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L INTRODUCTION

1. Backeround informalion

The Ala Wal Boat Harbor is lcoated on the south shore of Oahu between
Waikiki Beach and the Ala Moana Park, It ig partially surrounded on the mavka
side by various rescort and commercial establishments, the most prominent of
which are the Ilikal Hotel and the Kaiser Hospital., A gmall man-made lagoon
belonging fo the State of Hawail Ues immediately to the east of the harbor
{See Figure 1),

The Ala Wal Canpal opens info the northwest comer of the harbor
discharging walers collected from the Manoa and Palolo valleys. The canal was
constructed in 1923 to protect Waikiki Beach from storm water originating in
the Manoa and Palolo valleys as part of the Waikiki Reclamation Project. These
collected storm waters were oviginaily discharged at Kewalo Basin, but were
diverted to their current location during the construction of the Ala Wai
Boat Harbor. The origins of the water in the canal include two maior alyearms,
gseveral storm sewers and tribufary waters from both residential and indusirial
areas. The tribulary drainage districts of the Manoa and Palolo Streams are
primarily residential in character although some commercial and light
mapufachiving activities exigt., Il has been estimaied that 2 volume of
several million galions iz passed into the boat harbor daily (Cox and Gordon,
1870). The poliutional effects of the Ala Wai Canal on the Waikiki Deach
area were recognized in the report "Honolulu Sﬁwaere Disvosal Survey™
(May 1540 to September 1841} by the Terrifory's Burean of Sanitation,

The Ala Wal Boal Harbor was originally consiructed from 2 barge channel
?;ai“é@ by the U.8, Armed Forces in the sarly 15068%, which ;}z’o‘vé{ieé Fort ue,i? a8y
h direct transport of goods from the sea, Thig channel was later fillec
in zmd conneciion made betwsen the Canal and Harhor. TE&{; %:zar‘%}sz“ hag
expanded in increments since then, with constructional dredging providing fill

for the Als Moanz Sh@gmng Center and foy the establishment of Magic Island,
With the formation of Magic Island and the congivaction of & braakwaler al the

southernmost end of the harbor, current patlterns were intensified and
affected the "Ala Moana Bowl”, a highly prized area for surfing,

2. Statement of the problem

In 1867, the U.8, Aymy Corps of i%f; neers recommended that the

Alz Wal Boat Harbor again be expanded and gmg}mﬁm& to meet with the increasing

demands for docking and mooring ?“ag;é;{;m by a growing a@g}amt%@ﬁ of bouat
ownerg. The original plans igsued by the {Taz*_;:%g inciuded 2 seaward expansion
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of the harbor which would have eliminated surfing from this arvea. In recognition
of thig, the Legislature of the State of Hawail formulated and approved Act 217
authorizing the preparation of 2 masier plan for improvemenis within the

harbor which would not interfere with surfing activities. Such a plan was
submitted to the Department of Transportation by Donald Wolbrink and
Aggociates, Inc, in 1969.

Due to cost considerations, this plan has presently been highly modified
and separated into individual construction phases. Phase One of these facility
improvements involves the removal of the stationary T-pier and many of the fixed
docking areas presently available within Basin One of the boat harbor., These are
to be replaced by floating concrete docks supported by styrofsam cores and located to make
better use of the existing water space within this basin, The presert facilities are
shown in Figure 1 with the proposed modifications digplayed in Figure 2,

The Environmental Quality Act of 1970, Act 132, 1970 Legislature,
State of Hawail and the Governor's Executive Order, dated August 23, 1871, made
hecessary the formulation of environmental impact evaluation statements for any
- proposed projects which utilize state land or funds. 1t is believed that the State's
contention isfor the progress of economic development to be in accord with the
protection, preservation, and enhancement of the intrinsic environmental gualities
of the Islands by the preparation of these documents. The environmental impact
statement presented herc is intended to meet with these requirements and copcerns in
the construction of the new facilities at the Ala Wal Boat Harbor.

The studics conducted during the formulation of the statement aftempt fo
assess the impact of the propesed action upon the biclogical, social and economic
environments likely to be affected. [t should be pointed out that a full environmental
evaluation of this gort requires long term study, at least to a peint where vaviations
in biological parameters can be monitored and sssessed with annual changes., Due
to both budgetary and time restrictions imposed by the regulvements of the Harhors
Division, this study is based upon sampling and observations conducted during portions
of July and August, 1972,

On the basis of this study and the information obtained, as well as through
communications with authorities familiar with this environment, attempts are made
fo point out adverse consequences likely to cceur if this construction is carried o
completion. From this evaluation, various vecommendations and schemes for
alternatives which may better serve both envivonmental and economic concerng are
presented. Also considered are differences between effects of short and bong berm
consequences for both good and bad characteristics which may arise from this project,
since all ave of necessity in an oversll evaluation.
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Finally, we have listed those biclogical, physical, social and economic
regources which will be, or have already been, permanently consumed by this
operation,

3. Procedures and methods

In selecting both the sampling schedule and the station locations, consideration
was given towards evaluation of the individual sources of potential envircuomental inputs
which influence the ecological relationships within the harbor. Figure 1 shows the
sampling site locations,

Station 1, lecated at the intersect of visual transects extending from the
mid-point of the Ala Moansa Bridge and from the mauka side of the channel boat
launching ramp, provides for an evaluation of materials entering the harbor through
the canal during outgoing tides and demonsirates the extent of tidal {lushing.

Stations 2 and 4 are both within the backwaters of their respective channels
and are separated by the T-pier. A prelimipary study conducted by Donald Wolbrink
and Associates, Inc. indicated these aress as debris collecting sites and probably
experience minimal mixing with canal waters, Evalualion of these stations with the
changing tides in conjunction with Station 3 nesar the end of T-pier allows for approximate
judgments fo be made concerning the contributions made by sources within Basin
which effsct water quality.

Sampling times were chosen on the basis of tidal flow characteristics and
are listed in Table 1. A study by Conzales in 1971 has shown that tidal patterns within
the Ala Wal Harbor do not differ from those for the Honolulu Harbor. During beth
incoming and oulgoing tidal pericds, sazmpling were collected while the rate of current
flow was reasonably constant. This was done to aveid the collection of
uncomparable data.

Table 1. Characteristics of Scheduled Sampling Periods in
Ala Wal Boat Harbor

Sampling Period Date Time Tida! Characterisiics

i 7/10/72 1030-1430 Incoming tide, flow in linear phage

2 /17772 15001900 Tideg at zero flux, very litfle move-
ment in or oul of harbor

3 7/24/%2 1000~ 1400 Incoming tide. Flow on linsar phase

4 B/02/72 1200-1600 Cutgoing tide, rate of flow approxi-
mately eguals that of previcus incoming
tide

i
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. CAUSATIVE AGENTS AND SOURCES WITHIN
THE ALA WAT BOAT HARBOR

There are four causative agents from which nutrients--particulariy the
elements nitrogen (M) and phosphorus (P)--can be derived to anccount for the
extraordinarily high level of productivity which exists in Ala Wai Boat Harbor,
These are fertilizers, sewage, detergents and rainfall,

Fertilizers applied to residential gardens or the Ala Wai Oolf Course could
be carried into the harbor via the canal. Domestic fertilizers usually have a
N/ P ratic between 6 and 10, depending upon the use for which they are intended.

Sewage in the barbor may arise from (a) septic tank leakage from the comfort
station on the mole belween the two basins; () direct discharges from vessels
within the harbor; {(¢) discharges into the Ala W= Canal which are carried into
the harbor; and (d) an outfall which exists outside the harbor. Untreated sewage
waters at an cutfall can have a nitrite plus nitrate-N/Total P ratio of about 0,4,

Domestic detergents used for washing dishes, laundry, or the boats themselves
are prime sources of phosphate {PO@}, The remaining source of nutrients is
through storm drain run-offs which empty directly into the harbor. Although not
anticipated to be a major source the extent to which this contributes to the problem
canpot be realized without direct measurement following heavy rainfall,

All these agents entering the harbor are then digpensed and civreulated by

the movements of the tides and by the current patterns existing within the harbov itself
o L

1. Current movements

Water movemenis in the harbor have been analyzed from current meter
readings and galinity and temperature data collected during portions of July and
August 1872, This pericd was not characteristic of "normal" conditions, There
wag no rainfall and the days were typified by cloudless skies and gentle trade winds.

The surfl never exceeded 2~3 feet during the times of measurement,

AS many measurements were made as time would allow, The final fotal is
small, however, and the precigion of the following genevalized current patierns
i minimal,

All generalized current patterns are supported by temperature and salinits
data with the exception of the two- and three-meter depth determinations at
Station 1. No explanation can be offered for thic, Since the directions indicated

A AT R S 4R b e
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by the current meter counflict with both temporature-salinity data and general
physical laws at this station, more analytical emphasis has been placed upon
the information received from the remaining stations.

The following current patterns are envigaged: during the rigsing tide, the
incoming water {(after passing Station 5) is apparently deflected by the Magic Island
jetty wall along the west side of the harbor towards Station 4 in Basin 1. This
deflected flow across the line of water discharged from the canal creates a

FEY

counterclockwise vortex between the end of the T-pier and the mouth of the canal,

The effects of this vortex on water movement in the harbor are influenced
by the strength of the tide and the volume of run-off from the canal. In general,
the vortex should effect continuous ecirculation through Basin 1. Inflowing
surface seawater builds up near the reaches of the mole adjacent to the boat
launching ramp and breaks in two directions: the larger volume appears fo
be forced below the surface to 4 m depth and to again divide, moving out of
the Basin or beneath the T-pier toward Station 2. The subsurface water
leaving Basin 1 together with the water discharged by the canal meet and mix
around Station 3 at depths greater than 2 meters and together move hack out
to sea beneath the incoming tide. At Station 5, the outflowing current was
observed at depths of 5 m and more,

On a falling tide, the surface water from the canal flows apparently
unhindered out past Station 5. However, the vortex eirculating through Basin 1
draws some surface canal water towards the inner reaches of Station 4.
Directional movement ig then beneath the T-pier towards Station 2 45 on a
riging tide, but this time the water remains on the surface and is then pulled
back into the main outflow or recirculates.

In summary, the data indicate that af iimes there could be an oulflow
of water regardiess of the state of the tide., The particular records showed a
subsurface outflow for a period on a rising tide and a surface outflow for a
period on a falling tide. The pattern of this movement is nol fully understood
but is suggested to be result of the vortices present in the harbor. Salinity and
temperature data for the waler conditions at Siation T ave predominantly
characteristic of water in the canal suggesting that most of the mixing ocours
within the harbor itself. Surface water properties at each of the remaining
four sampling stations show that the waters from the canal follow the main
outflow pattern and discharge across the surfaec during a falling tide and give
support {o the observation of a subsurface movement for a period on the riging iide,

s}
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2, Data interpretation

The N/ P ralio, the average concentrations of nitrogen and phosphorus,
expressed by weighis, can be used to indicate the uniformity of autrient sources
between the varicus sampling stations, particularly if analyzed in conjunction
with the N-P correlation coefficient. TFor example, if the same nulrient scurce
were contributing to the nutrient concentrations at two different gtations, both
the correlation coefficients and the nutrient rativs would be similar. Obvicusly,
differential rates of nuirient uptake by organisms (among other factors) influence
this ratio. The proportion of organic to inorganic nitrogen can also influence
this ratio, although the magnitude of this effect is considered negligible,
Therefore, a striet analysis of this sort assumes all factors to be equal.
Productivity measurements provide a basis upon which this assumption ecan be tested,

The correlation of N and P levels with bacterial concentrations can be used to
establish sewage as a polluting agent. If the data can then he unidirectionally
correlated with salinity, the proportionate contributions of the harbor and canal
to the sewage inputs can be judged. High correlation coefficients of P to N at
each sampling site are inferved to mean that there exists one primary input
source of these nutrients within the vieinity; intermediate values that more than
one source is contributing at such a location: and coefficients near zero that a
totally independent discharge of each component exists. This correlation is subiect
to the assumption that nitrate-nilrogen constantly represents the only significant
source of nifrogen within the waters,

The proximily of the source of nutrients to the sampling point iy reflected in
the S%/’S:’ ratio, with large ratios indicating a nearby source. Influences of localized
mixing at the peint of discharge followed by the diffusion and the dilution of effluent
as it passes through the system tend to make the waters more homogeneous in
composition as distance from the source increases,

Correlation of either or beth nutrients with level of salinity is inferred as an
indication of origins within the barbor as opposed to the canal, A negative
correlation coefficient infers an inverse relationship between components being
comparved; for example, an increase in salinity having an associated decrease
in the concentration of N and/or P.

3., Dais

3.1 Station 1

The concentrations of Total phogphorus {P) and nifrate nitrogen (N) are higher
than ther permitied limits for Class B waters. The criteria used for egtablishing
the sources of these components have been explained above.
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Mutrient data and analyses are as follows:

(a} Mean concentration of nuirients during tidal periods, and variance Lo mean ratios
as related to depthy

Total  Total Total Outgoing Incoming

NP s¥/R,  si/x wg B e W we B ue N
Surface 3.67 55T A9, 54 52,313 206.311 3K, 688 127,481
2 m LT75 2.48 4. 28 15,113 12.698  15.985 17,481
Bottom L2798 2,49 1. 609 22,088  7.322 92,380 7. 609

N-Total P
correlation . 738
(Falling Tide)

The data shows a high correlation of P with N, indicating that a single primary
source of these nutrienis is present. The source of nitrogen would appear to be closely
associated with the proximity of the station since a high S%”i ratio for nitrate-nitrogen
exists., This relationship is not apparent for total phosphorus concentrations.

High negative correlations exist for nitrate nitrogen and fotal phosphorus
with salinity (8}, as shown below related to tidal rise and fall.

Yy Nutrient and bacterial correlations with salinity as related o tide:

Total

NQ%”SO_,/C}O P-5%700 Feeal-89 00 coliform-8%/0a
Falling tide -, 500 -, BB -, 500 -, 548
Rising tide ~1. G0 +. B00 -, 375 -, B75

Total P would appear to originate at this station from the cunal waters as
approdmately 907 of its concentration can be explained on the basie of its
association with lower salinity waters., Nitrale-nitrogen, howsever, may lkely
have some additional gources within the vieinity of Station 1. Only 807 of its
concentrafion can be attributed to inputs from the canal. Possibiy, some fertiligers
used at the Ala Moana Park may enfer the canal at this point, or some unknown
agents may be deposited in the waters nearby from any of the buildings near the
dry dock facilities.



The high Sz/“r»'fp ratio could be explained by a localized discharge of detergents.
For example, i%.e major source might be within Basin 1 and therefore the yalio
would be expected fo increase significantly with incoming tides. The data indicate
that gsuch an occurrence is likely.

There is a strong negative correlation of both fecal and fotal coliforms with
salinity. The concentrations of the bacteria do not meet the standards for

{Class A waters in the Siate,

{c) Y¥ecal and total coliform concentrations related to tide and depth (number/100 ml):

Fecal Coliforms Total Coliforms
Ris rall 82/2 D % Rise T Fall S5/5 D
Xm 1se Xm & L‘X b4 ,maX Xrﬁ 1150 Xm ik Ty X max
Surface 223 365 182,08 446 1430 1820 973,81 2505
2m 38 54 31.93 71 498 670 219,29 691
Bottom 50 20 36.25 63 280 365 63,982 411
Sediments 470 75 T28,43% 814 985 1845 - 993,46 2287

* gignificant

Together with the corvelation resultz for nitrate and fofal phosphate, the
data analysis infers that the major causative agenis at Station 1 for the high
concentrations are unireated sewage and defergents and that sources are
discharged into the canal and harbor.

3.2 Slation 2

Located in the hackwater of Channel 1 in Basin 1, Siation 2 exhibits high
concentrations of total phosphorus and moderate levels of coliform bacteria
anpd nitrate, Although there exists a sirong corvelation of P with nitrate-N
concentrations, it is not as pronounced asg at Station 1.

The data also show that the ratios of nifrafe~N to fofal P differ markedly from
thoge at Station 1 and demonstrate a separate pattern, It may be deduced that this
location recieves one op possibly two prime inputs from scurces which differ
in type from those affecting Station 1. The high concentrations of phosphates
indicate that one of the causative agents is most probably detergents.

10
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Nutrient data and analvses are as follows:

AT

{a) Mean concentration of nutrients during tidal periods, and variance to mean ratios as
retated fo depth;

? Total  Total Total Outgoing Incoming

]/p Si/?ép s2/%,  pg B/L g B/ pe B/ pe R
Surface . 645 65. 67 9, 637 54,638 29,253 82,425 59,485
2 m . 452 5. 53 1.73 13, 850 . 264 31, 868 7. 847
Bottom , 482 1,76 6. 42 23,250 13,909 27.745 10,647

N-Total P
correlation . BiE
(Falling Tide)

. 2 . : o .
An extremely high 8%/x ratio for phosphate concentrations in surface waters of
”‘h&rms,l 1 further demonstrate the presence of nearby sources of phosphate; the low
‘wg/x ratio for nitrate infers a source removed from the immediate vieiniiy.

Eoth the concentrations of nitrate and phosphate are positively correlated with
salinity, and indicate that both nutrients ave either carried in by the flow of ceceanic

waters or discharged directly into the harbor itself.

(hy Nutrient and bacferial correlations with salinity as related to tide:

L\E83~SO!00 -8 /a0 Fecal-S%/o0  Total coliform~82/00
Falling tide +, 488 4, 314 o, 088 +, 429
Rising tide ~. 300 L BOG - 8BTS ~. 744

1t can be concluded from the data thal the waters from the canal have tittie influence
on conditions at Station 2.

it has alrveady been demounstrated that the capal is not the major source of
sewage material at Station 2. This is confirmed by high Szm ratios for both fecal
and total coliform concentrations which indicate nearby origins. Furthermore,
coliform concentrations are positively correlated with salinity during falling fides
and indieate sources within the harbor.

[}
ik



sy

e

e e

g e

(¢y Fecal and total coliform concentrations related to tide and.depth (namber/ 100 ml:

Tecal Coliform Total Coliform
& Rise  x_Tall S/% Dmax ¥ Rise x_Fall 8/%  Dmax
Surface 51 165 63. 683 167 352 1455 973, 81% 2505
2 m 24 46 22,76 56 355 480 219. 29 691
Bottom 18 92 45.88% 128 306 470 63. 92 411
Sediments 86 220 192,20 280 427 530 993.46 2287

* Bignificant

It is concluded that both nutrients and raw sewage are discharged in fairly larse
quantities from domestic sources, possibly from the boats or from surrounding buildings.
The prime gource of phosphate is probably domestic detergents. Because several drainage
conduits enter the harbor within this area, delineation of specific spurces can not be made
from present data,

3.3, Station 3

Mo correlation can be found between the concentration of nilrate and phosphate
af Station 2. This indicates thal both originate from separate sources, Bupport for
thig indication is provided by the differences ohserved between the depth profiles
of these {wo nutrients.,

Futrient data and analvses are as follows:

{a} Mean concentration of nutrients during tdal periods, and variapce to mean ratios
ag related to depth:

Total Total Total Catgoing fneoming

I ST ‘72 ; ey i v =y f = 7
N/ S%/x.  S%x, pg P71 g N/L vg P/ ug N/
"E 4] g
surface 2,511 2. 54 B2, 87 41, 850 156,121 a7.47% 42,430
2 m . 495 8,61 16. 36 13. 950 1,051 19,952 18,643
Rotiom . 162 13, 06 4, 1067 22, 88 5. 84 70, 107 g, 261

N-Total P

correlation . GRS
{Falling Tide)

12



Fonakasary

The concentration of nitrate is observed to decrease with depth, but phosphate
levels reach their maximum in the bottom waters. A strvatified water column effected
by one source in the surface waters and anoiher in the sub-surface layers is envisaged.
This is further supported by current measurements and paiterns {(see Appendix ).

AT

A certain amount of horizontal mixing occours at depth, Current measurements
indicate that little vertical mixing of the surface and sub-surface waters occurs,
and that upper layers are almost entively of canal origin, Although many lateral
vortices undoubtly occur, none apparently has sufficient strength to draw up the basin
walers helow,

Ay

ey

. Additional indications from the data suggests that as tidal flows enter the

L Basin 1 area ihe surface water may fold under and gink so that surface nutrient
concentrations at one station are gimilar fo those in the bottom waters of the next.
Current direction measurements show that such a movement can be expected during
periods of incoming tides. For example, aflow pattern commencing at Station 4 and
becoming increasingly more pronounced as the flow progresses from within the
basin to sStation 3 is ‘indicated by the following data.

Station surface Surface Bottom Water

3 Concentration Concentration Concentration

2 P, pg/t P, pg/l succeeding P, pg/l

o station succeeding station
4 34,038 82,928 27.745

% 2 2. 925 37474 70, 107

3 37.479 14. 756 26, 443

The increase in phosphates with depth is thus the result of the phosphate load within
Chamnel 1. Thie load i responsible for the decrease in the correlation coefficient for
vhesphorus with salinity,

by Nutrien! awnd bacterial correlations with salinily as related to tide:

P e D s .
N ~52 /00 P-5%/00 Fecal-8" /o0 Total coliform-5°2/00

3

Falling tids ~1. 000 ~. 600 -, 25
Bising tide -, 500 . 000 -, 87

Approximately 40% of the total amount of chesphate ebserved at Station 3 is contribuled

by the waiers from Basin L



ey

5

Although large amounis of nitrate are discharged in the vacinity of Station 2
it is apparently an insignificiant load compared with those contributed by the canal.
Nitrate concentrations decrease significantly with depth and show little of the
relationships described for phosphorus. Virtually ail the nitrate is attributable fo
itg association with waters of reduced salinities. There is, however, a large
S;%/?{ vatio for nitrates at Station 3. A subsurface conduit, draining the lagoon in
the Ala Moana Park, enters the harbor near this Station and may be responsible
for some of this load.

(¢) Feecal and total coliform concentrations related to tide and depth (number/100ml);

E&mﬁise KmFaii S}%/i D max ﬁmﬁise ?:im Fall 2#}2:" b max
Surface 116 79 32,03 124 535 830 283, 238 1086
2m 64 682 28,52 50 448 245 105, 40 505
Bottom 32 38 36. 12 92 355 525 152. 48* 468
Sediments 2500 108 3512, 24" 25853 2500 2080 188, 997 3424

* Significant

The low correlation coefficient for hacteria with salinity indicate that there may
he some local digcharge of fecal and urinary wastes near to Station 3. This is not
surprising as many of the boats near the end of T-pier are occupied by permanent
residents who must travel approximately 400 vards to the nearest comiort station.

3.4, Station 4

Station 4 is apparenily a most unigue part of the harbor in terms of nulrient
concentrations and effects.

Nutrient data and analyses are as follows:

{a} Mean concentration of nutrients during tidal periods, and variance to mean ratios
as related to depth:

Total  Total ”Egtai Outgoing Incoming
NE O s¥ER, swx,  w P we N p BT pg N

Surface L 258 g, 40 B, 02 40, 688 B.341 30,6039 12. 873
2 m C4ARE 8. 40 8.75 12,788 8. 225 28, 195 11. 668
Rotiom 418 i4. 08 11,08 &, 128 5. 8582 41,711 14,770
H-Total P

correlation . 25838

{Falling Tide)

et
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Although a large portion of the waters at Station 4 appear to flow directly towards
SBtation 2, the concentration of nitrate nitrogen is five times less than that at

Station 2. Furthermore the concentration is over three {imes legy than that of the
surface waters of Station 3 Zhich precede and contribute to it. It appears fhat
Channel 2 functions as a treatment pond for those nitrogencus components discharged
or trangported into it,

Phosphorus uptake is considerably less pronounced. On average a 217
decrease in the total amounts of phosphorus between the waters of Station 4 and Siation 32
which precedes it is recorded. The range of 20-22% recorded at Station 4 for
total phosphorus assimilation depends upon the dcpth at which the comparative data is
recorded and assumes complete mixing of canal and harbor bottom waiers at “ation 3.

Lhe overall eitfect of these low uptakes is to produce very uniform and
extremely low N/P and Sx/x ratios for both nutrients compared to all other stations.

The components themselves as recorded at Station 4 arise through inputs
from Station 3. The influence of phosphate discharges within Channe! 1 and with

nitrate additions from the canal are still indicated by the correlations with salinity,

(b) Nutrient and bacterial correlations with salinity as related to tide:

N03~SO;’ oo 1-8%/00 Fecal-S" /00 Total coliform-$2/00
Falling tide ~-. 429 +. 143 -, 771 -, 343
Riging tide +. 500 +. 500 +. 125 b BGO

Bacterial discharges are strongly correlated with the salinities of the canal
water,

{y Fecal and folal coliform concentrations related to tide and depth (number/100 miy:

Fecal Total Coliform
yiftise x Fall SWX Dmax  x Rise :«(ﬂ'& all 8%/ T max
Surface 23 87 44,831 &4 144 k262 62,14 447
2 m 59 73 39.89° 109 500 850 587,407 1180
Hotiom 453 28 36. 14 g2 155 214 62,48 337
Saediments 120 10 211,80 185 975 1386 1280, 35* 2086

* Significant




e

The levels of both fecal and fotal coliforms are slightly higher than Station 3,
indicating that additional sewage material may be discharged in relatively small amounts
near this sampling site. The high 8%/X ratios for bacterial densities support this
indication.

R

aatrr

It is concluded that the majority of inputs into Channel 2 are contributed
by agents and sources which effected Station 3 and which proceed it in directional flow.
A small amount of sewage is discharged from the boats or possibly from the comfort
station along the mole.

N

Channel 2 is considered (o be a treatment pond for the nutrient discharges
which enter Basin 1. The apparent decrease in uptake of phogphate may be due to
: several factors, but most probably {o the proportionate difference of nutrient
b assimilation arising from the metabolic processes of resident autctrophs . The
ratio of nitrate/phosphate uptake ig about 11:1, which is very similar to that known
to occur under the laboratory culture condifions (16:1).

3.5. Station 5

The site of Station 5 was selected to act as a control station indicating the
influence of:

1) The combined effects of all discharges within the harbor upon seaward
locations during falling tides,
and 2) the capacity of rising tides to flush the enriching components out of the
harbor and to indicate any additions to the harbor waters which might be
confributed by scurces outside the harbor entrance,

Through the discovery of a continucusly cutflowing current helow the 5 m
depth at this location, it is apparent that harbor and canal influences will congtantly
effect exiernal populations. These influences will increase and diversify during
periods when heavy rainfall increases the dischargs rate and the composition
of materials within the canal,

- The present study was over a limited period of time and little rainfall was
recorded. The dais therefore can not be representative of other times of the year
but rather an evaluation of conditions during a periad of slmost ideal weather,

The bottom water concentrations of nmutrients at Station 5 are fypical of

sources within the harbor during rising tides and that mainstream surface concen-
trations are fypical of seaward surface levels during falling tides,

18
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Nutrient data and analyses are as follows:

(a) Mean concentration of nufrients during tidal periods, and variance {o mean ratios
as related to depth:

SRR

Ay

Total Total  Total Cuigoing Incoming

NP SR SUE, w P w1 wg ¥ g

P

Iy

Surface 3. 140 3. 46 0. 53 13,483 §, 527 14,758 66, BOS
2m Z2.489 11,03 25. 48 2,325 9,360 13. 498 28, 252
Bottom 1.011 7. 20 38.76 6. 975 3.514 26,443 30, 282
N-Total P

correlation .231
{(Falling Tide}

During falling tides the concentration of phosphorus is reduced (x 4) at the
surface of Station 5 relative to the corresponding value at Station 3. Nitrate
concentrations also decrease (x 16.4). The ratio of the uptake of N/P ig only
4. 1:1, significantly lower than that in Channel 2. This indicates an additional
downstream source of either nitrogen or phosphate; a highly significant reduction in
production resulting in nutrient limitation, or other physiclogical siresses.

(hy Nutrient and bacierial correlations with salinity as related o lide;

NngSO,/’ 0o r-5%/00 Fecal-$%/00  Total coliform-50/00
Falling tide «~1, GG0 +, {184 -, 371 +, 425
Riging tide -~ L BGG -+, 825 -, 750 +, 125

The low S%;;’}E ratics found for phosphate concentrations tend to eliminate a
phosphorus emriched discharge as the explanation. High &;%’?; ratios coccur at all
depths for nifrogen concentrations, most pronounced at the surface indicating a
localized input effecting all depths., However, corvelation coefficients for nutrients
with salinity demonstrate that all of the nitrate wastes arise from canal and harbor
waters during falling tides. On rising tides only half of the fotal amount cap be
attributed to a low salinity source. The high S3/% ratios for nifrogen together with
a decrease in the correlation coefficients between tidal periods indicate a nearby
gsource of nitrate wastes,

i7



The N/P ratios at Station 5 are highal significantly different from preceding
stations. This infers that there exizis not only a nearby causative source, but cne
which differs in type from those from within the canal and harbor. During rising
tides there ig a significant increase in the concentration of nifrate at all depths,
Although not as pronounced, a similar increase is found for phosphates. Concurrently
there is a doubling of turbidity (see Appendixz X3}, A secchi disc extinction coefficient
of . 335 was recorded at Station 5 during falling tides increasing to . 620 on rising tides,

There are z significant mumber of coliform bacteria throughout the water column
at all times.

(¢c) Fecal amd total coliform concentrations related to tide and depth, (number/100 ml):

Fecal Total Coliform

. - 2, - - 9
Xy Rise Xml'&li S%/% D max ¥ _Rise meaii Sé/x D max

Surface 29 5 26.71 33 322 204 70.03 408

2 m 17 2 11.75 18 199 960 1351.157 1297

Bottom 29 38 37.21 63 320 151 80.28 371

Sediments 564 50 929.26% 715 1645 865 892,14 1819
*  Sigmificant

Correlation coefficients of bacterial densities to salinities indicate that total coliform
concentrations are more closely agasociated with sea water salinities than those of the
canal regardless of the state of the tide. The opposite is suggested for fecal celiformas.
The latter may or may not have the capacity to survive at length within waters of high
salinity. Current research indicates that coliforms other than E. coli may have &
better capacity for survival under such conditions.

The opposite correlations of both clagsses of bacteria to salinity are
therefore indicative of their relative existence in surrounding coastal waters. Coliform
bacteria might be deposited in the sediments during falling tides aud resuspended on
rising tides.

Cne conclusion ig apparent from this dafa. During a rvising tide a
considerable amount of sediment resuspension must cceur near the cuter edge of
the reef near Station 5, The sediments deposited duriag falling tides or periods
of inactivity on the geaward side of the reef are carried up fo the surface by the
action of the rising tide. The source of the coliforms, mutrients, and particular matter
at Station § appears (o be the sediments deposited in this area and orviginating from
within the canal and harbor or from Magic [sland.
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HI. INFLUENCE OF CAUSATIVE AGENTS UPON PRODUCTIVITY

Productivity measurements provide indications of base food and epergy
levels available for all non photosynthetic organisms within the affected vicinity
of the Harbor. Thuas, any effects upon this base will have a direct effect upon the
organpismic trophic structure dependent upon the base for support. The general
consideration for an entive food and energy level pre-empts specific organismic
analyses. In highly enriched waters the complexity of the food web is reduced
supporting the use of {his approach. Through an understanding of the factors
which affect the rates of production within the harbor, statements regarding the
general conditions of the harbor environment at any time can be made.

Among the environmental factors which influence basic productivity are
light, concentrations of nutrients and dissclved gasses, temperature, and salinity,
These factors have been analysed separately in order to establish the components
which limited production at the time,

Productivity measurements were made at surface and 3 meter depths during
regular sampling periods. Table 2 shows the varicus productivities measured during

‘the first four sampling periods. During rising tides the general trend is toward greater

basal production with the mainstream of flow through the harbor. The rates at
Station 3 are slightly higher than those of Station 1, more than twice those for Station 3,
and about 3 times those of Stations 2 and 4 in the back of Channel 1.

Table 2: Average Productivies During Tidal Periods
mg C/’mg,-’:hr mg /oy
Productivity Prodhictivity
Station Drepth Rising Tide Falling Tide
i Burface 207. 25 183, 15
3 m 14,18 8,85
2 Surface 64, 06 522,87
3 m 8,71 23,66
3 Suriace 225,26 95,05
Im 17.58 5.31
4 Surface 73. 38 255,00
3m 27.08 23, 57
5 Surface 101, 8% 76.34
3 m 52. 14 38, 986
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During falling tides the order is reversed. Back channel stations have
greater productivities than those in the mainstream and Station 2 shows values
comparable to the highest found by Harris (1972) for the most eutrophic regions
of the canal. The mainstream stations (1, 3, and 5) have surface values ranging
from 3.2 to 5.8 {imes lower thap Siation 2. The ranked order of the maingtiream
levels is similar to that during the rising tide,

1. Temperature and Salinity

Variations in temperature and salinity, the vertical profiles of which are
shown in Figures 3 throvgh 5, do not account for the observed differences in
production. Further, the ranked station sequence for productivities hears littls
resemblance of these {wo parameters. Salinities range from 28,06 to 34,89,
depending upon depth and distance from the canal, and temperature varies oaly
by 1.59C vertically and by 1.0°C between stations. In order for temperature to
be responsible for the productivity rate variations, a 15-25 °C difference between
surface stations would have to exist. The salinity data used for the figures were
obtained from laboratory determinations by a Bissett~-Berman precision salinometer.

2. Dissolved Oxyzen

Levels of dissolved oxygen were frequently above gaturation values during
equilibrium periods and falling tides, reaching a maximum value of 146% saturation
on the equilibrium tide of July 17 at Station 3 {Appendix X}, Natural diffusion of
oxygen from the atmosphere at the air/water interface cannot account for these
high values, but high productivities which exist in the harbor undoubtediy result
in these supersaturated conditions. The median saturation values for incoming
and outgoing tides are ghown in Table 3.

High natural productivity in the day can vesull in high oxygen demands
during the pight. Continuous oXygen profiles were therefore measured over
a single day-night period for a full tidal cycle. The regulte are shown in

Figure 6.

Oxvgen concentration in surface, Z meter, and bottom waters were found
to mimic the tidal patterns at Stations 1, 2, 3, and 3. Allhough decreases in
oxygen concentration were evident during rising tides, these losses were
replenished during falling tides. The exchange of canal waters and their
almost eqguivalent concentrations of oxygen are possibly responsible for this
affect, However, it must be mentioned that the observed decreaszes in
oxvgen concentration were lesg than anticipated. It is also pogsible that a
lower population density was present during this period of measurement. More
data ig necesgary to fully evaluate this potentinl disturbance.

20
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Table 4: Concentrations of Dissolved COo and its Relationships
to Depth and Tides

Dissolved CO, (m moles/I)

Station Depth Rising Tide Falling Tide
Range Median Range Median
1 Surface 1.834-2. 162 1. 998 . 665-. 422 . 544
Z2m 1.814~2, 153 1. 984 . 555, 328 444
Bottom 2.087-2. 153 2. 125 . 820-. 332 . 576
2 BSurface 1.842-2. 149 2. 0486 L5741, 270 . 922
2m 1.328-2.085 1.712 L8351, 070,553
Bottom 1. 977-2, 087 1.877 < 396~ 485 . 441
3 Surface 1.876-2, 098 1, 587 . 6825, 378 . 502
2m 1. 955-2, 148 2,054 .520-1.180 . 750
Boitom 1. 359-2, 149 2,054 L 468-1,010 739
4 Surface 1. 8§82-2, 088 1. 990 . 630-. 683 . 657
Zm 1.371-2. 087 1.734 . 448-, 645 . 547
Bottom 1.569-2, 153 2.061 .636~-1. 050 .843
5 Surface 1.888-2,095 1,992 . 388 ~. 590 . 489
2m 1.787-2,091 1. 838 - 485 ~. h33 . 544
Bottom 1.499-2,091 1.795 . 375~, 696 . 836

The total COy concentration is directly dependent on the tidal cycie,
decreasing 75% during falling tides. It is possible that the concentrations in the
harbor during rising tides are very near normal because the gource of CO,, ia the
coastal water itself, unexposed as yet to the heavy demands pregent in the harhor.
Doring falling tides, the source of {302 is either from the waters of the canal or
the harbor itself and both have very high productivities; thus the decrease of COy
concentration is observed. The length of time which coagtal waters take
entering Basin 1 appears fo be long enough for almost complete depletion of available
carbon sources for photosynthesis to occur. At such times, COg will affect production.

The data indicate more precisely that high natural productions are responsible
for the low concentration of carbeon dioxide: not the reverse., Produciion within the
harbor during falling tides increases by 1509 over that measured during rising tides,

e

together with an asseciated decresse in (0. concentration by 75Y%. The ohserved
difference can be explained partially by theTact that some denletion of CO, occurred
within the waters before theyv entered the harbor. -
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It must be concluded that CO, concentrations are not initially limiting to
production within the harbor, butl that high demand for ecarbon by photosynthetic
organisms within both the canal and harbor can reduce the woncenirations and
temporarily effect the total amount of production. The magnitude is not sufficient
to indicate carbon as aprime factor limiting natural production.

4. Hydrogen Sylfide

Hydrogen sulfide (H 8} concentrations are extremely variable ranging
from less than detectable athounts to significant levels al certain stations.
Maximum levels were recorded at Station 1 during falling tides comparable at all
depths. Botitom waters at Station 2 and 4 also show similar high levels (Table 5 ).
During rising tides, uniformly low concentrations appear throughout the harbor,
having little dependence on depths.

Table 5: Concentrations of H,S and its Relationship to Depth

2
and Tides
Sulfide Concentrations {ug at/1)

Station Depth  Rising Tide Falling Tide
Range Median Range Median
1 2m 0. 00-0, 00 G, 000 0,0060-3.738 1. 869
Bottom 0.00-0. 26 0.13 6, 000-3.738 1. 869
2 Zm G.00-0. 33 G, 17 §.000-0. 0066 G. 000
Bottom 0.00-0. 56 0,28 6. 000-1, 825 G.515
3 Zm 0.00-0. 5% .25 G, 4000, 800 0.000
Bottom G, 000, 5% 0. 24 G. 0000, 000 0. 0G0
4 2m 0.00-0, 59 g, 2% G, 0000, 000 G, G840
Botiom 0,000,862 G, 31 0,006~1. 829 4.915
5 2m 0. 00-0, 58 0.29 0, 600-0, 500 4. 460
Bottom 8,004, 62 0,31 0. 0606-0, 000 0, 400

Localized concenirationsof H_S are normally anticipated to show in bottom
rather than in upper level waters., Sufficient organic matter exists in the sediments
(see Table 6 ) for use by bacteria for the production of HoS. Presently H, 8 produced
guickly decreases in concentration as it diffuses up through the water e@%u;nng trans-
forming rapidly to the sulfate ion in the presence of oxygen., Because such changes
are uot observed relative to depth {(except at Stations 2 and 43, it must be concluded
that the source originateswithin the canal or outside the harbor,

P

fxte]



Table 6;:  Organic Carbon Concentrations in Sediments
and Relationship fo Tides
Station Tide (rganic Cin Mean Concentrations
Sediment (%) X X
1 Incoming 4,454 3. 308 2. 960
incoming 2.118
Falling 2. 583 3. 045
Falling 3. 507
Mixed 2. 530 2. 530
2 Incoming 1.725 1.214 1.219
Incoming 0.7036
Falling 0. 878 1,294
Falling 1.910
Mixed 1. 150 1. 1580
3 Incoming 4. 6286 2. 888 3.672
Incoming 1. 150
Falling 3.473 2. 428
Falling 1,382
Mixed 5,700 5. 700
4 Incoming 5.772 3.627 2,823
Incoming 1,482
Falling i, 883 1.771
Falling t. 87T
Mixed 3.370 3. 376
5 Incoming 1. 808 1. 437 10740
ncoming 1.274
Falling 0.913 . 562
Falling 4.811
Mixed 0.910 L2148



Some HoS is however produced in the vicinity of the two backwater
Stations 2 and4. Significant concentrations were noted periodically and enly in
the bottom water.

The concentrations of H,S are not yet high enough to produce noticeable
environmental effects and consequences, Ekman (1953) demonstrated that levels
of 22.32 pg at/l were required before plankton organisms wauld avoid the effected
waters. The highest observed levels within the harbor are about one seventh of
this value,

5. Phosghorus

One factor which was possibly limiting to production during the period
of this investigation was phosphorus. Figure 7 shows the observed concentrations
of total phosphorus which influenced the productivities. A correlation coefficient of
- 451 was calculated for the relationship of phosphorus concentrations at the surface
with productivity rates, and was found to be significant (959 t=2, 404; 19 DL F. ).
This relationship is fully independent of tidal influences. That these data can be describe
by a straight line further demonstrates that this limitation was in effect at all '
measured concentrations.

The equation

Y =.70334 +.00435x

where Y = Total phosphorus concentration in ug at/1
x = Productivity rate in mg C/m3/hour

shows that production by the present population should approach zero when total
phosphorus is reduced to a concentration of 21, 8 pg 1. This value is very close
to the maximum permitted levels for Class AA waters.

In this analysis, it must be recognized that a portion of the total measured
phosphorus concentration is ascribable te the phosphate levels within the phytoplankion
cells themselves, If phosphate ig limiting, it will, of course, effect the density
of cells within the water in dirvect proportion to its concentration. However, phosphates
are a component of these cells, and, as such, when cell number increases, the
measured total phosphate concentration will also increase. These data do not allow
for a judgement to be made regarding the severity of this interference, and further studies
studies must be conducted to conclusively demonstrate phosphate limitations.

At present more than one half of fhe total determinations for surface waters
in the harbor have values which do not meet with the allowable levels for a Class B water
(. 030 mg/l} resulting in anaverage concentration of . 0414 mg/l. In order to reach the
value suggested by this data, a reduction of 90% would be required and would involve
control of both the harbor and the canal. A 409 reduction can he achieved simply
by the tolal elimination of phosphorus materials originating within Basin 1, assuming
physical charvacteristics identical to those for the period of this:atndy.,

28
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6. Nitrates

Mitrate concentrations showed no relationship at all with ohserved productivities.
Even though the raticsof nitrate to phosphate are very low, there is no indication that it
might become limiting.

Surface concentrations of nitrate-nitrogen were periodically observed to be high
and beyond what would be allowable for the total nitrogen levels for Class B waters, For
example, at Station 1 the levels of nitrate averaged . 206 mg/1; the tofal nitrogen limitation ig
0. 200 mg/i. It must be realized that the limits prescribed by the State are based upon
total nitrogen concentration at any fime and not upon average values over a period.
Nitrate ig only a portion of the total load, so that it is highly probable that nitrogen levels
must also occur in concentrations above those required, Although ammonia and
amino-pitrogen determinations would have been beneficial, budgetary restrictions imposed
by the State did nof permit such analvses.

Even though nitrate is not a limiting factor within the harbor, it can have a large
influence upon population composition on the basis of its proportionate association with
phosphate. Nitrate/phosphate ratios are traditionally used as ar indicator of eutrophication
in fresh water lakes, with lowered ratios correlated to a greater degree of environmental aging.

7. Light

Light is attenuated in inverse proportion to the square of the distance from its
source ag it is transmitted through a medium. Two constants, one attributable to light
scattering and the other to absorption, modify this relationship to the particular character-
istics of a given medium.

Photosynthesis proceeds with rates linearly proportional to the amounts of light
avaliable until the system becomes saturated and can go no faster. As light intensity
increases beyond the proportionate phase, a limit is reached at which the system becomes
overloaded and declines,

Ouly at times when light intensity is less than the saturation value will productivity
rates change with depth in proportion to the amount of light available. Under these conditions
the decline with depth will {it the pattern of a negative exponential curve.

The extinction coefficient, or more correcily, the coefficient of attenuation, is a
measure of the rate at which the amount of light is removed with depth. The numbers
arrived at are negative exponents of the base of the natural logarithm | &, and thus
are characterized by a negative exponential curve., Transformed by a logarithmic scale,
they yield a linear curve which expresses the relative amount of light atteruaied between
the surface and any given depth. When compared with the percent difference in productivities
between the surface and a constant depth, a straight line will result only if the light intensity
at the gurface is equal to, or less than, the saturation intensity. It is then that light can he
considered a factor whichlimits production throughout the water column.



Such an analysis is presented by Figure 8 . Linearity exists when the
coefficient of attenuation exceeds a value of approximately . 700, but the relationship
ig obscured at values less than this. This shows that for just less than half of the
time, light was present at less than saturation values near the surface and thus
itmiting to production.

A theoretical analysis of this sort carries with it certain assumptions.
The first is that photo-iphibition does not occur at the . 2 meter depth where surface
productivities are determined. Consequently this would tend to decrease the chserved
difference between production at the two depths and result in an underestimation of
the crucialeoefficient levels. The second is that organismic density distribution and
composition do not vary significantly between the depths. This is a risky assumption
since the effects upon the relationghip sre unpredictable,

Taking these assumptions into consideration, the following conclusion is
reached respective to light. It is likely that the concentrations of other components
of the system are approaching levels at which they can no longer be considered Hmiting.
At such a time, the most abundant of all factors in tropical regions, namely light,
must take control. The interaction of all these factors will be considered in the following
statement of environmental conditon.

Wiogh =f G0 WD

chaerved

"
i

G
i

approximate
expecied Curve

Coefficient of attenuation {k;l

i i i i i H i i .
15 20 25 30 35 40 45 55}' 535

Relative productivity at S—meter depth (1)

B2
i

e}
or
sk
L]

Figure 8

Relationship of preductivity at depth Lo relalive amount of
iight available,

Ll
o]



IV. GENERAL CONDITION OF THE PRESENT ENVIRONMENT

The waters of the Ala Wai Boat Harbor have high productivities, reaching a
maximum surface fixation rate 0of 6.26 g C/’mg/day within Basin 1. This rate iz
very nearly equivalent to the maxima attained in the most eutrophic regions of
the canal,

The rate is possibly limited by the present phosphate concentrations. However,
because light has been demonstrated to limit productivity rates near or at the
surface (if the coefficient of attenuation is > 0.700), phosphate concentrations
are approaching the maximum levels where they still might produce these
limitations. Furthermore, it ig expected that during periods of increased
discharge from the canal, increases in water turbidity and phosphale concentration
will result and the critical levels will be surpassed. During these times the
light, not the phosphate concentration, will be the limiting factor.

As a result of the combined effects of light and phosphate conceniration
upon the rates of productivity, the concentrations of available COy drop
significantly. Although the initial coneentrations of €Oy are sufficient for
high productivity, the levels decrease continuously through the day. Incoming
tidal water will counter losses to some degree but falling tides will not, If
falling tides coincide with periods of high productivity, the concentrations of
CO, may increase sufficiently to cause a reduction in the rate of productivity.

Thus there exist three faclors which can potentially limit the high
productivity in the harbor, namely light, phosphate and COs. Both light and
CO, effects are, however, dependent upon the presence of phosphate,

The high productivities and the complex patterns of circulation within the
harbor have resulted in periodic supersaturated oxygen concentrations throughout
the water column. This effect influences the environment immediately outside
the harbor. Fluctuations between saturated and supersaturated conditions
normally can result in the destruction of organisms confined to the affected areas.
That such consequences exist is perhaps shown by the lobster kills ohserved at
sampling Station 5 {zee Appendix X1, although other explanations are
certainly possible,

The present of supersaturated waters does have the advantage of keeping
the levels of hydrogen sulfide (HgS) below eritical levels, The fact that HoS
can be defected at all, however, is an indication that more than sufficient
amounts of carbon are available in the sediments for the growth of 2 large
population of Desulfovibrio bacteria.




High productivity is obviously occurring in the presence of three limiting
factors and is probably approaching a maximum,. This suggests that marked
eutrophication of the harbor is ocourring and is accompanied by decreases in
species diversity and population stabilitv., Because the tolerapce limits for
certain of the existent populations are being reached and in gome cases surpassed,
a relatively short time remains before the next stage of eutrophication is gained,

At present, any sudden and marked change in either light intensity or
phosphate concentration might result in a sudden decline of the primary producers.
Because of the present density and instability of the population, the sudden digcharge
of any toxic materials (herbicides, heavy metals, oily will more certainly produce
this result.

There are three probable consequences of a rapid decline in the present
population of primary preducers. In order of increasing likelihood, these are

(1) the re-establishment of a new population dominated by a desirable organism,
(2) the rapid depletion of oxygen in conjunction with an increased generation

of H,S and a fish kill, and
{3) the re-establishment of a new population dominated by an

undesirable organism,.

If the second alternative occurs, it will be followed by the establishment
of a new population with characteristics of either (1), or more likely (3.

Over the longer term, however, it is certain that the two latter alternatives
will occur unless action is taken to avoid if. For example, during the giudy
period a bloom of a dinoflageliate (fentatively identified as a strain of
Gyvmpodium breve) cccurred. PBecause the harbor waters have high nutrient
concentrations, a generally low N/P ratio, and large quantities of dissolved
organic materials, conditions are favorable for recurvent blooms of this sort,

The existing current movements are presently contributing some stability
to the system through the continuous exchange and circulation of water, Any
interference with the existing eurrent pattern other than the one apecifically
degigned to improve circulation radically must be avoided since this control
would he last.

How long, therefore, can the present population exist before radical changes
are felt? Anpalyses of nutrient concentrations near the end of the T-pier were
conducted by Gonzales (1971) and hy Harris {1972). Comparison of their data
with present findings provides approximate rates of increase since 1969 as follows:
nitrate~N has increased an average threefold annually at approxima tely a linear
rate; between 1869 and 1970 a fourfold increase in phosphate was recorded and



is assumed to have continued increasing to some degree, but the present analyses
for Total-P and not soluable phosphate prevent direct comparison., As the present
environment in the harbor is already very near the maximum a limited time
remaing before radical changes cccur, even if the assumption is made that a
twofold increase of the concentrations is required to produce this effect, 1iis

a matter only of probability as to which of the last alternatives will be felt first.

Additional factors, such as the presence of pesticides and heavy metals,
were found not to be of immediate concern, Data received from Allen Eshelmann,
through the couriesy of Dr. Doak Cox of the University of Hawaii, showed that
zinc, copper, mercury, and cadmium occur in higher than expected concentrations
and appear to arise in part from sources within the harbor (See Appendix X1},
This demonstrates a need for caution and suggests future monitoring of these
components would be advisable., Presently, however, nc objection is offered
against the proposed construction in the harbor on the basis of these components.
Schultz (1971) demonstrated that the concentrations of DDE, Dieldrin, DDT and
DDD were also present in low concentrations. The sources of these pesticides
were thought not to exist in the harbor.



V. BOGCIO-ECONOMIC ENVIRONMENTAL ANALYSIS

A study of the gocio-economic envirenment of Ala Wai Boal Harbor was
conducted. This describes the socico-economic dimensions of the proposed
expansion and evaluafes them individually,

Specifically: ) Ap optimal boat size distribution policy for the Ala Wal
Boat Harbor has heen formulated using information collected on the size distributicn
of boats presently moored in the harbor; (2) Individual demand and aesthetic relationships
for recreational boating have been derived. This information was obtained first hand
from interviewing a stratified random sample of boat owners: (3) Current recreational
boating expendifures are computed and the recreational boaling expenditures for 1975
are projected; and finally (4) The attitudes of the different segments of population towards
the proposed Boatl Harbor expansion are discussed and some of the associated use conflicts
are indicated.

The analysis that follows is based on the assumption that 259 new mooring slips
will be created, bringing the fotal capacity of the Ala Wai Boat Harbor to 723 boats.
A further assumption is that the project will be completed and fulloperating by 1975,

1. Boat size distribution

Complete records of 261 hoats moored at the Ala Wai Boat Harbor were
analyzed for type and size of boat (Dept, of Trans., Harbors Divis, files), The
results showed that 32 percent of the existing boats are cabin cruisers, 49 percent
are sail boats, and the remaining 1% percent are of miscellaneous descriptions.
The average overall boat length is 36, 8 feet. The distribution of size for different
boat types ig shown in Figure 8 .

An estimate for the fotal population of boals moored af the Ala Wal Boat Harbor
was derived on the basis of itformation obtained from Harbor files. 1 shows that
29 percent of the boats are £ 30" in length, 43 percent are 31" - 407, and 28 percent are
=2 417 in length,

Boat Length will be an important congideration in designing the expansion
of the marina and as a resuli boatl size distribution of potential hoat cwners 1z an
indicator of the demand for additional mooring slips., The walting list for mooring
gpaces at the Ala Wai Boat Harbor is, thus, a useful criterion for deriving a boat
gize distribution policy.

Ag of May 1872 there were 700 valid applications on file for mooring spaces
at the Ala Wal Boat Harbor {Dept. of Trans., Harbors Divis. files;, The waiting
list is not a true 'proxy' for estimating aggregate demand since there are many
potential boat owners who are discovraged from filing an applicaiion for a mooring
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slip, since they know that such a lengthy waiting list exists. The imporiant implication
to note is that the proposed expansion of the harbor will accommoedate only about
40 percent of the present mmber of applicants.

Table7 shows the waiting list distribution of boats on the basis of data for
1969 (Dept. of Trans., Harbors Divis. files) and a distribution policy for allocating
boats of different sizes. Although no time seriss data is available for predicting trends
in boat size, the waiting list distribution indicates an increasing demand for the
£ 30" and = 41' boat length categories.

Table 7: Boat size distribution for Ala Wai Boat Harbor: Existing and Proposed.

Size of boat
Item £ 30 317-40" = 41 Total boats
No. % No. % No. Z No.
Existing 126  26.0 187 43.0 121 28.0 434
Waiting list 134 46.6 81 28.0 74 23.6 289
Proposed 260 36.0 268 3%.0 185 27.6 723

The analysis assumes that boats displaced during reconstruction will be
replaced by boats of similar length.

The optimal boat size distribution policy recommended is where 39 percent

of the boats are = 30° in leugth, 37 percent are 311 - 40" and 27 percent are 2 41
in length.

2. Survey of boal owners

A stratified rasdom sample of 20 boat owners was designed on the basis of
boat type and size. The boat owners were interviewed using a prepared guesiionnalre.
The stratified random sampling technique was justified under the assumptions that boat
type and size would influence ownership and operating cosls as well as boating activities
and level of participation.

The recreationists selected in the sample were asked particulars regarding
expenses incurred for various pleasure hoating activitieg, certain socio-economlic
characteristics, as well ag information on recreational habits. Individual responses
from the survey were very encouraging, indicating a concern on the part of boat owners
regarding public expenditure for harbor facilities.
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3. Individual demand for recreational boating

The estimation of demand for pleasure boating is a difficult undertaking in
the general absence of market prices for most recreational activities. Thus,
expenditure incurred by recreationists engaged in the experience was adopted in
determining a 'proxy' of price and demand for pleasure boating,

The relevant expenditures considered were fixed investments, annual costs,
and daily costs (McNeely, 1968). These were obtained from the guestionnaire
responses and converted to aggregate costs per participant dayv.

The demand conditions were analysed by plotting the cost of participation
against the number of participant days involved in recreational boating (Fig. 10 ).
The validity of the method is demonstrated in Appendix V.

Results of the survey indicate the average boat is used for recreational
purposes 56. 3 days each year (approximately once a week) and the average number
of participants is 5.4 on each occasion, or an average of 304 participant days per
boat each year. The total for the 434 boats moored at the Ala Wai Boat Harbor
(excluding Waikiki Yacht Club) is therefore 131, 936 participant days per year.

It was found that 65 percent of total participant days were involved in
pleasure sailing and 35 percent in sport fishing activities. Other activities such as
water skiing, scuba and skin diving accounted for less than 1 percent of total
participant days. Frequency of boat use and average mumber of participants per
boat were identical for pleasure sailing and sport fishing activities,

4. Recreational boating expendifures

The average total cost for each participant in recreational boating was
estimated from equation (i) to be $22. 60 per day. The empirical findings are
presented in Table 8 .

Table 8: Recreational boating expenditures by major cost categories, 1972,

Cost Dally participant Annual Total for Percent of
category cost cost/boat  harbor/yr total
Fixed investment 29, 20 32,796 $1,213,741 448, 7%
Annual costs 7.72 2, 348 1,018,487 34. 2
Daily costs 5. 88 1,726 748, 352 25,1

22. 80 6, 870 2, BR1,58¢0 06.0
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Since there is an average number of 304 participant days for each hoat, the
total annual costs of owning and operating 2 boal amount to $6, 870. The total

: expenditure for the 434 boats moored at the Ala Wai Boat Harbor is then $2, 8981, 580
per year. The major cost category is fixed investment (depreciation), 40.7 percent,
followed by annual costs, 34.2 percent, and daily costs, 25.1 percent.

The average initial capital expenditure per boat and associated equipment
o was found to be $27, 565, and assuming a 109 salvage value at the end of its
useful life, the average investment per boat is $15,381. Thus, the average value
' of investment at any point in time for the 434 boats moored at the Ala Wal Boat
Harbor is $6. 7 million.

i
:
:
i

5. Aesthetic value of recreational boating

The socio-economic characteristics of the 20 respondents were analyzed in
an attempt to quantify the aesthetic values associated with recreational boating.

The average days of recreational participation per boat {Y) was hvpothesized
to be a function of certain explanatory variables such as annual cost {X,), household
size (X5), household income {Xg), boat owner's age {X4), distance travelled to boat (X.),
boat owner's weeks of vacation (XG)’ vears of resgidence (X7}, and years of experience (Xgi

A linear algebraic equation was fitted to the cross-section data using stepwise
multiple regression analysis. The empirical findings are summarized in Table §

Table 9: Regression coefficients of the estimated equation (i),

intercept Xy Xs X 3 X 4 Xy g X? Xg R

517.541 0,012 -58,214 0.004 -7.090 20,517 -2.528 -4,902 4,566 0.69
(0.60) (~0.70) (1.30) (~0.62) (1.50) {(~0.39) (-0,72) (0.75)

Substituting the mean valves of the explanafory variables resulis ins
predicted average of 304 participant days per boat each year,

The regression equation shows that variables Xy, Xg, Ksgs and XS aye
positively related to recreational participation, whereas the remaining

4%
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variables show a negative relationship. Sixty-nine percent of the variation in participant
days per boat was explained by the socio-economic variables considered in the analysis.

The mean values of the explanatory variables also reflect the socio strata that
boat owners represent. These are compared with the County and State estimaies
(D. P. E.D., State of Hawali, 1871).

Average annual household income was found to be $30, 450, which implies
that 22, 6 percent of anmal household income is required for owning and operating
a boat. Average household size was 3. 8 persons which is the same as the average
for the State in 1970, As a result, per capita personal income is $8, 013, Although
this is considerably higher than the per capita personal income from Honolulu County
($4, 356 in 1969), this is largely explained by the age of the boat owner (average age
was 48 years).

The ethnic composition of the boat owners was 80 percent Caucasian,
10 percent Japanese, and 10 percent Hawaiian. The proportion of Caucasian boat
owners is considerably higher than the compositon of Caucasians in the Oahu
ethnic stock (28 percent in 1964-67).

Boat owners travelled an average distance of 8,55 miles to the harbor,
implying that the location of the Ala Wai Boat Harbor in the heart of the Honolulu
metropolitan area does not impose any serious traveling constraints on boat owners.

The average boat owner has 4. § weeks of annual vacation from his regular
employment (10 percent of owners are retired), has been a resident of the State
for 29.2 years, and has 24.6 years of expericnce affiliated with reereational boating,

The average boat owner has occupied a slip at the Ala Wai Boat Harbor
for 8 years. Seventy-iive percent of the boat owners have a level of education
equivalent to a uni versity degree, and over 30 percent of the registered owners are
male,

Another finding was that 15 percent of the boats in the sample were also used
as permanent residence. Information provided by the Department of Transportation
showed 35% of the boats within Basin 1 had people living on board, with a permanent
resident population of 13%, (Woolsey, personal communication, 1872

6. FProjected recreational boating expenditures for 1975

Regression equation {ii) can be used divectly for projecting recreational
beating expenditures for 1975, Also, assuming that phase | will be completed
by 1875, expenditures resuiting from additions to mooring capacity can also
be separated. This will be useful for determining benefits associated with
additional public investment at the Ala Wai Boat Harbor.
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An assumption underlying the use of regression equation (i) is that the
participants in recreational boating in 1975 will possess the same socio~economic
characteristics as their 1572 counterparts. That is, the coefficients of the
estimated parameters will remain unchanged,

First, if income and consumer recreation prices for Honolulu County from
1969 to 1975 are similar to trends from 1965 to 1968 (D. P. E. D., State of Hawali, 1971),
income can be expected o increase by 39, 5 percent and consumer recreation prices
by 17.5 percent. Adjusting the mean values for income and consumer recreation
prices accordingly, and substituting these into equation (ii) gives the projected
participant days per boat for 1875. The result is an increase of 67 participant
days (22 percent) to 371 parlicipant days per boal in 1975, Similarly, an estimate
of the average tofal cost per day {or each participant can also be derived. Sub-
stituting the projected number of participant days for 1975 into equation (i} and adjusting
expenditures upward by 17.5 percent shows that the average total cost per participant day
will decrease by $0. 39 (1.7 percent} to $22, 21 in 1975. Thus, the total annual cost
of owning and operating a boat in 1975 will be $8, 240.

Table 10 shows the projected expenditures by hoat owners in 1972 and 1975,
including the effects of additonal mooring capacity.

The analysis shows that expansion of the Ala Wai Boat Harbor to a total mooring
capacity of 723 boats will result in 268, 233 participant days in 1975 and an expenditure
of $5, 957, 520 by participants in recreational boating. Of this, 107, 219 participant
days and $2, 381, 360 of participant expenditure accures to net additional mooring capacity
proposed for the harbor.
Table 10: Projected recreational boating expenditures for 1875,

Item 1972 1975 1975 1975
No. of boats 434 34t 7237 289"
Participant days/boat 304 371 571 371

Total participant days 131,956 161,014 268, 233 107,219

Cost/participant day ($} 22,60 22,21 22.21 22,21

Cost/boat (£) 6, 870 g, 240 8, 240 8,240

Total expenditure (§) 2,981,580 3,576,160 5,957,520 2,381,360

1 Existing boats 2 Total boats proposed 3 Additional boats

The average investment per boat is estimated to be $16,439 in 1975, and
the total investment for the 723 boats proposed for the barbor is $ 11.9 million.
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7. Attitudes towards boat harbor expansion

All of the boat owners surveyed were in favor of expanding the Ala Wai
Boat Harbor to further develop the marine~based recreational resources of Hawail,
However, there was some dissatisfaction expressed towards present facilities
which should be given due consideration in future plans for the harbor. insufficient
parking facilities were cited as a major problem. Space considerations require
a multi-story structure operated as a revemue~producing facility primarily for
boat owners, Whether it would obstruct the view of guests at the likai Hotel would
have to be a consideration. Toilet and shower facilities are totally inadequate
and poorly located to serve the existing harbor layout. This applies particularly to
persons living aboard boats, an issue that received mixed feelings among boat
owners interviewed. Additional locker space per boat is alse required,

All of the hoat owners interviewed expressed interest in seeing a State-wide
harbor plan proposed for implementation. Boat owners were concerned that

insufficient provision was made for berthing visiting boats. This becomes particularly

apparent when boat owners travel to a neighbor island.
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VI. ENVIRONMENTAL IMPACT OF THE PROPOSED CONSTRUCTION
WITHIN THE ATA WAJ] BOAT HARBOR

1. Impact |
The present environment in the Ala Wai Boat Harbor is characterized by:

o Nutrient concentrations significantly above the permitted limits
prescribed by the State;

o  Productivity levels among the highest ever recorded for tropical waters;
at times increasing at rates which result in significant reduction in
carbon dioxide concentrations;

¢ High turbidity, which periodically causes light intensity to become a
limiting factor throughout the water column;

o  Supersaturafed oxygen congeantrations;

o  Organismic population instability,

Therefore, it can be anticipated that significant deleterious changes will occur
sometime in the future, even if no additional congfruction is made. The proposed
construction within the boat harbor is thus, with certain conditions, of little short
term consequence to the biological environment.

However, if certain controls are not implemented, the construction will
accelerate the rate of eutrophication within the harbor by the combination of the following:

{a) If the boating public is contributing significant amounts of phosphorus-based
waste materials to the nutrient load within the harbor, the concentration of phosphate
will increase at a rate greater than is currently being observed. It has been shown
that the boat harbor presently contributes approximately 40% of the fotal phosphate
which reaches the end of the T-pier. The arnual rate increase is presently about
fourfold by the combined additions from the canal and harbor, but almost half i from
the harbor alone. Observations made during the course of this study indicate that
boaters discharge and dump washwaters intc the harbor. From the existing data if is
impossible fo defermine the relative impact from this source relative to the additional
inputs from storm drains, hotels and other commercial establishments, and recreational
facilities which contribute to the nutrient load of the harbor. Further study would be
required to make this determination. Increasing the number of boats within Basin 1
by 65% may increase the rate proportionately, Since at least five additional sources
exigt within Basin 1, it is impessible fo be more specific without further study.

(b The water circulation within Basin 1 will be adversely affected. During
incoming tideg, the surface flow into the basin is presently responsible for simulianeocus
outflow of subsurface water. All suppert piers which are proposed for Mole A will
interfere with this surface movement. The counterclockwise vortex which is established
during falling tides will also be affected. The extent to which this will result in a
reduction in the present flushing rates within Basin 1 and in the removal of one of the
major stabilizing influences of the present environment is unknown at present but is
possibly of significant consequence.

=
[



e

)

c) 'The amount of available light will be decreased. The addition of
mooring spaces will bring about a 2.4 fold increase in the shading of surface waters
over that which presently occurs from the effects of boats along the T-pier. A
total of 30. 2% of the interchannel surface waters will not recieve direct sunlight when
the sun is directly overhead. A reduction in the general light intensity withinthe
Basin will decrease the critical concentrations of nutrients required for light to become
the major limiting factor.

All of these modifications, geparately or in combination, will decrease the
time interval between now and the moment of population collapse. This is true for the present
and all succeeding populations to follow.

The conseguences offshore in the event of a collapse will depend very much
upon the states of the tides at the time during the immediately following event. At worst,
the immediate removal of the affected water to the reef would cause conseguences
similar to those experienced in the harbor, but of reduced magnitude. At best, the
majority of the effected waters might be retained within the canal and harbor, and the
effects outside the harbor would be minimal.

The offshore reef areas affected would depend in part upon the strength and
direction of the surface winds. Under normal trade conditions, the effects would be
concentrated on the reef areas between the harbor and Kewalo Basin., During kona
conditions, some of the affected water would be transported to the Waikiki Beach
area and cause some disturbance of this environment.

The proposed construction appears {o have advantagecus effects upon the
socio-economic environments. The results showthat income generated for the state
economy for recreational boating at the Ala Wai Boat Harbor is presently $2, 446, 458,
In 1975, with the completion of the expanded mooring capacity, the amount is estimated
to be $§4, 996, 653; an increaged income from public investment of 31, 987, 279 ampially,

g
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The economic impact of recreational boating expenditures on the local economy
was ascertained by using a local multiplier concept {see Appendix v ). The resulis
of the analysis are shown in Tahle 11 .

Table 11~ Impact of recreational boating expenditures on the economy of Hawaii,

Item 1972 1975 1975 1875
No. of boats 434 434" 7232 2899
Additional income/boat ($) 5,537 6,911 6,911 6,911
Total additional income (§) 2,446,458 2,999,374 4, 896, 653 1, 997, 279
s e p . ; 3

Existing boats Total boats proposed Additional boats
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Some conflicts were uncovered however. A few recreational fishermen felt
that the additional fishing effort would deplete the resources, conflict with
commercial interests {particularly sport fishing activities), and resultina
lower cateh per unit of expenditure in the fishing effort. If such is the case, the
area is already being over-fished, and a study on the population dynamics g
of the most valued specied should be made. Additionaﬁg;, the ‘QE‘IC;‘Q&S ed
requirements for parking must be taken into consideration.

2. Alternatives

for the implementation of this project

, industrial and recreational developments
both sides of the Ala Wai Boat Harbor.
ould not serve the needs of

There appear to be no useful alternative sites
on the leeward side of the island. Existing resort
are extensive for some distance along the shore on
The nearby Kewalo Basin is a commercial facility and w

recreational boating,

The establishment of an additional facility on the windward side of Oahu would not
meet the needs which exist in the Honolulu area. It does appear, however, the expansion
of the facilities at Heeia Lagoon in Kaneche Bay merits some consideration. Such a
¢ some of the needs of the residents of Kailua, Kaneche, Heeia, and

facility would mee
The need for expansion in this area has not heen established

Punaluu communities.
by this present study.

1 no constiuction were to be done within the Ala Wai Boat Harbor, a projected annual

82 million to the State's economy from this source would be lost.

sum of approximately
that much of the loss would be recovered by consumer investments

it is likely, however,
in other markels.

The majority of the environmental short term consequences of this construction will
not he avoided by the relocation of this project since much of the present instability
resulta from the inputs from the Ala Wal Canal. Further, if proper action is taken,

the environmental condition will improve.

The evaluation of the environmental impact of this proposed facility has demonstrated
the need for action to be taken in order to retain this regource.

3. Unavoidable adverse environmental effects

1t has been shown that the present environment iz in jeopardy and that the proposed

construction will not, in itself, alter the shovt term results. Radical changes within

this system are imminent and upavoidable.

the additional moorings will decrease the amount

On a long term hasis, however,
The adversity of this effect will depend upon

of light available for the surface waters,
the implementation of controls, to he digcussed in the following section.
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4. Relationship between long and short term uses of the environment and the
maintenance and enhancement of long term productivity

The proposed construction will not have major short term conseguences. The
long term consequences depend entirely upon man's ability to conscientiously protect
and enhance hig environment., This protection can be afforded by full and rigid control
of the concentrations of the limiting nutrient and of civeulation within the havbor.
Enrichiment experiments on the harbor walers must be conducted fo demonstrate
conclusively the limiting nutrient.

If the concentration of this nutrient iz made sufficiently low to limit growth within
this environment, the reduction in the amount of available light will be of little consequence.
If phosphorus is, in fact, limiting, this can be accomplished by reducing concenfrations to
a level not to exceed . 021 mg/1; the amount determined by this study to bring the productivity
to the present phytoplankton population to almost zero. In practice, this level should not
exceed . 025 mg/1 as this appears to be the maximum safe level which will ensure
congtant phosphate limitations to growth.

By reducing discharges of the limiting nutrient directly within the harbor, it is
possible that the level in the water will be significantly lowered. Because of further
inputs via the canal, it will be necessary to locate and eliminate these additional sources.
Nutrient source elimination must occur if the environment ig to be preserved,

it is necessary to instigate the process of source reduction progressively
bhecause of the close inter-relationships of the various environmental parameters, To
ensure that eritical Hmits are not surpassed after this program, the walters within
the harbor should be monifored continually.

The proposed construction of a pump-out station at the Texaco fueling dock and
counection of all sewage facilities to City and Cousnty lines prior to modifications of
Basin I will have favorable influences, Further benefits will be realized when
shipboard treatment facilities become mandatory,

Circulation is one of the major siabilizing influences upon the present environment.
Major consideration must be given to constructions which will maintain circulation through
the harbor, particularly beneath any of the proposed main piers. This would reduce
interference with inflowing surface waters. It {g not known if such degigns will be sufficient
to main circulation at the requirved level for control of produstivity. This could be determined
through either hydraulic modeling before construction or by the monitoring of current patterns
after construction is complete. In either case, sufficient contingency funds should be
available o correct adverse effects.

If these recommendations are implemented the eavironmental quality of the harbor and

offshore areas wili be significantly improved by the construction of the proposed
harbor extension.
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5. Irreirievable and irreversible commitments of rescurces

With the exception of labor and materials involved in the construction of thig
facility, light will be the only resource which will be permanently lost as a resulf
of this construction. The conseguences of this have already been thoroughly explained.
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APPENDIX 1

ANALYSIS OF CURRENT PATTERNS
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A. Materials and Methods

Measurements of current direction and velocity were made at five
selected stations inside the harbor (Figure 1 ) using an Ekman-Merz current
meter operated at various depths. In addition, a continuous film recording
current meter (by General Oceanics Inc., Florida) was kept at selected depths
at regular intervals during the study. BSurface drift was observed and recorded
using the tracer Rhodamin B18 dye.

The data was obtained during the experimental period between July 31
and August 11, 1872,

B. Results

Current velocily and direction were determined for each of the
sampling stations in the harbor between 0.0 and 6.2 m in depth. Illustrations
of the changes in current velocity with depth are given in Figure 2, in which
flow towards the canal or the basins in the barbor is represented by a
negative velocity.

Hourly data obtained by the film recording current meter are illustrated
in Figure 3 . The state of the tide and the time and duration of recording are
ineluded.

Figures 4{(a) and 4(b} represent the magnitude and direction of surface
currents for incoming and ouigoing tides repsectively. Tigures 4(c) and 4 (d)
show current patierns at depths of 2 m and 3 m respectively for incoming tides,

Figure 5 provides photographic evidence of the surface current drift at
Station 1 using the Rhodamin B16 dye.  The northeasterly wind blowing at the tims
wag between 10-15 knotg. The first picture was taken at 1440 hours and the second
and thivd at intervals of 0.5 and 4. 0 minutes respectively., The drift current
was calculated to be 18.9 cm/sec at the time.

LN Discussion

Figure 4 illustrates that theve is a surface flow into the harbor and into
the canal during the flood tide. This surface flow is compensated by an cutward
subsurface movement, The depth of reversal of the curvents in the harbor gradually
decreases from 5.75 m at Station 5, o 1. 1 m af Station 1. At Station 2 the reversal
probably cecurs 1 m below the surface and at Station 4 at 1.5 m depth,
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Fig. 1 Current measurement stations, Ala Wai Beat Harbor
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Genzalez (1971) recorded a freshwater run-off from the Manoa and Palslo
streams intc the Ala Wai Canal and thence into the harbor as surface water in the
approximate area of Station 1. However, this fact depends upon the volume of run-off,
the level and state of the tide besides other parameters. During a period of litile
run~off and high tidal range the surface flow could reverse on an incoming
tide and flow back into the canal. This was probably the case on 8~8-72 at Station 1
{(Figure 2 ) when a surface flow in this direction was recorded.

The compensating subsurface flow is directed towards the entrance of the
harbor in opposition to the surface flow. The vertical thickness in depth of the sub-
surface flow gradually increases between Stations 1 and 5. Current distributions
in Figure 2 f{urther illustrate this two-tiered motion in the harbor.

The distanct changes in the current distributions at the surface layer
indicate the extent of the mixing in the harbor. The direction and velocity of the
wind influences the mixing as well. Wind velocities were moderate during the
experimental period, namely between 0-15 knots.

The possibility of a surface counter~clockwise movement is indicated
near Station 3 (Figure 4 ) during the incoming tide. This may be due to the
confluence of the incoming surface water due to the tide and the discharge of
runcif through the canal. But the whole surface water from the Basin 1 and from
Station 3 seems to flow out of the harbor during the cutgoing tide (Figure 2 .

The maximum current velocity recorded was 10.35 em/sec at
depth of 2 m at Station 1 on 8~8-72, and a minimum of 1,17 cm/sec at a depth
of 3 m at Station 2 on 8~11-72.

The film recording current meter recorded maximum velocity as a depth
of 2.5 m at Station 3 on 8~4~72. The time was 1405 hr while high tide ccourred
at 1300 hr on that day (Figure 3 ). At Station 2 and at the same depth the maximum
veloeity recorded on 8~11-72 lagged the high tide by 145 min. For both these cases
the current velocity minima occurred between 7-8 hr after high tide. Current reversals
recorded at Station 4 at 3 m depth on 7-31-72 (Figure 2 } both coincide with the tide
raversal at 1200 hr on the regpective davs.
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I Conelusions

3.

The current circulation in the Ala Wai Boat Harbor describes
a two-layered flow pattern with a surface inward flow compensated
by a deeper returning outward movement.

The minor variations from this general pattern which do and can
occur are dependent on the tidal range, velocity and direction of
wind, and the volume of run~off passing through the Ala Wai
Canal into the harbor.

A similar flow pattern exists within Basin 1 which contained
Stations 2 and 4 and where maximum ocurrent velocities of
3.39 and 7.25 cm/sec respectively were recorded at the
surface during incoming tides, '
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Fig, 3 Hourly variation of current velocities
in Ale Wai Boat Harbor,
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Fig. 4(dy Diagrammatic representation of current patterns at depth
of 3 meters during a period of riging tide.
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APPENDIX 11

PROCEDURES FOR COLLECTION OF SAMPLES AND FIFLD DATA
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A Sample Collection

Water samples from the surface, 2m and bottom were collected by a
diver for laboratory analyses of nitrate, total phosphate, carbonate concentrations
and for estimations of total and fecal coliforms. Additional 2 m and bottom
samples were collected for analyses of hydrogen sulfide levels.

All samples for chemical analysis were collected at marked depths on
sampling lines using normal procedures for minimizing turbulence and enlry
of air. For the collection of bottom water samples disturbance of the sediments
was also minimized. Water samples for bacterial analysis were collected in
sterile containers using similar precautions,

Core samples of the sediments (2. 5 x 25 cm) were collected from each
station for laboratory determination of total organic carbon concentrations and
bacterial levels. The sediments af all five stations were found to be very soft and
manageable so that no special impacting device was necessary. The core samples
for ba cterial determinations were placed in sterilized containers.

Immediately following collection all samples were covered with ice and
stored in darkness. In the laboratory, all samples were sither analysed immediately
or stored in a freezer at ~20°C.

B. Collection of Field Data

At each station vertical profiles of temperature, salinity, and dissclved
oxygen were determined from field measurements made at half meter intervals,
Correct depths and intervals were determined by the use of 2 measured plumb
ling,

Water samples for salinity determination were collected at each desipnated
peint by a diver and brought to the surface for immediate analysis. Measurements
were made with an AO Optical Salinometer. The samples were then sealed, storad on ice,
and transported to the laboratory for more accurate determinations with g Bissetie
Berman model 6230 inductive salinometer having a repeatable accuract of
i 0.403 o/00.

Temperature and oxygen measuremenis wers recorded simultanesusly using
a YSI Model 51A oxygen monitor equipped with a pressure compensating probe,
Oxyvgen concentrations were measured at each half meter interval tollowing calibration
for salinity, temperature, and pressure.
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Turbidity was determined at each station using a weighted 20 cm
Secchi Disk. Three successive readings were made and the average recorded
as the Secchi Deplh. Extinction coefficients were caleulated using the
approximation of Poole and Atkins (1929}, namely k= 1.7/D, where k is the
extinction coefficient and D the Secchi Depth in meiers.
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METHODS OF LABORATORY ANAT VSIS
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A, Chemical Analysis of Water Samples

R

MNitrate conceniration was determined according fo the method of
Strickland and Parson (1968), using N-{l-napthylj-ethvlenediamine to produce
a measurable colored azo compound. A Unicam Sp 800 spectrophotometer
at 543 nm was used.

Total Phosphorus was determined by the recommended procedure
of Strickland and Parson (1968) using perchloric acid digestion of the unfiltered
sample. Spectrophotometric analyses were conducted al 690 nm,

Sulphide conceniration was measured spectrophotometricaliy at 600 nm
after allowing the sample to react with p-phenylene-diamine hvdrochloride and ferric
chloride. Standardization was made with minimum aeration prior to each sulphide
determination (Strickland and Parson, 1968).

Total carbon dioxide was calculated from the initial temperatures determined
with the YSI oxygen monitor and the laborator r pH of the seawater sample measured
by a Corning Model 10 pH meter after standardization. Calculations were made
according to the formulations of Strickland and Parson, {1968).

i o

: Organic carbon concentration in the sediments was determined ugi ng peroxide
digestion techniques, followed by evaporation to dryness at 12000 {(Harvey, 1970},

B. Bacteriological Analysis

The technique recommended by the Millipore Filter Corporation {1863}
was used with some minor modifications for the analysis of bacterial concentrations
for all samples.

One, ten, and fifty ml aliquots were used made up to 100 ml volume
by the addition of appropriate volumes of sterile water, The entire volume was filtered
through gas sterilized Gs 0.45 micron type Millipore filters and appropriate
apparatus,

The filters were transfered to petri dishes containing Endo Agar,
prepared according fo the Difeo Manual (9th Edition). The media permits the
simultaneous growth of both fecal and non-fecal coliforms, distinguishable by
colony shape and color.

Confirmatory tests using EMB agar were conducted for each sampls,
: . . h . Gy,
Incubation of inoculated Endo Agar and EMB plates were carried ont at 35°C for
18-24 houra.

o
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APPENDIX IV

METHOD FOR PRODUCTIVITY ANALYSIS
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APPENDIX V

METHODSE FOR SPECIVIC SOCIO-ECONOMIC ANALYSES
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A, Individual Demand for Recreational Boating

Demand conditions were analyzed using cost of pariicipation as the
dependent variable. The mumber of participant days involved in recreational
boating was used as the independent variable. The influence of level of
participation on average fixed costs was the a priori reason for zelecting
gquantity as the independent variable, in additbn to the proposition that fixed
investment costs in the boat would encourage the recreationist to participata
in pleasure boating more than he would other wise.

An exponential equation was fitted to the data using asymptotic regression
analysis to derive the demand curve. The estimated equation for the demand schedule
with daily participant costs (YY) as the dependent variable and the annual participant
days per boat as the independent variable was:

Y = 30,7016 - 33,8408 (. 8988%)
(5. 19) {2.29) (1L57) {f)

where numbers in parentheses () are the t-ratios.

_ The coefficient of determination for equation (i) was 0.76. The means
were Y = 822, 60 per participant day and X = 304 participant days per yvear. The
equation is presented graphically in Figure 10 (text, p. 38).

The results indicate that the use of tofal expenditures to estimate a
proxy for the price recreationists pay for pleasure boating is a valid and useful
method for deriving demand estimates. {n addition, the fixed investment in the
toat and equipment encourages the recreationist to participate more in pleasure
boating than he would otherwise,

B, Impact of Recreational Boating Expenditures on the Economy of Hawalil

The economic impact of recreational boating expenditures on the local
ecopomy can be ascertained by using 2 local multiplier concept, adjustad fo make
allowance for "leakages” from the economy (AL I, 1870

The expression used is:

Total income increase = A/{1-BC) fiiiy
where A = initial expenditure remaining in local area
B = propensity to spend disposable income locaily
= proportion of loea! income expenditure that accrues as
lgeal income,
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Assuming that Hawali's consumption and savings habifs have remained
similar over time, estimates of B = 0,85 and C = 0. 50 are used in the expresion {1).

The magnitudes of the parameters for A are estimated to be;

A= 0,399f + 0. 5002 + 0,551d
where ¥ = fixed investment costs

a = annoal costs

d = daily cosis

Values for A are estimated to be 3, 241 for 1972 amd 3, 974 for 1975,
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The following methods were used for data analysis during the preparation
of this Environmental Impact Statement,

1, Correlation Analyses

Correlation coefficients of either or both nutrients with level of salinity were

computed using a rank correlation technique (non-parametric) if N was less than 15,

When the sampie size to be compared exceeded 15, the standard parametric
preocedure for calculation of correlation coefficients wasg employed.

Since nitrate, total phosphate, salinity, and bacterial analyses were conducted
upon samples which were gsimulfancously collected, each conld be considered
to yield mmatched pairs of data for each specific depth at a particular station
and time. Three samplings were made at each sfation during each sampling
period. For the purpose of siatistical analysis, each stalion was considered
separately with comparisons made upon matched pairs. Sample pairs from
periods of rising and falling tides were analysed separately.

Correlations of N to P and bacterial concentrations with salinity were
conducted uging the same eriteria and precautions,

2, S)%/i wagz calculated using the equation for variance determinations
appropriate for & small sample gize. The subseript , %, iz meant (o indicate
individual point values whose sum divided by N provides the mean and whose
dispersion aboul the mean is estimated by the variance. This technique was
used to analyse both nutrient and bacterial distributions related fo fidal periods,

T4
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Chemical Analyses: Ala Wai Harbor Study

Station Date Total P *Nitrate Sulfide Total CO, Organic C in
Collected (ug-at/l) {(ug-at/l) (ug-at/ly  (m mole/l)  Sediment (%)
1 Surface 7/10/72 1.412 14. 002 1. 834
im " 0.565 0.324 0.00 1,814
i Bottom 0. 928 0. 297 0.26 2. 097 4,494
2 Surface " 4.731 4. 810 1. 942
2m " 0.353 0. 595 0.33 1. 329
2 Bottom ' 0,706 0.729 0. 56 1. 857 1.725
3 Surface i 1.412 0.270 1,876
3 m 1.341 0. 108 0.59 1. 959
3 Bottom " 3. 671 0. 270 0.59 1.939 4.626
4 Surface " 0.777 0.270 1. 882
4m " 1. 200 0.351 G. 59 1.371
4 Bottom r 0. 988 0.270 0. 62 1. 969 5.772
5 Surface r 0. 565 0.595 1. 889
;- 5 m " 0,071 0.351 0. 59 1. 787
5 Bottom r 0,777 0.378 0. 62 1. 499 1. 600
1 Surface 7/17/%2 1. 084 4.211 1. 118
1m " 0. 465 1. 316 0, 60 1. 415
1 Bottom " 1. 161 0. 790 0,17 1. 333 2. 530
2 Burface " 0.618 3.685 1. 550
2m " 1.703 0,526 0. 17 1. 568
2 Bottom " 1.084 0.792 G, 17 1610 1. 150
3 Surface 1. 006 5.700 1. 439
I m " 0. 852 1,841 0, 17 1. 458
3 Botiom i 0,852 1. 053 0, 17 1. 155 5.700
4 Surface “ 1. 181 1. 569 1.428
4m 0. 610 1,318 G, 17 1. 575
4 Bottom 1.703 1,841 0,17 1. 550 3.370
5 Surface t 0. 387 %, 945 1,280
5 m & 0,774 3. 685 6. 17 i. 568
5 Bottom " 5.928 3. 948 0. 17 1. 554 0,810
#

Nitrate plus nitrite



Chemical Analyses: Ala Wai Harbor Study - Incoming Tide

Station Date Total PO,  *Nitrate sulfide Total CO, QOrganic C in
. Collected (,ug-atp/ 1) (yg—&tN/ ) (ug-at™/h {m mole/1 Sediment (%)
‘ iSurface 7/24/72 1. 800 1. 835 0. 00 2. 162
1 m 1 0. 945 ¢. 223 0. 00 2. 153
£ 1 Bottom ' 1. 018 0.223 0. 00 2. 153 2.118
2 Surface T 0.509 1.414 0. 00 2. 149
2m " 0. 509 0.275 0. 00 2,095
2 Bottom " 1.091 0. 198 0.00 2, 097 G, 7036
3 Surface " 0. 800 1. 663 0. 00 2.098
3m " 1. 455 0.075 ¢, 00 2. 148
3 Bottom " 0. 582 0. 089 0. 00 2, 149 1. 150
4 Surface " 0. 582 0. 275 0. 00 2. 098
, 4m " 0. 800 0. 050 0. 00 2. 097
4 Bottom r 1.091 0.124 0,00 2.153 1. 482
5 Surface " 0.582 0.124 0. 00 2,095
5m " 0,436 0. 298 0. 00 2,091
5 Bottom " . 582 0,124 .00 2,091 1,274

*Nitrate + nitrite
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Chemical Analyses: Ala Wai Harbor Study
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Station Date Total POy  *Nitrate Suifidc? Tetal CO. Organic C in
Collected (p,gwatp /1 (ng—atN/ D (pg-at®/ly  (m mol/b Sediment (%)

1 Burface 8/2/12 2.325 16, 670 0. 665

i 1m " 0. 600 1.085 3.738 . 555

: 1 Bottom 0.975 0.429 3.738 0.820

. 2 Surface T 3.225 2. 143 G.574

Zm " 0.8675 0. 2586 0. 000 0. 835

‘ 2 Bottom " 0.900 0.310  1.829 0. 396 0. 678
3 Surface " 1. 575 15.477 0.625
3m " 0.675 0.762 0. 000 0.320
3 Bottom " 0. 050 0. 381 0. 000 0.468 3.473
4 Burface " 1. 800 0.571 0. 630
4m " (. 675 0.214 {. 000 .448
4 Botiom n 0. 450 G. 429 1. 829 0. 8636 1. 8658
5 Surface . 0. 600 0.714 (. 388
5m " 0. 150 0.619 0. 000 0,485
5 Bottom " 0,450 0. 286 {0, 600 (.575 G.91;
1 Surface  8/4/72 1. 050 12. 803 0.4272
Im " 0. 375 0,719 0. 000 0,325
1 Bottom " 0,450 0. 671 0. 000 0.332 10807
2 Surface n 0. 300 2. 038 1.270
Zm i 0.225 0. 886 0, 00 1.07¢
2 Bottom " 0. 600 1.69% (. 000 0,485 1,510
3 Surface " 1. 125 6. 826 G. 378
3m i 0. 225 G.671 0. G060 1. 180
3 Bottom " G.378 0.431 0. 000 1,010 i.382
4 Surface i 0. 825 0,192 0. 683
4 m " 0. 150 0. 934 0. 000 0. 645
4 Botiom " 3,075 0. 407 g, 0046 1050 1.8%7
5 Burface " 0. 075 0. 647 4, 580
5m " 0. 060 0.719 0. 000 0. 585
5 Bottom i 0. 000 ¢.216 0,000 g, 6498 B.811

#

Nitrate + Nitrite
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Productivity ~ Ala Wai Yacht Harbor

Date Station Depth (m) pH Productivity % Productivity at
mg C/m‘ﬁ/%;r 2 meter depth

a. Incoming Tidesg

- 7/10/72 1 0 8. 245 137, 13 6.93
; 1 3 8.235 9.5
7/24/72 1 0 8.065 277, 36 6. 82
1 3 8. 149 18. 85
7/10/72 2 0 8. 165 61,45 15. 4
2 3 8. 180 9.43
T/24/72 2 0 8.101 76. 67 10. 4
2 3 8.151 7.98
7/10/72 3 0 8. 250 175. 02 17.5
3 3 8. 245 39. 68
] 7/24/72 3 0 8.185 275,50 1. 608
3 3 8. 185 4.42
7/10/72 4 0 8. 250 92. 27 28,4
4 3 8.230 26. 62
7/24/72 4 0 8. 170 66.49 41,5
4 3 8.170 27.53
7/10/72 5 0 8.305 72.05 52,5
5 3 §.290 37,81
7/24/72 5 0 8. 170 131,72 50. 5
5 3 8. 170 66.47

o
e
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Productivity - Ala Wai Yacht Harbor

Date Station Depth{m) pH Preoductivity % Productivity at
mg C/m” /hy 3 meter depth

4
Lo

b. Egquilibrium Tides

1 n/17/72 1 0 8. 370 128. 58 7.44
1 3 8, 280 9. 56
7/17/72 2 0 8. 251 65,78 12.7
2 3 8. 265 8. 33
7/17/72 3 0 8, 345 83,34 16. 0
3 3 8,335 13.31
‘ 7/17/72 4 0 8. 305 109, 35 20, 8
4 3 8. 335 22, 63
.
P 7/17/72 5 ¢ 8, 365 48.09 24. 9
5 3 g8.321 11. 49
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Productivity -~ Ala Wal Yacht Harbor

Y

Date Station Depth(m) pH Productivity % Productivity at
mg C/m3/hr 3 meter depth

c. Outgoing Tides

B/2/72 1 0 8. 381 163. 15 6. 10
1 3 8, 261 9, 95

8/2/72 2 0 8.525 522, 87 4,525
2 3 8. 265 23. 66

8/3/172 3 0 8. 349 95, 09 5.584
3 3 8. 290 5.31

8/3/12 4 0 8.441 255, 09 9,239
4 3 8,271 28. 67

8/3/72 5 0 8. 430 76.34 38,996
5 3 8. 400 29,77

e
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L]

Salinity, temperahlire, and dissclved oxygen profiles

for incoming tides

)

Temperature (°C) Dissolved O, (mg/1

Salinity (°/00)

Station Depth 7/10/72 17/24/72

7/10/72  T/24/72

7/10/72 7/24/%2

6,20
5.20
6.2b
5.40
6.40
6.80
7.00
7.00

70
6,45
6. 29
6.30
6, 00
5,60
4.29
4.41

6.

26,5
26,5

26,0

35.0

26.0

27.0

35.0

34.0

0.3

34.0 26.5 26.5

34.0

Lo

34.0 26,5 26,5

34.0

1.5

24,0

26.5

26,0

34.0

2.0
2.5

26.0

26.0

34.0

34.0

34.0 26,0 26.0

34. 0

3.0

34.0 28.0 26.0

34,0

3.5

G.40
6.60
6.60
6.80
6.60
6.60

27.0

27.5

35.0

32.0

6. 40
6,60
6.25
6.20
6. 00

35.0 21.0 27.0

33.0

0.5

27.0

21.0

35.0

34.0

1.0
1.5

27.0

35.0 26,9

34.0

35.0 26,5 27.0

34.5

2.0

27.0

26.5
26,

35.0

34.0

2.5

29,0

35.0

34.0

3.0

4

5
6,0

4,60
6,45
6, 60

27.5
27,

35,0 28.90

34.0

0
0.5

35,0 27. 0 5

34.0

[
He]

27.0

5

27,
27,0

38.0

34, 0

1.0

6.5
6.6
8.5

60

8.

27.0

36,0

34.0

1.5
236

27.0

35.0 26.5

34,0

5.70
5. 50
5,60
5.60
3. 40

26,2 27.90

35,9

34.0

2.5

6.5

35.0 26,0 27.0

34,0

3.0

6.4

35.0 26,0 27.0

34,0

3.5

27.0

26.0
25.9

35,0

34.0

4.0

27,0

35.0

34.0
* yging optical salinometer

é!g

{continued ~ next page)
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Temperature (°C) Dissolved Oy (mg/1)

1/10/12 1/24/712

Salimty (D/OO)

7/16/%2  1/24/72

Station Depth 7/10/72 17/24/72

5.0

0

4
4
2

-

6
6
6

35.0 27,0 27.0

33.9

. 5.4

27.5 27.0

O
34.0

36,

34.0

0.5

.4
5.6

5

0

3

27,0

27.0

34,0
34

1.0

LT0
80
. 20

5

27.0

27,0

35.0

5

=

1.5

4. 5.6

35.0 26.5 27,0
4

34,

2.0
2.5

B, 4
5. 25

5.3

27.0

26.0

35.0

34.90

4,20
4,056
4.60
4.60
4,60

35.0 26.0 27.0

34.0

3!0

35.0 26.0 27,0

34.0

3.5

5.0 26,0 27.0

34,0

4.0

35.0 26.0 27.0

34.9

4.5

35.0 26,0 27,0

34.0

5.0

6.4

5.65
5.65
5.65
5.60
5.20
5.00

27.0

27.5

35.0

34.0

6.4

35.0 27.5 27.0

34,0

0.5

6.3

27.0

27,2
27.0

35.0

34.0

1.0

6.4

27,0

35,0

34.0

L5

6.5

27.0
27,

35.0 26,9

34.0

2.0

35.0 26,5 0

34.0

2.5

35.0 26.5 27,4

34,6

3.0

5, 30
5.00

0
0

35.0 26.0 27,

34. 40

3.5

27.

26,0

34,0

4.0

! Shaded areas indicate periods of observation on

rising tides of July 10 and 24, 1972,

e

July
% 10

fpe
2
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i
6.9
7.

0
7.2
7.6
7.8

.8
7.0
g,

Dissolved O (mg/1)
8.

{all meagurements made July 17, 1972)
5

27.

27.5
27.0
27.0
26.5
27.0
26.0
26.0
26,0
27.5

L3

Temperature (CC)

1

34.0
3490
35.0
34.0
34.90
35.0
35.0
35.0
35,0

356.0

Salinity, temperature, and dissolved oxygen profiles
Salinity (%/g0)

for eqguilibrium tide

0.5
1.9
1.5
2.0
2.5
3.0
3.5
4.0

Station Depth

fy

27.0

0.3

35.0

[l &

o)

o3

35.0

1.0

27.0
26.
27,

34,0

1.5
2.9

S

5
0

34,0

.0

27.0

35.0
34,0

2.5
3.0

27.0

33.9

[l

3

.

Y

33.0
33.0

0.5
.9

b

[

33.0

29.0

34. 0

2.0

1
b
.8

el

34.0

2.5

£e]

26.

34.0
a4

3.9

O
0

! 26.
34,0

2.5
4.0

o

26.

s

»
[

&

34,0

7.4
4.0

35.0

[E]

.4

7.

2.2
27,0
27.0

{continued - nexi page)

33.6
34.0
34,0

2.0

1.0
1.5



Station Depth  Salinity (°/,.) Temperature (°C) Disgolved O, (mg‘m/_i}

5 0 34.0 27,0 8.2
G.5 33.0 29.0 .2
1.0 33,0 27,0 6.8
1.5 34,0 26,5 5.4
2.0 34.0 26,5 7.2
2.5 34.90 26,2 6.4

Shaded area indicafes period of observation on
equilibrium tide of July 17, 1972,

ft

am pm

gl
bt



o {mg/ly
5.4

8/4/72

8/2/72
7.0
7.0

Dissolved O

8/4/12
28.0

&

¢

, and dissolved oxygen profiles
29,0

Temperature {(°C)

8/2/72

Salinity (°/ ol
8/2/12 8/4/72
34,0

4.0

Salinity, temperature
for cutgoing tides!,

Station Depth

ol

34.0 29,0 28.0

34.0

0.5

6.2
6.1
6.2
6,2
6.3
6.6
5.1
8.
6.
B

.8
.
b
5.8
6.4
6.4
5,4
6.4

6.6

6,8
6.

9
5
5
3]

28.0
28.0
28,0
28.0
27.5
27,
27.
27,
27,0
26,
26.0

28.0
28,5
28.0
27,0
27.0
28,1
28.1
28,0
28.0
28.0

34,0
34,0
34.0
34.0
34.0
34.0
34.0
34.0
34.0
34,0

34,0
34.0
34,0
34.0
34.0
34,0
33.5
34.90
34.0
4.0

1.0
1,5
2.0
2.5
3.0
0.5
1.9
1.5
2.0

PO

<3

¢

27,

34,90

[T

34,5

i

6.4

34,0

3.0

.80

&

6.4l

]
% <ol

28,0
28, ¢

28.5
28.5

54.0
34,0

34,1
34,

0.5

6,40
6.39
6. 35
5,35

27.

28,5
27,0

34,0

34,0

e

4

&, 80
6, 80
5,75
7. 70
G.60
6, 20
6,48

6.6
5.7
8. 85
6,82
&. 80
6. 85

.85
6.65
g, 30

[

27.1

27,0
27.0
28,0
28,0
28,0
27.5
27.5

27.0
27,0
28,0
28,40
28,0
28,0
27.1
26,9

0

34,40
34,0
33.5
a3,

33.5
33,5
34.90
34.0

34.0
{contimied —~ next page}

-0

33.8
34.6
34,0
34,0
34.0
34,0
34,0
34.0
34.0
34,0

2.0
2.5
3.0
6.5
1.0
i8
2.0
2.5
3.¢
3.5



solved Oo (mg/1)

/2/72

Dis

Temperature (CC)

8/4/72

8

8/3/72 8/4/72

8/4/72

Salinity (9/qq)

8/2/72

Station Depth

6.80
6. 80
6,75
6.70
6.70

6

g
G

o6

5

4
6,60
6.45
g, 80
6,80
7.080
7.00
7,10
7. 00
7.00
7.10

6

28,0 27,0

34.0
34
3

g

34.
34.¢

28,0 27.90 6.

-

3.0
4

a.

65

27.0

28,0

34.0

1.0
1.5

27.0 26.5

.0

33.5

34.0 34,0 26,5 26.0
26,

2.0

.80

26,0

5

34.0

34.0

2.5
3.0

3.

6. 80
6.70
6.60
6,50
6.50
6.40
6. 40

26.5

26.0

34.0

34,0

34,0 25.9 26,0

34.0

5

34.0 25.9 26,0

34.0

4.0

34.0 25.5 25.9

34,0

4.5

25.5

25.5

34,0

34.0

5.0
5.5

34,0 25.4 25.9

34,0

23,9

26.5

33.5

34.0

0
6.5

10
7.00
7.00
7.00
7.00
7,18

34.0 25.5 26,0 7.

34,0

25.0

6,20
6.25
5,20
6.20
8,40

25,5

34,0

34,0

7.0

33.0 25,0 25,5

34.0

7.5

33.0 25,0 26.5

34.0

8.0

25.5

25,0

33.0

33.5

3]

25.5

Ly
o]

34.0

34,0

3,0

323. 5

34.0

6. 40
5.40
6,40

7. 20
1
7.1

34.0 25.1 2b.0

34,0

10.0

7.

34.0

34.0

10.5

34.0

34,0

11,0

1 Shaded areas indicate periods of obgervation on falling tides

of August 2 and 4, 1972,

Aug
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DO
6,43
6.40
6,42
6.40
6.42
6,40

{1545

26.1

DO
6,50
6,42
.44
8,42
6,44
6,42

0230
26.2

DO
6.52
6.44
6,40
6.35
6. 55
6,60

2330

26,4

DO
6,42
6,40
6,44
6,52
6,46
6.35

2055

27.0

DO
6,54
6,40
6.44
5,40
6.50
6,58

1800

II'\
27.7

Do
.42
6,42
6,50
6.60
6,60
6,60

1500

28,0

DO
6,50
6,50
6,48
6.60
6,59

‘Twenty-four hour temperature and dissolved oxygen profiles {con't)
4,60

1230

£ ‘{)
27,8

0.0

Station Depth
Time

4

26,8

26.8

27.0

27,0

27.4

27.6

27,4

i3

6,44
6.58
6,50
6,58
6.54
6.50
§,48
6,56

0430

27.0
26,9
26.8
28,4
26.1
26,2
26,1
26.0
26.0

6.58
6,60
6,80
6,60
G.58
6,60
§.60

0100

26,9
27.0
28.8
26,4
26.2
26,1
26,1
26,2
26.1
26.1

6.56
6,60
6,52
6,59
6,60
6,80
6,60
6,60

2215

27,0
27.1
26.8
26.4
26.9
26,5
26.4
26.4
26.3

6,42
G.40
6,42
6,46
6.48
6,54
6,58

19458

27.1
27.0
26.8
26,4
27,1
27.0
27.0
26,8
26.4
26,2

6.45
6.59
8,60
6,60

1700

7.1
27.0
26,7
26.5
27.1
26,9
26. 8

6.70
§.63
6,61
6.62
6.65
§.60

14060

29,2
29.0
26,8
26.5
27.1
26,9
26,8
26.8
26.7
26,7

6.61
&, 80
8,70
6,83
G. 80
5,80
6,90
6. 80

13115
3

p

I

27. 2
27,0
26.8
26,5
26.6
26.3
28,

26.2
26,2

1.6
2.0
3.0
4:'-70
0,0
0.5
1.4
3.0
4.0

Time

26,2 26,1 26.0

26.2

26,2

26.46

26,2

.0
6.0

S

28,0

26,0

6,60

26,2

26.7

26,2




Extinction Coefficients as Index of Turbidity

Date Station 1 Station 2 Station 3 Station 4 Station &
(a) Rising Tide
7/24/72 1. 289 . 698 778 . 659 . 620
1. 252 . BR4 LTTE . 683 ., 588
1. 289 .B81 . T88 . 667 . BE5
{by Equilibriuvm Tide
v/r1/e . 893 . B38 . 758 56% . 468
L4932 . 848 . 7406 572 . 465
. 913 . B65 . 758 573 . 470
{c) Falling Tide
8/2/72 1. 332 . 453 . 929 . 656 . 343
1. 260 . 393 . 304 . 656 . 343
1,312 . 339 L 915 825 . 339
8/4/72 1.491 . 806 . 871 748 . 407
1,452 . 818 . 855 7h4 . 387
1.428 . 808 871 754 . 385



APPENDIX X1

DIVER OBSERVATIONS



The following is a summary of the recorded observations made during
diving operations.

A. Boitom Visabilities (in feet)

TIDE STATION STATION STATION STATION STATION
1 Z 3 4 5
Rising 1.5-2 1. 5-2 23 0 7
Rising .25 2 3-4 1.5 15
Equilibrium 1.5-2 1.5-2 2-3 th 3
Falling .5 ] 2 .5 6
Falling 1.5 1. 5-2 1 1.5 1.5~2

B. Ohserved Marine Life on Botiom

TIDE STATION STATION STATION STATION STATION
1 2 3 4 5
Rising Sea Anemones NONE NONE NONE NONE
Rising Sea Anemones NONE NONE NONE NONE
Equilibriom Sea Apemones NONE NONE NONE 5 dead
lohsters
Falling Sea Anemones NONE  NONE NONE i dead
lobster
Falling Sea Anemones NONE NONE NOKE 1 dead
lobster

NOTE: All dead lobsters were gtill intact with meaty portions remaining

160



i APPENDIX XIi

P

HEAVY METALS AND PESTICIDES
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A, Heavy metals in Ala Wai Boat Harbor Sediments and Water
{Information and analysis courtesy of Mr. Allen Eshleman
and Dr, Doak C. Cox)

On three gceasions, July 7, 1971, July 14, 1971, and March 6, 1872,
sediments and waters from the Ala Wai Canal and Yacht Harbor were sampled for
heavy metals, The July samplings were assumed to represent the condifion of
the waterway during a period of low rainfall; the March sample series was
obtained during a pericd of heavy rainfall, Sample sites are shown in Figure L
All analyses are performed using standard atomic absorption spectrophotometric
techniques,
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B. Results

Sediments

T.ead (Pb)-Using data from all three sampling dates, the mean Pb content of

sediments sampled was 65.7 + 39.9 ppml (16-193; n=30). The highest values

for the July samples were recorded at the extreme landward end of canal near

Kapahulu Boulevard (193, 141 ppm respectively). The highest value encountered

in the March sampling was 92 ppm at the juncture of the Ala Wai and the Manoa-

Palolo Drainage Canal. Lead in harbor sediments {taken here as all samplings

from the Ala Moana Bridge seaward) never exceeded 87 ppm {July 73, Samples taken by
the Texaco Fuel Dock were uniformly low {20-28 ppmy.

Zine (Zn)- Zn was determined at 12 sampling stations on March 6 only. The mean
Zn content was 181, 0 + 49,5 ppm. Values were generally higher in the Harbor area.
The highest value, 252 ppm, was recorded al the Ala Moana Bridge sfation,

Copper {Cu) ~ Cu analyses was performed on Mareh & samples. The mean copper
content of sediments was 48.7 + 18.7 ppm (30-76; n=18;.

Cadmium (Cd) - For samples from all three dates, X = 1.8 + 1.1 ppm (0. 8-5. 6; 6=30).
The highest and lowest values were recorded af the same general location, midchamel
off the Texaco dock {6, 8 ppm July 7; 5. 8 ppm March 8l

Mercury (Hg) - The mean Hg content of sediments obtained on July 7 and 14 was 0. 26 ppmy
the mean Hg content of the March samples was 0,86 (0. 08-1. 34). Um all sampling dates
the highest values for Hg were obiained in the harbor ares.

1
© Dry weight.
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Waters

On gll sampling dates water samples from the Texaco Dock, Ala Moana Bridge
and Manoa-Pzalolo Drainage Canal Stations were analyzed for Pb, Cd and Hg.
No detectable Pb or Cd was present in any samples (limit of detection:

Ph 0,01 ug. ml- 1; Cd 6. 008; Hg 0. 0001), Detectable mercury was present in
the March 6 samples {0. 6007 ug ml™ ! at the Texaco Dock),

. Diszcussion

Pb: Lead in Ala Wal sediments may not originate from a source in the
harbor. Dredging has probably distorted the distribution patiern in the Canal
and Harbor. Subsirate differences may also be lmporfant. For example, the
bottom off the Texaco Dock is largely crushed coral whereas other stations are largely
a high organic anaerobic studge. The fact that the highest levels of lead in the
March sampling run were recorded for the Manoa-Palolo Drainage Canal station
suggests that some of the lead in the Ala Wai may originate externaliv to the Canal-
Harbor area. Terrestrial seils on Oahu in regions of high motor vehicle ftraffic
denisty may contain amounts of lead one or two magnitudes higher than the highest
values reported for the Ala Wai sediments.

Zn and Cu: These two metals correlate well (r-0.78, p 6,01, 10 d.1.)
and occur at highest levels in the harbor area, suggesiing that they may have been
leached from antifouling paints. The highest recorded Zn und Cu levels on Oahu
are 480 and 165 ppm respectively in the Kapalama Canal?,

Cd: Cadmium does not correlate well with any of the other metals. Levels
of this metal are higher than “patural” buf no source has been identified.

Hg: Mercury is probably veleased ag & contaminant in the Harbor ares.
This is supporied by the ocbservations that high values were alwavs associated
with proximity fo the harbor and thaf on one oceasion, when relatively high amounts
of Hg was present in harbor waters, the sediments showed a corresponding high
level of Hg.

2 Report on Keehi Lagoon and Waikiki Beach Water Quality. Keehi Lagoon
Tagk Foree, Office of Envirenmental Quality Control, Jamary 1871, Appendix J-7Z.
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D. Pesticides

Shultz {1971) conducted a survey of chlorinated pesticide regidues
for the waters of the Ala Wai Canal. Table 1 exerpted from this report, generalizes
the results of this survey.

COMPARISON OF PESTICIDE LEVELS OF WATER, SEDIMENT, ALGAE AND FISH
FROM THE ALA WAI CANAL AND MANCA AND PALOLO STEEAMS

Pesticides{parts per trillion)

( RATIO:

- Sample DDE Dieldrin DbT DoD DDD+DDE/DDT
Water* 0.2 11,1 1.8 2.2 1.22
Sediment* 40,000 40, 000 70, 000 120, 600 2.39
Algae* 10,000 40, 000 40, 000 30, 000 1.00
Mollies* 60,000 240,000 130,000 120, 000 1. 38

N Guppies* 70,000 220,000 170,000 160, 000 1.35

Flops (muscle) 140,000 110,000 90, 000 400, 000 6. 00

: Chanos (muscle) 250,000 410,000 120, 000 130, 000 3,17

* Combined for all locations.

Although some individual samples of fish vielded significant amounis of these
pesticides, the average values were found to be within the limits of acceptibility.

It must be assumed that pesticide concentrations within canal waters and
sediments are equal to or higher than those for harbor waters. No samples were
taken within the harbor by Shultz, and funds were not sufficient to allow for sample
collection hy the Oceanic Ingtifute,
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FINAL PLAN FOR PROPOSED HARBOR IMPROVEMENTS

prvv,

H
3

165



This plan differs from that described in the text by

(1) permanently fixing stationary docks to Mole A in lieu of the previously
propesed floating pier;

{2) elimipation of the proposed floating pier extending from the ocean side
of the existing launching ramp and approximately two-~thirds of the
total length of Mole A;

{3) repositioning of the remaining proposed floating piers extending from
the Harbor master's area {o a point nearer to the leeward side
of the launching ramp:

{4) placement of new moorings on the channel side of the floating pier
nearest to the Ilikai Hotel;

(5) replacement of the floating pier extending perpendicular o Mole A
with a raigsed pier supported on fixed pilings. This modification
may decrease the impact of this proposed construction upon
circulation within the harbor. It is not known how significant this
improvement will be,

These modifications fo the original design are shown in the accompanying
figure and may be compared with Figure 2 of the text.
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November 21, 1972
Page 3

As far as this Office is concerned, it appears that there is a considerable amount
of confusion with respect to the types of diverse comments received. Perhaps a meeting
with all of the agencies offering sienificant comments, the Havrbors Division, and the
Oceanic Institute will help to clarify the cormments and enhance the final impact state-
ment.

Thank you asain for allowinz thic Office to review and nrocess this draft state.
ment. Should you have any counents concerning this letter, please call us at 548-6915,

Sincerely,

RICHARD E, MARLAND
Interinm Director

Enclosures



SUMLLARY SHEET

g

hgencies Responding {the date of the letter is in parenthesis}

e

*Cﬁncre@wmaﬁ Sparl Hatsunaga {October 10}
Sonator Firan Tong {(Ootoker 101
- *u. 5. Celogical Survey {Cctobor 30}
P *Cepartwent of Zgriculture (llovenber 2}
Department of the 21ir Force {Slovenmber 10)
o Departwent of Traffic, City and County of lLonolulu (October 12}
i bishop Duseur. {(Cctober 26}
o Jaﬁ*ﬁ of Water Suecply {(Goctober 30}
Untdoor Circie {(Ceotober 31}
Cepartrent of llealth (Qiovenber 1}
Departnent of Farks and Recreation, City and County of Honolulu
{(r.ovenber ©) '
Pepartrent of Puklic Works ({Loverber 3)
Ervironvental Center {(Lovember 13}

i *Indicates that the agency does not have anv conments to offer.

i Zgencies Bffering Comrents
1. ﬁ'ﬂarirgnt of Traffice City and County of honolulu
Tre sdditienal Lerths will create a2 great Cemand on the enisting
paxﬁlpr facilities.

2. Dishop Museur
{ Ereps should be taken to irprove water conditions. Thev offer
£ verieus comments ocuestioning the use of the Ala Vail Harbor
as well as considerine alternatives to increase the
cireulaticor of the harbor.

£ matar Supply
The proposed project is not anticirvated to adversely affect
o Io ré 5? Uater Supplyis recources or facilities,

4. Oubdeoy fGlrelea,
Thay o¥press concorn over the impact of future stoxm drains
to ke hooked up to the fla wal Canal.

5. PDepartnent of Porks and Pecrestion
The degirpohility of the usce of the harbor has not really been
substontioted.,  The 111 cffects of the environmental collapse
vill have to bho compared with the desirability assocclated
:ith the use of the havbor.

&. Deparbment of Public Works -~ sec attached lettor.

7. Imvirommental Center - gee attached letter.

8. Dopartment of lealth - see attached lotter.
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THE CQUTDOOR CIRCLE 260 No. Viseyard, Honolube, Heawaii 96817

Octobar 31, 1972

U

Ymmnoeg

s Or. Marvin T. Miurs

P Environmental Scientist

' Office of Envirgnmental Quaiity Control
State Capitol Bullding

Honolulu, Hawaii 96813

SUBJECT: Dratt Environmental Impact Statement
for Improvements at Ala Wai Boaft
Harbor, Phase |, Honolulu, Hawalil

e Dear Or. #iura:

o Many aspects of The subject statement are very ftechnical
_ in nature and The Outdoor Circle can oniy speak to The

: area of concern to our organization.

<
o

Since some ©f the present instability of the harbor
f se

tThe resuit of imputs via the Ala Wail Canai, we do ra
the guestion of The future impact on the harbor when
addttional burden is placed upon It by adding drainage
of other planned projects, namely: Kapahulu Urban
Redovelopmen?t, District lmprovement to Makiki drainags,
and the expanded Ala Moana Park drainage.

i
i

Thank you for this ooportunity To express the interest
ot Tne Outdoor Circisa.

- . ,
£ Sincereivy,
‘
[
Mrs. Robert Creps,
H o
PFresident
;
Z
L,
bt
LC:aa
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WALTER B. QUISENBERRY, M. P H.. M.D.
DIRECTOR OF HEALTH

JOHM A, BURNS
GOVERNOR OF HAWAILL

WILBUR 8. LUMMIS JR., M. 5. M.B.
DEFUTY DHIRECSTOR OF HEALTH

- STATE OF HAWAI
o DEPARTMENT OF HEALTH
P, O BOM 33V
HONOLULY., HAWAL B68014

v

¥ovember 1, 1977

Dr. Marvin T. Miura
Eavironmental Scientist
QEQC,; State Capitel
Honolulu, Hawaii

Dear Dr. Miura:

Subject: Draft EIS for Improvements at Ala Wal Boat Harbor, Phase I,
Honolulu, Hawaii

Thank you for permitting this Department to comment on the subject draft
EIS. Our engineering staff has reviewed the environmental statement and have

the following comments :

P
13
4
H
4
EN

The report recognizes the inadequacies of the sewage and other domestic
waste facilities adjacent to the existing T-pier. However, no plans are proposed
' to remedy the inadequacies. We strongly recommend that a sewage collection
%% system be incorporated into the Phase I plan.

It was also noted that pumpout Tacilities will be provided at Mole '"BY
= in the near future. We feel there will be a need for such facilities at Mole
A" also. We strongly recommend pumpout facilities be incorporated into the
Phase 1 plans.

we understand however that the comstruction of sewage collection facilities
and domestic waste facilities in the boat harbor will have very little positive
effect if the boat owners and other users of the harbor are not encouraged to
utilize such faeilities. We further recommend that holding tanks, approved by
the Department of Health, be required for all who live aboard their boats.
Strict enforcement of Harbors Division Regulations regarding discharge of douestic
sewage and other wastes is essential.

By reducing the discharge of domestic wastes inte the boat harbor it shonld
be apparent that the critical limits of phosphorous and nitrogen will decrease
accordingly.

This Department reserves the right to impose further requirements on the
subject project should environmentsl problems not addressed by the dralt EIS occur.

Very sincerely,

S 5 COEN ey e o e Yt

AWALTER B. GUISENBERRY, MYD.
Hireotor of Health




DEPARTMENT OF PUBLIC WORKS

CITY AND COUNTY OF HONOLULU

HONOLULY, HAWAIIL 26813

EDWARD Y. #4IRATA
BIBLCYOR AND TRIEF ERGIMELR

FRAMK F. #FAS
MAEYOR
BROBERTY #. €. CHOY
DEPUTY DIRECTOR AHD
DEPUTY CHIEF ENGISEER

P RICHAHRD K. SHARPLESS
MARALING DIMECTO®

RDIR 72-193
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November 3, 1972

Dr. Richard E. Marland

Interim Director

Office of Environmental Quality Contreol
State of Hawall

State Capitol Building, Room 436
Honolulu, Hawaiil 96813 '

Dear Dr. Marland:

Subject: Draft Environmental Impact Statement
Improvemaents at Ala Wal Beat Harbor
Phase 1

I3
¢
1
4

We have the following comments to make on the subiect
EIS5 which was transmitited to us on a memcrandum dated
October 6, 1972.

1. Background information {page 1l}: There is little
9 discussion on the history of the Ala Wai Canal and Boat Harbor.
= The effect of the Ala Wai Canal on the Waikiki Beach area was
racognized in the early 1940s. The report “Honolulu Sewage
Disposal Survey™{(May 1940 to September 1941} by the Territory’s
Bureau of Sanitation recognizes the polliutional aspects of the
Canal. The Canal was constructed in 1%23 to divert storm waters
g from the Manca and Palolo wvalleys from Wailkiki Beach as wart of the
b Waikiki Reclamation Project. Discharge of storm water was into
o a channel constructed in 1925 crossing the reef parallel with the
shore to the Bwa direction and connecting to Kewalo Basin., The
Ala Moana Park site was f[illed from the dredged material. The
original plan to construct a channel across the reef in a south-
wasterly direction was somehow ilgnored.

The yacht basin was constructed about 1930 by the Harbor
Board and later expanded in 1937. During this expansion a
channel was dug t0o a dredged area in front of Fort DeRussy.
This channel was later filled in, the original channel blocked
off and a jetty built in a southwesterly direction {(present
condition) as a result of findings of the referanced repcri.



Dr. Richard Marland - 2 e DIR 72-193

The tributary drainage districts of-the Manoca and Palolo
Streams are residential in character with some commercial and
light manufacturing activitieg. There are no industrial
wastewater discharges in the streams.

2. Procedures and Methods (pages 3-4): The location of
Station 1 1s poorly situated if it was intended to show the
effects of the Ala Wai Canal on the water quality of the yacht
harbor. A staticon near the Ala Wai Golf Course would be more
appropriate because it would be located outside the tidal
influence of the harbor. An additional station located 500 feet
offside of the channel could have been helpful in determining the
effects of harbor waters on Waikiki and Ala Moana bheaches,

£
:
3

3. Causative Agents and Sources Within the Ala Wail BRoat

Harbor {(page 6}: There are no sewage discharges into the Ala
Wai Canal. The area in the drainage districts of the two streams
and Waikikl are completely sewered. Wastewater collected are

conveyed to Sand Island for disposal via an ccean outfall. It is
anticipated that secondary treatment and disposal through a new
ocean outfall sewer 9,000 feet offshore off Sand Island will be
completed by 1975.

o
:
:
L.

A Mean values of total nitrogen and total phosphorus in the
raw sewage discharge off Sand Island are 20.7 mg/l and 2.4 wg/l
respectively. There are little or no nitrites or nitrates in the
effluent. Honolulu's wastewater is very weak comparatively because
of substantial groundwater infiltration into the sewers,

4, Data (pages 8-17): The report could be mproved if
proper units were shown., Since water guality standard's parameters
for nitrogen and phosphorous are listed in mg/1 and total and fecal
bacteria counts in number (MPN}/100 ml, these units should be used.
Water guality data collected for the EIS study over a five wesks
period is totally inadeqguate. Sampling should have conducted over
a chne-vear periocd to take into account the normal wvariation of the
seasons.

During the Water Quality Program for Oahu with Special
Emphasis on Waste Disposal {WQPO, 1972}, Station 28 and 29 were
egtablished for the Als Wal Harbor and Ala Wail Canal respectively.
Station 28 was located where Station 1 of this report is located.
Water guality data collected during WQPO are enclosed for the
investigateor's information.
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5. Phosphorus (page 28): Special studies were contacted
by WOPO using batch and continuous-flow cultures to avaluate the
hiostimulatory effects of wastewater discharges on Oahu. These
studies were conducted at HIME, Kaneohe. It was concluded from
these studies that for Oahu oceanic waters nitrogen was probably
growth limiting (0.007 mg/l) instead of phosphorus. Documentation
of these studies is found in the Final Report of Work Area 5,
Special Studies (WQPO).

6. Light {page 30}: Light attenuation coefficients using
a Hydro products Irradiance Meter Model 420 taken in the vicinity
of Station 1 on February 24, 1971 (1300 hours) at the 10 foot
depth gave the following values.

No filter 0.6%90
Red (600-900 mu) 0.958
Green {(478~660 mu) 0.603
Blue {370-500 mu) 0.831

7. General Condition of the Present Environment {pages 32-~33):
A significant concentration of heavy metals was found in the sediments
at the Ala Wai Harbor. The very high concentration found undoubtedly
came from bottom paints used on beoats. Arsenic and mercury ware
also found in these bottom paints and their presence in the sediments
is apparent. The mercury concentration in the Harbor was 58.0 ppm.
Considering that marine organisms are able to concentrate mercury
and other metals and are acguired along the shoreline by residents,
these findings are significant. Analysis for heavy metal was
performed at Stoner Laboratory, Inc., Campbell, California, and
are as follows:

vl
Mercury as Hg 58.00
Arsenic (AS.0_) 212.0
Cooper (Cu) 3 7000.0
Zinc {(Zn) 1420G.0
Lead (Pbh) 5G00.0
Iron {Fej 56,000.0

Nutrient analysis of the sediment sample taken in Ala Wai
showed the following results:

mg,/gm
Bicarbonate BExtractable Phosphorus 0.031
Ammonia nitrogen 0.60
Organic nitrogen 2.69
Total nitrogen 0.69
Sulphide 0,02

Index of Putrescibility 1L.50
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Using the criteria developed by Special Studies for the
Water Quality Program for unstable biological communities
{depressed biclogical diversity} at limiting concentration of
0.05 mg/gm phosphorus and 0.6 mg/gm total nitrogen, unstable
benthic communities can be expected to be found in the Harbor.

8. Impact of Light {page 44): Additional shading could
bhe beneficial initially until the Harbor was cleaned up. By
limiting the available light the autotrophic component of
eutrophication could be retarded.

%. General conclusions are that the draft EIS is inadequate.
The proposed Department of Transportation project will have
significant impact on water guality standards in the yacht harbor
and could have lasting influence on the waters of Waikiki and Ala
Moana beaches. The State of Hawail should set an example for
others to follow by providing adeguate funds so that a comprehensive
water quality study could have been made.

Toilet and shower facilities were described as totally
inadequate in the report (page 42). The Harbors Division should
correct this inadequacy and eliminate all cesspocls in the harbor
area by connecting to the municipal sewer system (page 46}.

Thank you for giving us the opportunity to review and comment

on the statement.
Very truly yours, \
A /é <
%ﬁﬁg@ G,
EDWARD Y. méA%

Director and Chief Engineer

Enclosure



DEPARTMENT OF TRAFFIC
CITY AND COUNTY OF HONOLULU

HOMNOLULY., Hawarl S68813

e

B FRANK F. FAS!
F MAYOR

GEGDRGE ©. YilLLEGAS
TRAFFIC GIRECYOR

RICHARD K. SHARPLESS
MANAGING DIRECTOR

ROY A&, FARKER
DEMITY TRAFFIC DIBECTEOR

October 12, 1972

Dr., Marvin T. Miura

Environmental Scientist

Office of Environmental
Quality Control

State Capitol Building

Room 436

Honolulu, Hawaii 96813

Dear Dr. Miura:

e
£
:
4
:
o

#

Subject: BHraft Environmental Impact Statement
for Improvements at Ala Wai Boat Harbor,
Phase I, Honolulu, Hawaii

The Traffic Department feels that the expansion of
the boat harbor will create a great demand on existing
: parking facilities in the area and this should be men-
i tioned in the impact section on page 43,

Very truly vours,

et X

e ROY A, PARKER
Deputy Traffic Director

4

MASS TRANSPORYTATION TRAFFIC ENGINEERING & PARKING PAAINTENANCE & STREET LIGHTING TRAFFIC SAFETY & EDUCATION
Tohf. BELLISY CEIFEFORD NOQRARA, B E_ RENME T FENGg, &0 HGREHT BiNa
EXECUTINE DIRELTOR THIYISHON CHIEY DIVISIVH CHIEF TRAFFIC SAFETY FLuUca it B¥Figie
140 ALAaB®AT 3F. E4FY HALL ANNIX TEEY gL SKEER Bigy s &bt ¥
IR FER LY T B SAR-RIES B dwoREGE B b 2



BERNICE P. BEISKICEP MUSEUM
P O Bos 6037, Homolids, Hawaic 96818 + Telidone £47-3514

October 26, 1972

Dr. Marvia T. Miura

Office of Environmental Quality Control
State Capitol Building, Rm. 436
Honolulu, Hawaii 26813

Dear Dr. Miura:

Draft Environmental Impact Statement for
Improvements at Ala Wal Boat Harbor,
Phase 1.

It is evident that construction of new harbor facilities at the
Ala Wai Boat Harbor will increase the critical water environ-
mental crigis already facing that area unless implementation
of controls cutlined on pp. 45-46 of the Impact Statement is
effected. Steps to improve conditions there should be taken
soon, regardless of additional harbor facilities.

Yours sincerely,

."’f:)-/’ i P
/(_t‘{(ifw{ {os “éfc(.\c

Roland W, Force
Director



BERNICE P. BISHIOP MUSEUR
P O Bew 8037, Hornslils, Honsis 96875 « Fetipdone 847.3521

Getober 26, 1972

Dr. Marvin T. Miura

Office of Environmental Quality Control
State Capitol Building, Rm. 436
Honolulu, Hawaii 96813

Dear Dr, Miura:

Draft Environmental Impact Statement for
Improvements at Ala Wail Boat Harbor,
Phase I.

The Museum!s comments on the above Draft Statement have
been conveyed to you by letter of even date. In addition, Dr.
J. Randall, Museum Ichthyologist, has given me comments
based on his personal experience. I thought I should share
these with yvou.

Yours sincerely,

<

(ot L0 Deree

Roland W, Force
hrector

Enci.



BERNWICE P. BISKHOP MUSIEWURA
c@ é? Q@M G037, yﬁ?: c{é:, q}/gfffd’(}-.;gé'(?f(? . %ﬂf}éa{(wr 475577

Cctober 18, 1972

TO: Dr. Roland W. Force, Director
: A
FROM: Dr. J. Randall, Ichthyologist }°
SUBIECT: Draft Environmental Impact Statement for Improvements

at Ala Wai Boat Harbor, Phase I.

1. Having lived for five years on my own sailing vessel at the Ala Wai
Yacht Harbor I de know of the situation there and I have some views.

2. First of all, on p. 37, there is an obviously erroneous statement. It
is stated that, from a survey, the average boat at the Ala Wai is used for
recreational purposes 56.3 days a yvear. | would assume recreational means
taking the boat out for a sail, not just sitting aboard and drinking beer, If

it means taking the boat out, then the figure of 56.3 days per year is a gross
exaggeration. Perhaps a decimal point was placed in the wrong place and it
meant 5.63 days, but even then it would seem high.

3. I am making this point because the crux of the matter lies in the large
number of boats in the harbor that are there merely as a place to live {i.e.
avoid paying the rent of an apartment or house}., Many of these boats were
once secagoing vessels but are now derclicts {and a relatively high percentage
of these are unsightly} and many are purely and simply houseboats. Rather
than try to increase the number of slips in the harbor for still more boats,
an attempt shouid be made to eliminate those that, say, could not safely cross
the Molokai Channel. This could be done fairly by having a State-appointed
group that would survey the boats and determine their seaworthiness., If not
seaworthy, the boat's owner could be given a period of time such as one vear
to make the vessel seaworthy or get rid of it.

4, Another big problern is the lack of water circulation in the harbor.
ideally a second channe! should be cuf through the reef from the Diamond Head
side which would be more at an angle fo the usual tradewind direction, thus
making it safer for sailboats. The existing channel is almost straight into

the prevailing wind. Such 2 channel would be expensive and perhaps not
feasible for one reason or another, such as possible encroachment on the man-
made lagoon in front of the Hawailan Village Hotel {which is on State land}.

An alternative suggestion would be to have several pipelines running {rom the



open sea into the Diamond Head side of the harbor to cresate a head
of water flowing in the Ewa direction, thus providing the necessary
flushing and avoiding the drifit of Ala Wai Canal water and its debris
inte the yacht area,

5. Finally, I think more effort should be expended in developing
other harbor facilities for small boats on Oahu, such as in Kaneohe Bavy.
Obvicusly, even if the additional slips are added to the Ala Wai facility,
the growing demand for boats and moorage space will soon overwhelm
that facility.



UNIVERSITY OF HAWAII

Environmental Genter
Office of the Director

KEMORANDUNM Hovember 13, 1972

T0: Marvin Miura, OEQC
FROM: Jerry M. Johnson

SUBJECT: Draft Environmental Impact Statement
for Improvements at Ala Wai Boat Harbor

The Environmental Center was joined by Gordon Dugan, Civil Engineering
and WRRC; Henry Gee, WRRC; Alison Kay, General Science; Morris Miyagi, E.C.;
dJackie Miller, WRRC; James Moncur, Economics; Thomas Hewbury, Oceanography;
Richard Scudder, E.C.; Edward Stroup, Oceanography; and Hiroshi Yamauchi, WRRC.

Overall we find the statement to contain several major errors. These
errors pertain to basic data preseanted, data assessment, and conclusions based
on the data and data assessment. In additicn, wa find ourselves in the
unusual position of presenting the opinion, overall, that the environmental
impacts of the proposed action are likely to be significantly smaller than
those estimated by the authors of the EIS.

I. INTRODUCTION
1. Background Information {page 1)

The construction of Magic Island and the breakwater at the southernmost
end of the barbor were not responsible for the formation of the Ala Moana curl
{actually called the Ala Moana bowl). The breakwater did intensify the current,
especiaily with high surf, although it has had no effect on the size of the
waves. The site, reef bottom combined with a certain height of water above if,
formerly created rideable waves up to fifteen feet or more. Today, with a
targe swell, the waves become unrideable {too much of the wave breaks lengthwise
‘at one time) at about 8 to 10 feet. This decrease in rideable wave height is
due partially to the stacking up (surging) of water inside the break This
phenomenon causes the waves to be bumpy and causes parts of the waves to break
prematurely {called sectioning or closing out),

I1. CAUSATIVE AGENTS AND SOURCES WITHIN THE ALA WAI BOAT HARBOR
1. Current Movements {page 6)
The authors exhibit a lack of understanding of the variability of
currents in their attempt at the general description of flow patterns, The

detail of the pattern they portray is absurd considering the inadequate number
of observations, and is, besides, physically highly unlikely,
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The authors also reveal a lack of comprehension of the techniquas of
current measurement by the way they have reported their data. Ekman-Merz
meters are useless for currents below 2 to 3 cm/sec, and at low speeds tong
periods of observations must be used to average out fluctuations in speed and
direction. The authors used runs of only a few minutes (Table 1, p. iv), and
report current to one-thousandth of a cm/sec. This would be equivalent to using
a yardstick marked only to the nearest inch, and reporting the measurements to
thousandths of an iach. "

The authors are apparently unaware of the nearshore currents in the
vicinity of station 5. They have not taken into account the strong wave-
driven flow which crosses the reef flat off the outer breakwater, entering the
side of the channel between Sta. 5 and the end of the breakwater, During high
surf, so much water enters the channel in this flow that there is a rip-current
outflow in the outer channel no matter what the stage of the tide. Under such
conditions, the water which enters the harbor must come from the reef flat,
not from the outer channel. (The dead lobsters observed at S$ta. 5 may have
been washed off the reef flat by the wave-driven current.)

The authors were careless in preparing some of the figures -- <ee,
for example, the curve for Sta. 1, 8-8-72, in Fig. 2, p. viii. The directions
indicated by this curve do not match the data in Table 1, p. iv. {This
mistaken curve is referred to in the text.)

Some of the current directions reported hy the authors seem physically
impossible. This is most clearly seen in Sta. 1, which seems to show a strong
outflow beneath the surface during an incoming tide. (The correction of the
curve for this station, mentioned in the above paragraph, makes the situation
worse.} This cannot be, During strong rising tid: the flow must be inward at
mid- and bottom depths (it could be out at the surface, if there had heen
heavy rainfall). On examining thelr data and figures to try to resolve this
very serious question, suspicion begins 1o emerge, The currents at 2 and 3 m
at Sta. ¥ during incoming tide are plotted in Figs. &4{c) and 4{d). Looking at
Table 1, these same currents are found to.be in the directions 064° (2 m) and
065° {3 m). The authors have plotted these as currents flowing from 050° and
065°, respectively. Can they possibly not be aware that, in oceanography,
currents are given in the direction the water is flowing toward? Can they
possibly not know that the direction indicated by their Ekman-llerz meter {(or
any other meter) follows this convention -- it is the direction the vane of the
instrument is pointing, i.e., the direction toward which the water is moving?
Is it possible that all their current directions should be exactly reversed?
{Certainly an oceanographer, starting with their tabulated data, would have
drawn everything in the reverse divection!) If they have, in fact, got every-
thing backward -- and the evidence for this is very strong -~ their entire
current aralysis is totally invalid,

Recommendation: They would be well advised to eliminate all their
current measurements and their flow analysis from the Statement., It would be
much better to make only a very few physically sensible comments based on the
shape and depth of the basin, the tidal range, and previous current measurcments
in the Canal,
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3. bBata Interpretation {page 7}

a. The 5%/x ratio is an indication of the homogeneity/heterogeneity
of samples. The larger the ratio the more heterogeneous the universe from
which the samples were taken. Thus the conclusion, the larger the ratio the
more near-by the source, is incorvect. The opposite should be true in that
the larger the ratio, the further away the sample would be, assuming the body
of water was sufficiently homogeneous in all other aspects o zllow such a
conclusion.

b. We question the validity of the source conclusions as they are
based on statistical evaluation of water quality data of very small sample
size. For example: page 9, para. 1, line 1 “Total P would originate at this
station (station 1} from the canal waters as almost 90% of its concentration
can be explained on the basis of its association with Tower salinity waters®:
page 9, para. 2, line 1, "The high S%/xP ratic could be explained by a localized
discharge of detergents”; page 11, para. 1, line 1, "A significant input of
untreated sewage is discharyed into Channel 1. It has already been demonstrated
that the canal is not the major source of this material at station 2. This is
confirmed by high $%/x ratios for both fecal and total coliform concentrations
which indicate rearby sources.™ Rather than formulate conclusions on guestion-
able data base and sksptical applicatien of statistical tools, we would
recommend a more complete survey of effluent sources within the bay and the
monitoring of those sources to determine their respective coniributions to the
water quality characteristics of the harbor and canal waters, With respect to
Tive zboards, simple calculations could have been carried out which would have
given a reasoneble indication of the contribution of thoce sources to nitrogen/
phosphorus and coliform levels in the harbor as compared to the canal and bay
contributions,

t. The nitrogen and phosphorus corralatic: studies appear to be based
on composites of data from different universes {i.e. incoming and outgoing tides,
surface, 2 meters and bottom samples). If this is so, then the correlations
would be meaningliess, even if they were derived from an adequate population size.
A further complication is that only nitrate-nitrogen data is utilized. Slow
nitrogen release fertilizer such as theose used by professional turf managements
{Ala Vai Golf Course) are organic in form and not nitrates. The identification
of eulrophication with NO4-N is basically correct but the source of the nitrate
can be organic, ammonium or nitrate nitrogen. The corvelation of N/P should
have been made with the total nitrogen to indicate the total potential source,
Not only is NOs-N being taken up by the organisms at different rates, which
changes the NO3-N/P ratio, but the transformation of organic nitrogen and
ammonium nitrogen to the nitrate form is dependent upon bacterial action. The
assumption thal untreated sewage waters have a NO3-N + NC,-N/P ratio of 0.4 is
nol necessarily correct inasmuch as this ratic can vary significantly dependine
upon the freshness of the sewage, :
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5. & 6. Phosphorus, Nitrogen {pages 28-31)

The phosphorus corvelation study was based on total phosphorus
rather than available P. Since these two values can differ widely, the
corvelation as presented may be grossly inaccurate. Further, phosphorus
concentration vs. productivity rate is not usually Vinear at all phosphorus
vanges. Generally it is a rectangular hyperbola, exponential function, or a
Vinear function with Z phases {first order and zero order relationship}. P
might be limiting to productivity, considering the very Tow N/P ratios observed
at each of the sampling stations. If other chemical forms of nitrogen,
ammonium-f and organic-N, had been measured, the ratios would have been enlarged
to some degree, although these very Tow ratios suggest that fertilizers may be
& major source of nitrogen and phosphorus contamination at the 5 sample stations.

Runoff from urban land can contribute significantly amounis of
nutrients to the Ala Wai Canal. {[VWet weather flow from Palolo and Manoa streams
can confribute 2 times the phosphorus and 1.5 times the total nitrogen concen-
tration from dry weather flow (Ching, 1972).7 0Data of these streams taken
during wet and dry weather flows showed concentrations of T-P %o be 0.57 and
0.43 mg/l, respectively {Ching, 1972) and analysis of ocean waier off Waikiki
at 5C foot depth showed total phosphurus to be greater than 0.03 mg/1. Thus it
1s doubtful that phosphorus can be a Vimiting factor for productivity in the
Ala Wai Harbor. Only the degree of eutrephication can be conirolled by limiting
the amounts of nutrients discharged from the beats.  Convenient sanitary waste
pump out stations and mandatory "no divect discharge” holding facilities for
beats would undoubtedly help conirol nutrient release in the harbor,

IIT. INFLUENCE OF CAUSATIVE AGENTS UPON PRODUCTIVITY
1. Temperature and Salinity {page 19}

Data acquired by Jackie Miller, WRRC and others®during a three-
year comprehensive study of the Ala Wai Canal ecosystem [final draft in
preparation}) are pertinent to the salinify results shown in the EIS.

The average surface salinity {Table 1), recorded at 20cm. on an incoming
tide at Station 1 just mauka of the Ala Moana Bridge in the midline of the
canal {see Figure 1.}, was 18.62%,. Considering the entire section of the
canal from the Alas Moana Bridge to ‘the Kalakaua Street Bridge, the surface
salinity on an incoming tide ranged from 18.6 to 25.0. This average was
not significantly different from that recorded for an outooing tide (18,
26.2). Bottom saiinities showed no significant difference belween incom
and outgoing tides; vanging from 31.6 to 34.8 over the same ares.

?
ing

The salinity values are considerably lower than those reported
in the EIS. Their significance is in illustrating the great variability of
water quality parameters in the canal; and to the extent that the canal
waters flow into the Ala Wai Boat Harbor, a high variability can be expected
in the boat harbor. {The variation from hour o hour can be as great as
the day to day varistion which in turn exceeds the seasonal variation.)

*Pre-Management Study of the Ala Wad Canal, Department of Oceanography.

fravdt Miwnhie  Petaade -t 2
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2. Dissolved Oxygen {page 19)

The 0z values presented are highly suspect. Algal population
densities which would be necessary to produce the supersafurated 05
conditions would serve as a barrier to 1ight penetration to Tower depths.
Thus a pronounced O gradient with depth would be expected. Further, the
algal population would have exerted a very large nicht-time demand on the
available dissolved oxygen, yet ne pronounced difference between diurnal and
nocturnal dissolved 0, values are observed. These anomzlies in dissolved
oxygen time/depih profiles cannot be explained in terms of canal water
influences. First, the tighter canal waters would have a tendency to
float on the more dense harbor water, thus having Vittle influence on the
dissolved oxygen depth profiles. Secondly, algal-laden canal waters would
exhibit the same nocturnal decrease in dissolved s

Jackie Mitier's dissolved cxygen data (Table 2) at the Station 1
described earlier in Section 111, 1 (Temperature and Salinity) is similar to
that presented in the EIS although her surface and botiom values are
generally lower during both incoming and outgoing tides., In addition,
her data shows a more pronounced variation with depth and the overall
variability is great.

3. Carbon Dioxide (page 23)

Total carbon dioxide is calculated from pH and temperature meas- _
trements. The carbon source for productivity can also come from HCOs-, 00,
by way of carbon dioxide. A better measurement for the potential carbon source
would have been total inorganic carbon. At a pH of about 8.3, as found in
the Ala Wal Harbor waters, the major ion is HCOy . As €0, 15 extracted
additional carbon dioxide is provided by the reaction.

2 HCO, T fmmmm 00,7 v HGO0 ¢ 00,

HCO3™ + 1,0 &==5 6,0 + €0, + OH

In highly active atgal systems, as (0, is taken up and thus, creating an
increase in the pH, the 00,  can be a major source of carbon, as shown in
the reaction

L0, #H0 &= €0, + 2 OH™

A decrease of free C0, to a point where it cannot be met by atmospheric 0,
exchange would create the condition that €0, would have to be supplied from
HC0,y and €05 forws. Thus under the present conditions it is doubtful that
carbon should be Vimiting in the Ala Wai Boat Harbor,
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IV. GENERAL CONDITION OF THE PRESENT ENVIRGNMENT

Based on our earlier comments regarding 0z, C0s and phosphorus, we
cannot agree with most of the conclusions concerning the general condition
of the present environment. We seriously doubt that either phosphorus or
£0, is Timiting to productivity. We also question the conclusion that the
vertical water column is saturated with Oy, or even near so, from top to
bottom. 1In fact, the discussed Tobster kills would suggest that H,S$ might
have been the causative factor. H,S production would depend upon anaerchbic
conditions within the Tower portion of the water column or in the sediments.
0f course, other unmeasured toxic materials could have been responsible
for the deaths or the lobsters could have died on the reef {lat and then
washed into the channel.

The heavy metal data presented shows significant concentrations whitch
are not low compared with undeveloped areas on Oshu, Significant amounts
of Zn, Cu and Hg are contributed by boats and studies of their effects on
marine bicta 1iving in the boat harbor have yet fo be made.

It is important to note that the previcusly mentionad study by Jackie
Miller et al. showed a significant population of phytoplankton, zooplank
nekion and benthic marine organisms exist in all areas and at ail depths
in the canal with the exception of the bottom region between the intersoc-
tion of Kaiulani and Litiuckalani Sireets. {Those populations were obscrvad
even though circulation in this region is severely restricted due to the
%@ttam §0psgraphy; hence the area 13 subject to occasional’ lTow oxygen
fevels.

V.  SOCTO-CCONOMIC ENVIRONMENTAL ANALYSIS

Section V on "Socio-Economic Envirommental Analysis® bears 1ittle
relevance to existing environmental condiiions of the Harbor and also to
the potential environmental impact of the proposed nroject. The statistical
procedures that have been applied are of questionable validity in view of
inadequate data considerations. A stiratified sampling procedure was used

~to obtain socio-economic data from 20 boat owners. The statement does not
clearly indicate how many strata were chosen nor how they were defined.
Assuming, however, that three wore or less equal size subsamples of 6 to 7
ooal owners were obtained from the small, medium, and large boat classes
respectively, the muitiple regression technique can hardly be expocted to
produce statistically significant resulis, The stepwise regressicn met
was applied to as many as six and seven variables. The reduced degrees of
freedom notl Lo mention the expected high multicolVinearities among several
of the selected variables preciudes the possibility of anv meaningful
statistical analysis of the type cmployed. The credibility of the resulis
presented cannotl be established withouu revealing the data base from which
such resulls were obtained, Apart from the questicnable relevance of the
socio-economic environmental analysis ip this draft statement, if such an
analysis is deemed desirable at all it should at least in part be directed
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toward assessing the distribution of costs and benefits. Such an assess-
ment should be made with the view toward determining whether or not there
is any relationship between the existing incentive system and environmental
quality conditions of the harbor. The assessment should then be extendad
to also cover the proposed project.

VI. ENVIRONMENTAL IMPACT OF THE PROPOSED CONSTRUCTION WITHIN THE ALA WAI
BOAT HARBOR

1. Impact
a} page 43

He question the conclusions made concerning the magnitude of the
effect of the proposed changes on the water circulation within the harbor.
The pier aiteration and the increase in the number of boats would have some
effect on overall circulation but that effect should be moderate.

b} page 44

_ The increase in boats will, of course, veduce the amount of Tight
reaching the harbor waters, although the estimated 30.2% seems high. Any
gradual reduction in the amount of Tight reaching the organisms such as
shading from boats will reduce productivity - which may be desirabie.
However, the increase in the nuzber of boats may have a detrimental poliuting
effect, unless live-aboard waste discharges are eliminated from the harbor,
Two additional! potentially undesirable conseguences of increasing the
number of boats are crowding and noise. HNeither has been discussed in
the statement.

Finally, based on extensive collections of abundant and variad
biota throughout the Ala Wai Canal over the past three years by Jackie
Miller et al., it does not seem reascnable that the Als Wai Boat Harbor
whose connection with the sea and resultant circulation is eminently
greater than the canal {s in danger of "an environmental collapse”.

Z. Alternatives

Ay alternative that was not discussed in the EIS is the mooring
of small boats in the section of Ala Wai Canal between Kalakaua Bridge
and Ala Moana Bridge. That section of the canal would have sufficient
depth and would certainly be an aesthetic attraction to the areca. Since
there would be no live-aboards, the boats would not be a source of pollu-
tion within the canal or harbor. Their removal from the harbor would
provide space for additional Targer boats, thus making better use of this
deeper water. As a precedence for this proposed alternative, we cite the
small boat moorings on the Tower portion of Huuanu Stream.
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Although we may appear to have been severe in our comments, the authors
should be commended for the comprehensiveness of the document. The more data
that is presented in an EIS, the more opportunity the reviewers have to make
a substantive critique, Thus the quality of EIS statements should not be
based solely on the amount of criticism received.

We alsp find the approach to writing the statement refreshing. Usually
authors do 1ittle more than write a justification for the proposed project.
The authors of the Ala Wai boat harbor EIS, however, have presented a thorough
environmental assessment without biasing their data in favor of the proposed

project.
%/14/ ) df?;wm

J /derry M. AJohnson
Assistafit Director

cc: Reviewers
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UNIVERSITY OF HAWAILL

Envirenmental Center
Oifies of the Director

November 30, 1872

MENMORANDUH
To: Richard Marland, GEQC
From: Jerry M. Johnson

Subject: Revised Evaluation of the Ala Wal Boat Harbor Draft EIS

This amended review is to supercede our originsl evaluation of the
Ala Wal Boat Harbor Envirommental Impact Statement dated November 13, 1972.
After lengthy comnsultation with the Statement authors, we find that many
of our original criticisms resulted from inadeguate information and explan-
ation being presented in the draft document. The authors have corrected
those deficiencies thus some of our oviginal criticisms are no longer valid.

2. Data Interpretation {page 7}

4. Slow nitrogen release fertiiizer such as those used by professional
turf managements (Ala Wal Golf Course) ave organic in form and not nitrates,
The identificarion of eutvophication with NOz-N is hasically correct but
the source of the nitrate cen be organic, ammonium or nitrate nitrogen.

The correlation of N/P would have been more accurate had it been made

with the total nitrogen to indicate the total potential scurce. Not only

is the NOz-N being taken up by the organisms at different rates, which
changes the NOz-N/P ratio, but the transformation of organic nitrogen

and ammonium nitrogen to the nitrate form is dependent upen bacterial action.

b. A comprehensive baseline water quality evaluation of all the major
effivent sources enterving the boat harbor should have been made in order t
accurately assess the impact of the proposed modifications on the water
quality characteristics of the harbarﬂ {Such a study would have included

the a;nroxzmagﬁ toilet and dishwater nitrogen/phosphorus and coliform
contributions of live-sboards and phu phorus from detergents used in
washing hoats.)

<, 5. Phosphorus, page Z8) The phosphorus correlation study was
based on total phospheri$ rather than available P, Since these fwo
values can differ widely, the correlation as pressnted may be inaccurate.
However, we recognizso that the identification of gvailable forms requires
some Tather sopnisticated and time-consuming algal assay procsdures
which were apparently not possible within the constraints of the study.

Runoff from urban land can contribute significant  amounts of
nutrients to the Ala Wai Canal. [Wet weather flow from Palole and Manoa
Streams can contribute two times the phospherus and 1.5 iimeg the total
nitrogen concentration from dry weather flow ([Ching, 197Z1. bata of

2640 Mails Way - Honeluly, Hawall 28822 - Phone 944-7361



Richard Marland, QEQC 2 November 30, 1972

these streams taken during wet and dry westher flows showed concentrations
of T-P to be 0.57 and 0.43 mg/l, respectively (Ching, 1972) and analysis
of ocean water off Waikiki at 30 foot depth showed total phesphorus to

be greater than 0.03 mg/l. It is doubrf ul that phosphorus can be a 13
ing factor for productivity in the Ala Wai Havbor. Only the degree o
eutrophication can be controlled by limiting the amounts of nutrients
discharged from the boats. Convenient Sﬁnzt&ry waste pump out stations
and mandatory "no direct discharge"” holding facilities for boats would
undoubtedly help control nutrient relezss in the harbor.

g
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IIT. INFLUENCE OF CAUSATIVE AGENTS UPON PRODUCTIVITY
1. Temperature and Salinity {page 19)

Data acquired by Jackie Miller, WRRC and others* during a three-
year comprehensive study of the Ala Wal Canal ecosystem {final draft in
preparation) are pertinent to the salinity results shown in the EIS.

The average surface salinity (Table 1), recorded at 70 cm. on an
incoming tide at Station 1l just mauka of the Ala Moana Bridge in the midline
of the canal {see Figure 1.), was 18.62%. Considering the entiTe section
of the canal from the Ala Moana Bridge to the Kalakaua Street Bridge, the
surface salinity on an iﬁcomiﬁg tide r&nged from 18.6 to 25.0. This aver-
age was not significantly differemt from that recorded for an ocutgoing
tide {18.2-26.2). Bottom salinities showed no significant difference
between incoming and outgoing tides; ranging from 31.6 to 34.8 over the
s$ame area.

The salinity values are cﬂ151 lerably lower than those @epexteé
in the EIS. Their significance is in 1llustrating the great varisbilit
of water quality parameters in the canal; and to the extent that the canal
waters flow into the Ala Wal Boat Harhor, a high variability can be expected
in the boat harbor. (The variation from hour to hour can be as great as the
day te day variation which in turn exceeds the seasonal variation.)

2. Dissolved Oxygen [page 19)

The Oy values presented are guesticnsble. Algal population
densities which would be necessary to produce the supersaturated Gy con-
ditiaﬁs would serve as a barrier to light penetration to Jower depths.
Thus a pronounced O gradient with depth would be expected. Further, the
31gai population would have exerted a very large night-time demand on the
availsble disscolved oxygen, yet no pronounced difference batween diurnal
and nocturnal dissolved 0y values are observed, These anomalies in dis-
solved oxygen time/depth profiles cannot be explained in terms of canal
water influences, Fzrs‘f the lighter canal waters would have a tendency
to float on the more dense harbor water, thus having little influence on
the dissolved oxygen depth profiles. aeasm&lyf algal-laden canal waters
would exhibit the same nocturnal decrease in dissclived Oy

* Pre-Management Study of the Ala Wal Canal, Department of Geesnography

{Garth Murphy, ¥r¢nﬁ1ma1 Investigator).
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Jackie Miller's dissolved oxygen data (Table 2) at the Station 1
described eaviier in Section III, 1 {Temperature and Salinity) is similar
to that presented in the EIS although her surface and bottom values are
generally lower during both incoming and outgoing tides. In addition,
her data shows a more pronounced variation with depth and the overall
variability is gresat.

3. Carbon Dioxide (page 23)
Total carbon dioxide is calculated from pH and temperature meas-
urements. The carbon source for productivity can also ceme from HCO, T, 004
by way of carbon dioxide. A better measurement for the potential carbon
source would have been total inorganic carbon. At a pH of about 8.3, as
found in the Ala Wai Harbor waters, the major ion is HCO; . As €O, is ex-
tracted additional carbon dioxide is provided by the reaction

Lo

2 HCO3 $=mTE Q04 4 Ho0 + ODy
and
HCO3 + H,0 =09 15,0 4+ COp o+ 0H

In highly active algal systgms, as £Op is taken up and thus, creating an
increase in the pH, the (O, can be a major source of carbon, as shown
in the reaction

CO5  + Hy0 == co, + 2 OH

A decrease of free COz to a point where it cannot be met by atmosphevic C0,
exchange would create the condition that €0, would have to be supplied from
HCO3 and {03 forms. Thus under the present conditions it is doubtful that
carbon should be limiting in the Ala Wai Boat Harbor.

V. SOCIO-ECONOMIC ENVIRONMENTAL ANALYSIS

Section V on “Soclo-Economic Envirommental Analysis" bears little
relevance to existing envirvonmental conditions of the Harbor and also to
the potential envivonmental impact of the proposed project. The statistical
procedures that have been applied are of questionable validity in view of
inadequate data comsiderations. A stratified sampling procedure was used
to obtain socic-economic data from 20 boat owners. The statement does not
clearly indicate how many strata wers chosen nor how they were defined.
Assuming, however, that three more ovr less equal size supsamples of 6 to 7
boat owners were obfained from the small, medium, and fargs boat cissses
respectively, the multiple regression technique can hardly be expected to
produce statistically significant resuits, The stepwise regression method
was applied to as many as six and seven variables. The reduced degrees of
freedom not to mention the expected high multicollinearities among several
of the selected variables precludes the possibility of any meaningful
statistical analysis of the typs employed. The credibility of the results
presented cannot be established without revealing the data base Ffrom which
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such results were obtained. Apart from the questionable relevance of the
soclio-economic environmental analysis in this draft statement, if such an
analysis is deemed desirable at all it should at least in part be directed
toward assessing the distribution of costs and benefits. Such an assess-
ment should be made with the view toward determining whether or not there
is any relationship between the existing incentive system and environmental
quality conditions of the harbor. The assessment should then be extended
to also cover the proposed project.

VI. ENVIRONMENTAL IMPACT OF THE PROPOSED CONSTRUCTION WITHIN THE ALA WAI
BOAT HARBOR

1. Impact

a. {(page 43) The pier alteration and the increase in the number
of boats would have some effect on overall cireulation but that effect
should be moderate.

b. (page 44) The increase in boats will, of course, reduce the
amount of light reaching the harbor waters, although the estimated 30.2%
seems high. Any gradual reduction in the amount of light reaching the
organisms such as shading from boats will reduce productivity - which
may be desirable. However, the increase in the number of boats may have
a detrimental polluting effect, unless live-aboard waste discharges are
eliminated from the harbor.

Finally, although the proposed modifications will have some
impact on the water quality of the boat harbor, we believe that impact
will be moderate. Elimination of all toilet and sink wastes from the
harbor may result in a net improvement of the water quality.

2. Alternatives

An alternative that was not discussed in the EIS is the mooring
of small boats in the section of Ala Wai Canal between Kalakaua Bridge
and Ala Moana Bridge. That section of the canal would have sufficient
depth and would certzinly be an aesthetic attractiom to the area. Since
there would be no live-aboards, the boats would not he a source of poliu-
tion within the canal or harbor. Their removal from the harbor would
provide space for additional larger boats, thus making better use of this
deeper water. As a precedence for this proposed alternative, we cite the
small boat moorings on the lower portion of Nuuanu Stream.
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FIGURE 1. Ala Wai Canal Sampling Stations (Jackie Miller, WRRC and Others»)

*Pre-Management Study of the Ala Wai Canal, Department of
AR Oceanography (Garth Murphy, Principal Investigator)
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JOHN A, BURNS FREDERICK C. ERSHINE

GOVERRGR CHATRMAS, GOARD OF AGRICULTURE
WiLLiAM E. FERNARDES
GEFPLTY TH THE CHAIRMAR
BEYATE QF H4WEL
DEPARTMENT OF AGRICULTURE
P 2E B0 KIMNG STREET
HAOPOIL UL, HAWAL SCEM4
Movember Z, 1972
MEMGRANDUM
To: Dr. Marvin T. Miura, Bavironmental Scientist

Office of Envirommental Quality Contrd

Subject: Draft Environmental Impact Statement for Improvements at
Ala Wai Boat Harbor, Phase I, Honolulu, Hawaii

We have reviewed the above draft statement and do not
foreses any major adverse environmental effects.

Thank vou for the opportunity to review the statemsnt.

FREGERICK ¢, FASKIHE
Chalrman, Board of Agriculture



REPLY TO
ATTN OF:

BUBJIECT:

To

DEPARTMENT OF THE AIR FORCE

HEADGUARTERS 15th AIR BASE WING [PACAF}
APD SAN FRANCISCO 96553

DE

Draf't Envirommental Impact Statement for Improvements at Als Wai
Boat Harbor, Phase I, Honolulu, Hawaili

Office of Bavirommentel Quality Control

ATTN: Dy Marvin T Miurs

State Capitol Building, Room 435

Honolulu, Hawaii 96813

i. Reference iz made to your letter of 6 Oct 1972, same subject.

2. This office has no comments to render relative 4o the draft environw~

mental impact statement for "Improvements at Ala Wai Boat Harbor,
Phase I, Honolulu, Hawaii".

(///// %/ //)// rzizgjz /C{&/

ALLAN M. YAE2 AT
Asst Dep Comdr Y67 Civil Bngry

FEIDE N THE PAST

FaiTH I THE FUTURE



UNIVERSITY OF HAWAII

Deparizent of Givil Engineering

MEMORANDUM November 2, 1972

MEMO TO: OEQC

FROM: B. H. F. Yaungii?;

SUBJECT: Review of Draft Envircnmental Impact Statements

Lunar Laser Ranging Station, Haleakala, Maui

No Comment

Nanakuli Planned Development Housing

The first four pages of this IES are not well written and needs some
clarification, particularly in phrases such as - "buffer areas, ete.”
(p.1), "difference in elevation ranges™ (p.2), "project site being con-
tingent to residential area" (p.4), “feral cars" {(p.4). A statement on
p.2 indicates that there should be little effect on population density
despite the fact that the project provides for patichouses, townhouses,
and 3-story units as opposed to the single-family dwellings presently
pradominate in Walanae.

There should be some enlargement on the game habitat and open space
loss didentified on p.6 and the possible effectr of rhe chemical usage iden=
tified on p.7 on the water quality of surface runoff from the projeet
ared,

The impact of the project on certain specifirs community services
P 3 I ¥y s
police and fire protection, vefuse collection, and sewage disposal, is

not indicated.

Ala Wal Boat Harbor Improvement, Phase I

Pripeipal criticism is directed toward the warer quality dara., Since
organic and ammonis nitrogen data were not rollected, the evaluation of
N/P relationships may lead to ervonecus results, particularly if sewage
discharge is taking place imte the canal or harbor waters since those
forms of nmitrogen constitute the major proportion of the total nitrogen
load In demestic sewage. The fervilizer and detergent contributions
should be qguantified to determine whether there are sources of major import
ot whether sewage discharge is the major factor in water gquality deterio-
raticn in the harber. Some characterization of the sediment -— nutrient
and carbon content, suspended solids -~ should be made to quantify its
effect on water quality in the harbor,



Waimanalo Beach, State Recreation Area

This statement is well-written and documented. A veal effort should
be made to have the water quality survey performed on Inaole Stream (p.6).
Perhaps some clarification should be included in the statement as to what
injury would occur to the Beach Park from a sewer outfall terminating
beyond the cuter reef edge (p.6).

Police and Fire Training Facilities, Koko Head Firing Range

Although 2 site plan of the proposed facilities is provided, an evalu-
ation of the visual and esthetic effects of the project cannot adequately
be made without some form of elevation sketches or architectural conceptual
sketches. Further, there is no exposition of the economic benefits or
improvements in community services from this project, or the adverse effect
on the police and fire departments if the training facilities are not
provided,

it is indicated that surface drainage is collected in a pond on the
site {(p.10) but no mention is made of the ultimate disposal of the collected
run-off, noxr is it indicated whether the pond is adequate for the increased
runoff that may result after completion of the training facilities with
the paved access areas. Perhaps some of the runocff, and the collected
drainage from fire extinguishing exercises (p.22) could be filtered and
recirculated as a means of water conservation,



TRANK F. Fasy

MANGR

PLANNING DEPARTHMENT

CITY AND COUNTY OF HONOLULY

629 POMUKAINA STREET
HONOLULY, HAWAIL 28813

HOBERY R, WAY
FLAHNKING DIRECTOR

SEORGE 5. MORIGL O M
BDEPUTY PLAHKNING DIRECTOR

November 21, 1972

PL0/72-1787
ke

MEMORANDUM

TO : DR. RICHARD MARLAND
INTERIM DIRECTOR
OFFICE OF ENVIRONMENTAL QUALITY CONTROL

FRCM :  ROBERT R. WAY, PLANNING DIRECTOR

SUBJECT : IMPROVEMENTS AT ALA WAT HARBOR, PHASE I
DRAFT ETIS, SEPTEMBER 7, 1972

The Planning Department does nol have the technical
capablilities to make a detailed review of this project.
Our review cof the environmental impact statement does
suggest, however, that a broader problem of water quality
does exist and should be addressed as recommended in the
report. Our concern is that the oroject may be approved
without provision for addressing the broader problems.

Tmplementation of the project may have some impact on
onshore facilities, particularly pariking and traffic in

the immediate vicinity of the harbor. Consideration should
be given to this impact which could result in some
modification te the size of the project or the provision

of additional faciliities, particularly parking and sewags
disposal,

"

HOBERT R. Way
Planning Director

i

J
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BOARD OF WATER SUPPLY
CITY AND SOUINTY OF HONOLULL
B30 SOUTH BERETANIA

FOBT OFFICE BOX 3410

HOMNDLULL, HAWAH 5801

Dr. Marvin T. Miursa
Environmental Scientist

GEQRGE APDUIHAN, Souvretery
HENRY H, GEORGE, JA.
FLAHD MATSLITA

TANLEY 8. TAKAHASM
ALEMEET O ZANE

1 ? FUDHARD H. COX, Vigs {harossn

[P

rA fernbiors

}f \\ AGBERT M, ATTEZ, Chermen
5

I

A

GEQORGE A, L, YLIEN

Cotober 30 ¢ 1972 Mamasgee sed Greet Sngooss

Office of Environmental Quality Control
State Capitol Building, Room 436

Honolulu, Hawaii

Dear Dr. Miura:

56813

Thank you for sending to us the "Draft Environmental
Impact Statement -~ Administrative Action for Improvements at
Ala Wai Boat Harbor, Phase I - Job H.C. 2004" for our review

and comments.

The proposed project is not anticipated to adversely
affect any present or future Board of Water Supply watey
regources or facilitieg in the area.

Please feel free to contact us if we can be of further
assigtance in this matter.

PR PR I

<5 i

Very itruly yours,

s

- :
¢ -
£ :

Sakai Kawakami
Acting Manager and Chief Engineer



United States Department of the Interior

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
Room 330, First Insurance Bidg.
1100 Ward Avenvye
Honoluly, Hawaii 945814

October 30, 1972

Br, Marvin T, HMiura

Environmental Scientist

Office of Environmental Quality Control
State of Hawaii Executive Chambers
State Capitol

lonolulu, {lawaii 96813

Bear Dr, Miura:

The Draft Environmental Imnact Statement for Improvements
at Ala Wai Boat ilarbor, Phase I, Honolulu, Hawaii, trans-
mitted with your memorandum dated October 6, 1972, has
been reviewed by this office. '

We have no comments to offer, Fresh water resources of the
area should not be affected by the project.

The foregoing is provided informally for technical assistance
and is not intended to represent the position of the Depart-
ment of the Interior.

Sincerely,

- ; (1
ks / _,"/ ‘S >
{ ‘//’/{_/;{if A 3] w{&cu-%»w—”
W, L. Burnham
District Chief

¢c:  Regional liydrologist, WRD, WR
Chief iydrologist, WRD
Code 4000 0000 (Attn: George H, Davis)



SPARK M. MATSUNAGA MERBERS

tsT EnsTRICT, HAWAR COMMITTEE OMN RULES
COMMITTEE ON AGRICULTWIRE

WASHIRSETTON (P

42 Canons e Congress of the Hnited Stateg srecrinG cCommires
 Joeuns o, House of Representatives |
e Washington, DL, 20515

Cotoher 10, 1972

Pr. Marvin T. Miura

Environmental Scientist

Office of Environmental Quality Control
State of Hawaii

Honolulu, Hawaii 96813

Dear Dr. Miura:

On behalf of Congressman Matsunaga
who is presently in Hawaii, I am acknowledging
receipt of your letter of October 6, 1972,
together with a copy of the draft environmental
impact statement for the.Ala Wai Boat Harbor.

Please be assured that your communication
will be brought te Mr. Matsunaga's attention
when he returns to Washington,

Aloha and hest wishes,

Sincerely,

David 8. Nahm
Staff Executive




ALLEN 5. ELLENDER, LA., CHAIRMAN

JOHN L. MOGCLELLAN, KR, MEFOR 8. YOUNG, N, DAR.
WARREN 5. MAGHNUISOR, WASH. MARGAREY CHASE BMITH, MATNE

JOHN . STENMIS, MISS. ROMAN L., HRUSHA, NESN,

JOHN . PASTORE, R, GORDON ALLOTY, SOLO,

ALAN BIBLE, NEV, NORRIE COTTON, N, ,a . .

ROGERT C, BYRD, W, VA, CLIFFORDS P. CAGE, M., O"J C { a ’%ﬁ { ”% ie
GALE W. MC GEE, WYO. HIRAM L. FONG, HAWAI TLELE XI5 STty
MUCE MANSIMELD, MONT, 1. CALEE BOGOS, DEL,

WILLEAM PROXMHIE, Wi, EDWARD W, RROOKE, MASS, COMMITTEE ON APPROPIRIATIONS
JUBERH M, MONTOTA, W, HEN, FARK . HATFIELD, CREG. .

DANEEL B, ROUYE, RAWAL - TERF STEVENE, ALABHA WASHINGTON, 3.0, 20510

ERNEET V. HOARINER, .40,

FHOMAS £, BOGTT, GHISF GLENK W
W, W WOODRUY, CotaL, October 16, 1972

Dr. Marvin T, Miura

Environmental Scilentist

Office of Environmental
Quality Coentrol

State Capitol-Room 436

Honolulu, Hawaii 96813

Dear Dr. Miura:

I am writing to acknowlege receipt of the draft
environmental impact statement for the Improvements at
Ala Wal Boat Harbor, Phase I, Honoluly, Hawaii.

Your courtesy in sending me this statement is
appreciated,

With kind regards and aloha -

Sincerely yours,

i i P

. -

£
Ol N N
Hiram L. Fong I

FLE:v]



The Cutdoor Circle, Mrs. Bobert Creps

Comment: Additional drainage into the Ala Wai Canal from future developments
which will affect the harbor.

Digpogition: We share the concern of the Ouldoor Cirvele as fo the posgible impacts

of theae proposed developments. Attempls are currently being made
t avold the reslization of these impacts.

State of Hawali, Department of Health. Walter B. Quisenberry, M. D,

Cormment: Incorporation of a sewage collection system into the Phage 1 plan,

Dispogition: A sewage collection system has been incorporated into the Phase 1 plan
which consists of connecting a pump~out facility at the Texaco fueling
dock with the City and County sewage gystem. The plan will also
connect existing comfort siations to the sewage system. An additional
comfort station will be constructad at Male T

Comment: Additionzl pump-oul faeilitics at both Moles A and B.

Digposition: Funds are only adeguate for the incorporation of one pump-out facility
with the Phase 1 plan. The selection of the Texaco fueling station as
the site of this facility is predicted upon ifs accessibilily and frequency
of use relative to other possible sites.

Comment: Recommendations for holding tanks on boats uged by permanent
regidents, and enforcement of regulationa,

Digposition: Present EPA requivements are that by 1875 all new boats are requived
to have onboard sewage holding and treatment facilities and by 1980
all boats, regardiess of age, will be reguived to have this sgquinment.
We concur with these recommendations.,

Commment: Heduce discharge of domestic wastes to decrease the critical lmite
of phosphates and nitrogen aceordingly,

Disposition: While we fully concur with this statement it should be pointed out that
the boats constitule only 2 poriion of the total nutrisent discharge inio
the harbor and that siabilization of the harbor environment will reguire
reduction of domestic wasie discharges from other sources as well,
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City and County of Honolulu, Department of Public Works, Edward ¥V, Hivata

Comment: Background information.

Dispogition: The additional information provided by the Department was
intereating and has been included in the text,

Comment: Procedures and methods: location of stations.

Digpogition; We concur with this comment as many more siations would have been
desirable. However, there were lmilations of {ime and funding,
compeliing the stations to be few and resiricted to the harbor iiself.

Comment: Causative agents and sources within the harbor,

Dispogition: The fecal coliform counts near the Ala Moana Bridge are above
permitied afate ievels. The study by Gonzalez (1971) demonstrated
a decreage in fecal coliform concenfrations from upper regions of
the canal towards the barbor. It is agreed that there are no direct
sewage discharges from the City and County system, but it is
apparent that some sources of fecal discharge must exist within
the vicinity of the canal.

Comment: Data ~ uniis,

Disposition: The comment on the units iz valid, While the units for fecal and
eoliform concentrations are in numbers of 100 ml, this was not
clear in the text and has been 50 amended,

The units phosphorus and nitrate are in an accepiable gcientific
form and are readily converted fto myg/l.

Comment: Phosphorus.

Digposition: Our data shows no suggestion of nitrale Hmitations by the population
of organisms in the harbor during the time of our shudy.

It iz known that soluable nitrogen is not 5 universal limitation
upon plant growth, This is particnlarly Important in fropical
walers where represeniatives of atmospheric nitrogen fixing
blue green glgae ave ublguitous., In the abgence of other limitaticos
pronounced blooms of these algae can, and in fact do, occur in
Hawsaiian waters.

The only chemical Hmitation that was suggested by the daia was
the limitation of phosphates upon productivity.

Comment: Light,

Dispogition: The data provided was of inferest but the guoted levels are in
techrigues not readily compared with the valnes o

{ the EIS. However,
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the information provided demonstrated that the light environment
is eminently suited to the subsurface growth of diatoms, dinoflageliates,
and blue~green algae.

Comment: General condition of the present envivonment - heavy metals,

Digposition: The additional information provided ig valuable., During the KIS
study it was observed that sediment depth was highly variable and
ranged from 1-2 inches to 2-3 feet at the same locations during
this five week period. This indicates that large variability in
gediment composition can be anticipated, as well ag demonstrating
that concentrations of heavy metals may periodically reach unacceptable
Hmits.

Comment: MNuivient analvses.
Disposition: The additional information is valuable.
Comment: Impact of light.

Digposition: While the statement ig correct when evaluating the impact of the
censtruction on the harbor water environment, it doeg not take into
account the poszible effects upon the waters ouiside of the havbor,
Presently the harbor is viewed as a treatment pond for the discharge
of the wastes from the Ala Wai Canal and from other sources.

With additionzl shading fhe capacity for organisms fo assimilate
nutrient components from the waters iz reduced and thues an
increase in seluble nutrient concentrations within the effluent
waters is anticipated, Further, it is not considered advaniageous
te place a natural population under light limitations, particulariy

in tyopical waters since large variations and considerable instability
can be generated from such 2 system,

Comment: Inadeguacy of the statement,

Digposition: It is assumed from the context of the letter that the inadequacy of
the EIS refers solely to the quantity of information provided.
A comprehensive water quality study would have been preferable
but present national policy does not enforee such action,

Comment: Teoilef and facilities,

Disposition: The Harbors Divizion makes a contingency for addifional facilities in
an overall reconsiruction plan. The EIS was specific to Phasze 1
of thi=g plan. It is their intent to eliminaie all cesspools in the harbor
and copnect to the municipal gewer syatem by 19873,



City and County of Honolulu, Department of Traffic, Roy A. Parker

Comment: Parking facilities,

Disposition: Additional parking will be provided by the Harbors Division as part of
the overall plan., This will not occur during Phase 1 construction,
However, the statement by the Traffic Division is duly noted and has
been included in the text.

Berpice P, Bishop Museum, Dr. J, Ragpdall visa Dr, Roland W, Torce

Comment: Recresational use of boats, and capacity of harbor.

Digposition: The data as specified is directly from a census made among owners
of boatg in the harbor,

Dr, Chennat Gopaiakrishnan, socio~sconomic consuliant
on this FIS responded to Dr. Randall's commenis:

"Point 2 expressed cbjected to the statement that the average
boat ig used for recreational purposes 56.3 days a year, This is
the correct figure obtained from the survey and, ag indicated in
the report, includes hoth pleasure sailing and gport fishing
activities, Boat use from the 20 owners surveved ranged from
8 to 182 occcasions per vear., It was typical on the part of the
enthusiastic recreational boater interviewed in the survey lo oriticize
those bonts that are largely used for accommaodation. The extent to
which this ocours is over exaggerated. The Ala Wail Boat Harbor is
a public resource and as such should not be considered for prestigious
use by the privileged strata of gsooiaty.”
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Univergity of Hawali, Environmental Center, Jerry M, Johnson

Ag a preface to the dispositious to the comments by the University of Hawaii's
Environmental Center, the authors wish to acknowledge the time and effort of the
Environmental Center to discuss at length some of their interprefations and
analyses of the EIS.

Comment: Correlations of total nitrate and phosphate do not include transformed
organic and ammonium nitrate forms.

Disposition: We agree that it would have been advantagecus to conduct analyses
on all forms of soluble nitrogen in the harbor waters. The original
proposal to the Harbors division included such determinations,
but time and money constraints made it possible to seleet only
one form for analysis, Nitrate- + nitrite-nitrogen was chosen
so that comparisons could be made with existing published data
(Gonzalez, 1971; Harris, 1972) for the canal.

It is well known that bacteria are capable of converting
ammonia-N to nitrife (nitrosomonas) and then to nitrate (nitrobacter,
but this process is not dependent upon their presence. There is a
constant conversion to nitrate through chemical oxidation by both
free oxygen and by induced photochemical oxidation from direct
suniight. Bacteria serve simply to accelerate this natural process.

It is a reasonable asgumption that such bacteria are present.
Organic fertilizers are not in a form for nitrogen to be readily
utilized by grasses and tervestrial plants, Owrganic nitrogen must
first be converted to nitrate for assimilation to occur. Organic
fertilizers are used at the Ala Wai Golf Course. The general
abundance of the constant discharge of waters from the golf course
into the canal must contribute to the presence of these bacteria,

Lomment: Accurate assessment of the impact of proposed changes depends upon
a prior comprehensive baseline water quality evaluation of all major
effluent sources entering the boat harbor.

Disposition: When this study was initiated, little historical dats was available
on which to assess the condition of the harbor environment,

When water quality conditions are adequate and appropriate
precautions are taken, a high density of hoats can be accepted, It
wag congidered that an assessment of the present environmental
condition of the harbor should be established first,
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This is now known and the excessive nutrvient concentrations
are of concern. It is agreed that a comprehensive study which
defines and categorizes all the major effluent sources is required
and should now be undertaken,

Comment: Comparison with other environments suggest phosphorus cannot

Disposgition:

Comment:

Disposgition:

be limiting to production.

It is agreed that the strong correlation of total phosphorus with
surface productivity rates does not conclusively demonstrate
phosphate limitation. However, the analysis presented shows that
it is likely, especially when nitrate~nitrogen is shown nof to he
limiting.

It iz the authors® opinion that total phosphorus gives a better
representation of "available" phosphorus than does the determination
of reactive phosphorus. It has been demonstrated by an extensive
body of literature ) Provasoli et al,, 1957; Pinter and Provasoli,
1962; provasoli and McLaughlin, 1962; ete.) that organic phosphates
are widely utilized by phytoplankton, Standard laboratory analyses
of reactive phosphorus do net provide meagurement of these
organic forms, while techniques for total phosphorus do. Within
the constraints of the study, there was neither sufficient fime
nor funds to conduct more sophisticated studies,

it is well known that populations of phytoplankton can vary
tremendously both in number and composition between different
environments, One reason for this is that nutritional requirements
and abilities to tolerate various nutrient loads are specific for
exch phytoplankter. The examples presented in the critique are
for two entirely different environments and do not take into account
factors such as proportionate nitrogen concentrations, galinities,
temperature, light availability or ciroulation,

it iy not desirablie to make alternate comparisons of the type
presented, as there exisls unanimous agreement that oceanic waters
at 50 ft depth and freshwaler sireams are not characteristic of
an estuarine harbor. Such a comparison does not demonstrate that
P cannot be Himiting to production within the harbor,

That only the degree of eutrophication can be controlled by limiting
discharges from boats cannot be argued,

The implication was not intended in the FIS that to Himit boat discharges
would halt eutrophication. Neither was it implied that the boats within
the harbor contributed the majority of nutrient inputs., More studies
woiild be required to demonstrate the relative contributions and
importance of these discharges to the total nuirient load of the harbor.
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Comment: Observations on variability of salinity within the Ala Wai Canal,

Disposition: The information provided is of inferest. It shows that a considerable

amount of variability can be anficipated and that the conditions

during the time of sur sampling were possibly umisusl when compared

to more normal conditions,

Comment: Dissclved oxygen values presented are guesiionable,

Disposition:

We fully concur with your analysis describing conditions which
would normally be expected, The suspicion of high oxygen demand
creating sfrass conditions curing night hours promptled the

the decigion for a day-night study.

We also concur with vour feelings that a precise explanation
is not possible congidering that the analyses were conducted
for only one 24-hour period. However, the operational components
of the oxygen monitor were checked against Winkler fitrations
and found to be accurate within 8% of the actual value. Thus,
although unusual, the oxygen dafa cannot be dismigsed.

Comment: Calculation of total carbon dioxide.

Disgposition:

The methods used for sample collection and analyses of total CO,
followed standard procedures and measured the tofal concentration
of the various forms of COg (CO7, HCO;, and free CQs), The
analytical method does not distinguish between the various forms
and thug provides 2 value which is g summation of all reaction
products mentioned within this critique.

The aceuracy of the dafa can be checked by comparing with
results based entirvely upon theoretical caleulations. Johnson el al.
{1942) show that total COs in seawater may be caleulated from
the expressgion

/ + 3
A, s ; kT i
$co, = L2C0 ;iﬁ,i o2 1
) Le2ky (M [H7]
('] |

Whera:

! 3z . - L c -
k‘i = firgt digszocistion constant for carbonic acid
] % - N - - a
i{z = gecond dissociation constant for carbonic acid

[H™1 = hydrogen ion concentration

[A €69} -~ alkaline fraction bound directly to the CO, components
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[ACOZE is ealculated from the following expression:

k:& x _H3B0 IHT Xy
A = [A} - } . T T F
fAco,l = 1A (' - k% (H

Where:
E{; = diggociation copsiant for boric acid
/ ~3
[£ HgBOg] = 0.0221 x C1 9/50 x 10
[AY = total alkalinity
“E}KW
K = dissociation constant for water = 10
pPK,, is given by the following expreSSlioa:
— o
Py = 14,170 ~ 0. 1517 (C1 9/, )% + 0.0083 C1 9/,

Given the following measured vitlues:
pH = 8,500
C1 % 50 = 19,0
Temperature = 280 ¢
[A] = . 140 milliequivalents /]

the total expected COg concentration is 0,058 milliequivalents/l or hetween
C.088 and 0,118 m males /1 depending upon the molecuiar apecies composition,

The derived value compares favorably with Iaboratory figures having
the same field conditiong, ,320. The data should therefore be considered reliahla,

The data do not conclusively demonstrate CO Hmitation, Thig interpretation
is arrived at by noting that productivity rates depleted the total COg concentration
sevenfold from normal, dropping values well below the 1 m mole/] threshold value
taken asg adequate COs in freshwater systems (Melntive & Phinney, 1985),



Comment: The Socio-Economie Environmental Analvsis bear litile relevance

Disposition:

to existing environmental conditions of the Harbor and also to the
potential environmental impact of the proposed project. The
statistical procedures that have been applied are of qguestionable
validity in view of inadequate data considerations.

The following disposition was provided by Dr. Chennat Gopalakrishnan
and D. Clive Drew of the Department of Resource and Agricultural
Feonomics, University of Hawail and consultant to the Oceanic
Ingtitute on the Sccio-Economic asgesament portion of the EI9,

" . . .The report presenis a thorough analysis of the
socio-economic environment existing at the Harbor as well as the
impact of the proposed project. The objective of the study was
to present as many relevant agpects as possible in empirical terms.
The stratified random sampling procedure was first justified and
the design explained in the statement. The design is reproduced
in detail for those still experiencing difficulty with this report.

Design of Ala Wai Boat Harbor Survey

< e e it

Boat type f £ 30 31-40' | Z a1’ Total
; !
Cahin eruiser 2 3 2 7
3ail boat 2 4 3 9
Migcellaneous 2 i 1 4
Total L g 8 P90

"The original sample gize selected was 40 boat owners, but taking
into consideration the number of owners who could not be confacted
{many have private telephones) ag well ag time and budget covstraints,
the number of owners contacied was reduced. However, the
original design of the experiment was retained,

""Another criticism expressed by the reviewer(®) concerned the
appropriate nature of statistical estimation. Again, the reviewer(s)
failed to interpret the results presented. The essence of using a
stratified random sample design was to allow all chservations {the
20 of them) to be congidered in extimatling aggregate functions
characterizing the total Harbor. Thus, sufficient degrees of freedom
wore preserved. The problem of mwlticollinearity belween some of
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variables was expected, but initial bunch mapping of the data
{e.g., the relation between houschold size and income} did not
show significant linear relations to warrant omitting any of the
variables.

"The comments by the reviewer{s) with respect to the digtribution
of costs and benefits are not sufficiently clear for interpretation.

%
£

a

"We should again stress that it was our objective in the socio-
ecepomic environmental analvsis to characterize recreational
bekavior to the best of our ability, subject to the time and budget
consiraints., We could have gathered emotional views from the
public for our presentation, but we felt an impact statement of this
nature involving a large commitment of public funds reguired
empirical evidence. The survey design and statistical analysis
provided the means to achieving this end. The information contained
in the impact statement is based on the most reliable methods we

could use, The methods have been used in approaches to recreational

behavior by other researchers whe have also found the techniques
to their satisfaction. ™

Comment: Degree of impact of construction on overall circulation,

Disposition: it is impossible to predict clearly the magnitude of the effects
that the additional mooring facilities and boat will have on the water eirculation
within the harbor., However, there will be an effect and in the opinion of

the authors of the EIS it will be adverse. These reasons were detailed in the
text, namely that even o modest reduction of cireulation within the harbor

will have significant influences upon the composition and stability of the environment.

Comment: Effect of increasing nomber of hoate,

Disposition: The concern over the increased waste discharges from the
additional boats is relevant and agrees with the authors' direction to eliminate
all such inputs from the harbor. Such additional facilities are included in the
Inter Phages of the DOT's master plan, but this particular EIS was confinad

to the alterations in the harbor under Phase 1, The advantages and disadvantages
of increased shading were indicated in the prepared EIS and are mentioned

in the disposition to the comments of the Dept. of Public Works, City and County
of Honoluh, w
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Comment: Proposed modifications will have moderate impact on water quality
of the boat harbor.

Disposition: The authors acknowledge the University of Hawaill Environmental
Center's interpretation of gvailable data,

Comment: Alternatives fo small-boat moorings.

Disposition: The alternative suggested in the critique is cutside the consideration
of the authors of the EiS. The harbor is a siate owned and operated
facility. The waters of the canal leeward of the Ala Moana Bridge
are under the jurisdiction of the City and County of Honolulu
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