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PROPOSED ZONES OF MIXING
IN COASTAL WATERS OF KAUAt
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I NTRODUCTI ON

This memorandum report pertains to proposals to establish a number
of zones of mixing in the coastal waters of Kauai in order to accommo
date certain discharges of Kekaha Sugar Co., Gay and Robinson, Olokele
Sugar Co., Kauai Electric Co., McBryde Sugar Co., Grove Farm Co., Lihue
Plantation Co., Kauai County, and Kilauea Sugar Co., described in a
notice of public hearings to be held August 24, 25, and 26 in Lihue, Kauai.
The proposals have been made and the hearings have been scheduled pur
suant to provisions in the State Water Quality Standards (Department of
Health, Public Health Regulations, Chapt. 36 A, 1968).

The State Water Quality Standards were developed on the basis of
public hearings held during 1966 and 1967, at which were presented
such meager data as was available on water quality and waste discharges,
and in which members of the staff of the Water Resources Research
Center participated.

A special WRRC study of "Estuarine Pollution in the State of Hawaii",
Water Resources Research Center Tech. Rept. 31, vol. 1, 1970, made
possible by the support of the Federal Water Pollution Control Adminis
tration, included a summary of all information on pollution of the
estuaries of Kauai, several of which are in or adjacent to proposed
zones of mixing. Earlier proposals for zones of mixing in Honolulu
Harbor and Kapalarna Canal, Oahu, have been reviewed by members of the
Center's staff in WRRC Memorandum Report 22 and statements were presented
at the public hearings concerning these proposals and a proposal for a
zone of mixing in Maui.

Of the authors of this report, Cox, a former resident of Kauai,
has been involved in extensive work on the geology and hydrology of
Kauai and some work on the oceanography of its coastal waters. Kay,
also a former resident of the island, has been involved in extensive
work on the coastal ecology of the island. Burbank has been engaged in
the determlnatl0n of waste water strengths and their effects upnn dis~

charge in coastal waters of Hawaii. This report has been reviewed by
other concerned members of the staff of the Water Resources Research
Center. However, any conclusions and recommendations in the report
concerning the establishment of the proposed zones of mixing must be
ga~r~aeaas_t'h:ose_of-tt-s-auth-ors-a_I-one-.-Neith-e-rtrre-WRRe-

University as institutions have any direct responsibility for adminis
trative determinations under the Water Quality Standards.
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WATER QUALITY CONTROL, PERMITS, AND STANDARDS

The power of the State to control the quality of the waters of
the State is delegated to the Director of Health in Chapter 321, Section
16 of Hawaii Revised Statutes, from which the following quotations are
pertinent:

"To the extent and insofar as their sanitary or physical condition
affects or may affect the public health, safety, or welfare, the
director of health may ... control all waters of the state or the
disposal' of any: .. sewage, garbage, feculentinatter, offal, filth,
refuse, any animal mineral, or vegetable matter or substance, or any
liquid, gaseous, or solid substance ,into any waters of the State as
will or is likely to create a nuisance or render such waters harmful
or detrimental or injurious to public health, safety, or welfare ...
In connection therewith the director may appoint a master ... to con
duct investigations and to hold hearings. In order to effectuate a
comprehensive program ... such master .•. shall divide such waters
into areas and shall recommend standards of water quality for such
waters according to their present and future best uses. Upon adoption
of the recommendations by the director, it shall be unlawful for any
person, including a public body, to use such waters for the disposal
of above listed matter or ,substance without first securing approval
in writing from the director."

Implici t in some of the testimony submitt,ed in support of the pro
,posals for the establishment of zones of mixing in the coastal waters
of Kauai, as well as those considered earlier for the coastal waters
of other islands, is the assumption that zones of mixing are the only
means of accommodating the discharge of wastes that result in variances
from the usual tolerance limits for pollution parameters set in the
Water Quality Standards, Chapter 37-A of the Public Health Regulations.
This assumption is not supported by the Regulations. Within Chapter
37-A itself there is no direct provision for enforcement, but rather,
in Section 1, reference to the enforcement provisions of Chapter 37
through the following language: "The standards adopted, herein set
forth shall be the standards of water quality for the purposes of
Chapter 37, Public Health Regulations, Department of Health, State of
Hawaii, and shall be enforced and administered as provided therein."

___---'T'-=-h=-=e~IJertinent IJart of ChaRter 37 is its Section 3, "Permits
Required''': "It shall be unlawful for any person to do anyone of the
following without a permit issued in accordance with the provisions
of this Chapter:

"(a) To' discharge any wastes 'into any waters of the State so as
to reduce the quality of the water below the standards of water quality
adopted for such waters by Chapter 37-A;

"(b) "
The requirements for application for and issuance of permits are
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then set forth in Section 4 and 5 respectively of Chapter 37. Section
3 clearly exempts from consideration as unlawful behavior any discharges
covered by a permit, even if they result in variances from the water
quality standards. No zones of mixing need be established to make
lawful a discharge covered by a permit.

It is not clear whether or not a permit is necessary for a dis
charge if a zone of mixing has been established that adequately covers
the variances from the standard pollutant tolerances caused by that
discharge. .The citation in Chapter 37 Section 3 above quoted, " ...
the standards of water quality adopted for such waters by Chapter 37-A",
would seem to refer to the whole of'Chapter 37-A, which indeed is titled
"Water Quality Standards". Included within this Chapter are the provi
sions for zones of mixing in Section 4 and 7, the latter specifying
that such zones may be established: "Upon the application of any per
son requesting that a portion of the water areas meeting the basic
standards .•. be zoned for the assimilation of agricultural, municipal,
and industrial discharges ... ", and the former specifying that: "It
is the objective of [these] limited [zones] to provide for a current
realistic means of control over such discharges and at the same time
achieve the highest attainable level of water quality." (Without ref
erence to any need for permits). These zones of mixing are thus
special zon~s in which the tolerance limits for pollution parameters
that are normal to the class of waters involved are waived, and
special tolerance limits are presumably established that will not be
exceeded by the discharges to be accommodated.

The language of Chapter 37 Section 3 might conceivably, however,
be held to refer solely to Section 6 of Chapter 37-A, which is also
titled "Water Quality Standards" and which does not include the provi
sion for zones of mixing. In this case it is not clear why any dis
chargers would ever take the trouble to apply for a zone of mlxlng.
The most significant difference between the granting of a permit and
the establishment of a zone of mixing is that the permit must be
limited to a period not to exceed 5 years whereas a zone of mixing is
not limited as to duration. This difference is of advantage to the
discharger in a zone of mixing only if he does not have to apply for,
and risk denial of, a permit. Hence, it seems probable that a zone
of mixing alone, without a permit, is sufficient license for a
discharge.

There is a further distinction between a permit and a zone of
-ng-i-n-t;-h-a-t-t;-he-:f0TmeT-aflfl-1-i-e-s~o_t_he___d±s-cha-rge-i-t-se-lf-wh 

latter applies to the receiving waters. Either, however, may be used
to accommodate a discharge, and the most important distinction is that
pertaining to the time limit and necessity to renew a permit in the
case of a continuing discharge. The establishment of a zone of mixing
is, thus, a much more important action, and one which should not be
undertaken unless it is clear that the long term welfare of the
community is served by it.
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As previously expressed with regard to zones of mixing proposed inHonolulu Harbor and Kapa1ama Canal, Oahu (Water Resources Research CenterMemo. Rept. 22, 1970), there are five important considerations inestablishing a zone of mixing that are implied but not set forth explicitly in the Water Quality regulations:

1) that, with an application for th~.establishment of a zoneof mixing,. information must be submitted whereby the
pertinent economic,ecological, and esthetic effectsmay be analyzed. .

2) that, to determine the appropriateness of establishing
a zone of mixture, there must be such an analysis.

3) that in such an analysis, the overall public interest
should be considered, including demonstrably practicablepotential uses as well as current uses of the waters.

4) that, in a zone of mixing, special tolerance limits maybe set for some pollutants whose mixing is to be accommodated,whereas for other pollutants the normal limits for the
water class in question will pertain.

5) that a suitable monitoring program may be required for thecontinuance of a zone of mixing.

In the case of zones of mixing proposed to accommodate futuredischarges, it is clear that the responsibility for such studies asare necessary to define the effects of the discharge should rest primarily with the applicant. In the case of zones of mixing intended toaccommodate discharges that were begun long before the establishmentof the present Water Quality Standards, the responsibility is not soclear. The case may be made that, if the State has drastically changedthe conditions under which discharges may be made, the State shouldreasonably share in and perhaps even provide the major share of suchstudies as are necessary to determine the effects of those discharges.

Unless and until thorough analysis based on adequate informationcan be made, a zone of mixing should not be established, but appropriate existing discharges may be accommodated by permit.
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APPLICATIONS FOR ZONES OF
MIXING AND DISCHARGES

TO BE ACCOMMODATED

Applications for the establishment of zones of mixing in the
coastal waters of Kauai have been made by one public and nine
private agencies. Fifteen separate zones of mixing are involved whose
intent it is to accommodate a total of 40 discharges identified in
Table 1. Some of these discharges 'are actually muttiple, so that the
total in reality probably exc~edsS.Q!,

Chapter 37-A Section 7 of the Public Health Regulations require
that an application for a zone of mixing "shall be made on forms
furnished by the Director and shall contain the information required
therein". It is of interest that the applications to be considered
follow two different formats: Those of Kauai Electric Co. and
Kauai County are titled "Application for permit for waste discharge
outlet and/or for zone of mixing", as are applications by McBryde
Sugar Co. for mill-waste discharge and for a tail-water discharge
at Kukuiula. Those of Kekaha Sugar Co., Gay and Robinson, Grove
Farm Co., Kilauea Sugar Co. are titled "Application for zone of mixing"
as is McBryde Sugar Co. for a general zone of mixing for tail water
inclusive of that at Kukuiula.

The two formats differ in the information required as shown by
Table 2, and an apparent editorial flaw in the form for application
for permit and/or zone of mixing results in a failure to solicit
discharging flow and quality information in the case of the untreated
wastes for which such information is most vital. Several applicants
have tried to escape the limitations of the forms and provided addi
tional useful information beyond what is strictly required.

This report is based not only on information in the applications
but on such additional information as is readily at hand, including
some of the testimony to be presented at the hearings, but has not
involved an exhaustive information search or field research developing
new information.



T
ab

le
l.

A
p

p
li

ca
ti

o
n

s
fo

r
Z

on
es

o
f

M
ix

in
g

in
K

au
ai

C
o

as
ta

l
W

at
er

s

C
o

as
ta

l
R

at
e

o
f

Z
on

e
o

f
M

ix
in

g
W

at
er

T
yp

e
of

.
D

is
ch

ar
ge

L
en

gt
h

W
id

th
D

at
e

o
f

A
p

p
li

ca
n

t
*

L
oc

at
io

n
C

la
ss

D
is

ch
ar

ge
m

ea
n(

m
gd

).
(f

t)
(f

t)
A

p
p

li
ca

ti
o

n
F

ig
ur

e

K
ek

ah
a

S
ug

ar
Co

(1
)

~
o
h
i
l
i

A
D

ra
in

ag
e

w
at

er
14

J30
,0

00
6,

00
0

7
A

ug
19

69
1

2
"

"
"

(2
)

W
ai

el
i

A
"

"
55

3
G

ay
&

R
ob

in
so

n
(1

)
M

ak
aw

el
i

A
T

ai
l

w
at

er
0

.0
2

7
1

1
"

"
"

(2
)

"
A

"
"

0.
02

7
.

"
"

"
(3

)
"

A
"

"
0.

02
7

"
"

"
(4

)
"

A
"

"
0

.5
11

,0
00

5,
30

0
19

A
ug

19
69

4
"

"
"

(5
)

"
A

T
ai

l
w

at
er

in
st

re
am

0
.0

5
'

"
"

"
(6

)
M

ah
in

au
li

A
T

ai
l

w
at

er
0.

00
5
j

"
"

"
(7

)
I

"
A

"
"

0.
02

7
01

ok
e1

e
S

ug
ar

Co
(1

)
K

au
m

ak
an

i
A

T
ai

l
w

at
er

0
.4

"
"

"
(2

)
"

A
"

"
0

.4
"

"
"

(3
)

"
-A

M
il

l
w

at
er

1
"

"
"

(4
)

"
A

T
ai

l
w

at
er

0
.4

~
13

,6
00

5,
30

0
19

A
ug

19
69

5
"

"
"

(5
)

"
A

"
"

0
.4

"
"

"
(6

)
"

A
."

"
0

.4
"

"
"

(7
)

"
A

M
il

l
w

at
er

1
.8

"
"

"
(8

)
"

A
T

ai
l

w
at

er
0

.4
K

au
ai

E
le

c
tr

ic
Co

~
o
r
t

A
ll

en
A

C
oo

li
ng

w
at

er
10

?
?

22
A

ug
-

19
69

6
M

cB
ry

de
S

ug
ar

Co
(1

)
~
o
r
t

A
ll

en
A

T
ai

l
w

at
er

?
1

J
1

"
"

"
(2

)
W

ah
ia

w
a

A
"

"
?

?
?

19
70

?
"

"
"

(3
)

I
"

A
"

"
(3

)
?

I
"

"
"

(4
)

"
A

"
"

?
6

M
il

l
w

at
er

?
19

A
ug

19
70

~
"

"
"

(5
)

I
"

A
T

ai
l

w
at

er
(3

)
?

1
"

"
"

(6
)

"
A

"
"

(3
)

?
:;

i
"

"
"

(7
)

K
al

ah
eo

A
"

"
(3

)
?

I

t7
"

"
"

(8
)

"
A

"
"

?
35

,0
00

3,
00

0
i I

?
"

"
"

(9
)

"
A

"
"

?
(

.
?

19
70

?
"

"
"

(1
0)

"
A

"
"

?
"

"
"

(1
1

)
aw

ai
A

"
"

?
j

"
"

"
(1

2
)

"
A

"
"

?
{

1
9

A
ug

19
69

,
?

?
19

70
?

0
'\

*
N

um
be

rs
co

rr
es

po
nd

to
th

b
se

in
ac

co
m

pa
ny

in
g

fi
g

u
re

s
b

u
t

n
o

t
th

o
se

i1
o

ri
g

in
al

ap
p

li
ca

ti
o

n
s.



T
ab

le
l.

A
p

p
li

ca
ti

o
n

s
fo

r
IZ

on
es

o
f

M
ix

in
g

in
K

au
ai

c
o
a
s
:
:
,
:
.
,
~
~
t
e
r
s

(c
o

n
ti

n
u

ed
)

C
o

as
ta

l
R

at
e

o
f

Z
on

e
o

f
M

ix
in

g
W

at
er

T
yp

e
o

f
D

is
ch

ar
ge

L
en

gt
h

W
id

th
D

at
e

o
f

A
p

p
li

ca
n

t
*

I
L

o
ca

ti
o

n
,

C
la

ss
D

is
ch

ar
ge

m
ea

n
(n

ig
d)

,
e
ft

)
e
ft

)
A

p
p

li
ca

ti
o

n
F

ig
u

re

G
ro

ve
Fa

rm
Co

21
A

ug
19

69
8

~
a
w
a
i
l
o
a

B
ay

A
T

ai
l

w
at

er
0

.5
3,

00
0

1,
50

0
L

ih
ue

P
la

n
ta

ti
o

n
Co

(1
)

K
al

ap
ak

i-
A

T
ai

l
w

at
er

(s
ev

er
al

?)
}

7
17

,0
00

2,
00

0
?

?
19

69
?

9
J

H
an

am
au

1\
1

M
il

l
w

at
er

"
"

"
(2

)
,a

na
m

au
1u

A
T

ai
l

w
at

er
1

50
0

50
0

?
?

1
9

6
9

?
J

"
"

"
(3

)
~
a
w
a
i
1
o
a

D
ra

in
A

T
ai

l
w

at
er

in
.d

ra
in

1
50

0
50

0
?

?
19

69
?

10

K
au

ai
C

ou
nt

y
~
a
i
l
u
a

.
A

2
n

d
ry

-t
re

at
ed

se
w

ag
e

0
.0

6
?

?
?

?
19

69
?

L
ih

ue
P

la
n

ta
ti

o
n

Co
(4

)
W

ai
ak

ea
C

an
al

A
T

ai
l

w
at

er
in

ca
n

al
5

60
0

50
0

?
?

19
69

?
}

11
I

"
"

"
(5

)
~
a
p
a
a

S
tr

ea
m

A
"

"
in

st
re

am
5

60
0

50
0

?
?

19
69

"
"

"
(6

)
~
a
m
a
1
o
m
a
1
o
o

A
"

"
(s

ev
er

a!
?)

5
14

,0
00

50
0

?
?

19
69

?
12

"
"

"
(7

)
~
a
p
a
a

A
T

a
il

w
at

er
in

st
re

am
1

50
0

50
0

?
?

19
69

?
13

K
il

au
ea

S
ug

ar
Co

~
a
u
a
p
e
a

B
e
a
~
h

A
M

il
l

w
at

er
5

27
,0

00
2,

60
0

19
A

ug
19

69
14

*
N

um
be

rs
co

rr
es

p
o

n
d

to
th

o
se

in
ac

co
m

pa
ny

in
g

fi
g

u
re

s
b

u
t

n
o

t
th

o
se

in
\o

ri
g

in
a
l

ap
p

li
ca

ti
o

n
s.

~



Information

Table 2. Key to information on
application forms for zones of mixing

Application for
permit for

waste discharge
and/or for

zone of mixing

8

Application
for zone
of mixing

Inclusion of applicability to zone
of mixing

Applicant identification and address
Applicant's representative
Location of zone of mixing
Water classification in zone of mixing
Uses of water in zone of mixing
Location of discharge
Suitability of discharge location
Type of discharge
Inclusiveness of discharge
Treatment of discharge
Schedule for future treatment
Capacity of discharge
Flow characteristics of discharge
Quality characteristics of discharge
Depth at discharge
Currents at discharge
Winds at discharge
Assurance of dispersion of effluent
Effects of discharge on receiving

waters
Assurance of no unreasonable

interferences in zone of mixing
Assurance of no effects outside zone

of mixing

E
A

C

B
G

F
H, 1*

N
K*

D, L*
J*, L*

M

1
1
2
3
5
6

4

11

7

8
9

10
12

13

15

16

*An instruction in question H indicates that, if the waste water isdischarged without treatment other than screening or comminution,information items I, J, and K are not__to_he_supp-~ied,-heRee-ne
·nformation will be supplied on the character of the discharge or onits flow rate.
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ECOLOGICAL NOTES ON ZONES OF MIXING

The zones of mixing proposed for Kauai coastal waters have an
aggregate length of more than 30 miles of the island's 113 mile
coastline. The total area involved is over 12,000 acres, nearly
20 square miles. As may be seen in Figure 1, the decisions whether
or not to establish these proposed zones are actions that affect a
very large part of the coastal waters of Kauai.

The productivity of Kauai's shorelines (bait and other inshore
fisheries and shellfish) and the diversity of those shorelines which
is one of its principal visitor attractions are in large part due to
the communities of marine animals and plants which live in the island's
offshore waters. In great measure these biotic associations are
coral communities of one type or another such as fringing or subtidal
reef. Twelve of the points of discharge enumerated are directly
located in areas designated on the topographical map of Kauai as
fringing reef. There is no inventory of Kauai's subtidal reefs but
the occurrence of extensive deposits of calcareous sand along its
shorelines suggests that offshore coral communities are in all pro
bability considerable, and it must be anticipated that many of the
discharge points will also be into or near these communities.

As is discussed in detail later in this report, the discharges
involve a variety of water types and substances: water both low in
salinity and higher in temperature than ambient sea temperatures,
sediments, colloids, nutrients and pesticides. Many of these are
well-documented as inimical to coral growth. A major cause of
coral destruction historically seems to be exposure to brackish,
silt-laden water. In studies of Hawaiian corals, eight out of 15
species survived less than a week in seawater diluted by one-quarter
with freshwater; exposure to freshwater for 30 minutes killed most
species; and coral planulae apparently do not settle or grow at
reduced salinities (Edmondson, C. H. 1928, Bishop Mus. Bull. 45;
1929, Bishop Mus. Bull. 58). In Kaneohe Bay, Oahu, fine, clay-sized
terrigenous. sediments have apparently killed many of the corals in
the south end of the bay (Bathen, K. H. 1968, HIMB Tech. Rpt. 14), and
a very common species of Hawaiian coral, Porites oompressa, is apparently
one of the most sensitive of all corals to sedimentation (Edmondson, C.
H. 1928, Bishop Mus. Bull. 45). Changes in temperature, especially
increasing temperatures also affect cor..a.Lc_oJlllIlunities_._Iro.pi.cal
organisms characteristically live at temperatures only a few degrees
below their lethal temperatures: 11 out of 13 species of Hawaiian
corals survived less than 24 hours at 32°C, a temperature of only
5 - 6° higher than ambient summer water temperatures (Edmondson, C. H.
1929, Bishop Mus. Bull. 58), and the larvae of the single Hawaiian
mollusk studied with respect to temperatures (Taylor, J. B., unpublished).
Finally, both changes in nutrient concentration and the addition of
pesticides and/or herbicides to seawater affect marine communities,
excessive nitrates and phosphates resulting in algal blooms (Johannes,
R. E., unpublished) and pesticides and herbicides tending to sterilize
the environment, reducing normal species diversity and hence community
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stability.

Years of discharge and land run-off necessitated by Kauai's agri
cultural economy and the dependence of i-s population on technological
developments may have already permanently affected some areas of the
island's shorelines. Beaches and basalt benches now are or have been
in the past strewn with trash (especially Kalihiwai, Anini, Kealia,
Hanamaulu, and Kekaha); there are at least two areas of apparent coral
kill (Anini and Nohili); and two bays (Wahiawa and Kukuiula) are
sufficiently turbid and discolored as a result of land run-off that
they are neither esthetically pleasing nor productive. The extent of
the effects of these superficially observable shoreline alterations
on offshore communities has not been assessed, but they may be far
from minimal. It has been suggested, for example, that while increases
in turbidity may not appear to affect shallow water coral communities,
they can be expected to reduce coral and plant growth increasingly
with depth because of the dependence of both coral and algae on light
penetration (Johannes, R. E., unpublished). The Burm and Morris (1970,
5th Internat. Conf. on Water Pollution Research, Honolulu) report of
extensive bottom siltation and severe depression of the growth of
coral, sponges and benthic algae as well as lesser numbers of fish in
mill waste outfall areas for both McBryde Sugar Co. and Olokele Sugar
Co. is therefore indicative of far more extensive changes in marine
communities offshore than might be anticipated from shoreline observa
tion. Of concern for the future is the realization that it cannot be
taken for granted that even with the cessation of industrially-associated
discharges will coral communities now destroyed ever replace themselves.

While the effects of specific pollutants on coral communities
and marine environments in general are well documented, the effects of
topography, current patterns, and wave action which can ameliorate
or enhance pollutant action are neither documented nor predictable
from available information for any of the points of discharge requested
for Kauai coastal waters. It is obviously neither economically feasible
nor justifiable to require detailed studies of topography and current
patterns for each of the discharge areas at this juncture. Adherence
to a number of recommendations which are detailed in later sections of
this report, however, should make it possible to minimize many of the
adverse ecological effects which might otherwise be expected to result
from the requested discharges.

Within the next decade increasing utilization of island shorelines
for food production, recreation, housing, harbor development, etc. can
be expected to result in even greater alteration of the marine communities
in our coastal waters than have been effected by a heretofore predominantly
agricultural economy. The development of an inventory of Hawaiian coastal
waters, detailing topography, current patterns, wave action, and marine
communities, is, therefore strongly recommended, if we are to insure the
continued productivity and diversity of our shorelines.
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TREATED SEWAGE EFFLUENT

At the present time there are two major sewage treatment
plants in operation on Kauai. These are the Lihue community
sewage treatment plant and the Wailua community sewage treatment
plant. An industrial waste outfall at Kapaa has been constructed
but not yet put into use.

The Lihue waste treatment plant was originally built to handle
0.1 MGD flow but has since increased in size by 0.4 MGD to handle
0.5 MGD total flow. The discharge of the waste from this secondary
sewage treatment plant flows into the mill ditch of Lihue Plantation
Company which ultimately discharges to the sea over the cliff near
Kamilo Point between Nawiliwili Harbor and Ahukini Camp. The dis
charges are very difficult to trace particularly after they discharge
into the plantation's ditch. There is no evidence of their effect
upon the ocean although in the past the mill water discharge has
resulted in a discolored area offshore. In the survey of coastal
waters of the island of Kauai in July 1969 there was evidence of
such discharge in elevated coliform counts in the Ahukini district.

The Kapaa industrial waste is now discharged into the Moikeha
drainage canal and thence to the ocean (Water Resources Research Center
Tech. Rept. 31, Vol. 1). This discharge results in elevated coliform
counts and higher than normal values of nitrogen and phosphorous, as
detected in the July 1969 survey of the coast of Kauai by the Ultra~ar

Chemical Company for the State of Hawaii, Department of Health.

The effluent from the sewage treatment plant at Wailua is the
only sewage, treated or untreated, for whose accommodation a zone
of mixing is proposed. This plant provides primary and secondary
treatment for sewage from the Wailua hotel complex. It is designed
for an ultimate capacity of 750,000 gpd, but its present average load
is only 56,000 gpd. The effluent is discharged to the ocean through
a IS-inch outfall extending 670 feet to sea, terminating in a diffuser
consisting of one 6-inch and six 4-inch ports at a depth of 30 feet.
Provision has been made in the design for possible future extension
to a total length of 870 feet.

The effluent from the Wailua treatment plant is known to be
high in nitrates and phosphates, but analyses of sea water samples
taken near the outfall show only slight departures from the norm.
No study of ecological effects of the present discharge and no
ana-l-ysrs-of-the-pro-bab-l-e--effe-cts-o-f-the-fu-I-l-=s-ca-l-e;-di-s-crrar-g-e-s-e-em--r-o
have been made. Until analysis can be made of the environmental
effects of the full-scale discharge, it would be better to accommodate
the discharge by permit than by establishment of a zone of mixing.
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COOLING WATER

The only cooling water discharge for which a zone of mixture
is sought is that from the Kauai Electric Co. power plant at Port
Allen (Figure 6). This water is salt water drawn from wells. The
maximum flow is reported to be 10 mgd. and the temperature is reported
to be 93°F, maximum, at one point in the line. The temperature after
the water cascades down a cliff and into the ocean is not reported,
nor are temperatures in the ocean surrounding.

A small amount of sewage from the power plant is apparently
injected into the cooling water discharge (Kauai Electric letter to
Health Dept., 29 July 1970), but it is difficult to see how this
small amount could account for the analyses reported of total phos
phate 0.35 ppm (equivalent to 0.15 mg/l phosphorus); and nitrate
9.0 ppm (equivalent to 2.0 mg/l nitrogen). The phosphorus and
nitrogen concentrations if correct, are 6 times and 13 times the
respective tolerances for Class A water set in the Water Quality
standards. The BOD analysis reported is of no consequence, but the
oxygen content of salt water drawn from wells is often low, and
that of the Port Allen discharge should be checked. For the same
reason, the salinity also should be checked.

It is not clear why the sewage from the power plant is discharged
with the cooling water instead of into the sanitary sewer system
serving the rest of Port Allen. Such rerouting would eliminate any
objections to the cooling water discharge based on sanitary considera
tions, which do not seem to be noted in the application.

It is not unlikely that the effects of the discharge of cooling
water would be minimal if the sewage were routed elsewhere, even if
the cooling water were deficient in oxygen and salinity as suspected
may be the case, but before a zone of mixing is established there
should be a much more systematic description of the field of disper
sion and the effects of the alterations in water quality than has
yet been demonstrated. In the meantime the discharge could readily
be accommodated by issuance of a permit. .
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DRAINAGE WATER

The only drainage water discharges for whose accommodation zones
of mixture have specifically been proposed are the two discharges of
Kekaha Sugar Co. at Nohili and at Waieli (Figures 2 &3). The water
discharged includes excess irrigation water, waste artesian well
water, natural ground-water seepage, and storm runoff. The excess
irrigation water, which is derived partly from surface streams and
partly from wells on and immediately back of the coastal plain,
reaches the drainage canals partly by way of surface overflows but
mostly by way of seepage through the coastal plain sediments. Accord
ing to the application, the average discharges from the Nohili and
Waieli drains, 14 mgd, and 55 mgd respectively, must be increased by
20 mgd and 50 mgd respectively, for periods of one to two weeks during
and after kona storms to take care of the storm runoff.

In 1910, at the time of the first topographic survey of Kauai,
there was a channel from the original coastal-plain swamps through
the beach to the ocean at Waieli. This appears, however, to have
been a dredged channel, and it is probable that the only original
natural discharge from the swamps to the ocean was by ground-water
seepage. At. any rate, the present discharges represent concentrations
of discharge of water a great deal fresher and richer in nutrients and
sediments than any that originally reached the ocean in the vicinity,
and probably varying in other respects as well.

The pollution control measures in effect, as described in the
application for a zone of mixing, consist essentially of settlement,
which must remove most of the sediment that would otherwise be dis
charged, as claimed, and perhaps some of the phosphate, but do not
otherwise alter the quality of the water. Considering the flow rates
to be accommodated, additional treatment would be expensive far
beyond the usual range of treatment of agricultural waste water dis
charges. It is doubtful, however, that the ecological effects are
as negligible as the application suggests, the esthetic effects are .
certainly obvious at times, and the s.ani tary effects 'deserve checking.

The most obvious effects are the turbidity and color which result
from the discharge. These are not only readily visible but the colloids
responsible must eventually settle, and their locus of deposition and
ecological effects have not been determined. The colloidsL~Y the
way, must originate in major part from erosion on lands leased by the
plantation, contrary to the impression given in the application,
although the rates of erosion in the fields of the plantation may even
be less than natural rates.

The nutrient concentration certainly cannot have no ecological
effects, as the application claims, some low concentrations of herbi
cide seem likely to be present but have not been reported, and even
the low salinity must be of some ecological consequence. Casual
examinations of the coral in the vicinity of the Nohili discharge
appears to indicate both growth stimulation and subsequent die-off,
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but the relation of the changes to the discharge is unknown.

The current pattern in the vicinity of the discharges as described
in the application agrees with that observed by Laevastu and others
(Hawaii Inst. of Geophysics HIG-64-l, 1964) although Chamberlain
(Hawaii Inst. of Geophysics HIG-65-6, 1965) found only a northward set
in the vicinity of Nohili. Aerial observations in the early afternoon
of 18 August 1970 indicated a convergence off Nohili marked by float
ing trash of unknown origin.

No analyses of the field of dispersion of turbidity, nutrients,
salinity deficiency, or other pollution indicators have been provided
to justify the large area proposed for the zone of mixing. It is quite
probable that the dimensions required for the zone required to reduce
concentration anomalies to tolerated limits vary considerably from
pollutant to pollutant.

Certainly cessation of the discharge of drainage water at Nohili
and Waieli would have severe economic effects. During the past few
decades there has been considerable reduction in the waste of artesian
well water and some further reduction might still be achieved, but
the effects on the total discharge of drainage water would probably
be slight. It is unlikely that any reasonable treatment would greatly
alter the quality of the water discharged.

It seems quite probable that the drainage water discharges cause
considerable variance from the water quality standards in the coastal
waters. There has as yet, however, been no definition of the variances
caused, and no adequate discussion of the ecological effects of the
variances and the economic and esthetic consequences. The discharges
could be accommodated as by the issuance of permits, for a period
great as 5 years during which their consequences could better be de
fined, and such an accommodation is recommended in place of the more
permanent action of establishment of a zone of mixing.
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IRRIGATION TAIL WATER

As shown by table 1 and the figures accompanying this report,
11 separate zones of mixing have been proposed wholly or partially to
accommodate the discharge of tail water from the irrigation of sugar 
cane fields. In the applications for these zones of mixing or in
accompanying maps 33 tail water discharges have been identified, but
some of these discharges probably involve more than one point of dis
charge, so that in total at least 40 and perhaps more than 50 dis
charge points must be involved.

The discharges reach the ocean variously by natural perennial
streams, natural intermittent streams, artificial drains with
perennial discharge, and points of discharge unrelated to any other
natural or artificial drainage. In addition to the discharges
identified as tail water in Table 1, the major Kekaha drainage water
discharges at Nohili and Waieli include some tail water.

The individual tail water discharges are probably all small,
and the flow rates appearing in the applications and in Table 1
are probably to some extent misleading. The flows listed for
Lihue Plant~tion Co. discharges 3 (figure 10), 4, and 5 (figure 11),
for example, are probably total flows of the drains and streams
through which the tail water is discharged rather than the tail water
flows themselves. In fact, the applications for zones of mixing for
these particular discharges formally refer to Class 2 surface waters
rather than Class A coastal waters, although if the portions of the
drains and streams into which the discharges are made are tidal, they
are properly included in the Class A coastal waters by the Water
Quality Standards~ The Grove Farm discharge is described at Kawailoa
Bay (figure 8), but aerial observation on 18 August 1970 suggests that
the discharge is located instead in the next bay to the southeast at
the point of outlet of the Kapunakea Spring (at Waiopili Heiau) and
hence mixed with the discharge of the spring and storm drainage as
well. In the case of other tail water discharges, it is not clear
whether the average flow figures shown in the applications are
averages only over periods when the discharge is occurring.

The tail waters may introduce into the ocean nitrates, phosphates,
soil, herbicides, BOD or oxygen deficiency, and possibly trash, in
~-.ddLtiQn __t_o_a_de£ici_enq· iIl-salini-ty-.--The~con~ent-I'atieTIs--of-the-va-r-i

potential pollutants probably vary greatly from discharge to discharge.
There is very little information in the applications on the water
quality of the various discharges, but it probably varies considerably,
not only from discharge to discharge but in some of the discharges
from time to time. Similarly the ecological effects are likely to
vary greatly. The water quality in the Waiakea Canal (Lihue Plantation
No.5) (figure 11) fails to meet the standards for Class A waters by
reason of bacterial concentration (Water Resources Research Center
Tech. Rept. 31, 1970) which has nothing to do with the tail water dis
charge through the canal, and there may be similar problems with the
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water of Kapaa Stream and possibly other perennial streams and'drains.

In the course of the last few of decades there has probably been
some general decrease in tail water discharge as a result of attempts
to increase irrigation efficiency, and in the applications there is
an indication of attempts to reduce objectionable effects, as in the
creation of sediment traps at several discharge points and in the
rerouting of McBryde discharge no. 12 (figure 7) to avoid Kukuiula
Harbor.

The number of discharge sites is so great and the rates of dis
charge of both water and pollutant~ so small at anyone site, that
thorough study of the flow and quality of the discharge, the field
of dispersal, and the ecological and esthetic effects at each indivi
dual site is probably unwarranted. However, some of the zones of
mixing applied for are very extensive. Of the eleven zones of mixing
proposed to accommodate tail water discharges, 5 exceed 100 acres in
area. Those of these larger zones are proposed to accommodate mill
waste water as well as irrigation tail water discharges.

Before any action is taken on the establishment of these zones
of mixing, which would be without time limit, it would seem essential
that the general character of the discharges in relation to the
standards, the general limits of the fields of dispersal, and the
general ecological and esthetic effects be determined by a much
greater density of sampling and range of analyses than seem to have
been utilized to date, and that detailed studies be made in any
areas of special ecological sensitivity or esthetic importance.
In the meantime the discharges could be permitted by time-limited
permits.
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MILL WASTE WATER

As indicated by the applications for zones of mixing, waste
water from sugar mills is discharged to coastal waters at the
following points:

Olokele Sugar Co. (3) Trash plant water 1 mgd. Fig. 4
II " ." (5) Mill waste discharge 1. 8 mgd. " "

McBryde Sugar Co. (4) Intermittent filter ? Fig. 5
cake discharge

Lihue Plantation Co. (1) Discharge from factory 7 mgd. Fig. 9
(incl. some tail water)

Kilauea Sugar Co. Mill water discharge 5 mgd. Fig. 14

Since the advent of mechanical harvesting in the Hawaii sugar
plantations, large amounts of cane trash and mud have been transported
to the sugar mills with the cane necessitating the operation of cane
cleaning plants. The trash and mud in the wash water, together with
other wastes including baggasse at some mills, were generally dis
charged into coastal waters or into gulches tributary to coastal waters.
The effects of sugar mill waste water discharges has long been of con
cern on Kauai as well as elsewhere in Hawaii. As early as 1949, a
survey was made of the discharges of Kekaha Sugar Co., Olokele Sugar
Co., and McBryde Sugar Co. by the research staff of the Division of
Fish and Game, of the Territorial Board of Agriculture and Forestry.
To quote from their report (Legislative Holdover Comm. Rept., Exhibit
K, 1949):

liThe purpose of this survey, which was undertaken at the request
of the fishermen on Kauai, was to determine the extent of pollution
in these waters and if possible the effect of the pollutants upon
the inshore fisheries. Fish such as akule, opelu, kumu, weke, moana,
uu, aweoweo, aholehole, manini, etc., which make up the inshore
fishery in these waters, are intimately dependent upon the shallow

. ocean bottom as well as upon the minute suspended planktonic organisms
which make up their food. These fish are adapted to life in inshore
waters where the conditions of their natural habitat are not subjected
to extreme changes in food supply, oxygen tension, salinity and other
hydrographic conditions. Any decrease in the abundance of fish in
these waters is quickly attributed by fishermen to these changes or
to the presence of waste products from shore. Suspicion was directe

_____to_w_ard__the_large--volume--of-mud-sa-tu"I'atecl.-wa~er-whieh-btanketed--a------ --
great portion of these coastal waters and also to the great amount o
bagasse and cane strippings which floated in these waters."

The report described the turbidity, organic waste pollution and
deficient oxygen concentration that resulted in the coastal waters
and mud deposits on the bottom, previously at depths between 45 and
70 feet.

Its conclusions were as follows:

"The effect of pollutants in these coastal waters are difficult
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to determine quantitatively. The extent of the so~called polluted
areas depends upon the physical conditions of the sea and vary from
time to time. Most of the fish comprising the present inshore
fishery would probably avoid areas of low oxygen concentration as
well as those areas containing large quantities of muddy water and
cane trash. This would also be probably true for planktonic forms.
It is quite conceivable, however, that some scavenger or carnivorous
fish would gather at the fringes of these areas and feed on the food
washed in from land.

"The effect of the pollutants upon the bottom is somewhat more
definite. If the present method of sugar cane waste disposal is
continued, coral and other bottom fauna in these areas between the
depths of 45 and 75 feet will gradually die out. Bottom feeding forms
such as weke, moana, kumu, manini, kala, etc., will have none of the
usual food available. Bottom dwelling forms such as aweoweo, uu,
aholehole, uhu, etc., will have to move to areas which sustain more
life. Mud covered bottoms beyond 75 feet will not be able to sustain
most of the fish that comprises the present inshore fishery. Little
can be said for the total quantitative effect of the pollutants by
the present survey. More work will have to be done before any con
clusive statement can be made."

Since 1949, the situation has changed materially. Hydro
separators and other devices have been constructed at most mills,
which extract most of the trash and mud from the wash water, and
most of the wash water is now used for irrigation so that only the
tail water and other excesses are now aproblern. The discharge at
McBryde, according to the application, is only sporadic but at times
is untreated. The discharges at Olokele and Lihue appear to be con
tinuous during the grinding season, but treated by settling. No
control measures are in effect at Kilauea, according to the applica
tion. Baggasse is not a problem at most Kauai mills because it is
consumed as a fuel.

The nature of the sugar-mill waste-water discharges is poorly
indicated in the applications for zones of mixing. They must vary
considerably asa result of the differences in control and treatment.
A study by the Federal Water Quality Administration (Burm and Morris.
The effect of turbid, high carbohydrate, sugar processing wastes on
tropical open sea. Paper at 5th Internat. Conf. on Water Pollution
Research, Honolulu, 1970) has indicated that mud, cane trash, nutrients,
~~~~e__?!lga]:" _§.1)g _olJl~_r_so_lubl~__organics,_-and -hacteriamay--be--among--t-he 

constituents contributing to variances from the Water Quality Standards.
Average characteristics of untreated waste water at three sugar
mills, were expressed as follows:

Suspended solids 390,000 lbs/day
Settleable " 370,000 "
COD 135,000 "
Total nitrogen 2,500 "
Total phosphorus 1,050 "
Total coliforms 4,850,000/100 ml (geom. mean)
44.5° coliforms 130,000/100 ml (geom. mean)
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According to Burm and Morris: "It was demonstrated that standard
sedimentation processes could reduce some of these values by a factor
of 10 or greater", but their paper does not show loads or concentra
tions after treatment. It is to be hoped that considerable additional
detail will be provided on the physical, chemical, and microbiological
character of each of the actual Kauai discharges, at the public hearings
to consider the establishment of zones of mixing to accommodate these
discharges.

The same paper by Burm and Morris provides some information on
the field of dispersal of the mill waste waters from McBryde Sugar
Co. and Olokele Sugar Co. through surface turbidity measurements as
of April 1968 (Figure 15). At the time of the survey the Secchi~disk

visibility was less than 8 feet along the axis of a plume extending
from the McBryde .discharge point to a point off Puolo Point. The
effects of the Olokele Sugar Mill waste water discharge were apparently
not distinguishable within a broad zone with visibility less than 31
feet extending along the entire coast line, to which undoubtedly not
only mill-waste discharge but tail-water discharge and natural stream
discharge contributed.

In general Burm and Morris demonstrate that coliform bacterial
pollution fa! in excess of toleration limits set by the Water Quality
Standards and excess dissolved phosphorus in the vicinity of the out
fall may accompany sugar mill waste discharge in the sea. Dissolvea
oxygen, salinity, temperature and nitrogen values, however, were found
to be close to normal. Extensive siltation of the bottom and severe
depression of the growth of coral, sponges and benthic algae were
characteristic in the outfall areas. Diminished amounts of fish life
were found in the vicinity of all of the mill-waste outfalls examined.

Information on turbidity in other seasonal conditions, on other
pollution parameters and on the effects of the pollution pertinent to
the McBryde and Olokele mill-waste discharges, are not presented in
the Burm and Morris paper, nor are pollution parameters or pollution
effects at other mill-waste water discharges on Kauai although addi
tional information pertinent to the Olokele-McBryde discharges and
their effects is believed to have been collected by the Federal Water
Quality Administration.

The data collected in 1967-68 may no longer be pertinent if there
have been subsequent improvements in control of the mill waste_ di~_cha:rg~~

and-the estabIishmeIftof zones-of -mixiiig-snou1d -be consIdered--on the
basis of current conditions and the potential of future improvements,
not on past conditions. Testimony by at least one of the sugar com-
panies indicates that further improvements in waste water control by
siltation basins are planned and that a dry cleaner, which would com-
pletely change the dimensions of the mill-water waste problem, is
expected to be installed by 1976. It would seem that similar improve-
ments should be possible for the other companies involved. To
accommodate the present discharges, the establishment of zones of mixing,
which would be without limits of time, would therefore be very unwise.
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mong other reasons, such action would remove an important incentive
o proceed with the planned improvements. Such reduced zones of
ixing as may be appropriate to accommodate the reduced waste loads
f the future cannot be satisfactorily outlined until the improve

ments can be installed and tried. In the meantime the present dis
charges can be accommodated as may be appropriate by permits.

Particularly in the case of the zone of mixture proposed by
Kilauea Sugar Co., the application should be denied. The termination
of sugar cane growth and milling within the next couple of years
has been publicly announced. The mill waste discharge will cease
with this termination. The continuance of the discharge, with the
trash screened out of it as suggested by the application, can readily
be accommodated for the short time necessary. Perpetuation of a waiver
of the standard water quality criteria on the Kilauea coast through
the establishment of a zone of mixing would be quite unjustifiable.
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CONCLUSIONS

Applications from eight agencies are being considered for the
establishment of 15 zones of mixing in the coastal waters of Kauai
with a total area of over 12,000 acres, nearly 20 square miles, to
accommodate discharges of five different types of waste water
occurring at 50 separate sites. Summarized statistics of the dis
charges and proposed zones of mixing are shown in Table 3.

Table 3.
Summary of proposed

zones of mixing in Kauai coastal waters

Discharges Zones of mixing proposed
Total

Average
flow Total area

~ Number mgd Number acres

Cooling water 1 10 1 ?
Drainage water 2 70 1 4,200
Secondary t~eated sewage 1 0 1 ?
Mill waste water 5 l5+? 4* 5,700*
Irrigation tail water 40+ 8+ 11* 4,800*

Total 50+ 103 15* 12,000*

*Zones of mixing for mill waste water and for tail water discharges
overlap. Hence individual numbers and areas do not add to total.

The ecological, esthetic, and economic effects of these discharges
vary enormously depending on the type of discharge, its flow rate,
and its concentration of undesirable materials, and in addition on
natural physical, chemical, and biological conditions at and near the
di,schai'ge site.

For the proper consideration of the establishment of a zone of
mixing, information must be submitted whereby the pertinent economic,
ecological, and esthetic effects may be analyzed and such an analysis
must be~made from the-standpoint of the-overall public interest.
Within each zone of mixing, special tolerance limits should be set
for those pollutants whose mixing is to be accommodated, whereas for
other pollutants the normal limits for the class of water in question
should be retained. A suitable monitoring program may be required for
con~inuance of a zone of mixing.

For the discharge from the sewage treatment plant, full informa
tion should be provided on the quality of the discharge, the field of
dispersal, and on the environmental effects. For the cooling water
discharge, information should be provided on oxygen content and
salinity of the discharge, on the field of dispersal, and on the
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environmental effects of the discharge. The sewage now injected
through the cooling water discharge should be discharged through the
sanitary sewer system. Because the flow rate of the sewage discharge
is small and the mixing conditions at the outfall are probably good,
and because the nature of the cooling water discharge is simple
(assuming the sewage is removed4 the studies required to produce
information adequate for the analysis of the proposed zones of
mixing should not take much time. In the meantime the discharges can
be accommodated by permit. .

For the drainage-water discharge, quantitative information should
be provided on the suspended solids, dissolved solids, nutrients, and
other pollution parameters of the discharge, the field of dispersal
should be described for each pertinent parameter; and the field of
sedimentation for the suspended material, and the effects of the dis
charge described and evaluated. The possibilities of reduction in
the flow by further control of leakage from artesian wells, and the
possibilities of treatment of the water should be examined. The
field of dispersal for each pollutant and the field of deposition of
sediment should be determined. The environmental consequences of the
discharge should be described and evaluated.

Becaus~ of the magnitude of the discharge is large and its water
quality is complex, a thorough study of its effects would be a major
enterprise. It would require an exhaustive study, however, to indi
cate whether or not the effects are sufficiently important to justify
such alternatives to the discharge as may be available, all probably
very costly either directly or in terms of loss of agricultural pro
ductivity. Pending the completion of the study adequate in these
terms, the discharges can be accommodated through permits.

For each mill-waste discharge quantitative information should
be provided on the characteristics of flow and quality, with particular
regard to suspended solids, dissolved solids, nutrients, BOD, and
bacteriological content. Again a field of dispersal for each pollu
tant and the field of disposition of sediment should be determined,
and the environmental consequences of the discharge described and
evaluated.

The effects of these discharges in the past have been proved to
be considerable, and a study adequate to distinguish between the con
fining consequence of past discharges and the consequences of dis- .
charge, with the controls that nave been· effected will be difficult.
A thorough study is needed, but useful and reliable results probably
cannot be expected for a few years. For most of these discharges,
further, additional improvements are planned or seem probably feasible
within periods of a few years.

Until the future reductions in flow and improvements in quality
now forseen can be effected, and until the studies can be completed
and the appropriateness of establishment of zones of mixing can
properly be assessed, most of the discharges, duly reduced an~ improved
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as to quality, can be continued by permit. However, no zone of
mixing should even be contemplated to accommodate the discharge of
Kilauea Sugar Co. that is due to terminate in a couple of years and
can be continued, with improvement by screening, until it is
terminated.

For the tail-water discharges more information is needed on
their flow characteristics, the flow characteristics of the natural
flows of streams and canals through which some of the discharges
occur, on water quality parameters, especially suspended solids,
nutrients, and herbicides, on the fields of dispersal and sedimenta
tion, and on the environmental consequences. Because the discharges
are generally small, elaborate studies are not needed except where the
discharges occur by way of natural perennial streams. However, the
effects of the tail water discharges will in many areas be difficult
to disentangle from the effects of mill waste discharge. Until
adequate studies can be made, the discharges can be continued by
permit.
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APPENDIX

Subsequent to the preparation of the bulk of the foregoing report
additional pertinent information has come to hand as the result of a
brief aerial survey of the Kauai coast and through late documentation
supplementary to the applications for zones of mixing.

Areal Survey

The aerial survey was conducted on the afternoon of 18 August 1970
by Cox and Kay accompanied by Hiroshi Yamauchi of the Water Resources
Research Center. Observations on the current field off Nohili (Fig. 2)
as indicated by floating trash, and on the point of discharge of
Grove Farm's tail water (Fig. 8) have been incorporated in the text of
the report, but some additional general observations are warranted.

The most striking observation was the great reduction in turbidity
that has been achieved along the south and east coasts of the island,
probably resulting primarily from better control of the mill waste
discharges of McBryde Sugar Co. and Lihue Plantation Co., and perhaps
partly from the control of tail waters. The general turbidity that
not long ago clouded the waters from Hanapepe to Mahaulepu and from
Nawiliwili t9 Anahola was no longer noticeable. There were a few
local evidences of turbid discharges, for example, in one of the small
bays north of Kealia (Fig. 11), on the north shore of Nawiliwili Bay,
at the discharge from Kapunakea spring (Fig. 8), and at Kukuiula
(Fig. 7). The largest area of turbid water, in Hanapepe Bay, presuma
bly resulted from the discharge of flood water rather than any of the
waste waters for whose accommodation zones of mixing have been proposed,
because it was restricted to the part of the bay inside the breakwater.

The easternmost of the two mill-water discharges listed by Olokele
Sugar Co. was not discernible, but the westerly one was clearly noticeable
and apparently served as a source for large but patchy clouds of turbidity
further west. To these clouds there might also have been contributions
as well from Waimea River and from shallow-water deposits of sediment
resulting in part from the lCl,rger mill-water discharges of the past. .

Of the two Kekaha drainage-water discharges (Figs. 2 and 3), that
at Nohili seemed to be contributing the most to offshore turbidity and
may perhaps have been the source of the floating trash marking the
current convergence to the west.

The Kilauea mill-water discharge resulted in a continuous broad
cloud of turbid water extending several miles off the coast to the
west.

From these observations may be drawn a reminder of the difficulty
that will be encountered in separating the effects of current waste
discharges of the past and those of the natural discharge of streams,
such as will be necessary evaluating effects of current discharges.
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Late Documentation

Additional documentation that has just become available permits
a more exact count of the discharges for which accommodation by zones
of mixing has been proposed, but it indicates that improvements in
waste-water control have now reduced the number of discharges and the
number of zones of mixing considered needed, or at least the amount of
variance from normal standards needed within the proposed zones of
mixing. The recent documentation also provides some additional informa
tion on physico-chemical and biological effects of the discharges. Time
has not permitted extensive analysis of the new information, but some
conclusions seem justified.

Testimony provided by Lihue Plantation Co. permits a more exact
accounting of its tail-water discharges, as shown in an accompanying
table. With the discharges of other agencies, it appears that the
consideration of zones of mixing has involved a total of 60 tail-water
discharges, and a grand total of 69 discharges of all types.

Information provided by Kauai Electric Co. indicates that the
well water used for cooling is indeed much fresher than sea water, and
that it will cause a salinity anomaly as well as a temperature anomaly
in the ocean.

Testimony from Kekaha Sugar Co. provides some useful observations
pertinent to the physico-chemical and ecological effects of the
drainage-water discharges. Analysis of samples taken at various dis
tances from the discharge points suggests that the effects of nutrients
are slight and that turbidity, which has a considerable range is the
major concern. However, the distribution of salinity raises some
question that the distance of sample sites from discharge points is
indicative of increasing mixing. Pictures of clean sand and rocky
bottom in clear water are encouraging, but do not elucidate where the
muddy sediments are being deposited, nor of course how much mud is
discharged, and hence do not permit analysis of its effects.

Testimony of McBryde Sugar Co. and Lihue Plantation Co. accounts
for the improvements in conditions noted on the coasts of those planta
tions and supports the assumption that the improvements are essentially
continuous and permanent and not related solely to the time of observa
tion. Mill-waste-water discharge to the ocean at these plantations

. eiJtIer. h9-~aJ.reacly "Qe~Jl e.s.~~mtJally:.~liminated..or .wilL.be ..eliminated
in 1971, and it would seem unnecessary and hence undesirable to
establish zones of mixing with the dimensions originally proposed to
accommodate these discharges. At the very least, the zones of mixing,
if not reduced in size should be qualified as to the periods within which
are to be permitted turbidity and other anomalies resulting from the
accidental release of mill wastes, for example during storms.

Clearly the controls recently introduced or planned at these
plantations and at Olokele Sugar Co. have reduced enormously the degree
to which mill-waste-water discharges violate the pollutant tolerances
set in the Water Quality Standards for coastal waters. Clearly also,
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Lihue Plantation Tail-water Discharges

Zone number Number of discharges
Tail Arti-

This Lihue water Natural ficial Mill Stonn
report id. only Streams drains drains ditch ditch Total

1 2 17 1 1 (0)* 1 20 (19)*

2 3 1 1

3 4 1 1

4 5 1 (0)* 1 (0)*

5 6 1 (0)* 1 (0)*

6 7 15 4 # 3 22

7 8 1# 1

Total 33 6 (5)* 4 2 (1)* 1 (0)* 1 47 (44)*

Notes:

* Numbers in parentheses omit present discharges apparently to be
eliminated.

# Discharge from Papaa Stream includes ta1l water discharged to stream
at several points. Application for zone of mixing should apply to
the Class 2 water of the stream in the reach affected as well as
the Class A coastal water affected. Any other perennial natural dis
charges, for example the four major drains through which tail-water
discharges are made in zone 6 (Lihue No.7) are class 2 waters and
should also be subject to possible establishment of zones of mixing.
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however, the extent of the residual environmental effects of these dis
charges cannot yet be evaluated. The recommendation that the discharges
be accommodated by permits is therefore still valid.

Testimony provided by Lihue Plantation Co., McBryde Sugar Co.,
and Grove Farm Co. provides evidence of additional controls on tail
water discharge of considerable significance through consolidation of
discharge points, creation of settling ponds and seepage fields, and
increasing efficiency of irrigation. It appears that Lihue discharges
nos. 4 and 5 (in this report = plantation nos. 5 and 6) may not need
to be accommodated by zones of mixing, and explains the discrepany
between the present turbidity at the discharge of Kapunakea Spring,
which results from a present Grove Farm discharge tail water that
is to be discontinued, and the application for a zone of mixing for a
discharge in Kawailoa Bay. i

With the cessation or at least great reduction in mill-waste
discharge , and the further control of tail-water discharge, it is
questionable that such large zones of mixing are required for tail
water discharges as have been proposed. Again, further study of
present effects and those of the planned further improvements seems
desirable before the eventual award of zones of mixing and, for the
present, accpmmodations of the discharge is recommended to be by
permit.

An application for discharge permits must be accompanied by a
schedule of implementating actions whereby compliance with the water
quality regulations will be achieved. In the case of all types of
discharge for which present accommodation by~permit has been recom
mended, it would seem appropriate that the implementing actions to be
listed should include not only adequate trial of present improvements
with monitoring of effects~and implementation of planned improvements
with continuing monitoring, but also studies of possible further
improvements, evaluation of environmental effects and economics, and
the design of and application for eventual appropriate zones of mixing.
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