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Table B1. Trust Territory o

APPENDIX B

Quality Standards.

f the Pacific Islands (TTPI) Marine Water

PARAMETER UNITS CLASS AA CLASS A CLASS B
Total Colifornm #/100m1l <230
Fecal Coliform £/100ml <400 <400
pH Normal Normal Normal
+0.2 +0.2 +0.5
---------- [6.5<pH<S . 5] ~—mcSmue
Total Nitrogen TN ng/1 <0.40 <0.75 £1.50
---------- [Normal + 10%]-~-——ceem..
Total Phosphorus (TP} mg/1 <0.035 <0.,050 . X0.100
---------- [Normal + 10%]-ee—cmme_
IN/TP (ratio) ind L L) Sees o [Normal + 10%]~-=—wce—._
Dissolved Oxygen mg/l 26.0 or 75% >5.0 24.5
{(D.0.) of saturation whichever
is greater
Total Dissolved mg/l . [Normal R 04
Solids (TDS)
Salinity 0/00 el [Normal X108 ] —e e
Temperaturc T oL [Normal + ¢ 9]-memmmm e
Turbidity NTU, JTU, Normal Nermal Normal
TU +5% +10% +20%
Heavy Metals: . R
Arsenic ng/l 10.0 All marine water
Copper 16.90 classess have the
Lead 1¢.0 same standards
Mercury 0.10
Z2ine 20.0
Nickel] 2.0
Chromiun 50.0
Cadmium 5.0
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INTRODUCTION

Construction of an airport runway and docking facility was begun in
early 1981 for Kosrae State (FSM). The construction project was located in
a previously pristine marine environment near the natural deep-water harbor
at Okat on the northeast end of Kosrae Island (Figure 1). The runway and
docking facility were constructad entirely on the wide fringing reef-flat
complex north of Okat harbor (Figure 2). The Kosrae airport and docking.
facility Part B Conmstruction marine water quality monitoring program was
initiated in May 1982 and continued through July 1984, Marine water in
the vicinity of the construction project, primarily within Okat harbor,
was momitored on a quarterly basis. Results of water quality analyses
were used to assess compliance with the Trust Territory of the Pacific
Islands (TTPI) marine water quality standards and the Part A
Pre—construction (base-line environmental impact statement) recommendad
turbidity standard as established by Chun et al. (1979), and the TTEPB
earth moving permit for the project.

Project plans called for the construction of 2 1940 m long by 52 m
wide (6400 ftr by 500 ft) runway and a rectangular docking area measuring
168 m by 104 m (550 £t by 340 ft). Fill material for these structures
would be obtained by dredging a section of reef-flat complex and
environmental features (ie., patch reef, river delta) within Okat harbor.
F1ll material would be composed of recent carbonate reef deposits (die.,
coral, calcareous algae, shell debris, sediments), Runway and docking
areas would be bounded by a peripheral seawall composed of quarried basalt
rock (armor stome). Since dredged material would be deposited as a slurry,
the seawall was also designed to act as a retaining wall for dredge slurry
discharges. Dredging operations on the reef-flat would produce a small
boat chamnnel, which would run parallel to the runway. The dredge channel
would be cut to a maximum depth of 8 m (25 ft) and up to 75 m wide (250
ft). An access road would be built between the runway and the disland of
Kosrae, which would cut through the coastal mangrove fringe, Two Dbridges
would be required along this access road: one to span the existing
traditional canoe channel that meanders through the coastal mangroves; and
2 second bridge across the dredged small boat channel, Runway and dock
site coustruction projects were well underway at the omset of Part B
monitoring program which had an unavoidable delay in its initiation. The
Pacific Division Naval Facilities Engineering Command (PACNAVFACENGCOM)
attempted to delete both the water quality and biological portions of an
environmental monitoring program for the Kosrae alrport and runway
comstruction project. Objections were made by Guam and Trust Territory
agencles to the removal of environmental monitoring programs. The Trust
Territory Environmental Protection Board (TTEPB) objected to deletiom of
& water quality WQ monitoring program and requested that
PACNAVFACENGCOM include a momitoring program for the Part 3B Construction
phase and a Part C Post-Construction monitoring trip. The Water and Energy
Research Institute (WERI) proposed a modified water qualicty
program which was acceptable to both PACNAVFACENGCOM and the TTEPB.
Biological monitoring programs were deleted for the Part B Construction and
Part C Post-construction phases. The time required to settle this




Trust Territory of the Pacific Islands. 1978, Marine and fresh water
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sediment outwash, There was a distinct stratificatidn of the water column
within the channel. The stronger surface currents tended to trap the

suspended load within the lower chanmel waters, causing restricted removal
toward the harbor end.

Although other chemical and physical WQ parameters (ie., tempera-
ture, salinity, pH, DO, phosphorus and nitrogen) show statistically signif-
icant differences between stations and sampling quarters throughout the
Part B monitoring program, these fluctuations cannot be wholly attributed
to construction operationms. Many of these fluctuations were temporal

changes caused by meteorological and hydrographic influences which overe
shadowed man~induced perturbations.

Heavy metal analyses showed that the Okat area had total mercury
concentrations in excess of the TTPI marine water quality standard through-
out the comstruction project, Mercury, in part, entered the harbor water
mass from the construction area. There was no obvious low level chronic
mercury source located at the construction site. Elevated mercury concen-
tration in Okat waters resulted in food fish, those caught from this area,
in having significantly higher mean mercury concentrations in thelr tissues
than normally found in coastal fish. It is anticipated that most excess
mercury in Okat marine waters will become bound within marine sediments.
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METHODS

In order to evaluate the environmental impact during the construction
period, water quality sampling stations were established and monitored over
an 11 day period, summer 1979, as a portion of the Part A Pre~construction
Baseline Monitoring Program (Chun et al., 1979). The sampling frequency,
chemical and physical water quality parameters, and analytical techniques
were designated by the contracting agency (PACNAVFACENGCOM). Water quality

parameters analyzed in the Part A Pre-construction monitoring program by

Chun et al. (1979) included turbidity, dissolved oxygen, temperature,
salinity, pH, total nitrogen, total phosphorus, lead, mercury, zine,
copper, arsenlc, nickel, cadmium and chromium. Chun et al. (1979) estab-
lished 8 water quality sampling stations in the vieinity of Okat harbor
(Figure 2). These stations were initially selected to be used in the Part
B Construction and Part ¢ Post=construction monitoring programs. However,
4 of these stations were located within the designated water quality
boundary (Figure 2). According to PACNAVFACENGCOM, water quality stations
had to be placed beyond this water qualicy (WQ) boundary for purposes of
compliance menitoring. Therefore, those stations originally located within
the WQ boundary could not be used as Primary stations. The remaining 4
stations located in the Part A baseline study were adopted for the Part B
Construction monitoring program,

S5ix primary water quality stations were established in the vicinity of
the WQ boundary in Okat harbor (Figure 2), All of the primary WQ stations
could not be located outside the WQ boundary (1, 2 and 5) and still provide
both expedient and significant envirommental monitoring. The major diffi-
cultles with having all the monitoring stations outside the WQ boundary
included: 1) the expanse of the boundary in relation to the construction
limits; 2) the location of the boundary in relations, to existing reef
features; 3) the frequent exposure of the reef flat in low tide periods:
and 4) the greatly restricted sampling period due to the low tide reef
exposure problem. In an attempt to further delineate turbidity water
quality, secondary turbidity stations were established within the WQ
boundary (Figure 2). The latter stations were selected in order to better
assess the movement of turbid water (matural and man-made) and sources of
higher turbidity. The most frequently sampled secondary stations were 7,
9, 13 and 14. Monitoring of stations 9, 13 and 14 provided an assessment
of water quality in the dredged channel. Station 7 was located in a
surface outflow current, which also flowed past the dock site (Figure 3),

The water quality parameters and analytical techniques used in the
Part B monitoring were similar to those used in the Part A monitoring
program. The water quality parameters routinely measured were pH, tempera-
ture, salinity, turbidity, total non-filtrable residue (TNFR}, dissolved
oxygen (DO), total phosphorus (TP), ortho-phosphate (OP), total Kjeldahl
nitrogen (TKN), total nitrogen (TN), nitrite + nitrate-nitrogen (NO) and
ammonia nitrogen (NH). Water quality parameters were amalyzed in accor-
dance to Standard Methods (APHA, 1980).




activities. DO showed decreases at all the stations for the Part B moni-
toring period. However, these decreases were not significant, There were
no changes in surface temperatures or PH measurements between monitoring
periods., The nutrients were more variable with generally similar TRN
concentrations and higher TP concentrations. These changes in nutrient
levels were a result of both man~induced and natural perturbations.

SUMMARY

The Part B Construction monitoring program at Okat harbor showed
a degradation of wmarine water quality (WQ) around the airport runway,
docking facility, harbor system and surrounding reef-flat complex, The

major impact was caused by increased turbidity levels attributed to con-
struction operations,

The mean turbidities at primary WQ statioms 1, 2 and 3, as well
as secondary WQ stations 7, 9 and 13, exceeded the turbidity standard.
This indicates that these stations were subjected to excessive turbidities
which could cause environmental degradations. The high mean turbidity at
station 3 indicates that turbidity levels in excess of the standard oc~
curred beyond the WQ boundary. The high mean turbidities at stations 1 and
2 were caused, for the most part, by the natural river discharge and tidal
flushing from the adjacent mangrove fringe.

The increased turbidity levels and associated turbidity plumes
that were caused by dredge and fill operations had the potential to stress
the marine biota throughout the Okat coastal zone, The harbor area re-
celved the principle environmental degradation, but the adjacent fringing
mangrove system and the reef flat west of the harbor also received periodic
heavy stress from excessive turbidity plumes. Oil and grease surface films
were frequently assoclated with these large turbidity plumes.,

Accumulations of lime-muds deposited in the shallow waters
adjacent to the runway and docking facility and in the dredge channel were
easlly resuspended into the water column by normal tidal changes and
hydrographic conditions. These resuspended turbidity plumes impacted large
areas of the harbor complex and mangrove system, including periodic influ-
ence on the off-shore control site. It is anticipated that these lime-mud
deposits will eventually become stabilized, which will minimize resugpen~
sion, However, there may be a long~term period required for stabilization.
Therefore, the marine ecosystem in Okat harbor may become modified as a
result of this long-term stress. The restricted water circulation within
Okat harbor has hindered the removal of the silty~-ooze and lime-mud depos-
its to deeper off-shore waters. This problem was caused in part by having
the dredge channel left closed at the seaward end. Although there were
strong currents within the dredge channel during strong tidal change and
heavy surf periods, these currents were insufficient to cause extensive

81




B 7 < I &

The water colummn at each station was sampled near the surface at a
depth of -1 m. Samples were mostly taken between 0700 and 1600 hours with
a PVC Van Dorn sampler. Temperature and salinity were measured in the
field. Turbidity, pH, TNFR, and DO were analyzed at the Kosrae Environ-
mental Health Laboratory. The nutrient samples were frozen, transported in
ice and analyzed at the WERI Laboratory in Guam. Field salinity measure-
ments were taken with a hand-held refractometer. Salinity was measured in
near surface and -1 m water samples. Temperatures were taken with
hand-held mercury thermometers for surface and -1 m water samples,
Turbidity was nephelometrically measured with a model 2100A Hach
Turbidimeter. TNFR was measured by filtering a 1 liter (1) water sample
through a glass fiber filter and drying a 105 degrees C for 24 hours.
Table 1 presents the water quality parameters with methods and type of
analysis. Abbreviations of water quality parameters found in the text and
tables are shown in Table 1.

Heavy metal samples were collected from near surface (-lm) waters at
primary and secondary water quality stations in November 1982, July 1983,
and July 1984. The samples were preserved with nitric acid and transported
to the WERI Laboratory in Guam for analyses. The water gample for each
station was analyzed for zine (Zn), copper (Cu), lead (Pb), mercury (Hg),
arsenic (As), Cadmium (Cd), Chromium (Cr) and Nickel (Ni). Total heavy
metal concentrations were determined by atomlec absorption with a Perkin
Elmer 560 Atomic Absorptiomn Spectrophotometer. Arsenic and Selenium were
determined by Hydride generation. Mercury was determined by cold vapor.
All other metals were determined by electrothermal graphite furnace.
Metals were analyzed according to United States Environmental Protection
Agency (USEPA) methods of analyses (USEPA, 1979) and Standard Methods
(APHA, 1980). :

Wind direction and relative speed were measured at the beginning of
each sampling set for all stations. Surface water current flow directions
and estimated speeds were obtained at each sampling station by measuring
the movement of fluorescein dye tracks. Flow speeds were classified as
slow, intermediate and fast. Flow speed were classified as slow when flow
movement was less than 5 m/minute, while fast flow movements exceeded 10
m/minute. Three types of rainfall occurrance events were recorded for each
sampling day: no rainfall in last 12 hours; rainfall in mountains which
could produce runoff into Okat harbor; rainfall at Okat harbor within
previous 12 hours. Tidal cycle changes were noted with sampling sets taken
from rising, falling neap tides.

The water quality data were analyzed with a Statistical Apalysis
System (SAS) software program on an IBM 4332 computer. Input also included
meteorological and hydrographic data collected for each sampling set by
station. Two primary statistical programs were used to analyze data;
Univariate and analysis-—of-variance (ANOVA) (SAS, 1982). The ANOVA statige
tical analyses were runm with a 5 percent level of significance (P 0.05).




Table 48. continued,
WIND DIRECTION RAINFALL TIDAL CYCLE
Station Parameter F-Vaiue Significance F-Value Significance F-Vaiue Significance 3-way ANOVA
14 Turbidity 1.22 NS 3,49 NS 4.51 LObk *
TNFR 1.05 NS 6.96 .013 1.26 NS *
Sur. Temp 0.32 NS 0.05 NS 1.48 NS )
-1m Temp 1.53 NS 1.13 NS 1.23 NS
Sur, Salinity a.0% NS 1.02 NS 0.36 NS
~1m Salinity 2.45 NS 2,50 NS 0.28 NS *
pH’ 6.72 NS 0.05 NS 0.22 NS
Dis. Oxygen 0.08 NS 3.65 NS Q.13 NS
Total MNitrogen 4.74 NS 0.58 NS 5.5%9 0590
TKN §.23 N3 0.44 NS H.71 NS
Nitrate 2.06 NS 2,75 NS 2.3 NS
Ammoni a 2.27 NS 1. NS 1.9 NS
Ortho Phos 4,08 .039 9.66 .005 1.3% NS *
Total Phos 2.72 NS 6.63 015 2.48 NS
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RESULTS AND DISCUSSION

Water Quality Standards

Physical and chemical water quality (WQ) parameters at the
monitoring stations were evaluated and regulated by the Part A
Pre-construction turbidity standard ( 1.5 NTU) and the TTPI Marine Water
Quality Standards (TTPI, 1978). See Appendix B for the TIPI marine water
quality standards for different classes of marine water. The construction
site 1is classed B water. The TTPI standards provide numerical limits for
total phosphorus (IP), total nitrogen (TN), pH and dissolved oxygen (DO)
and heavy metals. The limits for temperature and salinity are "natural
conditions" +10 percent.

The turbidity standard was established by Chun et al. (1979) as
part of the Part A Pre-construction base-line envirommental impact state-
ment. The justification used by Chun et al, (1979) for establishing a 1.5
NTU [TU=NTU] turbidity standard was ag follows:

"In establishing the turbidity standard for the proposed
airport/harbor project at Okat, Kosrae, consideration was
given to 1)} the short duration of the sampling program,
which provided data limited to a time span of only 1l days,
2) the Trust Territory of the Pacific Islands (TTPI) Water
Quality Standards, and 3) the fact that the harbor and reef
waters would be most affected by construction activities.

It was felt that a fair compromise to establishing a standard

based on an arithmetic or geometric mean computed from limited
data would be a standard based on a T,. value. For the harbor
waters this was 0.87 TU and for the réef waters 0.65 TU. This
is not to say that the geometric or arithmetic means are
statistically inadequate, rather the T g values allow for
natural fluctuations and do not penalgze. the construction
activities for these fluctuatious.

The turbidity standard for TTPI requires that natural turbidities

not be affected by more tham 10Z in Class A waters (recreational,

aesthetic enjoyment, support and propagation of aquatic 1ife) and

no more than 207 in Class B waters (areas immediately adjacent to

boat docking facilities)., Classification of the harbor waters

after project completion would probably be Class B, however during
construction a higher deviation from natural levels (greater than

20 percent) should be acceptable, considering the temporary nature
of this activity.

On the basis of the preceding, it is recommended that a turbidity
standard of 1.5 TU be established for the harbor waters (as
represented by Stations 1, 2, 5 and 6) and reef waters (as




Table 48. continued,

WIND DIRECTION RAINFALL TIDAL CYCLE
Station Parameter F-Value Significance F-Value Significance F-Valye Significance =way ANOVA
4 Turbidity 0.38 NS 9,62 .001 1.04 NS *
TNFR 0.56 NS 1.19 NS 0.23 NS -
Sur. Temp 1.65 NS 19.82 .001 0.02 NS *
-im Temp 2.85 NS 18.66 .001 0.32 NS *
Sur. Salinity  0.38 NS 7.03 .004 1.37 NS *
-1m Salinity 0.98 NS 13.62 .001 2,76 NS *
oH 1.32 NS 0.64 NS 0.16 NS *
Dis. Oxygen 5.03 .010 1.82 NS 0,24 NS *
Total Nitrogen 1.26 NS 0.65 Ns 7.42 .004 *
TKN ' 1.53 NS 0.57 NS 8.32 .002 *
Nitrate 0.61 NS 2.66 NS 0.09 NS
Ammonia 0.71 NS 1.50 NS 1.26 NS
Ortho Phos 2,03 TOONS 2.53 NS 0.32 NS
Total Phos 2,07 NS 4,47 .025 0.18 NS
5 Turbidity 0.22 NS 2.84 NS 2.07 NS
TNFR 0.09 NS 0.25 NS 0.71 NS
Sur, Temp 0.23 NS 9.50 .01 0.32 NS *
-1m Temp 0.20 NS 6.47 .005 1.02 NS *
Sur. Salinity  0.50 NS 6.36 .006 0.83 NS *
-1m Salinity 1.13 NS 5.99 .007 0.71 NS *
pH 1.72 NS 0.45 NS 0.16 NS
Dis. Oxygen 0.42 NS . 1.15 NS 0,49 NS
Total Nitrogen 1.09 NS 2.85 NS 3.96 034 *
TKN 1.13 NS 2.78 NS 4,03 .032 *
Nitrate 1.73 NS 2.99 NS 0.13 NS
Ammoni a 2.58 NS 0,42 NS 2.83 NS
Ortho Phos 2.72 NS 1.56 NS .80 NS
Total Phos ,11 .018 3.96 .034 0.15 NS *
6 Turbidity 3.35 034 9.80 .001 3.76 .036 *
TNFR 0.49 NS 1.87 NS 0.34 NS
Sur. Temp 0.04 NS 10.16 .00 0.82 NS *
-1m Temp 0.13 NS 10,24 .001 0.05 NS s
Sur. Salinity 3,16 .01 7.47 .003 3.21 NS *
-1m Salinity 6.61 .00t 16.18 .00 1.45 NS *
pH 0.12 NS 2.75 NS 0.42 NS
Dis. Oxygen 0.37 NS 1.29 NS 1.57 NS
Total Nitrogen 0.53 NS 6.75 .005 2.76 NS *
TKN 0.70 NS 6.95 .005 2.70 NS *
Nitrate 0.13 NS 0.24 NS 0,37 NS
Ammonia 1.13 NS  7.81 .003 3.03 NS *
Orthe Phos 2,13 NS 0.87 NS 0.51 NS
Total Phos 2.84 N 3,78 .039 0.19 NS
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anticipated that a quarterly monltoring program  would be the longest
monitoring interval which would still provide sufficient WQ data to assess
environmental change. Although, a comprehensive monthly WQ monitoring
program would still be the best to quantify impacts from construction
activities, seasonal fluctuations and natural envirommental changes, A
quarterly sampling program makes it difficult to determine seasonal WQ
fluctuations. A quarterly sampling period was used for the Kosrae project
because of the logistic problems of traveling to Kosrae and returning
samples to WERI for analyses. This sampling period provided an adequate
data base to assess marine WQ changes in Okat harbor and surrounding raefs
as a result of construction activities and some environmental factors.
These environmental factors included wind direction and speed, tidal cycle,
rainfall occurrence and current flow direction.

Runway construction was well underway at the onset of Part B
monitoring (Appendix A, Figure 1). The access roads were completed.
Basalt seawalls surrounding the runway were in place. The central portion
of the runway was infilled with dredged coral fill. Dredge filling at the
dock site was completed in May 1982. Dredging in the small boat channel
was 407 completed. _ *

The construction project at the onset of Part B construction
monitoring appeared to be progressing with, generally, minimum WQ degrada-
tion. However, within the confines of the WQ'boundary, there were lo-
cations with substantial accumulations of silty ooze which influenced WQ
within the harbor area. Turbidity plumes originating from the dredge
channel and dock area produced turbidity levels in excess of the 1.5 NTU
standard at stations 3 (June 23 1,7 NTU) and 5 (June l; 2.2 NTU).
Turbidity plumes were observed to move southward across Okat harbor when
the wind came from the N to NE. Turbidity levels in excess of the standard
were also observed at stations 1 and 2. However, these higher turbidities
were due to natural conditions. The other WQ parameters analyzed (tempera-
ture, salinity, pH, dissolved oxygen, total non-filtrable residue, nitrogen
and phosphorus) were not abnormal for mangrove influenced marine waters.
However, nutrient levels (ammonia-nitrogen and ortho-phosphorus) were
higher than anticipated.

WQ data was tabulated and analyzed by both quarterly sampling
sets and by station. Tables 2 to 7 show WQ analyses results by date for
the 6 primary WQ stations, respectively, and Tables 8 to 1l show results
for secondary WQ stations 7, 9, 13 and 14, respectively. Tables 2 to 11 are
a compilation of all WQ data as presented to the TTEPB in quarterly letter
reports. Mean values of WQ parameters were calculated by quarterly
sampling periods (Table 12). These mean values were used to evaluate the
station WQ for compliance monitoring after each sampling set. Table 12
shows the general trend in WQ by parameter for the entire monitoring
program,

Station 1 was located in the marine delta flood-plain of a major

river discharge on the seaward edge of the mangrove fringe (Figure 2),
Dependent on rainfall conditions, river discharges could potentially

11




Table 47, continued.

Station  Parameter N Mean Root MSE  F=Value Significanee Station Source
10 Turbidity 29 2.4 0.9 4,96 .002 & tower
THFR 30 37 21 2.23 NS
Sur. Temp 30 28.6 0.5 1.02 NS
=1m Temp 1] 28.7 0.4 0.48 NS
Sur, Salinity 30 34,3 1.9 1.20 NS
-im Saliniey 30 4.6 0.4 2.07 NS
pH 30 7.82 1.47 1.0e NS
Dis. Oxygen 30 5.5 0.7 k.12 .004 9 higher; 1 lower
Total Nitrogen 27 0.084 0,079 0.80 NS
TKN 27 0.076 0.079 0.58 NS
Nitrate 30 0,006 0.002 3.92 .005 6 lower
Ammoni a 30 2.015 0.007 0.94 NS
Orthe Phos 30 0,009 0,002 6.48 .001 6 lower
Total Phos 30 0.019 0.025 1.21 NS
1 Turbidity 30 2.4 0.9 10.19 .001 8, 14 lower
TNFR 30 52 54 0.85 NS
Sur. Temp 30 29.1 0.6 0.92 NS
=-1m Temp 30 29.1 0.6 0.96 NS
Sur. Salinity 30 4.7 3,2 1.60 NS
“im Salinity 30 35.3 0.5 2.05 NS
pH 30 8.19 0.06 5.27 001 14 higher
Dis., Oxygen 30 5.7 1.0 0.64 NS
Total Nitrogen 27 0.119 0.05% 0.27 NS
TKN 27 0.100 0.053 0.30 NS
Nitrate 30 0.015 0.022 0.588 NS
Anmonia 30 0.057 0.023 &.54 .002 6 lower
Ortho Phos 30 0.008 0.002 7.3 0N 1 higher
Total Phos 0 0.01& 0.006 10.58 .00 1 higher
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Tabte 47, continued.

Station  Parameter N Mean Root MSE F-Value Significance Station Source
4 Turbidity .28 3.4 2,9 8.60 .001 1 higher; 6 lower
THFR 18 113 125 8.24 001 1 higher
Sur, Temp 26 28.3 0.6 1.62 NS
=1m Temp 28 28.6 0.5 0.42 NS
Sur. Salinity 26 32.1 3.4 &.51 .00% 1 lower
~1m Salinity 26 33.4 0.7 4.76 .003 1 Tower
pH 26 a.10 0.17 7.26 .003 1 Tower; 6 higher
Dis. Oxygen 19 k.9 0.5 3.87 .022 1 lower; 6 higher
Total Nitrogen 18 0.384 0.168 £.79 .012 1 higher
TKN 18 0.350 0.159 5.03 ¢.010 1 higher
Nitrate 25 0.022 0.0086 10.48 Lo T higher
Ammonia 26 0.026 0.022 - 0.88 NS
Ortho Phos 26 0.015 0.013 3.3 0.018 1, 2 higher; 6 lower
Total Phes 26 0.020 0.013 7.72 .001 1, 2 higher; 6 lower
5 Turbidity 30 2.5 1.8 3,67 .008 1, 13 higher; & lower
TNFR 2t 35 11 15.77 . 001 1 higher
Sur, Temp 30 27.8 0.4 4,53 .003 1 lower; § higher
=tm Temp 30 27.8 0.4 3,97 .005 1 lower; & higher
Sur. Salinity 30 35.1 0.8 3.48 .010 1 Tower
=im Salinity 30 35.1 0.5 1.26 NS
pH 30 8,09 0.15 3.10 018 1 lower
Dis. Oxygen 28 5.5 0.4 2.19 NS
Total Mitrogem 23 0.480 0.309 1.53 NS
TKN 23 0.469 0.312 1.50 NS
Nitrate 28 0,011 0.00% 0.92 NS
Ammonta 28 0,023 0.032 1.62 NS
Ortho Phos 29 0.048 0.052 1.81. NS
Total Phos 29 0.050 - 0.05% 1.83 NS
6 Turbidity 30 1.0 0.4 6.91 -001 1, 2 higher; & lower
TNFR 30 46 34 0.28 NS
Sur, Temp 30 28.5 0.6 1.99 NS
-im Temp T30 28.5 0.4 "2.40 .050 1 lower; 14 higher
Sur. Salinity 30 35,3 . 0.2 7.20 .001 1 lower
=tm Satinity 30 35.2 0.3 3.89 .006 1 lower
pH 30 8.08 0.16 2.58 037 1 lower
Dis. Oxygen 29 5.5 6.5 5.45 .00 1 lower
Total Nitrogen 22 0.136 0.079 Q.71 NS
TKN 22 0.117 0.079 0.80 NS
Nitrate 29 0.018 0.016 3.29 0.014 1 highar
Ammonia 30 0.023 0.008 0.99 NS
Orthe Phos 3a ¢.008 0.003 4,77 .002 1 higher
Total Phos i 0.018 0.031 0.87 NS
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Table 46. continued,

Station Parameter N Mean Root MSE* F-Valpe Significance

14 Turbidity 17 1.1 0.3 4.74 .015
TNFR 18 29 22 1.30 NS
Sur. Temp 18 29.5 0.9 0.15 NS
—-lm Temp 18 29,3 0.5 1.80 NS
Sur. Salinity 18 34,9 0.4 5.08 .010
-lm Salinity 18 34.7 0.4 10.47 .Q01
pE 18 8.23 0.11 0.67 NS
Dis. Oxygen 17 6.3 0.9 0.50 NS
Total Nitrogen 13 0.147 0.060 9.88 .003
TN 13 0.143 0.0653 7.13 .009
Nitrate 18 0.011 0.004 8.51 .001
Ammonia 18 0.029 0.016 3.04 NS
Ortho Phos 18 0.050 0.005  709.40 .001
Total Phos 18 0.196 0.058 122.19% .001

* Root MSE -~ Root Mean Square Error.
** NS ~ Not significant at P>0.05,
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Table 46. continued,

Station Parameter N Mean Root MSE* F-Value Significance

4 Turbidity 34 1.1 0.3 7.84 .001
TNFR 34 33 31 0.77 NS
Sur. Temp 34 29,0 0.4 8.23 .001
-lm Temp 34 29.0 0.5 5.67 .001
Sur. Salinity 34 35,1 1.2 3.12 011
=lm Salinity 34 34,3 0.7 5.20 .001
pH 34 8.14 0.87 2.24 NS
Dis. Oxygen 27 5.2 0.4 2,42 NS
Total Nitrogen 29 0.386 0.253 5,04 .001
TRN 29 0.367 0.249 5.35 .001
Nitrate 29 0.012 0.009 l.41 NS
Ammonia 29 0.032 0.017 5.54 .001
Ortho Phos 29 0.033 0.057 2,41 NS .
Total Phos 29 0.071 0.097 5.15 001

5 Turbidity 35 1.1 0.5 5.12 .001
TNFR 35 29 18 0.85 NS
Sur. Temp 35 29,0 0.4 8.60 .001
~lm Temp 35 29.0 0.4 7.22 .001
Sur. Salinity 35 34.0 1.0 4.79 .001
-lm Salinity 35 34,5 0.6 4.18 .002
pH 35 8.15 0.10 1.31 NS
Dis. Oxygen 28 5.6 0.5 0.55 NS
Total Nitrogen 30 0.298 0.150 7.19 .001
TEN 30 0.289 0.150 7.26 .001
Nitrate 30 0.007 0.003 5.43 - . .001
Anmmonia 30 0.029 0.015 2.19 NS
Ortho Phos 30 0.033 0.053 2.56 .038
Total Phos 30 0.086 0.066 20,40 .001

) Turbidiey 35 0.54 0.12 7.22 .Q01
TNFR 35 20 15 1.33 NS
Sur. Temp 35 29.0 0.3 17.74 .001
~lm Temp 35 29.1 0.3 19.96 .001
Sur. Salinity 35 34,9 0.5 4,05 .002
~lm Saliniry 35 35.0 0.04 3,19 .009
pH 35 8.21 0.08 2.25 NS
Dis. Oxygen 28 2.7 0.5 0.37 NS
Total Nitrogem 30 0.281 0.143 4.89 001
TKN 30 0.277 0.144 4.82 .002
Nitrate 30 0.003 0.003 0.95 NS
Ammonia 30 0.025 0.012 5.60 .001
Ortho Phos 30 0.023 0.034 2,91 .022
Tatal Phos 30 0.104 0.029 206,60 .001

* Root MSE ~ Root Mean Square Error.
** N§ - Not significant at P>0.05.
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Table 44, Concentration of heavy metals in marine waters at Okat Harbor,

See Table 42 for TTPIL marine water supply quality
standards for heavy metals.

July 1984,

Water Quality Heavy Metal (ug/2).

Stations As Cd Cr Cu Hg Ni Pb Zn
1 1.2 0.2 1.8 L.5 1,9%* < 1,0 < 1.0 1.6

2 2.3 0.2 1.7 2,1 0.8% < 1.0 < 1.0 2.1

3 1.9 0.4 1.5 0.6 1.5#* < 1,0 < 1.0 1.1

4 2.1 0.2 1.3 2.4 0.9*% 1.0 12% 5.3

5 1.9 Q.6 1.7 3.1 0.9 3,5% < 1.0 0.8

6 1.9 0.3 1.4 ¢.8 L.4% 4.2% < 1.0 5.6

7 1.9 0.2 1.7 0.6 2.1% < 1,0 3.1 6.9

9 2.0 0.4 1.4 l.1 l.4% < 1,0 2.8 13.0
13 2.2 0.2 1.4 2.0 l.1# < 1,0 1.3 1.7
14 2.1 0.4 1.5 0.4 0.5%# < 1,0 < 1.0 0.3

* exceeds TTPI standard.

Table 45. Summary of mercury concentrations in near-surface marine water
at Okat Harbor water quality monitoring statioms.

sampling was done by Chun et al., (1979).

The TIPI
marine water quality standard for mercury is 0.10 ng/a.
2 for locations of water quality stationms.

Figure

The August 1979

 Water Quality

Heavy Metal Mercury (ug/2)

Station Aug. 1979 Nov. 1982 July 1983 July 1984

1 < 0.1 6.6 0.4 1.9
2 - 7.1 1.0 0.8
3 < 0.1 4,7 1.0 1.5
4 < 0.1 4.6 2.0 0.9
5 < 0.1 2.3 2.6 0.9
6 - 2.8 2.6 1.4
7 < 0.1 3.0 1.6 2.1
8 « - 3.1 C.4 -
9 - 2.6 1.4 1.4
10 < 0,1 2.2 - -
13 - - 1.2 1.1
14 - - <0.1 0.5

Mean (ug/ %) < 0.1 3.9 1.3 1.3

* S.D. - 1.8 0.8 0.5

Number of stations 10 10 11 10
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- Table 42, Concentration of heavy metals in marine waters at Okat Harbor,
November 1982,

Water Quality Heavy Metal . . (ug/e)
Stations As Cd Cr Cu Hg Ni b Zn
1 1.8 ¢.9 1.8 3.0 6.6% 8.3x 2.1 12.4
2 1.2 0.1 1.3 0.8 7.1% 1.7 1.9 16.7
3 1.2 0.1 2.4 0.6 4,7% 0,7 1.4 8.2
& 0.9 0.1 2.8 .6 4,6% 1.3 1.9 5.9
5 1.0 0.2 1.5 0.6 2.3% 1.0 L.5 18.8
6 1.0 0.2 1.1 0.5 2.8% Q.6 1.6 10.0
7 0.9 0.1 6.3 0.5 3.0« 0.8 L.4 7.5
8 0.9 0.1 7.8 0.5 3.1* 0.8 1.0 3.2
9¢ a.9 0.1 4.3 .6 2.6% 0.8 1.5 4.4
10t 0.9 0.7 7.2 0.8 2.2 0,9 2.1 5.4
TTPI Marine
WQ Standards
(ug/2) 10.0 2.0 530.0 10.0 .10 2.0 10,0  20.0

*exceeds TTPI standard

Table 43. Concentration of heavy metals in marine waters at Okat Harbor,
July 1983. See Tabla 42 for TTPI marine water quality standards
for heavy metals.

Water Quality ' Heavy Metal . (ug/2)

Stations As Cd Cr Cu Hg Ni Pb Zn
1 3,1 l.0 0.6 20% Q.4% 26% 2.8 25%*
2 0.9 0.8 0.2 0.5 1.0 0,8 2.3 <1
3 1.4 1.0 0.1 2.3 L.0* 1.6 1.9 2
4 1.2 0.8 «0.1 g.3 2.0 Q.4 1.8 9
5 1.2 0.8 0.2 2.1 2.6% 0.7 "2.8 16
6 0.6 1.¢ 0.2 2.8 2.6 Q.5 2.1 2
7 0.8 0.7 0.2 0.5 1.6% 1.1 6.3 16
8 1.4 0.9 0.2 1.6 0.4% 1.3 1.8 6
9 1.3 0.7 0.2 0.3 l.4* 0.5 2.0 1
13 1.8 0.8 0.2 3.4 1.2 0.4 1.9 3
L4 l.7 . 0.8 <0,1 0.4 <0,1 0.3 2.8 1

*exceeds TTPI standard
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Sedimentation experiments were conducted at the bridge site from
11 October 1983 to 19 January 1984 to assess sediment "rain" changes within
the channel enviromment, along the reef-flat plate and within the mangrove
fringe. These sedimentation tests were designed to determine both the
compogition of the suspended load and amount of resuspension of lime-mud
occurring within the area. There was a substantial increase in sediment
"rain" occurring in the channel environment and extending in the mangrove
fringe. The suspended load was composed of white clay/silt sized particles
(Iime-mud) in the channel and reef-flat enviromments with 20 to 307 fine
sand. The results of this study are as follows:

SITE SEDIMENT "RAIN"
' ml/m%/day g/day/m?
BRIDGE CHANNEL, 3m Depth 1750 586
1935 611
2120 . 739
2025 6985
mean=1957 mean=658
EDGE REEF FLAT, Channelcut . 1250 304
REEFFLAT, Edge Mangroves 1160 480

MANGROVE FRINGE 3230 315

These high sediment "rain" rates indicate that the channel
environment was not becoming stabilized in relation to sediment deposits,
These fine textured (clay/silt) sediments in the channel floor were subject

to easy resuspension by water currents. These sediments pose a potential
long-term WQ problem.

A large quantity of silty-ooze was deposited along the rumway and
adjacent to the docking area. The Hawaii Corp of Engineers recommended in
the summer of 1984 that the silty mud and rubble accumulated along the
runway and dock area be piled along the edge of the reef plate and dumped
(by both suction dredge and bulldozer) inte deeper harbor waters.
Sediments along the dredge channel were scraped into the channel at low
tides. Both of these clean-up operations caused extensive degradation of
the marine water quality. A highly turbid plume was produced by the
suction dredge operation in the harbor. This plume was observed to extend
into the mangrove area south of the harbor, onto the western fringing reef
and extended out the harbor toward Walung (Appendix A, Figure 9). The
channel floor already had a siit load that was not being removed by cur-
rents. The additional material introduced into the channel and onto the
upper. slopes of the harbor reef complex became a potentially long-term
source of fine material. These sediments could be periodically resuspended
into the harbor water mass. Since the dredge channel was not opened at the
seaward end, the silt lead in the channel enviromment will remain for a
long time period with only minor stabilization. Sedimentatiom studies made
in the channel near the bridge showed silty-sand "rain" (resuspended
outfall) at a rate of 1 ecm/square meter/day. This rate will greatly reduce
reestablishment of marine biota.
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Table 41. Volatile non~filtrable residue (VNFR) and percent organic matter in
total residue. (INFR) ar warar quality stations, The units for VNFR

are mg/g,
Water Quality 7 July 83 8 July 83 11 July 83
Station UNFR %4 Organic VNFR %4 Organic VNFR %Z Organic
1 130 50 272 29 40 47
2 19 70 32 45 103 L3
3 10 50 26 52 20 50
4 18 90 11 85 20 46
5 13 93 20 69 18 40
6 8 73 4 15 4 69
7 8 76 4 11 2 g1
5 17 40 7 18 28 37
13 24 53 23 59 31 38
14 14 ‘ 64 & 30 .5 75
Water Quality 7 October 83 10 Octobar 83 11 October 83
- Station VNFR % Organic VNFR % Organic VNFR - % Organic
1 57 43 30 53 14 26
2 17 30 21 84 0 0]
3 11 24 4 29 22 73
4 2 7 0 0 i6 80
5 15 39 13 48 18 95
6 12 32 . 9 43 13 100
7 7 25 L3 41 19 76
9 24 86 11 28 21 78
14 11 0 0 0 17 63
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any turbidity plumes coming from the Okat area, The station was used to
sample the marine water which was not influenced by construction activ—
ities. WQ data from this station provided a background marine WQ which
could be used to evaluate changes in WQ within the Okat harbor marine
system. Turbidities were generally very low with a range of 0.14 to 0.92
NTU and a mean of 0.54 NTU. The higher turbidities were associated with
higher surf periods and heavy rainfalls,

Tidal changes can affect monitoring station turbidities and other
WQ parameters. In falling tide periods, surface water flow (to -lm) from
the river influences stationg 1 to 4, while station 5 receives mixed waters
from the dredges channel, adjacent reef-flats and river. In periods of
rising and neap tides, turbidicty plumes originating from the dredge chanmel
moved southwest across Okat harbor toward the adjoining reef-flat, The
primary surface flows were observed to move between stations 2 and 4.
General water flow patterns during sampling periods are shown in Appendix
A, Figures 1l to 10,

Parameter Water Quality

WQ data was analyzed by station and sampling quarter using a
univariate statistics program. Univariate statistics characterize the WQ
data for basic statistical trends. . Tables 13 to 26 present the univariate
statistics by station and sampling quarter for the WQ parameters:
turbidity, TNFR, surface temperature, sub=-surface (-im) temperature,
surface salinity, sub~surface (-lm) salinity, pH, dissolved oxygen, total
nitrogen, TKN, unitrate plus nitrite-~nitrogen, ammonia-nitrogen, total
phosphorus, and ortho-phosphate. '

In order to use tables 13 to 26, it is necessary to understand
the output results of various test types. The number of samples is the
total data set taken for each parameter by either WQ station or sampling
quarter. The mean or arithmetic mean, commonly called the average, is
«calculated by summing all observations and dividing this sum by the total
number of observations. The mean is a statistic of location measurement
and describes and central tendency of data. However, it does not describe
the shape of data or frequency distribution. The mode refers to.the most
frequently encountered set of data values. It is a measure of where the
frequency distribution data curve peaks. Statistics of dispersion are a
measure of data scatter in a frequency distribution from a set of data,
These dispersion statistics include range and standard deviation. The
range 1s the total spread of data points from a minimum to a maximum value
and is a measure of the total varilation in a data set. The standard
deviation 1is an arithmetic measure of data variance from a mean value.

The normal distribution in statistics can be defined in terms of
moments. These moments are computed by a frequency function and determine
distance away from an arbitrary point, usually the mean, in the normal
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Table 40. Univariate staristics of ortho-phosphorus analyzed by wind direction
and speed, tidal cycle and rainfall oecurrence.

Parameter: Ortho-phosphorus (mg/2)

Wind Number Mean Standard Mode Minimum Range Maximum  Skewness Kurtosis
Direction Samples Deviation Median
NE to SE 121 0.045 0.072 0.006 0.001 0.009 0.431 2.9 111
SE to SW 29 0.0086 0.006 0.0058 0.000 0.005 0.033 2.9 9.9
SW to NW by 0.010 0.012 0.005 0.000 0.005 0.07M 3.3 13.4
NW to NE 69 0.08s 0.116 0.006 0.004 0,009 0.472 1.4 1.1
None 8 0.035 0.03% 0.005 0,008 0.022 0.100 1.4 0.9
WIND SPEED
0-5 kts 182 0.044 | 0,081 ¢.005 0.000 @.007 72 3.0 10.0
5-10 kts 80 0.045 0.082 G.006 0.000 0.008 .351 2.3 4,7
> 10 Kts 9 0.085 0.069 0.001 0.001 0.07 199 .B 1
TIDE
Rising 127 0.054 0.093 0.006 0.000 0.007 H72 2.3 4.7
Falling 82 0.029 0.075 0.006 0.00 0.007 431 4.1 17.6
Neap 82 0.047 0,051 0.005 0.000 0,019 .19% .2 0.0
RAINFALL
At Qkat 132 0.073 0.104 0.005 0.000 0,016 472 1.8 2.9
Runoff 111 0.019 0.034 0.006 0.001% 6.007 .199 3.1 . 8.9
None 28 0.013 0,018 0.005 0.003 0,007 100 4,2 19.4
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Table 38. Univariate statistics of Amonia-Nitrogen analyzed by wind direction
and speed, tidal cycle and rainfall occurrenca. )

Parameter: Ammonia-Nitrogen {mg/2)

Wind Number Mean Standard Mode Minimum Range Maximum  Skewness Kurtosis
Direction Sampies Deviation Median
NE to SE 120 0.026 0.026 0.016 0.0c01  0.018 0.186 2.6 7.9
SE to SW 32 0,038 0.067 0.040 0.005 0,029 0.40 5.3 29.0
SW to NW 44 0.032 0.0&7 Q0.024 0.002 0.02% 0.32 S.4 3341
NW to NE 69 0.043 0.027 ¢.018 0,011 0,034 0.117 0.9 0.3
None 8 0.045 0.025 0.017 0.017  0.04% 0,10 1,7 4.0
WIND SPEED
0-5 kts 185 0.034 | 0.024 0.018 0.003 0,028 0.117 1.5 1.7
3-10 kts 79 0.0286 0.027 0.012 . 0.001 0.016 0.160 2.6 8.5
J 10 kts 9 0.612 0,005 0.011- 0,005 0.011 0,022 6 0.0
TIRE
Rising 126 0.035 0.028 0.025 0.002 0.025 0.18 1.7 I |
Falling 85 0.037 0.047 0.040 0.001 0.024 .40 " 5.8 43.8
Neap 62 0.026 0.041 0.022 0.003 g.019 0.32 6.4 45.5
RAINFALL
At Okat 132 0.032 0,024 0.022 0.003 0.024 0.107 1.5 1.3
Runoff 113 0.028 0.036 0.012 0.001  0.018 0.32 5.5 38.0

None 28 0.081  0.071 ~ 0.048  0.007 0.048 0.40 4.2 - 20.2
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Table 16, Univariate statistics for -lim temperature by station and sampling quarter,

Temperature, -1n (°c)

Parameter;

.

P

.
'

Range

Standard

Station Samples Mean Deviation Mode Mipimum

Number

Wq

Median Maximum Skewness Kurtosiq
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Table 36. Univariate statistics of TKN analyzed by wind direction and speed,
tidal cycle and rainfall occurrence.

Parameter: Total Kjeldhal Nitrogen (mg/1)

Wind Number Mean Standard Mode Mimimum Range Maximum  Skewness Kurtosis
Direction  Samples Deviation Median
NE to SE 103 0.267 0.2586 0.06 0.01 0.1 1.44 1.7 3.9
SE to SW 32 .383 0.309 0.01 0.01 0.25 1,01 0.3 =-1.1
SW to KW s 0.449 0,389 0.15 0.1 0.28 1.48 1.2 0.7
NW to NE 55 -0.230 d.198 0.09 0.01 0,15 0.87 T.4% 1.4
None 8 0.245 0.119 0,23 0.12 0.23 0.5 1.5 2.8
WIND SPEED
0-5 kts 165 0.322 0.285 Q.15 0.01 0,23 1.48 1.5 2.3
5-10 kts 61 0.223 -0,268 0.06 0.0 0.13 1.44 2.4 7.1
> 10 kts 8 0.464 0.217 0.13 0.13 0. b4 0.84 0.3 0.4
TIDE
Rising 98 0.281 0.194% 0.08 0.0 0.20 0.95 1.3 1.8
Falling 77 0.252 0.2 0.01 0.01 0,13 1.01 1.3 0.5
Neap 59 0.465 0.354% 0.15 0.01 0.35 .48 1.2 1.1
RAINFALL
At Okat 111 0.420 0,303  0.35  0.01  0.35 1.48 1.0 1.1
Runoff 95 0,196 0.233 0.06 0.0 0.13 1.44 2.8 9.6
None 27 0.188 0.120 0.13 G.01 0.17 0.56 1.3 2.5
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Univariate statistics for -im salinity by station and sampling quarter.

Table 18,

Salinity, ~lm (ppt)

Parameter;

Range

Standard

Number
Station Samples Mean Deviation Mode

WQ

Medlan Maximum Skewness Kurtosis

Minimum

30,9 6.2 34.4 2,2 33,3 36,6 -3.0
31.1

37
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Table 34.

Univariate statistics of dissolved oxygen analyzed by wind direction
and speed, tidal ecycle and rainfall occurrencea,

Parameter: Dissolved Oxygen (mg/%)

Wind Number Mean Standard Mode Minimum Range Maximum  Skewness Kurtosis
Direction Samples Deviation Median ’
NE to SE 113 5.5 0.7 5.6 3.1 5.6 7.9 -0.8 3.4
SE to SW 29 5.1 0.7 4.9 2.8 5.1 6.0 1.3 2.8
SW to Nw 37 4.8 0.7 4.6 3.4 4.8 6,5 0.2 -0.3
NW to NE 69 5.4 0.8 4.8 3 5.4 8.5 0.1 2.8
None 2 i 1.0 2.4 2.4 i 3.8
WIND SPEED
0-5 kts 163 5.1 .8 5.1 2.4 5.2 8.5 -0.3 1.5
5«10 kts 77 5.6 .0 5.6 3.2 5.6 7.6 -0.3 4.0
> 10 kts 10 5.7 .2 5.6 5.5 5.8 6.0 0.7 -0.9
TIDE
Rising 103 S.4 o7 5.8 3.1 .5.5 7.9 =0.4 2.3
Falling a8 5.2 .9 5.1 2.4 5.2 8.5 =0.2 2.3
Neap 59 5.3 .8 5.8 3.7 5.5 6.5 -0.7 -0.5
RAINFALL
At Okat 113 5.2 .7 5.1 3.1 5.2 6.8 -0.6 0.1
Runoff 109 5.5 .2 5.6 Z.4 5.6 8.5 -0.5 3.2
None 22 4.8 o7 4.8 2.8 4,9 6.0 =T.4 34
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Table 20. Univariacte statistics for dissolved oxygen by staction and sampling quarter,

-‘Dissolved oxygen (mg/R)

Paramaetey:

Kurtosis

Maximum Skewness
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Median

Standard .
Mean Deviation Made Minimum
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Table 32. Univariate statistics of =-1lm salinity analyzed by wind -direction and
speed, tidal cycle and rainfall occurrence.

Parameter: Salinity, -im (ppt)

Wind Number Mean  Standard Mode Minimum Range Maximum  Skewness Kurtosis
Direction  Samples Ceviation Median
NE to SE 151 34.6 1.4 3.5 21,1 4.4 36.6 -5,7 49,4
SE to SW 40 333 1.9 4.4 24,4 33.3 35.5 =3.0 1.9
SW to NW 46 33,0 2.4 33.3 22.2 3.3 35 3.1 1.1
N¥ to NE 75 34,4 1.4 358.5 26.6 35.0 36.6 =2.5 10.5
None 10 30.0 10.2 32.2 2.2 33.3 36.56 2.7 7.8
WIND SPEED
0-5 kes 232 33.7 2.9 34,4 2.2 34,4 36.6 -6.5 60.6
5-10 kts 80 .8 7 4.4 32,2 35.0 i5.5 -1.2 2.4
> 10 kts 10 i5.1 ] 35 5.4 - 35.0 16,6 1.3 2.8
TIDE
Rising 157 34,2 2.8 3.4 2,2 34,4 36.6 =9, 4 104 .4
Failing 103 3.0 2.2 34,4 21 34,4 36.6 -3.2 13.5
Neap 62 33.86 2.2 35 2.2 34.4 35.5 -3.3 13.6
RAINFALL
At Okat 143 33,2 1.7 4.4 2.2 33.9 36.1 ~6.8 59.2
Runoff 115 34,7 1.4 35,5  25.0 35,0 36.6 4.6 1271
None 64 34,6 1.7 35.35 2404 35,45 38.6 -3.8 21,2
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Table 30. Univariate statisties of -lm temperature analyzed by wind direction
and speed, tidal cycle and rainfall occurrenca.

Parameter: Temperature, -Im (°C)

Wind Number Mean  Standard Made Minimum Range  Maximum  Skewness Kurtosis

Direction Samples Deviation Medijan

NE to SE 181 28.9 0.9 0.0 26.3 28.5 31.0 =0.0 0.3
SE to SH 40 29.2 g.8 28,0 27.0 29.5 30.1 -0.6 0.6
SW to NW L& 28.8 0.7 28.0 27.3 28,7 30.2 0.5 =0.3
NW to NE 75 29.0 0.6 28.8 27.3 28.9 31.8 1.3 4.7
None 10 28.3 1.3 30.0 27.3 29.75 31.0, 0.4 -1.2
WIND SPEED

0-5 kts 232 29.2 0.8 30.0 27.0 29.0 31.8 0.2 .2
5=10 kts a0 8.6 - 0.7 29.1 26.3 28.8 30.5 -0.4 1.3
> 10 kts 10 28.0 0.3 28.2 27.4 28.2 28.3 -1.3 1.3
TIDE

Rising 157 23.0 0.8 30 27.2 29 31. .1 .1
Falling 103 291 0.8 28,5 27 28.8 31.8 .0 o3
Neap 62 28.7 0.0 28 9 28.75 30.2 6.7 50.0
RAINFALL

At Okat 143 29.1 0.6 - 28.8 27.3 23.1 30.5 ~0.1 0.2
Runoff 115 28.4 0.6 28.0 28.3 28,5 30.0 -0.6 1.5
None 84 29.6 1.0 30.0 27 30.0 31.8 -0.3 -0.1
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Table 28, Univariate statistics of INFR amalyzed by wind direction and speed,
tidal cyele and rainfall dccurrence, :

Paraméter: Total Non-filtrable Residue (mg/1)

Wind Number Mean  Standard Mode  Minimum Range  Maximum  Skewness Kurtosis
Direction Samples Deviation Median )
NE to SE 138 bl 52 13 3 29 485 5.1 38.1
SE to SW 32 32 37 27 4 27 225 4.8 25.5
SW to NW 37 g8 205 28 6 35 388 3.9 15.0
NW to NE 73 61 117 20 4 34 964 6.7 50.7
None 10 164 173 12 12 88 532 1.4 1.0
WIND SPEED
0-5 kts 219 68 133 13 3 32 988 5.0 28.2
5-10 k&s 74 32 22 16 b 27 117 1.7 3.4
> 10 kts ) 38 13 9 9 29 30 .8 -7
TIDE
Rising 143 61 121 20 3 30 964 5.6 35.5
Falling a5 45 Ls 13 7 27 225 2.4 5.5
Neap 52 67 146 28 6 34 988 S.h 32.6
RAINFALL -

At Okat 126 54 122 20 6 27.5 964 6.0 39,0
Runotf 103 49 a8 17 6 33 988 8.9 35.5
None 61 b 92 18 -3 6 485 2.5 7.7
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The maximum TSIN/ORTHO-PO mass ratio where nitrogen is still the Limiting
nutrient is 15/1 (Specht, 1975). The TSIN/ORTHO-PO mass ratios were
calculated for each WQ station by sampling quarter. Previous studies (eg.
Cowan and Clayshulte, 1980) showed nitrogen to be the limiting nutrient in.
all marine waters of Kosrae. Nitrogen was the limiting nutrient throughout
the Part B monitoring for primary stations 2, 3, 4 and secondary station
14, The remaining stations had both single occurrences and longer periods
when phosphorus was the limiting nutrient: station | in 10-83 at 19/1;
station 5 in 10-83 at 16/1; station 6 in 05-82 and 11-82 at 16/1 and 67/1,
respectively; station 7 in 07-84 at 16/1; station 9 in 01~83 at 53/1; and
station 13 in 01-83 and 07-84 at 19/1 and 15/1, respectively. These
changes in TSIN/ORTHO-PO mass ratios indicated that the marine ecosystem
was being stressed by either natural or man-induced perturbations.

Tidal and Weather Affects

WQ quality parameters were analyzed in relation to weather and
tidal changes to assess the influence of natural factors on water qualicy.
WQ parameters were assgessed by wind direction and speed, tidal cycle and
rainfall occurrence. Univariate statistics were generated for each WQ
parameter (Tables 27 to 40)., Wind direction and speed were recorded for
each WQ station at the time of sampling. Wind directions were divided into
5 categories: NE to SE, SE to SW, SW to NW, NW to NE, and none. Wind
speed was divided into 3 categories: 0-5 kts, 5-10 kts and greater than 10
kts. Tidal change was recorded as rising, falling or neap. Rainfall
occurrence was recorded as: recent rain at Okat; rain within 24 hours in
mountains which produced runoff; and no rain within 24 hours.

Turbldity and TNFR (Tables 27 and 28) did not show significant
trends when assessed by weather or tidal patterns. Mean turbidity levels
were higher during rainfall periods and in high wind periods. Temperature
(Tables 29 and 30) and pPH (table 33) generally did not correlate with
weather or tidal patterns. Mean salinities were reduced during rainfall
periods and under low wind speed conditionms. Higher wind speeds, particu-
larly when the wind was from the NE to SE, caused increased dissolved
oxygen concentrations (Table 34). Nitrogen and phosphorus concentrations
showed significant correlations with both weather conditions and tidal
changes (Tables 35 to 40).

Sediments

To wmaintain fine sand in the suspended sediment load of a
turbidity plume, the average water current must be ahove 50 cm/sec. Water
velocities inm Okat harbor were measured with drift drogues in a
pre~construction marine envirommental survey (Eldredge et al., 1979),
Water velocities ranged from less than | to L7 cm/sec, dependent on tidal
change. Subsequent velocities measured with dye tracks in the Part B
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Turbidity and TNFR data were tabulated by station and ‘gsampling period
(Tables 13 and 14). The mean station turbidities at WQ stations 1, 2, 3,
7, 9, and 13 exceeded the turbidity standard, This indicates that these
stations were subjected to turbidity levels throughout the Part B monitor-
ing period which could cause environmental degradation of surrounding
marine biota. The high mean turbidity levels at stations 1 and 2 were
caused for the most part, by the natural discharge of river water and tidal
flushing from the adjacent mangrove fringe. ' Station 3 was subjected to
higher turbidity waters which were traceable to both the river/mangrove
discharge water complex and construction related turbidity plumes.
Stations 7, 9 and 13 were secondary stations within the WQ boundary. As a
result, higher mean turbidities were anticipated at these stations.
Stations 7 and 9 were source areas for the origination of sedimentation
plumes resulting from construction activities. The dredge channel
(stations 9 and 13) was a major source area for fine grained lime-muds
which were continually resuspended into the water column and dispersed
throughout the Okat harbor area. These lime-mud deposits were generated as
a result of dredging and slurry discharge activities., The suction dredge
used to obtain coral-fill had an effective recovery system and did not
generate extensive sediment plumes. However, the dredge discharge op-
erations and a leaky slurry pipeline did produce chronic sediment plumes,
These turbidity plumes were dispersed by existing meteorological and
hydrographic "conditions throughout the Okat area, after beyond the WQ
boundary. Frequently these plumes contained observable amounts of oil and
grease. Sedimentation tubes recovered at WQ stations 1, 2 and 13 had
measurable quantities of oil and grease trapped in the sediments and
sedimentation tubes. These oil and grease spills were usually attributable
to the suction dredge operation. On sampling trips in 1982 ahd 1983,
extengive oil and grease films in plumes were observed to extend beyond the
WQ boundary. These plumes were flushed into the mangrove fringe and out
the harbor mouth. .

The univariate statistics for temperature (Tables 15 and 16),
salinity (Tables 17 and 18), pH (Table 19) and dissolved oxygen (Table 20)
showed no abnormal trends. Mean near-surface temperatures were hetween 28
and 30 degrees C for WQ stations and showed no quarterly pattern. Mean
near-surface salinities were more variable, but were still in a normal
range for a coastal marine system. Higher mean salinities were correlated
with lower rainfall periods. The highest mean salinities occurred in
quarters 5 and 6 which were during a major drought. Although pH measure-
ments were slightly low, they were still typical of coastal marine waters. _
Dissolved oxygen levels at station ! were periodically low as a result of
rive discharges. )

Total nitrogen (Table 21) is composed of saveral nitrogen species
which include organic— and ammonia-nitrogenm (= total Kjeldahl nitrogen) and
nitrite~-nitrate nitrogen. Nitrite-nitrogen 18 a readily couvertible
nitrogen species {(to nitrate-nitrogen and is generally measured at low
levels in marine waters. Cown and Clayshulte (1979) in a baseline study of
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Turbidity and TNFR data were tabulated by station and ‘sampling period
(Tables 13 and 14). The mean station turbidities at WG statioms 1, 2, 3,
7, 9, and 13 exceeded the turbidity standard. This indicates that these
stations were subjected to turbidity levels throughout the Part B monitor-
ing period which could cause envirommental degradation of surrounding
marine bjota. The high mean turbidity levels at stations 1 and 2 were
caused for the most part, by the natural discharge of river water and tidal
flushing irom the adjacent mangrove fringe. Station 3 was subjected to
higher turbidity waters which were traceable to both the river/mangrove
discharge water complex and construction related turbidity plumes.
Stations 7, 9 and 13 were secondary stations within the WQ boundary. As a
result, higher mean turbidities were anticipated at these stations.
Stations 7 and 9 were source areas for the origination of sedimentation
plumes resulting from construction activities. The dredge channel
(stations 9 and 13) was a major source area for fine grained lime-muds
which were continually resuspended into the water column and dispersed
throughout the Okat harbor area., These lime-mud deposits were generated as
a result of dredging and slurry discharge activities. The suction dredge
used to obtain coral-fill had an effective recovery system and did not
generate extensive sediment plumes. However, the dredge discharge op-
erations and a leaky slurry pipeline did produce chronic sediment plumes.
These turbidity plumes were dispersed by existing meteorological and
hydrographic "conditions throughout the Okat area, after beyond the WQ
boundary. Frequently these plumes contained observable amounts of oil and
grease. Sedimentation tubes recovered at WQ statioms 1, 2 and 13 had
measurable quantities of oil and grease trapped in the sediments and
sedimentation tubes. These 0il and grease spills were usually attributable
to the suction dredge operation. On sampling trips in 1982 ahd 1983,
extensive oil and grease films in plumes were observed to extend beyond the
WQ boundary. These plumes were flushed into the mangrove fringe and out
the harbor mouth. .

The univariate statistics for temperature (Tables 15 and 16),
salinity (Tables 17 and 18), pH (Table 19) and dissolved oxygen (Table 20)
showed no abnormal trends. Mean near-surface temperatures were between 28
and 30 degrees C for WQ stations and showed no quarterly pattern. Mean
near-surface salinities were more variable, but were still in a normal
range for a coastal marine system. Higher mean salinities were correlated
with lower rainfall periods. The highest mean salinities occurred in
quarters 3 and 6 which were during a major drought. Although pH measure-
ments were slightly low, they were still typical of coastal marine waters.
Dissolved oxygen levels at station |l were periodically low as a result of
rive discharges. )

Total nitrogen (Table 21} is composed of several nitrogen species
which include organic— and ammonia-nitrogen (= total Kjeldahl nitrogen) and
nitrite-nitrate nitrogen. Nitrite-nitrogen 1is a readily convertible
nitrogen species {to nitrate-nitrogen and 1s generally measured at low
levels in marine waters. Cown and Clayshulte (1979) in a baseline study of
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The maximum TSIN/ORTHO-PO mass ratio where nitrogen is still the limiting
nutrient is 15/1 (Specht, 1975). The TSIN/ORTHO-PO mass ratios were
calculated for each WQ station by sampling quarter. Previous studies {eg.
Cowan and Clayshulte, 1980) showed nitrogen to be the limiting nutrient in.
all marine waters of Kosrae. Nitrogen was the limiting nutrient throughout
the Part B monitoring for primary stations 2, 3, 4 and secondary station
14, The remaining stations had both single occurrences and longer periods
when phosphorus was the limiting nutrient: starion 1 in 10-83 at 19/1;
station 5 in 10-83 at 16/1; station 6 in 05-82 and 11-82 at 16/1 and 67/1,
respectively; station 7 in 07-84 at 16/1; station 9 in 01-83 at 53/1; and
station 13 in O01-83 and 07-84 at 19/1 and 15/1, respectively. These
changes in TSIN/ORTHO-PO mass ratios indicated that the marine ecosystem -
wag being stressed by either natural or man-induced perturbations.

Tidal and Weather Affects

WQ quality parameters were analyzed in relation to weather and
tidal changes to assess the influence of natural factors on water quality.
WQ parameters were assessed by wind direction and speed, tidal cycle and
rainfall occurrence. Univariate statistics were generated for each WQ
parameter (Tables 27 to 40)., Wind direction and speed were recorded for
each WQ station at the time of sampling. Wind directions were divided into
5 categories: NE to SE, SE to SW, SW to NW, NW to NE, and none. Wind
speed was divided into 3 categories: 0-5 kts, 5-10 kts and greater than 10
kts. Tidal change was recorded as rising, falling ox neap. Rainfall
occurrence was recorded as: recent rain at Okat; rain within 24 hours in
mountains which produced runoff; and no rain within 24 hours.

Turbidity and TNFR (Tables 27 and 28) did not show significant
trends when assessed by weather or tidal patterns, Mean turbidity levels
were higher during rainfall periods and in high wind periods. Temperature
(Tables 29 and 30) and pH (table 33) generally did not correlate with
weather or tidal patterns. Mean salinities were reduced during rainfall
periods and under low wind speed conditions. Higher wind speeds, particu-
larly when the wind was from the NE to SE, caused increased dissolved
oxygen concentrations (Table 34). Nitrogen and phosphorus concentrations
showed significant correlations with both weather conditions and tidal
changes (Tables 35 to 40),

Sediments

To maintain fine sand in the suspended sediment load of a
turbidity plume, the average water current must be above 50 cm/sec. Water
velocities 1in Okat harbor were measured with drift drogues in a
pre-construction marine environmental survey (Eldredge et al., 1979).
Water velocities ranged from less than 1 to 17 cm/sec, dependent on tidal
change. Subsequent velocities measured with dye tracks in the Part B
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Table 28, Univaiiate statistics of TNFR analyzed by wind diraction amd speed,
tidal cycle and rainfall occurrence. ;

Paraméfar: Total Non~filtrable Residue (mg/2)

Wind Number Mean Standard Mode  Minimum Range  Maximum Skewness Kurtosis
Direction Samples Deviation Median i
NE to SE 138 by 52 13 3 29 485 5.1 38.1
SE to SW 32 2 a7 27 4 ¥l 225 4.8 5.5
SH to NwW a7 88 205 28 6 35 988 3.9 15.0
NW to NE 73 61 117 20 b 34 964 6.7 50.7
None 10 164 173 12 12 88 532 1.4 1.0
WIND SPEED
0-3 kts 210 68 133 13 3 32 288 5.0 28.2
5=10 kts 74 32 22 16 5 27 117 1.7 3.4
> 10 kts 6 38 33 9 g 29 20 .8 -.7
TIDE
Rising 143 61 121 20 3 30 964 5.6 35.5
Falting 5 LY 45 13 7 27 225 2.4 5.5
Neap 52 67 146 28 6 34 988 Soh 32.6
RAINFALL -

At Okat: 126 54 122 20 6 27.5 964 6.0 39.0
Runoff 103 49 28 17 6 33 988 8.9 85.5
None 61 74 92 18 -3 36 485 2.5 7.7
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Table 30. Univariate statistics of -Im temperature analyzed by wind direction
and speed, tidal cycle and rainfall occurrence.

Parameter: Temperature, ~lm (°cy

Wind Number Mean  Standard Mode Minimum Range Maximum Skewness  Kurtosis
Direetion Sampies Deviation Median
NE to SE 151 28.9 0.9 30.0 26.3 28.9 3.0 ~0.0 0.3
3SE to SW 40 29,2 0.8 28.0 27.0 29.5 30.1 -0.6 -0.6
SW to Nw 46 28.8 Q0.7 28.0 27.3 28.7 30.2 0.4 =0.3
NW to NE 75 29.0 0.6 248.8 27.3 28.9 31.8 1.5 4.7
None 10 29.3 1.3 30,0 27.3 29.75 31,0, -0.4 -1.2
WIND SPEED
0-5 kts 232 29.2 0.8 30.0 27.0 29.0 31.8 0.2 0.3
5-10 kts 80 8.6 - 0.7 29.1 26.3 28.8 30.5 0.4 1.3
> 10 kts 10 28.0 0.3 28.2 27.4 28,2 28.3 -1.3 1.3
TIDE
Rising 157 29.0 0.8 30 27.2 29 31. .1 .1
Failing 103 29.1 0.8 28.5 27 28.8 31.8 .6 5
Neap 62 28.7 0.0 28 g 28.75 30.2 -6,7 50.0
RATNFALL
At Okat 143 29.1 0.6 28.8 27.3 29.1 30.5 ~0.1 ~0.2
Runoff 115 28.4 0.8 28.0 26.3 28.5 30.0 -0.8 1.5
None &4 29.6 1.0 30.0 27 30.0 31.8 -0.3 -0.1
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Table 32. Univariate statistics of -1lm salinity analyzed by wind -direction and
speed, tidal cycle and rainfall occurrence,

Parameter: Salinity, -Ilm (ppt)

Wind Number Mean Standard Mede Minimum Range Maximum  Skewness Kurtosis
Direction Samples Deviation Median
NE to SE 151 34,6 1.4 34,4 21.1 34.4 36.5 =5.7 49,4
SE to SW 40 3.3 1.9 344 24.4 3.3 i5.5 -3.0 11.9
SW to Nw 46 33.0 2.4 33,3 2.2 33.3 35 =3.1 11.1
NW to NE 75 4.4 1.5 35.5 26.6 35.0 36.6 -2.% 10.5
None 10 30.0 10.2 32.2 2.2 33.3 36,6 -2.7 7.8
WIND SPEED
0-5 kts 232 33.7 2.9 34,4 2.2 34,4 36.6 -6.5 60.6
5=10 kts 80 3.8 i 344 32.2 35.0 35.5 -1.2 2.4
> 10 kis 10 35.1 .6 35 34,4 - 35,0 36.6 1.3 2.8
TIDE
Rising 157 34,2 2.8 4.4 2.2 34,4 36.6 =94 104.4
Falling 103 34,0 2.2 34,4 214 3.4 36.56 -3.2 13.5
Neap 62 33,6 2.2 35 22.2 34,4 35.5 -3.3 13.6
RAINFALL
At Okat 143 33,2 1.7 3404 2,2 33,9 36.1 -6.8 59.2
Runoff 115 34,7 1.4 35.5 25.0 35.0 36.86 =i, 6 7.1
None &4 34,6 1.7 35.5 4.4 35,55 36.6 -3.B 21.2

31




Table 34. Univariate statistics of dissolved oxygen analyzed by wind direction
and speed, tidal cycle and rainfall occurrence,

Parameter: Dissolved Oxygen (mg/2)

Wind Number Mean Standard Mode Minimum . Range Maximum  Skewness Kurtosis
Direction Sampies Deviation Medfan ’
NE to SE 113 5.5 0.7 5.6 3.1 5.6 7.9 -0.8 3.4
SE to SW 29 5.1 0.7 4.9 2.8 3.1 6.0 -1.3 2.8
SW to Nw a7 4.8 0.7 4.6 3.4 4.8 6.5 0.2 - =0.3
NW to NE 69 3.4 0.8 4.8 30 5.5 8.5 0.1 2.8
None 2 3.1 1.0 2.4 2.4 3 3.8
WIND SPEED
0-5 kts 163 5.1 .8 5.1 2.4 5.2 8,5 -0.3 1.6
5-10 kts 77 5.6 .6 5.6 3.2 . 5.6 7.6 -0.3 4.0
> 10 kts 10 5.7 .2 5.8 5.5 3.8 6.0 0.7 ~0.9
TIBE
Rising 103 S.4 o7 5.8 3.1 .5.5 7.9 -0.4 2.3
Failling 88 5.2 .9 5.4 2.4 5.2 8.5 -0.2 2.3
Neap 39 5.3 . .8 5.6 3.7 5.5 6.5 -0.7 -0.5
RAINFALL
At Okat 119 3.2 o7 5.1 3.1 5.2 6.8 ~0.6 0.1
Runoff 109 3.5 .9 5.6 2.4 5.8 8.5 -0.5 3.2
None 22 4.8 .7 4.8 2.8 4.9 6.0 1.4 3.1
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Table 36. Univariate statistics of TKN analyzed by wind direction and speed,
tidal cycle and rainfall oecurrence.

Parameter: Total Kjeldhal Nitrogen (mg/ L)

Wind Number Mean  Standard Mode Minimum Range  Maximum Skewness  Kurtosis

Direction  Samples Deviation Median

NE to SE 103 0.267 0.256 0.08 0.01 0.21 T.hé 1.7 3.9
SE to SW 32 0.383 0.309 0.01 0.01 0.25 |, 1.% 0.5 -1.1
SW to NW k13 0.449 0.389 Q.15 0. 0.28 1.48 1.2 Q.7
NW to NE 55 -0.230 0.198 0.09 0.01 0.15 0.87 T.4 T.4
None 8 0.245 0.119 0.23 0.12 g.23 0.5 1.5 2.9
WIND SPEED

Q-5 kts 165 0.322 0.285 0.15 0.01 Q.23 1.48 1.5 2.3
5~10 kts 61 0.223 .0.268 0.06 0.01 0.13 1.44 2.4 7.1
> 10 kts 8 0.464 0.217 0.13 0.13 0.544 0.84 0.3 0.4
TIDE

Rising 98 0.241 0.194 0.06 0.0 0.20 0.95 1.3 1.8
Falling 77 0.252 Q.27 0.01 0.01 0.13 1.0 1.3 0.5
Neap 59 0.464 0.354 0.15 0.01 0.35 i.48 1.2 1.1
RAINFALL

At Okat m 0.420 0.303 0.35 0.01 0.35 1.48 1.0 1.1
Runoff 96 0.196 $.233 c.08 0.0t 0.13 .44 2.8 9.6
None 27 0.788 0.120 0.13 0.0 0.17 0.56 1.3 2.5
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Table 38. Univariate statistics of Amonia~Nitrogen analyzed by wind direction
and speed, tidal cycle and rainfall occurrence. )

Parameter: Ammonia-Nitrogen (mg/%)

Wind Number Mean Standard Mode Minimum Renge Maximum  Skewness Kurtosis
Direction Samples Deviation Medtan )
NE to SE 120 0.026 0.026 0.016 0.001 0.018 0.16 2.6 7.9
SE to SW 32 0.03% 0,067 0,049 0.005 0.029 0.4Q 5.3 29.0
SW to NW 4 0.032 0.047 0.02¢4 0.003 0,024 0.32 3.6 3341
NW to NE 69 0.043 0.027 ¢.018 0.011  0.034 0.117 0.9 -0.3
None | 0.0u45 0.025 0.017 G.017  0.0Mm1 0.10 1.7 4.0
WIND SPEED
Q=5 kts 185 0.034 | 0.024% 0.018 0.003 0,026 0.117 1.5 1.7
5-10 «ts 79 0.026 0.027 0.012 . 0.001 0,016 0.160 2.6 8.5
J 10 kts 9 0.012 0.005 0.011-  0.005 0,011 0,022 8 0.0
TIDE
Rising 126 0.035 0.028 0.025 ¢.002 0.025 .18 1.7 : 3
Falling 85 0.037 0.047 0.040 0.001 0.024 .40 " 5.8 - 43.8
Neap 62 0.028 0.041 0,022 0.003  0.019 0.32 6.4 45,5
RAINFALL
At Okat 132 0,032 0.024 0.022 0.003 0,024 0.107 1.5 1.3
Runeff 113 0.028 0.038 0.012 Q.001 o0.018 0.32 5.4 - 38.0
None 28 0.081 0,071~ 0.048 0.007  0.048 0.40 5.2 _20.2
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Table 40. Univariate statistics of ortho-phosphorus analyzed by wind direction
and speed, tidal cycle and rainfall occurrence.

Parameter: Ortho-phosphorus (mg/2)

Wind Number Mean Standarg Mode Minimum Range Maximum  Skewness Kurto;is
Direction Samples Deviation Median
NE to SE 121 0.045 0.072 0.006 0.001 0.009 0.451 2.9 11.1
SE to SW 29 0.006 0.006 0.005 0.000 0.005 0.033 2.9 2.9
SK to NW Gl 0.010 0.012 0.400s 0.000 0.005 0.071 3.3 13.4
NW to NE 69 0.085 0.116 0,006 ¢.004 0,009 0.472 1.4 1.1
None B8 0.035 0.034 6.005 0.005 0.022 0.100 1.4 0.9
WIND SPEED
0=-5 kts 182 0,044 | 0,081 0.00s5 g.000  0.007 472 3.0 10.0
5-10 kts ag 0.045 0.082 0.006 0.000 0.008 .351 2.3 4,7
> 10 kts 9 0.065 0.063 0.001 0.001 0.07 .199 .8 .1
TIDE
Rising 127 0.054 0.093 .006 0.000 0.007 472 2.3 4.7
Falling 82 0.029 0.075 0.008 0.001 0.007 451 4,1 17.6
Neap 62 0.047 0,051 0.005 c.c00 0.019 .19% .9 0.0
RAINFALL
At Okat 132 0.073 0.104 0.005 0.0c00 0,018 A72 1.8 2.8
Runoff 111 0.019 0,034 0.006 0.001 0.007 .199 3.1 . 9.9
None 28 0.013 0.018 0.005 0,003 Q.007 100 4.2 19.4
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controversy about the need for envirommental monitoring caused a delay in
the initiation of water quality monitoring, WERI was contracted by the
ITEPB (TTPI comtract number CT210014) to monitor marine water in the
viecinity of Okat harbor, Kosrae. Monitoring was to be conducted for 3 days
on a quarterly basis over a 30-month period.

There was a considerable amount of construction activity completed and
in progress by the first monitoring trip in May 1982. An access road was
built through the extensive coastal mangrove swamp (Figure 2). A bridge
was built over the traditional cance which runs through the mangrove
swamp. Basalt rock seawalls made of large (greater than lm in diameter)
basalt armor stone were in place around the periphery of the runway and
dock area. A ceuntral portion of the runway was already being infilled with
dredged coral fill material derived from the adjacent reef-flat. Dredge
filling was almost completed at the dock site. The small boat channel was
about 407 completed. A bridge was under comstruction which would span the
small boat channel. As a result of these construction activities, there
were locations adjacent to the construction project which already had
substantial accumulations of silty ocoze originating from dredge and filling
operations. Therefore, the initial monitoring trip assessed a marine
environment at Okat which had been and was undergoing some degree of
degradation due to construction activities (Figure 1, Appendix 4).

A figure was drawn for each monitoring period which included WQ
stations, extent of dredge and fill operations, surface flow patterns,
location of turbidity plumes and other pertinent construction related
activities or perturbations. These figures are presented in Appendix A in
chronological order from July 1982 to July 1984.

OBJECTIVES

The primary objective of this study was to conduct monitoring of
selected water quality parameters in marine waters outside the water
quality project boundary adjacent to Okat harbor. A further objective was
to provide for comprehensive and timely reporting of quarterly results to
the TTEPB. A final objective was to provide a training program for Kosrae
Environmental Health Department technicians in relation to the Okat moni-
toring program and also to help them perform more comprehensive laboratory
and field service in support of other non~related projects.




Table 41. Volatile non-£filtrable residue

total residue. (INFR) at water q

| A

(VNFR) and percent organic matter in

uality stations,

The units for VNFR

are mg/%,
Water Quality 7 July 83 8 July 83 11 July 83
Station VNFR % Organic VNFR % Organic VNFR % Organic

1 130 50 272 29 40 47

2 19 70 32 45 103 13

3 10 50 26 52 20 50

4 18 90 11 85 20 46

5 13 93 20 69 18 4Q

6 8 73 4 15 4 69

7 8 76 4 11 2 91

9 17 40 7 18 28 57

13 24 55 23 59 31 38
14 14 64 & 30 5 75

Water Quality

7 October 83

10 October 83

11 October 83

- Station VNFR Z Organic VNFR %Z Organic VNFR %4 Organic
1 57 43 30 53 14 26
2 17 30 21 84 0 0
3 11 24 4 29 22 73
4 2 7 0 0 16 30
5 15 39 13 48 18 95
6 12 52 9 43 13 100
7 7 25 13 41 19 76
9 24 86 L1 28 21 78
14 11 0 0 0 17 63
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Sedimentation experiments were conducted at the bridge site from
11 October 1983 to 19 January 1984 to assess sediment "rain" changes within
the channel environment, along the reef-flat plate and within the mangrove
fringe. These sedimentation tests were designed to determine both the
composition of the suspended load and amount of resuspension of lime=-mud
occurring within the area. There was a substantial increase in sediment
"rain" occurring in the chamnel environment and extending in the mangrove
fringe. The suspended load was composed of white clay/silt sized particles
(1ime-mud) in the channel and reef-flat enviromments with 20 to 30% fine
sand. The results of this study are as follows:

SITE SEDIMENT  "RAIN"
ml/m%/day g/day/m?
BRIDGE CHANNEL, 3m Depth 1750 586
1935 611
2120 ' 739
2025 695
mean=1957 mean=658
EDGE REEF FLAT, Channelcut . 1250 304
REEFFLAT, Edge Mangroves 1160 480

MANGROVE FRINGE 3230 315

These high sediment '"rain" rates indicate that the channel
environment was not becoming stabilized in relation to sediment deposits.
These fine textured (clay/silt) sediments in the channel floor were subject
to easy resuspension by water currents. These sediments pose a potential
long~term WQ problem.

A large quantity of silty-ooze was deposited along the runway and
adjacent to the docking area. The Hawaii Corp of Engineers recommended in
the summer of 1984 that the silty mud and rubble accumulated along the
runway and dock area be piled along the edge of the reef plate and dumped
(by both suction dredge and bulldozer) into deeper harbor waters.
Sediments along the dredge channel were scraped into the channel at low
tides. Both of these clean-up operations caused extensive degradation of
the marine water quality. A highly turbid plume was produced by the
suction dredge operation in the harbor. This plume was observed to extend
into the mangrove area south of the harbor, onto the western fringing reef
and extended out the harbor toward Walung {(Appendix A, Figure 9). The
channel floor already had a silt load that was not being removed by cur-
rents. The additional material introduced into the channel and onto the
upper slopes of the harbor reef complex became a potentially long-term
source of fine material. These sediments could be periodically resuspended
into the harbor water mass. Since the dredge channel was not opened at the
seaward end, the silt load in the channel enviromment will remain for a
long time period with only minor stabilization. Sedimentation studies made
in the channel near the bridge showed silty-sand "rain" (resuspended
outfall) at a rate of 1 cm/square meter/day. This rate will greatly reduce
reestablishment of marine biota.
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Table 42. Concentration of heavy metals in marine waters at Okar Harbor,
November 1982.

Water Quality Heavy Metal . - {ug/2)
Stations As Cd Cr Cu Heg Ni Pb Zn
1 1.8 0.9 1.8 3.0 6.6 8,3% 2,1 12.4
2 1.2 0.1 1.3 0.8 7.1% 1.7 1.9 16.7
3 1.2 0.1 2.4 0.6 4, 7% 0.7 1.4 8.2
4 0.9 0.1 2.8 0.6 4,6% 1.3 1.9 5.9
5 1.0 6.2 1.5 0.6 2,3* 1.0 1.5 18.8
6 1.0 0.2 1.1 0.5 2.8% 0.6 1.6 16.0
7 0.9 0.1 6.3 0.5 3.0 0.8 l.4 7.5
8 0.9 0.1 7.8 0.5 3.1 0.8 1.0 3.2
gt 0.9 0.1 4.3 0.6 2.6% 0.8 1.5 4.4
10t 0.9 0.7 7.2 0.8 2,2% 0.9 2.1 5.4
TTPI Marine
WG Standards
{ug/2) 10.0 5.0 50.0 10.0 0.10 2.0 10.0 20.0

*exceeds TTPI standard

Table 43. Concentration of heavy metals in marine waters at Okat Harbor,
July 1983. See Table 42 for TTPL marine water quality standards
for heavy metals,

Water Quality ' Heavy Metal . (ug/ L)

Stations As Cd Cr Cu Hg Ni Pb in
1 3.1 1.0 0.6 20% 0.4% 26%* 2.8 25%
2 0.9 0.8 0.2 0.5 1.0 0.8 2.3 <1
3 1.4 1.0 0.1 2.3 1.0 1.6 1.9 2
4 1.2 0.8 <0.1 0.3 2.0* 0.4 1.8 9
5 1.2 0.8 0.2 2.1 2.6 0.7 2.8 16
) 0.6 1.0 0.2 2.8 2.6% 0,5 2.1 2
7 g.8 3.7 0.2 0.5 l.6x 1.1 6.3 16
8 1.4 0.9 0.2 1.6 0.4% 1.3 1.8 6
9 1.3 6.7 0.2 0.3 1.4% 0.5 2.0 i

13 1.8 0.8 0.2 3.4 1.2¢ 0.4 1.9 3
14 1.7, 0.8 <0.1 0.4 <0.1 0.3 2.8 L

*exceeds TTIPI standard
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represented by Stations 7 and 8). This standard would allow for
a change in background turbidities of up to 70% and 130% over the

Tyn values observed in this study, for the harbor and reef waters,
réspectively,

The turbidity standard that was established by WERI for the Truk
Airport expansion monitoring program was 2.0 NTU (Clayshulte et al., 1979)
and for the Belau monitoring program the turbidity standard was 5.0 NTU
(Zolan, 1983). These standards were based on Part A Pre-construction
monitoring studies and om a TPPI baseline water quality survey of different
marine water classes {Cowan and Clayshulte, 1980). These turbidity stan-
dards for Kosrae, Truk and Belau were all established at levels above
- ambient or natural turbidities. Turbidity was identified in the Part A
Pre-construction studies for Truk and Belau as the water quality parameter
which would be most effected by construction related operations. Periodic
exceedences of these turbidity standards were expected to occur at the
construction water quality boundaries. However, it was anticipated that if
the marine water turbidity levels were kept, for the most part, below these
standards, then long-~term envirommental degradation would be minimized.

There were other water quality parameters analyzed which were not
included in the TTPI water quality standards. These parameters were total
Kjeldahl nitrogen, nitrateinitrite-nitrogen, ammonia-nitrogen,
ortho-phosphate and total non-filtrable residue. Analyses of these
parameters were made Iin order to provide a more comprehensive evaluation of
nutrient and reslidue cycles in Okat harbor as affected by comstruction
activities and natural processes. Marine water quality im the vicinity of
Okat harbor was modified by river discharges and tidal flush from the
coastal mangrove complex adjacent to the construction area. Therefore, it
was deemed necessary to conduct these additional water quality analyses in
order to distinguish changes in water quality between construction activ-
ities and natural processes.

Station Water Quality

Marine water quality (WQ) was monitored at 6 primary and up to 6
secondary WQ stations on a quarterly basis from 05-17-82 to 07-17-84.
Primary and secondary WQ station locations are showm in Figure 2. WQ
stations were monitored a wminimum of 3 days for each quarterly sampling
set, There were 1l quarterly sampling sets. A quarterly sampling set with
a 3-day monitoring period was established based on results from
previous large scale marine monitoring programs in construction phases
(Clayshulte, 1983; Clayshulte and Zolanm 1982; Zolan 1983). These studies
showed that WQ could vary considerably within short-time periods. These
variations were not only on construction activities but also on temporal
envirommental factors (ie., tidal surf and weather conditions) and seasonal
hydrographic and meteorological fluctuations. It was determined that a
3-day to 5-day average of WQ data would provide a more realistic assessment
of general WQ at a specific WQ station for WQ compliance purposes. It was
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Table 44, Concentration of heavy metals in marine waters at Okat Harbor,
July 1984, See Table 42 for TTPI marime water supply quality
standards for heavy metals.

Water Quality HBeavy Metal (ug/e)

Stations As Cd Cr Cu Hg Ni Pb Zn
1 1.2 0.2 1.8 1.5 1.9%* < 1.0 < 1,0 1.6

2 2.3 0.2 1.7 2.1 0.8%« < 1.0 < 1,0 2.1

3 1.9 0.4 1.5 0.6 1.5# < 1.0 < 1.0 I.1

4 2.1 0.2 1.3 2.4 0.9% 1.0 12% 5.3

5 1.0 0.6 1.7 3.1 0,9* 3.5% < 1.0 0.8

6 1.9 0.3 1.4 0.8 l.4% 4.2% < 1,0 5.6

7 1.9 0.2 1.7 0.6 2.1% < 1,0 3.1 6.9

g 2.0 0.4 1.4 1.1 1l.4% < 1,0 2.8 13.0
13 2.2 0.2 1.4 2.0 1.1* < 1.0 1.3 1.7
14 2.1 .4 1.5 g.4 0.5%# < 1.0 < 1.0 0.3

* axceeds TTPI standard.

Table 45. Summary of mercury concentrations in near-surface marine water
at Okat Harbor water quality monitoring statioms.
marine water quality standard for mercury is 0.10 ugfe. TFigure

2 for locations of water quality stations.

sampling was done by Chun et al., (1979).

The TTPI

The August 1979

. Water Quality

Heavy Metal Mercury (ug/g)

Starion Aug. 1979 Nov. 1982 July 1983 July 1984

1 < 0,1 6.6 0.4 1.9
2 - 7.1 1.0 0.8
3 < 0.1 b7 1.0 1.5
& < 0.1 4.6 2.0 0.9
5 < 0.1 2.3 2.6 0.9
6 - 2.8 2.6 1.4
7 < 0.1 3.0 L.6 2.1
8 .- 3.1 0.4 -
9 - 2.6 1.4 1.4
10 < 0.1 2.2 - -
13 - - 1.2 1.1
14 - - < 0.1 0.5

Mean (ug/2) < 0.1 3.9 1.3 1.3

+ §.D. - 1.8 0.8 0.5

Number of stations 10 10 11 10
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Table 46. continued.

Station Parameter N Mean Root MSE* TF-Value Significance

4 Turbidity 34 | 0.3 7.84 .001
TNFR 34 33 31 0.77 NS
Sur. Temp 34 29.0 0.4 8.23 .001
~im Temp 34 28.0 0.5 5.67 .001
Sur. Saliniry 34 34,1 1.2 3.12 011
~lm Salinity 34 34.3 0.7 5.20 .001
pH 34 8.14 0.87 2.24 NS
Dis. Oxygen 27 5.2 0.4 2.42 NS
Total Nitrogen 29 0.386 0.253 5.04 .001
TRN 29 0.367 0.249 5.35 .001
Nitrate 29 0.012 0.009 1.41 NS
Ammonia 29 0.032 0.017 5.54 .001
Crtho Phos 29 0.033 0.057 2.41 NS .
Total Phos 29 0.071 0.097 5.15 .001

5 Turbidity 35 1.1 0.3 5.12 .001
INFR 35 29 18 0.85 NS -
Sur. Temp 35 29,0 0.4 8.60 .001
-lm Temp 35 29.0 0.4 7.22 .001
Sur. Salinity = 35 34.0 1.0 4,79 .001
-lm Salinity 35 34,5 0.6 4,18 .002
pH 35 8.15 0.10 1,31 NS
Dis, Oxygen 28 5.6 0.5 0.55 NS
Total Nitrogemn 30 0.298 0.150 7.19 .001
TKN 30 0.289 0.150 7.26 .001
Nitrate 30 0.007 0.003 5.43 .001
Ammonia 30 0.029 0.015 2.19 NS
Orthe Phos 30 0.033 0.053 2.56 .038
Total Phos 30 0.086 0.066 20.40 .001

6 Turbidity 35 0.54 0.12 7.22 .001
TNFR 35 20 15 1.33 NS
Sur. Temp 35 29.0 0.3 17.74 .001
-lm Temp 35 29.1 0.3 19.96 .001
Sur. Salinity 35 34.9 0.5 4.05 .002
~lm Salinity 35 35.0 0.04 3.19 .009
pH 35 8.21 0.08 2.25 NS
Dis. Oxygemn = 28 5.7 0.5 0.37 NS
Total Nitrogen 30 0.281 0.143 4.89 .001
TN 30 0.277 . 0.144 4,82 .Q02
Nitrate 30 0.003 0.003 0.95 NS
Ammonia 30 0.025 0.012 5.60 . .00l
Ortho Phos 30 0.023 0.034 2.91 .022
Total Phos 30 0.104 0.029 206.60 .001

* Root MSE - Root Mean Square Error.
** NS - Not significant at P>0.05.
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Table 46. continued.

Station Parameter N Mean Root MSE* F-Value Significance

14 Turbidity 17 1.1 0.3 4.74 .015
TNFR 18 29 22 1.30 NS
Sur, Temp 18 29,5 0.9 0.15 NS
~lm Temp 18 29.3 0.5 1,80 NS
Sur. Salinity 18 34,9 0.4 5.08 .010
«lm Salinity 18 34.7 0.4 10.47 .001
pH 18 - 8.23 g.11 0.67 NS
Dis. Oxygen 17 6.3 0.9 0.50 NS
Total Nitrogen 13 0.147 0.060 9.88 .003
TKN 13 0.143 0.065 7.13 .009
Nitrate 18 0.011 0.004 8.51 .001
Ammonia 18 0.029 0.016 3.04 NS
Ortho Phos 18 0.050 0.005 709.40 .001
Total Phos 18 0.196 0.058 122,19 .001

* Root MSE - Root Mean Square Error.
*% NS - Not significant at P>0.05,
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Table 47.

continued.

-+

Station  Parameter N Mean Root MSE  F-Value Significance Station Source
4 Turbidity 26 3.4 2,9 8.60 .001 1 higher; 6 lowar
TNFR 18 113 125 8.26 .001 1 higher
Sur, Temp 6 28.3 0.6 1.62 NS
=1m Temp 26 28,6 0.5 0.42 NS
Sur, Salinity 26 2.1 3.4 &3 004 1 lower
~1m Salinity 26 3.4 6.7 4.76 .003 1 Tower
pH 286 8.10 0.17 7.28 -003 1 Tewer; 6 higher
Dis. Oxygen 19 4.9 0.5 3.87 .022 1 lower; 6 higher
Tatal Nitrogen 18 C.384 0,168 4,79 012 1 higher
TKN 18 0.350 0,159 5.03 0.310 1 higher
Mitrate 26 G.022 0.006 10.48 .001 1 higher
Ammoni a 26 0,026 g.022 0.68 NS
Ortho Phos 26 0.015 0.013 L g0.018 1, 2 higher; & lower
Total Phos 26 6.020 0.013 7.72 001 1, 2 higher; 6 lower
5 Turbidity 30 2.5 1.8 3.67 .008 1, 13 higher;- 6 lawer
TNFR 21 35 11 15.77 .001 1 higher
Sur. Temp 30 7.8 0.4 4,53 .003 1 lower; 6 higher
=im Temp 0 27.8 0.4 3,97 005 1 Tower; 6 higher
Sur. Salinity 30 35.1 0.6 3.48 010 1 lTower
=-im Saiinity 10 35.1 Q.5 1.26 NS
pH 30 8.09 0.15 3.10 .018 1 lower
Dis, Oxygen 28 5.5 0.4 2.19 NS
Total Nitrogen 23 0.480 0.309 1.53 NS
TKN 23 0.46% 0.312 1.50 NS
Nitrate 28 0.01 0.009 0,92 NS
Armoni a 28 $.023 0.032 1.62 NS
Orthoe Phos 29 0.048 0.052 1.81. NS
Total Phos 29 0.050 0.051 1.83 NS
6 Turbidity 30 1.0 0.4 6.9 .00 1y 2 higher; 6 lower
THFR 30 46 34 0.28 NS
Sur. Temp 30 28.5 0.6 1.99 NS
=1m Temp 30 28.5 0.4 ‘2.40 .050 1 lower; 14 higher
Sur. Salinity 30 35.3 0.2 7.20 001 1 Tower
=tm Salinity 30 35.2 0.3 3.89 .006 1 lower
pH 30 8.08 Q.18 2.58 .037 1 lower
Dis. Oxygen 29 5.5 0.5 5.45 .0M 1 lower
Total Nitrogen 22 0.136 0.079 Q.71 NS
TKN 22 0.117 0.079 0.60 NS
Nitrate 29 0.018 ¢.016 3.29 0.014 1 higher
Ammoni a 30 0.023 0.008 0.99 NS
Ortho Phos 30 0.008 0.003 4,77 .002 1 higher
Total Phos 30 0.018 0.031 0.87 NS
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Table 47, continued.

Statfon  Parameter N Mean Root MSE F-Value Significance Station Source
10 Turbidity 29 2.4 0.9 4,96 002 6 lower
TNFR 30 37 21 2.23 NS
Sur, Temp 30 28.6 0.5 1.02 NS
=~im Temp 10 28.7 O.b 0.48 NS
Sur, Salinity 0 34,3 1.9 1,20 NS
=1m Salinity 10 34,6 0.4 2.07 NS
pH 30 7.82 1.47 1,086 NS
Dis. Oxygen 30 5.5 0.7 4,12 .00k 9 higher; 1 lower
Total Nitrogen 27 0.084 0.079 0.60 NS
TKN 27 0.078 0.079 0.56 NS
Nitrate 30 0.006 0,002 3.92 005 6 lower
Ammoni a 30 0.015 0.007 0.9 NS
trtho Phos 30 0.009 0.002 6.48 .00 6 lower
Total Phos 30 0.019 0.025 1.21 NS
11 Turbidity 30 2.4 0.9 10.19 .001 &, 14 lower
TNFR 30 52 54 0.85 NS
Sur, Temp 30 29.1 0.6 0.92 NS
-1m Temp 30 29.1 0.6 0.96 NS
Sur, Salinmity 30 34.7 3.2 1.60 NS
-im Salinity a0 35.3 0.5 2.05 NS
pH 30 8.19 0.06 5.27 .001 14 higher
Dis. Oxygen 30 5.7 1.0 0.64 NS
Total Nitrogen 27 0.110 0.054 0.27 NS
TN 27 0.100 0.053 0.30 NS
Nitrate 30 0.015 0.022 0.68 NS
Ammaoni a 30 0.057 0.023 4,54 .002 6§ Tower
Ortho Phos 30 0.008 0.002 7.31 .001 1 higher
Total Phos 30 0.018 0.006 10.58 .0M 1 higher
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Table 48. continued,

WIND DIRECTION RAINFALL TIDAL CYCLE
Station Parameter F-Value Significance F-Value Significance F-Value Significance 3-way ANOVA
4 Turbidity 0.38 NS 9,62 .001 1.04 NS *
TNFR 0.56 NS 1.19 NS 0.23 NS .
Sur. Temp 1.65 NS 19.82 .001 0.02 NS %*
=1m Temp 2.85 NS 18.66 .001 0.32 NS *
Sur. Salinity 0.38 NS 7.03 .004 1.37 NS *
~im Salinity 0.98 NS 13.62 .001 .76 NS *
pH 1.32 NS 0.64 NS 0.186 NS *
Dis. Oxygen 5.03 010 1.82 NS 0.24 NS *
Total Nitrogen 1.26 S 0.65 Ns 7.42 004 *
TKN 1.53 NS 8.57 NS 8.32 .002 *
Nitrate 0.61 NS 2,66 NS 0,09 NS
Ammonia 0.71 ] 1.50 NS 1.28 NS
Ortho Phos 2.03 NS 2.53 NS 0.32 NS
Total Phos 2.07 NS 447 .025 0.18 NS
5 Turbidity 0.22 NS 2.84 NS 2,07 NS
TNFR 0.09 NS 0.25 NS 0.71 NS
Sur. Temp 0.23 NS 9.50 .001 0.32 NS *
=1m Temp 0.20 NS 8.47 .005 1.02 NS *
Sur. Salinity 0.50 NS 6.36 .0086 0.83 NS *
~im Salinity 1.13 NS 5.99 007 0.71 NS *
pH 1.72 NS 0.45 NS 0.16 NS
Dis. Oxygen 0.52 NS . 1.15 NS 0.49 NS
Total Nitrogen 1.09 NS 2.8% NS 3.9% .034 *
TKN 1.13 NS 2.78 NS 4,03 .032 *
Nitrate 1.73 NS 2,89 NS 0.13 NS
Anmonia 2.58 NS 0.42 NS 2.83 NS
Ortho Phos 2.72 NS 1.56 NS 0.80 NS
Total Phos k.11 : 018 3.96 .034 0.15 NS *
6 Turbidity 3,35 034 9.80 0 3.76 .036 *
TNFR 0.49 NS 1.87 NS 0.34 NS
Sur. Temp 0.04 NS 10.16  .001 0.82 NS *
=im Temp 0.13 NS 10.24 001 0.05 NS *
Sur, Salinity 3.18 Oi1 7.57 .003 3.1 NS *
=1m Salinity 6.61 001 16.18 001 1.45 NS *
pH 0,12 NS 2.75 NS 0.52 NS
Dis. Oxygen 0.37 NS 1.29 NS 1.57 NS
Total Nitrogen 0.63 NS 8,75 005 2.76 NS *
TKN .70 NS 6.95 .005 2.70 NS *
Nitrate 0.13 NS 0.24 NS 0,37 NS :
Ammoni a 1.13 NS 7.81 .003 3.03 NS *
Ortho Phos 2,13 NS 0.87 NS 0.51 NS
Total Phos 2,84 N 3.78 039 0.19 NS
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contribute considerable quantities of suspended sediments, particulate
matter and nutrienmts to the wmarine system within Okat harbor and the
surrounding reef complex. Therefore, it was essential to establish a WQ
station which monitored this river discharge. WQ data from this station
made it possible to distinguish changes in marine WQ between man-made and
natural processes. Although station 1 is a primary WQ station located near
the WQ boundary, fluctuations in WQ reflected natural changes and were not
attributable to comstruction related perturbations. Mean turbidity levels
at station 1 always exceeded the turbidity standard with the lowest
turbidity occurring in quarter 6 (2.3 NTU) and the highest in quarter 7 (43
NTU). Sampling in quarter 6 was conducted during a major drought when
river discharges were minimized, while quarter 7 represents the first time
period after the drought in a heavy rainfall period.

Station 2 was located along the edge of a fringing reef adjacent
to the marine delta flood-plain. This station received periodic impacts
from river discharges, particularly in periods of heavy runcff. Turbidity
plumes originating from the construction site, primarily the dredge channel
and docking area, were observed to commonly inundate this station.
Turbidity ranged from 0.54 to 4.7 NTU with a mean of 2.4 NTU,

Station 3 was located along the southeast edge of a patch reef.
This patch reef had luxuriant coral growth. The upper surface of this
patch reef exposed at low tide. The northern edge was subsequently dredged
during the construction phase. Turbidity ranged from 0.21 to 5.9 NTU with
a mean of 1.7 NTU. A substantial amount of sedimentation occurred at this
station as a result of the adjacent dredge operations.

Station 4 was located on the northwestern tip of an extended
portion of the SE fringing reef of Okat harbor. The coral growth was
gimilar to that found at station 3. This station was frequently inundated
by construction related sedimentation plumes. Turbidity ranged from 0.25
to 2.3 NTU with a mean of 1.1 NTU. Strong tidal currents in this area kept
this station mostly swept clean of fine sediments,

Station 5 was located in the central portion of the harbor mouth.
Since the boat could not be anchored in this location due to water depth,
strong currents and wave action, samples were collected as  the
boat drifted. The water mass sampled at this statlon was either an incom—
ing or outgoing flow, dependent on tidal conditions. For the most part,
this station was sampled on an outflowing tide. Additionally, surface
outflows occurred within the harbor mouth during rising tide periods as a
result of flow across the reef flat and wind conditions. Major inflow into
the harbor genmerally occurred at deeper depths. Turbidity ranged from 0.12
to 3.1 NTU with a mean of 1.1 NTU. There were large turbidity plumes at
this station during outflowing tides. Generally, these plumes contained
extengive quantities of organic matter.

Station 6 was a control station established away from the harbor.

There was no fixed location for this station., The boat was run seaward
until it either was beyond the outer extend of the fringing reef or beyond
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Table 48. continued.

WIND DIRECTION RAINFALL TIDAL CYCLE
Station Parameter F-Value Significance F-Value Significance F-Value Significance 3-way ANOVA
14 Turbidity 1.22 NS 3.49 N3 &.51 bk *
TNFR 1.05 NS 6.96 .013 1.26 NS *
Sur. Temp 0.32 NS 0.05 NS 1.48 NS ’
“tm Temp 1,53 NS 1.13 NS 1.23 N5
Sur. Salinity 0.0% NS 1.02 NS 0.36 NS
=-1m Salinity 2.45 NS 2.50 NS 0.28 NS *
pH 0.72 NS 0.05 NS 0.22 NS
Dis. Oxygen 0.08 NS 3.65 NS 0.13 NS
Total Nitreogen 4.74 NS 0.58 NS 5.59 050
TKN 4,23 N3 0.54 NS k.71 NS
Nitrate 2.06 NS 2.75 NS 2,51 NS
Ammonia 2,27 NS 1.91 NS 1.91 NS
Ortho Phos 4,08 . .039 9.66 .005 1.39 NS *
Total Phos 2.72 NS 6.63 .015 2,48 NS
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activities. DO showed decreases at all the stations for the Part B moni~
toring period. However, these decreases were not gsignificant., There were
no changes in surface temperatures or pH measurements between monitoring
periods. The nutrients were more variable with generally similar TKN
concentrations and higher TP concentrations. These changes 1in nutrient
levels were a result of both wan~induced and natural perturbations.,

SUMMARY

The Part B Construction monitoring program at Okat harbor showed
a degradation of marine water quality (WQ) around the alrport runway,
docking facility, harbor system and surrounding reef-flat complex. The
major impact was caused by increased turbidity levels attributed to con-
struction opearations.

The mean turbidities at primary WQ stations i, 2 and 3, as well
as secondary WQ stations 7, 9 and 13, exceeded the turbidity standard.
This indicates that these stations were subjected to excessive turbidities
which could cause environmental degradations. The high mean turbidity at
station 3 indicates that turbidity levels in excess of the standard oc~
curred beyond the WQ boundary. The high mean turbidities at stations 1 and
2 were caused, for the most part, by the natural river discharge and tidal
flushing from the adjacent mangrove fringe.

The increased turbidity levels and associated turbidity plumes
that were caused by dredge and f1ll operations had the potential to stress
the marine biota throughout the Okat coastal zone. The harbor area re-
ceived the principle environmental degradation, but the adjacent fringing
mangrove system and the reef flat west of the harbor also received periodic
heavy stress from excessive turbidity plumes. 0il and grease surface films
were frequently associated with these large turbidity plumes.

Accumuiations of lime-muds deposited in the shallow waters
adjacent to the runway and docking facility and in the dredge channel were
easily resuspended into the water column by normal tidal changes and
hydrographic conditions. These resuspended turbidity plumes impacted large -
areas of the harbor complex and mangrove system, including periodic influ—
ence on the off-ghore control site. It is anticipated that these lime-mud
deposits will eventually become stabilized, which will minimize resuspen-
sion. However, there may be a long-term period required for stabilizationm.
Therefore, the marine ecosystem in Okat harbor may become modified as a
result of this long-term stress. The restricted water circulation within
Okat harbor has hindered the removal of the silty-ocoze and lime-mud depos-—
its to deeper off-shore waters. This problem was caused in part by having
the dredge channel left closed at the seaward end. Although there were
strong currents within the dredge channel during strong tidal change and
heavy surf periods, these currents were insufficient to cause extensive
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sediment outwash, There was a distinct stratification of the water column
within the channel. The stronger surface currents tended to trap the
suspended load within the lower channel waters, causing restricted removal
toward the harbor end.

Although other chemical and physical WQ parameters (ie., tempera-
ture, salinity, pH, DO, phosphorus and nitrogen) show statistically signif-
icant differences between stations and sampling gquarters throughout the
Part B monitoring program, these fluctuations cannot be wholly attributed
to construction operations. Many of these fluctuations were temporal
changes caused by meteorological and hydrographic influences which over-
shadowed man-induced perturbations.

Heavy metal analyses showed that the Okat area had total mercury
concentrations in excess of the TTPI marine water quality standard through-
out the comstruction project. Mercury, in part, entered the harbor water
mass from the construction area, There was no obvious low level chronic
mercury source located at the construction site. Elevated mercury concen-
tration in Okat waters resulted in food fish, those caught from this area,
in having significantly higher mean mercury concentrations in their tissues
than normally found in coastal fish., It is anticipated that most excess
mercury in Okat marine waters will become bound within marine sediments.
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Univariate statistics for cturbidity by station and sampling quarter,

Table 13.

Turbidicy (NTU)

Parameter:

Kurtosis

Range
Minimum Medfan Maximum Skevness

Standard

Station Samples Mean Deviation Mode

Number

wa

5.6
~-0.7

2.4
0.3

43
4,7

2.3
1.5

4.7

0,90
0,54
0.21
0.25

2.4
1.2
1.8
1,2

9.6
1.1

8.4
2,4

37
35

- 5.4
-0.4

1.8
0.1

5.9

1.1

0.5

1.7

35
35

2.3

1.2

1.1 -

—

-0

Q
P

oQ

2.1

5.3

2.3

32
30
30
17

4.4

7.4
1.7
2.4

2,2

a,21
0,88
0,56

1.5
2.0

1.4,
2.0
0.5

o~

3,75
0,92

3.8

1.1

13
14

(=1

-

6.7

Quarter

2.5
18,2

1.8
4.2

1.7
43

0.65
1.0

0.12
0.25
0.26
0.52
0,45
2

1.5 1.9 0.9
8.9

3.4

38
24

28

0.42
0.98
1.6

12,
I1.5

3.2
3.3

24
25

1.65
1.65

5.0
5.3

3.5
3.4

2.5

24
26

9.8 1.5
A
.5
.6
6

1.5
85
0
1
6

1.1

O
» & & =
QW e~

2.4

QY

vt (P O

30
30
30
30
30

U M o O

L B ]
. w

™ -

~T N
—

29
30

10
11
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Table 15.

Univariate statlstics for surface temperature by station and sampling quarter.

Temperature, surface (°C)

Parameter;

Kurtosis

Range
Medlan Maximum Skewness

Standaxd
Mean Deviation Mode Minimum

@
4 9
X
3 8
= d
w3
[
a
-+
o =
= o
e
/2]

-0.9

1.5 27.5 25.8 28,0 31.0 0.2
0.8
G.7

28.4

37

27,2 28,9 31.0 0.3 0.2
0.4

29.0

28,8

35
i5

W
-

28.9 30.5
"31,0

27.9

29,0

28.9

Lo |
LI R

1.0

1.1
0.1

31.0
30.0

28,9
28.9
28.8

28.0
28,0

28,9
28.8
28.8

0.6

0.7
0.7

29,0
29,0
29,0

35
35
35

- U

28,0

O o=t G [
-

n Q.0

1.8
-0.1

28,9 3L.5
27.5 28,8 30.0

27.9

28,9
28.8

30 29,0

13
14

29,5

18

Quarter

oy
L

29.8 0.7 30 29,0 20.0 31,5 0.5
~1.4

KT}

30

-
- L]

L |

0.7
-1.6
"1.9

0.6 30 28,0 30.0 31.0
0.6 28 27,5 28,5 30.0

0.1
28.4

24
2

[+= B ]
. .
[ -

29.0
28.3

28,4
28,0

26,5
25,8

28,2

28.9

0.6
0.6

28,3
27.8

26
30
30

~t

13,1

0,77 28.5 26,9 28.5 31.5 2.5
-108
_20?

0.8
0.8

28,5

[~y K- ~]

30.7
29.8

28.8
29,4

25.8
26.4

28,8
29.8

28.8
29,2

30
30

m
-

30 29,1 0.4 29,4 27.8 29,2 29,8 ~1.4
0.5
0.6

30
30

5.7
16.1

21,5 28,7 30.3 11
3.3

28,4

28,6

10
11

27.9 28.9 31.8

28,9

29,0
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Univariate statistics for surface salinity by station and sampling quarter,

Table 17 »

Salinity, surface (ppt)

Parameter:

Standard

Station Samples Mean Deviation Mode Minimum

Range

Number

L

Kurtosis

Median Maximum Skewness

N =
-

e ]

e B

"'0.4
~-1.8

35.5
35.5

23,3
33.3

10.4 34.4 0.1
2.2 33.3 25,5
30

23.0
33,3

37
35

35.5

34,4

1.5 35.5
1.3

33.9

35

28.9 34.4 36.6

34.4

34.1

35

5.5 3L, 34,4 36.1

1.4

34,0

35

35,
35,
35.

34'4
34,4

34.4
35

30,5

34,4

34,3

30
18

13
14

34.4 33.9

0.6

34.9

Quarter

8.7
5.1

32.3 6,7 34.4 8,9 34.4 35.5 ~3.1.
0.1

38
24

32

36.6 -2.3

34,4

34,4

9.2

30.6

-t e
[ ] L]

.
Log B~ T

35.5

1.6
12,1

-1.5

-3.4

35.5

34.4

35,5

35.3

30

-2
Ly =]

33.3 34.4
2 5
3 5

2,2

6.9 34.4
. 4
R 3

32.0

31,2
30.1
34.3

30
30
30

34.4 35.5 -4.9 26.1

24.4

34,4

30

10
11

3.5 35.5 16.? 35.5 36.6 —501 2?.2

34,7

30




i ‘*ZR6T JoquoAON :
‘suxslied. Mo1J 192eM mummu:mﬁcmm:oﬂmnomo:ﬁw:m omvva_umou:ouxm“mcoﬂmummu:mnw noumz.nua:mﬁ

aumfd adejyans Wwaxs |
adx1eyssTp Ecm.m omwmnu.ﬂ
UQTIIQXIP MOLJ JUSIIND L
sworietnumose szoo-1yts Kl

1113 pue adpoag

INELLYY |

o

D112p J2A IR
(X202 1ID5DQ) |IDMDIS »n
dwpms 2A02BuD e

suUC|In}s Asppuooas o
stolipys Adpwiid @

89



* L] L3
i

*

-

Lo e B e B Y = B g BT o B T S e
WYV QO ot TN O D

* L] Ll
|

*

*

L IR = W = BV- T . B RV
c-—cco—a?mch

P°0r  7E°8
6'1-  €£'9
6'0-  1¢'8
0'z- '8
v'0- 798
T°-  0y'g
2'0-  £9°9
£°1- '8
p'r- 7e°8
€'1-  S6°8
6'1-  §2°8
2°0 '8
8'0 £€9°8
9‘0-  0%°'8
6°0- '8
7°0-  SE°8
[0~  5t°g
z'0- 1678
L'o-  €E'8
L0~  0£'s
9°0-  07'8

0Z°8
60°8
81’8
01°8
80°8
ot's
G60°8
c1e‘s
s0°8
1 TAR
508

12°8
60°8
60°8
018
28
G1°8
81°8
'8
01°8
08" L

R Rk A k=]

- - . & & &
P foe P P [ [ o [ P e GO

L - - - L]

@M N O o DN ey
VO VDD TOOER X

-
[

QO ANVOONETQG
D e

»
QONMOoOnaTOooN

[A 9}
0°8
<0'8
80°8
cZ'8
1 TAN
0z°'s8
s0°8
00°8
08°L

W
. -

. = .

o
DD QDD
- -

Mo [ G P M X0 M M P 0D

<@g n

80°'0
s1'o
01°0
S1°0
c1°0
61°0
81°0
62°0
1€°0
12°0
910

(T
91°0
€170
1°0
60°0
11°o
01°0
£1°0
£1°0
9z2°0

61°8
60°8
91°8
to's
9079
80°8
80°'8
01°8
96°¢
b1°8
t0°8

A
{0°8
60°8
AN
12°8
s1'g
v1°g
£1'9
80°8
SLet

0t
ot
0t
0t
0t
0t
0L
97
X4
¥e
8t

81
ot
ot
(43
1%
GE
113
11
113
Le

—
-t

Ll B B lVa TRY= T - - B ]
—

iajizend

b1
€1

—t 0 T AU D e O

STSO1INY ESIUMIG UWUNIIRYR UPIPay wWnuUIuiy Ipojy UOTIRFASQ ursy sojduvg uopielg
o 28uey pigpuuwlg aaqunpy . OM

fpd t193owwang

*1331enb Supjdues pur uopieds Aq Hd 1oz BOFINIILIS PIBLABATUN ‘g T4LL

34



_ “eade aAoJbue juadefpe syy ul uoilde dAeM

91 33NpaJ4 pLNoM yd1ym agid Japinog f[ews e Jo qusudoe|d J0) AR POPUSNAIOIS B SIUDSIUdSI %%

[oquAs syl “gggl [14dy ‘393foud uoL3INUISUOI BaJeR YI0p 404 SU23U0S LIS JO jUdMWBOR|d PIPUBIAIOIDA
pue ‘suJdajjed mo[4 J31EM SDBJANS ‘suoriedsdo |[L) pue abpaJap jo jquaixa ‘suoijers A3pfenb JageM ‘8 aunbi4

*SU93J43S 1{1S JO
Uswele(d papUSUWNIDY weww
1e[4 J9aJ uo aupadid
mrm_um.% 40 1U31X2 pJLM)SIM wem
" Jogaey o»:_ autpadid
abuaeyostp ngpm.mwwwma s
abpaap JogJaey pasododd W 2
*seade |14 pue abpauag B /=TS

-1k
[tavoiolW Ol

s uN
ke \\\_ i > pabpaap aq jou

{{LM Jogdey *
40 3pLS Yyihos
uo eaay

Kiopunog
A11onb a210Mm

4

Dll2p ..uﬁzmmﬁ
(%204 }IDSDQ) IDMDIS =%
dwoms 2AcIBUDW N
SUOIID1S AsDpuosss o . S e AL
suolipis Adowlid @ "SI¥ 8-1 AN PULM

91



Z°'s g8°1 82°0 01°0 S0°0 800 $0°0 11°'0 e it
by 0°'2 £E€°'0 10°'0 10°0 io'o 10‘0 80’0 Lz 01
L0~ v'0 88°0 rA M) ¢1°'o 91°0 12°0 %%°0 ot 6
y*o- 0'0- 06°t £9'0 70°0 £0°0 190 %9°0 ot 8
£°G T°7 $8'0" £E°0 12°0 9¢ ‘0 S1°0 cE'o 81 L
- £'0 Le°o S1°0 ¥0°'0  %0'0 - -(l0°0 ®1°0 (44 9
L1 1°1 ch1 690 $0°0 50°0 YE0 8%°0 £2 S
Tt %' 0Z'1 €€ 0 80’0 9¢°Q %Z'0 gc°0 g1 L
c'9 61 1%°0 91'0 0°0 91°0 11'0 61°0 12 €
0 Z
z'0- ¥'0 s%'0 £2°0 100 £2°0 Z1'o £2°0 g1 1
1311end
£'0- 80 0%‘0 01°0 0°0 70'0 rARY c1°0 €1 1
61~ %0 £8'0 61°0 £0°'0 £0°0 EE‘0 SE'0 6 £1
9°9g %'z LU | £2°0 70°0 20°0 9¢°0 1€°0 61 6
1= 9'0 £0°1 0z°'0 20°0 10°0 6£°0 oY‘o g1 L
£'0 6°0 S8'0 ¥2'0 10'0 10°0 12'0 8z°0 o€ 9
Al A z0°t 92°0 0°'0 00 92°0 L0 0¢ S
1't 81 g1 82°'0 £0'0  £0°0 BEO 8c°0 0t Y
£°1 £°1 96°0 82°0 Y0'0 1£°'0 £2°0 6£°0 0¢ £
1°0 11 i8°'0 £2°0 £€0°0 80°0 5¢'0 1£°0 0t 4
6" 91 0Z'1 z2'0 £0‘0 c1'o 82°0 IE'0 4 3 t
8180310} GEIUMDNE WNWTXBK UPIPIK WNUTYEH PO UOTIVIAI(Q Uuwoy uoamaum Hoy3elY
a8uey, paepueig 2aquny oM
(7/8m) usBorapn-ivior 2ia3oueivy

»

‘1932v0b Buypjduvs vqn.ncwuuum £q usBorlyu~-{el10] 103 BOTASTIRIB IJLTILATUR *17 °14eL

36



*poajarduod nm@n s¥y eaae TIF] Asauni ayg
'£861 ‘1990100 UT SUOTIVAATP MOTJ 13jem adejans pue suopjeaado a3paip pue [}y Aemunxz jaodapy <2 wandyg

1U3lX2 awnygd [RINIEN
eaxy 28paiq pue 1713

MOT4 Jusiany

32195 171§

*100 8-S
sungd

Aivpunog
Aritonb 4230Mm

]

DVI2P J2AINEPT
(%204 1[DSDQ) |IDMDIS o,
dwoms 2A04BuDW -

suUonoys Auopuoorag o

93

sUoIDYS Aupuwiad Q .




61070 L0070 200°0
€10°0 900°0 100°0
620°0 600°0 100°0
9%0°0 810°0 100°0
%90°0 {00°0 00°0
$60°0 €100 0
150°0 9000 100°0
%¥90°0  S070°0 {00°0
600°0 900°0 100°0

[
-

- OO MO M
L

[== AV R JEV. AV I RN e ]
r— e

bl == R B > = Y o O ST T o

QNN O~On

-
-

0°'g 0't S0°C 7000  100°0
L1 $°'T  620°0 ~ {00°0  €00°0
6°0- 8°0 LZ0'O0  L0O'O0 - £00°0
8°0- 8°0 120°0  100°0  €00°0
£°1- 1°0  %z0°0  Z10°0 0
9°01 6°¢C 810°0  00'O 0
Lo 6°0  TO'0  L00'0  100°0
bt LA $0°0  L0o0°0  Z0O'O
9°% 1z  2{0°0 800°0  Z0O'0
z°s ¢'C  ¥L0'0  TI0°0  %00°0
81 9°t %60°0. 110°0  Z0O'0

£00°0
9000
£00°0
100°0
€00°0
$00°0
300°0
¥20°0
900°0

200°0

Ltoo’o
§00°0
%00°0
%¥00°0
100°0
€00°0
900°0
L00‘0
900°0
010’0

020°0
£00°0
S00°0
010°0
Z10°0
120°0
110°0
Z10°0
200°0

[AXIM

L00*0
8OO0
900°0
{09°0
£00°0
c00°0
010’0
L10°0
910°0
%20°0

€100
900°0
010°0
610°0
600'0
810°0
6000
ZT0°0
G00°‘0

1000

110°0
i10°0
6000
zZ10°0
€000
L00°0
z10°0
310°0
9100
£20°0

0L
0¢
0t
0t
0L
67"
87
9z
1C

Lon i B B ol L T~ B o - o B R B
— o

Bl

19i1end

81 1
X4 £t
T4
1 T4
ot
0t
oe
ot
67
[43

— Y A D e Y

STS03AMY 5IIUMSHS wWNWIXeR UBTPIH WNWIUTR PO UOTILFAIQ UBIR sIjdueg uoylels

aduey

prepuvig

1aquinyg . OM

(¥/8w) usB0IITN-9ITITEN + °3IRIIEN !191amwieg

Suyidues pue uopieas £q u3foilyu-~-a331r33Tu enyd oumuwﬁc 103 8OFISTILIE JIvLILATUL  ‘C7 21QE]

s1a3a1enb

38



%861 Trady
fuorieasdo dn-ueayd yrods a3poap £q 2pem mazﬁm L31pI9aIn? jo jusaxy g 9andyg

g5




0°6 0'¢ £90°0 ¢10°0 600°0 110°'0 Z10°0 910°0 ot 11
9°97 'S s1°0 T10°0 8000 10°0 cI0°0 61070 0ot o1
£°1 Z°1 62°0 c91°0 VAN 161°0 t¥0°0  SI1°Q 1112 6
[ ¢4 vy o 1o 800°0 E10°¢ 1¢0°0  610°0 Ot B
%0 L°0- 6L1°1 1€L°0 £E60°0 LE6°O 92'0 669°0 ot L
1 A 1°¢C €L1°0 10°0 900°0 10°0 pE0'0 {10°'0 0ot 9
0'0- 0°1 661°0 600°0 £00°0 c00°0 960°'0 0%0°'0 67 S
6°¢ A A 160°0 i10°0 C00°0 S00°0 £€20'0 020°0 9¢ Y
£°01 1°¢ 9720 L10°0 800°0 10°0 £EC0°0 9£0°0 Bi t
0 ¢
L% L't 91°0 110°0 {00°0 10°0 9£0°0 £20°'0 B 1
1a3aend
1°¢ 6°1 %90°1 £E10°0 900'0 €10°0 16€°0 91°0 g1 n
0y €7 LG6°0 ¥10'0 S00'0 {00°0 182°0 O%1°0 £Z £l
'Y L't GL1°1 £10°0 $00°0 €10°0 Y0€°0 8€1°0 he 6
59 9°C LE6°0 21070 c00°0 ALY 6%2°0 $¢1'0 VT L
.0°9 A £98°0 10°0 €00°'0 600°0 ¥£Z°0 %01°0 0t 9
8°¢f 8°¢ FAN AN 110°0 ?00°0 10°0 9{1°0 980" 0 113 S
11 T°¢t 89°'0 ¢10°0 £00°0 110°0 %1'0  690°0 ot Yy
L9 9°Z £5°0 €10°0 00’0 G000 821°0 1£0°0 {119 13
9°Yy £°¢C 9zZL°0 Lz0°0 10°0 10°0 161°'0 121°0 113 [A
¥°s LA L€6°0 £EY0'0 600°0 iz°0 8vZ'0  6%1°0 it 1
BIB0JANY 6©59UMAING UNOEXPK UBIPIR unETuUf 9poN UOTIVIAIQG UEIH maamamm uoiivlg
28ury piepuelg 1aqumnp b
(3 /8m) gnioydsoyg—yelo] ‘i1azomeaeg

*191aenb Buyidmes pue uvojivls £g snioydsoyd-feI101 103 EDTISIIVIE 2IeTIRATUN °C7 IF(qE]

40



L6

0°¢ Entwpry

0°0¢ Unrwoayy

02 Teyory

;02 il

Spavpupsys éwns : 0-0T - d:n;::#
843 oarvy ssssseys 0'01 laddop
J23eM surTJow Iy 0'0I 1/3u dTussgy

.. ‘STP3I8K Aavep

%02+ %0TT e

n.r '
Touloy Ttwaoy TeRIoOy ‘alr ‘nIN £3Tprgang
“““““““ [e'0 ¥ TBUION] e 3 danivreduag
““““““““ [s01 ¥ TBUION] c e co/0 . £3Turreg
. - {sarj £prro%
---------- [%0T T rewdon]e——om______ 1/3u P3ATOSSTIQ TR30]
J03€Sa8 ET
_ dsaaysyym uorivanyes jo {(‘o°q)
g v< 0°¢< =xg4 J0 g-9% 1/3u Us34AX0D pasTossyqg
---------- [%0T 5 TewWIsN === - (6T3C3] gI/NI
------- ="~ l%0T ¥ TewIoNT-==—===—
00T 0> 080 0> €20' 0> T/8uw (dl) snioydsoygy Tez0]
—————————— {307 ¥ TeuJog-——o=0—==—
081> S§L°03> oy o> T/8uw NI U8B0J3IN TR30p
---------- LQ’8>H0>§'91--*---~--:
g 0¥ 20+ g 0¥
TewIOy TeEIoN [ewION Hd
007> 0075 TU00T /% WIGITI00 T€553
0ez> . TUDOT/# ' BIOITTOD T30
8 SSV1D vV SSV10 YV SSV1iD SLING YALIRVIvVg

‘SpJdepuUTlg A37Tenp _
T83TM suUTIRY (Idll) SPULISI 21Jy700d oyj Jo LJo3iraagsg ISnar  -1g ayqeg

8 XION3Zddy




digtribution curve. Therefore, moments describe characteristics of the
normal distribution in mathematical terms. The mean of the curve 1is the
first moment and it 1s convenient to use it to caleculate the higher mo—
ments. The second moment is a measure of the dispersion of data around the
mean and is called standard deviation. The third moment is a measure of
the deviation from symmetry of the curve about the mean and is termed
skewness. Skewness 1s a measure of deviation of data from a normal dis-
tribution. A positive skewness value indicates an excess of distribution
of data points to the right of the mean and negative skewness i1s an excess
of data to the left of the mean, The value for skewness is a normal
distribution is zero. The fourth moment is a measure of the peakedness, or
kurtosis of the distribution curve. This kurtosis moment provides a
measure of the grouping of data points in relation to normal distribution.
If there are an excess of points around the mean, the distribution curve
will have a sharp central peak. This type of curve is called leptokurtic.
A flatter curve with a wider distribution of data away from the mean is
called platykurtic. A bimodial curve (two peaks) is an extreme platykurtic
distribution curve. A normal distribution curve 1s called mesokurtic. A
frequency distribution is generally considered normal if its skewness is O
and its kurtosis is 3,

There are numerical limits that can be set for skewness and
kurtosis:

SKEWNESS VALUE VERBAL TERM
=4,0 to =0.1 negative skewed
- =0.1 to +0,1 almost symmetrical
+0.1 to +4.0 ' : positive skewed
+4.,0 very positive skewed
KURTOSIS VALUE : VERBAL TERM
0.9 platykurtic
0.9 to 1.1 mesokurtic
1.1 eo 3.0 leptokurtic
3.0 extremely leptokurtic

Based on other marine monitoring programs in Truk and Belau
(Clayshulte, 19833 and Zolan, 1983), turbidity was identified as the water
quality parameter which would probably be most affected by construction
related operations. Turbidity 1s a measure of the clarity of a water
sample, The amount of suspended matter (clay, silt, very fine organic and
inorganic matter, soluble colored organilc compounds, microscopic plants and
animals) affects turbidity levels. Turbidity is measured by the amount of
light scattered and absorbed when a light source is shone through the water
gample. The more scatter or absorption of light, the higher the turbidicy.
Correlation of turbidity with weight concentrations of suspended matter is
difficult., As a result, it was not possible to get a good correlatiou
between turbidity measurements and TNFR amounts at the WQ statioms.

42






