n
d
 
m
a
i
n
t
a
i
n
i
n
g
 
t
h
e
i
r
 

f
a
c
i
l
i
t
i
e
s
,
 
o
c
c
a
s
i
o
n
a
l
 
m
a
l
f
u
n
c
t
i
o
n
s
 
t
h
a
t
 
r
e
s
u
l
t
 
i
n
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 

i
n
c
i
d
e
n
t
s
 
i
n
 
n
e
a
r
b
y
 
a
r
e
a
s
 
a
r
e
 
p
r
o
b
a
b
l
y
 
u
n
a
v
o
i
d
a
b
l
e
.
 

A
f
t
e
r
 
s
e
v
e
r
a
l
 
i
n
c
i
d
e
n
t
s
 
o
v
e
r
 
t
h
e
 
p
a
s
t
 
f
e
w
 
y
e
a
r
s
,
 
t
h
e
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 

H
e
a
l
t
h
 
h
a
s
 
i
n
c
r
e
a
s
e
d
 
s
c
r
u
t
i
n
y
 
o
f
 
i
n
d
u
s
t
r
i
e
s
 
a
t
 
C
I
P
.
 
 
A
l
s
o
,
 
a
 
t
a
s
k
 

f
o
r
c
e
 
m
a
n
d
a
t
e
d
 
b
y
 
t
h
e
 
s
t
a
t
e
 
l
e
g
i
s
l
a
t
u
r
e
 
w
a
s
 
f
o
r
m
e
d
 
t
o
 
i
n
v
e
s
t
i
g
a
t
e
 

r
e
c
e
n
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
i
n
c
i
d
e
n
t
s
 
a
n
d
 
t
o
 
r
e
d
u
c
e
 
f
u
t
u
r
e
 
o
c
c
u
r
r
e
n
c
e
s
.
 
 

I
n
 
r
e
s
p
o
n
s
e
 
t
o
 
p
l
a
n
t
 
m
a
l
f
u
n
c
t
i
o
n
s
 
t
h
a
t
 
h
a
v
e
 
c
a
u
s
e
d
 
t
h
e
 
e
x
c
e
s
s
i
v
e
 

r
e
l
e
a
s
e
 

o
f
 

a
i
r
 

c
o
n
t
a
m
i
n
a
n
t
s
,
 

s
e
v
e
r
a
l
 

i
n
d
u
s
t
r
i
e
s
 

h
a
v
e
 

b
e
g
u
n
 

m
o
d
e
r
n
i
z
a
t
i
o
n
 
p
r
o
g
r
a
m
s
 
w
h
i
c
h
 
a
r
e
 
i
n
t
e
n
d
e
d
 
t
o
 
i
m
p
r
o
v
e
 
o
p
e
r
a
t
i
o
n
s
.
 

9
.
0
 
 
C
O
N
C
L
U
S
I
O
N
S
 
A
N
D
 
R
E
C
O
M
M
E
N
D
A
T
I
O
N
S

T
h
e
 
m
a
j
o
r
 
p
o
t
e
n
t
i
a
l
 
s
h
o
r
t
-
t
e
r
m
 
a
i
r
 
q
u
a
l
i
t
y
 
i
m
p
a
c
t
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 

w
i
l
l
 
o
c
c
u
r
 
f
r
o
m
 
t
h
e
 
e
m
i
s
s
i
o
n
 
o
f
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
d
u
r
i
n
g
 
c
o
n
s
t
r
u
c
t
i
o
n
.
 

U
n
c
o
n
t
r
o
l
l
e
d
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
c
o
n
s
t
r
u
c
t
i
o
n
 
a
c
t
i
v
i
t
i
e
s
 

a
r
e
 
e
s
t
i
m
a
t
e
d
 
t
o
 
a
m
o
u
n
t
 
t
o
 
a
b
o
u
t
 
1
.
2
 
t
o
n
s
 
p
e
r
 
a
c
r
e
 
p
e
r
 
m
o
n
t
h
,
 

d
e
p
e
n
d
i
n
g
 
o
n
 
r
a
i
n
f
a
l
l
.
 
 
T
o
 
c
o
n
t
r
o
l
 
d
u
s
t
,
 
a
c
t
i
v
e
 
w
o
r
k
 
a
r
e
a
s
 
a
n
d
 
a
n
y
 

t
e
m
p
o
r
a
r
y
 
u
n
p
a
v
e
d
 
w
o
r
k
 
r
o
a
d
s
 
s
h
o
u
l
d
 
b
e
 
w
a
t
e
r
e
d
 
a
t
 
l
e
a
s
t
 
t
w
i
c
e
 

d
a
i
l
y
 
o
n
 
d
a
y
s
 
w
i
t
h
o
u
t
 
r
a
i
n
f
a
l
l
.
 
 
U
s
e
 
o
f
 
w
i
n
d
 
s
c
r
e
e
n
s
 
a
n
d
/
o
r
 

l
i
m
i
t
i
n
g
 
t
h
e
 
a
r
e
a
 
t
h
a
t
 
i
s
 
d
i
s
t
u
r
b
e
d
 
a
t
 
a
n
y
 
g
i
v
e
n
 
t
i
m
e
 
w
i
l
l
 
a
l
s
o
 

h
e
l
p
 
t
o
 
c
o
n
t
a
i
n
 
f
u
g
i
t
i
v
e
 
d
u
s
t
 
e
m
i
s
s
i
o
n
s
.
 
 
W
i
n
d
 
e
r
o
s
i
o
n
 
o
f
 
i
n
a
c
t
i
v
e
 

 
3
0
 

a
r
e
a
s
 
o
f
 
t
h
e
 
s
i
t
e
 
t
h
a
t
 
h
a
v
e
 
b
e
e
n
 
d
i
s
t
u
r
b
e
d
 
c
o
u
l
d
 
b
e
 
c
o
n
t
r
o
l
l
e
d
 
b
y
 

m
u
l
c
h
i
n
g
 
o
r
 
b
y
 
t
h
e
 
u
s
e
 
o
f
 
c
h
e
m
i
c
a
l
 
s
o
i
l
 
s
t
a
b
i
l
i
z
e
r
s
.
 
 
D
i
r
t
-
h
a
u
l
i
n
g
 

t
r
u
c
k
s
 
s
h
o
u
l
d
 
b
e
 
c
o
v
e
r
e
d
 
w
h
e
n
 
t
r
a
v
e
l
i
n
g
 
o
n
 
r
o
a
d
w
a
y
s
 
t
o
 
p
r
e
v
e
n
t
 

w
i
n
d
a
g
e
.
 
 
A
 
r
o
u
t
i
n
e
 
r
o
a
d
 
c
l
e
a
n
i
n
g
 
a
n
d
/
o
r
 
t
i
r
e
 
w
a
s
h
i
n
g
 
p
r
o
g
r
a
m
 
w
i
l
l
 

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

r
e
s
u
l
t
 
o
f
 
t
r
u
c
k
s
 
t
r
a
c
k
i
n
g
 
d
i
r
t
 
o
n
t
o
 
p
a
v
e
d
 
r
o
a
d
w
a
y
s
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 

a
r
e
a
.
 
 
P
a
v
i
n
g
 
o
f
 
p
a
r
k
i
n
g
 
a
r
e
a
s
 
a
n
d
 
e
s
t
a
b
l
i
s
h
m
e
n
t
 
o
f
 
l
a
n
d
s
c
a
p
i
n
g
 

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

M
o
n
i
t
o
r
i
n
g
 
d
u
s
t
 
a
t
 
t
h
e
 
p
r
o
j
e
c
t
 
b
o
u
n
d
a
r
y
 
d
u
r
i
n
g
 
t
h
e
 
p
e
r
i
o
d
 
o
f
 

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

e
f
f
e
c
t
i
v
e
n
e
s
s
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
d
u
s
t
 
c
o
n
t
r
o
l
 
p
r
o
g
r
a
m
 
a
n
d
 
t
o
 
a
d
j
u
s
t
 

t
h
e
 
p
r
o
g
r
a
m
 
i
f
 
n
e
c
e
s
s
a
r
y
.
 

D
u
r
i
n
g
 

c
o
n
s
t
r
u
c
t
i
o
n
 

p
h
a
s
e
s
,
 

e
m
i
s
s
i
o
n
s
 

f
r
o
m
 

e
n
g
i
n
e
 

e
x
h
a
u
s
t
s
 

(
p
r
i
m
a
r
i
l
y
 
c
o
n
s
i
s
t
i
n
g
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
a
n
d
 
n
i
t
r
o
g
e
n
 
o
x
i
d
e
s
)
 
w
i
l
l
 

a
l
s
o
 
o
c
c
u
r
 
b
o
t
h
 
f
r
o
m
 
o
n
-
s
i
t
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
a
n
d
 
f
r
o
m
 

v
e
h
i
c
l
e
s
 
u
s
e
d
 
b
y
 
c
o
n
s
t
r
u
c
t
i
o
n
 
w
o
r
k
e
r
s
 
a
n
d
 
f
r
o
m
 
t
r
u
c
k
s
 
t
r
a
v
e
l
i
n
g
 
t
o
 

a
n
d
 
f
r
o
m
 
t
h
e
 
p
r
o
j
e
c
t
.
 
 
I
n
c
r
e
a
s
e
d
 
v
e
h
i
c
u
l
a
r
 
e
m
i
s
s
i
o
n
s
 
d
u
e
 
t
o
 

d
i
s
r
u
p
t
i
o
n
 
o
f
 
t
r
a
f
f
i
c
 
b
y
 
c
o
n
s
t
r
u
c
t
i
o
n
 
e
q
u
i
p
m
e
n
t
 
a
n
d
/
o
r
 
c
o
m
m
u
t
i
n
g
 

c
o
n
s
t
r
u
c
t
i
o
n
 
w
o
r
k
e
r
s
 
c
a
n
 
b
e
 
a
l
l
e
v
i
a
t
e
d
 
b
y
 
m
o
v
i
n
g
 
e
q
u
i
p
m
e
n
t
 
a
n
d
 

p
e
r
s
o
n
n
e
l
 
t
o
 
t
h
e
 
s
i
t
e
 
d
u
r
i
n
g
 
o
f
f
-
p
e
a
k
 
t
r
a
f
f
i
c
 
h
o
u
r
s
.
 

A
f
t
e
r
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
 
i
s
 
c
o
m
p
l
e
t
e
d
,
 
a
n
y
 
l
o
n
g
-
t
e
r
m
 
i
m
p
a
c
t
s
 
o
n
 

a
i
r
 
q
u
a
l
i
t
y
 
i
n
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
d
u
e
 
t
o
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
p
r
o
j
e
c
t
-

r
e
l
a
t
e
d
 
m
o
t
o
r
 
v
e
h
i
c
l
e
 
t
r
a
f
f
i
c
 
s
h
o
u
l
d
 
b
e
 
s
m
a
l
l
.
 
 
W
o
r
s
t
-
c
a
s
e
 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
c
a
r
b
o
n
 
m
o
n
o
x
i
d
e
 
s
h
o
u
l
d
 
r
e
m
a
i
n
 
w
i
t
h
i
n
 
b
o
t
h
 
t
h
e
 

s
t
a
t
e
 

a
n
d
 

t
h
e
 

n
a
t
i
o
n
a
l
 

a
m
b
i
e
n
t
 

a
i
r
 

q
u
a
l
i
t
y
 

s
t
a
n
d
a
r
d
s
.
 
 

I
m
p
l
e
m
e
n
t
i
n
g
 
a
n
y
 
a
i
r
 
q
u
a
l
i
t
y
 
m
i
t
i
g
a
t
i
o
n
 
m
e
a
s
u
r
e
s
 
f
o
r
 
l
o
n
g
-
t
e
r
m
 

t
r
a
f
f
i
c
-
r
e
l
a
t
e
d
 
i
m
p
a
c
t
s
 
i
s
 
p
r
o
b
a
b
l
y
 
u
n
n
e
c
e
s
s
a
r
y
 
a
n
d
 
u
n
w
a
r
r
a
n
t
e
d
.



 
3
1
 

A
n
y
 
l
o
n
g
-
t
e
r
m
 
i
m
p
a
c
t
s
 
o
n
 
a
i
r
 
q
u
a
l
i
t
y
 
d
u
e
 
t
o
 
i
n
d
i
r
e
c
t
 
e
m
i
s
s
i
o
n
s
 

f
r
o
m
 
s
u
p
p
l
y
i
n
g
 
t
h
e
 
p
r
o
j
e
c
t
 
w
i
t
h
 
e
l
e
c
t
r
i
c
i
t
y
 
a
n
d
 
f
r
o
m
 
t
h
e
 
d
i
s
p
o
s
a
l
 

o
f
 
w
a
s
t
e
 
m
a
t
e
r
i
a
l
s
 
g
e
n
e
r
a
t
e
d
 
b
y
 
t
h
e
 
p
r
o
j
e
c
t
 
w
i
l
l
 
l
i
k
e
l
y
 
b
e
 

n
e
g
l
i
g
i
b
l
e
 
b
a
s
e
d
 
o
n
 
t
h
e
 
m
a
g
n
i
t
u
d
e
s
 
o
f
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
e
m
i
s
s
i
o
n
s
 

c
o
m
p
a
r
e
d
 
t
o
 
t
h
e
 
c
u
r
r
e
n
t
 
i
s
l
a
n
d
-
w
i
d
e
 
e
m
i
s
s
i
o
n
s
.
 
 
T
o
 
f
u
r
t
h
e
r
 

m
o
d
e
r
a
t
e
 
a
n
y
 
i
m
p
a
c
t
s
,
 
i
n
d
i
r
e
c
t
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
p
r
o
j
e
c
t
 
e
l
e
c
t
r
i
c
a
l
 

d
e
m
a
n
d
 
c
o
u
l
d
 
l
i
k
e
l
y
 
b
e
 
r
e
d
u
c
e
d
 
s
o
m
e
w
h
a
t
 
b
y
 
i
n
c
o
r
p
o
r
a
t
i
n
g
 
e
n
e
r
g
y
-

s
a
v
i
n
g
 
f
e
a
t
u
r
e
s
 
i
n
t
o
 
p
r
o
j
e
c
t
 
d
e
s
i
g
n
 
r
e
q
u
i
r
e
m
e
n
t
s
.
 
 
T
h
i
s
 
m
i
g
h
t
 

i
n
c
l
u
d
e
 
t
h
e
 
u
s
e
 
o
f
 
s
o
l
a
r
 
w
a
t
e
r
 
h
e
a
t
e
r
s
,
 
w
a
t
e
r
 
h
e
a
t
e
r
 
t
i
m
e
r
s
 
o
r
 

p
o
s
s
i
b
l
y
 
h
o
t
 
w
a
t
e
r
 
o
n
 
d
e
m
a
n
d
 
s
y
s
t
e
m
s
;
 
d
e
s
i
g
n
i
n
g
 
b
u
i
l
d
i
n
g
 
s
p
a
c
e
 
s
o
 

t
h
a
t
 
w
i
n
d
o
w
 
p
o
s
i
t
i
o
n
s
 
m
a
x
i
m
i
z
e
 
i
n
d
o
o
r
 
l
i
g
h
t
 
w
i
t
h
o
u
t
 
u
n
d
u
l
y
 

i
n
c
r
e
a
s
i
n
g
 
i
n
d
o
o
r
 
h
e
a
t
;
 
u
s
i
n
g
 
l
a
n
d
s
c
a
p
i
n
g
 
w
h
e
r
e
 
f
e
a
s
i
b
l
e
 
t
o
 

p
r
o
v
i
d
e
 

a
f
t
e
r
n
o
o
n
 

s
h
a
d
e
 

t
o
 

c
u
t
 

d
o
w
n
 

o
n
 

t
h
e
 

u
s
e
 

o
f
 

a
i
r
 

c
o
n
d
i
t
i
o
n
i
n
g
;
 
i
n
s
t
a
l
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Noise Impact Assessment
(D.L. Adams Associates)



E
nv

ir
on

m
en

ta
l N

oi
se

 A
ss

es
sm

en
t 

R
ep

or
t

K
ap

ol
ei

 W
es

t 
10

0 
A

cr
e 

P
et

it
io

n 
K

ap
ol

ei
, O

’a
hu

, H
aw

ai
i 

Fe
br

ua
ry

 2
00

5 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
 

P
re

pa
re

d 
by

: 
D

av
id

 L
. A

da
m

s 
A

ss
oc

ia
te

s,
 L

td
. 

K
ai

lu
a,

 O
’a

hu
, H

aw
ai

i 

P
re

pa
re

d 
fo

r:
H

el
be

r 
H

as
te

rt
 &

 F
ee

 P
la

nn
er

s 
H

on
ol

ul
u,

 O
’a

hu
, H

aw
ai

i 

T
A

B
L

E
 O

F
 C

O
N

T
E

N
T

S 

Se
ct

io
n 

D
es

cr
ip

ti
on

P
ag

e

1.
0 

E
xe

cu
tiv

e 
Su

m
m

ar
y

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

..1
 

2.
0 

Pr
oj

ec
t d

es
cr

ip
tio

n
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.2
 

3.
0 

N
oi

se
 S

ta
nd

ar
ds

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

..2
 

4.
0 

E
xi

st
in

g 
A

co
us

tic
al

 E
nv

ir
on

m
en

t.
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.5
 

5.
0 

Po
te

nt
ia

l N
oi

se
 I

m
pa

ct
 D

ue
 to

 th
e 

Pr
oj

ec
t.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
6 

6.
0 

N
oi

se
 I

m
pa

ct
 M

iti
ga

tio
n

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.8
 

7.
0 

R
ef

er
en

ce
s.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
10

T
ab

le
s

1 
FA

A
 L

an
d 

U
se

 C
om

pa
tib

ili
ty

 C
ha

rt
 

2 
H

D
O

T
 A

ir
po

rt
s 

D
iv

is
io

n 
L

an
d 

U
se

 C
om

pa
tib

ili
ty

 C
ha

rt
 

3 
Pr

ed
ic

te
d 

T
ra

ff
ic

 N
oi

se
 L

ev
el

s 
W

ith
 a

nd
 W

ith
ou

t t
he

 P
ro

je
ct

 

F
ig

ur
es

1 
M

ax
im

um
 P

er
m

is
si

bl
e 

So
un

d 
L

ev
el

s 
fo

r 
V

ar
io

us
 Z

on
in

g 
D

is
tr

ic
ts

 

2 
FH

W
A

 R
ec

om
m

en
de

d 
So

un
d 

L
ev

el
s 

B
as

ed
 o

n 
L

an
d 

U
se

 

3 
M

ap
 o

f 
Pr

oj
ec

t A
re

a 
an

d 
N

oi
se

 M
ea

su
re

m
en

t/P
re

di
ct

io
n 

L
oc

at
io

ns
 

4 
G

ra
ph

 o
f 

M
ea

su
re

d 
N

oi
se

 L
ev

el
s 

5 
T

yp
ic

al
 S

ou
nd

 L
ev

el
s 

Fr
om

 C
on

st
ru

ct
io

n 
E

qu
ip

m
en

t 

A
pp

en
di

ce
s

A
pp

en
di

x 
A

   
 A

co
us

tic
al

 T
er

m
in

ol
og

y 

A
pp

en
di

x 
B

 
Ph

ot
og

ra
ph

s 
at

 P
ro

je
ct

 S
ite

 



1.
0 

E
X

E
C

U
T

IV
E

 S
U

M
M

A
R

Y

1.
1

T
he

 K
ap

ol
ei

 W
es

t 1
00

 A
cr

e 
Pe

tit
io

n 
pr

oj
ec

t i
s 

pr
op

os
ed

 to
 o

ff
er

 r
es

id
en

tia
l l

ot
s,

 a
 

go
lf

 c
ou

rs
e,

 a
nd

 o
th

er
 la

nd
 d

ev
el

op
m

en
t n

ea
r 

K
ap

ol
ei

, H
aw

ai
i. 

 T
he

 d
ev

el
op

m
en

t
in

cl
ud

es
 th

e 
10

0-
ac

re
 P

et
iti

on
 A

re
a 

an
d 

th
e 

ad
ja

ce
nt

 3
72

 a
cr

e 
pr

op
er

ty
.  

T
he

ex
is

tin
g 

si
te

 is
 u

nd
ev

el
op

ed
 la

nd
. 

1.
2

C
on

tin
uo

us
 a

m
bi

en
t n

oi
se

 le
ve

ls
 w

er
e 

m
ea

su
re

d 
at

 1
50

 f
ee

t s
ou

th
 o

f 
th

e 
H

-1
 

fr
ee

w
ay

. T
he

 h
ou

rl
y 

E
qu

iv
al

en
t S

ou
nd

 L
ev

el
 (

L
eq

(h
)) 

ge
ne

ra
lly

 r
an

ge
d 

be
tw

ee
n 

55
 

dB
A

 a
nd

 7
2 

dB
A

, d
ep

en
di

ng
 o

n 
th

e 
tim

e 
of

 d
ay

 a
nd

 tr
af

fi
c 

vo
lu

m
e 

on
 th

e 
H

-1
 

fr
ee

w
ay

.  
T

he
 d

om
in

an
t n

oi
se

 s
ou

rc
e 

is
 v

eh
ic

ul
ar

 tr
af

fi
c 

on
 th

e 
H

-1
 f

re
ew

ay
, b

ut
 

ot
he

r 
no

is
es

 in
cl

ud
e 

ai
rc

ra
ft

s,
 w

in
d,

 b
ir

ds
, a

nd
 c

ri
ck

et
s.

 

1.
3

A
ll 

ho
m

es
 th

at
 a

re
 3

00
 f

ee
t o

r 
m

or
e 

fr
om

 th
e 

H
-1

 f
re

ew
ay

 s
at

is
fy

 th
e 

FH
W

A
 

no
is

e 
cr

ite
ri

a.
  H

om
es

 th
at

 a
re

 b
et

w
ee

n 
10

0 
fe

et
 a

nd
 3

00
 f

ee
t o

f 
th

e 
H

-1
 f

re
ew

ay
 

w
ill

 r
eq

ui
re

 n
oi

se
 m

iti
ga

tio
n.

  N
o 

ho
m

es
 s

ho
ul

d 
be

 b
ui

lt 
w

ith
in

 1
00

 f
ee

t o
f 

th
e 

H
-

1 
fr

ee
w

ay
. 

1.
4

A
ll 

ho
m

es
 th

at
 a

re
 3

00
 f

ee
t o

r 
m

or
e 

fr
om

 th
e 

H
-1

 f
re

ew
ay

 s
at

is
fy

 th
e 

H
U

D
 n

oi
se

 
cr

ite
ri

a 
fo

r 
an

 “
ac

ce
pt

ab
le

” 
ra

tin
g.

  H
om

es
th

at
 a

re
 b

et
w

ee
n 

10
0 

fe
et

 a
nd

 3
00

 f
ee

t 
of

 th
e 

H
-1

 f
re

ew
ay

 w
ill

 r
eq

ui
re

 n
oi

se
m

iti
ga

tio
n.

  N
o 

ho
m

es
 s

ho
ul

d 
be

 b
ui

lt 
w

ith
in

 1
00

 f
ee

t o
f 

th
e 

H
-1

 f
re

ew
ay

. 

1.
5

V
eh

ic
ul

ar
 tr

af
fi

c 
no

is
e 

in
 th

e 
ar

ea
 is

 e
xp

ec
te

d 
to

 in
cr

ea
se

 d
ue

 to
 th

e 
pr

oj
ec

t.
H

ow
ev

er
, t

he
 in

cr
ea

se
 in

 n
oi

se
 le

ve
l d

ue
 to

 p
ro

je
ct

 g
en

er
at

ed
 tr

af
fi

c 
is

 e
xp

ec
te

d 
to

 
be

 2
 d

B
 o

r 
le

ss
 f

or
 a

ll 
m

aj
or

 c
on

ne
ct

in
g 

ro
ad

s,
 w

hi
ch

 is
 n

ot
 a

 s
ig

ni
fi

ca
nt

 n
oi

se
 

im
pa

ct
.  

T
hi

s 
an

al
ys

is
 in

cl
ud

es
 y

ea
r 

20
20

 tr
af

fi
c 

vo
lu

m
e 

pr
oj

ec
tio

ns
 w

ith
 a

nd
 

w
ith

ou
t t

he
 p

ro
je

ct
. 

1.
6

N
oi

se
 f

ro
m

 a
ir

cr
af

t o
pe

ra
tio

ns
 a

t t
he

 K
al

ae
lo

a 
A

ir
po

rt
 a

nd
 th

e 
H

on
ol

ul
u 

In
te

rn
at

io
na

l A
ir

po
rt

 w
er

e 
co

ns
id

er
ed

.  
T

he
 K

ap
ol

ei
 W

es
t 1

00
 A

cr
e 

Pe
tit

io
n 

pr
oj

ec
t s

ite
 is

 o
ut

si
de

 o
f 

th
e 

L
dn

 5
5 

ai
rp

or
t n

oi
se

 c
on

to
ur

s 
fo

r 
bo

th
 a

ir
po

rt
s.

T
he

re
fo

re
, n

o 
no

is
e 

im
pa

ct
 w

as
 f

ou
nd

 f
or

 a
ir

cr
af

t n
oi

se
 a

t t
he

 p
ro

je
ct

 s
ite

. 

1.
7

D
ur

in
g 

th
e 

co
ns

tr
uc

tio
n 

ph
as

e 
of

 th
e 

pr
oj

ec
t, 

ty
pi

ca
l c

on
st

ru
ct

io
n 

no
is

es
 w

ill
 b

e
au

di
bl

e 
in

 th
e 

ar
ea

.  
N

oi
se

 f
ro

m
 c

on
st

ru
ct

io
n 

ac
tiv

iti
es

 m
us

t c
om

pl
y 

w
ith

 S
ta

te
 

D
ep

ar
tm

en
t o

f 
H

ea
lth

 n
oi

se
 r

eg
ul

at
io

ns
 a

s 
sp

ec
if

ie
d 

fo
r 

co
ns

tr
uc

tio
n 

ac
tiv

iti
es

.

1.
8

A
ft

er
 c

on
st

ru
ct

io
n 

is
 c

om
pl

et
e,

 n
oi

se
 g

en
er

at
ed

 f
ro

m
 s

ta
tio

na
ry

 m
ec

ha
ni

ca
l

eq
ui

pm
en

t o
n 

th
e 

pr
oj

ec
t s

ite
 m

us
t m

ee
t t

he
 S

ta
te

 o
f 

H
aw

ai
i n

oi
se

 r
eg

ul
at

io
ns

. 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 1

 

2.
0 

P
R

O
JE

C
T

 D
E

SC
R

IP
T

IO
N

T
he

 p
la

nn
ed

 K
ap

ol
ei

 W
es

t 1
00

 A
cr

e 
Pe

tit
io

n 
pr

oj
ec

t p
ro

po
se

s 
to

 a
dd

 r
es

id
en

tia
l l

ot
s,

 a
 

go
lf

 c
ou

rs
e,

 p
ar

ks
, a

nd
 c

om
m

er
ci

al
 d

ev
el

op
m

en
t n

ea
r 

K
ap

ol
ei

 o
n 

th
e 

Is
la

nd
 o

f 
O

’a
hu

, 
H

aw
ai

i. 
 T

he
 r

es
id

en
tia

l l
ot

s 
w

ill
 b

e 
m

ix
ed

 w
ith

in
 a

nd
 a

ro
un

d 
th

e 
go

lf
 c

ou
rs

e,
 a

nd
 

ad
ja

ce
nt

 to
 th

e 
ne

ig
hb

or
in

g 
K

o’
O

lin
a 

go
lf

 c
ou

rs
e 

an
d 

re
so

rt
 d

ev
el

op
m

en
t. 

 T
he

 
de

ve
lo

pm
en

t a
re

a 
be

gi
ns

 n
ea

r 
th

e 
Fa

rr
in

gt
on

 H
ig

hw
ay

 a
nd

 H
-1

 F
re

ew
ay

 m
er

ge
, a

nd
 

co
nt

in
ue

s 
al

on
g 

th
e 

H
-1

 f
re

ew
ay

 c
or

ri
do

r 
to

 th
e 

K
al

ae
lo

a 
B

ou
le

va
rd

 o
ff

-r
am

p.
  T

he
 e

nt
ir

e 
de

ve
lo

pm
en

t i
s 

on
 th

e 
m

ak
ai

 s
id

e 
of

 th
e 

H
-1

 f
re

ew
ay

. 

D
ur

in
g 

co
ns

tr
uc

tio
n,

 th
e 

pr
oj

ec
t s

ite
 w

ill
 b

e 
cl

os
ed

 to
 th

e 
pu

bl
ic

.  
T

yp
ic

al
 c

on
st

ru
ct

io
n

eq
ui

pm
en

t w
ill

 b
e 

on
-s

ite
 th

ro
ug

ho
ut

 th
e 

co
ns

tr
uc

tio
n 

of
 th

e 
ne

w
 la

nd
 d

ev
el

op
m

en
t.

3.
0 

N
O

IS
E

 S
T

A
N

D
A

R
D

S

V
ar

io
us

 lo
ca

l a
nd

 f
ed

er
al

 a
ge

nc
ie

s 
ha

ve
 e

st
ab

lis
he

d 
gu

id
el

in
es

 a
nd

 s
ta

nd
ar

ds
 f

or
 

as
se

ss
in

g 
en

vi
ro

nm
en

ta
l n

oi
se

 im
pa

ct
s 

an
d 

se
t n

oi
se

 li
m

its
 a

s 
a 

fu
nc

tio
n 

of
 la

nd
 u

se
.  

A
br

ie
f 

de
sc

ri
pt

io
n 

of
 c

om
m

on
 a

co
us

tic
 te

rm
in

ol
og

y 
us

ed
 in

 th
es

e 
gu

id
el

in
es

 a
nd

 s
ta

nd
ar

ds
 

is
 p

re
se

nt
ed

 in
 A

pp
en

di
x 

A
. 

3.
1

St
at

e 
of

 H
aw

ai
i, 

C
om

m
un

it
y 

N
oi

se
 C

on
tr

ol

T
he

 S
ta

te
 o

f 
H

aw
ai

i C
om

m
un

ity
 N

oi
se

 C
on

tr
ol

 R
ul

e 
[R

ef
er

en
ce

 1
] 

de
fi

ne
s 

th
re

e 
cl

as
se

s 
of

 z
on

in
g 

di
st

ri
ct

s 
an

d 
sp

ec
if

ie
s 

co
rr

es
po

nd
in

g 
m

ax
im

um
 p

er
m

is
si

bl
e

so
un

d 
le

ve
ls

 d
ue

 to
 s

ta
tio

na
ry

 n
oi

se
 s

ou
rc

es
 s

uc
h 

as
 a

ir
-c

on
di

tio
ni

ng
 u

ni
ts

, 
ex

ha
us

t s
ys

te
m

s,
 g

en
er

at
or

s,
 c

om
pr

es
so

rs
, p

um
ps

, e
tc

., 
an

d 
eq

ui
pm

en
t r

el
at

ed
 to

 
ag

ri
cu

ltu
ra

l, 
co

ns
tr

uc
tio

n,
 a

nd
 in

du
st

ri
al

 a
ct

iv
iti

es
.  

T
he

se
 le

ve
ls

 a
re

 e
nf

or
ce

d 
by

 
th

e 
St

at
e 

D
ep

ar
tm

en
t o

f 
H

ea
lth

 (
D

O
H

) 
fo

r 
an

y 
lo

ca
tio

n 
at

 o
r 

be
yo

nd
 th

e 
pr

op
er

ty
 

lin
e 

an
d 

sh
al

l n
ot

 b
e 

ex
ce

ed
ed

 f
or

 m
or

e 
th

an
 1

0%
 o

f 
th

e 
tim

e 
du

ri
ng

 a
ny

 2
0-

m
in

ut
e 

pe
ri

od
.  

T
he

 s
pe

ci
fi

ed
 n

oi
se

 li
m

its
 w

hi
ch

 a
pp

ly
 a

re
 a

 f
un

ct
io

n 
of

 th
e 

zo
ni

ng
 a

nd
 ti

m
e 

of
 d

ay
 a

s 
sh

ow
n 

in
 F

ig
ur

e 
1.

  W
ith

 r
es

pe
ct

 to
 m

ix
ed

 z
on

in
g 

di
st

ri
ct

s,
 th

e 
ru

le
 s

pe
ci

fi
es

 th
at

 th
e 

pr
im

ar
y 

la
nd

 u
se

 d
es

ig
na

tio
n 

sh
al

l b
e 

us
ed

 to
 

de
te

rm
in

e 
th

e 
ap

pl
ic

ab
le

 z
on

in
g 

di
st

ri
ct

 c
la

ss
 a

nd
 th

e 
m

ax
im

um
 p

er
m

is
si

bl
e 

so
un

d 
le

ve
l. 

 I
n 

de
te

rm
in

in
g 

th
e 

m
ax

im
um

pe
rm

is
si

bl
e 

so
un

d 
le

ve
l, 

th
e 

ba
ck

gr
ou

nd
 

no
is

e 
le

ve
l i

s 
ta

ke
n 

in
to

 a
cc

ou
nt

 b
y 

th
e 

D
O

H
. 

3.
2

U
.S

. E
nv

ir
on

m
en

ta
l P

ro
te

ct
io

n 
A

ge
nc

y 
(E

P
A

)

T
he

 U
.S

. E
PA

 h
as

 id
en

tif
ie

d 
a 

ra
ng

e 
of

 d
ay

-n
ig

ht
 e

qu
iv

al
en

t s
ou

nd
 le

ve
ls

, L
dn

,
su

ff
ic

ie
nt

 to
 p

ro
te

ct
 p

ub
lic

 h
ea

lth
 a

nd
 w

el
fa

re
 f

ro
m

 th
e 

ef
fe

ct
s 

of
 e

nv
ir

on
m

en
ta

l
no

is
e 

[R
ef

er
en

ce
 2

].
  T

he
 E

PA
 h

as
 e

st
ab

lis
he

d 
a 

go
al

 to
 r

ed
uc

e 
ex

te
ri

or
 

en
vi

ro
nm

en
ta

l n
oi

se
 to

 a
n 

L
dn

 n
ot

 e
xc

ee
di

ng
 6

5 
dB

A
 a

nd
 a

 f
ut

ur
e 

go
al

 to
 f

ur
th

er
 

re
du

ce
 e

xt
er

io
r 

en
vi

ro
nm

en
ta

l n
oi

se
 to

 a
n 

L
dn

 n
ot

 e
xc

ee
di

ng
 5

5 
dB

A
.

A
dd

iti
on

al
ly

, t
he

 E
PA

 s
ta

te
s 

th
at

 th
es

e 
go

al
s 

ar
e 

no
t i

nt
en

de
d 

as
 r

eg
ul

at
io

ns
 a

s 
it 

ha
s 

no
 a

ut
ho

ri
ty

 to
 r

eg
ul

at
e 

no
is

e 
le

ve
ls

, b
ut

 r
at

he
r 

th
ey

 a
re

 in
te

nd
ed

 to
 b

e 
vi

ew
ed

 
as

 le
ve

ls
 b

el
ow

 w
hi

ch
 th

e 
ge

ne
ra

l p
op

ul
at

io
n 

w
ill

 n
ot

 b
e 

at
 r

is
k 

fr
om

 a
ny

 o
f 

th
e 

id
en

tif
ie

d 
ef

fe
ct

s 
of

 n
oi

se
. 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 2

 



3.
3

U
.S

. F
ed

er
al

 H
ig

hw
ay

 A
dm

in
is

tr
at

io
n 

(F
H

W
A

) 

T
he

 F
H

W
A

 d
ef

in
es

 f
ou

r 
la

nd
 u

se
 c

at
eg

or
ie

s 
an

d 
as

si
gn

s 
co

rr
es

po
nd

in
g 

m
ax

im
um

ho
ur

ly
 e

qu
iv

al
en

t s
ou

nd
 le

ve
ls

, L
eq

(h
), 

fo
r 

tr
af

fi
c 

no
is

e 
ex

po
su

re
 [

R
ef

er
en

ce
 3

],
 

w
hi

ch
 a

re
 li

st
ed

 in
 F

ig
ur

e
2.

  F
or

 e
xa

m
pl

e,
 C

at
eg

or
y 

B
, d

ef
in

ed
 a

s 
pi

cn
ic

 a
nd

 
re

cr
ea

tio
n 

ar
ea

s,
 p

ar
ks

, r
es

id
en

ce
s,

 m
ot

el
s,

 h
ot

el
s,

 s
ch

oo
ls

, c
hu

rc
he

s,
 li

br
ar

ie
s,

 a
nd

 
ho

sp
ita

ls
, h

as
 a

 c
or

re
sp

on
di

ng
 m

ax
im

um
 e

xt
er

io
r 

L
eq

 o
f 

67
dB

A
 a

nd
 a

 m
ax

im
um

in
te

ri
or

 L
eq

 o
f 

52
 d

B
A

.  
T

he
se

 li
m

its
 a

re
 v

ie
w

ed
 a

s 
de

si
gn

 g
oa

ls
, a

nd
 a

ll 
pr

oj
ec

ts
 

m
ee

tin
g 

th
es

e 
lim

its
 a

re
 d

ee
m

ed
 in

 c
on

fo
rm

an
ce

 w
ith

 F
H

W
A

 n
oi

se
 s

ta
nd

ar
ds

.
C

al
cu

la
tio

n 
of

 tr
af

fi
c 

no
is

e 
le

ve
ls

 s
ho

ul
d 

be
 c

on
du

ct
ed

 u
si

ng
 th

e 
Fe

de
ra

l H
ig

hw
ay

 
A

dm
in

is
tr

at
io

n’
s 

T
ra

ff
ic

 N
oi

se
 M

od
el

, 1
97

8 
[R

ef
er

en
ce

 4
].

 

3.
4

H
aw

ai
i D

ep
ar

tm
en

t 
of

 T
ra

ns
po

rt
at

io
n 

(H
D

O
T

) 

T
he

 H
D

O
T

 h
as

 a
do

pt
ed

 F
H

W
A

’s
 d

es
ig

n 
go

al
s 

fo
r 

tr
af

fi
c 

no
is

e 
ex

po
su

re
 in

 it
s 

no
is

e 
an

al
ys

is
 a

nd
 a

ba
te

m
en

t p
ol

ic
y 

[R
ef

er
en

ce
 5

].
  A

cc
or

di
ng

 to
 th

e 
po

lic
y,

 a
 

tr
af

fi
c 

no
is

e 
im

pa
ct

 o
cc

ur
s 

w
he

n 
th

e 
pr

ed
ic

te
d 

tr
af

fi
c 

no
is

e 
le

ve
ls

 “
ap

pr
oa

ch
” 

or
 

ex
ce

ed
 F

H
W

A
’s

 d
es

ig
n 

go
al

s 
or

 w
he

n
th

e 
pr

ed
ic

te
d 

tr
af

fi
c 

no
is

e 
le

ve
ls

 
“s

ub
st

an
tia

lly
 e

xc
ee

d 
th

e 
ex

is
tin

g 
no

is
e 

le
ve

ls
.”

  T
he

 p
ol

ic
y 

al
so

 s
ta

te
s 

th
at

 
“a

pp
ro

ac
h”

 m
ea

ns
 a

t l
ea

st
 1

 d
B

 le
ss

 th
an

 F
H

W
A

’s
 d

es
ig

n 
go

al
s 

an
d 

“s
ub

st
an

tia
lly

 
ex

ce
ed

 th
e 

ex
is

tin
g 

no
is

e 
le

ve
ls

” 
m

ea
ns

 a
n 

in
cr

ea
se

 o
f 

at
 le

as
t 1

5 
dB

. 

3.
5

U
.S

. D
ep

ar
tm

en
t 

of
 H

ou
si

ng
 a

nd
 U

rb
an

 D
ev

el
op

m
en

t 
(H

U
D

) 

H
U

D
’s

 e
nv

ir
on

m
en

ta
l n

oi
se

 c
ri

te
ri

a 
an

d 
st

an
da

rd
s 

in
 2

4 
C

FR
 5

1 
[R

ef
er

en
ce

 6
] 

w
er

e 
es

ta
bl

is
he

d 
fo

r 
de

te
rm

in
in

g 
ho

us
in

g 
pr

oj
ec

t s
ite

 a
cc

ep
ta

bi
lit

y.
  T

he
se

 
st

an
da

rd
s 

ar
e 

ba
se

d 
on

 d
ay

-n
ig

ht
 e

qu
iv

al
en

t s
ou

nd
 le

ve
ls

, L
dn

, a
nd

 a
re

 n
ot

 li
m

ite
d

to
 tr

af
fi

c 
no

is
e 

ex
po

su
re

.  
H

ow
ev

er
, f

or
 p

ro
je

ct
 s

ite
s 

in
 th

e 
vi

ci
ni

ty
 o

f 
hi

gh
w

ay
s,

 
th

e 
L

dn
 m

ay
 b

e 
es

tim
at

ed
 to

 b
e 

eq
ua

l t
o 

th
e 

de
si

gn
 h

ou
r 

L
eq

(h
), 

pr
ov

id
ed

 “
he

av
y 

tr
uc

ks
 (

ve
hi

cl
es

 w
ith

 th
re

e 
or

 m
or

e 
ax

le
s)

 d
o 

no
t e

xc
ee

d 
10

 p
er

ce
nt

 o
f 

th
e 

to
ta

l 
tr

af
fi

c 
fl

ow
 in

 v
eh

ic
le

s 
pe

r 
24

 h
ou

rs
 a

nd
 th

e 
tr

af
fi

c 
fl

ow
 b

et
w

ee
n 

10
:0

0 
p.

m
. a

nd
 

7:
00

 a
.m

. d
oe

s 
no

t e
xc

ee
d 

15
 p

er
ce

nt
 o

f 
th

e 
av

er
ag

e 
da

ily
 tr

af
fi

c 
fl

ow
 in

 v
eh

ic
le

s 
pe

r 
24

 h
ou

rs
.”

  F
or

 th
es

e 
sa

m
e 

co
nd

iti
on

s,
 L

dn
, m

ay
 a

ls
o 

be
 e

st
im

at
ed

 a
s 

3 
dB

 le
ss

 
th

an
 th

e 
de

si
gn

 h
ou

r 
L

10
.

H
U

D
 s

ite
 a

cc
ep

ta
bi

lit
y 

cr
ite

ri
a 

ra
nk

 s
ite

s 
as

 A
cc

ep
ta

bl
e,

 N
or

m
al

ly
 U

na
cc

ep
ta

bl
e,

 
or

 U
na

cc
ep

ta
bl

e.
  “

A
cc

ep
ta

bl
e”

 s
ite

s 
ar

e 
th

os
e 

w
he

re
 e

xt
er

io
r 

no
is

e 
le

ve
ls

 d
o 

no
t 

ex
ce

ed
 a

n 
L

dn
 o

f 
65

 d
B

A
.  

Pr
op

os
ed

 h
ou

si
ng

 p
ro

je
ct

s 
on

 “
A

cc
ep

ta
bl

e”
 s

ite
s 

do
 n

ot
re

qu
ir

e 
ad

di
tio

na
l n

oi
se

 a
tte

nu
at

io
n 

ot
he

r 
th

an
 th

at
 p

ro
vi

de
d 

by
 c

us
to

m
ar

y
bu

ild
in

g 
te

ch
ni

qu
es

.  
“N

or
m

al
ly

 U
na

cc
ep

ta
bl

e”
 s

ite
s 

ar
e 

th
os

e 
w

he
re

 th
e 

L
dn

 is
 

ab
ov

e 
65

 d
B

A
, b

ut
 d

oe
s 

no
t e

xc
ee

d 
75

 d
B

A
.  

H
ou

si
ng

 o
n 

“N
or

m
al

ly
U

na
cc

ep
ta

bl
e”

 s
ite

s 
re

qu
ir

es
 s

om
e 

fo
rm

 o
f 

no
is

e 
ab

at
em

en
t, 

ei
th

er
 a

t t
he

 p
ro

pe
rt

y
lin

e 
or

 in
 th

e 
bu

ild
in

g 
co

ns
tr

uc
tio

n,
 to

 e
ns

ur
e 

th
e 

in
te

ri
or

 n
oi

se
 le

ve
ls

 a
re

 
ac

ce
pt

ab
le

.  
“U

na
cc

ep
ta

bl
e”

 s
ite

s 
ar

e 
th

os
e 

w
he

re
 th

e 
L

dn
 is

 7
5 

dB
A

 o
r 

hi
gh

er
.

T
he

 te
rm

 “
U

na
cc

ep
ta

bl
e”

 d
oe

s 
no

t n
ec

es
sa

ri
ly

 m
ea

n 
th

at
 h

ou
si

ng
 c

an
no

t b
e 

bu
ilt

 
on

 th
os

e 
si

te
s;

 h
ow

ev
er

, m
or

e 
el

ab
or

at
e 

so
un

d 
at

te
nu

at
io

n 
w

ill
 li

ke
ly

 b
e 

ne
ed

ed
.

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 3

 

3.
6

F
ed

er
al

 A
vi

at
io

n 
A

dm
in

is
tr

at
io

n 
(F

A
A

) 

T
he

 F
A

A
 a

dd
re

ss
es

 g
ui

de
lin

es
 f

or
 c

om
pa

tib
le

 la
nd

 u
se

 th
at

 s
ur

ro
un

ds
 a

ir
po

rt
s 

[R
ef

er
en

ce
 7

].
  N

oi
se

 c
on

to
ur

 m
ap

s 
ar

e 
ex

pr
es

se
d 

in
 te

rm
s 

of
 y

ea
rl

y 
da

y-
ni

gh
t 

av
er

ag
e 

so
un

d 
le

ve
ls

, L
dn

, d
ue

 to
 a

ir
cr

af
t o

pe
ra

tio
ns

.  
T

he
 F

A
A

 s
ta

te
s 

th
at

 
re

si
de

nc
es

 o
ut

si
de

 o
f 

th
e 

L
dn

 6
5 

no
is

e 
co

nt
ou

r 
ar

e 
co

m
pa

tib
le

 w
ith

ou
t r

es
tr

ic
tio

ns
.

R
es

id
en

ce
s 

be
tw

ee
n 

th
e 

L
dn

 6
5 

an
d 

75
 c

on
to

ur
s 

ar
e 

on
ly

 c
om

pa
tib

le
 if

 n
oi

se
 

m
iti

ga
tio

n 
m

ea
su

re
s 

ar
e 

in
co

rp
or

at
ed

 in
to

 th
e 

bu
ild

in
g 

st
ru

ct
ur

e.
  R

es
id

en
ce

s
in

si
de

 o
f 

th
e 

L
dn

 7
5 

no
is

e 
co

nt
ou

r 
ar

e 
ge

ne
ra

lly
 n

ot
 c

om
pa

tib
le

.  
T

he
 c

om
pa

tib
ili

ty
of

 o
th

er
 la

nd
 u

se
s,

 s
uc

h 
as

 c
om

m
er

ci
al

, m
an

uf
ac

tu
ri

ng
, p

ub
lic

, a
nd

 r
ec

re
at

io
n,

 a
re

 
sh

ow
n 

in
 T

ab
le

 1
. 

3.
7

H
aw

ai
i D

ep
ar

tm
en

t 
of

 T
ra

ns
po

rt
at

io
n 

(H
D

O
T

),
 A

ir
po

rt
s 

D
iv

is
io

n 

T
he

 S
ta

te
 o

f 
H

aw
ai

i, 
D

ep
ar

tm
en

t o
f 

T
ra

ns
po

rt
at

io
n,

 A
ir

po
rt

s 
D

iv
is

io
n 

ha
s 

ad
op

te
d 

no
is

e 
re

st
ri

ct
io

ns
 th

at
 s

im
ila

r 
to

 th
e 

FA
A

’s
, b

ut
 m

or
e 

st
ri

ct
 [

R
ef

er
en

ce
 8

].
  S

im
ila

r
to

 th
e 

FA
A

, H
D

O
T

 e
xp

re
ss

es
 la

nd
 u

se
 c

om
pa

tib
ili

ty
 g

ui
de

lin
es

 b
as

ed
 o

n 
ye

ar
ly

 
da

y-
ni

gh
t a

ve
ra

ge
 s

ou
nd

 le
ve

ls
, L

dn
, d

ue
 to

 a
ir

cr
af

t o
pe

ra
tio

ns
.  

In
 m

os
t c

as
es

, t
he

 
H

D
O

T
 s

ta
te

s 
m

ax
im

um
 n

oi
se

 li
m

its
 th

at
 a

re
 5

 d
B

 lo
w

er
 th

an
 th

e 
FA

A
.  

Fo
r 

ex
am

pl
e,

 th
e 

H
D

O
T

 s
ta

te
s 

th
at

 r
es

id
en

ce
s 

ou
ts

id
e 

of
 th

e 
60

 L
dn

 n
oi

se
 c

on
to

ur
 a

re
 

co
m

pa
tib

le
.  

R
es

id
en

ce
s 

be
tw

ee
n 

60
 a

nd
 7

0 
L

dn
 c

on
to

ur
s 

ar
e 

on
ly

 c
om

pa
tib

le
 if

 
no

is
e 

m
iti

ga
tio

n 
tr

ea
tm

en
ts

 a
re

 im
pl

em
en

te
d.

  H
ow

ev
er

, H
D

O
T

 s
ta

te
s:

 

“W
he

re
 th

e 
co

m
m

un
ity

de
te

rm
in

es
 th

at
th

es
e 

us
es

 m
us

t b
e 

al
lo

w
ed

, 
N

oi
se

 L
ev

el
 R

ed
uc

tio
n 

(N
L

R
) 

m
ea

su
re

s
to

 a
ch

ie
ve

 in
te

ri
or

 le
ve

ls
 o

f 
45

 L
dn

, o
r 

le
ss

 s
ho

ul
d 

be
 in

co
rp

or
at

ed
 in

to
 b

ui
ld

in
g 

co
de

s 
an

d 
be

 
co

ns
id

er
ed

 in
 in

di
vi

du
al

 a
pp

ro
va

ls
.  

N
or

m
al

 lo
ca

l c
on

st
ru

ct
io

n
em

pl
oy

in
g 

na
tu

ra
l v

en
til

at
io

n 
ca

n 
be

 e
xp

ec
te

d 
to

 p
ro

vi
de

 a
n 

av
er

ag
e 

N
L

R
 o

f 
ap

pr
ox

im
at

el
y 

9 
dB

.  
T

ot
al

 c
lo

su
re

, p
lu

s 
ai

r 
co

nd
iti

on
in

g,
m

ay
 b

e 
re

qu
ir

ed
 to

 p
ro

vi
de

ad
di

tio
na

l o
ut

do
or

 to
 in

do
or

 N
L

R
, a

nd
 

w
ill

 n
ot

 e
lim

in
at

e 
ou

td
oo

r 
no

is
e 

pr
ob

le
m

s.
”

T
he

 H
D

O
T

 g
ui

de
lin

es
 a

ls
o 

sp
ec

if
y 

60
 d

B
A

 a
s 

th
e 

m
ax

im
um

 a
llo

w
ab

le
 L

dn
 le

ve
l

fo
r 

sc
ho

ol
, d

ay
 c

ar
e 

ce
nt

er
, a

nd
 c

hu
rc

h 
us

es
 w

ith
ou

t a
ny

 m
iti

ga
tio

n 
m

ea
su

re
s.

C
om

m
er

ci
al

 u
se

s 
su

ch
 a

s 
re

ta
il 

sh
op

s,
 r

es
ta

ur
an

ts
, s

ho
pp

in
g 

ce
nt

er
s,

 e
tc

. a
re

 
co

m
pa

tib
le

 w
ith

 L
dn

 le
ve

ls
 u

p 
to

 6
5 

dB
A

 w
ith

ou
t a

ny
 m

iti
ga

tio
n 

m
ea

su
re

s.
  W

ith
no

is
e 

m
iti

ga
tio

n 
m

ea
su

re
s 

im
pl

em
en

te
d,

 s
uc

h 
co

m
m

er
ci

al
 u

se
s 

ar
e 

al
lo

w
ed

 in
 

ar
ea

s 
ex

po
se

d 
to

 a
n 

L
dn

 a
s 

hi
gh

 a
s 

75
 d

B
A

.  
T

he
 c

om
pa

tib
ili

ty
 o

f 
ot

he
r 

la
nd

 u
se

s,
 

su
ch

 a
s 

m
an

uf
ac

tu
ri

ng
, p

ub
lic

, a
nd

 r
ec

re
at

io
n,

 a
re

 s
ho

w
n 

in
 T

ab
le

 2
 

In
 a

dd
iti

on
 to

 th
e 

H
D

O
T

 c
om

pa
tib

ili
ty

 g
ui

de
lin

es
, T

he
 H

aw
ai

i R
ev

is
ed

 S
ta

tu
te

s,
 

C
ha

pt
er

 0
50

8D
, S

ec
tio

n 
15

 s
ta

te
s 

a 
no

tif
ic

at
io

n 
is

 r
eq

ui
re

d 
to

 th
e 

bu
ye

r 
fo

r 
re

al
 

es
ta

te
 p

ro
pe

rt
y 

th
at

 li
es

, 

“W
ith

in
 th

e 
bo

un
da

ri
es

 o
f 

th
e 

no
is

e 
ex

po
su

re
 a

re
a 

sh
ow

n 
on

 m
ap

s
pr

ep
ar

ed
by

 th
e 

de
pa

rt
m

en
t o

f 
tr

an
sp

or
ta

tio
n 

in
 a

cc
or

da
nc

e 
w

ith
 F

ed
er

al
 A

vi
at

io
n 

R
eg

ul
at

io
n 

Pa
rt

 1
50

-A
ir

po
rt

 N
oi

se
 C

om
pa

tib
ili

ty
 P

la
nn

in
g 

(1
4 

C
od

e 
of

 
Fe

de
ra

l R
eg

ul
at

io
ns

 P
ar

t 1
50

) 
fo

r 
an

y 
pu

bl
ic

 a
ir

po
rt

;”

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 4

 



T
he

 F
A

R
 P

ar
t 1

50
 n

oi
se

 e
xp

os
ur

e 
ar

ea
 b

ou
nd

ar
y 

is
 d

ef
in

ed
 a

s 
th

e 
55

 L
dn

 n
oi

se
 

co
nt

ou
r.

  T
he

re
fo

re
, a

 n
ot

if
ic

at
io

n 
to

 th
e 

bu
ye

r 
is

 r
eq

ui
re

d 
fo

r 
al

l r
ea

l e
st

at
e 

tr
an

sa
ct

io
ns

 w
ith

in
 th

e 
55

 L
dn

 n
oi

se
 c

on
to

ur
. 

4.
0 

E
X

IS
T

IN
G

 A
C

O
U

ST
IC

A
L

E
N

V
IR

O
N

M
E

N
T

C
on

tin
uo

us
 lo

ng
-t

er
m

 a
m

bi
en

t n
oi

se
 le

ve
l m

ea
su

re
m

en
ts

 w
er

e 
co

nd
uc

te
d 

at
 o

ne
 (

1)
 

lo
ca

tio
n,

 a
s 

sh
ow

n 
on

 F
ig

ur
e 

3.
  T

he
 n

oi
se

 m
ea

su
re

m
en

ts
 w

er
e 

co
nd

uc
te

d 
be

tw
ee

n 
Ja

nu
ar

y 
6,

 2
00

5 
an

d 
Ja

nu
ar

y 
12

, 2
00

5.
  I

n 
ad

di
tio

n,
 s

ho
rt

 te
rm

 n
oi

se
 m

ea
su

re
m

en
ts

 a
nd

 
tr

af
fi

c 
co

un
ts

 w
er

e 
co

nd
uc

te
d 

at
 th

e 
sa

m
e 

lo
ca

tio
n 

on
 J

an
ua

ry
 6

, 2
00

5.
  T

he
 p

ur
po

se
 o

f 
th

e 
sh

or
t-

te
rm

 m
ea

su
re

m
en

ts
 a

nd
 tr

af
fi

c 
co

un
ts

 w
as

 to
 c

al
ib

ra
te

 th
e 

tr
af

fi
c 

no
is

e 
m

od
el

pr
ed

ic
tio

n 
so

ft
w

ar
e.

 

4.
1

N
oi

se
 M

ea
su

re
m

en
t 

P
ro

ce
du

re

L
on

g-
T

er
m

 N
oi

se
 M

ea
su

re
m

en
ts

T
he

 m
ic

ro
ph

on
e 

w
as

 m
ou

nt
ed

 o
n 

a 
tr

ip
od

, a
pp

ro
xi

m
at

el
y 

5'
 a

bo
ve

 g
ra

de
.  

A
 

w
in

ds
cr

ee
n 

co
ve

re
d 

th
e 

m
ic

ro
ph

on
e 

du
ri

ng
 th

e 
en

tir
e 

m
ea

su
re

m
en

t p
er

io
d.

  T
he

 
so

un
d 

le
ve

l m
et

er
 w

as
 s

ec
ur

ed
 in

 a
 w

ea
th

er
 r

es
is

ta
nt

 c
as

e.

C
on

tin
uo

us
, h

ou
rl

y,
 e

qu
iv

al
en

t s
ou

nd
 le

ve
ls

, L
eq

, w
er

e 
re

co
rd

ed
 d

ur
in

g 
th

e 
m

ea
su

re
m

en
t p

er
io

d.
  T

he
 m

ea
su

re
m

en
ts

 w
er

e 
ta

ke
n 

us
in

g 
a 

L
ar

so
n-

D
av

is
 

L
ab

or
at

or
ie

s,
 M

od
el

 8
20

, T
yp

e-
1 

So
un

d 
L

ev
el

 M
et

er
 to

ge
th

er
 w

ith
 a

 L
ar

so
n-

D
av

is
, M

od
el

 2
56

0 
T

yp
e-

1 
M

ic
ro

ph
on

e.
C

al
ib

ra
tio

n 
w

as
 c

he
ck

ed
 b

ef
or

e 
an

d 
af

te
r 

th
e 

m
ea

su
re

m
en

ts
 w

ith
 a

 L
ar

so
n-

D
av

is
 M

od
el

 C
A

L
20

0 
ca

lib
ra

to
r.

  B
ot

h 
th

e 
so

un
d 

le
ve

l m
et

er
 a

nd
 th

e 
ca

lib
ra

to
r 

ha
ve

 b
ee

n 
ce

rt
if

ie
d 

by
 th

e 
m

an
uf

ac
tu

re
r

w
ith

in
 th

e 
re

co
m

m
en

de
d 

ca
lib

ra
tio

n 
pe

ri
od

. 

Sh
or

t-
T

er
m

 N
oi

se
 M

ea
su

re
m

en
ts

T
he

 m
ic

ro
ph

on
e 

an
d 

so
un

d 
le

ve
l m

et
er

 w
as

 m
ou

nt
ed

 o
n 

a 
tr

ip
od

, a
pp

ro
xi

m
at

el
y 

5'
ab

ov
e 

gr
ad

e.
  A

 w
in

ds
cr

ee
n 

co
ve

re
d 

th
e 

m
ic

ro
ph

on
e 

du
ri

ng
 th

e 
en

tir
e 

m
ea

su
re

m
en

t p
er

io
d.

 

A
n 

ap
pr

ox
im

at
e 

30
-m

in
ut

e 
eq

ui
va

le
nt

 s
ou

nd
 le

ve
l, 

L
eq

, w
as

 m
ea

su
re

d.
  T

he
 

m
ea

su
re

m
en

t w
as

 ta
ke

n 
us

in
g 

a 
L

ar
so

n-
D

av
is

 L
ab

or
at

or
ie

s,
 M

od
el

 8
24

, T
yp

e-
1 

So
un

d 
L

ev
el

 M
et

er
 to

ge
th

er
 w

ith
 a

 L
ar

so
n-

D
av

is
, M

od
el

 2
54

1 
T

yp
e-

1 
M

ic
ro

ph
on

e.
  C

al
ib

ra
tio

n 
w

as
 c

he
ck

ed
 b

ef
or

e 
an

d 
af

te
r 

th
e 

m
ea

su
re

m
en

ts
 w

ith
 a

 
L

ar
so

n-
D

av
is

 M
od

el
 C

A
L

20
0 

ca
lib

ra
to

r.
  B

ot
h 

th
e 

so
un

d 
le

ve
l m

et
er

 a
nd

 th
e 

ca
lib

ra
to

r 
ha

ve
 b

ee
n 

ce
rt

if
ie

d 
by

 th
e 

m
an

uf
ac

tu
re

r
w

ith
in

 th
e 

re
co

m
m

en
de

d
ca

lib
ra

tio
n 

pe
ri

od
. 

4.
2

N
oi

se
 M

ea
su

re
m

en
t 

L
oc

at
io

n

T
he

 m
ea

su
re

m
en

t l
oc

at
io

n 
w

as
 p

os
iti

on
ed

 o
n 

th
e 

no
rt

h 
si

de
 o

f 
th

e 
pr

oj
ec

t a
re

a,
 

ne
ar

 th
e 

H
-1

 f
re

ew
ay

, 1
50

 f
ee

t s
ou

th
 o

f 
th

e 
ed

ge
 o

f 
pa

ve
m

en
t o

n 
th

e 
H

-1
 f

re
ew

ay
 

an
d 

ap
pr

ox
im

at
el

y 
45

0 
fe

et
 w

es
t o

f 
th

e 
hi

gh
 v

ol
ta

ge
 u

til
ity

 p
ow

er
 li

ne
s.

  I
n 

th
is

 
ar

ea
, t

he
 H

-1
 f

re
ew

ay
 h

as
 2

4-
fo

ot
 w

id
e 

do
ub

le
 la

ne
s 

(e
ac

h 
di

re
ct

io
n)

 s
ep

ar
at

ed
 b

y 
a 

22
-f

oo
t w

id
e 

m
ed

ia
n.

  T
he

 n
oi

se
 m

ea
su

re
m

en
t l

oc
at

io
n 

is
 s

ho
w

n 
in

 F
ig

ur
e 

3.
 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 5

 

4.
3

N
oi

se
 M

ea
su

re
m

en
t 

R
es

ul
ts

T
he

 r
es

ul
ts

 f
ro

m
 th

e 
lo

ng
-t

er
m

 n
oi

se
 m

ea
su

re
m

en
ts

 a
re

 g
ra

ph
ic

al
ly

 p
re

se
nt

ed
 in

 
Fi

gu
re

 4
, w

hi
ch

 s
ho

w
s 

th
e 

m
ea

su
re

d 
eq

ui
va

le
nt

 s
ou

nd
 le

ve
l, 

L
eq

, a
nd

 th
e 

90
%

 
ex

ce
ed

an
ce

 le
ve

l, 
L

90
, i

n 
A

-w
ei

gh
te

d 
de

ci
be

ls
 (

dB
A

) 
as

 a
 f

un
ct

io
n 

of
 th

e 
m

ea
su

re
m

en
t d

at
e 

an
d 

tim
e.

T
he

 s
ou

nd
 le

ve
ls

 a
re

 r
el

at
iv

el
y 

dy
na

m
ic

 a
nd

 d
ep

en
d 

si
gn

if
ic

an
tly

 o
n 

th
e 

ve
hi

cu
la

r 
tr

af
fi

c 
pa

tte
rn

s 
on

 th
e 

H
-1

 F
re

ew
ay

.  
T

he
 h

ou
rl

y 
L

eq
 n

oi
se

 le
ve

ls
 g

en
er

al
ly

 r
an

ge
 

fr
om

 5
5 

dB
A

 d
ur

in
g 

th
e 

lo
w

 tr
af

fi
c 

tim
es

 to
 a

pp
ro

xi
m

at
el

y 
72

 d
B

A
 d

ur
in

g 
pe

ak
 

ho
ur

 tr
af

fi
c 

tim
es

.  
T

he
 h

ou
rl

y 
L

90
 r

an
ge

s 
fr

om
 4

5 
dB

A
 to

 7
0 

dB
A

.  
T

he
 a

ve
ra

ge
 

da
y-

ni
gh

t l
ev

el
, L

dn
 w

as
 7

0 
dB

A
 f

or
 th

e 
m

ea
su

re
m

en
t p

er
io

d.
  T

he
 d

om
in

an
t a

nd
 

se
co

nd
ar

y 
no

is
e 

so
ur

ce
s 

ar
e 

de
sc

ri
be

d 
be

lo
w

: 

N
oi

se
 S

ou
rc

es

D
om

in
an

t:
V

eh
ic

ul
ar

 tr
af

fi
c 

on
 H

-1
 f

re
ew

ay
 

Se
co

nd
ar

y:
 

O
cc

as
io

na
l a

ir
cr

af
tf

ly
ov

er
s,

 w
in

d,
 b

ir
ds

, c
ri

ck
et

s,
 a

nd
 o

th
er

in
du

st
ri

al
 a

ct
iv

iti
es

 in
 th

e 
C

am
pb

el
l I

nd
us

tr
ia

l P
ar

k 

4.
4

K
al

ae
lo

a 
A

ir
po

rt
 a

nd
 H

on
ol

ul
u 

In
te

rn
at

io
na

l A
ir

po
rt

 N
oi

se
 C

on
to

ur
s

T
he

 p
ro

je
ct

 is
 in

 th
e 

vi
ci

ni
ty

 o
f 

th
e 

K
al

ae
lo

a 
A

ir
po

rt
 a

nd
 s

ev
er

al
 m

ile
s 

w
es

t o
f 

H
on

ol
ul

u 
In

te
rn

at
io

na
l A

ir
po

rt
.  

T
he

re
fo

re
, t

he
 p

ro
je

ct
 s

ite
 w

as
 a

ss
es

se
d 

fo
r 

ai
rc

ra
ft

 n
oi

se
 u

si
ng

 a
ir

po
rt

 n
oi

se
 c

on
to

ur
 m

ap
s.

  T
he

 K
al

ae
lo

a 
M

as
te

r 
Pl

an
 

co
m

pl
et

ed
 in

 N
ov

em
be

r 
19

98
 [

R
ef

er
en

ce
 9

] 
in

cl
ud

es
 y

ea
r 

20
20

 p
ro

je
ct

io
ns

 o
f 

ai
rp

or
t o

pe
ra

tio
ns

 a
nd

 n
oi

se
 c

on
to

ur
 m

ap
s 

fo
r 

th
re

e 
ai

rp
or

t a
lte

rn
at

es
.  

A
ls

o 
in

cl
ud

ed
 in

 th
e 

ai
rp

or
t n

oi
se

 c
on

to
ur

 m
ap

s 
is

 th
e 

af
fe

ct
 o

f 
th

e 
H

on
ol

ul
u 

In
te

rn
at

io
na

l A
ir

po
rt

 o
pe

ra
tio

ns
.  

T
he

 K
ap

ol
ei

 W
es

t 1
00

 A
cr

e 
Pe

tit
io

n 
pr

oj
ec

t i
s 

w
el

l o
ut

si
de

 o
f 

th
e 

L
dn

 n
oi

se
 c

on
to

ur
s 

fo
r 

al
l t

hr
ee

 a
lte

rn
at

es
. A

 c
om

pl
et

e
de

sc
ri

pt
io

n 
of

 th
e 

K
al

ae
lo

a 
A

ir
po

rt
 a

lte
rn

at
es

 c
an

 b
e 

fo
un

d 
in

 th
e 

K
al

ae
lo

a 
M

as
te

r 
Pl

an
.

5.
0 

P
O

T
E

N
T

IA
L

N
O

IS
E

IM
P

A
C

T
S 

D
U

E
 T

O
 T

H
E

 P
R

O
JE

C
T

5.
1 

P
ro

je
ct

 C
on

st
ru

ct
io

n
N

oi
se

D
ev

el
op

m
en

t o
f 

pr
oj

ec
t a

re
as

 w
ill

 in
vo

lv
e 

ex
ca

va
tio

n,
 g

ra
di

ng
, a

nd
 o

th
er

 ty
pi

ca
l 

co
ns

tr
uc

tio
n 

ac
tiv

iti
es

 d
ur

in
g 

co
ns

tr
uc

tio
n.

  T
he

 v
ar

io
us

 c
on

st
ru

ct
io

n 
ph

as
es

 o
f 

th
e 

pr
oj

ec
t m

ay
 g

en
er

at
e 

si
gn

if
ic

an
t a

m
ou

nt
s 

of
 n

oi
se

.  
T

he
 s

ur
ro

un
di

ng
 

re
si

de
nc

es
 m

ay
 b

e 
im

pa
ct

ed
 b

y 
th

e 
co

ns
tr

uc
tio

n 
no

is
e 

du
e 

to
 th

ei
r 

pr
ox

im
ity

 to
 

th
e 

pr
oj

ec
t. 

 T
he

 a
ct

ua
l n

oi
se

 le
ve

ls
 p

ro
du

ce
d 

du
ri

ng
 c

on
st

ru
ct

io
n 

w
ill

 b
e 

a
fu

nc
tio

n 
of

 th
e 

m
et

ho
ds

 e
m

pl
oy

ed
 d

ur
in

g 
ea

ch
 s

ta
ge

 o
f 

th
e 

co
ns

tr
uc

tio
n 

pr
oc

es
s.

T
yp

ic
al

 r
an

ge
s 

of
 c

on
st

ru
ct

io
n 

eq
ui

pm
en

t n
oi

se
 a

re
 s

ho
w

n 
in

 F
ig

ur
e 

5.
 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 6

 



5.
2

P
ro

je
ct

io
n 

of
 N

oi
se

 L
ev

el
s 

D
ue

 t
o 

th
e 

P
ro

je
ct

T
he

 n
ew

 la
nd

 d
ev

el
op

m
en

t w
ill

 in
co

rp
or

at
e 

st
at

io
na

ry
 m

ec
ha

ni
ca

l e
qu

ip
m

en
t t

ha
t 

is
 ty

pi
ca

l f
or

 r
es

id
en

tia
l h

ou
si

ng
, c

om
m

er
ci

al
 b

ui
ld

in
gs

, e
tc

.  
E

xp
ec

te
d 

m
ec

ha
ni

ca
l e

qu
ip

m
en

t m
ay

 in
cl

ud
e 

ai
r 

ha
nd

lin
g 

eq
ui

pm
en

t, 
co

nd
en

si
ng

 u
ni

ts
, e

tc
.

N
oi

se
 f

ro
m

 th
is

 m
ec

ha
ni

ca
l e

qu
ip

m
en

t a
nd

 o
th

er
 e

qu
ip

m
en

t m
us

t m
ee

t t
he

 S
ta

te
 

no
is

e 
ru

le
s,

 w
hi

ch
 s

tip
ul

at
e 

m
ax

im
um

 p
er

m
is

si
bl

e 
no

is
e 

lim
its

 a
t t

he
 p

ro
pe

rt
y

lin
e.

  T
he

se
 n

oi
se

 li
m

its
 a

re
 5

5 
dB

A
 d

ur
in

g 
th

e 
da

yt
im

e 
ho

ur
s 

(7
:0

0 
am

 to
 1

0:
00

 
pm

) 
an

d 
45

 d
B

A
 d

ur
in

g 
th

e 
ni

gh
tti

m
e 

ho
ur

s 
(1

0:
00

 p
m

 to
 7

:0
0 

am
) 

fo
r 

re
si

de
nt

ia
l 

ar
ea

s.
  F

or
 c

om
m

er
ci

al
 a

re
as

, t
he

 n
oi

se
 li

m
its

 a
re

 6
0 

dB
A

 d
ur

in
g 

th
e 

da
y 

an
d 

50
 

dB
A

 d
ur

in
g 

th
e 

ni
gh

t. 

5.
3

C
om

pl
ia

nc
e 

w
it

h 
F

H
W

A
/H

D
O

T
 L

an
d 

U
se

 N
oi

se
 L

im
it

s 
an

d 
H

U
D

 N
oi

se
 

G
ui

de
lin

es

N
oi

se
 f

ro
m

 v
eh

ic
ul

ar
 tr

af
fi

c 
on

 th
e 

H
-1

 f
re

ew
ay

 is
 th

e 
pr

im
ar

y 
no

is
e 

so
ur

ce
 in

 th
e 

vi
ci

ni
ty

 o
f 

th
e 

pl
an

ne
d 

de
ve

lo
pm

en
t.

 U
si

ng
 th

e 
FH

W
A

 n
oi

se
 p

re
di

ct
io

n 
m

od
el

 
[R

ef
er

en
ce

 4
] 

an
d 

fu
tu

re
 tr

af
fi

c 
vo

lu
m

es
 p

ro
vi

de
d 

by
 th

e 
T

ra
ff

ic
 C

on
su

lta
nt

, n
ew

 
ho

m
es

 s
ho

ul
d 

be
 b

ui
lt 

at
 le

as
t 3

00
 f

ee
t f

ro
m

 H
-1

.  
T

he
 tr

af
fi

c 
pr

oj
ec

tio
ns

 in
cl

ud
e 

a 
co

m
pl

et
e 

bu
ild

-o
ut

 o
f 

th
e 

pr
oj

ec
t i

n 
th

e 
ye

ar
 2

02
0.

  H
om

es
 w

ith
in

 3
00

 f
ee

t o
f 

H
-1

 
ex

ce
ed

 th
e 

FH
W

A
 m

ax
im

um
 n

oi
se

 li
m

it 
of

 6
7 

dB
A

 f
or

 p
ea

k 
ho

ur
 tr

af
fi

c 
vo

lu
m

es
.

T
he

 H
U

D
 “

ac
ce

pt
ab

le
” 

m
ax

im
um

 n
oi

se
 li

m
it 

of
 5

5 
L

dn
 w

ill
 b

e 
sa

tis
fi

ed
 f

or
 a

ll 
ho

m
es

 3
00

 f
ee

t, 
or

 m
or

e,
 f

ro
m

 H
-1

.  
W

ith
 r

eg
ar

ds
 to

 a
ir

cr
af

t n
oi

se
, t

he
 e

nt
ir

e 
pr

oj
ec

t s
ite

 is
 o

ut
si

de
 o

f 
th

e 
L

dn
 6

5 
ai

rp
or

t n
oi

se
 c

on
to

ur
 a

nd
 th

er
ef

or
e 

m
ee

ts
H

U
D

’s
 “

ac
ce

pt
ab

le
” 

ra
tin

g 
fo

r 
ai

rc
ra

ft
 n

oi
se

. 

5.
4

P
ro

je
ct

io
n 

of
 P

ro
je

ct
 G

en
er

at
ed

 V
eh

ic
ul

ar
 T

ra
ff

ic
 N

oi
se

T
he

 K
ap

ol
ei

 W
es

t l
an

d 
de

ve
lo

pm
en

t p
ro

je
ct

 w
ill

 p
ro

vi
de

 h
ou

si
ng

 f
or

 m
an

y
re

si
de

nt
s 

an
d 

so
m

e 
co

m
m

er
ci

al
 b

us
in

es
s,

 w
hi

ch
 w

ill
 in

cr
ea

se
 v

eh
ic

ul
ar

 tr
af

fi
c 

in
 

th
e 

ar
ea

.  
T

he
 in

cr
ea

se
 in

 tr
af

fi
c 

no
is

e 
al

on
g 

th
e 

H
-1

 c
or

ri
do

r 
w

ill
 n

ot
 s

ig
ni

fi
ca

nt
ly

in
cr

ea
se

 d
ue

 to
 th

e 
pr

oj
ec

t. 
 Y

ea
r 

20
20

 p
ro

je
ct

io
ns

 o
f 

tr
af

fi
c 

vo
lu

m
es

 a
lo

ng
 th

e 
H

-
1 

co
rr

id
or

 in
di

ca
te

 a
n 

in
cr

ea
se

 in
 tr

af
fi

c 
no

is
e 

of
 le

ss
 th

an
 1

 d
B

 c
an

 b
e 

ex
pe

ct
ed

, 
w

hi
ch

 is
 n

ot
 a

 s
ig

ni
fi

ca
nt

 n
oi

se
 im

pa
ct

.

V
eh

ic
ul

ar
 tr

af
fi

c 
al

on
g 

ot
he

r 
ro

ad
s 

in
 th

e 
ar

ea
 w

ill
 a

ls
o 

in
cr

ea
se

 d
ue

 to
 th

e 
pr

oj
ec

t.
H

ow
ev

er
, y

ea
r 

20
20

 p
ro

je
ct

io
ns

 w
ith

 a
nd

 w
ith

ou
t t

he
 p

ro
je

ct
 s

ho
w

 th
e 

no
is

e 
le

ve
l 

is
 e

xp
ec

te
d 

to
 in

cr
ea

se
 b

y 
2 

dB
 o

r 
le

ss
 o

n 
al

l p
ri

m
ar

y 
co

nn
ec

tin
g 

ro
ad

s,
 s

uc
h 

as
 

A
lii

nu
i D

ri
ve

 a
nd

 H
an

ua
 S

tr
ee

t d
ue

 to
 th

e 
pr

oj
ec

t.

T
ab

le
 3

 s
ho

w
s 

th
e 

pr
ed

ic
te

d 
tr

af
fi

c 
no

is
e 

le
ve

ls
 w

ith
 a

nd
 w

ith
ou

t t
he

 p
ro

je
ct

.  
T

he
 

ta
bl

e 
al

so
 in

cl
ud

es
 th

e 
re

su
lti

ng
 in

cr
ea

se
s 

in
 tr

af
fi

c 
no

is
e 

an
d 

in
cr

ea
se

s 
in

 tr
af

fi
c 

no
is

e 
le

ve
l d

ue
 to

 th
e 

pr
oj

ec
t f

or
 th

e 
H

-1
 f

re
ew

ay
, A

lii
nu

i D
ri

ve
 a

nd
 H

an
ua

 S
tr

ee
t.

T
he

 n
oi

se
 p

re
di

ct
io

n 
lo

ca
tio

ns
 a

re
 s

ho
w

n 
in

 F
ig

ur
e 

3.
  N

o 
no

is
e 

im
pa

ct
 w

as
 f

ou
nd

 
re

ga
rd

in
g 

pr
oj

ec
t g

en
er

at
ed

 v
eh

ic
ul

ar
 tr

af
fi

c 
no

is
e.

 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 7

 

5.
5

C
om

pl
ia

nc
e 

w
it

h 
F

A
A

 a
nd

 H
D

O
T

 A
ir

po
rt

s 
D

iv
is

io
n 

G
ui

de
lin

es

T
he

 K
ap

ol
ei

 W
es

t 1
00

 A
cr

e 
Pe

tit
io

n 
pr

oj
ec

t s
ite

 is
 o

ut
si

de
 o

f 
th

e 
55

 L
dn

 n
oi

se
 

co
nt

ou
r.

  T
he

re
fo

re
, t

he
 p

ro
je

ct
 w

ill
 n

ot
 b

e 
im

pa
ct

ed
 b

y 
ai

rc
ra

ft
 n

oi
se

. 

6.
0 

N
O

IS
E

 I
M

P
A

C
T

M
IT

IG
A

T
IO

N

6.
1

M
it

ig
at

io
n 

of
 C

on
st

ru
ct

io
n 

N
oi

se

In
 c

as
es

 w
he

re
 c

on
st

ru
ct

io
n 

no
is

e 
ex

ce
ed

s,
 o

r 
is

 e
xp

ec
te

d 
to

 e
xc

ee
d 

th
e 

St
at

e’
s

"m
ax

im
um

 p
er

m
is

si
bl

e"
 p

ro
pe

rt
y 

lin
e 

no
is

e 
le

ve
ls

 [
R

ef
er

en
ce

 1
],

 a
 p

er
m

it 
m

us
t b

e 
ob

ta
in

ed
 f

ro
m

 th
e 

St
at

e 
D

O
H

 to
 a

llo
w

 th
e 

op
er

at
io

n 
of

 v
eh

ic
le

s,
 c

ra
ne

s,
 

co
ns

tr
uc

tio
n 

eq
ui

pm
en

t, 
po

w
er

 to
ol

s,
 e

tc
., 

w
hi

ch
 e

m
it 

no
is

e 
le

ve
ls

 in
 e

xc
es

s 
of

 th
e 

"m
ax

im
um

 p
er

m
is

si
bl

e"
 le

ve
ls

.

In
 o

rd
er

 f
or

 th
e 

St
at

e 
D

O
H

 to
 is

su
e 

a 
co

ns
tr

uc
tio

n 
no

is
e 

pe
rm

it,
 th

e 
C

on
tr

ac
to

r 
m

us
t s

ub
m

it 
a 

no
is

e 
pe

rm
it 

ap
pl

ic
at

io
n 

to
 th

e 
D

O
H

, w
hi

ch
 d

es
cr

ib
es

 th
e 

co
ns

tr
uc

tio
n 

ac
tiv

iti
es

 f
or

 th
e 

pr
oj

ec
t. 

 P
ri

or
 to

 is
su

in
g 

th
e 

no
is

e 
pe

rm
it,

 th
e 

St
at

e 
D

O
H

 m
ay

 r
eq

ui
re

 a
ct

io
n 

by
 th

e 
C

on
tr

ac
to

r 
to

 in
co

rp
or

at
e 

no
is

e 
m

iti
ga

tio
n 

in
to

 th
e 

co
ns

tr
uc

tio
n 

pl
an

.  
T

he
 D

O
H

 m
ay

 a
ls

o 
re

qu
ir

e 
th

e 
C

on
tr

ac
to

r 
to

 c
on

du
ct

 n
oi

se
 

m
on

ito
ri

ng
 o

r 
co

m
m

un
ity

 m
ee

tin
gs

 in
vi

tin
g 

th
e 

ne
ig

hb
or

in
g 

re
si

de
nt

s 
an

d 
bu

si
ne

ss
 o

w
ne

rs
 to

 d
is

cu
ss

 c
on

st
ru

ct
io

n 
no

is
e.

  T
he

 C
on

tr
ac

to
r 

sh
ou

ld
 u

se
 

re
as

on
ab

le
 a

nd
 s

ta
nd

ar
d 

pr
ac

tic
es

 to
 m

iti
ga

te
 n

oi
se

, s
uc

h 
as

 u
si

ng
 m

uf
fl

er
s 

on
 

di
es

el
 a

nd
 g

as
ol

in
e 

en
gi

ne
 m

ac
hi

ne
s,

us
in

g 
pr

op
er

ly
 tu

ne
d 

an
d 

ba
la

nc
ed

 
m

ac
hi

ne
s,

 e
tc

.  
H

ow
ev

er
, t

he
 S

ta
te

 D
O

H
 m

ay
 r

eq
ui

re
 a

dd
iti

on
al

 n
oi

se
 m

iti
ga

tio
n,

su
ch

 a
s 

te
m

po
ra

ry
 n

oi
se

 b
ar

ri
er

s,
 o

r 
tim

e
of

 d
ay

 u
sa

ge
 li

m
its

 f
or

 c
er

ta
in

 k
in

ds
 o

f 
co

ns
tr

uc
tio

n 
ac

tiv
iti

es
.

Sp
ec

if
ic

 p
er

m
it 

re
st

ri
ct

io
ns

 f
or

 c
on

st
ru

ct
io

n 
ac

tiv
iti

es
 [

R
ef

er
en

ce
 1

] 
ar

e:
 

"N
o 

pe
rm

it 
sh

al
l a

llo
w

 a
ny

 c
on

st
ru

ct
io

n 
ac

tiv
iti

es
 w

hi
ch

 e
m

it 
no

is
e 

in
 e

xc
es

s 
of

 th
e 

m
ax

im
um

pe
rm

is
si

bl
e 

so
un

d 
le

ve
ls

 ..
. b

ef
or

e 
7:

00
 

a.
m

. a
nd

 a
ft

er
 6

:0
0 

p.
m

. o
f 

th
e 

sa
m

e 
da

y,
 M

on
da

y 
th

ro
ug

h 
Fr

id
ay

."

“N
o 

pe
rm

it 
sh

al
l a

llo
w

 a
ny

 c
on

st
ru

ct
io

n 
ac

tiv
iti

es
 w

hi
ch

 e
m

it 
no

is
e 

in
 e

xc
es

s 
of

 th
e 

m
ax

im
um

pe
rm

is
si

bl
e 

so
un

d 
le

ve
ls

...
 b

ef
or

e 
9:

00
 

a.
m

. a
nd

 a
ft

er
 6

:0
0 

p.
m

. o
n 

Sa
tu

rd
ay

."

“N
o 

pe
rm

it 
sh

al
l a

llo
w

 a
ny

 c
on

st
ru

ct
io

n 
ac

tiv
iti

es
 w

hi
ch

 e
m

it 
no

is
e 

in
 e

xc
es

s 
of

 th
e 

m
ax

im
um

pe
rm

is
si

bl
e 

so
un

d 
le

ve
ls

 o
n 

Su
nd

ay
s 

an
d 

on
 h

ol
id

ay
s.

"

T
he

 u
se

 o
f 

ho
e 

ra
m

s 
an

d 
ja

ck
 h

am
m

er
s 

25
 lb

s.
 o

r 
la

rg
er

, h
ig

h 
pr

es
su

re
 s

pr
ay

er
s,

 
ch

ai
n 

sa
w

s,
 a

nd
 p

ile
 d

ri
ve

rs
 m

us
t b

e 
re

st
ri

ct
ed

 to
 9

:0
0 

a.
m

. t
o 

5:
30

 p
.m

., 
M

on
da

y 
th

ro
ug

h 
Fr

id
ay

. 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 8

 



T
he

 D
O

H
 n

oi
se

 p
er

m
it 

do
es

 n
ot

 li
m

it 
th

e 
no

is
e 

le
ve

l g
en

er
at

ed
 a

t t
he

 c
on

st
ru

ct
io

n 
si

te
, b

ut
 r

at
he

r 
th

e 
tim

es
 a

t w
hi

ch
 n

oi
sy

 c
on

st
ru

ct
io

n 
ca

n 
ta

ke
 p

la
ce

.  
T

he
re

fo
re

, 
no

is
e 

m
iti

ga
tio

n 
fo

r 
co

ns
tr

uc
tio

n 
ac

tiv
iti

es
 s

ho
ul

d 
be

 a
dd

re
ss

ed
 u

si
ng

 p
ro

je
ct

 
m

an
ag

em
en

t, 
su

ch
 th

at
 th

e 
tim

e 
re

st
ri

ct
io

ns
 w

ith
in

 th
e 

D
O

H
 p

er
m

it 
ar

e 
fo

llo
w

ed
. 

6.
2

M
it

ig
at

io
n 

of
 t

he
 K

ap
ol

ei
 W

es
t 

10
0 

A
cr

e 
P

et
it

io
n 

D
ev

el
op

m
en

t 
N

oi
se

T
he

 d
es

ig
n 

of
 th

e 
ne

w
 d

ev
el

op
m

en
t s

ho
ul

d 
gi

ve
 c

on
si

de
ra

tio
n 

to
 c

on
tr

ol
lin

g 
th

e 
no

is
e 

em
an

at
in

g 
fr

om
 s

ta
tio

na
ry

 m
ec

ha
ni

ca
l e

qu
ip

m
en

t s
o 

as
 to

 c
om

pl
y 

w
ith

 th
e

St
at

e 
D

ep
ar

tm
en

t o
f 

H
ea

lth
 C

om
m

un
ity

 N
oi

se
 C

on
tr

ol
 r

ul
es

 [
R

ef
er

en
ce

 1
].

  N
oi

sy
 

eq
ui

pm
en

t s
ho

ul
d 

be
 lo

ca
te

d 
aw

ay
 f

ro
m

 n
ei

gh
bo

rs
 a

nd
 th

e 
re

si
de

nt
ia

l u
ni

ts
, a

s 
m

uc
h 

as
 is

 p
ra

ct
ic

al
.  

E
nc

lo
se

d 
m

ec
ha

ni
ca

l r
oo

m
s 

m
ay

 b
e 

re
qu

ir
ed

 f
or

 s
om

e
eq

ui
pm

en
t.

6.
3

M
it

ig
at

io
n 

of
 H

-1
 F

re
ew

ay
 N

oi
se

A
ll 

ho
m

es
 th

at
 a

re
 3

00
 f

ee
t o

r 
m

or
e 

fr
om

 th
e 

H
-1

 f
re

ew
ay

 m
ee

t t
he

 F
H

W
A

 a
nd

 
H

U
D

 c
ri

te
ri

a 
an

d 
do

 n
ot

 n
ee

d 
no

is
e 

m
iti

ga
tio

n.
  H

ow
ev

er
, a

ny
 h

om
es

 w
ith

in
 3

00
 

fe
et

 o
f 

th
e 

H
-1

 f
re

ew
ay

 w
ill

 r
eq

ui
re

 s
om

e 
ty

pe
 o

f 
no

is
e 

m
iti

ga
tio

n 
to

 m
ee

t t
he

 
cr

ite
ri

a.
  P

ot
en

tia
l n

oi
se

 m
iti

ga
tio

n 
so

lu
tio

ns
 m

ay
 in

cl
ud

e:

U
pg

ra
de

d 
ex

te
ri

or
 w

in
do

w
s 

A
ir

-C
on

di
tio

ni
ng

So
un

d 
ba

rr
ie

r 
w

al
l o

r 
ea

rt
h 

be
rm

 a
lo

ng
 H

-1
 

T
he

 s
pe

ci
fi

c 
no

is
e 

m
iti

ga
tio

n 
tr

ea
tm

en
ts

us
ed

 w
ill

 d
ep

en
d 

on
 th

e 
pr

ec
is

e 
lo

ca
tio

n 
an

d 
gr

ad
e 

el
ev

at
io

n 
of

 th
e 

ne
w

 h
om

es
. 

A
ny

 h
om

es
 b

ui
lt 

be
tw

ee
n 

10
0 

fe
et

 a
nd

 
30

0 
fe

et
 f

ro
m

 th
e 

H
-1

 f
re

ew
ay

 w
ill

 r
eq

ui
re

 th
at

 s
om

e 
fo

rm
 o

f 
no

is
e 

m
iti

ga
tio

n 
be

 
in

co
rp

or
at

ed
 in

to
 th

ei
r 

de
si

gn
.  

N
o 

ho
m

es
sh

ou
ld

 b
e 

bu
ilt

 w
ith

in
 1

00
 f

ee
t o

f 
th

e 
H

-
1 

fr
ee

w
ay

, e
ve

n 
if

 n
oi

se
 m

iti
ga

tio
n 

tr
ea

tm
en

ts
 a

re
 p

la
nn

ed
.

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 9

 

7.
0 

R
E

F
E

R
E

N
C

E
S

1.
 

C
ha

pt
er

 4
6,

C
om

m
un

ity
 N

oi
se

 C
on

tr
ol

, D
ep

ar
tm

en
t o

f 
H

ea
lth

, S
ta

te
 o

f 
H

aw
ai

i, 
A

dm
in

is
tr

at
iv

e 
R

ul
es

, T
itl

e 
11

, S
ep

te
m

be
r 

23
, 1

99
6.

 

2.
To

w
ar

d 
a 

N
at

io
na

l S
tr

at
eg

y 
fo

r 
N

oi
se

 C
on

tr
ol

, U
.S

. E
nv

ir
on

m
en

ta
l P

ro
te

ct
io

n 
A

ge
nc

y,
 

A
pr

il 
19

77
. 

3.
D

ep
ar

tm
en

t o
f T

ra
ns

po
rt

at
io

n,
 F

ed
er

al
 H

ig
hw

ay
 A

dm
in

is
tr

at
io

n 
P

ro
ce

du
re

s 
fo

r 
A

ba
te

m
en

t o
f H

ig
hw

ay
 T

ra
ffi

c 
N

oi
se

, T
itl

e 
23

, C
FR

, C
ha

pt
er

 1
, S

ub
ch

ap
te

r 
J,

 P
ar

t 7
72

, 
38

 F
R

 1
59

53
, J

un
e 

19
, 1

97
3;

 R
ev

is
ed

 a
t 4

7 
FR

 2
96

54
, J

ul
y 

8,
 1

98
2.

 

4.
F

ed
er

al
 H

ig
hw

ay
 A

dm
in

is
tr

at
io

n’
s 

Tr
af

fic
 N

oi
se

 M
od

el
,  

FH
W

A
-R

D
-7

7-
10

8;
 U

.S
. 

D
ep

ar
tm

en
t o

f 
T

ra
ns

po
rt

at
io

n,
 D

ec
em

be
r 

19
78

. 

5.
N

oi
se

 A
na

ly
si

s 
an

d 
A

ba
te

m
en

t P
ol

ic
y,

 D
ep

ar
tm

en
t o

f 
T

ra
ns

po
rt

at
io

n,
 H

ig
hw

ay
s 

D
iv

is
io

n,
 

St
at

e 
of

 H
aw

ai
i, 

Ju
ne

 1
97

7.
 

6.
D

ep
ar

tm
en

t o
f H

ou
si

ng
 a

nd
 U

rb
an

 D
ev

el
op

m
en

t E
nv

ir
on

m
en

ta
l C

ri
te

ri
a 

an
d 

St
an

da
rd

s,
T

itl
e 

24
, C

FR
, P

ar
t 5

1,
 4

4 
FR

 4
08

60
, J

ul
y 

12
, 1

97
9;

 A
m

en
de

d 
by

 4
9 

FR
 8

80
, J

an
ua

ry
 6

, 
19

84
.

7.
F

A
A

 R
eg

ul
at

io
ns

 o
n 

A
ir

po
rt

 N
oi

se
 C

om
pa

tib
ili

ty
 P

la
nn

in
g 

P
ro

gr
am

s,
 C

od
e 

of
 F

ed
er

al
 

R
eg

ul
at

io
ns

, T
itl

e 
14

, C
ha

pt
er

 1
, S

ub
ch

ap
te

r 
1,

 P
ar

t 1
50

; I
ss

ue
d 

by
 4

9 
FR

 4
92

69
, 

D
ec

em
be

r 
18

, 1
98

4;
 c

or
re

ct
ed

 b
y 

50
 F

R
 5

06
3,

 F
eb

ru
ar

y 
6,

 1
98

5;
 a

m
en

de
d 

by
 5

3 
FR

 
87

23
, M

ar
ch

 1
6,

 1
98

8;
 c

or
re

ct
ed

 b
y 

53
 F

R
 9

72
6,

 M
ar

ch
 2

4,
 1

98
8.

 

8.
H

on
ol

ul
u 

In
te

rn
at

io
na

l A
ir

po
rt

 M
as

te
r 

P
la

n 
U

pd
at

e 
an

d 
N

oi
se

 C
om

pa
tib

ili
ty

 P
ro

gr
am

,
St

at
e 

of
 H

aw
ai

i D
ep

ar
tm

en
t o

f 
T

ra
ns

po
rt

at
io

n,
 A

ir
po

rt
s 

D
iv

is
io

n,
 V

ol
. 2

, D
ec

em
be

r
19

89
.

9.
K

al
ae

lo
a 

A
ir

po
rt

 M
as

te
r 

P
la

n,
 S

ta
te

 o
f 

H
aw

ai
i D

ep
ar

tm
en

to
f 

T
ra

ns
po

rt
at

io
n,

 A
ir

po
rt

s 
D

iv
is

io
n,

 N
ov

em
be

r 
19

98
. 

D
L

A
A

 P
ro

je
ct

 N
o.

 0
4-

33
Pa

ge
 1

0 



T
A

B
L

E
 1

: 
F

A
R

 P
ar

t 
15

0 
R

ec
om

m
en

da
ti

on
s 

fo
r 

L
an

d 
U

se
 C

om
pa

ti
bi

lit
y 

in
 Y

ea
rl

y 
D

ay
-N

ig
ht

 A
ve

ra
ge

 S
ou

nd
 L

ev
el

s

Y
ea

rl
y 

D
ay

-N
ig

ht
 A

ve
ra

ge
 S

ou
nd

 L
ev

el
 (

L
dn

)

T
Y

P
E

 O
F

 L
A

N
D

 U
SE

< 
65

65
-7

0
70

-7
5

75
-8

0
80

-8
5

> 
85

R
E

SI
D

E
N

T
IA

L
:

   
R

es
id

en
tia

l (
ex

ce
pt

 m
ob

ile
 h

om
es

 &
 tr

an
si

en
t l

od
gi

ng
s)

...
...

...
...

...
...

...
...

.. 
   

M
ob

ile
 h

om
e 

pa
rk

s.
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
   

T
ra

ns
ie

nt
 lo

dg
in

gs
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 

Y Y Y

N
(1

)
N

N
(1

)

N
(1

)
N

N
(1

)

N N
N

(1
)

N N N

N N N

PU
B

L
IC

 U
SE

: 
   

Sc
ho

ol
s.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

   
H

os
pi

ta
ls

 a
nd

 n
ur

si
ng

 h
om

es
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 
   

C
hu

rc
he

s,
 a

ud
ito

ri
um

s,
 a

nd
 c

on
ce

rt
 h

al
ls

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
   

G
ov

er
nm

en
t s

er
vi

ce
s.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
   

T
ra

ns
po

rt
at

io
n

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 
   

Pa
rk

in
g

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 

Y Y Y Y Y Y

N
(1

)
25 25 Y Y Y

N
(1

)
30 30 25 Y
(2

)
Y

(2
)

N N N 30 Y
(3

)
Y

(3
)

N N N N
Y

(4
)

Y
(4

)

N N N N
Y

(4
)

N

C
O

M
M

E
R

C
IA

L
 U

SE
: 

   
O

ff
ic

es
, b

us
in

es
s 

an
d 

pr
of

es
si

on
al

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 
   

W
ho

le
sa

le
/R

et
ai

l:(
bl

dg
. M

at
er

., 
ha

rd
w

ar
e,

 &
 f

ar
m

 e
qu

ip
.)

...
...

...
...

...
...

...
.. 

   
R

et
ai

l t
ra

de
 –

 g
en

er
al

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 

   
U

til
iti

es
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 

   
C

om
m

un
ic

at
io

n
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 

Y Y Y Y Y

Y Y Y Y Y

25 Y
(2

)
25 Y
(2

)
25

30 Y
(3

)
30 Y
(3

)
30

N
Y

(4
)

N
Y

(4
)

N

N N N N N

M
A

N
U

FA
C

T
U

R
IN

G
 A

N
D

 P
R

O
D

U
C

T
IO

N
: 

   
M

an
uf

ac
tu

ri
ng

, g
en

er
al

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

   
Ph

ot
og

ra
ph

ic
 a

nd
 o

pt
ic

al
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 
   

A
gr

ic
ul

tu
re

 (
ex

ce
pt

 li
ve

st
oc

k)
 a

nd
 f

or
es

tr
y

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

   
L

iv
es

to
ck

 f
ar

m
in

g 
an

d 
br

ee
di

ng
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 
   

M
in

in
g 

an
d 

fi
sh

in
g,

 r
es

ou
rc

e 
pr

od
uc

tio
n 

an
d 

ex
tr

ac
tio

n
...

...
...

...
...

...
...

...
...

 

Y Y Y Y Y

Y Y
Y

(6
)

Y
(6

)
Y

Y
(2

)
25 Y
(7

)
Y

(7
)

Y

Y
(3

)
30 Y
(8

)
N Y

Y
(4

)
N

Y
(8

)
N Y

N N
Y

(8
)

N Y

R
E

C
R

E
A

T
IO

N
A

L
 U

SE
: 

   
O

ut
do

or
 s

po
rt

s 
ar

en
as

 a
nd

 s
pe

ct
at

or
 s

po
rt

s
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
   

O
ut

do
or

 m
us

ic
 s

he
lls

, a
m

ph
ith

ea
te

rs
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 
   

N
at

ur
e 

ex
hi

bi
ts

 a
nd

 z
oo

s
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 
   

A
m

us
em

en
ts

, p
ar

ks
, r

es
or

ts
 a

nd
 c

am
ps

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

   
G

ol
f 

co
ur

se
s,

 r
id

in
g 

st
ab

le
s 

an
d 

w
at

er
 r

ec
re

at
io

n
...

...
...

...
...

...
...

...
...

...
...

...
.. 

Y Y Y Y Y

Y
(5

)
N Y Y Y

Y
(5

)
N N Y 25

N N N N 30

N N N N N

N N N N N

N
ot

e:
 N

um
be

rs
 in

 p
ar

en
th

es
es

 r
ef

er
 to

 th
e 

fo
llo

w
in

g 
no

te
s.

 
(1

) 
W

he
re

 th
e 

co
m

m
un

ity
 d

et
er

m
in

es
 th

at
 r

es
id

en
tia

l o
r 

sc
ho

ol
 u

se
s 

m
us

t b
e 

al
lo

w
ed

, m
ea

su
re

s 
to

 a
ch

ie
ve

 o
ut

do
or

-t
o-

in
do

or
 N

oi
se

 L
ev

el
 

R
ed

uc
tio

n 
(N

L
R

) 
of

 a
t l

ea
st

 2
5 

dB
 a

nd
 3

0 
dB

 s
ho

ul
d 

be
 in

co
rp

or
at

ed
 in

to
 b

ui
ld

in
g 

co
de

s 
an

d 
be

 c
on

si
de

re
d 

in
 in

di
vi

du
al

 a
pp

ro
va

ls
.  

N
or

m
al

 
re

si
de

nt
ia

l c
on

st
ru

ct
io

n 
ca

n 
be

 e
xp

ec
te

d 
to

 p
ro

vi
de

 a
 N

L
R

 o
f 

20
 d

B
, t

hu
s,

 th
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e 
no

rm
al

 n
oi

se
 le

ve
l i

s 
lo

w
. 

(4
) 

M
ea

su
re

s 
to

 a
ch

ie
ve

 N
L

R
 3

5 
m

us
t b

e 
in

co
rp

or
at

ed
 in

to
 th

e 
de

si
gn

 a
nd

 c
on

st
ru

ct
io

n 
of

 p
or

tio
ns

 o
f 

th
es

e 
bu

ild
in

gs
 w

he
re

 th
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Exhibit 1-2:  Kapolei West Development Concept Plan 

Mikiko Corporation, May 2004Exhibit 1-2.doc Page 41 



Exhibit 1-3:  Central and West Oahu Districts, Island of Oahu 
Ewa, Waianae and Wahiawa County Subdivisions 

Mikiko Corporation, May 2004 Exhibit 1-3.doc Page 42 

Exhibit 2-1: Resident Population - Island of Oahu
Comparison of Four Estimates and Projections
2000 to 2025

Date
prepared 2000 2001 2002 2003 2004 2005 2010 2015 2020 2025

DBEDT1
2000 872,900     877,400     881,900     886,400     891,000     895,600     929,200     964,800     999,400     1,029,800

US Census2
2000-03 875,654     882,550     892,562     902,704     

SMS3
2003 875,881     884,176     896,019     903,187     910,232     917,150     953,765     995,881     1,045,645

Claritas4
2004 876,156     884,800     893,600     902,400     911,333     920,500     

1

2 US Census Bureau, Population Estimates Program, as reported at http://factfinder.census.gov/, May 12, 2004.  Figures reflect July 1 estimates for each year, as shown.
3 SMS, Inc., "Hawaii Housing Policy Study, 2003," August 2003, Page Section IA-B-11.  Estimates prepared for 2000 to 2002;  projections for each year thereafter to 2024.
4 Claritas, Inc., May 7, 2004.  Census enumeration for 2000;  estimate for 2004; projection for 2009, with figures interpolated in between.

State of Hawaii, Department of Business, Economic Development and Tourism, Research and Economic Analysis Division, "Population and Economic Projections for the State of 
Hawaii to 2025," (DBEDT 2025 Series), February 2000.  Projections for 2000 and 5-year increments thereafter to 2025; figures interpolated in-between.  The same figures are 
reported as General Plan policy by the City in Department of Planning and Permitting, "Annual Report on the Status of Land Use on Oahu:  Fiscal Year 2002," July 2003 (Table I-
2.)
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Exhibit 2-12: Visitor Arrivals to the State of Hawaii and Island of Oahu
1998 to 2004

1998 1999 2000 2001 2002 2003 20041

State:
Domestic 4,014,140 4,255,621 4,446,936 4,224,321 4,358,850 4,498,655 1,118,985
International 2,581,650 2,485,416 2,501,659 2,079,469 2,030,208 1,846,554 500,604

Total 6,595,790 6,741,037 6,948,594 6,303,790 6,389,058 6,345,209 1,619,589

Island of Oahu:
Domestic 2,222,551 2,347,040 2,485,058 2,379,285 2,423,169 2,400,161 598,952
International 2,379,283 2,213,101 2,234,186 1,878,250 1,852,908 1,666,097 447,208

Total 4,601,834 4,560,142 4,719,244 4,257,536 4,276,077 4,066,258 1,046,160

1 Year to date through the month of March.
Source:  Department of Business, Economic Development and Tourism.
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3,000,000
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4,500,000

1998 1999 2000 2001 2002 2003

State - Domestic State - International Oahu - Domestic Oahu - International

Mikiko Corporation, May 2004 visitor arrivals 9.xls, visitor arrival exhibit, 3/8/2005 Page 54

Exhibit 2-13: Average Occupancy for State and Oahu Visitor Accommodations
1998 to 2004

1998 1999 2000 2001 2002 2003 20041

Waikiki 73.1% 72.9% 76.6% 68.5% 70.7% 73.7% 82.0%
Other Oahu 67.0% 65.2% 73.7% 70.8% 68.4% 68.3% 78.0%

     Island of Oahu 72.3% 71.9% 76.2% 68.8% 70.5% 73.1% 81.5%

     State of Hawaii 71.5% 72.1% 76.4% 69.8% 69.7% 72.5% 79.7%

1 Year to date as of February 2004.
Source: Hospitality Advisors, LLC, "Hawai'i Hotel Flash Report," annual. (PricewaterhouseCoopers LLP 1998-1999).

Occupancy
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Mikiko Corporation, May 2004 Occ-ADR 2.xls, Oahu occ HAL, 3/8/2005 Page 55



Exhibit 2-14:Average Room Rate for State and Oahu Visitor Accommodations
1998 to 2004

Compound
annual

% change
1998199920002001200220032004

1
1998-2003

Waikiki112 $   109 $   118 $   117 $   114 $   115 $   121 $   0.5%
Other Oahu105 $   103 $   113 $   116 $   116 $   129 $   133 $   4.2%

     Island of Oahu111 $    108 $    118 $    117 $    114 $    116 $    123 $    0.9%

     State of Hawaii130 $   131 $   141 $   146 $   141 $   144 $   152 $   2.1%

1
 Year to date as of February 2004.

Source: Hospitality Advisors, LLC, "Hawai'i Hotel Flash Report," annual. (PricewaterhouseCoopers LLP 1998-1999).

Average Daily Room Rate
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Mikiko Corporation, May 2004Occ-ADR 2.xls, Oahu ADR HAL, 3/8/2005Page 56
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Exhibit 3-5:Planned Residential Development Projects with State Land Use Entitlement or Exemption
Ewa Development Plan Area, as of May 2004

ProjectDeveloper or Owner
No. of 
units

Estimated first 
occupancy

Residential
product mixEntitlement statusComment

Kapolei West - Subject 
(includes "Kapolei 
LDA")

Aina Nui Corporation 
(Campbell Estate)

2,3702008SF & THUrban & Ag; not 
zoned

Shown as Subject and because majority of 
site is Urban.

Makaiwa Hills I and IIAina Nui Corporation 
(Campbell Estate)

3,0662009 - 2025Emphasis on SFUrban; not zonedIncludes limited neighborhood commercial.

City of Kapolei 
(Campbell)

Campbell Estate1,000INAMay seek BMX 
zoning

Urban; not zonedMauka of "City of Kapolei" (Mehana) site 
being developed by Schuler.

Palehua East B 
(Makakilo buildout 1/3)

Castle & Cooke 270Construction start 5/04; 
occupancy 4Q05+

SF detached, min. 
5,000 s.f. lots

EntitledAcreage shown is net developable; 83 
additional acres of gully lands to be deeded 
to community as open space.

Makakilo build-out 2/3Finance Realty/ 
others

250On-goingMostly THEntitledOcean Ridge, Kai Nani & other by Schuler 
(170+ units); 64 units underway by Pacific 
Housing Alliance.

Palehua East C & D 
(Makakilo buildout 3/3)

Finance Realty, as 
managing partner of 
limited partnership

700IndefiniteINA75% of planned 
units entitled.

Acreage shown is net;  another 120 acres are 
in gully.

Ewa by GentryGentry Homes1,300On-goingSF condo & SF 
detached

EntitledUnit count is net remaining as of 12/03; 
acreage from EDP.

Gentry Ewa Makai 
(prev. "Fairways" and 
Laulani")

Gentry Homes1,8652005+SF condo & SF 
detached

Entitled Zoning approval obtained 4/2004. Targeting 
buildout by 2014.

Ocean Pointe (prev. 
"Ewa Marina")

HASEKO (Ewa), Inc.3,650On-goingSF detached & THEntitled4,850 maximum units per Unilateral, of which 
c. 1,200 are built.

Ko Olina Resort & 
Marina

Ko Olina 
Development LLC 

885As soon as marketableSF, TH & medium-
density MF

Zoned5 remaining residential sites zoned A-1 (11 
ac) and A-2 (49 ac).

Mehana (also "Kapolei 
Makai" or "City of 
Kapolei - Schuler")

Schuler Homes1,148Construction start 2007; 
occupancy 2008+

SF & MF 
(50%/50%)

Urban; not zoned30% affordable housing condition.  Targeting 
buildout in 8-10 years.

Mikiko Corporation, May 2004Supply & demand2.xls; Planned Dev-Ewa;3/8/2005 Page 61



Exhibit 3-5:Planned Residential Development Projects with State Land Use Entitlement or Exemption, Con't.
Ewa Development Plan Area, as of May 2004

ProjectDeveloper or Owner
No. of 
unitsMarket timingProduct mixEntitlement statusComment

East Kapolei areaState of Hawaii 
(DLNR/UH)

4,000IndefiniteApartments; MF-
affordable & MF-

market

Urban; not zonedState commitment to campus in question; 
DLNR recently took control back from 
HCDCH & passed to UH.

Villages of Kapolei 
(Village 8)

State of Hawaii 
(HCDCH/DHHL)

327Construction start 2004; 
occupancy 2006+

SF; possibly some 
self-help

EntitledLast village at Villages of Kapolei;  Minimum 
5,000 s.f. lots.  DHHL just completed Village 
6 with 150 units.

UnnamedState of Hawaii 
(DHHL)

500Construction start 2006; 
occupancy 2007+

UnknownNot Urban but 
DHHL exempt

Minimum 5,000 s.f. lots.  EDP shows as up to 
1,600 units at this site.

UnnamedState of Hawaii 
(DHHL)

2402010 +/-IndefiniteINA but DHHL 
exempt

Site recently obtained in settlement of claims 
with State.

Ewa VillagesCity and County of 
Honolulu - landowner

6672004+Discussing an 
assisted living 
center by St. 

Francis

EntitledTenney, Renton, and Varona Villages plus 
surrounding areas. City expects to use 
nonprofits or other entities to develop.

Total/average - including Kapolei West22,238

Total/average - excluding Kapolei West19,868

INA - Information not available;  EDP - Ewa Development Plan and related materials (see source reference below); SF - Single-family; MF - Multifamily; SLUC - State Land Use Commission

Sources:  City and County of Honolulu, Ewa Development Plan (1997) and various draft materials related to its 5-year review (2004); Helber Hastert Fee Planners; Aina Nui Corporation; Wilbur Smith Associates," Kapolei Traffic 
Impact Study"; internet research;  Pacific Business News; Honolulu Advertiser; interviews with landowners, developers & consultants, public documents.

Note - Exhibit shows net remaining units and acreage to be developed at each masterplanned project.  Figures shown based on stated owner or developer plans within entitlement restrictions, wherever 
information is available.  Figures may vary from those presented in the City's Ewa Development Plan.

Mikiko Corporation, May 2004Supply & demand2.xls; Planned Dev-Ewa;3/8/2005 Page 62
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Exhibit 4-1:Characteristics of Selected Golf-Front Single-Family Residential Projects

Developer

Date first 
marketed/ first 
recordations

Sales
status

Number of 
units

Gross
acres

Units
per
acre

Range of lot 
sizes/

median or 
av. sq. ft.

Range of unit 
sizes (net 

interior sq. ft.)

Primary view 
orientation/

frontageUnit typesComments

Golf resort communities:
Ko Olina (Oahu) -

Destination
Properties
(Centex)

Mar-04
2Pre-sales

lottery,
Phase 1 
sold 3/04

60 33.06.0INA
 <= 6,500

1,879 to 2,229Ko Olina Golf 
Club/ all SF 

located on the 
site's perimeter 

3/2; 3/3; 4/3See also MF 
exhibit.  Phase I = 
48 SF units

6033.0<=6.0<=6,5001,879 to 2,229

Primary residential communities:
Ewa by Gentry (Oahu) -

Kula LeiSchuler Homes1996Resales19925.27.93,750 to 
10,115/
3,868

1,092 to 1,871Coral Creek Golf 
Course

frontage/interior

3/2; 3/2.5; 4/3

Hu`elaniGentry Homes 
Ltd.

1999On-going10114.96.8INA1,444 to 1,934
1,826

Coral Creek Golf 
Course

frontage/interior

2/2.5; 3/2; 
3/2.5; 3/3

SF detached 
condo; gated; rec 
center with pool

Kapolei (Oahu) -
A'eloaWatt HomesPh1 Mar-94

Ph2 May-95
Resales332 54.66.13,580 to 

8,388/
4,831

1,116 to 2,338Kapolei Golf 
Course frontage/ 

interior

3/2; 3/25; 
4/2.5; 4/3.5

Excludes
affordable housing 
component

Kapolei Knolls 1&2Schuler HomesJun-98On-going425 75.25.65,000 to 
14,665/
5,645

1,226 to 2,327Kapolei Golf 
Course view/ 

interior

3/2; 3/2.5; 3/3; 
4/2.5; 4/3; 5/3

Acreage includes 
2.2 ac. 
neighborhood park

Palms at KekuilaniKekuilani 
Development

Co./HFDC
(Stanford Carr)

Jan-94Resales18621.48.72,241 to 
4,859/
3,242

990 to 1,786Kapolei Golf 
Course frontage/ 

interior

Cluster; 2/2; 
3/2; 3/2.5; 

4/2.5, few zero 
lot line

Sold out May 1996

24938.37.04,400990 to 2,338

INA = Information not available.
1

Gross acres and units per acre refer to project as a whole including its multifamily elements; data not available for single-family areas only but can be inferred from lot sizes.
2

Over 300 reservations were taken for Phase 1, which totals 132 homes (48 single-family and 84 multifamily.)  First phase to be completed by 1Q 2005.  Amenities include rec center, free-form pool, spa

Sources:  Interviews with respective developers, planners, & marketing agents;  site visits; project planning and marketing materials; Internet research; Hawaii Real Estate Commission;  Hawaii Information Service.

Type/Location/Project

Estates at Ko Olina 
Kai

1

Average or range, primary residential 
communities, rounded

Average or range, golf resort 
communities

1

Mikiko Corporation, May 2004Projects_comparison 11.xls, Project chars SF, 3/8/2005, 9:06 AMPage 66

E
xh

ib
it

 4
-2

: 
M

ed
ia

n
 S

al
es

 P
ri

ce
s 

fo
r 

S
el

ec
te

d
 G

o
lf

-F
ro

n
t 

S
in

g
le

-F
am

ily
 P

ro
je

ct
s

20
00

 to
 2

00
41

A
n

n
u

al
A

ve
ra

g
e

P
ro

je
ct

20
00

20
01

20
02

20
03

20
04

1
%

 c
h

an
g

e2
u

n
it

 s
iz

e3

G
o

lf
 r

es
o

rt
 c

o
m

m
u

n
it

ie
s:

K
o

 O
lin

a 
-

N
A

P
N

A
P

N
A

P
N

A
P

$9
50

,0
00

+
5

N
A

P
2,

10
0

P
ri

m
ar

y 
re

si
d

en
ti

al
 c

o
m

m
u

n
it

ie
s:

E
w

a 
b

y 
G

en
tr

y 
-

K
ul

a 
Le

i
$2

70
,0

00
$2

49
,5

00
$2

58
,0

00
$3

19
,0

00
$3

80
,0

00
11

%
1,

42
6

H
u`

el
an

i(
C

P
R

)6
$3

74
,9

00
$3

29
,9

00
$3

10
,6

62
$3

64
,6

99
$3

76
,3

99
0%

1,
83

0
   

W
ei

g
h

te
d

 a
ve

ra
g

e
$2

94
,2

08
$2

87
,0

20
$2

94
,8

63
$3

43
,1

43
$3

76
,6

56
8%

K
ap

o
le

i -
A

'e
lo

a
$2

41
,5

50
$3

04
,0

00
$2

99
,0

00
$4

41
,0

00
$3

34
,0

00
10

%
1,

69
8

K
ap

ol
ei

 K
no

lls
$3

29
,6

22
$3

51
,6

15
$3

65
,0

00
$3

82
,5

00
$4

17
,0

29
7%

1,
73

8
P

al
m

s 
at

 K
ek

ui
la

ni
$2

12
,5

00
$2

25
,9

00
$2

65
,0

00
$2

99
,4

50
$3

85
,0

00
12

%
1,

40
1

   
W

ei
g

h
te

d
 a

ve
ra

g
e

$3
03

,3
15

$3
28

,1
62

$3
36

,2
80

$3
77

,8
03

$3
98

,9
79

9%

N
A

P
 =

 N
ot

 a
pp

lic
ab

le
.

1
R

ec
or

de
d 

sa
le

s 
as

 o
f M

ar
ch

 3
1,

 2
00

4.
2

A
nn

ua
lly

 c
om

po
un

de
d 

av
er

ag
e 

pe
rc

en
t c

ha
ng

e,
 fr

om
 e

ar
lie

st
 to

 la
te

st
 y

ea
r 

fo
r 

w
hi

ch
 d

at
a 

is
 a

va
ila

bl
e.

3
B

as
ed

 o
n 

in
fo

rm
at

io
n 

av
ai

la
bl

e 
fo

r 
al

l r
ec

or
de

d 
sa

le
s 

in
 s

am
pl

e:
  J

an
ua

ry
 1

, 2
00

0 
to

 F
eb

ru
ar

y 
29

, 2
00

3,
 o

r 
on

 M
ar

ch
 2

00
3 

of
fe

rin
gs

.
4

N
o 

re
co

rd
ed

 s
al

es
 a

s 
of

 F
eb

ru
ar

y 
20

04
.  

A
ve

ra
ge

 u
ni

t s
iz

e 
ba

se
d 

on
 m

od
el

 o
ffe

rin
gs

.
5

R
ep

or
te

d 
ba

se
 li

st
 p

ric
es

 fr
om

 m
id

-$
90

0,
00

0s
.

6
S

in
gl

e-
fa

m
ily

 d
et

ac
he

d 
co

nd
om

in
iu

m
 p

ro
je

ct
.  

A
ve

ra
ge

 u
ni

t s
iz

e 
ba

se
d 

on
 m

od
el

 o
ffe

rin
gs

.

S
ou

rc
es

:  
H

aw
ai

i I
nf

or
m

at
io

n 
S

er
vi

ce
, i

nt
er

vi
ew

s 
w

ith
 d

ev
el

op
er

s 
an

d 
br

ok
er

s.

E
st

at
es

 a
t K

o 
O

lin
a 

K
ai

4

$2
00

,0
00

$2
50

,0
00

$3
00

,0
00

$3
50

,0
00

$4
00

,0
00

$4
50

,0
00

20
00

20
01

20
02

20
03

20
04

(1
)

K
ul

a 
Le

i
H

u`
el

an
i (

C
P

R
)

A
'e

lo
a

K
ap

ol
ei

 K
no

lls
P

al
m

s 
at

 K
ek

ui
la

ni

M
ik

ik
o 

C
or

po
ra

tio
n,

 M
ay

 2
00

4
sf

 s
al

es
 1

0.
xl

s,
 s

f s
al

es
, 3

/8
/2

00
5

P
ag

e 
67



E
xh

ib
it

 4
-3

: 
 

C
u

rr
en

t 
O

w
n

er
 P

la
ce

 o
f 

R
es

id
en

ce
 f

o
r 

S
el

ec
te

d
 

G
o

lf
-F

ro
n

t 
S

in
g

le
-F

am
ily

 P
ro

je
ct

s
B

as
ed

 o
n 

ta
x 

bi
ll 

ad
dr

es
s

P
ro

je
ct

O
w

n
er

o
cc

u
p

an
ts

1
O

th
er

 H
aw

ai
i 

re
si

d
en

ts
O

th
er

U
.S

.
In

te
rn

at
io

n
al

T
o

ta
l

P
ri

m
ar

y 
re

si
d

en
ti

al
 c

o
m

m
u

n
it

ie
s:

E
w

a 
b

y 
G

en
tr

y 
-

K
ul

a 
Le

i
14

9
45

5
0

19
9

H
u`

el
an

i (
C

P
R

)
34

67
3

0
10

4
   

A
ve

ra
g

e
92

56
4

0
15

2

K
ap

o
le

i -
A

'e
lo

a2
28

7
29

7
2

32
5

K
ap

ol
ei

 K
no

lls
24

4
31

8
1

28
4

P
al

m
s 

at
 K

ek
ui

la
ni

3
15

1
14

11
0

17
6

   
A

ve
ra

g
e

22
7

25
9

1
26

2

1
T

ho
se

 w
ho

se
 ta

x 
bi

ll 
ad

dr
es

s 
is

 a
t t

he
 s

ur
ve

ye
d 

un
it,

 b
as

ed
 o

n 
ow

ne
rs

hi
p 

re
co

rd
s 

of
 M

ar
ch

 3
1,

 2
00

4.
2

T
ot

al
 d

oe
s 

no
t e

qu
at

e 
to

 3
32

 u
ni

ts
 a

s 
th

er
e 

w
er

e 
se

ve
n 

un
kn

ow
n 

ta
x 

bi
ll 

ad
dr

es
se

s 
w

ith
in

 th
e 

sa
m

pl
e.

3
T

ot
al

 d
oe

s 
no

t e
qu

at
e 

to
 1

78
 u

ni
ts

 a
s 

th
er

e 
w

er
e 

tw
o 

un
kn

ow
n 

ta
x 

bi
ll 

ad
dr

es
se

s 
w

ith
in

 th
e 

sa
m

pl
e.

S
ou

rc
e:

  H
aw

ai
i I

nf
or

m
at

io
n 

S
er

vi
ce

P
la

ce
 o

f 
R

es
id

en
ce

 o
f 

O
w

n
er

s 
o

f 
S

in
g

le
-F

am
ily

 H
o

m
es

 in
 S

el
ec

te
d

 P
ri

m
ar

y 
R

es
id

en
ti

al
 

C
o

m
m

u
n

it
ie

s

0%20
%

40
%

60
%

80
%

10
0%

K
ul

a 
Le

i
H

u`
el

an
i (

C
P

R
)

A
'e

lo
a

K
ap

ol
ei

 K
no

lls
P

al
m

s 
at

 K
ek

ui
la

ni

O
w

ne
r 

oc
cu

pa
nt

s*
O

th
er

 H
I

O
th

er
 U

.S
.

In
te

rn
at

io
na

l

M
ik

ik
o 

C
or

po
ra

tio
n,

 M
ay

 2
00

4
sf

 o
w

ne
r 

or
ig

in
 9

.x
ls

, p
la

ce
 o

f r
es

id
en

ce
, 3

/8
/2

00
5

P
ag

e 
68

Exhibit 4-4:Characteristics of Selected Multifamily Residential Projects

Developer

Date first 
marketed/ first 
recordations

Sales
status

Number
of units

Gross
acres

Units
per
acre

Range of
unit sizes 

(net
interior sq. 

ft.)
Primary view 

orientation/ frontageConfiguration
No. of 
stories

Golf resort communities:
Ko Olina Resort (Oahu) -

The Coconut PlantationBrookfield 
Homes

May-04Developer 
sales

27029.79.11,093 to 
1,834

Ko Olina Golf Club/ 
lagoon/interior

Flats, 2,3,4 and 6-plex 
townhomes; 2/2, 
2+den/2, 3/2.5; 

3+den/3

1 & 2

Destination
Properties
(Centex)

Mar-04Pre-sales 
lottery,

Phase 1 
03/04

264
(another

60 are SF)

33.08.01,202 to 
1,695

Site fronts on Ko Olina 
Golf Club, but MF 

buildings are in interior 
locations of site

6-plex; stacked flats; 
2/2, 3/2, 3/3; 2-story

2

Kai LaniOne Keahole 
Partners

(Armstrong/
A&B)

Feb-03Resales11611.310.31,244 to 
1,320

Preservation/ open/ 
some distant ocean 

views/interior

30 buildings; 4-plex 
townhomes, 2-3 

bedrooms

2

Ko Olina FairwaysFairways 
Hawaii, LLC 

(Horita)

Jul-95Resales28019.514.4847 to 
1,264

Ko Olina Golf 
Club/Interior

Townhomes; 2/2, 3/2, 
3/2.5

2

Waikoloa Beach Resort (Hawaii) -
Waikoloa Colony VillasStanford Carr 

Development,
LLC

Dec-02Developer 
sales

16822.07.61,236 to 
1,699

Golf; King's Trail; 
luxury resort residential

6-plex; 2/2, 2/2.5, 
3/2.5

2

Keauhou Resort (Hawaii) -
Na Hale O KeauhouCMI GroupApr-04 Presales 

lottery
8413.9 6.01,404 to 

1,704
Ocean & interior views14, 6-plexes; 2/2.5, 

3/2.5, 3/3
2

Wailea Resort (Maui) -
Wailea Fairway VillasSCD Wailea 

Fairway LLC 
Sep-98Resales11812.4 9.5 949 to 

1,568
Golf; resort residential; 

ocean view
23 5-plex and 1 3-
plex; stacked flat 

townhomes; 2/2 & 3/3

2

18618.19.5
847 to 
1,834

1
Gross acres and units per acre refer to project as a whole including its single-family elements; data not available for multifamily areas only.

2
Gross acres and units per acre exclude Estates at Ko Olina Kai.

Type/Location/Project

Average or range, golf resort 
communities

 2

Villas at Ko Olina Kai 
1

Mikiko Corporation, May 2004Projects_comparison 11.xls, Project chars MF, 3/8/2005Page 69



Exhibit 4-4:Characteristics of Selected Multifamily Residential Projects (Con't.)

Developer

Date first 
marketed/ first 
recordations

Sales
status

Number
of units

Gross
acres

Units
per
acre

Range of 
unit sizes

Primary view 
orientation/ frontageConfiguration

No. of 
stories

Primary residential communities:
Hawaii Kai (Oahu)  -

The Colony at the PeninsulaStanford Carr 
Development

Reservations
Jun-02

Developer
sales,

under con-
struction

96INAINA986 to 
1,578

Mountain/ marina/ 
interior

4-story, 3 phases, 2 
buildings each phase; 

1/1, 2/1, 3/2

4

Ocean Pointe (Oahu) - 
Mariners PlaceHASEKO (Ewa), 

Inc.
Oct-01Resales1267.417.1823 to 

1,050
Interior2-3 bedrooms, 1-2 

Bath
2

HASEKO (Ewa), 
Inc.

Aug-02Developer 
sales

1314.4315.331,467 to 
1,700

Interior and proposed 
golf course

5- and 6-plex; 2/2.5, 
3/2; 3/2.5

2

1185.916.2
823 to 
1,700

16515.111.2
823 to 
1,864

INA = Information not available.
2

Gross acres and units per acre exclude Estates at Ko Olina Kai.
3

Increment 1 and 2 only;  site area not available for other increments.  Units per acre based on 44 units in Increment 1 and 23 units in Increment 2 and their corresponding gross acreage.
Sources:  Interviews with respective developers, planners, & marketing agents;  site visits; project planning and marketing materials; Internet research; Hawaii Real Estate Commission;  Hawaii Information Service.

Average or range, primary 
residential communities

Average or range, overall
 2

Type/Location/Project

Ke Noho Kai Townhomes, 
Increments 1 to 4

Mikiko Corporation, May 2004Projects_comparison 11.xls, Project chars MF, 3/8/2005Page 70
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APPENDIX   J
Cultural Impact Assessment

(Cultural Surveys Hawaii, Inc.)
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Introduction

Figure 1. Portion of U.S. Geological Survey Map, ‘Ewa Quad (2002), Showing Project Area 
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Introduction

Figure 2. Tax  Map Showing Mauka Portion of Project Area 
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Introduction

Figure 3. Tax  Map Showing Makai  Portion of Project Area 

4

In
tro

du
ct

io
n

3)
C

on
du

ct
 c

on
su

lta
tio

ns
 a

nd
 o

ra
l i

nt
er

vi
ew

s 
w

ith
 p

er
so

ns
 k

no
w

le
dg

ea
bl

e 
ab

ou
t t

he
 h

is
to

ric
 

an
d 

tra
di

tio
na

l 
pr

ac
tic

es
 i

n 
th

e 
pr

oj
ec

t 
ar

ea
 a

nd
 r

eg
io

n.
 W

e 
an

tic
ip

at
e 

ut
ili

zi
ng

 o
ur

 
pr

ev
io

us
 c

on
ta

ct
 li

st
 to

 fa
ci

lit
at

e 
th

e 
in

te
rv

ie
w

 p
ro

ce
ss

.

4)
Pr

ep
ar

at
io

n 
of

 o
ne

 r
ep

or
t o

n 
ite

m
s 

1-
3 

su
m

m
ar

iz
in

g 
th

e 
in

fo
rm

at
io

n 
ga

th
er

ed
 r

el
at

ed
 to

tra
di

tio
na

l p
ra

ct
ic

es
 a

nd
 la

nd
 u

se
 fo

r t
he

 p
ro

je
ct

ar
ea

. T
he

 re
po

rt 
w

ill
 a

ss
es

s 
th

e 
im

pa
ct

 o
f 

th
e 

pr
op

os
ed

 a
ct

io
ns

 o
n 

th
e 

cu
ltu

ra
l p

ra
ct

ic
es

 a
nd

 f
ea

tu
re

s 
id

en
tif

ie
d 

w
ith

in
 th

e 
pr

oj
ec

t 
ar

ea
.

D
. 

M
et

ho
ds

H
is

to
ric

al
 d

oc
um

en
ts

, m
ap

s 
an

d 
ex

is
tin

g 
ar

ch
ae

ol
og

ic
al

 in
fo

rm
at

io
n 

w
er

e 
re

se
ar

ch
ed

 a
t t

he
 

St
at

e 
H

is
to

ric
 P

re
se

rv
at

io
n 

D
iv

is
io

n 
lib

ra
ry

, C
ul

tu
ra

l S
ur

ve
ys

 H
aw

ai
‘i 

lib
ra

ry
, a

nd
 th

e 
U

ni
ve

rs
ity

of
 H

aw
ai

‘i’
s H

am
ilt

on
 li

br
ar

y.
 T

he
 O

ff
ic

e 
of

 H
aw

ai
ia

n 
A

ff
ai

rs
, O

‘a
hu

 Is
la

nd
 B

ur
ia

l C
ou

nc
il,

 H
ui

 
M

la
m

a 
O

 N
 K

pu
na

, a
nd

 m
em

be
rs

 o
f o

th
er

 c
om

m
un

ity
 o

rg
an

iz
at

io
ns

 w
er

e 
co

nt
ac

te
d 

in
 o

rd
er

to
 id

en
tif

y 
po

te
nt

ia
lly

 k
no

w
le

dg
ea

bl
e 

in
di

vi
du

al
s w

ith
 c

ul
tu

ra
l e

xp
er

tis
e 

an
d 

or
 k

no
w

le
dg

e 
of

 th
e

st
ud

y 
ar

ea
 a

nd
 th

e 
su

rr
ou

nd
in

g 
vi

ci
ni

ty
.

5



M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

II
.

M
Y

T
H

O
L

O
G

IC
A

L
 A

N
D

 T
R

A
D

IT
IO

N
A

L
 A

C
C

O
U

N
T

S

H
on

ou
liu

li,
 O

‘a
hu

 is
 a

ss
oc

ia
te

d 
w

ith
 a

 n
um

be
r o

f l
eg

en
da

ry
 a

cc
ou

nt
s. 

M
an

y 
of

 th
es

e 
co

nc
er

n
th

e 
ac

tio
ns

 o
f 

go
ds

 o
r 

de
m

i-g
od

s 
su

ch
 a

s 
K

ne
, K

an
al

oa
, M

au
i, 

K
am

ap
ua

‘a
, t

he
 r

ep
til

e 
de

ity
 

M
au

na
un

a,
 th

e 
sh

ar
k 

de
ity

 K
a‘

ah
up

ha
u,

 a
nd

 th
e 

de
m

i-g
od

 h
er

o 
Pa

lil
a.

 W
hi

le
 th

er
e 

ar
e 

se
ve

ra
l 

re
fe

re
nc

es
 to

 c
hi

ef
ly

 li
ne

ag
es

 a
nd

 re
fe

re
nc

es
 to

 th
e 

ru
lin

g 
ch

ie
fs

 H
ilo

 a
 L

ak
ap

u 
an

d 
K

al
i‘i

, t
he

re
is

 n
o 

cl
ea

r r
ef

er
en

ce
 to

 p
ow

er
fu

l c
hi

ef
s l

iv
in

g 
pe

rm
an

en
tly

 in
 H

on
ou

liu
li.

 

Th
e 

tra
di

tio
ns

 o
f 

th
e 

‘E
w

a 
pl

ai
ns

 h
av

e 
be

en
 c

om
pl

ie
d 

an
d 

su
m

m
ar

iz
ed

 n
um

er
ou

s 
tim

es
 in

 
st

ud
ie

s 
by

 S
te

rli
ng

 a
nd

 S
um

m
er

s(
19

78
), 

H
am

m
at

t a
nd

 F
ol

k 
(1

98
1)

, K
el

ly
 (1

99
1)

, C
ha

rv
et

-P
on

d 
an

d 
D

av
is

 (
19

92
), 

M
al

y 
(1

99
2)

, 
an

d 
Tu

gg
le

 &
 T

ug
gl

e 
(1

99
7)

. 
So

m
e 

of
 t

he
 t

he
m

es
 o

f 
th

es
e

tra
di

tio
ns

 in
cl

ud
e 

co
nn

ec
tio

ns
 w

ith
 K

ah
ik

i (
th

e 
tra

di
tio

na
l h

om
el

an
d 

of
 H

aw
ai

ia
ns

, p
ro

ba
bl

y 
in

 
re

fe
re

nc
e 

to
 c

en
tra

l P
ol

yn
es

ia
) a

nd
 th

e 
sp

ec
ia

l c
ha

ra
ct

er
 a

nd
 re

la
tio

ns
hi

p 
of

 th
e 

pl
ac

es
 k

no
w

n 
as

 
Pu

‘u
ok

ap
ol

ei
 a

nd
 K

ua
la

ka
‘i.

 

C
on

ne
ct

io
ns

 w
ith

 K
ah

ik
i a

re
 fo

un
d 

in
 n

um
er

ou
sp

la
ce

 n
am

es
, t

ra
di

tio
na

l e
ve

nt
s, 

an
d 

w
ith

 th
e 

be
in

gs
 a

ss
oc

ia
te

d 
w

ith
 H

on
ou

liu
li.

 T
he

re
 a

re
 s

ev
er

al
 v

er
si

on
s 

of
 K

ah
a‘

i l
ea

vi
ng

 f
ro

m
 K

al
ae

lo
a 

fo
r a

 tr
ip

 to
 K

ah
ik

i t
o 

br
in

g 
br

ea
df

ru
it 

ba
ck

 to
 ‘E

w
a 

(e
.g

. K
am

ak
au

 1
99

1:
11

0)
. T

he
re

 a
re

 s
ev

er
al

 
st

or
ie

s 
th

at
 a

ss
oc

ia
te

 p
la

ce
s 

in
 th

e 
re

gi
on

 w
ith

 K
am

ap
ua

‘a
 a

nd
 th

e 
H

in
a 

fa
m

ily
, a

s 
w

el
l a

s 
w

ith
Pe

le
’s

 si
st

er
s, 

al
l o

f w
ho

m
 h

av
e 

st
ro

ng
 c

on
ne

ct
io

ns
 w

ith
 K

ah
ik

i (
cf

. K
am

ak
au

 1
99

1:
11

1;
 P

uk
ui

 e
t 

al
. 1

97
4:

20
0)

. 

Pu
‘u

ok
ap

ol
ei

, 
lo

ca
te

d 
no

rth
ea

st
 o

f 
th

e 
cu

rr
en

t 
pr

oj
ec

t 
ar

ea
 w

as
 p

er
ha

ps
 o

ne
 o

f 
th

e 
m

os
t

sa
cr

ed
 p

la
ce

s i
n 

H
on

ou
liu

li 
(c

f S
te

rli
ng

 a
nd

 S
um

m
er

s 1
97

8:
33

). 
Pu

‘u
ok

ap
ol

ei
’s

 c
on

ne
ct

io
ns

 w
ith

 
K

ah
ik

i a
re

 e
m

ph
as

iz
ed

 w
he

n 
it 

is
 n

ot
ed

 th
at

 th
e

hi
ll 

w
as

 th
e 

ho
m

e 
of

 K
am

ap
ua

‘a
’s

 g
ra

nd
m

ot
he

r,
K

am
au

nu
an

ih
o,

 th
e 

K
ah

ik
i a

nc
es

to
r t

o 
th

e 
pe

op
le

 o
f O

‘a
hu

 (F
or

na
nd

er
 1

91
6-

20
, V

: 3
18

; K
ah

io
lo

 
19

78
:8

1,
 1

07
; C

ha
rlo

t 1
98

7:
62

). 
B

y 
na

m
e,

 K
ap

ol
ei

 is
 a

ss
oc

ia
te

d 
w

ith
 th

e 
go

dd
es

s 
K

ap
o,

 a
no

th
er

 
co

nn
ec

tio
n 

w
ith

 th
e 

Pe
le

 a
nd

 K
am

ap
ua

‘a
 st

or
ie

s (
K

am
ak

au
 1

97
6:

14
).

M
cA

lli
st

er
 (1

93
3:

10
8)

 re
co

rd
s 

th
at

 a
 h

ei
au

 o
r 

te
m

pl
e 

w
as

 lo
ca

te
d 

on
 P

u‘
uo

ka
po

le
i, 

bu
t w

as
 

de
st

ro
ye

d 
be

fo
re

 h
is

 s
ur

ve
y 

of
 th

e 
ea

rly
 1

93
0s

. N
o 

re
m

ai
ns

 w
er

e 
fo

un
d 

in
 a

 re
ce

nt
 fi

el
d 

st
ud

y 
of

 
th

e 
ar

ea
 (K

en
ne

dy
 1

99
1)

. T
he

 h
ei

au
 m

ay
 h

av
e 

be
en

 a
ss

oc
ia

te
d 

w
ith

 th
e 

su
n 

(F
or

na
nd

er
 1

91
6-

20
, 

II
I: 

29
2)

. T
he

 h
ill

 w
as

 u
se

d 
as

 a
 p

oi
nt

 o
f 

so
la

r 
re

fe
re

nc
e 

or
 a

s 
a 

pl
ac

e 
w

he
re

 s
uc

h 
ob

se
rv

at
io

ns
 

w
er

e 
m

ad
e.

 P
u‘

uo
ka

po
le

i m
ig

ht
 h

av
e 

be
en

 u
nd

er
st

oo
d 

as
 th

e 
ga

te
 o

f t
he

 s
et

tin
g 

su
n.

 It
 is

 n
ot

ab
le

 
th

at
 t

he
 r

is
in

g 
su

n 
at

 t
he

 e
as

te
rn

 g
at

e 
of

 K
um

uk
ah

i 
in

 P
un

a 
is

 a
ss

oc
ia

te
d 

w
ith

 t
he

 H
aw

ai
ia

n 
go

dd
es

s 
K

ap
o 

(E
m

er
so

n 
19

78
:4

1)
. T

he
re

 is
 li

ttl
e 

sp
ec

ifi
c 

in
fo

rm
at

io
n 

fo
r 

Pu
‘u

ok
ap

ol
ei

, b
ut

 th
e 

pl
ac

e 
na

m
e 

its
el

f (
“h

ill
 o

f b
el

ov
ed

 K
ap

o”
) i

s h
ar

d 
to

 ig
no

re
. I

t i
s m

en
tio

ne
d 

in
 so

m
e 

co
sm

ol
og

ie
s,

K
 w

as
 th

e 
go

d 
of

 th
e 

ris
in

g 
su

n,
 a

nd
 H

in
a 

sh
ou

ld
 b

e 
as

so
ci

at
ed

 w
ith

 th
e 

se
tti

ng
 s

un
 (H

in
a 

is
 th

e 
m

ot
he

r 
of

 K
am

ap
ua

‘a
). 

Fo
rn

an
de

r 
(1

91
6-

20
, 

II
I; 

29
2)

 s
ta

te
s, 

Pu
‘u

ok
ap

ol
ei

 m
ay

 h
av

e 
be

en
 a

 
ju

m
pi

ng
 o

ff
 p

la
ce

 (a
ls

o 
co

nn
ec

te
d 

w
ith

 th
e 

se
tti

ng
su

n)
 a

nd
 a

ss
oc

ia
te

d 
w

ith
 th

e 
de

ad
 w

ho
 ro

am
ed

th
e 

ad
ja

ce
nt

 P
la

in
 o

f K
au

pe
‘a

. 

Pu
‘u

ok
ap

ol
ei

 w
as

 a
ls

o 
th

e 
pr

im
ar

y 
la

nd
m

ar
k 

fo
r t

ra
ve

le
rs

 b
et

w
ee

n 
Pe

ar
l H

ar
bo

r a
nd

 th
e 

w
es

t 
O

‘a
hu

 c
oa

st
, w

ith
 a

 m
ai

n 
tra

il 
ru

nn
in

g 
ju

st
 in

la
nd

 o
f i

t (
‘‘

 1
95

9:
27

, 2
9)

 (F
ig

ur
e 

5)
. P

u‘
uo

ka
po

le
i

w
as

 p
ro

ba
bl

y 
th

e 
m

os
t 

co
m

m
on

 n
am

e 
us

ed
 a

s 
a 

re
fe

re
nc

e 
fo

r 
th

e 
ar

ea
 o

f 
th

e 
‘E

w
a 

Pl
ai

n
in

cl
ud

in
g 

th
e 

pr
es

en
t p

ro
je

ct
 a

re
a 

in
 tr

ad
iti

on
al

 H
aw

ai
‘i 

(c
f. 

N
ak

ui
na

 1
99

0:
54

; F
or

na
nd

er
 1

91
6-

20
, I

I: 
31

8;
 E

.M
. N

ak
ui

na
 1

90
4,

 in
 S

te
rli

ng
 a

nd
 S

um
m

er
s 1

97
8:

34
). 

6

M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

Tr
ad

iti
on

al
 a

nd
 l

eg
en

da
ry

 a
cc

ou
nt

s 
ar

e 
pr

es
en

te
d 

be
lo

w
 s

ta
rti

ng
 w

ith
 t

ho
se

 p
er

ta
in

in
g 

to
 

P
h

ke
a 

Pa
ss

 a
nd

 t
he

n 
in

 a
 l

oo
se

 a
rr

an
ge

m
en

t 
fr

om
 m

or
e 

m
yt

ho
lo

gi
ca

l 
ac

co
un

ts
 o

f 
go

ds
 a

nd
 

de
m

i-g
od

s t
o 

ac
co

un
ts

 o
f a

 m
or

e 
hi

st
or

ic
al

 n
at

ur
e.

Th
er

e 
is

 n
o 

sh
ar

p 
di

st
in

ct
io

n 
in

 th
is

 re
ga

rd
. 

A
.

T
he

 P
el

e 
Fa

m
ily

 a
t H

on
ou

liu
li

K
ap

ol
ei

 (
be

lo
ve

d 
K

ap
o)

, s
pe

ci
fic

al
ly

 th
e 

16
6-

fo
ot

 h
ig

h 
co

ne
 o

f 
th

at
 n

am
e,

 is
 u

nd
er

st
oo

d 
to

 
ha

ve
 b

ee
n 

na
m

ed
 in

 re
fe

re
nc

e 
to

 th
e 

vo
lc

an
o 

go
dd

es
s 

Pe
le

’s
 s

is
te

r K
ap

o 
(P

uk
ui

 e
t a

l. 
19

74
:8

9)
. 

P
h

ke
a 

Pa
ss

 i
s 

un
de

rs
to

od
 a

s 
on

e 
of

 t
he

 r
es

tin
g 

pl
ac

es
 o

f 
Pe

le
’s

 s
is

te
r 

H
i‘i

ak
a 

as
 s

he
 w

as
 

re
tu

rn
in

g 
fr

om
 K

au
a‘

i 
w

ith
 P

el
e’

s 
lo

ve
r 

Lo
hi

au
 (

Fo
rn

an
de

r 
19

19
 V

ol
. 

V
:1

88
 n

ot
e 

6)
. 

A
 

co
ns

id
er

ab
le

 n
um

be
r 

of
 m

el
e 

(s
on

gs
) 

an
d 

pu
le

 (
pr

ay
er

s)
 a

re
 a

sc
rib

ed
 to

 H
i‘i

ak
a 

as
 s

he
 s

to
od

 a
t 

th
e 

su
m

m
it 

of
 P

h
ke

a 
(A

lu
na

 a
u 

a 
P

h
ke

a,
 K

 a
u,

 n
n

 ia
 P

un
a.

..)
(E

m
er

so
n 

19
15

:1
62

-1
68

). 
Fr

om
 th

is
 v

an
ta

ge
 p

oi
nt

 H
i‘i

ak
a 

co
ul

d 
se

e 
th

ro
ug

h 
he

r 
po

w
er

s 
of

 v
is

io
n 

th
at

 h
er

 b
el

ov
ed

 le
hu

a
gr

ov
es

 a
nd

 f
rie

nd
 H

op
oe

 a
t P

un
a,

 H
aw

ai
‘i 

Is
la

nd
 h

ad
 b

ee
n 

bl
as

te
d 

by
 P

el
e.

 S
he

 c
ou

ld
 a

ls
o 

se
e 

th
at

 i
n 

he
r 

ca
no

e,
 o

ff
 t

he
 c

oa
st

 o
f 

W
ai

‘a
na

e,
 L

oh
ia

u 
w

as
 s

ed
uc

in
g 

he
r 

tra
ve

lin
g 

co
m

pa
ni

on
W

ah
in

e‘
m

a‘
o!

 A
 s

pr
in

g 
lo

ca
te

d 
at

 K
ua

la
ka

‘i 
ne

ar
 B

ar
be

r’
s 

Po
in

t 
w

as
 n

am
ed

 H
oa

ka
-le

i 
(le

i
re

fle
ct

io
n)

 b
ec

au
se

 H
i‘i

ak
a 

pi
ck

ed
 le

hu
a

flo
w

er
s 

he
re

 to
 m

ak
e 

a 
le

i a
nd

 s
aw

 h
er

 re
fle

ct
io

n 
in

 th
e 

w
at

er
.

B
.

K
ah

al
ao

pu
na

 a
t P

h
ke

a 
Pa

ss
 (M

an
y 

ac
co

un
ts

) 
O

ne
 o

f t
he

 m
os

t p
op

ul
ar

 le
ge

nd
s 

of
 O

‘a
hu

 is
 th

at
 o

f K
ah

al
ao

pu
na

 (o
r K

ah
a)

 a
 y

ou
ng

 w
om

an
of

 M
no

a 
w

ho
 i

s 
sl

an
de

re
d 

by
 o

th
er

s 
an

d 
th

en
 k

ill
ed

 b
y 

he
r 

be
tro

th
ed

, 
K

au
hi

, 
a 

ch
ie

f 
fr

om
 

K
o‘

ol
au

. 
W

hi
le

 t
he

 n
um

er
ou

s 
ac

co
un

ts
 (

D
ay

 1
90

6:
1-

11
, 

Fo
rn

an
de

r 
19

19
 V

ol
. 

V
:1

88
-1

93
, 

K
al

ka
ua

 1
88

8:
51

1-
52

2,
 N

ak
ui

na
 1

90
4:

41
-4

5,
 P

at
to

n 
19

32
:4

1-
49

, S
ki

nn
er

 1
97

1:
22

0-
22

3,
 T

hr
um

 
19

07
:1

18
-1

32
, W

es
te

rv
el

t 1
90

7a
 1

27
-1

37
, W

es
te

rv
el

t 1
90

7b
 8

4-
93

) v
ar

y 
in

 d
et

ai
ls

 th
ey

 ty
pi

ca
lly

 
ha

ve
 K

ah
al

ao
pu

na
 sl

ai
n 

an
d 

re
vi

ve
d 

re
pe

at
ed

ly
 w

ith
 th

e 
ai

d 
of

 a
 p

ro
te

ct
iv

e 
ow

l. 
K

au
hi

 fo
rc

es
 h

er
to

 h
ik

e 
w

es
t f

ro
m

 M
no

a 
th

ro
ug

h 
th

e 
up

la
nd

s u
nt

il 
th

ey
 g

et
 to

 P
h

ke
a 

Pa
ss

 th
ro

ug
h 

th
e 

so
ut

he
rn

 
W

ai
‘a

na
e 

R
an

ge
 in

 n
or

th
 H

on
ou

liu
li.

 A
t P

h
ke

a 
Pa

ss
, K

au
hi

 b
ea

ts
 h

er
 w

ith
 a

 s
tic

k 
un

til
 s

he
 is

ve
ry

 d
ea

d 
(“

Ia
 h

ah
au

 a
na

 a
 K

au
hi

 i 
ka

 l
‘a

u,
 m

ak
e 

lo
a 

o 
K

ah
al

ao
pu

na
”)

. H
er

 s
pi

rit
 (

‘u
ha

ne
)

fli
es

 u
p 

in
to

 a
 le

hu
a 

tre
e 

an
d 

ch
an

ts
 fo

r s
om

eo
ne

 to
 g

o 
no

tif
y 

he
r p

ar
en

ts
: 

E 
ha

‘i 
ak

u 
‘o

uk
ou

 u
a 

m
ak

e 
o 

K
ah

al
ao

pu
na

;
G

o 
te

ll 
th

em
 K

ah
al

ao
pu

na
 is

 d
ea

d 

Ai
a 

la
 i 

ka
 u

ka
 o

 P
h

ke
a,

 
 

 
Th

er
e 

in
th

e
up

la
nd

so
fP

h
ke

a

i k
e 

ku
m

u 
le

hu
a 

la
 o

 la
lo

 ih
o 

B
en

ea
th

a 
le

hu
a 

tre
e

U
po

n 
he

ar
in

g 
th

e 
ne

w
s h

er
 p

ar
en

ts
 fe

tc
h 

K
ah

al
ao

pu
na

 b
ac

k 
to

 M
no

a 
an

d 
sh

e 
is

 re
st

or
ed

.

C
.

K
ea

hu
m

oa
, R

es
id

en
ce

 o
f M

au
i’s

 G
ra

nd
fa

th
er

 (L
eg

en
d 

of
 M

au
i’s

 F
ly

in
g 

E
xp

ed
iti

on
) 

In
 th

e 
Le

ge
nd

 o
f M

au
i’s

 F
ly

in
g 

Ex
pe

di
tio

n 
(T

hr
um

 1
92

3:
25

2-
25

9)
 M

au
i-k

up
ua

 lo
ok

s 
to

w
ar

d 
P

h
ke

a 
Pa

ss
 a

nd
 se

es
 h

is
 w

ife
, K

um
ul

am
a,

 b
ei

ng
 c

ar
rie

d 
aw

ay
 b

y 
ch

ie
f P

ea
pe

am
ak

aw
al

u.
 A

fte
r 

fa
ili

ng
 to

 re
co

ve
r h

er
, M

au
i r

et
ur

ns
 a

nd
 te

lls
 h

is
 p

ro
bl

em
s 

to
 h

is
 m

ot
he

r, 
H

in
a.

 H
in

a 
in

st
ru

ct
s 

he
r 

so
n 

to
 g

o 
to

 K
ea

hu
m

oa
 a

nd
 v

is
it 

hi
s 

gr
an

df
at

he
r 

K
uo

lo
ke

le
 w

ho
 li

ve
s 

th
er

e 
in

 a
 la

rg
e 

hu
t. 

Th
e 

hu
m

p-
ba

ck
ed

 K
uo

lo
ke

le
 r

et
ur

ns
 h

om
e 

w
ith

 a
 l

oa
d 

of
 p

ot
at

o 
le

av
es

 a
nd

 M
au

i 
cu

re
s 

hi
m

 b
y

st
rik

in
g 

hi
m

 in
 th

e 
ba

ck
 w

ith
 a

 s
to

ne
 (

w
hi

ch
K

uo
lo

ke
le

 th
ro

w
s 

to
 W

ai
pa

hu
 w

he
re

 it
 r

em
ai

ns
).

K
uo

lo
ke

le
 h

as
 M

au
i 

ga
th

er
 k

 l
ea

ve
s, 

‘ie
‘ie

 v
in

es
 a

nd
 b

ird
 f

ea
th

er
s 

fr
om

 w
hi

ch
 t

he
 o

ld
 m

an
fa

br
ic

at
es

 a
 “

bi
rd

-s
hi

p”
 (

m
ok

u-
m

an
u)

 w
hi

ch
 M

au
i u

se
s 

to
 d

ef
ea

t P
ea

pe
am

ak
aw

al
u 

an
d 

re
co

ve
r

7



M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

hi
s 

w
ife

. T
he

y 
re

tu
rn

 to
 K

uo
lo

ke
le

’s
 h

ou
se

 w
he

re
 th

ey
 f

ea
st

 a
nd

 M
au

i e
at

s 
Pe

ap
ea

m
ak

aw
al

u’
s 

ey
eb

al
ls

.

D
. 

K
ne

 a
nd

 K
an

al
oa

 a
nd

 T
he

 B
ou

nd
ar

ie
s o

f ‘
E

w
a 

(S
im

eo
n 

N
aw

aa
 a

cc
ou

nt
) 

It 
se

em
s 

lik
el

y 
th

e 
bo

un
da

rie
s 

of
 th

e 
w

es
te

rn
-m

os
t a

hu
pu

a‘
a 

of
 ‘

Ew
a 

w
er

e 
of

te
n 

co
nt

es
te

d 
w

ith
 W

ai
‘a

na
e 

pe
op

le
. T

he
 ‘E

w
a 

pe
op

le
 c

ou
ld

 c
ite

 d
iv

in
e 

sa
nc

tio
n:

 

W
he

n 
K

ne
 a

nd
 K

an
al

oa
 w

er
e 

su
rv

ey
in

g 
th

e 
isl

an
ds

 th
ey

 c
am

e 
to

 O
‘a

hu
 a

nd
 w

he
n

th
ey

 r
ea

ch
ed

 R
ed

 H
ill

 s
aw

 b
el

ow
 th

em
 th

e 
br

oa
d 

pl
ai

ns
 o

f 
w

ha
t i

s 
no

w
 ‘

Ew
a.

 T
o 

m
ar

k 
bo

un
da

rie
s 

of
 la

nd
 th

ey
 w

ou
ld

 th
ro

w
 a

 s
to

ne
 a

nd
 w

he
re

 th
e 

sto
ne

 fe
ll 

w
ou

ld
be

 th
e 

bo
un

da
ry

 li
ne

...
Th

ey
 h

ur
le

d 
th

e 
sto

ne
 a

s 
fa

r 
as

 th
e 

W
ai

‘a
na

e 
R

an
ge

 a
nd

 it
la

nd
ed

 s
om

ew
he

re
 in

 th
e 

W
ai

m
na

lo
 s

ec
tio

n.
..E

ve
nt

ua
lly

 th
e 

sto
ne

 w
as

 f
ou

nd
 a

t
Pi

li 
o 

K
ah

e.
 T

hi
s i

s a
 sp

ot
 w

he
re

 tw
o 

sm
al

l h
ill

s o
f t

he
 W

ai
‘a

na
e 

R
an

ge
 c

om
e 

do
w

n 
pa

ra
lle

l o
n 

th
e 

bo
un

da
ry

 b
et

w
ee

n 
H

on
ou

liu
li 

an
d 

N
n

ku
li 

(‘E
w

a 
an

d 
W

ai
‘a

na
e)

. 
Th

e 
an

ci
en

t H
aw

ai
ia

ns
 s

ai
d 

th
e 

hi
ll 

on
 th

e 
‘E

w
a 

sid
e 

w
as

 th
e 

m
al

e 
an

d 
th

e 
hi

ll 
on

th
e 

W
ai

‘a
na

e 
sid

e 
w

as
 fe

m
al

e.
.. 

(S
im

eo
n 

N
aw

aa
 In

 S
te

rli
ng

 a
nd

 S
um

m
er

s 1
97

8:
1)

E.
 K

ne
 a

nd
 K

an
al

oa
 a

nd
 th

e 
K

au
w

 o
f P

u‘
u 

K
u‘

ua
 (K

a 
Lo

ea
 K

la
i‘

in
a)

D
iv

in
e 

sa
nc

tio
n 

w
as

 a
ls

o 
gi

ve
n 

to
 so

ci
al

 st
ra

tif
ic

at
io

n 
an

d 
th

e 
de

si
gn

at
io

n 
of

 a
 la

nd
 fo

rk
au

w
(o

ut
ca

st
es

, p
ar

ia
hs

) i
n 

th
e 

vi
ci

ni
ty

 o
f P

u‘
u 

K
u‘

ua
: 

Th
e

ch
ie

fs
of

 o
ld

, 
w

ho
 l

iv
ed

 a
t 

th
at

 t
im

e,
w

er
e 

of
 d

iv
in

e 
de

sc
en

t. 
Th

e 
tw

o 
go

ds
 [K

ne
 a

nd
 K

an
al

oa
] l

oo
ke

d 
do

w
n 

on
 th

e 
ho

llo
w

 [v
ic

in
ity

of
 P

u‘
u 

K
u‘

ua
] a

nd
 sa

w
 h

ow
 th

ic
kl

y 
po

pu
la

te
d 

it 
w

as
. T

he
 m

od
e 

of
 li

vi
ng

 h
er

e 
w

as
 so

 th
at

 c
hi

ef
s 

an
d 

co
m

m
on

er
s 

m
ix

ed
 fr

ee
ly

 a
nd

 th
ey

 w
er

e 
so

 li
ke

 th
e 

lo
w

es
t o

f p
eo

pl
e 

(K
au

w
). 

Th
at

 is
 w

ha
t

th
es

e 
go

ds
 s

ai
d 

an
d 

th
at

 w
as

 t
he

 t
im

e 
w

he
n 

th
e 

te
rm

ka
uw

 w
as

 f
irs

t 
us

ed
, a

nd
 w

as
 u

se
d 

fo
r 

m
an

y 
ye

ar
s 

af
te

rw
ar

ds
...

. T
hi

s 
w

as
 h

ow
 t

he
y 

w
er

e 
m

ad
e 

to
 b

e 
ka

uw
. W

he
n 

th
e 

ru
lin

g 
ch

ie
f 

w
is

he
d 

to
 g

o 
to

 W
ai

k
k

 fo
r s

ea
 b

at
hi

ng
 h

e 
as

ke
d 

th
e 

ch
ie

f j
us

t b
el

ow
 h

im
 in

 ra
nk

, “
H

ow
 a

re
 m

y
pl

an
tin

g 
pl

ac
es

 a
t P

u‘
u 

K
u‘

ua
, [

a 
pl

ac
e 

in
 th

e 
W

ai
‘a

na
e 

R
an

ge
 fa

m
ou

s 
as

 a
 k

au
w

 re
si

de
nc

e 
an

d
pl

ac
e 

of
 m

ix
ed

 c
as

te
] h

av
e 

th
ey

 n
ot

 p
ro

du
ce

d 
yo

un
g 

su
ck

er
s?

” 
Th

e 
ch

ie
f n

ex
t t

o 
hi

m
 a

ns
w

er
ed

, 
“T

he
re

 a
re

 s
om

e 
su

ck
er

s,”
 a

nd
 s

en
t s

om
eo

ne
 fo

r t
he

m
. W

he
n 

th
e 

m
en

, w
om

en
 a

nd
 c

hi
ld

re
n 

le
as

t 
ex

pe
ct

ed
 it

, t
he

 m
es

se
ng

er
 c

am
e 

to
 g

et
 s

om
e 

of
 th

e 
ch

ild
re

n.
 T

he
 f

at
he

r 
st

oo
d 

up
 a

nd
 to

ok
 h

is
 

so
ns

 to
 W

ai
k

k
. T

he
n,

 w
he

n 
th

e 
ru

lin
g 

ch
ie

f 
w

en
t s

ea
 b

at
hi

ng
, h

e 
se

nt
 a

n 
at

te
nd

an
t t

o 
ge

t t
he

 
bo

ys
 a

nd
 ta

ke
 th

em
 to

 a
 s

ha
llo

w
 p

la
ce

 w
he

re
 th

e 
ru

lin
g 

ch
ie

f w
ou

ld
 c

om
e.

 T
he

n 
th

e 
ru

le
r p

la
ce

d 
a 

ha
nd

 o
n 

ea
ch

 o
f t

he
 b

oy
s, 

ho
ld

in
g 

th
em

 b
y 

th
e 

ne
ck

s. 
Th

e 
w

or
ds

 h
e 

ut
te

re
d 

w
er

e,
 “

M
y 

he
ig

ht
ha

s 
no

t b
ee

n 
re

ac
he

d!
 M

y 
he

ig
ht

 h
as

 n
ot

 b
ee

n 
re

ac
he

d!
” 

H
e 

ad
va

nc
ed

 a
nd

 h
el

d 
on

to
 th

e 
bo

ys
 

un
til

 th
e 

se
a 

w
as

 u
p 

to
 h

is
 c

he
st

. T
he

 b
oy

s 
flo

at
ed

 o
n 

th
e 

w
at

er
 fa

ce
 d

ow
n.

 T
he

 fa
th

er
 o

n 
sh

or
e 

ca
lle

d 
ou

t, 
“L

ie
 st

ill
 in

 th
e 

se
a 

of
 y

ou
r L

or
d,

” 
an

d 
so

 o
n.

 

8

M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

A 
pe

ne
i n

a‘
e 

i k
au

w
 l

oa
 [

sic
. “

lo
a‘

a”
] 

ai
. A

ia
 a

 m
an

a‘
o 

ke
 A

li‘
i N

ui
 (

M
‘)

 e
‘a

u‘
au

 k
ai

 i 
W

ai
k

k
. E

ia
 k

a 
n

na
u 

a 
ke

 A
li‘

i N
ui

 i 
ke

 a
li‘

i m
a 

la
lo

 ih
o 

on
a,

 “
Pe

he
a

u 
m

au
 w

ah
i l

ep
o 

ka
nu

 o
 P

u‘
u 

Ku
‘u

a?
 ‘A

‘o
le

 p
ah

a 
he

 m
au

 w
ah

i p
hu

li?
” 

Ei
a 

ka
pa

ne
 a

 k
e 

al
i‘i

 m
a 

la
lo

 ih
o 

on
a,

 “
H

e 
P

hu
li 

n
. ‘

O
 k

e 
ka

uo
ha

 ia
 a

ku
la

 n
 ia

 e
 k

i‘i
. 

‘O
ia

i k
o 

k
ne

 m
e 

ka
 w

ah
in

e 
e 

na
ne

a 
an

a 
m

e 
n

 k
ei

ki
, a

 h
ik

i ‘
an

a 
ke

 k
i‘i

 i 
m

au
 k

ei
ki

.
‘O

 k
e 

k
 a

‘e
la

 n
 ia

 o
 k

a 
m

ak
ua

k
ne

 a
 la

we
 ‘a

na
 i 

k
na

 m
au

 k
ei

ki
 a

 h
ik

i i
 W

ai
k

k
.

Ai
a 

ho
‘i 

a 
hi

ki
 i 

ka
 w

 a
 k

e 
Al

i‘i
 e

 h
el

e 
ai

 i 
ka

 ‘a
u‘

au
 k

ai
, a

 la
ila

, h
oo

un
a‘

ia
 m

ai
 k

e 
ka

hu
 e

 k
i‘i

 m
ai

 i 
ua

 k
ei

ki
 a

 la
we

 a
ku

 ia
 m

a 
ka

hi
 p

pa
‘u

 o
 k

e 
ka

i, 
m

a 
ka

hi
 a

 k
e 

Al
i‘i

nu
i e

 h
el

e 
k

 ‘a
na

, a
 la

ila
 k

au
 n

 li
m

a 
o 

ka
 M

‘ 
i l

un
a 

o 
ka

hi
 k

ei
ki

 a
 m

e 
ka

hi
 k

ei
ki

,
m

a 
n

 ‘
‘

 o
 n

 k
ei

ki
 a

 p
a‘

a 
ai

. ‘
O

 k
a 

hu
a 

‘
le

lo
 m

a 
ka

 w
ah

a 
o 

ke
 A

li‘
i n

ui
 e

 
‘

le
lo

 a
i, 

“‘
A‘

ol
e 

pa
u 

ku
‘u

 lo
a!

  ‘
A‘

ol
e 

pa
u 

ku
‘u

 lo
a!

” 
‘O

ia
i ‘

o 
ia

 e
 ‘a

u 
an

a 
m

e 
ka

 
pa

‘a
 n

 o
 n

 li
m

a 
i n

 k
ei

ki
 a

 h
ik

i i
 k

a 
um

au
m

a 
ke

 k
ai

 o
 k

e 
al

i‘i
. U

a 
la

na
 a

‘e
la

 n
ke

ik
i i

 lu
na

 o
 k

a 
‘il

ik
ai

, a
ia

 k
e 

al
o 

i l
al

o.
  E

ia
 h

o‘
i k

a 
‘

le
lo

 a
 k

a 
m

ak
ua

k
ne

 m
a 

ku
la

 a
ku

 n
ei

, “
M

oe
 m

lie
 i 

ke
 k

ai
 o

 k
o 

H
ak

u,
” 

a 
p

lh
 a

ku
. ‘

O
 k

e 
ka

i o
 W

ai
k

k
 k

e 
ka

i 
i 

‘
le

lo
 ‘

ia
 h

e 
ka

i 
lu

m
al

um
a‘

i 
ka

na
ka

 o
 k

a 
lu

a,
 a

ia
 i

 K
ua

lo
a 

(K
a 

Lo
ea

K
la

i‘
in

a,
 J

ul
y 

8,
 1

89
9)

 

F.
K

am
ap

ua
‘a

 a
t H

on
ou

liu
li 

(N
ak

ui
na

’s
 L

eg
en

d 
of

 K
al

iu
w

a‘
a)

K
am

ap
ua

‘a
 th

e 
pi

g 
go

d 
is

 a
ss

oc
ia

te
d 

w
ith

 H
on

ou
liu

li:
 

K
am

ap
ua

‘a
 s

ub
se

qu
en

tly
 c

on
qu

er
ed

 m
os

t o
f t

he
 is

la
nd

 o
f O

‘a
hu

, a
nd

, i
ns

ta
lli

ng
 h

is 
gr

an
dm

ot
he

r [
K

am
au

nu
an

ih
o]

 a
s 

qu
ee

n,
 to

ok
 h

er
 to

 P
u‘

uo
ka

po
le

i, 
th

e 
le

ss
er

 o
f t

he
 

tw
o 

hi
llo

ck
s 

fo
rm

in
g 

th
e 

so
ut

he
as

te
rn

 s
pu

r 
of

 th
e 

W
ai

‘a
na

e 
M

ou
nt

ai
n 

R
an

ge
, a

nd
 

m
ad

e 
he

r e
sta

bl
ish

 h
er

 c
ou

rt 
th

er
e.

 T
hi

s 
w

as
 to

 c
om

pe
l t

he
 p

eo
pl

e 
w

ho
 w

er
e 

to
 p

ay
 

tri
bu

te
 to

 b
rin

g 
al

l t
he

 n
ec

es
sit

ie
s o

f l
ife

 fr
om

 a
 d

ist
an

ce
, t

o 
sh

ow
 h

is 
ab

so
lu

te
 p

ow
er

 
ov

er
 a

ll.
 (N

ak
ui

na
 1

90
4:

50
-5

1)

Em
m

a 
N

ak
ui

na
 g

oe
s 

on
 to

 n
ot

e:
 “

A
 v

er
y 

sh
or

t t
im

e 
ag

o 
[p

rio
r 

to
 1

90
4]

 th
e 

fo
un

da
tio

ns
 o

f 
K

am
au

nu
an

ih
o’

s 
ho

us
e 

co
ul

d 
st

ill
 b

e 
se

en
 a

t 
Pu

‘u
ok

ap
ol

ei
.”

 A
no

th
er

 a
cc

ou
nt

 (
K

a 
Lo

ea
 

K
la

i‘
in

a
Ja

nu
ar

y 
13

, 1
90

0)
 s

pe
ak

s 
of

 K
ek

el
ea

ik
u,

 th
e 

ol
de

r 
br

ot
he

r 
of

 K
am

ap
ua

‘a
, w

ho
 a

ls
o

liv
ed

 o
n 

Pu
‘u

ok
ap

ol
ei

. 

G
.

M
o‘

o
at

 M
au

na
un

a 
(K

uo
ko

a)
M

os
es

 M
an

u 
in

 r
ec

ou
nt

in
g 

th
e 

Le
ge

nd
 o

f 
K

ea
om

el
em

el
e 

m
ak

es
 a

 r
ef

er
en

ce
 t

o 
a 

m
o‘

o
(f

ab
ul

ou
s 

liz
ar

d,
 d

ra
go

n,
 s

er
pe

nt
) n

am
ed

 M
au

na
un

a 
w

ho
 li

ve
d 

ab
ov

e 
L

hu
‘e

 (p
re

su
m

ab
ly

 a
t t

he
 

la
nd

fo
rm

 o
f t

ha
t n

am
e 

in
 e

xt
re

m
e 

no
rth

er
n 

H
on

ou
liu

li)
 w

ho
 w

as
 a

 b
ad

 li
za

rd
 (K

uo
ko

a 
A

pr
il 

25
, 

18
85

).

H
.

H
om

e 
of

 th
e 

Sh
ar

k-
G

od
de

ss
 K

a‘
ah

up
ha

u 
(L

eg
en

d 
of

 K
a‘

eh
ui

ki
m

an
oP

u‘
ul

oa
)

In
 th

e 
Le

ge
nd

 o
f 

K
a‘

eh
ui

ki
m

an
oP

u‘
ul

oa
 (

Th
ru

m
 1

92
3:

29
3-

30
6)

 th
e 

B
ig

 I
sl

an
d 

sh
ar

k 
go

d,
 

K
a‘

eh
ui

ki
 tr

av
el

s 
to

 v
is

it 
th

e 
fa

m
ou

s 
sh

ar
k 

de
ity

 K
a‘

ah
up

ha
u 

“r
ea

ch
in

g 
H

on
ou

liu
li,

 th
e 

ro
ya

l
re

si
de

nc
e.

” 
K

a‘
ah

up
ha

u 
is

 sa
id

 to
 h

av
e 

liv
ed

 in
 a

 ro
ya

l c
av

e 
at

 H
on

ou
liu

li 
(T

hr
um

 1
92

3:
30

2)
. 

I.
T

he
 F

ri
gh

te
ne

d 
Po

pu
la

ce
 o

f H
on

ou
liu

li 
(H

e 
Ka

‘a
o 

no
 P

al
ila

) 
In

 t
he

 L
eg

en
d 

of
 P

al
ila

 (
Fo

rn
an

de
r 

19
17

 V
ol

. V
 1

36
-1

53
), 

th
e 

ku
pu

a
or

 d
em

ig
od

 h
er

o 
of

 
K

au
a‘

i 
la

nd
s 

at
 K

a‘
en

a 
po

in
t 

w
ith

 h
is

 f
ab

ul
ou

s 
w

ar
 c

lu
b 

(l
‘a

u 
p

la
u)

, w
hi

ch
 r

eq
ui

re
d 

ei
gh

ty
 

9



M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

m
en

 to
 c

ar
ry

 it
, a

nd
 c

ro
ss

es
 in

to
 H

on
ou

liu
li 

th
ro

ug
h 

th
e 

P
h

ke
a 

Pa
ss

. H
e 

de
sc

en
ds

 to
 th

e 
pl

ai
n 

of
 K

ea
hu

m
oa

:

A
t t

hi
s p

la
ce

 h
e 

sto
od

 a
nd

 lo
ok

ed
 a

t t
he

 d
us

t a
s i

t a
sc

en
de

d 
to

 th
e 

sk
y 

ca
us

ed
 b

y 
th

e 
pe

op
le

 w
ho

 h
ad

 g
at

he
re

d 
th

er
e;

 h
e 

th
en

pu
sh

ed
 h

is 
w

ar
 c

lu
b 

to
w

ar
d 

H
on

ou
liu

li.
 

W
he

n 
th

e 
pe

op
le

 h
ea

rd
 so

m
et

hi
ng

 ro
ar

 li
ke

 a
n 

ea
rth

qu
ak

e 
th

ey
 w

er
e 

af
ra

id
 a

nd
 th

ey
al

l r
an

 to
 W

ai
ke

le
 ..

. 

K
 k

ia
 i 

la
ila

 n
n

 i 
ke

 k
 k

a 
ea

 o
 k

a 
le

po
 i 

n
 k

na
ka

, e
 p

ah
u 

ak
u 

an
a 

k
ia

 i 
ka

 
l

‘a
u 

p
la

u 
ai

a 
ne

i i
 k

ai
 o

 H
on

ou
liu

li,
 k

 k
a 

ea
 o

 k
a 

le
po

 o
 k

a 
ho

nu
a,

 m
e 

he
 

la
‘i 

la
, 

m
ak

a‘
u 

n
 k

na
ka

 h
ol

o 
a 

hi
ki

 i 
W

ai
ke

le

J.
T

w
o 

O
ld

 W
om

en
 w

ho
 T

ur
ne

d 
to

 S
to

ne
 (K

a 
Lo

ea
 K

la
i‘

in
a)

Th
e 

H
aw

ai
ia

n 
la

ng
ua

ge
 n

ew
sp

ap
er

 K
a 

Lo
ea

 K
la

i‘
in

a,
 (J

an
ua

ry
 1

3,
 1

90
0)

 re
la

te
s 

th
at

 n
ea

r 
Pu

‘u
ok

ap
ol

ei
, o

n 
th

e 
pl

ai
n 

of
 P

uk
au

a,
 o

n 
th

e 
m

au
ka

 s
id

e 
of

 th
e 

ro
ad

, t
he

re
 w

as
 a

 la
rg

e 
ro

ck
. T

he
 

le
ge

nd
 is

 a
s f

ol
lo

w
s:

Th
er

e 
w

er
e 

tw
o 

su
pe

rn
at

ur
al

 o
ld

 w
om

en
 o

r 
ra

th
er

 p
ec

ul
ia

r 
w

om
en

 w
ith

 s
tra

ng
e

po
w

er
s a

nd
 P

u‘
uk

au
a 

be
lo

ng
ed

 to
 th

em
. W

hi
le

 th
ey

 w
er

e 
do

w
n 

fis
hi

ng
 a

t K
ua

la
ka

‘i
[n

ea
r B

ar
be

r’s
 P

oi
nt

] i
n 

th
e 

ev
en

in
g,

 th
ey

 c
au

gh
t t

he
se

 th
in

gs
, ‘

a‘
am

a 
cr

ab
s, 

pi
pi

pi
sh

el
lfi

sh
, a

nd
 w

ha
te

ve
r t

he
y

co
ul

d 
ge

t w
ith

 th
ei

r h
an

ds
. A

s 
th

ey
 w

er
e 

re
tu

rn
in

g 
to

 
th

e 
pl

ai
n 

fro
m

 th
e 

sh
or

e 
an

d 
th

in
ki

ng
 o

f 
ge

tti
ng

 h
om

e 
w

hi
le

 it
 w

as
 y

et
 d

ar
k,

 th
ey

 
fa

ile
d 

fo
r t

he
y 

m
et

 a
 o

ne
-e

ye
d 

pe
rs

on
 [b

ad
 o

m
en

]. 
It 

be
ca

m
e 

lig
ht

 a
s t

he
y 

ca
m

e 
ne

ar
to

 th
e 

pl
ai

n,
 s

o 
th

at
 p

as
sin

g 
pe

op
le

 w
er

e 
di

sti
ng

ui
sh

ab
le

. T
he

y 
w

er
e 

sti
ll 

be
lo

w
 th

e
ro

ad
 a

nd
 b

ec
am

e 
fri

gh
te

ne
d 

le
st 

th
ey

 b
e 

se
en

 b
y 

m
en

. T
he

y 
be

ga
n 

to
 ru

n 
- r

un
ni

ng
, 

le
ap

in
g,

 f
al

lin
g,

 s
pr

aw
lin

g,
 r

isi
ng

 u
p 

an
d 

ru
nn

in
g 

on
, 

w
ith

ou
t 

a 
th

ou
gh

t 
of

 t
he

‘a
‘a

m
a 

cr
ab

s 
an

d 
se

aw
ee

ds
 th

at
 d

ro
pp

ed
 o

n 
th

e 
w

ay
, s

o 
lo

ng
 a

s 
th

ey
 w

ou
ld

 re
ac

h 
th

e 
up

pe
r 

sid
e 

of
 th

e 
ro

ad
. T

he
y 

di
d 

no
t g

o 
fa

r 
fo

r 
by

 th
en

 it
 w

as
 b

ro
ad

 d
ay

lig
ht

.
O

ne
 w

om
an

 s
ai

d 
to

 th
e 

ot
he

r, 
“L

et
 u

s 
hi

de
 le

st 
pe

op
le

 s
ee

 u
s,”

 a
nd

 s
o 

th
ey

 h
id

.
Th

ei
r b

od
ie

s 
tu

rn
ed

 in
to

 s
to

ne
 a

nd
 th

at
 is

 o
ne

 o
f t

he
 fa

m
ou

s 
th

in
gs

 o
n 

th
is 

pl
ai

n 
to

 
th

is 
da

y,
 th

e 
sto

ne
 b

od
y.

 T
hi

s 
is 

th
e 

en
d 

of
 th

es
e 

str
an

ge
 w

om
en

. W
he

n 
on

e 
vi

sit
s 

th
e 

pl
ai

n,
 it

 w
ill

 d
o 

no
 h

ar
m

 to
 g

la
nc

e 
on

 th
e 

up
pe

r s
id

e 
of

 th
e 

ro
ad

 a
nd

 s
ee

 th
em

 
sta

nd
in

g 
on

 th
e 

pl
ai

n.
 

K
.

T
he

 S
tr

ife
 o

f N
m

ak
ao

ka
p

o‘
o 

an
d 

Pu
al

i‘i
 (K

a‘
ao

 n
o 

N
m

ak
ao

ka
p

o‘
o 

) 
In

 t
he

 L
eg

en
d 

of
 N

m
ak

ao
ka

p
o‘

o 
(F

or
na

nd
er

 1
91

7 
V

ol
. 

V
 2

74
-2

77
), 

th
e 

br
av

e 
bo

y,
 

N
m

ak
ao

ka
p

o‘
o,

 a
nd

 h
is

 m
ot

he
r, 

Po
ka

i, 
ap

pe
ar

 t
o 

ha
ve

 b
ee

n 
liv

in
g 

ne
ar

 t
he

 c
oa

st
 b

ut
 w

er
e 

qu
ite

 d
es

tit
ut

e 
(‘

ili
hu

ne
 l

oa
). 

H
is

 m
ot

he
r 

m
et

 P
ua

li‘
i 

w
he

n 
he

 c
am

e 
fr

om
 L

hu
‘e

 t
o 

fis
h 

at
 

H
on

ou
liu

li 
an

d 
th

e 
fa

m
ily

 w
en

t t
o 

liv
e 

on
 th

e 
pl

ai
ns

 o
f K

ea
hu

m
oa

 (k
e 

ku
la

 o
 K

ea
hu

m
oa

). 
Pu

al
i‘i

 
ke

pt
 s

w
ee

t 
po

ta
to

 p
at

ch
es

 (
m

la
 u

al
a)

 a
nd

 f
is

he
d 

fo
r 

ul
ua

. 
Fo

llo
w

in
g 

a 
di

sp
ut

e 
ov

er
 s

w
ee

t
po

ta
to

es
, N

m
ak

ao
ka

p
o‘

o 
de

fe
at

ed
 h

is
 st

ep
-f

at
he

r, 
Pu

al
i‘i

 a
nd

: 

N
m

ak
ao

ka
p

o‘
o 

pi
ck

ed
 u

p 
Pu

al
i‘i

’s
 h

ea
d 

an
d 

th
re

w
 it

 to
w

ar
ds

 W
ai

po
ul

i, 
a 

ca
ve

 
sit

ua
te

d 
on

 th
e 

be
ac

h 
at

 H
on

ou
liu

li 
(a

 d
ist

an
ce

 o
f a

bo
ut

 fi
ve

 m
ile

s)
...

 

L
la

u 
ak

u 
la

 o
 N

m
ak

ao
ka

p
o‘

o 
i k

e 
po

‘o
 o

 P
ua

li‘
i a

 k
io

la
 a

ku
 la

 i 
ka

i o
 W

ai
po

ul
i, 

he
 a

na
 m

a 
ka

ha
ka

i o
 H

on
ou

liu
li,

 o
 k

on
a 

lo
a,

 ‘e
lim

a 
m

ile
 k

a 
lo

a

10

M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

L
.

T
he

 N
am

in
g 

of
 H

on
ou

liu
li 

(L
eg

en
d 

of
 L

ep
ea

m
oa

) 
In

 t
he

 L
eg

en
d 

of
 L

ep
ea

m
oa

, 
th

e 
ch

ic
ke

n-
gi

rl 
of

 P
la

m
a,

 H
on

ou
liu

li 
is

 t
he

 n
am

e 
of

 t
he

hu
sb

an
d 

of
 th

e 
C

hi
ef

es
s 

K
ap

la
m

a 
an

d 
gr

an
df

at
he

r 
of

 L
ep

ea
m

oa
 (

Th
ru

m
 1

92
3:

16
4-

18
4)

. “
H

er
 

gr
an

df
at

he
r g

av
e 

hi
s 

na
m

e,
 H

on
ou

liu
li 

to
 a

 la
nd

 d
is

tri
ct

 w
es

t o
f H

on
ol

ul
u.

..”
 (T

hr
um

 1
92

3:
17

0)
. 

W
es

te
rv

el
t (

19
17

:2
09

) g
iv

es
 a

n 
al

m
os

t i
de

nt
ic

al
 a

cc
ou

nt
.

M
.T

he
 S

to
ry

 o
f K

ai
hu

op
al

a‘
ai

 P
on

d,
 H

on
ou

liu
li 

(K
a‘

ao
 n

o 
M

ai
ko

h
)

In
 th

e 
Le

ge
nd

 o
f M

ai
ko

h
 (F

or
na

nd
er

 1
91

7 
V

ol
. V

 2
70

-2
71

), 
a 

si
st

er
 o

f M
ai

ko
h

 (a
 d

ei
fie

d
ha

iry
 m

an
 w

ho
 b

ec
am

e 
th

e 
go

d 
of

 ta
pa

 m
ak

er
s)

 n
am

ed
 K

ai
hu

op
al

a‘
ai

, j
ou

rn
ey

s t
o 

O
‘a

hu
: 

K
ai

hu
op

al
a‘

ai
 s

aw
 a

 g
oo

dl
y 

m
an

 b
y 

th
e 

na
m

e 
of

 K
ap

ap
aa

pu
hi

w
ho

 w
as

 li
vi

ng
 a

t 
H

on
ou

liu
li,

 ‘E
w

a;
 s

he
 fe

ll 
in

 lo
ve

 w
ith

 h
im

 a
nd

 th
ey

 w
er

e 
un

ite
d,

 s
o 

K
ai

hu
op

al
a‘

ai
ha

s 
re

m
ai

ne
d 

in
 ‘

Ew
a 

to
 t

hi
s 

da
y.

 S
he

 w
as

 c
ha

ng
ed

 i
nt

o 
th

at
 f

ish
po

nd
 i

n 
w

hi
ch

m
ul

le
t a

re
 k

ep
t a

nd
 fa

tte
ne

d,
 a

nd
 th

at
 fi

sh
 p

on
d 

is 
us

ed
 fo

r t
ha

t p
ur

po
se

 to
 th

is 
da

y 
[1

91
9]

.

‘Ik
e 

ak
u 

la
 o

 K
ai

hu
op

al
a‘

ai
 i 

ka
 m

ai
ka

i o
 K

ap
ap

aa
pu

hi
, h

e 
k

ne
 e

 n
oh

o 
an

a 
m

a 
H

on
ou

liu
li 

m
a 

‘E
wa

. M
oe

 ih
o 

la
 l

ua
, a

 n
oh

o 
ih

o 
la

 o
 K

ai
hu

op
al

a‘
ai

 i 
la

ila
 a

 h
ik

i i
k

ia
 l

. ‘
O

ia
 k

l
 lo

ko
 k

ai
 e

 h
o‘

op
un

i i
a 

ne
i i

 k
a 

‘a
na

e,
 n

on
a 

n
 i‘

a 
he

 n
ui

 lo
a,

 a
 

hi
ki

 i 
k

ia
 k

ka
u 

an
a.

N
.

T
he

 T
ra

ve
lin

g 
M

ul
le

t o
f H

on
ou

liu
li 

(F
is

h 
St

or
ie

s a
nd

 S
up

er
st

iti
on

s)
 

Th
e 

st
or

y 
of

 (
K

a)
Ih

uo
pa

la
‘a

i 
is

 a
ls

o 
as

so
ci

at
ed

 w
ith

 t
he

 t
ra

di
tio

n 
of

 t
he

 “
‘a

na
e-

ho
lo

” 
or

 
tra

ve
lin

g 
m

ul
le

t (
Th

ru
m

 1
90

7:
27

0-
27

2)
:

Th
e 

ho
m

e 
of

 t
he

 ‘
an

ae
-h

ol
o 

is 
at

 H
on

ou
liu

li,
 P

ea
rl 

H
ar

bo
r, 

at
 a

 p
la

ce
 c

al
le

d
Ih

uo
pa

la
‘a

i. 
Th

ey
 m

ak
e 

pe
rio

di
ca

l 
jo

ur
ne

ys
 a

ro
un

d 
to

 t
he

 o
pp

os
ite

 s
id

e 
of

 t
he

isl
an

d,
 

sta
rti

ng
 

fro
m

 
Pu

‘u
lo

a 
an

d 
go

in
g 

to
 

w
in

dw
ar

d,
 

pa
ss

in
g 

su
cc

es
siv

el
y

K
um

um
an

u,
 K

al
ih

i, 
K

ou
, 

K
lia

, 
W

ai
k

k
, 

K
a‘

al
w

ai
, 

an
d 

so
 o

n,
 a

ro
un

d 
to

 t
he

K
o‘

ol
au

 s
id

e,
 e

nd
in

g 
at

 L
‘ie

, 
an

d 
th

en
 r

et
ur

ni
ng

 b
y 

th
e 

sa
m

e 
co

ur
se

 t
o 

th
ei

r 
sta

rti
ng

 p
oi

nt
.(T

hr
um

 1
90

7:
27

1)

In
 T

hr
um

’s
 a

cc
ou

nt
, I

hu
pa

la
‘a

i i
s 

a 
m

al
e 

w
ho

 p
os

se
ss

es
 a

 K
‘u

la
 o

r f
is

h 
go

d 
w

hi
ch

 s
up

pl
ie

d 
th

e 
la

rg
e 

m
ul

le
t k

no
w

n 
as

 “
‘a

na
e”

.  
H

is
 s

is
te

r 
liv

ed
 in

 L
‘ie

 a
nd

 th
er

e 
ca

m
e 

a 
tim

e 
w

he
n 

th
er

e
w

er
e 

no
 fi

sh
 to

 b
e 

ha
d.

 S
he

 se
nt

 h
er

 h
us

ba
nd

 to
 v

is
it 

Ih
up

al
a‘

ai
 w

ho
 w

as
 k

in
d 

en
ou

gh
 to

 se
nd

 th
e

fis
h 

fo
llo

w
in

g 
hi

s b
ro

th
er

-in
-la

w
 o

n 
hi

s t
rip

 b
ac

k 
to

 L
‘ie

.

Th
is

 st
or

y 
is

 a
ss

oc
ia

te
d 

w
ith

 th
e 

on
ly

 p
ro

ve
rb

 o
r p

oe
tic

al
 sa

yi
ng

 id
en

tif
ie

d 
w

ith
 H

on
ou

liu
li:

 

K
a 

i‘a
 h

al
i a

 k
a 

m
ak

an
i 

Th
e 

fis
h 

fe
tc

he
d 

by
 th

e 
w

in
d 

(P
uk

ui
 1

98
3:

 #
 1

33
0)

 

Pu
ku

i 
ex

pl
ai

ns
 “

Th
e 

‘a
na

eh
ol

o,
 a

 f
is

h 
th

at
 t

ra
ve

ls
 f

ro
m

 H
on

ou
liu

li,
 w

he
re

 i
t 

br
ee

ds
, 

to
 

K
ai

p
pa

‘u
 o

n 
th

e 
w

in
dw

ar
d 

si
de

 o
f O

‘a
hu

. I
t t

he
n 

tu
rn

s 
ab

ou
t a

nd
 re

tu
rn

s 
to

 it
s 

or
ig

in
al

 h
om

e.
 It

 
is

 d
riv

en
 c

lo
se

r 
to

 s
ho

re
 w

he
n 

th
e 

w
in

d 
is

 s
tro

ng
.”

 W
he

th
er

 t
hi

s 
sa

yi
ng

 w
as

 u
se

d 
in

 c
on

te
xt

s 
ot

he
r t

ha
n 

in
 re

fe
re

nc
e 

to
 m

ul
le

t i
s u

nc
le

ar
.

11



M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

O
.

H
on

ou
liu

li 
an

d 
th

e 
H

ea
d 

of
 H

ilo
-a

-L
ak

ap
u 

(L
eg

en
d 

of
 th

e 
Sa

cr
ed

 S
pe

ar
-p

oi
nt

) 
In

 t
he

 L
eg

en
d 

of
th

e 
Sa

cr
ed

 S
pe

ar
-p

oi
nt

 (
K

al
ka

ua
 1

88
8:

20
9-

22
5)

 i
s 

a 
re

fe
re

nc
e 

to
 t

he
 

H
aw

ai
‘i 

Is
la

nd
 c

hi
ef

 H
ilo

-a
-L

ak
ap

u.
 F

ol
lo

w
in

g 
hi

su
ns

uc
ce

ss
fu

l r
ai

d 
ag

ai
ns

t O
‘a

hu
 “

he
 w

as
 sl

ai
n 

at
 W

ai
m

an
o,

 a
nd

 h
is

 h
ea

d 
w

as
 p

la
ce

d 
up

on
 a

 p
ol

e 
ne

ar
 H

on
ou

liu
li 

fo
r 

th
e 

bi
rd

s 
to

 f
ee

d
up

on
”(

K
al

ka
ua

 1
88

8:
22

4)
. 

P.
T

he
 S

tr
ife

 a
t H

on
ou

liu
li 

fr
om

 w
hi

ch
 K

al
i‘i

 u
ni

te
s H

aw
ai

‘i 
ne

i (
M

o‘
ol

el
o 

o 
K

al
i‘i

)
Th

e 
ce

le
br

at
ed

 c
hi

ef
, K

al
i‘i

, i
s 

sa
id

 to
 h

av
e 

le
ad

 a
n 

ar
m

y 
of

 tw
el

ve
 th

ou
sa

nd
 (‘

ek
ol

u 
m

an
o)

ag
ai

ns
t t

he
 c

hi
ef

s 
of

 K
o‘

ol
au

lo
a 

w
ith

 a
n 

ar
m

y 
of

 tw
el

ve
 h

un
dr

ed
 (‘

ek
ol

u 
la

u)
 u

po
n 

th
e 

pl
ai

ns
 o

f 
K

ea
hu

m
oa

 (
Fo

rn
an

de
r 

19
17

 V
ol

. I
V

 3
64

-4
01

). 
Pe

rh
ap

s 
be

ca
us

e 
th

e 
od

ds
 w

er
e 

so
 s

ke
w

ed
 t

he
 

ba
ttl

e 
w

as
 c

al
le

d 
of

f 
an

d 
th

e 
al

i‘i
 o

f 
K

o‘
ol

au
 c

ed
ed

 (
ha

‘a
w

i 
a‘

e)
 t

he
 d

is
tri

ct
s 

of
 K

o‘
ol

au
lo

a,
 

K
o‘

ol
au

po
ko

, W
ai

al
ua

 a
nd

 W
ai

‘‘
an

ae
 to

 K
al

i‘i
. W

he
n 

th
e 

al
i‘i

 o
f K

au
a‘

i h
ea

rd
 o

f t
hi

s v
ic

to
ry

 a
t 

H
on

ou
liu

li 
th

ey
 g

av
e 

K
au

a‘
i t

o 
K

al
i‘i

 a
s w

el
l a

nd
 th

us
 h

e 
be

ca
m

e 
po

ss
es

se
d 

of
 a

ll 
th

e 
is

la
nd

s (
a

lil
o 

a‘
e 

la
 n

 m
ok

u 
a 

pa
u 

ia
 K

al
i‘i

 m
ai

 H
aw

ai
‘i 

a 
N

i‘i
ha

u)
. T

he
 s

tri
fe

 a
t H

on
ou

liu
li 

w
as

 th
e 

oc
ca

si
on

 o
f 

th
e 

re
ci

ta
tio

n 
of

 a
 s

on
g 

fo
r 

K
al

i‘i
 b

y 
a 

ce
rta

in
 K

ap
a‘

ah
ul

an
i 

(K
a 

Pu
le

 A
na

 a
 

K
ap

a‘
ah

ul
an

i) 
w

hi
ch

 m
ak

es
 p

as
si

ng
 r

ef
er

en
ce

 in
 w

or
d 

pl
ay

 to
 th

e 
bl

ue
 p

oi
 w

hi
ch

 a
pp

ea
se

s 
th

e
hu

ng
er

 o
f H

on
ou

liu
li 

(U
liu

li 
ka

 p
oi

 e
 p

ih
a 

ne
i-o

 H
on

ou
liu

li)
.

Q
.

T
he

 V
ac

at
io

ni
ng

 P
la

ce
 o

f K
ku

hi
he

w
a 

(K
e 

Au
 H

ou
)

O
ne

 h
is

to
ric

al
 a

cc
ou

nt
 o

f 
pa

rti
cu

la
r 

in
te

re
st

 r
ef

er
s 

to
 a

n 
al

i‘i
 r

es
id

in
g 

in
 K

o 
‘

lin
a,

 a
n 

ar
ea

 
lo

ca
te

d 
so

ut
h 

of
 th

e 
pr

oj
ec

t a
re

a:
 

K
o‘

lin
a 

is 
in

 W
ai

m
na

lo
 n

ea
r 

th
e 

bo
un

da
ry

 o
f 

‘E
w

a 
an

d 
W

ai
‘a

na
e.

 T
hi

s 
w

as
 a

va
ca

tio
ni

ng
 p

la
ce

 f
or

 c
hi

ef
 K

ku
hi

he
w

a 
an

d 
th

e 
pr

ie
st 

N
ap

ua
ik

am
ao

 w
as

 t
he

ca
re

ta
ke

r 
of

 t
he

 p
la

ce
. 

R
em

em
be

r 
re

ad
er

, 
th

is 
K

o‘
lin

a 
is 

no
t 

sit
ua

te
d 

in
 t

he
 

W
ai

m
na

lo
 o

n 
th

e 
K

o‘
ol

au
 s

id
e 

of
 th

e 
isl

an
d 

bu
t t

he
 W

ai
m

na
lo

 in
 ‘

Ew
a.

 I
t i

s 
a 

lo
ve

ly
 a

nd
 d

el
ig

ht
fu

l p
la

ce
 a

nd
 th

e 
ch

ie
f, 

K
ku

hi
he

w
a 

lo
ve

d 
th

is 
ho

m
e 

of
 h

is.
 (K

e
Au

 H
ou

 Ju
ly

 1
3,

 1
91

0)
 

R
.

T
he

 L
as

t D
ay

s o
f K

ah
ah

an
a 

an
d 

H
on

ou
liu

li 
(T

he
 L

an
d 

is
 th

e 
Se

a’
s)

 
In

 t
he

 t
ra

di
tio

n 
of

 t
he

 p
ro

ph
ec

y 
of

 t
he

 k
ah

un
a 

(p
re

is
t) 

K
ao

pu
lu

pu
lu

, M
ok

e 
M

an
u 

(T
hr

um
 

19
07

:2
03

-2
14

) r
el

at
es

 th
at

 th
e 

de
po

se
d 

O
‘a

hu
 c

hi
ef

 K
ah

ah
an

a 
fle

d 
fo

r h
is

 li
fe

: 

U
po

n 
th

e 
ar

riv
al

 h
er

e 
at

 O
‘a

hu
 o

f K
ah

ek
ili

, K
ah

ah
an

a 
fle

d,
 w

ith
 h

is 
w

ife
 K

ek
ua

po
i,

an
d 

fri
en

d 
A

la
pa

‘i,
 a

nd
 h

id
 in

 th
e 

sh
ru

bb
er

y 
of

 th
e 

hi
lls

. T
he

y 
w

en
t t

o 
lia

m
an

u,
M

oa
na

lu
a,

 to
 a

 p
la

ce
 c

al
le

d 
K

in
im

ak
al

eh
ua

;t
he

n 
m

ov
ed

 a
lo

ng
 to

 K
ea

na
pu

a‘
a,

 a
nd

K
ep

o‘
ok

al
a,

 a
t t

he
 lo

ch
s 

of
 P

u‘
ul

oa
, a

nd
 f

ro
m

 th
er

e 
to

 u
pp

er
 W

ai
pi

‘o
; t

he
nc

e 
to

 
W

ah
ia

w
, 

H
el

em
an

o,
 

an
d 

on
 

to
 

L
hu

‘e
; 

th
en

ce
 

th
ey

 
ca

m
e 

to
 

Po
‘o

hi
lo

, 
at

H
on

ou
liu

li,
 w

he
re

 t
he

y 
fir

st 
sh

ow
ed

 t
he

m
se

lv
es

 t
o 

th
e 

pe
op

le
 a

nd
 s

ub
m

itt
ed

th
em

se
lv

es
 to

 th
ei

r c
ar

e.
 

Th
ro

ug
h 

tre
ac

he
ry

, K
ah

ah
an

a 
w

as
 in

du
ce

d 
to

 le
av

e 
Po

‘o
hi

lo
, H

on
ou

liu
li 

an
d 

w
as

 k
ill

ed
 o

n 
th

e 
pl

ai
ns

 o
f H

‘a
e‘

ae
 (T

hr
um

 1
90

7:
21

3-
21

4)
. 12

M
yt

ho
lo

gi
ca

l a
nd

 T
ra

di
tio

na
l A

cc
ou

nt
s

S.
Pu

‘u
ok

ap
ol

ei
 a

nd
 th

e 
R

ec
ko

ni
ng

 o
f t

he
 S

ea
so

ns
 (K

am
ak

au
) 

Sa
m

ue
l K

am
ak

au
 (M

o‘
ol

el
o 

H
aw

ai
‘i 

V
ol

. I
, C

ha
p.

 2
, p

. 2
3)

 re
la

te
s:

 

...
th

e 
pe

op
le

 o
f O

‘a
hu

 re
ck

on
ed

 fr
om

 th
e 

tim
e 

w
he

n 
th

e 
su

n 
se

t o
ve

r P
u‘

uo
ka

po
le

i
un

til
 it

 s
et

 in
 th

e 
ho

llo
w

 o
f 

M
ah

in
ao

na
 a

nd
 c

al
le

d 
th

is 
pe

rio
d 

Ka
u 

[s
um

m
er

], 
an

d 
w

he
n 

it 
m

ov
ed

 s
ou

th
 a

ga
in

 fr
om

 P
u‘

uo
ka

po
le

i a
nd

 it
 g

re
w

 c
ol

d 
an

d 
th

e 
tim

e 
ca

m
e

w
he

n 
yo

un
g 

sp
ro

ut
s s

ta
rte

d,
 th

e 
se

as
on

 w
as

 c
al

le
d 

fro
m

 th
ei

r g
er

m
in

at
io

n 
(‘

ilo
) t

he
 

se
as

on
 o

f h
o‘

ilo
 [w

in
te

r, 
ra

in
y,

 se
as

on
].

T
.

H
on

ou
liu

li 
in

 th
e 

Po
et

ry
 o

f H
al

em
an

o 
(K

a‘
ao

 n
o 

H
al

em
an

o)
 

In
 t

he
 L

eg
en

d 
of

 H
al

em
an

o 
(F

or
na

nd
er

 1
91

7 
V

ol
. 

V
 2

52
), 

th
e 

ro
m

an
tic

 O
‘a

hu
 a

nt
i-h

er
o 

ch
an

ts
 a

 lo
ve

 so
ng

 w
ith

 a
 re

fe
re

nc
e 

to
 H

on
ou

liu
li:

 

Se
ar

ch
 is

 m
ad

e 
to

 th
e 

to
p 

of
 K

a‘
al

a,
 T

he
 lo

w
er

 e
nd

 o
f P

ka
‘ 

is 
pl

ai
nl

y 
se

en
. L

ov
e

lo
ok

s i
n 

fro
m

 H
on

ou
liu

li,
 T

he
 d

ew
 c

om
es

 c
re

ep
in

g,
 it

 is
 li

ke
 th

e 
w

in
d 

of
 L

hu
‘e

...

H
ul

i 
a‘

e 
la

 K
a‘

al
a 

ka
u 

i 
lu

na
, W

ai
ho

 w
al

e 
ka

i 
o 

P
ka

‘,
 N

n
 w

al
e 

ke
 a

lo
ha

 i
H

on
ou

liu
li,

 K
ok

ol
o 

k
ha

u 
he

 m
ak

an
i n

o 
L

hu
‘e

..

U
.

W
in

ds
 o

f H
on

ou
liu

li 
(M

. N
ak

ui
na

) 
Th

e 
w

in
ds

 o
f t

he
 re

gi
on

 a
re

 n
am

ed
 b

y 
M

os
es

 K
. N

ak
ui

na
 a

s f
ol

lo
w

s:
 

M
oa

‘e
-k

 is
 o

f ‘
Ew

al
oa

 

K
ha

u 
is 

of
 W

ai
op

ua
 

W
ai

k
lo

a 
is 

of
 L

hu
‘e

K
on

a 
is 

of
 P

u‘
uo

ka
po

le
i

(M
o‘

ok
in

i a
nd

 N
ko

a,
 tr

an
s. 

19
92

:5
1)

 

13



H
is

to
ric

al
 B

ac
kg

ro
un

d

II
I. 

H
IS

T
O

R
IC

A
L

 B
A

C
K

G
R

O
U

N
D

A
.

Pr
ec

on
ta

ct
 a

nd
 E

ar
ly

 H
is

to
ry

V
ar

io
us

 l
eg

en
ds

 a
nd

 e
ar

ly
 h

is
to

ric
al

 a
cc

ou
nt

s 
in

di
ca

te
 t

ha
t 

th
e 

ah
up

ua
‘a

 o
f 

H
on

ou
liu

li 
(s

ho
w

n 
in

 F
ig

ur
e 

4)
 w

as
 o

nc
e 

he
av

ily
 p

op
ul

at
ed

 b
y 

pr
e-

co
nt

ac
t 

H
aw

ai
ia

ns
. 

Th
is

 s
ub

st
an

tia
l 

se
ttl

em
en

t 
is

 a
ttr

ib
ut

ab
le

 f
or

 t
he

 m
os

t 
pa

rt 
to

 t
he

 p
le

nt
ifu

l 
m

ar
in

e 
an

d 
es

tu
ar

in
e 

re
so

ur
ce

s
av

ai
la

bl
e 

at
 t

he
 c

oa
st

, 
an

d 
lo

w
la

nd
s 

su
ita

bl
e 

fo
r 

w
et

la
nd

 t
ar

o 
cu

lti
va

tio
n.

 I
n 

ad
di

tio
n,

 f
or

es
t

re
so

ur
ce

s 
al

on
g 

th
e 

sl
op

es
 o

f 
th

e 
W

ai
‘a

na
e 

R
an

ge
, 

as
 s

ug
ge

st
ed

 b
y 

E.
S.

 a
nd

 E
.G

. 
H

an
dy

, 
pr

ob
ab

ly
 a

ct
ed

 a
s a

 v
ia

bl
e 

su
bs

is
te

nc
e 

al
te

rn
at

iv
e 

du
rin

g 
tim

es
 o

f f
am

in
e 

an
d/

or
 lo

w
 ra

in
fa

ll.

Th
e 

le
ng

th
 o

r 
de

pt
h 

of
 t

he
 v

al
le

ys
 a

nd
 t

he
 g

ra
du

al
 s

lo
pe

 o
f 

th
e 

rid
ge

s 
m

ad
e 

th
e 

in
ha

bi
te

d 
lo

w
la

nd
s 

m
uc

h 
m

or
e 

di
sta

nt
 f

ro
m

 th
e 

‘w
ao

, o
r 

up
la

nd
 ju

ng
le

, t
ha

n 
w

as
th

e 
ca

se
 o

n 
th

e 
w

in
dw

ar
d 

co
as

t. 
Y

et
 t

he
 ‘

wa
o 

he
re

 w
as

 m
or

e 
ex

te
ns

iv
e,

 g
iv

in
g

gr
ea

te
r o

pp
or

tu
ni

ty
 to

 fo
ra

ge
 fo

r w
ild

 fo
od

s 
du

rin
g 

fa
m

in
e 

tim
e 

[H
an

dy
 a

nd
 H

an
dy

19
72

:4
69

-4
70

].

Th
e 

up
pe

r 
va

lle
y 

sl
op

es
 m

ay
 h

av
e 

al
so

 b
ee

n 
a 

re
so

ur
ce

 f
or

 s
po

ra
di

c 
qu

ar
ry

in
g 

of
 b

as
al

t f
or

 
th

e 
m

an
uf

ac
tu

rin
g 

of
 s

to
ne

 to
ol

s. 
A

t l
ea

st
 o

ne
 p

ro
ba

bl
e 

qu
ar

ry
in

g 
si

te
 (S

IH
P 

si
te

 5
0-

80
-1

2-
43

22
) 

is
 p

re
se

nt
 in

 M
ak

a‘
w

a 
G

ul
ch

 a
t 1

52
 m

 (5
00

 ft
.) 

ab
ov

e 
m

ea
n 

se
a 

le
ve

l (
H

am
m

at
t e

t a
l. 

19
91

).

Jo
hn

 P
ap

a 
‘I

‘ 
de

sc
rib

es
 a

 n
et

w
or

k 
of

 L
ee

w
ar

d 
O

‘a
hu

 t
ra

ils
 t

ha
t 

in
 l

at
er

 h
is

to
ric

 t
im

es
en

ci
rc

le
d 

an
d 

cr
os

se
d 

th
e 

W
ai

‘a
na

e 
R

an
ge

, a
llo

w
in

g 
pa

ss
ag

e 
fr

om
 W

es
t L

oc
h 

to
 th

e 
H

on
ou

liu
li 

lo
w

la
nd

s, 
pa

st
 P

u‘
uo

ka
po

le
i 

an
d 

W
ai

m
na

lo
 G

ul
ch

 t
o 

th
e 

W
ai

‘a
na

e 
co

as
t 

an
d 

on
w

ar
d,

 
ci

rc
um

sc
rib

in
g 

th
e 

sh
or

el
in

e 
of

 O
‘a

hu
 (‘

I‘
 1

95
9:

96
-9

8)
. F

ol
lo

w
in

g 
‘I

‘'
s d

es
cr

ip
tio

n,
 a

 p
or

tio
n 

of
th

is
 tr

ai
l n

et
w

or
k 

w
ou

ld
 h

av
e 

pa
ss

ed
 c

lo
se

 to
 th

e 
pr

es
en

tly
 e

xi
st

in
g 

Fa
rr

in
gt

on
 H

ig
hw

ay
 (*

Fi
gu

re
 

5)
.

Th
e 

H
aw

ai
ia

n 
al

i‘i
 w

er
e 

at
tra

ct
ed

 to
 th

is
 re

gi
on

. O
ne

 h
is

to
ric

al
 a

cc
ou

nt
 o

f p
ar

tic
ul

ar
 in

te
re

st
 

re
fe

rs
 to

 a
n 

al
i‘i

 re
si

di
ng

 in
 K

o 
‘O

lin
a,

 ju
st

 w
es

t o
f t

he
 p

ro
je

ct
 a

re
a:

 

K
o‘

ol
in

a 
is 

in
 W

ai
m

na
lo

 n
ea

r 
th

e 
bo

un
da

ry
 o

f 
‘E

w
a 

an
d 

W
ai

‘a
na

e.
 T

hi
s 

w
as

 a
va

ca
tio

ni
ng

 p
la

ce
 f

or
 c

hi
ef

 K
ku

hi
he

w
a 

an
d 

th
e 

pr
ie

st 
N

ap
ua

ik
am

ao
 w

as
 t

he
ca

re
ta

ke
r 

of
 t

he
 p

la
ce

. 
R

em
em

be
r 

re
ad

er
, 

th
is 

K
o‘

ol
in

a 
is 

no
t 

sit
ua

te
d 

in
 t

he
 

W
ai

m
na

lo
 o

n 
th

e 
K

o‘
ol

au
 s

id
e 

of
 th

e 
isl

an
d 

bu
t t

he
 W

ai
m

na
lo

 in
 ‘

Ew
a.

 I
t i

s 
a 

lo
ve

ly
 a

nd
 d

el
ig

ht
fu

l p
la

ce
 a

nd
 th

e 
ch

ie
f, 

K
ku

hi
he

w
a 

lo
ve

d 
th

is 
ho

m
e 

of
 h

is 
[K

e
Au

 H
ou

 Ju
ly

 1
3,

 1
91

0 
in

 S
te

rli
ng

 a
nd

 S
um

m
er

s 1
97

8:
41

]. 

O
th

er
 e

ar
ly

 h
is

to
ric

al
 a

cc
ou

nt
s 

of
 t

he
 g

en
er

al
 r

eg
io

n 
ty

pi
ca

lly
 r

ef
er

 t
o 

th
e 

m
or

e 
po

pu
la

te
d 

ar
ea

s 
of

 t
he

 ‘
Ew

a 
di

st
ric

t, 
w

he
re

 m
is

si
on

s
an

d 
sc

ho
ol

s 
w

er
e 

es
ta

bl
is

he
d 

an
d 

su
bs

is
te

nc
e 

re
so

ur
ce

s 
w

er
e 

pe
rc

ei
ve

d 
to

 b
e 

gr
ea

te
r. 

H
ow

ev
er

, t
he

 p
re

se
nc

e 
of

 a
rc

ha
eo

lo
gi

ca
l s

ite
s 

al
on

g 
th

e
ba

rr
en

 c
or

al
 p

la
in

s 
an

d 
co

as
t 

of
 s

ou
th

w
es

t 
H

on
ou

liu
li 

A
hu

pu
a‘

a 
in

di
ca

te
 t

ha
t 

pr
e-

co
nt

ac
t 

an
d 

ea
rly

 p
os

t-c
on

ta
ct

 p
op

ul
at

io
ns

 a
ls

o 
ad

ap
te

d 
to

 l
es

s 
in

vi
tin

g 
ar

ea
s, 

de
sp

ite
 t

he
 e

nv
iro

nm
en

ta
l

ha
rd

sh
ip

s.

B
ar

be
r’

s 
Po

in
t i

s 
na

m
ed

 a
fte

r C
ap

ta
in

 H
en

ry
 B

ar
be

r w
ho

se
 s

hi
p 

ra
n 

ag
ro

un
d 

on
 O

ct
ob

er
 3

1,
 

17
96

. S
ub

se
qu

en
t t

o 
w

es
te

rn
 c

on
ta

ct
 in

 th
e 

ar
ea

, t
he

 la
nd

sc
ap

e 
of

 th
e 

‘E
w

a 
pl

ai
ns

 a
nd

 W
ai

‘a
na

e
sl

op
es

 w
as

 a
dv

er
se

ly
 a

ff
ec

te
d 

by
 t

he
 o

ve
r 

ha
rv

es
tin

g 
of

 t
he

 s
an

da
lw

oo
d 

fo
re

st
, 

an
d 

th
e 

in
tro

du
ct

io
n 

of
 d

om
es

tic
at

ed
 a

ni
m

al
s 

an
d 

ex
ot

ic
 p

la
nt

 s
pe

ci
es

. D
om

es
tic

at
ed

 a
ni

m
al

s 
in

cl
ud

in
g

go
at

s, 
sh

ee
p 

an
d 

ca
ttl

e 
w

er
e 

br
ou

gh
t t

o 
th

e 
H

aw
ai

ia
n 

Is
la

nd
s 

by
 C

ap
t. 

G
eo

rg
e 

V
an

co
uv

er
 in

 th
e 

14

H
is

to
ric

al
 B

ac
kg

ro
un

d

Fi
gu

re
 4

. M
ap

 S
ho

w
in

g 
Lo

ca
tio

n 
of

 H
on

ou
liu

li 
A

hu
pu

a‘
a 

in
 W

es
t O

`a
hu

 (a
da

pt
ed

 fr
om

 S
te

rli
ng

 
an

d 
Su

m
m

er
s 1

97
8)

 

15



H
is

to
ric

al
 B

ac
kg

ro
un

d

Fi
gu

re
 5

. T
ra

ils
 o

f L
ee

w
ar

d 
O

`a
hu

 a
s D

es
cr

ib
ed

 b
y 

(`
`)

16

H
is

to
ric

al
 B

ac
kg

ro
un

d

ea
rly

 1
79

0s
, a

nd
 a

llo
w

ed
 to

 g
ra

ze
 fr

ee
ly

 a
bo

ut
 th

e 
la

nd
 fo

r s
om

e 
tim

e 
af

te
r. 

L.
A

. H
en

ke
 re

po
rts

 
th

e 
ex

is
te

nc
e 

of
 a

 lo
ng

ho
rn

 c
at

tle
 ra

nc
h 

in
 W

ai
‘a

na
e 

by
 a

t l
ea

st
 1

84
0 

(in
 F

rie
rs

on
 1

97
2:

10
). 

D
ur

in
g 

th
is

 sa
m

e 
tim

e,
 p

er
ha

ps
 a

s e
ar

ly
 a

s 1
79

0,
 e

xo
tic

 v
eg

et
at

io
n 

sp
ec

ie
s w

er
e 

in
tro

du
ce

d 
to

 
an

d 
flo

ur
is

he
d 

in
 t

he
 a

re
a.

 T
he

 f
ol

lo
w

in
g 

da
te

s 
of

 s
pe

ci
fic

 v
eg

et
at

io
n 

in
tro

du
ce

d 
to

 H
aw

ai
‘i,

gi
ve

n 
by

 R
. 

Sm
ith

 a
nd

 o
ut

lin
ed

 b
y 

Fr
ie

rs
on

 (
19

72
:1

0-
11

), 
ar

e 
re

le
va

nt
 w

he
n 

id
en

tif
yi

ng
 a

nd
 

se
le

ct
in

g 
ch

ar
co

al
 sa

m
pl

es
us

ed
 fo

r r
ad

io
ca

rb
on

 d
at

in
g:

 

1)
 "e

ar
ly

", 
c.

 1
79

0:
 P

ric
kl

y 
pe

ar
 c

ac
tu

s,
O

pu
nt

ia
 tu

na
;H

ao
le

 k
oa

,L
eu

ca
en

a 
gl

au
ca

;
G

ua
va

,P
sid

iu
m

 g
ua

ja
va

2)
 1

83
5-

18
40

: B
ur

m
ud

a 
[s

ic
] g

ra
ss

, C
yn

od
on

 d
ac

ty
lo

n;
 W

ire
 g

ra
ss

, E
le

us
in

e 
in

di
ca

3)
 1

85
8:

 L
an

ta
na

, L
an

ta
na

 c
am

ar
a

Th
e

ki
aw

e 
tre

e 
w

as
 a

lso
 i

nt
ro

du
ce

d 
du

rin
g 

th
is 

pe
rio

d,
 e

ith
er

 i
n 

18
28

 o
r 

18
37

 
[F

rie
rs

on
 1

97
2:

11
]. 

B
.

M
id

 to
 la

te
 1

9t
h 

C
en

tu
ry

 
Fo

llo
w

in
g 

th
e 

M
ah

el
e 

of
 1

84
8,

 9
9 

in
di

vi
du

al
 la

nd
 c

la
im

s 
in

 th
e 

ah
up

ua
‘a

 o
f H

on
ou

liu
li 

w
er

e 
re

gi
st

er
ed

 a
nd

 a
w

ar
de

d 
by

 K
in

g 
K

am
eh

am
eh

a 
II

I. 
Th

e 
pr

es
en

t s
tu

dy
 a

re
a 

ap
pe

ar
s 

to
 h

av
e 

be
en

 
in

cl
ud

ed
 in

 th
e 

la
rg

es
t a

w
ar

d 
(R

oy
al

 P
at

en
t 6

07
1,

 L
C

A
 1

12
16

, ‘
pa

na
 8

) g
ra

nt
ed

 in
 H

on
ou

liu
li 

A
hu

pu
a‘

a 
to

 M
iri

am
 K

e‘
ah

i-K
un

i K
ek

au
‘o

no
hi

 o
n 

Ja
nu

ar
y 

18
48

 (N
at

iv
e 

R
eg

is
te

r)
. K

ek
au

‘o
no

hi
 

ac
qu

ire
d 

a 
de

ed
 to

 a
ll 

un
cl

ai
m

ed
 la

nd
 w

ith
in

 th
e

ah
up

ua
‘a

, t
ot

al
in

g 
43

,2
50

 a
cr

es
.

K
ek

au
‘o

no
hi

 w
as

 o
ne

 o
f 

Li
ho

lih
o'

s 
(K

am
eh

am
eh

a
II

's)
 w

iv
es

, a
nd

 a
fte

r 
hi

s 
de

at
h,

 s
he

 li
ve

d 
w

ith
 

he
r 

ha
lf-

br
ot

he
r, 

Lu
an

u‘
u 

K
ah

al
a‘

i‘a
, 

w
ho

 
w

as
 

go
ve

rn
or

 
of

 
K

au
a‘

i. 
Su

bs
eq

ue
nt

ly
, 

K
ek

au
‘o

no
hi

 r
an

 a
w

ay
 w

ith
 Q

ue
en

 K
a‘

ah
um

an
u'

s
st

ep
so

n,
 K

el
i‘i

-a
ho

nu
i, 

an
d 

th
en

 b
ec

am
e 

th
e 

w
ife

 o
f C

hi
ef

 L
ev

i H
a‘

al
el

ea
. U

po
n 

he
r d

ea
th

 o
n 

Ju
ne

 2
, 1

85
1,

 a
ll 

he
r p

ro
pe

rty
 w

as
 p

as
se

d 
on

 to
 

he
r 

hu
sb

an
d 

an
d 

hi
s 

he
irs

. W
he

n 
Le

vi
 H

a‘
al

el
ea

, d
ie

d 
th

e 
pr

op
er

ty
 w

en
t t

o 
hi

s 
su

rv
iv

in
g 

w
ife

, 
w

ho
 in

 tu
rn

 le
as

ed
 it

 to
 Ja

m
es

 D
ow

se
tt 

an
d 

Jo
hn

 M
ee

k 
in

 1
87

1 
fo

r s
to

ck
 ru

nn
in

g 
an

d 
gr

az
in

g.
 

In
 1

87
7 

Ja
m

es
 C

am
pb

el
l 

pu
rc

ha
se

d 
m

os
t 

of
 H

on
ou

liu
li 

A
hu

pu
a‘

a 
-in

cl
ud

in
g 

th
e 

pr
es

en
t 

st
ud

y 
ar

ea
- f

or
 a

 to
ta

l o
f $

95
,0

00
. H

e 
th

en
 d

ro
ve

 o
ff

 3
2,

34
7 

he
ad

 o
f c

at
tle

 b
el

on
gi

ng
 to

 D
ow

se
tt,

 
M

ee
k 

an
d 

Ja
m

es
 R

ob
in

so
n 

an
d 

co
ns

tru
ct

ed
 a

 f
en

ce
 a

ro
un

d 
th

e 
ou

te
r 

bo
un

da
ry

 o
f 

hi
s 

pr
op

er
ty

 
(B

or
dn

er
 a

nd
 S

ilv
a 

19
83

:C
-1

2)
. B

y 
18

81
 t

he
 C

am
pb

el
l 

pr
op

er
ty

 o
f 

H
on

ou
liu

li 
pr

os
pe

re
d 

as
 a

ca
ttl

e 
ra

nc
h 

w
ith

 "
ab

un
da

nt
 p

as
tu

ra
ge

 o
f v

ar
io

us
 k

in
ds

" 
(B

rig
gs

 in
 H

au
n 

an
d 

K
el

ly
 1

98
4:

45
). 

In
 1

88
9,

 C
am

pb
el

l 
le

as
ed

 h
is

 p
ro

pe
rty

 t
o 

B
en

ja
m

in
 D

ill
in

gh
am

, w
ho

 s
ub

se
qu

en
tly

 f
or

m
ed

th
e 

O
‘a

hu
 R

ai
lw

ay
 a

nd
 L

an
d 

C
om

pa
ny

 (O
. R

. &
 L

.) 
as

 th
e 

re
su

lt 
of

 a
 fr

an
ch

is
e 

gr
an

te
d 

by
 K

in
g 

K
al

ka
ua

 in
 1

88
6.

 In
 1

88
9,

 D
ill

in
gh

am
 o

pe
ne

d 
th

e 
fir

st
 n

in
e 

m
ile

s 
of

 n
ar

ro
w

 g
au

ge
 tr

ac
k 

on
 th

e 
K

in
g’

s 
bi

rth
da

y.
 T

o 
at

tra
ct

 b
us

in
es

s 
to

 h
is

 n
ew

 r
ai

lro
ad

 s
ys

te
m

, D
ill

in
gh

am
 s

ub
le

as
ed

 a
ll 

la
nd

be
lo

w
 2

00
 fe

et
 to

 W
ill

ia
m

 C
as

tle
 w

ho
 in

 tu
rn

 su
bl

et
 th

e 
ar

ea
 to

 th
e 

‘E
w

a 
Pl

an
ta

tio
n 

C
om

pa
ny

 fo
r 

su
ga

r c
an

e 
cu

lti
va

tio
n 

(F
rie

rs
on

 1
97

2:
15

).

‘E
w

a 
Pl

an
ta

tio
n 

C
o.

 g
re

w
 q

ui
ck

ly
 a

nd
 c

on
tin

ue
d 

in
 fu

ll 
op

er
at

io
n 

up
 in

to
 m

od
er

n 
tim

es
. A

s a
m

ea
ns

 to
 g

en
er

at
e 

so
il 

de
po

si
tio

n 
on

 th
e 

co
ra

l p
la

in
 a

nd
 in

cr
ea

se
 a

ra
bl

e 
la

nd
 in

 th
e 

lo
w

la
nd

s, 
th

e 
‘E

w
a 

Pl
an

ta
tio

n 
C

o.
 in

st
al

le
d 

di
tc

he
s 

ru
nn

in
g 

fr
om

 th
e 

lo
w

er
 s

lo
pe

s 
of

 th
e 

m
ou

nt
ai

n 
ra

ng
e 

to
 th

e 
lo

w
la

nd
s 

an
d 

th
en

 p
lo

w
ed

 t
he

 s
lo

pe
s 

ve
rti

ca
lly

 j
us

t 
be

fo
re

 t
he

 r
ai

ny
 s

ea
so

n 
to

 i
nd

uc
e 

er
os

io
n 

(F
rie

rs
on

 1
97

2:
17

). 

17



H
is

to
ric

al
 B

ac
kg

ro
un

d

C
. 

T
w

en
tie

th
C

en
tu

ry
In

 th
e 

ea
rly

 2
0th

 c
en

tu
ry

, t
he

 ‘
Ew

a 
Pl

an
ta

tio
n 

C
om

pa
ny

 in
st

itu
te

d 
an

 e
ff

or
t t

o 
br

in
g 

ar
ab

le
so

ils
 to

 th
e 

co
ra

l p
la

in
 (

Fr
ie

rs
on

 1
97

3:
17

). 
D

ra
in

ag
e 

di
tc

he
s 

w
er

e 
du

g 
fr

om
 th

e 
lo

w
er

 s
lo

pe
s 

of
th

e 
W

ai
‘a

na
e 

ra
ng

e 
on

to
 th

e 
lo

w
la

nd
s 

an
d 

th
e 

ad
ja

ce
nt

 s
lo

pe
s 

w
er

e 
pl

ow
ed

 in
 v

er
tic

al
 f

ur
ro

w
s

ju
st

 b
ef

or
e 

th
e 

ra
in

y 
se

as
on

 to
 in

du
ce

 e
ro

si
on

. 

In
 1

90
2,

 a
 M

ag
ne

tic
 O

bs
er

va
to

ry
 w

as
 e

st
ab

lis
he

d 
by

 t
he

 U
.S

. C
oa

st
 a

nd
 G

eo
de

tic
 S

ur
ve

y 
(U

SC
G

S)
 n

ea
r 

w
ha

t 
is

 n
ow

 t
he

 c
en

te
r 

of
 N

av
al

 A
ir 

St
at

io
n 

B
ar

be
r’

s 
Po

in
t 

(K
el

ly
 1

99
1:

17
0)

. 
A

ls
o 

kn
ow

n 
as

 t
he

 H
on

ol
ul

u 
O

bs
er

va
to

ry
, 

th
e 

ob
se

rv
at

or
y 

m
ea

su
re

d 
ea

rth
 m

ov
em

en
t 

an
d 

m
ag

ne
tic

 fi
el

ds
. A

fte
r t

he
 1

94
6 

ts
un

am
i, 

co
ns

tru
ct

io
n 

of
 th

e 
H

aw
ai

‘i 
Ts

un
am

i W
ar

ni
ng

 C
en

te
r i

n 
‘E

w
a 

B
ea

ch
 w

as
 in

iti
at

ed
, a

nd
 w

as
 c

om
pl

et
ed

 in
 1

94
8.

 B
y 

th
e 

19
70

s, 
its

 fu
nc

tio
n 

ha
d 

ex
pa

nd
ed

 
to

 in
cl

ud
e 

w
ea

th
er

 m
on

ito
rin

g 
an

d 
in

 1
97

3,
 re

sp
on

si
bi

lit
y 

fo
r t

he
 T

su
na

m
i W

ar
ni

ng
 S

ys
te

m
 w

as
 

tu
rn

ed
 o

ve
r t

o 
th

e 
N

at
io

na
l W

ea
th

er
 S

er
vi

ce
. 

A
 1

92
2 

W
ar

 D
ep

ar
tm

en
t F

ire
 C

on
tro

l M
ap

 (F
ig

ur
e 

6)
 s

ho
w

s 
a 

co
m

po
un

d 
of

 fo
ur

 s
tru

ct
ur

es
w

ith
in

 th
e 

pr
oj

ec
t a

re
a 

(li
ke

ly
 a

ss
oc

ia
te

d 
w

ith
 a

 p
la

nt
at

io
n 

ra
ilw

ay
) b

ut
 th

is
 a

pp
ea

rs
 to

 h
av

e 
be

en
 

no
 lo

ng
er

 e
xt

an
t i

n 
th

e 
19

28
 U

SG
S 

m
ap

 (F
ig

ur
e 

7)
.  

B
ot

h 
th

e 
19

19
 a

nd
 1

92
8 

m
ap

s 
sh

ow
 w

al
ls

 
an

d 
fe

nc
es

 w
ith

in
 t

he
 p

ro
je

ct
 a

re
a 

bu
t 

th
es

e 
co

nf
ig

ur
at

io
ns

 a
re

 r
at

he
r 

di
ss

im
ila

r 
on

 t
he

se
 t

w
o 

ea
rly

 tw
en

tie
th

 c
en

tu
ry

 m
ap

s.

B
y 

19
20

, 
th

e 
la

nd
s 

of
 H

on
ou

liu
li 

w
er

e 
us

ed
 p

rim
ar

ily
 f

or
 s

ug
ar

 c
ul

tiv
at

io
n 

an
d 

ra
nc

hi
ng

 
(F

rie
rs

on
 1

97
3:

18
). 

A
 1

93
9 

m
ap

 o
f 

Ew
a 

Pl
an

ta
tio

n 
in

di
ca

te
s 

th
at

 m
uc

h 
of

 t
he

 m
au

ka
 p

or
tio

n 
(n

or
th

 o
f 

th
e 

O
. R

. &
 L

. r
ai

lw
ay

 li
ne

) 
of

 th
e 

pr
es

en
t p

ro
je

ct
 a

re
a 

co
m

pr
is

ed
 s

ug
ar

 c
an

e 
fie

ld
s 

(F
ig

ur
e 

8)
.

M
aj

or
 l

an
d 

us
e 

ch
an

ge
s 

ca
m

e 
to

 t
he

 ‘
Ew

a 
Pl

ai
n 

fr
om

 t
he

 1
93

0s
, 

w
he

n 
th

e 
U

.S
. 

M
ili

ta
ry

 
be

ga
n 

de
ve

lo
pm

en
t 

in
 t

he
 a

re
a.

 T
he

 1
93

0s
 a

nd
 e

ar
ly

 1
94

0s
 s

aw
 A

rm
y,

 N
av

y,
 a

nd
 M

ar
in

e 
fa

ci
lit

ie
s 

co
ns

tru
ct

ed
, 

th
e 

m
os

t 
m

as
si

ve
 a

nd
 l

as
tin

g 
of

 w
hi

ch
 w

as
 N

av
al

 A
ir 

St
at

io
n 

(N
A

S)
 

B
ar

be
r’

s 
Po

in
t, 

in
iti

al
 d

ev
el

op
m

en
t 

of
 B

ar
be

r’
s 

Po
in

t 
D

ee
p 

D
ra

ft 
H

ar
bo

r, 
an

d 
de

ve
lo

pm
en

t 
of

 
C

am
pb

el
l I

nd
us

tri
al

 P
ar

k 
(F

ig
ur

e 
9)

. 

D
ur

in
g 

th
e 

19
70

s 
an

d 
ea

rly
 1

98
0s

, t
he

re
 w

as
 a

 re
la

tiv
e 

ab
un

da
nc

e 
of

 in
du

st
ria

l l
an

d 
av

ai
la

bl
e 

fo
r 

de
ve

lo
pm

en
t n

ea
r 

to
 th

e 
bu

lk
 o

f 
po

pu
la

tio
n 

as
 w

el
l a

s 
at

 C
am

pb
el

l I
nd

us
tri

al
 P

ar
k 

(W
an

ke
t

19
91

). 
A

 n
at

io
na

l e
co

no
m

ic
 s

lo
w

do
w

n 
oc

cu
rr

ed
 d

ur
in

g 
th

e 
ea

rly
 1

98
0s

 a
nd

 h
ig

h 
in

te
re

st
 r

at
es

 
cu

rta
ile

d 
de

m
an

d 
fo

r 
in

du
st

ria
l 

an
d 

co
m

m
er

ci
al

 d
ev

el
op

m
en

t 
in

 a
re

as
 l

ik
e 

th
e 

C
am

pb
el

l
In

du
st

ria
l P

ar
k.

 

D
.

M
od

er
n 

L
an

d 
U

se
 

To
da

y 
th

e 
pr

oj
ec

t 
ar

ea
 b

or
de

rs
 t

he
 K

o 
‘O

lin
a 

re
so

rt 
co

m
pl

ex
 o

n 
th

e 
no

rth
w

es
t 

an
d 

is
 

tra
ve

rs
ed

 b
y 

th
e 

O
.R

.&
L.

 r
ig

ht
-o

f-
w

ay
. 

M
uc

h 
of

 t
he

 p
ro

je
ct

 a
re

a 
m

ak
ai

 o
f 

th
e 

rig
ht

-o
f-

w
ay

ap
pe

ar
s 

to
 h

av
e 

ha
d 

no
 fo

rm
al

 u
se

 fo
r q

ui
te

 s
om

e 
tim

e,
 th

ou
gh

 p
or

tio
ns

 o
f t

he
 a

re
a 

ar
e 

cu
rr

en
tly

 
pa

rt 
of

 a
 q

ua
rr

y 
fo

r 
co

ra
l l

im
es

to
ne

, a
nd

 a
dj

ac
en

t t
o 

ar
ea

s 
of

 a
ct

iv
e 

de
ve

lo
pm

en
t i

nc
lu

di
ng

 th
e 

B
ar

be
r’

s P
oi

nt
 D

ee
p 

D
ra

ft 
H

ar
bo

r a
nd

 K
o 

‘O
lin

a 
re

so
rt 

ar
ea

s.

18

Historical Background

Figure 6. Portion of 1922 War Department Fire Control Map, Barber’s Point Quad, Showing Project Area 
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APPENDIX   K
Traffic Impact Study

(Wilbur Smith Associates)
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