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d	  
th
e	  
ar
ea
	  o
f	  K
ah
uk
u	  
Po
in
t	  
as
	  fi
ne
	  a
nd
	  fe
rt
ile
	  a
nd
	  o
cc
up
ie
d	  
by
	  a
	  

la
rg
e	  
vi
lla
ge
	  (C
oo
k	  
an
d	  
Ki
ng
,	  1
78
4)
.	  S
ub
se
qu
en
t	  t
o	  
th
e	  
de
cl
in
e	  
of
	  th
e	  
H
aw
ai
ia
n	  
po
pu
la
tio
n	  
in
	  

th
e	  
ar
ea
,	  t
he
	  S
EI
S	  
La
nd
s	  w

er
e	  
co
nv
er
te
d	  
to
	  a
	  sh
ee
p	  
an
d	  
ca
tt
le
	  ra
nc
h.
	  

	   Re
co
rd
s	  
in
di
ca
te
	  th
at
	  in
	  1
87
3,
	  K
ah
uk
u	  
Ra
nc
h	  
in
cl
ud
ed
	  a
ll	  
of
	  th
e	  
SE
IS
	  L
an
ds
;	  a
nd
	  s
ca
tt
er
ed
	  

re
m
ai
ns
	  o
f	  t
he
	  r
an
ch
	  h
av
e	  
be
en
	  fo
un
d	  
in
	  th
e	  
vi
ci
ni
ty
	  o
f	  P
un
ah
o`
ol
ap
a	  
M
ar
sh
.	  B
y	  
th
e	  
18
80
s	  

th
e	  
la
nd
	  w
as
	  tr
an
sf
or
m
ed
	  fr
om

	  c
at
tle
	  ra
nc
hi
ng
	  to
	  su
ga
r	  c
an
e	  
cu
lti
va
tio
n	  
(F
ig
ur
e	  
2)
.	  I
n	  
18
89
,	  

co
ns
tr
uc
tio
n	  
of
	  t
he
	  O
‘a
hu
	  R
ai
lw
ay
	  a
nd
	  L
an
d	  
Co
m
pa
ny
’s	  
ra
ilr
oa
d	  
lin
ki
ng
	  K
ah
uk
u	  
to
	  o
th
er
	  

pa
rt
s	  o
f	  O
`a
hu
	  b
eg
an
	  T
he
	  ra
il	  
lin
e	  
w
as
	  o
ffi
ci
al
ly
	  o
pe
ne
d	  
in
	  1
89
9	  
an
d	  
its
	  ri
gh
t-‐o
f-‐w

ay
	  c
ro
ss
ed
	  

th
e	  
SE
IS
	  L
an
ds
,	  p
as
si
ng
	  th
ro
ug
h	  
Pu
na
ho
`o
la
pa
	  M
ar
sh
.	  	  

	   Th
e	  
co
as
ta
l	  p
la
in
s	  
ar
ou
nd
	  K
ah
uk
u	  
Po
in
t	  
w
er
e	  
ag
ai
n	  
dr
am

at
ic
al
ly
	  t
ra
ns
fo
rm
ed
	  d
ur
in
g	  
th
e	  

co
ur
se
	  o
f	  W

or
ld
	  W
ar
	  II
.	  L
an
d	  
m
od
ifi
ca
tio
n	  
ac
tiv
iti
es
	  in
cl
ud
ed
	  th
e	  
co
ns
tr
uc
tio
n	  
of
	  c
on
cr
et
e	  

bu
nk
er
s,	  
as
ph
al
t	  
ru
nw

ay
s,	  
an
d	  
la
rg
e	  
so
il/
sa
nd
	  r
ev
et
m
en
ts
	  a
lo
ng
	  w

ith
	  b
ar
ra
ck
s	  
an
d	  

nu
m
er
ou
s	  
ot
he
r	  
bu
ild
in
gs
.	  
Af
te
r	  
th
e	  
w
ar
,	  
be
ac
h	  
co
tt
ag
es
	  w

er
e	  
co
ns
tr
uc
te
d	  
al
on
g	  
th
e	  

sh
or
el
in
e,
	  e
sp
ec
ia
lly
	  in
	  th
e	  
ar
ea
	  o
f	  K
aw
el
a	  
Ba
y	  
an
d	  
Ka
w
el
a	  
Po
in
t.	  
Th
e	  
po
rt
io
ns
	  o
f	  t
he
	  S
EI
S	  

la
nd
s	  
cu
lti
va
te
d	  
in
	  c
an
e	  
ev
en
tu
al
ly
	  t
ur
ne
d	  
fa
llo
w
	  w
ith
	  t
he
	  c
lo
su
re
	  o
f	  
th
e	  
Oa
hu
	  S
ug
ar
	  

Co
m
pa
ny
.	  

	   In
	  th
e	  
ea
rl
y	  
19
70
s,	  
th
e	  
Ku
ili
m
a	  
Re
so
rt
	  o
pe
ne
d	  
an
d	  
th
e	  
SE
IS
	  L
an
ds
	  w
er
e	  
tr
an
sf
or
m
ed
	  o
nc
e	  

ag
ai
n	  
w
ith
	  th
e	  
de
ve
lo
pm

en
t	  o
f	  t
he
	  o
ri
gi
na
l	  K
ul
im
a	  
Re
so
rt
	  H
ot
el
,	  r
es
id
en
tia
l	  c
on
do
m
in
iu
m
s,	  

an
	  1
8-‐
ho
le
	  g
ol
f	  c
ou
rs
e	  
an
d	  
a	  
w
as
te
w
at
er
	  tr
ea
tm
en
t	  p
la
nt
	  (F
ig
ur
e	  
2)
.	  

	   In
	  th
e	  
la
te
-‐1
98
0s
,	  t
he
	  re
si
de
nt
ia
l	  c
ot
ta
ge
s	  a
lo
ng
	  K
aw
el
a	  
Po
in
t	  a
nd
	  th
e	  
ea
st
er
n	  
ha
lf	  
of
	  K
aw
el
a	  

Ba
y	  
w
er
e	  
de
m
ol
is
he
d,
	  s
tr
uc
tu
ra
l	  f
ill
	  w
as
	  b
ro
ug
ht
	  in
,	  a
nd
	  c
on
st
ru
ct
io
n	  
of
	  th
e	  
fo
un
da
tio
ns
	  fo
r	  

a	  
ne
w
	  m

ul
ti-‐
st
or
y	  
ho
te
l	  
st
ru
ct
ur
e	  
be
ga
n.
	  T
he
	  s
tr
uc
tu
re
	  w

as
	  n
ev
er
	  c
om

pl
et
ed
,	  
bu
t	  

un
de
rg
ro
un
d	  
ut
ili
tie
s	  
an
d	  
co
nc
re
te
	  p
ile
s	  
re
m
ai
n	  
to
da
y.
	  D
ur
in
g	  
th
is
	  p
er
io
d	  
th
e	  
18
-‐h
ol
e	  

Pa
lm
er
	  G
ol
f	  
Co
ur
se
	  w

as
	  b
ui
lt	  
an
d	  
th
e	  
Fa
zi
o	  
Go
lf	  
Co
ur
se
	  w

as
	  r
ed
uc
ed
	  t
o	  
9-‐
ho
le
s.	  

Pu
na
ho
‘o
la
pa
	  M
ar
sh
	  w
as
	  e
nh
an
ce
d	  
by
	  t
he
	  c
on
st
ru
ct
io
n	  
of
	  a
	  m
oa
t	  
ar
ou
nd
	  m
uc
h	  
of
	  i
ts
	  

pe
ri
m
et
er
.	  T
he
	  o
ri
gi
na
l	  
w
as
te
w
at
er
	  t
re
at
m
en
t	  
pl
an
t	  
w
as
	  d
ec
om

m
is
si
on
ed
	  a
fte
r	  
a	  
m
or
e	  

m
od
er
n	  
fa
ci
lit
y	  
w
as
	  c
on
st
ru
ct
ed
	  m
au
ka
	  o
f	  K
am

eh
am

eh
a	  
H
ig
hw

ay
.	  A
ro
un
d	  
20
02
	  th
e	  
Fa
zi
o	  

Go
lf	  
Co
ur
se
	  w
as
	  e
xp
an
de
d	  
ba
ck
	  to
	  a
n	  
18
-‐h
ol
e	  
go
lf	  
co
ur
se
.	  

	   Th
e	  
pr
es
en
t-‐d
ay
	  v
eg
et
at
io
n	  
of
	  th
e	  
si
te
	  c
an
	  b
e	  
ch
ar
ac
te
ri
ze
d	  
as
	  e
ith
er
	  d
ev
el
op
ed
	  la
nd
sc
ap
e	  

pl
an
tin
gs
	  (
al
l	  h
ot
el
/r
es
or
t	  
gr
ou
nd
s	  
an
d	  
ap
pu
rt
en
an
ce
s,	  
an
d	  
go
lf	  
co
ur
se
s)
	  o
r	  
na
tu
ra
liz
ed
,	  

no
n-‐
na
tiv
e	  
sc
ru
b	  
an
d	  
fo
re
st
	  o
n	  
pr
ev
io
us
ly
	  d
is
tu
rb
ed
	  la
nd
s.	  
	  A
re
as
	  o
f	  w

et
la
nd
	  v
eg
et
at
io
n	  
ar
e	  

al
so
	  e
xt
en
si
ve
.	  F
or
m
in
g	  
co
as
ta
l	  s
tr
an
d	  
an
d	  
du
ne
	  v
eg
et
at
io
n	  
zo
ne
s	  
oc
cu
r	  
al
on
g	  
m
os
t	  c
oa
st
al
	  

 Tu
rt
le
	  B
ay
	  S
EI
S	  
Bi
ol
og
ic
al
	  S
ur
ve
ys
	  -‐	  
20
11
	  

	  
 

 6 

po
rt
io
ns
	  o
f	  t
he
	  s
ite
.	  F
or
	  th
e	  
m
os
t	  p
ar
t,	  
th
e	  
du
ne
	  v
eg
et
at
io
n	  
is
	  a
ls
o	  
do
m
in
at
ed
	  b
y	  
no
n-‐
na
tiv
e,
	  

na
tu
ra
liz
ed
	  s
pe
ci
es
	  a
nd
	  m
er
ge
s	  
in
la
nd
	  w
ith
	  e
ith
er
	  in
la
nd
	  s
cr
ub
/f
or
es
t	  
or
	  la
nd
sc
ap
in
g.
	  I
n	  

co
nt
ra
st
,	  t
he
	  m
os
t	  s
ea
w
ar
d	  
pa
rt
	  o
f	  t
he
	  c
oa
st
al
	  st
ra
nd
,	  a
nd
	  a
n	  
ar
ea
	  o
f	  a
ct
iv
e	  
du
ne
s	  a
t	  t
he
	  e
as
t	  

en
d	  
of
	  th
e	  
SE
IS
	  la
nd
s,	  
su
pp
or
t	  a
	  n
at
iv
e	  
st
ra
nd
	  v
eg
et
at
io
n.
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Figure	  2-‐	  Turtle	  Bay	  Recent	  History	  of	  the	  Property	  
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M
et
ho

ds
	  

	   Pl
an
t	  n
am

es
	  m
os
tly
	  fo
llo
w
	  M
an
ua
l	  o
f	  
th
e	  
Fl
ow
er
in
g	  
Pl
an
ts
	  o
f	  
H
aw
ai
‘i	  
(W
ag
ne
r	  
et
	  a
l.,
	  1
99
0,
	  

19
99
)	  
fo
r	  
na
tiv
e	  
an
d	  
na
tu
ra
liz
ed
	  fl
ow
er
in
g	  
pl
an
ts
,	  P
al
m
er
	  (
20
03
)	  
fo
r	  
fe
rn
s,	  
an
d	  
A
	  T
ro
pi
ca
l	  

G
ar
de
n	  
Fl
or
a	  
(S
ta
pl
es
	  a
nd
	  H
er
bs
t,	  
20
05
)	  f
or
	  cr
op
	  a
nd
	  o
rn
am

en
ta
l	  p
la
nt
s.	  
So
m
e	  
pl
an
t	  s
pe
ci
es
	  

na
m
es
	  h
av
e	  
be
en
	  u
pd
at
ed
	  f
ol
lo
w
in
g	  
m
or
e	  
re
ce
nt
ly
	  p
ub
lis
he
d	  
lit
er
at
ur
e.
	  T
he
	  a
vi
an
	  

ph
yl
og
en
et
ic
	  o
rd
er
	  a
nd
	  n
om

en
cl
at
ur
e	  
us
ed
	  i
n	  
th
is
	  r
ep
or
t	  
fo
llo
w
s	  
th
e	  
A
O
U
	  C
he
ck
-L
is
t	  
of
	  

N
or
th
	  A
m
er
ic
an
	  B
ir
ds
	  (
Am

er
ic
an
	  O
rn
ith
ol
og
is
ts
’	  U
ni
on
,	  1
99
8)
,	  a
nd
	  t
he
	  4
2n
d	  
th
ro
ug
h	  
th
e	  

52
nd
	  s
up
pl
em

en
ts
	  t
o	  
th
e	  
Ch
ec
k-‐
Li
st
	  (
Am

er
ic
an
	  O
rn
ith
ol
og
is
ts
’	  U
ni
on
,	  2
00
0;
	  B
an
ks
	  e
t	  
al
.,	  

20
02
,	  2
00
3,
	  2
00
4,
	  2
00
5,
	  2
00
6,
	  2
00
7,
	  2
00
8;
	  C
he
ss
er
	  e
t	  
al
.,	  
20
09
,	  2
01
0,
	  2
01
1)
.	  M

am
m
al
	  

sc
ie
nt
ifi
c	  n
am

es
	  fo
llo
w
	  (T
om

ic
h,
	  1
98
6)
.	  P
la
ce
	  n
am

es
	  fo
llo
w
	  (P
uk
ui
	  e
t	  a
l.,	  
19
74
).	  
	  

	   Bo
ta
ni
ca
l	  S
ur
ve
y	  
M
et
ho

ds
	  

	   Th
e	  
bo
ta
ni
ca
l	  s
ur
ve
y	  
w
as
	  u
nd
er
ta
ke
n	  
tw
ic
e:
	  a
	  w
et
	  se
as
on
	  su
rv
ey
	  o
n	  
M
ar
ch
	  2
3-‐
24
,	  2
01
1	  
an
d	  

a	  
dr
y	  
se
as
on
	  s
ur
ve
y	  
on
	  S
ep
te
m
be
r	  
19
-‐2
0,
	  2
01
1.
	  T
he
	  t
w
o	  
su
rv
ey
s	  
w
er
e	  
co
nd
uc
te
d	  

in
de
pe
nd
en
t	  
of
	  e
ac
h	  
ot
he
r,	  
w
hi
ch
	  i
s	  
to
	  s
ay
	  t
he
	  s
ec
on
d	  
su
rv
ey
	  w
as
	  c
on
du
ct
ed
	  w
ith
ou
t	  

re
fe
re
nc
e	  
to
	  a
ny
	  n
ot
es
	  (
or
	  s
pe
ci
es
	  li
st
)	  
ge
ne
ra
te
d	  
by
	  t
he
	  f
ir
st
	  s
ur
ve
y.
	  	  
Th
e	  
su
rv
ey
s	  
bo
th
	  

ut
ili
ze
d	  
a	  
pe
de
st
ri
an
	  (w

al
ki
ng
)	  t
ra
ns
ec
t	  m

et
ho
do
lo
gy
	  to
	  c
ov
er
	  th
e	  
pr
oj
ec
t	  a
re
a.
	  G
ui
de
d	  
by
	  a
	  

re
al
-‐ti
m
e,
	  G
PS
	  tr
ac
ki
ng
	  r
ec
or
d,
	  th
e	  
bo
ta
ni
st
	  a
tt
em

pt
ed
	  to
	  c
ov
er
	  a
ll	  
pa
rt
s	  
of
	  th
e	  
si
te
	  a
nd
	  to
	  

vi
si
t	  
al
l	  a
re
as
	  r
ep
re
se
nt
in
g	  
va
ri
ou
s	  
ve
ge
ta
tio
n	  
ty
pe
s	  
an
d	  
en
vi
ro
nm

en
ts
	  s
up
po
rt
in
g	  
pl
an
ts
.	  

As
	  th
e	  
w
al
ki
ng
	  s
ur
ve
y	  
pr
og
re
ss
ed
,	  a
	  li
st
	  o
f	  a
ll	  
hi
gh
er
	  p
la
nt
s	  
(f
er
ns
,	  c
on
ife
rs
,	  a
nd
	  fl
ow
er
in
g	  

pl
an
ts
)	  
en
co
un
te
re
d	  
w
as
	  r
ec
or
de
d	  
in
	  f
ie
ld
	  n
ot
es
,	  
al
on
g	  
w
ith
	  a
	  s
en
se
	  o
f	  
th
e	  
re
la
tiv
e	  

ab
un
da
nc
e	  
of
	  e
ac
h	  
sp
ec
ie
s	  o
ve
ra
ll	  
or
	  w
ith
in
	  v
ar
io
us
	  v
eg
et
at
io
n	  
ty
pe
s.	  

	   Th
is
	  a
pp
ro
ac
h	  
is
	  v
as
tly
	  s
up
er
io
r	  
to
	  u
si
ng
	  m
or
e	  
ri
go
ro
us
	  q
ua
nt
ita
tiv
e	  
tr
an
se
ct
s	  
w
he
n	  
th
e	  

pr
im
ar
y	  
pu
rp
os
e	  
is
	  t
o	  
ch
ar
ac
te
ri
ze
	  t
he
	  f
lo
ra
	  a
nd
	  d
is
co
ve
r	  
th
e	  
pr
es
en
ce
	  o
f	  
no
rm
al
ly
	  r
ar
e,
	  

lis
te
d	  
sp
ec
ie
s	  
or
	  n
at
iv
e	  
sp
ec
ie
s	  
ha
vi
ng
	  r
es
ou
rc
e	  
va
lu
e.
	  I
n	  
es
se
nc
e,
	  b
y	  
re
co
rd
in
g	  
al
l	  p
la
nt
s	  

en
co
un
te
re
d,
	  t
he
	  r
es
ul
tin
g	  
flo
ra
	  (
pl
an
t	  
sp
ec
ie
s)
	  l
is
tin
g	  
pr
ov
id
es
	  i
nf
or
m
at
io
n	  
us
ef
ul
	  t
o	  

ch
ar
ac
te
ri
ze
	  t
he
	  n
at
ur
e	  
of
	  b
ot
an
ic
al
	  r
es
ou
rc
es
	  p
re
se
nt
,	  
in
cl
ud
in
g	  
sp
ec
ie
s	  
th
at
	  n
ow
	  o
r	  

pe
rh
ap
s	  
in
	  th
e	  
fu
tu
re
	  m
ay
	  b
e	  
of
	  in
te
re
st
	  o
r	  
co
nc
er
n	  
fr
om

	  a
	  v
ar
ie
ty
	  o
f	  p
er
sp
ec
tiv
es
,	  s
uc
h	  
as
	  

na
tiv
e	  
pl
an
t	  p
ro
te
ct
io
n,
	  li
st
ed
	  s
pe
ci
es
,	  o
cc
ur
re
nc
e	  
of
	  in
va
si
ve
	  s
pe
ci
es
,	  e
tc
.	  	  
Co
m
pl
et
en
es
s	  
of
	  

th
e	  
lis
tin
g	  
is
	  p
ar
tly
	  d
ep
en
de
nt
	  u
po
n	  
th
e	  
ac
tu
al
	  p
ro
po
rt
io
n	  
of
	  th
e	  
la
nd
	  c
ov
er
ed
.	  	  
It	  
is
	  n
ei
th
er
	  

re
as
on
ab
le
	  n
or
	  n
ec
es
sa
ry
	  to
	  c
ov
er
	  1
00
	  p
er
ce
nt
	  o
f	  a
n	  
ar
ea
	  b
y	  
tr
av
er
si
ng
	  c
on
tin
uo
us
ly
	  u
nt
il	  

ev
er
y	  
po
ss
ib
le
	  lo
ca
tio
n	  
is
	  v
ie
w
ed
.	  	  
Ut
ili
zi
ng
	  e
ve
r-‐
ch
an
gi
ng
	  v
ie
w
	  p
la
ne
s	  
an
d	  
th
e	  
fa
ct
	  t
ha
t	  

sp
ec
ie
s	  
oc
cu
r	  
in
	  
po
pu
la
tio
ns
	  
of
	  
in
di
vi
du
al
s	  
th
at
	  
fo
rm
	  
a	  
re
pe
at
in
g	  
m
os
ai
c	  
w
ith
in
	  

en
vi
ro
nm

en
t	  t
yp
es
	  e
na
bl
es
	  th
e	  
bo
ta
ni
st
	  to
	  d
ir
ec
t	  t
he
	  s
ur
ve
y	  
tr
ac
k	  
in
to
	  a
ll	  
ar
ea
s	  
of
	  th
e	  
si
te
	  

th
at
	  h
ol
d	  
pr
om

is
e	  
of
	  y
ie
ld
in
g	  
sp
ec
ie
s	  n
ot
	  e
nc
ou
nt
er
ed
	  e
ar
lie
r	  i
n	  
a	  
su
rv
ey
;	  a
nd
	  th
is
	  p
ro
ce
ss
	  is
	  

re
pe
at
ed
	  u
nt
il	  
no
	  n
ew
	  s
pe
ci
es
	  a
re
	  b
ei
ng
	  a
dd
ed
	  t
o	  
th
e	  
fie
ld
	  n
ot
es
.	  T
hu
s,	  
ve
ry
	  r
ar
e	  
sp
ec
ie
s	  

re
pr
es
en
te
d	  
by
	  o
ne
	  o
r	  
ju
st
	  a
	  f
ew
	  in
di
vi
du
al
s	  
in
	  a
re
a	  
as
	  la
rg
e	  
as
	  t
he
	  S
EI
S	  
la
nd
s	  
co
ul
d	  
be
	  

m
is
se
d.
	  B
ut
	  ce
rt
ai
nl
y	  
th
e	  
va
st
	  m
aj
or
ity
	  o
f	  s
pe
ci
es
	  p
re
se
nt
	  w
ill
	  b
e	  
“d
is
co
ve
re
d.
”	  

	   On
e	  
re
su
lt	  
of
	  c
on
du
ct
in
g	  
tw
o	  
“in
de
pe
nd
en
t”
	  fi
el
d	  
vi
si
ts
	  is
	  to
	  p
ro
vi
de
	  a
	  c
ro
ss
	  c
he
ck
	  o
n	  
th
e	  

co
m
pl
et
en
es
s	  
of
	  t
he
	  s
ur
ve
ys
,	  a
lth
ou
gh
	  in
	  t
hi
s	  
ca
se
,	  c
on
du
ct
in
g	  
on
e	  
su
rv
ey
	  (
M
ar
ch
	  2
01
1)
	  

ne
ar
	  t
he
	  e
nd
	  o
f	  t
he
	  w
et
	  s
ea
so
n	  
an
d	  
th
e	  
ot
he
r	  
(S
ep
te
m
be
r	  
20
11
)	  
ne
ar
	  t
he
	  e
nd
	  o
f	  t
he
	  d
ry
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se
as
on
	  w
as
	  m
or
e	  
fo
r	  
th
e	  
pu
rp
os
e	  
of
	  d
em

on
st
ra
tin
g	  
th
at
	  s
ea
so
na
l	  
fa
ct
or
s	  
w
er
e	  
co
ve
re
d.
	  	  

M
uc
h	  
of
	  th
e	  
si
te
	  c
on
si
st
s	  
of
	  v
eg
et
at
io
n	  
th
at
	  is
	  h
ig
hl
y	  
to
le
ra
nt
	  o
f	  e
xt
en
de
d	  
dr
y	  
co
nd
iti
on
s,	  
so
	  

pl
an
ts
	  n
ot
	  s
ee
n	  
du
e	  
to
	  t
he
	  s
ea
so
n	  
w
ou
ld
	  b
e	  
an
nu
al
	  s
pe
ci
es
	  s
ur
vi
vi
ng
	  a
s	  
se
ed
s	  
in
	  t
he
	  s
oi
l.	  
	  	  	  

Fi
nd
in
g	  
na
tiv
e	  
sh
ru
bs
	  o
r	  
tr
ee
s	  
w
ou
ld
	  n
ot
	  b
e	  
de
pe
nd
en
t	  u
po
n	  
th
e	  
se
as
on
,	  a
s	  
th
es
e	  
sp
ec
ie
s	  

ar
e	  
pe
rs
is
te
nt
	  a
nd
	  re
co
gn
iz
ab
le
	  in
	  b
ot
h	  
th
e	  
w
et
	  a
nd
	  d
ry
	  p
er
io
ds
.	  	  	  

	   A
vi
an

	  S
ur
ve
y	  
M
et
ho

ds
	  

	  
Po

in
t	  
Co

un
ts
	  

Tw
en
ty
	  a
vi
an
	  c
ou
nt
	  s
ta
tio
ns
	  w
er
e	  
si
te
d	  
w
ith
in
	  t
he
	  p
ro
je
ct
	  s
ite
.	  
St
at
io
ns
	  w
er
e	  
ro
ug
hl
y	  

eq
ui
di
st
an
t	  
fr
om

	  e
ac
h	  
ot
he
r.	  
A	  
si
ng
le
	  e
ig
ht
-‐m
in
ut
e	  
av
ia
n	  
po
in
t	  
co
un
t	  
w
as
	  m
ad
e	  
at
	  e
ac
h	  

co
un
t	  
st
at
io
n.
	  
Th
e	  
sa
m
e	  
m
et
ho
do
lo
gy
	  
w
as
	  
re
pe
at
ed
	  
du
ri
ng
	  
th
e	  
fa
ll	  
su
rv
ey
.	  
Fi
el
d	  

ob
se
rv
at
io
ns
	  w
er
e	  
m
ad
e	  
w
ith
	  t
he
	  a
id
	  o
f	  
Le
ic
a	  
10
	  X
	  4
2	  
bi
no
cu
la
rs
	  a
nd
	  b
y	  
lis
te
ni
ng
	  f
or
	  

vo
ca
liz
at
io
ns
.	  T
he
	  p
oi
nt
	  c
ou
nt
s	  
w
er
e	  
co
nd
uc
te
d	  
be
tw
ee
n	  
6:
30
	  a
m
	  a
nd
	  1
1:
00
	  a
m
.	  T
im
e	  
no
t	  

sp
en
t	  
co
un
tin
g	  
th
e	  
po
in
t	  
co
un
t	  
st
at
io
ns
	  w
as
	  u
se
d	  
to
	  s
ea
rc
h	  
th
e	  
re
st
	  o
f	  t
he
	  S
EI
S	  
la
nd
s	  
fo
r	  

sp
ec
ie
s	  a
nd
	  h
ab
ita
ts
	  n
ot
	  d
et
ec
te
d	  
du
ri
ng
	  th
e	  
po
in
t	  c
ou
nt
s.	  
	  

	   	  
Ti
m
e	  
D
ep

en
da

nt
	  W

at
er
bi
rd
	  C
ou

nt
s	  

Fi
fte
en
	  m
in
ut
e,
	  t
im
e	  
de
pe
nd
an
t	  
w
at
er
bi
rd
	  c
ou
nt
s	  
w
er
e	  
m
ad
e	  
at
	  a
ll	  
of
	  t
he
	  w
at
er
	  fe
at
ur
es
	  

lo
ca
te
d	  
w
ith
in
	  th
e	  
go
lf	  
co
ur
se
s,	  
an
d	  
a	  
se
t	  o
f	  t
hi
rt
y	  
m
in
ut
e	  
tim

e	  
de
pe
nd
an
t	  w

at
er
bi
rd
	  c
ou
nt
s	  

w
er
e	  
m
ad
e	  
ar
ou
nd
	  a
nd
	  w
ith
in
	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
.	  

	   M
am

m
al
ia
n	  
Su
rv
ey
	  M

et
ho

ds
	  

 	  W
ith
	  th
e	  
ex
ce
pt
io
n	  
of
	  th
e	  
en
da
ng
er
ed
	  H
aw
ai
ia
n	  
ho
ar
y	  
ba
t	  (
La
si
ur
us
	  c
in
er
eu
s	  
se
m
ot
us
),	  
or

 
‘ō
pe
‘a
pe
‘a
	  a
s	  
it	  
is
	  k
no
w
n	  
lo
ca
lly
,	  a
ll	  
te
rr
es
tr
ia
l	  m

am
m
al
s	  
cu
rr
en
tly
	  fo
un
d	  
on
	  t
he
	  I
sl
an
d	  
of
	  

O‘
ah
u	  
ar
e	  
al
ie
n	  
sp
ec
ie
s,	  
an
d	  
m
os
t	  
ar
e	  
ub
iq
ui
to
us
.	  T
he
	  s
ur
ve
y	  
of
	  m
am

m
al
s	  
w
as
	  li
m
ite
d	  
to
	  

vi
su
al
	  a
nd
	  a
ud
ito
ry
	  d
et
ec
tio
n,
	  c
ou
pl
ed
	  w
ith
	  v
is
ua
l	  o
bs
er
va
tio
n	  
of
	  s
ca
t,	  
tr
ac
ks
,	  a
nd
	  o
th
er
	  

an
im
al
	  s
ig
n.
	  A
	  r
un
ni
ng
	  t
al
ly
	  w
as
	  k
ep
t	  
of
	  a
ll	  
te
rr
es
tr
ia
l	  
ve
rt
eb
ra
te
	  m

am
m
al
ia
n	  
sp
ec
ie
s	  

de
te
ct
ed
	  w
ith
in
	  th
e	  
pr
oj
ec
t	  a
re
a	  
du
ri
ng
	  th
e	  
tim

e	  
sp
en
t	  o
n	  
th
e	  
si
te
.	  
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Re
su
lt
s	  

Bo
ta
ni
ca
l	  S
ur
ve
ys
,	  F
lo
ra
	  

 “F
lo
ra
”	  i
s	  
th
e	  
di
ve
rs
ity
	  o
f	  p
la
nt
	  s
pe
ci
es
	  li
vi
ng
	  in
	  th
e	  
su
rv
ey
	  a
re
a.
	  A
	  p
la
nt
	  c
he
ck
lis
t	  (
Ta
bl
e	  
1)
	  

w
as
	  c
om

pi
le
d	  
fr
om

	  f
ie
ld
	  o
bs
er
va
tio
ns
,	  w

ith
	  e
nt
ri
es
	  a
rr
an
ge
d	  
al
ph
ab
et
ic
al
ly
	  u
nd
er
	  p
la
nt
	  

fa
m
ily
	  n
am

es
	  (
st
an
da
rd
	  p
ra
ct
ic
e)
.	  I
nc
lu
de
d	  
in
	  t
he
	  li
st
	  a
re
	  s
ci
en
tif
ic
	  n
am

e,
	  c
om

m
on
	  n
am

e,
	  

an
d	  
st
at
us
	  (
w
he
th
er
	  n
at
iv
e	  
or
	  n
on
-‐n
at
iv
e)
	  f
or
	  e
ac
h	  
sp
ec
ie
s	  
ob
se
rv
ed
	  d
ur
in
g	  
th
e	  
su
rv
ey
.	  	  

Sp
ec
ie
s	  
st
at
us
	  g
iv
en
	  in
	  b
ol
d
	  in
di
ca
te
s	  
a	  
pl
an
t	  o
f	  p
ar
tic
ul
ar
	  in
te
re
st
	  to
	  th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s	  

flo
ra
	  (
in
di
ge
no
us
,	  
en
de
m
ic
,	  
or
	  P
ol
yn
es
ia
n	  
in
tr
od
uc
tio
n)
.	  
Qu
al
ita
tiv
e	  
es
tim

at
es
	  o
f	  
pl
an
t	  

ab
un
da
nc
e	  
w
er
e	  
re
co
rd
ed
	  fo
r	  
ea
ch
	  s
pe
ci
es
	  o
n	  
ea
ch
	  s
ur
ve
y	  
da
te
,	  a
nd
	  w
ith
in
	  th
e	  
ve
ge
ta
tio
n	  

ty
pe
	  in
di
ca
te
d	  
in
	  th
e	  
“n
ot
es
”	  c
ol
um

n.
	  	  A
bu
nd
an
ce
	  v
al
ue
s	  
ar
e	  
co
de
d	  
in
	  th
e	  
ta
bl
e	  
as
	  e
xp
la
in
ed
	  

in
	  th
e	  
Le
ge
nd
	  to
	  T
ab
le
	  1
.	  	  
Fo
r	  s
om

e	  
sp
ec
ie
s,	  
a	  
tw
o-‐
le
ve
l	  s
ys
te
m
	  o
f	  a
bu
nd
an
ce
	  is
	  u
se
d;
	  w
ith
	  a
	  

le
tt
er
-‐n
um

be
r	  
co
de
	  i
nd
ic
at
in
g	  
a	  
sp
ec
ie
s	  
ha
vi
ng
	  a
	  s
om

ew
ha
t	  
cl
us
te
re
d	  
di
st
ri
bu
tio
n.
	  	  
Fo
r	  

ex
am

pl
e,
	  a
	  s
pe
ci
es
	  i
nf
re
qu
en
tly
	  e
nc
ou
nt
er
ed
	  b
ut
	  n
um

er
ou
s	  
w
he
re
	  f
ou
nd
	  w
ou
ld
	  h
av
e	  
an
	  

ab
un
da
nc
e	  
ra
tin
g	  
of
	  “
R”
	  in
di
ca
tin
g	  
a	  
pl
an
t	  e
nc
ou
nt
er
ed
	  o
nl
y	  
on
e	  
to
	  th
re
e	  
tim

es
	  d
ur
in
g	  
th
e	  

en
tir
e	  
su
rv
ey
	  o
f	  t
he
	  s
ite
,	  b
ut
	  a
n	  
“R
2”
	  to
	  in
di
ca
te
	  s
ev
er
al
	  to
	  m
an
y	  
in
di
vi
du
al
s	  
pr
es
en
t	  w

he
re
	  

en
co
un
te
re
d.
	  	  A
n	  
“R
3”
	  w
ou
ld
	  b
e	  
a	  
pl
an
t	  s
im
ila
rl
y	  
se
ld
om

	  e
nc
ou
nt
er
ed
	  (i
.e
.,	  r
ar
e)
,	  b
ut
	  lo
ca
lly
	  

ab
un
da
nt
	  in
	  o
ne
	  o
r	  m

or
e	  
of
	  th
e	  
lo
ca
tio
ns
	  w
he
re
	  e
nc
ou
nt
er
ed
.	  A
	  s
pe
ci
es
	  m
ar
ke
d	  
“O
3”
	  w
ou
ld
	  

be
	  o
ne
	  s
ee
n	  
w
ith
	  s
om

e	  
re
gu
la
ri
ty
,	  u
su
al
ly
	  o
cc
ur
ri
ng
	  in
	  p
at
ch
es
	  o
f	  n
um

er
ou
s	  
in
di
vi
du
al
s	  
(a
s	  

op
po
se
d	  
to
	  “C
”	  f
or
	  a
	  s
pe
ci
es
	  s
ee
n	  
w
ith
	  r
eg
ul
ar
ity
	  th
ro
ug
ho
ut
	  th
e	  
ve
ge
ta
tio
n	  
zo
ne
).	  
As
	  w
ith
	  

an
y	  
sy
st
em

	  a
tt
em

pt
in
g	  
to
	  a
sc
ri
be
	  a
bu
nd
an
ce
,	  t
he
	  ta
sk
	  b
ec
om

es
	  in
cr
ea
si
ng
ly
	  d
iff
ic
ul
t	  w

he
re
	  

sp
re
ad
	  a
cr
os
s	  a
	  la
rg
e	  
ar
ea
	  o
f	  c
on
st
an
tly
	  v
ar
yi
ng
	  te
rr
ai
n.
	  	  

	   A	  
to
ta
l	  o
f	  
22
6	  
sp
ec
ie
s	  
of
	  v
as
cu
la
r	  
pl
an
ts
	  w
as
	  id
en
tif
ie
d	  
fr
om

	  t
he
	  s
ur
ve
y	  
ar
ea
.	  	  
Th
is
	  t
ot
al
	  

nu
m
be
r	  
is
	  c
er
ta
in
ly
	  h
ig
h,
	  a
lth
ou
gh
	  th
e	  
SE
IS
	  la
nd
s	  
re
pr
es
en
t	  a
	  la
rg
e	  
ar
ea
	  w
ith
	  a
	  v
ar
ie
ty
	  o
f	  

di
ffe
re
nt
	  e
nv
ir
on
m
en
ts
.	  F
or
ty
-‐fi
ve
	  o
r	  
on
e-‐
fif
th
	  (
20
	  p
er
ce
nt
)	  
of
	  t
he
	  t
ab
ul
at
ed
	  s
pe
ci
es
	  a
re
	  

or
na
m
en
ta
ls
	  (O

rn
),	  
m
ea
ni
ng
	  la
nd
sc
ap
e	  
pl
an
ts
	  th
at
	  h
av
e	  
no
t	  b
ec
om

e	  
na
tu
ra
liz
ed
	  in
	  H
aw
ai
‘i.
	  	  

A	  
m
uc
h	  
hi
gh
er
	  p
er
ce
nt
ag
e	  
ar
e	  
ac
tu
al
ly
	  s
er
vi
ng
	  la
nd
sc
ap
e	  
pu
rp
os
es
	  a
t	  
Tu
rt
le
	  B
ay
	  R
es
or
t,	  

si
nc
e	  
m
an
y	  
na
tu
ra
liz
ed
	  s
pe
ci
es
	  a
re
	  a
ls
o	  
us
ed
	  fo
r	  
la
nd
sc
ap
in
g;
	  o
nc
e	  
a	  
pl
an
t	  i
nt
ro
du
ce
d	  
fo
r	  

la
nd
sc
ap
in
g	  
es
ca
pe
s	  
in
to
	  t
he
	  w
ild
	  o
r	  
na
tu
ra
liz
es
,	  i
t’s
	  s
ta
tu
s	  
ch
an
ge
s	  
to
	  n
at
ur
al
iz
ed
	  (
N
at
).	  

Ei
gh
ty
-‐tw

o	  
of
	  t
he
	  s
pe
ci
es
	  (
36
	  p
er
ce
nt
)	  
in
	  T
ab
le
	  1
	  w
er
e	  
re
co
rd
ed
	  i
n	  
th
e	  
“la
nd
sc
ap
e”
	  

ve
ge
ta
tio
n	  
ty
pe
	  (
no
te
	  <
4>
);	  
th
at
	  i
s,	  
w
er
e	  
ob
se
rv
ed
	  e
ith
er
	  a
ro
un
d	  
th
e	  
de
ve
lo
p	  
re
so
rt
	  

bu
ild
in
gs
	  a
nd
	  a
pp
ur
te
na
nc
es
	  o
r	  a
ro
un
d	  
th
e	  
go
lf	  
co
ur
se
s.	  
	  G
iv
en
	  th
e	  
na
tu
re
	  o
f	  t
hi
s	  v
eg
et
at
io
n	  

ty
pe
,	  t
he
se
	  sp
ec
ie
s	  a
re
	  e
ith
er
	  w
ee
ds
	  o
r	  p
la
nt
s	  s
er
vi
ng
	  a
n	  
or
na
m
en
ta
l	  f
un
ct
io
n.
	  	  	  	  
	  	  

	   Tw
en
ty
-‐s
ix
	  o
f	  t
he
	  s
pe
ci
es
	  (
11
.5
	  p
er
ce
nt
)	  
ar
e	  
H
aw
ai
ia
n	  
na
tiv
es
,	  i
nd
ic
at
ed
	  u
nd
er
	  t
he
	  s
ta
tu
s	  

co
lu
m
n	  
as
	  e
ith
er
	  in
di
ge
no
us
	  (
In
d
)	  
or
	  e
nd
em

ic
	  (
En
d
).	  
An
ot
he
r	  
8	  
sp
ec
ie
s	  
(3
.5
	  p
er
ce
nt
)	  
ar
e	  

ea
rl
y	  
Po
ly
ne
si
an
	  i
nt
ro
du
ct
io
ns
	  (
P
ol
),	  
te
ch
ni
ca
lly
	  n
ot
	  n
at
iv
e,
	  b
ut
	  s
o-‐
ca
lle
d	  
“c
an
oe
	  p
la
nt
s”
	  

th
at
	  h
av
e	  
be
en
	  in
	  th
e	  
Is
la
nd
s	  
fo
r	  
se
ve
ra
l	  t
ho
us
an
d	  
ye
ar
s.	  
	  A
	  m
aj
or
ity
	  (1
8	  
of
	  2
6	  
sp
ec
ie
s	  
or
	  8
	  

pe
rc
en
t	  
of
	  t
ot
al
	  s
pe
ci
es
)	  
of
	  t
he
	  in
di
ge
no
us
	  a
nd
	  e
nd
em

ic
	  s
pe
ci
es
	  o
cc
ur
	  in
	  t
he
	  w
et
la
nd
	  a
nd
	  

co
as
ta
l	  s
tr
an
d	  
ve
ge
ta
tio
n,
	  w
hi
ch
	  is
	  w
hy
	  t
he
se
	  t
w
o	  
en
vi
ro
nm

en
ts
	  a
re
	  b
ot
an
ic
al
ly
	  t
he
	  m
os
t	  

se
ns
iti
ve
	  in
	  th
e	  
SE
IS
	  la
nd
s.	  
	  	  O
nl
y	  
fo
ur
	  n
at
iv
e	  
sp
ec
ie
s	  
w
er
e	  
re
co
rd
ed
	  w
ith
in
	  th
e	  
de
ve
lo
pe
d	  

la
nd
s	  
or
	  l
an
ds
ca
pe
	  v
eg
et
at
io
n	  
ar
ea
s.	  
An
ot
he
r	  
fiv
e	  
Po
ly
ne
si
an
	  i
nt
ro
du
ct
io
ns
⎯
ty
pi
ca
lly
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th
ou
gh
t	  o
f	  a
s	  
H
aw
ai
ia
n	  
na
tiv
e	  
pl
an
ts
	  d
ue
	  to
	  th
ei
r	  
as
so
ci
at
io
n	  
w
ith
	  n
at
iv
e	  
pe
op
le
s	  
an
d	  
lo
ng
	  

pr
es
en
ce
	  in
	  th
e	  
Is
la
nd
s⎯

ar
e	  
fo
un
d	  
in
	  th
e	  
la
nd
sc
ap
ed
	  a
re
as
	  su
rv
ey
ed
.	  	  

	   Of
	  c
ou
rs
e,
	  p
er
ce
nt
ag
es
	  b
as
ed
	  u
po
n	  
to
ta
l	  
sp
ec
ie
s	  
re
co
rd
ed
	  c
an
	  b
e	  
m
is
le
ad
in
g	  
w
ith
ou
t	  

co
ns
id
er
in
g	  
a	  
se
ns
e	  
of
	  a
bu
nd
an
ce
.	  	  
In
	  th
is
	  r
eg
ar
d,
	  p
la
nt
s	  
su
ch
	  a
s	  
ha
la
	  (
Pa
na
nu
s	  
te
ct
or
iu
s)
,	  

na
up
ak
a	  
(S
ca
ev
ol
a	  
ta
cc
ad
a)
,	  a
nd
	  n
iu
	  (
co
co
nu
t	  o
r	  
Co
co
s	  
nu
ci
fe
ra
)	  
ar
e	  
pr
om

in
en
t	  s
pe
ci
es
	  in
	  

th
e	  
la
nd
sc
ap
in
g,
	  w
ith
in
	  th
e	  
re
so
rt
.	  	  
Th
e	  
sa
m
e	  
is
	  tr
ue
	  fo
r	  
th
e	  
w
et
la
nd
	  a
nd
	  th
e	  
m
os
t	  s
ea
w
ar
d	  

pa
rt
	  o
f	  t
he
	  st
ra
nd
	  v
eg
et
at
io
n,
	  w
he
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Table	  1	  -‐	  	  Checklist	  of	  Plants	  Found	  in	  SEIS	  Lands	  at	  the	  Turtle	  Bay	  Resort,	  O‘ahu,	  Hawai‘I	  

 

FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
 

PTERIDOPHYTES	  ~	  FERNS	  &	  FERN	  ALLIES	  
NEPHROLEPIDACEAE	  	  	  	  	  	  
	  Nephrolepis	  multiflora	  (Roxb.)	  F.M.	  Jarrett	  ex	  C.V.	  

Morton	  
sword	  fern	  Nat	  U	  -‐-‐-‐	  <4>	  

POLYPODIACEAE	  	  	  	  	  	  
	  Phymatosorus	  grossus	  (Langsd.	  &	  Fisch.)	  Brownlie	  laua‘e	  Nat	  R,	  R3	  U2,	  U2	  <4,	  5>	  
PSILOTACEAE	  	  	  	  	  	  
	  Psilotum	  nudum	  (L.)	  P.	  Beauv.	  moa	  Ind	  R	  -‐-‐-‐	  <4>	  
THELYPTERIDACEAE	  	  	  	  	  	  
	  Cyclosorus	  interruptus	  (Wild.)	  H.	  Itō	  neke	  Nat	  O3	  O3	  <2>	  

GYMNOSPERMS	  
ARAUCARIACEAE	  	  	  	  	  	  
	  Araucaria	  columnaris	  (G.	  Forster)	  J.D.	  Hoiok..	  Cook	  Island	  pine	  Nat	  U3	  U3	  <1>	  

FLOWERING	  PLANTS	  
DICOTYLEDONS	  

ACANTHACEAE	  	  	  	  	  	  
	  Aphilandra	  squarrosa	  C.	  Nees	  zebra	  plant	  Orn	  R	  R	  <4>	  
	  Asystasia	  gangetica	  (L.)	  T.	  Anderson	  Chinese	  violet	  Nat	  R,	  U,	  C	  R,U,O	  <1,	  4,	  5>	  
	  Barlaria	  repens	  C.	  Nees	  pink	  –ruellia	  Nat	  R1	  --	  <3>	  
	  Pseuderanthemum	  carruthersii	  var.	  carruthersii	  

(Seemann)	  Guill.	  
-‐-‐-‐	  Orn	  R	  R	  <4>	  

AIZOACEAE	  	  	  	  	  	  
	  Sesuvium	  portulacastrum	  (L.)	  L.	  ‘akulikuli	  Ind	  O2,	  U	  O,	  <1,	  3>	  
	  Tetragonia	  tetragonioides	  (Pall.)	  Kuntze	  New	  Zealand	  spinach	  Nat	  U,	  U	  O3,	  R	  <1,	  5>	  
AMARANTHACEAE	  	  	  	  	  	  
	  Alternanthera	  pungens	  Kunth	  khaki	  weed	  Nat	  R	  U	  	  
	  Ameranthus	  spinosus	  L.	  spiny	  amaranth	  Nat	  R	  R	  <1>	  
	  Amaranthus	  viridis	  L.	  slender	  amaranth	  Nat	  U	  U	  <3>	  
ANACARDIACEAE	  	  	  	  	  	  
	  Schinus	  terebinthifolius	  Raddi	  Christmas	  berry	  Nat	  O	  O	  <5>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
APIACEAE	  	  	  	  	  	  
	  Centella	  asiatica	  (L.)	  Urb.	  Asiatic	  pennywort	  Nat	  -‐-‐	  R	  <2>	  
	  Ciclospermum	  leptophyllum	  (Pers.)	  Sprague	  fir-‐leaved	  celery	  Nat	  R	  -‐-‐	  <3>	  
	  Hydrocotyle	  sibthorpioides	  Lam.	  	  pennywort	  Nat	  R	  -‐-‐	  <4>	  
APOCYNACEAE	  	  	  	  	  	  
	  Nerium	  oleander	  L.	  oleander	  Orn	  U	  U	  <4>	  
	  Plumeria	  obtusa	  L.	  Singapore	  plumeria	  Orn	  R	  R	  <4>	  
	  Plumeria	  rubra	  L.	  frangipani	  Orn	  U	  O	  <4>	  
	  Thevetia	  peruviana	  (Pers.)	  K.	  Schum.	  be-‐still	  tree	  Nat	  R3	  U	  <4>	  
ARALIACEAE	  	  	  	  	  	  
	  Schefflera	  actinophyla	  (Endl.)	  Harms	  octopus	  tree	  Nat	  U	  U	  <4>	  
	  Polyscias	  guilfoylei	  (W.	  Bull.)	  L.H.	  Bailey	  panax	  Orn	  U	  U	  <5>	  
ASTERACEAE	  (COMPOSITAE)	  	  	  	  	  	  
	  Ageratina	  riparia	  (Regel)	  R.	  King	  &	  H.	  Robinson	  Hāmākua	  pāumakani	  Nat	  R	  -‐-‐	  <3>	  
	  Bidens	  alba	  (L.)	  DC	  beggartick	  Nat	  	  C3,	  C,	  O2	  C1,	  C,	  U	  <1,	  3,	  4>	  
	  Calyptocarpus	  vialis	  Less.	  -‐-‐-‐	  Nat	  U2,	  U2	  	  O,	  O	  <3,	  4>	  
	  Conyza	  bonariensis	  (L.)	  Cronq.	  hairy	  horseweed	  Nat	  R	  C	  <3>	  
	  Cyanthillium	  cinereum	  (L.)	  H.	  Rob.	  little	  ironweed	  Nat	  -‐-‐	  R	  <3>	  
	  Eclipta	  prostrata	  (L.)	  L.	  false	  daisy	  Nat	  R,	  -‐-‐	  -‐-‐,	  U3	  <4,	  5>	  
	  Emilia	  fosbergii	  Nicolson	  Flora’s	  paintbrush	  Nat	  U	  R	  <3>	  
	  Pluchea	  carolinensis	  (Jacq.)	  G.	  Don	  sourbush	  Nat	  C	  O	  <5>	  
	  Pluchea	  indica	  (L.)	  Less.	  Indian	  fleabane	  Nat	  O,	  O,	  C	  U,	  C,	  U	  <2,	  3,	  	  5>	  
	  Pluchea	  x	  fosbergii	  Cooperr.	  &	  Galang	  pluchea	  hybrid	  Nat	  O	  R	  <2>	  
	  Sonchus	  oleraceus	  L.	  sow	  thistle	  Nat	  O,	  O3	  -‐-‐,	  R	  <1,	  3>	  
	  Sphagneticola	  trilobata	  	  (L.)	  Pruski	  wedelia	  Nat	  C1,	  U,	  U	  -‐-‐,	  -‐-‐,	  O	  <1,	  2,	  3>	  
	  Verbesina	  encelioides	  (Cav.)	  Benth.	  &	  Hook.	  golden	  crown-‐beard	  Nat	  U3	  C	  <1>	  
	  Xanthium	  strumarium	  L.	  kīkānia,	  cocklebur	  Nat	  -‐-‐	  R	  <3>	  
	  Youngia	  japonica	  (L.)	  DC	  Oriental	  hawksbeard	  Nat	  R	  -‐-‐	  <4>	  
BALSAMINACEAE	  	  	  	  	  	  
	  Impatiens	  walleriana	  J.	  D.	  Hook.	  busy	  lizzy	  Nat	  -‐-‐	  R	  <4>	  
BIGNONIACEAE	  	  	  	  	  	  
	  Spathodea	  campanulata	  P.	  Beauv.	  African	  tulip	  tree	  Nat	  R	  -‐-‐	  <4>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
	  Tabebuia	  heterophylla	  (A.P.	  de	  Candolle)	  Britton	  pink	  tecoma	  Orn	  R	  R	  <4>	  
BALSAMINACEAE	  	  	  	  	  	  
	  Impatiens	  walleriana	  J.	  D.	  Hook.	  busy	  lizzy	  Nat	  -‐-‐	  R	  <4>	  
BIGNONIACEAE	  	  	  	  	  	  
	  Spathodea	  campanulata	  P.	  Beauv.	  African	  tulip	  tree	  Nat	  R	  -‐-‐	  <4>	  
	  Tabebuia	  heterophylla	  (A.P.	  de	  Candolle)	  Britton	  pink	  tecoma	  Orn	  R	  R	  <4>	  
BORAGINACEAE	  	  	  	  	  	  
	  Cordia	  subcordata	  Lam.	  kou	  Ind	  R	  R	  <4>	  
	  Heliotropium	  anomalum	  Hook.	  &	  Arnott	  hinahina	  Ind	  O	  O	  <1>	  
	  Tournefortia	  argentea	  L.	  fil.	  tree	  heliotrope	  Nat	  C	  C	  <1>	  
BRASSICACEAE	  	  	  	  	  	  
	  Lepidium	  virginicum	  L.	  common	  pepperwort	  Nat	  -‐-‐	  U	  <1>	  
CACTACEAE	  	  	  	  	  	  
	  Hylocereus	  undatus	  (Haw.)	  Britt.	  &	  Rose	  night-‐blooming	  cereus	  Nat	  R	  R2	  <5>	  
CAPRIFOLIACEAE	  	  	  	  	  	  
	  Lonicera	  japonica	  Thunb.	  Japanese	  honeysuckle	  Orn	  R	  -‐-‐-‐	  <4>	  
CARICACEAE	  	  	  	  	  	  
	  Carica	  papaya	  L.	  papaya	  Nat	  R	  R	  <5>	  
CARYOPHYLLACEAE	  	  	  	  	  	  
	  Spergularia	  marina	  (L.)	  Griseb.	  saltmarsh	  sand	  spurry	  Nat	  R	  -‐-‐	  <3>	  
CASUARINACEAE	  	  	  	  	  	  
	  Casuarina	  equisetifolia	  L.	  common	  ironwood	  Nat	  AA,	  U,	  A	  AA,	  U,	  C	  <1,	  2,	  5>	  
CHENOPODIACEAE	  	  	  	  	  	  
	  Chenopodium	  murale	  L.	  ‘aheahea	  Nat	  U2,	  R	  U,	  -‐-‐	  <1,	  3>	  
CLUSIACEAE	  	  	  	  	  	  
	  Calophyllum	  inophyllum	  L.	  kamani	  Pol	  R	  R	  <5>	  
	  Clusia	  	  rosea	  Jacq.	  autograph	  tree	  Nat	  R	  R	  <4>	  
COMBRETACEAE	  	  	  	  	  	  
	  Conocarpus	  erectus	  L.	  	  button	  mangrove	  Orn	  R	  R	  <4>	  
	  Terminalia	  catappa	  L.	  tropical	  almond;	  false	  kamani	  Nat	  U	  O	  <1>	  
CONVOLVULACEAE	  	  	  	  	  	  
	  Ipomoea	  alba	  L.	  moon	  flower,	  koali	  pehu	  Nat	  R	  -‐-‐	  <5>	  
	  Ipomoea	  obscura	  ---	  Nat	  U	  U	  <3>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
CONVOLVULACEAE	  (continued)	  	  	  	  	  	  
	  Ipomoea	  pes-caprae	  (L.)	  R.	  Br.	  pōhuehue	  Nat	  U	  O	  <1>	  
	  Ipomoea	  triloba	  L.	  	  little	  bell	  Nat	  R	  U	  <3>	  
	  Jacquemontia	  ovalifolia	  (Choisy)	  H.	  Hallier	  pā‘ū-o-Hi‘iaka	  Ind	  R	  -‐-‐-‐	  <3>	  
CUCURBITACEAE	  	  	  	  	  	  
	  Coccinia	  grandis	  (L.)	  Voigt	  ivy	  or	  	  scarlet-‐fruited	  gourd	  Nat	  O,	  O	  R,	  -‐-‐	  <1,	  4>	  
	  Momordica	  charantia	  L.	  wild	  bitter	  melon	  Nat	  -‐-‐	  R	  <3>	  
EUPHORBIACEAE	  	  	  	  	  	  
	  Acalypha	  hispida	  N.L.	  Burm.	  chenille	  plant	  Orn	  -‐-‐	  R	  <4>	  
	  Aleurites	  moluccana	  (L.)	  Wild.	  kukui	  Pol	  R	  R	  <4>	  
	  Codiaeum	  variegatum	  (L.)	  Blume	  croton	  Orn	  R	  R	  <4>	  
	  Euphorbia	  	  albomarginata	  Torr.	  &	  A.	  Grey	  rattlesnake	  weed	  Nat	  R	  U	  <3>	  
	  Euphorbia	  degneri	  (Sherff)	  Croizat	  &	  Degener	  ‘akoko	  End	  O2	  O1	  <1>	  
	  Euphorbia	  hirta	  L.	  	  garden	  spurge	  Nat	  U	  O	  <1>	  
	  Euphorbia	  hypericifolia	  L.	  graceful	  spurge	  Nat	  U	  O	  <3>	  
	  Macaranga	  tanarius	  (L.)	  Müll.	  Arg.	  -‐-‐-‐	  Nat	  C	  U	  <5>	  
	  Manihot	  esculenta	  Crantz	  cassava	  Orn	  R	  -‐-‐-‐	  <4>	  
	  Phyllanthus	  debilis	  Klein	  ex	  Willd.	  niruri	  Nat	  U	  O	  <3>	  
	  Ricinus	  communis	  L.	  castor	  bean	  Nat	  U	  U	  <3>	  
FABACEAE	  	  	  	  	  	  
	  Albizia	  saman	  F.	  Muell.	  monkeypod	  Nat	  R	  R	  <4>	  
	  Alysicarpus	  vaginalis	  (L.)	  DC	  alyce	  clover	  Nat	  U	  U1	  <4>	  
	  Canavalia	  cathartica	  Thouars	  maunaloa	  Nat	  R	  U	  <5>	  
	  Crotalaria	  incana	  L.	  fuzzy	  rattlebod	  Nat	  -‐-‐	  U	  <3>	  
	  Desmanthus	  pernambucanus	  (L.)	  Theilung	  virgate	  mimosa	  Nat	  O3	  U	  <3>	  
	  Erythrina	  variegata	  L.	  Indian	  coral	  tree	  Nat	  R	  R	  <4>	  
	  Indigofera	  hendecaphyla	  Jacq.	  prostrate	  indigo	  Nat	  -‐-‐	  O	  	  
	  Indigofera	  suffruticosa	  Mill.	  indigo	  Nat	  R	  R	  <3>	  
	  Leucaena	  leucocephala	  (Lam.)	  deWit	  koa	  haole	  Nat	  U,	  AA	  O,	  AA	  <1,	  5>	  
	  Macroptilium	  atropurpureum	  (DC)	  Urb.	  -‐-‐-‐	  Nat	  R	  -‐-‐-‐	  <3>	  
	  Macroptilium	  lathyroides	  (L.)	  Urb.	  cow	  pea	  Nat	  R	  U	  <3>	  
	  Medicago	  polymorpha	  L.	  bur	  clover	  Nat	  	  R	  -‐-‐	  <1>	  
	  Melilotis	  indica	  (L.)	  All.	  yellow	  sweet	  clover	  Nat	  R	  R	  <3>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
	  FABACEAE	  (Continued)	  	  	  	  	  	  
	  Mimosa	  pudica	  L.	  sensitive	  plant	  Nat	  U	  U	  <3>	  
	  Mucuna	  gigantea	  (Willd.)	  DC	  sea	  bean,	  kā‘e‘e	  Ind	  R	  -‐-‐-‐	  <5>	  
	  Neonotonia	  wightii	  (Wight	  &	  Arnott)	  Lackey	  glycine	  vine	  Nat	  U3,	  O	  U2,	  	  <3,	  5>	  
	  Prosopis	  pallida	  (Humb.	  &	  Bonpl.	  ex	  Willd.)	  Kunth	  kiawe	  Nat	  R	  U	  <4>	  
	  Senna	  surattensis	  (N.L.	  Burm.)	  H.	  Irwin	  &	  

	  	  	  	  	  	  Barneby	  
scrambled	  egg	  plant,	  
kolomona	  

Nat	  R	  -‐-‐-‐	  <1>	  

	  Sesbania	  grandiflora	  (L.)	  Poir.	  sesban;	  ‘ohai	  ke‘oke‘o	  Orn	  -‐-‐-‐	  R	  <4>	  
	  Vigna	  marina	  (J.	  Burm.)	  Merr.	  beach	  pea	  Ind	  U	  U1	  <1>	  
GOODINACEAE	  	  	  	  	  	  
	  Scaevola	  taccada	  (J.	  Gaertn.)	  Roxb.	  naupaka	  kahakai	  Ind	  C	  C	  <1>	  
LAMIACEAE	  	  	  	  	  	  
	  Leonotis	  nepetifolia	  (L.)	  R.	  Br.	  lion’s	  ear	  Nat	  U	  O	  <3>	  
LOGANIACEAE	  	  	  	  	  	  
	  Fagraea	  berteroana	  Benth.	  pua	  kenikeni	  Orn	  R	  -‐-‐	  <4>	  
MALVACEAE	  	  	  	  	  	  
	  Abutilon	  grandifolium	  (Willd.)	  Sweet	  hairy	  abutilon	  Nat	  R	  -‐-‐	  <5>	  
	  Hibiscus	  rosa-sinensis	  L.	  Chinese	  hibiscus	  Orn	  U	  U	  <4>	  
	  Hibiscus	  tiliaceus	  L.	  	  hau	  Ind	  U1	  -‐-‐-‐	  <5>	  
	  Hibiscus	  tiliaceus	  var.	  cf.	  purpurascens	  hau	  cultivar	  Orn	  R	  R	  <4>	  
	  Malva	  parviflora	  L.	  cheeseweed	  Nat	  R1	  -‐-‐	  <3>	  
	  Malvastrum	  coromandelianum	  (L.)	  Garcke	  false	  mallow	  Nat	  R,	  U	  -‐-‐,	  -‐-‐	  <1,	  3>	  
	  Sida	  ciliaris	  L.	  ---	  Nat	  U	  O	  	  
	  Sida	  rhombifolia	  L.	  Cuba	  jute	  Nat	  R	  -‐-‐-‐	  <3>	  
	  Sida	  spinosa	  L.	  prickly	  sida	  Nat	  R	  R	  <3>	  
	  Thespesia	  populnea	  (L.)	  Sol.	  ex	  Corrêa	  milo	  Ind	  U,	  O3	  	  O,	  O	  <1,	  5>	  
MORACEAE	  	  	  	  	  	  
	  Ficus	  elastica	  Horn.	  India	  rubber	  tree	  Orn	  R	  R	  <5>	  
	  Ficus	  macrophylla	  Pers.	  Moreton	  Bay	  fig	  Orn	  R	  R	  <4>	  
	  Ficus	  microcarpa	  L.	  Chinese	  banyan	  Nat	  R	  U	  <4>	  
MORINGACEAE	  	  	  	  	  	  
	  Moringa	  oleifera	  Lam.	  horseradish	  tree	  Orn	  R	  R	  <4>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
MYRSINACEAE	  	  	  	  	  	  
	  Ardisia	  elliptica	  Thunb.	  shoe-‐button	  ardisia	  Nat	  R	  R1	  <5>	  

MYRTACEAE	  	  	  	  	  	  
	  Psidium	  guajava	  L.	  common	  guava	  Nat	  -‐-‐	  R	  <5>	  
	  Syzigium	  cumini	  (L.)	  Skeels	  Java	  plum	  Nat	  U	  U	  <5>	  
NYCTAGINACEAE	  	  	  	  	  	  
	  Boerhavia	  coccinea	  Mill.	  false	  alena	  Nat	  U	  O	  <3>	  
	  Boerhavia	  repens	  L.	  alena	  Ind	  C	  O	  <1>	  
	  Bougainvillea	  spectabilis	  Wild.	  bougainvillea	  Orn	  U	  U	  <4>	  
	  Mirabilis	  jalapa	  L.	  marvel	  of	  Peru,	  four-‐o’clock	  Nat	  -‐-‐	  R	  <5>	  
ONAGRACEAE	  	  	  	  	  	  
	  Ludwigia	  octovalvus	  (Jacq.)	  Raven	  primrose	  willowl	  Pol	  -‐-‐	  R	  <2>	  
OXALIDACEAE	  	  	  	  	  	  
	  Oxalis	  corniculata	  L.	  yellow	  wood	  sorrel	  Ind	  O,	  U	  U,	  -‐-‐	  <1,	  5>	  
	  Oxalis	  debilis	  var.	  corymbosa	  (A.P.	  de	  Candolle)	  

Lour.	  
pink	  wood	  sorrel	  Orn	  R	  -‐-‐	  <4>	  

PASSIFLORACEAE	  	  	  	  	  	  
	  Passiflora	  foetida	  L.	  love-‐in-‐a-‐mist	  Nat	  -‐-‐	  U	  <1>	  
	  Passiflora	  suberosa	  L.	  wild	  passionfruit	  Nat	  O,	  R,	  U	  U,	  -‐-‐,	  U3	  <1,	  3,	  5>	  
PHYTOLACCACEAE	  	  	  	  	  	  
	  Rivina	  humilis	  L.	  coral	  berry	  Nat	  O3	  R	  <5>	  
PITTOSPORACEAE	  	  	  	  	  	  
	  Pittosporum	  sp.	  -‐-‐-‐	  Orn	  R	  -‐-‐	  <4>	  
PLANTAGINACEAE	  	  	  	  	  	  
	  Plantago	  lanceolata	  L.	  nrw-‐lvd	  plantain	  Nat	  U2	  O	  <1>	  
	  Plantago	  major	  L.	  	  common	  plantain	  Nat	  O	  O	  <3>	  
POLYGONACEAE	  	  	  	  	  	  
	  Antigonon	  leptopus	  Hook.	  &	  Arnott	  Mexican	  creeper	  Nat	  R	  	  <5>	  
	  Coccoloba	  uvifera	  (L.)	  L.	  sea	  grape	  Nat	  U2,	  R	  U,	  R	  <1,	  5>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
PORTULACACEAE	  	  	  	  	  	  
	  Portulaca	  oleracea	  L.	  pig	  weed	  Nat	  R	  U	  <1>	  
	  Portulaca	  pilosa	  L.	  -‐-‐-‐	  Nat	  -‐-‐	  R	  <3>	  
PRIMULACCACEAE	  	  	  	  	  	  
	  Anagallis	  arvensis	  L.	  scarlet	  pimpernel	  Nat	  R	  -‐-‐-‐	  <3>	  
RHIZOPHORACEAE	  	  	  	  	  	  
	  Rhizophora	  mangle	  American	  mangrove	  Nat	  -‐-‐	  R	  <2>	  
ROSACEAE	  	  	  	  	  	  
	  Rhaphiolepis	  umbellata	  (Thunb.)	  Makino	  Yeddo	  hawthorn	  Orn	  R1	  R1	  <4>	  
RUBIACEAE	  	  	  	  	  	  
	  Gardenia	  cf.	  augusta	  (L.)	  Merr.	  gardenia	  Orn	  -‐-‐-‐	  R	  <4>	  
	  Gardenia	  taitensis	  A.P.	  de	  Candolle	  tiare,	  Tahitian	  gardenia	  Orn	  R	  -‐-‐-‐	  <4>	  
	  Morinda	  citrifolia	  L.	  noni	  Pol	  R,	  O	  U,	  O	  <4,	  5>	  
	  Spermacoce	  assurgens	  Ruiz	  &	  Pav.	  buttonweed	  Nat	  U	  -‐-‐	  <3>	  
RUTACEAE	  	  	  	  	  	  
	  Murraya	  paniculata	  (L.)	  W.	  Jack	  mock	  orange	  Orn	  U	  U	  <4>	  
SCROPHULARIACEAE	  	  	  	  	  	  
	  Bacopa	  monnieri	  (L.)	  Penell	  ‘ae‘ae	  Ind	  U	  U	  <2>	  
SOLANACEAE	  	  	  	  	  	  
	  Lycium	  sandwicense	  A.	  Gray	  ‘ōhelo	  kai	  Ind	  R	  R	  <1>	  
	  Solanum	  americanum	  Mill.	  pōpolo	  Ind	  U2	  R	  <3>	  
	  Solanum	  lycopersicum	  var.	  cerasiforme	  (Dunal)	  

Spooner,	  G.J	  Anderson,	  &	  R.K.	  Jansen	  
cherry	  tomato	  Nat	  R	  --	  <3>	  

	  Solanum	  torvum	  Sw.	  -‐-‐-‐	  Nat	  R	  --	  <3>	  
STERCULIACEAE	  	  	  	  	  	  
	  Waltheria	  indica	  	  L.	  ‘uhaloa	  Ind	  U	  -‐-‐	  <3>	  
ULMACEAE	  	  	  	  	  	  
	  Trema	  orientalis	  (L.)	  Blume	  gunpowder	  tree	  Nat	  R	  R	  <5>	  
	  
	  

 
 

 
 

Turtle Bay SEIS Biological Surveys  - 2011                                                                                 
 

 
 

20 

Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
VERBENACEAE	  	  	  	  	  	  
	  Citharexylum	  spinosum	  L.	  fiddlewood	  Nat	  -‐-‐	  R	  <4>	  
	  Lantana	  camara	  L.	  lantana	  Nat	  R	  -‐-‐	  <1>	  
	  Stachytarpheta	  australis	  	  Nat	  -‐-‐	  U	  <3>	  
	  Stachytarpheta	  jamaicense	  	  Nat	  R	  R	  <3>	  
	  Verbena	  litoralis	  Kunth	  ōwī	  Nat	  -‐-‐	  R	  <1>	  
	  Vitex	  rotundifolia	  L.	  fil.	  pōhinahina	  Ind	  -‐-‐	  U	  <4>	  

	  
MONOCOTYLEDONES	  

AGAVACEAE	  	  	  	  	  	  
	  Cordyline	  fruticosa	  (L.)	  A.	  Chev.	  ti,	  ki	  Pol	  U	  O	  <4>	  
	  Furcraea	  foetida	  (L.)	  Haw.	  Mauritius	  hemp	  Nat	  R?	  R	  <1>	  
	  Sansevieria	  trifasciata	  Prain	  mother-‐in-‐law	  tongue	  Orn	  U2	  U2	  <5>	  

ARACEAE	  	  	  	  	  	  
	  Epipremnum	  pinnatum	  ‘Aureum’	  G.S.	  Bunting	  pothos	  Nat	  R,	  R3	  -‐-‐,	  U	  <1,	  4>	  
	  Monstera	  delicosa	  Liebmann	  monstera	  Orn	  R	  R	  <4>	  
	  Philodendron	  bipinnatifidum	  Endl.	  selloum	  Orn	  R	  R	  	  <4>	  
	  Syngonium	  cf.	  podophyllum	  Schott	  nephthytis	  Nat	  -‐-‐	  O	  <5>	  
ARECACEAE	  	  	  	  	  	  
	  Caryota	  cf.	  mitis	  Lour.	  fishtail	  palm	  Orn	  R	  R	  <4>	  
	  Cocos	  nucifera	  L.	  coconut,	  niu	  Pol	  R,	  C	  R,	  C	  <1,	  4>	  
	  Dypsis	  lutescens	  (H.	  Wendl.)	  Beentje	  &	  Dransfield	  golden-‐fruited	  palm	  Orn	  R	  R	  <4>	  
	  Phoenix	  dactylifera	  L	  Phoenix	  palm	  Nat	  U,	  C	  U,	  U	  <2,	  5>	  
	  Roystonia	  regia	  (Kunth)	  O.	  F.	  Cook	  royal	  palm	  Orn	  -‐-‐	  U	  <4>	  
	  Veitchia	  merrilli	  (Beccari)	  H.E.	  Moore	  Manila	  palm	  Orn	  R	  R	  <4>	  

COMMELINACEAE	  	  	  	  	  	  
	  Commelina	  	  diffusa	  N.L.	  Burm.	  	  	  day	  flower	  Pol	  R	  O	  <2>	  
	  Tradescantia	  	  zebrina	  Bosse	  hohohono‘ula	  Orn	  R	  --	  <4>	  

CYPERACEAE	  	  	  	  	  	  
	  Bulboschoenus	  maritimus	  (L.)	  Palla	  kaluhā	  Ind	  C	  O	  <2>	  
	  Cladium	  jamaicense	  Crantz	  ‘uki,	  saw-‐grass	  Ind	  O3	  O3	  <2>	  
	  Cyperus	  halpan	  L.	  ---	  Nat	  R	  -‐-‐	  <4>	  
	  Cyperus	  involucratus	  Rottb.	  umbrella	  sedge	  Nat	  -‐-‐	  R	  <2>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
	  CYPERACEAE	  (continued)	  	  	  	  	  	  
	  Cyperus	  polystachyos	  Rottb.	  ---	  Ind	  O,	  U	  U	  <2,	  3>	  
	  Cyperus	  rotundus	  L.	  nut	  grass	  Nat	  O,	  O2	  -‐-‐,	  U2	  <2,	  4>	  
	  Eleocharis	  sp.	  ---	  Nat	  R,	  R	  O,	  -‐-‐	  	  <2,	  4>	  
	  Fimbristylis	  cymosa	  R.	  Br.	  mau‘u	  Ind	  R	  U	  <1>	  
	  Fimbristylis	  sp.	  ---	  ???	  -‐-‐	  U	  <2>	  
CYPERACEAE	  (continued)	  	  	  	  	  	  
	  Kyllinga	  brevifolia	  Rottb.	  kili‘o‘opu	  Nat	  	  U	  <4>	  
	  Mariscus	  javanicus	  (Houtt.)	  Merr.	  &	  Metcalfe	  ‘ahu‘awa	  Ind	  -‐-‐	  R	  <2>	  
	  Schoenoplectus	  	  lacustris	  (L.)	  Palla	  ‘aki‘akai,	  bulrush	  Ind	  O3	  U	  <2>	  
	  Schoenoplectus	  	  californicus	  (C.A.	  Mey.)	  Palla	  great	  bulrush	  Nat	  A	  A	  <2>	  
IRIDACEAE	  	  	  	  	  	  
	  Dietes	  bicolor	  (Steud.)	  Klatt	  African	  iris	  Orn	  R	  --	  <4>	  
	  indet.	  ---	  Orn	  -‐-‐	  R	  <4>	  
LEMNACEAE	  	  	  	  	  	  
	  Lemna	  sp.	  duckweed	  Nat	  -‐-‐	  R3	  <2>	  
LILIACEAE	  	  	  	  	  	  
	  Crinum	  asiaticum	  L.	  giant	  lily	  Nat	  R	  R	  <1>	  
	  Crinum	  pedunculatum	  R.	  Brown	  river	  lily	  Orn	  R	  R	  <4>	  
	  Hippeastrum	  striatum	  (Lam.)	  H.E.	  Moore	  	  amaryllis;	  Barbados	  lily	  Nat	  R	  -‐-‐	  <4>	  
	  Liriope	  sp	  lilly	  turf	  Orn	  -‐-‐	  U	  <4>	  

PANDANACEAE	  	  	  	  	  	  
	  Pandanus	  tectorius	  Z	  hala	  Ind	  R,	  U	  	  U,	  U	  <1,	  4>	  
	  Pandanus	  tectorius	  cult.	  ‘Veitchii’	  hala	  cultivar	  Orn	  R	  	  R	  <4>	  

POACEAE	  (GRAMINEAE)	  	  	  	  	  	  
	  Axonopus	  compressus	  (Swartz)	  P.	  Beau.	  brd-‐lvd	  carpetgrass	  Nat	  O3	  O3	  <4>	  
	  Axonopus	  fisifolius	  nrw-‐lvd	  carpetgrass	  Nat	  -‐-‐	  O	  <4>	  
	  Bothriochloa	  pertusa	  (L.)	  Camus	  pitted	  beardgrass	  Nat	  A	  -‐-‐	  <4>	  
	  Cenchrus	  echinatus	  L.	  common	  sandbur	  Nat	  U1	  U	  <5>	  
	  Chloris	  barbata	  (L.)	  Sw.	  swollen	  fingergrass	  Nat	  U	  O	  <1,	  3>	  
	  Chloris	  divaricata	  R.	  Br.	  stargrass	  Nat	  R	  -‐-‐	  <3>	  
	  Chloris	  virgata	  Sw.	  feather	  fingergrass	  Nat	  U	  U	  <3>	  
	  Cynodon	  dactylon	  (L.)	  Pers.	  Bermuda	  grass	  Nat	  O,	  AA	  O,	  AA	  <2,	  4>	  
	  Cynodon	  x	  magennisii	  Hurcombe	  Bermuda	  hybrid	  Orn	  R3	  -‐-‐	  <4>	  
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Table	  1	  (continued).	  
	  
FAMILY	  	  STATUS	  ABUNDANCE	  NOTES	  

	  Species	  Common	  name	  	  Wet	  Season	  Dry	  Season	  	  
	  POACEAE	  (GRAMINEAE)	  continued	  	  	  	  	  	  
	  Dactyloctenium	  aegypticum	  (L.)	  Willd.	  beach	  wiregrass	  Nat	  R	  -‐-‐	  <1>	  
	  Digiteria	  ciliaris	  (Retz.)	  Koeler	  Henry’s	  crabgrass	  Nat	  O1	  U	  <3>	  
	  Digitaria	  insularis	  (L.)	  Mez	  ex	  Ekman	  sourgrass	  Nat	  U,	  O	  -‐-‐,	  U	  <1,	  3>	  
	  Digitaria	  violascens	  Link	  smooth	  crabgrass	  Nat	  U	  -‐-‐	  <3>	  
	  Echinochloa	  crus-galli	  (L.)	  P.	  Beauv.	  barnyard	  grass	  Nat	  O	  O	  <2>	  
	  Eleusine	  indica	  (L.)	  Gaertn.	  wiregrass	  Nat	  O,	  C	  ,O	  <1,	  3>	  
	  Eragrostis	  brownie	  (Kunth)	  Nees	  ex	  Steud.	  sheepgrass	  Nat	  R	  R3	  <3>	  
	  Eragrostis	  pectinacea	  (Michx.)	  Nees	  	  Carolina	  lovegrass	  Nat	  A	  U1	  <3>	  
	  Eragrostis	  tenella	  (L.)	  P.	  Beauv.	  ex	  Roem.	  &	  Schult.	  lovegrass	  Nat	  R1	  R1	  	  <3>	  
	  Eremochloa	  ophiuroides	  (Munro)	  Hackel	  	  centipede	  grass	  Orn	  U	  -‐-‐	  <3>	  
	  Panicum	  maximum	  Jacq.	  Guinea	  grass	  Nat	  C3	  A	  <3>	  
	  Paspalum	  conjugatum	  Bergius	  Hilo	  grass	  Nat	  C	  O	  <4>	  
	  Paspalum	  fimbriatum	  Kunth	  Panama	  grass	  Nat	  U	  -‐-‐	  <3>	  
	  Paspalum	  sp.	  	  Nat	  R	  -‐-‐	  <3>	  
	  Pennisetum	  purpureum	  Schumach.	  elephant	  grass	  Nat	  O	  -‐-‐	  <2>	  
	  Paspalum	  vaginatum	  Sw.	  seashore	  paspalum	  Nat	  O1	  O1	  <2>	  
	  Saccharum	  officinarum	  L.	  sugar	  cane,	  kō	  Pol	  -‐-‐	  R	  <4>	  
	  Setaria	  verticillata	  (L.)	  P.	  Beauv.	  bristly	  foxtail	  Nat	  R	  R	  <3>	  
	  Sorghum	  bicolor	  (L.)	  Moench	  -‐-‐-‐	  Nat	  R	  R	  <3>	  
	  Sporobolus	  cf.	  indicus	  (L.)	  R.	  Br.	  dropseed	  Nat	  R	  O2	  <4>	  
	  Sporobolus	  virginicus	  (L.)	  Kunth	  ‘aki‘aki	  Ind	  AA	  AA	  <1>	  
	  Stenotaphrum	  secundatum	  (T.	  Walter)	  Kuntze	  St.	  Augustine	  grass	  Nat	  U3	  U	  <1>	  
	  Urochloa	  mutica	  	  (Forssk.)	  Nguyen	  California	  grass	  Nat	  A,	  R	  C1,	  <2,	  3>	  
	  Zoysia	  matrella	  var.	  pacifica	  Gouds.	  Mescarene	  grass	  Orn	  U,	  -‐-‐	  U,	  U	  <1,	  4>	  

STRELITZIACEAE	  	  	  	  	  	  
	  Strelitzia	  reginae	  Dryander	  bird-‐of-‐paradise	  Orn	  U	  U	  <4>	  

TYPHACEAE	  	  	  	  	  	  
	  Typha	  latifolia	  L.	  common	  cattail	  Nat	  R3	  U2	  <2>	  

ZINGERBERACEAE	  	  	  	  	  	  
	  Alpinia	  purpurata	  (Viell.)	  K.	  Schum.	  red	  ginger	  Orn	  R	  -‐-‐	  <4>	  
	  Alpinia	  zerumbet	  (Pers.)	  B.L.	  Burtt	  &	  R.M.	  Smith	  shell	  ginger	  Orn	  -‐-‐	  R	  <4>	  
	  Etlingera	  elatior	  (Jack)	  R.M.	  Smith	  torch	  ginger	  Orn	  -‐-‐	  U	  <4>	  
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Table	  1	  (continued).	  
	  

Legend	  to	  Table	  1	  
Status	  =	  distributional	  status	  
	  End	  =	  	  endemic;	  native	  to	  Hawaii	  and	  found	  naturally	  nowhere	  else.	  
	  Ind	  =	  	  	  indigenous;	  native	  to	  Hawaii,	  but	  not	  unique	  to	  the	  Hawaiian	  Islands.	  
	  Nat	  =	  	  naturalized,	  exotic,	  plant	  introduced	  to	  the	  Hawaiian	  Islands	  since	  the	  arrival	  of	  Cook	  Expedition	  in	  1778,	  and	  

well-‐established	  outside	  of	  cultivation.	  
	  Orn	  =	  	  	  exotic,	  ornamental	  or	  cultivated;	  plant	  not	  naturalized	  (not	  well-‐established	  outside	  of	  cultivation).	  
	  Pol	  =	  	  	  early	  Polynesian	  introduction	  (before	  1778).	  
	  
Abundance	  =	  occurrence	  ratings	  for	  plants	  in	  survey	  area.	  
	  R	  –	  Rare	  -‐	  	  	  only	  one,	  two,	  or	  three	  	  plants	  seen.	  
	  U	  -‐	  Uncommon	  -‐	  	  several	  to	  a	  dozen	  plants	  observed.	  
	  O	  -‐	  Occasional	  -‐	  	  found	  regularly	  around	  the	  site.	  	  
	  C	  -‐	  Common	  -‐	  	  	  considered	  an	  important	  part	  of	  the	  vegetation	  and	  observed	  numerous	  times.	  
	  A	  -‐	  Abundant	  -‐	  	  found	  in	  large	  numbers;	  may	  be	  locally	  dominant.	  
	  AA	  -‐	  	  Abundant	  -‐	  	  abundant	  and	  dominant	  in	  some	  areas	  surveyed,	  	  defining	  vegetation	  
	  	  	  	  	  in	  those	  areas.	  
	  Numbers	  following	  a	  letter	  modify	  the	  letter	  to	  account	  for	  clustered	  distribution.	  Thus	  R3	  would	  indicate	  a	  plant	  
	  encountered	  ratrely	  (one	  to	  three	  times),	  but	  numerous	  where	  encountered.	  
	  
Notes:	  
	  <1>	  Associated	  with	  beach,	  dune,	  and	  limestone	  shelf	  (strand	  vegetation)	  
	  <2>	  Associated	  with	  wetlands	  and	  golf	  course	  water	  hazard	  (aquatic)	  sites.	  
	  <3>	  Associated	  with	  disturbed	  areas	  around	  structures	  and	  golf	  course.	  
	  <4>	  Associated	  with	  the	  extensive	  mowed	  (lawn)	  areas;	  grounds	  landscaping;	  golf	  course.	  
	  <5>	  Associated	  with	  forest	  vegetation	  type	  inland	  of	  dunes.	  
	  <6>	  A	  plant	  which	  was	  lacking	  flowers	  or	  fruit;	  identification	  uncertain.	  
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Figure	  3	  -‐	  Vegetation	  and	  "wetlands"	  map	  of	  the	  SEIS	  lands.	  Landward	  boundary	  of	  survey	  area	  shown	  in	  red	  and	  yellow	  dotted	  line.	  
Wetlands	  and	  other	  aquatic	  features	  shown	  in	  blue,	  modified	  from	  National	  Wetland	  Inventory	  maps.	  Vegetation	  zones	  outlined	  in	  yellow:	  
	  FoC	  -‐	  Ironwood	  forest;	  FoM	  -‐	  mixed	  forest;	  Grl	  -‐	  grassland	  and	  open	  disturbed	  areas;	  Lnd	  -‐	  landscaped	  and	  developed	  areas	  (and	  some	  highly	  

disturbed	  areas);	  ShO	  -‐	  coastal	  shrubland;	  ShS	  -‐	  koa	  haole	  shrubland;	  STr	  -‐	  coastal	  strand.	  
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pe
d	  
in
	  th
is
	  lo
ca
tio
n,
	  (L
an
d	  
St
ud
y	  
Bu
re
au
,	  

19
63
;	  U
SG
S,
	  1
96
5,
	  1
98
3,
	  1
99
8	  
Ka
hu
ku
	  Q
ua
dr
an
gl
e	  
7.
5	  
M
in
ut
e	  
To
po
gr
ap
hi
c	  S
er
ie
s)
.	  

	  

	  
	  

Fi
gu
re
	  6
	  -‐	  
W
et
la
nd

	  in
te
rf
ac
e	  
be

tw
ee
n	  
th
e	  
go

lf	  
co
ur
se
	  (L
an

ds
ca
pe

	  v
eg
et
at
io
n)
	  a
nd

	  t
he

	  m
oa

t	  
ar
ou

nd
	  P
un

ah
o‘
ol
ap

a	  
M
ar
sh
.	  	  
N
ot
e	  
ab

un
da

nc
e	  
of
	  ir
on

w
oo

ds
	  w
it
hi
n	  
Pu

na
ho

’o
la
pa

	  M
ar
sh
	  in
	  

ba
ck
gr
ou

nd
.	  

In
	  F
ig
ur
e	  
3,
	  t
he
	  m
ar
sh
	  is
	  s
ho
w
n	  
to
	  c
on
si
st
	  o
f	  
th
re
e	  
ar
ea
s	  
ou
tli
ne
d	  
by
	  t
he
	  N
W
I	  
m
oa
t-‐
lik
e	  

fe
at
ur
es
	  a
nd
	  t
he
	  A
EC
OS
	  (
20
11
)	  
w
et
la
nd
	  d
el
in
ea
tio
n	  
bo
un
da
ry
	  in
	  t
he
	  a
re
a	  
no
t	  
m
ap
pe
d	  
as
	  

m
oa
ts
	  (i
n	  
fa
ct
,	  m

oa
ts
	  a
ls
o	  
oc
cu
r	  
in
	  m
uc
h	  
of
	  th
is
	  a
re
a)
.	  	  
N
ea
rl
y	  
al
l	  o
f	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
	  is
	  

ov
er
gr
ow
n	  
w
ith
	  h
er
ba
ce
ou
s	  
ve
ge
ta
tio
n.
	  M
an
y	  
ar
ea
s	  
su
pp
or
tin
g	  
tr
ee
	  g
ro
w
th
	  a
re
	  e
vi
de
nt
	  a
s	  

w
el
l,	  
in
cl
ud
in
g	  
ar
ea
s	  
of
	  h
au
	  f
or
es
t	  
(n
ot
	  m
ap
pe
d)
.	  	  
Th
er
e	  
ar
e	  
ho
w
ev
er
,	  e
xt
en
si
ve
	  in
te
ri
or
	  

ar
ea
s	  
su
pp
or
tin
g	  
ko
a	  
ha
ol
e	  
sh
ru
b-‐
sc
ru
b	  
an
d	  
ir
on
w
oo
d	  
fo
re
st
.	  	  
Th
es
e	  
ar
ea
s	  
w
er
e	  
no
t	  v
is
ite
d,
	  

an
d	  
th
er
ef
or
e	  
un
kn
ow
n	  
is
	  h
ow
	  m
uc
h	  
of
	  t
he
	  a
re
a	  
en
cl
os
ed
	  b
y	  
m
oa
ts
	  r
em

ai
ns
	  a
s	  
w
et
la
nd
.	  	  

On
ly
	  o
ne
	  o
pe
n	  
po
nd
	  a
re
a	  
is
	  s
ee
n	  
in
	  s
at
el
lit
e	  
im
ag
es
.	  C
on
se
qu
en
tly
,	  o
ur
	  m
ap
	  s
ho
w
s	  
th
e	  

ex
te
nt
	  o
f	  
th
e	  
fo
rm
er
	  f
ea
tu
re
	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
,	  
an
d	  
do
es
	  n
ot
	  f
ur
th
er
	  a
dd
re
ss
	  t
he
	  

co
nd
iti
on
	  o
f	  t
he
	  in
te
ri
or
	  o
f	  t
ha
t	  f
ea
tu
re
	  w
ith
	  r
es
pe
ct
	  to
	  w
et
la
nd
	  fu
nc
tio
n.
	  	  C
er
ta
in
ly
	  a
	  la
rg
e	  

po
rt
io
n	  
of
	  t
he
	  o
ut
lin
ed
	  a
re
a	  
re
m
ai
ns
	  a
	  m
ar
sh
,	  a
lth
ou
gh
	  d
en
se
ly
	  c
ov
er
ed
	  w
ith
	  v
eg
et
at
io
n	  

in
cl
ud
in
g	  
va
ri
ou
s	  
se
dg
es
	  (
m
os
tly
	  n
at
iv
es
),	  
Ca
lif
or
ni
a	  
gr
as
s	  
(U
ro
ch
lo
a	  
m
ut
ic
a)
,	  
ha
u,
	  a
nd
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se
ve
ra
l	  p
at
ch
es
	  o
f	  t
re
es
	  s
uc
h	  
as
	  ir
on
w
oo
d,
	  a
nd
	  k
oa
	  h
ao
le
	  th
at
	  m
ig
ht
	  r
ep
re
se
nt
	  h
ig
h	  
(n
on
-‐

w
et
la
nd
)	  g
ro
un
d	  
w
ith
in
	  th
e	  
m
ar
sh
	  b
or
de
r.	  

	   St
ar
tin
g	  
al
on
g	  
th
e	  
sh
or
e,
	  t
he
	  s
ub
st
ra
tu
m
	  o
f	  
th
e	  
SE
IS
	  l
an
ds
	  v
ar
ie
s	  
be
tw
ee
n	  
co
ns
ol
id
at
ed
	  

lim
es
to
ne
	  (
ro
ck
y	  
sh
or
e)
	  a
nd
	  s
an
d	  
de
po
si
ts
	  (
be
ac
he
s;
	  s
ee
	  F
ig
ur
e	  
7)
.	  	  
Ve
ry
	  fe
w
	  h
ig
he
r	  
pl
an
t	  

sp
ec
ie
s	  
ca
n	  
to
le
ra
te
	  d
ir
ec
t	  
im
m
er
si
on
	  in
	  s
ea
w
at
er
	  o
r	  
th
e	  
sh
ift
in
g	  
na
tu
re
	  o
f	  s
an
d	  
de
po
si
ts
	  

su
bj
ec
te
d	  
to
	  w

av
e	  
ac
tio
n.
	  	  
A	  
nu
m
be
r	  
of
	  e
nv
ir
on
m
en
ta
l	  
fa
ct
or
s⎯

br
ac
ki
sh
	  o
r	  
sa
lin
e	  

gr
ou
nd
w
at
er
,	  s
al
t	  s
pr
ay
,	  a
bs
en
ce
	  o
f	  h
um

us
	  in
	  th
e	  
so
il	  
su
bs
tr
at
um

,	  e
xp
os
ur
e	  
to
	  w
in
ds
⎯
ar
e	  

su
ffi
ci
en
tly
	  h
ar
sh
	  s
o	  
as
	  t
o	  
lim

it	  
th
e	  
sp
ec
ie
s	  
th
at
	  c
an
	  s
ur
vi
ve
	  i
n	  
th
e	  
st
ra
nd
.	  	  
Th
e	  
St
ra
nd
	  

ve
ge
ta
tio
n	  
(S
T
r)
	  o
cc
up
ie
s	  
a	  
zo
ne
	  o
f	  v
ar
ia
bl
e	  
w
id
th
	  im

m
ed
ia
te
ly
	  in
la
nd
	  o
f	  t
he
	  o
ce
an
	  s
ho
re
.	  	  

So
m
e	  
of
	  t
he
	  v
eg
et
at
io
n	  
gr
ow
s	  
on
	  t
he
	  u
pp
er
	  p
ar
t	  
of
	  a
ct
iv
e	  
be
ac
he
s	  
(n
ot
ab
ly
	  t
he
	  v
in
e,
	  

pō
hu
eh
ue
	  o
r	  
Ip
om
oe
a	  
pe
s-
ca
pr
ae
)	  
an
d	  
‘a
ki
‘a
ki
	  g
ra
ss
	  o
r	  
Sp
or
ob
lu
s	  
vi
rg
in
ic
us
,	  s
ee
di
ng
	  a
nd
	  o
r	  

in
va
di
ng
	  d
ow
n	  
th
e	  
be
ac
h	  
by
	  r
hi
zo
m
al
	  g
ro
w
th
.	  M

os
tly
,	  t
hi
s	  
ve
ge
ta
tio
n	  
is
	  f
ou
nd
	  o
n	  
sa
nd
	  

m
ov
in
g	  
sl
ow
ly
	  in
la
nd
	  u
nd
er
	  th
e	  
in
flu
en
ce
	  o
f	  t
he
	  w
in
d	  
(w
hi
ch
	  is
	  p
re
do
m
in
an
tly
	  o
ns
ho
re
	  a
t	  

th
is
	  lo
ca
tio
n)
	  fo
rm
in
g	  
du
ne
s,	  
w
hi
ch
⎯
w
he
re
	  a
ct
iv
e	  
(t
ha
t	  
is
	  w
he
re
	  s
an
d	  
is
	  a
ct
iv
el
y	  
on
	  t
he
	  

m
ov
e)
⎯
m
ig
ht
	  b
e	  
m
is
ta
ke
n	  
fo
r	  
be
ac
h	  
ra
th
er
	  t
ha
n	  
w
in
d	  
(o
r	  
in
	  s
om

e	  
ca
se
s,	  
st
or
m
	  w
av
e)
	  

de
po
si
te
d	  
m
at
er
ia
l.	  
	  A
s	  
fa
r	  
as
	  p
la
nt
	  g
ro
w
th
	  is
	  c
on
ce
rn
ed
,	  t
he
	  d
iff
er
en
ce
	  is
	  o
ne
	  o
f	  s
ta
bi
lit
y.
	  

W
he
re
	  th
e	  
sa
nd
	  is
	  a
ct
iv
el
y	  
m
ov
in
g	  
ab
ou
t	  a
t	  a
	  fa
ir
ly
	  g
oo
d	  
ra
te
	  (w

av
es
	  c
on
st
an
tly
	  re
w
or
k	  
th
e	  

be
ac
h	  
sa
nd
),	  
pl
an
ts
	  ca
nn
ot
	  g
et
	  e
st
ab
lis
he
d,
	  o
r	  a
re
	  b
ur
ie
d	  
(o
r	  t
he
	  ro
ot
s	  e
xp
os
ed
)	  a
nd
	  d
ie
.	  	  	  

	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
Fi
gu

re
	  7
	  -‐	  
V
ie
w
	  o
f	  t
he

	  s
ho

re
	  s
ho

w
in
g	  
sa
nd

	  a
nd

	  li
m
es
to
ne

	  s
ub

st
ra
ta
.	  	  
A
ll	  
th
e	  
pl
an

ts
	  v
is
ib
le
	  h
er
e	  
ar
e	  
pa

rt
	  

of
	  t
he

	  S
tr
an

d	  
ve
ge
ta
ti
on

	  t
yp

e.
	  	  N

ot
e	  
ir
on

w
oo

ds
	  o
n	  
ri
gh

t	  
ar
e	  
in
va
si
ve
	  t
o	  
th
e	  
st
ra
nd

.	  
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Th
e	  
di
st
an
ce
	  th
e	  
st
ra
nd
	  e
xt
en
ds
	  in
la
nd
	  fr
om

	  th
e	  
be
ac
h	  
or
	  r
oc
ky
	  li
m
es
to
ne
	  s
ho
re
	  d
ep
en
ds
	  

up
on
	  se
ve
ra
l	  f
ac
to
rs
:	  	  
1)
	  h
ow
	  fa
r	  i
nl
an
d	  
th
e	  
du
ne
s	  e
xt
en
d,
	  2
)	  h
ow
	  m
ar
ke
d	  
ar
e	  
sa
lt	  
ai
r	  e
ffe
ct
s	  

on
	  e
xt
an
t	  v
eg
et
at
io
n,
	  a
nd
	  3
)	  d
is
tu
rb
an
ce
s	  
th
at
	  d
am

ag
e	  
th
e	  
ve
ge
ta
tio
n	  
or
	  th
e	  
su
bs
tr
at
um

.	  I
n	  

m
os
t	  a
re
as
	  a
lo
ng
	  th
e	  
co
as
t	  o
f	  t
he
	  S
EI
S	  
la
nd
s,	  
th
e	  
w
id
th
	  o
f	  t
hi
s	  
ve
ge
ta
tio
n	  
zo
ne
	  is
	  to
o	  
na
rr
ow
	  

to
	  in
di
ca
te
	  o
n	  
ou
r	  m

ap
	  (F
ig
ur
e	  
3)

2 .	  
Th
e	  
w
id
es
t	  a
re
as
	  o
f	  s
tr
an
d	  
ve
ge
ta
tio
n	  
oc
cu
r	  a
t	  t
he
	  ro
ck
y	  

po
in
ts
	  (K
ah
uk
u	  
an
d	  
Ku
ili
m
a)
	  a
nd
	  b
eh
in
d	  
th
e	  
sh
or
e	  
ex
te
nd
in
g	  
ea
st
	  fr
om

	  K
ah
uk
u	  
Po
in
t.	  
Th
e	  

ty
pi
ca
l	  
st
ra
nd
	  p
la
nt
	  c
om

m
un
ity
	  i
s	  
on
e	  
do
m
in
at
ed
	  b
y	  
se
ve
ra
l	  
na
tiv
e	  
sp
ec
ie
s⎯

na
up
ak
a	  

ka
ha
ka
i	  
(S
ca
ev
ol
a	  
ta
cc
ad
a)
,	  
‘a
ko
ko
	  (
Eu
ph
or
bi
a	  
de
ge
ne
ri
),	  
‘a
ki
‘a
ki
	  (
Sp
or
ob
ol
is
	  v
ir
gi
ni
cu
s)
,	  

hi
na
hi
na
	  (H
el
io
tr
op
iu
m
	  a
no
m
al
um

	  v
ar
.	  a
rg
en
te
um

),	  
m
a‘
u	  
(F
im
br
is
ty
lis
	  c
ym
os
a)
⎯
an
d	  
at
	  le
as
t	  

on
e	  
no
n-‐
na
tiv
e	  
tr
ee
	  (
be
ac
h	  
he
lio
tr
op
e	  
or
	  T
ou
rn
ef
or
ti
a	  
ar
ge
nt
ea
).	  
Al
on
g	  
m
uc
h	  
of
	  th
e	  
sh
or
e,
	  

th
e	  
ar
ea
	  f
or
m
er
ly
	  o
cc
up
ie
d	  
by
	  d
un
es
	  h
as
	  b
ee
n	  
de
ve
lo
pe
d	  
by
	  t
he
	  r
es
or
t	  
(g
ol
f	  
co
ur
se
	  a
nd
	  

ho
te
l	  s
tr
uc
tu
re
s	  
ne
ar
	  th
e	  
co
as
t)
	  o
r	  
ha
ve
	  b
ee
n	  
m
od
ifi
ed
	  b
y	  
th
e	  
ir
on
w
oo
d	  
tr
ee
s	  
w
hi
ch
	  g
ro
w
	  

ne
ar
ly
	  d
ow
n	  
to
	  th
e	  
sh
or
e;
	  w
hi
le
	  th
es
e	  
tr
ee
s	  a
re
	  a
	  p
ar
t	  o
f	  t
he
	  st
ra
nd
	  v
eg
et
at
io
n,
	  th
ey
	  a
re
	  a
ls
o	  

a	  
pa
rt
	  o
f	  t
he
	  ir
on
w
oo
d	  
an
d	  
m
ix
ed
	  fo
re
st
s	  
th
at
	  e
xt
en
d	  
ye
t	  f
ur
th
er
	  in
la
nd
.	  T
hu
s,	  
th
er
e	  
is
	  n
o	  

si
m
pl
e	  
w
ay
	  t
o	  
di
ffe
re
nt
ia
te
	  t
he
	  s
tr
an
d	  
on
	  t
he
	  b
as
is
	  o
f	  v
eg
et
at
io
n	  
al
on
e	  
w
he
re
	  ir
on
w
oo
ds
	  

pr
ed
om

in
at
e.
	  	  A
s	  n
ot
ed
	  a
bo
ve
,	  i
ro
nw

oo
ds
	  ca
n	  
be
	  in
va
si
ve
	  in
	  th
is
	  v
eg
et
at
io
n	  
ty
pe
.	  	  	  
	  

	   A
vi
an

	  S
ur
ve
y	  
	  

	  
Po

in
t	  
Co

un
ts
	  

A	  
to
ta
l	  
of
	  1
73
5	  
in
di
vi
du
al
	  b
ir
ds
	  o
f	  
27
	  s
pe
ci
es
,	  r
ep
re
se
nt
in
g	  
19
	  s
ep
ar
at
e	  
fa
m
ili
es
,	  w

er
e	  

re
co
rd
ed
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  t
he
	  w
et
	  a
nd
	  d
ry
	  s
ea
so
n	  
po
in
t	  
co
un
t	  
su
rv
ey
s.	  
Th
re
e	  
of
	  t
he
	  

sp
ec
ie
s	  r
ec
or
de
d,
	  C
om

m
on
	  G
al
lin
ul
e	  
(G
al
lin
ul
a	  
ga
le
at
a	  
sa
nd
vi
ce
ns
is
)3
,	  H
aw
ai
ia
n	  
Co
ot
	  (F
ul
ic
a	  

al
ai
)	  
an
d	  
H
aw
ai
ia
n	  
St
ilt
	  (
H
im
an
to
pu
s	  
m
ex
ic
an
us
	  
kn
ud
se
ni
)	  
ar
e	  
en
de
m
ic
	  e
nd
an
ge
re
d	  

w
at
er
bi
rd
	  
sp
ec
ie
s.	  

On
e	  

sp
ec
ie
s	  
re
co
rd
ed
,	  
Bl
ac
k-‐
cr
ow
ne
d	  

N
ig
ht
-‐H
er
on
	  
(N
yc
ti
co
ra
x	  

ny
ct
ic
or
ax
	  h
oa
ct
li)
	  is
	  a
n	  
in
di
ge
no
us
	  re
si
de
nt
	  w
at
er
	  o
bl
ig
at
e	  
sp
ec
ie
s,	  
an
d	  
fo
ur
,	  P
ac
ifi
c-‐
Go
ld
en
	  

Pl
ov
er
	  
(P
lu
vi
al
is
	  
fu
lv
a)
,	  
W
an
de
ri
ng
	  
Ta
tt
le
r	  
(T
ri
ng
a	  
in
ca
na
),	  

Br
is
tle
-‐th
ig
he
d	  

Cu
rl
ew
	  

(N
um

en
iu
s	  
ta
hi
ti
en
si
s)
	  a
nd
	  R
ud
dy
	  T
ur
ns
to
ne
	  (A
re
na
ri
a	  
in
te
rp
re
s)
	  a
re
	  in
di
ge
no
us
	  m
ig
ra
to
ry
	  

sh
or
eb
ir
d	  
sp
ec
ie
s.	  
	  T
he
	  r
em

ai
ni
ng
	  1
9	  
sp
ec
ie
s	  
de
te
ct
ed
	  a
re
	  c
on
si
de
re
d	  
to
	  b
e	  
al
ie
n	  
to
	  t
he
	  

H
aw
ai
ia
n	  
Is
la
nd
s	  (
Ta
bl
e	  
2)
.	  	  

	   Th
er
e	  
w
as
	  v
er
y	  
lit
tle
	  d
iff
er
en
ce
	  b
et
w
ee
n	  
th
e	  
re
su
lts
	  o
f	  t
he
	  w
et
	  a
nd
	  d
ry
	  s
ea
so
n	  
(s
pr
in
g	  
an
d	  

fa
ll)
	  b
ir
d	  
su
rv
ey
s.	  
W
e	  
re
co
rd
ed
	  tw

o	  
ad
di
tio
na
l	  m

ig
ra
to
ry
	  s
ho
re
bi
rd
	  s
pe
ci
es
	  d
ur
in
g	  
th
e	  
la
te
r	  

su
rv
ey
	  th
at
	  w
er
e	  
no
t	  r
ec
or
de
d	  
du
ri
ng
	  th
e	  
co
ur
se
	  o
f	  t
he
	  fi
rs
t	  s
ur
ve
y.
	  A
ll	  
of
	  s
pe
ci
es
	  d
et
ec
te
d	  

du
ri
ng
	  t
he
	  w
et
	  s
ea
so
n	  
(s
pr
in
g)
	  w
er
e	  
al
so
	  r
ec
or
de
d	  
du
ri
ng
	  t
he
	  d
ry
	  s
ea
so
n	  
su
rv
ey
.	  T
he
se
	  

re
su
lts
	  w
er
e	  
no
t	  u
ne
xp
ec
te
d,
	  a
s	  
th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s	  
un
lik
e	  
co
nt
in
en
ta
l	  l
an
dm

as
se
s	  
do
	  n
ot
	  

ha
ve
	  a
	  s
ig
ni
fic
an
t	  
di
ffe
re
nc
e	  
in
	  a
vi
an
	  s
pe
ci
es
	  p
re
se
nt
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  
a	  
ye
ar
.	  T
he
	  

si
gn
ifi
ca
nt
	  i
nt
er
m
on
th
	  d
iff
er
en
ce
s	  
in
	  a
vi
an
	  s
pe
ci
es
	  u
sa
ge
	  o
f	  
co
nt
in
en
ta
l	  
lo
ca
tio
ns
	  i
s	  
a	  

re
fle
ct
io
n	  
of
	  t
he
	  p
re
se
nc
e	  
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Table	  3	  –	  Avian	  Species	  Detected	  During	  Point	  Counts	  –	  Turtle	  Bay	  Resort,	  2011	  
	  

Common	  name	  Scientific	  name	  Status	  
Wet	  

Season	  
Dry	  

Season	  
	  

Comb.	  RA	  
	  	  PHASIANIDAE	  -‐	  Pheasants	  &	  Partridges	  	  	  	  	  
	  Phasianinae	  -‐	  Pheasants	  &	  Allies	  	  	  	  	  	  
Domestic	  Chicken	  	  Gallus	  sp.	  D	  0.20	  0.35	  0.28	  
	  	  	  	  	  	  
	  PELECANIFORMES	  	  	  	  	  
	  ARDEIDAE	  -‐	  Herons,	  Bitterns	  &	  Allies	  	  	  	  	  
Cattle	  Egret	  Bulbucus	  ibidis	  A	  2.20	  1.45	  1.83	  
Black-‐crowned	  Night-‐Heron	  Nycticorax	  nycticorax	  hoactli	  IR	  0.15	  0.25	  0.20	  
	  	  	  	  	  	  
	  GRUIFORMES	  	  	  	  	  
	  RALLIDAE	  -‐	  Rails	  &	  Allies	  	  	  	  	  
Common	  Gallinule	  Gallinula	  galeata	  sandvicensis	  EE	  0.15	  0.30	  0.23	  
Hawaiian	  Coot	  	  Fulica	  alai	  	  EE	  0.10	  0.30	  0.20	  
	  	  	  	  	  	  
	  CHARADRIIDAE	  -‐	  Lapwings	  &	  Plovers	  	  	  	  	  
	  Charadriinae	  -‐	  Plovers	  	  	  	  	  
Pacific	  Golden-‐Plover	  Pluvialis	  fulva	  	  IM	  1.60	  1.20	  1.40	  
	  	  	  	  	  	  
	  RECURVIROSTRIDAE	  -‐	  Stilts	  &	  Avocets	  	  	  	  	  
Black-‐necked	  Stilt	  Himantopus	  mexicanus	  knudseni	  EE	  0.25	  0.25	  0.25	  
	  	  	  	  	  	  
	  SCOLOPACIDAE	  -‐	  Sandpipers,	  Phalaropes	  &	  Allies	  	  	  	  	  
	  Scolopacinae	  -‐	  Sandpipers	  &	  Allies	  	  	  	  	  
Wandering	  Tattler	  Tringa	  incana	  IM	  0.10	  0.05	  0.08	  
Bristle-‐thighed	  Curlew	  Numenius	  tahitiensis	  	  IM	  0.05	  -‐	  0.03	  
Ruddy	  Turnstone	  Arenaria	  interpres	  	  IM	  1.40	  -‐	  0.70	  
	  COLUMBIFORMES	  	  	  	  	  
	  COLUMBIDAE	  –	  Pigeons	  &	  Doves	  	  	  	  	  
Spotted	  Dove	  	  Streptopelia	  chinensis	  A	  1.25	  1.15	  1.20	  
Zebra	  Dove	  	  Geopelia	  striata	  	  A	  4.75	  4.15	  4.45	  
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Table	  2	  –	  Continued	  

Common	  name	  Scientific	  name	  Status	  
Wet	  

Season	  
Dry	  

Season	  
	  

Comb.	  RA	  
	  PSITTACIFORMES	  	  	  	  	  
	  PSITTACIDAE	  –	  Lories	  Parakeets,	  Macaws	  &	  Parrots	  	  	  	  	  	  
	  Psittacinae	  -‐	  Typical	  Parrots	  	  	  	  	  	  
Rose-‐ringed	  Parakeet	  	  Psittacula	  krameri	  	  A	  0.65	  1.40	  1.02	  
	  	  	  	  	  	  
	  PASSERIFORMES	  	  	  	  	  
	  PYCNONOTIDAE	  -‐	  Bulbuls	  	  	  	  	  
Red-‐vented	  Bulbul	  	  Pycnonotus	  cafer	  A	  6.45	  0.50	  5.85	  
Red-‐whiskered	  Bulbul	  	  Pycnonotus	  jocosus	  	  A	  5.25	  1.00	  0.75	  
	  CETTIIDAE	  -‐	  Cettia	  Warblers	  &	  Allies	  	  	  	  	  
Japanese	  Bush-‐Warbler	  Cettia	  diphone	  	  A	  0.15	  0.30	  0.22	  
	  ZOSTEROPIDAE	  –	  White-‐eyes	  	  	  	  	  
Japanese	  White-‐eye	  	  Zosterops	  japonicus	  	  A	  2.95	  2.45	  2.70	  
	  TIMALIIDAE	  -‐	  Babblers	  	  	  	  	  
Red-‐billed	  Leiothrix	  Leiothrix	  lutea	  A	  0.15	  0.40	  0.28	  
	  TURDIDAE	  -‐	  Thrushes	  	  	  	  	  
White-‐rumped	  Shama	  Copsychus	  malabaricus	  A	  0.85	  1.05	  0.95	  
	  STURNIDAE	  –	  Starlings	  	  	  	  	  
Common	  Myna	  	  Acridotheres	  tristis	  	  A	  5.80	  4.80	  5.30	  
	  EMBERIZIDAE	  –	  Emberizids	  	  	  	  	  
Red-‐crested	  Cardinal	  Paroaria	  coronata	  	  A	  1.15	  1.50	  1.33	  
	  CARDINALIDAE	  –	  Cardinals	  Saltators	  &	  Allies	  	  	  	  	  	  
Northern	  Cardinal	  Cardinalis	  cardinalis	  	  A	  1.15	  1.35	  1.25	  
	  FRINGILLIDAE	  –	  Fringilline	  and	  Carduline	  Finches	  &	  Allies	  	  	  	  	  
House	  Finch	  Carpodacus	  mexicanus	  	  A	  1.50	  1.70	  1.60	  
	  PASSERIDAE	  –	  Old	  World	  Sparrows	  	  	  	  	  
House	  Sparrow	  Passer	  domesticus	  	  A	  0.20	  0.95	  0.58	  
	  ESTRILDIDAE	  –	  Estrildid	  Finches	  	  	  	  	  
Common	  Waxbill	  	  Estrilda	  astrild	  	  A	  7.05	  5.80	  6.43	  
Nutmeg	  Mannikin	  	  Lonchura	  punctulata	  	  A	  0.95	  2.30	  1.67	  
Chestnut	  Munia	  Lonchura	  atricapilla	  A	  1.95	  3.40	  2.68	  
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Key	  to	  Table	  2.	  
	  

EE	  Endangered	  Endemic	  Species	  –	  Native	  and	  unique	  to	  the	  Hawaiian	  Islands,	  also	  listed	  as	  endangered	  under	  the	  ESA,	  and	  State	  HRS	  195D	  

A	  Alien	  Species	  –	  Introduced	  to	  the	  Hawaiian	  Islands	  by	  humans	  

D	  Domesticated	  species	  –	  not	  considered	  to	  be	  established	  in	  the	  wild	  on	  the	  Island	  of	  O‘ahu	  

IR	  Indigenous	  Resident	  Species	  –	  Native	  to	  the	  Hawaiian	  Islands,	  but	  not	  unique	  to	  the	  islands,	  non-‐migratory	  

IM	  Indigenous	  Migratory	  Species	  -‐	  Native	  to	  the	  Hawaiian	  Islands,	  but	  not	  unique	  to	  the	  islands,	  does	  not	  breed	  in	  the	  Hawaiian	  Islands	  

Spring	  	  Spring	  Survey	  –	  Relative	  Abundance	  –	  Number	  of	  bird	  detected,	  divided	  by	  the	  number	  of	  count	  stations	  (20)	  

Fall	  Fall	  Survey	  –	  Relative	  Abundance	  –	  Number	  of	  bird	  detected,	  divided	  by	  the	  number	  of	  count	  stations	  (20)	  

A-3	  Area	  3	  –	  Relative	  Abundance	  –	  Number	  of	  bird	  detected,	  divided	  by	  the	  number	  of	  count	  stations	  (11)	  

Comb	  RA	  Combined	  Relative	  Abundance	  -‐	  Number	  of	  bird	  detected	  during	  both	  spring	  and	  fall	  counts	  divided	  by	  the	  total	  number	  of	  count	  stations	  (40)	  
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Sm
al
l	  I
nd
ia
n	  
m
on
go
os
e	  

H
er
pe
st
es
	  a
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ur
op
un
ct
at
us
	  

A
	  

V,
	  A
,	  S
c,	  
Tr
	  

	  
FE
LI
DA
E-‐
	  C
at
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H
ou
se
	  ca
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Fe
lis
	  c
at
us
	  

A
	  

V,
	  T
r	  

	  
PH
OC
ID
AE
	  -‐	  
H
ai
r	  S
ea
ls
	  

	  
	  

H
aw
ai
ia
n	  
m
on
k	  
se
al
	  

M
on
ac
hu
s	  
sc
ha
ui
ns
la
nd
i	  

EE
	  

V	  
	  

	  
	  

	  
	  

PE
RI
SS
OD

AC
TY
LA
	  -‐	  
Od
d-‐
To
ed
	  U
ng
ul
at
es
	  

	  
	  

	  
Eq
ui
da
e	  
-‐	  H
or
se
s,	  
As
se
s	  &

	  Z
eb
ra
s	  

	  
	  

Do
m
es
tic
	  h
or
se
	  

Eq
uu
s	  
c.
	  c
ab
al
lu
s	  

A
	  

V,
	  S
c,	  
Tr
	  

Do
nk
ey
	  

Eq
uu
s	  
a.
	  a
si
nu
s	  

A
	  

V,
	  S
c,	  
Tr
	  

M
ul
e	  

Eq
uu
s	  
as
in
us
	  x
	  E
qu
us
	  c
ab
al
lu
s	  

A
	  

V,
	  S
c,	  
Tr
	  

	  
	  

	  
	  

	  
AT
RI
OD

AC
TY
LA
	  -‐	  
Ev
en
-‐T
oe
d	  
Un
gu
la
te
s	  

	  
	  

	  
Su
ic
id
ae
	  -‐	  
Ol
d	  
W
or
ld
	  S
w
in
e	  

	  
	  

Pi
g	  

Su
s	  
s.	  
sc
ro
fa
	  

A
	  

Sc
,	  T
r,	  
Si
	  

	  
	  

	  
	  

	   Ke
y	  
to
	  T
ab
le
	  3
	  

A
	  

Al
ie
n	  
–	  
In
tr
od
uc
ed
	  to
	  th
e	  
H
aw
ai
ia
n	  
is
la
nd
s	  b
y	  
hu
m
an
s	  

EE
	  

En
da
ng
er
ed
	  E
nd
em

ic
	  –
	  n
at
iv
e	  
an
d	  
un
iq
ue
	  to
	  th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s,	  
al
so
	  li
st
ed
	  a
s	  a
n	  

en
da
ng
er
ed
	  sp
ec
ie
s	  

V	  
Vi
su
al
	  –
	  a
ni
m
al
	  th
at
	  w
as
	  se
en
	  

A	  
Au
di
to
ry
	  –
	  a
n	  
an
im
al
	  th
at
	  w
as
	  re
co
rd
ed
	  b
y	  
he
ar
in
g	  
its
	  ca
ll	  
or
	  o
th
er
	  d
is
tin
ct
	  so
un
ds
	  

Sc
	  

Sc
at
	  –
	  a
n	  
an
im
al
	  th
at
	  w
as
	  d
et
ec
te
d	  
du
e	  
to
	  th
e	  
pr
es
en
ce
	  o
f	  f
ec
al
	  m
at
er
ia
l	  

Tr
	  

Tr
ac
ks
	  –
	  a
n	  
an
im
al
	  th
at
	  w
as
	  re
co
rd
ed
	  b
y	  
se
ei
ng
	  tr
ac
ks
	  o
r	  o
th
er
	  si
gn
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D
is
cu
ss
io
n	  

	   Bo
ta
ni
ca
l	  R

es
ou

rc
es
	  

	   Th
e	  
pe
rc
en
ta
ge
	  o
f	  n
at
iv
e	  
pl
an
ts
	  in
	  th
e	  
ar
ea
	  is
	  g
en
er
al
ly
	  ty
pi
ca
l	  f
or
	  lo
w
la
nd
s	  o
n	  
O‘
ah
u	  
(D
av
id
	  

&
	  G
ui
nt
he
r,	  
20
06
:	  1
1	  
pe
rc
en
t;	  
Da
vi
d	  
&
	  G
ui
nt
he
r,	  
20
10
:	  1
2	  
pe
rc
en
t)
	  a
t	  1
0.
5	  
pe
rc
en
t.	  
	  A
s	  
is
	  

al
so
	  t
yp
ic
al
,	  f
or
	  m
os
t	  
of
	  t
he
	  S
EI
S	  
la
nd
s,	  
th
e	  
ab
un
da
nc
e	  
of
	  n
at
iv
es
	  in
	  t
he
	  v
eg
et
at
io
n	  
is
	  fa
r	  

be
lo
w
	  th
at
	  o
f	  n
on
-‐n
at
iv
es
.	  T
hi
s	  
co
nd
iti
on
	  is
	  n
ot
	  u
ne
xp
ec
te
d	  
co
ns
id
er
in
g	  
th
e	  
lo
ng
	  h
is
to
ry
	  o
f	  

di
st
ur
ba
nc
e	  
of
	  th
e	  
si
te
	  g
oi
ng
	  b
ac
k	  
ov
er
	  1
00
	  y
ea
rs
.	  	  
Ex
ce
pt
io
ns
	  to
	  th
es
e	  
st
at
em

en
ts
	  in
vo
lv
e	  

th
e	  
w
et
la
nd
s	  
(s
pe
ci
fic
al
ly
	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
)	  a
nd
	  th
e	  
co
as
ta
l	  s
tr
an
d	  
ve
ge
ta
tio
n.
	  	  I
n	  
th
es
e	  

en
vi
ro
nm

en
ts
,	  n
at
iv
e	  
pl
an
ts
	  r
em

ai
n	  
ab
un
da
nt
	  (F
ig
ur
es
	  8
	  a
nd
	  9
)	  a
nd
,	  i
n	  
so
m
e	  
pl
ac
es
	  a
re
	  th
e	  

do
m
in
an
t	  
m
em

be
rs
	  o
f	  
th
ei
r	  
re
sp
ec
tiv
e	  
bo
ta
ni
ca
l	  
co
m
m
un
iti
es
.	  
	  	  
W
ith
	  t
he
	  e
xc
ep
tio
n	  
of
	  

la
nd
sc
ap
in
g	  
cl
os
e	  
to
	  th
e	  
oc
ea
n	  
sh
or
e,
	  th
e	  
La
nd
sc
ap
e,
	  F
or
es
t,	  
an
d	  
Sh
ru
b-‐
Sc
ru
b	  
ha
ve
	  m
in
im
al
	  

bo
ta
ni
ca
l	  r
es
ou
rc
e	  
va
lu
e	  
ba
se
d	  
up
on
	  o
cc
ur
re
nc
e	  
of
	  n
at
iv
e	  
pl
an
t	  s
pe
ci
es
.	  	  
Th
e	  
on
ly
	  e
nd
em

ic
	  

sp
ec
ie
s	  
re
co
rd
ed
	  in
	  th
e	  
su
rv
ey
	  w
as
	  ‘a
ko
ko
,	  w
hi
ch
	  w
as
	  fo
un
d	  
ex
cl
us
iv
el
y	  
on
	  th
e	  
du
ne
s	  
an
d	  

m
os
tly
	  in
	  a
re
as
	  w
he
re
	  th
e	  
du
ne
	  v
eg
et
at
io
n	  
is
	  m
in
im
al
ly
	  d
is
tu
rb
ed
.	  	  

	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
Fi
gu
re
	  8
	  -‐	  
V
ie
w
	  a
cr
os
s	  
a	  
m
oa

t	  
in
to
	  P
un

ah
o‘
ol
ap

a	  
M
ar
sh
	  s
ho

w
in
g	  
de

ns
e	  
gr
ow

th
s	  
of
	  s
ev
er
al
	  

na
ti
ve
	  p
la
nt
s:
	  n
ek
e	  
fe
rn
,	  b

ac
ke
d	  
by
	  ‘u
ki
	  	  (
sa
w
-‐g
ra
ss
),	  
w
it
h	  
ha

u	  
st
ill
	  fu

rt
he

r	  
ba

ck
.	  
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Fi
gu
re
	  9
	  -‐	  
A
re
a	  
of
	  d
un

es
	  s
up

po
rt
in
g	  
na

ti
ve
	  p
la
nt
s:
	  m

os
tl
y	  
na

up
ak
a	  
he

re
,	  b

ut
	  w
it
h	  
‘a
ki
‘a
ki
	  

(g
ra
ss
)	  a

nd
	  a
	  fe

w
	  ‘a
ko

ko
	  a
nd

	  h
in
ah

in
a	  
pl
an

ts
	  g
ro
w
in
g	  
on

	  s
an

d	  
in
	  fr
on

t	  
of
	  t
he

	  n
au

pa
ka
.	  

	   Fr
om

	  a
	  r
es
ou
rc
es
	  c
on
se
rv
at
io
n	  
pe
rs
pe
ct
iv
e,
	  b
ot
h	  
th
e	  
St
ra
nd
	  v
eg
et
at
io
n	  
an
d	  
Pu
na
ho
‘o
la
pa
	  

M
ar
sh
	  a
re
	  d
es
er
vi
ng
	  o
f	  s
pe
ci
al
	  a
tt
en
tio
n	  
w
ith
	  a
	  g
oa
l	  t
ow
ar
ds
	  p
re
se
rv
at
io
n.
	  O
th
er
	  w
et
la
nd
s	  

an
d	  
in
la
nd
	  a
qu
at
ic
	  e
nv
ir
on
m
en
ts
	  o
n	  
th
e	  
SE
IS
	  la
nd
s	  
ar
e	  
ei
th
er
	  w
el
l	  m

ai
nt
ai
ne
d	  
po
nd
s	  
w
ith
	  

w
et
la
nd
	  p
la
nt
s	  
or
	  o
th
er
w
is
e	  
pr
ot
ec
te
d	  
as
	  l
ik
el
y	  
ju
ri
sd
ic
tio
na
l	  
w
at
er
s	  
un
de
r	  
th
e	  
fe
de
ra
l	  

Cl
ea
n	  
W
at
er
	  A
ct
;	  
bu
t	  
in
	  a
ll	  
ca
se
s,	  
ar
e	  
pa
rt
ly
	  o
r	  
w
ho
lly
	  i
nt
eg
ra
te
d	  
in
to
	  t
he
	  g
ol
f	  
co
ur
se
	  

la
nd
sc
ap
es
	  o
n	  
th
e	  
si
te
.	  	  
Pu
na
ho
‘o
la
pa
	  M
ar
sh
	  is
	  v
er
y	  
w
el
l	  p
ro
te
ct
ed
	  p
hy
si
ca
lly
	  b
y	  
m
oa
ts
	  th
at
	  

su
rr
ou
nd
	  m
os
t	  o
f	  t
he
	  fo
rm
er
	  m
ar
sh
la
nd
.	  E
xp
an
si
on
	  o
f	  t
he
	  m
oa
t	  s
ys
te
m
	  is
	  p
re
se
nt
ly
	  b
ei
ng
	  

co
nt
em

pl
at
ed
	  b
y	  
TB
R	  
De
ve
lo
pm

en
t	  t
o	  
co
m
pl
et
e	  
th
e	  
ri
ng
	  a
ro
un
d	  
th
e	  
m
ar
sh
.	  	  
Al
th
ou
gh
	  n
ot
	  

pa
rt
	  o
f	  t
he
	  p
re
se
nt
	  su
rv
ey
,	  t
he
	  m
ar
sh
	  a
pp
ea
rs
	  to
	  h
av
e	  
su
ffi
ci
en
t	  h
yd
ro
lo
gy
	  b
ut
	  is
	  o
ve
rg
ro
w
n	  

w
ith
	  v
eg
et
at
io
n,
	  m
uc
h	  
of
	  it
	  n
on
-‐n
at
iv
e	  
an
d	  
ac
tu
al
ly
	  o
r	  
po
te
nt
ia
lly
	  in
va
si
ve
.	  T
he
	  m
aj
or
ity
	  o
f	  

op
en
	  w
at
er
	  e
xi
st
in
g	  
to
da
y	  
in
	  th
is
	  m
ar
sh
	  is
	  th
e	  
bo
rd
er
in
g	  
m
oa
t	  s
ys
te
m
,	  p
ro
vi
di
ng
	  h
ab
ita
ts
	  o
f	  

va
lu
e	  
to
	  w
at
er
	  o
bl
ig
at
e	  
bi
rd
s.	  
	  T
hu
s,	  
th
e	  
re
so
ur
ce
	  v
al
ue
	  o
f	  t
he
	  m
ar
sh
,	  w
hi
le
	  n
ot
	  th
re
at
en
ed
,	  

is
	  ce
rt
ai
nl
y	  
w
el
l	  b
el
ow
	  w
ha
t	  i
t	  c
ou
ld
	  b
e.
	  	  

	   Th
e	  
na
tiv
e	  
St
ra
nd
	  v
eg
et
at
io
n	  
is
	  p
re
se
nt
	  b
ut
	  p
oo
rl
y	  
re
pr
es
en
te
d	  
al
on
g	  
m
os
t	  o
f	  t
he
	  S
EI
S	  
la
nd
s	  

co
as
tli
ne
.	  
	  H
ow
ev
er
,	  
fr
om

	  K
ah
uk
u	  
Po
in
t	  
ea
st
w
ar
d,
	  t
hi
s	  
co
m
m
un
ity
	  i
s	  
w
el
l	  
de
ve
lo
pe
d,
	  

fo
rm
in
g	  
a	  
br
oa
d	  
zo
ne
	  in
	  fr
om

	  th
e	  
be
ac
h.
	  	  T
hi
s	  
co
m
m
un
ity
	  is
	  h
ea
vi
ly
	  in
va
de
d	  
by
	  n
on
-‐n
at
iv
e	  

sp
ec
ie
s	  
fu
rt
he
r	  
in
la
nd
	  a
cr
os
s	  
th
e	  
du
ne
	  c
om

pl
ex
.	  	  
Th
e	  
gr
ea
te
st
	  t
hr
ea
t	  
to
	  t
hi
s	  
co
m
m
un
ity
	  

ap
pe
ar
s	  
to
	  b
e	  
fr
om

	  o
ff-‐
ro
ad
	  v
eh
ic
ul
ar
	  (
OR
V)
	  tr
af
fic
	  e
nt
er
in
g	  
fr
om

	  th
e	  
ea
st
.	  T
he
	  n
um

er
ou
s	  

OR
V	  
tr
ai
ls
	  a
cr
os
s	  
th
e	  
be
ac
h	  
an
d	  
du
ne
s	  
ha
ve
	  c
au
se
d	  
de
st
ru
ct
io
n	  
of
	  t
he
	  n
at
iv
e	  
ve
ge
ta
tio
n,
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w
ith
	  r
es
ul
tin
g	  
er
os
io
n	  
(s
an
d	  
m
ov
em

en
t)
	  a
nd
	  e
nh
an
ce
m
en
t	  
of
	  t
he
	  p
ro
ce
ss
	  o
f	  
in
va
si
on
	  b
y	  

no
n-‐
na
tiv
e	  
w
ee
ds
.	  	  
Fo
rt
un
at
el
y,
	  s
tr
an
d	  
pl
an
ts
	  a
re
	  a
da
pt
ed
	  t
o	  
di
st
ur
ba
nc
es
	  r
es
ul
tin
g	  
fr
om

	  
st
or
m
	  w

av
es
	  a
nd
	  m

ov
in
g	  
sa
nd
,	  
an
d	  
te
nd
	  t
o	  
re
co
ve
r	  
fr
om

	  m
an
-‐m
ad
e	  
di
st
ur
ba
nc
es
.	  	  

H
ow
ev
er
,	  t
he
re
	  is
	  a
	  li
m
it	  
to
	  s
uc
h	  
re
si
lie
nc
e	  
an
d	  
pr
ev
en
tio
n	  
of
	  u
nw

el
co
m
ed
	  tr
af
fic
	  o
n	  
th
es
e	  

du
ne
s	  u
nd
er
	  th
e	  
co
nt
ro
l	  o
f	  T
BR
	  D
ev
el
op
m
en
t	  s
ho
ul
d	  
be
	  m
ad
e	  
a	  
pr
io
ri
ty
.	  	  

	  	  	  	   A
vi
an

	  R
es
ou

rc
es
	  

 Th
e	  
fin
di
ng
s	  
of
	  th
e	  
av
ia
n	  
su
rv
ey
	  a
re
	  c
on
si
st
en
t	  w

ith
	  th
e	  
cu
rr
en
t	  h
ab
ita
t	  p
re
se
nt
	  o
n	  
th
e	  
si
te
	  

an
d	  
th
e	  
la
nd
	  u
sa
ge
	  o
f	  t
he
	  a
re
a	  
su
rv
ey
ed
.	  D
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  t
hi
s	  
su
rv
ey
	  2
7	  
av
ia
n	  
sp
ec
ie
s,	  

w
er
e	  
re
co
rd
ed
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  t
he
	  w
et
	  a
nd
	  d
ry
	  s
ea
so
n	  
su
rv
ey
s.	  
Th
re
e	  
of
	  th
e	  
sp
ec
ie
s	  

re
co
rd
ed
,	  C
om

m
on
	  G
al
lin
ul
e,
	  H
aw
ai
ia
n	  
Co
ot
	  a
nd
	  H
aw
ai
ia
n	  
St
ilt
	  a
re
	  e
nd
em

ic
	  e
nd
an
ge
re
d	  

w
at
er
bi
rd
	  s
pe
ci
es
.	  T
he
	  v
ar
io
us
	  w
at
er
	  f
ea
tu
re
s	  
on
	  t
he
	  s
ite
	  p
ro
vi
de
	  f
or
ag
in
g	  
an
d	  
lo
af
in
g	  

ha
bi
ta
t	  
fo
r	  
th
es
e	  
th
re
e	  
en
da
ng
er
ed
	  e
nd
em

ic
	  w
at
er
bi
rd
	  s
pe
ci
es
.	  T
he
	  o
nl
y	  
ar
ea
s	  
w
ith
in
	  t
he
	  

pr
op
er
ty
	  b
ou
nd
ar
ie
s	  
th
at
	  l
ik
el
y	  
su
pp
or
t	  
an
y	  
ne
st
in
g	  
ac
tiv
ity
	  f
or
	  a
ny
	  o
f	  
th
es
e	  
sp
ec
ie
s	  
is
	  

w
ith
in
	  w
at
er
	  fe
at
ur
es
	  w
hi
ch
	  h
av
e	  
fa
ir
ly
	  d
en
se
	  e
m
er
ge
nt
	  v
eg
et
at
io
n,
	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
	  in
	  

pa
rt
ic
ul
ar
.	  	  

	   On
e	  
sp
ec
ie
s	  
re
co
rd
ed
,	  B
la
ck
-‐c
ro
w
ne
d	  
N
ig
ht
-‐H
er
on
	  i
s	  
a	  
co
m
m
on
ly
	  o
cc
ur
ri
ng
	  i
nd
ig
en
ou
s	  

re
si
de
nt
	  w
at
er
	  o
bl
ig
at
e	  
sp
ec
ie
s,	  
an
d	  
fo
ur
,	  P
ac
ifi
c-‐
Go
ld
en
	  P
lo
ve
r,	  
W
an
de
ri
ng
	  T
at
tle
r,	  
Br
is
tle
-‐

th
ig
he
d	  
Cu
rl
ew
	  a
nd
	  R
ud
dy
	  T
ur
ns
to
ne
	  a
re
	  in
di
ge
no
us
	  m
ig
ra
to
ry
	  s
ho
re
bi
rd
	  s
pe
ci
es
	  w
hi
ch
	  

ne
st
	  in
	  th
e	  
hi
gh
	  A
rc
tic
	  d
ur
in
g	  
th
e	  
la
te
	  s
pr
in
g	  
an
d	  
su
m
m
er
	  m
on
th
s,	  
re
tu
rn
in
g	  
to
	  H
aw
ai
‘i	  
an
d	  

th
e	  
Tr
op
ic
al
	  P
ac
ifi
c	  
to
	  s
pe
nd
	  t
he
	  f
al
l	  
an
d	  
w
in
te
r	  
m
on
th
s	  
ea
ch
	  y
ea
r.	  
Th
ey
	  u
su
al
ly
	  l
ea
ve
	  

H
aw
ai
‘i	  
fo
r	  
th
ei
r	  
tr
ip
	  b
ac
k	  
to
	  t
he
	  A
rc
tic
	  i
n	  
la
te
	  A
pr
il	  
or
	  t
he
	  v
er
y	  
ea
rl
y	  
pa
rt
	  o
f	  
M
ay
.	  T
he
	  

re
m
ai
ni
ng
	  1
9	  
sp
ec
ie
s	  d
et
ec
te
d	  
ar
e	  
co
ns
id
er
ed
	  to
	  b
e	  
al
ie
n	  
to
	  th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s.	  

	   Al
th
ou
gh
	  n
o	  
se
ab
ir
ds
	  w
er
e	  
de
te
ct
ed
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  
th
is
	  s
ur
ve
y,
	  s
ev
er
al
	  s
ea
bi
rd
	  

sp
ec
ie
s	  
po
te
nt
ia
lly
	  o
ve
rf
ly
	  th
e	  
si
te
	  o
n	  
oc
ca
si
on
.	  T
he
	  p
ri
m
ar
y	  
ca
us
e	  
of
	  m
or
ta
lit
y	  
in
	  r
es
id
en
t	  

se
ab
ir
ds
	  i
s	  
th
ou
gh
t	  
to
	  b
e	  
pr
ed
at
io
n	  
by
	  a
lie
n	  
m
am

m
al
ia
n	  
sp
ec
ie
s	  
at
	  t
he
	  n
es
tin
g	  
co
lo
ni
es
	  

(U
SF
W
S	  
19
83
;	  
Si
m
on
s	  
an
d	  
H
od
ge
s	  
19
98
;	  
Ai
nl
ey
	  e
t	  
al
.,	  
20
01
).	  
Co
lli
si
on
	  w
ith
	  m
an
-‐m
ad
e	  

st
ru
ct
ur
es
	  i
s	  
co
ns
id
er
ed
	  t
o	  
be
	  t
he
	  s
ec
on
d	  
m
os
t	  
si
gn
ifi
ca
nt
	  c
au
se
	  o
f	  
m
or
ta
lit
y	  
in
	  l
oc
al
ly
	  

ne
st
in
g	  
se
ab
ir
d	  
sp
ec
ie
s	  
in
	  H
aw
ai
‘i.
	  N
oc
tu
rn
al
ly
	  fl
yi
ng
	  s
ea
bi
rd
s,	  
es
pe
ci
al
ly
	  fl
ed
gl
in
gs
	  o
n	  
th
ei
r	  

w
ay
	  t
o	  
se
a	  
in
	  t
he
	  s
um

m
er
	  a
nd
	  f
al
l,	  
ca
n	  
be
co
m
e	  
di
so
ri
en
te
d	  
by
	  e
xt
er
io
r	  
lig
ht
in
g.
	  W

he
n	  

di
so
ri
en
te
d,
	  s
ea
bi
rd
s	  
of
te
n	  
co
lli
de
	  w
ith
	  m
an
m
ad
e	  
st
ru
ct
ur
es
,	  a
nd
	  i
f	  
th
ey
	  a
re
	  n
ot
	  k
ill
ed
	  

ou
tr
ig
ht
,	  t
he
	  d
az
ed
	  o
r	  
in
ju
re
d	  
bi
rd
s	  
ar
e	  
ea
sy
	  t
ar
ge
ts
	  o
f	  
op
po
rt
un
ity
	  f
or
	  f
er
al
	  m
am

m
al
s	  

(H
ad

le
y 

19
61

; T
el

fe
r 1

97
9;

 S
in

co
ck

 1
98

1;
 R

ee
d 

et
 a

l.,
 1

98
5;

 T
el

fe
r e

t a
l.,

 1
98

7;
 C

oo
pe

r a
nd

 D
ay

, 
19

98
; P

od
ol

sk
y 

et
 a

l. 
19

98
; A

in
le

y 
et

 a
l.,

 2
00

1;
 H

ue
 e

t a
l.,

 2
00

1;
 D

ay
 e

t a
l 2

00
3)

. 	  
	   M
am

m
al
ia
n	  
Re

so
ur
ce
s	  

	   Th
e	  
fin
di
ng
s	  
of
	  th
e	  
m
am

m
al
ia
n	  
su
rv
ey
	  a
re
	  c
on
si
st
en
t	  
w
ith
	  th
e	  
cu
rr
en
t	  h
ab
ita
t	  p
re
se
nt
	  o
n	  

th
e	  
si
te
	  a
nd
	  th
e	  
la
nd
	  u
sa
ge
	  o
f	  t
he
	  a
re
a	  
su
rv
ey
ed
.	  A
ll	  
of
	  th
e	  
m
am

m
al
ia
n	  
sp
ec
ie
s	  d
et
ec
te
d	  
w
ith
	  

th
e	  
ex
ce
pt
io
n	  
of
	  s
ev
er
al
	  H
aw
ai
ia
n	  
m
on
k	  
se
al
s	  
se
en
	  h
au
le
d	  
ou
t	  
on
	  t
he
	  b
ea
ch
	  fr
on
tin
g	  
th
e	  

pr
op
er
ty
	  a
re
	  a
lie
n	  
sp
ec
ie
s.	  
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Al
th
ou
gh
	  n
o	  
ro
de
nt
s	  
w
er
e	  
de
te
ct
ed
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  t
hi
s	  
su
rv
ey
,	  i
t	  i
s	  
lik
el
y	  
th
at
	  th
e	  
fo
ur
	  

es
ta
bl
is
he
d	  
al
ie
n	  
m
ur
id
ae
	  f
ou
nd
	  o
n	  
O‘
ah
u,
	  r
oo
f	  
ra
t	  
(R
at
tu
s	  
r.
	  r
at
tu
s)
,	  N
or
w
ay
	  r
at
	  (
R
at
tu
s	  

no
rv
eg
ic
us
),	  
Eu
ro
pe
an
	  h
ou
se
	  m
ou
se
	  (
M
us
	  m
us
cu
lu
s	  
do
m
es
ti
cu
s)
	  a
nd
	  p
os
si
bl
y	  
Po
ly
ne
si
an
	  

ra
ts
	  (
R
at
tu
s	  
ex
ul
an
s	  
ha
w
ai
ie
ns
is
)	  
us
e	  
va
ri
ou
s	  
re
so
ur
ce
s	  
fo
un
d	  
w
ith
in
	  t
he
	  g
en
er
al
	  p
ro
je
ct
	  

ar
ea
	  o
n	  
a	  
se
as
on
al
	  b
as
is
.	  T
he
se
	  h
um

an
	  c
om

m
en
sa
l	  s
pe
ci
es
	  a
re
	  d
ra
w
n	  
to
	  a
re
as
	  o
f	  h
um

an
	  

ha
bi
ta
tio
n	  
an
d	  
ac
tiv
ity
.	  A
ll	  
of
	  th
es
e	  
in
tr
od
uc
ed
	  ro
de
nt
s	  
ar
e	  
de
le
te
ri
ou
s	  
to
	  n
at
iv
e	  
ec
os
ys
te
m
s	  

an
d	  
th
e	  
na
tiv
e	  
fa
un
al
	  sp
ec
ie
s	  d
ep
en
da
nt
	  o
n	  
th
em

.	  
	   N
o	  
H
aw
ai
ia
n	  
ho
ar
y	  
ba
ts
	  w
er
e	  
de
te
ct
ed
	  d
ur
in
g	  
th
e	  
co
ur
se
	  o
f	  t
hi
s	  s
ur
ve
y.
	  G
iv
en
	  th
e	  
pa
uc
ity
	  o
f	  

do
cu
m
en
te
d	  
re
co
rd
s	  
of
	  t
hi
s	  
sp
ec
ie
s	  
on
	  O
‘a
hu
,	  t
hi
s	  
fin
di
ng
	  w
as
	  n
ot
	  u
ne
xp
ec
te
d	  
(U
SF
W
S,
	  

19
98
;	  D
av
id
,	  2
01
1)
.	  	  

 Po
te
nt
ia
l	  I
m
pa

ct
s	  
to
	  P
ro
te
ct
ed

	  S
pe

ci
es
	  

 Bo
ta
ni
ca
l	  	  

N
o	  
sp
ec
ie
s	  
of
	  p
la
nt
	  li
st
ed
	  a
s	  
th
re
at
en
ed
	  o
r	  
en
da
ng
er
ed
	  u
nd
er
	  s
ta
te
	  o
r	  
fe
de
ra
l	  s
ta
tu
te
s	  
w
as
	  

re
co
rd
ed
	  d
ur
in
g	  
ei
th
er
	  th
e	  
M
ar
ch
	  o
r	  S
ep
te
m
be
r,	  
20
11
	  su
rv
ey
s	  o
f	  t
he
	  S
EI
S	  
la
nd
s,	  
an
d	  
no
ne
	  is
	  

ex
pe
ct
ed
	  t
o	  
oc
cu
r	  
on
	  t
hi
s	  
hi
gh
ly
	  d
is
tu
rb
ed
	  s
ite
.	  O
nl
y	  
en
de
m
ic
	  s
pe
ci
es
	  o
r	  
su
bs
pe
ci
es
	  a
re
	  

lik
el
y	  
to
	  b
e	  
lis
te
d,
	  a
nd
	  o
nl
y	  
th
e	  
on
e	  
en
de
m
ic
	  s
pe
ci
es
	  (
‘a
ko
ko
	  r
ec
or
de
d	  
in
	  t
he
	  s
tr
an
d	  

en
vi
ro
nm

en
t)
	  w
as
	  re
co
rd
ed
	  in
	  o
ur
	  su
rv
ey
s.	  
	  T
he
re
	  a
re
	  a
	  n
um

be
r	  o
f	  H
aw
ai
ia
n	  
‘a
ko
ko
	  sp
ec
ie
s	  

ei
th
er
	  l
is
te
d	  
or
	  c
on
si
de
re
d	  
sp
ec
ie
s	  
of
	  c
on
ce
rn
	  (
US
FW

S,
	  2
01
1)
,	  b
ut
	  n
ot
	  E
.	  d
eg
en
er
i,	  
th
e	  

sp
ec
ie
s	  
de
te
ct
ed
.	  H
ow
ev
er
,	  E
.	  d
eg
en
er
i	  a
nd
	  ‘o
he
lo
	  k
ai
	  (L
yc
iu
m
	  s
an
dw
ic
en
se
)	  a
re
	  u
nc
om

m
on
	  

sp
ec
ie
s	  
on
	  O
‘a
hu
	  d
ue
	  t
o	  
lim

ita
tio
ns
	  o
n	  
ha
bi
ta
t	  
(t
he
se
	  s
pe
ci
es
	  o
nl
y	  
oc
cu
r	  
in
	  s
tr
an
d	  

en
vi
ro
nm

en
ts
)	  a
nd
	  d
is
tu
rb
an
ce
s	  t
ha
t	  t
he
	  h
ab
ita
t	  i
s	  s
ub
je
ct
ed
	  to
.	  	  	  
	  	  	  

	   W
at
er
bi
rd
s	  

	   Po
te
nt
ia
l	  i
m
pa
ct
s	  t
o	  
lis
te
d	  
w
at
er
bi
rd
	  sp
ec
ie
s	  t
ha
t	  h
av
e	  
be
en
	  a
nd
	  m
ay
	  b
e	  
fu
rt
he
r	  a
tt
ra
ct
ed
	  to
	  

th
e	  
w
et
la
nd
	  f
ea
tu
re
s	  
ru
n	  
th
e	  
ga
m
ut
	  f
ro
m
	  t
em

po
ra
ry
	  d
is
tu
rb
an
ce
	  o
f	  
in
di
vi
du
al
	  b
ir
ds
	  t
ha
t	  

m
ay
	  b
e	  
at
tr
ac
te
d	  
to
	  t
he
	  a
re
a	  
as
	  p
ot
en
tia
l	  m

od
ifi
ca
tio
ns
	  o
f	  t
he
	  d
itc
h	  
ar
ou
nd
	  P
un
ah
o‘
ol
ap
a	  

M
ar
sh
	  a
re
	  c
on
st
ru
ct
ed
,	  
to
	  d
ir
ec
t	  
ph
ys
ic
al
	  h
ar
m
	  o
f	  
in
di
vi
du
al
	  b
ir
ds
.	  
Th
e	  
us
e	  
of
	  c
er
ta
in
	  

he
rb
ic
id
es
,	  i
ns
ec
tic
id
es
	  a
nd
	  fe
rt
ili
ze
rs
	  u
se
d	  
in
	  la
nd
sc
ap
e	  
an
d	  
go
lf	  
co
ur
se
	  m
ai
nt
en
an
ce
	  c
an
	  

al
so
	  p
os
e	  
th
re
at
s	  
to
	  w
at
er
bi
rd
s,	  
as
	  c
an
	  t
he
	  u
ni
nt
en
tio
na
l	  
m
ig
ra
tio
n	  
of
	  p
et
ro
le
um

,	  
oi
ls
,	  

lu
br
ic
an
ts
,	  c
le
an
in
g	  
ag
en
ts
	  a
nd
	  th
e	  
lik
e	  
in
to
	  w
at
er
	  fe
at
ur
es
.	  G
ol
f	  c
ou
rs
e	  
op
er
at
io
ns
	  h
av
e	  
th
e	  

po
te
nt
ia
l	  t
o	  
re
su
lt	  
in
	  p
hy
si
ca
l	  h
ar
m
	  to
	  li
st
ed
	  w
at
er
bi
rd
	  s
pe
ci
es
	  th
at
	  m
ay
	  u
se
	  r
es
ou
rc
es
	  o
n	  

th
e	  
ac
tiv
e	  
go
lf	  
co
ur
se
.	  A
s	  
go
lf	  
is
	  a
nd
	  o
ng
oi
ng
	  a
ct
iv
ity
	  o
n	  
th
e	  
si
te
	  i
t	  
is
	  u
nl
ik
el
y	  
th
at
	  a
ny
	  

ex
pa
ns
io
n	  
of
	  th
e	  
re
so
rt
	  fa
ci
lit
ie
s	  
w
ill
	  r
es
ul
tin
g	  
an
y	  
in
cr
ea
se
d	  
th
re
at
s	  
to
	  w
at
er
bi
rd
s	  
by
	  th
e	  

go
lf	  
op
er
at
io
ns
.	  

	   Fo
llo
w
in
g	  
bu
ild
	  o
ut
,	  a
nd
	  o
pe
ra
tio
n	  
of
	  t
he
	  p
ro
po
se
d	  
im
pr
ov
em

en
ts
	  t
o	  
th
e	  
re
so
rt
,	  n
es
tin
g	  

w
at
er
bi
rd
s	  
co
ul
d	  
po
te
nt
ia
lly
	  b
e	  
di
st
ur
be
d	  
by
	  h
um

an
	  a
ct
iv
ity
	  c
au
si
ng
	  a
ba
nd
on
m
en
t	  
of
	  t
he
	  

ne
st
,	  b
ro
ke
n	  
eg
gs
,	  t
ra
m
pl
ed
	  c
hi
ck
s,	  
an
d	  
in
cr
ea
se
d	  
pr
ed
at
io
n	  
of
	  e
gg
s	  
an
d	  
ch
ic
ks
	  w
he
n	  
ad
ul
ts
	  

po
te
nt
ia
lly
	  f
le
e	  
hu
m
an
	  d
is
tu
rb
an
ce
	  a
nd
	  l
ea
ve
	  t
he
ir
	  n
es
ts
	  a
nd
	  y
ou
ng
	  u
ng
ua
rd
ed
.	  
An
	  

op
er
at
in
g	  
Re
so
rt
	  w
ill
	  b
y	  
its
	  v
er
y	  
na
tu
re
	  a
tt
ra
ct
	  c
er
ta
in
	  h
um

an
	  c
om

m
en
sa
l	  s
pe
ci
es
	  s
uc
h	  
as
	  

ca
ts
	  a
nd
	  r
at
s,	  
w
hi
ch
	  a
ls
o	  
po
se
	  th
re
at
s	  
to
	  th
es
e	  
av
ia
n	  
sp
ec
ie
s,	  
es
pe
ci
al
ly
	  to
	  y
ou
ng
	  b
ir
ds
	  a
nd
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eg
gs
.	  A
s	  
th
e	  
si
te
	  is
	  a
lr
ea
dy
	  o
pe
ra
te
d	  
as
	  a
	  re
so
rt
	  it
	  is
	  u
nl
ik
el
y	  
th
at
	  th
e	  
pr
op
os
ed
	  e
xp
an
si
on
	  o
f	  

th
e	  
fa
ci
lit
ie
s	  w

ill
	  a
tt
ra
ct
	  a
ny
	  p
re
da
to
rs
	  th
at
	  a
re
	  n
ot
	  a
lr
ea
dy
	  u
si
ng
	  re
so
ur
ce
s	  o
n	  
th
e	  
pr
op
er
ty
.	  	  

 Se
ab

ir
ds
	  

Th
e	  
pr
in
ci
pa
l	  
po
te
nt
ia
l	  
im
pa
ct
	  t
ha
t	  
fu
rt
he
r	  
m
od
ifi
ca
tio
n	  
of
	  t
hi
s	  
si
te
	  p
os
es
	  t
o	  
pr
ot
ec
te
d	  

se
ab
ir
ds
	  is
	  t
he
	  in
cr
ea
se
d	  
th
re
at
	  t
ha
t	  
bi
rd
s	  
w
ill
	  b
e	  
do
w
ne
d	  
af
te
r	  
be
co
m
in
g	  
di
so
ri
en
te
d	  
by
	  

lig
ht
s	  
as
so
ci
at
ed
	  w
ith
	  t
he
	  p
ro
je
ct
	  d
ur
in
g	  
th
e	  
ne
st
in
g	  
se
as
on
.	  
Th
e	  
tw
o	  
m
ai
n	  
ar
ea
s	  
th
at
	  

ou
td
oo
r	  
lig
ht
in
g	  
co
ul
d	  
po
se
	  a
	  t
hr
ea
t	  
to
	  t
he
se
	  n
oc
tu
rn
al
ly
	  f
ly
in
g	  
se
ab
ir
ds
	  i
s	  
if,
	  1
)	  
du
ri
ng
	  

co
ns
tr
uc
tio
n,
	  i
f	  
it	  
is
	  d
ee
m
ed
	  e
xp
ed
ie
nt
,	  o
r	  
ne
ce
ss
ar
y	  
to
	  c
on
du
ct
	  n
ig
ht
tim

e	  
co
ns
tr
uc
tio
n	  

ac
tiv
iti
es
,	  2
)	  
fo
llo
w
in
g	  
bu
ild
-‐o
ut
,	  t
he
	  p
ot
en
tia
l	  u
se
	  o
f	  s
tr
ee
tli
gh
ts
	  o
r	  
ot
he
r	  
ex
te
ri
or
	  li
gh
tin
g	  

du
ri
ng
	  th
e	  
se
ab
ir
d	  
ne
st
in
g	  
se
as
on
.	  

	   H
aw

ai
ia
n	  
m
on

k	  
se
al
	  

N
o	  
di
re
ct
	  im

pa
ct
s	  
to
	  H
aw
ai
ia
n	  
m
on
k	  
se
al
s	  
ar
e	  
an
tic
ip
at
ed
	  fr
om

	  th
e	  
fu
rt
he
r	  
de
ve
lo
pm

en
t	  o
f	  

th
e	  
SE
IS
	  la
nd
s	  
is
	  e
xp
ec
te
d.
	  T
he
	  h
um

an
	  a
ct
iv
iti
es
	  o
f	  g
re
at
es
t	  c
on
ce
rn
	  to
	  m
on
k	  
se
al
s	  
ar
e	  
th
e	  

po
te
nt
ia
l	  f
or
	  e
nt
an
gl
em

en
t	  
in
	  fi
sh
in
g	  
ge
ar
,	  i
m
pa
ct
	  fr
om

	  b
oa
ts
,	  o
r	  
pr
ed
at
io
n	  
by
	  fi
sh
er
m
en
	  

w
ho
	  m
ay
	  v
ie
w
	  th
e	  
se
al
s	  
as
	  d
ir
ec
t	  c
om

pe
tit
or
s	  
fo
r	  
fis
h	  
re
so
ur
ce
s.	  
N
on
e	  
of
	  th
es
e	  
so
ur
ce
s	  
of
	  

m
or
ta
lit
y	  
ar
e	  
lik
el
y	  
to
	  in
cr
ea
se
	  a
s	  
a	  
re
su
lt	  
of
	  r
es
or
t	  
de
ve
lo
pm

en
t	  
be
ca
us
e	  
th
e	  
an
tic
ip
at
ed
	  

cl
ie
nt
el
e	  
ar
e	  
no
t	  
lik
el
y	  
to
	  e
ng
ag
e	  
in
	  t
he
se
	  a
ct
iv
iti
es
.	  	  
	  H
ow
ev
er
	  in
di
re
ct
	  im

pa
ct
s	  
in
cl
ud
in
g	  

in
cr
ea
se
d	  
in
te
ra
ct
io
ns
	  w
ith
	  fi
sh
er
m
en
,	  s
ur
fe
rs
,	  k
ay
ak
er
s,	  
an
d	  
ot
he
r	  
oc
ea
n	  
re
cr
ea
tio
na
l	  u
se
s	  

m
ay
	  b
e	  
an
tic
ip
at
ed
	  a
s	  
a	  
re
su
lt	  
of
	  im

pr
ov
ed
	  a
cc
es
s	  
to
	  th
e	  
pu
bl
ic
	  a
nd
	  in
cr
ea
se
s	  
in
	  s
ho
re
lin
e	  

po
pu
la
tio
n.
	  	  

	   H
aw

ai
ia
n	  
ho

ar
y	  
ba

t	  
Th
e	  
pr
in
ci
pa
l	  p
ot
en
tia
l	  i
m
pa
ct
	  th
at
	  th
e	  
fu
rt
he
r	  
de
ve
lo
pm

en
t	  o
f	  t
he
	  R
es
or
t	  p
os
es
	  to
	  b
at
s	  
is
	  

du
ri
ng
	  t
he
	  c
le
ar
in
g	  
an
d	  
gr
ub
bi
ng
	  p
ha
se
s	  
of
	  c
on
st
ru
ct
io
n	  
as
	  v
eg
et
at
io
n	  
is
	  r
em

ov
ed
.	  	  
Th
e	  

re
m
ov
al
	  o
f	  
ve
ge
ta
tio
n	  
w
ith
in
	  t
he
	  p
ro
je
ct
	  s
ite
	  m
ay
	  t
em

po
ra
ri
ly
	  d
is
pl
ac
e	  
in
di
vi
du
al
	  b
at
s,	  

w
hi
ch
	  m
ay
	  u
se
	  th
e	  
ve
ge
ta
tio
n	  
as
	  a
	  ro
os
tin
g	  
lo
ca
tio
n.
	  A
s	  b
at
s	  u
se
	  m
ul
tip
le
	  ro
os
ts
	  w
ith
in
	  th
ei
r	  

ho
m
e	  
te
rr
ito
ri
es
,	  t
he
	  p
ot
en
tia
l	  d
is
tu
rb
an
ce
	  r
es
ul
tin
g	  
fr
om

	  th
e	  
re
m
ov
al
	  o
f	  t
he
	  v
eg
et
at
io
n	  
is
	  

lik
el
y	  
to
	  b
e	  
m
in
im
al
.	  D
ur
in
g	  
th
e	  
pu
pp
in
g	  
se
as
on
,	  f
em

al
es
	  c
ar
ry
in
g	  
th
ei
r	  
pu
ps
	  m
ay
	  b
e	  
le
ss
	  

ab
le
	  to
	  ra
pi
dl
y	  
va
ca
te
	  a
	  ro
os
t	  s
ite
	  a
s	  t
he
	  v
eg
et
at
io
n	  
is
	  cl
ea
re
d.
	  A
dd
iti
on
al
ly
,	  a
du
lt	  
fe
m
al
e	  
ba
ts
	  

so
m
et
im
es
	  le
av
e	  
th
ei
r	  
pu
ps
	  in
	  t
he
	  r
oo
st
	  t
re
e	  
w
hi
le
	  t
he
y	  
fo
ra
ge
.	  V
er
y	  
sm
al
l	  p
up
s	  
m
ay
	  b
e	  

un
ab
le
	  to
	  fl
ee
	  a
	  tr
ee
	  th
at
	  is
	  b
ei
ng
	  fe
lle
d.
	  P
ot
en
tia
l	  a
dv
er
se
	  e
ffe
ct
s	  
fr
om

	  s
uc
h	  
di
st
ur
ba
nc
e	  
ca
n	  

be
	  a
vo
id
ed
	  o
r	  
m
in
im
iz
ed
	  b
y	  
no
t	  c
le
ar
in
g	  
w
oo
dy
	  v
eg
et
at
io
n	  
ta
lle
r	  
th
an
	  4
.6
	  m
et
er
s	  
(1
5-‐
fe
et
),	  

be
tw
ee
n	  
Ju
ne
	  1
5	  
an
d	  
Se
pt
em

be
r	  
15
,	  t
he
	  p
er
io
d	  
in
	  w
hi
ch
	  b
at
s	  
ar
e	  
po
te
nt
ia
lly
	  a
t	  
ri
sk
	  fr
om

	  
ve
ge
ta
tio
n	  
cl
ea
ri
ng
.	  G
iv
en
	  th
e	  
lik
el
y	  
ve
ry
	  lo
w
	  le
ve
ls
	  o
f	  b
at
	  u
se
	  o
f	  t
he
	  s
ite
	  it
	  is
	  u
nl
ik
el
y	  
th
at
	  

co
ns
tr
uc
tio
n	  
ac
tiv
iti
es
	  w
ill
	  re
su
lt	  
in
	  im

pa
ct
s	  t
o	  
th
is
	  sp
ec
ie
s.	  

 Re
co
m
m
en

da
ti
on

s	  
	  

• 
If	  
ni
gh
tt
im
e	  
co
ns
tr
uc
tio
n	  
ac
tiv
ity
	  o
r	  e
qu
ip
m
en
t	  m

ai
nt
en
an
ce
	  is
	  p
ro
po
se
d	  
du
ri
ng
	  th
e	  

co
ns
tr
uc
tio
n	  
ph
as
es
	  o
f	  
th
e	  
pr
oj
ec
t,	  
al
l	  
as
so
ci
at
ed
	  l
ig
ht
s	  
sh
ou
ld
	  b
e	  
sh
ie
ld
ed
,	  a
nd
	  

w
he
n	  
la
rg
e	  
flo
od
/w
or
k	  
lig
ht
s	  
ar
e	  
us
ed
,	  t
he
y	  
sh
ou
ld
	  b
e	  
pl
ac
ed
	  o
n	  
po
le
s	  
th
at
	  a
re
	  h
ig
h	  

en
ou
gh
	  to
	  a
llo
w
	  th
e	  
lig
ht
s	  t
o	  
be
	  p
oi
nt
ed
	  d
ir
ec
tly
	  a
t	  t
he
	  g
ro
un
d.
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• 
If	  
st
re
et
lig
ht
s	  
or
	  e
xt
er
io
r	  f
ac
ili
ty
	  li
gh
tin
g	  
is
	  in
st
al
le
d	  
in
	  c
on
ju
nc
tio
n	  
w
ith
	  th
e	  
pr
oj
ec
t,	  

it	  
is
	  re
co
m
m
en
de
d	  
th
at
	  th
e	  
lig
ht
s	  b
e	  
sh
ie
ld
ed
	  to
	  re
du
ce
	  th
e	  
po
te
nt
ia
l	  f
or
	  in
te
ra
ct
io
ns
	  

of
	  n
oc
tu
rn
al
ly
	  fl
yi
ng
	  se
ab
ir
ds
	  w
ith
	  e
xt
er
na
l	  l
ig
ht
s	  a
nd
	  m
an
-‐m
ad
e	  
st
ru
ct
ur
es
	  (R
ee
d	  
et
	  

al
.,	  1
98
5;
	  T
el
fe
r	  e
t	  a
l.,
	  1
98
7)
.	  	  

	  
• 

Pu
na
ho
‘o
la
pa
	  M
ar
sh
,	  e
sp
ec
ia
lly
	  o
ne
	  th
at
	  is
	  fu
rt
he
r	  
re
st
or
ed
	  r
ep
re
se
nt
s	  
a	  
w
on
de
rf
ul
	  

ed
uc
at
io
na
l	  a
nd
	  o
ut
re
ac
h	  
op
po
rt
un
ity
.	  D
ev
el
op
m
en
t	  
of
	  a
n	  
I&
E	  
pr
og
ra
m
	  c
en
te
re
d	  

ar
ou
nd
	  t
he
	  m

ar
sh
,	  
it’
s	  
hi
st
or
y	  
an
d	  
th
e	  
na
tiv
e	  
flo
ra
	  a
nd
	  f
au
na
	  t
ha
t	  
us
e	  
it	  
is
	  

en
co
ur
ag
ed
.	  

	  
• 

De
ve
lo
p	  
an
d	  
im
pl
em

en
t	  
an
	  i
nt
eg
ra
te
d	  
m
on
k	  
se
al
	  a
nd
	  g
re
en
	  s
ea
	  t
ur
tle
	  e
du
ca
tio
n	  

pr
og
ra
m
	  to
	  e
du
ca
te
	  co
as
ta
l	  u
se
rs
	  o
f	  t
he
	  p
ro
pe
rt
y	  
of
	  th
e	  
im
po
rt
an
ce
	  o
f	  n
ot
	  d
is
tu
rb
in
g	  

th
es
e	  
tr
us
t	  r
es
ou
rc
es
.	  

	  
• 

Fu
tu
re
	  d
ev
el
op
m
en
ts
	  o
n	  
th
e	  
SE
IS
	  la
nd
s	  
sh
ou
ld
	  c
on
tin
ue
	  u
til
iz
in
g	  
ap
pr
op
ri
at
e	  
na
tiv
e	  

sp
ec
ie
s	  i
n	  
la
nd
sc
ap
in
g.
	  	  

	   • 
Th
in
ni
ng
	  o
f	  
ir
on
w
oo
d	  
tr
ee
s	  
w
he
re
	  t
he
se
	  a
re
	  in
va
si
ve
	  o
f	  
ei
th
er
	  w
et
la
nd
	  o
r	  
st
ra
nd
	  

pl
an
t	  
co
m
m
un
iti
es
	  s
ho
ul
d	  
be
	  c
on
si
de
re
d	  
as
	  a
	  p
ot
en
tia
lly
	  v
al
ua
bl
e	  
co
ns
er
va
tio
n	  

ac
tiv
ity
.	  

	   • 
Ef
fo
rt
s	  
sh
ou
ld
	  c
on
tin
ue
	  o
r	  b
e	  
in
cr
ea
se
d	  
to
	  li
m
it	  
al
l	  a
cc
es
s	  
(b
ut
	  p
ar
tic
ul
ar
ly
	  b
y	  
OR
Vs
)	  

to
	  st
ra
nd
	  a
re
as
	  w
he
re
	  th
e	  
pl
an
t	  c
om

m
un
ity
	  is
	  p
re
do
m
in
an
tly
	  n
at
iv
e.
	  	  	  

	  
Cr
it
ic
al
	  H
ab

it
at
	  

 Th
er
e	  
is
	  n
o	  
fe
de
ra
lly
	  d
el
in
ea
te
d	  
Cr
iti
ca
l	  H
ab
ita
t	  p
re
se
nt
	  o
n	  
or
	  a
dj
ac
en
t	  t
o	  
th
e	  
pr
op
er
ty
.	  T
hu
s	  

th
e	  
fu
rt
he
r	  
de
ve
lo
pm

en
t	  a
nd
	  o
pe
ra
tio
n	  
of
	  p
ro
po
se
d	  
de
ve
lo
pm

en
t	  w

ill
	  n
ot
	  r
es
ul
t	  i
n	  
im
pa
ct
s	  

to
	  fe
de
ra
lly
	  d
es
ig
na
te
d	  
Cr
iti
ca
l	  H
ab
ita
t.	  
Th
er
e	  
is
	  n
o	  
eq
ui
va
le
nt
	  st
at
ut
e	  
un
de
r	  s
ta
te
	  la
w
.	  
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G
lo
ss
ar
y	  

 Ah
up

ua
‘a

 –
 T

ra
di

tio
na

l H
aw

ai
ia

n 
la

nd
 d

iv
is

io
n,

 u
su

al
ly

 e
xt

en
di

ng
 fr

om
 th

e 
up

la
nd

s t
o 

th
e 

se
a.

 
Al
ie
n	  
–	  
In
tr
od
uc
ed
	  to
	  H
aw
ai
‘i	  
by
	  h
um

an
s	  

Al
le
lo
pa
th
ic
	  	  –
	  T
he
	  in
hi
bi
tio
n	  
of
	  g
ro
w
th
	  in
	  o
ne
	  sp
ec
ie
s	  o
f	  p
la
nt
s	  b
y	  
ch
em

ic
al
s	  p
ro
du
ce
d	  
by
	  

	  
an
ot
he
r	  s
pe
ci
es
	  

Do
m
es
tic
at
ed
	  –
	  F
er
al
	  sp
ec
ie
s,	  
no
t	  c
on
si
de
re
d	  
es
ta
bl
is
he
d	  
in
	  th
e	  
w
ild
	  o
n	  
th
e 

Is
la

nd
 o

f O
‘a

hu
 

En
da
ng
er
ed
	  –
	  L
is
te
d	  
an
d	  
pr
ot
ec
te
d	  
un
de
r	  t
he
	  E
nd
an
ge
re
d	  
Sp
ec
ie
s	  A
ct
	  o
f	  1
97
3,
	  a
s	  a
m
en
de
d	  

	  
(E
SA
)	  a
s	  a
n	  
en
da
ng
er
ed
	  sp
ec
ie
s	  

En
de
m
ic
	  –
	  N
at
iv
e	  
to
	  th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s	  a
nd
	  u
ni
qu
e	  
to
	  H
aw
ai
‘i	  

In
di
ge
no
us
	  –
	  N
at
iv
e	  
to
	  th
e	  
H
aw
ai
ia
n	  
Is
la
nd
s,	  
bu
t	  a
ls
o	  
fo
un
d	  
el
se
w
he
re
	  n
at
ur
al
ly
	  

M
ak

ai
 –

 D
ow

n-
sl

op
e,

 to
w

ar
ds

 th
e 

oc
ea

n 
M

au
ka

 –
 U

ps
lo

pe
, t

ow
ar

ds
 th

e 
m

ou
nt

ai
ns

 
M
ur
id
ae
	  –
	  R
od
en
ts
,	  i
nc
lu
di
ng
	  ra
ts
,	  m
ic
e	  
an
d	  
vo
le
s,	  
on
e	  
of
	  th
e	  
m
os
t	  d
iv
er
se
	  fa
m
ily
	  o
f	  

	  
m
am

m
al
s	  

N
at
ur
al
iz
ed
	  –
	  A
	  p
la
nt
	  o
r	  a
ni
m
al
	  th
at
	  h
as
	  b
ec
om

e	  
es
ta
bl
is
he
d	  
in
	  a
n	  
ar
ea
	  th
at
	  it
	  is
	  n
ot
	  

	  
in
di
ge
no
us
	  to
	  

N
oc
tu
rn
al
	  –
	  N
ig
ht
-‐ti
m
e,
	  a
fte
r	  d
ar
k	  

	  ‘Ō
pe
‘a
pe
‘a
	  –
	  E
nd
em

ic
	  e
nd
an
ge
re
d	  
H
aw
ai
ia
n	  
ho
ar
y	  
ba
t	  (
La
si
ur
us
	  c
in
er
eu
s	  
se
m
ot
us
)	  

Pe
la
gi
c	  –
	  A
n	  
an
im
al
	  th
at
	  sp
en
ds
	  it
s	  l
ife
	  a
t	  s
ea
	  –
	  in
	  th
is
	  ca
se
	  se
ab
ir
ds
	  th
at
	  o
nl
y	  
re
tu
rn
	  to
	  la
nd
	  

	  
to
	  n
es
t	  a
nd
	  re
ar
	  th
ei
r	  y
ou
ng
	  

Ph
yl
og
en
et
ic
	  	  –
	  T
he
	  e
vo
lu
tio
na
ry
	  o
rd
er
	  th
at
	  o
rg
an
is
m
s	  a
re
	  a
rr
an
ge
d	  
by
	  

Ru
de
ra
l	  –
	  D
is
tu
rb
ed
,	  r
oc
ky
,	  r
ub
bi
sh
y	  
ar
ea
s,	  
su
ch
	  a
s	  o
ld
	  a
gr
ic
ul
tu
ra
l	  f
ie
ld
s	  a
nd
	  ro
ck
	  p
ile
s	  

Si
gn
	  –
	  B
io
lo
gi
ca
l	  t
er
m
	  re
fe
rr
in
g	  
tr
ac
ks
,	  s
ca
t,	  
ru
bb
in
g,
	  o
do
r,	  
m
ar
ks
,	  n
es
ts
,	  a
nd
	  o
th
er
	  si
gn
s	  

	  
cr
ea
te
d	  
by
	  a
ni
m
al
s	  b
y	  
w
hi
ch
	  th
ei
r	  p
re
se
nc
e	  
m
ay
	  b
e	  
de
te
ct
ed
	  

Th
re
at
en
ed
	  –
	  L
is
te
d	  
an
d	  
pr
ot
ec
te
d	  
un
de
r	  t
he
	  E
SA
	  a
s	  a
	  th
re
at
en
ed
	  sp
ec
ie
s	  

	   	   DL
N
R	  
–	  
H
aw
ai
‘i	  
St
at
e	  
De
pa
rt
m
en
t	  o
f	  L
an
d	  
&
	  N
at
ur
al
	  R
es
ou
rc
es
	  

DO
FA
W
	  –
	  D
iv
is
io
n	  
of
	  F
or
es
tr
y	  
an
d	  
W
ild
lif
e	  

ES
A	  
–	  
En
da
ng
er
ed
	  S
pe
ci
es
	  A
ct
	  o
f	  1
97
3,
	  a
s	  a
m
en
de
d	  

US
FW

S	  
–	  
Un
ite
d	  
St
at
e	  
Fi
sh
	  &
	  W
ild
lif
e	  
Se
rv
ic
e	  

US
GS
	  –
	  U
.S
.	  G
eo
lo
gi
ca
l	  S
ur
ve
y	  

TM
K	  
–	  
Ta
x	  
M
ap
	  K
ey
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Li
te
ra
tu
re
	  C
it
ed

	  
 A
EC
O
S	  
In
c.	  
(A
EC
OS
).	  
20
11
.	  W

et
la
nd
	  d
el
in
ea
tio
n	  
of
	  a
	  p
or
tio
n	  
of
	  P
un
ah
o‘
ol
ap
a	  
M
ar
sh
.	  P
re
p.
	  

fo
r	  T
BR
	  D
ev
el
op
m
en
t	  C
or
p.
	  	  I
n	  
Pr
ep
.	  

	   Ai
nl
ey
,	  D
.	  G
,	  R
.	  P
od
ol
sk
y,
	  L
.	  D
ef
or
es
t,	  
G.
	  S
pe
nc
er
,	  a
nd
	  N
.	  N
ur
.	  2
00
1.
	  T
he
	  S
ta
tu
s	  a
nd
	  	  

Po
pu
la
tio
n	  
Tr
en
ds
	  o
f	  t
he
	  N
ew
el
l’s
	  S
he
ar
w
at
er
	  o
n	  
Ka
ua
’i:
	  In
si
gh
ts
	  fr
om

	  M
od
el
in
g,
	  in
:	  

Sc
ot
t,	  
J.	  
M
,	  S
.	  C
on
an
t,	  
an
d	  
C.
	  V
an
	  R
ip
er
	  II
I	  (
ed
ito
rs
)	  E
vo
lu
ti
on
,	  E
co
lo
gy
,	  C
on
se
rv
at
io
n,
	  

an
d	  
M
an
ag
em
en
t	  o
f	  H
aw
ai
ia
n	  
B
ir
ds
:	  A
	  V
an
is
hi
ng
	  A
vi
fa
un
a.
	  S
tu
di
es
	  in
	  A
vi
an
	  B
io
lo
gy
	  

N
o.
	  2
2:
	  C
oo
pe
r’s
	  O
rn
ith
ol
og
ic
al
	  S
oc
ie
ty
,	  A
lle
n	  
Pr
es
s,	  
La
w
re
nc
e,
	  K
an
sa
s.	  
(P
g.
	  1
08
-‐

12
3)
.	  

	   Am
er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
.	  1
99
8.
	  C
he
ck
-l
is
t	  o
f	  N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  7
th
	  e
di
tio
n.
	  	  

AO
U.
	  W
as
hi
ng
to
n	  
D.
C.
	  8
29
pp
.	  

	   __
__
__
_.	  
20
00
.	  F
or
ty
-‐s
ec
on
d	  
su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
	  C
he
ck
-l
is
t	  	  

of
	  N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
17
:8
47
-‐8
58
.	  

	   Ba
nk
s,	  
R.
	  C
.,	  C
.	  C
ic
er
o,
	  J.
	  L
.	  D
un
n,
	  A
.	  W

.	  K
ra
tt
er
,	  P
.	  C
.	  R
as
m
us
se
n,
	  J.
	  V
.	  R
em

se
n,
	  Jr
.,	  J
.	  D
.	  	  

Ri
si
ng
,	  a
nd
	  D
.	  F
.	  S
to
tz
.	  2
00
2.
	  F
or
ty
-‐th
ir
d	  
su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  

Un
io
n	  
Ch
ec
k-
lis
t	  o
f	  N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
19
:8
97
-‐9
06
.	  

	   __
__
__
_.	  
20
03
	  F
or
ty
-‐fo
ur
th
	  su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
	  C
he
ck
-l
is
t	  o
f	  	  

N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
20
:9
23
-‐9
31
.	  

	   __
__
__
_.	  
20
04
	  F
or
ty
-‐fi
fth
	  su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
	  C
he
ck
-l
is
t	  o
f	  	  

N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
21
:9
85
-‐9
95
.	  

	   __
__
__
_.	  
20
05
	  F
or
ty
-‐s
ix
th
	  su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
	  C
he
ck
-l
is
t	  o
f	  	  

N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
22
:1
02
6-‐
10
31
.	  

	  
__
__
__
_.	  
20
06
	  F
or
ty
-‐s
ev
en
th
	  su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t's
	  U
ni
on
	  C
he
ck
-l
is
t	  o
f	  	  

N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  A
uk
	  1
23
:9
26
-‐9
36
.	  

	  
Ba
nk
s,	  
R.
	  C
.,	  
C.
	  R
.	  T
er
ry
	  C
he
ss
er
,	  C
.	  C
ic
er
o,
	  J
.	  L
.	  D
un
n,
	  A
.	  W

.	  K
ra
tt
er
,	  I
.	  J
.	  L
ov
et
te
,	  P
.	  C
.	  

	  
Ra
sm
us
se
n,
	  J
.	  
V.
	  R
em

se
n,
	  J
r.,
	  J
.	  
D.
	  R
is
in
g,
	  a
nd
	  D
.	  
F.
	  S
to
tz
.	  
20
07
	  F
or
ty
-‐e
ig
ht
h	  

	  
su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t	  U
ni
on
	  C
he
ck
-l
is
t	  
of
	  N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  

	  
Au
k	  
12
4:
11
09
-‐1
11
5.
	  

Ba
nk
s,	  
R.
	  C
.,	  
C.
	  R
.	  T
er
ry
	  C
he
ss
er
,	  C
.	  C
ic
er
o,
	  J
.	  L
.	  D
un
n,
	  A
.	  W

.	  K
ra
tt
er
,	  I
.	  J
.	  L
ov
et
te
,	  P
.	  C
.	  

	  
Ra
sm
us
se
n,
	  J.
	  V
.	  R
em

se
n,
	  Jr
.,	  
J.	  
D.
	  R
is
in
g,
	  a
nd
	  D
.	  F
.	  S
to
tz
,	  a
nd
	  K
.	  W

in
ke
r.	  
20
08
	  F
or
ty
-‐

	  
ni
nt
h	  
su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t	  U
ni
on
	  C
he
ck
-l
is
t	  
of
	  N
or
th
	  A
m
er
ic
an
	  

	  
B
ir
ds
.	  A
uk
	  1
25
:7
58
-‐7
68
.	  

Ch
es
se
r,	  
R.
	  T
.,	  
R.
	  C
.	  B
an
ks
,	  F
.	  K
.	  B
ar
ke
r,	  
C.
	  C
ic
er
o,
	  J.
	  L
.	  D
un
n,
	  A
.	  W

.	  K
ra
tt
er
,	  I
.	  J
.	  L
ov
et
te
,	  P
.	  C
.	  

	  
Ra
sm
us
se
n,
	  J.
	  V
.	  R
em

se
n,
	  Jr
.,	  J
.	  D
.	  R
is
in
g,
	  a
nd
	  D
.	  F
.	  S
to
tz
,	  a
nd
	  K
.	  W

in
ke
r.	  
20
09
.	  F
ift
ie
th
	  

	  
su
pp
le
m
en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t	  U
ni
on
	  C
he
ck
-l
is
t	  
of
	  N
or
th
	  A
m
er
ic
an
	  B
ir
ds
.	  

	  
Au
k	  
12
6:
1-‐
10
.	  

 Tu
rt
le
	  B
ay
	  S
EI
S	  
Bi
ol
og
ic
al
	  S
ur
ve
ys
	  -‐	  
20
11
	  

	  
 

 44
 

Ch
es
se
r,	  
R.
	  T
.,	  
R.
	  C
.	  B
an
ks
,	  F
.	  K
.	  B
ar
ke
r,	  
C.
	  C
ic
er
o,
	  J.
	  L
.	  D
un
n,
	  A
.	  W

.	  K
ra
tt
er
,	  I
.	  J
.	  L
ov
et
te
,	  P
.	  C
.	  

	  
Ra
sm
us
se
n,
	  J.
	  V
.	  R
em

se
n,
	  Jr
.,	  
J.	  
D.
	  R
is
in
g,
	  a
nd
	  D
.	  F
.	  S
to
tz
,	  a
nd
	  K
.	  W

in
ke
r.	  
20
10
.	  F
ift
y-‐

	  
fir
st
	  s
up
pl
em

en
t	  t
o	  
th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
t	  U
ni
on
	  C
he
ck
-l
is
t	  
of
	  N
or
th
	  A
m
er
ic
an
	  

	  
B
ir
ds
.	  A
uk
,	  1
27
:	  7
26
-‐7
44
.	  

__
__

_.
20

11
. F

ift
y-

se
co

nd
 su

pp
le

m
en

t t
o 

th
e 

A
m

er
ic

an
 O

rn
ith

ol
og

ist
 U

ni
on

 C
he

ck
-li

st
  o

f N
or

th
 

 
Am

er
ic

an
 B

ir
ds

. A
uk

 1
28

:6
00

-6
13

. 

C
oo

k,
 J.

 a
nd

 J.
 K

in
g.

 1
78

4.
 A

 V
oy

ag
e 

to
 th

e 
Pa

ci
fic

 O
ce

an
. U

nd
er

ta
ke

n,
 b

y 
th

e 
C

om
m

an
d 

of
 h

is
  

 
M

aj
es

ty
, f

or
 m

ak
in

g 
D

is
co

ve
ri

es
 in

 th
e 

N
or

th
er

n 
H

em
is

ph
er

e.
 T

o 
de

te
rm

in
e 

Th
e 

Po
si

tio
n 

 
an

d 
Ex

te
nt

 o
f t

he
 W

es
t S

id
e 

of
 N

or
th

 A
m

er
ic

a;
 it

s D
is

ta
nc

e 
fr

om
 A

si
a;

 a
nd

 th
e 

 
Pr

ac
tic

ab
ili

ty
 o

f a
 N

or
th

er
n 

Pa
ss

ag
e 

to
 E

ur
op

e.
 P

er
fo

rm
ed

 u
nd

er
 th

e 
di

re
ct

io
n 

of
 

 
C

ap
ta

in
s C

oo
k,

 C
le

rk
e,

 a
nd

 G
or

e,
 In

 H
is

 M
aj

es
ty

's 
Sh

ip
s t

he
 R

es
ol

ut
io

n 
an

d 
D

is
co

ve
ry

. 
 

In
 th

e 
Ye

ar
s 1

77
6,

 1
77

7,
 1

77
8,

 1
77

9,
 a

nd
 1

78
0.

 3
 v

ol
s. 

Lo
nd

on
. 

 C
oo

pe
r, 

B
. A

 a
nd

 R
. H

. D
ay

. 1
99

8.
 S

um
m

er
 B

eh
av

io
r a

nd
 M

or
ta

lit
y 

of
 D

ar
k-

ru
m

pe
d 

 P
et

re
ls

 a
nd

  
N

ew
el

ls
’ S

he
ar

w
at

er
s a

t P
ow

er
 L

in
es

 o
n 

K
au

ai
. C

ol
on

ia
l W

at
er

bi
rd

s, 
21

 (1
): 

11
-1

9.
 

 
Da
y,
	  R
.	  H
.,	  B
.	  C
oo
pe
r,	  
an
d	  
T.
	  C
.	  T
el
fe
r.	  
20
03
.	  D
ec
lin
e	  
of
	  T
ow
ns
en
d’
s	  (
N
ew
el
l’s
	  S
he
ar
w
at
er
s	  	  

	  
(P
uf
fin
us
	  a
ur
ic
ul
ar
is
	  n
ew
el
li)
	  o
n	  
Ka
ua
i,	  
H
aw
ai
i.	  
Th
e	  
Au
k	  
12
0:
	  6
69
-‐6
79
.	  

	   Da
vi
d,
	  R
.	  E
.	  	  2
01
1.
	  U
np
ub
lis
he
d	  
fie
ld
	  n
ot
es
	  –
	  O
‘a
hu
	  1
98
0	  
-‐	  2
01
1.
	  

 De
pa
rt
m
en
t	  o
f	  L
an
d	  
an
d	  
N
at
ur
al
	  R
es
ou
rc
es
	  (D
LN
R)
.	  1
99
8.
	  In
di
ge
no
us
	  W
ild
lif
e,
	  E
nd
an
ge
re
d	  
	  

An
d	  
Th
re
at
en
ed
	  W
ild
lif
e	  
An
d	  
Pl
an
ts
,	  A
nd
	  In
tr
od
uc
ed
	  W
ild
	  B
ir
ds
.	  D
ep
ar
tm
en
t	  o
f	  

La
nd
	  a
nd
	  N
at
ur
al
	  R
es
ou
rc
es
.	  S
ta
te
	  o
f	  H
aw
ai
i.	  
Ad
m
in
is
tr
at
iv
e	  
Ru
le
	  §
13
-‐1
34
-‐1
	  

th
ro
ug
h	  
§1
3-‐
13
4-‐
10
,	  d
at
ed
	  M
ar
ch
	  0
2,
	  1
99
8.
	  

	  
H
ad
le
y,
	  T
.	  H
.	  1
96
1.
	  S
he
ar
w
at
er
	  ca
la
m
ity
	  o
n	  
Ka
ua
i.	  
El
ep
ai
o	  
21
:6
0.
	  

	   H
ue
,	  D
.,	  C
.	  G
lid
de
n,
	  J.
	  L
ip
pe
rt
,	  	  L
.	  S
ch
ne
ll,
	  J.
	  M
ac
Iv
or
	  a
nd
	  J.
	  M
ei
sl
er
.	  	  2
00
1.
	  H
ab
ita
t	  U
se
	  a
nd
	  	  

Li
m
iti
ng
	  F
ac
to
rs
	  in
	  a
	  P
op
ul
at
io
n	  
of
	  H
aw
ai
ia
n	  
Da
rk
-‐r
um

pe
d	  
Pe
tr
el
s	  o
n	  
M
au
na
	  L
oa
,	  

H
aw
ai
‘i.
	  ,	  i
n:
	  :	  
Sc
ot
t,	  
J.	  
M
,	  S
.	  C
on
an
t,	  
an
d	  
C.
	  V
an
	  R
ip
er
	  II
I	  (
ed
ito
rs
)	  E
vo
lu
ti
on
,	  E
co
lo
gy
,	  

Co
ns
er
va
ti
on
,	  a
nd
	  M
an
ag
em
en
t	  o
f	  H
aw
ai
ia
n	  
B
ir
ds
:	  A
	  V
an
is
hi
ng
	  A
vi
fa
un
a.
	  S
tu
di
es
	  in
	  

Av
ia
n	  
Bi
ol
og
y	  
N
o.
	  2
2.
	  C
oo
pe
r’s
	  O
rn
ith
ol
og
ic
al
	  S
oc
ie
ty
,	  A
lle
n	  
Pr
es
s,	  
La
w
re
nc
e,
	  K
an
sa
s	  

(P
g.
	  2
34
-‐2
42
).	  

	  
La
nd
	  S
tu
dy
	  B
ur
ea
u.
	  1
96
3.
	  	  D
et
ai
le
d	  
La
nd
	  C
la
ss
ifi
ca
tio
n,
	  Is
la
nd
	  o
f	  O
ah
u.
	  L
an
d	  
St
ud
y	  
Bu
re
au
,	  

Un
iv
er
si
ty
	  o
f	  H
aw
ai
i.	  
L.
S.
B.
	  B
ul
l.	  
N
o.
	  3
:,1
41
	  p
p.
	  

	   Po
do
ls
ky
,	  R
.,	  D
.G
.	  A
in
le
y,
	  G
.	  S
pe
nc
er
,	  L
.	  d
e	  
Fo
re
st
,	  a
nd
	  N
.	  N
ur
.	  	  1
99
8.
	  	  “
M
or
ta
lit
y	  
of
	  N
ew
el
l’s
	  

Sh
ea
rw
at
er
s	  C
au
se
d	  
by
	  C
ol
lis
io
ns
	  w
ith
	  U
rb
an
	  S
tr
uc
tu
re
s	  o
n	  
Ka
ua
‘i”
.	  C
ol
on
ia
l	  

W
at
er
bi
rd
s	  2
1:
20
-‐3
4.
	  	  	  

	   Pu
ku
i	  ,
	  M
.	  K
.,	  S
.	  H
.	  E
lb
er
t,	  
an
d	  
E.
	  T
.	  M
oo
ki
ni
	  1
97
6.
	  P
la
ce
	  N
am

es
	  o
f	  H
aw
ai
i.	  
Un
iv
er
si
ty
	  o
f	  

H
aw
ai
i	  P
re
ss
.	  H
on
ol
ul
u,
	  H
aw
ai
‘i.
	  2
89
	  p
p.
	  

	   Re
ed
,	  J
.	  R
.,	  J
.	  L
	  S
in
co
ck
,	  a
nd
	  J.
	  P
.	  H
ai
lm
an
	  1
98
5.
	  L
ig
ht
	  A
tt
ra
ct
io
n	  
in
	  E
nd
an
ge
re
d	  

	  
Pr
oc
el
la
ri
fo
rm
	  	  B
ir
ds
:	  R
ed
uc
tio
n	  
by
	  S
hi
el
di
ng
	  U
pw

ar
d	  
Ra
di
at
io
n.
	  A
uk
	  1
02
:	  3
77
-‐3
83
.	  



 Tu
rt
le
	  B
ay
	  S
EI
S	  
Bi
ol
og
ic
al
	  S
ur
ve
ys
	  -‐	  
20
11
	  

	  
 

 45
 

Si
m
on
s,	  
T.
	  R
.,	  a
nd
	  C
.	  N
.	  H
od
ge
s.	  
19
98
.	  D
ar
k-‐
ru
m
pe
d	  
Pe
tr
el
	  (P
te
ro
dr
om
a	  
ph
ae
op
yg
ia
).	  
In
	  A
.	  	  

Po
ol
e	  
an
d	  
F.
	  G
ill
	  (e
di
to
rs
).	  
Th
e	  
Bi
rd
s	  o
f	  N
or
th
	  A
m
er
ic
a,
	  N
o.
	  3
45
.	  T
he
	  A
ca
de
m
y	  
of
	  

N
at
ur
al
	  S
ci
en
ce
s,	  
Ph
ila
de
lp
hi
a,
	  P
A.
	  a
nd
	  th
e	  
Am

er
ic
an
	  O
rn
ith
ol
og
is
ts
	  U
ni
on
,	  

W
as
hi
ng
to
n,
	  D
.C
.	  	  

	  
Si
nc
oc
k,
	  J.
	  L
.	  1
98
1.
	  S
av
in
g	  
th
e	  
N
ew
el
lʻ
s	  S
he
ar
w
at
er
.	  P
ag
es
	  7
6-‐
78
	  in
	  P
ro
ce
ed
in
gs
	  o
f	  t
he
	  

	  
H
aw
ai
i	  F
or
es
tr
y	  
an
d	  
W
ild
lli
fe
	  C
on
fe
re
nc
e,
	  2
-‐4
	  O
ct
ob
er
	  1
98
0.
	  D
ep
ar
tm
en
t	  o
f	  L
an
d	  

	  
an
d	  
N
at
ur
al
	  R
es
ou
rc
es
,	  S
ta
te
	  o
f	  H
aw
ai
i,	  
H
on
ol
ul
u.
	  

	   Te
lfe
r,	  
T.
	  C
.	  1
97
9.
	  S
uc
ce
ss
fu
l	  N
ew
el
l’s
	  S
he
ar
w
at
er
	  S
al
va
ge
	  o
n	  
Ka
ua
i.	  
‘E
le
pa
io
	  3
9:
71
	  

	   Te
lfe
r,	  
T.
	  C
.	  ,	  
J.	  
L.
	  S
in
co
ck
,	  G
.	  V
.	  B
yr
d,
	  a
nd
	  J.
	  R
.	  R
ee
d.
	  1
98
7.
	  A
tt
ra
ct
io
n	  
of
	  H
aw
ai
ia
n	  
se
ab
ir
ds
	  	  

to
	  li
gh
ts
:	  C
on
se
rv
at
io
n	  
ef
fo
rt
s	  a
nd
	  e
ffe
ct
s	  o
f	  m

oo
n	  
ph
as
e.
	  W
ild
lif
e	  
So
ci
et
y	  
Bu
lle
tin
	  

15
:4
06
-‐4
13
.	  

	  
To
m
ic
h,
	  P
.Q
.	  1
98
6.
	  M
am

m
al
s	  
in
	  H
aw
ai
i.	  
Bi
sh
op
	  M
us
eu
m
	  P
re
ss
.	  H
on
ol
ul
u,
	  H
aw
ai
i.	  
37
	  p
p.
	  

	   U.
S.
	  F
is
h	  
&
	  W
ild
lif
e	  
Se
rv
ic
e	  
(U
SF
W
S)
	  1
98
3.
	  H
aw
ai
ia
n	  
Da
rk
-‐R
um

pe
d	  
Pe
tr
el
	  &
	  N
ew
el
l’s
	  M
an
x	  
	  

Sh
ea
rw
at
er
	  R
ec
ov
er
y	  
Pl
an
.	  U
SF
W
S,
	  P
or
tla
nd
,	  O
re
go
n.
	  F
eb
ru
ar
y	  
19
83
.	  

	  
__
__
__
_.	  
Re
co
ve
ry
	  P
la
n	  
fo
r	  
th
e	  
H
aw
ai
ia
n	  
H
oa
ry
	  B
at
.	  U
.S
.	  F
is
h	  
&
	  W
ild
lif
e	  
Se
rv
ic
e,
	  P
or
tla
nd
,	  

	  
Or
eg
on
.	  

	  
__
__
__
_.	  
20
05
a.
	  E
nd
an
ge
re
d	  
an
d	  
Th
re
at
en
ed
	  W
ild
lif
e	  
an
d	  
Pl
an
ts
.	  5
0C
FR
	  1
7:
11
	  a
nd
	  1
7:
12
	  	  	  

(T
ue
sd
ay
,	  N
ov
em

be
r	  1
,	  2
00
5)
.	  

	  
__
__
__
_.	  
20
05
b.
	  5
0	  
CF
R	  
17
.	  E
nd
an
ge
re
d	  
an
d	  
Th
re
at
en
ed
	  W
ild
lif
e	  
an
d	  
Pl
an
ts
.	  R
ev
ie
w
	  o
f	  

	  
Sp
ec
ie
s	  T
ha
t	  	  

Ar
e	  
Ca
nd
id
at
es
	  o
r	  P
ro
po
se
d	  
fo
r	  L
is
tin
g	  
as
	  E
nd
an
ge
re
d	  
or
	  

	  
Th
re
at
en
ed
;	  A
nn
ua
l	  N
ot
ic
e	  
of
	  	  F
in
di
ng
s	  o
n	  
Re
su
bm

itt
ed
	  P
et
iti
on
;	  A
nn
ua
l	  

	  
De
sc
ri
pt
io
n	  
of
	  P
ro
gr
es
s	  o
n	  
Li
st
in
g	  
Ac
tio
ns
.	  F
ed
er
al
	  	  

Re
gi
st
er
,	  7
0	  
N
o.
	  9
0	  

	  
(W
ed
ne
sd
ay
,	  M
ay
	  1
1,
	  2
00
5)
:	  2
48
70
-‐2
49
34
.	  

	  
__
__
__
_.	  
20
11
.	  U
SF
W
S	  
Th
re
at
en
ed
	  a
nd
	  E
nd
an
ge
re
d	  
Sp
ec
ie
s	  S
ys
te
m
	  (T
ES
S)
,	  o
nl
in
e	  
at
	  	  

	  
ht
tp
:/
/e
co
s.f
w
s.g
ov
/t
es
s_
pu
bl
ic
/S
ta
rt
TE
SS
.d
o 
La
st
	  a
cc
es
se
d	  
on
	  A
ug
us
t	  4
,	  2
01
1	  

	   	  



Team Member
Text Box
THIS PAGE INTENTIONALLY LEFT BLANK



G

APPENDIX G:

SUPPLEMENTAL ARCHAEOLOGICAL
INVENTORY SURVEY PLAN





  

Ha
un

 &
 A

ss
oc

ia
te

s R
ep

or
t 8

22
-1

13
01

1 
    

FI
N

AL
 

PL
AN

 F
O

R 
SU

PP
LE

M
EN

TA
L 

AR
CH

AE
O

LO
G

IC
AL

 IN
VE

N
TO

RY
 S

U
RV

EY
 

LA
N

DS
 O

F 
KA

HU
KU

, P
U

N
AL

AU
, U

LU
PE

HU
PE

HU
, ‘
Ō

I‘O
, H

AN
AK

A‘
O

E,
 

KA
W

EL
A 

AN
D 

‘Ō
PA

N
A 

KO
‘O

LA
U

LO
A 

DI
ST

RI
CT

 

IS
LA

N
D 

O
F 

O
AH

U
 

TM
K:

 (1
) 5

-6
-0

3:
 0

40
-0

42
, 0

44
; 5

-7
-0

1:
01

, 0
13

, 0
16

, 0
17

, 0
20

, 0
22

, 
02

8,
 0

30
, 0

31
, 0

33
; 5

-7
-0

6:
 0

1-
01

7,
 0

19
, 0

20
 

                    
   

Ha
un

 &
 A

ss
oc

ia
te

s 
Ar

ch
ae

ol
og

ic
al

, C
ul

tu
ra

l a
nd

 H
ist

or
ic

al
 R

es
ou

rc
e 

M
an

ag
em

en
t S

er
vi

ce
s 

73
-1

16
8 

Ka
hu

na
 A

‘o
 R

oa
d,

 K
ai

lu
a-

Ko
na

 H
I 9

67
40

 P
ho

ne
: 3

25
-2

40
2 

Fa
x:

 3
25

-1
52

0 

  

Ha
un

 &
 A

ss
oc

ia
te

s R
ep

or
t 8

22
-1

13
01

1 
     

FI
N

AL
 

PL
AN

 F
O

R 
SU

PP
LE

M
EN

TA
L 

AR
CH

AE
O

LO
G

IC
AL

 IN
VE

N
TO

RY
 S

U
RV

EY
 

LA
N

DS
 O

F 
KA

HU
KU

, P
U

N
AL

AU
, U

LU
PE

H
U

PE
H

U
, ‘
Ō

I‘O
, H

AN
AK

A‘
O

E,
 

KA
W

EL
A 

AN
D

 ‘Ō
PA

N
A 

KO
‘O

LA
U

LO
A 

DI
ST

RI
CT

 

IS
LA

N
D

 O
F 

O
AH

U
 

TM
K:

 (1
) 5

-6
-0

3:
 0

40
-0

42
, 0

44
; 5

-7
-0

1:
01

, 0
13

, 0
16

, 0
17

, 0
20

, 0
22

, 
02

8,
 0

30
, 0

31
, 0

33
; 5

-7
-0

6:
 0

1-
01

7,
 0

19
, 0

20
 

 
By

:  
Al

an
 E

. H
au

n,
 P

h.
D.

 
Di

an
ne

 M
. B

er
rig

an
, M

.A
. 

an
d 

Da
ve

 H
en

ry
, B

.S
. 

  
Pr

ep
ar

ed
 fo

r: 
 

Tu
rt

le
 B

ay
 R

es
or

t D
ev

el
op

m
en

t 
57

-0
91

 K
am

eh
am

eh
a 

Hi
gh

w
ay

 
Ka

hu
ku

, H
aw

ai
i 9

67
31

 
  

Au
gu

st
 2

01
1 

(R
ev

ise
d 

N
ov

em
be

r 2
01

1)
 

   

H
au

n 
&

 A
ss

oc
ia

te
s 

Ar
ch

ae
ol

og
ic

al
, C

ul
tu

ra
l a

nd
 H

ist
or

ic
al

 R
es

ou
rc

e 
M

an
ag

em
en

t S
er

vi
ce

s 
73

-1
16

8 
Ka

hu
na

 A
‘o

 R
oa

d,
 K

ai
lu

a-
Ko

na
 H

I 9
67

40
 P

ho
ne

: 3
25

-2
40

2 
Fa

x:
 3

25
-1

52
0 



 

 
 

i 

Su
m

m
ar

y 
 

At
 th

e 
re

qu
es

t o
f T

ur
tle

 B
ay

 R
es

or
t D

ev
el

op
m

en
t (

TB
R)

, H
au

n 
&

 A
ss

oc
ia

te
s 

pr
ep

ar
ed

 th
is 

pl
an

 fo
r 

a 
Su

pp
le

m
en

ta
l 

Ar
ch

ae
ol

og
ic

al
 I

nv
en

to
ry

 S
ur

ve
y 

(S
AI

S)
 w

ith
in

 t
he

 c
. 

84
0-

ac
re

 r
es

or
t 

pr
op

er
ty

 s
itu

at
ed

 i
n 

Ka
hu

ku
, 

Ko
‘o

la
ul

oa
 

Di
st

ric
t, 

Is
la

nd
 o

f 
O

‘a
hu

. T
he

 r
es

or
t 

ar
ea

 s
pa

ns
 s

ev
en

 t
ra

di
tio

na
l l

an
d 

di
vi

sio
ns

 (
Ka

hu
ku

, P
un

al
au

, U
lu

pe
hu

pe
hu

, 
‘Ō

i‘o
, H

an
ak

a‘
oe

, K
aw

el
a,

 a
nd

 ‘Ō
pa

na
) a

nd
 n

um
er

ou
s 

(3
2)

 t
ax

 m
ap

 p
ar

ce
ls 

(T
M

K:
 [

1]
 5

-6
-0

03
:0

40
-0

42
, 0

44
; 5

-7
-

00
1:

00
1,

 0
13

, 0
16

, 0
17

, 0
20

, 0
22

, 0
28

, 0
30

, 0
31

, 0
33

; 5
-7

-0
06

:0
01

-0
17

, 0
19

, 0
20

). 
 

 Th
is 

pl
an

 w
as

 p
re

pa
re

d 
in

 a
dv

an
ce

 o
f 

th
e 

SA
IS

, 
in

 a
cc

or
da

nc
e 

w
ith

 t
he

 r
eq

ui
re

m
en

ts
 f

or
 a

n 
ar

ch
ae

ol
og

ic
al

 
in

ve
nt

or
y 

su
rv

ey
 p

la
n 

de
ta

ile
d 

in
 H

aw
ai

‘i 
Ad

m
in

ist
ra

tiv
e 

Ru
le

s 
(H

AR
) §

13
-1

3-
28

4-
5(

c)
 a

nd
 §

13
-1

3-
27

6-
5 

(a
) a

nd
 (b

). 
Th

is 
pl

an
 d

es
cr

ib
es

 t
he

 c
ur

re
nt

 T
ur

tle
 B

ay
 R

es
or

t 
(T

BR
) 

fa
ci

lit
y 

an
d 

th
e 

en
vi

ro
nm

en
t 

of
 t

he
 a

re
a,

 p
re

se
nt

s 
th

e 
re

su
lts

 o
f 

hi
st

or
ic

al
 d

oc
um

en
ta

ry
 a

nd
 a

rc
ha

eo
lo

gi
ca

l 
ba

ck
gr

ou
nd

 r
es

ea
rc

h 
fo

r 
th

e 
ge

ne
ra

l 
Ka

hu
ku

 a
re

a 
an

d 
sp

ec
ifi

ca
lly

 fo
r t

he
 T

BR
 p

ro
pe

rt
y.

 T
he

 p
la

n 
al

so
 p

ro
vi

de
s 

a 
sy

nt
he

sis
 o

f t
he

 b
ac

kg
ro

un
d 

in
fo

rm
at

io
n 

an
d 

pr
ov

id
es

 a
 

re
se

ar
ch

 d
es

ig
n 

w
ith

 a
 m

et
ho

do
lo

gy
 t

o 
gu

id
e 

th
e 

pr
op

os
ed

 S
AI

S 
w

or
k.

 T
hi

s 
pl

an
 a

lso
 d

isc
us

se
s 

on
go

in
g 

co
ns

ul
ta

tio
n 

w
ith

 a
ge

nc
ie

s a
nd

 k
no

w
le

dg
ea

bl
e 

in
di

vi
du

al
s.

  
 Ar

ch
ae

ol
og

ic
al

 a
nd

 h
ist

or
ic

al
 b

ac
kg

ro
un

d 
re

se
ar

ch
 in

di
ca

te
 t

ha
t 

in
 la

te
 p

re
hi

st
or

y 
th

e 
Ka

hu
ku

 P
oi

nt
 v

ic
in

ity
 w

as
 

w
el

l 
po

pu
la

te
d 

an
d 

ex
te

ns
iv

el
y 

cu
lti

va
te

d.
 L

an
d 

Co
m

m
iss

io
n 

Aw
ar

ds
 d

oc
um

en
t 

co
nt

in
ue

d 
tr

ad
iti

on
al

 H
aw

ai
ia

n 
se

tt
le

m
en

t i
n 

th
e 

m
id

-1
80

0s
. T

hi
s 

tr
ad

iti
on

al
 la

nd
 u

se
 w

as
 s

oo
n 

di
sp

la
ce

d 
af

te
r t

he
 e

st
ab

lis
hm

en
t K

ah
uk

u 
Ra

nc
h 

in
 

th
e 

18
50

s.
 T

he
 r

an
ch

 p
ro

sp
er

ed
 a

nd
 e

xp
an

de
d 

fo
r 

ne
ar

ly
 f

ou
r 

de
ca

de
s 

un
til

 t
he

 e
st

ab
lis

hm
en

t 
of

 K
ah

uk
u 

Pl
an

ta
tio

n 
Co

m
pa

ny
 in

 1
89

0.
 T

he
 fi

rs
t s

ug
ar

ca
ne

 c
ro

p 
fr

om
 2

,8
00

 c
ul

tiv
at

ed
 a

cr
es

 w
as

 h
ar

ve
st

ed
 in

 1
89

2.
  B

y 
18

99
, 

th
e 

O
R&

L 
ra

ilr
oa

d 
lin

e 
ex

te
nd

ed
 fr

om
 H

on
ol

ul
u 

to
 K

ah
uk

u 
to

 g
et

 th
e 

ca
ne

 to
 m

ar
ke

t. 
By

 th
e 

ea
rly

 1
90

0s
 th

er
e 

w
er

e 
st

at
io

ns
 a

t 
Ka

w
el

a 
an

d 
Ka

hu
ku

 R
an

ch
. 

By
 1

93
5,

 4
,4

90
 a

cr
es

 w
er

e 
cu

lti
va

te
d 

in
 s

ug
ar

ca
ne

 a
nd

 t
he

 p
la

nt
at

io
n 

em
pl

oy
ed

 o
ve

r 1
,1

00
 w

or
ke

rs
 a

nd
 a

 p
la

nt
at

io
n 

ca
m

p 
w

as
 e

st
ab

lis
he

d 
on

 th
e 

TB
R 

pr
op

er
ty

. 
 Th

e 
U

.S
. A

rm
y 

es
ta

bl
ish

ed
 K

ah
uk

u 
Ar

m
y 

Ai
rf

ie
ld

 in
 1

94
2.

 T
he

 fa
ci

lit
y 

se
rv

ed
 a

s 
an

 a
ux

ili
ar

y 
fie

ld
 th

at
 w

as
 u

se
d 

fo
r 

fli
gh

t t
ra

in
in

g 
an

d 
co

as
ta

l d
ef

en
se

. U
se

 o
f t

he
 a

irf
ie

ld
 w

as
 s

ho
rt

-li
ve

d 
an

d 
m

ili
ta

ry
 u

se
 e

nd
ed

 s
ho

rt
ly

 a
ft

er
 th

e 
en

d 
of

 W
or

ld
 W

ar
 II

.  
Su

ga
rc

an
e 

cu
lti

va
tio

n 
co

nt
in

ue
d 

un
til

 1
97

1 
w

he
n 

th
e 

Tu
rt

le
 B

ay
 R

es
or

t 
an

d 
th

e 
fir

st
 g

ol
f c

ou
rs

e 
w

er
e 

co
ns

tr
uc

te
d.

 S
om

e 
in

la
nd

 p
or

tio
ns

 o
f t

he
 p

ro
pe

rt
y 

co
nt

in
ue

d 
to

 b
e 

us
ed

 fo
r v

eg
et

ab
le

 fa
rm

in
g 

un
til

 th
e 

la
te

 
19

80
s.

 P
riv

at
e 

be
ac

h 
co

tt
ag

es
 l

in
ed

 t
he

 s
ho

re
s 

of
 K

aw
el

a 
Ba

y 
un

til
 1

99
0 

w
he

n 
th

e 
ar

ea
 w

as
 c

le
ar

ed
 a

nd
 

pr
el

im
in

ar
y 

co
ns

tr
uc

tio
n 

fo
r a

 h
ot

el
 b

eg
an

, b
ut

 w
as

 a
ba

nd
on

ed
 in

 1
99

1.
   

   
  

 Ba
se

d 
on

 p
re

vi
ou

s 
ar

ch
ae

ol
og

ic
al

 r
es

ea
rc

h 
an

d 
hi

st
or

ic
al

 d
oc

um
en

ta
ry

 e
vi

de
nc

e,
 e

xp
ec

te
d 

pr
eh

ist
or

ic
 t

o 
ea

rly
 

hi
st

or
ic

 r
em

ai
ns

 o
n 

th
e 

TB
R 

pr
op

er
ty

 in
cl

ud
e 

su
bs

ur
fa

ce
 c

ul
tu

ra
l d

ep
os

its
 a

nd
 a

 v
ar

ie
ty

 o
f 

su
bs

ur
fa

ce
 f

ea
tu

re
s 

in
cl

ud
in

g 
fir

e 
pi

ts
, 

po
st

 m
ol

ds
 a

nd
 b

ur
ia

ls.
 M

os
t 

of
 t

he
se

 f
ea

tu
re

s 
w

ou
ld

 d
at

e 
to

 b
et

w
ee

n 
AD

 1
40

0 
an

d 
18

00
. 

Ex
pe

ct
ed

 h
ist

or
ic

 r
em

ai
ns

 d
at

in
g 

fr
om

 t
he

 1
80

0s
 t

o 
19

00
s 

in
cl

ud
e 

th
e 

O
R&

L 
ra

ilr
oa

d,
 p

la
nt

at
io

n 
in

fr
as

tr
uc

tu
re

 
(c

am
ps

, r
oa

ds
, i

rr
ig

at
io

n 
di

tc
he

s,
 e

tc
.) 

an
d 

w
al

ls 
m

ar
ki

ng
 p

ro
pe

rt
y 

bo
un

da
rie

s 
an

d 
Ka

hu
ku

 R
an

ch
 fe

at
ur

es
 re

la
tin

g 
to

 li
ve

st
oc

k 
co

nt
ro

l. 
M

ili
ta

ry
-r

el
at

ed
 r

em
ai

ns
 d

at
in

g 
fr

om
 W

or
ld

 W
ar

 II
 in

cl
ud

e 
ru

nw
ay

s,
 r

ev
et

m
en

ts
, d

ef
en

siv
e 

fo
rt

ifi
ca

tio
ns

, a
nd

 a
 v

ar
ie

ty
 o

f s
up

po
rt

 fa
ci

lit
ie

s.
   

  
 Th

e 
pr

op
os

ed
 p

rim
ar

y 
SA

IS
 f

ie
ld

w
or

k 
ef

fo
rt

 w
ill

 c
on

sis
t 

of
 s

ub
su

rf
ac

e 
te

st
in

g 
th

at
 w

ill
 b

ui
ld

 o
n 

th
e 

ex
te

ns
iv

e 
pr

ev
io

us
 a

rc
ha

eo
lo

gi
ca

l w
or

k 
th

at
 h

as
 b

ee
n 

co
nd

uc
te

d 
w

ith
in

 t
he

 p
ro

je
ct

 a
re

a.
 T

he
 a

re
as

 t
ha

t 
ar

e 
pr

op
os

ed
 f

or
 

fu
rt

he
r 

te
st

in
g 

w
er

e 
pr

ev
io

us
ly

 c
le

ar
ed

 fo
r 

de
ve

lo
pm

en
t 

w
ith

 a
rc

ha
eo

lo
gi

ca
l m

on
ito

rin
g 

re
qu

ire
d.

 T
hi

s 
cl

ea
ra

nc
e 

w
as

 b
as

ed
 o

n 
th

e 
ex

te
ns

iv
e 

ar
ch

ae
ol

og
ic

al
 s

ub
su

rf
ac

e 
te

st
in

g 
an

d 
da

ta
 r

ec
ov

er
y 

w
or

k 
co

nd
uc

te
d 

be
tw

ee
n 

19
77

 
an

d 
19

91
, a

nd
 o

n 
th

e 
ex

te
ns

iv
e 

pr
io

r d
ist

ur
ba

nc
e 

to
 th

e 
pr

op
er

ty
 b

y 
m

or
e 

th
an

 a
 c

en
tu

ry
 o

f s
ug

ar
 c

an
e 

cu
lti

va
tio

n,
 

th
e 

co
ns

tr
uc

tio
n 

an
d 

op
er

at
io

n 
of

 K
ah

uk
u 

Ai
r A

irf
ie

ld
, a

nd
 th

e 
de

ve
lo

pm
en

t o
f r

es
or

t f
ac

ili
tie

s s
in

ce
 th

e 
19

70
s.

   
 De

sp
ite

 t
he

 p
rio

r 
cl

ea
ra

nc
e,

 T
BR

 h
as

 e
le

ct
ed

 t
o 

ta
ke

 a
 p

ro
ac

tiv
e 

ap
pr

oa
ch

 t
o 

en
su

re
 t

he
 p

ro
te

ct
io

n 
of

 c
ul

tu
ra

l 
re

so
ur

ce
s 

w
ith

in
 th

e 
pr

op
os

ed
 e

xp
an

sio
n 

la
nd

s 
as

 p
ar

t o
f t

he
 S

EI
S 

pr
oc

es
s.

 T
ow

ar
d 

th
at

 e
nd

 a
 c

om
bi

ne
d 

pr
og

ra
m

 
of

 e
xt

en
siv

e 
sy

st
em

at
ic

 a
nd

 d
isc

re
tio

na
ry

 a
rc

ha
eo

lo
gi

ca
l 

te
st

 e
xc

av
at

io
ns

, 
bo

th
 m

ec
ha

ni
ca

l 
an

d 
m

an
ua

l, 
ar

e 
pr

op
os

ed
 fo

r u
nd

ev
el

op
ed

 a
re

as
 o

f t
he

 p
ro

pe
rt

y 
w

he
re

 su
bs

ta
nt

ia
l c

on
st

ru
ct

io
n-

re
la

te
d 

ex
ca

va
tio

ns
 a

re
 p

la
nn

ed
.  

 

 
 

ii  

Ta
bl

e 
of

 C
on

te
nt

s 

IN
TR

O
D

U
C

TI
O

N
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
1 

TU
R

TL
E

 B
A

Y 
R

E
S

O
R

T 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 1

 

S
U

M
M

A
R

Y 
O

F 
TB

R
 A

R
C

H
A

E
O

LO
G

IC
A

L 
S

TU
D

IE
S

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
 

E
N

V
IR

O
N

M
E

N
T.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 6

 
GE

O
LO

GY
, H

YD
RO

LO
GY

 A
N

D 
SO

IL
S..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 9 

H
IS

TO
R

IC
 B

A
C

K
G

R
O

U
N

D
 R

E
S

E
A

R
C

H
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
13

 
PL

AC
E 

N
AM

ES
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 13

 
LE

GE
N

DA
RY

 H
IS

TO
RY

  ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 15

 
EA

RL
Y 

HI
ST

O
RI

C 
PE

RI
O

D 
(C

O
N

TA
CT

 T
O

 1
84

6)
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 17

 
LA

N
D 

CO
M

M
IS

SI
O

N
 A

W
AR

DS
 (1

84
6-

18
55

)  
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 17

 
KA

HU
KU

 R
AN

CH
 (1

85
0-

18
80

)  .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 2
6 

KA
HU

KU
 P

LA
N

TA
TI

O
N

 (1
89

0-
19

71
)  

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 2

7 
W

O
RL

D 
W

AR
 II

 –
 K

AH
U

KU
 A

RM
Y 

AI
RF

IE
LD

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 3

3 

PR
E

V
IO

U
S

 A
R

C
H

A
E

O
LO

G
IC

A
L 

W
O

R
K

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

39
 

PR
EV

IO
U

S 
AR

CH
AE

O
LO

GI
CA

L 
W

O
RK

 IN
 P

RO
JE

CT
 A

RE
A 

VI
CI

N
IT

Y .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 3
9 

PR
EV

IO
U

S 
AR

CH
AE

O
LO

GI
CA

L 
W

O
RK

 W
IT

HI
N

 T
HE

 P
RO

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 4
6 

SU
M

M
AR

Y 
O

F 
PR

EV
IO

US
LY

 ID
EN

TI
FI

ED
 S

IT
ES

 ...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 5
7 

SU
M

M
AR

Y 
O

F 
PR

O
JE

CT
 A

RE
A 

BU
RI

AL
S .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 68

 
PR

O
JE

CT
 A

RE
A 

CH
RO

N
O

LO
GY

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 7

7 

S
YN

TH
E

S
IS

 A
N

D
 E

X
PE

C
TE

D
 S

IT
E

 T
YP

E
S

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

79
 

 R
E

S
E

A
R

C
H

 D
E

S
IG

N
  .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 

82
 

 C
O

N
S

U
LT

A
TI

O
N

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 
90

 

 R
E

FE
R

E
N

C
E

S
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
05

 

 A
PP

E
N

D
IX

 A
 –

 P
U

B
LI

C
 N

O
TI

C
E

S 
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
13

 



 

 
 

iii
 

   IL
LU

ST
R

A
T

IO
N

S 
FI

GU
RE

 1
.   

PO
RT

IO
N

 O
F 

19
98

 U
SG

S 
KA

HU
KU

 Q
U

AD
RA

N
GL

E 
SH

O
W

IN
G 

PR
O

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 2
 

FI
GU

RE
 2

.   
TA

X 
M

AP
 K

EY
 5

-6
-0

3 
SH

O
W

IN
G 

PR
O

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 3 

FI
GU

RE
 3

.   
TA

X 
M

AP
 K

EY
 5

-7
-0

1 
SH

O
W

IN
G 

PR
O

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 4 

FI
GU

RE
 4

.   
TU

RT
LE

 B
AY

 M
AS

TE
R 

PL
AN

  ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 5

 
FI

GU
RE

 5
.   

AE
RI

AL
 V

IE
W

 O
F 

PR
O

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 7
 

FI
GU

RE
 6

.   
AH

U
PU

A‘
A 

BO
U

N
DA

RI
ES

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 8 

FI
GU

RE
 7

.   
DI

ST
RI

BU
TI

O
N

 O
F 

SO
IL

S 
W

IT
HI

N
 P

RO
JE

CT
 A

RE
A 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 10
 

FI
GU

RE
 8

.   
N

AM
ED

 P
LA

CE
S 

W
IT

HI
N

 A
N

D 
AD

JA
CE

NT
 T

O
 P

RO
JE

CT
 A

RE
A .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 1
4 

FI
GU

RE
 9

.  P
O

RT
IO

N
 O

F 
LY

O
N

’S 
18

78
 G

O
VE

RN
M

EN
T 

SU
RV

EY
 M

AP
 O

F 
O

AH
U 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 1

8 
FI

GU
RE

 1
0.

 LA
N

D 
CO

M
M

IS
SI

O
N

 A
W

AR
DS

 O
UT

SI
DE

 P
RO

JE
CT

 A
RE

A.
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 2

0 
FI

GU
RE

 1
1.

 LA
N

D 
CO

M
M

IS
SI

O
N

 A
W

AR
DS

 W
IT

HI
N

 P
RO

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 24
 

FI
GU

RE
 1

2.
 P

O
RT

IO
N

 O
F 

LO
EB

EN
ST

EI
N

’S 
18

90
 M

AP
 O

F 
KA

HU
KU

 P
LA

NT
AT

IO
N

  ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 2

5 
FI

GU
RE

 1
3.

 P
O

RT
IO

N
 O

F 
DO

N
N

’S 
19

02
 M

AP
 N

O
RT

H 
CO

AS
T 

O
F 

O
AH

U
  ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 2

8 
FI

GU
RE

 1
4.

 K
IN

G’
S 

19
28

 M
AP

 O
F 

KA
HU

KU
 F

O
RE

ST
 R

ES
ER

VE
  ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 29
 

FI
GU

RE
 1

5.
 P

O
RT

IO
N

 O
F 

19
30

 U
SG

S 
LA

IE
 Q

U
AD

RA
N

GL
E 

 ...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 3
0 

FI
GU

RE
 1

6.
 1

92
0’

S 
M

AP
 O

F 
KA

HU
KU

 P
LA

N
TA

TI
O

N
  ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 3
1 

FI
GU

RE
 1

7.
 P

O
RT

IO
N

 O
F 

19
32

 U
.S

. C
O

AS
T 

AN
D 

GE
O

DE
TI

C 
SU

RV
EY

 M
AP

 O
F 

KA
HU

KU
 P

O
IN

T 
AR

EA
  ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 3

2 
FI

GU
RE

 1
8.

 A
U

GU
ST

 2
0,

 1
94

2 
PH

O
TO

GR
AP

H 
O

F 
KA

HU
KU

 A
IR

FI
EL

D 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 34

 
FI

GU
RE

 1
9.

 C
O

M
PO

SI
TE

 M
AP

 O
F 

KA
HU

KU
 F

IE
LD

 P
LA

N
 M

AP
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 3
5 

FI
GU

RE
 2

0.
 A

ER
IA

L 
PH

O
TO

GR
AP

H 
O

F 
PR

O
JE

CT
 A

RE
A 

SH
O

W
IN

G 
KA

HU
KU

 A
IR

FI
EL

D 
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 3
6 

FI
GU

RE
 2

1.
 1

95
4 

U
SG

S 
KA

HU
KU

 Q
U

AD
RA

N
GL

E 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 3

8 
FI

GU
RE

 2
2.

 1
97

0 
AE

RI
AL

 P
HO

TO
GR

AP
H 

O
F 

PR
O

JE
CT

 A
RE

A 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 40

 
FI

GU
RE

 2
3.

 1
97

0 
AE

RI
AL

 P
HO

TO
GR

AP
H 

O
F 

PR
O

JE
CT

 A
RE

A 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 41

 
FI

GU
RE

 2
4.

 P
RE

VI
O

U
S 

AR
CH

AE
O

LO
GI

CA
L 

W
O

RK
 IN

 P
RO

JE
CT

 A
RE

A 
VI

CI
N

IT
Y 

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 4
3 

FI
GU

RE
 2

5.
 LO

CA
TI

O
N

 O
F 

PR
EV

IO
U

S 
AR

CH
AE

O
LO

GI
CA

L 
W

O
RK

 W
IT

HI
N

 P
RO

JE
CT

 A
RE

A 
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 47

 
FI

GU
RE

 2
6.

 E
XC

AV
AT

IO
N

S 
W

IT
HI

N
 K

AH
U

KU
 P

O
IN

T 
AR

CH
AE

O
LO

GI
CA

L 
AR

EA
 (S

IT
E 

64
11

) ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 4

9 
FI

GU
RE

 2
7.

 E
XC

AV
AT

IO
N

S 
W

IT
HI

N
 A

N
D 

AD
JA

CE
NT

 T
O

 P
U

N
AH

O
‘O

LA
PA

 M
AR

SH
 (S

IT
E 

64
12

)  .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 5

1 
FI

GU
RE

 2
8.

 K
AW

EL
A 

BA
Y 

AR
CH

AE
O

LO
GI

CA
L 

AR
EA

 (S
IT

E 
64

10
) .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 5

3 
FI

GU
RE

 2
9.

 S
IT

E 
64

14
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 62

 
FI

GU
RE

 3
0.

 S
IT

E 
64

15
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 62

 
FI

GU
RE

 3
1.

 S
IT

E 
64

16
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 63

 
FI

GU
RE

 3
2.

 S
IT

E 
64

17
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 63

 
FI

GU
RE

 3
3.

 S
IT

E 
64

18
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 64

 
FI

GU
RE

 3
4.

 S
IT

E 
64

19
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 64

 
FI

GU
RE

 3
5.

 S
IT

E 
64

20
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 66

 
FI

GU
RE

 3
6.

 S
IT

E 
64

21
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 66

 
FI

GU
RE

 3
7.

 S
IT

E 
64

22
 A

N
D 

64
23

 P
LA

N
 M

AP
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 67

 
FI

GU
RE

 3
8.

 S
IT

E 
64

24
 P

LA
N

 M
AP

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 67

 
FI

GU
RE

 3
9.

 LO
CA

TI
O

N
 O

F 
BU

RI
AL

S 
W

IT
HI

N
 P

RO
JE

CT
 A

RE
A .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 70
 

FI
GU

RE
 4

0.
 P

RE
-1

80
0 

CH
RO

N
O

LO
GY

 O
F 

O
CC

UP
AT

IO
N

 W
IT

HI
N

 P
RO

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 78
 

FI
GU

RE
 4

1.
 P

O
ST

-1
80

0 
U

SE
 O

F 
PR

O
JE

CT
 A

RE
A .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 8
0 

FI
GU

RE
 4

2.
 A

ER
IA

L 
VI

EW
 O

F 
PR

O
JE

CT
 A

RE
A 

SH
O

W
IN

G 
PR

O
PO

SE
D 

TE
ST

 E
XC

AV
AT

IO
N

 A
RE

AS
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 8
3 

FI
GU

RE
 4

3.
 P

O
TE

N
TI

AL
 S

AI
S 

TE
ST

 E
XC

AV
AT

IO
N

 A
RE

AS
 A

N
D 

TU
RT

LE
 B

AY
 LA

N
DS

 –
 P

RE
FE

RR
ED

 P
LA

N
 –

  O
PE

N
 S

PA
CE

 M
AP

  ..
...

...
...

...
...

. 8
4 

FI
GU

RE
 4

4.
 P

O
TE

N
TI

AL
 T

ES
T 

EX
CA

VA
TI

O
N

 A
RE

AS
 A

N
D 

DI
ST

RI
BU

TI
O

N
 O

F 
SO

IL
S 

W
IT

HI
N

 P
RO

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 8

6 
FI

GU
RE

 4
5.

 P
RO

PO
SE

D 
TE

ST
 A

RE
AS

 A
N

D 
TR

EN
CH

 LO
CA

TI
O

N
S .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 8
7 

 

 
 

iv
 

IL
LU

ST
R

A
T

IO
N

S 
(C

O
N

T
.) 

FI
GU

RE
 4

6.
 T

ES
T 

AR
EA

 A
, S

O
IL

 T
YP

ES
 A

N
D 

PR
EV

IO
U

S 
TE

ST
IN

G 
RE

SU
LT

S .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 91

 
FI

GU
RE

 4
7.

 T
ES

T 
AR

EA
 A

, P
RO

PO
SE

D 
TR

EN
CH

 LO
CA

TI
O

N
S 

AN
D 

HI
ST

O
RI

C 
LA

N
D 

U
SE

 ...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 92

 
FI

GU
RE

 4
8.

 T
ES

T 
AR

EA
 B

, S
O

IL
 T

YP
ES

 A
N

D 
PR

EV
IO

U
S 

TE
ST

IN
G 

RE
SU

LT
S .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 93
 

FI
GU

RE
 4

9.
 T

ES
T 

AR
EA

 B
, P

RO
PO

SE
D 

TR
EN

CH
 LO

CA
TI

O
N

S 
AN

D 
HI

ST
O

RI
C 

LA
N

D 
U

SE
 ...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 94
 

FI
GU

RE
 5

0.
 T

ES
T 

AR
EA

 C
, S

O
IL

 T
YP

ES
 A

N
D 

PR
EV

IO
U

S 
TE

ST
IN

G 
RE

SU
LT

S .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 95

 
FI

GU
RE

 5
1.

 T
ES

T 
AR

EA
 C

, P
RO

PO
SE

D 
TR

EN
CH

 LO
CA

TI
O

N
S 

AN
D 

HI
ST

O
RI

C 
LA

N
D 

U
SE

 ...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 96

 
FI

GU
RE

 5
2.

 T
ES

T 
AR

EA
 D

, S
O

IL
 T

YP
ES

 A
N

D 
PR

EV
IO

U
S 

TE
ST

IN
G 

RE
SU

LT
S .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 97
 

FI
GU

RE
 5

3.
 T

ES
T 

AR
EA

 D
, P

RO
PO

SE
D 

TR
EN

CH
 LO

CA
TI

O
N

S 
AN

D 
HI

ST
O

RI
C 

LA
N

D 
U

SE
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 98
 

FI
GU

RE
 5

4.
 T

ES
T 

AR
EA

 E
, S

O
IL

 T
YP

ES
 A

N
D 

PR
EV

IO
U

S 
TE

ST
IN

G 
RE

SU
LT

S..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 99

 
FI

GU
RE

 5
5.

 T
ES

T 
AR

EA
 E

, P
RO

PO
SE

D 
TR

EN
CH

 LO
CA

TI
O

N
S 

AN
D 

HI
ST

O
RI

C 
LA

N
D 

U
SE

 ...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
00

 
FI

GU
RE

 5
6.

 T
ES

T 
AR

EA
 F

, S
O

IL
 T

YP
ES

 A
N

D 
PR

EV
IO

US
 T

ES
TI

N
G 

RE
SU

LT
S .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 1

01
 

FI
GU

RE
 5

7.
 T

ES
T 

AR
EA

 F
, P

RO
PO

SE
D 

TR
EN

CH
 LO

CA
TI

O
N

S 
AN

D 
HI

ST
O

RI
C 

LA
N

D 
U

SE
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 1

02
 

FI
GU

RE
 5

8.
 T

ES
T 

AR
EA

 G
, S

O
IL

 T
YP

ES
 A

N
D 

PR
EV

IO
U

S 
TE

ST
IN

G 
RE

SU
LT

S .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
03

 
FI

GU
RE

 5
9.

 T
ES

T 
AR

EA
 G

, P
RO

PO
SE

D 
TR

EN
CH

 LO
CA

TI
O

N
S 

AN
D 

HI
ST

O
RI

C 
LA

N
D 

U
SE

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 1
04

 
     T

A
B

LE
S 

TA
BL

E 
1.

   
SU

M
M

AR
Y 

O
F 

SO
IL

S 
W

IT
HI

N
 P

RO
JE

CT
 A

RE
A .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 12
 

TA
BL

E 
2.

   
LA

N
D 

CO
M

M
IS

SI
O

N
 A

W
AR

DS
 O

U
TS

ID
E 

O
F 

PR
O

JE
CT

 A
RE

A .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 2
1 

TA
BL

E 
3.

   
LA

N
D 

CO
M

M
IS

SI
O

N
 A

W
AR

DS
 W

IT
HI

N
 P

RO
JE

CT
 A

RE
A 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 2

2 
TA

BL
E 

4.
   

PR
EV

IO
U

S 
AR

CH
AE

O
LO

GI
CA

L 
W

O
RK

 IN
 P

RO
JE

CT
 A

RE
A 

VI
CI

N
IT

Y .
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

 42
 

TA
BL

E 
5.

   
PR

EV
IO

U
S 

AR
CH

AE
O

LO
GI

CA
L 

W
O

RK
 C

O
N

DU
CT

ED
 W

IT
HI

N
 P

RO
JE

CT
 A

RE
A .

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.. 4
8 

TA
BL

E 
6.

   
SU

M
M

AR
Y 

O
F 

SI
TE

S 
PR

EV
IO

U
SL

Y 
ID

EN
TI

FI
ED

 IN
 P

RO
JE

CT
 A

RE
A.

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
.. 5

8 
TA

BL
E 

7.
   

SU
M

M
AR

Y 
O

F 
BU

RI
AL

S 
PR

EV
IO

U
SL

Y 
ID

EN
TI

FI
ED

 IN
 P

RO
JE

CT
 A

RE
A 

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

. 6
9 

TA
BL

E 
8.

   
SU

M
M

AR
Y 

O
F 

RA
DI

O
CA

RB
O

N
 D

AT
ES

  ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
. 7

2 
TA

BL
E 

9.
   

PR
O

JE
CT

 A
RE

A 
RA

DI
O

CA
RB

O
N

 A
GE

 D
ET

ER
M

IN
AT

IO
N

S 
O

RD
ER

ED
 C

HR
O

N
O

LO
GI

CA
LL

Y 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
 74

 
 

           



 

 
 

1 

IN
TR

O
DU

CT
IO

N
 

 
At

 t
he

 r
eq

ue
st

 o
f 

Tu
rt

le
 B

ay
 R

es
or

t 
De

ve
lo

pm
en

t, 
Ha

un
 &

 A
ss

oc
ia

te
s 

pr
ep

ar
ed

 t
hi

s 
pl

an
 f

or
 a

 S
up

pl
em

en
ta

l 
Ar

ch
ae

ol
og

ic
al

 I
nv

en
to

ry
 S

ur
ve

y 
(S

AI
S)

 w
ith

in
 t

he
 c

. 
84

0-
ac

re
 r

es
or

t 
pr

op
er

ty
 s

itu
at

ed
 i

n 
Ka

hu
ku

, 
Ko

‘o
la

ul
oa

 
Di

st
ric

t, 
Is

la
nd

 o
f 

O
‘a

hu
 (

Fi
gu

re
 1

). 
Th

e 
re

so
rt

 a
re

a 
sp

an
s 

se
ve

n 
tr

ad
iti

on
al

 l
an

d 
di

vi
sio

ns
 (

Ka
hu

ku
, 

Pu
na

la
u,

 
U

lu
pe

hu
pe

hu
, ‘

Ō
i‘o

, H
an

ak
a‘

oe
, K

aw
el

a,
 a

nd
 ‘Ō

pa
na

) a
nd

 n
um

er
ou

s 
(3

2)
 t

ax
 m

ap
 p

ar
ce

ls 
(T

M
K:

 [1
] 5

-6
-0

03
:0

40
-

04
2,

 0
44

; 5
-7

-0
01

:0
01

, 0
13

, 0
16

, 0
17

, 0
20

, 0
22

, 0
28

, 0
30

, 0
31

, 0
33

; 5
-7

-0
06

:0
01

-0
17

, 0
19

, 0
20

– 
Fi

gu
re

 2
 a

nd
 F

ig
ur

e 
3)

.  
 Th

is 
pl

an
 w

as
 p

re
pa

re
d 

in
 a

dv
an

ce
 o

f 
th

e 
SA

IS
, 

in
 a

cc
or

da
nc

e 
w

ith
 t

he
 r

eq
ui

re
m

en
ts

 f
or

 a
n 

ar
ch

ae
ol

og
ic

al
 

in
ve

nt
or

y 
su

rv
ey

 p
la

n 
de

ta
ile

d 
in

 H
aw

ai
‘i 

Ad
m

in
ist

ra
tiv

e 
Ru

le
s 

(H
AR

) §
13

-1
3-

28
4-

5(
c)

 a
nd

 §
13

-1
3-

27
6-

5 
(a

) a
nd

 (b
). 

Th
is 

pl
an

 d
es

cr
ib

es
 th

e 
cu

rr
en

t T
ur

tle
 B

ay
 R

es
or

t f
ac

ili
ty

 a
nd

 th
e 

en
vi

ro
nm

en
t o

f t
he

 a
re

a,
 p

re
se

nt
s 

th
e 

re
su

lts
 o

f 
hi

st
or

ic
al

 d
oc

um
en

ta
ry

 a
nd

 a
rc

ha
eo

lo
gi

ca
l b

ac
kg

ro
un

d 
re

se
ar

ch
 f

or
 t

he
 g

en
er

al
 K

ah
uk

u 
ar

ea
 a

nd
 s

pe
ci

fic
al

ly
 f

or
 

th
e 

pr
es

en
t p

ro
je

ct
 a

re
a.

 T
he

 p
la

n 
al

so
 p

ro
vi

de
s a

 sy
nt

he
sis

 o
f t

he
 b

ac
kg

ro
un

d 
in

fo
rm

at
io

n 
an

d 
pr

ov
id

es
 a

 re
se

ar
ch

 
de

sig
n 

w
ith

 a
 m

et
ho

do
lo

gy
 t

o 
gu

id
e 

th
e 

pr
op

os
ed

 S
AI

S 
w

or
k.

 T
hi

s 
pl

an
 a

lso
 d

isc
us

se
s 

on
go

in
g 

co
ns

ul
ta

tio
n 

w
ith

 
ag

en
ci

es
 a

nd
 lo

ca
l k

no
w

le
dg

ea
bl

e 
in

di
vi

du
al

s.
  

 

TU
RT

LE
 B

AY
 R

ES
O

RT
 

Tu
rt

le
 B

ay
 R

es
or

t 
is 

cu
rr

en
tly

 o
w

ne
d 

an
d 

op
er

at
ed

 b
y 

Tu
rt

le
 B

ay
 R

es
or

t 
De

ve
lo

pm
en

t 
(T

BR
). 

Th
e 

re
so

rt
 w

as
 

co
ns

tr
uc

te
d 

in
 t

he
 e

ar
ly

 1
97

0s
 b

y 
ca

sin
o 

de
ve

lo
pe

r 
De

l W
eb

b 
an

d 
op

en
ed

 it
s 

do
or

s 
in

 M
ay

 1
97

2 
as

 t
he

 K
ui

lim
a 

Re
so

rt
 a

nd
 C

ou
nt

ry
 C

lu
b.

 H
ya

tt
 H

ot
el

s o
pe

ra
te

d 
th

e 
re

so
rt

 in
 th

e 
m

id
-1

97
0s

. H
ilt

on
 H

ot
el

s a
nd

 R
es

or
ts

 p
ur

ch
as

ed
 it

 
in

 A
ug

us
t 1

98
3 

an
d 

re
na

m
ed

 it
 T

he
 T

ur
tle

 B
ay

 G
ol

f a
nd

 T
en

ni
s R

es
or

t. 
 

 To
da

y 
th

e 
re

so
rt

 e
nc

om
pa

ss
es

 th
e 

Tu
rt

le
 B

ay
 H

ot
el

 lo
ca

te
d 

at
 K

ui
lim

a 
Po

in
t, 

th
e 

ad
ja

ce
nt

 O
ce

an
 V

ill
as

 a
nd

 B
ea

ch
 

Co
tt

ag
es

, 
th

e 
Ku

ili
m

a 
Es

ta
te

s 
de

ve
lo

pm
en

t, 
re

st
au

ra
nt

s,
 b

ea
ch

sid
e 

am
en

iti
es

, 
tw

o 
18

-h
ol

e 
go

lf 
co

ur
se

s,
 a

 
cl

ub
ho

us
e,

 te
n 

te
nn

is 
co

ur
ts

, s
ev

er
al

 s
w

im
m

in
g 

po
ol

s,
 a

 h
or

se
ba

ck
 ri

di
ng

 fa
ci

lit
y 

an
d 

pa
rk

in
g 

lo
ts

 (F
ig

ur
e 

4)
. A

cc
es

s 
to

 t
he

 r
es

or
t 

is 
fr

om
 K

am
eh

am
eh

a 
Hi

gh
w

ay
 v

ia
 K

ui
lim

a 
Dr

iv
e.

 T
he

 p
ro

po
se

d 
re

so
rt

 e
xp

an
sio

n 
pl

an
s 

in
cl

ud
es

 t
w

o 
ho

te
ls,

 5
90

 re
so

rt
 re

sid
en

tia
l u

ni
ts

, 1
60

 a
ffo

rd
ab

le
 h

ou
sin

g 
un

its
 a

nd
 a

dd
iti

on
al

 p
ar

ks
, s

ho
re

lin
e 

se
tb

ac
k 

ar
ea

s 
an

d 
pu

bl
ic

 sh
or

el
in

e 
ac

ce
ss

.  
 SU

M
M

AR
Y 

O
F 

TB
R 

AR
CH

AE
O

LO
G

IC
AL

 S
TU

DI
ES

 
Th

e 
Be

rn
ic

e 
Pa

ua
hi

 B
ish

op
 M

us
eu

m
 (

BP
BM

) 
co

nd
uc

te
d 

th
e 

fir
st

 
sy

st
em

at
ic

 a
rc

ha
eo

lo
gi

ca
l 

su
rv

ey
 o

f 
al

l 
un

de
ve

lo
pe

d 
TB

R 
pr

op
er

ty
 (

64
9 

ac
re

s)
 i

n 
19

77
 f

or
 P

ru
de

nt
ia

l 
In

su
ra

nc
e 

Co
m

pa
ny

 (
Dy

e 
19

77
). 

Th
is 

pe
de

st
ria

n 
su

rv
ey

 w
as

 fo
llo

w
ed

 b
y 

a 
se

rie
s 

of
 s

ub
su

rf
ac

e 
te

st
in

g 
pr

oj
ec

ts
 c

on
du

ct
ed

 b
y 

Pa
ul

 H
. R

os
en

da
hl

, P
h.

D.
 In

c.
 (P

HR
I) 

in
 

th
e 

m
id

-1
98

0s
. 

Be
gi

nn
in

g 
in

 1
98

4,
 P

HR
I 

(B
at

h 
et

 a
l. 

19
84

) 
co

nd
uc

te
d 

a 
su

bs
ur

fa
ce

 r
ec

on
na

iss
an

ce
 s

ur
ve

y 
of

 
th

irt
ee

n 
ar

ea
s 

th
ro

ug
ho

ut
 t

he
 r

es
or

t 
pr

op
er

ty
 i

nc
lu

di
ng

 f
ur

th
er

 i
nv

es
tig

at
io

n 
of

 s
ub

su
rf

ac
e 

de
po

sit
s 

in
iti

al
ly

 
id

en
tif

ie
d 

by
 D

ye
. T

he
 in

iti
al

 r
ec

on
na

iss
an

ce
 t

es
tin

g 
pr

oj
ec

t 
w

as
 f

ol
lo

w
ed

 b
y 

th
re

e 
in

te
ns

iv
e 

su
bs

ur
fa

ce
 t

es
tin

g 
su

rv
ey

s 
co

nd
uc

te
d 

in
 1

98
6 

th
at

 fo
cu

se
d 

on
 c

ul
tu

ra
l d

ep
os

its
 id

en
tif

ie
d 

by
 B

at
h 

et
 a

l. 
at

 K
aw

el
a 

Ba
y 

(W
al

ke
r 

et
 a

l. 
19

88
a)

, K
ah

uk
u 

Po
in

t (
W

al
ke

r e
t a

l. 
 1

98
8b

), 
an

d 
Pu

na
ho

‘o
la

pa
 M

ar
sh

 (D
av

is 
et

 a
l. 

19
86

). 
  

 In
 1

98
7,

 P
HR

I p
re

pa
re

d 
an

 a
rc

ha
eo

lo
gi

ca
l D

at
a 

Re
co

ve
ry

 P
la

n 
(D

RP
; W

al
ke

r 
et

 a
l. 

19
87

) t
o 

m
iti

ga
te

 t
he

 e
ffe

ct
 o

f 
re

so
rt

 e
xp

an
sio

n 
on

 a
rc

ha
eo

lo
gi

ca
l s

ite
s 

at
 K

aw
el

a 
Ba

y,
 K

ah
uk

u 
Po

in
t, 

an
d 

Pu
na

ho
‘o

la
pa

 M
ar

sh
. 

Th
e 

Pl
an

 w
as

 
in

co
rp

or
at

ed
 in

to
 a

 M
em

or
an

du
m

 o
f A

gr
ee

m
en

t 
(M

O
A)

 e
xe

cu
te

d 
in

 1
98

8 
by

 t
he

 U
.S

. A
rm

y 
Co

rp
 o

f E
ng

in
ee

rs
 –

 
Ho

no
lu

lu
 D

ist
ric

t (
CO

E)
, t

he
 H

aw
ai

‘i 
St

at
e 

Hi
st

or
ic

 P
re

se
rv

at
io

n 
De

pa
rt

m
en

t (
SH

PD
) O

ffi
ce

r, 
th

e 
O

ffi
ce

 o
f H

aw
ai

ia
n 

Af
fa

irs
 (

O
HA

), 
th

e 
Ad

vi
so

ry
 C

ou
nc

il 
on

 H
ist

or
ic

 P
re

se
rv

at
io

n 
(A

CH
P)

, 
an

d 
th

e 
Ci

ty
 a

nd
 C

ou
nt

y 
of

 H
on

ol
ul

u 
(C

CH
O

N
O

). 
In

 a
dd

iti
on

 t
o 

im
pl

em
en

ta
tio

n 
of

 t
he

 D
RP

, 
th

e 
M

O
A 

re
qu

ire
d 

de
ve

lo
pm

en
t 

an
d 

im
pl

em
en

ta
tio

n 
of

 
pl

an
s 

fo
r 

ar
ch

ae
ol

og
ic

al
 m

on
ito

rin
g 

an
d 

fo
r 

bu
ria

l 
di

sin
te

rm
en

t 
an

d 
re

bu
ria

l. 
 P

HR
I 

pr
ep

ar
ed

 t
he

 p
la

ns
 f

or
 

 

 
 

2 

Project Area

01000m

N
or

th

Map
Location

Figure 1. Portion of 1998 USGS Kahuku Quadrangle showing Project Area   
 



 

 
 

3 
Figure 2. Tax Map Key 5-6-03 showing Portion of Project Area 
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Figure 3. Tax Map Key 5-7-01 showing Portion of Project Area 
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Figure 4.  Turtle Bay Master Plan 
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Figure 5. Aerial View of Project Area (from Google Earth) 
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Table 1. Summary of Soils within Project Area 

Soil TypeAcres
% of 

Project 
Area

DescriptionPermeabilityRunoff
Erozion 
HazardSuitability

Jaucus Sand (0-15% slope)27733Single grained sandsRapidVery slow to pondedSlight
Pasture, sugarcane, truck 
crops, urban development

Pearl Harbor Clay22727
Mottled clay surface layer over 

mottled clay subsoil, over muck or 
peat

Very slowVery slow to pondedSlight
Pasture, sugarcane, taro, 

bananas

Waialua Silty Clay (0-3% slope)10512
Silty clay surface layer over subsoil of 

blocky silty clay over mottled silty 
clay substratum

ModerateSlowSlight
Pasture, sugarcane and , 

truck crops

Kaloko Clay9611
Clay surface layer over clay and silt 

clay subsoils
Moderately slow 

to slow
Slow to very slowSlightPasture and sugarcane

Lahaina Silty Clay (7-15% slope)395

Severely eroded silty clay surface 
layer over blocky silty clay and silty 
clay loam subsoil over weathered 

igneous rock substratum

ModerateMediumModerateSugarcane and pineapple

Coral outcrop273Cemented coral or calcareous sandn/an/an/a
Military installations, 

quarries, urban 
development

Mokulei Clay Loam202
Clay loam surface layer over sand 

and loamy sand subsoils
ModerateVery slowSlight

Pasture, sugarcane and 
truck crops

Beaches192Sandy, gravelly or cobbly areasn/an/an/aRecreation

Mokulei Loam182
Clay loam surface layer over sand 

and loamy sand subsoils
ModerateVery slowSlight

Pasture, sugarcane and , 
truck crops

Kaena Clay (2-6% slope)61
Clay surface layer over  clay subsoil 

over highly weathered gravel
SlowSlowSlight

Pasture, sugarcane, 
homesites

Waialua Silty Clay (3-8% slope)51
Silty clay surface layer over subsoil of 

blocky silty clay over mottled silty 
clay substratum

ModerateSlowSlight
Pasture, sugarcane and 

truck crops

Total840100
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Figure 9. Portion of Lyon’s 1878 Government Survey Map of Oahu 
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Figure 10. Land Commission Awards outside Project 
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   Table 3. Summary of Land Commission Awards within Project Area 

LCAClaimantAhupua‘ailiApana 
Claimed

Apana 
Awarded

Other 
Claims

Section 
No.

Land UseBoundary 
North

Boundary 
East

Boundary 
South

Boundary 
West

Date Rec'dGiverAcreageRoyal 
Patent

SourcesComment

235MKailiKawela21House lot, 5 kalo patches
Kauaula's 

land
kohanaiki 

land
Kookoo's 

land
kohanaiki 

land0.41508FT 11: 239
Claimant died in 1849 

and left property to his 
daughter Nahuli

2679*UmeumeKahuku
Punama, 
Mookini, 

 

212
House lot, puna pa‘akai (Brackish 

spring?), two hala treeskulakulakulakula0.25259
NR 3: 679   
FT 10:174

2690*Luiki (Luihi?)KahukuUlupehupehu212House lotLand fenceweed grown 
kula

weed 
grown kula

kulaKam I times0.25339
NR 3: 591-

592                  
FT 10: 164

Lokea's land
Kailiuku's 

land
Kaukaha's 

landNapoe's landKam III times

22 loin/dn/dn/dn/dKam III times
3Open flat landsn/dn/dn/dn/dKam III times

2706HoloaiaKahukuLanahu212House lotkohanaiki 
land

kohanaiki 
land

kohanaiki 
land

kohanaiki 
land

0.25244 FT 10:186His daughter Kaleikini 
is  Holoaia's heir

311House lot
Kaumualii's 

land
Kaukaha's 

land
Malailua's 

land
kohanaiki 

landKam II times0.68000
NR 3: 601-

602                
FT 10:161

2
loi with wauke, sweet potatoes, 

bananas, bitter melon, sugarcane, koa 
trees

2724PakuKawelaKamalua, 
Kumupali

313House lotkohanaiki 
land

kohanaiki 
land

kohanaiki 
land

Kuheleloa's 
land

Kinau0.25514NR 3: 608 
FT 10: 156

2734Paukoa 
(Pakoa)

KawelaOpana1213House lot, 2 loikulakulakulaKookoo's 
land

NR 3: 612, 
FT 10:158

2738*PaluKahuku
Oio, 

Ulupehupehu, 
Ahamau

313House lotkulakulakulakulaKam II times0.25518
NR 3: 614   
FT 10: 183

Property left to his 
widow Iheihei

Kam I times0.38
NR 3: 617-

618                
FT 10:177

11 loiMakole's 
land

Kainalu's 
land

Kainalu's 
land

kohanaiki 
land

2House lotKauahikai's 
land

kulaI's landOcean

2770*MakainoKawelaKeokea2112House lot, 1 loi, 1 fisherykohanaiki 
land

kohanaiki 
land

kohanaiki 
land

kohanaiki 
land

Kam II timesKaeo0.25513NR 3: 628 
FT 10: 155

2775*MalailuaKahuku, 
Punalau

212House lotLand fencehala grovehala grovehala groveKam III times0.25534NR 3: 630   
FT 10:166

2779*MakiloKahuku2Open flat land with bananas and 
wauke

kohanaiki 
land

kohanaiki 
land

kohanaiki 
land

kohanaiki 
land

Kam III times0.75530NR 3: 266   
FT 10: 167

2781*Manukeokeo
Kahuku, 
PunalauUwalakui211

House lot and 4 loi with wauke, 
sweet potatoes, bananas, bitter melonHeea's land

kohanaiki 
landLono's land

Kanahuna's 
land18421.09533

NR 3: 632-
633                  

FT 10: 177

2784*MooKawela212House lot, 4 loiKekua's landKaunahiKuheleloakulaKam I timesmauka's0.13512NR 3: 634, 
FT 10: 156

2835*KuheleloaKawelaOpana21522 loikulakulakulakula0.5514NR 3: 657, 
FT 10: 157

2837*KamakaiKawelaKaunala212House lotseapondsandy 
gulch

Peelalau's 
land

Kaeo0.09507NR 3: 658, 
FT 10:158

2838*KauwahiKawelaKaunala312House lotkohanaiki 
land

kohanaiki 
land

kohanaiki 
land

Paukoa's 
land

Kam I times0.25510NR 3: 368 
FT 10: 159

2850KawiKawelaKumupali111pondMoo's 
house

land fencesea515NR 3: 663, 
FT 10: 155

2861Kaohele
Kahuku, 
Punalau, 

Ulupehupehu
Oio111House lot 

Makoli's 
landkulakula

kohanaiki 
landKam I timesn/dn/d

NR 3: 667-
668                  

FT 10: 153

25 loiMakoli's 
land

kulakulakohanaiki 
land

2868KapaiaalaKahuku212House lotkulakulakulakula0.25531NR 3: 670   
FT 10: 153

Oio3

1

340
NR 3: 595-

596               
FT 10:165

2

Oio2

2716*

2744

HoolaeKahuku
Oio, Lanahu,  

Hanakaoe

2698*Waanui
Kahuku, 

Ulupehupehu

Pakanaka 
(Manaka)Kahuku
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Table 3. Summary of Land Commission Awards within Project Area (cont.) 

2878KekuaKawelaKamooiki3112House lotKauwahi's 
land

Kaunahi's 
land

Kelemana's 
land

kula1842Kaeo0.43515NR 3: 676  
FT 10: 155

2880*KupauKahuku2212Cultivated land planted in sweet 
potato, noni, sugarcane and banana

kohanaiki 
land

pathkohanaiki 
land

kohanaiki 
land

Kam I timesKahahana0.14338NR 3: 675   
FT 10: 164

Liuki also assumes 
claim as Kupau died 
before completion of 

award

2897KookooKawela, 
Punalau

2123 kalo patches, 1 house lotKaili's loikulakulaPeelalau's 
land

Kam I times0.25506NR 3: 683, 
FT 10: 159

2913*Kekua
Kahuku, 
Punalau, 

Ulupehupehu

Aamo, 
Ahamau, 
Mookahi

3112
2 kalo patches with wauke, sweet 

potatoes, bananas, orangesLuiki's land
Napoe's 

landLuiki's landwater courseKam I times0.47337
NR 3: 690-

691               
FT 10: 180

On Kekua's death land 
was left to Luiki

2928*KauihaiwaleKahuku112House lotMala of 
wauke

Taro loikulakulaKam III times0.25251NR 3: 697        
FT 10:168

2936*KauihikaiKahuku, 
Ulupehupehu

Lanihau, 
Uwalakui, 

Oio, 
Hanakaoe

212
House lot, 5 loi with noni, wauke, 

hala, sweet potatoes, bananas, bitter 
melon, sugarcane

kohanaiki 
land

kohanaiki 
land

Keea's landkohanaiki 
land

Kam III times0.52NR 3: 701   
FT 10:186

Kauaihikai died in 1848, 
leaving land to his 

widow Upai

3809
Lokea 

(Waanui)Kahuku
Puaakea, 
Kakala, 

Kalimaloa
111House lot, 7 loiPuu's landHeea's land

Kaukaha's 
land

Pahanui's 
landKam I times0.27334

NR 4: 174   
FT 10:165

Waanui also assumes 
claim as Lokea had died 

before completion of 
award

3815Pailalau 
(Peelalau)

Kawela

Kaneloko, 
Kawelaluna, 
Kalimaloa, 
Hanakaoe

111House lotstone wallKamakai's 
lot

Kamakai's 
lot

stone wallKam II timesKaeo0.1511NR 4: 176,   
FT 10: 170

3958*
Naukuhao 

(Naukuhae)Kahuku
Ahamau, 
Lauhine, 
Kalimaloa

212House lot
kohanaiki 

land
kohanaiki 

land
kohanaiki 

land
kohanaiki 

landKam I timesParents0.25254
NR 4: 200   
FT 10: 151

4341*KaukahaKahuku212House lotPasturekulakulakulaKam I times0.25526NR 4: 266   
FT 11: 320

2679* = Also claimed parcel outside project area but within project area ahupua‘a
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Figure 11. Land Commission Awards within Project Area 
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Figure 12. Portion of Loebenstein's 1890 Map of Kahuku Plantation 
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Figure 13. Portion of Donn's 1902 Map of North Coast of Oahu 
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Figure 14. King's 1928 Map of Kahuku Forest Reserve 
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Figure 15. Portion of 1930 USGS Laie Quadrangle 
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Figure 17. Portion of 1932 U.S. Coast and Geodetic Survey Map of Kahuku Point Area 



 

 
 

33
 

  
w

ay
 b

et
w

ee
n 

Ka
hu

ku
 P

oi
nt

 a
nd

 K
ui

lim
a 

Po
in

t. 
Th

e 
w

al
l a

pp
ea

rs
 t

o 
co

rr
es

po
nd

 w
ith

 o
ne

 in
 t

he
 s

am
e 

lo
ca

tio
n 

de
pi

ct
ed

 o
n 

th
e 

18
90

 L
oe

be
ns

te
in

 m
ap

 (s
ee

 F
ig

ur
e 

12
). 

 
 In

 a
dd

iti
on

 to
 su

ga
rc

an
e,

 p
in

ea
pp

le
s w

er
e 

al
so

 e
xt

en
siv

el
y 

cu
lti

va
te

d 
at

 K
ah

uk
u 

Pl
an

ta
tio

n.
 A

cc
or

di
ng

 to
 N

ak
am

ur
a 

(1
98

1:
13

), 
a 

le
as

e 
w

as
 s

ig
ne

d 
in

 1
91

6 
be

tw
ee

n 
th

e 
pl

an
ta

tio
n 

an
d 

C.
 O

ku
ya

m
a 

w
he

re
by

 O
ku

ya
m

a 
co

nt
ra

ct
ed

 t
o 

le
as

e 
17

1.
5-

ac
re

s 
fo

r $
10

.0
0 

pe
r a

cr
e 

pe
r y

ea
r. 

Fo
llo

w
in

g 
ac

qu
isi

tio
n 

of
 th

e 
le

as
ed

 la
nd

s,
 O

ku
ya

m
a 

en
te

re
d 

in
to

 a
 

re
st

ric
tiv

e 
ag

re
em

en
t w

ith
 th

e 
Ha

w
ai

ia
n 

Pi
ne

ap
pl

e 
Co

m
pa

ny
:  

 O
n 

N
ov

em
be

r 
9,

 1
91

6,
 O

ku
ya

m
a 

sig
ne

d 
a 

“c
ha

tt
el

 m
or

tg
ag

e”
 w

ith
 t

he
 H

aw
ai

ia
n 

Pi
ne

ap
pl

e 
Co

m
pa

ny
 L

im
ite

d 
fo

r a
 fi

na
nc

ia
l a

dv
an

ce
 o

f $
2,

00
0 

an
d 

fu
rt

he
r a

dv
an

ce
s 

no
t t

o 
ex

ce
ed

 $
13

,0
00

. 
O

ku
ya

m
a 

po
ss

ib
ly

 u
se

d 
th

e 
in

iti
al

 $
2,

00
0 

to
 p

ay
 h

is 
fir

st
 y

ea
r’s

 le
as

e 
re

nt
 w

ith
 t

he
 r

em
ai

nd
er

 
us

ed
 t

o 
bu

y 
eq

ui
pm

en
t 

an
d 

su
pp

lie
s.

 In
 a

dd
iti

on
 t

o 
re

pa
ym

en
t 

of
 t

he
 a

dv
an

ce
, O

ku
ya

m
a 

w
as

 
ob

lig
at

ed
 to

 c
on

tr
ac

t t
o 

de
al

 o
nl

y 
w

ith
 th

e 
Ha

w
ai

ia
n 

Pi
ne

ap
pl

e 
Co

. L
td

.  
 Ad

di
tio

na
l s

m
al

le
r 

tr
ac

ts
 o

f l
an

d 
w

er
e 

al
so

 le
as

ed
 to

 p
in

ea
pp

le
 g

ro
w

er
s 

fr
om

 th
e 

O
R&

 L
 R

ai
lro

ad
 C

om
pa

ny
 (i

bi
d.

). 
Th

es
e 

pr
im

ar
ily

 Ja
pa

ne
se

 fa
rm

er
s a

lso
 si

gn
ed

 “
ch

at
te

l m
or

tg
ag

es
” 

w
ith

 th
e 

Ha
w

ai
ia

n 
Pi

ne
ap

pl
e 

Co
m

pa
ny

. B
y 

19
34

, 
a 

to
ta

l o
f 3

8 
m

or
tg

ag
es

 h
ad

 b
ee

n 
sig

ne
d 

be
tw

ee
n 

th
e 

sm
al

l g
ro

w
er

s 
an

d 
th

e 
Ca

lif
or

ni
a 

Pa
ck

in
g 

Co
rp

or
at

io
n 

(C
PC

). 
Fo

llo
w

in
g 

th
e 

ex
pi

ra
tio

n 
of

 th
e 

le
as

es
, t

he
 K

ah
uk

u 
Pl

an
ta

tio
n 

le
as

ed
 la

rg
e 

tr
ac

ts
 o

f l
an

d 
to

 th
e 

CP
C,

 d
riv

in
g 

ou
t t

he
 

sm
al

le
r f

ar
m

er
s.

 T
he

 C
PC

 c
ha

ng
ed

 it
s n

am
e 

to
 th

e 
De

l M
on

te
 C

or
po

ra
tio

n 
in

 1
96

7 
(ib

id
.: 

14
). 

 
 W

or
ld

 W
ar

 II
- K

ah
uk

u 
Ar

m
y 

Ai
rf

ie
ld

 
Po

rt
io

ns
 o

f t
he

 p
la

nt
at

io
n 

w
ith

in
 th

e 
TB

R 
pr

op
er

ty
 w

er
e 

us
ed

 b
y 

th
e 

U
.S

. A
rm

y 
to

 c
on

st
ru

ct
 th

e 
Ka

hu
ku

 A
irf

ie
ld

 in
 

19
42

 (F
ig

ur
e 

18
). 

Th
e 

ai
rf

ie
ld

 e
nc

om
pa

ss
ed

 ru
nw

ay
s,

 ta
xi

w
ay

s,
 re

ve
tm

en
ts

, b
un

ke
rs

 a
nd

 a
rt

ill
er

y 
em

pl
ac

em
en

ts
. A

 
co

m
po

sit
e 

of
 t

hr
ee

 b
lu

ep
rin

t 
sh

ee
ts

 o
f 

th
e 

ai
rb

as
e 

sh
ow

s 
its

 v
ar

io
us

 c
om

po
ne

nt
s 

(F
ig

ur
e 

19
); 

no
te

 t
he

 U
-s

ha
pe

 
re

ve
tm

en
ts

 u
se

d 
fo

r 
ai

rp
la

ne
 s

to
ra

ge
 lo

ca
te

d 
ad

ja
ce

nt
 t

o 
th

e 
ru

nw
ay

s.
  

A 
re

ce
nt

 a
er

ia
l p

ho
to

gr
ap

h 
of

 t
he

 T
BR

 
pr

op
er

ty
 s

ho
w

s 
th

e 
ex

te
nt

 o
f 

th
e 

Ka
hu

ku
 A

rm
y 

Ai
rf

ie
ld

 fa
ci

lit
y 

su
pe

rim
po

se
d 

on
 it

 (
Fi

gu
re

 2
0)

 a
s 

w
el

l a
s 

a 
la

rg
e 

ar
ea

 f
or

 b
ar

ra
ck

s 
an

d 
ot

he
r 

fa
ci

lit
ie

s 
in

la
nd

 o
f 

th
e 

ai
rf

ie
ld

. 
Ac

co
rd

in
g 

to
 F

ig
ur

e 
20

, 
th

e 
ai

rf
ie

ld
 a

nd
 b

ar
ra

ck
s 

oc
cu

pi
ed

 a
pp

ro
xi

m
at

el
y 

19
5 

ac
re

s (
23

%
) o

f t
he

 p
ro

pe
rt

y.
   

 Da
vi

d 
Tr

oj
an

 o
f 

th
e 

Ha
w

ai
ia

n 
Av

ia
tio

n 
Pr

es
er

va
tio

n 
So

ci
et

y 
(T

ro
ja

n,
 n

.d
.) 

pr
es

en
ts

 a
 b

rie
f 

hi
st

or
y 

of
 t

he
 

co
ns

tr
uc

tio
n 

an
d 

us
e 

of
 th

e 
ai

rf
ie

ld
:  

 Th
er

e 
ar

e 
re

fe
re

nc
es

 t
o 

Ka
hu

ku
 a

s 
an

 e
m

er
ge

nc
y 

fie
ld

 d
at

in
g 

to
 t

he
 1

93
0'

s,
 b

ut
 it

 w
as

 n
ot

 u
nt

il 
th

e 
U

ni
te

d 
St

at
es

 e
nt

er
ed

 W
or

ld
 W

ar
 II

 t
ha

t 
th

e 
ai

rf
ie

ld
 w

as
 d

ev
el

op
ed

.  
Ka

hu
ku

 A
rm

y 
Ai

rf
ie

ld
 

w
as

 c
la

ss
ifi

ed
 a

s 
an

 a
ux

ili
ar

y 
fie

ld
 a

nd
 h

ad
 a

 v
er

y 
sh

or
t l

ife
 s

pa
n,

 fr
om

 1
94

2 
un

til
 it

 w
as

 c
lo

se
d 

in
 

th
e 

la
te

 1
94

0'
s.

  G
ro

un
d 

tr
oo

ps
 w

er
e 

st
at

io
ne

d 
in

 t
he

 a
re

a 
to

 p
ro

te
ct

 t
he

 a
irf

ie
ld

 a
nd

 m
an

 t
he

 
sh

or
el

in
e 

fo
rt

ifi
ca

tio
ns

.  
Th

e 
no

rt
he

rn
 ti

p 
of

 O
ah

u 
ha

d 
a 

to
ta

l o
f t

hr
ee

 a
irf

ie
ld

s 
in

 c
lo

se
 p

ro
xi

m
ity

 
du

rin
g 

W
or

ld
 W

ar
 II

. T
he

 K
ah

uk
u 

Po
in

t A
irf

ie
ld

 w
as

 lo
ca

te
d 

ne
ar

 th
e 

tip
 o

f K
ah

uk
u 

Po
in

t, 
an

d 
w

as
 

ev
id

en
tly

 th
e 

m
os

t e
la

bo
ra

te
.  

 Th
e 

Ka
hu

ku
 A

rm
y 

Ai
rf

ie
ld

s 
w

er
e 

us
ed

 f
or

 t
ra

in
in

g 
of

 p
ilo

ts
 f

ro
m

 W
he

el
er

 A
AF

 f
or

 in
st

ru
m

en
t 

fly
in

g 
on

 d
iff

er
en

t 
ty

pe
s 

of
 a

irc
ra

ft
.  

Th
e 

ai
rf

ie
ld

 w
as

 id
ea

l f
or

 t
ra

in
in

g 
be

ca
us

e 
it 

ha
d 

a 
go

od
 

ap
pr

oa
ch

, r
un

w
ay

 le
ng

th
, a

nd
 t

ak
e 

of
f c

le
ar

an
ce

. T
hi

s 
fie

ld
 w

as
 n

ot
 o

ve
r 

po
pu

la
te

d 
lik

e 
Hi

ck
am

 
or

 W
he

el
er

. I
t i

s 
do

cu
m

en
te

d 
th

at
 th

e 
18

th
 A

ir 
ba

se
 G

ro
up

, 4
7t

h 
Pu

rs
ui

t S
qu

ad
ro

n 
w

as
 s

ta
tio

ne
d 

th
er

e 
al

on
g 

w
ith

 B
-2

4s
 a

nd
 B

-1
7s

 t
ha

t 
w

er
e 

ba
se

d 
at

 K
ah

uk
u 

fo
r 

sh
or

t 
pe

rio
ds

 o
f 

tim
e 

du
rin

g 
W

or
ld

 W
ar

 II
. 

 At
 th

e 
en

d 
of

 W
or

ld
 W

ar
 II

, t
he

 m
ili

ta
ry

 re
tu

rn
ed

 th
e 

Ka
hu

ku
 p

ro
pe

rt
y 

to
 it

s 
ow

ne
rs

 w
he

n 
it 

w
as

 
no

 lo
ng

er
 n

ee
de

d 
to

 d
ef

en
d 

O
ah

u 
fr

om
 a

tt
ac

k 
an

d 
al

l t
hr

ee
 o

f t
he

 K
ah

uk
u 

ai
rf

ie
ld

s 
w

er
e 

cl
os

ed
.  

 

 
 

34 

Figure 18. August 20, 1942 Photograph of Kahuku Point Airfield 
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Figure 19. Composite Map of Kahuku Army Airfield (Sheets 2, 3 and 5) 
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Figure 20. Aerial Photograph of Project Area showing Extent of Kahuku Army Airfield 
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Figure 22. 1970 Aerial Photograph of Project Area 
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Figure 23. 1970 Aerial Photograph of Project Area 
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Table 4. Previous Archaeological Work in Project Area Vicinity 

AuthorLand
Study 
Type

Elevation 
(ft)

Historic 
Use

Area (ac)
Total 
Sites

Sites/ 
acre

Total 
Features

Features/ 
acre

Hab. 
Features

Hab. 
Features/ 

acre

Perm. 
Hab. 

Features

Temp. 
Hab. 

Features

Ag. 
Features

Burial 
Features

Historic 
Features

Misc. 
Features

Rogers-Jourdane (1982)KahukuRN0-10
Ranching, 
Sugarcane

45.0000

Dagher (1993), Jourdane 
(1994b)

MalaekahanaBR5?<122.00055.0005

 Collins (1999)KaenaBR5?<111.00011.0001

Komori (1992)KahukuBR5?<111.00011.0001
Jourdane (1994a), Hibbard 

(1997)
KahukuBR5?<111.00021.0002

Davis (1982)KahukuRN5-10Sugarcane1.0000

Haun and Henry (2001b)KaunalaIN5-10?19.1940.2160.3120.104

Sinoto (1981)KahukuIN5-10?103.0010.0110.011

Collins and Nees (2006)OpanaCIA5-10?<100

Calis and Tome (2002)KahukuMN10?1.0000

O'Hare et al. (2004)KahukuDOC10Processing8.0010.12510.1251

Kennedy (1990)KahukuEX10Processing1.2510.80010.8001

Perzinski and Hammatt 
(2001)

KahukuIN15-20?2.0000

Clark (1978), Barrera 
(1979), Schilt (1979), 

Sinoto (1986)

Kahuku and 
Kaena

RS15-20Sugarcane57.30100.175170.29770.12631

Barrera (1981, 1985), 
Walker and Rosendahl 
(1986),  Jensen (1989a), 

Stride et al. (1992), 
Rechtman (2010)

Pahipahilu to 
Malakahana

RN, IN20-800

Ranching, 
Sugarcane

, 
Pineapple
, Military

3310.00370.0111480.045460.0151175722

Farrell and Cleghorn 
(1995)

Ulupehupehu 
and Punalau

IN190-300
Ranching, 
Sugarcane
, Military

18.0010.07271.8027

Hammatt (1996)MalaekahanaRN200Ranching0.5000

3566.94600.202100.48550.0851113171072

IN = Inventory Survey, RN = Reconnaissance Survey, MN = Monitoring Project, EX = Excavation, DOC = Documentation, CIA = Cultural Impact Assessment, BR= Burial Discovery

Total/Average
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Figure 24. Previous Archaeological Work in Project Area Vicinity 

11 = Farrell and Cleghorn (1995)

6 = Rogers-Jourdane (1982)
5 = Davis (1982)
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Figure 25. Location of Previous Archaeological Work in Project Area 
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Table 5. Previous Archaeological Work within Project Area 

Auger TestsTest Units
Backhoe 
Trenches

Exposure 
Examinations

Shovel Tests

McAllister (1933)
Bishop 

Museum
Survey of OahuGeneral Survey

Identified Kukui Pond (Site 262), filled 
in during construciton of Kahuku 

Airfiled

Dye 1977
Bishop 

Museum
Kawela Bay, Kahuku Point, 

Punaho‘olapa Marsh
Reconnaissance11

Identified Kapi Pond (Site 258) 
remnant,  two cultural deposits and 

one poss. cultural deposit

Neller (1984)SHPDKahuku Point
Osteological 
examination

Examination of three sets of human 
remains exposed in dune area

Bath et al. (1984)PHRIKuilima Resort Expansion
Surface and Subsurface 

Testing
12411

Examined 13 survey areas and 
identified four surface features and 

five subsurface deposits
Davis et al. (1986),                 

Corbin (2003)
PHRIPunaho‘olapa Marsh

Subsurface Testing and 
Mapping of Sinkholes

2743
Data recovery excavations in 

Punaho‘lapa Marsh
Walker et al. (1987),           

Corbin (2003)
PHRIKuilima ResortData Recovery Plan43445

Data recovery plan and excavations at 
Kahuku Point and Kawela Bay

Walker et al. (1988a)PHRI
Excavations with Kawela 
Bay Archaeological Area

Subsurface Testing14036

Identified four discrete cultural 
deposit areas  with abundant cultural 

remains numerous subsurface 
features and two burials

Walker et al. (1988b)PHRI
Excavations with Kahuku 

Point Archaeological Area
Subsurface Testing105388

Identified three  discrete cultural 
deposit areas  with abundant cultural 

remains numerous subsurface 
features and three burials

Neller (1989)SHPDKahuku Point
Osteological 
examination

Examination of human remains 
exposed n dune area

Jensen (1989b)PHRIKuilima ResortMitigation Program

Proposed four-phase mitigation 
program for Kawela Bay 
Archaeological Area and 

Punaho‘olapa Marsh
Sullivan (1990, 1991), 

Dunn (1991), Donohue 
(1991), Corbin (2003)

PHRIKuilima Resort
Archaeological 

Monitoring
5302027Identified 14 new sites 

Maly and Rosendhal 
(1992)

PHRIKuilima ResortBurial Treatment Plan
Burial treatment plan for human 

remains noted within project area

Kennedy (1992)ACHKuilima Point BurialsBurial recovery/testing
Examination of human remains noted 

during construciton

Carson et al. (1996, 1999)ACHKuilima Point BurialsBurial recovery/testing 
Examination of human remains noted 

during construciton
Total Excavations44415329217

*  ACH = Archaeological Consultants of the Pacific, PHRI = Paul H. Rosendahl, Inc., SHPD = State Historic Preservation Division

Comment Author
Company/ 

Organization*
LocationStudy Type

Excavations
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Figure 26. Excavations within Kahuku Point Archaeological Area (Site 6411) 
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Figure 28.  Excavations within Kawela Bay Archaeological Area (Site 6410) 

0

0100

300600

200300m

900ft

N
or

thA3  = Core with possible or secondary cultural layer

A4 = Core with cultural layer

B2 = Core with no cultural layers

3 = Test Unit

Walker et al. (1988a) Excavations

A1

A2

A3

A4
A5

B11

B1

B4

B2

B3

B5B7

B6

B8

B9

B10

C1

C4

C5

C8

C7

C6

D1
D2

D3

D4

D5

D6

D7

E1

E2

E3
E4

E8
E7

E6

E5E10

E13

E14

E15

E3E12

E11

F4

F2

F1

F3

G4G1

G2

G3

H2

H3

H1 H6
H7

H5

H4

I3
I2

I1I4

J3J2J1
J4

J5

K1 K2
K3

K4

K5 K7
K6

K9
K8 K10 K11

K12

K13

K14

L1
L2

L3

M4 M2

M1
M3

M5
M6

M7
M8

M9

M10

N4N3

N2

N1

O1

O2
O3

O4

O5

P2

P4P11
P12

P13

P14

Q3
Q2

Q1

R5

R4

R1
R3

R2

S1

S2

S4S3

S6

S5

S7

V1

V3

V2

U1
U2

231216

33

30
2913

32

15

14
20
18

17

36
2122

24

4

1
2

3

28

6

5
8

27

26

9

11

Kamehameha Highway

Kawela Bay

LCA 2724:3 LCA 2835:3

LCA 2838:2

LCA 2734:3

LCA 2878:2

LCA 2770:2

LCA 2784:2

LCA 2850:1

LCA 2837:2

LCA 3815:1

LCA 2897:2

Site 5791

Marshy Area

(see Inset A)

Area B

Area C
(see Inset B)

Burial 1

Burial 5,6,9

Burial 3,4

Burial 2

Survey Area 2

Survey Area 1

46N/40E
50N/46E

52N/46E
53N/46E

53N/45E
55N/45E
56N/45E

51N/47E
51N/48E
50N/50E

53N/47E
54N/49E

53N/48E

56N/46E55N/46E
55N/47E

BT-2
40N/50E36N/56E

BT-1

56N/76E

50N/78E

54N/58E

P7
P6

10

P5

P3

P1

25
7

P10

32N/66E

38N/70E

P9

P8

Railroad Grade

Area A

Inset A

P1

25

38N/70E

Walker et al. (1988a) Core with Cultural Material
Walker et al. (1988a) Test Unit

Corbin (2003) Test Unit

Area A

J I
H

G

A

F

D

E

K
L

BC

E
Corbin (2003) Core

C3

46N
46E

46N
44E

46N
42E

46N
40E

48N
44E

48N
42E

48N
40E

48N
48E

46N
38E

48N
38E

50N
38E

50N
42E

50N
40E

44N
40E

44N
38E

42N
40E

42N
38E

40N
40E

40N
38E

South Trench

West Trench

North Trench

C2

35

34

19

31

Area D

Inset B

C2Walker et al. (1988a) Core with Cultural Material

Walker et al. (1988a) Test Unit

Corbin (2003) Test Unit
48N
48E

C3Walker et al. (1988a) Core with no Cultural Material

31

Area D

1

101

3

2

163

102

103
4

5

6

7

8

108

105
106

107

104

Bath et al. (1984)

Bath et al. (1984)
Survey Area 3

9

109
111

10 112

110

48

49
162

161

159

47

160

Bath et al. (1984)
Site T-6

46

45

158

157

156
44

104

Bath et al. (1984) Excavations
= Core with no cultural layers

159= Core with cultural layers

(Former extent)

Bath et al. (1984)
Survey Area 1 Site 6410

Site 6410

Site 6410

Site 6410

Site 6410Site 6410

 

 
 

54
 

 In
 Ja

nu
ar

y 
an

d 
Fe

br
ua

ry
 o

f 1
98

6,
 P

HR
I (

W
al

ke
r e

t a
l. 

19
88

a)
 u

nd
er

to
ok

 a
 su

rv
ey

 a
t t

he
 B

at
h 

et
 a

l. 
(1

98
4)

 S
ite

 T
-6

 a
t 

Ka
w

el
a 

Ba
y.

 T
he

 s
ite

 w
as

 n
am

ed
 th

e 
Ka

w
el

a 
Ba

y 
Ar

ch
ae

ol
og

ic
al

 A
re

a 
an

d 
as

sig
ne

d 
th

e 
BP

BM
 S

ite
 N

o.
 5

0-
O

a-
28

99
. 

Th
e 

sit
e 

w
as

 s
ub

se
qu

en
tly

 a
ss

ig
ne

d 
SI

HP
 S

ite
 N

o.
 6

41
0 

an
d 

w
as

 d
et

er
m

in
ed

 t
o 

be
 e

lig
ib

le
 fo

r 
no

m
in

at
io

n 
to

 t
he

 
N

RH
P 

in
 a

n 
Au

gu
st

 1
3,

 1
98

5 
le

tt
er

 f
ro

m
 S

us
um

u 
O

no
 o

f 
SH

PD
 t

o 
Ev

er
et

t 
A.

 F
la

nd
er

s 
of

 t
he

 U
.S

. A
rm

y 
En

gi
ne

er
 

Di
st

ric
t. 

 
 W

al
ke

r 
et

 a
l. 

(1
98

8a
) 

ex
ca

va
te

d 
14

0 
au

ge
r 

co
re

s 
an

d 
36

 t
es

t 
un

its
 a

lo
ng

 t
he

 e
as

t 
sid

e 
of

 K
aw

el
a 

Ba
y 

an
d 

th
e 

sh
or

el
in

e 
to

 t
he

 n
or

th
 (

se
e 

Fi
gu

re
 2

8)
. T

he
 t

es
tin

g 
ef

fo
rt

 e
xt

en
de

d 
in

la
nd

 f
ro

m
 t

he
 c

oa
st

 a
pp

ro
xi

m
at

el
y 

30
0 

m
. 

Cu
ltu

ra
l d

ep
os

its
 w

er
e 

id
en

tif
ie

d 
in

 6
4 

co
re

s,
 p

rim
ar

ily
 in

 c
or

es
 lo

ca
te

d 
se

aw
ar

d 
of

 a
 d

irt
 r

oa
d 

th
at

 p
ar

al
le

le
d 

th
e 

be
ac

h.
 T

hi
rt

y-
six

 te
st

 u
ni

ts
 w

er
e 

ex
ca

va
te

d 
al

on
g 

th
e 

sh
or

el
in

e 
to

 d
ef

in
e 

fo
ur

 c
ul

tu
ra

l d
ep

os
its

, d
es

ig
na

te
d 

A-
D 

(s
ee

 
Fi

gu
re

 2
8)

. A
re

a 
A 

is 
on

 th
e 

ea
st

-c
en

tr
al

 p
or

tio
n 

of
 th

e 
ba

y,
 A

re
a 

B 
is 

on
 th

e 
ea

st
 si

de
 o

f t
he

 b
ay

, a
nd

 A
re

as
 C

 a
nd

 D
 

ar
e 

on
 th

e 
sh

or
el

in
e 

no
rt

h 
of

 th
e 

ba
y.

 L
ar

ge
 q

ua
nt

iti
es

 o
f f

oo
d 

re
m

ai
ns

 c
on

sis
tin

g 
of

 m
ar

in
e 

sh
el

ls 
an

d 
bo

ne
s 

(b
ird

, 
fis

h,
 a

nd
 m

am
m

al
), 

an
d 

45
4 

ar
tif

ac
ts

 o
f 

sh
el

l, 
bo

ne
 a

nd
 s

to
ne

 w
er

e 
re

co
ve

re
d 

fr
om

 t
he

 e
xc

av
at

io
ns

. 
 T

he
 

ex
ca

va
tio

ns
 a

lso
 d

oc
um

en
te

d 
50

 s
ub

su
rf

ac
e 

fe
at

ur
es

 in
cl

ud
in

g 
po

st
 m

ol
ds

, r
oc

k 
al

ig
nm

en
ts

, f
ire

 p
its

, a
sh

 le
ns

es
 

an
d 

ch
ar

co
al

 l
en

se
s.

 S
ev

er
al

 h
ist

or
ic

 a
rt

ifa
ct

s 
w

er
e 

re
co

ve
re

d 
an

d 
ch

ar
co

al
 s

am
pl

es
 f

ro
m

 1
7 

lo
ca

tio
ns

 w
er

e 
su

bm
itt

ed
 fo

r r
ad

io
m

et
ric

 a
ge

 d
et

er
m

in
at

io
n.

  
 W

al
ke

r e
t a

l. 
(1

98
8a

: 6
7-

69
) d

oc
um

en
te

d 
hu

m
an

 r
em

ai
ns

 in
 tw

o 
lo

ca
tio

ns
. A

 s
to

ne
-li

ne
d 

bu
ria

l c
ist

 w
as

 id
en

tif
ie

d 
in

 T
U

-2
0,

 b
et

w
ee

n 
De

po
sit

 A
re

as
 C

 a
nd

 D
. T

he
 c

ist
 w

as
 e

nc
ou

nt
er

ed
 a

t t
he

 b
as

e 
of

 th
e 

ex
ca

va
tio

n 
un

it,
 c

ap
pe

d 
by

 
la

rg
e 

lim
es

to
ne

 s
la

bs
. 

A 
co

m
pl

et
e 

hu
m

an
 s

ke
le

to
n 

(B
ur

ia
l 

1)
 w

as
 i

nt
er

re
d 

w
ith

in
 t

he
 c

ist
. 

Th
e 

bu
ria

l 
ci

st
 

co
rr

es
po

nd
s 

to
 t

he
 lo

ca
tio

n 
of

 t
he

 “
na

tu
ra

l s
ol

ut
io

n 
ca

vi
ty

” 
w

he
re

 B
at

h 
et

 a
l. 

(1
98

4)
 d

isc
ov

er
ed

 a
 h

um
an

 b
on

e 
fr

ag
m

en
t 

in
 a

n 
au

ge
r 

te
st

 (
TU

-1
12

). 
A 

su
bs

ur
fa

ce
 p

it 
(H

F 
45

) 
w

as
 i

de
nt

ifi
ed

 i
n 

Te
st

 U
ni

t 
9 

(T
U

-9
), 

sit
ua

te
d 

so
ut

hw
es

t o
f D

ep
os

it 
Ar

ea
 A

. H
um

an
 re

m
ai

ns
 (B

ur
ia

l 2
) w

er
e 

pr
es

en
t w

ith
in

 th
e 

pi
t. 

Bo
th

 th
e 

ci
st

 b
ur

ia
l a

nd
 th

e 
pi

t 
bu

ria
l w

er
e 

le
ft

 in
 p

la
ce

 a
nd

 t
he

 e
xc

av
at

io
ns

 w
er

e 
ba

ck
fil

le
d.

 S
ub

se
qu

en
tly

, 
in

 1
99

0 
or

 1
99

1,
 t

he
 b

ur
ia

ls 
w

er
e 

m
ov

ed
. 

 Fr
om

 M
ar

ch
 to

 A
pr

il 
of

 1
98

6,
 P

HR
I c

on
du

ct
ed

 te
st

 e
xc

av
at

io
ns

 a
t t

he
 K

ah
uk

u 
Po

in
t A

rc
ha

eo
lo

gi
ca

l A
re

a 
(W

al
ke

r e
t 

al
. 1

98
8b

; s
ee

 F
ig

ur
e 

26
). 

Th
is

 a
re

a 
co

rr
es

po
nd

s 
to

 S
ite

 5
0-

O
a-

F4
-1

4 
re

co
rd

ed
 b

y 
Dy

e 
(1

97
7)

 a
nd

 w
as

 s
ub

je
ct

ed
 to

 
au

ge
r c

or
in

g 
by

 B
at

h 
et

 a
l. 

(1
98

4)
. T

he
 a

re
a 

ex
am

in
ed

 b
y 

Ba
th

 e
t a

l. 
(1

98
4)

 e
as

t o
f K

ah
uk

u 
Po

in
t d

es
ig

na
te

d 
as

 S
ite

 
T-

1,
 a

nd
 S

ite
 5

0-
O

a-
F4

-1
4 

on
 t

he
 e

as
t 

sid
e 

of
 K

ah
uk

u 
Po

in
t 

w
er

e 
co

m
bi

ne
d 

in
to

 a
 s

in
gl

e 
sit

e 
by

 W
al

ke
r 

et
 a

l. 
(1

99
8b

), 
de

sig
na

te
d 

Si
te

 5
0-

O
a-

29
11

. T
hi

s s
ite

 w
as

 su
bs

eq
ue

nt
ly

 d
es

ig
na

te
d 

SI
HP

 S
ite

 6
41

1.
 

 W
al

ke
r 

et
 a

l. 
(1

99
8b

) d
oc

um
en

te
d 

ei
gh

t 
st

ra
tig

ra
ph

ic
 e

xp
os

ur
es

 in
 t

he
 d

un
es

 a
t 

Ka
hu

ku
 P

oi
nt

 a
nd

 e
xc

av
at

ed
 1

05
 

au
ge

r c
or

es
 a

nd
 3

8 
te

st
 u

ni
ts

 th
er

e.
 T

he
 c

or
es

 e
xt

en
de

d 
fr

om
 th

e 
co

as
t u

p 
to

 1
00

 m
 in

la
nd

. C
ul

tu
ra

l d
ep

os
its

 w
er

e 
id

en
tif

ie
d 

in
 2

0 
of

 t
he

 c
or

es
, 

al
l w

ith
in

 5
0 

m
 o

f 
th

e 
co

as
t. 

Th
es

e 
de

po
sit

s 
w

er
e 

no
te

d 
in

 t
hr

ee
 d

isc
re

te
 a

re
as

 
de

sig
na

te
d 

Ar
ea

s A
-C

. A
re

a 
A 

is 
lo

ca
te

d 
on

 th
e 

w
es

t s
id

e 
of

 K
ah

uk
u 

Po
in

t, 
Ar

ea
 B

 e
as

t o
f t

he
 p

oi
nt

 a
nd

 A
re

a 
C 

w
es

t 
of

 A
re

a 
A 

(s
ee

 F
ig

ur
e 

26
). 

 
 Th

e 
te

st
 u

ni
ts

 w
er

e 
ex

ca
va

te
d 

in
 th

e 
th

re
e 

ar
ea

s.
 E

xc
av

at
io

n 
yi

el
de

d 
fo

od
 r

em
ai

ns
 c

on
sis

tin
g 

of
 m

ar
in

e 
sh

el
ls 

an
d 

bo
ne

s 
(b

ird
, f

ish
 a

nd
 m

am
m

al
); 

st
on

e,
 s

he
ll 

an
d 

bo
ne

 a
rt

ifa
ct

s;
 a

nd
 4

4 
su

bs
ur

fa
ce

 fe
at

ur
es

 in
cl

ud
in

g 
po

st
 m

ol
ds

, 
ch

ar
co

al
 c

on
ce

nt
ra

tio
ns

 a
nd

 fi
re

 p
its

. C
ha

rc
oa

l s
am

pl
es

 c
ol

le
ct

ed
 fr

om
 2

1 
lo

ca
tio

ns
 w

er
e 

su
bm

itt
ed

 fo
r r

ad
io

m
et

ric
 

ag
e 

de
te

rm
in

at
io

n.
 T

hr
ee

 h
um

an
 b

ur
ia

ls 
w

er
e 

id
en

tif
ie

d 
du

rin
g 

th
e 

te
st

 u
ni

t 
ex

ca
va

tio
ns

. 
Tw

o 
bu

ria
l 

pi
ts

, 
de

sig
na

te
d 

Bu
ria

l 1
9,

 w
er

e 
id

en
tif

ie
d 

in
 T

U
-2

 in
 A

re
a 

B 
an

d 
on

e 
bu

ria
l p

it 
w

as
 in

de
nt

ifi
ed

 in
 T

U
-2

4 
in

 A
re

a 
A 

(B
ur

ia
l 

18
). 

Th
e 

bu
ria

ls 
w

er
e 

le
ft

 in
 p

la
ce

 a
nd

 th
e 

un
its

 w
er

e 
ba

ck
fil

le
d.

 
 Co

nc
ur

re
nt

 w
ith

 t
he

 W
al

ke
r 

et
 a

l. 
(1

98
8b

) 
su

rv
ey

 a
t 

Ka
hu

ku
 P

oi
nt

, P
HR

I a
lso

 u
nd

er
to

ok
 t

es
tin

g 
at

 P
un

ah
o‘

ol
ap

a 
M

ar
sh

 (D
av

is 
et

 a
l. 

19
86

; s
ee

 F
ig

ur
e 

27
). 

Th
is 

ar
ea

 w
as

 p
re

vi
ou

sly
 d

oc
um

en
te

d 
as

 S
ite

 5
0-

O
a-

F4
-1

5 
by

 D
ye

 (1
97

7)
 

an
d 

po
rt

io
ns

 w
er

e 
te

st
ed

 b
y 

Ba
th

 e
t a

l. 
(1

98
4)

 in
 S

ur
ve

y 
Ar

ea
 9

. D
ur

in
g 

th
e 

Da
vi

s e
t a

l. 
(1

98
6)

 st
ud

y,
 th

e 
m

ar
sh

 w
as

 
de

sig
na

te
d 

BP
BM

 S
ite

 5
0-

O
a-

29
12

; 
th

e 
sit

e 
w

as
 s

ub
se

qu
en

tly
 d

es
ig

na
te

d 
SI

HP
 S

ite
 6

41
2.

 D
av

is 
et

 a
l. 

(1
98

6)
 

re
le

as
ed

 a
 p

re
lim

in
ar

y 
re

po
rt

 o
f t

he
 te

st
in

g 
re

su
lts

 a
nd

 th
e 

fu
ll 

de
sc

rip
tiv

e 
ac

co
un

t o
f t

he
 w

or
k 

w
as

 in
cl

ud
ed

 in
 th

e 
Ar

ch
ae

ol
og

ic
al

 M
iti

ga
tio

n 
Re

po
rt

 fo
r t

he
 K

ui
lim

a 
Re

so
rt

 E
xp

an
sio

n 
Pr

oj
ec

t (
Co

rb
in

 2
00

3)
.  

 



 

 
 

55
 

Ac
co

rd
in

g 
to

 C
or

bi
n 

(2
00

3:
19

3)
, i

ni
tia

l e
xa

m
in

at
io

n 
of

 t
he

 m
ar

sh
 a

re
a 

id
en

tif
ie

d 
th

re
e 

la
rg

e 
lim

es
to

ne
 s

in
kh

ol
es

 
an

d 
se

ve
ra

l a
ss

oc
ia

te
d 

w
al

ls 
in

 th
e 

vi
ci

ni
ty

 o
f t

he
 B

at
h 

et
 a

l. 
(1

98
4)

 S
ur

ve
y 

Ar
ea

 8
. T

he
 s

in
kh

ol
es

 v
ar

ie
d 

in
 s

ize
 fr

om
 

5.
0 

to
 1

5.
0 

m
 a

nd
 in

 d
ep

th
 fr

om
 2

.0
 t

o 
3.

0 
m

. T
he

 la
rg

es
t 

w
as

 p
ar

tia
lly

 fi
lle

d 
w

ith
 a

llu
vi

um
. T

he
 s

ec
on

d 
sin

kh
ol

e 
ha

d 
be

en
 u

se
d 

as
 a

 tr
as

h 
du

m
p 

an
d 

co
nt

ai
ne

d 
ru

st
ed

 m
et

al
, b

ot
tle

s 
an

d 
ja

rs
 d

at
in

g 
be

tw
ee

n 
th

e 
18

70
s 

an
d 

18
90

s.
 

Th
e 

flo
or

 o
f t

he
 th

ird
 si

nk
ho

le
 w

as
 fl

oo
de

d.
  

 Fo
ur

 te
st

 u
ni

ts
 w

er
e 

ex
ca

va
te

d 
at

 th
e 

sin
kh

ol
es

. T
w

o 
te

st
 u

ni
ts

 w
er

e 
ex

ca
va

te
d 

w
ith

in
 th

e 
la

rg
es

t s
in

kh
ol

e 
(U

ni
ts

 1
 

an
d 

4)
, o

ne
 w

as
 e

xc
av

at
ed

 in
 th

e 
sin

k 
us

ed
 a

s 
a 

du
m

p 
(T

U
-2

) a
nd

 o
ne

 w
as

 lo
ca

te
d 

ad
ja

ce
nt

 to
 th

e 
w

at
er

-fi
lle

d 
sin

k 
ne

xt
 to

 a
 s

to
ne

 w
al

l (
TU

-3
). 

 A
cc

or
di

ng
 to

 C
or

bi
n 

(2
00

3:
19

7)
, “

th
es

e 
te

st
 u

ni
ts

 a
pp

ea
r t

o 
ha

ve
 b

ee
n 

ex
ca

va
te

d 
in

to
 

a 
ge

ne
ra

lly
 h

ea
vi

ly
 d

ist
ur

be
d 

ar
ea

, a
s 

ev
id

en
ce

d 
by

 s
ur

fa
ce

 a
nd

 s
ub

su
rf

ac
e 

hi
st

or
ic

 a
rt

ifa
ct

s,
 t

ra
sh

 in
 s

ub
su

rf
ac

e 
la

ye
rs

 a
nd

 b
ul

ld
oz

er
 tr

ac
ks

 in
 th

e 
ar

ea
”.

 
 Ad

di
tio

na
l s

ub
su

rf
ac

e 
te

st
in

g 
un

de
rt

ak
en

 b
y 

Da
vi

s 
et

 a
l. 

(1
98

6)
 in

cl
ud

ed
 th

re
e 

ba
ck

ho
e 

tr
en

ch
es

 a
nd

 2
7 

se
di

m
en

t 
co

re
s 

ob
ta

in
ed

 w
ith

 a
 m

od
ifi

ed
 L

iv
in

gs
to

n 
co

rin
g 

de
vi

ce
 u

se
d 

fo
r 

sa
m

pl
in

g 
su

bm
er

ge
d 

se
di

m
en

ts
. 

Th
e 

ty
pi

ca
l 

st
ra

tig
ra

ph
y 

ob
se

rv
ed

 in
 th

e 
co

re
s c

on
sis

te
d 

of
 se

ve
n 

st
ra

ta
 o

ve
rly

in
g 

lim
es

to
ne

 b
ed

ro
ck

. T
hr

ee
 m

aj
or

 st
ra

tig
ra

ph
ic

 
un

its
 w

er
e 

de
fin

ed
: (

1)
 a

 1
.0

 to
 1

.5
 m

 th
ic

k 
or

ga
ni

c 
ro

ot
 a

nd
 rh

izo
m

e 
m

at
 s

ub
m

er
ge

d 
un

de
r 0

.1
 to

 0
.2

 m
 o

f w
at

er
, 

(2
) 

an
 u

nc
on

so
lid

at
ed

 p
ea

t-
lik

e 
or

ga
ni

c 
de

po
sit

 3
-3

.5
 m

 t
hi

ck
, a

nd
 (

3)
 a

 0
.0

4 
to

 0
.1

 m
 t

hi
ck

 la
ye

r 
of

 “
di

ag
en

et
ic

 
ca

rb
on

at
e 

sil
t”

 o
ve

rly
in

g 
lim

es
to

ne
 b

ed
ro

ck
 (

Co
rb

in
 2

00
3:

 2
02

). 
Ch

ar
co

al
 w

as
 c

ol
le

ct
ed

 f
ro

m
 t

hr
ee

 o
f 

th
e 

co
re

s 
(A

1,
 B

1 
an

d 
B3

). 
 Th

e 
th

re
e 

ba
ck

ho
e 

tr
en

ch
es

 w
er

e 
ex

ca
va

te
d 

ar
ou

nd
 th

e 
pe

rim
et

er
 o

f t
he

 m
ar

sh
. T

he
se

 e
xc

av
at

io
ns

 r
ev

ea
le

d 
fiv

e 
to

 n
in

e 
la

ye
rs

 o
f c

la
ys

 to
 p

ea
ty

 c
la

y 
de

po
sit

s 
an

d 
w

er
e 

te
rm

in
at

ed
 w

ith
in

 th
e 

w
at

er
 ta

bl
e.

 L
an

d 
sn

ai
ls 

an
d 

ch
ar

co
al

 
w

er
e 

pr
es

en
t 

in
 a

ll 
th

re
e 

of
 t

he
 b

ac
kh

oe
 t

re
nc

he
s.

 T
w

el
ve

 c
ha

rc
oa

l s
am

pl
es

 w
er

e 
su

bm
itt

ed
 fo

r 
ra

di
om

et
ric

 a
ge

 
de

te
rm

in
at

io
n,

 n
in

e 
fr

om
 th

e 
ba

ck
ho

e 
tr

en
ch

es
 a

nd
 th

re
e 

fr
om

 th
e 

co
re

s.
 T

w
o 

hu
nd

re
d 

an
d 

tw
en

ty
 p

ol
le

n 
sa

m
pl

es
 

w
er

e 
su

bm
itt

ed
 fo

r a
na

ly
sis

 fr
om

 tw
o 

of
 th

e 
tr

en
ch

es
 a

nd
 a

ll 
of

 th
e 

co
re

s.
 T

he
se

 s
am

pl
es

 y
ie

ld
ed

 a
 “

re
co

rd
 o

f t
he

 
ve

ge
ta

tio
n 

fo
r t

he
 p

as
t 7

,0
00

 y
ea

rs
 o

f f
or

 th
is 

ar
ea

 o
f t

he
 K

ah
uk

u 
pl

ai
n 

of
 n

or
th

ea
st

er
n 

O
ah

u”
 (i

bi
d.

:2
09

). 
 B

as
ed

 o
n 

th
e 

te
st

in
g 

w
ith

 t
he

 m
ar

sh
, 

Co
rb

in
 s

ta
te

s,
 “

…
pr

eh
ist

or
ic

al
ly

, 
th

e 
m

ar
sh

 m
ay

 h
av

e 
su

pp
or

te
d 

a 
m

or
e 

op
en

 a
nd

 
w

et
te

r e
nv

iro
nm

en
t t

ha
n 

at
 p

re
se

nt
, w

ith
 lo

ul
u 

pa
lm

s [
Pr

itc
ha

rd
ia

] b
ei

ng
 a

 d
om

in
an

t e
le

m
en

t”
 (i

bi
d.

:2
10

). 
 

 In
 1

98
7 

W
al

ke
r 

et
 a

l. 
(1

98
7)

 p
re

pa
re

d 
a 

Da
ta

 R
ec

ov
er

y 
Pl

an
 (D

RP
) f

or
 th

e 
Ku

ili
m

a 
Re

so
rt

, t
o 

m
iti

ga
te

 S
ite

 2
89

9 
at

 
Ka

w
el

a 
Ba

y 
an

d 
Si

te
 2

91
1 

at
 K

ah
uk

u 
Po

in
t. 

Th
es

e 
sit

es
 w

er
e 

su
bs

eq
ue

nt
ly

 a
ss

ig
ne

d 
SI

HP
 S

ite
s 

64
10

 a
nd

 6
41

1,
 

re
sp

ec
tiv

el
y.

 T
hr

ee
 re

se
ar

ch
 q

ue
st

io
ns

 w
er

e 
pr

op
os

ed
 to

 g
ui

de
 th

e 
da

ta
 re

co
ve

ry
 w

or
k:

 
 

1.
 

W
ha

t i
s t

he
 n

at
ur

e 
of

 th
e 

in
tr

a-
sit

e 
sp

at
ia

l o
rg

an
iza

tio
n 

or
 si

te
 st

ru
ct

ur
e?

 
2.

 
W

ha
t i

s t
he

 so
ci

al
 c

om
po

sit
io

n 
(a

ge
, s

ex
 a

nd
 re

la
tiv

e 
so

ci
al

 st
at

us
) o

f t
he

 si
te

 o
cc

up
an

ts
? 

an
d;

 
3.

 
W

ha
t i

s t
he

 n
at

ur
e 

an
d 

se
qu

en
ce

 o
f s

ite
 o

cc
up

at
io

n?
 

 W
al

ke
r e

t a
l. 

(1
98

7)
 p

ro
po

se
d 

ex
ca

va
tio

n 
of

 s
ix

 b
ac

kh
oe

 tr
en

ch
es

 a
t t

he
 K

aw
el

a 
Ba

y 
Si

te
 (6

41
0)

, w
ith

 tw
o 

tr
en

ch
es

 
in

 A
re

a 
A 

an
d 

fo
ur

 w
ith

in
 A

re
a 

D.
 A

 s
im

ila
r 

ap
pr

oa
ch

 w
as

 p
ro

po
se

d 
fo

r 
th

e 
ex

ca
va

tio
ns

 a
t 

th
e 

Ka
hu

ku
 P

oi
nt

 S
ite

 
(6

41
1)

. A
dd

iti
on

al
ly

 it
 w

as
 p

ro
po

se
d 

th
at

 e
xc

av
at

io
ns

 b
e 

un
de

rt
ak

en
 in

 a
 s

m
al

l m
ar

sh
 in

la
nd

 o
f K

aw
el

a 
Ba

y 
an

d 
at

 
th

e 
bu

rie
d 

Ku
ki

o 
Po

nd
 a

t K
ah

uk
u 

Po
in

t. 
 

 Th
is 

da
ta

 re
co

ve
ry

 w
or

k 
fie

ld
w

or
k 

co
m

m
en

ce
d 

in
 N

ov
em

be
r 1

99
0 

sh
or

tly
 a

ft
er

 S
HP

D 
ap

pr
ov

al
 o

f t
he

 W
al

ke
r e

t a
l. 

(1
98

7)
 D

RP
 a

nd
 w

as
 c

om
pl

et
ed

 in
 Ju

ly
 1

99
1;

 h
ow

ev
er

, a
na

ly
sis

 a
nd

 re
po

rt
in

g 
of

 th
e 

w
or

k 
w

as
 su

sp
en

de
d 

fo
r n

ea
rly

 
a 

de
ca

de
 a

nd
 w

as
 n

ot
 c

om
pl

et
ed

 u
nt

il 
20

03
. 

Th
e 

da
ta

 r
ec

ov
er

y 
fin

di
ng

s 
w

er
e 

re
po

rt
ed

 i
n 

th
e 

Co
rb

in
 (

20
03

) 
Ar

ch
ae

ol
og

ic
al

 M
iti

ga
tio

n 
Re

po
rt

 fo
r 

th
e 

Ku
ili

m
a 

Re
so

rt
 E

xp
an

sio
n 

Pr
oj

ec
t. 

Ac
co

rd
in

g 
to

 C
or

bi
n 

th
e 

da
ta

 r
ec

ov
er

y 
fie

ld
 w

or
k 

in
cl

ud
ed

 e
xc

av
at

io
n 

of
 4

4 
ex

ca
va

tio
n 

un
its

 to
ta

lin
g 

10
2 

sq
 m

 in
 e

xt
en

t, 
5 

ba
ck

ho
e 

tr
en

ch
es

 a
nd

 4
0 

au
ge

r 
co

re
s (

se
e 

Fi
gu

re
 2

8)
. 

 Th
e 

ex
ca

va
tio

ns
 a

t 
th

e 
Si

te
 6

41
0,

 K
aw

el
a 

Ba
y 

Ar
ch

ae
ol

og
ic

al
 A

re
a 

co
ns

ist
ed

 o
f 4

2 
ex

ca
va

tio
n 

un
its

 (9
9.

94
 s

q 
m

), 
fiv

e 
ba

ck
ho

e 
tr

en
ch

es
 a

nd
 1

2 
au

ge
r c

or
es

. T
w

en
ty

-t
hr

ee
 o

f t
he

 e
xc

av
at

io
n 

un
its

 a
nd

 tw
o 

of
 th

e 
ba

ck
ho

e 
tr

en
ch

es
 

w
er

e 
sit

ua
te

d 
w

ith
in

 A
re

a 
A.

 T
he

se
 e

xc
av

at
io

ns
 re

ve
al

ed
 a

 s
tr

at
ifi

ed
 s

ub
su

rf
ac

e 
cu

ltu
ra

l d
ep

os
it 

th
at

 e
nc

om
pa

ss
ed

 

 

 
 

56
 

an
 a

re
a 

60
 m

 lo
ng

 b
y 

46
 m

 w
id

e.
 F

ift
y 

he
ar

th
 fe

at
ur

es
 a

nd
 8

 p
os

th
ol

es
 w

er
e 

do
cu

m
en

te
d,

 a
nd

 a
 la

rg
e 

as
se

m
bl

ag
e 

of
 su

bs
ist

en
ce

 re
m

ai
ns

 a
nd

 a
rt

ifa
ct

s w
as

 re
co

ve
re

d 
fo

r a
na

ly
sis

.  
 Th

e 
re

m
ai

ni
ng

 1
9 

ex
ca

va
tio

n 
un

its
 a

nd
 th

re
e 

tr
en

ch
es

 w
er

e 
ex

ca
va

te
d 

in
 A

re
a 

D.
 T

he
se

 e
xc

av
at

io
ns

 in
di

ca
te

 t
ha

t 
Ar

ea
 D

 is
 c

. 6
0 

m
 lo

ng
 b

y 
30

 m
 w

id
e 

an
d 

al
so

 c
ha

ra
ct

er
ize

d 
by

 st
ra

tif
ie

d 
cu

ltu
ra

l d
ep

os
its

. E
xc

av
at

io
ns

 d
oc

um
en

te
d 

63
 h

ea
rt

hs
 a

nd
 e

ar
th

 o
ve

ns
 (

im
u)

 a
nd

 8
0 

po
st

ho
le

s.
 L

ar
ge

 q
ua

nt
iti

es
 o

f 
su

bs
ist

en
ce

 r
em

ai
ns

 a
nd

 a
rt

ifa
ct

s 
w

er
e 

re
co

ve
re

d.
  

 Tw
el

ve
 a

ug
er

 c
or

es
 w

er
e 

ex
ca

va
te

d 
in

 a
 m

ar
sh

y 
ar

ea
 in

la
nd

 o
f t

he
 n

or
th

er
n 

en
d 

of
 K

aw
el

a 
Ba

y.
  T

he
 a

re
a 

w
as

 th
e 

re
po

rt
ed

 lo
ca

tio
n 

of
 W

ai
kū

 P
on

d,
 d

ep
ic

te
d 

in
 F

ig
ur

e 
8.

 T
he

 c
or

in
g 

w
as

 u
nd

er
ta

ke
n 

to
 id

en
tif

y 
ev

id
en

ce
 o

f 
pr

e-
co

nt
ac

t 
ag

ric
ul

tu
ra

l u
se

 o
f t

he
 m

ar
sh

y 
ar

ea
; h

ow
ev

er
, i

t 
w

as
 d

et
er

m
in

ed
 t

ha
t 

th
e 

m
ar

sh
 w

as
 a

 s
in

kh
ol

e 
th

at
 h

ad
 

be
en

 fi
lle

d 
in

 a
nd

 c
om

pa
ct

ed
 b

y 
co

nt
ra

ct
or

s (
Co

rb
in

 2
00

3:
88

). 
N

o 
cu

ltu
ra

l r
em

ai
ns

 w
er

e 
pr

es
en

t i
n 

th
e 

co
re

s.
  

 Da
ta

 re
co

ve
ry

 w
or

k 
at

 th
e 

Si
te

 6
41

1 
Ka

hu
ku

 P
oi

nt
 A

rc
ha

eo
lo

gi
ca

l A
re

a 
in

cl
ud

ed
 e

xc
av

at
in

g 
21

 a
ug

er
 c

or
es

 a
nd

 tw
o 

te
st

 u
ni

ts
. T

he
 e

xc
av

at
io

ns
 w

er
e 

no
t a

s 
ex

te
ns

iv
e 

as
 o

ut
lin

ed
 in

 th
e 

DR
P 

be
ca

us
e 

sh
or

tly
 a

ft
er

 th
e 

fie
ld

w
or

k 
be

ga
n,

 
Ku

ili
m

a 
Re

so
rt

 D
ev

el
op

m
en

t C
o.

 d
ec

id
ed

 th
at

 th
e 

ar
ea

 w
ou

ld
 n

ot
 b

e 
de

ve
lo

pe
d 

an
d 

al
l w

or
k 

w
as

 te
rm

in
at

ed
. T

he
 

ex
ca

va
te

d 
te

st
 u

ni
ts

 re
co

ve
re

d 
su

bs
ta

nt
ia

l q
ua

nt
iti

es
 o

f f
oo

d 
re

m
ai

ns
 a

nd
 s

ev
er

al
 s

to
ne

 a
rt

ifa
ct

s.
 T

en
 s

oi
l f

ea
tu

re
s 

in
cl

ud
in

g 
fiv

e 
he

ar
th

s 
or

 f
ire

 p
its

, 
fo

ur
 p

os
th

ol
es

 a
nd

 a
 la

rg
e 

pi
t 

of
 u

nd
et

er
m

in
ed

 f
un

ct
io

n 
w

er
e 

do
cu

m
en

te
d.

 
M

ar
in

e 
sh

el
ls,

 m
et

al
 a

nd
 g

la
ss

 w
er

e 
pr

es
en

t i
n 

th
e 

co
re

s.
  

 In
 1

98
9,

 J
en

se
n 

(1
98

9b
) 

pr
ep

ar
ed

 P
ha

se
s 

I 
an

d 
II 

of
 a

 f
ou

r-
ph

as
ed

 m
iti

ga
tio

n 
pr

og
ra

m
 f

or
 t

he
 K

aw
el

a 
Ba

y 
M

iti
ga

tio
n 

Pr
oj

ec
t. 

Th
e 

fo
ur

 p
ha

se
s 

co
ns

ist
ed

 o
f 

a 
M

on
ito

rin
g 

Pl
an

 (
Ph

as
e 

I),
 a

 B
ur

ia
l T

re
at

m
en

t 
Pl

an
 (

Ph
as

e 
II)

, 
Fi

el
d 

M
on

ito
rin

g 
(P

ha
se

 II
I) 

an
d 

Da
ta

 R
ec

ov
er

y 
(P

ha
se

 IV
). 

Th
is 

pr
og

ra
m

 p
ro

po
se

d 
ar

ch
ae

ol
og

ic
al

 m
on

ito
rin

g 
of

 a
ll 

co
ns

tr
uc

tio
n 

w
or

k 
at

 t
he

 K
aw

el
a 

Ba
y 

Ar
ch

ae
ol

og
ic

al
 A

re
a 

an
d 

co
ns

tr
uc

tio
n 

of
 a

 m
oa

t 
ar

ou
nd

 t
he

 P
un

ah
o‘

ol
ap

a 
M

ar
sh

. C
ol

le
ct

io
n 

of
 b

ul
k 

so
il 

sa
m

pl
es

 fo
r d

at
in

g 
an

d 
po

lle
n 

an
al

ys
is 

w
as

 a
lso

 p
ro

po
se

d.
 T

he
 B

ur
ia

l T
re

at
m

en
t P

la
n 

de
ta

ile
d 

pr
oc

ed
ur

es
 fo

r 
th

e 
tr

ea
tm

en
t 

of
 h

um
an

 r
em

ai
ns

 id
en

tif
ie

d 
du

rin
g 

fu
tu

re
 w

or
k,

 a
lo

ng
 w

ith
 t

he
 p

ro
po

se
d 

di
sin

te
rm

en
t o

f t
w

o 
bu

ria
ls 

id
en

tif
ie

d 
at

 K
aw

el
a 

Ba
y 

by
 W

al
ke

r e
t a

l. 
(1

98
8a

). 
 

 PH
RI

 s
ub

se
qu

en
tly

 m
on

ito
re

d 
al

l c
on

st
ru

ct
io

n 
ac

tiv
ity

 w
ith

in
 th

e 
TB

R 
pr

op
er

ty
 (l

at
e 

19
90

 in
to

 1
99

1)
 a

s 
ou

tli
ne

d 
in

 
th

e 
Je

ns
en

 (1
98

9b
) m

iti
ga

tio
n 

pr
og

ra
m

. A
rc

ha
eo

lo
gi

ca
l m

on
ito

rin
g 

in
cl

ud
ed

 a
re

as
 w

ith
in

 t
he

 e
xi

st
in

g 
go

lf 
co

ur
se

, 
th

e 
ne

w
 g

ol
f c

ou
rs

e,
 th

e 
so

d 
fa

rm
 a

re
a,

 th
e 

pr
op

os
ed

 h
ot

el
 s

ite
 a

t K
aw

el
a 

Ba
y,

 th
e 

‘Ō
pa

na
 w

el
ls 

sit
e,

 B
or

ro
w

 A
re

a 
3 

lo
ca

te
d 

on
 la

nd
s 

ow
ne

d 
by

 t
he

 C
am

pb
el

l E
st

at
e,

 a
 w

as
te

w
at

er
 li

ne
 t

re
nc

h 
al

on
g 

Ka
m

eh
am

eh
a 

Hi
gh

w
ay

, a
nd

 a
 

w
as

te
w

at
er

 p
um

pi
ng

 st
at

io
n 

ne
ar

 th
e 

ex
ist

in
g 

Tu
rt

le
 B

ay
 H

ot
el

.  
 Th

e 
m

on
ito

rin
g 

w
or

k 
w

as
 p

re
lim

in
ar

ily
 re

po
rt

ed
 in

 a
 s

er
ie

s 
of

 1
7 

St
at

us
 R

ep
or

ts
 p

re
pa

re
d 

by
 S

ul
liv

an
 (1

99
0,

 1
99

1)
, 

Du
nn

 (1
99

1)
 a

nd
 D

on
oh

ue
 (1

99
1)

. T
he

se
 s

ta
tu

s 
re

po
rt

s 
br

ie
fly

 d
oc

um
en

t 
14

 n
ew

ly
 id

en
tif

ie
d 

ar
ch

ae
ol

og
ic

al
 s

ite
s 

(T
em

po
ra

ry
 M

on
ito

rin
g 

Si
te

s [
TM

] 1
 th

ro
ug

h 
14

) a
nd

 te
n 

bu
ria

ls 
(B

ur
ia

ls 
1-

10
). 

Th
e 

co
m

pl
et

e 
de

sc
rip

tiv
e 

fin
di

ng
s o

f 
th

e 
m

on
ito

rin
g 

w
or

k 
ar

e 
pr

es
en

te
d 

in
 C

or
bi

n 
(2

00
3)

.  
 Th

e 
14

 s
ite

s 
id

en
tif

ie
d 

du
rin

g 
m

on
ito

rin
g 

w
er

e 
as

sig
ne

d 
SI

HP
 S

ite
 n

um
be

rs
 b

y 
Co

rb
in

 (2
00

3;
 S

ite
s 

64
13

 th
ru

 6
42

6;
 

Ta
bl

e 
6)

. T
he

 s
ite

s 
in

cl
ud

e 
ni

ne
 c

ul
tu

ra
l d

ep
os

its
 (S

ite
s 

64
13

, 6
41

4,
 6

41
6-

64
19

, 6
42

2,
 6

42
3 

an
d 

64
25

), 
tw

o 
st

on
e 

w
al

ls 
(S

ite
s 

64
24

 a
nd

 6
42

6)
, 

an
 e

nc
lo

su
re

 (
Si

te
 6

41
5)

, 
an

 a
lig

nm
en

t 
(S

ite
 6

42
0)

 a
nd

 a
 p

oo
l d

iv
id

ed
 in

to
 t

hr
ee

 
se

ct
io

ns
 b

y 
di

sc
on

tin
uo

us
 s

to
ne

 w
al

ls
 (S

ite
 6

42
1)

. S
ub

su
rf

ac
e 

te
st

in
g 

w
as

 c
on

du
ct

ed
 a

t 1
0 

of
 th

e 
14

 s
ite

s 
in

cl
ud

in
g 

30
 te

st
 u

ni
ts

, 2
0 

ba
ck

ho
e 

tr
en

ch
es

, 7
 s

ho
ve

l t
es

ts
, 5

 a
ug

er
 c

or
es

, a
nd

 d
oc

um
en

ta
tio

n 
of

 tw
o 

ex
po

se
d 

fa
ce

s 
in

 th
e 

ba
nk

s o
f a

 la
ke

 in
 th

e 
go

lf 
co

ur
se

. T
he

se
 si

te
s a

nd
 e

xc
av

at
io

ns
 a

re
 su

m
m

ar
iz

ed
 in

 th
e 

fo
llo

w
in

g 
se

ct
io

n.
 

 In
 1

99
2 

hu
m

an
 r

em
ai

ns
 w

er
e 

di
sc

ov
er

ed
 in

 s
an

d 
fil

l t
ha

t w
as

 e
xc

av
at

ed
 fr

om
 a

 d
un

e 
ar

ea
 s

ou
th

 o
f K

ui
lim

a 
Po

in
t. 

Th
e 

re
m

ai
ns

 w
er

e 
tr

an
sp

or
te

d 
to

 t
he

 K
ah

uk
u 

Po
lic

e 
St

at
io

n 
an

d 
ev

en
tu

al
ly

 t
o 

th
e 

M
ed

ic
al

 E
xa

m
in

er
’s

 o
ffi

ce
 in

 
Ho

no
lu

lu
. K

en
ne

dy
 (1

99
2)

 e
xa

m
in

ed
 th

e 
sa

nd
 fi

ll 
an

d 
th

e 
du

ne
 a

re
a.

 T
he

 sa
nd

 fi
ll 

w
as

 sc
re

en
ed

 to
 re

co
ve

r a
ll 

of
 th

e 
sk

el
et

al
 m

at
er

ia
l. 

Th
e 

du
ne

 a
re

a 
w

as
 e

xa
m

in
ed

 a
nd

 n
o 

ad
di

tio
na

l r
em

ai
ns

 w
er

e 
ob

se
rv

ed
. T

he
 r

ec
ov

er
ed

 re
m

ai
ns

 
w

er
e 

an
al

yz
ed

 a
nd

 f
ou

r 
in

di
vi

du
al

s 
w

er
e 

id
en

tif
ie

d,
 c

on
sis

tin
g 

of
 a

n 
ad

ul
t 

fe
m

al
e 

an
d 

th
re

e 
su

b-
ad

ul
ts

 o
f 

in
de

te
rm

in
at

e 
se

x.
 T

he
se

 r
em

ai
ns

 w
er

e 
as

sig
ne

d 
SI

HP
 S

ite
 N

o.
 4

48
8 

an
d 

w
er

e 
tr

an
sf

er
re

d 
to

 S
HP

D 
fo

r 
cu

ra
tio

n.
 

Th
e 

bu
ria

ls 
w

er
e 

su
bs

eq
ue

nt
ly

 d
es

ig
na

te
d 

as
 B

ur
ia

ls 
11

-1
4.

  



 

 
 

57
 

 In
 1

99
6,

 a
dd

iti
on

al
 h

um
an

 r
em

ai
ns

 w
er

e 
di

sc
ov

er
ed

 i
n 

th
e 

Si
te

 4
48

8 
ar

ea
 (

Ca
rs

on
 e

t 
al

. 
19

96
, 

19
99

). 
SH

PD
 

co
lle

ct
ed

 a
n 

ad
ul

t s
ca

pu
la

 a
nd

 fa
ci

al
 b

on
es

, a
nd

 a
 s

ub
-a

du
lt 

tib
ia

 e
pi

ph
ys

is 
fr

om
 th

e 
ar

ea
. T

he
 a

re
a 

w
as

 e
xc

av
at

ed
 

an
d 

sa
nd

 fr
om

 t
he

 a
re

a 
w

as
 s

cr
ee

ne
d 

to
 r

ec
ov

er
in

g 
ad

di
tio

na
l s

ke
le

ta
l r

em
ai

ns
; i

n 
ad

di
tio

n 
w

oo
d 

fr
ag

m
en

ts
 a

nd
 

sq
ua

re
 n

ai
ls 

w
er

e 
re

co
ve

re
d.

 T
he

 w
oo

d 
an

d 
na

ils
 w

er
e 

in
fe

rr
ed

 to
 b

e 
th

e 
re

m
na

nt
s o

f a
 c

of
fin

. T
he

 sk
el

et
al

 re
m

ai
ns

 
w

er
e 

de
sig

na
te

d 
Bu

ria
l A

. A
 s

ec
on

d 
se

t 
of

 r
em

ai
ns

 w
as

 id
en

tif
ie

d 
3 

m
 fr

om
 B

ur
ia

l A
, c

on
sis

tin
g 

of
 d

is
ar

tic
ul

at
ed

 
ad

ul
t 

lo
ng

 b
on

es
 (

Bu
ria

l B
). 

Th
e 

sk
el

et
al

 r
em

ai
ns

 w
er

e 
tu

rn
ed

 o
ve

r 
to

 S
HP

D 
fo

r 
cu

ra
tio

n 
an

d 
co

lle
ct

iv
el

y 
w

er
e 

de
sig

na
te

d 
Bu

ria
l 1

7.
   

 In
 2

00
1,

 C
ul

tu
ra

l 
Su

rv
ey

s 
Ha

w
ai

‘i 
co

nd
uc

te
d 

ar
ch

ae
ol

og
ic

al
 m

on
ito

rin
g 

of
 m

od
ifi

ca
tio

ns
 t

o 
se

ve
n 

ex
ist

in
g 

go
lf 

co
ur

se
 h

ol
es

, c
on

st
ru

ct
io

n 
of

 tw
o 

ne
w

 h
ol

es
 a

nd
 o

f a
 n

ew
 d

riv
in

g 
ra

ng
e 

in
 th

e 
ce

nt
ra

l p
or

tio
n 

of
 th

e 
pr

oj
ec

t a
re

a 
(B

or
th

w
ic

k 
et

 a
l. 

20
01

). 
N

o 
su

rf
ac

e 
or

 su
bs

ur
fa

ce
 a

rc
ha

eo
lo

gi
ca

l s
ite

s w
er

e 
id

en
tif

ie
d.

  
 Su

m
m

ar
y 

of
 P

re
vi

ou
sl

y 
Id

en
tif

ie
d 

Si
te

s 
St

ud
ie

s d
isc

us
se

d 
ab

ov
e 

do
cu

m
en

t 1
8 

SI
HP

 si
te

s w
ith

in
 th

e 
TB

R 
pr

op
er

ty
 (S

ite
s 4

48
8 

an
d 

64
10

-6
42

6)
. S

ite
 lo

ca
tio

ns
 

ar
e 

ill
us

tr
at

ed
 i

n 
Fi

gu
re

s 
25

-2
8 

an
d 

ar
e 

su
m

m
ar

iz
ed

 i
n 

Ta
bl

e 
6.

 B
at

h 
et

 a
l. 

(1
98

4)
 a

ss
ig

ne
d 

te
m

po
ra

ry
 s

ite
 

de
sig

na
tio

ns
 to

 s
ev

er
al

 a
dd

iti
on

al
 id

en
tif

ie
d 

sit
es

 th
at

 w
er

e 
no

t a
dd

re
ss

ed
 in

 su
bs

eq
ue

nt
 s

tu
di

es
 (S

ite
s 

T-
2 

th
ro

ug
h 

T-
5)

.  
Th

e 
re

m
ai

ns
 o

f t
w

o 
hi

st
or

ic
 s

ite
s,

 th
e 

O
R&

L 
ra

ilr
oa

d 
gr

ad
e 

an
d 

Ka
hu

ku
 A

rm
y 

Ai
rf

ie
ld

, a
re

 p
re

se
nt

 w
ith

in
 th

e 
pr

oj
ec

t a
re

a,
 b

ut
 w

er
e 

no
t e

xp
lic

itl
y 

tr
ea

te
d 

as
 h

ist
or

ic
 p

ro
pe

rt
ie

s b
y 

an
y 

pr
ev

io
us

 st
ud

y.
  

 To
 d

at
e,

 th
re

e 
sit

es
 h

av
e 

be
en

 p
re

se
rv

ed
: K

ah
uk

u 
Po

in
t A

rc
ha

eo
lo

gi
ca

l A
re

a 
(S

ite
 6

41
1)

, P
un

ah
o‘

ol
ap

a 
M

ar
sh

 (S
ite

 
64

12
) 

an
d 

Si
te

 T
-5

 d
oc

um
en

te
d 

by
 B

at
h 

et
 a

l. 
(1

98
4)

 t
ha

t 
is 

in
cl

ud
ed

 w
ith

in
 t

he
 b

ou
nd

ar
y 

of
 6

41
2.

 F
ift

ee
n 

sit
es

 
w

er
e 

m
iti

ga
te

d 
th

ro
ug

h 
da

ta
 r

ec
ov

er
y 

ex
ca

va
tio

n 
or

 b
ur

ia
l d

isi
nt

er
m

en
t 

an
d 

re
lo

ca
tio

n 
(S

ite
s 

44
88

, 6
41

0,
 6

41
3-

64
20

, 6
42

2,
 6

42
3,

 6
42

3,
 K

uk
io

 P
on

d 
an

d 
Ba

th
 e

t 
al

. 1
98

4 
Si

te
 T

-7
). 

Th
e 

cu
rr

en
t 

di
sp

os
iti

on
 o

f t
he

 r
em

ai
ni

ng
 s

ite
s 

(5
79

1 
ra

ilr
oa

d 
gr

ad
e,

 t
he

 a
irf

ie
ld

, 
64

21
, 

64
24

, 
64

26
, 

an
d 

T-
2,

 T
-3

, 
an

d 
T-

4)
 i

s 
un

cl
ea

r. 
It 

is 
pr

op
os

ed
 t

ha
t 

th
e 

di
sp

os
iti

on
 o

f 
th

es
e 

sit
es

 c
an

 b
e 

de
te

rm
in

ed
 d

ur
in

g 
th

e 
SA

IS
 f

ie
ld

w
or

k.
 T

he
 p

re
vi

ou
sly

 i
de

nt
ifi

ed
 s

ite
s 

ar
e 

su
m

m
ar

ily
 d

es
cr

ib
ed

 b
el

ow
.  

 Si
te

 4
48

8 
is 

lo
ca

te
d 

in
la

nd
 o

f K
ui

lim
a 

Po
in

t. 
Hu

m
an

 r
em

ai
ns

 o
f a

t 
le

as
t 

ei
gh

t 
in

di
vi

du
al

s 
w

er
e 

di
sc

ov
er

ed
 in

 1
99

2 
an

d 
19

96
 d

ur
in

g 
sa

nd
 m

in
in

g 
op

er
at

io
ns

 (K
en

ne
dy

 1
99

2;
 C

ar
so

n 
et

 a
l. 

19
96

, 1
99

9)
. T

he
se

 re
m

ai
ns

 w
er

e 
de

sig
na

te
d 

as
 B

ur
ia

ls 
11

-1
4 

an
d 

17
. 

Fo
llo

w
in

g 
an

al
ys

is 
th

e 
re

m
ai

ns
 w

er
e 

te
m

po
ra

ril
y 

cu
ra

te
d 

by
 S

HP
D 

un
til

 t
he

y 
w

er
e 

re
in

te
rr

ed
 o

n 
th

e 
TB

R 
pr

op
er

ty
. T

he
 lo

ca
tio

n 
of

 th
e 

re
in

te
rm

en
t s

ite
 is

 sh
ow

n 
on

 F
ig

ur
e 

25
.  

 A 
po

rt
io

n 
of

 th
e 

O
R&

L 
ra

ilr
oa

d 
gr

ad
e 

ex
te

nd
ed

 th
ro

ug
h 

th
e 

TB
R 

pr
op

er
ty

. T
he

 a
lig

nm
en

t o
f t

he
 ra

ilr
oa

d 
is 

de
pi

ct
ed

 
on

 c
ur

re
nt

 ta
x 

m
ap

s 
(s

ee
 F

ig
ur

es
 2

 a
nd

 3
) a

nd
 o

n 
se

ve
ra

l h
ist

or
ic

 m
ap

s 
(s

ee
 F

ig
ur

es
 1

3-
16

). 
N

on
e 

of
 th

e 
pr

ev
io

us
 

in
ve

st
ig

at
io

ns
 d

oc
um

en
te

d 
th

is 
hi

st
or

ic
 t

ra
ns

po
rt

at
io

n 
ro

ut
e 

or
 a

ss
ig

ne
d 

th
e 

ra
ilr

oa
d 

gr
ad

e 
an

 S
IH

P 
sit

e 
de

sig
na

tio
n.

 T
he

 1
94

6 
ts

un
am

i d
es

tr
oy

ed
 th

e 
ra

ilr
oa

d 
an

d 
it 

w
as

 a
ba

nd
on

ed
 in

 1
95

4 
(H

au
n 

an
d 

He
nr

y 
20

01
b)

. 
 A 

po
rt

io
n 

of
 th

e 
ra

ilr
oa

d 
gr

ad
e 

w
es

t o
f t

he
 p

ro
je

ct
 a

re
a 

in
 th

e 
La

nd
 o

f K
au

na
la

 a
nd

 w
as

 a
ss

ig
ne

d 
SI

HP
 S

ite
 5

79
1 

by
 

Ha
un

 a
nd

 H
en

ry
 (

20
01

b:
15

). 
A 

52
5-

m
et

er
 lo

ng
 s

ec
tio

n 
of

 t
he

 r
ai

lro
ad

 g
ra

de
 w

as
 r

ec
or

de
d,

 a
lo

ng
 w

ith
 s

ev
er

al
 

br
id

ge
 fo

un
da

tio
ns

. A
no

th
er

 s
ec

tio
n 

of
 th

e 
ra

ilr
oa

d 
gr

ad
e 

in
 th

e 
vi

ci
ni

ty
 o

f ̒E
w

a 
Be

ac
h 

w
as

 d
oc

um
en

te
d 

as
 S

IH
P 

Si
te

 
97

14
 a

nd
 t

ha
t 

se
gm

en
t 

of
 t

he
 O

R&
L 

m
ai

nl
in

e 
ra

ilr
oa

d 
gr

ad
e 

w
as

 e
nr

ol
le

d 
on

 t
he

 N
RH

P 
on

 D
ec

em
be

r 
1,

 1
97

5 
(N

RH
P 

n.
d.

). 
 

 Fo
rm

er
ly

, a
 c

. 3
,9

50
 m

 s
eg

m
en

t o
f t

he
 ra

ilr
oa

d 
gr

ad
e 

sp
an

ne
d 

th
e 

TB
R 

pr
op

er
ty

, e
xt

en
di

ng
 fr

om
 in

la
nd

 o
f K

aw
el

a 
Ba

y 
ac

ro
ss

 K
ah

uk
u 

Pl
ai

n 
in

 a
 n

or
th

ea
st

er
ly

 d
ire

ct
io

n 
fo

r c
. 2

,1
20

 m
 a

nd
 th

en
 to

 th
e 

ea
st

-s
ou

th
ea

st
 fo

r a
n 

ad
di

tio
na

l 
1,

83
0 

m
 w

he
re

 it
 e

xi
te

d 
th

e 
pr

op
er

ty
. T

he
 ra

ilr
oa

d 
co

nt
in

ue
d 

ea
st

 to
 K

ah
uk

u 
M

ill
.  

Th
e 

SA
IS

 fi
el

dw
or

k 
w

ill
 a

tt
em

pt
 

to
 lo

ca
te

 a
ny

 e
xt

an
t r

em
na

nt
s o

f t
he

 ra
ilr

oa
d 

gr
ad

e.
  

 

 
 

58 

Table 6. Summary of Previously Identified Sites in Project Area 

Auger 
Tests

Test 
Units

Backhoe 
Trenches

Exposure 
Examinations

Shove
l Test 
Pits

4488--Cultural deposit with burialsXXBurials removed as reinterred
5791/ 9714--Railroad GradeXTo be determined

641050-Oa-2899 -Cultural deposit with burialsXXX179785Mitigated through Data Recovery; 
Burials removed and reinterred

641150-OA-F4-14          
50-OA-2911

T-1Cultural deposit with burialsXXXXX14541111Preserved

641250-OA-F4-15                                
50-OA-2912

-Cultural deposit in Marsh 
with 3 sinkholes

XXX35431Preserved

6413-TM-1Cultural depositXX1Mitigated through Data Recovery
6414-TM-2Cultural depositXX41Mitigated through Data Recovery
6415-TM-3EnclosureXX1Mitigated through Data Recovery
6416-TM-4Cultural depositXX11Mitigated through Data Recovery
6417-TM-5Cultural depositXX532Mitigated through Data Recovery
6418-TM-6Cultural depositXX1Mitigated through Data Recovery
6419-TM-7Cultural depositXX17Mitigated through Data Recovery
6420-TM-8AlignmentXX51Mitigated through Data Recovery
6421-TM-93 pools with wallsXXTo be determined
6422-TM-10Cultural depositXX41Mitigated through Data Recovery

6423-TM-11Cultural deposit with burialsXX151
Mitigated through Data Recovery; 

Burials removed and reinterred
6424-TM-12Stone wallXXTo be determined
6425-TM-13Cultural depositXXMitigated through Data Recovery
6426-TM-14Stone wallXXTo be determined

--Kahuku Air BaseTo be determined
262Kukio PondXXMitigated through Data Recovery
T-2Stone wallXTo be determined
T-3Cattle enclosureXTo be determined
T-4Military structureXTo be determined
T-5Stone wallXPreserved

-T-7
Gray sand layer in dune 

(determined to be historic)XX97Mitigated through excavation

X71
44415329217 Totals

Bath et al. (1984)

Neller (1984)

W
alker et al. (1988a)

Davis et al. (1986)

K
ennedy (1996)

K
ennedy (1992)

Sullivan (1990, 1991), Dunn 
(1991), Donohue (1991)

Corbin (2003)

Additional excavations conducted in Non-site locations

Current Status

Excavations

W
alker et al. (1988b)

SIHP Site 
No.

Bishop 
Museum Site 

No. 

Other Site No. 
/NameSite Type

M
cAllister (1933)

Dye (1977)

H
aun and H

enry (2001)



 

 
 

59
 

 Si
te

 6
41

0 
is 

a 
cu

ltu
ra

l d
ep

os
it 

de
sig

na
te

d 
as

 th
e 

Ka
w

el
a 

Ba
y 

Ar
ch

ae
ol

og
ic

al
 A

re
a,

 lo
ca

te
d 

in
 th

e 
ea

st
 p

or
tio

n 
of

 th
e 

TB
R 

pr
op

er
ty

. T
hi

s 
sit

e 
ha

s 
be

en
 s

ub
je

ct
ed

 t
o 

ex
te

ns
iv

e 
su

bs
ur

fa
ce

 e
xc

av
at

io
n 

(B
at

h 
et

 a
l. 

19
84

; 
W

al
ke

r 
et

 a
l. 

19
88

a;
 C

or
bi

n 
20

03
). 

Ex
ca

va
tio

ns
 c

on
sis

te
d 

of
 1

79
 a

ug
er

 c
or

es
, 7

8 
ex

ca
va

tio
n 

un
its

 a
nd

 fi
ve

 b
ac

kh
oe

 tr
en

ch
es

 (s
ee

 
Fi

gu
re

 2
8)

. T
he

se
 e

xc
av

at
io

ns
 d

oc
um

en
te

d 
fo

ur
 c

on
ce

nt
ra

tio
ns

 o
f c

ul
tu

ra
l d

ep
os

its
 d

es
ig

na
te

d 
as

 A
re

as
 A

-D
.  

 Ar
ea

 A
 e

xc
av

at
io

ns
 ty

pi
ca

lly
 id

en
tif

ie
d 

a 
sin

gl
e 

cu
ltu

ra
l l

ay
er

 th
at

 v
ar

ie
d 

in
 th

ic
kn

es
s f

ro
m

 0
.1

5 
to

 0
.5

8 
m

 (W
al

ke
r e

t 
al

. 1
98

8a
); 

ho
w

ev
er

, d
at

a 
re

co
ve

ry
 e

xc
av

at
io

ns
 b

y 
Co

rb
in

 (2
00

3)
 in

 th
is 

ar
ea

 d
oc

um
en

te
d 

as
 m

an
y 

as
 th

re
e 

cu
ltu

ra
l 

la
ye

rs
 (L

ay
er

s 
II,

 II
I a

nd
 IV

). 
Th

es
e 

cu
ltu

ra
l d

ep
os

its
 a

re
 o

ve
rla

in
 b

y 
a 

di
st

ur
be

d 
sa

nd
 d

ep
os

it 
(0

.0
3 

to
 0

.2
8 

m
 th

ic
k)

 
an

d 
ar

e 
un

de
rla

in
 b

y 
pr

e-
cu

ltu
ra

l s
an

d 
la

ye
rs

. L
ay

er
 II

 a
ve

ra
ge

d 
0.

18
 m

 in
 th

ic
kn

es
s,

 L
ay

er
 II

I a
ve

ra
ge

d 
0.

11
 m

 a
nd

 
La

ye
r I

V 
av

er
ag

ed
 0

.2
 m

.  
La

rg
e 

qu
an

tit
ie

s 
of

 s
ub

sis
te

nc
e 

de
br

is,
 a

rt
ifa

ct
s 

an
d 

nu
m

er
ou

s 
su

bs
ur

fa
ce

 fe
at

ur
es

 w
er

e 
id

en
tif

ie
d 

in
 th

es
e 

ex
ca

va
tio

ns
.  

 
 Ar

ea
 B

 e
xc

av
at

io
ns

 d
oc

um
en

te
d 

a 
sin

gl
e 

pr
eh

ist
or

ic
 c

ul
tu

ra
l d

ep
os

it 
th

at
 v

ar
ie

d 
in

 t
hi

ck
ne

ss
 f

ro
m

 0
.1

 t
o 

0.
25

 m
 

(W
al

ke
r e

t a
l. 

19
88

a)
. O

ne
 to

 tw
o 

sa
nd

 la
ye

rs
 ty

pi
ca

lly
 o

ve
rli

e 
th

e 
cu

ltu
ra

l l
ay

er
, w

ith
 th

e 
up

pe
r d

ep
os

it 
co

nt
ai

ni
ng

 
hi

st
or

ic
 d

eb
ris

. M
ar

in
e 

sh
el

ls,
 a

rt
ifa

ct
s a

nd
 c

ha
rc

oa
l w

er
e 

re
co

ve
re

d 
fr

om
 th

e 
pr

eh
ist

or
ic

 c
ul

tu
ra

l d
ep

os
it.

  
 Ar

ea
 C

 e
xc

av
at

io
ns

 d
oc

um
en

te
d 

a 
sin

gl
e 

cu
ltu

ra
l l

ay
er

 th
at

 v
ar

ie
d 

in
 th

ic
kn

es
s 

fr
om

 0
.1

5 
to

 0
.5

5 
m

 (W
al

ke
r 

et
 a

l. 
19

88
a)

. R
ec

en
t 

fil
l a

nd
 a

 b
ea

ch
 s

an
d 

de
po

sit
 o

ve
rli

es
 t

he
 c

ul
tu

ra
l d

ep
os

it,
 w

hi
ch

 is
 c

ha
ra

ct
er

ize
d 

by
 fi

re
 p

its
, a

sh
 

le
ns

es
, m

ar
in

e 
sh

el
ls,

 st
on

e 
an

d 
sh

el
l t

oo
ls,

 m
od

ifi
ed

 m
am

m
al

 b
on

es
 a

nd
 fi

re
-a

lte
re

d 
ro

ck
.  

 Ar
ea

 D
 e

xc
av

at
io

ns
 e

nc
ou

nt
er

ed
 a

 d
isc

on
tin

uo
us

 0
.1

5 
to

 0
.4

5 
m

 th
ic

k 
cu

ltu
ra

l d
ep

os
it 

w
ith

 fi
re

 p
its

 a
nd

 a
sh

 le
ns

es
, 

m
ar

in
e 

sh
el

ls,
 s

he
ll 

an
d 

st
on

es
 to

ol
s,

 c
ha

rc
oa

l a
nd

 m
od

ifi
ed

 b
on

e 
(W

al
ke

r e
t a

l. 
19

88
a)

. S
ub

se
qu

en
t d

at
a 

re
co

ve
ry

 
in

 th
is 

ar
ea

 b
y 

Co
rb

in
 (2

00
3)

 re
ve

al
ed

 tw
o 

cu
ltu

ra
l l

ay
er

s:
 th

e 
up

pe
r c

ul
tu

ra
l l

ay
er

 (L
ay

er
 II

) v
ar

ie
d 

in
 th

ic
kn

es
s f

ro
m

 
0.

08
 to

 0
.4

5 
m

 a
nd

 c
on

ta
in

ed
 n

um
er

ou
s 

fir
e 

pi
ts

, h
ea

rt
hs

, p
os

th
ol

es
, m

ar
in

e 
sh

el
ls 

an
d 

ch
ar

co
al

, w
hi

le
 th

e 
lo

w
er

 
cu

ltu
ra

l d
ep

os
it 

(L
ay

er
 II

I) 
va

rie
d 

in
 t

hi
ck

ne
ss

 f
ro

m
 0

.0
7 

to
 0

.3
5 

m
 a

nd
 c

on
ta

in
ed

 h
ea

rt
h,

 p
os

th
ol

es
, s

he
lls

 a
nd

 
ch

ar
co

al
. B

ot
h 

cu
ltu

ra
l l

ay
er

s 
w

er
e 

ov
er

la
in

 b
y 

a 
di

st
ur

be
d 

sa
nd

 d
ep

os
it 

w
ith

 m
od

er
n 

de
br

is 
(L

ay
er

 I)
 a

nd
 w

er
e 

un
de

rla
in

 b
y 

m
ul

tip
le

 la
ye

rs
 o

f p
re

-c
ul

tu
ra

l s
an

d.
  

 Ei
gh

t 
LC

As
 a

re
 p

re
se

nt
 in

 t
he

 K
aw

el
a 

Ba
y 

ar
ea

 (
se

e 
Fi

gu
re

s 
11

 a
nd

 2
8)

. S
ev

er
al

 o
f 

th
e 

LC
As

 a
re

 lo
ca

te
d 

in
 c

lo
se

 
pr

ox
im

ity
 to

 A
re

as
 A

-D
, b

ut
 n

on
e 

co
rr

el
at

e 
ex

ac
tly

 to
 th

e 
an

y 
of

 th
e 

cu
ltu

ra
l d

ep
os

its
 d

oc
um

en
te

d.
  

 Hi
st

or
ic

 d
oc

um
en

ta
ry

 re
se

ar
ch

 in
di

ca
te

s 
th

at
 W

ai
kū

 P
on

d 
on

ce
 e

xi
st

ed
 in

 th
e 

vi
ci

ni
ty

 o
f S

ite
 6

41
0 

so
ut

h 
of

 A
re

a 
C 

 
(s

ee
 F

ig
ur

es
 8

 a
nd

 2
8)

. I
t w

as
 p

ro
po

se
d 

in
 th

e 
W

al
ke

r e
t a

l. 
(1

98
7)

 d
at

a 
re

co
ve

ry
 p

la
n 

th
at

 c
or

in
g 

be
 u

nd
er

ta
ke

n 
in

 
th

e 
“m

ar
sh

y 
ar

ea
” 

la
be

le
d 

on
 F

ig
ur

e 
28

, w
hi

ch
 w

as
 th

ou
gh

t t
o 

co
rr

es
po

nd
 to

 th
e 

fo
rm

er
 lo

ca
tio

n 
of

 W
ai

kū
 P

on
d.

 
Tw

el
ve

 c
or

es
 w

er
e 

ex
ca

va
te

d 
in

 th
e 

“m
ar

sh
y 

ar
ea

”,
 n

on
e 

of
 w

hi
ch

 y
ie

ld
ed

 c
ul

tu
ra

l r
em

ai
ns

 o
r p

on
d 

de
po

sit
s.

 T
he

 
co

re
 s

am
pl

es
 w

er
e 

in
te

rp
re

te
d 

to
 in

di
ca

te
 th

at
 th

e 
“m

ar
sh

y 
ar

ea
” 

re
pr

es
en

te
d 

a 
sin

kh
ol

e 
fil

le
d 

an
d 

co
m

pa
ct

ed
 b

y 
co

nt
ra

ct
or

s.
  

 Si
te

 6
41

0 
ha

s 
be

en
 s

ub
je

ct
ed

 t
o 

ex
te

ns
iv

e 
su

rv
ey

 a
nd

 d
at

a 
re

co
ve

ry
 e

xc
av

at
io

ns
. N

o 
hu

m
an

 b
ur

ia
ls 

w
er

e 
fo

un
d 

du
rin

g 
th

e 
ex

ca
va

tio
ns

 in
 A

re
as

 A
-D

; h
ow

ev
er

, s
ev

en
 b

ur
ia

ls 
ha

ve
 b

ee
n 

id
en

tif
ie

d 
at

 S
ite

 6
41

0 
du

rin
g 

ex
ca

va
tio

ns
 

ad
ja

ce
nt

 t
o 

th
es

e 
ar

ea
s 

(B
at

h 
et

 a
l. 

19
84

; W
al

ke
r 

et
 a

l. 
19

88
a;

 S
ul

liv
an

 1
99

1)
. T

he
se

 b
ur

ia
ls 

w
er

e 
ex

ca
va

te
d 

an
d 

re
in

te
rr

ed
 in

 th
e 

re
in

te
rm

en
t s

ite
 a

dj
ac

en
t t

o 
Ka

m
eh

am
eh

a 
Hi

gh
w

ay
. T

he
se

 b
ur

ia
ls 

ar
e 

di
sc

us
se

d 
in

 m
or

e 
de

ta
il 

in
 

th
e 

fo
llo

w
in

g 
se

ct
io

n.
 T

he
 d

at
a 

re
co

ve
ry

 a
t 

th
e 

sit
e 

w
as

 c
on

sid
er

ed
 s

uf
fic

ie
nt

 t
o 

m
iti

ga
te

 a
dv

er
se

 e
ffe

ct
s 

fr
om

 
de

ve
lo

pm
en

t a
nd

 th
e 

sit
e 

ha
s s

ub
se

qu
en

tly
 b

ee
n 

al
te

re
d 

by
 re

so
rt

-r
el

at
ed

 c
on

st
ru

ct
io

n.
  

 Si
te

 6
41

1 
is 

th
e 

Ka
hu

ku
 P

oi
nt

 A
rc

ha
eo

lo
gi

ca
l A

re
a 

lo
ca

te
d 

to
 th

e 
ea

st
, w

es
t a

nd
 s

ou
th

 o
f K

ah
uk

u 
Po

in
t. 

Ex
te

ns
iv

e 
ar

ch
ae

ol
og

ic
al

 in
ve

nt
or

y 
su

rv
ey

 a
nd

 d
at

a 
re

co
ve

ry
 e

xc
av

at
io

ns
 w

er
e 

un
de

rt
ak

en
 in

 th
is 

ar
ea

 (D
ye

 1
97

7;
 B

at
h 

et
 a

l. 
19

84
; N

el
le

r 
19

84
; W

al
ke

r 
et

 a
l. 

19
88

b;
 C

or
bi

n 
20

03
). 

Th
re

e 
co

nc
en

tr
at

io
ns

 o
f c

ul
tu

ra
l d

ep
os

its
 (A

re
as

 A
-C

) w
er

e 
id

en
tif

ie
d 

at
 th

e 
sit

e,
 p

ot
en

tia
lly

 r
ep

re
se

nt
in

g 
re

m
na

nt
s 

of
 a

 s
in

gl
e 

ha
bi

ta
tio

n 
ar

ea
 im

pa
ct

ed
 b

y 
w

in
d 

er
os

io
n 

an
d 

da
m

ag
e 

by
 u

nr
es

tr
ic

te
d 

sa
nd

 v
eh

ic
le

 a
ct

iv
ity

.  
 

 

 
 

60
 

Ar
ea

 A
 e

xc
av

at
io

ns
 id

en
tif

ie
d 

a 
0.

15
 t

o 
0.

55
 m

 t
hi

ck
 c

ul
tu

ra
l d

ep
os

it 
in

 a
n 

ar
ea

 2
30

 m
 lo

ng
 b

y 
30

-7
5 

m
 w

id
e 

(W
al

ke
r e

t a
l. 

19
88

b)
. L

ar
ge

 c
on

ce
nt

ra
tio

ns
 o

f m
id

de
n 

m
at

er
ia

l a
nd

 a
rt

ifa
ct

s 
w

er
e 

pr
es

en
t i

n 
th

e 
ce

nt
ra

l p
or

tio
n 

of
 

Ar
ea

 A
. T

hi
s d

ep
os

it 
is 

lo
ca

te
d 

in
 th

e 
du

ne
s t

o 
th

e 
w

es
t o

f K
ah

uk
u 

Po
in

t. 
 

 Ar
ea

 B
 is

 lo
ca

te
d 

ea
st

 o
f K

ah
uk

u 
Po

in
t 

an
d 

co
ve

rs
 a

n 
ar

ea
 1

80
 m

 lo
ng

 b
y 

45
-9

0 
m

 w
id

e.
 A

 d
isc

on
tin

uo
us

 c
ul

tu
ra

l 
de

po
sit

 t
ha

t 
va

rie
d 

in
 t

hi
ck

ne
ss

 f
ro

m
 0

.0
5 

to
 0

.3
 m

, 
ch

ar
ac

te
riz

ed
 b

y 
su

bs
ur

fa
ce

 f
ea

tu
re

s,
 a

rt
ifa

ct
s 

an
d 

fo
od

 
re

m
ai

ns
, w

as
 d

oc
um

en
te

d.
 A

re
a 

B 
ap

pe
ar

s t
o 

co
rr

es
po

nd
 to

 L
CA

 2
67

8:
2 

(s
ee

 F
ig

ur
e 

26
) 

 Ar
ea

 C
 is

 lo
ca

te
d 

to
 t

he
 s

ou
th

 o
f A

re
a 

A,
 in

 a
n 

ar
ea

 9
0 

m
 lo

ng
 b

y 
25

 m
 w

id
e.

 E
xc

av
at

io
ns

 d
oc

um
en

te
d 

a 
cu

ltu
ra

l 
de

po
sit

 0
.1

 t
o 

0.
25

 m
 t

hi
ck

, c
ha

ra
ct

er
ize

d 
by

 m
id

de
n 

de
br

is,
 a

rt
ifa

ct
s 

an
d 

su
bs

ur
fa

ce
 fe

at
ur

es
. A

re
a 

C 
ap

pe
ar

s 
to

 
co

rr
es

po
nd

 to
 L

CA
 2

92
8:

2 
(s

ee
 F

ig
ur

e 
26

). 
 Li

m
ite

d 
da

ta
 r

ec
ov

er
y 

w
or

k 
w

as
 c

on
du

ct
ed

 a
t 

64
11

 b
ef

or
e 

it 
w

as
 d

et
er

m
in

ed
 t

ha
t 

th
e 

ar
ea

 w
as

 t
o 

be
 p

re
se

rv
ed

. 
Th

e 
au

ge
r c

or
es

 id
en

tif
ie

d 
no

 in
ta

ct
 c

ul
tu

ra
l d

ep
os

its
; d

ist
ur

ba
nc

e 
w

as
 in

fe
rr

ed
 fr

om
 h

ist
or

ic
 a

nd
/o

r m
od

er
n 

de
br

is 
in

 a
 s

ub
su

rf
ac

e 
co

nt
ex

t. 
Ho

w
ev

er
, 

tw
o 

te
st

 u
ni

ts
 e

xc
av

at
ed

 i
n 

th
e 

so
ut

h 
po

rt
io

n 
of

 t
he

 s
ite

 d
oc

um
en

te
d 

a 
di

st
ur

be
d 

su
rf

ac
e 

la
ye

r 
ov

er
ly

in
g 

a 
pr

eh
ist

or
ic

 c
ul

tu
ra

l 
de

po
sit

 w
ith

 s
ub

su
rf

ac
e 

fe
at

ur
es

, 
ar

tif
ac

ts
 a

nd
 m

ar
in

e 
sh

el
ls.

 
 Si

te
 6

41
1 

w
as

 s
ub

je
ct

ed
 to

 e
xt

en
siv

e 
su

rv
ey

 e
xc

av
at

io
ns

, b
ut

 w
ith

 li
m

ite
d 

da
ta

 re
co

ve
ry

. F
ou

r b
ur

ia
ls 

co
ns

ist
in

g 
of

 
se

ve
n 

in
di

vi
du

al
s 

w
er

e 
id

en
tif

ie
d 

at
 S

ite
 6

41
1.

 T
w

o 
bu

ria
ls 

w
er

e 
ex

hu
m

ed
 b

y 
ei

th
er

 S
HP

D 
or

 t
he

 H
on

ol
ul

u 
po

lic
e 

an
d 

w
er

e 
in

te
rr

ed
 a

t 
th

e 
re

in
te

rm
en

t 
sit

e 
(N

el
le

r 
19

84
, 1

98
9)

. T
he

 t
w

o 
re

m
ai

ni
ng

 b
ur

ia
ls,

 n
ot

ed
 b

y 
W

al
ke

r 
et

 a
l. 

(1
98

8b
) w

er
e 

le
ft

 fo
llo

w
in

g 
th

ei
r i

de
nt

ifi
ca

tio
n 

an
d 

th
e 

un
its

 w
er

e 
ba

ck
fil

le
d.

 T
he

se
 a

re
 d

isc
us

se
d 

in
 m

or
e 

de
ta

il 
in

 
a 

fo
llo

w
in

g 
se

ct
io

n.
 T

he
 S

ite
 6

41
1 

w
as

 p
re

se
rv

ed
 a

s 
a 

pa
rk

 a
re

a 
sh

or
tly

 a
ft

er
 t

he
 d

at
a 

re
co

ve
ry

 a
t 

th
e 

sit
e 

w
as

 
su

sp
en

de
d.

   
 Si

te
 6

41
2 

en
co

m
pa

ss
es

 P
un

ah
o‘

ol
ap

a 
M

ar
sh

, t
he

 la
rg

e 
fr

es
hw

at
er

 m
ar

sh
 a

re
a 

lo
ca

te
d 

in
 t

he
 e

as
t 

po
rt

io
n 

of
 t

he
 

TB
R 

pr
op

er
ty

 (s
ee

 F
ig

ur
e 

27
). 

Dy
e 

(1
97

7)
, B

at
h 

et
 a

l. 
(1

98
4)

, D
av

is 
et

 a
l. 

(1
98

8)
 a

nd
 C

or
bi

n 
(2

00
3)

 e
xa

m
in

ed
 t

he
 

m
ar

sh
 a

nd
 it

s 
pe

rim
et

er
. A

 to
ta

l o
f 3

5 
au

ge
r c

or
es

, f
ou

r t
es

t u
ni

ts
, t

hr
ee

 b
ac

kh
oe

 tr
en

ch
es

 a
nd

 th
e 

ex
am

in
at

io
n 

of
 

on
e 

ex
po

se
d 

so
il 

pr
of

ile
 h

av
e 

be
en

 d
oc

um
en

te
d 

w
ith

in
 a

nd
 a

dj
ac

en
t 

to
 t

he
 m

ar
sh

. A
 c

om
pl

ex
 o

f 
sin

kh
ol

es
 w

as
 

no
te

d 
w

ith
in

 th
e 

m
ar

sh
 it

se
lf.

 T
he

 m
aj

or
ity

 o
f t

he
 s

ub
su

rf
ac

e 
te

st
s 

w
er

e 
lo

ca
te

d 
in

 th
e 

w
et

 m
ar

sh
y 

ar
ea

, y
ie

ld
in

g 
no

 c
ul

tu
ra

l 
re

m
ai

ns
. 

Ho
w

ev
er

, 
th

es
e 

ex
ca

va
tio

ns
 d

oc
um

en
te

d 
pr

e-
co

nt
ac

t 
flo

ra
l 

bi
ot

a 
th

ro
ug

h 
po

lle
n 

an
al

ys
is 

(C
or

bi
n 

20
03

). 
Th

e 
pr

es
en

ce
 o

f p
os

sib
le

 m
ar

sh
 d

ep
os

it 
in

 e
xc

av
at

io
ns

 c
on

du
ct

ed
 o

ut
sid

e 
th

e 
cu

rr
en

t b
ou

nd
ar

y 
of

 
Pu

na
ho

‘o
la

pa
 M

ar
sh

 s
ug

ge
st

 t
ha

t 
th

e 
w

et
la

nd
s 

w
as

 l
ik

el
y 

on
ce

 m
uc

h 
la

rg
er

. 
Pu

na
ho

‘o
la

pa
 M

ar
sh

 h
as

 b
ee

n 
pr

es
er

ve
d 

be
ca

us
e 

it 
is 

a 
w

et
la

nd
. T

he
 T

-5
 ro

ck
 w

al
l (

di
sc

us
se

d 
be

lo
w

), 
no

te
d 

by
 B

at
h 

et
 a

l. 
(1

98
4)

 is
 lo

ca
te

d 
w

ith
in

 
th

e 
pr

es
er

ve
.  

 Si
te

 6
41

3 
is 

a 
su

rf
ac

e 
an

d 
su

bs
ur

fa
ce

 h
ist

or
ic

 a
nd

 p
re

hi
st

or
ic

 c
ul

tu
ra

l d
ep

os
it 

lo
ca

te
d 

al
on

g 
th

e 
ea

st
-c

en
tr

al
 e

dg
e 

of
 

th
e 

TB
R 

pr
op

er
ty

, f
ou

nd
 w

ith
in

 th
e 

TB
R 

so
d 

fa
rm

 a
nd

 g
re

en
ho

us
e 

nu
rs

er
y 

(s
ee

 F
ig

ur
e 

25
). 

 P
re

hi
st

or
ic

 a
nd

 h
ist

or
ic

 
su

rf
ac

e 
ar

tif
ac

ts
 w

er
e 

co
lle

ct
ed

 (C
or

bi
n 

20
03

). 
Su

bs
ur

fa
ce

 t
es

tin
g 

co
ns

ist
ed

 o
f e

xc
av

at
in

g 
on

e 
ba

ck
ho

e 
tr

en
ch

 t
o 

do
cu

m
en

t 
a 

su
bs

ur
fa

ce
 p

ro
fil

e 
of

 t
w

o 
su

bs
ur

fa
ce

 f
ea

tu
re

s,
 c

on
sis

tin
g 

of
 a

 h
ea

rt
h 

an
d 

po
st

ho
le

. C
ha

rc
oa

l, 
sh

el
ls,

 
co

ra
l a

nd
 f

ire
-c

ra
ck

ed
 r

oc
k 

w
er

e 
co

lle
ct

ed
 f

ro
m

 t
he

 f
ea

tu
re

s 
bu

t 
no

t 
an

al
yz

ed
. S

ite
 d

oc
um

en
ta

tio
n 

an
d 

te
st

in
g 

w
er

e 
co

ns
id

er
ed

 s
uf

fic
ie

nt
 t

o 
m

iti
ga

te
 d

at
a 

lo
ss

 f
ro

m
 r

es
or

t-
re

la
te

d 
co

ns
tr

uc
tio

n.
 T

he
 s

ite
 w

as
 s

ub
se

qu
en

tly
 

de
st

ro
ye

d.
 

 Si
te

 6
41

4 
is 

a 
su

bs
ur

fa
ce

 c
ul

tu
ra

l d
ep

os
it 

lo
ca

te
d 

ne
ar

 th
e 

ea
st

-c
en

tr
al

 e
dg

e 
of

 th
e 

TB
R 

pr
op

er
ty

, o
n 

th
e 

w
es

t s
id

e 
of

 S
ite

 6
41

3.
 T

hi
s 

sit
e 

w
as

 f
irs

t 
do

cu
m

en
te

d 
in

 a
 T

BR
 e

qu
ip

m
en

t 
ya

rd
 a

s 
a 

su
bs

ur
fa

ce
 c

ul
tu

ra
l l

ay
er

 e
xp

os
ed

 in
 

pr
of

ile
 in

 a
 m

ec
ha

ni
ca

lly
 e

xc
av

at
ed

 p
it 

fo
r a

 fu
el

 ta
nk

 (C
or

bi
n 

20
03

). 
Th

e 
pi

t w
as

 e
xp

an
de

d 
in

to
 a

 tr
en

ch
. F

ou
r 1

.0
 

by
 1

.0
 m

 t
es

t 
un

its
 w

er
e 

ex
ca

va
te

d 
to

 t
he

 s
ou

th
w

es
t 

to
 d

et
er

m
in

e 
th

e 
ar

ea
l e

xt
en

t 
of

 t
he

 d
ep

os
it 

(F
ig

ur
e 

29
). 

Ex
ca

va
tio

n 
do

cu
m

en
te

d 
8 

he
ar

th
s,

 3
 p

its
, 4

 p
os

th
ol

es
, m

ar
in

e 
sh

el
ls,

 d
eb

ita
ge

, c
ha

rc
oa

l a
nd

 a
 v

ar
ie

ty
 o

f h
ist

or
ic

 
de

br
is.

  
Ch

ar
co

al
 f

ro
m

 t
he

 t
re

nc
h 

w
as

 s
ub

m
itt

ed
 f

or
 r

ad
io

m
et

ric
 a

ge
 d

et
er

m
in

at
io

n.
 S

ite
 d

oc
um

en
ta

tio
n 

an
d 

te
st

in
g 

w
er

e 
co

ns
id

er
ed

 
su

ffi
ci

en
t 

to
 

m
iti

ga
te

 
da

ta
 

lo
ss

 
fr

om
 

re
so

rt
-r

el
at

ed
 

co
ns

tr
uc

tio
n.

 
Th

e 
sit

e 
w

as
 

su
bs

eq
ue

nt
ly

 d
es

tr
oy

ed
. 

 



 

 
 

61
 

Si
te

 6
41

5 
is 

a 
sm

al
l 

en
cl

os
ur

e 
lo

ca
te

d 
ne

ar
 t

he
 w

es
t-

ce
nt

ra
l 

ed
ge

 o
f 

th
e 

Ka
hu

ku
 A

ir 
Ba

se
, 

on
 t

he
 n

or
th

er
n 

pe
rip

he
ry

 o
f 

Pu
na

ho
‘o

la
pa

 M
ar

sh
. T

he
 s

tr
uc

tu
re

 is
 b

ui
lt 

of
 c

or
al

 c
ob

bl
es

 a
nd

 s
m

al
l b

ou
ld

er
s 

an
d 

is 
2.

96
 m

 lo
ng

, 
2.

29
 m

 w
id

e 
by

 0
.4

7 
m

 h
ig

h 
(F

ig
ur

e 
30

; C
or

bi
n 

20
03

). 
A 

te
st

 u
ni

t w
as

 e
xc

av
at

ed
 in

 th
e 

ce
nt

er
 o

f t
he

 e
nc

lo
su

re
; o

nl
y 

w
ire

 a
nd

 m
et

al
 w

er
e 

re
co

ve
re

d.
 A

ft
er

 d
oc

um
en

tin
g 

th
e 

sit
e,

 it
 w

as
 c

le
ar

ed
 f

or
 d

es
tr

uc
tio

n.
 A

cc
or

di
ng

 t
o 

Co
rb

in
 

(ib
id

.:2
30

): 
 

 
Th

e 
fu

nc
tio

n 
of

 t
he

 e
nc

lo
su

re
 is

 u
nk

no
w

n.
 T

he
 e

nc
lo

su
re

 m
ay

 p
re

da
te

 t
he

 c
on

st
ru

ct
io

n 
of

 t
he

 
Ka

hu
ku

 A
ir 

Ba
se

, 
ha

vi
ng

 s
ur

vi
ve

d 
th

e 
co

ns
tr

uc
tio

n 
be

ca
us

e 
of

 i
ts

 p
ro

xi
m

ity
 t

o 
th

e 
ed

ge
 o

f 
Pu

na
ho

‘o
la

pa
 M

ar
sh

. T
he

 A
ir 

Co
rp

s 
ap

pe
ar

s 
to

 h
av

e 
ex

ca
va

te
d 

a 
dr

ai
na

ge
 d

itc
h 

ru
nn

in
g 

pa
ra

lle
l 

to
 th

e 
ed

ge
 o

f t
he

 m
ar

sh
; t

he
 si

te
 is

 o
n 

th
e 

m
ar

sh
 si

de
 o

f t
hi

s d
itc

h,
 m

ak
in

g 
it 

fa
irl

y 
in

ac
ce

ss
ib

le
.  

 Si
te

 6
41

6 
is 

a 
su

bs
ur

fa
ce

 c
ul

tu
ra

l d
ep

os
it 

lo
ca

te
d 

w
es

t 
of

 P
un

ah
o‘

ol
ap

a 
M

ar
sh

 in
 t

he
 c

en
tr

al
 p

or
tio

n 
of

 t
he

 T
BR

 
pr

op
er

ty
. T

he
 s

ite
 w

as
 d

oc
um

en
te

d 
du

rin
g 

ex
ca

va
tio

n 
of

 a
 s

ew
er

 li
ne

 #
2 

tr
en

ch
 (

Co
rb

in
 2

00
3)

. E
le

ve
n 

tr
en

ch
es

 
w

er
e 

ex
ca

va
te

d 
in

 o
rd

er
 to

 d
et

er
m

in
e 

th
e 

ex
te

nt
 o

f t
he

 c
ul

tu
ra

l d
ep

os
it 

(F
ig

ur
e 

31
). 

A 
to

ta
l o

f 1
03

 fe
et

 o
f t

re
nc

h 
w

as
 p

ro
fil

ed
 to

 d
oc

um
en

t f
ou

r h
ea

rt
hs

, a
 p

os
sib

le
 e

ar
th

 o
ve

n 
(im

u)
, a

 d
og

 b
ur

ia
l, 

a 
hi

st
or

ic
 o

r m
od

er
n 

pi
t a

nd
 a

 p
it 

of
 u

nd
et

er
m

in
ed

 f
un

ct
io

n.
 C

ha
rc

oa
l f

ro
m

 t
he

 s
ite

 w
as

 s
ub

m
itt

ed
 f

or
 r

ad
io

m
et

ric
 a

ge
 d

et
er

m
in

at
io

n.
  

Ar
tif

ac
ts

 
in

cl
ud

e 
m

od
ifi

ed
 b

on
e 

fr
ag

m
en

ts
 (

m
ed

iu
m

-s
ize

d 
m

am
m

al
, a

rt
io

da
ct

yl
, B

os
) 

an
d 

a 
po

ss
ib

le
 u

rc
hi

n 
ab

ra
de

r. 
Si

te
 

do
cu

m
en

ta
tio

n 
an

d 
te

st
in

g 
w

er
e 

co
ns

id
er

ed
 s

uf
fic

ie
nt

 to
 m

iti
ga

te
 d

at
a 

lo
ss

 fr
om

 r
es

or
t-

re
la

te
d 

co
ns

tr
uc

tio
n.

 T
he

 
sit

e 
w

as
 su

bs
eq

ue
nt

ly
 d

es
tr

oy
ed

. 
 Si

te
 6

41
7 

is 
a 

su
bs

ur
fa

ce
 c

ul
tu

ra
l d

ep
os

it 
lo

ca
te

d 
on

 th
e 

ea
st

 e
dg

e 
of

 th
e 

TB
R 

pr
op

er
ty

 o
n 

th
e 

ea
st

er
n 

pe
rip

he
ry

 o
f 

Pu
na

ho
‘o

la
pa

 M
ar

sh
 a

nd
 w

es
t o

f t
he

 T
BR

 s
od

 fa
rm

. T
he

 s
ite

 w
as

 in
iti

al
ly

 e
nc

ou
nt

er
ed

 d
ur

in
g 

co
ns

tr
uc

tio
n 

of
 a

 g
ol

f 
co

ur
se

 la
ke

 (F
ig

ur
e 

32
) a

nd
 it

s a
re

al
 e

xt
en

t w
as

 d
et

er
m

in
ed

 th
ro

ug
h 

te
st

 e
xc

av
at

io
ns

 o
f t

w
o 

ba
ck

ho
e 

tr
en

ch
es

, f
iv

e 
te

st
 u

ni
ts

 a
nd

 p
ro

fil
in

g 
tw

o 
ex

po
su

re
s 

al
on

g 
th

e 
la

ke
 c

ut
ba

nk
. A

 s
er

ie
s 

of
 s

ix
 c

on
cr

et
e 

pa
ds

 lo
ca

te
d 

no
rt

h 
of

 t
he

 
la

ke
 w

er
e 

in
te

rp
re

te
d 

as
 b

ar
ra

ck
 fo

un
da

tio
ns

. T
es

t 
ex

ca
va

tio
ns

 d
oc

um
en

te
d 

six
 fi

re
 p

its
 a

nd
 p

os
sib

le
 s

ub
su

rf
ac

e 
flo

or
 c

ha
ra

ct
er

ize
d 

by
 fl

at
 c

or
al

 st
on

es
, m

ar
in

e 
sh

el
ls,

 c
or

al
, b

as
al

t f
la

ke
s,

 c
ha

rc
oa

l, 
an

d 
hi

st
or

ic
 a

nd
 m

od
er

n 
de

br
is

 
(C

or
bi

n 
20

03
). 

Se
ve

ra
l b

as
al

t 
ad

ze
 fr

ag
m

en
ts

, a
 b

as
al

t f
la

ke
 a

nd
 p

ie
ce

 o
f s

la
te

 w
er

e 
co

lle
ct

ed
 fr

om
 th

e 
su

rf
ac

e 
of

 
th

e 
sit

e.
 S

ev
er

al
 fr

ag
m

en
ts

 o
f c

ha
rc

oa
l w

er
e 

su
bm

itt
ed

 fo
r r

ad
io

m
et

ric
 a

ge
 d

et
er

m
in

at
io

n.
 S

ite
 d

oc
um

en
ta

tio
n 

an
d 

te
st

in
g 

w
er

e 
co

ns
id

er
ed

 
su

ffi
ci

en
t 

to
 

m
iti

ga
te

 
da

ta
 

lo
ss

 
fr

om
 

re
so

rt
-r

el
at

ed
 

co
ns

tr
uc

tio
n.

 
Th

e 
sit

e 
w

as
 

su
bs

eq
ue

nt
ly

 d
es

tr
oy

ed
. 

 Si
te

 6
41

8 
is 

a 
su

bs
ur

fa
ce

 c
ul

tu
ra

l 
de

po
sit

 l
oc

at
ed

 a
t 

th
e 

ea
st

 e
nd

 o
f 

th
e 

TB
R 

pr
op

er
ty

, 
on

 t
he

 e
as

t 
sid

e 
of

 
Pu

na
ho̒

ol
ap

a 
M

ar
sh

 a
nd

 w
es

t o
f S

ite
 6

41
7.

 A
 c

on
ce

nt
ra

tio
n 

of
 c

ha
rc

oa
l w

as
 n

ot
ed

 in
 a

 p
it 

du
rin

g 
th

e 
re

m
ov

al
 o

f a
 

co
co

nu
t 

tr
ee

 (
Fi

gu
re

 3
3)

. 
Th

e 
sit

e 
w

as
 e

xt
en

siv
el

y 
im

pa
ct

ed
 b

y 
“e

ar
th

m
ov

in
g 

eq
ui

pm
en

t 
as

so
ci

at
ed

 w
ith

 t
he

 
Ka

hu
ku

 A
rm

y 
Ai

r 
Co

rp
 B

as
e”

 (C
or

bi
n 

20
03

:2
62

-2
64

). 
Si

te
 t

es
tin

g 
co

ns
ist

ed
 o

f e
xc

av
at

io
n 

of
 a

 b
ac

kh
oe

 tr
en

ch
 th

at
 

di
d 

no
t 

en
co

un
te

r 
cu

ltu
ra

l r
em

ai
ns

. T
he

 lo
ca

tio
n 

of
 t

he
 b

ac
kh

oe
 t

re
nc

h 
w

as
 n

ot
 d

ep
ic

te
d 

on
 t

he
 s

ite
 m

ap
. S

ite
 

do
cu

m
en

ta
tio

n 
an

d 
te

st
in

g 
w

er
e 

co
ns

id
er

ed
 s

uf
fic

ie
nt

 to
 m

iti
ga

te
 d

at
a 

lo
ss

 fr
om

 r
es

or
t-

re
la

te
d 

co
ns

tr
uc

tio
n.

 T
he

 
sit

e 
w

as
 su

bs
eq

ue
nt

ly
 d

es
tr

oy
ed

. 
 Si

te
 6

41
9 

is 
a 

su
bs

ur
fa

ce
 c

ul
tu

ra
l d

ep
os

it 
lo

ca
te

d 
al

on
g 

th
e 

sh
or

el
in

e 
be

tw
ee

n 
Ku

ili
m

a 
Po

in
t a

nd
 K

ah
uk

u 
Po

in
t. 

Th
e 

sit
e 

w
as

 in
iti

al
ly

 e
nc

ou
nt

er
ed

 d
ur

in
g 

sa
nd

 m
in

in
g 

ac
tiv

ity
 o

n 
th

e 
so

ut
h 

sid
e 

of
 a

 b
ea

ch
 b

er
m

 w
ith

in
 S

ur
ve

y 
Ar

ea
 5

 
(C

or
bi

n 
20

03
). 

Te
st

in
g 

co
ns

ist
ed

 o
f 

ex
ca

va
tin

g 
a 

ba
ck

ho
e 

tr
en

ch
 a

nd
 s

ev
en

 s
ho

ve
l 

te
st

s,
 w

hi
ch

 i
nd

ic
at

ed
 t

ha
t 

po
rt

io
ns

 o
f 

du
ne

 h
ad

 b
ee

n 
hi

gh
ly

 d
ist

ur
be

d 
(C

or
bi

n 
20

03
; 

Fi
gu

re
 3

4)
. 

Si
te

 d
oc

um
en

ta
tio

n 
an

d 
te

st
in

g 
w

er
e 

co
ns

id
er

ed
 su

ffi
ci

en
t t

o 
m

iti
ga

te
 d

at
a 

lo
ss

 fr
om

 re
so

rt
-r

el
at

ed
 c

on
st

ru
ct

io
n.

 T
he

 si
te

 w
as

 su
bs

eq
ue

nt
ly

 d
es

tr
oy

ed
. 

 Si
te

 6
42

0 
is 

an
 o

va
l a

lig
nm

en
t 

of
 c

or
al

 a
nd

 b
as

al
t 

bo
ul

de
rs

 lo
ca

te
d 

al
on

g 
th

e 
ce

nt
ra

l b
ay

 fr
on

t 
m

id
-w

ay
 b

et
w

ee
n 

Ka
hu

ku
 a

nd
 K

ui
lim

a 
Po

in
ts

. T
he

 s
ite

 w
as

 in
iti

al
ly

 id
en

tif
ie

d 
in

 1
99

0 
du

rin
g 

m
on

ito
rin

g 
ac

tiv
iti

es
 (C

or
bi

n 
20

03
). 

Th
e 

al
ig

nm
en

t i
s 3

.5
 m

 lo
ng

 b
y 

2.
87

 m
 w

id
e,

 w
ith

 th
e 

in
te

rio
r m

ea
su

rin
g 

0.
45

 m
 in

 d
ep

th
 b

el
ow

 th
e 

su
rr

ou
nd

in
g 

gr
ou

nd
 

su
rf

ac
e 

(F
ig

ur
e 

35
). 

 S
ite

 te
st

in
g 

co
ns

ist
ed

 o
f e

xc
av

at
in

g 
a 

1.
0 

by
 1

.0
 m

 te
st

 u
ni

t a
nd

 fi
ve

 a
ug

er
 c

or
es

. C
ha

rc
oa

l f
ro

m
 

a 
po

ss
ib

le
 im

u 
w

as
 r

ec
ov

er
ed

 f
ro

m
 t

he
 t

es
t 

un
it 

an
d 

on
e 

of
 t

he
 c

or
es

, a
lo

ng
 w

ith
 a

 m
od

er
n 

pe
nn

y 
an

d 
se

ve
ra

l 
re

ce
nt

 n
ai

ls 
fr

om
 t

he
 t

es
t 

un
it.

 T
he

 s
ite

 w
as

 i
nf

er
re

d 
to

 b
e 

m
od

er
n.

 S
ite

 d
oc

um
en

ta
tio

n 
an

d 
te

st
in

g 
w

er
e 

co
ns

id
er

ed
 su

ffi
ci

en
t t

o 
m

iti
ga

te
 d

at
a 

lo
ss

 fr
om

 re
so

rt
-r

el
at

ed
 c

on
st

ru
ct

io
n.

 T
he

 si
te

 w
as

 su
bs

eq
ue

nt
ly

 d
es

tr
oy

ed
. 

 

 
 

62 

Figure 29. Site 6414 Plan Map (from Corbin 2003:222 Figure 30. Site 6415 Plan Map (from Corbin 2003:231 
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Figure 31. Site 6416 Plan Map (from Corbin 2003:234 

Figure 32. Site 6417 Plan Map (from Corbin 2003:249) 
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Figure 33. Site 6419 Plan Map (from Corbin 2003:266) Figure 34. Site 6418 Plan Map (from Corbin 2003:263) 
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Figure 35. Site 6420 Plan Map (from Corbin 2003:269) Figure 36. Site 6421 Plan Map (from Corbin 2003:272) 
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Figure 37. Site 6422 and 6423 Plan Map (from Corbin 2003:274) Figure 38.  Site 6424 Plan Map (from Corbin 2003:304) 
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  Table 7. Summary of Burials Previously Identified within Project Area  

Burial 
Number

Site 
Number

Location 
Number 

of Burials
ResearchersDescription

Final 
Disposition of 

Remains

16410 TU-201

Bath et al. (1984), Walker et 
al. (1988a), Jensen (1989), 

Maly and Rosendahl (1992), 
Kalima (1993)

Adult female burial in wooden coffin within stone-lined cyst noted  1st by Bath et al. (1984), then 
Walker et al. (1988a). Burial disinterred following guidelines in  (1989b) mitigation program. 

Osteological analysis by conducted by Kalima (1993). Burial reinterred at Reinterment Site as specified 
in Maly and Rosendahl (1992) Burial Treatment Plan (BTP).

Reinterred

26410TU-91
Walker et al. (1988a), Jensen 
(1989), Maly and Rosendahl  

(1992),  Kalima (1993)

Adult male burial in flexed position noted in pit feature (HF-45) by Walker et al. (1988a). Burial 
disinterred as part of Jensen (1989b) mitigation program. Osteological analysis by Kalima (1993), Burial 

reinterred following Maly and Rosendahl (1992) BTP.
Reinterred

3, 4, 5, 6, 96410
Inland of Area 

C
5

Sullivan (1991), Jensen 
(1989), Maly and Rosendahl  

(1992), Kalima (1993)

Human remains noted during monitoring of grading for Hotel H-2. Two clusters of two burials found 15 
m apart. Burial 3 is a juvenile, Burial 4 is a infant, Burials 5 and 6 are adults. Burials disinterred following 
guidelines in Jensen (1989b) mitigation plan. During osteological analysis of Burials 5 and 6  by Kalima 

(1993), single humerous of third individual was noted, designated as Burial 9. Burial reinterred 
following Maly and Rosendahl (1992) BTP.

Reinterred

76423
BT-1, TUs 11 

and 13
1

Sullivan (1991), Jensen 
(1989b), Maly and Rosendahl 

(1992), Kalima (1993)

Human remains noted during monitoring at Site 6423 area, found within a natural sinkhole feature used 
as a burial pit (HF-12). Cranium and infracranial skeletal remains interpreted as those of female adult 

from 25 to 30 years of age. Burials disinterred following guidelines in Jensen (1989b) mitigation plan and 
analysis conducted by Kalima (1993). Burial reinterred following Maly and Rosendahl (1992) BTP.

Reinterred

8, 106423TU-142
Sullivan (1991), Jensen 

(1989b), Maly and Rosendahl 
(1992), Kalima (1993)

Human remains noted during monitoring at Site 6423 area, beneath resort access road and west fork of 
Marconi Road. Remains were partially articulated and are those of adult female.  Burials disinterred 

following guidelines in Jensen (1989b) mitigation plan and osteological analysis conducted by Kalima 
(1993). During analysis, fragmentary remains of an additonal sub-adult were found and designated as 

Burial 10. Both sets of remains reinterred following Maly and Rosendahl (1992) BTP.

Reinterred

11-14, 174488
Inland of 

Kuilima Point
8

Kennedy (1992),  Maly and 
Rosendahl  (1992), Carson et 

al. (1996, 1999)

Burials 11-14 consist of 4 disturbed burials (3 sub-adults, 1 adult female) removed from dune south of 
Kulima Point  (Kennedy 1992). Disturbed remains of 3+ adults and 1 bone from sub-adult noted by 

Carson et al. (1996, 1999) in same area and designated as Burial 17.  Wood and nails suggesting a coffin 
were found in associated with one set of the Burial 17 remains. Burials 11-14 reinterred following Maly 

and Rosendahl (1992) BTP. Burial 17 curated with SHPD in 1996 and subsequently reinterred

Reinterred 

15, 196411
East Kahuku 
Point Burial 

Area
5

Neller (1984), Walker et al. 
(1988b), Maly and Rosendahl  

(1992)

Burial 15 noted in dunes to east of Kahuku Point that were exhumed and examined by SHPD (Neller 
(1984) and determined to be two complete skeletons and one partial skeleton. Walker et al. (1988b) 
identified two burials (Burial 19) in pits in TU-2 in Area B. Burial 19 was re-buried in original location.

Reinterred 
(Burial 15), Left 

in situ (Burial 
19)

16, 186411
West Kahuku 
Point Burial 

Area
2

Neller (1989), Walker et al. 
(1988b), Maly and Rosendahl  

(1992)

Burial 16  noted in dunes to west of Kahuku Point and exhumed by Honolulu Police. Remains were 
subsequently examined by SHPD (Neller (1989).  Burial 18 identified by Walker et al. (1988b) in TU-24 in 

Area A. Burial 18 was re-buried in its original location.

Reinterred 
(Burial 16), Left 

in situ (Burial 
18)

Total 25
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Figure 39. Location of Burials within Project Area 
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               Table  9. Project Radiocarbon Age Determinations Ordered Chronologically 

Site-Feature
Calendric
Years AD500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

6412
East Trench

Layer III
(16568)

645-979-------------------------------------------------------------------------------------------------------

6423
TU-13

Layer V  HF-12  104-114 cm bd
(44946)

663-1071 & 
1079-1131 & 

1136-1158
------------------------------------------------------------------------------------------------------------------------------------------------------

6417
Profile 5
Layer IVa 
(38669)

793-815 & 
825-873 & 
890-1105

----------------------------------------------------------------------------------------------

6412
Auger Core B1a

Layer IV     
(Beta 16571)

 883-1160--------------------------------------------------------

6417
Profile 4

Layer V  HF-1
(38668)

920-1045--------------------------------------

6423
Trench 2

Layer IIb  43-53 cm bd
(44938)

1028-1334 & 
1336-1401-------------------------------------------------------------------------------------------------------------------

6410
Area A - EU 54N/58E

Layer III HF-6   
(Beta 171519)

1030-1240------------------------------------------------------------------

6414
Trench 1
Layer II

(n/d)

1030-1400------------------------------------------------------------------------------------------------------------------

6411
TU-1

Layer II   30-38 cm bd   
(Beta 44953)

1060-1086 & 
1122-1138 & 

1156-1470
-------------------------------------------------------------------------------------------------------------------

6411
Area A - TU-19

Layer IV  22-40 cm bd   
(Beta 16367)

1065-1285-------------------------------------------------------------------

6411
Area B - TU-5

Layer Ia  0-8 cm bd   
(Beta 16377)

1070-1390------------------------------------------------------------------------------------------------

6423
Trench 1 

Layer III  IV  HF-9  10-20 cm bd
(39993)

1165-1167 & 
1187-1516 & 

1599-1616
--------------------------------------------------------------------------------------------------------------------

6410
Area D - EU 46N/38E

Layer IV   72-82 cm bd   
(Beta 171522)

1210-1290---------------------

6412
East trench

Layer IIb     
(Beta 19373)

1220-1410------------------------------------------------------------

6411
Area B - TU-2

Layer II  23-25 cm bd   
(Beta 16378)

1260-1405-----------------------------------------------

6414
Trench 1
Layer II

(n/d)

1260-1470------------------------------------------------------------------

6410
Area D - EU 44N/40E

Layer V  HF-110  75-110 cm bd   
(Beta 171526)

1290-1520 & 
1590-1620------------------------------------------------------------------------------

6414
Trench 1
Layer II

(n/d)

1290-1650---------------------------------------------------------------------------------------------------------------

6423
TU-5

Layer IIb  63-73 cm bd
(44940)

1295-1492 & 
1603-1609----------------------------------------------------------------

6410
Area D - EU 50N/42E

Layer IV/2  HF-66 79-88 cm bd   
(Beta 171523)

1300-1450---------------------------------------------
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                      Table  9. Project Radiocarbon Age Determinations Ordered Chronologically (cont.) 

Site-Feature
Calendric
Years AD500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

6410
Area D - EU 48N/38E

Layer V   68-108 cm bd   
(Beta 171527)

1300-1650------------------------------------------------------------------------------------------------------------

6411
Area B - TU-14

Layer I  0-9 cm bd   
(Beta 16374)

1305-1420-----------------------------------

6411
Area A - TU-17

Layer IV  130-135 cm bd   
(Beta 16849)

1315-1520--------------------------------------------------------------

6414
Trench 1
Layer II

(n/d)

1322-1340 & 
1390-1950-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6410
Area B - TU-3

 Layer II 14-40 cm bd
(Beta 16857)

1330-1480
------------------------------------------------

6417
BT-1

Layer IVa  HF-6
(38670)

1350-1470---------------------------------------

6410
Area D - TU-34

 Layer I 0-56 cm bd
(Beta 15855)

1395-1660-----------------------------------------------------------------------------------

6411
Area A - TU-17

Layer IV  135-145 cm bd   
(Beta 16372)

1400-1525-----------------------------------------

6410
Area C - TU-33

 Layer I 20-31 cm bd
(Beta 15857)

1400-1660---------------------------------------------------------------------------------

6411
TU-1

Layer I   10-16 cm bd   
(Beta 44951)

1402-1526 & 
1556-1631--------------------------------------------------------------------

6423
TU-13

Layer V  HF-12  94-104 cm bd
(44945)

1405-1954----------------------------------------------------------------------------------------------------------------------------------------------------------------------

6410
Area D - EU 46N/40E

Layer V  75 cm bd   
(Beta 171524)

1410-1480---------------------

6410
TU-26

 Layer III 18-41 cm bd
(Beta 15861)

1410-1635-----------------------------------------------------------------------

6416
Tr 1

Layer II  HF-5  90-100
(42154)

1410-1670 & 
1750-1796 & 

1945-1954
---------------------------------------------------------------------------------------------------

6411
TU-2

Layer II  HF-10  42-60 cm bd   
(Beta 44943)

1411-1652------------------------------------------------------------------------

6412
East trench

Layer III     
(Beta 16568)

1411-1652------------------------------------------------------------------------

6423
TU-5

Layer IV  42-46 cm bd
(44942)

1411-1652-------------------------------------------------------------------------

6411
Area C - TU-27

Layer VIII  112-132 cm bd   
(Beta 16379)

1415-1640--------------------------------------------------------------------

6410
Area D - TU-31

 Layer I 0-47 cm bd
(Beta 15856)

1415-1645-------------------------------------------------------------------

6411
Area A - TU-17

Layer III  105-114 cm bd   
(Beta 16848)

1415-1645----------------------------------------------------------------------

6423
TU-5

Layer VIII  73-83 cm bd
(44941)

1415-1668 & 
1782-1796---------------------------------------------------------------------------------
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                    Table  9. Project Radiocarbon Age Determinations Ordered Chronologically (cont.) 

Site-Feature
Calendric
Years AD500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

6411
Area B - TU-12

Layer I  0-6 cm bd   
(Beta 16369)

1420-1650------------------------------------------------------------------------

6416
Tr 9

Layer I  HF-8  23-32
(42156)

1420-1660---------------------------------------------------------------------------

6410
Area D - EU 44N/40E

Layer III/IV/V  HF-106  71-101 
cm bd   

1430-1530 & 
1560-1630---------------------------------------------------

6423
TU-2

Layer III  IV  HF-7  12-35 cm bd
(40132)

1433-1679 & 
1710-1752 & 
1756-1804 & 

1936-1947

----------------------------------------------------------------------------------------------------------

6411
Area B - TU-10

Layer II  18-50 cm bd   
(Beta 16365)

1435-1665----------------------------------------------------------------------

6410
Area D - EU 40N/38E

Layer IV HF-18  68-69 cm bd   
(Beta 171521)

1440-1660---------------------------------------------------------------------

6411
TU-1

Layer II  5-16 cm bd   
(Beta 44955)

1442-1668 & 
1782-1796--------------------------------------------------------------------------

6412
South trench

Layer I     
(Beta 19371)

1446-1679 & 
1740-1752 & 
1756-1804 & 

1935-1947

-----------------------------------------------------------------------------------------------------

6422
Profile 4

Layer IIIa, b  HF-1  55-74 cm bd
(39987)

1452-1891 & 
1908-1950----------------------------------------------------------------------------------------------------------------------------------------------------

6423
TU-5

Layer IIb  53-63 cm bd
(44939)

1466-1693 & 
1776-1812 & 
1853-1859 & 

1919-1949

-----------------------------------------------------------------------------------------------

6423
Trench 2

Layer III  HF-11  2-42 cm bd
(39994)

1489-1603 & 
1609-1693 & 
1726-1813 & 

1852-1859

----------------------------------------------------------------------------------------------

6411
Area A - TU-24

HF-14  67-105 cm bd   
(Beta 16846)

1490-1670 & 
1725-1790--------------------------------------------------------------------------

6410
Area C - TU-16

 Layer III 87-97 cm bd
(Beta 16853)

1495-1800  ----------------------------------------------------------------------------------------------

6410
Area A - TU-25

 Layer II 28-45 cm bd
(Beta 16860)

1505-1675 & 
1710-1805--------------------------------------------------------------------------------

6410
TU-6

 Layer II 18-25 cm bd
(Beta 16854)

1510-1680------------------------------------------------

6411
Area A - TU-17

Layer II  100-108 cm bd   
(Beta 16375)

1510-1950-----------------------------------------------------------------------------------------------------------------------------------------

6417
Profile 4

Layer IVa  HF-1
(38713)

1527-1556 & 
1630-1955---------------------------------------------------------------------------------------------------------------

6411
Area A - TU-23

Layer IIa  60-88 cm bd   
(Beta 16376)

1620-1890 & 
1910-1950---------------------------------------------------------------------------------------------

6411
Area A - FP-3

HF-18  0-10 cm bd   
(Beta 16366)

1620-1890 & 
1910-1950---------------------------------------------------------------------------------------------
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                  Table  9. Project Radiocarbon Age Determinations Ordered Chronologically (cont.) 

Site-Feature
Calendric
Years AD500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

6410
TU-158

 Layer II - 12-68 cm bd
(Beta 10633)

1630-1950---------------------------------------------------------------------------------------------------

6410
TU-4

 Layer II 13-40 cm bd
(Beta 16856)

1630-1950---------------------------------------------------------------------------------------------------

6414
Trench 1
Layer II

(n/d)

1640-1955--------------------------------------------------------------------------------------------------

6410
TU-8

Layer III 
(Beta 16858)

1645-1950-----------------------------------------------------------------------------------------------

6411
Area A - TU-17

Layer III  114-130 cm bd   
(Beta 16373)

1645-1950-----------------------------------------------------------------------------------------------

6411
Area A - TU-28

Layer IVb  99-118 cm bd   
(Beta 16850)

1645-1950-----------------------------------------------------------------------------------------------

6410
Area A - EU 54N/58E

Layer IIa HF-2  60-70 cm bd
(Beta 171517)

1650-1950---------------------------------------------------------------------------------------------

6410
Area A - EU 56N/45E

Layer Ib HF-4   
(Beta 171518)

1650-1950---------------------------------------------------------------------------------------------

6416
Tr 2

Layer II  HF-6  5-15
(42155)

1650-1955-----------------------------------------------------------------------------------------------

6411
Area A - TU-34

Layer II  42-62 cm bd   
(Beta 10536)

1655-1950---------------------------------------------------------------------------------------------

6411
TU-2

Layer II  HF-9  38-84 cm bd   
(Beta 44960)

1659-1955-----------------------------------------------------------------------------------------

6412
Auger Core A4

Layer IV     
(Beta 16569)

1659-1955-----------------------------------------------------------------------------------------

6411
TU-2

Layer II  HF-8  36-95 cm bd   
(Beta 44959)

1662-1955----------------------------------------------------------------------------------------

6411
TU-2

Layer I  25-48 cm bd   
(Beta 44956)

1665-1784 & 
1789-1955-----------------------------------------------------------------------------------------

6410
Area C - TU-32

 Layer I 29-43 cm bd
(Beta 16858)

1665-1940-----------------------------------------------------------------------------------

6410
Area C - TU-13

 Layer III 46-66 cm bd
(Beta 15859)

1665-1940-----------------------------------------------------------------------------------

6411
Area A - TU-19
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Figure 40. Pre-1800 Chronology of Occupation within Project Area 
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Figure 41. Post-1800 Use of Project Area 
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Figure 42.  Aerial View of Project Area showing Proposed Test Excavation Areas 
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Figure 43. Potential Test Excavation Areas and Turtle Bay Lands - Preferred Plan - Open Space Lands 
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Figure 44. Potential Test Excavation Areas and Distribution of Soils within Project Area 
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Figure 45. Proposed Test Areas and Trench Locations 
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Figure 46. Test Area A, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type
1I0-75Pale brown Very fine sand

II75-140Light greyVery fine sand

2I0-90Reddish brown to dark 
reddish brown 

Sandy clay loam

II90-100Yellowish redSandy clay loam
III100-115Yellowish redSandy clay 

3I0-35Dark brown to dark 
reddish brown

Clay loam - Plow 
zone

II35-80Yellowish redCalcareous sand
III80-90Very pale brownCalcareous sand

Jaucus sand

Mokulei loam and Clay loam

Mokulei loam and clay loam

B8

B9

B10

K3

K12

K13

K14
M9

M10
O4

O5

P2

P13

P14

Q1

R5

106

107

Bath et al. (1984) 
Survey Area 2

Q1 = Profile 1

R5 = Profile 2

107 = Proifle 3

6

7

8

Kamhehameha Highway

Test Area A

Mokulei Loam and Clay Loam

Jaucus Sand

All cores non-cultural except "possible" cultural layer in P13

0100m

Area depicted

Cores with number designations excavated by Bath et al. (1984)
Cores with letter designations excavated by Walker et al. (1988a)
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Figure 47. Test Area A, Proposed Trench Locations and Historic Land Use 

Site 5791
Railroad Grade

Kamhehameha Highway

LCA 2897:2

LCA 2837:2LCA 3815:1

(Former extent)

Test Area A

Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Area depicted

(25 estimated systematic trenches)

24.4-acres
0100m

Entire area former cane field

Discretionary backhoe trench
(5 estimated discretionary trenches)
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Figure 48. Test Area B, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type

1I0-80Dark brown to brownVery fine sand

II80-120Very pale brown to 
pinkish white

Fine sand

III120-210Very pale brown to pinkVery fine to fine sand

2I0-50Dark brown to brownVery fine sand
II50-80

III80-120Very pale brown to 
pinkish white

Fine sand

IV120-210Very pale brown to pinkVery fine to fine sand

Jaucus sand
Dark buried A horizon

Jaucus sand

164 = Profile 1
165 = Profile 2

Shore line

Bath et al. (1984)
Survey Area 3

164
50

165
51

52

All cores = non-cultural

Beach sand

Jaucus sand

Koloko clay

Waialua sity clay

Waialua 
silty
clay

Test Area B

0100m

Area depicted
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Figure 49. Test Area B, Proposed Trench Locations and Historic Land Use 

LCA 235M

Shore line

Test Area B
Site 5791

Railroad Grade
(Former extent)

16.5-acres
0100m

Former sugarcane field

Area depicted

Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Camp "3"

Discretionary backhoe trench
(2 estimated discretionary trench)

(33 estimated systematic trench)
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Figure 50. Test Area C, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type
I0-80Dark brown to brownVery fine sand

II80-120Very pale brown to 
pinkish white

Fine sand

III120-210Very pale brown to pinkVery fine to fine sand
deposits contain modern debris throughout

Jaucus sand 1

Bath et al. (1984) 
Survey Area 4

43

155 154

42

153

41 40

152

39

39 =  Profile 1
Shore line

Site 4488 

Jaucus sand

(Burials 11-14, 17 relocated)

All cores = non-cultural

Jaucus sand

Coral outcrop

0100m
Area depicted
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Figure 51. Test Area C, Proposed Trench Locations and Historic Land Use 

Shore line

LCA 2716:2

Site 5791
Railroad Grade
(Former extent)

Test Area C

(28 estimated systematic trenches)

14.4-acres

0100m

Area depicted

Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Discretionary Manual Test Units
(8 estimated discretionary units)

Site 4488 
(Burials 11-14, 17 relocated)

(1 estimated discretionary trenches)

Discretionary backhoe trench
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Figure 52. Test Area D, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type
In/dn/dAoelian sand
IIn/dn/dn/d
IIIn/dGrayish blackn/d
IV100n/dSterile beach sand
In/dLight brownSand
II250White Sand
I0-30Very pale brown Sand
II30-44Brown to dark brownLoamy sand
III44-78Very pale brown Very fine sand
IV78-116Yellowish brownLoamy sand
V*116-141BlackLoamy sand
VI141-160Very pale brown Very fine sand

* = Cultural layer
In/dVery dark brownLoamy fine sand
IIn/dLight brownish grayCourse sand
IIIn/dPale brownCourse sand
IVn/dPale brownVery fine sand
Vn/dGrayish brownVery fine sand
VIn/dPale brownVery fine sand
VIIn/dGrayish brownVery fine sand
VIIIn/dBrownVery fine sand
IXn/dVery dark grayish brown Very fine sand
Xn/dVery pale brownVery fine sand
XIn/dVery pale brownVery fine sand

Highly disturbed deposit

4

2Jaucus sand

Jaucus sand

Jaucus sand

3

1Jaucus sand

Bath et al. (1984) 
Survey Area 5

122

11

113

16

121

120 114

Bath et al. (1984) 
Site T-7

14

13
12

115

116

117

118

119

15

6424 Stone Wall

6420 Stone Alignment

Site 6419

Shore line

Trench

TP6
TP3

TP1
TP5

TP4
TP2

TrenchTP7

13
14

116

TP7
TP4

Non-cultural auger core
Cultural faced exposure
Non-cultural faced exposure

Non-cultural shovel test
Cultural shovel test

Q2

Q1
P4

P3O4

N4

S5
S2

S4
S1

S3R1

TU-27

52Cultural auger core

Site 6411, Area C

14 = Profile 1
15 = Profile 2

TP6 = Profile 4
55 = Profile 3

Entire Area isJaucus Sand

Test Area D

0120m

Area depicted

Cores and exposures with number designations excavated by Bath et al. (1984)
Cores with letter designations and TU-27 excavated by Walker et al. (1988b)
Shovel tests (TP) excavated by Corbin (2003) 
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Figure 53. Test Area D, Proposed Trench Locations and Historic Land Use 

LCA 2928:2

Shore line

Test Area D

Historic Wall from Loebenstein's 1890 Map

Extent of Kahuku Army Airfield
Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Area depicted

15.9-acres

0120m

(33 estimated systematic trenches)

(excluded parcel)

Site 6419

Site 6411, Area C

Discretionary backhoe trench 

(6 estimated discretionary trenches)
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Figure 54. Test Area E, Soil Types and Previous Testing Results 

Bath et al. (1984) 
Survey Area 13

6414
6413

Bath et al. (1984) 
Survey Area 10

6417
6418 

Pools

Bath et al. (1984) 
Survey Area 12

Punaho‘olapa Marsh

Enclosure
139

138

30

137

29

136

169
55

168

54

58

59

172

173

60

58 = Non-cultural auger core

59 = Auger core with agricultural soils  w/peat

E8

E9

F8
F7 F6

H7

H8

H6

6415

6421

Cultural 
deposit

Test units

Trenches

E8 = Profile 1
F7 = Profile 2

168 = Profile 4
137 = Profile 3

Jaucus sand

Pearl Harbor clay

Test Area E

0120m
Area depictedCores with number designations excavated by Bath et al. (1984)

Cores with letter designations excavated by Walker et al. (1988b)
Test units excavated at Site 6417 excavated by Corbin (2003) 

ProfileLayerDepth (cm)ColorTextureSoil Type
I0-23Dark yellowish brownLoam sand
II23-30Light yellowish brownVery fine sand

Impacted by airfield construction
I0-80Yellowish brownLoam sand
II80-110Very dark grayish brownSilty loam
III110-160Dark yellowish brown to 

  
Clay

IV160-210BlackPeat
V210-360Very dark brownSandy silt

wetland deposits
I0-18Dark brownSilty loam
II18-38Reddish brownSilty clay
III38-41BrownSilty clay loam
IV41-59Dark brownSand
V*59-89Dark brownSilty clay loam
VI89-125Strong brownSilty clay loam

* = Cultural layer at Site 6417 - Site 6414 cultural layer at c. 0.3-0.4 m bs overlain by two disturbed deposits
4I0-15n/dLoamy sandPearl Harbor clay

overlies coral bedrock

1Jaucus sand and Pearl Harbor clay

2Jaucus sand and Pearl Harbor clay

3Pearl Harbor clay
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Figure 55. Test Area E, Proposed Trench Locations and Historic Land Use 

Foundations

LCA 2698:3

LCA 2706:2

LCA 2880:2

LCA 2690:2

LCA 2779:2

LCA 3958:2

LCA 2738:3

LCA 2698:2

Military structure

Military 

 Kahuku Army Airfield Runway

Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Historic Wall/enclosure from Loebenstein's 1890 Map

LCA 4341:2

66.8-acres

Punaho‘olapa Marsh

Test Area E

0120m

 Kahuku Army Airfield 

 Kahuku Army Airfield 
Barracks and related

development

 Kahuku Army Airfield 

Area depicted

Discretionary backhoe trench 

(133 estimated systematic trenches)

(3 estimated discretionary trenches)
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Figure 56. Test Area F, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type
I0-42BlackClay with organics
II42-82BlackSilt
III82-315BlackSilt
IV315-345BlackSilt clay
V345-445BlackSilty clay loam
VI445-490BlackClay with organics
VII490-493Dark graySilty clay

wetland deposits
I0-80Yellowish brownLoam sand
II80-110Very dark grayish brownSilty loam

III110-160Dark yellowish brown to 
very dark gray

Clay

IV160-210BlackPeat
V210-360Very dark brownSandy silt

wetland deposits
I0-10Grayish brownSilty clay loam fill
II10-12Whitish yellowCoral fill

III*12-31Very dark grayish brownSilty clay loam
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Figure 57. Test Area F, Proposed Trench Locations and Historic Land Use 

Site 5791
Railroad Grade

Intact remnant of 

Site 5791
Railroad Grade
(Former extent)

Proposed systematic backhoe trench (5.0 m long by 1.0 m wide)

Punaho‘olapa Marsh

Unlabeled Enclosure on 
Loebenstein's map

and related development
Extent of Kahuku Army Barracks

Historic wall/enclosure from Loebenstein's 1890 Map

(52 estimated systematic trenches)

0120m
Area depicted

Discretionary backhoe trench 

(2 estimated discretionary trenches)
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Figure 58. Test Area G, Soil Types and Previous Testing Results 

ProfileLayerDepth (cm)ColorTextureSoil Type
I0-80Yellowish brown Loam
II80-110Very dark grayish brown Silty loam

III110-160Dark yellowish brown to 
Very dark gray

Clay

IV160-210BlackPeat
V210-360Very dark brown Sandy silt

1Waialua silty clay

Bath et al. (1984)

33 and 142  = Profile 1

Survey Area 11

Eastern Project Area Boundary

Kamehameha Highway

Test Area G

33

142

All cores = possible agricultural soils with peat

Entire area is Waialua silty clay

0100m

Area depicted
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Figure 59. Test Area G, Proposed Trench Locations and Historic Land Use 

Eastern Project Area Boundary

Kamehameha Highway

9.6-acres

Entire area former sugarcane field

Proposed systematic backhoe trench  (5.0 m long by 1.0 m wide)
(10 estimated  systematic trenches)

Test Area G

0100m

Area depicted
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 Figure 1-1:  Location Map 
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Figure 1-2: Existing Zoning Map 

 
 
SOURCE:  Lee Sichter LLC. Turtle Bay Resort Environmental Assessment & Supplemental Environmental Impact Statement Preparation Notice. August 2011.  
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Figure 1-3: Proposed Action  

 
SOURCE:  Lee Sichter LLC. Turtle Bay Resort Environmental Assessment & Supplemental Environmental Impact Statement Preparation Notice. August 2011. 
Figure updated August 2012. 
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Figure 3-1: Regional Map 

 
NOTE:  Census Tract boundaries follow the State division: Census Tract 101 includes Sunset Beach and Pupukea as well as Kahuku. 
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Table 4-1: Construction Timetable, Proposed Action 
Cumulative,
through 202520152016201720182019202020212022202320242025

New hotel units, for occupancy in year30               30               30               64               65               60               70               70               70               71               65               
New residential units, for occupancy in year

Resort Residential131             74               75               47               48               49               49               38               37               27               15               
Community Residential 44               25               19               19               19               13               13               8                  

Hotel units built by end of year625                    30               60               90               154             219             279             349             419             489             560             625             
Residential Units built by end of year

Resort Residential590                    131             205             280             327             375             424             473             511             548             575             590             
Community Residential 160                    44               69               88               107             126             139             152             160             160             160             160             

100%35%45%46%52%59%65%94%96%97%99%100%
Share of infrastructure $$ 

spent by end of year

 
SOURCE: TBR.  
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Table 4-2: Construction-Related Jobs and Wages 

TOTAL 20142015201620172018201920202021202220232024

Infrastructure$148.5$48.0$14.4$3.5$8.9$10.4$9.2$40.2$4.3$3.3$3.4$2.9
Buildings$324.4$46.5$31.8$30.4$32.6$26.4$23.1$29.7$25.7$26.0$27.4$24.9
Single Family$297.0$49.8$26.4$26.7$26.4$31.0$32.0$32.8$25.3$22.5$18.3$5.9

$769.9$144.3$72.5$60.6$67.9$67.8$64.3$102.7$55.3$51.9$49.1$33.6
Direct Construction Workforce

Infrastructure564                    183             55               13               34               39               35               153             17               12               13               11               
Buildings1,363                 195             133             128             137             111             97               125             108             109             115             104             
Single Family1,336                 224             119             120             119             140             144             147             114             101             82               26               

3,263                 602             307             261             290             290             276             425             238             223             210             142             

On-site Const. workers2,611                 482             245             209             232             232             221             340             191             179             168             113             
Construction period (yrs.)11                       
Average annual on-site FTE237                    

Indirect and Induced Jobs 5,482                 1,011         515             439             486             487             463             714             400             375             353             238             

Wages (million, 2011 $s)
Direct $225.3$41.6$21.2$18.0$20.0$20.0$19.0$29.4$16.4$15.4$14.5$9.8
Indirect and Induced$247.7$45.7$23.3$19.8$22.0$22.0$20.9$32.3$18.1$16.9$16.0$10.7
Total Wage Impact $473.0$87.2$44.4$37.9$42.0$42.0$40.0$61.6$34.5$32.4$30.5$20.5

Construction Spending (million, 2011 $s)

Annual Data

  

NOTES: Construction spending estimated by Belt Collins Hawaii, based on input from TBR. Workforce counts based on recent job counts per construction spending. On-site workforce estimated on
assumption that 20% of direct workforce is at baseyards, offices or otherwise off-site. Indirect and induced jobs estimated from Hawaii State Input-Output Model. Wages estimated from data for
the construction industry and for all covered employment, for City and County of Honolulu, in 2009, adjusted to 2011 wages in proportion to changes in the Consumer Price Index. The numbers
shown are rounded, so totals may differ slightly from the sum of the individual numbers in the table.
SOURCES:  DBEDT, 2012, 2011, 2009; DLIR, 2011.  
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Table 4-3: On-Site Operations Jobs and Related Jobs, Proposed Action  
2025 -- Full 
Absorption 20152016201720182019202020212022202320242025

Operations Jobs
Direct Workers

Hotel511                    25               49               74               126             179             228             285             342             400             458             511             
Food and Beverage140                    8                  15               22               36               51               64               80               95               110             126             140             
Retail51                       3                  6                  9                  14               20               24               30               35               41               46               51               
Recreation Services7                         0                  1                  1                  2                  2                  3                  4                  4                  5                  6                  7                  
Landscaping13                       2                  3                  4                  5                  6                  7                  9                  10               11               12               13               
Security13                       2                  3                  4                  5                  6                  7                  9                  10               11               12               13               
Realty/Management 19                       2                  3                  5                  6                  8                  10               12               14               16               18               19               
Direct Total 753                    41               79               117             194             272             344             428             511             593             677             753             

Indirect + Induced Workers785                    42               81               120             201             282             357             444             531             618             706             785             

Total 1,539                 83               160             237             395             554             701             872             1,042         1,211         1,383         1,539         

Annual Wages (Million 2011 $s) 
Direct Workers$23.8$1.3$2.5$3.7$6.1$8.6$10.9$13.5$16.1$18.7$21.4$23.8
Indirect and Induced Workers$35.5$1.9$3.7$5.4$9.1$12.7$16.1$20.1$24.0$27.9$31.9$35.5

Total $59.2$3.2$6.1$9.1$15.2$21.3$27.0$33.6$40.1$46.6$53.2$59.2

 
NOTES:  Employment estimated by Belt Collins Hawaii, based on development timetable and employment at Turtle Bay and comparable resorts. Job counts are 
based on the number of units built or occupied, as described in Appendix B. Sources for indirect and induced jobs and for wage estimates by industry are the 
same as in the preceding table, using the multipliers for the industries shows in the table.  (See Appendix B for multipliers.) The numbers shown are rounded, 
so totals may differ slightly from the sum of the individual numbers in the table. 
SOURCES:  DBEDT, 2012, 2011, 2009; DLIR, 2011.  
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Table 4-4: Off-Site Employment Supported by Visitor Spending 
2025 -- Full 
Absorption 20152016201720182019202020212022202320242025

Visitors Staying Overnight in New Units
Total2,206                 221             386             553             729             921             1,102         1,326         1,534         1,753         1,997         2,206         

Adjusted total, spending1,862                 154             280             406             562             727             880             1,068         1,248         1,440         1,664         1,862         

Spending, Non-lodging
Per person per day$104.73$104.73$104.73$104.73$104.73$104.73$104.73$104.73$104.73$104.73$104.73$104.73
Annual (Million $s)$71.2$5.9$10.7$15.5$21.5$27.8$33.7$40.8$47.7$55.0$63.8$71.2

Jobs from Visitor Spending
Total (Direct and Indirect)765                    63               115             167             231             299             362             439             513             592             686             765             

minus On-site (DII)322                    24               42               61               95               127             158             192             226             259             293             322             
Off-site (DI)443                    39               73               106             137             172             205             246             287             333             393             443             

Regional Share 177                    16               29               42               55               69               82               99               115             133             157             177             

Wages, Off-site (Million $s) $18.4$1.6$3.0$4.4$5.7$7.1$8.5$10.2$11.9$13.8$16.3$18.4
Regional Share $7.4$0.7$1.2$1.8$2.3$2.9$3.4$4.1$4.8$5.5$6.5$7.4

  

NOTES: Visitor total is all visitors in new hotel and resort residential units. "Adjusted total, spending"  counts only half of the visitors in residential units, since (a) some of these may stay for longer periods, and
spend less per day, and (b) these seem more likely to patronize big box stores outside the KNS area. Off-site jobs estimated from average non-lodging visitor spending per-person per day in Hawai‘i, 2010, and
statewide ratio of jobs generated by visitor spending (including direct and indirect jobs) as modeled by DBEDT for 2010. Visitors in the Proposed Action are assumed to spend 110% of average visitors to Hawai‘i.
Direct jobs generated on-site (excluding accommodations jobs) plus associated indirect and induced jobs are subtracted from the total. For consistency, average wage for visitor spending direct and indirect
jobs is also taken from the State model (Data Book Table 7.32) which shows $41.505.50 in household income associated with each visitor-related job (including indirect jobs) as of 2010. Regional share of off-site
jobs estimated by Belt Collins Hawaii LLC as 40%, based on visitor spending patterns (by industry) analyzed by DBEDT. The numbers shown are rounded, so totals may differ slightly from the sum of the
individual numbers in the table, and shares of totals may reflect unrounded numbers.
SOURCES: DBEDT, 2011a, 2011b. 
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Table 4-6: Estimated Turtle Bay Resort On-Site Daytime Population, based on Proposed Action 

Existing 
Resort

 2025 -- Full 
Absorption  20152016201720182019202020212022202320242025

Hotel , Ocean Villa guests638                1,139                 65               130             194             297             400             493             607             721             845             998             1,139         

FT Residents167                41                       9                  14               20               23               26               30               33               36               39               40               41               
PT residents, visitors146                516                    101             160             221             250             291             334             387             429             470             499             516             

Community Residential479                    132             206             263             320             377             416             455             479             479             479             479             

Day Visitors96                  180                    62               84               86               108             130             151             165             169             172             176             180             

Operations workers439                561                    30               59               87               145             202             256             319             380             442             504             561             

Construction workers-                 -                     245             209             232             232             221             340             191             179             168             113             -              

Total 1,485            2,916                 645             862             1,102         1,374         1,647         2,020         2,157         2,393         2,614         2,811         2,916         

New Daytime Population with Proposed Action

Resort Residential (including 
Kuilima Estates)

 
  
NOTE:  Only construction workers involved in new construction (rather than renovation) are included.  Day visitors are expected to increase as Kawela Bay and 
other areas open to the public and as resort amenities become available. Golfers from outside the resort would decrease with fewer holes available on the 
Fazio Course. The Proposed Action would increase the number of persons on-site to a total of 4,358 after build-out. The population associated with the existing 
resort accounts for 34% of that total. The numbers shown are rounded, so totals may differ slightly from the sum of the individual numbers in the table. 
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Table 4-8: Government Revenues Associated with Construction 
Cumulative,

All figures are Millions of 2011 $sthrough 202420142015201620172018201920202021202220232024
Construction cost (1) $769.9$144.3$72.5$60.6$67.9$67.8$64.3$102.7$55.3$51.9$49.1$33.6
Construction-related Wages (2)$473.0$87.2$44.4$37.9$42.0$42.0$40.0$61.6$34.5$32.4$30.5$20.5

Excise Taxes To State (3) 
On Construction$31.2$5.8$2.9$2.5$2.8$2.7$2.6$4.2$2.2$2.1$2.0$1.4
On Spending by Workforce (4)$12.0$2.2$1.1$1.0$1.1$1.1$1.0$1.6$0.9$0.8$0.8$0.5

On Construction$3.5$0.6$0.3$0.3$0.3$0.3$0.3$0.5$0.2$0.2$0.2$0.2
On Spending by Workforce (4)$1.3$0.2$0.1$0.1$0.1$0.1$0.1$0.2$0.1$0.1$0.1$0.1

Income Taxes
Corporate (5)$1.3$0.2$0.1$0.1$0.1$0.1$0.1$0.2$0.1$0.1$0.1$0.1
Personal (6)$28.8$5.3$2.7$2.3$2.6$2.6$2.4$3.8$2.1$2.0$1.9$1.3

Total Revenues from
Construction Spending 

State of Hawaii$73.3$13.6$6.9$5.8$6.5$6.5$6.2$9.7$5.3$5.0$4.7$3.2
City and County of Honolulu$4.8$0.9$0.5$0.4$0.4$0.4$0.4$0.6$0.3$0.3$0.3$0.2

Excise Taxes to City and County of 

  

NOTES: Since occupancy is expected to be achieved in 2025, Belt Collins has treated 2024 as the last year of construction. Values are rounded, so 
totals may be slightly different than the sum of the values in the table.            

1 Estimated by Belt Collins Hawaii, in millions of mid-2011 dollars.      
2 From Table 4-2.          
3 The State collects General Excise Tax (4%) and, on O‘ahu, an additional tax for transit    
 (0.5%). Act 247 of 2005 directs the State to retain 10% of the County surcharge for    
 administrative costs. Hence the State share of excise taxes is 4.05%, while the City and    
 County share is 0.45%.         
4 Excise tax is calculated on disposable income, estimated as 62.6% of wages (from    
 historical spending rates).          
5 Corporate income tax estimated (from historical rates) as 0.17% of revenues (data from 2000).   
6 Personal income tax estimated as 6.1% of taxable income (from 2005 data).     
SOURCES:             
 DBEDT 2011, 2005; Hawaii State Department of Taxation, 2001, 2008 
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Table 4-9: Government Revenues Associated with Real Estate Purchases and Visitor Spending 
Cumulative,

All figures are Millions of 2011 $sthrough 202520152016201720182019202020212022202320242025

Conveyance Taxes$5.1$0.8$0.5$0.5$0.5$0.5$0.4$0.5$0.4$0.4$0.4$0.3

Taxes on Visitor Accommodations
Transient Accommodations Tax$32.9$0.8$1.3$1.8$2.2$2.7$3.1$3.6$4.0$4.3$4.5$4.6

(Hotel Condominiums and
Visitors in Resort Residential Units)

Transient Occupancy Tax (Time Shares)$16.3$0.1$0.5$0.7$0.9$1.1$1.3$1.6$1.9$2.2$2.8$3.2

Taxes on Cash Flows from Visitor Spending
Excise Taxes

On Lodging (Visitors only)$16.0$0.4$0.6$0.9$1.1$1.3$1.5$1.7$1.9$2.1$2.2$2.2
On Other Visitor Spending$17.7$0.3$0.5$0.7$1.0$1.3$1.5$1.8$2.1$2.5$2.9$3.2
On On- and Off-Site Workers' Spending$11.7$0.1$0.3$0.4$0.6$0.8$1.0$1.2$1.5$1.7$2.0$2.2
Excise Tax Total $45.5$0.8$1.4$1.9$2.6$3.4$4.0$4.8$5.6$6.3$7.0$7.6

State of Hawai‘i Share$40.9$0.7$1.2$1.7$2.4$3.0$3.6$4.3$5.0$5.7$6.3$6.9
City and County of Honolulu Share$4.5$0.1$0.1$0.2$0.3$0.3$0.4$0.5$0.6$0.6$0.7$0.8

Income Taxes
On- and Off-Site Workers$25.3$0.3$0.6$0.8$1.3$1.7$2.2$2.7$3.2$3.7$4.2$4.7

State of Hawai‘i Total$120.6$2.7$4.0$5.5$7.2$9.0$10.7$12.7$14.4$16.3$18.2$19.7
City and County of Honolulu Total $4.5$0.1$0.1$0.2$0.3$0.3$0.4$0.5$0.6$0.6$0.7$0.8

 
 
NOTES:  All taxes estimated from current rates (excise at 4.5%; TAT at 9.25%; TOT at 7.25% of half of maintenance fee for period of occupancy; conveyance taxes at escalating rates
depending on cost and whether buyer is a Hawai‘i resident) and historic ratios between earnings or revenues and taxes. Excise tax on workers' income estimated for taxable disposable
income.  Property sale values and maintenance fees estimated by Belt Collins Hawaii based on information from TBR and review of comparable projects. Values are rounded, so totals
may be slightly different than the sum of the values in the table.  
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Table 4-10: Increased Property Tax Revenues for the City and County of Honolulu, with Proposed Action 
2025 -- Full 
Absorption 20152016201720182019202020212022202320242025

Land Redeveloped (acres) 
Annual11                       40               23               22               22               21               20               19               13               14               17               11               
Cumulative221                    40               62               84               106             127             147             166             179             193             210             221             

Value of Redevelopment (Mill $s) (1)
Residential Construction$441.0$84.2$130.8$176.3$210.7$243.0$275.0$320.1$357.6$392.3$422.9$441.0
Residential Land $586.8$118.8$182.0$245.9$309.5$369.3$429.9$481.2$516.7$549.1$577.6$586.8
Hotel Construction$175.9$11.6$23.1$34.7$59.3$84.3$107.4$120.9$134.4$148.2$163.3$175.9
Hotel Land$202.7$9.3$18.7$28.0$41.8$55.7$68.1$84.6$101.2$124.0$165.9$202.7

Property Taxes (Mill $s)
Annual Collections (new
development built to date)

Residential$3.6$0.7$1.1$1.5$1.8$2.1$2.5$2.8$3.1$3.3$3.5$3.6
Hotel, Resort $4.7$0.3$0.5$0.8$1.3$1.7$2.2$2.5$2.9$3.4$4.1$4.7

Cumulative Collections$50.3$1.0$2.6$4.8$7.9$11.8$16.4$21.8$27.8$34.4$42.0$50.3

  

NOTES: Land "redeveloped" is land that changes from existing use as golf or open space to hotel and residential, under or around new structures. Value of new development is taken from esti
construction costs and review of land values for hotel and resort residential properties in KNS and Ko ‘Olina. Land values are net, i.e., the increase in land value, over average current value for 
properties at Turtle Bay Resort,  with redevelopment.  The analysis does not deal with commercial space and other amenities in the resort. It is a conservative estimate of new property values 
taxes, not a complete one.  The numbers shown are rounded, so totals may differ slightly from the sum of the individual numbers in the table
(1) For particular years, the value is for development coming on market that year; for absorption, it is the value of the entire project.  
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Table 4-13: Summary of Government Revenues and Costs, Proposed Action 
Cumulative,
through 2025201420152016201720182019202020212022202320242025

State of Hawai‘i 
Revenues (Mill. $s)$193.9$13.6$9.6$9.9$12.0$13.7$15.2$20.4$18.0$19.4$21.0$21.4$19.7

Average cost, Visitors$2,171
Average Census, Visitors staying at Resort12,729              -              221             386             553             729             921             1,102         1,326         1,534         1,753         1,997         2,206            
Visitor-Related Costs (Mill. $s)$27.6$0.0$0.5$0.8$1.2$1.6$2.0$2.4$2.9$3.3$3.8$4.3$4.8

Average cost, Residents$6,830
Full-time Resort Residents at Resort416                    -              12               19               26               31               35               40               44               48               51               54               55                  
Resident-Related Costs (Mill. $s) $2.8$0.0$0.1$0.1$0.2$0.2$0.2$0.3$0.3$0.3$0.4$0.4$0.4

Total Costs $30.5$0.0$0.6$1.0$1.4$1.8$2.2$2.7$3.2$3.7$4.2$4.7$5.2

Net Revenues > Costs $163.4$13.6$9.0$8.9$10.6$11.9$13.0$17.7$14.8$15.8$16.8$16.7$14.6

City and County of Honolulu
Revenues (Mill. $s)$59.7$0.9$1.5$2.1$2.9$3.8$4.6$5.7$6.2$6.9$7.6$8.5$9.1

Average cost, Visitors$1,060
Average Census, Visitors staying at Resort12,729              -              221             386             553             729             921             1,102         1,326         1,534         1,753         1,997         2,206            
Visitor-Related Costs (Mill. $s)$13.5$0.0$0.2$0.4$0.6$0.8$1.0$1.2$1.4$1.6$1.9$2.1$2.3

Average cost, Residents$1,485
Full-time Resort Residents at Resort416                    12               19               26               31               35               40               44               48               51               54               55                  
Resident-Related Costs (Mill. $s) $0.6$0.0$0.0$0.0$0.0$0.0$0.1$0.1$0.1$0.1$0.1$0.1$0.1

Total Costs $14.1$0.0$0.3$0.4$0.6$0.8$1.0$1.2$1.5$1.7$1.9$2.2$2.4

Net Revenues > Costs $45.6$0.9$1.2$1.7$2.2$2.9$3.6$4.5$4.7$5.2$5.7$6.3$6.6

  

NOTES:  See Tables 4-8 to 4-12. The values shown are rounded, so totals may differ slightly from the sum of the individual values in the table.  
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 b
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 m
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 o
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 d
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 p
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 b
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 c
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is

 e
xp

ec
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 d
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t c
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 p
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 c
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 D
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at
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 d
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t c
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s d
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, b
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s l
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 c
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t d
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 d
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 c
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 c
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 c
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r p
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l r
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f t
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 b

e 
m

uc
h 

le
ss

 a
va

ila
bl

e 
to

 lo
ca

l r
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r p
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 o
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l r
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 d
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e 

Pr
op

os
ed

 A
ct

io
n,

 so
m

e 
re

so
rt 

re
si

de
nt

s c
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 c
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t b
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 d
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l s
ta

ke
ho

ld
er

s. 
 

 
Th

e 
ne

w
 v

is
ito

rs
 a

nd
 e

m
pl

oy
ee

s b
ro

ug
ht

 b
y 

th
e 

de
ve

lo
pm

en
t a

lte
rn

at
iv

es
 w

ill
 c

on
tri

bu
te

 to
 

re
gi

on
al

 tr
af

fic
. S

ee
 th

e 
Tr

af
fic

 Im
pa

ct
 A

ss
es

sm
en

t R
ep

or
t i

n 
th

e 
SE

IS
 fo

r f
ur

th
er

 d
et

ai
l o

n 
th

e 
pr

oj
ec

t’s
 c

on
tri

bu
tio

n 
to

 re
gi

on
al

 c
on

ge
st

io
n 

an
d 

on
 tr

af
fic

 m
an

ag
em

en
t s

tra
te

gi
es
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 d
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 p

ub
lic

 fa
ci

lit
ie

s a
pp

ea
rs

 m
uc

h 
m

or
e 

lik
el

y.
 T

ha
t p

ro
je

ct
 c
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l r
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t p
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, b
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 B
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 p
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 d
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ou
ld

 in
cr

ea
se

 
si

gn
ifi

ca
nt

ly
. O

n 
th
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 p
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D
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as

 
su

bs
ta

nt
ia

lly
 la

rg
er

 th
an

 th
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 c
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 c
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 m
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 d
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s r
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 c
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 c
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Table 5-14: Comparison of Development Impacts, Kuilima EIS, Proposed Action and Alternatives 

Action and Alternatives  -- in Comparison to the With-Project Future in the Kuilima EIS
 Kuilima EIS 

and UA
Proposed 

Action
Full Build-Out 

(2025)
Full Build-Out 

(2053)
Resort 

Residential

New Resort UnitsUnits3,410                    1,215                    1,060                    3,410                    454                       692                       -                        
Keys(1)Not listedup to 1,590NANANANA-                        

Workforce / Community Residential Units 90                          (2)160                       90                          90                          46                          48                          -                        
Employment On-site Jobs2,614                    753                       530                       2,240                    48                          469                       -                        

Change in the Regional Economy
Development 
of a tourism 

"base" 

Increase in 
visitor 

economy

Increase in 
visitor 

economy

Major increase 
in visitor 
economy

Increase in 
visitor 

economy

Increase in 
visitor 

economy-                        

Housing "pressures" 

Regional 
problem exists, 

increased 
demand with 

project

Regional 
problem 

continues; 
project housing 
impact is likely 

positive

Regional 
problem 

continues; 
project housing 

impact is 
negative

Regional 
problem 

continues; 
project housing 

impact is 
negative

Regional 
problem 

continues; 
project housing 

impact is 
positive

Regional 
problem 

continues; 
project housing 

impact is 
negative

 Regional 
problem 

continues 
Increased  Presence of Visitors Visitors4,7832,2062,2025,9684831,477-                        
Displacement of ResidentsPersons140NoneNoneNoneNoneNoneNone

Displacement of ActivitiesActivities

UA commits 
resort to work 
for a Kawela 
Bay Marine 

Conservation 
Area

Resort would 
follow UA

Resort would 
follow UA

Resort would 
follow UA

Resort would 
follow UA

Resort would 
follow UANone

New Recreational Opportunities 

Parks, 
shoreline 

access

Parks, 
shoreline 

access

Parks, 
shoreline 

access

Parks, 
shoreline 

access (with 
many more 

visitors)

Parks, 
shoreline 

access

Parks, 
shoreline 

accessNone

Conservation 
PartnerNo Action 

  

 
NOTES:NA = Not Available
(1)When a two- or three-bedroom unit isdesigned so its components can be rented separately, the various components are counted as "keys." Units that cannot be

subdivided in this way are counted as single "keys." For this table, resort residential units are also counted as single "keys." TBR has committed to have no more than 
1,000 keys for 625 hotel units in the Proposed Action. No similar analysis of hotel room counts has been made for Development Alternatives.

(2)The UA specifies that (a) at least 51% of resort units must be "full-service hotel" units and that (b) workforce housing must be developed, on-site or off-site. The number
of workforce housing units must equal 10% of the resort non-hotel units. Workforce housing must be provided at rates affordable by families earning 80% of the County
average median household income, under a program supervised by the City and County (now by DPP).  The community housing proposed by TBR would at least meet, and 
probably go farther than, County rules to assure housing is available for local families.  
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Table 5-15: Development Impacts in Regional Context 
Proposed Action, 

2025
Full Build-Out, 

2025
Full Build- Out,  

2053
Resort Residential, 

2025
Conservation 
Partner, 2025No Action 

Employment
Regional Jobs, 2009 6,203       

New Continuing Jobs at Resort753                               530                               2,240                           48                                 469                               -                               
New Continuing Jobs in KNS Region 177                               109                               373                               14                                 161                               -                               
Total New Continuing Jobs930                               640                               2,613                           61                                 630                               -                               

As share of 2009 regional jobs 15%10%42%1%10%0%
As share of forecast regional job growth, 2010 to 
20251,086       86%59%NR6%58%0%

Wages  (Million $s)
Regional Wages, 2009$116.3

New Continuing Wages at Resort$23.8$16.8$71.1$1.6$14.8$0.0
New Continuing Wages in KNS Region $7.4$4.5$15.5$0.6$6.7$0.0

Total New Continuing Wages$31.1$21.4$86.6$2.2$21.5$0.0
As share of 2009 regional wages 27%18%74%2%18%0%

Population
Forecast Regional Population, 202534,969     
Forecast Resident Population increase, to 20251,576       

New Regional Residents due to      Action or 
Alternative951                               877                               3,000                           152                               824                               -                               

As share of KNS Population, 20253%3%9%0%2%0%
As share of forecast growth60%56%NR10%52%0%

Housing 
2010 Household size (popul. in hholds)3.27          
Forecast Resident Population increase, to 20251,576       

New Households in Region (Forecast Regional 
Population Increase divided by 2010 Household 
Size482           

Community Housing at Resort160909046480
As share of forecast household growth33%19%NR10%10%0%

Net Project-Related Regional Housing Supply 
Low Estimate77                                 33                                 (144)                             40                                 (9)                                  0

High Estimate (7)                                  (25)                               (379)                             35                                 (65)                               0
As share of forecast household growth

Low Estimate16%7%NR8%-2%0%
High Estimate -1%-5%NR7%-13%0%

 
Continued on next page 
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Table 5-15 Cont.  
 

Proposed Action, 
2025

Full Build-Out, 
2025

Full Build- Out,  
2053

Resort Residential, 
2025

Conservation 
Partner, 2025No Action 

Public Schools
2011 KNS region enrollment 4,826       

New Project-Related Enrollment, 2025
Low Estimate49                                 32                                 98                                 7                                   27                                 -                               

High Estimate 123                               77                                 210                               21                                 61                                 -                               
As share of 2011 Enrollment 

Low Estimate1%1%2%0%1%0%
High Estimate 3%2%4%0%1%0%

Other Public Services
Police: current number of officers/1,000 persons1.56          
Fire: current number of officers/1,000 persons1.07          
Emergency Medical Service: per 1,0000.30          
Hospital Beds per 1,000 persons2.70          

202520252053202520252025
New regional demand associated with Project 
(New residents and visitors)3,157                           3,079                           8,968635                               2,301                           -                               

Police4.9                                4.8                                14.0                             1.0                                3.6                                -                               
Fire 3.4                                3.3                                9.6                                0.7                                2.5                                -                               
Emergency Medical Services 0.9                                0.9                                2.7                                0.2                                0.7                                -                               
Hospital Beds8.5                                8.3                                24.2                             1.7                                6.2                                -                               

  

NOTES:  See Tables 5-3, 5-4, 5-6, 5-11, 5-12, and Chapter 3 text on Public Services, for regional conditions and trends. Ratios comparing the 2053 absorption of 
the Full Build-Out Alternative to forecast 2025 trends are all marked NR, i.e., Not Relevant, since these impacts refer to a much longer time period. The values 
shown are rounded, so totals may differ slightly from the sum of the individual values in the table.  
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ou
ld

 w
an

t a
ss

ur
an

ce
 th

at
 th
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Appendix A:  Regional Geography 
 

Table A-1: Communities, Districts and Places in the KNS Region 

Mokulē‘iaWaialuaHale‘iwaKawailoa
Waimea 

Bay

Pupukea-
Sunset 
BeachKawelaKuilimaKahukuLā‘ieHau‘ulaPunalu‘uKahanaKa‘a‘awa

U.S. Census 
198099.02100102.02
199099.02100102.02
200099.02100102.02
201099.02100102.02

2010 namesHaleiwaKawailoaLaie

CDPsMokuleiaWaialuaHaleiwaKawelaKahuku //Laie // HauuluPunaluuKaaawa
`
State of Hawaii

City and County of Honolulu 

99.04101102.01

Ko‘olau Loa SCP

99.01101102.01
99.01101102.01

Kaena PointWaimea-Kahuku Hauula - Kaaawa

North Shore Neighborhood Board, No. 27Ko‘olauloa Neighborhood Board, No. 28

Pupukea

Communities in the Ko‘olauloa/North Shore Region, from West to East

99.01101102.01

Waialua (North Shore) District Ko‘olauloa District 

North Shore SCP

 
 
NOTES: "CDP" = Census Designated Place(s). Parts of the region are not included in any CDP. This is indicated above in two ways. First, some communities are 
 simply not included in CDPs, and are outside the named boxes. Second, CDP boundaries may not be contiguous. In the table. "//" indicates where CDP 
 boundaries of nearby named communities are not contiguous. 
 CDP boundaries may have changed slightly over time, due to changes in mapping procedures.  
 The Waialua District is often termed the North Shore District. Other names reflect spelling conventions used by the agencies named in the table.  

The State judicial districts are also designated Census Divisions. 
 2010 Census Tract names are supplied by State Data Center, DBEDT. 
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t 
P
ro
p
o
se
d
 A
ct
io
n
.3
1
 

T
ab
le
 8
. 
 E
x
is
ti
n
g
 T
u
rt
le
 B
a
y
 H
o
te
l 
D
ai
ly
 T
ri
p
 G
e
n
er
at
io
n
 R
at
e 
C
al
cu
la
ti
o
n
s
..
..
..
..
..
..
..
..
..
..
..
..
..
...
..
..
.
3
7
 

T
ab
le
 9
. 
 E
x
is
ti
n
g
 K
u
il
im
a 
E
st
at
es
 D
ai
ly
 T
ri
p
 G
en
er
at
io
n
 R
at
e 
C
al
cu
la
ti
o
n
s.
..
..
..
..
..
..
..
..
..
..
..
..
..
...
..
..
..
3
7
 

T
ab
le
 1
0
. 
 T
ri
p
 G
en
er
at
io
n
 C
h
ar
ac
te
ri
st
ic
s
..
..
..
..
...
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
3
9
 

T
ab
le
 1
1
. 
 T
ri
p
 D
is
tr
ib
u
ti
o
n
 S
u
m
m
ar
y
..
..
..
..
..
..
..
...
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
.
4
1
 

T
ab
le
 1
2
. 
 P
ea
k
 H
o
u
r 
T
w
o
-L
an
e 
O
p
er
at
io
n
s 
o
n
 K
a
m
eh
am

eh
a 
H
ig
h
w
a
y
 W

it
h
 F
B
O
 A
lt
er
n
at
iv
e
..
..
..
4
3
 

T
ab
le
 1
3
. 
 I
n
te
rs
ec
ti
o
n
 T
ra
ff
ic
 A
n
al
y
si
s 
S
u
m
m
ar
y
 -
 P
ea
k
 H
o
u
r 
C
o
n
d
it
io
n
s 
W
it
h
 F
B
O
 A
lt
er
n
at
iv
e
.
4
4
 

T
ab
le
 1
4
. 
 P
ea
k
 H
o
u
r 
T
w
o
-L
an
e 
O
p
er
at
io
n
s 
o
n
 K
a
m
eh
am

eh
a 
H
ig
h
w
a
y
  
W
it
h
 R
R
 A
lt
er
n
at
iv
e
..
..
..
.
5
1
 

T
ab
le
 1
5
. 
 I
n
te
rs
ec
ti
o
n
 T
ra
ff
ic
 A
n
al
y
si
s 
S
u
m
m
ar
y
 -
 P
ea
k
 H
o
u
r 
C
o
n
d
it
io
n
s 
W
it
h
 R
R
 A
lt
er
n
at
iv
e
..
..
5
2
 

T
ab
le
 1
6
. 
 P
ea
k
 H
o
u
r 
T
w
o
-L
an
e 
O
p
er
at
io
n
s 
o
n
 K
a
m
eh
am

eh
a 
H
ig
h
w
a
y
  
W
it
h
 C
P
 A
lt
er
n
at
iv
e
..
..
..
..
5
9
 

T
ab
le
 1
7
. 
 I
n
te
rs
ec
ti
o
n
 T
ra
ff
ic
 A
n
al
y
si
s 
S
u
m
m
ar
y
 -
 P
ea
k
 H
o
u
r 
C
o
n
d
it
io
n
s 
W
it
h
 C
P
 A
lt
er
n
at
iv
e
..
..
6
0
 

T
ab
le
 1
8
. 
 I
n
te
rs
ec
ti
o
n
 T
ra
ff
ic
 A
n
al
y
si
s 
S
u
m
m
ar
y
 -
 P
ea
k
 H
o
u
r 
C
o
n
d
it
io
n
s 
W
it
h
 P
ro
p
o
se
d
 A
ct
io
n
.
7
5
 

T
ab
le
 1
9
.  
2
0
2
5
 P
ea
k
 H
o
u
r 
T
w
o
-L
an
e 
O
p
er
at
io
n
s 
o
n
 K
am
eh
am

eh
a 
H
ig
h
w
ay
 W

it
h
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
.7
6
 

T
ab
le
 2
0
. 
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
 –
 T
u
rn
in
g
 L
an
e
 L
en
g
th
s 
(F
ee
t)
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
.
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T
R
A
F
F
IC
 I
M
P
A
C
T
 A
N
A
L
Y
S
IS
 R
E
P
O
R
T
 

F
O
R
 T
H
E
 P
R
O
P
O
S
E
D
 

T
U
R
T
L
E
 B
A
Y
 R
E
S
O
R
T
 M

A
S
T
E
R
 P
L
A
N
 

K
A
H
U
K
U
, 
O
A
H
U
, 
H
A
W
A
II
 

I.
 

In
tr
o
d
u
c
ti
o
n
  

A
. 
R
e
tr
o
sp
e
c
ti
v
e
 o
n
 t
h
e
 M
a
st
e
r
 P
la
n
n
in
g
 o
f 
th
e
 T
u
r
tl
e
 B
a
y
 R
e
so
r
t 

T
h
e 
m
as
te
r 
p
la
n
n
in
g
 o
f 
th
e 
ex
p
an
si
o
n
 o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 h
as
 s
p
an
n
e
d
 a
lm
o
st
 3
0
 

y
e
a
rs
. 
 T
h
e 
tr
a
ff
ic
 i
m
p
a
ct
s 
o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M
as
te
r 
P
la
n
 h
av
e 
b
ee
n
 d
o
cu
m
en
te
d
 i
n
 

se
v
er
al
 s
tu
d
ie
s,
 w
h
ic
h
 a
re
 s
u
m
m
ar
iz
ed
 a
s 
fo
ll
o
w
s.
   

T
h
e 
1
9
8
5
 T
ra
ff
ic
 I
m
p
a
ct
 R
ep
o
rt
 f
o
r 
th
e 
P
ro
p
o
se
d
 T
u
rt
le
 B
a
y
 R
es
o
rt
, 
d
at
ed
 J
u
n
e,
 1
9
8
5
, 

w
as
 
p
re
p
a
re
d
 
b
y
 A
u
st
in
, 
T
su
ts
u
m
i 
&
 A
ss
o
ci
at
es
, 
In
c.
, 
an
d
 
w
as
 
in
co
rp
o
ra
te
d
 
in
to
 
th
e 

R
ev
is
ed
 
E
n
v
ir
o
n
m
en
ta
l 
Im
p
ac
t 
S
ta
te
m
en
t 
fo
r 
th
e 
K
u
ili
m
a 
R
es
o
rt
 
E
x
p
an
si
o
n
, 
d
at
ed
 

O
ct
o
b
er
, 
1
9
8
5
 (
1
9
8
5
 E
IS
).
  
 

A
n
 u
p
d
at
e 
o
f 
th
e 
1
9
8
5
 E
IS
 t
ra
ff
ic
 s
tu
d
y
 e
n
ti
tl
ed
, 
Tr
a
ff
ic
 I
m
p
a
ct
 A
n
al
y
si
s 
R
ep
o
rt
 f
o
r 

th
e 
P
ro
p
o
se
d
 
K
u
il
im
a 
R
es
o
rt
 
E
x
p
an
si
o
n,
 
w
as
 
p
re
p
ar
ed
 
b
y
 
T
h
e 
T
ra
ff
ic
 
M
an
a
g
em
en
t 

C
o
n
su
lt
an
t 
(T
M
C
),
 d
at
ed
 J
u
ly
 2
5
, 
1
9
9
1
. 
 T
h
e 
1
9
9
1
 t
ra
ff
ic
 s
tu
d
y
 f
o
cu
se
d
 o
n
 t
h
e 
ac
ce
ss
 t
o
 

th
e 
R
es
o
rt
. 
  

A
 
su
b
se
q
u
en
t 
u
p
d
at
e
 
en
ti
tl
ed
, 
th
e 
T
ra
ff
ic
 
Im
p
a
c
t 
A
na
ly
si
s 
R
ep
o
rt
 
U
p
d
a
te
 
fo
r 
th
e 

P
ro
p
o
se
d
 T
u
rt
le
 B
a
y
 R
e
so
rt
 M
as
te
r 
P
la
n 
(T
IA
R
 U
p
d
at
e)
 w
as
 p
re
p
ar
ed
 b
y
 T
h
e 
T
ra
ff
ic
 

M
an
a
g
em
en
t 
C
o
n
su
lt
an
t,
 d
at
ed
 S
ep
te
m
b
er
 9
, 
2
0
0
5
. 
 T
he
 p
u
rp
o
se
 o
f 
th
e
 T
IA
R
 U
p
d
at
e
 

w
as
 t
o
 s
u
p
p
o
rt
 t
h
e 
d
es
ig
n
 o
f 
th
e 
p
ro
p
o
se
d
 T
u
rt
le
 B
ay
 R
es
o
rt
 a
cc
es
s 
in
te
rs
ec
ti
o
n
s 
al
o
n
g
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y.
  
 

T
M
C
 p
re
p
ar
ed
 A
d
d
en
d
u
m
 N
o
. 
1
 t
o
 t
h
e 
2
0
0
5
 T
IA
R
 U
p
d
at
e,
 d
at
ed
 F
eb
ru
a
ry
 1
4
, 
2
0
0
6
, 

to
 a
n
al
y
z
e 
th
e 
ch
an
n
el
iz
at
io
n
 d
es
ig
n
 o
f 
th
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a
 H
ig
h
w
a
y
 a
n
d
 

K
ai
h
al
u
lu
 D
ri
v
e 
(f
o
rm
er
ly
 k
n
o
w
n
 a
s 
A
lp
h
a 
R
o
ad
 a
n
d
 W
es
t 
K
u
il
im
a 
D
ri
v
e)
. 
  

A
t 
th
e 
re
q
u
es
t 
o
f 
th
e 
C
it
y
 
an
d
 
C
o
u
n
ty
 
o
f 
H
o
n
o
lu
lu
 
D
ep
ar
tm
en
t 
o
f 
P
la
n
n
in
g
 
an
d
 

P
er
m
it
ti
n
g
 (
D
P
P
),
 T
M
C
 p
re
p
ar
ed
 A
d
d
en
d
u
m
 N
o
. 
2
 o
f 
th
e 
2
0
0
5
 T
IA
R
 U
p
d
at
e,
 d
at
ed
 A
p
ri
l 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
2
 

  

 
 

2
1
, 
2
0
0
6
, 
to
 d
et
er
m
in
e 
if
 a
n
d
 w
h
en
 K
ai
h
al
u
lu
 D
ri
v
e 
sh
o
u
ld
 b
e 
w
id
en
ed
 f
ro
m
 t
w
o
 l
an
es
 t
o
 

fo
u
r 
la
n
es
. 
  

T
M
C
 p
re
p
ar
ed
 A
d
d
en
d
u
m
 N
o
. 
3
 t
o
 t
h
e 
2
0
0
5
 T
IA
R
 U
p
d
at
e,
 d
at
ed
 A
u
g
u
st
 2
5
, 
2
0
0
6
, 
to
 

an
al
y
z
e 
a 
se
co
n
d
 p
h
as
e
 o
f 
im
p
ro
v
em
en
ts
 o
n
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
t 
th
e 
K
ai
h
al
u
lu
 

D
ri
v
e 
in
te
rs
e
ct
io
n
, 
an
d
 a
t 
th
e 
K
u
il
im
a 
D
ri
v
e 
in
te
rs
ec
ti
o
n
. 
 

T
M
C
 p
re
p
ar
ed
 A
d
d
en
d
u
m
 N
o
. 
4
 t
o
 t
h
e 
2
0
0
5
 T
IA
R
 U
p
d
at
e,
 d
at
ed
 J
u
n
e 
2
7
, 
2
0
0
7
, 
to
 

d
et
er
m
in
e 
th
e 
fi
rs
t 
p
h
as
e 
o
f 
d
ev
el
o
p
m
en
t,
 
w
h
er
e 
ac
ce
ss
 
w
o
u
ld
 
b
e 
p
ro
v
id
ed
 
b
y
 
th
e
 

im
p
ro
v
ed
 i
n
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
n
d
 K
u
ili
m
a 
D
ri
v
e.
  
 

T
h
e 
2
0
0
9
 R
ev
is
ed
 T
ra
ff
ic
 I
m
p
ac
t 
A
n
al
y
si
s 
R
ep
o
rt
 U
p
da
te
 f
o
r 
th
e 
P
ro
p
o
se
d
 T
u
rt
le
 B
a
y
 

R
es
o
rt
 M
as
te
r 
P
la
n
 (
R
e
v
is
ed
 T
IA
R
 U
p
d
at
e
) 
w
a
s 
p
re
p
a
re
d
 b
y
 T
h
e 
T
ra
ff
ic
 M
an
a
g
em
en
t 

C
o
n
su
lt
an
t,
 d
at
ed
 A
p
ri
l 
1
6
, 
2
0
0
9
. 
 T
h
e 
R
ev
is
ed
 T
IA
R
 U
p
d
at
e 
w
as
 f
o
rm
a
ll
y
 a
cc
ep
te
d
 b
y
 

th
e 
S
ta
te
 o
f 
H
a
w
ai
i 
D
e
p
ar
tm
en
t 
o
f 
T
ra
n
sp
o
rt
at
io
n
 (
D
O
T
) 
in
 t
h
ei
r 
le
tt
e
r 
d
at
ed
 J
u
ly
 9
, 

2
0
0
9
. 
  

T
h
e 
tr
af
fi
c 
st
u
d
ie
s 
fr
o
m
 1
9
8
5
 t
h
ro
u
g
h
 2
0
0
9
 w
er
e 
al
l 
b
as
ed
 u
p
o
n
 t
h
e 
sa
m
e 
o
v
er
al
l 

d
en
si
ty
 f
o
r 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M
as
te
r 
P
la
n
, 
i.
e
., 
a 
to
ta
l 
o
f 
3
,5
0
0
 n
ew
 h
o
te
l 
ro
o
m
s 
an
d
 

re
so
rt
 r
es
id
en
ti
al
 u
n
it
s,
 a
s 
ap
p
ro
v
ed
 b
y
 Z
o
n
in
g
 O
rd
in
an
ce
. 
 T
h
e 
cu
rr
en
t 
T
u
rt
le
 B
a
y
 R
es
o
rt
 

M
as
te
r 
P
la
n
 i
s 
th
e 
fi
rs
t 
ef
fo
rt
 t
o
 s
ig
n
if
ic
an
tl
y
 r
ed
u
c
e 
th
e 
R
es
o
rt
 d
en
si
ty
 t
o
 1
,3
7
5
 n
ew
 h
o
te
l 

ro
o
m
s 
(w
h
ic
h
 e
x
cl
u
d
es
 t
h
e 
ex
is
ti
n
g
 T
u
rt
le
 B
a
y
 H
o
te
l a
n
d
 O
ce
an
 V
il
la
s)
, 
re
so
rt
 r
es
id
en
ti
al
 

u
n
it
s 
(w
h
ic
h
 e
x
cl
u
d
es
 t
h
e 
ex
is
ti
n
g
 K
u
il
im
a 
E
st
at
es
), 
an
d
 c
o
m
m
u
n
it
y
 h
o
u
si
n
g
 u
n
it
s.
 

In
 t
h
e 
p
re
p
ar
at
io
n
 f
o
r 
th
is
 c
u
rr
en
t 
T
ra
ff
ic
 I
m
p
a
ct
 A
n
al
y
si
s 
R
ep
o
rt
, 
T
u
rt
le
 B
a
y
 R
es
o
rt
, 

L
L
C
 a
n
d
 i
ts
 c
o
n
su
lt
an
ts
 w
o
rk
ed
 
ex
te
n
si
v
el
y
 w
it
h
 t
h
e 
S
ta
te
 o
f 
H
aw
ai
i 
D
ep
ar
tm
en
t 
o
f 

T
ra
n
sp
o
rt
at
io
n
 s
ta
ff
 t
o
 e
st
ab
li
sh
 t
h
e 
sc
o
p
e,
 s
tu
d
y
 a
re
a,
 m
et
h
o
d
o
lo
g
y,
 a
n
d
 g
u
id
el
in
es
 o
f 

th
is
 s
tu
d
y.
  

B
. 
P
u
r
p
o
se
 a
n
d
 S
c
o
p
e
 

T
h
e 
p
u
rp
o
se
 o
f 
th
is
 t
ra
ff
ic
 s
tu
d
y
 i
s 
to
 a
n
al
y
z
e 
th
e 
tr
af
fi
c
 i
m
p
ac
ts
 t
h
at
 m
a
y
 r
es
u
lt
 f
ro
m
 

th
e 
d
ev
el
o
p
m
en
t 
o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M
as
te
r 
P
la
n
, 
h
er
ei
n
a
ft
er
 r
e
fe
rr
ed
 t
o
 a
s 
th
e
  

"P
ro
p
o
se
d
 A
ct
io
n
" 
an
d
 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
. 
 
T
h
is
 
re
p
o
rt
 
p
re
se
n
ts
 
th
e
 
fi
n
d
in
g
s 
an
d
 

re
co
m
m
en
d
at
io
n
s 
o
f 
th
e 
st
u
d
y.
  
T
h
e 
sc
o
p
e 
o
f 
th
is
 s
tu
d
y
 i
n
cl
u
d
es
: 
 

1
. 
T
h
e 
d
es
cr
ip
ti
o
n
 o
f 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 t
h
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
. 

2
. 
T
ra
ff
ic
 c
o
u
n
t 
su
rv
e
y
s 
d
u
ri
n
g
 t
h
e 
w
ee
k
d
a
y
 a
n
d
 w
e
ek
en
d
 o
n
 K
am
eh
am
eh
a
 H
ig
h
w
a
y
 i
n
 

th
e 
st
u
d
y
 a
re
a,
 w
h
ic
h
 e
x
te
n
d
s 
fr
o
m
 T
u
rt
le
 B
a
y
 R
es
o
rt
 w
es
t 
to
 H
al
ei
w
a
 a
n
d
 e
as
t 
to
 

K
ah
al
u
u
. 

3
. 
A
n
 e
v
al
u
at
io
n
 o
f 
th
e
 t
ra
ff
ic
 c
o
u
n
t 
su
rv
e
y
 d
at
a
 t
o
 e
st
ab
li
sh
 e
x
is
ti
n
g
 t
ra
ff
ic
 c
o
n
d
it
io
n
s 

w
it
h
in
 t
h
e 
st
u
d
y
 a
re
a.
 

4
. 
T
h
e 
d
ev
el
o
p
m
en
t 
o
f 
th
e
 t
ri
p
 g
en
er
at
io
n
 c
h
ar
ac
te
ri
sti
cs
 f
o
r 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 

th
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
 f
o
r 
T
u
rt
le
 B
a
y
 R
es
o
rt
. 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
3
 

  

 
 

5
. 
Id
en
ti
fi
ca
ti
o
n
 a
n
d
 a
n
al
y
si
s 
o
f 
th
e 
tr
af
fi
c 
im
p
ac
ts
 re
su
lt
in
g
 f
ro
m
 t
h
e 
fu
ll
 b
u
il
d
 o
u
t 
an
d
 

o
cc
u
p
an
c
y
 o
f 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 t
h
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
. 

6
. 
T
h
e 
d
ev
el
o
p
m
en
t 
an
d
 e
v
al
u
at
io
n
 o
f 
tr
af
fi
c 
im
p
ro
v
em
en
ts
, 
w
h
ic
h
 w
o
u
ld
 m
it
ig
at
e 
th
e
 

tr
af
fi
c 
im
p
a
ct
s 
id
en
ti
fi
ed
 i
n
 t
h
is
 s
tu
d
y
 

C
. 
M
e
th
o
d
o
lo
g
ie
s 

1
. 
C
a
p
a
c
it
y
 A
n
a
ly
si
s 
M
e
th
o
d
o
lo
g
y
 

T
h
e 
h
ig
h
w
a
y
 
ca
p
ac
it
y
 
an
al
y
si
s,
 
p
er
fo
rm
ed
 
fo
r 
th
is
 
st
u
d
y,
 
is
 
b
as
e
d
 
u
p
o
n
 

p
ro
ce
d
u
re
s 
p
re
se
n
te
d
 
in
 
th
e 
H
ig
h
w
a
y
 
C
ap
a
ci
ty
 
M
an
u
al
 
(H
C
M
),
 
p
u
b
li
sh
ed
 
b
y
 
th
e 

T
ra
n
sp
o
rt
at
io
n
 R
es
ea
rc
h
 B
o
ar
d
, 
2
0
1
0
. 
 H
C
M
 d
ef
in
es
 L
ev
el
 o
f 
S
er
v
ic
e 
(L
O
S
) 
as
 "
a
 

q
u
al
it
y
 m
e
as
u
re
 d
es
cr
ib
in
g
 o
p
er
at
io
n
al
 c
o
n
d
it
io
n
s 
w
it
h
in
 a
 t
ra
ff
ic
 s
tr
e
am
".
  
S
ev
e
ra
l 

fa
ct
o
rs
 a
re
 c
o
n
si
d
e
re
d
 i
n
 d
et
er
m
in
in
g
 L
O
S
, 
su
ch
 a
s:
  
sp
ee
d
, 
tr
av
el
 t
im
e,
 f
re
ed
o
m
 t
o
 

m
an
eu
v
er
, 
tr
af
fi
c 
in
te
rr
u
p
ti
o
n
s,
 d
ri
v
er
 c
o
m
fo
rt
, 
a
nd
 c
o
n
v
en
ie
n
c
e.
  
L
O
S
’s
 "
A
",
 "
B
",
 

an
d
 
"C
" 
ar
e
 
co
n
si
d
er
e
d
 
sa
ti
sf
ac
to
ry
 
L
ev
el
s 
o
f 
S
er
v
ic
e.
 
L
O
S
 
"D
" 
is
 
g
en
er
al
ly
 

co
n
si
d
er
ed
 
a 
"d
es
ir
ab
le
 
m
in
im
u
m
" 
o
p
er
at
in
g
 
le
v
el
 
o
f 
se
rv
ic
e.
 
 
L
O
S
 
"E
" 
is
 
an
 

u
n
d
es
ir
ab
le
 c
o
n
d
it
io
n
, 
an
d
 L
O
S
 "
F
" 
is
 a
n
 u
n
ac
c
ep
ta
bl
e 
co
n
d
it
io
n
. 
  

T
h
e 
L
ev
el
 o
f 
S
er
v
ic
e 
fo
r 
a
 t
w
o
-l
an
e
 h
ig
h
w
a
y
 a
re
 d
ef
in
ed
 b
y
 H
C
M
 f
o
r 
th
re
e 
(3
) 

cl
as
se
s 
o
f 
h
ig
h
w
a
y.
  
T
h
e
 C
la
ss
 I
I 
h
ig
h
w
a
y
 a
p
p
li
e
s 
to
 m
o
st
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 

in
 t
h
e 
st
u
d
y
 a
re
a.
  
C
la
ss
 I
I 
h
ig
h
w
a
y
s 
ar
e 
d
ef
in
ed
 a
s 
sc
en
ic
 o
r 
re
cr
ea
ti
o
n
al
 r
o
u
te
s,
 

w
h
er
e 
sp
ee
d
s 
ar
e 
m
o
d
er
at
e.
  
T
h
e 
L
ev
el
s 
o
f 
S
er
v
ic
e 
fo
r 
a 
C
la
ss
 I
I 
tw
o
-l
a
n
e 
h
ig
h
w
a
y
 

ar
e 
b
as
ed
 u
p
o
n
 t
h
e 
P
er
c
en
t 
T
im
e-
S
p
en
t-
F
o
ll
o
w
in
g
 (
P
T
S
F
).
  
P
T
S
F
 i
s 
a 
m
ea
su
re
 o
f 

re
st
ri
ct
ed
 t
ra
ff
ic
 f
lo
w
s 
o
r 
"p
la
to
o
n
" 
fl
o
w
s,
 i
.e
.,
 g
ro
u
p
s 
o
f 
v
eh
ic
le
s 
fo
ll
o
w
in
g
 s
lo
w
-

m
o
v
in
g
 
v
eh
ic
le
s,
 
co
m
b
in
ed
 
w
it
h
 
li
m
it
ed
 
o
p
p
o
rt
u
n
it
ie
s 
fo
r 
p
as
si
n
g
. 
P
as
si
n
g
 

o
p
p
o
rt
u
n
it
ie
s 
ar
e 
af
fe
ct
e
d
 b
y
 s
ig
h
t 
d
is
ta
n
ce
 l
im
it
at
io
n
s 
an
d
 t
h
e 
v
o
lu
m
e 
o
f 
o
p
p
o
si
n
g
 

tr
af
fi
c.
  
A
s 
a 
re
su
lt
, 
th
e 
lo
w
er
 L
O
S
 o
n
 a
 C
la
ss
 I
I 
tw
o
-l
an
e 
h
ig
h
w
a
y
 c
an
 r
es
u
lt
 f
ro
m
  

lo
w
 t
ra
ff
ic
 f
lo
w
 r
el
at
iv
e 
to
 t
h
e 
h
ig
h
 P
T
S
F
. 

In
te
rs
e
ct
io
n
 L
O
S
 i
s 
b
as
e
d
 p
ri
m
ar
il
y
 o
n
 a
v
er
a
g
e 
v
eh
ic
le
 d
el
a
y,
 w
h
ic
h
 i
s 
ex
p
re
ss
ed
 

in
 t
er
m
s 
o
f 
se
co
n
d
s 
p
er
 v
eh
ic
le
 (
se
c/
v
eh
).
  
T
h
e
 L
O
S
 d
el
a
y
s 
at
 a
 s
ig
n
al
iz
ed
 i
n
te
rs
ec
ti
o
n
 

ar
e 
g
en
er
al
ly
 h
ig
h
er
 t
h
an
 a
t 
a 
st
o
p
-c
o
n
tr
o
ll
ed
 i
n
te
rs
ec
ti
o
n
 d
u
e 
to
 u
se
r 
ex
p
ec
ta
ti
o
n
s.
  
A
 

m
o
to
ri
st
 w
il
l 
to
le
ra
te
 l
o
n
g
e
r 
d
el
a
y
s 
at
 s
ig
n
al
iz
ed
 i
n
te
rs
ec
ti
o
n
s,
 w
h
ic
h
 a
re
 g
en
er
al
ly
 

lo
ca
te
d
 o
n
 h
ig
h
 v
o
lu
m
e 
fa
ci
li
ti
es
. 
 S
to
p
-c
o
n
tr
o
ll
ed
 i
n
te
rs
ec
ti
o
n
s 
ar
e 
lo
c
at
e
d
 o
n
 l
o
w
er
 

v
o
lu
m
e 
ro
ad
w
a
y
s 
w
h
er
e 
d
el
a
y
 i
s 
le
ss
 p
re
d
ic
ta
b
le
, 
w
hi
ch
 r
ed
u
ce
s 
th
e 
d
ri
v
e
r'
s 
to
le
ra
n
ce
 

fo
r 
d
el
a
y.
  
T
ab
le
 1
 s
u
m
m
ar
iz
es
 t
h
e 
L
O
S
 c
ri
te
ri
a.
 

 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
4
 

  

 
 

T
a
b
le
 1
. 
 L
e
v
e
l 
o
f 
S
e
r
v
ic
e
 C
r
it
e
r
ia
 (
H
C
M
) 

T
w
o
-L
a
n
e
 H
ig
h
w
a
y
 (
C
la
ss
 I
I)
 

In
te
r
se
c
ti
o
n
 D
e
la
y
 

 

L
O
S
 

 

P
T
S
F
 (
%
) 

S
ig
n
a
li
z
e
d
 

C
o
n
tr
o
l 
(s
e
c
/v
e
h
) 

S
to
p
-C
o
n
tr
o
l 

(s
e
c
/v
e
h
) 

A
 

≤
 3
5
 

≤
 1
0
 

≤
 1
0
 

B
 

>
 3
5
 –
 5
0
 

>
 1
0
 –
 2
0
 

>
 1
0
 –
 1
5
 

C
 

>
 5
0
 –
 6
5
 

>
 2
0
 –
 3
5
 

>
 1
5
 –
 2
5
 

D
 

>
 6
5
 –
 8
0
 

>
 3
5
 –
 5
5
 

>
 2
5
 –
 3
5
 

E
 

>
 8
0
 

>
 5
5
 –
 8
0
 

>
 3
5
 –
 5
0
 

F
 

(v
o
lu
m
e 
ex
ce
ed
s 
c
ap
ac
it
y
) 

>
 8
0
 

>
 5
0
 

 

"V
o
lu
m
e-
to
-c
ap
ac
it
y
" 
(v
/c
) 
ra
ti
o
 
is
 
an
o
th
er
 
m
e
as
u
re
 
o
f 
e
ff
ec
ti
v
en
es
s,
 
w
h
ic
h
 

in
d
ic
at
es
 t
h
e 
re
la
ti
v
e 
tr
af
fi
c 
d
em
an
d
 t
o
 t
h
e 
ro
ad
w
ay
's
 c
ap
ac
it
y.
  
H
C
M
 d
ef
in
es
 c
ap
a
ci
ty
 

as
 "
th
e 
m
ax
im
u
m
 n
u
m
b
er
 o
f 
v
eh
ic
le
s 
th
at
 c
an
 p
as
s 
a 
g
iv
en
 p
o
in
t 
d
u
ri
n
g
 a
 s
p
ec
if
ie
d
 

p
er
io
d
 u
n
d
er
 p
re
v
ai
li
n
g
 r
o
ad
w
a
y,
 t
ra
ff
ic
 f
lo
w
, 
an
d
 t
ra
ff
ic
 c
o
n
tr
o
l 
co
n
d
it
io
n
s.
" 
 A
 v
/c
 

ra
ti
o
 o
f 
0
.5
0
 i
n
d
ic
at
es
 t
h
at
 t
h
e 
tr
a
ff
ic
 d
em
an
d
 i
s 
u
ti
li
zi
n
g
 5
0
 p
er
ce
n
t 
o
f 
th
e
 r
o
ad
w
a
y
's
 

ca
p
a
ci
ty
. 
 A
 v
/c
 r
at
io
 i
n
 e
x
ce
ss
 o
f 
1
.0
0
 i
n
d
ic
at
es
 t
h
at
 t
h
e 
tr
af
fi
c 
d
em
an
d
 e
x
ce
ed
s 
th
e 

ca
p
a
ci
ty
 o
f 
th
e 
h
ig
h
w
a
y
 f
ac
il
it
y.
  
T
h
e 
v
/c
 r
at
io
 m
ay
 b
e 
m
o
re
 i
n
d
ic
at
iv
e 
o
f 
th
e 
fa
ci
li
ty
 

u
ti
li
z
at
io
n
 i
n
 t
h
e 
ca
se
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y,
 s
in
ce
 i
t 
co
m
p
ar
es
 t
ra
ff
ic
 d
em
an
d
 

w
it
h
 t
h
e 
h
ig
h
w
a
y
 c
ap
ac
it
y.
  
W
h
il
e 
L
O
S
 r
ep
re
se
n
ts
 t
he
 t
ra
ff
ic
 o
p
er
at
io
n
s 
o
f 
th
e 
tw
o
-

la
n
e 
h
ig
h
w
a
y,
 w
h
er
e 
sl
o
w
-m
o
v
in
g
 v
eh
ic
le
s 
ca
n
 i
n
cr
ea
se
 t
h
e
 p
la
to
o
n
in
g
 e
ff
ec
t 
an
d
 

af
fe
ct
 o
p
er
at
in
g
 s
p
e
ed
s.
  
W
o
rk
sh
ee
ts
 f
o
r 
th
e 
ca
p
a
ci
ty
 a
n
al
y
si
s,
 p
e
rf
o
rm
ed
 t
h
ro
u
g
h
o
u
t 

th
is
 r
ep
o
rt
, 
ar
e 
p
re
se
n
te
d
 i
n
 t
h
e 
A
p
p
en
d
ix
. 
 

2
. 
T
r
a
ff
ic
 S
im
u
la
ti
o
n
 

S
im
T
ra
ff
ic
 i
s 
a 
tr
a
ff
ic
 s
im
u
la
ti
o
n
 s
o
ft
w
ar
e,
 w
h
ic
h
 i
s 
d
ev
el
o
p
ed
 b
y
 T
ra
ff
ic
w
ar
e 

C
o
rp
o
ra
ti
o
n
. 
 
T
ra
ff
ic
 
si
m
u
la
ti
o
n
 
is
 
a 
st
o
ch
as
ti
c 
p
ro
c
es
s,
 
w
h
ic
h
 
ca
n
 
a
n
al
y
z
e 
th
e
 

in
te
ra
ct
io
n
s 
o
f 
in
d
iv
id
u
al
 v
eh
ic
le
s 
o
n
 a
 r
o
ad
w
a
y
 n
et
w
o
rk
 o
v
er
 t
im
e.
  
S
im
T
ra
ff
ic
 w
as
 

u
se
d
 t
o
 a
n
al
y
z
e 
th
e 
v
eh
ic
le
 q
u
eu
in
g
 a
n
d
 t
h
e 
o
v
er
al
l o
p
er
at
io
n
s 
o
f 
th
e 
ar
te
ri
a
l 
n
et
w
o
rk
. 
 

T
h
e 
re
co
m
m
en
d
ed
 l
ef
t-
tu
rn
 s
to
ra
g
e 
le
n
g
th
s 
w
er
e 
b
as
ed
 u
p
o
n
 t
h
e 
9
5
th
 p
er
ce
n
ti
le
 q
u
eu
e 

le
n
g
th
s,
 w
h
ic
h
 w
er
e 
d
et
e
rm
in
ed
 b
y
 a
v
er
a
g
in
g
 t
en
 (
1
0)
 S
im
T
ra
ff
ic
 s
im
u
la
ti
o
n
s 
d
u
ri
n
g
 

th
e 
p
ea
k
 h
o
u
r 
o
f 
tr
a
ff
ic
. 
 W
h
er
e 
H
C
M
 a
n
al
y
si
s 
y
ie
ld
ed
 u
n
re
al
is
ti
c 
re
su
lt
s,
 S
im
T
ra
ff
ic
 

w
as
 u
se
d
 t
o
 v
er
if
y
 t
h
e 
tr
a
ff
ic
 a
n
al
y
si
s.
 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
5
 

  

 
 

3
. 
T
r
a
ff
ic
 S
ig
n
a
l 
W
a
r
r
a
n
t 
A
n
a
ly
si
s 

T
ra
ff
ic
 s
ig
n
al
 w
a
rr
an
t 
an
al
y
se
s 
w
e
re
 p
re
p
a
re
d
 f
o
r 
th
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
e
h
am
eh
a 

H
ig
h
w
a
y
 
an
d
 
K
u
il
im
a 
D
ri
v
e.
 
T
h
e 
M
an
u
al
 
o
n
 
U
n
if
o
rm
 
T
ra
ff
ic
 
C
o
n
tr
o
l 
D
ev
ic
es
 

(M
U
T
C
D
) 
p
ro
v
id
es
 g
u
id
el
in
es
 t
o
 d
et
er
m
in
e 
th
e 
n
ec
es
si
ty
 f
o
r 
th
e 
in
st
al
la
ti
o
n
 o
f 
tr
af
fi
c
 

si
g
n
al
s.
 
 
T
h
e 
M
U
T
C
D
 
re
co
m
m
en
d
s 
th
at
, 
a 
"t
ra
ff
ic
 
co
nt
ro
l 
si
g
n
al
 
sh
o
u
ld
 
n
o
t 
b
e 

in
st
al
le
d
 u
n
le
ss
 o
n
e 
o
r 
m
o
re
 o
f 
th
e 
fa
ct
o
rs
" 
ar
e 
m
et
. 
 H
o
w
ev
er
, 
th
e 
M
U
T
C
D
 g
o
es
 o
n
 

to
 s
ta
te
 t
h
at
 t
h
e 
"s
at
is
fa
c
ti
o
n
 o
f 
a 
tr
af
fi
c 
si
g
n
al
 w
ar
ra
n
t 
o
r 
en
g
in
ee
ri
n
g
 a
n
al
y
si
s 
an
d
 

ju
d
g
m
en
t 
m
u
st
 b
e 
u
se
d
 t
o
 d
ev
el
o
p
 a
lt
er
n
at
iv
e 
tr
a
ff
ic
 c
o
n
tr
o
ls
 t
o
 i
m
p
ro
v
e 
o
p
er
at
io
n
s 

an
d
 s
af
et
y.
" 
 W
ar
ra
n
ts
 1
 a
n
d
 2
 w
er
e 
an
al
y
z
ed
 f
o
r 
th
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 

H
ig
h
w
a
y
 
an
d
 
K
u
il
im
a 
D
ri
v
e.
 
 
T
h
e 
tr
af
fi
c 
si
g
n
al
 
w
ar
ra
n
t 
an
al
y
si
s 
w
o
rk
sh
ee
ts
 
ar
e
 

at
ta
ch
ed
 i
n
 t
h
e
 A
p
p
en
d
ix
. 

a
. 
W
a
r
r
a
n
t 
1
, 
E
ig
h
t-
H
o
u
r
 V
e
h
ic
u
la
r
 V
o
lu
m
e
 

W
ar
ra
n
t 
1
 i
s 
se
p
a
ra
te
d
 i
n
to
 C
o
n
d
it
io
n
s 
A
 a
n
d
 B
. 
C
o
nd
it
io
n
 A
 –
 M
in
im
u
m
 

V
eh
ic
u
la
r 
V
o
lu
m
e 
is
 c
o
n
si
d
er
ed
 w
h
en
 t
h
e 
v
o
lu
m
e 
o
f 
in
te
rs
e
ct
in
g
 t
ra
ff
ic
 o
v
er
 a
n
 

ei
g
h
t-
h
o
u
r 
p
e
ri
o
d
 
is
 
th
e
 
p
ri
n
ci
p
al
 
re
as
o
n
 
to
 
co
n
si
de
r 
tr
a
ff
ic
 
si
g
n
al
iz
at
io
n
. 
T
h
e 

m
in
im
u
m
 v
o
lu
m
es
 o
n
 t
h
e 
m
aj
o
r 
a
n
d
 m
in
o
r 
st
re
et
s 
ar
e 
re
q
u
ir
ed
 t
o
 m
ee
t 
C
o
n
d
it
io
n
 

A
. 
 C
o
n
d
it
io
n
 A
 c
an
 b
e
 m
et
 u
n
d
er
 s
p
ec
ia
l 
co
n
d
it
io
n
s 
at
 t
h
e 
8
0
 p
er
ce
n
t 
an
d
 7
0
 

p
er
ce
n
t 
le
v
el
s 
o
f 
th
e 
m
in
im
u
m
 v
o
lu
m
es
 o
n
 t
h
e 
m
aj
o
r a
n
d
 m
in
o
r 
st
re
et
s.
 

C
o
n
d
it
io
n
 
B
 
–
 
In
te
rr
u
p
ti
o
n
 
o
f 
C
o
n
ti
n
u
o
u
s 
T
ra
ff
ic
 
is
 
co
n
si
d
er
ed
 
w
h
en
 
th
e
 

tr
af
fi
c
 v
o
lu
m
e 
o
n
 t
h
e 
m
aj
o
r 
st
re
et
 i
s 
so
 h
ea
v
y
 t
h
at
 t
ra
ff
ic
 o
n
 t
h
e 
m
in
o
r 
st
re
et
 

w
o
u
ld
 s
u
ff
er
 e
x
ce
ss
iv
e 
d
el
a
y
s 
o
r 
co
n
fl
ic
ts
 e
n
te
ri
n
g 
o
r 
c
ro
ss
in
g
 t
h
e 
m
aj
o
r 
st
re
et
. 
 

T
h
e 
m
in
im
u
m
 
v
o
lu
m
es
 
o
n
 
th
e 
m
aj
o
r 
an
d
 
m
in
o
r 
st
re
et
s 
ar
e 
re
q
u
ir
ed
 
to
 
m
ee
t 

C
o
n
d
it
io
n
 B
. 
 C
o
n
d
it
io
n
 B
 a
ls
o
 c
an
 b
e 
m
et
 u
n
d
er
 s
p
ec
ia
l 
co
n
d
it
io
n
s 
at
 t
h
e 
8
0
 

p
er
ce
n
t 
an
d
 7
0
 p
er
ce
n
t 
le
v
el
s 
o
f 
th
e 
m
in
im
u
m
 v
o
lu
m
es
 o
n
 t
h
e 
m
aj
o
r 
an
d
 m
in
o
r 
st
re
et
s.
 

b
. 
W
a
r
r
a
n
t 
2
, 
F
o
u
r
-H
o
u
r
 V
e
h
ic
u
la
r
 V
o
lu
m
e
 

W
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Figure 1.  Study Area Map 



T Turtle Bay Resort Master Plan                          
Traffic Impact Analysis Report                               November 3, 2012 

 

7 

 
 

Figure 2.  Existing Land Uses 
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Figure 3.  Turtle Bay Resort Master Plan – Proposed Action 
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Figure 4.  Turtle Bay Resort Master Plan – Full Build Out Alternative 
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Figure 5.  Turtle Bay Resort Master Plan – Resort Residential Alternative 
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Figure 6.  Turtle Bay Resort Master Plan – Conservation Partner Alternative 
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ex
is
ti
n
g
 T
u
rt
le
 B
a
y
 R
es
o
rt
 H
o
te
l 
an
d
 G
o
lf
 C
lu
b
 a
n
d
 K
u
il
im
a 

E
st
at
es
. 
 K
u
il
im
a 
D
ri
v
e 
ca
rr
ie
d
 a
n
 a
v
er
a
g
e 
o
f 
ab
o
u
t 
4
,2
0
0
 v
p
d
, 
to
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s 

d
u
ri
n
g
 t
h
e 
2
0
1
1
 f
ie
ld
 i
n
v
es
ti
g
at
io
n
 f
o
r 
th
is
 s
tu
d
y.
 

M
ar
co
n
i 
R
o
ad
 
is
 
a 
tw
o
-l
an
e,
 
tw
o
-w
a
y
 
ro
ad
w
a
y,
 
w
h
ic
h
 
in
te
rs
ec
ts
 
K
am
eh
am
eh
a
 

H
ig
h
w
a
y
 a
t 
a 
st
o
p
-c
o
n
tr
o
ll
ed
 T
ee
-i
n
te
rs
ec
ti
o
n
. 
 K
a
m
eh
am
eh
a 
H
ig
h
w
a
y
 c
u
rr
en
tl
y
 d
o
es
 n
o
t  

p
ro
v
id
e 
ex
cl
u
si
v
e 
tu
rn
in
g
 
la
n
es
 
at
 
M
a
rc
o
n
i 
R
o
ad
. 
 
M
ar
co
n
i 
R
o
ad
 
is
 
a 
lo
w
 
v
o
lu
m
e
 

ro
ad
w
a
y,
 w
h
ic
h
 p
ro
v
id
es
 a
cc
es
s 
to
 e
x
is
ti
n
g
 r
es
id
e
n
ti
al
 d
w
el
li
n
g
 u
n
it
s 
an
d
 t
h
e 
co
as
tl
in
e.
  
 

Jo
se
p
h
 P
. 
L
eo
n
g
 H
ig
h
w
a
y
 i
s 
a 
tw
o
-w
a
y,
 t
w
o
-l
a
n
e 
h
ig
h
 q
u
al
it
y
 h
ig
h
w
a
y,
 w
h
ic
h
 i
s 
a
  

co
n
ti
n
u
at
io
n
 o
f 
K
am
eh
a
m
eh
a 
H
ig
h
w
a
y
 t
h
at
 b
y
p
as
se
s 
H
al
ei
w
a 
T
o
w
n
 (
al
so
 k
n
o
w
n
 a
s 
th
e
 

H
al
ei
w
a 
B
y
p
as
s 
H
ig
h
w
a
y
).
  
A
t 
it
s 
n
o
rt
h
 j
u
n
ct
io
n
, 
th
e 
ea
st
 l
eg
 o
f 
K
am
eh
a
m
eh
a 
H
ig
h
w
a
y
 

in
te
rs
ec
ts
 
K
am
eh
am
eh
a
 
H
ig
h
w
a
y
/J
o
se
p
h
 
P.
 
L
eo
n
g
 
H
ig
h
w
a
y
 
at
 
a 
si
g
n
al
iz
ed
 
T
e
e-

in
te
rs
ec
ti
o
n
. 
 T
h
e 
so
u
th
b
o
u
n
d
 a
p
p
ro
ac
h
 o
f 
K
am
e
h
am
eh
a 
H
ig
h
w
a
y
 i
n
cl
u
d
es
 a
n
 e
x
cl
u
si
v
e 

ri
g
h
t-
tu
rn
 l
an
e,
 a
n
d
 t
h
e 
n
o
rt
h
b
o
u
n
d
 a
p
p
ro
a
ch
 o
f 
Jo
se
p
h
 P
. 
L
eo
n
g
 H
ig
h
w
a
y
 i
n
cl
u
d
es
 a
n
 

ex
cl
u
si
v
e 
le
ft
-t
u
rn
 l
an
e.
  
 

K
ah
ek
il
i 
H
ig
h
w
a
y
 i
s 
a 
tw
o
-w
ay
, 
tw
o
-l
an
e 
h
ig
h
 q
u
al
it
y
 h
ig
h
w
a
y,
 w
h
ic
h
 i
s 
a 
co
n
ti
n
u
at
io
n
 

o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 t
h
at
 b
y
p
as
se
s 
K
an
eo
h
e
 T
o
w
n
. 
 T
h
e 
e
as
t 
le
g
 o
f 
K
am
eh
am
eh
a
 

H
ig
h
w
a
y
 i
s 
st
o
p
-c
o
n
tr
o
ll
ed
 a
t 
it
s 
T
ee
-i
n
te
rs
ec
ti
o
n
 w
it
h
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
/K
ah
ek
il
i 

H
ig
h
w
a
y.
  
S
o
u
th
b
o
u
n
d
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 d
o
es
 n
o
t 
h
av
e 
p
ro
v
is
io
n
s 
fo
r 
an
 e
x
cl
u
si
v
e 

le
ft
-t
u
rn
 l
an
e
 t
o
 t
h
e 
e
as
tb
o
u
n
d
 K
am
eh
am
eh
a 
H
ig
h
w
a
y.
  
N
o
rt
h
b
o
u
n
d
 K
a
h
ek
il
i 
H
ig
h
w
a
y
 

h
as
 a
n
 e
x
cl
u
si
v
e 
ri
g
h
t-
tu
rn
 l
an
e 
to
 t
h
e 
ea
st
b
o
u
n
d
 K
am
eh
am
eh
a 
H
ig
h
w
a
y.
 

B
. 
E
x
is
ti
n
g
 P
e
a
k
 H

o
u
r
 T
r
a
ff
ic
 V
o
lu
m
e
s 
a
n
d
 O

p
e
r
a
ti
n
g
 C
o
n
d
it
io
n
s 

1
. 

F
ie
ld
 I
n
v
e
st
ig
a
ti
o
n
 a
n
d
 D
a
ta
 C
o
ll
e
c
ti
o
n
  

T
ra
ff
ic
 c
o
u
n
t 
su
rv
e
y
s 
w
e
re
 c
o
n
d
u
ct
ed
 a
t 
th
e 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
s 

at
 K
u
il
im
a 
D
ri
v
e 
an
d
 a
t 
M
ar
co
n
i 
R
o
ad
 o
n
 N
o
v
em
b
er
 3
, 
2
0
1
1
 (
T
h
u
rs
d
a
y
) 
an
d
 o
n
 

N
o
v
em
b
er
 5
, 
2
0
1
1
 (
S
at
u
rd
a
y
).
  
T
h
e
 f
ie
ld
 i
n
v
es
ti
g
a
ti
o
n
 w
as
 c
o
n
d
u
ct
ed
 d
u
ri
n
g
 t
h
e 
h
ig
h
 

su
rf
 s
ea
so
n
 o
n
 t
h
e 
N
o
rt
h
 S
h
o
re
, 
b
u
t 
p
ri
o
r 
to
 t
h
e
 V
an
s 
T
ri
p
 C
ro
w
n
 o
f 
S
u
rf
in
g
. 
 T
u
rn
in
g
 

m
o
v
em
en
t 
an
d
 v
eh
ic
le
 c
la
ss
if
ic
at
io
n
 t
ra
ff
ic
 c
o
u
n
ts
 w
er
e
 t
ak
en
 a
t 
th
e 
in
te
rs
ec
ti
o
n
 o
f 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
n
d
 K
u
il
im
a 
D
ri
v
e 
fr
o
m
 6
:0
0
 A
M
 t
o
 6
:0
0
 P
M
 d
u
ri
n
g
 t
h
e 

w
ee
k
d
a
y,
 a
n
d
 f
ro
m
 9
:0
0
 A
M
 t
o
 6
:0
0
 P
M
 o
n
 S
at
u
rd
a
y.
  
T
u
rn
in
g
 m
o
v
em
en
t 
tr
af
fi
c
 

co
u
n
ts
 a
ls
o
 w
er
e 
ta
k
en
 a
t 
th
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
n
d
 M
ar
co
n
i 

R
o
ad
 d
u
ri
n
g
 t
h
e 
p
ea
k
 p
er
io
d
s 
o
f 
tr
af
fi
c.
  
 

A
 
w
ee
k
-l
o
n
g
 
tr
a
ff
ic
 
c
o
u
n
t 
su
rv
e
y
 
w
as
 
co
n
d
u
ct
ed
 
o
n
 
K
u
il
im
a 
D
ri
v
e 
at
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
n
d
 a
t 
th
e
 T
u
rt
le
 B
a
y
 H
o
te
l 
en
tr
an
ce
 f
ro
m
 S
u
n
d
a
y,
 O
ct
o
b
er
 

3
0
, 
2
0
1
1
 t
o
 S
u
n
d
a
y,
 N
o
v
em
b
er
 6
, 
2
0
1
1
. 
 T
h
e 
p
u
rp
o
se
 o
f 
th
e 
su
rv
e
y
 w
a
s 
to
 d
ev
el
o
p
 

tr
ip
 g
en
e
ra
ti
o
n
 c
h
ar
ac
te
ri
st
ic
s 
fo
r 
th
e 
re
so
rt
 h
o
te
l 
an
d
 r
es
o
rt
 r
es
id
en
ti
al
 u
n
it
s 
at
 T
u
rt
le
 

B
a
y
 R
es
o
rt
. 
  
T
h
e 
tr
a
ff
ic
 c
o
u
n
t 
su
rv
e
y
 w
as
 c
o
o
rd
in
at
ed
 w
it
h
 a
 t
ra
v
el
 i
n
te
rv
ie
w
 s
u
rv
e
y,
 

w
h
ic
h
 w
as
 c
o
n
d
u
ct
ed
 b
y
 S
M
S
 R
es
ea
rc
h
 &
 M
ar
k
et
in
g
 S
er
v
ic
es
, 
In
c.
 (
S
M
S
) 
at
 T
u
rt
le
 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
1
7
 

  

 
 

B
a
y
 H
o
te
l 
an
d
 K
u
il
im
a 
E
st
at
es
 f
ro
m
 N
o
v
em
b
er
 1
, 
2
0
1
1 
th
ro
u
g
h
 N
o
v
em
b
er
 6
, 
2
0
1
1
. 
 

T
h
e 
p
u
rp
o
se
 o
f 
th
e 
in
te
rv
ie
w
 s
u
rv
e
y
 w
as
 t
o
 d
et
er
m
in
e 
th
e 
o
ri
g
in
s 
an
d
 d
es
ti
n
at
io
n
s 
o
f 

al
l 
tr
af
fi
c 
en
te
ri
n
g
 a
n
d
 e
x
it
in
g
 t
h
e 
R
es
o
rt
. 
 T
h
e 
re
su
lt
s 
o
f 
S
M
S
 s
u
rv
e
y
 p
ro
v
id
ed
 t
h
e 

b
as
is
 f
o
r 
th
e 
g
eo
g
ra
p
h
ic
 t
ri
p
 d
is
tr
ib
u
ti
o
n
 o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 t
ri
p
s.
 

T
h
e 
li
m
it
s 
o
f 
th
e 
st
u
d
y
 a
re
a 
w
er
e 
re
co
m
m
en
d
ed
 b
y
 D
O
T
, 
d
u
ri
n
g
 p
re
-c
o
n
su
lt
at
io
n
 

m
ee
ti
n
g
s.
  
T
h
e 
st
u
d
y
 a
re
a 
ex
te
n
d
s 
o
v
er
 3
5
 m
il
es
 a
lo
n
g
 t
h
e
 N
o
rt
h
 S
h
o
re
 a
n
d
 W
in
d
w
ar
d
 

O
ah
u
 
b
et
w
e
en
 
th
e 
in
te
rs
ec
ti
o
n
 
o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y 
an
d
 
Jo
se
p
h
 
P.
 
L
eo
n
g
 

H
ig
h
w
a
y
 i
n
 H
al
ei
w
a,
 a
n
d
 t
h
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
n
d
 K
ah
ek
il
i 

H
ig
h
w
a
y
 
in
 
K
ah
al
u
u
. 
 
P
ea
k
 
p
er
io
d
 
tr
af
fi
c 
co
u
n
t 
su
rv
e
y
s 
w
er
e 
co
n
d
u
ct
ed
 
at
 
th
es
e 

in
te
rs
ec
ti
o
n
s 
o
n
 O
ct
o
b
er
 2
9
, 
2
0
11
 (
S
at
u
rd
a
y
) 
an
d
 N
ov
em
b
er
 1
, 
2
0
1
1
 (
M
o
n
d
a
y
).
  
T
h
e
 

tr
af
fi
c 
su
rv
e
y
 d
at
a 
ar
e 
p
re
se
n
te
d
 i
n
 t
h
e 
A
p
p
en
d
ix
. 
  

W
h
il
e 
su
rf
in
g
 
o
n
 
th
e 
N
o
rt
h
 
S
h
o
re
 
is
 
a 
m
aj
o
r 
at
tr
ac
tio
n
 
o
n
 
O
ah
u
, 
th
e 
b
ea
ch
 

lo
ca
ti
o
n
s 
ar
e 
sp
re
ad
 o
u
t 
o
v
er
 s
ev
en
 (
7
) 
m
il
es
 a
n
d
 a
ff
ec
t 
tr
a
ff
ic
 o
n
ly
 d
u
ri
n
g
 h
ig
h
 s
u
rf
 

co
n
d
it
io
n
s 
an
d
 s
u
rf
in
g
 c
o
n
te
st
s.
 I
n
 p
as
t 
se
v
e
ra
l 
y
e
ar
s 
L
an
ia
k
e
a 
(T
u
rt
le
 B
e
ac
h
) 
h
as
 a
ls
o
 

b
ec
o
m
e 
a 
p
o
p
u
la
r 
at
tr
ac
ti
o
n
 d
u
e 
to
 t
h
e 
d
ai
ly
 p
re
se
nc
e 
o
f 
se
a 
tu
rt
le
s 
th
at
 c
o
m
e 
as
h
o
re
. 
 

T
h
e 
o
th
er
 m
aj
o
r 
tr
a
ff
ic
 g
en
er
at
o
r 
in
 t
h
e 
st
u
d
y
 a
re
a 
is
 c
o
n
c
en
tr
at
ed
 i
n
 L
a
`i
e,
 w
h
ic
h
 

in
cl
u
d
es
 
th
e 
P
o
ly
n
es
ia
n
 
C
u
lt
u
ra
l 
C
en
te
r 
(P
C
C
) 
an
d
 
B
ri
g
h
am
 
Y
o
u
n
g
 
U
n
iv
er
si
ty
 

H
aw
ai
i 
(B
Y
U
-H
).
  
"E
n
v
is
io
n
 L
a
`i
e
" 
is
 t
h
e 
lo
n
g
-r
a
n
g
e 
p
la
n
 f
o
r 
P
C
C
, 
B
Y
U
-H
, 
an
d
 t
h
e 

su
rr
o
u
n
d
in
g
 
la
n
d
s,
 
w
h
ic
h
 
ar
e
 
o
w
n
ed
 
an
d
 
m
an
a
g
ed
 
b
y
 
H
aw
ai
i 
R
es
er
v
e
s,
 
In
c.
 
in
 

af
fi
li
at
io
n
 T
h
e 
C
h
u
rc
h
 o
f 
Je
su
s 
C
h
ri
st
 o
f 
L
at
te
r-
D
ay
 S
ai
n
ts
. 
 T
h
e 
p
la
n
n
in
g
 o
f 
E
n
v
is
io
n
 

L
a
`i
e 
is
 
st
il
l 
b
ei
n
g
 
d
ev
el
o
p
ed
 
at
 
th
is
 
w
ri
ti
n
g
, 
w
h
ile
 
H
aw
ai
i 
R
es
er
v
es
, 
In
c.
 
se
ek
s 

en
ti
tl
em
en
t 
an
d
 
z
o
n
in
g
 
ap
p
ro
v
al
s.
 
 
W
it
h
o
u
t 
a 
d
et
ai
le
d
 
d
ev
el
o
p
m
en
t 
p
ro
p
o
sa
l,
 
a 

tr
an
sp
o
rt
at
io
n
 
p
la
n
 
ca
n
n
o
t 
b
e 
d
ev
el
o
p
ed
 
an
d
 
in
cl
u
d
ed
 
in
 
th
is
 
cu
m
u
la
ti
v
e 
tr
a
ff
ic
 

an
al
y
si
s.
  
T
h
er
ef
o
re
, 
E
n
v
is
io
n
 L
a
`i
e 
w
as
 e
x
cl
u
d
ed
 f
ro
m
 t
h
is
 t
ra
ff
ic
 i
m
p
a
ct
 a
n
al
y
si
s.
  

2
. 

E
x
is
ti
n
g
 A
M
 P
e
a
k
 H

o
u
r
 o
f 
W

e
e
k
d
a
y
 T
r
a
ff
ic
 

T
u
rt
le
 B
a
y
 R
es
o
rt
 i
s 
lo
ca
te
d
 a
t 
th
e 
n
o
rt
h
er
n
m
o
st
 p
oi
n
t 
o
f 
th
e 
is
la
n
d
 o
f 
O
ah
u
, 
w
h
il
e 

th
e 
P
ri
m
ar
y
 U
rb
an
 C
en
te
r 
o
f 
O
ah
u
 i
s 
lo
c
at
ed
 a
lo
n
g
 th
e 
so
u
th
 s
h
o
re
 o
f 
th
e 
is
la
n
d
. 
 T
h
e
 

tr
ad
it
io
n
al
 A
M
 p
ea
k
 p
e
ri
o
d
 o
f 
co
m
m
u
te
r 
tr
af
fi
c,
 w
h
ic
h
 g
en
er
al
ly
 o
c
cu
rs
 b
et
w
ee
n
 6
:0
0
 

A
M
 a
n
d
 9
:0
0
 A
M
 i
n
 u
rb
an
 a
re
as
, 
w
as
 v
ir
tu
al
ly
 n
o
n
-e
x
is
te
n
t 
in
 t
h
e 
v
ic
in
it
y
 o
f 
T
u
rt
le
 

B
ay
 R
es
o
rt
. 
K
am
eh
am
eh
a 
H
ig
h
w
ay
 p
ea
k
 p
er
io
d
 t
ra
ff
ic
 w
as
 t
yp
ic
al
 o
f 
a 
sc
en
ic
/r
ec
re
at
io
n
al
 

ro
u
te
. 
  

T
h
e 
A
M
 p
e
ak
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
 o
n
 K
am
eh
am
eh
a 
H
ig
h
w
a
y,
 i
n
 t
h
e 
v
ic
in
it
y
 

o
f 
T
u
rt
le
 B
a
y
 R
es
o
rt
, 
o
c
cu
rr
ed
 b
et
w
ee
n
 1
1
:0
0
 A
M
 a
n
d 
1
2
:0
0
 N
o
o
n
. 
 K
a
m
eh
am
eh
a 

H
ig
h
w
a
y
 c
a
rr
ie
d
 a
b
o
u
t 
5
0
0
 v
eh
ic
le
s 
p
er
 h
o
u
r 
(v
p
h
),
 t
o
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s,
 w
h
ic
h
 

co
n
ti
n
u
ed
 t
o
 i
n
cr
ea
se
 i
n
 t
h
e 
af
te
rn
o
o
n
. 
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
p
er
at
ed
 a
t 
L
O
S
 "
E
",
 

w
it
h
 a
 v
/c
 r
at
io
 o
f 
0
.1
8
, 
w
es
t 
o
f 
K
u
il
im
a 
D
ri
v
e.
  
 

T
h
e 
le
ft
-t
u
rn
 
an
d
 
ri
g
h
t 
tu
rn
 
m
o
v
em
en
ts
 
fr
o
m
 
K
u
il
im
a 
D
ri
v
e 
at
 
K
am
e
h
am
eh
a
 

o
p
er
at
ed
 a
t 
L
O
S
 "
C
" 
an
d
 L
O
S
 "
B
",
 r
es
p
ec
ti
v
el
y
 d
u
ri
ng
 t
h
e 
A
M
 p
ea
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 

tr
af
fi
c.
  
M
ar
co
n
i 
R
o
ad
 o
p
er
at
ed
 a
t 
L
O
S
 "
B
" 
at
 K
a
m
eh
am
eh
a 
H
ig
h
w
a
y.
  
 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
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T
h
e 
ty
p
ic
al
 A
M
 p
ea
k
 h
o
u
r 
o
f 
co
m
m
u
te
r 
tr
af
fi
c 
al
so
 w
as
 n
o
t 
ev
id
en
t 
at
 t
h
e 
w
es
te
rn
 

en
d
 o
f 
th
e 
st
u
d
y
 a
re
a 
in
 H
al
ei
w
a.
  
T
h
e 
A
M
 p
e
a
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
 o
cc
u
rr
ed
 

b
et
w
ee
n
 
1
0
:4
5
 
A
M
 
an
d
 
1
1
:4
5
 
A
M
 
at
 
th
e 
n
o
rt
h
 
ju
n
ct
io
n 
o
f 
th
e 
in
te
rs
ec
ti
o
n
 
o
f 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
an
d
 
Jo
se
p
h
 
P.
 
L
eo
n
g
 
H
ig
h
w
a
y.
 
N
o
rt
h
 
o
f 
Jo
se
p
h
 
P
 
L
eo
n
g
 

H
ig
h
w
a
y,
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 c
ar
ri
ed
 a
b
o
u
t 
1
,1
0
0
 v
p
h,
 t
o
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s.
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
o
p
er
at
ed
 
at
 
L
O
S
 
"E
" 
w
it
h
 
a 
v
/c
 
ra
ti
o
 
o
f 
0
.3
5
 
n
o
rt
h
 
o
f 

H
al
ei
w
a.
  
T
h
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
nd
 J
o
se
p
h
 P
. 
L
e
o
n
g
 H
ig
h
w
a
y
 

o
p
er
at
ed
 a
t 
an
 o
v
er
al
l 
L
O
S
 "
B
" 
d
u
ri
n
g
 t
h
e
 A
M
 p
ea
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
. 
 T
h
e 

in
d
iv
id
u
al
 t
ra
ff
ic
 m
o
v
e
m
en
ts
 a
t 
th
e 
in
te
rs
ec
ti
o
n
 o
pe
ra
te
d
 a
t 
sa
ti
sf
ac
to
ry
 
L
e
v
el
s 
o
f 

S
er
v
ic
e,
 i
.e
. 
L
O
S
 "
C
" 
o
r 
b
et
te
r.
 

T
h
e 
A
M
 p
ea
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
 a
t 
th
e 
e
as
te
rn
 e
n
d
 o
f 
th
e 
st
u
d
y
 a
re
a 
in
 

K
ah
al
u
u
 
o
cc
u
rr
ed
 
b
et
w
ee
n
 
6
:4
5
 A
M
 
an
d
 
7
:4
5
 A
M
. 
N
o
rt
h 
o
f 
K
ah
ek
il
i 
H
ig
h
w
a
y,
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
ca
rr
ie
d
 
ab
o
u
t 
1
,2
0
0
 
v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 
d
ir
ec
ti
o
n
s,
 
an
d
  

o
p
er
at
ed
 a
t 
L
O
S
 "
E
" 
w
it
h
 a
 v
/c
 r
at
io
 o
f 
0
.4
1
. 
 T
h
e 
p
re
d
o
m
in
an
t 
tr
a
ff
ic
 m
o
v
em
en
t 
w
as
 

o
n
 
so
u
th
b
o
u
n
d
 
K
am
eh
a
m
eh
a 
H
ig
h
w
a
y
 
w
it
h
 
ab
o
u
t 
8
0
0
 
v
p
h,
 
w
h
ic
h
 
sp
li
t 
b
et
w
ee
n
 

co
n
ti
n
u
in
g
 o
n
to
 K
ah
ek
il
i 
H
ig
h
w
a
y
 a
n
d
 t
u
rn
in
g
 l
e
ft
 i
n
to
 K
am
eh
am
eh
a 
H
ig
h
w
a
y.
 T
h
e
 

le
ft
-t
u
rn
 m
o
v
em
en
t 
fr
o
m
 e
as
tb
o
u
n
d
 K
am
eh
am
eh
a 
H
ig
h
w
ay
 o
p
e
ra
te
d
 a
t 
L
O
S
 "
F
" 
o
n
to
 

K
ah
ek
il
i 
H
ig
h
w
a
y.
 H
o
w
ev
er
, 
th
e 
le
ft
-t
u
rn
 d
em
an
d
 w
as
 r
el
at
iv
el
y
 l
o
w
 a
t 
le
ss
 t
h
an
 4
0
 

v
p
h
, 
an
d
 t
h
e 
o
b
se
rv
ed
 d
e
la
y
s 
w
e
re
 m
u
ch
 l
o
w
e
r 
th
an
 c
al
cu
la
te
d
 d
el
a
y
s 
w
h
e
n
 c
o
u
rt
eo
u
s 

m
o
to
ri
st
s 
o
n
 s
o
u
th
b
o
u
n
d
 K
am
eh
am
eh
a
 H
ig
h
w
a
y
 p
er
m
it
te
d
 t
h
e
 l
ef
t-
tu
rn
 m
o
v
em
en
t 

fr
o
m
 
w
es
tb
o
u
n
d
 
K
am
e
h
am
eh
a 
H
ig
h
w
a
y.
 
 
T
h
e 
o
th
er
 
tr
a
ff
ic
 
m
o
v
em
en
ts
 
at
 
th
e 

in
te
rs
ec
ti
o
n
 o
p
e
ra
te
d
 a
t 
sa
ti
sf
ac
to
ry
 L
ev
el
s 
o
f 
S
er
v
ic
e.
  
 T
h
e 
ex
is
ti
n
g
 A
M
 p
ea
k
 h
o
u
r 

tr
af
fi
c 
v
o
lu
m
es
 a
re
 d
ep
ic
te
d
 o
n
 F
ig
u
re
 7
. 

3
. 

E
x
is
ti
n
g
 P
M
 P
e
a
k
 H

o
u
r
 T
r
a
ff
ic
 

T
h
e 
ty
p
ic
al
 P
M
 p
ea
k
 h
o
u
r 
o
f 
co
m
m
u
te
r 
tr
af
fi
c,
 w
h
ic
h 
o
cc
u
rs
 b
et
w
e
en
 3
:0
0
 P
M
 

an
d
 6
:0
0
 P
M
 i
n
 u
rb
an
 a
re
as
, 
al
so
 w
as
 n
o
t 
ev
id
en
t 
in
 t
h
e 
v
ic
in
it
y
 o
f 
T
u
rt
le
 B
a
y
 R
es
o
rt
. 

T
h
e 
P
M
 p
ea
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
 o
n
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
c
cu
rr
e
d
 b
et
w
ee
n
 

2
:0
0
 P
M
 a
n
d
 3
:0
0
 P
M
. 
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 c
ar
ri
ed
 a
b
ou
t 
7
0
0
 v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 

d
ir
ec
ti
o
n
s 
in
 t
h
e 
v
ic
in
it
y
 o
f 
T
u
rt
le
 B
a
y
 R
es
o
rt
. 
 W
es
t 
o
f 
K
u
il
im
a 
D
ri
v
e,
 K
am
eh
am
eh
a
 

H
ig
h
w
a
y
 o
p
er
at
ed
 a
t 
L
O
S
 "
E
",
 w
it
h
 a
 v
/c
 r
at
io
 o
f 
0
.2
6
. 
  

T
h
e 
le
ft
-t
u
rn
 
an
d
 
ri
g
h
t 
tu
rn
 
m
o
v
em
en
ts
 
fr
o
m
 
K
u
il
im
a 
D
ri
v
e 
at
 
K
am
e
h
am
eh
a
 

H
ig
h
w
a
y
 o
p
er
at
ed
 a
t 
L
O
S
 "
C
" 
an
d
 L
O
S
 "
B
",
 r
es
p
ec
ti
v
el
y
 d
u
ri
n
g
 t
h
e 
P
M
 p
ea
k
 h
o
u
r 
o
f 

w
ee
k
d
a
y
 t
ra
ff
ic
. 
 M
ar
co
n
i 
R
o
ad
 o
p
er
at
ed
 a
t 
L
O
S
 "
B
" 
at
 K
am
eh
am
eh
a 
H
ig
h
w
a
y.
  
 

T
h
e 
P
M
 p
ea
k
 h
o
u
r 
o
f 
w
e
ek
d
a
y
 t
ra
ff
ic
 i
n
 H
al
ei
w
a 
o
cc
ur
re
d
 b
et
w
e
en
 2
:4
5
 P
M
 a
n
d
 

3
:4
5
 P
M
. 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 c
a
rr
ie
d
 o
v
er
 1
,4
0
0
 v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s.
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
o
p
er
at
ed
 
at
 
L
O
S
 
"E
" 
w
it
h
 
a 
v
/c
 
ra
ti
o
 
o
f 
0
.4
8
 
n
o
rt
h
 
o
f 

H
al
ei
w
a.
  
T
h
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 a
nd
 J
o
se
p
h
 P
. 
L
e
o
n
g
 H
ig
h
w
a
y
 

o
p
er
at
ed
 a
t 
an
 o
v
e
ra
ll
 L
O
S
 "
B
" 
d
u
ri
n
g
 t
h
e 
P
M
 p
ea
k
 h
o
u
r 
o
f 
w
ee
k
d
a
y
 t
ra
ff
ic
. 
 T
h
e
 

in
d
iv
id
u
al
 t
ra
ff
ic
 m
o
v
e
m
en
ts
 a
t 
th
e 
in
te
rs
ec
ti
o
n
 o
pe
ra
te
d
 a
t 
sa
ti
sf
ac
to
ry
 
L
e
v
el
s 
o
f 

S
er
v
ic
e.
 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
1
9
 

  

 
  

P
ro

je
c
t 
V

ic
in

it
y
 

 

  

  

H
a
le

iw
a
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
  
 K

a
h
a
lu

u
 

 

L
e
g
e
n
d
 

 

 L
a
n
e
 C

o
n
tr

o
ls

 

 T
ra

ff
ic

 M
o
v
e
m

e
n
t 
V

o
lu

m
e
 (
v
p
h
) 

  
F
ig

u
re

 7
. 
 E

x
is

ti
n
g
 A

M
 P

e
a
k
 H

o
u
r 

T
ra

ff
ic

 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
2
0
 

  

 
 

T
h
e 
P
M
 p
ea
k
 h
o
u
r 
o
f 
w
e
ek
d
a
y
 t
ra
ff
ic
 i
n
 K
ah
al
u
u
 o
cc
u
rr
ed
 b
et
w
ee
n
 3
:3
0
 P
M
 a
n
d
 

4
:3
0
 P
M
. 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 c
a
rr
ie
d
 a
b
o
u
t 
1
,5
0
0
 v
p
h,
 t
o
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s.
  

N
o
rt
h
 o
f 
th
e 
K
ah
ek
il
i 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
, 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
p
er
a
te
d
 a
t 
L
O
S
 

"E
" 
w
it
h
 
a 
v
/c
 
ra
ti
o
 
o
f 
0
.4
8
. 
T
h
e 
tr
a
ff
ic
 
m
o
v
em
en
ts
 
at
 
th
e 
in
te
rs
ec
ti
o
n
 
o
f 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
an
d
 
K
ah
ek
il
i 
H
ig
h
w
a
y
 
o
p
er
at
ed
 
at
 
sa
ti
sf
a
ct
o
ry
 
L
ev
el
s 
o
f 

S
er
v
ic
e.
  
F
ig
u
re
 8
 d
ep
ic
ts
 t
h
e 
ex
is
ti
n
g
 P
M
 p
ea
k
 h
o
u
r 
tr
af
fi
c 
v
o
lu
m
es
. 
  

4
. 

E
x
is
ti
n
g
 P
e
a
k
 H

o
u
r
 o
f 
W

e
e
k
e
n
d
 T
r
a
ff
ic
 

T
h
e 
w
e
ek
en
d
 p
ea
k
 h
o
u
r 
o
f 
tr
af
fi
c 
is
 r
ep
re
se
n
te
d
 b
y
 a
 s
in
g
le
 p
e
ak
 h
o
u
r 
o
n
 S
at
u
rd
a
y
 

o
r 
S
u
n
d
a
y.
  
T
h
e 
ex
is
ti
n
g
 w
ee
k
en
d
 t
ra
ff
ic
 d
at
a 
in
 t
he
 s
tu
d
y
 a
re
a 
in
d
ic
at
ed
 t
h
at
 S
u
n
d
a
y
 

tr
af
fi
c
 w
as
 l
o
w
er
 t
h
an
 S
a
tu
rd
a
y
 t
ra
ff
ic
. 
L
o
w
er
 S
u
n
da
y
 t
ra
ff
ic
 c
an
 b
e 
at
tr
ib
u
te
d
, 
in
 p
ar
t,
 

to
 t
h
e 
fa
ct
 t
h
at
 P
C
C
 d
o
es
 n
o
t 
o
p
er
at
e 
o
n
 S
u
n
d
a
y
s.
 I
n
 a
d
d
it
io
n
, 
th
e 
S
at
u
rd
a
y
 p
ea
k
 h
o
u
r 

tr
ip
 g
en
er
at
io
n
 r
at
es
 f
o
r 
h
o
te
ls
, 
w
h
ic
h
 a
re
 d
ev
el
o
pe
d
 b
y
 t
h
e 
In
st
it
u
te
 o
f 
T
ra
n
sp
o
rt
at
io
n
 

E
n
g
in
e
er
s 
(I
T
E
),
 a
re
 h
ig
h
er
 t
h
an
 t
h
e 
S
u
n
d
a
y
 p
ea
k
 h
ou
r 
tr
ip
 r
at
es
. 
 D
u
ri
n
g
 t
h
e 
p
re
-

co
n
su
lt
at
io
n
 m
ee
ti
n
g
s 
w
it
h
 D
O
T
, 
it
 w
as
 m
u
tu
al
ly
 a
g
re
ed
 t
h
at
 t
h
e 
S
at
u
rd
a
y
 p
ea
k
 h
o
u
r 

tr
af
fi
c 
w
o
u
ld
 r
ep
re
se
n
t 
th
e 
w
ee
k
en
d
 p
e
ak
 h
o
u
r 
tr
a
ff
ic
 i
n
 t
h
e 
st
u
d
y
 a
re
a.
  
 

T
h
e 
p
e
ak
 h
o
u
r 
o
f 
w
e
ek
e
n
d
 t
ra
ff
ic
 i
n
 K
ah
u
k
u
 o
cc
u
rr
ed
 b
et
w
e
en
 2
:0
0
 P
M
 a
n
d
 3
:0
0
 

P
M
. 
 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
ca
rr
ie
d
 
al
m
o
st
 
9
0
0
 
v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 
d
ir
ec
ti
o
n
s.
  

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
p
er
at
ed
 a
t 
L
O
S
 "
E
",
 w
it
h
 a
 v
/c
 r
at
io
 o
f 
0
.2
9
. 
 T
h
e 
le
ft
-t
u
rn
 

an
d
 r
ig
h
t 
tu
rn
 m
o
v
em
en
ts
 f
ro
m
 K
u
il
im
a 
D
ri
v
e 
at
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
p
er
at
ed
 a
t 

L
O
S
 
"D
" 
an
d
 
L
O
S
 
"B
",
 
re
sp
ec
ti
v
el
y
 
d
u
ri
n
g
 
th
e 
p
ea
k
 
h
o
u
r 
o
f 
w
ee
k
en
d
 
tr
af
fi
c.
  

M
ar
co
n
i 
R
o
ad
 o
p
e
ra
te
d
 a
t 
L
O
S
 "
B
" 
at
 K
am
eh
am
e
h
a 
H
ig
hw
a
y.
  
 

In
 H
al
ei
w
a,
 t
h
e 
p
e
ak
 h
o
u
r 
o
f 
w
ee
k
en
d
 t
ra
ff
ic
 o
c
cu
rr
ed
 b
et
w
ee
n
 1
1
:4
5
 A
M
 a
n
d
 

1
2
:4
5
 P
M
. 
K
am
eh
am
eh
a
 H
ig
h
w
a
y
 c
ar
ri
ed
 a
lm
o
st
 1
,6
0
0
 v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s.
 

K
am
eh
am
eh
a 
H
ig
h
w
a
y
 
o
p
er
at
ed
 
at
 
L
O
S
 
"E
" 
w
it
h
 
a 
v
/c
 
ra
ti
o
 
o
f 
0
.5
4
 
n
o
rt
h
 
o
f 

H
al
ei
w
a.
  
T
h
e 
q
u
eu
in
g
 o
n
 n
o
rt
h
b
o
u
n
d
 K
am
eh
am
eh
a 
H
ig
hw
a
y
 w
as
 a
 r
es
u
lt
 o
f 
tr
af
fi
c
 

co
n
g
es
ti
o
n
 a
t 
L
an
ia
k
ea
 B
e
ac
h
, 
w
h
er
e 
m
o
to
ri
st
s 
ar
e 
tu
rn
in
g
 o
n
 a
n
d
 o
ff
 t
h
e 
H
ig
h
w
a
y
 

an
d
 s
to
p
p
in
g
 f
o
r 
p
ed
es
tr
ia
n
s 
cr
o
ss
 t
h
e 
H
ig
h
w
a
y.
  
T
he
 i
n
te
rs
e
ct
io
n
 o
f 
K
a
m
eh
am
eh
a
 

H
ig
h
w
a
y
 a
n
d
 J
o
se
p
h
 P
. 
L
e
o
n
g
 H
ig
h
w
a
y
 o
p
e
ra
te
d
 a
t 
an
 o
v
er
al
l 
L
O
S
 "
B
" 
d
u
ri
n
g
 t
h
e
 

p
ea
k
 h
o
u
r 
o
f 
w
ee
k
en
d
 t
ra
ff
ic
. 
T
h
e 
le
ft
-t
u
rn
 m
o
v
em
en
t 
o
n
 n
o
rt
h
b
o
u
n
d
 J
o
se
p
h
 P
. 
L
eo
n
g
 

H
ig
h
w
a
y
 
o
p
er
at
ed
 
at
 
L
O
S
 
"D
".
 
 
T
h
e 
o
th
e
r 
tr
a
ff
ic
 
m
o
ve
m
en
ts
 
at
 
th
e 
in
te
rs
ec
ti
o
n
 

o
p
er
at
ed
 a
t 
sa
ti
sf
ac
to
ry
 L
ev
el
s 
o
f 
S
er
v
ic
e.
 

T
h
e 
p
ea
k
 h
o
u
r 
o
f 
w
e
ek
en
d
 t
ra
ff
ic
 i
n
 K
ah
al
u
u
 o
c
cu
rr
ed
 b
et
w
ee
n
 2
:1
5
 P
M
 a
n
d
 3
:1
5
 

P
M
. 
K
am
eh
am
eh
a 
H
ig
h
w
a
y
 c
ar
ri
ed
 a
b
o
u
t 
1
,5
0
0
 v
p
h
, 
to
ta
l 
fo
r 
b
o
th
 d
ir
ec
ti
o
n
s.
  
N
o
rt
h
 

o
f 
it
s 
in
te
rs
ec
ti
o
n
 w
it
h
 K
ah
ek
il
i 
H
ig
h
w
a
y,
 K
am
eh
am
eh
a 
H
ig
h
w
a
y
 o
p
er
a
te
d
 a
t 
L
O
S
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Table 4.  Intersection Traffic Analysis Summary - Existing Peak Hour Conditions 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR Intersection 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A C N/A B A 

Delay 8.1 N/A N/A N/A N/A N/A N/A N/A N/A 15.8 N/A 10.4 3.8 Kuilima Drive 

v/c 0.07 N/A N/A N/A N/A N/A N/A N/A N/A 0.18 N/A 0.11 N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A B A 

Delay 7.8 N/A N/A N/A N/A N/A N/A N/A N/A 11.5 0.2 Marconi Rd 

v/c 0.00 N/A N/A N/A N/A N/A N/A N/A N/A 0.02 N/A 

LOS C N/A A N/A N/A N/A C A N/A N/A B A B 

Delay 24.4 N/A 0.2 N/A N/A N/A 26.1 8.3 N/A N/A 13.9 3.7 12.7 Joseph P. Leong Hwy 

v/c 0.65 N/A 0.05 N/A N/A N/A 0.31 0.31 N/A N/A 0.30 0.39 N/A 

LOS N/A N/A N/A F N/A N/A N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A N/A N/A 12.2 N/A N/A 78.0 

Existing AM Peak 

Hour of Weekday 

Traffic 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A N/A N/A 0.55 N/A N/A N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A C N/A B A 

Delay 8.4 N/A N/A N/A N/A N/A N/A N/A N/A 22.6 N/A 11.4 3.6 Kuilima Drive 

v/c 0.09 N/A N/A N/A N/A N/A N/A N/A N/A 0.26 N/A 0.15 N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A B A 

Delay 8.1 N/A N/A N/A N/A N/A N/A N/A N/A 13.3 0.3 Marconi Rd 

v/c 0.01 N/A N/A N/A N/A N/A N/A N/A N/A 0.03 N/A 

LOS C N/A A N/A N/A N/A C A N/A N/A B A B 

Delay 25.6 N/A 0.2 N/A N/A N/A 32.2 9.3 N/A N/A 15.8 3.7 13.6 Joseph P. Leong Hwy 

v/c 0.69 N/A 0.05 N/A N/A N/A 0.39 0.38 N/A N/A 0.45 0.45 N/A 

LOS N/A N/A N/A B N/A N/A N/A N/A N/A A N/A N/A A 

Delay N/A N/A N/A 13.4 N/A N/A N/A N/A N/A 9.6 N/A N/A 2.8 

Existing PM Peak 

Hour of Weekday 

Traffic 

Kahekili Hwy 

v/c N/A N/A N/A 0.41 N/A N/A N/A N/A N/A 0.09 N/A N/A N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A D N/A B A 

Delay 8.9 N/A N/A N/A N/A N/A N/A N/A N/A 32.6 N/A 12.1 4.3 Kuilima Drive 

v/c 0.14 N/A N/A N/A N/A N/A N/A N/A N/A 0.37 N/A 0.17 N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A B A 

Delay 8.2 N/A N/A N/A N/A N/A N/A N/A N/A 12.1 0.3 Marconi Rd 

v/c 0.00 N/A N/A N/A N/A N/A N/A N/A N/A 0.03 N/A 

LOS C N/A A N/A N/A N/A D B N/A N/A B A B 

Delay 25.1 N/A 0.4 N/A N/A N/A 42.6 12.3 N/A N/A 17.7 4.2 15.1 Joseph P. Leong Hwy 

v/c 0.74 N/A 0.09 N/A N/A N/A 0.51 0.50 N/A N/A 0.51 0.52 N/A 

LOS N/A N/A N/A C N/A N/A N/A N/A N/A A N/A N/A A 

Delay N/A N/A N/A 16.6 N/A N/A N/A N/A N/A 9.7 N/A N/A 2.9 

Existing Weekend 

Peak Hour of 

Traffic 

Kahekili Hwy 

v/c N/A N/A N/A 0.45 N/A N/A N/A N/A N/A 0.10 N/A N/A N/A 
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Table 7.  Intersection Traffic Analysis Summary - Peak Hour Conditions Without Proposed Action 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR Intersection 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A C N/A B A 

Delay 8.2 N/A N/A N/A N/A N/A N/A N/A N/A 20.2 N/A 10.5 4.2 Kuilima Drive 

v/c 0.09 N/A N/A N/A N/A N/A N/A N/A N/A 0.27 N/A 0.13 N/A 

LOS C N/A N/A N/A N/A N/A N/A N/A N/A A A 

Delay 16.1 N/A N/A N/A N/A N/A N/A N/A N/A 8.8 1.4 Marconi Rd 

v/c 0.12 N/A N/A N/A N/A N/A N/A N/A N/A 0.02 N/A 

LOS C N/A A N/A N/A N/A C A N/A N/A B A B 

Delay 25.4 N/A 0.2 N/A N/A N/A 29.2 8.5 N/A N/A 14.6 3.7 13.3 Joseph P. Leong Hwy 

v/c 0.67 N/A 0.05 N/A N/A N/A 0.35 0.30 N/A N/A 0.32 0.42 N/A 

LOS N/A N/A N/A E N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A 39.3 N/A N/A N/A 14.8 N/A N/A 403.2 

2025 AM 

Peak Hour 

of Weekday 

Traffic 

Without 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A N/A N/A N/A N/A 0.65 N/A N/A N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A E N/A B A 

Delay 9.0 N/A N/A N/A N/A N/A N/A N/A N/A 36.8 N/A 12.9 4.4 Kuilima Drive 

v/c 0.12 N/A N/A N/A N/A N/A N/A N/A N/A 0.41 N/A 0.21 N/A 

LOS C N/A N/A N/A N/A N/A N/A N/A N/A A A 

Delay 22.7 N/A N/A N/A N/A N/A N/A N/A N/A 9.2 1.5 Marconi Rd 

v/c 0.19 N/A N/A N/A N/A N/A N/A N/A N/A 0.03 N/A 

LOS C N/A A N/A N/A N/A C A N/A N/A B A B 

Delay 26.6 N/A 0.1 N/A N/A N/A 31.2 9.4 N/A N/A 14.7 3.3 13.3 Joseph P. Leong Hwy 

v/c 0.72 N/A 0.03 N/A N/A N/A 0.30 0.41 N/A N/A 0.52 0.44 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A B 

Delay N/A N/A N/A 60.5 N/A N/A N/A 10.4 N/A N/A 11.1 

2025 PM 

Peak Hour 

of Weekday 

Traffic 

Without 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A 0.92 N/A N/A N/A 0.12 N/A N/A N/A 

LOS A N/A N/A N/A N/A N/A N/A N/A N/A F N/A B A 

Delay 9.1 N/A N/A N/A N/A N/A N/A N/A N/A 70.8 N/A 13.2 9.4 Kuilima Drive 

v/c 0.15 N/A N/A N/A N/A N/A N/A N/A N/A 0.75 N/A 0.25 N/A 

LOS C N/A N/A N/A N/A N/A N/A N/A N/A A A 

Delay 22.5 N/A N/A N/A N/A N/A N/A N/A N/A 9.3 1.1 Marconi Rd 

v/c 0.15 N/A N/A N/A N/A N/A N/A N/A N/A 0.02 N/A 

LOS C N/A A N/A N/A N/A D B N/A N/A B A B 

Delay 28.7 N/A 0.7 N/A N/A N/A 47.1 12.7 N/A N/A 19.8 4.5 16.7 Joseph P. Leong Hwy 

v/c 0.79 N/A 0.10 N/A N/A N/A 0.57 0.52 N/A N/A 0.57 0.55 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A C 

Delay N/A N/A N/A 103.9 N/A N/A N/A 10.6 N/A N/A 15.5 

2025 

Weekend 

Peak Hour 

of Traffic 

Without 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A 1.04 N/A N/A N/A 0.14 N/A N/A N/A 
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th
e 
w
id
e 
v
a
ri
at
io
n
 i
n
 

tr
av
el
 p
at
te
rn
s 
fr
o
m
 t
h
e
 s
am

e 
la
n
d
 u
se
 a
ct
iv
it
y
 i
n
 d
if
fe
re
n
t 
p
a
rt
s 
o
f 
th
e 
co
u
n
tr
y.
  
In
 l
ie
u
 o
f 

m
o
re
 l
o
ca
ll
y
 v
al
id
 d
at
a,
 t
h
e 
IT
E
 t
ri
p
 g
en
er
at
io
n
 m

et
h
o
d
o
lo
g
y
 i
s 
g
en
e
ra
ll
y
 a
c
ce
p
te
d
 b
y
 

g
o
v
e
rn
m
en
t 

a
g
en
ci
es
 
a
n
d
 
w
id
el
y
 
u
se
d
 
th
ro
u
g
h
o
u
t 

th
e 

tr
an
sp
o
rt
at
io
n
 
en
g
in
e
er
in
g
 

p
ro
fe
ss
io
n
 f
o
r 
tr
af
fi
c 
im

p
ac
t 
an
al
y
si
s 
o
f 
n
ew

 d
ev
el
o
p
m
en
ts
. 
  

W
h
en
 a
n
al
y
z
in
g
 t
h
e 
tr
af
fi
c 
im

p
ac
ts
 a
n
 e
x
p
an
si
o
n
 o
f 
an
 e
x
is
ti
n
g
 d
ev
el
o
p
m
en
t,
 s
it
e-

sp
ec
if
ic
 t
ri
p
 g
en
er
at
io
n
 d
at
a 
ca
n
 b
e 
co
ll
ec
te
d
 f
ro
m
 t
h
e 
ex
is
ti
n
g
 d
ev
el
o
p
m
en
t 
an
d
 a
p
p
li
ed
 

to
 t
h
e 
fu
tu
re
 e
x
p
an
si
o
n
. 
  
S
u
ch
 i
s 
th
e
 c
as
e 
w
it
h
 t
he
 T
u
rt
le
 B
a
y
 R
es
o
rt
 M

as
te
r 
P
la
n
, 
w
h
er
e 

th
e 
p
ro
p
o
se
d
 l
an
d
 u
se
s 
ar
e 
es
se
n
ti
al
ly
 t
h
e 
sa
m
e
 c
h
ar
ac
te
r 
as
 t
h
e 
ex
is
ti
n
g
 R

es
o
rt
, 
an
d
 

w
h
er
e 
m
o
st
 o
f 
th
e 
lo
ca
l 
ch
ar
ac
te
ri
st
ic
s 
th
at
 a
ff
ec
t 
tr
av
el
 b
eh
av
io
r 
w
il
l 
re
m
ai
n
 t
h
e 
sa
m
e.
  

In
 t
h
es
e 
c
as
es
, 
IT
E
 r
ec
o
m
m
en
d
s 
th
e 
u
se
 o
f 
lo
ca
l 
tr
ip
 g
en
er
at
io
n
 r
at
es
 w

h
er
e 
av
ai
la
b
le
 t
o
 

es
ti
m
at
e 
tr
af
fi
c 
fr
o
m
 
th
e 
n
ew

 
o
r 
ex
p
an
d
ed
 
d
ev
el
o
p
m
en
t.
 
 A

cc
o
rd
in
g
ly
, 
th
e 
st
u
d
y
 
h
as
 

d
ev
el
o
p
ed
 t
ri
p
 g
en
er
at
io
n
 r
at
es
, 
w
h
ic
h
 a
re
 b
as
ed
 u
p
on
 l
o
ca
ll
y
-c
o
ll
ec
te
d
 d
at
a 
fr
o
m
 e
x
is
ti
n
g
 

la
n
d
 u
se
s 
an
d
 f
u
rt
h
er
 d
is
cu
ss
ed
 i
n
 t
h
e 
fo
ll
o
w
in
g
 s
ec
ti
o
n
s.
  
T
h
e 
IT
E
 m

et
h
o
d
o
lo
g
y
 w

as
 

u
se
d
 w
h
er
e 
th
e 
lo
ca
l 
tr
ip
 d
at
a 
w
e
re
 n
o
t 
av
ai
la
b
le
. 

1
. 
R
e
so
r
t 
H
o
te
l 

T
h
e 
ex
is
ti
n
g
 T
u
rt
le
 B

a
y
 H

o
te
l 
an
d
 f
u
tu
re
 h
o
te
ls
 i
n
 t
h
e 
T
u
rt
le
 B

a
y
 R

es
o
rt
 M

as
te
r 

P
la
n
 f
al
l 
u
n
d
e
r 
th
e
 I
T
E
 c
at
e
g
o
ry
 o
f 
re
so
rt
 h
o
te
l.
  
IT
E
 d
id
 n
o
t  
d
ev
el
o
p
 a
 w

e
ek
d
a
y
 t
ri
p
 

ra
te
 f
o
r 
a
 r
es
o
rt
 h
o
te
l.
  
IT
E
 S
at
u
rd
a
y
 t
ri
p
 d
at
a 
fo
r 
a 
re
so
rt
 h
o
te
l 
w
er
e 
li
m
it
ed
 t
o
 o
n
e
 

o
b
se
rv
at
io
n
. 
 D

u
ri
n
g
 t
h
e
 p
re
-c
o
n
su
lt
at
io
n
 m

ee
ti
n
g
s 
w
it
h
 D

O
T
, 
it
 w

as
 a
g
re
ed
 t
h
at
 t
h
e 

ex
is
ti
n
g
 t
ri
p
 g
en
er
at
io
n
 f
ro
m
 t
h
e 
T
u
rt
le
 B

a
y
 H

o
te
l 
w
o
u
ld
 p
ro
v
id
e 
th
e 
m
o
st
 r
el
ev
an
t 

so
u
rc
e 
fo
r 
es
ti
m
at
in
g
 t
ra
ff
ic
 v
o
lu
m
es
 f
ro
m
 n
ew

 h
o
te
l 
ro
o
m
s 
in
 t
h
e
 P
ro
p
o
se
d
 A

ct
io
n
 

an
d
 t
h
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
. 
  

2
. 
R
e
so
r
t 
R
e
si
d
e
n
ti
a
l 
D
e
v
e
lo
p
m
e
n
t 

K
u
il
im

a 
E
st
at
es
 a
n
d
 t
h
e
 r
es
o
rt
 r
es
id
en
ti
al
 u
n
it
s 
in
 t
h
e 
T
u
rt
le
 B

a
y
 R

es
o
rt
 M

as
te
r 

P
la
n
 c
an
 b
e 
d
es
cr
ib
ed
 u
n
d
er
 t
h
e 
IT
E
 c
at
e
g
o
ry
 o
f 
re
cr
ea
ti
o
n
al
 h
o
m
es
. 
H
o
w
ev
er
, 
D
O
T
 

h
as
 e
x
p
re
ss
ed
 c
o
n
ce
rn
 o
v
er
 t
h
e 
u
se
 o
f 
th
e 
IT
E
 r
e
cr
ea
ti
o
n
al
 h
o
m
e 
tr
ip
 r
at
e
s 
to
 a
n
al
y
z
e
 

th
e 
tr
a
ff
ic
 i
m
p
a
ct
s 
o
f 
re
so
rt
 r
es
id
en
ti
al
 u
n
it
s.
  
It
 w

as
 a
g
re
ed
 t
h
at
 t
ra
v
el
 c
h
ar
a
ct
er
is
ti
cs
 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
3
4
 

  

 
 

o
f 
th
e 
K
u
il
im

a 
E
st
at
es
 w

er
e 
u
n
iq
u
el
y
 s
u
it
ed
 t
o
 d
ev
el
o
p
 t
ri
p
 g
en
e
ra
ti
o
n
 r
at
es
 f
o
r 
th
e
 

re
so
rt
 r
es
id
en
ti
al
 u
n
it
s 
in
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d 
th
e 
th
re
e 
(3
) 
A
lt
e
rn
at
iv
es
. 

3
. 
T
im
e
sh
a
r
e
 H
o
te
l 

T
h
e 

P
ro
p
o
se
d
 
A
ct
io
n
, 
th
e 

F
u
ll
 
B
u
il
d
 
O
u
t 
A
lt
er
n
at
iv
e,
 
an
d
 
th
e 

C
o
n
se
rv
at
io
n
 

P
ar
tn
er
 A

lt
er
n
at
iv
e 
in
cl
u
d
es
 t
im

es
h
ar
e 
h
o
te
l 
ro
o
m
s,
 i
n
 a
d
d
it
io
n
 t
o
 t
ra
d
it
io
n
al
 a
n
d
/o
r 

co
n
d
o
-h
o
te
l 
ro
o
m
s.
  
IT
E
 d
es
cr
ib
es
 t
im

es
h
ar
e 
as
 d
ev
el
o
p
m
en
ts
, 
w
h
er
e 
ea
ch
 u
n
it
 m

a
y
 

b
e 
p
u
rc
h
as
ed
 b
y
 m

u
lt
ip
le
 o
w
n
e
rs
 w

it
h
 r
ig
h
ts
 o
f 
u
se
 f
o
r 
sp
ec
if
ic
 t
im

e 
p
e
ri
o
d
s 
ea
ch
 

y
e
a
r.
 
 
W
h
il
e 

th
e 

o
ri
g
in
al
 
ti
m
es
h
ar
es
 
w
er
e
 
o
ft
en
 
d
ev
el
o
p
ed
 
as
 
re
cr
ea
ti
o
n
al
 

co
n
d
o
m
in
iu
m
s 
o
r 
v
ac
at
io
n
 h
o
m
es
, 
th
e 
ti
m
es
h
ar
e
s 
fo
r 
th
e 
T
u
rt
le
 B

a
y
 R

es
o
rt
 M

as
te
r 

P
la
n
 a
re
 p
la
n
n
ed
 t
o
 b
e
 d
ev
el
o
p
ed
 a
s 
fu
ll
 s
er
v
ic
e 
h
ot
el
s,
 s
im

il
ar
 t
o
 t
h
e 
A
u
la
n
i 
D
is
n
e
y
 

R
es
o
rt
 i
n
 K

o
 O

li
n
a,
 w

it
h
 v
ac
at
io
n
 c
lu
b
 (
ti
m
es
h
ar
e)
 u
n
it
s 
an
d
 t
ra
d
it
io
n
al
 h
o
te
l 
ro
o
m
s.
  

T
h
er
e
fo
re
, 
th
e 
IT
E
 
w
e
e
k
d
a
y
 
tr
ip
 
ra
te
s 
fo
r 
ti
m
es
h
ar
es
 
w
e
re
 
u
se
d
 
to
 
an
al
y
z
e 
th
e
 

ti
m
es
h
ar
e 
h
o
te
ls
 i
n
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 t
h
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
. 
 S
in
ce
 I
T
E
 d
id
 

n
o
t 
p
ro
v
id
e 
S
at
u
rd
a
y
 t
ri
p
 r
at
es
 f
o
r 
ti
m
es
h
ar
es
, 
th
e
 w
ee
k
d
a
y
 t
ri
p
 r
at
es
 f
o
r 
th
e 
ti
m
es
h
ar
e 

h
o
te
ls
 w

er
e 
ad
ju
st
ed
 b
y
 r
at
io
 b
et
w
ee
n
 S
at
u
rd
a
y
 a
n
d
 t
h
e 
av
er
a
g
e 
w
ee
k
d
a
y
 t
ri
p
 r
at
es
 

d
ev
el
o
p
ed
 
fr
o
m
 
th
e 
T
u
rt
le
 
B
a
y
 
H
o
te
l 
tr
ip
 
g
en
er
at
io
n 
st
u
d
y,
 
as
 
d
is
cu
ss
ed
 
in
 
th
e 

fo
ll
o
w
in
g
 s
ec
ti
o
n
. 
 T

h
e
 a
v
e
ra
g
e
 d
ai
ly
 t
ri
p
 r
at
es
 f
or
 t
h
e 
p
ro
p
o
se
d
 t
im

es
h
ar
es
 w

er
e
 

d
er
iv
ed
 f
ro
m
 t
h
e 
fo
ll
o
w
in
g
 I
T
E
 r
e
g
re
ss
io
n
 e
q
u
at
io
n
s:
 

L
n
(T
) 
=
 1
.0
6
 ×
 L
n
(X

) 
+
 2
.0
9
 (
W
ee
k
d
a
y
 T
ra
ff
ic
) 

L
n
(T
) 
=
 1
.0
6
 ×
 L
n
(X

) 
+
 2
.0
9
 ×
 T
u
rt
le
 B
a
y
 H
o
te
l 
S
at
u
rd
a
y
 R
at
e  
 (
S
at
u
rd
a
y
 T
ra
ff
ic
) 

 
 

 
 

  
  
  
  
T
u
rt
le
 B
a
y
 H
o
te
l 
W
ee
k
d
a
y
 R
at
e 
  
  
  
 

w
h
er
e,
 

L
n
 =
 n
at
u
ra
l 
lo
g
a
ri
th
m
 f
u
n
ct
io
n
 

 
 

T
 =
 a
v
er
a
g
e 
v
eh
ic
le
 t
ri
p
 e
n
d
s 

 
 

X
 =
 n
u
m
b
er
 o
f 
o
cc
u
p
ie
d
 r
o
o
m
s 

4
. 
S
h
o
p
p
in
g
 C
e
n
te
r
 

T
h
e 
av
er
a
g
e 
d
ai
ly
 t
ri
p
 r
at
es
 f
o
r 
th
e 
p
ro
p
o
se
d
 s
h
o
p
pi
n
g
 v
il
la
g
e 
o
r 
"g
at
h
er
in
g
 p
la
c
e"
 

w
er
e 
d
er
iv
ed
 f
ro
m
 t
h
e 
fo
ll
o
w
in
g
 I
T
E
 r
e
g
re
ss
io
n
 e
q
u
at
io
n
s:
 

L
n
(T
) 
=
 0
.6
5
 ×
 L
n
(X

) 
+
 5
.7
3
 (
W
ee
k
d
a
y
 T
ra
ff
ic
) 

L
n
(T
) 
=
 0
.6
3
 ×
 L
n
(X

) 
+
 6
.2
3
 (
S
at
u
rd
a
y
 T
ra
ff
ic
) 

w
h
er
e,
 

L
n
 =
 n
at
u
ra
l 
lo
g
a
ri
th
m
 f
u
n
ct
io
n
 

 
 

T
 =
 a
v
er
a
g
e 
v
eh
ic
le
 t
ri
p
 e
n
d
s 

 
 

X
 =
 1
,0
0
0
 s
q
u
ar
e 
fe
et
 o
f 
g
ro
ss
 l
e
as
ab
le
 f
lo
o
r 
ar
ea
 

IT
E
 d
ev
el
o
p
ed
 h
o
u
rl
y
 v
ar
ia
ti
o
n
 o
f 
sh
o
p
p
in
g
 c
en
te
r 
tr
a
ff
ic
 f
o
r 
b
o
th
 t
h
e 
a
v
er
a
g
e 

w
ee
k
d
a
y
 a
n
d
 S
at
u
rd
a
y
s,
 w

h
ic
h
 w

er
e 
ex
p
re
ss
ed
 a
s 
p
er
ce
n
ta
g
es
 o
f 
2
4
-h
o
u
r 
tr
af
fi
c 
fo
r 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
3
5
 

  

 
 

ea
ch
 h
o
u
r 
fr
o
m
 1
0
 A
M
 t
o
 1
0
 P
M
. 
 T
h
e 
h
o
u
rl
y
 v
a
ri
at
io
n
s 
w
er
e 
ap
p
li
ed
 t
o
 t
h
e 
av
er
a
g
e 

w
ee
k
d
a
y
 a
n
d
 S
at
u
rd
a
y
 t
ra
ff
ic
 t
o
 d
et
er
m
in
e 
th
e 
h
o
u
rl
y
 t
ra
ff
ic
 v
o
lu
m
es
. 

T
h
e 
to
ta
l 
tr
ip
s 
g
en
er
at
ed
 b
y
 a
 s
h
o
p
p
in
g
 c
en
te
r 
c
a
n
 b
e 
d
ef
in
ed
 a
s 
d
ri
v
ew

a
y
 t
ri
p
s,
 

i.
e.
, 
tr
af
fi
c 
en
te
ri
n
g
 a
n
d
 e
x
it
in
g
 t
h
e 
p
ro
je
ct
 s
it
e.
  
A
 p
e
rc
en
ta
g
e 
o
f 
th
e 
p
e
a
k
 h
o
u
r 
tr
ip
s 

g
en
er
at
ed
 
b
y
 
a 
sh
o
p
p
in
g
 
c
en
te
r 
ar
e 
co
n
si
d
er
ed
 
to
 
b
e 
"p
as
s-
b
y
" 
tr
ip
s,
 
i.
e.
, 
tr
af
fi
c 

al
re
ad
y
 o
n
 t
h
e 
ro
ad
 s
to
p
p
in
g
 a
t 
a 
"s
ec
o
n
d
a
ry
" 
d
es
ti
n
at
io
n
. 
 T
h
e 
"n
ew

" 
o
r 
p
ri
m
ar
y
 t
ri
p
s 

ar
e 
tr
ip
s 
w
h
er
e 
th
e 
p
ri
m
ar
y
 d
es
ti
n
at
io
n
 i
s 
th
e 
sh
o
pp
in
g
 c
en
te
r.
  
IT
E
 c
o
m
p
il
ed
 d
at
a 

fr
o
m
 t
ra
ff
ic
 s
tu
d
ie
s 
th
at
 c
o
rr
el
at
ed
 p
as
s-
b
y
 t
ri
p
s 
w
it
h
 t
h
e 
g
ro
ss
 l
ea
sa
b
le
 f
lo
o
r 
ar
e
as
 o
f 

th
e 

sh
o
p
p
in
g
 
ce
n
te
rs
. 
 
T
h
e 

re
su
lt
s 
o
f 
th
e 

an
al
y
si
s 
w
er
e
 
p
u
b
li
sh
ed
 
in
 
th
e 

T
ri
p
 

G
en
er
at
io
n
 H

an
d
b
o
o
k
, 
Ju
n
e 
2
0
0
4
. 
 T
h
e 
IT
E
 a
v
e
ra
g
e 
sh
o
p
p
in
g
 c
en
te
rs
 p
as
s-
b
y
 t
ri
p
 

p
er
c
en
ta
g
es
 o
f 
3
4
 p
er
ce
n
t 
an
d
 2
6
 p
er
ce
n
t,
 d
u
ri
n
g
 t
he
 w
ee
k
d
a
y
 P
M
 a
n
d
 S
at
u
rd
a
y
 p
e
ak
 

p
er
io
d
s 
o
f 
tr
af
fi
c,
 r
es
p
ec
ti
v
el
y,
 a
p
p
li
ed
 t
o
 t
h
e 
h
ou
rl
y
 t
ra
ff
ic
 v
o
lu
m
es
 g
en
er
a
te
d
 b
y
 t
h
e 

sh
o
p
p
in
g
 v
il
la
g
e.
  
S
in
ce
 t
h
e 
sh
o
p
p
in
g
 v
il
la
g
e 
w
il
l b
e 
p
la
n
n
ed
 t
o
 c
at
e
r 
to
 R
es
o
rt
 g
u
es
ts
 

an
d
 
re
si
d
en
ts
, 
an
d
 
w
il
l 
b
e 

lo
ca
te
d
 
w
el
l 
w
it
h
in
 
th
e 
R
es
o
rt
 
an
d
 
n
o
t 
d
ir
ec
tl
y
 
o
n
 

K
am

eh
am

eh
a 
H
ig
h
w
a
y,
 i
t 
w
as
 a
ss
u
m
ed
 t
h
at
 t
h
e 
p
as
s-
b
y 
tr
ip
s 
w
o
u
ld
 b
e 
co
m
p
ri
se
d
 o
f 

th
e 

R
es
o
rt
 
g
u
es
ts
 
an
d
 
re
si
d
en
ts
 
an
d
 
n
o
t  
fr
o
m
 
tr
af
fi
c 

p
as
si
n
g
 
o
n
 
K
a
m
eh
am

eh
a
 

H
ig
h
w
a
y.
  
 

5
. 
M
u
lt
i-
F
a
m
il
y
 (
C
o
m
m
u
n
it
y
) 
H
o
u
si
n
g
 

T
h
e 
P
ro
p
o
se
d
 
A
ct
io
n
 
a
n
d
 
th
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
 a
re
 
ex
p
ec
te
d
 
to
 
in
cl
u
d
e 

af
fo
rd
ab
le
 m

u
lt
i-
fa
m
il
y
 (
co
m
m
u
n
it
y
) 
h
o
u
si
n
g
. 
 T
h
e 
co
m
m
u
n
it
y
 h
o
u
si
n
g
 i
s 
ex
p
ec
te
d
 

to
 b
e 
d
ev
el
o
p
ed
 a
s 
re
n
ta
l 
ap
ar
tm

en
t 
u
n
it
s 
an
d
/o
r 
o
w
n
er
-o
cc
u
p
ie
d
 c
o
n
d
o
m
in
iu
m
 u
n
it
s.
  

F
o
r 
th
e 
p
u
rp
o
se
 o
f 
th
is
 t
ra
ff
ic
 i
m
p
ac
t 
an
al
y
si
s,
 t
he
 I
T
E
 t
ri
p
 g
en
e
ra
ti
o
n
 r
at
es
 f
o
r 
th
e 

ap
ar
tm

en
t 
u
se
 
w
er
e
 
ap
p
li
ed
 
to
 
th
e 

af
fo
rd
ab
le
 
h
o
u
si
ng
 
u
n
it
s,
 
si
n
ce
 
it
 
is
 
m
o
re
 

co
n
se
rv
at
iv
e
 (
h
ig
h
er
) 
th
a
n
 t
h
e 
re
si
d
en
ti
al
 c
o
n
d
o
m
in
iu
m
 u
se
. 
 T
h
e 
IT
E
 p
ea
k
 h
o
u
r 
o
f 

g
en
er
at
o
r 
ra
te
s 
w
er
e 
u
se
d
 i
n
st
ea
d
 o
f 
th
e 
p
ea
k
 h
o
u
r 
o
f 
ad
ja
c
en
t 
st
re
et
 t
ra
ff
ic
 r
at
es
, 

w
h
ic
h
 a
p
p
li
es
 t
o
 c
o
m
m
u
te
r 
p
ea
k
 h
o
u
r 
tr
a
ff
ic
. 
 T
h
e 
pe
ak
 h
o
u
r 
tr
ip
 r
at
es
 f
o
r 
th
e 
re
n
ta
l 

ap
ar
tm

en
t 
w
er
e 
d
er
iv
ed
 f
ro
m
 t
h
e 
fo
ll
o
w
in
g
 r
e
g
re
ss
io
n
 e
q
u
at
io
n
s:
 

T
 =
 0
.5
4
 ×
 X
 +
 2
.4
5
 (
A
M
 P
ea
k
 H
o
u
r 
o
f 
W
e
ek
d
a
y
 T
ra
ff
ic
) 

T
 =
 0
.6
0
 ×
 X
 +
 1
4
.9
1
 (
P
M
 P
ea
k
 H
o
u
r 
o
f 
W
e
ek
d
a
y
 T
ra
ff
ic
) 

T
 =
 0
.4
1
 ×
 X
 +
 1
9
.2
3
 (
S
a
tu
rd
a
y
 P
ea
k
 H
o
u
r 
o
f 
T
ra
ff
ic
) 

w
h
er
e,
 

T
 =
 a
v
er
a
g
e 
v
eh
ic
le
 t
ri
p
 e
n
d
s 

 
 

X
 =
 n
u
m
b
er
 o
f 
d
w
el
li
n
g
 u
n
it
s 

6
. 
R
e
c
r
e
a
ti
o
n
a
l 
U
se
s 

T
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 t
h
e 
th
re
e 
(3
) 
A
lt
e
rn
at
iv
es
 a
re
 e
x
p
ec
te
d
 t
o
 m

ai
n
ta
in
 o
v
er
 

5
0
0
 a
cr
es
 o
f 
o
p
en
 s
p
a
ce
 i
n
 t
h
e 
fo
rm

 o
f 
th
e 
tw

o
 e
x
is
ti
n
g
 g
o
lf
 c
o
u
rs
es
, 
b
ea
ch
 p
ar
k
s,
 a
 

w
il
d
li
fe
 p
re
se
rv
e 
an
d
 b
ir
d
 s
an
ct
u
ar
y,
 a
n
d
 a
n
 e
q
u
e
st
ri
an
 c
en
te
r.
  
T
h
e 
tr
ip
 g
e
n
er
at
io
n
 f
o
r 

th
e 
ex
is
ti
n
g
 g
o
lf
 c
o
u
rs
es
 i
s 
al
re
ad
y
 i
n
cl
u
d
ed
 i
n
 t
he
 e
x
is
ti
n
g
 t
ra
ff
ic
 c
o
u
n
t 
d
at
a.
  
T
h
e
 

av
er
a
g
e 
IT
E
 t
ri
p
 r
at
es
 f
o
r 
b
ea
ch
 p
ar
k
s 
o
f 
0
.4
8
 t
ri
p 
p
er
 a
cr
e,
  
0
.6
0
 t
ri
p
 p
er
 a
cr
e,
 a
n
d
 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
3
6
 

  

 
 

1
.1
8
 t
ri
p
s 
p
er
 a
cr
e 
w
er
e 
u
se
d
 t
o
 a
n
al
y
z
e 
p
ar
k
s 
w
h
ic
h
 f
ro
n
t 
th
e 
o
ce
an
, 
d
u
ri
n
g
 t
h
e 
A
M
, 

P
M
, 
an
d
 W

ee
k
en
d
 p
e
ak
 h
o
u
rs
 o
f 
tr
a
ff
ic
, 
re
sp
ec
ti
v
e
ly
.  
 

F
o
r 
la
ck
 o
f 
sp
e
ci
fi
c 
IT
E
 t
ri
p
 r
at
es
 f
o
r 
th
e 
w
il
d
li
fe
 p
re
se
rv
e,
 t
h
e 
b
ir
d
 s
an
ct
u
ar
y,
 a
n
d
 

th
e 
eq
u
es
tr
ia
n
 
c
en
te
r,
 
th
e 
IT
E
 
la
n
d
 
u
se
 
d
es
ig
n
a
ti
o
n 
o
f 
C
o
u
n
ty
 
P
ar
k
 
w
as
 
u
se
d
 
to
 

re
p
re
se
n
t 
th
es
e 
u
se
s.
  
T
h
e 
av
er
a
g
e 
IT
E
 t
ri
p
 r
at
es
 f
o
r 
co
u
n
ty
 p
a
rk
s 
o
f 
0
.5
2
 t
ri
p
 p
er
 a
cr
e
, 
 

0
.5
9
 t
ri
p
 p
er
 a
cr
e,
 a
n
d
 2
.2
4
 t
ri
p
s 
p
er
 a
cr
e 
w
er
e 
u
se
d 
to
 a
n
al
y
z
e 
th
e 
v
ar
io
u
s 
re
cr
ea
ti
o
n
al
 

u
se
s,
 d
u
ri
n
g
 t
h
e 
A
M
, 
P
M
, 
an
d
 W

ee
k
en
d
 p
ea
k
 h
o
u
rs
 o
f 
tr
af
fi
c,
 r
es
p
ec
ti
v
el
y.
  
 

B
. 
T
u
r
tl
e
 B
a
y
 R
e
so
r
t 
T
r
ip
 G
e
n
e
r
a
ti
o
n
 S
tu
d
y
 

A
 t
ri
p
 g
en
e
ra
ti
o
n
 s
tu
d
y
 w
as
 c
o
n
d
u
ct
ed
 a
t 
th
e 
ex
is
ti
n
g
 T
u
rt
le
 B
a
y
 R
es
o
rt
 f
ro
m
 O
ct
o
b
er
 

3
0
, 
2
0
1
1
 
th
ro
u
g
h
 
N
o
v
e
m
b
er
 
6
, 
2
0
1
1
, 
in
 
ac
co
rd
an
ce
 
w
it
h
 
IT
E
 
re
co
m
m
en
d
ed
 
p
ra
ct
ic
e
 

p
u
b
li
sh
ed
 i
n
 t
h
e 
T
ri
p
 G

en
er
at
io
n
 H

an
d
b
o
o
k ,
 S
ec
o
n
d
 E
d
it
io
n
. 
 T
h
e 
p
u
rp
o
se
 o
f 
th
e 
st
u
d
y
 

w
as
 t
o
 d
ev
el
o
p
 t
ri
p
 g
en
e
ra
ti
o
n
 c
h
ar
ac
te
ri
st
ic
s 
fo
r 
"l
o
ca
l"
 t
ri
p
 g
en
e
ra
ti
o
n
 r
at
es
 f
o
r 
re
so
rt
 

h
o
te
ls
 a
n
d
 r
es
o
rt
 r
es
id
en
ti
al
 d
ev
el
o
p
m
en
t 
in
 t
h
e 
T
ur
tl
e 
B
a
y
 R
es
o
rt
 M

as
te
r 
P
la
n
. 
  

T
ra
ff
ic
 c
o
u
n
t 
d
at
a 
w
er
e 
co
ll
ec
te
d
 o
n
 K

u
il
im

a 
D
ri
v
e 
at
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 a
t 

th
e 
T
u
rt
le
 B
a
y
 H

o
te
l 
en
tr
an
ce
. 
T
h
e 
tr
a
ff
ic
 c
o
u
n
t 
d
at
a 
w
er
e 
re
d
u
ce
d
 t
o
 5
-m

in
u
te
 i
n
te
rv
al
s 

to
 
ac
co
u
n
t 
fo
r 

in
te
rn
al
 
tr
ip
s.
 
T
h
e 

d
if
fe
re
n
ce
s 

b
et
w
e
en
 
th
e 

tr
af
fi
c 

c
o
u
n
t 
d
at
a 

at
 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 a
t 
th
e 
en
tr
an
ce
 t
o
 t
h
e 
H
o
te
l 
w
er
e 
as
su
m
ed
 t
o
 b
e 
K
u
il
im

a 

E
st
at
es
 t
ri
p
s.
  
W
h
er
e 
d
if
fe
re
n
c
es
 w

e
re
 n
e
g
at
iv
e 
v
a
lu
es
, 
th
e 
tr
ip
s 
w
er
e 
co
n
si
d
er
ed
 i
n
te
rn
al
 

ci
rc
u
la
ti
o
n
 b
et
w
e
en
 t
h
e 
T
u
rt
le
 B

a
y
 H

o
te
l 
an
d
 K

u
il
im
a 
E
st
at
es
, 
an
d
 w

er
e 
n
o
t 
in
cl
u
d
ed
 i
n
 

th
e 

tr
ip
 
g
en
er
at
io
n
 
ra
te
s.
 
 
T
h
e 
T
u
rt
le
 
B
a
y
 
H
o
te
l 
an
d
 
K
u
il
im

a 
E
st
at
es
 
tr
af
fi
c 

w
er
e 

co
rr
el
at
ed
 w

it
h
 t
h
e 
d
ai
ly
 o
cc
u
p
an
ci
es
, 
w
h
ic
h
 w

er
e 
re
p
o
rt
ed
 b
y
 t
h
e 
H
o
te
l 
an
d
 a
 r
en
ta
l 

m
an
a
g
em

en
t 
co
m
p
an
y
 f
o
r 
K
u
il
im

a 
E
st
at
es
, 
re
sp
e
c
ti
v
el
y.
 

T
h
e 
S
M
S
 t
ra
v
el
 s
u
rv
e
y
 d
is
co
v
er
ed
 a
 v
e
ry
 u
n
iq
u
e
 t
ri
p 
g
en
er
at
io
n
 c
h
ar
ac
te
ri
st
ic
 o
f 
th
e 

T
u
rt
le
 B
a
y
 H
o
te
l,
 i
.e
.,
 p
a
ss
-b
y
 t
ri
p
s,
 w
h
ic
h
 a
re
 n
o
rm

al
ly
 a
ss
o
ci
at
ed
 w
it
h
 s
h
o
p
p
in
g
 c
en
te
rs
. 
 

T
h
e 
T
u
rt
le
 
B
a
y
 
H
o
te
l 
is
 
lo
ca
te
d
 
at
 
th
e 

fa
rt
h
es
t 
p
o
in
t 
fr
o
m
 
W
ai
k
ik
i,
 
th
e 

H
o
n
o
lu
lu
 

In
te
rn
at
io
n
al
 A
ir
p
o
rt
, 
an
d
 t
h
e 
p
o
p
u
la
ti
o
n
 c
en
te
rs
 o
f 
O
ah
u
. 
 I
t 
is
 s
it
u
at
ed
 b
et
w
ee
n
 t
w
o
 o
f 

th
e 
m
o
st
 p
o
p
u
la
r 
d
es
ti
n
at
io
n
s 
o
n
 O
ah
u
, 
th
e 
P
o
ly
n
e
si
an
 C
u
lt
u
ra
l 
C
en
te
r 
to
 t
h
e 
e
as
t,
 a
n
d
 t
h
e 

w
o
rl
d
 f
am

o
u
s 
su
rf
in
g
 b
e
ac
h
es
 o
n
 t
h
e 
N
o
rt
h
 S
h
o
re
 t
o
 t
h
e 
w
es
t.
  
T
h
e 
T
u
rt
le
 B
a
y
 H

o
te
l 
h
as
 

b
ec
o
m
e 
a 
w
el
l-
k
n
o
w
n
 r
e
st
 s
to
p
 f
o
r 
b
o
th
 v
is
it
o
rs
 a
n
d 
re
si
d
en
ts
 d
ri
v
in
g
 a
ro
u
n
d
 i
sl
an
d
. 
 T
h
e 

S
M
S
 s
u
rv
e
y
 i
n
d
ic
at
ed
 t
h
at
 o
v
er
 1
7
 p
er
ce
n
t 
o
f 
re
sp
o
nd
en
ts
 i
d
en
ti
fi
ed
 t
h
em

se
lv
es
 a
s 
O
ah
u
 

re
si
d
en
ts
 v
is
it
in
g
 t
h
e 
R
es
o
rt
. 
 T
h
e 
S
M
S
 d
at
a 
ex
cl
u
de
d
 t
h
e 
re
si
d
en
ts
 w

h
o
 w

er
e 
at
te
n
d
in
g
 

sp
ec
ia
l 
ev
en
ts
 h
el
d
 a
t 
th
e 
R
es
o
rt
 d
u
ri
n
g
 t
h
e
 s
u
rv
e
y 
p
er
io
d
. 
 T
o
u
ri
st
s 
v
is
it
in
g
 t
h
e 
R
es
o
rt
 

(n
o
n
-g
u
es
ts
) 
m
ad
e 
u
p
 a
n
 a
d
d
it
io
n
al
 1
3
 p
er
c
en
t 
o
f 
th
e 
to
ta
l 
re
sp
o
n
d
en
ts
 f
o
r 
a 
to
ta
l 
o
f 
3
0
 

p
er
ce
n
t 
o
f 
th
e 
h
o
te
l 
tr
ip
s.
  
T
ak
in
g
 a
 c
o
n
se
rv
at
iv
e 
ap
p
ro
a
ch
, 
th
e 
v
is
it
in
g
 t
o
u
ri
st
s 
w
er
e
 

ex
cl
u
d
ed
 f
ro
m
 t
h
e 
p
as
s-
b
y
 t
ri
p
s,
 s
in
ce
 t
h
e 
fu
tu
re
 T
u
rt
le
 B

ay
 R

es
o
rt
 M

a
st
er
 P
la
n
 m

a
y
 

b
ec
o
m
e 
a 
p
ri
m
ar
y
 d
es
ti
n
at
io
n
 f
o
r 
to
u
ri
st
s 
d
ri
v
in
g
 a
ro
u
n
d
 t
h
e 
is
la
n
d
. 
 T
h
e 
O
ah
u
 r
es
id
en
ts
 

w
er
e 
cl
as
si
fi
ed
 a
s 
"R

es
o
rt
 p
as
s-
b
y
 t
ri
p
s"
, 
i.
e.
, 
tr
ip
s 
b
o
u
n
d
 f
o
r 
o
th
er
 p
ri
m
ar
y
 d
es
ti
n
at
io
n
s 

in
 t
h
e 
re
g
io
n
, 
w
h
o
 t
ak
e 
a 
re
st
 s
to
p
 a
t 
th
e 
R
es
o
rt
.  
B
as
ed
 u
p
o
n
 t
h
e 
S
M
S
 t
ra
v
el
 s
u
rv
e
y,
 t
h
er
e
 

w
er
e 
an
 e
st
im

at
ed
 5
0
0
 p
as
s-
b
y
 t
ri
p
s 
p
er
 w

ee
k
d
a
y
 t
h
at
 s
to
p
p
ed
 o
r 
d
ep
ar
te
d
 t
h
e 
T
u
rt
le
 B
a
y
 

H
o
te
l 
b
et
w
ee
n
 t
h
e 
h
o
u
rs
 o
f 
8
:0
0
 A

M
 a
n
d
 6
:0
0
 P
M
. 
 D

u
ri
n
g
 t
h
e 
w
ee
k
e
n
d
, 
th
e 
p
as
s-
b
y
 

tr
af
fi
c 
in
cr
e
as
ed
 t
o
 9
2
0
 v
eh
ic
le
s 
p
er
 d
a
y.
 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
3
7
 

  

 
 

T
h
e 
O
ah
u
 r
es
id
en
t 
p
as
s-
b
y
 t
ri
p
s 
w
er
e
 d
ed
u
ct
ed
 f
ro
m
 t
h
e 
h
o
te
l 
tr
ip
 r
at
es
 a
n
d
 a
n
al
y
z
ed
 

se
p
ar
at
el
y.
  
It
 w
as
 m

o
re
 r
ea
so
n
ab
le
 t
o
 a
ss
u
m
e
 t
h
at
 th
e 
p
as
s-
b
y
 t
ri
p
s 
w
er
e 
a 
fu
n
ct
io
n
 o
f 
th
e
 

v
o
lu
m
e 
o
f 
tr
a
ff
ic
 p
as
si
n
g
 o
n
 K

am
eh
am

eh
a 
H
ig
h
w
a
y,
 r
at
h
er
 t
h
an
 t
h
e 
n
u
m
b
er
 o
f 
o
cc
u
p
ie
d
 

ro
o
m
s 
at
 t
h
e 
T
u
rt
le
 B

a
y
 H

o
te
l.
  
T
h
er
ef
o
re
, 
th
e 
in
cr
ea
se
 i
n
 p
as
s-
b
y
 t
ri
p
s 
w
as
 b
as
ed
 u
p
o
n
 

th
e 
re
g
io
n
al
 g
ro
w
th
 i
n
 t
ra
ff
ic
 o
n
 K
am

eh
am

eh
a 
H
ig
h
w
ay
. 
T
h
e 
IT
E
 t
im

es
h
a
re
 t
ri
p
 r
at
es
 a
ls
o
 

w
er
e 
ad
ju
st
ed
 f
o
r 
th
e 
p
as
s-
b
y
 t
ri
p
 r
at
es
 o
b
se
rv
ed
 a
t 
th
e 
T
u
rt
le
 B
a
y
 H
o
te
l.
  
 

T
o
 
en
su
re
 
a 

m
o
re
 
co
n
se
rv
at
iv
e 

te
ch
n
ic
al
 
an
al
y
si
s 
an
d
 
to
 
ac
co
u
n
t 
fo
r 
p
o
te
n
ti
al
 

d
ev
ia
ti
o
n
 b
et
w
ee
n
 t
h
e 
e
x
is
ti
n
g
 t
ri
p
 g
en
e
ra
ti
o
n
 c
h
ar
ac
te
ri
st
ic
s 
an
d
 f
u
tu
re
 t
ra
v
el
 b
eh
av
io
r,
 

th
e 
T
u
rt
le
 B

a
y
 H

o
te
l 
an
d
 K

u
il
im

a 
E
st
at
es
 t
ri
p
s 
ra
te
s 
w
er
e
 u
n
if
o
rm

ly
 i
n
cr
ea
se
d
 b
y
 1
0
 

p
er
ce
n
t,
 
p
e
r 
th
e 
re
co
m
m
en
d
at
io
n
 
o
f 
D
O
T
 
st
af
f.
 
 
T
ab
le
s 
8
 
an
d
 
9
 
su
m
m
ar
iz
e 
th
e 
tr
ip
 

g
en
er
at
io
n
 d
at
a 
fo
r 
th
e
 T
u
rt
le
 B
a
y
 H
o
te
l 
an
d
 t
h
e 
K
ui
li
m
a 
E
st
at
es
, 
re
sp
ec
ti
v
el
y.
 

 

T
a
b
le
 8
. 
 E
x
is
ti
n
g
 T
u
r
tl
e
 B
a
y
 H
o
te
l 
D
a
il
y
 T
r
ip
 G
e
n
er
a
ti
o
n
 R
a
te
 C
a
lc
u
la
ti
o
n
s 

D
a
y
 o
f 
th
e
 W
e
e
k
 

M
o
n
 

T
u
e
 

W
e
d
 

T
h
u
 

F
r
i 

S
a
t 

V
o
lu
m
e
 (
tr
ip
s/
d
a
y
) 

3
,0
3
8
 

3
,0
5
8
 

3
,1
2
2
 

3
,4
6
4
 

3
,9
1
6
 

3
,9
3
6
 

O
c
c
u
p
ie
d
 R
o
o
m
s 

3
8
1
 

3
6
7
 

3
6
0
 

4
1
3
 

4
7
0
 

4
7
8
 

O
c
c
u
p
a
n
c
y
 

7
6
 %

 
7
3
 %

 
7
2
 %

 
8
3
 %

 
9
4
 %

 
9
6
 %

 

7
.9
7
 

8
.3
3
 

8
.6
7
 

8
.3
9
 

8
.3
3
 

8
.2
3
 

D
a
il
y
 T
r
ip
s 
p
e
r 
 

O
c
c
u
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Table 10.  Trip Generation Characteristics 

AM Peak Hour PM Peak Hour Saturday Peak Hour 

Alternative Area Land Use  Units/Area Enter 

(vph) 

Exit 

(vph) 

Total 

(vph) 

% of 

Total 

Enter 

(vph) 

Exit 

(vph) 

Total 

(vph) 

% of 

Total 

Enter 

(vph) 

Exit 

(vph) 

Total 

(vph) 

% of 

Total 

H-1a, H-2 Timeshare Hotel 350 79 93 171 17% 130 130 259 25% 83 97 180 12% 

H-1b, H-2a Hotel 275 56 65 121 12% 90 75 165 16% 63 71 134 9% 

RR-1, RR-2a, RR-2b, RR-3a, RR-3b, RR-4a, RR-4b, RR-5, RR-6 Resort Residences 590 38 43 81 8% 57 50 106 10% 46 66 112 8% 

RES-1, RES-2 Apartment 160 26 63 89 9% 68 43 111 11% 46 39 85 6% 

Gathering Place Shopping Center 40,000 SFGLFA 94 104 198 20% 113 102 215 21% 184 176 360 24% 

 Farmers Market Farmers Market 7.5 Acres 98 83 181 18% 3 9 11 1% 80 90 170 12% 

P-1, P-2, P-4, P-5 Beach Park 47.6 63.4 Acres 56 39 95 10% 29 57 86 8% 76 89 165 11% 

P-3, Wildlife Preserve, Equestrian Center County Park 118.6 Acres 44 18 62 6% 24 45 70 7% 157 109 266 18% 

Proposed 

Action 

Proposed Action Total Traffic 491 508 998 100% 514 511 1023 100% 735 737 1472 100% 

H-1, H-4, H-5 Hotel 1,578 321 377 698 38% 530 446 976 43% 355 409 764 32% 

H-2, H-3 Timeshare Hotel 913 217 257 474 26% 354 342 696 31% 230 269 499 21% 

RR-1a, RR-1b, RR-2, RR-3, RR-4 Resort Residences 910 58 66 124 7% 97 70 167 7% 71 102 173 7% 

RES-1 Apartment 90 15 36 51 3% 42 27 69 3% 30 26 56 2% 

Gathering Place Shopping Center 40,000 SFGLFA 94 104 198 11% 112 96 208 9% 184 176 360 15% 

TMK: 5-7-006: Por, 001 Farmers Market 3.4 Acres 98 83 181 10% 2 13 15 1% 80 90 170 7% 

P-1, P-2, P-4, Beach Club Beach Park 44.8 Acres 39 27 66 4% 21 40 61 3% 54 63 117 5% 

P-3, Wildlife Preserve, Equestrian Center County Park 114.8 Acres 42 17 60 3% 24 44 68 3% 152 105 257 11% 

Full Build 

Out 

Full Build Out Alternative Total Traffic 884 967 1852 100% 1182 1078 2260 100% 1156 1240 2396 100% 

RR-1, RR-2a, RR-2b, RR-3a, RR-3b, RR-4a, RR-4b, RR-5, RR-6, RR--7, RR-8, RR-9 Resort Residences 454 29 33 62 10% 29 34 63 13% 18 49 67 6% 

RES-1 Apartment 46 8 19 27 4% 26 17 43 9% 21 18 38 4% 

Shopping Village Shopping Center 40,000 SFGLFA 94 104 198 32% 114 101 215 45% 184 176 360 35% 

TMK: 5-7-006: Por, 001 Farmers Market 3.4 Acres 98 83 181 30% 2 8 10 2% 69 97 166 16% 

P-1, P-2, P-4, Beach Club Beach Park 56.1 Acres 49 34 84 14% 26 50 76 16% 67 79 146 14% 

P-3, Wildlife Preserve, Equestrian Center County Park 114.8 Acres 42 17 60 10% 24 44 68 14% 152 105 257 25% 

Resort 

Residential 

Resort Residential Alternative Total Traffic 320 290 612 100% 221 254 475 100% 511 524 1034 100% 

H-1 Timeshare Hotel 250 54 64 118 15% 92 83 175 23% 58 61 119 10% 

H-2 Hotel 190 40 45 85 11% 63 51 114 15% 44 46 90 7% 

RR-1, RR-2, RR-3, RR-4 Resort Residences 252 16 19 35 4% 25 21 46 6% 11 28 39 3% 

RES-1 Apartment 48 8 66 20 28 4% 27 66 17 44 6% 21 66 18 39 3% 

Gathering Place Shopping Center 40,000 SFGLFA 94 104 198 25% 114 101 215 29% 184 176 360 30% 

 Farmers Market Farmers Market 6.6 Acres 98 83 181 23% 2 8 10 1% 69 97 166 14% 

P-1, P-2, P-4 Beach Park 52.4 Acres 46 33 81 10% 25 49 74 10% 70 79 149 12% 

P-3, Wildlife Preserve, Equestrian Center County Park 113.2 Acres 42 17 59 7% 23 43 67 9% 150 104 254 21% 

Conservation 

Partner 

Conservation Partner Alternative Total Traffic 398 431 785 100% 372 422 745 100% 607 657 1216 100% 
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o
f 
th
e 

st
u
d
y
 
ar
ea
 
in
 

H
al
ei
w
a/
W
ai
al
u
a 
an
d
 W

in
d
w
ar
d
 O
ah
u
. 

B
. 
T
r
ip
 D
is
tr
ib
u
ti
o
n
 

T
h
e 
S
M
S
 t
ra
v
el
 s
u
rv
e
y
 d
at
a 
w
er
e
 f
u
rt
h
er
 d
is
a
g
g
re
g
at
ed
 b
y
 t
im

e 
p
er
io
d
 t
o
 d
et
er
m
in
e
 

th
e 
tr
ip
 d
is
tr
ib
u
ti
o
n
 d
u
ri
n
g
 t
h
e 
p
e
ak
 h
o
u
rs
 o
f 
tr
a
ff
ic
. 
 T
h
e 
tr
ip
 d
is
tr
ib
u
ti
o
n
 f
o
r 
T
u
rt
le
 B
a
y
 

H
o
te
l 
tr
a
ff
ic
 w

as
 a
p
p
li
e
d
 t
o
 t
h
e 
p
ro
p
o
se
d
 h
o
te
ls
, 
an
d
 t
h
e
 t
ri
p
 d
is
tr
ib
u
ti
o
n
 o
f 
K
u
il
im

a
 

E
st
at
es
 
tr
a
ff
ic
 
w
as
 
ap
p
li
ed
 
to
 
p
ro
p
o
se
d
 
re
so
rt
 
re
si
d
en
ti
al
 
d
ev
el
o
p
m
en
ts
. 
T
h
e 

tr
ip
 

d
is
tr
ib
u
ti
o
n
 o
f 
tr
af
fi
c 
g
e
n
er
at
ed
 b
y
 o
th
er
 l
an
d
 u
se
s 
in
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 a
n
d
 t
h
e 
th
re
e 

(3
) 
A
lt
er
n
at
iv
es
 w
er
e 
b
as
ed
 u
p
o
n
 e
x
is
ti
n
g
 p
ea
k
 h
o
u
r 
tr
af
fi
c 
p
at
te
rn
s.
 T
ab
le
 1
1
 s
u
m
m
ar
iz
es
 

th
e 
tr
ip
 d
is
tr
ib
u
ti
o
n
 p
at
te
rn
s 
fo
r 
th
e
 P
ro
p
o
se
d
 A

ct
io
n
 a
n
d
 t
h
e 
th
re
e 
(3
) 
A
lt
er
n
at
iv
es
 i
n
 

te
rm

s 
o
f 
th
e 
p
e
rc
en
ta
g
e
s 
(%

) 
o
f 
to
ta
l 
si
te
 t
ra
ff
ic
 o
n
 K

am
eh
am

eh
a
 H

ig
h
w
a
y
 a
lo
n
g
 t
h
e
 

p
ro
je
ct
 s
it
e 
fr
o
n
ta
g
e 
(l
o
ca
l 
tr
af
fi
c)
 a
n
d
 a
t 
th
e 
lim

it
s 
o
f 
th
e 
st
u
d
y
 a
re
a 
in
 H

al
ei
w
a 
an
d
 

K
ah
al
u
u
. 

 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
4
1
 

  

 
 

T
a
b
le
 1
1
. 
 T
r
ip
 D
is
tr
ib
u
ti
o
n
 S
u
m
m
a
r
y
 

A
M
 P
e
a
k
 H
r
 

P
M
 P
e
a
k
 H
r
 

W
e
e
k
e
n
d
 P
e
a
k
 H
r
 

 

A
lt
e
r
n
a
ti
v
e
 

L
o
c
a
l 
v
s.
 

R
e
g
io
n
a
l 

 

D
ir
e
c
ti
o
n
 
E
n
te
r 

E
x
it
 
E
n
te
r 

E
x
it
 

E
n
te
r 

E
x
it
 

E
B
 

5
9
%
 

4
6
%
 

5
3
%
 

4
1
%
 

5
7
%
 

4
2
%
 

L
o
c
a
l 

T
r
a
ff
ic
 

W
B
 

4
1
%
 

5
4
%
 

4
7
%
 

5
9
%
 

4
3
%
 

5
8
%
 

H
a
le
iw
a
 

2
3
%
 

2
2
%
 

2
5
%
 

2
6
%
 

2
4
%
 

2
4
%
 

 

P
ro
p
o
se
d
 

A
c
ti
o
n
 

R
e
g
io
n
a
l 

T
r
a
ff
ic
 

K
a
h
a
lu
u
 

1
3
%
 

1
1
%
 

1
3
%
 

1
4
%
 

1
3
%
 

9
%
 

E
B
 

6
1
%
 

4
5
%
 

5
2
%
 

3
8
%
 

5
6
%
 

4
2
%
 

L
o
c
a
l 

T
r
a
ff
ic
 

W
B
 

3
9
%
 

5
5
%
 

4
8
%
 

6
2
%
 

4
4
%
 

5
8
%
 

H
a
le
iw
a
 

3
5
%
 

3
2
%
 

3
4
%
 

3
6
%
 

4
4
%
 

3
5
%
 

 

F
u
ll
 

B
u
il
d
 

O
u
t 

R
e
g
io
n
a
l 

T
r
a
ff
ic
 

K
a
h
a
lu
u
 

1
5
%
 

1
1
%
 

1
3
%
 

1
5
%
 

2
6
%
 

1
5
%
 

E
B
 

5
7
%
 

4
7
%
 

5
4
%
 

4
3
%
 

5
7
%
 

4
2
%
 

L
o
c
a
l 

T
r
a
ff
ic
 

W
B
 

4
3
%
 

5
3
%
 

4
6
%
 

5
7
%
 

4
3
%
 

5
8
%
 

H
a
le
iw
a
 

1
7
%
 

1
8
%
 

1
8
%
 

2
1
%
 

2
2
%
 

2
2
%
 

 

R
e
so
r
t 

R
e
si
d
e
n
ti
a
l 

R
e
g
io
n
a
l 

T
r
a
ff
ic
 

K
a
h
a
lu
u
 

1
2
%
 

1
2
%
 

1
3
%
 

1
5
%
 

9
%
 

7
%
 

E
B
 

5
9
%
 

4
6
%
 

5
4
%
 

4
2
%
 

5
7
%
 

4
1
%
 

L
o
c
a
l 

T
r
a
ff
ic
 

W
B
 

4
1
%
 

5
4
%
 

4
6
%
 

5
8
%
 

4
3
%
 

5
9
%
 

H
a
le
iw
a
 

2
2
%
 

2
1
%
 

2
5
%
 

2
7
%
 

2
5
%
 

2
3
%
 

 

C
o
n
se
r
v
a
ti
o
n
 

P
a
r
tn
e
r
 

R
e
g
io
n
a
l 

T
r
a
ff
ic
 

K
a
h
a
lu
u
 

1
3
%
 

1
2
%
 

1
3
%
 

1
5
%
 

1
2
%
 

8
%
 

 V
II
. 

T
r
a
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
si
s 

A
. 
T
r
a
ff
ic
 I
m
p
r
o
v
e
m
e
n
ts
 

B
as
ed
 u
p
o
n
 t
h
e 
co
n
d
it
io
n
s 
in
 t
h
e 
U
n
il
at
er
al
 A
g
re
em

en
t 
an
d
 D
ec
la
ra
ti
o
n
 f
o
r 
C
o
n
d
it
io
n
al
 

Z
o
n
in
g
, 
th
e
 f
o
ll
o
w
in
g
 t
ra
ff
ic
 i
m
p
ro
v
em

en
ts
 a
re
 r
eq
ui
re
d
 a
t 
ea
ch
 o
f 
th
e 
p
ro
p
o
se
d
 a
c
ce
ss
 

in
te
rs
ec
ti
o
n
s 
o
n
 K
am

eh
a
m
eh
a 
H
ig
h
w
a
y
: 

1
. 

W
id
en
 w
es
tb
o
u
n
d
 K
am

e
h
am

eh
a 
H
ig
h
w
a
y
 t
o
 p
ro
v
id
e 
an
 e
x
cl
u
si
v
e 
ri
g
h
t-
tu
rn
 l
an
e.
  

2
. 

W
id
en
 e
as
tb
o
u
n
d
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
 t
o
 p
ro
v
id
e 
an
 e
x
cl
u
si
v
e 
le
ft
-t
u
rn
 l
an
e.
 

3
. 

W
id
en
 w
es
tb
o
u
n
d
 K
am

e
h
am

eh
a 
H
ig
h
w
a
y
 t
o
 p
ro
v
id
e 
a 
ri
g
ht
-t
u
rn
 a
cc
el
er
at
io
n
 l
an
e.
  

4
. 

C
o
n
st
ru
ct
 s
ep
ar
at
e 
le
ft
-t
u
rn
 a
n
d
 r
ig
h
t-
tu
rn
 l
an
es
 o
n
 s
id
e 
st
re
et
 a
p
p
ro
ac
h
es
 a
t 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
. 



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
4
2
 

  

 
 

5
. 
C
o
n
st
ru
ct
 a
 s
h
ar
ed
 l
e
ft
-t
u
rn
/t
h
ro
u
g
h
 l
an
e 
an
d
 a
n
 e
x
cl
us
iv
e 
ri
g
h
t-
tu
rn
 l
an
e 
o
n
 M

ar
co
n
i 

R
o
ad
 a
t 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
, 
if
 t
h
e 
fu
tu
re
 K
ah
u
k
u
 M

au
k
a 
A
g
ri
cu
lt
u
ra
l 
R
o
ad
 i
s 

co
n
st
ru
ct
ed
 a
t 
th
e 
ti
m
e 
o
f 
im

p
ro
v
em

en
t.
 

6
. 

C
o
n
st
ru
ct
 b
u
s 
tu
rn
o
u
ts
 i
n
 b
o
th
 d
ir
ec
ti
o
n
s 
o
n
 K
am

e
h
am

eh
a 
H
ig
h
w
a
y
 a
t 
e
ac
h
 

in
te
rs
ec
ti
o
n
. 

7
. 

S
ig
n
al
iz
e 
th
e 
in
te
rs
ec
ti
o
n
s 
at
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
, w

h
en
 w
ar
ra
n
te
d
, 
w
it
h
 p
ro
te
ct
ed
 

le
ft
-t
u
rn
 p
h
as
es
 o
n
 K
am

e
h
am

eh
a 
H
ig
h
w
a
y
. 

T
h
e 
in
te
rs
ec
ti
o
n
 o
f 
K
u
il
im

a 
D
ri
v
e 
an
d
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 m

ee
ts
 t
ra
ff
ic
 s
ig
n
al
s 

w
ar
ra
n
ts
 u
n
d
er
 e
x
is
ti
n
g
 c
o
n
d
it
io
n
s.
  
T
h
e 
K
u
il
im

a 
D
ri
v
e 
in
te
rs
ec
ti
o
n
 w

o
u
ld
 b
e 
si
g
n
al
iz
ed
 

al
o
n
g
 w

it
h
  
th
e 
co
n
st
ru
ct
io
n
 o
f 
th
e 
au
x
il
ia
ry
 t
u
rn
in
g
 l
an
es
 d
u
ri
n
g
 t
h
e 
in
it
ia
l 
p
h
as
e 
o
f 
th
e
 

P
ro
p
o
se
d
 A
ct
io
n
 o
r 
o
n
e 
o
f 
th
e 
A
lt
er
n
at
iv
e 
d
ev
el
o
p
m
en
t 
p
la
n
. 
  

T
h
e 
au
x
il
ia
ry
 l
an
e 
im

p
ro
v
em

en
ts
 a
t 
th
e 
in
te
rs
ec
ti
o
n 
o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 

K
ai
h
al
u
lu
 D

ri
v
e 
sh
o
u
ld
 b
e 
co
n
st
ru
ct
ed
 w

h
en
 i
t 
is
 f
ir
st
 o
p
en
 t
o
 t
h
e 
p
u
b
li
c.
  
A
 m

ed
ia
n
 l
ef
t-

tu
rn
 
re
fu
g
e 
la
n
e 
sh
o
u
ld
 
b
e 
co
n
st
ru
ct
ed
 
o
n
 
th
e 
ea
st
 l
eg
 
o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 
to
 

fa
ci
li
ta
te
 t
h
e 
le
ft
-t
u
rn
 m

o
v
em

en
t 
fr
o
m
 K
ai
h
al
u
lu
 D
ri
v
e 
u
n
d
er
 u
n
si
g
n
al
iz
ed
 c
o
n
tr
o
l.
  
 

T
h
e 
au
x
il
ia
ry
 l
an
e 
im

p
ro
v
em

en
ts
 a
t 
th
e 
in
te
rs
ec
ti
o
n 
o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 

M
ar
co
n
i 
R
o
ad
 a
ls
o
 s
h
o
u
ld
 b
e 
co
n
st
ru
ct
ed
 d
u
ri
n
g
 t
h
e 
in
it
ia
l 
p
h
as
e 
o
f 
d
ev
el
o
p
m
en
t 
o
f 
th
e 

P
ro
p
o
se
d
 A
ct
io
n
 o
r 
th
e 
A
lt
er
n
at
iv
e 
d
ev
el
o
p
m
en
t 
p
la
n.
  
If
 t
h
e 
K
ah
u
k
u
 M

au
k
a 
A
g
ri
cu
lt
u
ra
l 

R
o
ad
 
is
 
n
o
t  
co
n
st
ru
ct
ed
 
o
p
p
o
si
te
 
o
f 
M
ar
co
n
i 
R
o
ad
, 
th
e 
in
te
rs
ec
ti
o
n
 
sh
o
u
ld
 
re
m
ai
n
 

u
n
si
g
n
al
iz
ed
, 
an
d
 a
 m

ed
ia
n
 l
ef
t-
tu
rn
 r
e
fu
g
e 
la
n
e 
sh
o
u
ld
 b
e 
co
n
st
ru
ct
ed
 o
n
 t
h
e 
ea
st
 l
e
g
 o
f 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
 t
o
 f
ac
il
it
at
e 
th
e 
le
ft
-t
u
rn
 m

o
v
em

en
t 
fr
o
m
 M

ar
co
n
i 
R
o
ad
. 
  

B
. 
T
r
a
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
si
s 
o
f 
th
e
 A
lt
e
r
n
a
ti
v
e
 D
e
v
e
lo
p
m
e
n
t 
P
la
n
s 

1
. 
A
lt
e
r
n
a
ti
v
e
 D
e
v
e
lo
p
m
e
n
t 
P
la
n
 P
h
a
si
n
g
 

In
 g
en
er
al
, 
th
e 
tr
af
fi
c 
im

p
ac
t 
an
al
y
si
s 
o
f 
d
ev
el
o
p
m
en
t 
p
la
n
s 
o
v
er
 f
iv
e 
(5
) 
y
e
a
rs
 a
re
 

an
al
y
z
ed
 
in
 
p
h
as
es
 
to
 
co
o
rd
in
at
e 

th
e 

tr
af
fi
c
 
im

p
ro
ve
m
en
ts
 
w
it
h
 
th
e 

p
ro
p
o
se
d
 

d
ev
el
o
p
m
en
t 
sc
h
ed
u
le
. 
 D
u
ri
n
g
 t
h
e 
p
re
-c
o
n
su
lt
at
io
n
 m
ee
ti
n
g
 w
it
h
 D
O
T
, 
it
 w
as
 a
g
re
ed
 

th
at
 t
h
e 
A
lt
er
n
at
iv
es
 w

il
l 
n
o
t  
re
q
u
ir
e 
p
h
as
ed
 t
ra
ff
ic
 i
m
p
ac
t 
an
al
y
se
s 
u
n
le
ss
 o
n
e 
o
f 
th
e 

A
lt
er
n
at
iv
es
 b
e
co
m
es
 t
h
e
 p
re
fe
rr
ed
 p
la
n
. 
 A
t 
th
at
 ti
m
e,
 t
h
is
 t
ra
ff
ic
 i
m
p
ac
t 
an
al
y
si
s 
w
il
l 

b
e 
u
p
d
at
ed
 t
o
 r
e
fl
ec
t 
th
e 
p
h
as
in
g
 o
f 
th
e 
n
ew

 p
re
fe
rr
ed
 p
la
n
. 

2
. 
F
u
ll
 B
u
il
d
 O
u
t 
A
lt
e
r
n
a
ti
v
e
 

T
h
e 
F
u
ll
 B

u
il
d
 O

u
t 
A
lt
e
rn
at
iv
e 
w
il
l 
re
q
u
ir
e 
th
e 
co
ns
tr
u
ct
io
n
 o
f 
d
o
u
b
le
 l
ef
t-
tu
rn
 

la
n
es
 o
n
 e
as
tb
o
u
n
d
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 a
t 
K
a
ih
al
u
lu
 D
ri
v
e 
an
d
 a
t 
K
u
il
im

a 
D
ri
v
e.
 

K
ai
h
al
u
lu
 D
ri
v
e 
w
il
l 
re
q
u
ir
e 
fo
u
r 
la
n
es
, 
tw

o
 l
an
es
 i
n
 e
a
ch
 d
ir
ec
ti
o
n
 f
o
r 
th
e
 F
u
ll
 B
u
il
d
 

O
u
t 
A
lt
er
n
at
iv
e.
  
T
h
e 
T
u
rt
le
 B

a
y
 R

es
o
rt
 a
c
ce
ss
 r
o
ad
 i
n
te
rs
ec
ti
o
n
s 
at
 K

am
eh
am

eh
a
 

H
ig
h
w
a
y
 a
re
 e
x
p
ec
te
d
 t
o
 o
p
er
at
e 
at
 o
v
er
al
l 
L
O
S
 "
C
" 
o
r 
b
et
te
r,
 d
u
ri
n
g
 t
h
e 
p
ea
k
 h
o
u
rs
 

o
f 
tr
a
ff
ic
 
w
it
h
 
th
e 
F
u
ll
 
B
u
il
d
 
O
u
t 
A
lt
er
n
at
iv
e.
 
 
T
he
 
in
te
rs
e
ct
io
n
 
o
f 
K
am

eh
am

eh
a 

H
ig
h
w
a
y
 a
n
d
 J
o
se
p
h
 P
. 
L
eo
n
g
 H

ig
h
w
a
y
 i
n
 H

al
e
iw

a 
al
so
 i
s 
ex
p
ec
te
d
 t
o
 o
p
er
at
e
 a
t 

L
O
S
 
"C

" 
o
r 
b
et
te
r,
 
d
u
ri
n
g
 
th
e 

p
e
ak
 
h
o
u
rs
 
o
f 
tr
af
fi
c.
 
In
 
K
ah
al
u
u
, 
th
e 

le
ft
-t
u
rn
 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M

a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
4
3
 

  

 
 

m
o
v
em

en
t 
fr
o
m
 w

es
tb
o
u
n
d
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 t
o
 s
o
u
th
b
ou
n
d
 K

ah
ek
il
i 
H
ig
h
w
a
y
 

is
 e
x
p
ec
te
d
 t
o
 c
o
n
ti
n
u
e 
to
 o
p
er
at
e 
at
 L
O
S
 "
F
",
 d
u
ri
n
g
 t
h
e 
p
ea
k
 h
o
u
rs
 o
f 
tr
a
ff
ic
. 
 T
ab
le
 

1
2
 s
u
m
m
ar
iz
es
 t
h
e 
tw

o
-l
an
e 
tr
a
ff
ic
 a
n
al
y
si
s 
o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 w

it
h
 t
h
e 
F
u
ll
 

B
u
il
d
 O

u
t 
A
lt
er
n
at
iv
e.
 T
ab
le
 1
3
 s
u
m
m
ar
iz
es
 t
h
e
 i
n
te
rs
ec
ti
o
n
 a
n
al
y
si
s 
fo
r 
th
e 
p
ea
k
 

h
o
u
rs
 o
f 
tr
af
fi
c 
w
it
h
 t
h
e
 F
u
ll
  
B
u
il
d
 O

u
t 
A
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Table 13.  Intersection Traffic Analysis Summary - Peak Hour Conditions With FBO Alternative 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBLT EBTH EBRT WBLT WBTH WBRT NBLT NBTH NBRT SBLT SBTH SBRT Intersection 

LOS C A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 33.9 9.3 N/A N/A 34.0 4.1 N/A N/A N/A 30.3 N/A 7.3 20.9 Kaihalulu Drive 

v/c 0.68 0.48 N/A N/A 0.83 0.27 N/A N/A N/A 0.52 N/A 0.62 N/A 

LOS C B N/A N/A C A N/A N/A N/A C N/A A B 

Delay 30.3 11.4 N/A N/A 22.0 3.4 N/A N/A N/A 26.6 N/A 6.0 16.8 Kuilima Drive 

v/c 0.40 0.60 N/A N/A 0.73 0.28 N/A N/A N/A 0.60 N/A 0.33 N/A 

LOS C B C B A A C A B 

Delay 32.1 14.7 32.8 18.7 1.6 1.6 25.7 5.6 16.3 Marconi Rd 

v/c 0.39 0.73 0.21 0.73 0.10 0.18 0.33 0.23 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A C A B 

Delay 30.6 N/A 0.1 N/A N/A N/A 33.7 15.2 N/A N/A 22.4 5.3 18.1 Joseph P. Leong Hwy 

v/c 0.83 N/A 0.04 N/A N/A N/A 0.41 0.60 N/A N/A 0.61 0.61 N/A 

LOS N/A N/A N/A F N/A N/A N/A C N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 19.3 N/A N/A 50.8 

2025 AM Peak 

Hour of Weekday 

Traffic With Full 

Build Out 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.75 N/A N/A N/A 

LOS D A N/A N/A C A N/A N/A N/A D N/A C C 

Delay 47.2 8.3 N/A N/A 34.5 3.0 N/A N/A N/A 38.5 N/A 24.1 26.1 Kaihalulu Drive 

v/c 0.82 0.51 N/A N/A 0.87 0.34 N/A N/A N/A 0.56 N/A 0.85 N/A 

LOS D A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 49.9 9.1 N/A N/A 30.6 2.9 N/A N/A N/A 34.7 N/A 7.2 20.7 Kuilima Drive 

v/c 0.74 0.55 N/A N/A 0.89 0.42 N/A N/A N/A 0.68 N/A 0.44 N/A 

LOS D B D C A A D B C 

Delay 54.0 14.6 52.0 26.7 2.0 7.0 50.3 11.6 22.9 Marconi Rd 

v/c 0.55 0.69 0.31 0.89 0.10 0.25 0.54 0.35 N/A 

LOS D N/A A N/A N/A N/A D B N/A N/A C A C 

Delay 47.1 N/A 0.1 N/A N/A N/A 49.4 19.3 N/A N/A 34.2 5.1 25.8 Joseph P. Leong Hwy 

v/c 0.92 N/A 0.04 N/A N/A N/A 0.51 0.70 N/A N/A 0.83 0.66 0.83 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 11.1 N/A N/A 59.7 

2025 PM Peak 

Hour of Weekday 

Traffic With Full 

Build Out 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.15 N/A N/A N/A 

LOS D A N/A N/A D A N/A N/A N/A D N/A C C 

Delay 49.1 8.5 N/A N/A 42.0 2.7 N/A N/A N/A 46.3 N/A 24.6 29.2 Kaihalulu Drive 

v/c 0.80 0.56 N/A N/A 0.94 0.24 N/A N/A N/A 0.65 N/A 0.84 N/A 

LOS D B N/A N/A C A N/A N/A N/A D N/A A C 

Delay 44.8 10.9 N/A N/A 33.7 2.6 N/A N/A N/A 46.8 N/A 7.0 23.6 Kuilima Drive 

v/c 0.64 0.62 N/A N/A 0.90 0.34 N/A N/A N/A 0.81 N/A 0.44 N/A 

LOS D B D D A A D A C 

Delay 53.9 16.7 54.1 39.9 2.6 1.0 51.9 9.5 28.6 Marconi Rd 

v/c 0.71 0.75 0.29 0.94 0.17 0.13 0.67 0.45 N/A 

LOS D N/A A N/A N/A N/A D C N/A N/A D A C 

Delay 48.8 N/A 5.1 N/A N/A N/A 53.1 30.9 N/A N/A 37.6 4.4 29.9 Joseph P. Leong Hwy 

v/c 0.93 N/A 0.14 N/A N/A N/A 0.42 0.88 N/A N/A 0.88 0.62 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 13.2 N/A N/A 218.6 

2025 Weekend 

Peak Hour of 

Traffic With Full 

Build Out 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.23 N/A N/A N/A 
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 Lane Controls 

 Traffic Movement Volume (vph) 

 

Haleiwa                                                                                                                                    Kahaluu 

 

Figure 13.  AM Peak Hour Site Traffic Assignment – FBO Alternative 
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Figure 14.  PM Peak Hour Site Traffic Assignment – Full Build Out Alternative 



Turtle Bay Resort Master Plan                          
Traffic Impact Analysis Report                   November 3, 2012 

 

47 

 

Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 

 

Haleiwa                                                                                                                                    Kahaluu 

 

Figure 15.  Weekend Peak Hour Site Traffic Assignment – Full Build Out Alternative 
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Figure 16.  Cumulative AM Peak Hour Traffic FBO Alternative 
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Figure 17.  Cumulative PM Peak Hour Traffic FBO Alternative 
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Figure 18.  Cumulative Weekend Peak Hour Traffic With FBO Alternative 
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Table 15.  Intersection Traffic Analysis Summary - 2025 Peak Hour Conditions With Resort Residential Alternative 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBLT EBTH EBRT WBLT WBTH WBRT NBLT NBTH NBRT SBLT SBTH SBRT Intersection 

LOS C B N/A N/A C A N/A N/A N/A B N/A A B 

Delay 33.7 11.3 N/A N/A 30.7 0.9 N/A N/A N/A 15.8 N/A 4.8 19.6 Kaihalulu Drive 

v/c 0.57 0.48 N/A N/A 0.77 0.12 N/A N/A N/A 0.10 N/A 0.23 N/A 

LOS C A N/A N/A B A N/A N/A N/A B N/A A B 

Delay 22.0 7.8 N/A N/A 17.6 4.0 N/A N/A N/A 19.5 N/A 3.5 12.7 Kuilima Drive 

v/c 0.28 0.42 N/A N/A 0.59 0.21 N/A N/A N/A 0.37 N/A 0.20 N/A 

LOS B B C B A A B A B 

Delay 19.3 10.7 22.8 12.9 0.2 1.1 17.7 0.5 11.2 Marconi Rd 

v/c 0.18 0.57 0.14 0.57 0.07 0.16 0.14 0.11 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 24.1 N/A 0.1 N/A N/A N/A 28.5 10.1 N/A N/A 16.7 4.3 13.8 Joseph P. Leong Hwy 

v/c 0.69 N/A 0.05 N/A N/A N/A 0.33 0.37 N/A N/A 0.39 0.47 N/A 

LOS N/A N/A N/A F N/A N/A N/A C N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 15.0 N/A N/A >300 

2025 AM Peak 

Hour of Weekday 

Traffic With 

Resort Residential 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.65 N/A N/A N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 33.7 9.0 N/A N/A 26.2 0.1 N/A N/A N/A 23.9 N/A 7.4 18.2 Kaihalulu Drive 

v/c 0.43 0.49 N/A N/A 0.78 0.03 N/A N/A N/A 0.04 N/A 0.22 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 26.7 7.0 N/A N/A 20.9 3.8 N/A N/A N/A 21.6 N/A 4.8 14.0 Kuilima Drive 

v/c 0.41 0.41 N/A N/A 0.71 0.27 N/A N/A N/A 0.38 N/A 0.25 N/A 

LOS C B C B A A B A B 

Delay 24.2 13.8 23.4 14.2 0.1 1.2 18.8 1.9 13.3 Marconi Rd 

v/c 0.24 0.64 0.18 0.67 0.06 0.16 0.21 0.15 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 29.0 N/A 0.1 N/A N/A N/A 31.5 12.0 N/A N/A 16.8 3.5 14.9 Joseph P. Leong Hwy 

v/c 0.76 N/A 0.03 N/A N/A N/A 0.31 0.58 N/A N/A 0.60 0.48 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A B 

Delay N/A N/A N/A 60.2 N/A N/A N/A 10.4 N/A N/A 11.1 

2025 PM Peak 

Hour of Weekday 

Traffic With 

Resort Residential 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A 0.92 N/A N/A N/A 0.12 N/A N/A N/A 

LOS D A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 44.0 8.5 N/A N/A 33.4 0.7 N/A N/A N/A 33.4 N/A 8.2 22.2 Kaihalulu Drive 

v/c 0.63 0.53 N/A N/A 0.86 0.05 N/A N/A N/A 0.21 N/A 0.40 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 34.8 9.2 N/A N/A 25.9 3.4 N/A N/A N/A 28.3 N/A 6.8 17.8 Kuilima Drive 

v/c 0.50 0.55 N/A N/A 0.79 0.26 N/A N/A N/A 0.54 N/A 0.29 N/A 

LOS C B C C A A C A B 

Delay 33.6 11.0 33.9 22.8 3.1 1.0 27.4 7.8 17.0 Marconi Rd 

v/c 0.49 0.62 0.20 0.79 0.15 0.13 0.37 0.31 N/A 

LOS C N/A A N/A N/A N/A D B N/A N/A C A B 

Delay 31.9 N/A 0.7 N/A N/A N/A 48.2 16.3 N/A N/A 26.5 5.3 19.8 Joseph P. Leong Hwy 

v/c 0.84 N/A 0.09 N/A N/A N/A 0.58 0.66 N/A N/A 0.72 0.63 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A C 

Delay N/A N/A N/A 128.3 N/A N/A N/A 10.6 N/A N/A 19.0 

2025 Weekend 

Peak Hour of 

Traffic With 

Resort Residential 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A 1.11 N/A N/A N/A 0.14 N/A N/A N/A 
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Figure 19.  AM Peak Hour Site Traffic Assignment – Resort Residential Alternative 
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Figure 20.  PM Peak Hour Site Traffic Assignment – Resort Residential Alternative 
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Figure 21.  Weekend Peak Hour Site Traffic Assignment – Resort Residential Alternative 
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Figure 22.  Cumulative AM Peak Hour Traffic – Resort Residential Alternative 
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Figure 23.  Cumulative PM Peak Hour Traffic – Resort Residential Alternative 
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Figure 24.  Cumulative Weekend Peak Hour Traffic – Resort Residential Alternative 
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Table 17.  Intersection Traffic Analysis Summary - 2025 Peak Hour Conditions With Conservation Partner Alternative 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBLT EBTH EBRT WBLT WBTH WBRT NBLT NBTH NBRT SBLT SBTH SBRT Intersection 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 33.9 9.0 N/A N/A 30.2 2.4 N/A N/A N/A 21.1 N/A 5.9 19.0 Kaihalulu Drive 

v/c 0.62 0.42 N/A N/A 0.76 0.14 N/A N/A N/A 0.17 N/A 0.34 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 24.7 7.8 N/A N/A 20.5 4.4 N/A N/A N/A 21.1 N/A 4.9 14.1 Kuilima Drive 

v/c 0.37 0.41 N/A N/A 0.64 0.25 N/A N/A N/A 0.43 N/A 0.25 N/A 

LOS C B C B A A B A B 

Delay 20.4 10.3 22.7 12.6 0.2 1.2 17.7 0.4 11.0 Marconi Rd 

v/c 0.19 0.57 0.14 0.59 0.06 0.16 0.13 0.09 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 23.5 N/A 0.1 N/A N/A N/A 28.2 11.1 N/A N/A 18.0 4.7 14.3 Joseph P. Leong Hwy 

v/c 0.70 N/A 0.05 N/A N/A N/A 0.33 0.42 N/A N/A 0.44 0.51 N/A 

LOS N/A N/A N/A F N/A N/A N/A C N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 15.5 N/A N/A <300 

2025 AM Peak 

Hour of Weekday 

Traffic With 

Conservation 

Partner 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.66 N/A N/A N/A 

LOS D A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 40.1 8.5 N/A N/A 31.4 1.8 N/A N/A N/A 27.1 N/A 7.3 20.9 Kaihalulu Drive 

v/c 0.61 0.45 N/A N/A 0.82 0.09 N/A N/A N/A 0.11 N/A 0.34 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 31.1 7.4 N/A N/A 23.1 3.8 N/A N/A N/A 22.5 N/A 6.2 15.4 Kuilima Drive 

v/c 0.49 0.42 N/A N/A 0.74 0.31 N/A N/A N/A 0.44 N/A 0.29 N/A 

LOS C B C B A A B A B 

Delay 24.1 13.1 26.1 15.9 0.1 1.3 19.2 1.5 13.9 Marconi Rd 

v/c 0.22 0.65 0.23 0.73 0.05 0.17 0.19 0.15 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 30.2 N/A 0.1 N/A N/A N/A 31.8 11.2 N/A N/A 18.5 3.6 15.5 Joseph P. Leong Hwy 

v/c 0.78 N/A 0.03 N/A N/A N/A 0.31 0.51 N/A N/A 0.65 0.51 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A B 

Delay N/A N/A N/A 71.7 N/A N/A N/A 10.5 N/A N/A 13.1 

2025 PM Peak 

Hour of Weekday 

Traffic With 

Conservation 

Partner 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A 0.97 N/A N/A N/A 0.12 N/A N/A N/A 

LOS D A N/A N/A C A N/A N/A N/A D N/A A C 

Delay 50.4 8.1 N/A N/A 34.9 2.9 N/A N/A N/A 35.4 N/A 8.4 23.4 Kaihalulu Drive 

v/c 0.73 0.52 N/A N/A 0.88 0.09 N/A N/A N/A 0.23 N/A 0.48 N/A 

LOS D B N/A N/A C A N/A N/A N/A C N/A A C 

Delay 46.3 10.0 N/A N/A 32.9 3.4 N/A N/A N/A 26.5 N/A 6.0 20.7 Kuilima Drive 

v/c 0.68 0.53 N/A N/A 0.86 0.30 N/A N/A N/A 0.48 N/A 0.32 N/A 

LOS C B C C A A C A B 

Delay 33.4 10.5 31.7 23.7 2.9 1.1 28.0 8.3 17.2 Marconi Rd 

v/c 0.48 0.61 0.16 0.81 0.14 0.13 0.34 0.31 N/A 

LOS C N/A A N/A N/A N/A D B N/A N/A C A C 

Delay 34.4 N/A 0.7 N/A N/A N/A 49.1 17.7 N/A N/A 28.8 5.5 21.3 Joseph P. Leong Hwy 

v/c 0.87 N/A 0.09 N/A N/A N/A 0.58 0.70 N/A N/A 0.77 0.65 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 11.8 N/A N/A 89.7 

2025 Weekend 

Peak Hour of 

Traffic With 

Conservation 

Partner 

Alternative 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.19 N/A N/A N/A 
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Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 

  

Haleiwa                                                                                                                                    Kahaluu 

 

Figure 25.  AM Peak Hour Site Traffic Assignment – Conservation Partner Alternative 
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Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 
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Figure 26.  PM Peak Hour Site Traffic Assignment – Conservation Partner Alternative 
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Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 
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Figure 27.  Weekend Peak Hour Site Traffic Assignment – Conservation Partner Alternative 
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Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 
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Figure 28.  Cumulative AM Peak Hour Traffic – Conservation Partner Alternative 



Turtle Bay Resort Master Plan                          
Traffic Impact Analysis Report                   November 3, 2012 

 

65 

 

Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 
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Figure 29.  Cumulative PM Peak Hour Traffic – Conservation Partner Alternative 
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Legend                                                                                                                                               Project Vicinity 
 

 Lane Controls 

 Traffic Movement Volume (vph) 

  

Haleiwa                                                                                                                                    Kahaluu 

 

Figure 30.  Cumulative Weekend Peak Hour Traffic – Conservation Partner Alternative 
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Figure 31.  AM Peak Hour Site Traffic Assignment – Proposed Action 
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Figure 32.  Cumulative AM Peak Hour Traffic – Proposed Action 
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Figure 33.  PM Peak Hour Site Traffic Assignment – Proposed Action 
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Figure 34.  Cumulative PM Peak Hour Traffic – Proposed Action 
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Figure 35.  Weekend Peak Hour Site Traffic Assignment – Proposed Action 
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Figure 36.  Cumulative Weekend Peak Hour Traffic – Proposed Action 
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Table 18.  Intersection Traffic Analysis Summary - 2025 Peak Hour Conditions With Proposed Action 

Scenario 
Kamehameha Hwy 

Intersection 
MOE EBLT EBTH EBRT WBLT WBTH WBRT NBLT NBTH NBRT SBLT SBTH SBRT Intersection 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 33.9 8.2 N/A N/A 31.4 3.3 N/A N/A N/A 25.2 N/A 7.0 19.7 Kaihalulu Drive 

v/c 0.62 0.43 N/A N/A 0.79 0.13 N/A N/A N/A 0.18 N/A 0.39 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 27.8 8.5 N/A N/A 22.6 4.4 N/A N/A N/A 22.0 N/A 5.9 15.6 Kuilima Drive 

v/c 0.44 0.44 N/A N/A 0.69 0.27 N/A N/A N/A 0.48 N/A 0.28 N/A 

LOS C B C B A A B A B 

Delay 24.4 11.8 25.3 15.5 0.7 1.2 19.5 2.7 13.0 Marconi Rd 

v/c 0.30 0.62 0.16 0.64 0.09 0.16 0.25 0.18 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 24.3 N/A 0.1 N/A N/A N/A 32.1 11.4 N/A N/A 17.6 4.5 14.6 Joseph P. Leong Hwy 

v/c 0.72 N/A 0.05 N/A N/A N/A 0.39 0.43 N/A N/A 0.44 0.51 N/A 

LOS N/A N/A N/A F N/A N/A N/A C N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 16.0 N/A N/A >300 

2025 AM Peak 

Hour of 

Weekday 

Traffic With 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.68 N/A N/A N/A 

LOS D A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 44.8 9.0 N/A N/A 32.9 1.7 N/A N/A N/A 28.4 N/A 7.4 21.8 Kaihalulu Drive 

v/c 0.66 0.51 N/A N/A 0.85 0.08 N/A N/A N/A 0.10 N/A 0.39 N/A 

LOS C A N/A N/A C A N/A N/A N/A C N/A A B 

Delay 34.0 7.9 N/A N/A 24.1 3.7 N/A N/A N/A 28.0 N/A 6.9 16.6 Kuilima Drive 

v/c 0.53 0.45 N/A N/A 0.74 0.36 N/A N/A N/A 0.54 N/A 0.35 N/A 

LOS C B C C A A C A B 

Delay 31.7 11.9 32.5 21.3 1.9 3.3 29.7 8.4 16.9 Marconi Rd 

v/c 0.33 0.59 0.20 0.79 0.10 0.20 0.33 0.26 N/A 

LOS C N/A A N/A N/A N/A C B N/A N/A B A B 

Delay 31.2 N/A 0.1 N/A N/A N/A 32.0 11.8 N/A N/A 19.6 3.7 16.3 Joseph P. Leong Hwy 

v/c 0.80 N/A 0.03 N/A N/A N/A 0.31 0.54 N/A N/A 0.67 0.52 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A C 

Delay N/A N/A N/A 87.4 N/A N/A N/A 10.6 N/A N/A 15.7 

2025 PM Peak 

Hour of 

Weekday 

Traffic With 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A 1.02 N/A N/A N/A 0.13 N/A N/A N/A 

LOS D A N/A N/A D A N/A N/A N/A D N/A A C 

Delay 53.5 7.9 N/A N/A 38.1 3.9 N/A N/A N/A 41.3 N/A 9.4 25.2 Kaihalulu Drive 

v/c 0.76 0.55 N/A N/A 0.89 0.09 N/A N/A N/A 0.28 N/A 0.52 N/A 

LOS D A N/A N/A C A N/A N/A N/A C N/A A C 

Delay 48.7 9.4 N/A N/A 33.1 3.4 N/A N/A N/A 32.7 N/A 6.7 21.5 Kuilima Drive 

v/c 0.73 0.55 N/A N/A 0.87 0.32 N/A N/A N/A 0.65 N/A 0.39 N/A 

LOS D B D C A A C A C 

Delay 44.4 10.6 41.6 29.0 2.9 1.2 33.1 8.3 20.4 Marconi Rd 

v/c 0.66 0.60 0.26 0.87 0.17 0.14 0.48 0.38 N/A 

LOS C N/A A N/A N/A N/A D B N/A N/A C A C 

Delay 33.5 N/A 1.2 N/A N/A N/A 47.0 13.2 N/A N/A 32.0 5.7 21.6 Joseph P. Leong Hwy 

v/c 0.86 N/A 0.09 N/A N/A N/A 0.53 0.36 N/A N/A 0.78 0.66 N/A 

LOS N/A N/A N/A F N/A N/A N/A B N/A N/A F 

Delay N/A N/A N/A >300 N/A N/A N/A 11.9 N/A N/A 95.3 

2025 Weekend 

Peak Hour of 

Traffic With 

Proposed 

Action 

Kahekili Hwy 

v/c N/A N/A N/A >1.2 N/A N/A N/A 0.19 N/A N/A N/A 
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fo
r 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
 

1
. 
In
te
rs
ec
ti
o
n
 I
m
p
ro
v
e
m
en
ts
 

T
h
e 

fo
ll
o
w
in
g
 
ro
ad
w
ay
 
im

p
ro
v
em

en
ts
 
ar
e 

re
co
m
m
en
d
ed
 
at
 
ea
ch
 
o
f 

th
e 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
s 
at
 K

ai
h
al
u
lu
 D
ri
v
e,
 K
u
il
im

a 
D
ri
v
e,
 a
n
d
 M

ar
co
n
i 

R
o
ad
 
to
 
ac
co
m
m
o
d
at
e 

th
e 

es
ti
m
at
ed
 
in
cr
ea
se
s 

in
 
p
ea
k
 
h
o
u
r 

tr
af
fi
c 

w
it
h
 
th
e 

d
ev
el
o
p
m
en
t 
o
f 
th
e 

P
ro
p
o
se
d
 
A
ct
io
n
. 
T
h
e 

fo
ll
o
w
in
g
 
ac
ce
ss
 
im

p
ro
v
em

en
ts
 
ar
e 

ex
p
ec
te
d
 t
o
 m

it
ig
at
e 
th
e 
an
ti
ci
p
at
ed
 t
ra
ff
ic
 i
m
p
ac
ts
 r
es
u
lt
in
g
 f
ro
m
 t
h
e 
im

p
le
m
en
ta
ti
o
n
 

o
f 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
. 

a.
 
W
es
tb
o
u
n
d
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
 s
h
o
u
ld
 b
e 
w
id
en
ed
 t
o
 p
ro
v
id
e 
ex
cl
u
si
v
e 
ri
g
h
t-

tu
rn
 l
an
es
 a
t 
K
ai
h
al
u
lu
 D
ri
v
e,
 K
u
il
im

a 
D
ri
v
e,
 a
n
d
 M

ar
co
n
i 
R
o
ad
. 
 

b
. 

E
as
tb
o
u
n
d
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 s
h
o
u
ld
 b
e 
w
id
en
ed
 t
o
 p
ro
v
id
e 
ex
cl
u
si
v
e 
le
ft
-

tu
rn
 l
an
es
 a
t 
K
ai
h
al
u
lu
 D
ri
v
e,
 K
u
il
im

a 
D
ri
v
e,
 a
n
d
 M

ar
co
n
i 
R
o
ad
. 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M
a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
7
7
 

  

 
 

c
. 
W
es
tb
o
u
n
d
 
K
am

eh
am

eh
a 

H
ig
h
w
a
y
 
sh
o
u
ld
 
b
e 

w
id
en
ed
 
to
 
p
ro
v
id
e 

ri
g
h
t-
tu
rn
 

ac
ce
le
ra
ti
o
n
 l
an
es
 a
t 
K
ai
h
al
u
lu
 D
ri
v
e,
 K
u
il
im

a 
D
ri
v
e,
 a
n
d
 M

ar
co
n
i 
R
o
ad
. 
 

d
. 

E
ac
h
 R

es
o
rt
 a
cc
es
s 
ro
ad
 s
h
o
u
ld
 b
e 
w
id
en
ed
/c
o
n
st
ru
ct
ed
 t
o
 p
ro
v
id
e 
se
p
ar
at
e 
le
ft
-

tu
rn
 a
n
d
 r
ig
h
t-
tu
rn
 l
an
es
 a
t 
K
am

eh
am

eh
a 
H
ig
h
w
ay
. 

e.
 
T
h
e 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
 a
t 
K
u
il
im

a 
D
ri
v
e 
sh
o
u
ld
 b
e 
si
g
n
al
iz
ed
, 

w
h
en
 i
m
p
ro
v
ed
 t
o
 a
 c
h
an
n
el
iz
ed
 i
n
te
rs
ec
ti
o
n
. 

f.
 
T
h
e 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
 a
t 
K
ai
h
al
u
lu
 D

ri
v
e 
sh
o
u
ld
 b
e 
si
g
n
al
iz
ed
, 

w
h
en
 w
ar
ra
n
te
d
. 

g
. 

T
h
e 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 i
n
te
rs
ec
ti
o
n
 a
t 
M
ar
co
n
i 
R
o
ad
 s
h
o
u
ld
 b
e 
si
g
n
al
iz
ed
, 

w
h
en
 w
ar
ra
n
te
d
. 

2
. 
T
u
rn
in
g
 L
a
n
e 
L
en
g
th
s 

T
h
e 
le
ft
-t
u
rn
 s
to
ra
g
e 
le
n
g
th
s 
w
er
e 
b
as
ed
 u
p
o
n
 a
 p
ro
te
ct
ed
 l
ef
t-
tu
rn
 s
ig
n
al
 p
h
as
e 
at
 

ea
ch
 
o
f 
th
e 
R
es
o
rt
 
ac
ce
ss
 
in
te
rs
ec
ti
o
n
s 
o
n
 
K
am

eh
am

eh
a 
H
ig
h
w
ay
. 
 
T
h
e 
le
ft
-t
u
rn
 

st
o
ra
g
e 
re
q
u
ir
em

en
ts
 w
er
e 
b
as
ed
 u
p
o
n
 t
h
e 
av
er
ag
e 
o
f 
th
e 
9
5
th
 p
er
ce
n
ti
le
 q
u
eu
e 
le
n
g
th
s 

o
f 
te
n
 (
1
0
) 
si
m
u
la
ti
o
n
s,
 u
si
n
g
 S
im

T
ra
ff
ic
. 
 T
h
e 
ac
ce
le
ra
ti
o
n
 a
n
d
 d
ec
el
er
at
io
n
 l
en
g
th
s 

ar
e 
b
as
ed
 u
p
o
n
 A
A
S
H
T
O
's
 A
 P
o
li
cy
 o
n
 G

eo
m
et
ri
c 
D
es
ig
n
 o
f 
H
ig
h
w
a
y
s 
an
d
 S
tr
ee
ts
, 

(E
x
h
ib
it
s 
1
0
-7
0
 a
n
d
 1
0
-7
3
) 
fo
r 
th
e 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 d
es
ig
n
 s
p
ee
d
 o
f 
5
0
 m

p
h
, 
as
 

d
es
ig
n
at
ed
 
b
y
 
D
O
T
. 
 
T
h
e 
ri
g
h
t-
tu
rn
 
ac
ce
le
ra
ti
o
n
 
la
n
e 
le
n
g
th
s 
ar
e 
b
as
ed
 
u
p
o
n
 
an
 

en
tr
an
ce
 c
u
rv
e 
d
es
ig
n
 s
p
ee
d
 o
f 
1
5
 m

p
h
. 
T
h
e 
d
ec
el
er
at
io
n
 l
an
e 
le
n
g
th
s 
ar
e 
b
as
ed
 u
p
o
n
 

a 
st
o
p
 c
o
n
d
it
io
n
. 
 T
ab
le
 2
0
 s
u
m
m
ar
iz
es
 t
h
e 
tu
rn
in
g
 l
an
e 
re
q
u
ir
em

en
ts
. 
  

  

T
a
b
le
 2
0
. 
 K
a
m
eh
a
m
eh
a
 H
ig
h
w
a
y
 –
 T
u
rn
in
g
 L
a
n
e 
L
en
g
th
s 
(F
e
et
) 

L
a
n
e 

 In
te
rs
ec
ti
o
n
 

T
y
p
e 

N
o
. 

S
to
ra
g
e 

L
a
n
e 

L
en
g
th
 

D
ec
el
/ 

A
cc
el
 L
a
n
e 

L
en
g
th
 

  

T
o
ta
l 

D
es
ig
n
 

L
a
n
e 

L
en
g
th
 

E
B
 L
T
 

1
 

2
2
7
 

4
3
5
 

6
6
2
 

6
6
5
 

W
B
 R
T
 D
ec
el
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4
3
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4
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4
3
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K
a
ih
a
lu
lu
 

D
ri
v
e 

W
B
 R
T
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cc
el
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1
 

0
 

6
6
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6
6
0
 

6
6
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E
B
 L
T
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1
3
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4
3
5
 

5
7
3
 

5
7
5
 

W
B
 R
T
 D
ec
el
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1
 

0
 

4
3
5
 

4
3
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4
3
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K
u
il
im
a
 

D
ri
v
e 

W
B
 R
T
 A
cc
el
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1
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6
6
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6
6
0
 

6
6
0
 

E
B
 L
T
 

1
 

1
5
2
 

4
3
5
 

5
8
7
 

5
9
0
 

W
B
 R
T
 D
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el
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1
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4
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W
B
 R
T
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el
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6
6
0
 

6
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M
a
rc
o
n
i 

R
o
a
d
 

W
B
 L
T
 

1
 

5
8
 

4
3
5
 

4
9
3
 

5
0
0
 

E
B
 =
 e
as
tb
o
u
n
d
  
  
  
  
  
  
W
B
 =
 w
es
tb
o
u
n
d
  
  
  
  
  
  
L
T
 =
 l
ef
t-
tu
rn
  
  
  
  
  
  
R
T
 =
 r
ig
h
t-
tu
rn
 

D
ec
el
 =
 D
ec
el
er
at
io
n
  
  A

cc
el
 =
 A
cc
el
er
at
io
n
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a
y
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e
s
o
rt
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a
s
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P
la
n
 

 
 

T
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m
p
a
c
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A
n
a
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s
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 R
e
p
o
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v
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3
. 
R
es
o
rt
 R
o
a
d
w
a
y
s 

A
s 
p
re
v
io
u
sl
y
 d
is
cu
ss
ed
, 
th
e 
d
ev
el
o
p
m
en
t 
o
f 
th
e 
P
ro
p
o
se
d
 A

ct
io
n
 i
s 
ex
p
ec
te
d
 t
o
 

co
m
m
en
ce
 a
t 
v
ar
io
u
s 
lo
ca
ti
o
n
s 
th
ro
u
g
h
o
u
t 
th
e 
R
es
o
rt
 a
re
a.
  
T
ra
ff
ic
 i
m
p
ro
v
em

en
ts
 a
t 

ea
ch
 o
f 
th
e 
th
re
e 
ac
ce
ss
 p
o
in
ts
 o
n
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 s
h
o
u
ld
 b
e 
co
n
st
ru
ct
ed
 i
n
 

th
e 
in
it
ia
l 
p
h
as
e 
o
f 
d
ev
el
o
p
m
en
t.
  
K
ai
h
al
u
lu
 D

ri
v
e 
al
so
 s
h
o
u
ld
 b
e 
co
n
st
ru
ct
ed
 i
n
 t
h
e 

fi
rs
t 
p
h
as
e 
o
f 
d
ev
el
o
p
m
en
t 
b
et
w
ee
n
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 M

ar
co
n
i 
R
o
ad
. 
 T
h
e 

tw
o
-l
an
e 
in
te
rn
al
 r
o
ad
 w

il
l 
fa
ci
li
ta
te
 t
ra
ff
ic
 c
ir
cu
la
ti
o
n
 w

it
h
in
 t
h
e 
R
es
o
rt
 a
n
d
 r
ed
u
ce
 

th
e 
tr
af
fi
c 
d
em

an
d
 o
n
 K
am

eh
am

eh
a 
H
ig
h
w
ay
. 
  

4
. 
T
ra
ff
ic
 D
e
m
a
n
d
 M
a
n
a
g
e
m
en
t 

T
u
rt
le
 B

a
y
 R

es
o
rt
 c
u
rr
en
tl
y
 r
eq
u
ir
es
 t
h
e 
im

p
le
m
en
ta
ti
o
n
 o
f 
an
 i
n
fo
rm

al
 t
ra
ff
ic
 

d
em

an
d
 
m
an
ag
em

en
t 
(T
D
M
) 
p
la
n
 
b
y
 
th
e 
p
ro
m
o
te
rs
 
o
f 
sp
ec
ia
l 
ev
en
ts
 
h
el
d
 
at
 
th
e 

R
es
o
rt
. 
 A
 T
D
M
 p
la
n
 c
o
n
si
st
s 
o
f 
a 
v
ar
ie
ty
 o
f 
m
it
ig
at
io
n
 m

ea
su
re
s,
 w

h
ic
h
 a
re
 i
n
te
n
d
ed
 

to
 r
ed
u
ce
 t
ra
ff
ic
 g
en
er
at
io
n
. 
 T
D
M
 m

ea
su
re
s 
ar
e 
d
is
cu
ss
ed
 i
n
 a
 m

em
o
ra
n
d
u
m
 t
it
le
d
 

"T
u
rt
le
 
B
a
y
 
R
es
o
rt
 T

ra
n
sp
o
rt
at
io
n
 
D
em

an
d
 
M
an
ag
em

en
t 
(T
D
M
) 
–
 
O
v
er
v
ie
w
 
an
d
 

P
o
te
n
ti
al
 
S
tr
at
eg
ie
s.
",
 
w
h
ic
h
 
w
as
 
p
re
p
ar
ed
 
b
y
 
F
eh
r 
&
 
P
ee
rs
. 
 T

D
M
 
is
 a
 
w
o
rk
in
g
 

d
o
cu
m
en
t 
th
at
 w

il
l 
p
ro
v
id
e 
th
e 
R
es
o
rt
 o
p
er
at
o
r(
s)
 a
 "
to
o
lb
o
x
",
 w

h
ic
h
 w

il
l 
co
n
ta
in
 a
 

v
ar
ie
ty
 o
f 
tr
an
sp
o
rt
at
io
n
 s
tr
at
eg
ie
s 
th
at
 c
an
 b
e 
im

p
le
m
en
te
d
 d
u
ri
n
g
 s
p
ec
ia
l 
ev
en
ts
 a
s 

w
el
l 
as
 o
n
 a
 d
a
y
-t
o
-d
a
y
 b
as
is
. 
 T
h
e 
ef
fe
ct
iv
en
es
s 
o
f 
ea
ch
 s
tr
at
eg
y
 w

il
l 
b
e 
m
ea
su
re
d
 

d
u
ri
n
g
 t
h
e 
im

p
le
m
en
ta
ti
o
n
, 
w
h
ic
h
 c
an
 b
e 
ex
p
ec
te
d
 t
o
 r
ed
u
ce
 p
ea
k
 h
o
u
r 
tr
af
fi
c 
fr
o
m
 5
 

p
er
ce
n
t 
to
 1
5
 p
er
ce
n
t.
  
S
in
ce
 T
D
M
 m

ea
su
re
s 
ca
n
n
o
t 
b
e 
ac
cu
ra
te
ly
 q
u
an
ti
fi
ed
 a
t 
th
is
 

w
ri
ti
n
g
, 
th
e
y
 w
er
e 
n
o
t  
ta
k
en
 i
n
to
 a
cc
o
u
n
t 
in
 t
h
is
 t
ra
ff
ic
 i
m
p
ac
t 
an
al
y
si
s.
 

5
. 
R
eg
io
n
a
l 
T
ra
ff
ic
 I
m
p
ro
v
e
m
en
ts
 

T
h
e 
re
g
io
n
al
 t
ra
ff
ic
 i
m
p
ro
v
em

en
ts
 i
n
 t
h
e 
st
u
d
y
 a
re
a 
in
cl
u
d
e 
th
e 
co
n
st
ru
ct
io
n
 o
f 

tu
rn
 l
an
es
, 
g
u
ar
d
ra
il
s,
 s
ig
n
ag
e,
 a
n
d
 c
ro
ss
w
al
k
s 
to
 i
m
p
ro
v
e 
sa
fe
ty
, 
as
 r
ec
o
m
m
en
d
ed
 i
n
 

th
e 
O
R
T
P.
 
 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 
is
 
ex
p
ec
te
d
 
to
 
re
m
ai
n
 
a 
tw

o
-l
an
e 
h
ig
h
w
a
y
 
in
 

re
sp
o
n
se
 t
o
 c
o
m
m
u
n
it
y
 p
re
fe
re
n
ce
. 

T
h
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 a
n
d
 K

ah
ek
il
i 
H
ig
h
w
a
y
 i
n
 K

ah
al
u
u
 i
s 

an
 
ex
is
ti
n
g
 
p
ro
b
le
m
 
w
h
er
e 
th
e 
le
ft
-t
u
rn
 
m
o
v
em

en
t 
fr
o
m
 
w
es
tb
o
u
n
d
 
K
am

eh
am

eh
a 

H
ig
h
w
a
y
 t
o
 s
o
u
th
b
o
u
n
d
 K

ah
ek
il
i 
H
ig
h
w
a
y
 i
s 
ex
p
ec
te
d
 t
o
 c
o
n
ti
n
u
e 
to
 o
p
er
at
e 
at
 L
O
S
 

"F
".
 
 
T
h
e 
le
ft
-t
u
rn
 
v
o
lu
m
es
 
o
n
 
w
es
tb
o
u
n
d
 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 
ar
e 
b
el
o
w
 
th
e 

m
in
im

u
m
 t
h
re
sh
o
ld
 v
o
lu
m
es
 t
h
at
 a
re
 r
eq
u
ir
ed
 t
o
 m

ee
t 
th
e 
w
ar
ra
n
ts
 f
o
r 
th
e 
in
st
al
la
ti
o
n
 

o
f 
tr
af
fi
c 
si
g
n
al
s.
 T
h
e 
h
ea
v
y
 l
ef
t-
tu
rn
 d
em

an
d
s 
o
n
 s
o
u
th
b
o
u
n
d
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
 

o
n
ly
 o
cc
u
r 
d
u
ri
n
g
 t
h
e 
ex
is
ti
n
g
 2
-h
o
u
r 
A
M
 p
ea
k
 p
er
io
d
, 
w
h
ic
h
 w

o
u
ld
 n
o
t 
m
ee
t 
tr
af
fi
c 

si
g
n
al
 w

ar
ra
n
ts
. 
A
 m

o
d
er
n
 r
o
u
n
d
ab
o
u
t 
in
te
rs
ec
ti
o
n
 a
ls
o
 h
as
 b
ee
n
 c
o
n
si
d
er
ed
 b
y
 D

O
T
. 
 

H
o
w
ev
er
, 
a 
m
u
lt
i-
la
n
e 
ro
u
n
d
ab
o
u
t 
w
o
u
ld
 b
e 
re
q
u
ir
ed
 t
o
 m

ee
t 
th
e 
tr
af
fi
c 
d
em

an
d
s 
at
 

th
e 
in
te
rs
ec
ti
o
n
. 
 C
u
rr
en
tl
y,
 D

O
T
 r
es
tr
ic
ts
 r
o
u
n
d
ab
o
u
t 
in
te
rs
ec
ti
o
n
s 
o
n
 i
ts
 h
ig
h
w
a
y
s 
to
 

a 
si
n
g
le
 l
an
e 
o
n
 t
h
e 
ci
rc
u
la
r 
ro
ad
w
ay
. 
 F
in
al
ly
, 
a 
le
ft
-t
u
rn
 r
ef
u
g
e 
la
n
e 
o
n
 K

ah
ek
il
i 

H
ig
h
w
a
y
 
w
o
u
ld
 
fa
ci
li
ta
te
 
th
e 
le
ft
-t
u
rn
 
m
o
v
em

en
t 
fr
o
m
 
w
es
tb
o
u
n
d
 
K
am

eh
am

eh
a 

H
ig
h
w
ay
. 
 H

o
w
ev
er
 L
O
S
 "
F
" 
co
n
d
it
io
n
s 
w
o
u
ld
 s
ti
ll
 p
er
si
st
 d
u
ri
n
g
 t
h
e 
ex
is
ti
n
g
 A

M
 

p
ea
k
 h
o
u
r 
o
f 
tr
af
fi
c.
 

T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M
a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
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m
p
a
c
t 
A
n
a
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s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
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B
. 
C
o
n
cl
u
si
o
n
s 

T
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M

as
te
r 
P
la
n
 i
s 
th
e 
fi
rs
t 
ef
fo
rt
 s
in
ce
 t
h
e 

1
9
8
5
 E

IS
 t
o
 r
ed
u
ce
 t
h
e 
o
v
er
al
l 
d
en
si
ty
 o
f 
th
e 
R
es
o
rt
 e
x
p
an
si
o
n
. 
 T
h
e 
o
w
n
er
/d
ev
el
o
p
er
 

T
u
rt
le
 B
a
y
 R
es
o
rt
, 
L
L
C
 h
as
 r
ea
ch
ed
 o
u
t 
to
 t
h
e 
co
m
m
u
n
it
y
 a
n
d
 d
ec
is
io
n
 m

ak
er
s 
to
 c
ra
ft
 a
 

v
ia
b
le
 p
la
n
 f
o
r 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 t
h
at
 a
d
d
re
ss
es
 t
h
e 
co
n
ce
rn
s 
o
f 
th
e 
co
m
m
u
n
it
y.
  
T
h
e 

P
ro
p
o
se
d
 A
ct
io
n
 r
ep
re
se
n
ts
 a
 r
ed
u
ct
io
n
 o
f 
o
v
er
 6
0
 p
er
ce
n
t 
in
 t
h
e 
n
u
m
b
er
 o
f 
u
n
it
s 
th
at
 w
as
 

o
ri
g
in
al
ly
 p
ro
p
o
se
d
 i
n
 t
h
e 
1
9
8
5
 E
IS
 t
h
ro
u
g
h
 t
h
e 
2
0
0
9
 R

ev
is
ed
 T
IA

R
 U

p
d
at
e.
  
U
p
 t
o
 4
0
 

p
er
ce
n
t 
o
f 
th
e 
w
ee
k
en
d
 
tr
af
fi
c 
is
 
ex
p
ec
te
d
 
to
 
b
e 
g
en
er
at
ed
 
b
y
 
re
so
u
rc
es
 
th
at
 
w
il
l 
b
e 

d
ed
ic
at
ed
 
to
 
th
e 
p
u
b
li
c,
 
su
ch
 
as
 
th
e 
b
ea
ch
 
p
ar
k
s,
 
th
e 
fa
rm

er
s 
m
ar
k
et
, 
an
d
 
th
e 
b
ir
d
 

sa
n
ct
u
ar
y
 a
n
d
 w
il
d
li
fe
 r
ef
u
g
e.
 

T
h
is
 t
ra
ff
ic
 s
tu
d
y
 h
as
 c
o
n
si
st
en
tl
y
 t
ak
en
 a
 c
o
n
se
rv
at
iv
e 
ap
p
ro
ac
h
 w

h
en
 e
st
ab
li
sh
in
g
 

th
e 
as
su
m
p
ti
o
n
s 
u
p
o
n
 
w
h
ic
h
 
th
e 
tr
af
fi
c 
im

p
ac
t 
an
al
ys
is
 
is
 
b
as
ed
. 
 
T
h
e 
O
R
T
P
 
tr
av
el
 

fo
re
ca
st
 i
n
cl
u
d
ed
 a
n
 a
d
d
it
io
n
al
 3
0
0
 r
es
o
rt
 u
n
it
s,
 w

h
ic
h
 h
av
e 
n
o
t  
b
ee
n
 c
re
d
it
ed
 i
n
 t
h
is
 

st
u
d
y
’s
 f
o
re
ca
st
 w
it
h
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
. 
 T
h
e 
tr
ip
 g
en
er
at
io
n
 a
n
al
y
si
s 
h
as
 n
o
t 
ta
k
en
 i
n
to
 

ac
co
u
n
t 
th
e 
"c
ri
ti
ca
l 
m
as
s"
 e
ff
ec
t 
o
f 
a 
2
,2
4
3
-u
n
it
 r
es
o
rt
, 
w
h
er
e 
tr
ip
s 
ar
e 
co
n
ta
in
ed
 w

it
h
in
 

th
e 
si
te
 b
y
 a
ct
iv
it
ie
s 
an
d
 o
p
p
o
rt
u
n
it
ie
s 
o
f 
a 
d
es
ti
n
at
io
n
 r
es
o
rt
. 
  

T
h
e 
tw

o
-l
an
e 
ca
p
ac
it
y
 o
f 
K
am

eh
am

eh
a 
H
ig
h
w
ay
 i
s 
ex
p
ec
te
d
 t
o
 a
cc
o
m
m
o
d
at
e 
th
e 

in
cr
ea
se
 i
n
 t
ra
ff
ic
 g
en
er
at
ed
 b
y
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 o
f 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M

as
te
r 
P
la
n
. 
 

T
h
e 
L
O
S
 "
E
" 
co
n
d
it
io
n
s 
d
u
ri
n
g
 t
h
e 
ex
is
ti
n
g
 p
ea
k
 h
o
u
rs
 o
f 
tr
af
fi
c 
p
er
si
st
 t
h
ro
u
g
h
o
u
t 
th
e 

st
u
d
y
 
ar
ea
, 
an
d
 
ar
e 
ex
p
ec
te
d
 
to
 
co
n
ti
n
u
e 
w
it
h
 
o
r 
w
it
h
o
u
t 
th
e 
P
ro
p
o
se
d
 A

ct
io
n
. 
 T

h
e 

ex
is
ti
n
g
 a
n
d
 f
u
tu
re
 L
O
S
 "
E
" 
co
n
d
it
io
n
s,
 w

it
h
 o
r 
w
it
h
o
u
t 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
, 
ar
e 
re
su
lt
s 

o
f 
tr
af
fi
c 
fl
o
w
in
g
 
in
 
p
la
to
o
n
s 
w
it
h
 
fe
w
 
o
p
p
o
rt
u
n
it
ie
s 
to
 
p
as
s 
sl
o
w
-m

o
v
in
g
 
v
eh
ic
le
s,
 

re
su
lt
in
g
 i
n
 r
es
tr
ic
te
d
 s
p
ee
d
s,
 d
u
ri
n
g
 t
h
e 
d
a
y
 a
n
d
 e
ar
ly
 e
v
en
in
g
s.
  
T
h
e 
v
/c
 r
at
io
s 
ar
e 
le
ss
 

th
an
 1
.0
0
 o
n
 K

am
eh
am

eh
a 
H
ig
h
w
a
y
 f
o
r 
al
l 
sc
en
ar
io
s,
 w

h
ic
h
 i
n
d
ic
at
e 
av
ai
la
b
le
 c
ap
ac
it
y
 

o
n
 t
h
e 
tw

o
-l
an
e 
h
ig
h
w
a
y.
  
 

T
ra
ff
ic
 c
o
n
g
es
ti
o
n
 o
n
 t
h
e 
N
o
rt
h
 S
h
o
re
 i
s 
a 
re
su
lt
 o
f 
th
e 
u
n
iq
u
en
es
s 
o
f 
th
e 
re
g
io
n
, 

w
h
ic
h
 
at
tr
ac
ts
 
b
o
th
 
v
is
it
o
rs
 
an
d
 
re
si
d
en
ts
 
al
ik
e.
 
T
h
e 

"b
o
tt
le
n
ec
k
" 

co
n
d
it
io
n
s 

o
n
 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
 
at
 
p
o
p
u
la
r 
b
ea
ch
 
p
ar
k
s 
al
o
n
g
 
th
e 
N
o
rt
h
 
S
h
o
re
 
ar
e 
re
su
lt
s 
o
f 

m
o
to
ri
st
s 

tu
rn
in
g
 
o
n
 
an
d
 
o
ff
 
K
am

eh
am

eh
a 

H
ig
h
w
a
y
 
o
r 
p
ar
k
in
g
 
o
n
 
th
e 

H
ig
h
w
a
y
 

sh
o
u
ld
er
s,
 
an
d
 
p
ed
es
tr
ia
n
s 
w
al
k
in
g
 
ac
ro
ss
 
th
e 
H
ig
h
w
ay
, 
th
er
eb
y
 
cr
ea
ti
n
g
 
st
o
p
-a
n
d
-g
o
 

tr
af
fi
c 
fl
o
w
s.
 
T
h
e 
la
n
d
 
ar
ea
 
fo
r 
ad
d
it
io
n
al
 
p
ar
k
in
g
 
is
 
li
m
it
ed
 
o
n
 
th
e 
m
ak
ai
 
si
d
e 
o
f 

K
am

eh
am

eh
a 

H
ig
h
w
ay
. 
 
T
h
e 

co
n
st
ru
ct
io
n
 
o
f 
p
ar
k
in
g
 
lo
ts
 
o
n
 
th
e 

m
au
k
a 

si
d
e 

o
f 

K
am

eh
am

eh
a 
H
ig
h
w
a
y
 w

il
l 
in
cr
ea
se
 t
h
e 
p
ed
es
tr
ia
n
 t
ra
ff
ic
 a
cr
o
ss
 t
h
e 
H
ig
h
w
ay
. 
 A
 m

au
k
a 

b
y
p
as
s 
h
ig
h
w
a
y
 c
an
 i
n
cr
ea
se
 t
h
e 
sh
o
re
li
n
e 
ar
ea
 t
o
 p
ro
v
id
e 
fo
r 
m
o
re
 p
ar
k
in
g
. 
 H

o
w
ev
er
, 
a 

b
y
p
as
s 
h
ig
h
w
a
y
 w

o
u
ld
 r
eq
u
ir
e 
th
e 
ac
q
u
is
it
io
n
 o
f 
ad
d
it
io
n
al
 r
ig
h
ts
-o
f-
w
ay
. 
 A

d
d
it
io
n
al
 

p
ar
k
in
g
 w

il
l 
u
lt
im

at
el
y
 a
tt
ra
ct
 m

o
re
 t
ra
ff
ic
 t
o
 t
h
e 
ar
ea
. 
T
h
e 
cu
rr
en
t 
si
tu
at
io
n
 i
s 
fu
rt
h
er
 

ex
ac
er
b
at
ed
 b
y
 t
h
e 
w
o
rl
d
 f
am

o
u
s 
b
ig
 w
av
e 
su
rf
in
g
 c
o
m
p
et
it
io
n
s 
d
u
ri
n
g
 t
h
e 
w
in
te
r 
m
o
n
th
s 

an
d
 t
h
e 
p
o
p
u
la
r 
si
g
h
ti
n
g
s 
o
f 
tu
rt
le
s 
su
n
n
in
g
 a
t 
L
an
ia
k
ea
 B
ea
ch
, 
al
l 
o
f 
w
h
ic
h
 c
o
n
tr
ib
u
te
 t
o
 

th
e 
at
tr
ac
ti
o
n
s 
o
n
 t
h
e 
N
o
rt
h
 S
h
o
re
 o
f 
O
ah
u
. 
  



T
u
rt
le
 B
a
y
 R
e
s
o
rt
 M
a
s
te
r 
P
la
n
 

 
 

T
ra
ff
ic
 I
m
p
a
c
t 
A
n
a
ly
s
is
 R
e
p
o
rt
 

 
N
o
v
e
m
b
e
r 
3
, 
2
0
1
2
 

 

 

 
8
0
 

  

 
 

In
 W

in
d
w
ar
d
 O

ah
u
, 
tr
af
fi
c 
co
n
g
es
ti
o
n
 o
cc
u
rs
 i
n
 t
h
e 
sm

al
l 
to
w
n
s 
al
o
n
g
 t
h
e 
co
as
tl
in
e.
  

T
h
e 
sl
o
w
-m

o
v
in
g
 t
ra
ff
ic
 i
s 
ty
p
ic
al
 o
f 
sc
en
ic
 r
o
u
te
s 
as
 l
o
ca
l 
tr
af
fi
c 
m
ix
es
 w

it
h
 v
is
it
o
rs
 

to
u
ri
n
g
 t
h
e 
w
in
d
w
ar
d
 c
o
as
t 
o
f 
O
ah
u
. 
 L
ef
t-
tu
rn
 s
to
ra
g
e 
la
n
es
 a
n
d
 r
ef
u
g
e 
la
n
es
 w
il
l 
re
d
u
ce
 

d
el
a
y
s 
at
 i
n
te
rs
ec
ti
o
n
s.
  
B
u
s 
b
a
y
s 
al
so
 c
an
 r
ed
u
ce
 d
el
a
y
s 
to
 t
h
ro
u
g
h
 t
ra
ff
ic
. 
 T
h
e 
ex
is
ti
n
g
 

co
n
g
es
ti
o
n
 a
t 
th
e 
in
te
rs
ec
ti
o
n
 o
f 
K
am

eh
am

eh
a 
H
ig
h
w
ay
 a
n
d
 K

ah
ek
il
i 
H
ig
h
w
a
y
 o
cc
u
r 
o
n
 

th
e 
re
la
ti
v
el
y
 l
o
w
-v
o
lu
m
e 
le
ft
-t
u
rn
 m

o
v
em

en
t 
fr
o
m
 w
es
tb
o
u
n
d
 K
am

eh
am

eh
a 
H
ig
h
w
a
y
 t
o
 

H
o
n
o
lu
lu
-b
o
u
n
d
 K

ah
ek
il
i 
H
ig
h
w
ay
. 
T
h
e 
ex
is
ti
n
g
 c
o
n
d
it
io
n
s 
ar
e 
so
m
ew

h
at
 m

it
ig
at
ed
 b
y
 

co
u
rt
eo
u
s 
d
ri
v
er
s,
 w

h
o
 p
er
m
it
 t
h
e 
le
ft
-t
u
rn
 m

o
v
em

en
t 
o
n
to
 K

ah
ek
il
i 
H
ig
h
w
ay
, 
an
d
 t
h
e 

o
v
er
al
l 
sl
o
w
-m

o
v
in
g
 t
ra
ff
ic
 a
t 
th
e 
in
te
rs
ec
ti
o
n
. 
 S
ev
er
al
 t
ra
ff
ic
 m

it
ig
at
io
n
 m

ea
su
re
s 
h
av
e 

b
ee
n
 c
o
n
si
d
er
ed
. 
T
h
e 
co
n
st
ru
ct
io
n
 o
f 
a 
le
ft
-t
u
rn
 s
to
ra
g
e 
la
n
e 
an
d
 r
ef
u
g
e 
la
n
e 
ca
n
 r
ed
u
ce
 

d
el
a
y
s,
 
b
u
t 
n
o
t 
en
o
u
g
h
 
th
e 
im

p
ro
v
e 
th
e 
L
ev
el
 
o
f 
S
er
v
ic
e.
 
 A

 
si
n
g
le
-l
an
e 
ro
u
n
d
ab
o
u
t 

in
te
rs
ec
ti
o
n
 l
im

it
s 
th
e 
ca
p
ac
it
y
 o
f 
th
e 
in
te
rs
ec
ti
o
n
. 
 A
 m

u
lt
i-
la
n
e 
ro
u
n
d
ab
o
u
t 
is
 c
u
rr
en
tl
y
 

n
o
t 
p
er
m
it
te
d
 o
n
 S
ta
te
 h
ig
h
w
a
y
s.
  
T
h
e 
ex
is
ti
n
g
 t
ra
ff
ic
 d
em

an
d
s 
d
o
 n
o
t 
m
ee
t 
th
e 
v
o
lu
m
e 

w
ar
ra
n
ts
 f
o
r 
th
e 
in
st
al
la
ti
o
n
 o
f 
tr
af
fi
c 
si
g
n
al
s.
 

U
p
 t
o
 4
0
 p
er
ce
n
t 
o
f 
th
e 
w
ee
k
en
d
 t
ra
ff
ic
 f
ro
m
 t
h
e 
P
ro
p
o
se
d
 A
ct
io
n
 w

il
l 
b
e 
g
en
er
at
ed
 

b
y
 b
en
ef
it
s,
 w

h
ic
h
 w

il
l 
b
e 
p
ro
v
id
ed
 t
o
 t
h
e 
co
m
m
u
n
it
y
 b
y
 T
u
rt
le
 B
a
y
 R
es
o
rt
, 
su
ch
 a
s,
 t
h
e 

b
ea
ch
 p
ar
k
s,
 w

il
d
li
fe
 p
re
se
rv
e,
 a
n
d
 t
h
e 
fa
rm

er
s 
m
ar
k
et
. 
 W

h
il
e 
th
e 
fa
rm

er
s 
m
ar
k
et
 t
ra
ff
ic
 

is
 n
o
t 
ex
p
ec
te
d
 t
o
 e
x
te
n
d
 b
ey
o
n
d
 t
h
e 
st
u
d
y
 a
re
a,
 t
h
e 
b
ea
ch
 p
ar
k
s 
an
d
 w

il
d
li
fe
 p
re
se
rv
e 

co
u
ld
 b
ec
o
m
e 
re
g
io
n
al
 a
tt
ra
ct
io
n
s.
  

A
s 
th
e 
T
u
rt
le
 
B
a
y
 
R
es
o
rt
 
ex
p
an
d
s,
 
T
ra
n
sp
o
rt
at
io
n
 
D
em

an
d
 
M
an
ag
em

en
t 
(T
D
M
) 

m
ea
su
re
s 
ar
e 
ex
p
ec
te
d
 t
o
 b
e 
fo
rm

al
iz
ed
 i
n
to
 a
 p
la
n
 w

h
ic
h
 w

il
l 
b
e 
im

p
le
m
en
te
d
 b
y
 t
h
e 

R
es
o
rt
 m

an
ag
em

en
t.
  
T
h
e 
re
m
o
te
 l
o
ca
ti
o
n
 o
f 
th
e 
R
es
o
rt
, 
w
it
h
 o
n
ly
 t
w
o
 r
o
u
te
s 
to
 a
n
d
 f
ro
m
 

th
e 
R
es
o
rt
, 
p
re
se
n
t 
se
v
er
al
 o
p
p
o
rt
u
n
it
ie
s 
fo
r 
T
D
M
 m

ea
su
re
s,
 w

h
ic
h
 c
an
 b
e 
im

p
le
m
en
te
d
 

to
 p
ro
m
o
te
 a
lt
er
n
at
iv
e 
m
o
d
es
 o
f 
tr
an
sp
o
rt
at
io
n
 a
n
d
 r
ed
u
ce
 t
h
e 
R
es
o
rt
’s
 c
o
n
tr
ib
u
ti
o
n
 t
o
 

tr
af
fi
c 
in
 t
h
e 
re
g
io
n
. 
  

T
u
rt
le
 
B
a
y
 
R
es
o
rt
 
L
L
C
, 
an
d
 
it
s 
co
n
su
lt
an
ts
 
h
av
e 

w
o
rk
ed
 
ex
te
n
si
v
el
y
 
w
it
h
 
th
e 

tr
an
sp
o
rt
at
io
n
 a
g
en
ci
es
 o
f 
th
e 
S
ta
te
 o
f 
H
aw

ai
i 
an
d
 t
h
e 
C
it
y
 a
n
d
 C
o
u
n
ty
 o
f 
H
o
n
o
lu
lu
 i
n
 t
h
e 

p
re
p
ar
at
io
n
 
o
f 
th
is
 
tr
af
fi
c 
im

p
ac
t 
an
al
y
si
s.
 
 
T
h
e 
tr
af
fi
c 
im

p
ro
v
em

en
ts
, 
re
co
m
m
en
d
ed
 

h
er
ei
n
, 
ar
e 
ex
p
ec
te
d
 t
o
 i
m
p
ro
v
e 
th
e 
ca
p
ac
it
y
 o
f 
K
am

eh
am

eh
a 
H
ig
h
w
a
y
 a
t 
th
e 
T
u
rt
le
 B
a
y
 

R
es
o
rt
's
 
ac
ce
ss
 
in
te
rs
ec
ti
o
n
s,
 
an
d
 
m
it
ig
at
e 

th
e 

tr
af
fi
c 

im
p
ac
ts
 
re
su
lt
in
g
 
fr
o
m
 
th
e 

d
ev
el
o
p
m
en
t 
o
f 
th
e 
P
ro
p
o
se
d
 A
ct
io
n
 f
o
r 
th
e 
T
u
rt
le
 B
a
y
 R
es
o
rt
 M

as
te
r 
P
la
n
. 
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w
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i
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n
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u
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n
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n
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i
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E
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P
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D
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1.
0 
 S
UM
MA
RY
 

 T
u
r
t
l
e
 
B
a
y
 
R
e
s
o
r
t
 
i
s
 
p
r
o
p
o
s
i
n
g
 
t
h
e
 
T
u
r
t
l
e
 
B
a
y
 
R
e
s
o
r
t
 
E
x
p
a
n
s
i
o
n
 

P
r
o
j
e
c
t
 
a
t
 
T
u
r
t
l
e
 
B
a
y
,
 
O
a
h
u
.
 
 
A
 
S
u
p
p
l
e
m
e
n
t
a
l
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 

I
m
p
a
c
t
 
S
t
a
t
e
m
e
n
t
 
(
S
E
I
S
)
 
i
s
 
r
e
q
u
i
r
e
d
 
b
e
f
o
r
e
 
t
h
e
 
e
x
p
a
n
s
i
o
n
 
p
r
o
j
e
c
t
 

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

S
E
I
S
.
 

 
T
h
e
 

S
E
I
S
 

r
e
c
o
m
m
e
n
d
s
 

a
 

P
r
o
p
o
s
e
d
 

A
c
t
i
o
n
 

a
n
d
 

t
h
r
e
e
 

a
l
t
e
r
n
a
t
i
v
e
s
.
 
 
T
h
e
 
t
h
r
e
e
 
a
l
t
e
r
n
a
t
i
v
e
s
 
a
r
e
 
r
e
f
e
r
r
e
d
 
t
o
 
a
s
:
 

C
o
n
s
e
r
v
a
t
i
o
n
 
P
a
r
t
n
e
r
 
A
l
t
e
r
n
a
t
i
v
e
,
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
 
a
n
d
 

R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 
A
l
t
e
r
n
a
t
i
v
e
.
 
 
A
s
 
d
i
s
c
u
s
s
e
d
 
i
n
 
t
h
e
 
S
E
I
S
,
 
t
h
e
 

P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
i
s
 
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
 

b
y
 
2
0
2
5
.
 
 
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
 

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

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
.
 

 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
 
g
e
n
e
r
a
l
l
y
 
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
 

a
l
t
h
o
u
g
h
 

t
h
e
 

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

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

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

t
r
a
d
e
 
w
i
n
d
s
.
 
 
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
 
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
8
°
F
 

t
o
 
8
1
°
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
)
 
K
a
h
u
k
u
 
w
e
a
t
h
e
r
 
s
t
a
t
i
o
n
 
i
s
 
4
8
°
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
5
°
F
.
 
 
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
 
4
0
 

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
.
 

 C
u
r
r
e
n
t
l
y
,
 

t
h
e
r
e
 

a
r
e
 

n
o
 

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
i
r
 

m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
s
 
l
o
c
a
t
e
d
 
a
t
 
N
o
r
t
h
 
S
h
o
r
e
 
o
r
 
W
i
n
d
w
a
r
d
 
a
r
e
a
s
 
o
f
 

O
a
h
u
.
 
 
A
l
l
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
l
t
h
 
a
i
r
 
m
o
n
i
t
o
r
i
n
g
 
s
t
a
t
i
o
n
s
 
o
n
 
O
a
h
u
 

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

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

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

l
i
k
e
l
y
 
h
a
v
e
 
b
e
t
t
e
r
 
a
i
r
 
q
u
a
l
i
t
y
.
 

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



   

4
 

 

  

 

  

 
 

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

p
r
o
j
e
c
t
 
a
r
e
a
,
 
a
n
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
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.
 
 
W
i
t
h
 
t
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
o
r
 
a
n
y
 

o
f
 
t
h
e
 
t
h
r
e
e
 
p
r
o
j
e
c
t
 
a
l
t
e
r
n
a
t
i
v
e
s
 
i
n
 
t
h
e
 
y
e
a
r
 
2
0
2
5
,
 
p
r
o
j
e
c
t
-

r
e
l
a
t
e
d
 

t
r
a
f
f
i
c
 

w
o
u
l
d
 

r
e
s
u
l
t
 

i
n
 

h
i
g
h
e
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
 
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
 
a
t
 
s
o
m
e
 

l
o
c
a
t
i
o
n
s
,
 
b
u
t
 
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
 
a
i
r
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.
 
 
T
h
e
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
 

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

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

d
i
f
f
e
r
e
n
c
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
 
f
r
o
m
 
t
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
o
r
 
a
n
y
 
o
f
 
t
h
e
 
t
h
r
e
e
 

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

  2.
0 
 I
NT
RO
DU
CT
IO
N 

 T
u
r
t
l
e
 
B
a
y
 
R
e
s
o
r
t
 
i
s
 
p
r
o
p
o
s
i
n
g
 
t
h
e
 
T
u
r
t
l
e
 
B
a
y
 
R
e
s
o
r
t
 
E
x
p
a
n
s
i
o
n
 

   

5
 

 

  

 

  

 
 

P
r
o
j
e
c
t
 
a
t
 
t
h
e
 
e
x
i
s
t
i
n
g
 
T
u
r
t
l
e
 
B
a
y
 
R
e
s
o
r
t
 
o
n
 
t
h
e
 
i
s
l
a
n
d
 
o
f
 
O
a
h
u
.
 
 

T
h
e
 
p
r
o
j
e
c
t
 
s
i
t
e
 
i
s
 
l
o
c
a
t
e
d
 
a
l
o
n
g
 
t
h
e
 
N
o
r
t
h
 
S
h
o
r
e
 
o
f
 
O
a
h
u
 
a
t
 

T
u
r
t
l
e
 
B
a
y
 
(
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
)
.
 
 
A
 
P
r
o
p
o
s
e
d
 

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

t
h
r
e
e
 
a
l
t
e
r
n
a
t
i
v
e
s
 
a
r
e
 
r
e
f
e
r
r
e
d
 
t
o
 
a
s
:
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
,
 

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

P
a
r
t
n
e
r
 

A
l
t
e
r
n
a
t
i
v
e
 

a
n
d
 

R
e
s
o
r
t
 

R
e
s
i
d
e
n
t
i
a
l
 

A
l
t
e
r
n
a
t
i
v
e
.
 

 
 

T
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
i
n
c
l
u
d
e
s
 
t
w
o
 
n
e
w
 
h
o
t
e
l
s
 
t
o
t
a
l
i
n
g
 
6
2
5
 
u
n
i
t
s
,
 

5
9
0
 
r
e
s
o
r
t
 
r
e
s
i
d
e
n
t
i
a
l
 
u
n
i
t
s
,
 
1
6
0
 
c
o
m
m
u
n
i
t
y
 
h
o
u
s
i
n
g
 
u
n
i
t
s
,
 
7
3
 

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

l
o
w
-
d
e
n
s
i
t
y
 

c
o
m
m
e
r
c
i
a
l
 

a
n
d
 

c
u
l
t
u
r
a
l
 

a
c
t
i
v
i
t
y
 

c
e
n
t
e
r
 

a
n
d
 

r
e
c
o
n
f
i
g
u
r
a
t
i
o
n
 
o
f
 
t
h
e
 
t
w
o
 
e
x
i
s
t
i
n
g
 
g
o
l
f
 
c
o
u
r
s
e
s
 
f
r
o
m
 
3
6
 
h
o
l
e
s
 
t
o
 

2
7
.
 
 
T
h
e
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
 
i
n
c
l
u
d
e
s
 
2
,
5
0
0
 
n
e
w
 
h
o
t
e
l
 

u
n
i
t
s
,
 
9
1
0
 
r
e
s
o
r
t
 
r
e
s
i
d
e
n
t
i
a
l
 
u
n
i
t
s
,
 
a
n
d
 
9
0
 
r
e
s
i
d
e
n
t
i
a
l
 
h
o
u
s
i
n
g
 

u
n
i
t
s
.
 
 
T
h
e
 
C
o
n
s
e
r
v
a
t
i
o
n
 
P
a
r
t
n
e
r
 
A
l
t
e
r
n
a
t
i
v
e
 
p
r
o
p
o
s
e
s
 
4
4
0
 
n
e
w
 

h
o
t
e
l
 
u
n
i
t
s
,
 
2
5
2
 
n
e
w
 
r
e
s
o
r
t
 
r
e
s
i
d
e
n
t
i
a
l
 
u
n
i
t
s
,
 
4
8
 
c
o
m
m
u
n
i
t
y
 

h
o
u
s
i
n
g
 
u
n
i
t
s
 
a
n
d
 
t
h
e
 
c
o
n
v
e
r
s
i
o
n
 
o
f
 
t
h
e
 
e
x
i
s
t
i
n
g
 
F
a
z
i
o
 
G
o
l
f
 
C
o
u
r
s
e
 

t
o
 
o
t
h
e
r
 
u
s
e
s
.
 
 
T
h
e
 
R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 
A
l
t
e
r
n
a
t
i
v
e
 
w
o
u
l
d
 
p
r
o
v
i
d
e
 

f
o
r
 
5
0
0
 
n
e
w
 
r
e
s
i
d
e
n
t
i
a
l
 
u
n
i
t
s
 
a
n
d
 
b
o
t
h
 
e
x
i
s
t
i
n
g
 
1
8
-
h
o
l
e
 
g
o
l
f
 

c
o
u
r
s
e
s
 
w
o
u
l
d
 
b
e
 
r
e
t
a
i
n
e
d
.
 
 
I
t
 
i
s
 
e
x
p
e
c
t
e
d
 
t
h
a
t
 
t
h
e
 
P
r
o
p
o
s
e
d
 

A
c
t
i
o
n
 

o
r
 

o
n
e
 

o
f
 

t
h
e
 

a
l
t
e
r
n
a
t
i
v
e
s
 

w
i
l
l
 

b
e
 

s
e
l
e
c
t
e
d
 

f
o
r
 

d
e
v
e
l
o
p
m
e
n
t
.
 
 
T
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
i
s
 
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
 
b
y
 
2
0
2
5
.
 

 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
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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
.
 
 

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

 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
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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
 

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
 

n
a
t
i
o
n
a
l
 

A
A
Q
S
 

a
r
e
 

r
e
v
i
e
w
e
d
 

p
e
r
i
o
d
i
c
a
l
l
y
,
 

a
n
d
 

m
u
l
t
i
p
l
e
 

r
e
v
i
s
i
o
n
s
 
h
a
v
e
 
o
c
c
u
r
r
e
d
 
o
v
e
r
 
t
h
e
 
p
a
s
t
 
3
0
 
y
e
a
r
s
.
 
 
I
n
 
g
e
n
e
r
a
l
,
 
t
h
e
 

n
a
t
i
o
n
a
l
 
A
A
Q
S
 
h
a
v
e
 
b
e
c
o
m
e
 
m
o
r
e
 
s
t
r
i
n
g
e
n
t
 
w
i
t
h
 
t
h
e
 
p
a
s
s
a
g
e
 
o
f
 

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

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

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

f
o
l
l
o
w
 
r
e
v
i
s
i
o
n
s
 
t
o
 
t
h
e
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
,
 
m
a
k
i
n
g
 
s
e
v
e
r
a
l
 
o
f
 
t
h
e
 



   

8
 

 

  

 

  

 
 

H
a
w
a
i
i
 
A
A
Q
S
 
t
h
e
 
s
a
m
e
 
a
s
 
t
h
e
 
n
a
t
i
o
n
a
l
 
A
A
Q
S
.
 

 4.
0 
 R
EG
IO
NA
L 
AN
D 
LO
CA
L 
CL
IM
AT
OL
OG
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
 
w
i
n
d
w
a
r
d
 
s
i
d
e
 
o
f
 
t
h
e
 
K
o
o
l
a
u
 
M
o
u
n
t
a
i
n
s
 
a
t
 
t
h
e
 

n
o
r
t
h
e
r
n
 
t
i
p
 
o
f
 
O
a
h
u
 
n
e
a
r
 
K
a
h
u
k
u
 
P
o
i
n
t
.
 

 T
h
e
r
e
 
a
r
e
 
n
o
 
p
u
b
l
i
s
h
e
d
 
w
i
n
d
 
d
a
t
a
 
f
o
r
 
t
h
i
s
 
a
r
e
a
 
o
f
 
O
a
h
u
.
 
 
H
o
w
e
v
e
r
,
 

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

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

t
i
m
e
.
 
 
W
i
n
d
 
e
n
e
r
g
y
 
r
e
s
o
u
r
c
e
 
m
a
p
s
 
f
o
r
 
t
h
e
 
K
a
h
u
k
u
 
a
r
e
a
 
[
1
]
 
s
u
g
g
e
s
t
 

t
h
a
t
 
w
i
n
d
 
s
p
e
e
d
s
 
a
r
e
 
f
r
e
q
u
e
n
t
l
y
 
i
n
 
t
h
e
 
u
p
p
e
r
 
r
a
n
g
e
.
 
 
W
i
n
d
s
 
c
a
n
 
b
e
 

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

   

9
 

 

  

 

  

 
 

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

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

p
e
r
s
i
s
t
e
n
t
 
a
n
d
 
m
o
d
e
r
a
t
e
 
t
e
m
p
e
r
a
t
u
r
e
s
.
 
 
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
 
K
a
h
u
k
u
 
w
e
a
t
h
e
r
 
s
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
8
°
F
 
a
n
d
 
8
1
°
F
,
 
r
e
s
p
e
c
t
i
v
e
l
y
 
[
2
]
.
 
 
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
8
°
F
,
 
a
n
d
 
t
h
e
 
e
x
t
r
e
m
e
 
m
a
x
i
m
u
m
 
i
s
 

9
5
°
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
 



   

1
0
 

 

  

 

  

 
 

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
h
u
k
u
 
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
 

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
 
e
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
.
 
 

   

1
1
 

 

  

 

  

 
 

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
 
K
a
h
u
k
u
 
a
r
e
a
 

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

4
0
 
i
n
c
h
e
s
 
w
i
t
h
 
m
o
n
t
h
l
y
 
a
m
o
u
n
t
s
 
o
f
 
a
b
o
u
t
 
4
 
t
o
 
5
 
i
n
c
h
e
s
 
i
n
 
w
i
n
t
e
r
 

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

 5.
0 
 P
RE
SE
NT
 A
IR
 Q
UA
LI
TY
 

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



   

1
2
 

 

  

 

  

 
 

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
.
 

 K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
,
 
w
h
i
c
h
 
p
a
s
s
e
s
 
n
e
a
r
 
t
h
e
 
p
r
o
j
e
c
t
 
a
r
e
a
 
t
o
 
t
h
e
 

s
o
u
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
 
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
 
a
w
a
y
 

f
r
o
m
 
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
.
 

 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
.
 

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

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

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

d
i
s
c
u
s
s
e
d
,
 

b
u
t
 

t
h
i
s
 

d
a
t
a
 

i
s
 

p
r
o
b
a
b
l
y
 

o
n
l
y
 

m
a
r
g
i
n
a
l
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
.
 
 
T
a
b
l
e
 
3
 
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
 
a
t
 
l
e
e
w
a
r
d
 

O
a
h
u
 
l
o
c
a
t
i
o
n
s
 
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
 
2
0
0
6
 
t
h
r
o
u
g
h
 
2
0
1
0
.
 
 
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
.
 

 

   

1
3
 

 

  

 

  

 
 

D
u
r
i
n
g
 
t
h
e
 
2
0
0
6
-
2
0
1
0
 
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
 
0
.
0
0
4
 
t
o
 
0
.
0
1
1
 
p
a
r
t
s
 
p
e
r
 
m
i
l
l
i
o
n
 
(
p
p
m
)
,
 

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
 
0
.
0
0
3
 
t
o
 
0
.
0
0
4
 
p
p
m
.
 
 
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
 
0
.
0
0
1
 
t
o
 
0
.
0
0
2
 
p
p
m
.
 
 
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
.
 
 
D
a
t
a
 
p
e
r
t
a
i
n
i
n
g
 
t
o
 
t
h
e
 
n
e
w
 
1
-
h
o
u
r
 
s
t
a
n
d
a
r
d
 

h
a
v
e
 
n
o
t
 
y
e
t
 
b
e
e
n
 
r
e
p
o
r
t
e
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
 
3
6
 
t
o
 
5
8
 
µ
g
/
m
3
 

b
e
t
w
e
e
n
 
2
0
0
6
 
a
n
d
 
2
0
1
0
.
 
 
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
6
 
t
o
 
1
8
 
µ
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
.
 

 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
 
2
.
5
 
m
i
c
r
o
n
s
 
i
n
 
d
i
a
m
e
t
e
r
 
(
P
M
-
2
.
5
)
 

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
 
h
a
d
 
a
n
n
u
a
l
 
9
8
t
h
 

p
e
r
c
e
n
t
i
l
e
 
2
4
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
r
a
n
g
i
n
g
 
f
r
o
m
 
7
 
t
o
 
2
1
 
µ
g
/
m
3
 
 

b
e
t
w
e
e
n
 
2
0
0
6
 
a
n
d
 
2
0
1
0
.
 
 
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
 
4
 
t
o
 
6
 
µ
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
.
 

  



   

1
4
 

 

  

 

  

 
 

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
 
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
.
9
 
t
o
 
2
.
6
 
p
p
m
.
 
 
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
.
7
 
t
o
 
1
.
2
 
p
p
m
.
 
 
T
h
e
s
e
 
v
a
l
u
e
s
 

a
r
e
 
w
e
l
l
 
w
i
t
h
i
n
 
t
h
e
 
s
t
a
n
d
a
r
d
s
,
 
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
 

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
 
0
.
0
0
3
 
t
o
 
0
.
0
0
5
 
p
p
m
,
 

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
.
 
 
T
h
e
 
f
o
u
r
t
h
-
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
 
(
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
 
s
t
a
n
d
a
r
d
)
 
f
o
r
 
t
h
e
 
p
e
r
i
o
d
 
2
0
0
6
 
t
h
r
o
u
g
h
 
2
0
1
0
 

r
a
n
g
e
d
 
b
e
t
w
e
e
n
 
0
.
0
3
3
 
a
n
d
 
0
.
0
4
8
 
p
p
m
,
 
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
.
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I
t
 
i
s
 
p
r
o
b
a
b
l
e
 
t
h
a
t
 
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
 
m
e
a
s
u
r
e
d
 
a
t
 

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

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

a
r
e
a
.
 

 
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
 
s
p
e
c
i
f
i
c
 
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
HO
RT
-T
ER
M 
IM
PA
CT
S 
OF
 P
RO
JE
CT
 

 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
.
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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
 
[
3
]
 
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
 

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
 
[
4
]
 
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
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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
 

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
 
a
n
n
u
a
l
 
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
 

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
.
 

 
A
l
s
o
,
 

t
h
e
 

n
e
w
 

s
h
o
r
t
-
t
e
r
m
 

(
1
-
h
o
u
r
)
 

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
 
b
a
s
e
d
 
o
n
 
a
 
t
h
r
e
e
-
y
e
a
r
 
a
v
e
r
a
g
e
;
 
t
h
u
s
 
i
t
 
i
s
 

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

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



   

1
8
 

 

  

 

  

 
 

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
ON
G-
TE
RM
 I
MP
AC
TS
 O
F 
PR
OJ
EC
T 

 7.
1 
 R
oa
dw
ay
 T
ra
ff
ic
 

 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
.
 

 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
d
 
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
.
 
 
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
,
 
a
n
d
 
t
h
e
s
e
 
b
e
g
a
n
 
t
o
 
t
a
k
e
 

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

   

1
9
 

 

  

 

  

 
 

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
 
2
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
,
 
s
i
x
 
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
1
2
 
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
5
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
,
 
(
3
)
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
 

C
o
n
s
e
r
v
a
t
i
o
n
 
P
a
r
t
n
e
r
 
A
l
t
e
r
n
a
t
i
v
e
,
 
(
4
)
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
 

F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
,
 
(
5
)
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 
t
h
e
 
P
r
o
p
o
s
e
d
 

A
c
t
i
o
n
,
 
a
n
d
 
(
6
)
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
 
R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 

A
l
t
e
r
n
a
t
i
v
e
.
 
 
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
 
s
i
x
 
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
 



   

2
0
 

 

  

 

  

 
 

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
,
 
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
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
t
 
K
u
i
l
i
m
a
 
D
r
i
v
e
 

• 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
t
 
M
a
r
c
o
n
i
 
R
o
a
d
 

• 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
t
 
K
a
i
h
a
l
u
l
u
 
D
r
i
v
e
 
(
t
h
e
 
p
r
o
j
e
c
t
’
s
 
n
e
w
 

l
a
t
e
r
a
l
 
r
o
a
d
w
a
y
)
 

 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
 
[
5
]
 
d
e
s
c
r
i
b
e
s
 
t
h
e
 

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

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
.
 

 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
 
w
e
e
k
d
a
y
 
m
o
r
n
i
n
g
,
 
w
e
e
k
d
a
y
 
a
f
t
e
r
n
o
o
n
 
a
n
d
 
S
a
t
u
r
d
a
y
 
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
 

   

2
1
 

 

  

 

  

 
 

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
.
2
 
[
6
]
 
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
.
2
 
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
 
3
3
.
2
%
 
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
,
 
5
3
.
9
%
 
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
.
6
%
 
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
.
5
%
 
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
.
 
 
T
h
i
s
 
r
e
f
l
e
c
t
s
 
t
h
e
 
n
a
t
i
o
n
w
i
d
e
 
t
r
e
n
d
 
o
f
 

d
r
i
v
e
r
 
p
r
e
f
e
r
e
n
c
e
s
 
i
n
 
m
o
t
o
r
 
v
e
h
i
c
l
e
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
.
2
 

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
.
 

 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
.
2
,
 
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
 
[
7
]
 



   

2
2
 

 

  

 

  

 
 

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
 
[
8
]
 
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
 

[
9
]
 

m
a
y
 

b
e
 

u
s
e
d
.
 

 
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
 
i
n
 
t
h
e
 
1
9
9
0
’
s
 
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
,
 
b
u
t
 
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
d
 
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
.
 
 
F
o
r
 
t
h
e
 
p
a
s
t
 
s
e
v
e
r
a
l
 
y
e
a
r
s
,
 
C
A
L
3
Q
H
C
 
h
a
s
 
b
e
e
n
 
u
s
e
d
 

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
 

n
e
a
r
 

r
o
a
d
w
a
y
 

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

   

2
3
 

 

  

 

  

 
 

(
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
t
 
K
u
i
l
i
m
a
 
D
r
i
v
e
 
a
n
d
 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
t
 

M
a
r
c
o
n
i
 
R
o
a
d
)
 
a
r
e
 
u
n
s
i
g
n
a
l
i
z
e
d
.
 
 
F
o
r
 
t
h
e
 
f
u
t
u
r
e
 
w
i
t
h
o
u
t
 
p
r
o
j
e
c
t
 

s
c
e
n
a
r
i
o
,
 

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
e
s
e
 

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

f
u
t
u
r
e
 
s
c
e
n
a
r
i
o
s
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
,
 
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
e
s
e
 

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

a
s
 

w
e
l
l
 

a
s
 

a
 

n
e
w
 

i
n
t
e
r
s
e
c
t
i
o
n
 
a
t
 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
n
d
 
K
a
i
h
a
l
u
l
u
 
D
r
i
v
e
,
 
w
e
r
e
 

a
s
s
u
m
e
d
 
t
o
 
b
e
c
o
m
e
 
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
.
2
 
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
.
 

 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
 
s
c
e
n
a
r
i
o
s
.
 
 
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
.
 



   

2
4
 

 

  

 

  

 
 

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
 
w
e
e
k
d
a
y
 

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
 
w
e
e
k
d
a
y
 
a
n
d
 
S
a
t
u
r
d
a
y
 
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
 
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
1
2
.
 
 
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
 
d
u
r
i
n
g
 
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
.
 

 

   

2
5
 

 

  

 

  

 
 

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
 
4
 
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
 
s
i
x
 
s
c
e
n
a
r
i
o
s
:
 
 
y
e
a
r
 
2
0
1
2
 
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
5
 
w
i
t
h
o
u
t
 
t
h
e
 
p
r
o
j
e
c
t
,
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 
t
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
,
 
y
e
a
r
 

2
0
2
5
 
w
i
t
h
 
t
h
e
 
p
r
o
j
e
c
t
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
,
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 

t
h
e
 
p
r
o
j
e
c
t
 
C
o
n
s
e
r
v
a
t
i
o
n
 
P
a
r
t
n
e
r
 
A
l
t
e
r
n
a
t
i
v
e
 
a
n
d
 
y
e
a
r
 
2
0
2
5
 
w
i
t
h
 

t
h
e
 
p
r
o
j
e
c
t
 
R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 
A
l
t
e
r
n
a
t
i
v
e
.
 
 
T
h
e
 
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
1
2
)
 

c
a
s
e
 
w
a
s
 
1
.
7
 
p
p
m
.
 
 
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
 
b
o
t
h
 
t
h
e
 

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

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

D
r
i
v
e
.
 
 
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
 

1
.
3
 
p
p
m
 
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
1
2
 
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
 
3
5
 

p
p
m
 
a
n
d
 
t
h
e
 
s
t
a
t
e
 
s
t
a
n
d
a
r
d
 
o
f
 
9
 
p
p
m
.
 

 I
n
 
t
h
e
 
y
e
a
r
 
2
0
2
5
 
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
 

S
a
t
u
r
d
a
y
 
p
e
a
k
 
t
r
a
f
f
i
c
 
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
m
e
h
a
m
e
h
a
 



   

2
6
 

 

  

 

  

 
 

H
i
g
h
w
a
y
 
a
n
d
 
K
u
i
l
i
m
a
 
D
r
i
v
e
.
 
 
A
 
v
a
l
u
e
 
o
f
 
1
.
8
 
p
p
m
 
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
5
 
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
.
0
 
a
n
d
 
1
.
6
 
p
p
m
.
 
 
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
 
g
e
n
e
r
a
l
l
y
 
r
e
m
a
i
n
e
d
 
a
b
o
u
t
 
t
h
e
 
s
a
m
e
,
 

a
n
d
 
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
e
l
l
 
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
.
 

 I
n
 
t
h
e
 
y
e
a
r
 
2
0
2
5
,
 
t
h
e
 
f
u
l
l
 
b
u
i
l
d
-
o
u
t
 
a
l
t
e
r
n
a
t
i
v
e
 
w
a
s
 
p
r
e
d
i
c
t
e
d
 
t
o
 

r
e
s
u
l
t
 
i
n
 
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
.
 
 
T
h
i
s
 
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
 
w
e
e
k
d
a
y
 
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
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
n
d
 
K
u
i
l
i
m
a
 
D
r
i
v
e
 
w
i
t
h
 
a
 
v
a
l
u
e
 
o
f
 
3
.
1
 
p
p
m
.
 
 

O
t
h
e
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
f
o
r
 
t
h
i
s
 
a
l
t
e
r
n
a
t
i
v
e
 
r
a
n
g
e
d
 
b
e
t
w
e
e
n
 
2
.
0
 
a
n
d
 

2
.
9
 
p
p
m
.
 
 
T
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
a
n
d
 
o
t
h
e
r
 
p
r
o
j
e
c
t
 
a
l
t
e
r
n
a
t
i
v
e
s
 

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

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

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

 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
 

   

2
7
 

 

  

 

  

 
 

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
 
[
1
0
]
 

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
1
]
 
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
2
]
 

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
 
5
.
 
 
F
o
r
 
t
h
e
 
2
0
1
2
 
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
w
o
 

l
o
c
a
t
i
o
n
s
 
s
t
u
d
i
e
d
 
w
e
r
e
 
0
.
6
 
p
p
m
 
a
t
 
t
h
e
 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
/
M
a
r
c
o
n
i
 

R
o
a
d
 
i
n
t
e
r
s
e
c
t
i
o
n
 
a
n
d
 
0
.
8
 
p
p
m
 
a
t
 
t
h
e
 
K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
/
K
u
i
l
i
m
a
 

D
r
i
v
e
 
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
 
4
.
4
 
p
p
m
 

a
n
d
 
t
h
e
 
n
a
t
i
o
n
a
l
 
l
i
m
i
t
 
o
f
 
9
 
p
p
m
.
 

 F
o
r
 

t
h
e
 

y
e
a
r
 

2
0
2
5
 

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
.
6
 
a
n
d
 
0
.
9
 
p
p
m
,
 
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
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
n
d
 
K
u
i
l
i
m
a
 
D
r
i
v
e
.
 
 

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
.
 

 



   

2
8
 

 

  

 

  

 
 

 F
o
r
 
t
h
e
 
2
0
2
5
 
w
i
t
h
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
o
r
 
a
l
t
e
r
n
a
t
i
v
e
s
,
 
w
o
r
s
t
-
c
a
s
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
 
i
n
c
r
e
a
s
e
 
s
o
m
e
w
h
a
t
 
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
.
 
 
A
t
 
t
h
e
 
t
h
r
e
e
 
i
n
t
e
r
s
e
c
t
i
o
n
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
 
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
.
0
 
t
o
 
1
.
6
 
p
p
m
 

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

K
a
m
e
h
a
m
e
h
a
 
H
i
g
h
w
a
y
 
a
n
d
 
K
a
i
h
a
l
u
l
u
 
D
r
i
v
e
 
i
n
 
t
h
e
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 

A
l
t
e
r
n
a
t
i
v
e
.
 

 
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
e
 

P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
a
n
d
 
a
l
t
e
r
n
a
t
i
v
e
s
 
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
.
 

  

   

2
9
 

 

  

 

  

 
 

7.
2 
 E
le
ct
ri
ca
l 
De
ma
nd
 

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

o
f
 
t
h
e
 
P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
a
n
d
 
a
l
t
e
r
n
a
t
i
v
e
s
 
a
r
e
 
s
h
o
w
n
 
i
n
 
T
a
b
l
e
 
6
.
 
 

T
h
e
 
h
i
g
h
e
s
t
 
e
l
e
c
t
r
i
c
a
l
 
d
e
m
a
n
d
,
 
1
0
7
 
m
i
l
l
i
o
n
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
 
p
e
r
 

y
e
a
r
,
 
w
o
u
l
d
 
o
c
c
u
r
 
w
i
t
h
 
t
h
e
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
,
 
w
h
i
l
e
 
t
h
e
 

R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 
A
l
t
e
r
n
a
t
i
v
e
 
w
o
u
l
d
 
h
a
v
e
 
t
h
e
 
l
e
a
s
t
 
a
t
 
3
1
 

m
i
l
l
i
o
n
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
 
p
e
r
 
y
e
a
r
.
 
 
E
l
e
c
t
r
i
c
a
l
 
p
o
w
e
r
 
f
o
r
 
t
h
e
 

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

b
e
i
n
g
 
d
e
v
e
l
o
p
e
d
.
 
 
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
 
A
c
t
i
o
n
,
 
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
 
m
a
y
 
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
 
m
a
y
 
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
.
 
 
T
a
b
l
e
 
7
 
p
r
e
s
e
n
t
s
 
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
p
o
s
e
d
 

A
c
t
i
o
n
’
s
 
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
 
F
u
l
l
 
B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
 
w
o
u
l
d
 
h
a
v
e
 
t
h
e
 

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

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

r
e
s
u
l
t
 
i
n
 
r
e
l
a
t
i
v
e
l
y
 
s
m
a
l
l
 
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
.
 
 
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
 
t
h
e
 
e
l
e
c
t
r
i
c
a
l
 



   

3
0
 

 

  

 

  

 
 

d
e
m
a
n
d
 
a
m
o
u
n
t
s
 
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
.
 

 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
 
A
c
t
i
o
n
 
o
r
 
a
l
t
e
r
n
a
t
i
v
e
s
 
i
s
 

n
o
t
 
e
x
p
e
c
t
e
d
 
t
o
 
e
x
c
e
e
d
 
t
h
e
 
a
m
o
u
n
t
s
 
i
n
d
i
c
a
t
e
d
 
i
n
 
T
a
b
l
e
 
8
.
 
 
A
s
 

i
n
d
i
c
a
t
e
d
 
i
n
 
t
h
e
 
t
a
b
l
e
,
 
t
h
e
 
e
s
t
i
m
a
t
e
d
 
a
m
o
u
n
t
s
 
a
s
s
u
m
e
 
7
0
 
p
e
r
c
e
n
t
 

r
e
c
y
c
l
i
n
g
/
r
e
u
s
e
 
d
i
v
e
r
s
i
o
n
.
 
 
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
 
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
 
m
a
y
 
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
 
9
 
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
 
2
.
 
 
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
.
 
 
T
h
e
 
e
m
i
s
s
i
o
n
s
 
f
r
o
m
 
t
h
e
 

P
r
o
p
o
s
e
d
 
A
c
t
i
o
n
 
o
r
 
a
l
t
e
r
n
a
t
i
v
e
s
 
a
r
e
 
r
e
l
a
t
i
v
e
l
y
 
s
m
a
l
l
.
 
 
T
h
e
 
F
u
l
l
 

B
u
i
l
d
-
O
u
t
 
A
l
t
e
r
n
a
t
i
v
e
 
w
o
u
l
d
 
r
e
s
u
l
t
 
i
n
 
t
h
e
 
m
o
s
t
 
e
m
i
s
s
i
o
n
s
 
a
n
d
 
t
h
e
 

R
e
s
o
r
t
 
R
e
s
i
d
e
n
t
i
a
l
 
A
l
t
e
r
n
a
t
i
v
e
 
t
h
e
 
l
e
a
s
t
.
 

 8.
0 
 C
ON
CL
US
IO
NS
 A
ND
 R
EC
OM
ME
ND
AT
IO
NS
 

 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
 

   

3
1
 

 

  

 

  

 
 

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
 

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
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Total Driver Definition 

Count Col % 
TBR hotel/condo TBR visitor TBR condo 

resident Employee Others 

Count Col % Count Col % Count Col % Count Col % Count Col % 

  

Waialua 29 1.2% 4 0.5% 10 0.9% 1 0.9% 14 5.3%   
Haleiwa 202 8.6% 69 8.9% 84 7.3% 13 11.6% 32 12.1% 4 6.3% 
Laniakea to Waimea bay 34 1.4% 18 2.3% 12 1.0% 2 1.8% 2 0.8%   
Three Tables beach to Kawela Beach 289 12.2% 81 10.5% 129 11.2% 19 17.0% 54 20.4% 6 9.5% 
Kahuku 165 7.0% 61 7.9% 51 4.4% 13 11.6% 31 11.7% 9 14.3% 
Laie 214 9.1% 67 8.7% 99 8.6% 22 19.6% 25 9.4% 1 1.6% 
Hauula 83 3.5% 10 1.3% 34 3.0% 2 1.8% 34 12.8% 3 4.8% 
Kaaawa 13 0.6% 5 0.6% 5 0.4% 1 0.9% 2 0.8%   
Windward 141 6.0% 34 4.4% 89 7.7% 4 3.6% 7 2.6% 7 11.1% 
East Honolulu 20 0.8% 4 0.5% 13 1.1% 2 1.8% 1 0.4%   
Honolulu 728 30.8% 267 34.6% 405 35.2% 10 8.9% 25 9.4% 21 33.3% 
Central Oahu 164 6.9% 36 4.7% 100 8.7% 4 3.6% 22 8.3% 2 3.2% 
Leeward Oahu 141 6.0% 22 2.9% 99 8.6% 6 5.4% 6 2.3% 8 12.7% 
Other 138 5.8% 93 12.1% 20 1.7% 13 11.6% 10 3.8% 2 3.2% 

Total 2,361 100.0% 771 100.0% 1,150 100.0% 112 100.0% 265 100.0% 63 100.0% 
SMS,Inc. (Turtle Bay 2011) 
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Total Driver Description 

Count Col % 
TBR hotel/condo TBR visitor TBR condo 

resident Employee Others 

Count Col % Count Col % Count Col % Count Col % Count Col % 
  Waialua 38 1.8% 4 0.5% 9 1.1%   24 7.1% 1 1.6% 

Haleiwa 221 10.5% 97 11.7% 63 8.0% 8 9.3% 48 14.2% 5 8.2% 
Laniakea to Waimea bay 19 0.9% 8 1.0% 9 1.1%   2 0.6%   
Three Tables beach to Kawela Beach 257 12.2% 100 12.0% 97 12.4% 11 12.8% 46 13.6% 3 4.9% 
Kahuku 175 8.3% 46 5.5% 44 5.6% 13 15.1% 67 19.8% 5 8.2% 
Laie 233 11.1% 97 11.7% 68 8.7% 15 17.4% 48 14.2% 5 8.2% 
Hauula 58 2.8% 11 1.3% 25 3.2% 1 1.2% 21 6.2%   
Kaaawa 18 0.9% 5 0.6% 4 0.5%   9 2.7%   
Windward 130 6.2% 34 4.1% 75 9.6% 4 4.7% 12 3.5% 5 8.2% 
East Honolulu 18 0.9% 3 0.4% 11 1.4% 1 1.2% 2 0.6% 1 1.6% 
Honolulu 468 22.3% 193 23.2% 240 30.6% 4 4.7% 16 4.7% 15 24.6% 
Central Oahu 126 6.0% 38 4.6% 56 7.1% 2 2.3% 26 7.7% 4 6.6% 
Leeward Oahu 99 4.7% 22 2.6% 55 7.0%   11 3.2% 11 18.0% 
Other 151 7.2% 113 13.6% 18 2.3% 14 16.3% 2 0.6% 4 6.6% 
Unknown 92 4.4% 61 7.3% 11 1.4% 13 15.1% 5 1.5% 2 3.3% 

Total 2,103 100.0% 832 100.0% 785 100.0% 86 100.0% 339 100.0% 61 100.0% 

SMS,Inc. (Turtle Bay 2011) 
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CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %
Waialua301.3%33.3%  33.2%11.8%    42.5%  10.7%  10.6%10.9%
Haleiwa2078.7%44.4%25.7%44.2%712.5%94.6%617.1%127.5%25.1%159.9%45.6%158.4%65.6%
Laniakea to 
Waimea bay

341.4%        10.5%  31.9%12.6%21.3%22.8%  10.9%

Three Tables 
beach to Kawela 
Beach

29412.3%2224.4%720.0%1616.8%1017.9%2010.2%25.7%1811.3%410.3%1711.2%1419.4%1910.7%98.3%

Kahuku1666.9%77.8%  1010.5%  136.6%12.9%138.1%12.6%149.2%79.7%158.4%65.6%
Laie2169.0%1011.1%514.3%99.5%58.9%2110.7%411.4%74.4%512.8%127.9%79.7%2614.6%98.3%
Hauula843.5%66.7%411.4%66.3%  63.1%617.1%31.9%12.6%63.9%  42.2%43.7%
Kaaawa140.6%22.2%        12.9%10.6%  10.7%11.4%10.6%10.9%
Windward1425.9%44.4%514.3%33.2%35.4%136.6%25.7%116.9%512.8%74.6%56.9%169.0%1211.1%
East Honolulu190.8%22.2%  11.1%23.6%31.5%  21.3%  10.7%  10.6%10.9%
Honolulu73730.8%1314.4%38.6%1920.0%1628.6%5930.1%720.0%5836.3%1128.2%5234.2%2129.2%5631.5%3835.2%
Central Oahu1656.9%88.9%514.3%99.5%814.3%2613.3%12.9%106.3%410.3%32.0%22.8%105.6%65.6%
Leeward Oahu1425.9%88.9%38.6%77.4%47.1%147.1%411.4%116.9%37.7%127.9%56.9%84.5%76.5%
Other1395.8%11.1%12.9%88.4%  115.6%12.9%74.4%25.1%95.9%45.6%63.4%76.5%

2,389100.0%90100.0%35100.0%95100.0%56100.0%196100.0%35100.0%160100.0%39100.0%152100.0%72100.0%178100.0%108100.0%

WeekdayWeekendWeekdayWeekendWeekdayWeekend
Weekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs Weekend

WeekdayWeekendWeekdayWeekendWeekdayWeekend
 

Total

CountCol %

8am - 9am
Weekday vs Weekend

Start Time
9am - 10am10am - 11am11am - 12pm12pm - 1pm1pm - 2pm

Weekday vs Weekend

CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %
Waialua31.6%11.4%21.0%33.6%10.9%11.3%11.0%22.5%    23.3%  
Haleiwa94.9%810.8%209.8%78.4%119.8%67.5%1616.0%56.2%1515.5%47.3%1423.0%614.6%
Laniakea to 
Waimea bay

52.7%11.4%31.5%22.4%21.8%11.3%22.0%22.5%11.0%23.6%23.3%12.4%

Three Tables 
beach to Kawela 
Beach

2111.4%79.5%209.8%89.6%108.9%1417.5%1414.0%56.2%1616.5%1120.0%34.9%717.1%

Kahuku179.2%68.1%157.4%11.2%87.1%67.5%88.0%33.7%66.2%35.5%46.6%24.9%
Laie126.5%22.7%209.8%22.4%108.9%22.5%1111.0%33.7%1313.4%712.7%1016.4%49.8%
Hauula158.1%34.1%10.5%11.2%32.7%22.5%44.0%  22.1%11.8%34.9%37.3%
Kaaawa21.1%    11.2%    11.0%  11.0%  11.6%  
Windward73.8%45.4%104.9%67.2%54.5%22.5%77.0%56.2%44.1%35.5%11.6%24.9%
East Honolulu  11.4%21.0%11.2%  11.3%  11.2%        
Honolulu6535.1%2837.8%7637.3%3036.1%3632.1%2430.0%2323.0%3948.1%2626.8%1221.8%1727.9%819.5%
Central Oahu158.1%34.1%157.4%56.0%98.0%78.8%44.0%56.2%44.1%47.3%11.6%12.4%
Leeward Oahu73.8%34.1%83.9%78.4%87.1%810.0%33.0%22.5%33.1%59.1%11.6%12.4%
Other73.8%79.5%125.9%910.8%98.0%67.5%66.0%911.1%66.2%35.5%23.3%614.6%

185100.0%74100.0%204100.0%83100.0%112100.0%80100.0%100100.0%81100.0%97100.0%55100.0%61100.0%41100.0%

 

Total

2pm - 3pm3pm - 4pm4pm - 5pm5pm - 6pm6pm - 7pm7pm - 8pm
Weekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs Weekend

WeekdayWeekendWeekdayWeekendWeekdayWeekendWeekdayWeekendWeekdayWeekendWeekdayWeekend

Start Time
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CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %
Waialua381.8%            31.8%  10.5%  31.3%  
Haleiwa22310.5%78.0%33.4%65.2%21.7%117.5%  148.2%21.2%2010.8%42.2%146.1%41.7%
Laniakea to 
Waimea bay

190.9%  11.1%10.9%      42.3%  21.1%      

Three Tables 
beach to Kawela 
Beach

25712.1%1416.1%44.6%1714.7%21.7%138.9%10.7%158.8%42.3%105.4%73.8%2711.7%10.4%

Kahuku1768.3%33.4%  21.7%10.9%96.2%21.4%158.8%21.2%137.0%52.7%2912.6%31.3%
Laie23511.1%66.9%11.1%86.9%32.6%106.8%42.7%169.4%31.8%137.0%21.1%177.4%62.6%
Hauula582.7%    10.9%  32.1%  21.2%10.6%21.1%10.5%62.6%  
Kaaawa190.9%    10.9%  32.1%10.7%    10.5%  10.4%  
Windward1326.2%11.1%33.4%54.3%21.7%53.4%  95.3%10.6%52.7%42.2%135.6%20.9%
East Honolulu190.9%33.4%  21.7%  10.7%  10.6%10.6%21.1%  10.4%10.4%
Honolulu47522.4%1921.8%33.4%2723.3%76.0%3322.6%32.1%3822.2%63.5%3518.8%105.4%3515.2%156.5%
Central Oahu1265.9%33.4%  32.6%21.7%74.8%10.7%74.1%  10.5%31.6%125.2%41.7%
Leeward Oahu994.7%11.1%  10.9%  53.4%  42.3%21.2%105.4%42.2%93.9%31.3%
Other1517.1%89.2%33.4%1311.2%65.2%2013.7%53.4%116.4%31.8%115.9%52.7%73.0%62.6%
Unknown944.4%33.4%11.1%32.6%10.9%74.8%21.4%74.1%  115.9%42.2%114.8%10.4%

2,121100.0%6878.2%1921.8%9077.6%2622.4%12787.0%1913.0%14685.4%2514.6%13773.7%4926.3%18580.1%4619.9%

WeekendWeekdayWeekend

Start Time

Weekday vs Weekend
WeekdayWeekendWeekdayWeekendWeekdayWeekendWeekdayWeekendWeekday

9am - 10am10am - 11am11am - 12pm12pm - 1pm1pm - 2pm
Weekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs Weekend

 

Total

CountCol %

8am - 9am

CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %CountCol %
Waialua10.4%  31.1%10.4%62.7%31.3%52.7%  42.6%42.6%33.1%11.0%
Haleiwa208.2%83.3%279.6%62.1%146.3%62.7%147.5%21.1%1711.2%32.0%1717.5%22.1%
Laniakea to 
Waimea bay

20.8%  10.4%31.1%20.9%  10.5%  21.3%      

Three Tables 
beach to Kawela 
Beach

2711.0%31.2%217.5%41.4%219.4%104.5%105.4%94.8%117.2%127.9%99.3%55.2%

Kahuku93.7%41.6%207.1%51.8%125.4%125.4%94.8%10.5%117.2%21.3%55.2%22.1%
Laie187.3%62.4%2810.0%93.2%198.5%83.6%2111.3%105.4%159.9%10.7%1010.3%11.0%
Hauula20.8%31.2%72.5%20.7%94.0%31.3%21.1%21.1%53.3%10.7%33.1%33.1%
Kaaawa20.8%20.8%31.1%  20.9%20.9%10.5%          
Windward72.9%72.9%124.3%186.4%20.9%52.2%168.6%21.1%53.3%53.3%22.1%11.0%
East Honolulu10.4%10.4%10.4%    10.4%  10.5%  10.7%11.0%  
Honolulu4217.1%2610.6%3211.4%258.9%2310.3%219.4%2513.4%115.9%106.6%1610.5%1010.3%33.1%
Central Oahu114.5%72.9%72.5%82.9%156.7%52.2%73.8%73.8%63.9%21.3%77.2%11.0%
Leeward Oahu135.3%41.6%103.6%72.5%62.7%52.2%21.1%73.8%32.0%  22.1%11.0%
Other72.9%62.4%72.5%20.7%31.3%31.3%84.3%63.2%42.6%32.0%11.0%33.1%
Unknown52.0%10.4%82.9%31.1%20.9%41.8%63.2%10.5%74.6%21.3%33.1%11.0%

16768.2%7831.8%18766.8%9333.2%13660.7%8839.3%12768.3%5931.7%10065.8%5234.2%7375.3%2424.7%

WeekendWeekdayWeekendWeekdayWeekend

Start Time

WeekendWeekdayWeekendWeekdayWeekendWeekday

Total

2pm - 3pm3pm - 4pm4pm - 5pm5pm - 6pm6pm - 7pm
Weekday vs WeekendWeekday vs WeekendWeekday vs WeekendWeekday vs Weekend

 

7pm - 8pm
Weekday vs WeekendWeekday vs Weekend

Weekday
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Appendix A:  Survey Instrument 
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