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RECEIVING WATER QUALITY COMPLIANCE
(NUTRIENT, DISSOLVED OXYGEN, TEMPERATURE, SALINITY AND pH)
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Receiving Water Quality Data

Appendix B contains statistical summaries, in tables and charts, which demonstrate
compliance with the State of Hawaii Water Quality Standards. The information in this
appendix supports the City’s answers in the questionnaire in Volume I of the Honouliuli
301(h) permit reapplication.

The water quality data consist of measurements performed by the City in the vicinity of
the Barbers Point Ocean Outfall. Water quality parameters that are being evaluated for
compliance include Total Nitrogen, Ammonia Nitrogen, Nitrate + Nitrite, Total
Phosphorus, Light Extinction Coefficient, Chlorophyll a, Turbidity, pH, temperature,
salinity and dissolved oxygen content. ’

In the 1995 Honouliuli 301(h) NPDES permit regpp'l’ié'z;tion, the period reviewed for
compliance with the State Water Quality Stand; rds Was-from September 17, 1990,
through July 10, 1995, for each of the quarterly surveys. The\data provided in this
Appendix will support compliance from 1 65 through 2003.
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> | | CHAPTER 5
(i NUTRIENT EVALUATION

5.1 INTRODUCTION _

All nearshore and offshore parameters were monitored during the 1994 monitoring year to
demonstrate that receiving water limitations (Sections B.2 and B.:3) of the permit are not being
violated. The 1994, offshore monitoring dates were January 10, April 14, July 15 énd November
'3,3 1994. All monitoring stations and protocols have not changed from the previous monitoripg‘

year.' See Figure 5-1, page 5-13, for the locations of all ocean mdnitoring stations.

The receiving waters of the Honouliuli WWTP are classified as "Class A" "Dry" "Open Coastal
Waters." In part the State Water Quality Standard (State WQS) states the follbwing limits (see
‘Reference 1, Appendix G), note the double-asterisked applies: '
§11-54-06 mmamspecgﬁc_mmaaﬂpphmhle_ta_maﬂne_wmem ®) Open coastal waters 3)

The following criteria are specific for open coastal waters: (Note that criteria for open coastal

waters differ, based on fresh water discharge).

TABLE 5-1
MARINE WATER CRITERIA

Geometric mean Not to exceed |  Not to exceed

not to exceed the the given the given
given value value more  value more
| than ten than two

percent of the |  percent of the

. time time
‘ Total Nitrogen (g N/L) | 150.00* 250.00* 350.00*
. | 110.00%* 180.00%* . 250.00*
/CK T HONAAR94/ChapterS
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. TABLE §-1

MARINE WATER CRITERIA

Geometric mean *

not to exceed the

given value

Not to exceed

the given
value more

than ten

percent of the

Not to exceed
the given
value more

than two

pefcent of the ||

time time
Ammonia Nitrogen (g 3.50* 8.50* 15.00*
NH/N/L) - 2.00%+ 5.00%* 9.00**

" Nitrate + Nitrite (ug ' 5.00* 14.00* 25.00*
[NO,+NO,] - N/L) 3.50%* - 10.00** 20.00%*

' Total Phosphorus (.g 20.00* 40 00* . 60.00
PL) 16.00%* 30.00% | 45.00%
*Light Extinction 0.20* 0.50* 0.85%
Coefficient (k inits) 0.10%* 0.30%* 0.55%*

* Chlorophyll a (1g/L) . 0.30* 0.90* 1.75%

_ | '0.1'5** 0.50%* 1.00%*
Turbidity (NTU) 0.50* 1.25* - 2.00*
| 0.20%* 0.50%* 1.00**

* “Wet" criteria apply when the open coastal waters receive more than three million gallohs per

day of fresh water discharge per shoreline mile.

"Dry criteria appty when the open coastal waters receive less than three million gallons per

day of fresh water dzscharge per shoreline mile.
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¥ Light extinction coefficient (LEC) is only requzred for dischargers who have obtained a waiver

pursuant to Section 301 (h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251),

as amended, and are required by EPA to monitor it.

Before compliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural
details must be defined. These include the methodology used to determine exceedences with each
category (e.g., geometric mean, not to exceed 10% and not to exceed 2%); the selection of
monitoring stations from which data was obtained and applied to determine compliance; the depths
from which data was gathered; and the monitoring duration required for the compliance
methodology. These details were obtained from Reference 2 (see Appendix G) and permit

requirements which specify monitoring conditions.

5.2 METHODOLOGY
The methodology is based on the assumption that the data follows a lognormal distribution.
Exceedences with the three comphance categories (e.g., geometric mean, not to exceed 10% and

not to exceed 2%) f‘or any parameter is done by using a graphical method, or probability plots.

By adhering to the following proceduré, exceedences with any of the above StateWQS nutrient
limits can be determined. We begin by estabhshmg a work sheet. ) '
a. In column (1) of the work sheet, number the rows from 1 to n, where n is the number
of data points to be ‘used in the compliance determination. See Table 5-2 for a sample .
worksheet. ‘ ,
b. List the daia for a particular parameter (e.g., turbizlity) as recei\}ed in column (2). The
data should includé all applicable stations in the mohitoring prograrh with samples taken
no deeper than 30 meters (because the State WQS were established from data taken no
deeper than 30 meters). Control station data should not be included in the analysis.
Furthermore, the data used should be taken over a time period of at least one year. The
size of the daia base should exceed thirty (30) data points, or n >'30. Larger data bases

are suggested to increase statistical confidence.

/<{\ , HONAAR94/Chapter5
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c.  Order the data in column (2) from smallest to largest into column (3).

'd.  Take the natural logarithms of the ordered data from column 3 and iist these values in
column (4). It doesn't rhatter what type of logarithm is used provided consistency is
maintained. The natural logarithm is specified for conmstency | ‘

e. “Fmd the mean and sample standard deviation of the natural loganthm values in column
@.

Mean:

Sample standard deviation:

= (X (z;-2)%#(n-1)
where both summations go from i = 1 to n. .
f.  To calculate the geometric mean (or 50% value) concentration, take th'e‘émtilbg of the

mean natural logarithm value from step '"e." above.
GM = e*
Multiply and divide the geometric mean value by the antilog of the sample standard

deviation from step "e" to define the concentrations associated with 84% and 16%,

respectively.

zZ = GM x e°*

z = GM/e’:

Plot these three points [(GM, 50%), (Zs«, 84%), and (Z16%,16%)] on Log-Probability paper.
~ A line drawn through the three points should be a straight line. Identify this line as the
calculated line. Plot, on the same graph, the three points (or criteria for 50%, 90%, 98%)

HONAAR9%4/Chapters | '
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: ‘from the State WQS for the parameter in question, connecting the points with a straight line.
\}C( Identify the resultrrtg line as the standard line. Compare both lines. If the calculated line
o is enttrely below the standard line, the water quality parameters for the 50%, 90%, and 98%
criteria have not been exceeded In other words, companson of both lmes is the method used
to determme exceedences with the standard, not an individual data point. From the calculated
line, determme the parameter values corresponding to the 90% and 98% probabtltty
Compare these values and the GM with the appropriate State WQS criteria for the parameter
in question.
g. Plot all data points on Log-Probabtllty paper, use the ranked data (column (3)) as the
abscrssa (y-axrs) and the probability (column (5)) as the ordtnate (x-axis). The purpose
of plotting the data is to validate the lognormal dtstrtbutton If the plotted data points
approximate the calculated line on Log-Probability paper, then the lognormal
distribution assumption is verified. Other distributions may be applied; however, the
assumption of this methodology assumes (with corresponding verification by data

plottmg) a lognormal distribution.

. If the plotted data conﬁrms a lognormal distribution, the results from step "f* above are

valid. '

i. If the plotted data does not correspond to the calculated line (e.g. conﬁrmatlon of the
lognormal distribution is not validated), several events could be occurring. There could
be something wrong with the data or another process may be occurring in the receiving

waters. Lastly, but not necessarily finally, the process may not be lognormal

distributed, and therefore, compliance cannot be determined.

HONAARY94/Chapter5
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- TABLE 5-2
SAMPLE WORKSHEET
i listing of raw - data, xi logarithm probability
il | data as : o ranking smallest of the ' (percent)
received to largest ranked | 100*(i-‘/§)/n
| - data | (%]
1 - A ' ‘ X, ._ o In(x,) (1-%4)/n -
2 ' Y2 ' X, In(x,) (%)
" n Yo | X, - .ln(il)k' (ﬁ-%)ln:j_,

where n = the number of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

The above analyses Shall be done on an annual (calendar year) basis, using a minimum sample size _
of roughly thirty (30) data points. An analyses which includes at least five (5) years of data shall
also be done at the same time as the annual analyses. The purpose of this analyses is to identify ‘\
possible long term unpacts ‘The one (1) and five (5) year analyses constitute a compliance
analyses for the WQS

Data, or sample results obtained from samples collected from depths greater than 30 meters
~ (roughly 100 feet) should not be mcluded in the methodology defined above because the State _

WQS were developed from sample resuits taken from depths less than 30 meters.

In accordance with Section B.2 of the permit, data obtained from statlon(s) within the zone of
initial dilution (ZID) and stations identified as "control" stations, shall not be included in the
methodology defined above. For turbidity and light extinction coefficient, LEC (note; LEC is a
required parameter for NPDES 301(h) waiver permits), stations at and beyond the ZID shall be

used; e.g., ZID stations only. For the other parameters, i.e., ammonia nitrogen, total

HONAAR94/Chapters
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o phdsphorus, etc., compliance with the State WQS shal! include stations at or beyond the ZOM;
@  e.g., ZOM stations only. | .

A separate set of analyses shall be dorie using data from the control stations only. The same depth
and temporal guidelines shall be applied to the control station data. The purpose of this analysis

is to compare background conditions to the conditions at the ZOM or ZID.

A noncompliant event results if any parameter above has exceeded the applicable limit of Table
5-1, accompanied by sufficient evidence that the exceedence is related to the discharge. Examples -
of this evidence is a comparison of the ZOM/ZID station analyses with" the control station
analyses. Exceedences attributable to the discharge should not be impac:ing the control stations.

Furthermore, exceedences of one or more parameters should be associated with increases from
other parameters, which may or may not have exceeded applicable limits, if the discharge is the

cause of the exceedence.

f . 5.4 RESULTS

541  ZOM and ZID Station Results

The compliance methodology, as presented above, was applied to the ZOM and ZID monitoring
data obtained during the 1994 monitoring year. Results of the 1994 monitoring year analyses are
ta.bulated.in Table 5-3. ‘Results_of the analyses using ﬁ\./e (5) years 6f data are tabulated. in Table
5-4.

j\ R HONAARY94/Chapter5
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TABLE 5-3

1994 MONITORING YEAR RESULTS

(

|

Geometric mean

not to exceed the

‘given value

Not to exceed
the g_iven
value more
thén ten

.percent of the

Not to exceed
the given
value more
than ‘two

percent of the

time time
IL Total Nitrogen («g N/L) 90.58 | 108 .1.18 "
Ammonia Nitrogen (ug 121 ©2.56 . 4.09° "
NH,-N/L) ‘
Nitrate + Nitrite (g - 1.04 1.43 175 “ -
[NO,+NO,] - N/L) |
" | Total Phosphorus (g 8.76 11 - 12.6 -
P/L) | | . N \}
*Light Extinction 0.07 . 0.088 0.105 | |
__Coefficient (k units) | |
" Chlorophyll a (ug/L) 0.14 ©0.345 0.585 #’
" _ Turbidity (NTU) 0.14 0.24 0.33 ﬂ
(\N_.
HONAARO94/Chapters B \_/
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TABLE 5-4 “
1990 1994 MONITORING PERIOD DATA N

k ) Geometnc mean i Not to exceed Not to exceed
not to exceed the the glven . the given
g1ven value | value more ~ value more
than ten o than'two
percent of the , ; percent of the
| | | time _ 1 time
Total Nitrogen (ug N/L) | 91.36 | 120 | 14
" Ammonia Nitrogen (ug | 180 - | . s+ | 93
L NHgEN/L) o 0 S '
Nitrate + Niwite iz~ |~ 109 | 156 1.95
- [NO,+NO,] - N/L) _ S
_ Total Phosphorus (ug . 8.66 113 | 133
P/L)
¥Light Extinction | 006, |- o0s2 | 0098
Coefficient (k units) L L
Chlorophylla (ug/L) | 013~ |~ 0261 0.395
Turbidity (NTU)Y 012 0.19 0.26

For both of these analyses, there were no events which exceeded the limits found in Table 5-1,
except for the 5-year, Ammonia Nitrogen, not to exceed 2% category See Figures 5-2 to 5-8 for ’
graphs of the calculated and standard lines, for all parameters. Because Ammoma Nitrogen
results for the 1994 monitoring year were significantly below the 5-year analyses, and because no
other parameter exceeded the State WQS, 1994 or 5—year analyses, we do not conS1der this a
noncompliance. Compliance for each ZOM station was based on a sample size of 32 data points.

For the Light Extinction Coefficient (LEC) parameter, however, only sixteen (16) samples points

HONAAR94/Chapter5
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FIGURE 54 NITRATE + NITRITE NITROGEN MONITORING PERIOD/YEAR DATA
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FIGURE 5-6 LIGHT EXTINCTION COEFFICIENT MONITORING PERIOD/YEAR DATA
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FIGURE 5-7 CHLOROPHYLL MONITORING PERIOD/YEAR DATA
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FIGURE 5:8 TURBIDITY MONITORING PERIOD/YEAR DATA
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Furthermore, by plotting the data versué time (see Eigures 5-9 to 5-27), we see no noticeable

(£

pattern or trend that would indicate an impending problem.
FIGURE 5-9

Turbidity vs- Time

surface depth .

0.3
0.25 |-
2
= 0.2
=
:_g .
B o1}
-
0.1
0.05".3'.,013‘”11“‘ aN:n-cn : 10-levﬂ1. zu;na' I mi. 1‘.«';.\0.1' os-u:uu
. Time [dd-month-yy]
_ _.,4_'HB1 +HBZ ___HB3 _..HB4 _o HBS —se- HB7 -
. FIGURE 5-10
Turbidict’y vs Time
mid depth
0.3 :
025 |-
=
=3 0.2
=
=
£ o1
'——
0.1
0.05 17;.01 21_0;0‘ 21-.;-& + * g ml 2 II 1MI 4 ’ zz.p;.a ! m‘ a8 . .. “.I““ . : a": o4
_ Time [dd-month-yy] S
P e HB1. HB2 . _HB3 _. HB4 o HBS _ HB7
X
HONAAR94/Chapter5
5-21 ]
Appendix B

Page 23 of 238



FIGURE 5-11 | : - _

Turbidity vs Time
bottom depth
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'FIGURE 5-13
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FIGURE 5-15

Total Nitrogen vs Time J
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FIGURE 5-17

KQ | . Total Phosphorus vs Time
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FIGURE 5-19

‘ Ammoma-N:trogen vs Time
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FIGURE 5-23

Nitrate-Nitrite vs Tlme
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FIGURE 5-25
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FIGURE 5-27
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

All nearshore and offshore parameters were monitored during | the 1994 momtonng year, as

~ required by the Honouliuli WWTP 301(h) waiver permit. The dates for the 1994 momtormg
- events were January 10, Apnl 14, July 15, and November 3, 1994. All monitoring stations and

protocols were not changed from the prev1ous momtonng year. See Figure 5- 1, page 5-13, for
the ocean momtonng sites. Compliance determmatlon was based on measurements obtained by
the City's Sea-Bird, CTD Profiler. Measurements of pH, potentlal temperature, salinity, and
dissolved oxygen were taken at one (1) meter intervals for all four (4) nearshore stations and -
twelve (12) offshore stations durmg each monitoring event. The data was then compared with
conditions stated in the Honouliuli WWTP 301(h) waiver permit, sectlons B.2. and B.3, and the
State Water Quality Standards W QS)

8.2 pH REQUIREMENT

Accordmg to the State WQS and permit requlrements pH units shall not deviate more than 0.5

units from a value of 8.1 (7.6 < pH < 8.6) except at coastal locatlons where and when freshwater

' from stream, storm drain or groundwater discharge may depress the pH to a minimum level of

7.0.

There is no statistical compliance methodology for this requiremént. In situ measurements were
obtained and compared with the above pH range; see Table 8-1. Never during the 1994

monitoring year did the monitored pH value exceed this requirement at any station or at any

_ depth.

HONAAR94/Chapter8 - 8-1
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TABLE 8-1

1994 CTD Data

Sample n- max-

site

" HN1 42 8.1
" me | ol sz
| HN3 45 8.2
HN4 46 8.2

HZ 231 8.1

HM1 '1.02 8.1
HM2 214 8.1
HM3 | 364 | 81
HM4 195 81

HB1 | 244 8.1

HB2 217 8.1

HB3 256 8.1

_ HB4 231 8.1
HBS 243 8.1

HB6 222 8.1

HB7 244 8.1

n = number of measurements taken
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8.3 TEMPERATURE REQUIREMENT

According to the State WQS and permit requxrements the recelvmg ‘'water temperature shall not

vary more than one degree Celsius (£1°C) from ambient conditions.

Because there is no specxﬁc Federal or State compliance methodology, the City has established
its own methodology. Potentlal temperature measurements were compared with the above
temperature range condition. The ambient condition was determined by averaging the potential
temperature measurements at each depth from both reference stations (e.g., HB1 and HB7) for
each momtonng event. This was then compared with the monitored potential temperature at each

station. This process was repeated for subsequent monitoring events. Figures 8.1 - 8.4 111ust1'ate

the results of this procedure.

FIGURE 8-1

Potentlal Temperature vs Depth
January 10,
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FIGURE 8-2

Potential TemrPerature vs Depth
April 14, 1994 :
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~ FIGURE 8-3

Potential Temee'rature vs Depth
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FIGURE 8-4

Potential Temperature vs Depth
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For the J anuary 10 and November 3, 1994 monitoring events, the receiving water temperature was

below the minimum temperature lumt We do not believe both situations can be attributed to the

: dlscharge of treated wastewater. Fll‘St the reported monthly average and daily maximum effluent

temperatures for January 1994 were 25.25°C and26.25°C, respectively (see monthly Discharge
Monitoring Reports for temperature information). The reported monthly average and daily
maximum efﬂuent temperatures for November 1994 were 27. 66°C and 28.20°C, respectively.

Given the current discharge configuration, it is not possible for the efﬂuent to have discharge -

| temperatures below ambient conditions. During the January 10, 1994 monitoring event, stations |

HM2 and HB2 measured temperatures below the minimum temperature limit, with station HM2
having lower temperatures than station HB2. During the November 3, 1994 monitoring event,

stations HB6 and HM4 momtored temperatures ‘below the minimum temperature limit, with statlon
HM2 havmg lower temperatures than station HB2. Given the arrangement of the momtormg
stations and the vertical and horizontal temperature distribution, it does not suggest that the
discharge of treated effluent is the cause of the minimum temperature exceedence. Both the

April 14 and July 15 monitoring events complied with the temperature requirement.

HONAARY4/Chapter8 ‘ 8-5
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8.4 SALINITY REQUIREMENT B
According to the State WQS and permit requirements, the salinity shall not vary more than ten <
percent (10 %) from natural or seasonal changes consldermg hydrologic input and oceanograpmcv

factors.

Because there is no specific Federal or State compliance methodology, the City has established
its own methodoldgy. For a given monitoring event, in situ salinity measurements at each depth
(SAL,) for each nearshore and offshore momtormg statlon were compared with' the average
salinity (AVGSAL,) at each correspondmg depth. The AVGSAL., at each depth, d, was obtained
by averaging salinity measurements from the two reference (or control) stations (e.g., HBland

HB7). The salinity ratio at each depth was computed using the following equatlon:

salinity ratio = [1- (AVGSAL /SAL )] X 100

This process was repeated throughout the depth range of the reference stations, for each

monitoring event. Table 8-2 exhibits no percent deviation exceeding the 10% limit.

L , Thbk:842 | ,
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

- Monitoring - Salinity ratio - Number Average | Sample
event [%PSU] - of - salinity | = Standard
| ' o sample - ratio ‘Deviation
maximum minimum -
B points
()
- 587
1994 S
" Aprll 1994 -0.01% _ -0.73% 568 -0.17% |. 0.14%
_ ,L July 1994 0.17% -0.22% 600 | 0.02% C o 0.06%
HONAAR94/Chapter8 8-6
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Table 8-2
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

Monitoring Salinity ratio Average |  Sample
event | [%PSU] ‘ of salinity Standard
— | , “sample | @  ratio Deviation
maximum | = minimum . '
points
(n) |
October 038% | -0.13% 570 0.04% 0.08%
1994 | '

8.5 DISSOLVED OXYGEN REQUIREMENT
The State WQS and the Honouliuli WWTP 301(h) waiver permit require dissolved oxygen to be
not less than seventy-five percent saturation, determined as a function of ambient water

temperature and salinity. To determine the dissolved oxygen chcentration (DO gaurasion) fOr given

- temperature and salinity, dissolved oxygen concentration tables* were used. For each monitoring

event, the maximum temperaturé, Toaxo and salinity, Sal,.., were used to obtain a DOgqcation-
Seventy five percent (75 %) 6f DO, puraion Was used as the minimum concentration to determine
compliance with the State WQS and permit requirements. To show compliance, the minimum
dissolved oxygen concentration (DO) for each monitoring event was compared against the
‘corresponding DOguurasion: Compliance is satisfied when DO > DO, uuion- Table 8-3 shows that

compliance was attained.

HONAAR94/Chapter8 8-7
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Table 8-3 | | f - C

DO,,xica Determination ] W

Monitoring ’ | 75% DOpration. Minimum measured

~ Event using maximum salinity Dissolved Oxygen

and temperature values [mg/1] Concentration [mg/1]
January 1994 ) 513 | 5.30
April 1994 o - 5.15 ~' 6.19
July1994 | 497 5.76
October 1994 3 491 N 5.60

* Tschobanoglous, Georgﬁ_nd Schroede;', Edward; Water Quality. Addison-Wesley Public Company; February 1987.

4
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CHAPTER 5
NUTRIENT EVALUATION

5.1 INTRODUCTION

All Specified nearshore and offshore parameters were monitored during the 1995 monitoring year
to demonstrate that permit receiving water limitations (permit sections B.2 and B.3) are not being
violated. The 1995, offshore monitoring dates were January 17, April 5, July 10 and October 26,
1995. ‘No monitoring stations or protocols have changed from the previous monitoring year. See

Figure 5-1, page 5-13, for the locations of all ocean monitoring stations.

The receiving waters of the Honouliuli WWTP are classified as "Class A" "Dry" "Open Coastal
Waters." In part, the State Water Quality Standard (State WQS) states the following limits (see

" Reference 1, Appendix E), note the double-asterisked applies:

§11-54-06 Uses and specific criteria applicable to marine waters. (b) Open coastal waters. (3) The

- following criteria are specific for open coastal waters: (Note that criteria for open coastal waters

differ, based on fresh water discharge).

. TABLE 5-1
MARINE WATER CRITERIA
I— Parameter Geometric mean not to Not to exceed the Not to exce_ed ,
exceed the given value given value more the given value
than ten percent more than two
of the time percent of the -
' time
Total Nitrogen (ug N/L) | 150.00%* 250.00* - 350.00%
" 110.00** 180.00%* 250.00%
'  Ammonia Nitrogen (ug ‘ 3.50% - 850% 15.00%
|_NH/-N/L) 2.00** 5.00** 9.00**
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TABLE 5-1
MARINE WATER CRITERIA
Parameter . Geometric mean not to " Not to exceed the Not to exceed
exceed the given value given value more the given value
| than ten percent more than two
~ of the time percent of the
f o : ' L time
Nitrate + Nitrite (ug 5.00% ' 14.00* 25.00%
[NO,+NO,] - N/L) , 3.50** 10.00%* 20.00**
" Total Phosphoris (ug 20.00% 40.00% 60.00*
R/ 16.00%* 30.00** 45.00%*
YLight Extinction ] - 0.20% 0.50%* ; 0.85%
Coefficient (k units) 0.10** 0.30%% 0.55%*
Chlorophyll a (ug/L) : 0.30%* 0.90* 1.75% .
0.15** - 0.50** 1.00**
Turbidity (NTU) | 0.50% 1.25% 2.00%
Il 0.20** 0.50** - 1.00** |

* "Wet" criteria apply when the open coastal waters receive more than three million gallons per day

of fresh water discharge per shoreline mile.

** "Dry" criteria apply when the open coastal waters receive less than three million gallons per day

of fresh water discharge per shoreline mile.

Y Light extinction coefficient (LEC) is only required for dischargers who have obtained a waiver
pursuant to Section 301(h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251), as

amended, and are required by EPA to monitor it.
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Before compliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural
details must be défmed. These include the methodology used to determine exceedences with each
category (e.g., geometric mean, not to exceed 10% and not to exceed 2%); the selection of
monitoring stations from which data was obtained and aﬁplied to determine compliance; the depths
from which data was gathered; and the monitoring duration required for the compliance
methodology. These details were obtained from Reference 2 (see Appéndix E) and permit

requirements which specify monitoring conditions.

52 METHODOLOGY ‘

The methodology is based on the assumption that the data follows a lognormal distribution.

Exceedences with the three compliance categofies (e. g;, geometric mean, not to exceed 10% and not

to exceed 2%) for any parameter is done by using a graphical method, or probability plots.

By adhering to the following procedure, exceedences with any of the above State WQS nutrient

limits can be determined. ‘

a. In column (1) of the work sheet, number the rows from 1 to n, where n is the number of
data points to be used in the compliance determination. See Table 5-2 for a sample
worksheet. |

b. List the data for a particular parameter (e.g., turbidity) as received in column (2). The data
should include all appliéable stations in the monitoring program with samples taken no
deeper than 30 meters (because the State WQS were established from data taken no deeper
than 30 meters). Control station data should not be included in the analysis. Furthermore,
the data used should be taken over a time period of at least one year. The size of the data
base should exceed thirty (30) data points, or n > 30. Larger data bases are suggested to
increase statistical confidence.

Order the déta in column (2) from smallest to largest into column (3).

d. Take the natural logarithms of the ordered data from column 3 and list in column (4). It
doesn't matter what type of logarithm is used provided consistency is maintained. The
natural logarithm is specified for consistency.

e. Find the mean and sample standard deviation of the natural logarithm values in column
4.
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Mean:
Z"="Y  1n(x,)/n : )

Sample standard deviation:

bs”=”“/x (izi—_z_,)z/ (n-1)

where both summations go fromi=1ton.
.. To calculate the geometric mean (or 50% value) concentration, take the antilog of the

mean natural logarithm value from step "e" above.
GM/'=l'e®

Multiply and divide the geometric mean value by the antilog of the sample standard
deviation from step "e" to define the concentrations associated with 84% and 16%,
respectively.

Z e x! o 5z

Wi

N

z"="cm/ e °*

Plot these three points [(GM, 50%), (Zg,s, 84%), and (Z,4,,16%)] on Log-Probability paper;
A line drawn through the three points should be a straight line. Identify this line as the
calculated line. Plot, on the same graph, the three points (or criteria for 50%, 90%, 98%) from
the State WQS for the parameter in question, connecting the points with a straight line. Identify
the resulting line as the standard line. Compare both lines. If the calculated line is entirely
below the standard line, the water quality parameters fqr- the 50%, 90%, and 98% criteria have
not beeﬁ exceeded. In other words, comparison of both lines is the method used to determine
exceedences with the standard, not an individual data point. From the calculated line, determine
the parameter values corresponding to the 90% and 98% probability. Compare these values and
the GM with the appropriate State WQS criteria for the parameter in question.

g. Plot all data points' on Log-Probability paper, use the ranked data (column (3)) as the
abscissa (y—axis) and the probability (column (5)) as the ordinate (x-axis). The purpose of

. N
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plotting the data is to validate the lognormal distribution. If the plotted data points
approximate the calculated line on Log-Probability paper, then the lognormal distribution

- assumption is verified. Other distributions may be applied; however, the assumption of
this methodology assumes (with corresponding verification by data plotting) a lognormal
distribution. /

h. If the plotted data confirms a lognormal distribution, the results from step "f" above are -
valid. .

i. - If the plotted data does not correspond to the calculated line (e.g. confirmation of the
lognormal distribution is not validated), several events could be occurring. There could
be something wrong with the data or another process may be occurring in the receiving
waters. Lastly, but not necessarily finally, the process may not be lognormal distributed,

~ and therefore, compliance cannot be determined.

TABLE 5-2

YF,

SAMPLE WORKSHEET
i Listing of raw data Data, xi ranking smallest Logarithm of the Probability
as received to largest ‘ ranked data ’ (percent)
J PR | R 100*(i-Y2)/n
I [%]
“ 1 Y, Xy In(x,) (1-¥2)/n
I[ 2 Yo - X2 | In(x,) (2-Y2)/n ||
_ L n | Vo ; X, In(x) | (n-Y2)/n “

- where n = the number of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS
The above analyses shall be done on an annual (calendar year) basis, using a minimum sample size

of roughly thlrty (30) data points. If thirty data points are not available during a given monitoring

year, the data obtained during the previous monitoring year shall be included in the comphance data
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base. This procedure will be continued until a compliance data base of thirty or more data points is
achieved. An analyses which includes at least five (5) years of data shall also be done at the same
time as the annual analyses. The purpose of this analyses is to identify possible long term impacts.

The one (1) and five (5) year analyses constitute a compliance analyses for the WQS.
Data, or sample results, obtained from samples collected from depths greater than 30 meters (roughly
100 feet) should not be included in the methodology defined above because the State WQS were

developed from sample results taken from depths less than 30 meters.

In accordance with Section B.2 of the permit, data obtained from station(s) within the zone of initial

dilution (ZID) and stations identified as "control" stations, shall not be included in the methodoldgy .

defined above. For turbidity and light extinction coefficient, LEC (note; LEC is a requlred parameter
for NPDES 301(h) waiver permits), stations at and beyond the ZID shall be used; e.g., ZID stations
only. For the other parameters, i.e., ammonia mtrogen total phosphorus, etc., compliance w1th the

State WQS shall include stations at or beyond the ZOM e.g., ZOM statlons only.

A separate set of analyses shall be done using data from the control stations only The same depth
and temporal guidelines shall be applied to the control station data. The purpose of this analysis is
to compare background conditions to the conditions at the ZOM or ZID.

A noncompliant event results if any pararﬁeter above has exceeded the applicable limit of Table 5-1,
accompanied by sufficient evidence that the exceedence is related to the discharge. Examples of this
evidence is a comparison of the ZOM/ZID station analyses with the control station analyses.
Exceedences attributable to the discharge should not be impacting the control stations. Furthermore,
exceedences of one or more parameters should be associated with increases from other parameters,
which may or may not have exceeded applicable limits, if the discharge is the cause of the

exceedence.
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5.4 RESULTS

5.4.1 ZOM and ZID Station Results

The comphance methodology, as presented above, was apphed to the ZOM and ZID monitoring data

obtamed durmg the. 1995 momtonng year. To obtain a monitoring data base of at least thirty

elements, some of the data obtained durlng the 1994 monitoring year were used For Light

Extinction Coefficient (LEC), all data from the 1994 monitoring year were used. For Chlorophyll

a, data from the last two quarters of the 1994 monitoring year was used. For all other parameters,

data from the last quarter of the 1994 monitoring year was used. Results of the 1995> monitoring year

analyses are tabulated in Table 5-3. Results of the analyses using the last five (5) years of data are

tabulated in Table 5-4.

'—7‘1
TABLE 5-3
1995 MONITORING YEAR RESULTS 3
Parameter Geometric mean not to Not to exceed the Not to exceed
exceed the given value given value more " the given value
than ten percent more than two
of the time percent of the
time
|__Total Nitrogen (ug N/L) 98.30 120 139
HONAAR95/Chapter5
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TABLE 5-3 \J i
1995 MONITORING YEAR RESULTS
Parameter Geometric mean not to Not tb ekceed the Not to exceed
exceed the given value givén value more the given value
than ten percent more than two -
of the time percent of the
‘time !
Ammonia Nitrqgen (ug 1.08 - 1.7 225
NH,-N/L)
Nitrate + Nirite (ug 1.01 1.19 13 |
[NO,+NO,] - N/L)
Total Phosphorus (jig 9.91 12.5 14.4
P/L) |
VLight Extinction 0.07 0.084 0.094 (»
Coefficient (k units) | -
' ) M’ ’
_Chlorophyll a (ug/L) 0.15 0.52 1.1
Turbidity (NTU) - 0.18 0.275 0.36
¥ See Table 5-1 footnote.
" » ' TABLE 5-4 ‘I
1991 - 1995 MONITORING PERIOD DATA
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Parameter Geometric mean not to Not to exceed the Not to exceed

exceed the given value given value more the giveh value
' than ten percent ‘mdre than twor
of the time ‘percent of the
time
Total Nitrogen (ug N/L) 95.96 122 141
~ Ammonia Nitrogen (ug 1.71 - ’ 4.9 9.4
NH,-N/L) | |
Nitrate + Nitrite (ug 1.10 1.6 2.0

[NO,+NO,] - N/L)

. Total Phosphorus (ug 9.0 12.0 - 145
P/L) |
¥] ight Extinction - 0.07 0.09 o
Coefficient (k units)
Chlorophyll a (ug/L) 0.14 033 0.56
Turbidity (NTU) | 0.13 021 0.285

¥ See Table 5-1 footnote.

For both of these analyses, there were three events that exceeded the State WQS limits found in
Table 5-1: the 1995 Chlorophyll a "not to exceed 10%" category; the 1995 Chlorophyll a "not to
exceed 2%" category, and thé 5-year, Ammonia Nitrogen, not to exceed 2% category. Of the
monitored water quality parameters that could affect the Chlorophyll a concentration (i.e, LEC,
nutrients, oxygen, turbidity, temperature, and salinity), only temperature posed a potential problem;
see Chaptér 8. All other parameters were in compliance with the State WQS and did not
significantly change from last year. Figures 5-2 to 5-4, however, suggest that the discharge of treated
wastewater could have contributed to the noncompliant event because the chlorophyll a

concentrations of the reference stations were lower than the ZOM station concentrations.
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Because Ammonia Nitro genresults for the 1995 monitoring year were si gnificantly below the 5-year

analyses for both the ZOM and Control Station analyses, we do not consider this a noncompliant
event. Compliance for the ZOM stations was based on a sample size of thirty-six (36) data points
forall paiameters except for Chlorophyll a, which had a sample size of thirty-seven (37) data points.
For Light Extinction Coefficient (LEC) and Turbidity (i.e., ZID statioﬁs) , thirty-two (32) samples
were ‘used for compliance determination. Values of LEC are obtained from secchi depth
measurements. In most cases, the difference between the compliance a.naiyses using five (5) years

of data and the compliance analyses using the 1995 data was not significant.

5.4.2 Control Station Results
The compliance methodology was also applied to the data collected from control stations HB-1 and
HB-7 during the 1994 monitoring year. ‘Results of the 1994 monitoring year analyses for[control

station data are tabulated in Table 5-5. Results of the analyses using five (5) year of control station

data are tabulated in Table 5-6.
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| TABLE 5-5
" 1995 MONITORING YEAR DATA - Control Stations . '
S——
Parameter Geometric mean not to Not to exceed the Not to exceed
exceed the given value . given value more the given value
than ten percent more than two
of the time percent of the
time
Total Nitrogen (ug N/L) 86.36 114 139
Ammonia Nitrogen (ug 1.06 1.5 1.85
NH,-N/L)
l Nitrate + Nitrite (ug 1.02 1.19 13
[NO,+NO,] - N/L)
| Total Phosphorus (ug 9.09 11.0 124
P/L) |
o “ ¥Light Extinction 0.06 0074 0.084
Coefficient (k units)
“ Chlorophyll a (ug/L) 0.09 - 0.257 0.485
l«, Turbidity (NTU) 0.15 0.258 1 0.36
- ¥ See Table 5-1 footnote.
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ll - | TABLE 5-6 (
. 1991 - 1995 MONITORING PERIOD DATA - Control Stations \/
Parameter Geometric mean not to Not to exceed the Not to exceed
exceed the given value given value more ‘ the given value
‘ than ten percent more than two
of the time percent of the
time
“Total Nitrogen (ug N/L) 9124 105 120
Ammonia Nitrogen (ug ' 1.61 | 3.9 _ 6.7
l_NH,-NL) '
Nitrate + Nitrite (ug 1.04 135 ‘ 1.59
[NO.+NO,] - N/L)
Total Phosphorus (ug 844 10.9 | 12.8
P/L) |
¥Light Extinction 006 0.074 , O.Q84
Coefficient (k units)
" Chlorophyll a (p g/L) 0.09 0.28 0.56 l’
" Turbidity (NTU) 0.11 0.183 0.25

¥ See Table 5-1 footnote.

For both of these é.nalyses, there were no events that exceeded the water quality limits found in Table
5-1.
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HWWTP OCEAN MONITORING STATIONS
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Figure 5-2 ~
Chlorophyll a vs Time
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Figure 5-4
Chlorophyll a vs Time

Chiorophyll a Concentration [ug/]
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION
All nearshore and offshore parameters were monitored during the 1995 monitoring year as required
by the Honouliuli WWTP 301(h) waiver permit. The dates for the 1995 monitoring events were
January 17, April 5, July 10, and October 26, 1995. No monitoring stations or protocols were
changed from the previous monitoring year. See Figure 5-1, page 5-13, for the ocean monitoring
sites. Compliance determination was based on measurements obtained by the City's Sea-B ird, CTD
Profiler. Measurements of pH, potential temperature, salinity, and dissolved oxygen were taken at
one (1) meter intervals for all four (4) nearshore stations and twelve (12) offshore stations during
each monitoring event. The data was then compared with cbnditions stated in the Honouliuli WWTP

301(h) waiver permit, sections B.2. and B.3, and the State Water Quality Standards (WQS).

8.2 pH REQUIREMENT
According to the State WQS and permit requirements, pH units shall not deviate more than 0.5 units
from a value of 8.1 (7.6 < pH < 8.6) except at coastal locations where and when freshwater from

stream, storm drain or groundwater discharge may depress the pH to a minimum level of 7.0.

There is no statistical complianée methodology for this requirement. In situ measurements were
“obtained and compared with the above pH range; see Table 8-1. Never during the 1995 monitoring

year did the monitored pH value exceed the specified limits at any station or at any depth.
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TABLE 8-1
1995 CTD Data
pH
Sample n | -
Site max min
HN1 47 8.2 8.1
HN2 41 82 | 81
~ HN3 46 8.2 8.1
e | a4 8}.2’ 8.1
HZ 226 8.2 8.1
 HM1 103 82 | 81 |
HM?2 200| 82 8.1
HM3 367 8.2 8.1 |
HM4 207 82| 81
HB1 242 8.2 8.1
HB2 205 8.2 8.1 |
HB3 299 8.2 8.1 "
HB4 239 8.2 8.1
HBS 198 82 | 81
HB6 224 82 | 81
HB7 236 8.2 8.1

n = number of measurements taken

8-2
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8.3 TEMPERATURE REQUIREMENT
Aecording to the State WQS and permit requir'ements, the receiving water temperature shall not vary

more than one degree Celsius (+1°C) from ambient conditions.

Because there is no specific Federal or State compliance methodology, the City has established 1ts
own methodology. Potential temperature measurements were compared with the above temperature
range condition. The ambient condition was determined by aver'aging the potential temperature
measurements at each depth from both reference stations (e.g., HB1 and HB7 ) for each momtonng-
event. ThlS was then compared with the monitored potential temperature at each station. This

process was repeated for subsequent momtormg events. Figures 8-1 through 8-4 illustrate the results

of this procedure.

_ Figure 8-1
Potential Temperature vs Depth
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Monitoring date: January 17, 1996
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Figure 8-2 )
ses Potential Temperature vs Depth _ . (
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. Figure 8-3
Potential Temperature vs Depth
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~ Figure 8-4
Potential Temperature vs Depth
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Monitoring date: October 26, 1996

For the April 5 and July 10, 1995 monitoring events, the receiving water temperature was below the
minimum temperature limit. We do not believe either situation can be associated with the discharge
of treated wastewater. The reported monthly average and daily maximum effluent temperatures for
April 1995 were 26.18°C and 26.5°C, respectively (see monthly Discharge Monitoring Reports for
temperature information). The reported mont}ﬂy-aVerage and daily maximum effluent tem‘peratureé
for July 1995 were 27.73°C and 28.00°C, respectively. Given the current discharge configuration,
it is not possible for the effluent to have discharge temperatures below ambient conditions. Given
the arrangement of the monitoring stations and the vertical and horizontal temperature distribution,
it does not euggest that the discharge of treated effluent is the cause of the minimum temperature -
exceedence. Forthe July 10, 1995 monitoring event, the receiving water temperature was above the
maximum temperature limit. Given the discharge temperature, this exceedance could be attributed
to the discharge. When the salinity and dissolved oxygen data are inspected, it does not appear the
discharge is having a measurable influence. The January 17 and October 26, 1995 monitoring events

both complied with the temperature requirement.

8.4 SALINITY REQUIREMENT
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According to the State WQS and permit requirements, the Salinity shall not vary more than ten
percent (10%) from natural or seasonal changes considering hydrologic input and oéeanographic

factors.

Because there is no specific Federal or State compliance methodology, the City has established its
own methodology. For a given monitoring event, in situ salinity measurements at each depth (SAL)
for each offshore monitoring station were compared with the average salinity (AVGSAL,) at each
corresponding depth. The AVGSAL, at each depth, d, was obtained by averaging salinity
measurements from the two reference (or cqntrol) stations HB1and HB7. The salinity ratio at each

depth was computed using the following equation:
salinity’ratio”="[1- (AVGSAL/sarL ) ]1"x"100

This process was repeated throughout the depth range of the reference stations, for each monitoring

event. Table 8-2 exhibits no percent deviation exceeding the 10% limit,

Table 8-2
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS
Monitoring _ Salinity ratio - Number of Average Sample
event : [%PSU] “samnple salinity Standard
] . . points (n) ratio Deviation
maximum . minimum :
January 0.65% -0.05% 529 023% | 0.14%
1995 ’
|| . April 1995 0.28% -041% - 516 0.03% 0.10%
" July 1995 0.62% 0.33% - 624 0.08% 0.16%
October 0.95% -0.08% 680 ‘ 0.03% 0.08%
1995

8.5 DISSOLVED OXYGEN REQUIREMENT
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The State WQS and the Honouliuli WWTP 301(h) waiver permit require dissolved oxygen to be not
less than seventy-five (75%) percent saturation, determined as a function of ambient water
temperature and salinity. To determine the dissolved oxygen concentration (DO qeg0n) for given
temperature and salinity, dissolved oxygen concentration tables” were used. For each monitdring
event, the maximum temperature, T, and salinity, Sal,_,, were used to obtain 2 DO gy
Seventy-five percent (75%) of DOgqpion Was used as the minimum concentration to determine
compliance with the State WQS and permit requirements. ‘To show compliance, the minimum
dissolved oxygen concentration (DO) for each monitoring event was compared against the

corresponding DO aion Compliance is achieved when DO > 75% DO eation- Table 8-3 shows that

compliance was attained. .

.—————W

Table 8-3
DO, ziior Determination
Monitoring 75% DO,y ration. Minimum measured
Event . using maximum salinity Dissolved Oxygen
and temperature values [mg/1] Concentration [mg/1]
| January 1995 4.99 5.70
April 1995 5.20 , 6.22
- July 1995 | 493 | 5.34 |
October 1995 | ' 4.77 5.70 “

* Tschobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public Company; February 1987.
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CHAPTER 5
NUTRIENT EVALUATION

5.1 INTRODUCTION :

All nearshore and offhore parameters were monitored during the 1996 monitoring year todernonstrate that receiving water
lirnitations (Section B2 and B3) of the NPDES permit were not violated. The 1996, offshore monitoring dates were January
18,May 23, July 10,and October 8, 1996. All monitoringstations and protocolshave not changed from the previous
monitoring year. See Figure 5-1 for the locations of all ocean monitoring locations.

“The receiving waters o the Honouliuli WW TP are classfied as"Class A" "Dy "Open Coestal Waters." In pert, the State
Water Quality Standard (State WAQS) states the following limits (see Reference 2, Appendix E), note the single-asterisked
applies: g

§11-54-06 Uses and specific criteria applicable to marine waters. (b) Open coastal waters. (3) The |

following criteria are specific for open coastal waters: (Note that criteria for open coastal waters differ, based
on fresh water discharge). ' , ‘

TABLE 5.1

MARINE WATER CRITERIA

Parameter Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent than two percent

. of the time of the time

Total Nitrogen (ug N/L) 150.00* 250.00* 350.00*

110.00%* _ 180.00%* | 250.00**

TABLES1

MARINE WATER CRITERIA, continued

.Paraméter ' Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent than two percent
of the time of the time
HONAAR9IG\TOC\6.20 5-1 _
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Ammonia Nitrogen (ug  3.50% 8.50* 15.00*
NH,-N/L) 2.00%* 5.00%* 9.00%*
Nitrate + Nitrite (ug 5.00% 14.00% 25.00*
[NO;+NO,] - N/L) _ 3.50%* 10.00%* 20.00%*
“ Total Phosphorus (ugP/L) | -~ 20.00* | 40.00* 60.00*
| | 16.00% _30.00%+ _45.00%*

'Light Extinction. 0.20* 0.50% 0.85%
Coefficient (k units) | 0.10%* 0.30%* 0.55%*

“ Chlorophyll @ (uglL) 0.30% 0.90% 1.75%
- | 0.15%* 0.50%* 1.00%*
Turbidity (NTU) 0.50* 1.25% 2.00%

| _ _0.20%* | 0.50%* _1.00%*

* "Wet" criteria apply when the open coastal waters receive more than three million gallons per day of fresh

water discharge per shoreline mile. ' L . : &
*% "Dry" criteria apply when the open coastal waters receive less thanv three million gallons per day of fresh "/
water discharge per shoreline mile.

! Light extinction coefficient (LEC) is only required for dischargers who have obtained a waiver pursuant

to Section 301(h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251 ), as amended,

and are 'fequi'red by EPA to monitor it.

FIGURE 5-1
HONOULIULI WWTP OCEAN MONITORING STATIONS
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Before compliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural details must be defined.
ﬂmmhde&mne&m&bgymdmémmamhmswﬁxahmmgxy(eg,geammmmmw%
and not to exceed 2%), the selection of monitoring stations from which data were obtained and applied to determine V
compliance, the depths from which data were gathered, and the monitoring duration required for the compliance
methodology. These detals were obtained from Reference 1 (see Appendix E) and permit requirements that specify

monitoring conditions.

5.2 METHODOLOGY

Them&mdobgywbasedmdiemum&)at&xedambﬂmalogrmnaldxmbum Ecceedenc&sm&nhe&\ree

comphancemtegm&s(e.g., geomemcrrmmottoexceed IO%andnottoexoeGdZ%)fOtanypataxmtmsdmebywmg
a graphical method, or probability plots.

By achering otheollowing procedhre excesdencesviith any cfthe above State WIQS nutrient limits can be determiec:
a. Incolmnn(l)ofawoﬂcsheet,numberl.hemwsﬁoml'non,wherenis&lenmnberofdatapointstob,emedm&xe

compliance determination. See Table 5-2 for a sample worksheet.

b. Listthedamfor aparticqlarparaméter (e.g, turbidity) as received in column (2). The datashould includeall

applicable stations m&wanggogmnwidisanplesmkmmdeepaduﬁOnﬁas(bmm&yeSmW@
were established from data taken no deeper than 30 meters). Control station data should not be included in the
analysis. Furthermore, the data used should be taken over a time period of at least ane year. Thesize of the database

should exceed thirty (30) data points, or n > 30. Larger data bases are suggested to increase statistical

c.  Order the data in column (2) from smallest to largest into column (3).

Take&lenannalbganﬂm's&&xemdetedchtaﬁomcohmm3andhstmcolmm(4) Itdoesntnnnn'whattyped‘

logarithm is used provided consistency is maintained. The natural logarithm is specified for consistenc

e. Find the mean and sample standard deviation of the natural logarithm values in ‘column (4).

Mean:
z=Y In(x)/n
Sample standard deviation:
HONAARSG\TOC\6.20 5-3

Appendix B
Page 67 of 238



HONAARYG\TOC\6.20 5-4

s;=‘/z (21—5)2/(n— 1) o | .
where both summations go from I = 1 ton. S~
Tomlaﬂate&xegeon‘etricnm;(GSO%vahxe) concentration, take the antilog of the mean natural logarithm value
from step "e" above.

GM=¢&

Multiply and divide the geometric mean value by the antilog of the sample standard deviation from step "e" todefine

the concentrations associated with 84% and 16%, respectively.

.
Zg0, =CGM*e™*

Zi60 = GMle"™

Plot these three points [(GM, 50%), (Zyy, 84%), and (Z,6,16%)] on Log-Probability paper. A line drawn through .
the three pointsshould beastraight line. Identify this line as the calculated lne. Plot the three points (or criteria W

: for50%,90%,98%)ﬁan&eSmW@fmdlepmanﬁn&hqmcamecﬁng&mpommud&lamaightlkm

Identify the resulting line as the standard line. Compare both lines. If the calculated kine is entirely below the
standandline, the water quality parameters for the 50%, 90%, and 98% criteria have notbeen exceeded. Inother
wonds, cornparison of both lines is the method used to determine exceedences with the standard, not an individual daa
point. From the calculated bine, determine the parameter values corresponding to the 90% and 98% probability.
With the GM, compare these values with the appropriate State WQS criteria values for the parame;
Plotall data points on Log-Probability paper, use the ranked data (column (3) ) as the abscissa (y-axis) and the
probability (column (5)) as the ordinate (x-axis). The purpose of plotting the data is to validate the lognormal
distribution. I the plotted data points approximate the caloulated ine on Log-Probability paper, then the lognormal
distribution asumption s verified. Other distributions ey be applied; however, the asurmption for this methodology

assumes (with corresponding verification by data plotting) a lognormal distribution.

.. If the plotted data confirms a lognormal distribution, the results from step "f" above are valid.
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- ~ TABLES5-2
| SAMPLE WORKSHEET

i. H&eploﬁeddamdosmtconapmmdtod\emh&uedlbw(e.g.conﬁrmationofdlelo@onnaldjstxibuﬁmisnot

validated), several evenits could be occurring. There could be something wrong with the data or another process may
. beoccurring, Lastly, butnot necessarily finally, the process may notbe lognormal distributed, and therefore,

compliance cannot be determined.

v
—

Listing of raw data as Data, x, rankingsmallest to Logarithm of the _ Probability
received largest ranked data (percent)
‘ 100*(1-%)/n
[%]
Yi V Xy In(x;) (1-%)/n
¥2 _ ; X In(x,) (2-%)/n |
y AR _ In(x,) (n-¥2)/n l

where n = the number of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

'l'heaboveanalvss.challbedmemanmnl(wlmdatyw)besls,usmgammmmm\plesmofm@ly&mydata
points. If thirty datapointsare not available duringagiven monitoring year, the data obtained during the previous
monitoring year shall be included in the compliance data base. "This procedure will be continued until a compliance data
hese of thity or more daapoinisisachieved. An analyseswhich includesatleastfive (5) yeats of datashall also be done
at the same time as the annual analyses. The purpose of this analyses is to identify possible long term impacts. Theone(1)

and five (5) year analyses constitute a compliance analyses for the WQS.

[hm,mmpkmﬂs,obmkwdﬁmnmlewﬂ&wdﬁundep&sg&m&)m%mm(mgtﬂy 100 feet) should not
kkﬂxhdh&enﬂinbkgydeﬁmddawebea&&eSmW@wae&vdmdﬁunmpkmﬂsmkmﬁm&p&s

less than 30 meters.
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In accordance with Section B2 of the permit, data obtained from station(s) within the zone of initial ditution (ZID) and '
sttions dentifiedas "control”stations, shall notbe included i the methodology defined above. Fornubidityandligh (-
extinction coeficient, LEC (Note: LECsa required perameter for NPDES 301 (h) waiver permits), sationsatand beyond
the ZIDshall be used; e.g, ZIDstations only. For the other parameters such as ammonia nitrogen, total phosphorus, et
compliance with the State WQS shall include stations at or beyond the ‘ZOM; é.g., ZOM stations only.

Asepmamsetofanalysesshaﬂbedmemhmgdamﬁmn&xecomolsmﬂonsaﬂy The same depth and temporal guidelines
shallbeapphedto&lecontrolstanondata. ThepurposeofdnsanalysmstocompatebackgromxdcondMonstodm
conditions at the ZOM or ZID.

Anoncomphantevmtresmﬂts rfmypa:ameterabovehasexceeded the applicable limit of Table 5-1, accompanied by
sufficient ev1den0e that the exceedence is related to the dlscharge Examples of this evidence is acomparison of the
ZOM/ZIDstation analysis with the control station analysis. Fxceedencesattributable to the discharge should not be
impacting the control staticns. Rurthermore, exceedernices of one or more parameters should be associated with incressesfrom

‘other parameters, which may or may not have exceeded applicable limits, if the discharge is the cause of
5.4 RESULTS .\ \JC
5.4.1 ZOM AND ZID STATION RESULTS :
The compliance methodology, aspresented above, was applied to the ZOM and ZID monitoring data cbtsined duringthe

. 1996 monitoring year. To obtain amonitoring database of at least thirty elements, data obtained from the 1996 and 1995
monitoring years were used. The last quarter of 1995 and all of the 1996mnuxmgdatawememedforallpatametasexcept
turbidity, chlorophyll-aand Light Extinction Coefficient (LEC). Turbidity and chlorophyll-a required both the 1996 and

the last two quarters of the 1995 monitoring data. The LEC required all of 1995 and 199 monitoringdara. Resultscfthe

1996 monitoring year analyses are tabulated in Table 5-3. Results of the analyses using five (5) years of data are tabulated

in Table 5-4.

i 5- .
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. ' TABLE 5-3 '
1996 MONITORING YEAR RESULTS

‘_,‘=—“' |

Parameter u Géometric mean not to Not toexceed the Not toexceed the
exceed the given value given value more given value more
than ten percent of than two percent of
v ‘ the time _ the time
‘Total Nitrogen (ng N/L): 91.36 122 148
Ammonia Nitrogen (ng NH}- 1.19 2.7 4.31
T NL) .
Nitrate + Nitrite (ng 1.00 1.00 1.00
[NO;+NO;] - N/L) ’ '
Total Phosphorus (pg P/L) 9.82 12.0 13.2

'Light Extinction Coefficien#(

__(k units)

" Chlorophyll a (ng/L)

Turbidity (NTU)

ISee Table 5-1 foomote; )

Sﬁaded cells indicate nonéompliances

- HONAARIGTOC6.20
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Parameters Geometric meannotto

Not to exceed the Not toexceed the

exceed the given value given value more given value more

than ten percent of than twopercent of

the time the time
_Total Nitrogen (ug N/L) _ - 94.06. 118 135
Ammonia Nitrogen (pg NHJ}-

1.44 - 3.6 6.1
_N/L) | |

* Nitrate + Nitrite (pg 1.08 1.51 1.89
[NO+NO,] -N/L)

Total Phosphorus (ug P/L) 9.1 1 ‘ '11.8
'Light Extinction Coefficient (k 0.07 0.088
units) | ‘

__Chlorophyll a (ug/L) 0.13 0.35

Turbidi 015 0.27

v (NTU)

ISee Table 5-1 footnote.

InTable 53, the resulis of the 1996amlysiswéecanparedwid1d1e“nminecriumia.” Noncompliances were observed for
chlorophyll-aforall criteria. Turbidity exceeded the “geometric mean not to exceed the given value” criterion. No

noncompliances were determined for the five-year analysis.

5.4.2 CONTROL STATION RESULTS

The compliance methodology was also applied to the data collected from control stations HB-1, HB 6 and HB 7 during the
1996 monitoring year. To obtain a monitoring data bese of at leastthirty elernents, dtafiom the 1995 and 1996 monioring
years were used forall parameters except for chlorophyll-aand LEC. The last quarter of 1994 in addition to 1995 and 1996
- monitoringdata were used for chlorophyll-a. For the light extinction coefficient, data from 1995, 1996, and the last two
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quartersof 199 were used. Resultsof the 1996analysesatetah1]amdinTable5—5. Results of the analyses using five (5) years

(/Q of control station data are tabulated in Table 5-6.

o ’ TABLE 5-5
1996 MONITORING YEAR DATA - Control Stations
Parametér ' Geometric mean not to Not to exceed the ‘Nottoexceed the
exceed the given value given valuemore | given valuemore
thantmpercentof dmtwopacemd
the time the time |
Total Nitrogen (ug N/L) | 82.42 110.00 ~131.00 “
Ammonia Nitrogen (pg NH- 104 13 1.50 |
N/L) | o |
Nitrate + Nitrite (g 1.02 119 1.3 “
| Total Phosphorus (ug P/L) _ 9.50 13.0 16.0 | || |
_ 'Light Extinction Cq_efficie+ ~0.06 0.063 0.068 | |‘
(k units) '
Chlorophyll a (pg/L) i
Turbidity (NTU)

15ee Table 5-1 footnote:

/\\
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TABLE 5-6

1992 - 1996 MONITORING PERIOD DATA - Control Stations

1See Table 5-1 footnote.

Forboth the “anry

Parameter - Geometric mean not to Nottoexceed the Nottoexceed the
exceed the given value given value more given value more
~ thantenpercentof |- ﬁmMopacmtd'
' the time the time
Total Nitrogen (ug N/L) 87.93 111.00 130
Ammonia Nitrogen (pg NHJ,- 1.48 345 5.8
N/L) | | | ' |
" Nitrate + Nitrite (ug 1.01 1.19
[NO;+NO,] - N/L) _
Total Phosphorus (ug P/L) 8.58 11.5
* 'Light Extinction Loefficien} (k  0.06 0.072
‘units)
Chlorophyll a (pg/L) 0.08 0.23
0.13 . 0.23

”and&meSymranalyses,hmw&emevmtsdmata&ceeded&lewamtthtylumlsfammeable

51 hl%,ﬂd&mzommmmvahmmehdﬂm&mwmmmmmm
Nitrate + Nitrite. ‘When comparing the 5 year geometric mean values of the ZOM or ZID to the control station results, we
amrived atadifferent conclusion. Aﬂpmmmhad}ﬁglerOMorZDgemne&icumvahm&mm&xeomudaaﬁm

geometric mean values except Ammonia Nitrogen.

5.4.3 DISCUSSION

HONAAR96\TOC\6.20
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(” - Bmm&eehhmyﬂamdﬁnbﬂkymmmﬁmwedmvdh&nmmmﬂmmdmadwwmdm
/(\- this could be due to the discharge of the Barbers Point Ocean Outfall The five-year analyses applied for all parameters at
| the ZOM/ZID and control stations did not exceed the standard.

HONAAR%\TOC\s.zd 5-11
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

All nearshore and offshore parameters were monitored during the 1996 monitoring year, as required by the Honouliuli
WWTP 301(h) waiver permit. The dates for the 1996 monitoring events were January 18, May 23, July 10, and October
8,1996. All monitoring stations and protocols were unchanged from the previous monitoring year. See Figure 5-1, page
5.13, for the ocean monitoring sites. Compliance determination was based on measurements obtained by the City's Sea-
Bird, CTD Profiler. Measurements of pH, potential temperature, salinity, and dissolved oxygen were taken at one (1)
meter intervals for all four (4) nearshore stations and twelve (12) offshore stations during each monitoring event. The
data was then compared with conditions stated in the Honouliuli WWTP 301(h) waiver permit, sections B.2. and B3,
and the State Water Quality Standards (WQS).

8.2 pH REQUIREMENT - o -
According to the State WQS and permit requirements, pH units shall not deviate more than 0.5 units from a value of 8.1

(1.6 < pH < 8.6) except at coastal locations where and when freshwater from stream, storm drain or groundwater
discharge may depress the pH to a minimum level of 7.0.

There is no statistical compliance methadblqu for this requirement. In situ measurements wete obtained and compared
with the above pH range; see Table 8-1, Never during the 1996 monitoring year did the monitored pH value exceed this
requirement at any station or at any depth. . . ‘

- TABLE 8-1
1996 CTD Data

1996 8-1
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B2 | 2| a2 80 “
M3 | | 82 80 "
L o | ws| s | w0
|L HB! 266 | 82 80
“ HB2 | 209 82 | 80
" HB3 o | 82 | sql
| o | | s 80
| _uno| 82| 80 "
|| W6 | | 82 | 80
HBr | 9| 82 ] 80

- n = number of measurements taken

8.3 TEMPERATURE REQUIREMENT

According to the State WIQS and permit requirements, the receiving water temperature shall not vary mote than one
degree Celsius (+1°C) from ambient conditions. :

Because there is no specific Federal or State compliance methodology, the City has established its own methodology.
Potential temperature measurements were compared with the above temperature range condition. The ambient condition
was determined by averaging the potential temperature measurements at each depth from both reference stations (e.g.,
HB1 and HBT) for each monitoring event. This was then compared with the monitored potential temperature at each
oftshore station. This process was repeated for subsequent monitoring events. Figures 8.1 - 8.4 illustrate the results of this
procedure, ‘

For the May 23, July 10, and October 8, 1996 monitoring events, portions of the receiving water temperature were below
the minimum temperature limit. First, the reported monthly average and daily maximum effluent temperatures for May
1996 were 26.9°C and 27.0°C, respectively. The reported monthly average and daily maximum effluent temperatures for
July 1996 were 28.38°C and 28.5°C, respectively. The reported monthly average and daily maximum effluent
temperatures for October 1996 were 28.7°C and 29.0°C, respectively. Given the current discharge configuration, it is not
possible for the effluent to have discharge temperatures below ambient conditions. During the May 23 and July 10, 1996

monitoring events, the receiving water temperature was greater than the maximum temperature limit. The discharge of

treated wastewater may have caused the exceedance for the May 1996 monitoring period, because the reported maximum
and minimum effluent temperatures for May 1996 were 27.0°C and 26.5°C, respectively. This corresponds to the
maximum receiving water temperature. For the July 1996 monitoring event, the effluent could not have caused an
exceedance of the maximum temperature limit, see Figure 8-3, because it is not possible to attribute the increasing
temperature with decreasing depth to the discharge of treated effluent.

1996 ' 8-2 _
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stations HM2 and HB2 measured temperatures below the minimum temperature limit, with station HM2 having lower
temperatures than station HB2. During the November 3, 1995 monitoring event, stations HB6 and HM4 monitored
temperatures below the minimum temperature limit, with station HM2 having lower temperatures than station HB2.
" Given the arrangement of the monitoring stations and the vertical and horizontal temperature distribution, it does not
suggest that the discharge of treated effluent is the cause of the minimum temperature exceedence. Both the April 14
and July 15 monitoring events complied with the temperature requirement.

8.4 SALINITY REQUIREMENT , :
According to the State WQS and permit requirements, the salinity shall not vary more than ten percent (10%) from
natural or seasonal changes considering hydrologic input and oceanographic factors.

Because there is no specific Federal or State compliance methodology, the City has established its own methodology. For
a given monitoring event, in situ salinity measurements at each depth (SAL,) for each nearshore and offshore monitoring
station were compared with the average salinity (AVGSAL) at each correspondingdepth. The AVGSAL ateach depth,
d, was obtained by averaging salinity measurements from the two reference (or control) stations (e.g., HBland HB7). The

salinity ratio at each depth was computed using the following equation: o

salinity"ratio "=/"[1- (AVGSAL JSAL ))"X"'100

This process was repeated throughout the depth range of the reference stations, for each monitoring event. Table 8-2
exhibits no percent deviation exceeding the 10% limit. '

‘ , ’ , Table 8-2
. ‘ SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

Monitoring : - Salinity ratio , Nuinber of Average Sample
event . [%PSU] ‘ sample points salinity - Standard
(n) !tatio Deviation
maximum minimum | ‘ '

January 1996 0.01% -1.30% 578 C o 0.09% 0.16%
May 1996 1.29% 0.82% 561 0.14% 035%
July 1996 0.56% 026% | 550 |  003% 0.16%
October 1996 0.08% 0.65% 495 -0.10% 0.12%

8.5 DISSOLVED OXYGEN REQUIREMENT

The State WQS and the Honouliuli WWTP 301(h) waiver permit require dissolved oxygen to be not less than seventy-
five percent saturation, determined as a function of ambient water temperature and salinity. To determine the dissolved
oxygen concentration (DO, reicn) for given temperature and salinity, dissolved oxygen concentration tables” were used.
For each monitoring event, the maximum temperature, T, and salinity, Sal__,, were used to obtain a DOy aion-
Seventy five percent (75%) of DOy uration W8S used as the minimum concentration to determine compliance with the State

1996 8-3
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WQS and permit requirements. To show compliance, the minimum dissolved oxygen concentration (DO) for each
monitoring event was compared against the corresponding DO, ... Compliance is satisfied when DO > DO

» saturation*
Table 8-3 shows that compliance was attained. -

[ | . Table83
. DO, Determination
Ménitoring Maximum © Maximum 15% DO, i Minimum rﬁeasured
Event Measured : Measured using maximum salinity Dissolved Oxygen
Temperature Salinity - and temperature values _ . Concentration
- Fq o] mgl] _mg]
lk January 1996 25.93 34.92 ' 4.99 5.78
| May 1996 2669 | - 3485 4.93 63l
IL jy19s | 2689 B30 | 49 | enm
“ " October 1996 2831 34.93 4.75

- * Tschobanoglous, George and Schroeder, Edward; Water Quality, Addison-Wesley Public Company; February 1987. N
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| CHAPTER 5
NUTRIENT EVALUATION

5.1 INTRODUCTION

All nearshore and offshore parameters were monitored during the 1997 monitoring year to demonstrate that receiving water
* limitations (Section B.2 and B.3) of the NPDES permit were not violated. The 1997, offshore monitoring dates were
February 11, April 9, July 17, and October 9, 1997. All monitoring stations and protocols have not changed from the
previous monitoring year. See Figure 5-1 for the locations of all ocean monitoring locations.

The receiving waters of the Honouliuli WWTP are classified as "Class A" "Dry" "Open Coastal Waters." In paﬁ, the State
Water Quality Standard (State WQS) states the following limits (see Reference 2, Appendix E), note the single-asterisked
applies: . - o ,

' §1 1-54-06 Uses and specific criteria applicable to marine waters. (b) Open coastal waters. (3) The

" following criteria are specific for open coastal waters: (Note that criteria for open coastal waters differ, based
on fresh water discharge). _ : '

: TABLE 5-1
MARINE WATER CRITERIA

Parameter . , Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent than two percent

of the time of the time

Total Nitrogen (ug N/L) ~ 150.00* 350.00*

' *k *k 250.00%*

TABLE 5-1
MARINE WATER CRITERIA, continued

Parameter Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent than two percent
of the time of the time
HONAARIT\TOC\6.20 5-1 .
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II Ammonia Nitrogen ( ug

3.50% 8.50% 15.00%
NH,-NJ/L) 2.00%* 5.00%* 9.00%*
Nitrate + Nitrite (ug 5.00% 14.00* 25.00%
[NO.+NOQ,] - N/L)‘ 3.50%* 10.00** 20.00%**
Total Phosphorus (ug P/L) 20.00% 40.00* 60.00* ‘I
16.00%* 30.00** 45.00**
'Light Extinction 0.20%* 0.50* 0.85% ) l'
Coefficient (k units) 0.10** 0.30%* 0.55%*
| I' ‘Chlorophyll g (ug/L) 0.30* 0.90%* 1.75%
0.15%* 0.50%* 1.00%*
- Turbidity (NTU) 1 0.50% : 1.25% 2.00%
0.20%* 0.50** 1.00**

* "Wet" criteria apply when the open coastal waters receive more than three million gallons per day of fresh

water discharge per shoreline mile.

** "Dry” criteria apply when the open coastal waters receive less than three million gallons per day of fresh

water discharge per shoreline mile.

! Light extinction coefficient (LEC) is only required for dischargers who have obtained @ waiver pursuant

to Section 301(h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251), as amended, (

and are required by EPA to monitor it.

HONOULIULI WWTP

HONAAR9YN\TOC\6.20
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Before compliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural details must be defined.
These include the methodology used to determine accedences with each category (e.g., geometric mean, not to exceed 10%
and not to exceed 2%), the selection of monitoring stations from which data were obtained and applied to determine
compliance, the depths from which data were gathered, and the monitoring duration required for the compliance
methodology. These details were obtained from Reference 1 (see Appendix E) and permit requirements that specify
monitoring conditions.. . :

52 METHODOLOGY - | |
The methodology is based on the assumption that the data follows a log normal distribution. Accedences with the three

compliance categories (e.g,, geometric mean, not to exceed 10% and not to exceed 2%) for any parameter is done by using
a graphical method, or probability plots.

By adhering to the following procedure, accedences with any of the above State WQS nutrient limits can be determined:

a.  In column (1) of a work sheet, number the rows from 1 to n, wheren is the number of data points to be used in the

~ compliance determination. See Table 5-2 for a sample worksheet. = - ‘ :

b.  List the data for a particular parameter (e.g. turbidity) as received in column (2). The data should include all
applicable stations in the monitoring program with samples taken no deeper than 30 meters (because the State WQs
were established from data taken no deeper than 30 meters). Control station data should not be included in the
analysis. Furthermore, the data used should be taken over a time period of at least one year. The size of the data base
should exceed thirty (30) data points, orn > 30. Larger data bases are suggested to increase statistical confidence.

c.  Order the data in column (2) from smallest to largest into column (3). _ ‘

4 Take the natural logarithms of the ordered data from column 3 and list in column (4). It doesn't matter what type of
logarithm is used provided consistency is maintained. The natural logarithm is specified for consistency.

e Find the mean and sample standard deviation of the natural logarithm values in column (4).

~ Mean:

z= Z ;'-]n(x',.)/n

Sample standa:d deviation:

s;a/Z'(z,-E)z/(n- 1)
. where both summations go
froml=1ton. ;

£ Tocalculate the geometric mean (or 50% value) concentration, take the antilog of the mean natural logarithm value
from step "e" above. : :

GM=¢&
Multiply and divide the geometric mean value
by the antilog of the sample standard deviation
from step "¢" to define the concentrations
associated with 84% and 16%, respectively.

3,
zM%—GM*e’

HONAARS7T\TOC\6.20 5-3
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Plot these three points [(GM, 50%), (Zgyq, 84%), and (Z,¢y,16%)] on Log-Probability paper. A line drawn through
the three points should be a straight line. Identify this line as the calculated line. Plot the three points (or criteria
-~ for 50%, 90%, 98%) from the State WQS for the parameter in question, connecting the points with a straight line.
[dentify the resulting line as the standard line. Compare both lines. If the calculated line is entirely below the
standard line, the water quality parameters for the 50%, 90%, and 98% criteria have not been exceeded. In other
words, comparison of both lines is the method used to determine accedences with the standard, not an individual data
point. From the calculated line, determine the parameter values corresponding to the 90% and 98% probability.
With the GM, compare these values with the appropriate State WQS criteria values for the parameter in question,
g Plot all data points on Log-Probability paper, use the ranked data (column (3)) as the abscissa (y-axis) and the
probability (column (5)) as the ordinate (x-axis). The purpose of plotting the data is to validate the log normal
distribution. If the plotted data points approximate the calculated line on Log-Probability paper, then the log normal
 distribution assumption is verified. Other distributions may be applied; however, the assumption for this methodology
assumes (with corresponding verification by data plotting) a log normal distribution. .
h.  If the plotted data confirms a log normal distribution, the results from step "f" above are valid.
If the plotted data does not correspond to the calculated line (e.g. confirmation of the log normal distribution is not
validated), several events could be occurring, There could be something wrong with the data or another process may
be occurring. Lastly, but not necessarily finally, the process may not be log normal distributed, and therefore,
compliance cannot be determined. : B ' ' :

| ~ TABLE5.2
‘ SAMPLE WORKSHEET

|
.

1 Listing of raw data as Data, x, ranking smallestto - Logarithm of the Probability
received largest ranked data (percent)
100%(1-¥%)n
: _ [%]
1 ¥ X In(x,) (L)
2 Y2 X5 In(x,) . ‘ (2-%)n

where n = the number of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

The above analyses shall be done on an annual (calendar year) basis, using a minimum sample size of roughly thitty data

points. If thirty data points are not available during a given monitoring year, the data obtained during the previous
monitoring year shall be included in the compliance data base. This procedure will be continued until a compliance data

HONAAR9IT\TOC\6.20 : 5-4 Appendix B
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base of thirty or more data points is achieved. An analyses which includes at least five (5) years of data shall also be done
at the same time as the annual analyses. The purpose of this analyses is to identify possible long term impacts. The one (1)
and five (5) year analyses constitute a compliance analyses for the WQS. -

Data, or sample results, obtained from samples collected from depths greater than 30 meters (roughly 100 feet) should not
be included in the methodology defined above because the State WQS were developed from sample results taken from depths
less than 30 meters. o

In accordance with Section B.2 of the permit, data obtained from station(s) within the zone of initial dilution (ZID) and
stations identified as "control” stations, shall not be included in the methodology defined above. For turbidity and light
extinction coefficient, LEC (Note: LEC is a required parameter for NPDES 301 (h) waiver permits), stations at and beyond
the ZID shall be used; e.g., ZID stations only. For the other parameters such as ammonia nitrogen, total phosphorus, etc.,

~ compliance with the State WQS shall include stations at ot beyond the ZOM; e.g., ZOM stations only.

A separate set of analyses shall be done using data from the control stations only.: The same depth and temporal guidelines

shall be applied to the control station data. The purpose of this analysis is to compare background conditions to the
conditions at the ZOM or ZID. ~ : : : T

A noncompliant event results if any parameter above has exceeded the applicable limit of Table 5-1, accompanied by
sufficient evidence that the exceedence is related to the discharge. Examples of this evidence is a comparison of the
ZOM/ZID station analysiswith the control station analysis. Accedences attributable to the discharge should not be impacting
the control stations. Furthermore, accedences of one or more parameters should be associated with increases from other
parameters, which may or may not have exceeded applicable limits, if the discharge is the cause of the exceedence.

5.4 RESULTS ‘ : . | '
5.4.1 ZOM AND ZID STATION RESULTS ‘ U
The compliance methodology, as presented above, was applied to the ZOM and ZID monitoring data obtained during the

1997 monitoring year. Results of the 1997 monitoring year analyses are tabulated in Table 5-3. Results of the analyses using
five (5) years of data are tabulated in Table 5-4.

TABLE 5-3 B
1997 MONITORING YEAR RESULTS |
I

Parametet Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value mote given value more
: than ten percent of than two percent of
the time the time
' Total Nitrogen (g N/L) 160 198
Ammonia Nitrogen (pg NH,- 1.24 2.2 31
NL)
Nitrate + Nitrite (g 1.02 1.19 1.34
[No-x +NO')] e N[L)
HONAAR9ITTOC\6.20 - 5.5 .
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‘ Parametet

TABLE 5-3

R RESULTS \

1997 MONITORING YEA

Geometric mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more:
' than ten percent of than two percent of
the time the time
Total Phosphorus (pg P/L 8.99 14 18.5
"Light Extinction Coefficient 0.03 0.08 0158
(k units)
Chlorophyll gigg[L) 0.39 0565
Turbidity (NTU) 0.16 0.22
!See Table 5-1 footnote.
Shaded cells indicate noncompliances
TABLE 5-4
1993 - 1997 MONITORING PERIOD DATA
Parameters Geometric mean not to Not to exceed the Not to exceed the
’  exceed the given value given value more given value more
than ten percent of than'two percentof
the time the time
Total Nitrogen (ug N/L) 98.29 129 151
Ammonia Nitrogen (pg NH,- 131 2.95 4.75
N/L)
Nitrate + Nitrite (pg 1.08 L5 1.81
i lNoz"'NOz] - N/L)
__Total Phosphorus (g P/L) 9.36 12.21 14.5
L ight Extinction Coefficient (k 0.06 0.12 0.19
units)
HONAAR9IT\TOC\6.20 5-6 Appendix B
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TABLE 5-4
1993 . 1997 MONITORING PERIOD DATA
- |

Parameters Geometnc mean not to Not to exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent of ~ than two percent of

the time the time

0.445 0.83 J\
0275

' Chlorvqphy:llha(gg[L) ‘
Tubidity (NTU) B 015

0.39

1gee Table 5-1 footnote. k

In Tables 5-3 and 5-4, the results of the analyses were compared with the “marine criteria. » Noncompliances were observed
for chlotophyll—a for the “geometnc mean not to exceed the given value” mean criterion for both the one-year and five-year

analyses. Total Nitrogen exceeded the “geometric mean not to exceed the given value” criterion for 1997 only

5.4.2 CONTROL STATION RESULTS

The compliance methodology was also applled to the data collected from control stations HB-1, HB 6 and HB-7 during the
| 1997 momtormg year. The methodology was applied only for the parameters and time frames in which the monitoring at
the ZID[ZOM stations exceeded the “marine criteria” Results of the 1997 analyses are tabulated in Table 5-5. Results of
the analyses using five (5) years of control station data are tabulated in Table 5-6.

TABLE 5-5
1997 MONITORING YEAR DATA - Control Stations

Parameter Geometric mean not to ~ Not toexceed the Not to exceed the
exceed the given value given value more given value more
than ten percent of than two percent of

the time the time

Total Nitrogen (pg N/L) 180 225
HONAAR9T\TOC\6.20 | 5-1
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18ee Table 5-1 footnote.

. TABLE 5-6 ‘ _
1993 - 1997 MONITORING PERIOD DATA - Control Stations
Parameter ‘ Geometric meannotto Not to exceed the Not to exceed the
exceed the given value given value more given value mote
than ten percent of than two percent of
. ‘the*tirhe ' the time

1See Table 5-1 footnote.

The “geometric mean not to exceed the given value” criterion was exceeded for the one-year analysis for total nitrogen.

5.4.3 DISCUSSION

C

 Because the exceedance of total nitrogen were observed at the control stations, then the background levels are already high. \/

In the case for chlorophyll-a, there was no exceedance at the control stations for the one-year andfive-year analyses. This

could be due to the discharge of the Barbers Point Ocean Out:fa‘ll.‘ All other nutrient parameters did not exceed the marine

criteria,

HONAARINTOC\6.20 - 5-8
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

Al nearshore and offshore parameters were monitored during the 1997 monitoring year, as requlred by the Honouliuli
"WWTP 301(h) waiver permit. The dates for the 1997 monitoring events were February 11, April 9, July 17, and October

9,1997. All monitoring stations and protocols were unchanged from the previous monitoring year. See Figure 5-1, page

5-13, for the ocean monitoringsites. Compliance determination was based on measurements obtained by the City's Sea-

Bird, CTD Profiler. Measurements of pH, potential temperature, salinity, and dissolved oxygen were taken at one (1)

meter intervals for all four (4) nearshore stations and twelve (12) offshore stations during each monitoring event. The

data was then compared with conditions stated in the Honouliuli WWTP 301(h) waiver permit, sections B.2. and B.3,

_‘and the State Water Quahty Standards (WQS).

8.2 pH REQUIREMENT
* According to the State WQS and permit requirements, pH units shall not deviate more than 0.5 units from avalueof 8. 1

(7.6 < pH < 8.6) except at coastal locations where and when freshwater from stream, storm drain or groundwater

discharge may depress the pH to a minimum level of 7.0.

';There is no statistical compliance methodology for this requirement. In situ measurements were obtained and compared
with the above pH range; see Table 8-1. Never during the 1997 momtorlng year did the monitored pH value exceed this
requirement at any station or at any depth.

.. TABLES-1
1997 CTD Data
pH
Sarople ) n max | . | min
site )
HNI | 59 | 8.269 | 8.076
HN2 53 | st | 8.096
HN3 " .55 8.256 8.086
HN4 55 846 8.069
HZ 3 8256 | 8054
HMI 180 8.254 | 8.06
197 » §-1
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v : TABLE 8-1
1997 CTD Data

“  Sample n
} site
HM2 _m
HM3 419
HM4 283
__HBI 334
| MRz | 269
__HB3 341
HB4 - | 295
HB5 25
HB6 287
HB7 | 36

n = number of measurements taken -

8.3 TEMPERATURE REQUIREMENT

According to the State WQS and permit requirements, the receiving water temperature shall not vary more than one
degree Celsius (+1°C) from ambient conditions. '

 Because there is no specific Federal or State compliance methodology, the City has established its own methodology.
Potential temperature measurements were compared with the above temperature range condition. The ambient condition
was determined by averaging the potential temperature measurements at each depth from both reference stations (eg.,
HBI and HB7) for each monitoring event. This was then compared with the monitored potential temperature at each
offshore station. This process was repeated for subsequent monitoring events. Figures 8.1 - 8.4 illustrate the results of this
procedure. '

For the February 11 and July 17, 1997 monitoring events, portions of the receiving water temperature were above the
maxjmum temperature limit. First, the reported monthly average and daily maximum effluent temperatures for February
1997 were 26.75°C and 27.0°C, respectively. The reported monthly average and daily maximum effluent temperatures
for July 1997 were 28.00°C and 29.20°C, respectively. Given the current discharge configuration, it is possible for the

_ 191 . §-2 Appendix B
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)~

effluent to have discharge temperatures above the ambient conditions. Naturally, the receiving water temperature
decreases with depth. The exceedance of the maximum temperature occurred about the same depthas the outfall diffusers.
The discharge of treated wastewater may have caused the exceedance for the February and July 1997 monitoring period,
because the reported maximum and minimum effluent temperatures were above the receiving water temperatures.

For October 9, 1997, at the same depth as the outfall diffusers, i.e., approximately 60 meters, the actual minimum
temperature was below the minimum temperature limit of the receiving water (See Figure 8-4). This phenomena was not
caused by the discharge of treated wastewater because the temperature of the effluent was much higher than the receiving
water temperature. The monthly average effluent temperature forOctober was 28.16° C. The maximum temperature was -

28.80 °C. These temperatures are significantly above the ambient temperarure of above 23 °C at depths between 60 to
70 meters. ’ ' '

1997 8-3
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8.4. SALINITY REQUIREMENT ' ' ' (
According to the State WQS and permit requirements, the salinity shall not vary more than ten percent (10%) from PN
natural or seasonal changes considering hydrologic input and oceanographic factors.

" Because there is no specific Federal or State compliance methodology, the City has established its own methodology. For
a given monitoring event, in situ salinity measurements at each depth (SAL,) for each nearshore and offshore monitoring
station were compared with the average salinity (AVGSAL,) at each corresponding depth. The AVGSAL jateachdepth,
d, was obtained by averagingsalinity measurements from the two reference (or control) stations (e.g., HBland HBT7). The
salinity ratio at each depth was computed using the following equation:

salinity "ratio "=/"[1- (AVGSAL /SAL ,,)]”X”loo

This process was repeated throughout the depth range of the reference stations, for each monitoring event. Table 82
exhibits no percent deviation exceeding the 10% limit. - :

Table 8-2
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

Monitoring Salinity ratio Number of Sample

event . [%PAU] sample points ini - Standard
. | (n) i - Deviation

maximum minimum

February 11, 1997 0.10% -0.82% 586 -0. 0.11% -

April 9, 1997 0.19% 045% | 616 -0. .‘ 0.08%
July 17; 1997 _052% 0.65% 608 -0. 0.15%

October 9, 1997 04T% 078% | - e 004% | 0.13%

8.5 DISSOLVED OXYGEN REQUIREMENT

The State WQS and the Honouliuli WWTP 301(h) waiver permit require dlssolved oxygen to be not less than seventy-
five percent saturation, determined as a function of ambient water temperature and salinity. To determine the dissolved
oxygen concentration (DOy,ari0n) fOr given temperature and salinity, dissolved oxygen concentration tables” were used.
For each monitoring event, the maximum temperature, T, and salinity, Sal__,,, were used to obtain a DO uon:
Seventy five percent (75%) of DO,yrarior, Was used as the minimum concentration to determine compliance with the State
WQS and permit requirements. To show compliance, the minimum dissolved oxygen concentration (DO) for each -
monitoring event was compared against the corresponding DO, pi0n Compliance is satisfied when DO >.05x
DO Table 8-3 shows that compliance was attained.

saturation’

g

_ | | A
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Table 8-3
DO, rario Determination
Monitoring Maximum Maximum 75% DO, rmation. . Minimum measured
Event Measured Measured using maximum salinity Dissolved Oxygen
Temperature Salinity and temperature values Concentration

[d _olod] _{mgfl] [mg/l

February 11, 1997 24.764 35.0048 5.08 6.961

April9, 1997 25.6431 349545 501 6.834

July 17,1997 21.2781 35.0732 4.81 5.906 ‘
October 9, 1997 274692 35.1819 4.85 5.824 Jl

* Tschobanoglous, George and Schroeder,

1997

8-9

L
Edward; Water Quality. Addison-Wesley Public Company; February 1987.
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.~ CHAPTER5
NUTRIENT EVALUATION
5.1 INTRODUCTION

All nearshore and offshore parameters were monitored during the 1998 monitoring year to

demonstrate that receiving water limitations (Section B.2 and B.3) of the NPDES permit were not

" violated. The 1998, offshore monitoring dates were February 13, 'April 7, July 6, and October

22, 1998. All monitoring stations and protocols have not changed from the previous monitoring

year. See Figure 5-1 for the locations of all ocean monitoring locations.

The receiving waters of the Honouliuli WWTP are classified as "Class A" "Dry " "Open Coastal
Waters.” In part, the State Water Quality Standard (State WQS) states the following limits (see
Refererice 2, Appendix E), note the double-asterisked applies: | '

§11-54-06 Uses and specific criteria applicable to marine waters. (b) Open coastal waters. (3)
The following criteria are specific for open coastal waters: (Note that criteria for open coastal

wdte-rs differ, based on fresh water discharge).

TABLE 5-1

MARINE WATER CRITERIA
Parameter Geometric mean not Not to exceed Not to exceed.
' to exceed the given the given value the given value
value more than ten more than two .
v percent of the percent of the
time " time
Total Nitrogen (ug NIL) 150.00* - 250.00*  350.00*
110.00** 180.00** 250.00**
HONAAR98\Chapter5 - 5-1
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TABLE 5-1 - -

Parameter

Geometric mean not

to exceed the given

__—
e ———

MARINE WATER CRITERIA, continued

Not to exceed

the given value

Not to exceed

the given value

value more than ten more than two
percent of the percent of the
i time time
Ammonia Nitrogen (ug 3.50* 8.50* 15.00*
NH,N/L) 2.00%* . 5.00%* .. 9.00%*
Nitrate + Nitrite (ug 5.00%* 14.00* 25.00*

- [NO;+NO,] - N/L) 3.50%* 10.00** 20.00%*
Tot.?l“ Phosfhorus (ng 20. 00* 40.00* 60.00*
P/L) - 16.00** 30.00%* 45.00%*
’Light Extinction 0.20* 0.50* 0.85*
Coefficient (k units). . 0.10** 0.30** 0.55%%
Chlorophyll g (ug/L) 0.30* 0.90* 1 75%
o 0.15%* 0.50%* 1.00%*
Turbidity (NTU) 0.50% 1.25% 2.00*

- 0.20** 0.50** 1.00%* -

* "Wet" criteria apply when the open coastal waters receive more than three million gallons per

' day of fresh water discharge per shoreline mile.

** "Dry" criteria apply when the open coastal waters receive less than three million gallons per

day of fresh water discharge per shoreline mile.

! Light extinction coefficient (LEC) is only required Jor dischargers who have obtained a waiver

pursuant to Section 301 (h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251),

as amended, and are required by EPA to monitor it.

HONAARY8\ChapterS .
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Before cqmpliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural |

- détails must be defined. These include the methodology used to determine exceedences with each ( |
category (e.g., geometric mean, not to exceed 10% and not to exceed 2%), the selection o
ol - monitoring stations from which data were obtained and applied to determine compliance, the
depths from which data were gathéred, and the monitoring duration required for the compliance
methodology. These details were obtained from Reference 1 (see Appendix E) and permit

requirements that specify monitoring conditions.

’

5.2 METHODOLOGY
The methodology is based on the assumption that the data follows a log normal distribution.
Exceedences with the three compliance categories (e.g., geometric mean, not to-exceed 10% and

not to exceed 2 %) for any parameter is done by using a graphical method, or probability plots.

[ By adh?nng to the following' procedure, exceedences with any of the above State WQS nutrient

. limits can be determined: '

[_‘ a. Incolumn (1) of a work sheet, number the rows from 1 to n, where n is the number of data
- ‘ points to be used in the compliance determination. See Table 5-2 for a sample worksheet\/

H b.. List the data for a partlcular parameter (e.g., turbidity) as recelved in column (2). The data

should include all applicable stations in the monitoring program with samples taken no deeper
than 30 meters (because the State WQS were established from data taken no deeper than 30
- meters). Control station data should not be included in the analysis. Furthermore, the data

used should be taken over a time period of at least one year. The size of the data base should
exceed thirty (30) data points, or n > 30. Larger data bases are suggested to increase
statistical confidence. - »

Order the data in column (2) from smallest to largest into column 3).

d. Take the natural logarithms of the ordered data from column 3 and list in column (4). It

doesn't matter what type of logarithm is used provided consistency is maintained. The natural

logarithm is specified for consistency.

| | | C
HONAAR98\Chapters k 5-4 : . N
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e. Find the mean and sample standard deviation of the natural logarithm values in column (4).
- X Mean:
----- ‘ Sample standard deviation:

{' ‘. s;=Ji{(z,'—;)2/(n -1)

[" : ‘ where both summations go from I=1ton.

;.=E ln(x'_)/n

£ To calculate the geometric mean (or 50% value) concentration, take the antilog of the mean

natural logarithm value from step "e" above.

GM =

Multiply and divide the geometric mean value by the antilog of the sample standard deviation

{ frqm step "e" to define the concentrations associated with 84% and 16%, respectively.

H H

Zaae “OM *e'!
-
‘ Zi60 =GMle™
Plot these three points [(GM, 50%), (Zsux. 84%), and (Z ,4%,16%)] on Log-Probability paper.

A line drawn through the three points should be a straight line. Identify this line as the
calculated line. Plot the three points (or criteria for 50%, 90%, 98%) from the State WQS
for the parameter in question, connecting the poinis with a stfaight line. Identify the
resulting line as the standard line. Compare both lines. If the calculated line is entirely
below the standard line, the water quality parameters for the 50%, 90%, and 98% criteria

have not been exceeded. In other words, comparison of both lines is the method used to

determine exceedences with the standard, not an individual data point. From the calculated

{ line, determine the parameter values corresponding to the 90% and 98% probability. With
(-
I -
' HONAAR98\Chapter5 5-5
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L | the GM, Eoinpare these values with the appropriate State WQS criteria values for the

<
P

- parameter in question. ' - : . (
g. Plot all data points on Log-Probability paper, use the ranked data (column (3)) as the abscissz\\‘/
- : (y-axis) and the probability (column (5)) as the ordinate (x-axis). The purpose of plotting the
data is to validate the log normal distribution. If the plotted data points approximate the
- calculated line on Log-Probability paper, then the log normal distribution assumption is
verified. Other distributions may be applied; however, the assumption for this methodology

‘assumes (with corresponding verification by data plotting) a log normal distribution.

h.  If the plotted data confirms a log normal distribution, the results from step "f" above are
| valid. . ‘ : : ’ : ‘ -

i.  If the plotted data does not correspond to the calculated line (e.g. confirmation of the log -

normal distribution is not validated), several events could be occurring. There could be
something wrong with the data or another process may be occurring. Lastly, but not
né(‘:eSSarilS' finally, the process may not be log normal distributed, and therefore, compliance

cannot be determined.

-
I : | TABLE 5-2 —
~ SAMPLE WORKSHEET
I Listing of raw data as Data, x; ranking Logarithm of the | Probability
o received smallest to largest ranked data g (percent)
' 100*(I-%2)/n
{ _ _ [%] -
2 ¥, X, In(x,) (2-%)/n
. n Ya i Xn In(x,) (n-1%)/n
- where n = the number of data points. '
! -
. .
HONAARY8\ChapterS 5-6 N
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5.3 TEMPORAL AND SPATIAL CONSIDERATIONS _

The above analyses shall be done on an annual (calendar year) basis, using a minimum sample size
of roughly thirty data points. If thirty data points are not available during a given monitoring
year, the data obtained during the previous monitoring year shall be included in the compliance
data base. This procedure will be continued until a compliance data base of thirty or more data
points is achieved. An analyses which includes at least five (5) years of data shall also be done
at the same time as the annual analyses. The purpose of this analyses is to identify possible long
term impacts. The one (1) and five (5) yéar analyses constitute a cbmpliance ahalyses for the,
WQs.

Data, or sample results, obtained from samples collected from depths greater than 30 meters
(roughly 100 feet) should not be included in the methodology defined above because the State
WQS were developed from sample results taken from depths less than 30 meters.

In accordance with Section B.2 of the permit, data obtained from station(s) within the zone of

* initial dilution (ZID) and stations identified as "control" stations, shall not be included in the

methodology defined above. For turbidity and light extinction coefficient, LEC (Note: LEC is
a required parametér for NPDES 301(h) waiver permits), stations at and beyond the ZID shall be

_used; e.g., ZID stations only. For the other parameters such as ammonia nitrogen, total

phosphorus, etc., compliance with the State WQS shall include stations at or beyond the ZOM;
e.g., ZOM stations only.

A 'separate set of analyses shall be done using data from the control stations only. The same depth
and temporal guidelines shall be applied to the control station data. "The purpose of this analysis

is to compare background conditions to the conditions at the ZOM or ZID.

A noncompliant event results if any parameter above has exceeded the applicable limit of Table
5-1, accompanied by sufficient evidence that the exceedence is related to the discharge. Examples

of this evidence is a comparison of the ZOM/ZID station analysis with the control station analysis.

Exceedences attributable to the discharge should not be impacting the control stations.

HONAAR98\Chapter5 5-7
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r Furthermore, exceedences of one or more parameters should be associated with increases from
other parameters, which may or may not have exceeded applicable limits, if the discharge is the e

- (
[ cause of the exceedence. _ J
5.4 RESULTS

5.4.1 ZOM AND ZID STATION RESULTS
The compliance methodology, as presented above, was applied to the ZOM and ZID monitoring

data obtained during the 1998 monitoring year. Results of the 1998 monitoring year analyses are
tabulated in Table 5-3. Results of the analyses using five (5) years of data are tabulated in Table
5-4. | | | |

TABLE 5-3
_1998 MONITORING YEAR RESULTS

Parameter ' Geometric mean not Not to exceed Not to exceed

’ to exceed the given the given value the given value \j\w
i value ~ more than ten - more than two

percent of the percent of the

time time

Total Nitrogen (ug N/L)

Ammonia Nitrogen (ug
[‘ NH,-N/L)

Nitrate + Nitrite (ug
[NO,+NO,] - N/L)

Total Phosphorus (ug
P/L)

Coefficient (k units)

Il Light Extinction

HONAAR98\ChapterS - 5-8 ’ ),
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TABLE 5-3

1998 MONITORING YEAR RESULTS

ISee Tg\ble 5-1 foomote.

. Shaded cells indicate noncompliances

=

Parameter . Geometric mean not Not to exceed Not to exceed
to exceed the given the given value the given value
value more than ten more than two
percent of the percent of the
time time
Chlorophyll a (ug/L) 0.15 0.27 0.375 |
Turbidity NTU) 0.11 - 0.209 0.3

e ——

TABLE 54
1994 - 1998 MONITORING PERIOD DATA

Parameters

—

Geometric mean not

to exceed the given

Not to exceed

the given value

Not to exceed

the given value

value - more than ten more than two
percent pf the ‘ percent of the
time time
i Total Nitrogen (,ug N/L) : 101.18 165 220
Ammonia Nitrogen (ug 1.32 3 4.8
NH,-N/L)
| Nitrate + Nitrite (ug 1.03 1.29 1.4
. [NO,+NO,] - N/L)
Total Phosphorus (ug 9.27 12.5 15 |
P/L)
HONAARY8\Chapter5 5-9
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TABLE 5-4

1994 - 1998 MONITORING PERIOD DATA J\
~ Parameters Geometric mean not Not to exceed Not to exceed
to exceed the given the given value the givén value
value more than ten more than two
percent of the percent of the
time time
lngh’t Extinction 0.04 0.11 0.2
Coefficient (k units) '
l Chlorophyll a (ug/ll) 0.15 0.42 0.79
Turbidity (NTU) 0. 14_ 0.27 0.4

ISee Table 5-1 footnote.

M "

In Tables 5-3 and 54, the results of the analyses were compared with the “marine criteria.”

Noncompliances were observed for Total Nitrogen’s three criteria for 1998 only. Ammonia

'5.4.2 CONTROL STATION RESULTS

The compliance, methodblogy was also applied to the data collected from control stations HB-1,

Nitrogen was noricompliant in 1998 for all criteria except for “Geometric mean not to exceed the

- given value. There were no criteria exceedences for the five-year monitoring period data.

HB-6 and HB-7 during the 1998 monitoring year. The methodology was applied for all

parameters and time frames, but only the results at where the ZID/ZOM stations exceeded the

“marine crlterla are shown. Results of the 1998 analyses are tabulated in Table 5-5. Results of

the analyses using five (5) years of control station data are tabulated in Table 5-6.

HONAARG98\Chapter5
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-

1998 MONITORING YEAR DATA - Control Stations

Parameter

Total Nitrogen (ug N/L)

Ammonia Nitrogen
N/L)

Shaded cells indicate noncompliances.

A

{

j_——————————’.—_'__________—_—_—-—_————'

TABLE 5-5

Geometric mean not
to exceed the given

value

— —

Not to exceed
the given value
more than ten

percent of the

time

Not to exceed -
the given value
more than two
perceﬁf of the
time

. Parameter

TABLE 5-6

Geometric mean not
to exceed the given

value

1994 - 1998 MONITORING PERIOD DATA - Control Stations

Not to exceed
the given value
more than ten
percent of the
~ time

Not to exceed
the given value
more than two
percent of the

For 1998, all criteria were exceeded at the control stations for Total Nitrogen. None of the

exceeded for 1998. For the five-year study, all but the

Ammonia Nltrogen criteria were

“Geometric mean not to exceed the given value” criteria were exceeded for the control stations’

Total Nitrogen.

HONAAR98\Chapter5
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5.4.3 DISCUSSION

Because Total Nitrogen exceedences were observed at the control stations, it could be surmise <

—
that the background levels are already high. In the case for Ammonia Nitrogen, there were no

exceedences at the control stations for either the one-year or five-year analyses. The values for

- this parameter could possibly be attributed to the discharge of the Barbers Point Ocean Outfall in

1998. All other nutrient parameters did not exceed the marine criteria.

’

{
p
, -
HONAAR98\Chapter5s 5-12 S’
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

All nearshore and offshore parameters were monitored durmg the 1998 monitoring year, as
required by the Honouliuli WWTP 301(h) waiver permit. The dates for the 1998 monitoring
“events v(/ere February 12, April 7, .Tuly 6, and October 22, 1998. All monitoring .stations and
protocols were unchanged from the previous monitoring year. See Figure 5-1 for the ocean
monitoring sites. Compliance determination was based on measurements obtained by the City's
Sea-Bird, CTD Profiler. Measurements of pH, potential temperature, salinity, and dissolved
oxygen were taken at one (1) meter intervals for all four (4) nearshore stations and twelve (12)
offshore stations during each monitoring event. The data was then compared with conditions
stated m the Honouliuli WWTP 301(h) waiver permit, sections B.2. and B.3, and the State.Water
Quality Standards (WQS). |

8.2 pH REQUIREMENT

According to the State WQS and permit requirements, pH units shall not deviate more than 0 5
units from a value of 8.1 (7.6 < pH < 8.6) except at coastal locations where and when freshwater
from stream, storm drain or groundwater discharge may depress the pH to a minimum level of
7.0. . |

There is no statistical compliance'methodology for this requirement. In sitﬁ measurements were
obtained and compared with the above pH range; see Table 8-1. Never during the 1998

monitoring year did the monitored pH value exceed this requirement at any station or at any depth.

HONAAR98/Chapter8 - 8-1
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TABLE 8-1

Page 112 of 238

1998 CTD Data
'l
“ Sample n max min
site
“ ___HNI_ 45 8.399 8.253
B HN2 43 - 8.397 8251
~ HN3 43 8.397 8.244
|  HN4 44 8.397 8.21
HZ 245 8.397 8.179
__HMI 136 8.403 8.196
o 224 8.401 8.165 "
HM3 381 8.401 8.171 |
HM4 226 8.393 8.232 II
HB1 270 8.406 8.192 "
| HB2 231 8.401 8.17
HB3 275 8.401 8.197 "
HB4 244 8.394 8.212
HBS 222 8.385 8.179 "
HB6 229 8.396 8.235 "
HB7 255 | 8.406 8.244 "
n = number of measurements taken
HONAAR98/Chapter8 8-2
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8.3 TEMPERATURE REQU[REMENT ,
According to the State WQS and permlt requirements, the receiving water temperature shall not
vary more than one degree Celsius (+1°C) from ambient conditions.

Because there is no specific Federal or State compliance methodology, the City has established its
own methodology. Potential temperature measurements. were compared with the above
temperature range condition. The ambienr condition was determined by averaging the potential
temperature measurements at each depth from both reference stations (e.g., HB1 and HB7) for
each monitoring event. In the event there was only a temperature reading from a reference station
at a given depth, that reading was taken to be the ambient temperature The amblent temperature
was compared with the monitored potential temperature at each nearshore and offshore station.

This process was repeated for subsequent monitoring events. Figures 8.1 - 8.4 illustrate the

results of this procedure.

‘t

- For the October 22:, 1998 monitoring event, receiving water station HB4 temperature (24.6632°

C) was above the maximum temperature limit of 24.0672 °C at a depth of 63 meters. This.
maximum temperature was calculated from reference station HB1. The reported monthly average
and daily maximum effluent temperatures for October 1998 were 27.25°C and 28.0°C,
respectively. Given the current discharge configuration, it is possible for the effluent to have
discharge temperatures above the ambient conditions. Naturally, the receiving water temperature
decreases with depth. The exceedance of the maximum ternperature occurred about the same
depth (60.96 to 62.48 meters) as the outfall diffusers. The discharge of rreated wastewater may
have caused the exceedance for the February 1998 monitoring period, because: the reported

maximum and minimum effluent temperatures were above the receiving water temperatures.

For April 7 and July 6, 1998, at the same depth as the outfall diffusers, the minimum temperature
monitored at the receiving water monitoring stations was below the minimum temperature limit
of the receiving water (See Figures 8-2 and 8-3). Interes‘»tingly, at the same depth ranges, the
maximum temperature monitored on April 7, 1998 was below the minimum temperature limit

(See Figure 8-2). Nevertheless, this phenomena cannot be caused by the discharge of treated

HONAARY8/Chapter8 8§-3
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wastewater because the temperature of the effluent was much higher than the receiving water
temperature. The monthly average effluent temperature for April was 26.5°C. The maximum /

\
temperature was 27.0 °C. For July 1998, the monthly average and maximum effluent . b
- temperatures were 27.25°C and 27.50°C, respectively. These temperatures are above maximum

‘temperature monitored in the receiving waters at these depths.

(&

HONAAR9S/Chapter8 | 8-4 /
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8.4 SALINITY REQUIREMENT
According to the Stite WQS and permit requirements, the salinity shall not vary more than ten
percent (10%) from patural or seasonal changes considering hydrologic input and oceanographic

factors.

Becaﬁso thére is no specific Federal or State compliance methodology, the City has established its
own methodology. For a given monitoring evént, in situ salinity measur-enlents at each depth
(SAL, for each nearshore and offshore monitoring station were compared with the average
salinity (AVGSALd) at each corresponding depth. ‘The AVGSAL, at each depth, d, was obtained
by averaging salinity measurements from the two reference (or control) statioos (e.g., HB1 and
HB7). In the event at a given depth the salinify was measured at only one reference station, the
value was used as the AVGSAL,,. }The salinity ratio at each depth was:comi)uted using the
following equation: | . ' ' |
i Salinity ratio = [1-SAL/AVGSAL,] x 100
Thls process was repeated. throughout the depth range of the reference stations, _for each

monitoring event. Table 8-2 exhibits no percent deviation exceeding the 10% limit.

“ | | * Table 82 -
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS
Monitoring Salinity ratio Numberof |  Average " Sample
event (%] sample points ~ salinity Standard
(n) ratio Deviation
maximum minimum
February 12, 0.23% 0.0% 681 0.02% 0.03%
1998 | |
April7,1998 |  0.64% 0.0% 613 0.06% 0.08%
July 6, 1998 0.92% 0.0% 675 0.06% 0.08%
HONAAR98/Chapter8 8-9
Appendix B

Page 119 of 238



fﬁ - 7 « .~ . Table 8-2r o | ' ‘“ (

SALINITY MBASUREMENTS FOR GIVEN MONITORING EVENTS X _/
f™ Momtormg Sahmty ratio | Number of Average {  Sample
: event : [%] sample points salinity Standard
. § (n) ‘ ratio Deviation
r maximum minimum | ‘ '
[ October 22, 0.65% 0.0% 621 0.06%
B 1998 ) ]

8.5 DISSOLVED OXYGEN REQUIREMENT o
The State WQS and the Honouliuli WWTP 301 (h) waiver permit require dissolved oxygen to be

not less than seventy-five percent saturation, determined as a function of ambient water

[ ' temperature and salinity. To determine the dissolved oxygen concentration (DOsmm,o,,) for given

) temperature and salinity, d1ssolved oxygen concentratron tables” were used. For each momtormg

[ ) event, the maximum temperature, Tm, and salinity, Sal max Were used to obtain a DO snuraion
Seventy five percent (75 %) of DOyy,rarion was used as the minimum concentration to determm (

i compliance with the State WQS and permit requirements. To show compliance, the minimum

dissolved oxygen concentration (DO) for each monitoring event ‘was compared against the

corresponding DO, ...,. Compliance is satisfied when DO > .75 x DO,pyration-  Table 8-3 shows

that compliance was attained.

e

{ : ) H

~
\ S

HONAAR98/Chapter8 8-10 , _ N,
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1 /‘“\
K Table 8-3
. DO 0n Determination
Monitoring Maximum Maximum 75% DOqunaion Minimum
- ‘ Event Measured Measured using maximum measured
. ' Temperature Salinity salinity Dissolved
- [°Cl [o/00]) . and temperature Oxygen
_ ’ values [mg/1] Concentration
g February 12, 24.3297 35.1806 5.12 6.238
1998 '
% | \[ April 7, 1998 24.4404 35,2177 5.11
[ . July 6, 1998 25.5568 35.5037 5.0 5.808 J‘
,_ , 1 ‘
October 22, ) 26.2991 35.2976 4.95 5.623 \
1998

HONAARY8/Chapter8

L

* Tschobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public Company; February 1987.
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5.1 INTRODUCTION

CHAPTER 5
NUTRIENT EVALUATION

All offshore stations were monitored in 1999 to determine f the waters near the discharge of the Barbers Point Ocean Outfall

complied with the receiving water quality limitations (Part B, RECEIVING WATER LIMITATIONS), Sections 2 and 3:)
of the HWWTP 301 (h) NPDES permit and the Hewaift Administrative Rules (HAR), Chapter 11-54, State Water Quality

Standards. Water quality sampling at the offshore mot\itoring stations were performed on February 25, April 8, July 1 and

November 10, 1999. Al sampling protocols and locatlon of the water quality monitoring stations have not changed from

the previous calendat year. See Figure 5-1 for the location of all HWWTP's receiving water qualxty momtormg stations.

According HAR, Chapter 11-54, the recelvmg waters of the Honouliuli WWTP are classified as"Class A", "Dry" "Open
Coastal Waters " In part, the State Water Quahty Standard (State WQS) states the followmg limits (see Reference 2

Appendlx E) spec1ﬁed in Table 5 1

TABLE 5-1

MARINE WATER CRITERIA
Parameter Geometric mean not to Not to exceed the | Not to exceed the
exceed the given value given value more given value more
than ten percent than two percent
of the time - of the time
Total Nitrogen (ug N/L) 110.00 180.00 250.00
TABLE 5-1
MARINE WATER CRITERIA, continued
‘ : HONAARY9\Chapter5\6.26 5-1 .
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Parameter Geometric meannotto |, Not to exceed the * Not to exceed the (
exceed the given value - given value more given value more ‘ \-/
» than ten percent than two percent
- of the time . of the time
2.00 5.00 9.00

l’ Ammonia Nitrogen (ug
N H4’N / L)

“ Nitrate + Nitrite (ug
. [NO+NGO,]-NJ/L)

TotalPhbsphomS s (ug P/L)

"’Light Extinction
Coefficient (k unit.#)

__Chlorophyll g (uglL)

Turbidit ( NTU):

! Light extinction coefficient (LEC) is only requrred for dischargers who have obtamed a waiver pursuant
to Section 301(h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 125 1), as amended, e

and are required by EPA to monitor it. -

N

2 Acco'rdmg to Part B, Section 2, of the NPDES. Permit, the stated limits shall not be ekceeded beyond the

Zone of Initial Dilution.

HONAAR99\Chapter516.26
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Before compliance with the nutrient limits of Table 5-1 can be demonstrated, several procedural details must be defined.
These include the'methodology used to determine noncompliance with each WQS standard (i.e., geometric mean, not to (
exceed 10% of the time and not to exceed 2% of the time), the selection of monitoring stations from which data were -
obtained and épplied to determine compliance, the depths from which data were gathered, and the monitoring duration

required for the compliance methodology. These details wete obtained from Reference 1 (see Appendix E) and permit

requirements that specify monitoring conditions.

5.2 METHODOLOGY
The methodology is based on the assumption that the data follows a log normal distribution. Determining compliance with

the three limit categories for any water quality parameter is done by using a graphical method, or probability plots.

By adhering to the following procedure, compliance determination with any of the above State WQS nutrient limits can be

determined: ' L

a.  In column (1) of a work sheet, number the rows from 1 to n, where n is the number of data points to be used in the
compliance determination. See Table 5-2 for a sample worksheet. |

b.  List the data for a particular parameter (e.g., turbidity) as received in column (2). The data should include all Q ‘
applicable stations in the monitoring program with samples taken no deeper than 30 meters (because the State WQS B
were established from data taken no deeper than 30 me;ets). Control station data should not be included in the
analysis. Furthermore, the data used should be taken over a time period of at least one year. The size of the data base
should b¢ at least thirty (30) data points, or more. Larger data bases are suggested to increase statistical confidence.

¢.  Order the data in column (2) frqm.smaliest to largest into column (3).

d.  Take the natural logarithms of the ordered data from column 3 and list in qolumn (4): It doesn't matter what type of

logarithm is used provided consistency is maintained. The natural logarithm s specified for consistency.

e.  Find the mean and sample standard deviation of the natural logarithm values in column (4).

Mean:
z= E In(x)/n
Sample standard deviation: B
HONAAR99\Chapter5\6.26 5.4 ‘,,
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HONAAR99\Chapter5\6.26 5-5

s;=‘/z (zi—E)zl(n— 1)

where both summations go from i= 1 ton.

To calculate the geometric mean (or 50% value) concentration, take the antilog of the mean natural logarithm value

", Il

from step "e" above.

Multiply and d1v1de the geometric mean value by the antilog of the sample standard deviation from step "e" to define

the concentrations associated with 84% and 16%, respectxvely.

L/
284%—GM*8 :

Zi60= GMe*

Plot these three points [(GM, 50%), (Zg4x, 84%), and (Z,6%,16%)] on Log-Probability paper. A line drawn through
the three points should be a straight line. Identify this line as the calculated line. Plot the three points (or criteria
for 50%, 90%, 98%) from the State WQS for the parameter in question, connecting the points with a straight line. °
Identify the resultingvline as the standard line. Compare both lines. If the calculated line is entirely below the
standard line, the water quality paraméters for the 50%, 90%, and 98% criteria have not been exceeded. In other
words, comparison ofboth linesis the method used to determme compliance with the standard, notan individual data
point. From the calculated line, determine the parameter values correspondmg to the 90% and 98% probabxhty
With the GM, compare these values with the appropriate State WQS criteria values for the parameter in question.
Plot all data points on Log-Probability paper, use the ranked data (column (3)) as the abscissa (y-axis) and the
probability (column (5)) as the ordinate (x-axis), The purpose of plotting the data is to validate the log normal
distribution. Ifthe plotted data points approximate the calculated line on Log—Probébility paper, then thelog normal

distribution assumption is verified. Other distributions may be applied; however, the assumption for this methodology

_ assumes (with corresponding verification by data plotting) a log normal distribution.

If the plotted data confirms a log normal distribution, the results from step 'f" above are valid.
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i.  Iftheplotted data does not correspond to the calculated line (e.g. confirmation of the log normal distribution is not

validated), several events could be occurring. There could be something wrong with the data or another process may

C

be occurring, LaStly, but not necessarily finally, the process may not be log normal distributed, and therefore, ~—'

compliance cannot be determined.

. TABLE 5-2
SAMPLE WORKSHEET

[| - Listing of raw data as Data, x, ranking smallest to Logarithm of the i Probability

received » largest- ranked data (percent)
100¥%(I-%)/n
_[%]

(1-%)/n

(2-%)n

where n = the number of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

The above analyses shall be done on an annual (calendar year) basis, using a miriimum sample size’of raughly thirty data-

points. If thirty data points are not available during a given monitoring year, the data obtained during the previous
monitoring years shall be included in the compliance data base. This procedure will be continued until a compliance data
base of thirty or more data points is achieved. An analyses which include at least five (5) years of data shall also be done at
the same time as the annual analyses. The purpose of this analyses is to identify possnble long term impacts. The one (1) and

five (5) year analyses constitute a compliance analyses for the WQS.

For Turbidity and Light Extinction Coefﬁcient (LEC), stations at and beyond the ZID shall be used. Thus, the data used to
determine compliance with the WiQS were obtained from only theZIDstations, i.e., HB2, HB3, HB4 and HB5. For the other
parameters such as Ammonia Nitrogen, Total Nltrogen, Nitrate + Nitrite Nitrogen, Total Phosphorus, and Chlorophyll a,
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compliance with the State WQS shall include stations at or beyond the ZOM. In this case the monitoring data from only
the HWWTP ZOM stations, i, HML, HM2, M3 and HM4, were used.

A separate set of analyses was performed on the monitoring data from the control stations. The same depth and temporal

guidelines was applied to the control station data. The purpose of this analysis is to compare background water quality
conditions to the conditions at the ZOM/ZID boundary. '

A noncompliant event results if any water quality parameter above has exceeded the apphcable hmlts of Table 5 1 .
accompamed by sufficient ev1dence that the noncomphance is related to the dlscharge of the Barbers Point Ocean Outfall.
Examples of thisevidenceisa companson of the ZOM/ZID station ana1y51s thh the control station analysis. Noncomphance
,attnbutable to the discharge should not be 1mpactmg the conttol stations. Furthermore, noncompliance of one ot more

parameters should be assocxated w1th mcreases from other parameters, whlch may o may not have exceeded the apphcable “

limits, if the discharge is the cause of the exceedance.

5.4 RESULTS: -

5.4.1 ZOM AND ZID STATION RESULTS

The comphance methodology, as  presented above, was applied to the ZOM and ZID monitoring data obtained durmg the

1999 monitoring year. The graphical results are shown in Table 5-3. Results of the analyses using five (5) years of data are
tabulated in Table 54,

HONAAR99\Chapter5\6.26 : 5-1 .
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Parameter

TABLE 5-3 -

ONE-YEAR ANALYSES
_ZOM/ZID STATIONS

Geometric meannotto
exceed the given value

Nottoexceed the
given value more
than ten percent of

" Nottoexceedthe

given value more
than twopercent of

the time the time

Total Nitrogen . ‘ 240.0

Ammonia
Nitrogen (pg
NH.-N/I

Nitrate + Nitrite
(ug NO;+NO,|
- N/l

Phosphorus (ug

Extinction

Coefficient (k

Chlorophyll a
(ngfL)

Turbidity
(NTU)

1See Table 5-1 footnote.

Shaded cells indicate noncompliances

5.8 : _ N
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"TABLE 5-4
FIVE-YEAR ANALYSES
ZOM/ZID STATIONS

| E T
Parameters Geometric mean not to Notto exceed the Not to exceed the
exceed the given value given value more given value more
than ten percent of than twopercent of

the time the time
Total Nitrogen “ Result 97.8 144

-~ (hgNL)

Ammonia..

80.00

3.85.

Nitrogen (g

Nitrate + Nitrite

(ug INO;+NO,|

Total

Phosphorus (ug
» ‘ .

Extinction

Coefficient (k

Chlorophyll a |
(nglL)

Turbidity

(NTU)

~ lgee Table 5-1 footnote.

Thirty-two (32) data points were used for the one-year compliance determinationforall water quality parameters. In the five-

vear analyses, one hundred forty eight (148) data points were used for Nitrate + Nitrite Nitrogen, AmmoniaNitrogen and

HONAAR99\Chapter516.26
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Total Phosphorus anaiyses. One hunolred forty (140) data points were used for Total Nitrogen, one hundred thirtysix (136) ﬂ
data points for Turbidity and eighty (80) data points for LEC. ‘ (
Tables 5-3 and 5-4, shows that the WQS geometric mean limit for Chlorophyll a was exceeded for the one and five year

analyses. All three WQS limits for Ammonia Nltrogen was exceeded for the one- year analyses,

5.4. 2 CONTROL STATION RESULTS
The comphance methodology was also applied to the water quality data collected from the control stations HB-1'and HB-7.-

Like the ZOM/ZID analyses, compliance was determined for a one and five year period: Results of the one and five year

analyses are tabulated in Table 5-5 and 5-6, respectively.

R,
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TABLE 5-5
ONE-YEAR ANALYSES
CONTROL STATIONS
Parameter Geometric meannot to Not to exceed the Not toexceed the
: exceed the given value - given value more given value more

than twopercent of

TotalNitrogen

(ugN/L)

Ammonia
Nitrogen (pg

Nitrate +
Nitrite (ug

“Total
* Phosphorus (pg
vl

Chlorophylla
- (uGL) -

Turbidity
(NTU)

Shaded cells indicate noncompliances.
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TABLE 5-6 . <

FIVE-YEAR ANALYSES o
CONTROL STATIONS . ~
Parameter Geometric mean not to Nottoexceed the Nottoexceedthe
exceed the given value given value more given value more
' ‘ * thantenpercent of
Total result 89.8 139 182
Nitrogen (ug . ‘
NL) - limit
* Ammonia - result o 1.43 2.53 BE 3.6
Nitrogen (pg : B
NH. N/ limit 2.00. . 5.00 | 9.00
Nitrate + tesult 1.0 1.0 1.0
Nitrite (pg '
NDNO - i 380 10,00 2000
Total result 8,57 11.5 13.8 P
Phosphorus _ ' (‘\\7
39l limit _ 16.00 _30.00 4500 ),
Chlorophylla | _result 0.115 0.285 0505
(ng/L) '
i OJi Qéi : 1.00
Turbidity result 0.116 0232 0.353
(NTU) . .
' limit ' 0.20 ' 0.50 1.00
-
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In the one year analyses, data dating back to February 12, 1998 were needed fo gather at least rlﬁrty (30) data points to
maintain statistical confidence for Nitrate + Nitrite Nitrogen, Ammonia Nitrogen, Total Phosphorus, Turbidity and
Chlorophyll a (Each of these parameters contained thirty two (32) data points). For Total Nitrogen, thirty data points were
achievedby goingback to October 9, 1997. For LEC, thirty (30) data points were obtained by using data dating back to May
13, 1996.

For the five-year analyses, data from 1995 to 1999 was needed to obtain at least thirty data points. Fifty six (56) data poinfs

were gathered for Nitrate + Nitrite Nitrogen, Ammonia Nitrogen, Total Phosphorus and Turbidity. Fifty four (54), fifty two. - - |

(52) and forty (40) d ata pomts were used for the compliance determination analyses for Chlorophyll a, Total Nm'ogen, and
LEC, respectively. '

The WQS fot the one e and five year analyses were not exceeded by any of the water quality parametets at these two control

stations

5.4.3 DISCUSSION

T‘l'le one year statlsncal analyses applied to the ZOM/ZID momtonng data showed that the WQS was exceeded for the
Ammonia Nltrogen parameter; however, this was not so for the five year analyses. Thus, exceeding the WQS in this case
is due to a recent rather than an ongomg cause. The cause is not known at this time. On the other hand, exceeding the
Chlorophyll a parameter may be due to an ongoing cause since the WQS limit for this parameter was exceeded in the one

and five year analyses.

The WQS limits were not exceeded when using the monitoring data ﬁoﬁ the control stations. This indicates that perhaps
the discharge from the Barbers Point Ocean Outfall may be responsible for the limits to be exceeded for Ammonia Nitrogen

HONAARS9\Chapter5\6.26 - 5-13
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and Chlotophyll aparameters. Although the total nitrogen and ammonia nitrogen values were higher for the one year than

the five year analyses, total phosphorus, chlorophyll 3, and turbidity did not show a similar increase.

1

It is possible that the nutrient concentrations may be enhanced by the freshwater input of the receiving water. The water
quality limits are different for “wet” areas (receiving more than 3 mgd of freshwater discharge per shoreline mile) than for
“dry” areas. Based on hydrologic calculations, the receiving waters of the Barbers Point Outfall appear to be incorrectly

classified as a “dry” region. The City will therefore be requesting areclassification of the receiving waters from “dry” to “wet.”

'The “wet” limits for the Ammonia Nitrogen are 3.50, 8.50 and 15.00 ug/L for the “not to exceed
the geometric mean”, “not to exceed ten percent of the time,” and “ not to exceed ten percent of
the time” limits, respectively. The “wet” Chlorophyll g limits are 0.30, 0.90, and 1.75 ug/L,
respectively. Using these limits, the ZOM/ZID station analyses would be c‘ompliant-with the

standards for both the one and five year analyses.
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5.5 Summary

1. The Ammoma Nitrogen Water Quahty standard was exceeded at the ZOM for the geometric
mean, 10%, and 2 % criteria using about one year of data. The Chlorophyll a criteria was
exceeded at the ZOM for the geometric mean criteria using both one year and five years of
data. There wasno correspondmg exceeded limits at the two chosen control stations. Thus,

.the outfall could be a poss1b1e cause of these exceeded limits.

2. The receiving waters at the 7OM may be incorrectly classified, based on hydrologic
calculations. ' Using the water quality limits for the correct classification, all of the nument ;

limits would be met. The City will be requesting that the receiving waters be reclassified

correctly.

HONAARS9\Chapter5\6.26 | 5-15
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CHAPTER 8
| CHEMISTRY EVALUATION
8.1 INTRODUCTION

Physical/chemical measurements for pH, temperature, salinity, and dissolved oxygen were monitored quarterly during 1999

using the Sea-Bird CTD Profiler at nearshore, ZID, ZOM, and offshore stations. Measurements were taken at various
depths at one meter depth intervals. See Figure 5-1 fora map of the mpnitOtiﬁg-stations. The Honouliuli WWTP301(h)
waiver permit requires quarterly monitoring. Monitoring dates wereAFeb‘ruary 25, April 8, July 1, and November 10, 1999.
For July 1, sampling was done in the momning , but errors in the dissolved oxygen readings for station HN4 mandated

resampling in the afternoon at all nearshore stations.

All monitoring stations and protocols were unchanged from the previous monitoring year. The monitoring data was
compared with the Water Quality criteria stated in the Honouliuli WWTP 301(h) waiver permit, sections B.2. and B.3,
and the State Water Quality Standards (WQS).

8.2 pH REQUIREMENT

According to the State WQS and permit requirements, pH units shall not deviate more than 0.5 units from a value of 8.1

(7.6 < pH < 8.6) except at coastal locations where and when freshwater from stream, storm drain or groundwater

' discharge may depress the pH to a minimum level of 7.0.

To determine compliance, in situ measurements of the ocean water were compared with the above pH range. Throughout
1999, all measured pH values at all stations and depths fell within the allowable range. See Table 8-1 for the maximum

and minium pH'’s measured at each station.

" HONAAR99\ Chapter8 | 8-1 Appendix B
Page 138 of 238

A



TABLE 8-1 '

1999 CTD pH Data
: H
Sample number of .
measurements : C min
59 8104 8280 “ |
54 s | wm
59 ) so8 | 86T
2 | 8.100 8
253 g8l Y
1 8078 s
232 8081 8.245
394 8,083 8.255
230 8,092 8.261
264 8.084 8.240
231 8.081 | 8.250
% | - 8088 | 8.251
252 8083 824
26 8.080 8.246
234 80%9 8.269
264 8.103 8281
8.3 TEMPERATURE REQUIREMENT
HONAAR99\Chapter8 8-2 . Appendix B
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According to the State WQS and permit requirements, the receiving water temperature shall not vary more than one

degree Celsius (+1°C) from ambient conditions.

Because there is no specific Federal or State compliance methodology, the City has established its own methodology.
Potential temperature measurements were compared with the above temperature range conditioh. The ambient condition
was determined by averaging the potential temperature rheasurements at each depth from both reference stations (e.g.,
HB1 and HBT) %or each monitoring event. In the event there was only a temperature reading from one reference station
at a given depfh, that reading was taken to be the ambient temperature. At each depth, the ambient temperature was
compared with the monitored potential temperature at each nearshore and offshore station at the same depth. Some
offshore stations were deeper than the control stations. Potential temperatures at elevations lower than the bottom of the
con&ol stations (66 meters) had no ambiant values to be compared to. Figures 8.1 - 8.4 are the graphs of (1) the derived
ambiant témpetature linits from the control stations, and (2) the maximum and minimum temperatures monitored at each

depth from among the other stations’ data.
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The graphs show that all measured temperature met the WQS limits except on July 1, 1999 fromfifty four (54) to sixty
six (66) meters deep (See Figure 8-3). Both the minimum and the maximum potential‘ temperatures at those depths on

that date were greater than the ambiant derived maximum temperature limit.

The range of depths measured at all of the stations for the July 1,199 monitoring event are provided in Table ’8—2. Table
8-3 provides the depths and corresponding temperature limits for July 1,199, and the stations “thich exceeded the limits
. All stations at the Zone of Initial Dilution (i.e., HB2 to HB5), Zone of Mixing (i.e., HM1 to HM4) and on the diffuser
(i.e., HZ) and at the near field (HB6) had temﬁerature data which exceeded the maximum tempetature limit at those
depths; except for HM—I, which did not reach those depths.

A review of the graphs indicates that for July, startitlg at a depth of 39 meters, the ambiant temperature dropped rapidly
as depth increased. A similar rapid drop with depth is not seen with the other sampling dates. The difference between

the highest ambiant water quahty temperature limit (at shallow depths) and the lowest amblant watet quahty temperature
limit (at deeper depths) was about 3° C for ]uly This is compated to differences of about 0.3 to 1.4 ° C for the other three

sampling dates.

Table 8-4 compares the temperatures of the HWWTP effluent with the approximate lowest maximum water quality
temperature limits for each date. The table indicates that the temperature difference between the lowest water quality
limit and the effluent was greatest for the July sampling, compared to the other three sampling dates. The reason is that
the effluent temperature was higher than the effluent temperature on the other three dates, while the lowest maximum

temperature limit was lower than the limits on the other three dates.

A temperature plot of station HZ (located at approximately midpoint of the diffuser pipe) shows that temperatures were

above all the ZID stations from 59 to 65 meters deep on the July samplng date (See Figure 8-5). This indicates that at

| depths 54 to 58, where HB3 and HB4 temperatures were higher than HZ, the exceeded ambiant limits may be due to other

causes such as differences in heating near the surface between these stations and the ambiant reference stations. Another

possibility is that the effluent plume dispersion somehow affected stations HB3 and HB4 more than station HZ. Thie latter
is possible, but would be less likely if discharge was occurring evenly from all diffuser ports.

HONAAR99\Chapter8 : §-8 '
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In summary, based on the methodology outlined, the Water Quality Limit was exceeded at the ZID and ZOM stations for
one sampling date. Further investigation would be neéded to determine the extent and reasons for the noncompliance.
The effluent discharge, with temperatures higher than the receiving waters, would be a contributing factor; however,

limits were not exceeded on other sampling days.

- TABLE 8-2
Monitored Ranged of Depths Monitored at Station
Monitoring date: July 1, 1999
Receiving Water Monitoring Stations Maximum Monitored Depﬁh (meters)
HBI (reference station) | : 1to 65
HBY7 (reference stat‘ion) g - 1t066,
HB2 (ZID station) . 1w
HB3 (ZID station) L1075
HB4 (ZID station) ' 1to 63
HB5 (ZID station) 1t057
HM1 (ZOM statlon) ' 1t043
'HM2 (ZOM station) | 11058
HM3 (ZOM station) 10103
HM# (ZOM station) | 15
HZ (station above the diffuser) o : 1to65
HNI1 (nearshore station) _ | 1lwoll
HN2 (nearshore station) | lwll
“HN3 (nearshore station) | o lto12
HN4 (nearshore station) ' lo?
HB6 (stétion southwest of diffuser) 1059
HNI1 (nearshore station) .o monitoring 1010
HN?2 (nearshore stafion) - 2™ monitoring ltoll
HN3 (nearshore station) - 2™ monitoring 1tol2
HN4 (nearshore station) - 24 monitoring ' | ltoll
HONAAR99\Chapter8 . 8-9 Appendix B
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TABLE 8.3

Receiving Water Monitoring Stations That Exceeded the Ambient

Temperature Limit on July 1, 1999

Depth Maximum temperature limit [ambiant | Stations exceeding the

(meters) | plus1°C] maximum temperature

(C) limit

54 25.12325 - | HB3 and HM4

55 24.82675 HB3, HB4, HB6 and HM4

56 24.48345 HB2, HB3, HB4, HBS,
HB6, HM2, HZ, HM3 and
HM4 '

57 24.29155 HB2, HB3, HB4, HB5,
HB6, HM2, HM3, HM4
and HZ

58 242177 HB2, HB3, HB4, HB6,
HM2, HM3 and HZ

59 24.17295 HB2, HB3, HB4, HB6,
HM3 and HZ

60 24.14805 HB3, HB4, HM3 and HZ

61 2409185 HB3, HB4, HM3 and HZ

62 24.06345 HB3, HB4, HM3 and HZ

63 24.0439 "| HB3, HB4, HM3 and HZ

64 24.0376 | HB3, HM3,HZ

65 24.02635 HB3, HM3 and HZ

66 23.8948 HB3 and HM3

- : TABLE 8-4
Honouliuli WWTP Effluent Temperature
Monitoring Efﬂuent Lowest maximum water Difference in temperature
Date Temperature quality temperature limit between effluent & WQ
| CC) (C) _| limit (°C)
HONAAR99\Chapter8 §-11
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02/24/99 26.00 21
02/25/99 25.50 239 16
022619 {2600 21
04/07/99 26.00 19
04/08/00 26.00 241 19
04/09/00 2600 ﬂ 19

11/9/99 21.00 : 16

11/10/00 26.00 254 0.6

11/11/00 28.00 26
HONAm\cmpcers §-12
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8.4 SALINITY REQUIREMENT
According to the State WQS and permit requirements, the salinity shall not vary more than ten percent (10%) from

natural or seasonal changes considering hydrologic input and oceanographic factors.

Because there is no specific Federal or State compliance meth‘odology, the City has established its own methodology. For
a glven monitoting event, in situ salinity measurements at each depth (SAL,) for each nearshore and offshore monitoring
station were compared with the average salinity (AVGSAL,) at each corresponding depth. The AVGSAL, at eachdepth,
d, was obtained by averaging salinity measurements from the two reference stations (i.e, HB1 and HBT). In the eventat
a given depth the salinity was measured at only one reference station, the value was used as the AVGSAL,, As with the
potential temperature analysis, compliance determmatxon for some of the salinity measurements at the offshore monitoring
stations could not be performed for depths greater than the depths monitored at the reference stations. The sahmty ratio

at each depth was computed using the following equation:

Salinity ratio = ABS[1-SAL/AVGSAL ] x 100

This process was repeated throughout the depth range of the reference stations, for each monitoringevent. Table 8-6

indicates that the measured salinities did not vary more than 10% from the control stations’ salinity.

Table 86
SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

Monitoring Salinity ratio Number of Average Standard

event %) sample points salinity ~ Deviation
(n) ratio
February 25, 1999 0.55% 0.0% . 638 - 0.07% 0.08%
I April 8, 199 0.82% 0.0% 612 0.08% 0.08% .
July 1, 199 0.93% 0.0% 668 0.23% 0.16%
November 10, 0.29% 0.0% 650 0.08% 0.06%
1999 L 1 |
HONAAR99\Chapter8 8-14
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8.5 DISSOLVED OXYGEN REQUIREMENT . C
The State WQS and the Honouliuli WWTP 301(h) waiver permit require dissolved oxygen to be not less than seventy- ./ \
five percent saturation, determined as a function of ambient water temperature and salinity. To determine the dissolved
oXygen concentration (DOs;mﬁon) for given temperature and salinity, dissolved oxygen concentration ;ables' were used.
For each monitoring event; the maximum temperature, T, and salinity, Sal__,,, were used to obtain a DO rziion:
Seventyfive percent(75%) of DO, z¢ion WS Used as the minimum concentration to determine compliance with the State
WQS and permit requirements. To show compliance, the minimum dissolved oxygen concentration (DO) among the
nearshore and offshore monitoringstations for each monitoﬁng event was compared against the corresponding DO, rarion:

Compliance is satisfied when DO > .75 % DOy pyration- Table 8-7 shows that compliance was attained.

(.

| (
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Table 8-7

DO, i, Determination
Monitoring Maximum Maximum 75% DO,puration Minimum measured
Event Measured Measured using maximum salinity Dissolved Oxygen
Temperature Salinity and temperature values Concentration
rd [ofoo] [mg/l _{mg/]
February 25, 1999 23.8484 352628 |- 5.159 ~ 6.10305
April 8, 1999 23.621 35.1796 ' 5181 6.09645
July 1, 1999 25.818 35.1671 4.990 - 6.04195
October 10, 1999 25.5578 35.2861 5.009 5.9276

* Tschobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public Company; February 1987. .

8.6 SUMMARY

1. Based on the methodology used, the Water Quality Standards were met for pH, salinity, and dissolved oxygen at
the ZID, and ZOM, diffuser, nearfield, and nearshore stations.

2. The Water Quality Standards were not met for maximum temperature during one sampling event for dlffuset,ZlD
70M and nearfield stations at depths 54 meters and greater. The effluent is a likely contributor due to its higher
temperature than the receiving water; however, it did not create a noncompliance during three other samplmg
events. The data indicates other factors or environmental conditions may also be involved. Furtheri mvestlgatxon
would be needed to determine the extent and reasons for the noncompliance.

3. Noambiant reference temperatures or salinity could be determined for depths greater than 66 meters under the
present methodology. HB3 and HMS3 stations had depths greater than 66 meters which were not compared to

Water Quality limits for temperature or salinity.

HONAAR99\ Chapter8 §8-16
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CHAPTER 5
NUTRIENT EVALUATION

5.1 INTRODUCTION

All offshore stations were monitored in 2000 to determine if the water quality near the discharge of the Barbers Point Ocean
Outfall complied with the receiving water quality limitations (Part B, RECEIVING WATER LIMITATIONS), Sections 2
and 3) of the HWWTP 301 (h) NPDES pérmit and the Hawaii Administrative Rules (HAR), Chapter 1 1‘54,! State Water
Quality Standards. Watet quality sampling at the offshore monitoring stations were performed on Februaty 8, April 20;

 August 30 and October 11, 2000. All sampling protocols and location of the water quality monitoring stations have not

changed from the previous calendar year. However, we have decided to consider HB-6 as a reference station instead of a
monitoring stations (as we did last year). This decision was based onalack of a diffuser-proximity pattern in the monitoring

data. See Figure 5-1 for the location of all HWWTP's receiving water quality monitoring stations.

The Hawaii State Water Quality Standards designﬁtes different standards for Open Coastal Waters depending upon whether
area is considered “wet” or “dry.” The"wet” criteria applies when the waters receive more than-3 million galloné per day of
freshwater per shoreline mile. In 2000, ENV revie“;ed the hydrologic information of freshwater being discharged to Open
Coastal Waters frofn Barbers Point to Pear] Harbor. ENV concluded that the proper designation for the subject waters should
be the “wet” critéria. ENV held a Public Hearing on the conclusion and submitted the report to independent hydologists
forreview. Byletter dated December 11, 2000, the State Department of Health concurred that the subject waters would come
under the “wet” criteria. This chaper will therefore analyze the receiving water quality using the “wet” criteria. Previous
énalyses in the Annual Assessment Reports had been based on the “dry” criteria. |

According HAR, Chapter 11-54, the receiving waters of the Honouliuli WWTP are classified as "Class A", "Wet", "Open
Coastal Waters." In part, the State Water Quality Standard (State WQS) states the following limits (see Reference 2,
Appendix E) specified in Table 5-1: '

TABLE 5-1
MARINE WATER CRITERIA

HONAAROO\Chapter5\6.26 ' 5.1
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Parameter Geometricmeannotto | Not to exceed the Not to exceed the ( ~
exceed the given value given value more given value more -
than ten percent than two percent : \/
of the time of the time A
Total Nitrogen 150.00 250.00 - 350.00 ‘l
(ugN/L)
Ammonia Nitrogen (ug 350 850 | 1500
NHNL) |
Nitrate + Nitrite (ug 500 14.00
_[NO+NO,] - NJL) _
Total Phosphorus (ug P[L) 20.00 40.00
Light Extinction - 0.20 0.50
Coefficient (k units)
Chlorophyll g (ug/L) ' 0.30 0.90
Turbidity (NTU)z 050 . | 125

(

! Light extmctton coefficient (LEC) is only required for dzscharge'rs who have obtained a waiver pursuant .
to Section 301 (h) of the Federal Water Pollutton Control Act of 1972 (33U.8.C. 1251), as amended

and are reqmred by EPA to monitor it.

2 According to Part B, Section 2, of the NPDES Pe‘rrmt the stated limits shall not be exceeded beyond the

Zone of Initial Dilution. '

\

p—
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Before compliance with the nutrient limits of Table 5-1 can be demonstratéd, several procedural details must be defined.
These include the methodology used to determine noncompliance with each WQS standard (i.e., geometric mean, not to (
exceed 10% of the time and not to exceed 2% of the time), the selection of monitoring stations from which data were \_~/
obtained and applied to determine compliance, the depths from which data were gathered, and the monitoring duration
required for the compliance methodology. These details were obtained from Reference 1 (see Appendlx E) and permit

requirements that specify monitoring conditions.

5.2 METHODOLOGY | '
The methodology is based on the assumption that the data follows alog normal distribution. Detérm'ming compliance with

the three limit categories for any water quality parameter is done by using a graphical method, or probability plots.

By adhéring to the following procedure, compliance détermination with any of the above State WQS nutrient limits can be

determined: |

a. In column (1) of a work sheet, number the rows from 1 to n, where n is the number of data points to be used in the
compliance determination. See Table 5-2 for a sample worksheet. ,

b.  List th e data for a particular paraméter (e.g., turbidity) as received in column (2). The data should include all Q
applicable stations in the monitoring program with samples taken no deeper than 30 meters (because the State WQS
were established from data taken no deeper than 30 meters). Control station data should not be included in the
analysis. Furthermore, the déta used should be taken over a time period of at least one year. The size of the data base
should be at least thirty (30) data points, or more. Larger data bases are suggested to increase statistical confidence.

c. Order the data i in column (2) from smallest to largest into column (3).
d  Take the natutal logarithms of the ordered data from column 3 and list in column (4). It doesn t matter what type

. of logarithm is used provided consistency is maintained. The natural loganthm is specified for consistency.

e.  Find the mean and sample standard deviation of the natural logarithm values in column (4).
Mean:
z= Z In(x)/n
Sample standard deviation:
(
‘ N
HONAAROO\ChapterS\6.26 | 5-4 ‘ —
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s——\/z (2,2 2/(n 1)

where both summations go from i = 1 ton.

To calculate the geometric mean (or 50% value) concentration, take the antilog of the mean natural logarithm value

" Il

from step "e" above.

GM-e’

Multlply and d1v1de the geometric mean value by the antllog of the sample standard deviation from step "e" to define

the concentrations associated with 84% and 16%, respectively.

S,
284%=GM*e *

Zy 60 = GMle™

Plot these three points [(GM, 50%), (Zgse, 84%), and (Z;¢,,16%)] on Log-Probability paper. A line drawn through
the three points should be a straight line. Identnfy this line as the calculated line. Plot the three pomts (or criteria
for 50%, 90%, 98%) from the State WQS for the parameter in question, connecting the points with a straight line.
Identify the resulting line as the standard line. Compare both lines. If the calculated line is entirely below the
standard line, the water quality parameters for the 50%, 90%, and 98% citeria have not been exceeded. In other
words, comparison of both Lines is the method used to determine compliance Widi the standard, notan individual data
point. From the calculated line, determine the parameter values corresponding to the 90% and 98% probability.
With the GM, compare these values with the apbropriate State WQS criteria values for the parameterin question.
Plot all data points on Log-Probability paper, use the ranked data (column (3)) as the abscissa (y-axis) and the
probability (column (5)) as the ordinate (x-axis). The purpose of plotting the data is to validate the log normal

distribution. If the plotted data points approximate the calculated line on Log- PtObabllltY paper, then the log

normal distribution assumption is verified. Other distributions may be applied; however, the assumption for this
methodology assumes (with corresponding verification by data plotting) a log normal distribution.

If the plotted data confirms a log normal distribution, the results from step "f' above are valid.
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i If the plotted data does not correspond to the calculated line (e.g. confirmation of the log normal distribution is not
validated), several events could be occurring. There could be something wrohg with the data or another process may
be occurring, Las_tly, but not necessarily finally, the process may not be log normal distributed, and therefore,

compliance cannot be determined.

TABLE 5-2
SAMPLE WORKSHEET

#
\I..isting of raw data as Data, x, ranking smallest to Logarithm»of the Probability
» received. B largest 'ranked data - . -(percent)
100%(I-%)/n
[%]
Vi X In(x;) (1-%)n
Y, | X In(x,) | @)

wheren = the'nﬁmber of data points.

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

The above analyses shall be done on an annual (ca[éﬁdar year) basis, using a minimum sample size of roughly thirty data
points. If thirty data points are noé available during a given monitéring year, the data obtained during the previous
monitoring years shall be included in the.covmpli_ance data base. This procedure will be continued until a compliance data
- base of thirty or more data points is achieved. An analyseé.which include at least five (5) years of data shall also be done at
the same time as the annual analyses. Thé purpose of this analyses is to identify possible long term impacts. The one (1) and

five (5) year analyses constitute a compliance analyses for the WQS.

For Tutbidity and Light Extinction Coefficient (LEC), stations at and beyond the ZID shall be used. Thus, the data used to
determine compliance with the W(QS were obtained from only the ZID stations, i.e., HB2, HB3, HB4 and HB5. For the other
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parameters such as Ammonia Nitrogen, Total Nitrogen, Nitrate + Nitrite Nitrogen, Total Phosphorus, and Chlorophyll a,
compliance with the State WQS shall include stations at or beyond the ZOM. In this case the monitoring data from only
the HWWTP ZOM stations, i.e., HMI, HM2, HM3 and HM4, were used.

A separate set of analyses was performed on the monitoring data from the control stations. The same depth and temporal
guidelines was applied to the control station data. The purpose of this analysis is to compare background water quality
conditions to the conditions at the ZOM/ZID boundary. |

A noncompliént event résults if any water quality parameter above has exceeded the applicable limits of Table 5-1,
accompanied by sufficient evidence that the noncompliance is related to the discha:ge of the Barbers Point Ocean Outfall.
Examples of this evidence isa comparison of the 7OM/ZID station analysis with the control station analysis. Noncompliance
attributable to the discharge should not be impacting the control stations. Furthermore, noncompliance of one or more
nutrient parameters should be associated with increases from other paxameters, which may or may not have exceeded the.

applicable limits, if the discharge is the cause of the exceedance.y

5.4 RESULTS

5.4.1 ZOM AND ZID STATION RESULTS |
The compliance methodology, as presented above, was applied to the ZOM and ZID monitoring data obtained during the

2000 monitoring year. The statistical results are shown in Table 5.3. Results of the analyses using five (5) years of data are
tabulated in Table 5-4.

HONAARQO\Chapter5\6.26 . 5.1
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TABLE 5-3

ONE-YEAR ANALYSES
ZOM/ZID STATIONS
Parameter Geametric mean not to Not to exceed the Not to exceed the
exceed the given value given value more than given value more
- ten percent of the than two percent of
time . . the time
Total Nitrogen _Result 92.3 120 140
(ngN/L) , : o
: 150.00 250.00 ’ 350,00
Ammonia Result 159 35 5.7
Nitrogen (pg . _
N/L 3.50 8.50 15.00
Nitrate + Nitrite Result 1.02 1.2 1.31
(ng [NO3+N02] ' '
-NL) Limit 5.00 14.00 25.00
Total Result 5.3 12 8.6
Phosphorus (pg ;
PL) Limit _20.00 40.00 60.00
'Light Result -0.062 . 0.064 - 0.066
Extinction - ' —
Coefficient (k I[ Limit 020 050 085
nits) “ : ’
Chlorophyll a Result 012 0.189 0.25
(nglL) ‘
Limit 0.30 0.90 L.75
Turbidity { Result 0.134 0.272 0.43
(NTU) -
I Limit 0.50 1.25 2.00
1See Table 5-1 footnote
} 5-8
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TABLE 5-4

FIVE-YEAR ANALYSES
ZOM/ZID STATIONS
Parameters Geometric mean not to i\lot toexceed the Not to exceed the
8 exceed the given value given value more given value more
than ten percent of than twopercent of
L ~_the time the time
[ Total Nitrogen 96.5 143 182 J‘
| (igNL) '
. ' 150.00 250.00 350.00
. Ammonia 1.7 4.3 1.6
Nitrogen (pg o ’
NH,NL 3.50 8.50 15.00
Nitrate + Nitrite 103 121 s
(ng INO;+NO,] ,
-N ‘ Limit 5.00 14.00 25.00
Totl Result 802 12.2 155
Phosphorus (pg '
PIL) Limit __20.00 ‘ 40.00 60.00 a B
'Light Result 0.084 0.205 0.35
Extinction -
Coefficient (k Limit 0.20 050 0.85
units)
Chlorophyll 2 Resilt 0.152. 034. 0.56
(nglL) _
Limit 0.30 090 L1
Turbidity Result 0.133 0.272 0.42
(NTU) JI
Limit 0.50 1.25 0

1See Table 5-1 footnote.

With the exception of the Light Extinct Coefficient (LEC), thirty-two (32) data points, which represented year 2000, were

used for the one-year compliance determination for all water quality parameters. The monitoring data for year 1999 had to

be included for the LEC analysis in order to obtain at least thirty (30) data points. In the five-year analyses, which covered

HONAAROO\Chapter5\6.26
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from 1996 to 2000,' one hundred fifty-two (152) data points were used for Nitrate + Nitrite Nitrogen, Ammonia Nitrogen, =
Total Phosphorus and Chlorophyll 2 analyses. One hundred forty-four (144) data points were used for Total Nitrogen and < _
Turbidity, and eighty (80) data points for LEC. - - o

Tables 5-3 and 5-4, shows statistically that the compliance determination for one and five years of monitoring data did not.

exceed the WQS for all water quality parameters.

5.4.2 CONTROL STATION RESULTS

The compliance methodology was also applied to the water quality data collected ftom the control stations HB-1, HB-6 and
HB-7. Like the ZOM/ZID analyses, comphance was determined for a one and ﬁve year period. Results of the one and five:
year analyses are tabulated in Table 5-5 and 5-6, respectively.
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TABLE 5-5
ONE-YEAR ANALYSES
. __CONTROL STATIONS _
5 ——— ; .
Parameter Geometric mean not to Not toexceed the Not toexceed the
exceed the given value given value more given value more
than ten percent of than twopercent of
* Total Nitrogen result ‘ ;
-~ (ugNIL) o " )
- limit 150.00 _250.00 —350.00
. Ammonia 1.5 26 365
. Nitrogen (ng
‘NH,-N 3.50 8._52_ 15.00
Nirate + " 1 1 1
“ Nitrite (pg ’
INONOJ- ‘[ limit 500 1400 25.00
Total “ reult 5.16 65 14
Phosphorus (pg Fr
PL) _limit __20.00 : 40.00 . 60.00
_ Chlorophyll a result 0.118 0.198 0.27
limit 0.30 0.9
Turbidity - tesult - 0145 0.29
(NTU) |
limit 0.50 1.25
LEC result 0.053 0.068
limit 0.20 . 050
Shaded cells indicate noncompliances.
HONAARQQ\Chapter5\6.26 5-11
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TABLE 5-6 - (

FIVE-YEAR ANALYSES .
: 'CONTROL STATIONS : Ny
Parameter - Geometric meannot to .. Not to exceed the Not toexceed the
‘ exceed thegivenvalue | given value more given value more
than ten percent of than twopercent of
Total . tesult 89.3 : 133 170 \ -
Nitrogen (pg » ' _ J'
N/L) 150.00 250.00 350.00 :
Ammonia 1.55 3.1 . 47 |
Nitrogen (pg ' '
20 350 _850.
Nitrate + 1 1
~ Nitite (ng v
5.00 14.00
Total 15 115
Phosphorus '
: S 20.00 40.00
Chlorophylla result - 0115 0.258
(nglL) |r |
limit - ' 030 0.90
Turbidity ' result 0.118 024
(NTU) , .
: : limit , . 050 1.25
LEC" result 0.074 0.158
lme | 20 0.50

LN

. 5 ‘ i
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In the one year analyses, data dating back to November 10, 1999 were needed to gather at least thirty (30) data points to

. maintain the statistical confidence for Nitrate + Nitrite Nitrogen, Ammonia N itrogen, Total Nitrogen, Total Phosphorus,

Turbidity and Chlorophyll a. For LEC, thirty data points were achieved by going back to July 6, 1998.

For the five-year analyses, data from 1996 to 2000 was used. One hundred four (104) data points were gathered for Nitrate
+ Nitrite Nitrogen, Ammonia Nitrogen, Total Phosphorus, Turbidity and Chlorophyll a. Ninety eight (98) and sixty (60)

data points were used for the compliance determination analyses for Total Nitrogen and LEC, respectively.

The WQS for the one and five year analyses were not exceeded by any of the water quality parameters at the control stations.

543 DISCUSSION AND SUMMARY

The one year and five years statistical analyses applied to the ZOM/ZID monitoring data showed that the WQS was not
exceeded for all water quality parameters. This was also observed for the control station data. Statistically for all of the
discharge limitation categories, i.e., 50%, 90% and 98%, the nutrient levels at the ZOM]ZID stations were generally higher
than the control stations but yet, they were below the WQS. Later in the year 2001, the designation of the waters near the
Barbers Point Ocean Outfall was changed from “dry” to “wet.” The “wet” nutrient limitations in the WQS are higher than
the “dry” limitations. With this correct receiving water classification, the treated wastewater discharge from the Barbers Point
Ocean Outfall have not violated the WQS. |

CHAPTER 5
NUTRIENT EVALUATION .. \tvveinenvioentsuorsnaratenesannretanennecs 5-1
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CHAPTER 8

| CHEMISTRY EVALUATION
8.1 INTRODUCTION

Physical/chemical measurements for pH, temperature, salinity, and dissolved oxygen were monitored quarterly during 2000

using the Sea-Bird CTD Profiler at nearshore, ZID, ZOM, and offshore stations. Measurements were taken at various

depths at one meter depth intervals. See Figure 5-1 for a map of the monitoringstations. The Honouliuli WWTP301(h)

waiver permit requires quarterly monitoring. Monitoring dates were February 8, April 20, August 30, and October 11,
2000.

In 1999, we had considered HB-6asa monitoﬁng station rather than as a reference staﬁon because it appeared to be much
closer to the diffuser than the other two reference stations (HB-1 and HB-7). Howevet, we have decided to consider HB-6
as a reference station based on the lack of a proximity pattern in the monitorihg data. Also, HB-6 was originally
considered as a reference station. Otherwise, the method of.analyses remains the same as in previous years. The
monitoring data was compared with the Water Quality criteria .stated' in the Honouliuli WWTP 301(h) waiver permit,
sections B.2. and B.3, and the State Water Quality Standards (WQS).

8.2 pH REQUIREMENT |
According to the State WQS and permit requirements, pH units shall not deviate more than 0.5 units from a value of 8.1

(7.6 < pH < 8.6) except at coastal locations where and when freshwater from stream, storm drain or groundwater

discharge may depress the pH to a minimum level of 7.0.

To determine compliance, in situ measurements of the ocean water were compared with the above pH range. Throughout
2000, all measured pH values at all stations and depths fell within the allowable range. See Table 8-1 for the maximum

and minimum pH's measured at each station.
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HB1 8.238 8.159 261
HB2 8.215 8.165 ' 237
HE3 8.229 8.186 291
HB4 . 8224 8.184 259
HB5 8225 8.173 230
HB6 . 8.724 8.184 ~ 239
HB7 . 8.228 ~ 8.189 249
HM1 8.213 8.18 175
lam2 8206] 8.165 228
HM3 - 8.231 8.14 ' 412
HM4 ' 8.229 8.186] 239
HN1 8.225 8.189 , 44
HN2 8.225 8.189 43
HN3 8.217 - 8.181 46
(N4 8.221 8.186 43
[tz 8.23 | 8.171 25

8.3 TEMPERATURE REQUIREMENT

According to the State WQS and permit requirements, the receiving water temperature shall not vary more than one

.degree Celsius (£1°C) from ambient conditions.

Because there is no specific Federal or State compliance methodology, the City has established its own methodology.
Potential temperature measurements were compared with the above temperature range condition. The ambient condition
was determined by averaging the potential temperature measurements at eachdepth from the reference stations (e.g,, HB1,
HB6, and HB7) for each monitoring event. In the event there was only a temperature reading from one reference station
at a given depth, that reading was taken to be the ambient temperature. At each depth, the ambient temperature was
compared with the monitored potential tempetafure at each nearshore and offshore station at the same depth. Some
offshore stations were deeper than the control stations. Potential temperatures at elevations lower than the bottom of the
control stations (62 meters in February, 63 meters in April, 69 meters in August, and 68 meters in October) had no

ambient values to be compared to. Figures 8.1 through 8.4 are the graphs of (1) the derived ambient temperature limits

HONAARO1 \Chapter811.00 8-2
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from the control stations, and (2) the maximum and minimum temperatures monitored at each depth from among the ‘

other stations’ data, -
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The graphs shiow that all measured temperature met the WQS limits except during the August and October 2000
monitoring periods (See Figures 8.3 and 8.4). Several minimum and maximum potential temperatures on those

monitoring dates were less than the ambient derived minimum temperature limit.

As part of the compliance evaluation, the presence and influence of thermoclines must be accounted for. Thermoclines
occur when colder water underlies warmer water resulting in distinct, abrupt temperature changes with depth. Thedepth
at which thermoclines occur vary with the season; time of day, stage of tide, etc. It can be fairly constant to highly
variable. Multiple thermoclines can exist naturally at different depths. When wastewater is discharged from the outfall, |
it is less dense than ambient waters due to both its slightly higher temperature and lower salinity. As wastewater rises, it
mixes with the ambient waters which dilutes it and slows its rise to the water surface. When the rising dilute plume, now
essentially the same temperature and almost the same salinity as the water around it encounters a thermocline, it generally

lacks the buoyancy to continue its rise. It is therefore trapped at that depth.

Figures 8.1 through 8.4 show the presence of thermoclines during each monitoring period, as indicated by the sudden drop
in temperature. Although the change in temperature on the graph could be due to a change in which station had the

lowest temperature, examination of each stations data indicated thermoclines were present.

Some of the low temperature measurements recotded during the August and October monitoring events were out of permit
limits due to relatively strong thermoclines. Temperatures recorded during the February and April monitoring events

indicated the presence of weak thermoclines with all of the temperatures being within permit limits.

During the August and October 2000 monitoring events, some of the minimum temperatures monitored were below the
minimum temperature limit. We do not believe these situations are associated with the discharge of treated wastewater.
Inall cases, strong thermoclines appear to be the cause for the drop in temperatures below the minimum temperature limit.
A few of the maximum temperatures monitored during the August 2000 monitoring event were even below the minimum
temperature limit at depths greater than 48 meters. Also, in all cases, the effluent temperature measured on the sampling’

day was higher than the water quality minimum temperature limit.

HONAARO1\Chapter8\ 100 8-8 _
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As shown in Figure 8.3 (August monitoringevent), a strong thermocline occurred between 23 to 33 meter depths followed

by several smaller thermoclines at subsequent depths. Temperatures dropped by approximately 2.3°C with the initial thermocline.

During the October monitoring event (see Figure 8.4), two strong thermoclines occurred between the 5 to 11-and 39 to
45 meter depths. The thermoclines produced temperature changes of 1.0 and 2.5°C, respectively. Smaller thermoclines

also occurred after the 45 meter depth.

In the first three of four monitoring events, the maximum temperatures measured did not exceed the maximum
temperature limits. [n October 2000, the measured maximum temperature exceeded the maximum temperature limits from

45 feet to 60 feet in dépth. Further investigation would be needed to determine the cause.

8.4 SALINITY REQUIREMENT ‘

According to the State WQS and permit requirements, the salinity shall not vary more than ten percent (10%) from
natufal ot seasonal changes considering hydrologic input and oceanographic.factors.
Because there is no specific Federal or State compliance methodology, the City has establishéd its own methodology. For
a given monitoring event, in situsalinity measurements at each depth (SAL;) for each nearshore and offshore monitoriﬁg
" station were compared with the average salinity (AVGSAL,) at each corresponding depth. The AVGSAL ateachdepth,
d, was obtained by averaging saﬁnity measurements from the three reference stations (i.e. HB1, HB6, and HB7 ). Inthe
event at a given depth the salinity was measured at only one reference station, the value was used as the AVGSAL,. As
" with the potential temperature analysis, compliance determination for some of the salinity measurements at the offshore
monitoring stations could not be performed for depths greater than the depths monitored at the reference stations. The

~ salinity ratio at each depth was computed using the following equation:

Salinity ratio = ABS[1-SAL/AVGSAL,] x 100

This process was repeated throughout the depth range of the reference stations, for each monitoring event. Table 8-2

indicates that the measured salinities did not vary more than 10% from the control stations’ salinity.
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Table 8-2

SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS

Monitoring Salinity ratio Numberof Average - Standard
event %) sample points salinity ’ Deviation
' (n)
maximum minimum
Fébruarv 8,2000 0.33%: 0.0% 596
Apil20,2000 | 041% 00% | 5w
August 30,2000 | 1.05% _0.0% 619
October 11, 2000 0.97%

DO

HONAARQL\Chaprer8t100

8.5 DISSOLVED OXYGEN REQUIREMENT
The State WQS and the Honouhuh WWTP 301(h) waiver permit require dxssolved oxygen to be not less than seventy-

Table 8-3

8-10

.. Determination

* Compliance is satisfied when DO > 0.75 x DOsaturation Table 8-3 shows that comphance was attained.

five percent saturatlon, determinedasa functlon of ambient water temperature ‘and salinity. To determine the dissolved
oxygen concentration (DOsamdon) for given temperature and salmlty, dlssolved oxygen concentration tables’ were used.
For each monitoring event, the maxirium temperature, T and sahmty, Sal__,, were used to obtain a DO parion:
Seventyfive percent (75%) of DO,giuracion Was usedasthe mlnlmum concentration todetermine comphance with the State
WQS and permit requirements. To show compliance, the minimum dissolved oxygen concentration (DO) among the

nearshore and offshore monitoringstations for each monitoring event was compared agamst the corresponding DO g, rion’
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Monitoring ' Maximum Maximum 75% DO, racion Minimum measured ( """"
Event ; Measured -~ Measured * using maximum salinity Dissolved Oxygen \_j
‘ Temperature | Salinity [ppt] and temperature values Coricentration \
XY ‘ [mg/l] [mg/l]

February 8,2000 | 13.9364 35.3221 5.149 7.00325

April 20, 2000 24.1117 - 35.2198 5136 ‘ 6.13559

August 30, 2000 26,2153 353984 44 6.63472

October 11, 2000 26.8254 35,5043 4898 6.09364
* Tchobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Publié Company; February 1987.
8.6 SUMMARY
1.  Based on the methodology used, the Water Quality Standards were met for pH, salinity, and dissolved oxygen at

 the ZID, and ZOM, diffuser, nearfield, and nearshore stations. ( f
_ . , S’ :

2. The Water Quality Standards were not met for minimum temperatures during two sampling events. The effluent

is probably not a contributor due to its higher temperature than the receiving water. The plotted data indicates

the occurrence of thermoclines to be the cause. Further mvestlgatlon would be needed to determine the extent

and reasons for the noncompliance.
3. The Water Quality Standards were not met for maximum temperatures during one sampling event. Further

investigation would be needed to determine the cause. '
4. Under the present methodology, no ambient reference temperatures or salinity could be determined for depths

greater than the deepest referénce station for each monitoring date. HB3 (ZID station) and HM3 (ZOM station)

stations had depths greater than the deepest reference station which were not compared to Water Quality limits

for temperature or salinity.
HONAARO1\ Chapter8\ 100 8-11 —
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CHAPTER 5
"NUTRIENT EVALUATION

5.1 INTRODUCTION

Alloﬂ&nestanmswe:errmﬂxedmZ(X)l mdammmerf&mmqmlﬁynear&xedlschatged&w Barbers Point Ocean
Outfa]lcxnplmdwﬁuhe:eoewmgwamqnlny]nnm (PaltB,RECHVINGWATERIMTATIONS),Secua'lsZ
and 3) fthe HWWTP301 m)NPDESpmmp:ﬂ&er-lawauAdmnmnveRuls (HAR), Chapter 11-54, State Water
Oty Standarcs, Water quality srpling at the ofhore onitoring stations were performed on Februzry 8, May 15,
September 12 anid October 18, 2001. Aﬂsamplmgptomco]sardbmﬂmd&ewanerthwnmmgmhavena
changedificm the previous calendaryear. See Figure 51 fox the location ofall HW/W/ TP receiving water quality monicring

stations.

The Hawaii State Water Quality Standirds designetes diffrent sendnds for Open Coastal Weates dependingupon whether
ren s consicered“wet”ox ty?” The'wet” riteria applieswhen the watezs receive more thein 3 million gallons per day of
freshwaterpershoreline e, I 2000, ENV reviewed the hycrologic inforrmation of reshwater being discharged to Open
Coastel Weaters frorm Betbers Point to Pear! Hirhor, ENV concluded tht the proper designationfor the subject waters hould
be the “wet” criteria. ENV helda Public Hearing on the conclusion and submilted the report to independent hydrologiss
fox revici, By letterdated Decerrber 11,2000 the Stete Depertment of Health concured that thesbject waters wouk corme

under the “wet” criteria. This chapter will therefore analyze the receiving water quality using the “wet” cri

AccordingHAR, Chipter 1154, the receiving watersof the Honouldi WW TPareclasifeas"Clss A', "Wt Open
Coastal Waters." Inpart, the State Water Quality Standard (State WQS) states the following limits (see Reference 2,
Appendix E) specified in Table 5-1:

o — s
—

TABLE 5-1
MARINE WATER CRITERIA

HONAARO!1\ Chapter5\1.01 ' 5-1
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Parameter ' Gébmetric mean not to Not to exceed the Not to exceed the | ( 5
exceed the given value given value more given value more
‘ than ten percent than two percent N
~ of the time of the time
Total Nitrogen 150.00 250.00 350.00
(ugN/L) . |
| Ammonia Nitrogen (g 350 850 15.00
- _NHN/L) | |
 Nitrate + Nirice (g~ 500 14.00 25.00
[NO:+NO,] - N/L) |
Total Phosphorus (ugPIL) | 20.00 4000 60.00
L2 ight Extinction - - 0.20 0.50 0.85 -
ll Coefficient (k units)
Chlorophyll g (ug/L)

! Light extinction coeﬁiczent (LEC) is only 'requzred for dischargers who have obtained a waiver ursuant \_J -
to Sectton 301(h) of the Federal Water Pollution Control Act of 1972 (33 U.S.C. 1251), as amended,
and are required by EPA to monitor it.

2 Accardmg to Part B, Section 2, of the N PDES Permit, the stated limits shall not be exceeded beyond the
Zone of Initial Dilution. ‘

/
\
: o)
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Before compliance with the nutrentlimits o Table 51 can be dernonstrted, several procediul detasmsthedefined.
These include the methadology used to determine noncompliance with each WIQS standard (e, geometricmean, noto.
exceed 10%ofthe time and not to exceed 2% of the time), the selection of monitoringstations from which data were “—"

 chiminedand applied to determine compliance, the dephs from which data were gathered, and the monitoring duration
required for the compliance methodology. These details were obtained from Reference 1 (seeAppendxxE) and permit

requlrements that specify momtormg conditions.

5.2 METHODOLOGY
Thene&mdologysbasedm&wmrpﬂm&)at&mdmafoﬂomabgmnldmhxm Detmmmgcmmpbance with

the three limit categories for any water quality parameter is done by using a graphical method, or probab

Bya&mgm&mb]bwmgo&dmmphmmMmm&myd&mdaoveSmW@mmhnmmbe

determined:

a. - Incolumn (1) ofawork sheet, number the rowsfrom 1 ton, where n is the number of data points tobe used in the
compliance determination. See Table 5-2 for a sample worksheet.

b.  Listthe datafora particular parameter (e.g;, turbidity) asreceived in column (2). The datashould inchudeall a
mhmmhmmgmmmbmmmmwmm&ﬁqus Ui

~ wereestzblished from data taken no deeper than 30 meters). Control station datashould notbe included in the

analysis. Furthermore, the dataused should be taken overa time period fateast e year. The size cf the database.
shouldbe atleast thirty (30) data points, or more. Larger data beses are suggested to increase statistical confidence.

c.  Order the data in column (2) from smallest to largest into column (3).

d. ~ Takethe natural logarithms of the ordered data from column 3 and list in colurn (4). Irdoesn't matter what type

of logarithm is used provided consistency is maintained. The natural logarithm is specified for con

e. Find the mean and sample standard deviation of the natural logarithm values in column (4).

Mean:
z=Y_ In(x)/n
Sample standard deviation: ’
| L
HONAARO! \Chapter5\ 1.01 5-4 N
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a s e

where both summations go fromi=1ton.

f. Todaﬂm&wgeamm(aw%vahx)mmmwmﬁkgdﬁmnmmﬂbgaﬁ&mvahn

"e" above.

from step "e
GM=¢

Mdnplymﬂdvﬂedwgammmvahmby&emnbgd&mmhmﬂmddevmmﬁunsep“ e" todefine

the concentrations associated with 84% and 16%, respectively.

- "l

L)

 Plotthese three points [(GM, 50%), (Zog 84%), 0 (Z,16%)] on Log-Probebilty peper. A linedrawmthrough
the three pointsshould be a straight line. Identify this line as the calculated ne. Plot the three points (or criteria
for 50%, 90%, 98%) from the State WAQS for the parameter in question, connecting the points with astraight line.
Identify the resulting line as the standand line. Comnpare both lines. If the calculated e is entirely below the
mrbdhw,dlewanuahwpmmmﬁx&wSO%%%md%%mmnahmenabemexceeded Inother
wmhmmanm&bohhms&ene&ndmadmchmnmmplmuwﬁl&mamdmdmmmdwdddm
pomt.FtomtheoalcuIamdlme,detelmme&1epatametervalwcorrmpondmgto&1e90%and98%probabﬂ1ty
: ‘WuhdmeGM,ocmpa:edleevallﬁm&l&wappmpnateSmteW@thﬂvahmﬁx&Bpamnmmqu
¢ Plotall datapointson Log-Probability paper, use the ranked data (column (3)) as the absciss (y-axis) and the
probability (column (5)) as the ordinate (x-axis). The purpose of plotting thedatais o validate the log normal
f distribution. Iftheplotteddalapomts approximate the caloulated lne onLog -Probability paper, then the log
nmnaldlsmbmmmampumlsvenﬁed. O&lerdmbuumsnuybeapphed,}mwever,dleasstmpmﬁx&us
- methodology assumes (with correspondmg verification by data plotting) a log normal distribution.
h.  If the plotted data confirms a log normal distribution, the results from step "{" above are valid.
/L HONAARO1\ Chapter5\1.01 5.5
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Ifﬁmepbunddamdosnotcor@ordtoﬂlemkuhedb'le (e.g confirmation of the lognormal distribution isnot
va]khted),sevaalemtsomldbeooamng. Therecmldbemxe&mgwrmgvﬁ&l&xedataoram&xerpmoesnuy <
be occurring. Lastly, but not necessarily finally, the process may not be log normal distributed, and therefore, *— 1

compliance cannot be determined.

TABLE 5-2
SAMPLE WORKSHEET

Data, x, ranking smalhst to - Logarithm ofthe | . Probability

received largest ] ranked data - (percent)

Listing of raw data as:

100*(I-%2)/n
[%]
X) In(x;) (1-%)/n
X, In(x,) (2-%5)/n

- where n = the number of data points.

(n-¥%)/n

5.3 TEMPORAL AND SPATIAL CONSIDERATIONS

Theaboveanalys&sslﬂlbeckmemanarmual (calendaryw)basls,mmgamuummnmplesmdm@ﬂy&mtydata
points. Ifdurtydatapomtsarenot available duringa given monitoring year, the dataobtameddunngthe previous
mnmgymshallbemchrbdmdmecomphmcedatabese. ’Ihsptooedmewﬂlbecmmnuedmnlacmphamedata

base of thirty or more data points is achieved.

The station which recuires the ezrliestdataate in order to cbtain 30sermples determines the strting data date forll the
otherstations. That is, &m&mmgdatsaﬂaﬂmgchtesd&mcbmmedmdlemmlysswaekqx&lemforaﬂm
(ZOM/ZID and Controls) for a particular parameter. Usua]ly d1eGmuolstanonswaedxedemmmgstanmsforthe

starting data date.

HONAAROI\ Chapter5\ 1.01 5-6
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An analyses which include at least five (5) yeats of datashall also be done at the same time as the annual analyses. The
purpose of this analyses is to identify possible long term impacts. Theone (1) and five (5) year analyses constitute a
compliance analyses for the WQS. ' ‘

For Tuabiity and Light Extinction Coeficient (LEC),smtionsat andbeyond the ZIDshall beused. Thus, the caaused o
determine cormpliancewith the WS wete cbeinec fomcnly the ZIDstations e, HEZ, HE3, HB4 and HBS. Fertheother
permmetezssuch as AmmoniaNitrogen, Total Nirogen, Nitrte -+ Nitrte Nitrogen, Torel Phosphorus,and Chiorophylz
comphamemdl&meStateW@shaﬂmdeestanonsatorbeymd&leZOM In&nsmedmerrmmmgdataﬁomorﬂy
the HWWTP ZOM stations, i.e., HM1, HM2, HM3 and HM4 were used.

Awpmatesetdmalyseswaspdom\edm&xenmﬁnmgdataﬁmnﬁmcmuolsmm The same depth and temporal
guldehneswasapplledtotheconuolstauondam. The;mposeof&usanalysrslstocomparebackgandwaterquahty
conditions to the conditions at the ZOM/ZID boundary.

A noncompliant event results if aﬁy water quality parameter above has exceeded the applicable limits of Table 5-1,
sccropenied by sificen evidencethat the noncorapliance et o thedichingecfthe Babes Point Ocean Ol
Examplés of this evidence is a comparison of the

ZOM/Z[Dstanmmalysnswm&mecomolstanmmalysns Nmmnphantevemsannbutablemthedlschargesl'mldnot
beunpacung&)ecmtmlstanms. Fmﬁmrme,avmlanmcfmeommemmentpmametﬂ'hnutsslmldbeamocmed
with increasesfrom other parameters, which may or may nothave exceeded the applicable limits, if the discharge is the cause

of the violation.

5.4 RESULTS

5.4.1 ZOM AND ZID STATION RESULTS
Theccmphametmdwdology,aptmmtedabove,wmapphedm&mZOMandZ[Dmmgdamobtameddlmg&n
2001 monitoring year. The statistical results are shown in Table 5-3. Resultsof the analyses usingfive (5) years of dama are
tabulated in Table 5-4.

HONAARO! \Chapter5\1.01 5-17 :
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TABLE 5-3 w
ONE-YEAR ANALYSES
ZOM/ZID STATIONS
Parameter Geometricmean not to Not tov exceed the Not toexceed the
: exceed the given value - givenvahemarethan - |- given value more
ten percent of the than twopercent of
time the time -
Total Nitrogen I Result 95.8 122 140
(ng N/L) I | , -
_ _Limic 150,00 25000
Ammonia | Result 1.59 4.3
Nitrogen (ng “ _
N/L) Limit 3.50 8.50
Nitrate +'NitritJI Result 1.10 1.55
(pg INO;+NO,]
.. 5.00 14.00
Total Result 6.5 9.0 10.8 ( .
Phosphorus (pg ' &
PIL) Limit 20.00 40.00 60.00 —
Light Result 10.059 0.078 0.083
Extinction ‘
Coefficient (k || 7., 0.20 0.50 0.85
~.units)
Chlorophyll a Result 0.12 - 0.21 0.30
(ng/L) _
Limit 0.30 090 1.75
Turbidity Result 0.15 0.68 1.70
(NTU)
Jl Limit 0.50 1.25 2.00
!See Table 5-1 footnote
(
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TABLE 5-4

FIVE-YEAR ANALYSES
ZOM/ZID STATIONS
Parameters | Geometric mean not to Not toexceed the Not toexceed the
exceed the given value given value more given value more
I than tenpercentof |  thantwopercentof
the time the time
Total Nitrogen || _Result 103.7 170 230
(ngN/L) | |
Litit 15000 25000 35000
Ammonia Result 1.87 5.5 10.5
Nitrogen (pg .
_3.50 8.50 15.00
1.05 1.33 1.51
Limit 5.00 14.00 25.00
“ Result 1.52 11.2 14.3
Phosphorus (pg | .
P/L) Limit _20.00 40.00 60.00 .
'Light ~ Result 0.060 0.078 0.092
. Extinction
Coefficient (k |[ Limit 0.20 0.50 0.85
units) ‘
" Chlorophyll a Result 0.15 0.27 0.39
(ng/L) '
Limit 0.30 090 LI5
Turbidity Result 0.13 034 0.61
(NTU) “ '
Limit 0.50 1.25 2.00

1See Table 5-1 footnote.

Tables 5.3 and 54, shows satistically thet the compliarce determination for one and five years of monitoring datadid noe

exceed the WQS for all water quality parameters.

HONAARO1\Chapter5\1.01 A 5-9
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5.4.2 CONTROL STATION RESULTS (
The compliance methedology was also applied tothe water quality chta colleced fom the controlsations HBL HB6and. ™=
HB-7. L&e&erOM/Z[Dmalyss,cmpﬁmmewwdetennﬁmdﬁxamemdﬁvempaiod Resultsof the one and five

year analyses are tabulated in Table 5-5 and 5-6, respectively.
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Parameter

result

TABLE 5-5

ONE-YEAR ANALYSES
CONTROL STATIONS

Geometric meannot to
exceed the given value

Not toexceed the
given value more
than ten percent of

Not toexceed the
given value more

than twopercentof

result

'~ Nitrogen (ng
‘ .NHA‘NAD_._‘)?,

Nitrate +
. Nitrite (ug

[NO,+NO,] -
N

Phosphorus (pg

Chlorophyll a result

(nG/L)

limit

Turbidity result |

(NTU)

limit

LEC result

limit

Shaded cells indicate noncompliances.

HONAARO1\Chapter5\1.01
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Parameter

" Total

TABLE 5-6
'FIVE-YEAR ANALYSES
CONTROL STATIONS

Geometric mean notto
exceed the given value

Not toexceed the
given value more

* than ten percent of

Nottoexceed the
given value more
than twopercent of

Nitrogen (ng

" Ammonia -

N

)

Nitrogen (ug : ||
. 3.50 8.50 _15.00
| Nitrate + result 1.01 1.10 1.15
Nitrite (pg
NOsNOi - { limit 5.00 14.00 25.00
' Total result 7.02 10.2
Phosphorus |
(ug P/L) limit 20.00 40.00
| Chlorophyll af| result 0.12 _0.23
(ng/L)
- limit 0.30 0.90
Turbidity - result 0.11 0.20
(NTU)
: limit 0.50 1.25
- LEC . result 0.055 0.068
|| limit 0.20 0.50
HONAAROI\ChapterS\l.Ql 5-12
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TheW@for&namadﬁveywadysswaeruac&dedbymyd&wmqnhwmm&momndm

5.5 "cc;mpaﬁsan to Dry-Area Water Quality Standards

ﬂeSmW&Hmlhbaimd&eehmngmWamQﬂﬂSmxh&h&anwaanﬁﬂ
ambasedmhydtologlcanalyses However, meNPDESpanntsnﬂmdmnesdmat&\eat&mﬂcmmmdetﬁledwm
Water Quality Standards. Umg&w&yammfmh&eubdlwmﬂmckfa&mﬁ%mﬂZ%quMhavebem
emeededforacneywrmalyssof&erOM/Zletanms. A]so,&xeamnmuastandmtkfor&leSO%andZ%lnmtswmld

. havebeenexwededforaﬁve«ywanalysesof&erOM/Z[DsmmThemttolstanomwmldhavemet&xedrym

Water Quahty Standards

5.6 Correction of Past LEC Analyses

Dnmggepamnald&ekhnﬂmm&mmlAmqunm,mmwmdmaedm&ﬁlECdam TheTne
Secclndlskdq)&lsmedmesmrm&BIBCbmedmaomvmfwu D:ﬂhultmdﬂsmaymedlﬁ'aaumvesm
factus QrmgmlmtenthsnomelEC— 1 7d1vdedbySeodud1d<depﬂ1mnﬂas. Tlmxsacormrmmvmfactm

Theccnvemmnsckneautcxmncallybycormm whxchpmlsmtarepatsl'xowmgboh&\eSeoc}udﬂcdq)dwrdhe

‘been. The error had not been caught or corrected when the computer program was originally set up over e

The LEC dta was recalculated based on the correct conversion factor. The LEC datawas then re-analyzed to determine
Standards were met with the corrected LEC data. |

Tables 5-7a and 5-7b show the corrected LEC analyses.

HONAAROI\Chapter5\1.01 " 5-13
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Wet Limits 0.20 0.50 0.85
Dry Limits - lo.10 : 0.30 - loss:
2000 0.0617 0077 0.088
1999 ~ |oos99 0075 0.086
1998 | 00622 fooss o |oa02
1997 " ]0.0704 “]o.102 - 10427
1996 | 0.0712° 0.096 0.114
1995 0.0680 | | 0.088 0.105
1994 0.0660 0.084 0.098
1993 0.0620 0.077 | 0.088

e
Wet Limits 020" - 0.50 ~|oss
Dry Limits 00 0.30 | 0.55
2000 . 0.0639 ' 0.086 | 0.103
1999 0.0659 0.089 0.103
1998 - | 0.0665 0.090 0.108
1997 0.0686 0.092 ~ loa10
1996 ~ looss4 0088 0.104
1995 Less than 5 yeafs data |
1994 Less than 5 years data
1993 Less than 5 years data
(
HONAARO!\ Chapter5\ 1.01 5-14 | , —
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5.7 SUMMARY

o

Theomywandﬁveymstaﬁsﬁmlanalyssappliedto&meZOM/ZIDrrmitoringdatashoweddwat&lewet—armWaner :
QnahtySta:ﬂatckwaemetfuall&memﬂﬁﬁwaﬂqnlmypmmm "IheStmeDeparmdewl&lhadappmvedd'le

change to wet area standards based on hydrologic analyses. -

However, the permit still indlicates that the areastill comes under the dry area Water Quality Standards. Using the dry area
standards, the turbidity standards for the 50% and 2% limits would have been exceeded fora one year analyses of the
ZOM/ZID stations. Also, the ammonia standards for the 50% and 2% linﬁtswaﬂdhavebeenexceededfdraﬁve—yw
analyseé of the ZOM/ZID stations. | '

The ZOM/ZID results were sbout the same or slightly greater than at the Control Stations, except for Total Nitrogen. The
TomlNhogmxeaﬂma&memdSmﬁaswaedjg\dy}ﬁgﬁ&ma&EZOM/ﬂDmfa&n10%cfthetimeand :

2% of the time exceeded values.

i

€
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CHAPTER 8
 CHEMISTRY EVALUATION
8.1 INTRODUCTION

Physical/chemical measurements for pH, temperaturé, salihity, and dissolved oxXygen were
monitored quarterly during 2001 using the Sea-Bird CTD Profiler at nearshore, ZID, ZOM, and

offshore stations. Measurements were taken at various depths at one meter depth intervals. See

* Figure 5-1 for a map of the monitoring stations. The Honouliuli WWTP 301(h) waiver permit

requires quarterly monitoring.‘ Monitoring dates were February 8, May 15, September 12, and )
October 18, 2001.

8.2 pH REQUIREMENT

According to the State WQS and permit requirements, pH units shall not deviate more than 0.5
units from a value of 8.1 (7.6 < pH < 8.6) except at coastal locations where and when
freshwater from stream, storm drain or groundwater discharge may depress the pH to a

minimum level of 7.0.

To determine compliance, in situ measurements of the ocean water were compared with the
above pH range. Throughout 2001, all measured pH values at all stations and depths fell within

the allowable range. See Table 8-1 for the maximum and minimum pH’s measured at each

station.

B2 - 8.215 8.165 237
[uB3 8.229 8.186 291
[HB4 8.224 8.184 259
[Bs 8.225 8.173 230)
[HB6 8.224 8.184 239
[EB7 8.228 8.189 249
HONAARO1\ChapterS\1.00 ‘ 8-1
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HM1 8.213 . 8.18 . 175
M2 8.206 8.165 228
HM3 8.231] 8.14 412
HM4 8.229] '8.186) » 239
HN1 8.225 - 8.189] 44
HN2 8.225| ' 8.189] ‘ 43|
[HN3. 8217 - 8.181] 46
[aNg 8.221 8.186 43
iz | 8.23 8.171 254

8.3 TEMPERATURE REQUIREMENT

According to the State WQS and permit requirements, the receiving water temperature shall not

vary more than one degree Celsius (=1°C) from ambient conditions.

Because there is no speciﬁc Federal or State compliance methodology, the City has established
its own methodology. Potential temperature measurements were comp'ered with the above
temperature range cendition. The ambient condition was determined by at'eraging the potential
_temperature measurements at each depth from the reference stations (e.g., HB1, HB6, and HB7)
for each monitoring event. In the event there was only a temperature reading from one

reference station at a given depth, that reading was taken to be the ambient temperature.

Ateachdepth, the ambient temperature was compared with the monitored potential temperature

at each nearshore and offshore station at the same depth. Some offshore stations were deeper 7

than the control stations. Potential temperatures at elevations lower than the bottom of the

control stations had no ambient values to be compared to.

HONAARO1\Chapter8\1.00 8-2 .
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Figures 8.1 through 8.4 are the graphs of (1) the derived ambient temperature limits from the

control stations, and (2) the maximum and minimum temperatures monitored at each depth from

among the other stations’ data.

-~
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The graphs show that all measured temperatures met the WQS limits except during the

September and October 2001 monitoring periods (See Figures 8-3 and 8-4). On September 12, -

2001, several sampling points at 43 meters to 59 meters depths had lower temperatures than the
limits based on the control stations. On October 18, several sampling points at 63 to 65 meters
depths had higher temperatures than the limits based on the control stations.

As part of the compliance evaluatlon the presence and mﬂuence of thermoclines must be

accounted for. Thermoclines occur when colder water underhes warmer water resultlng in

distinct, abrupt temperature changes with depth. The depth at whlch thermoclmes occur vary' |

with the season, time of day, stage of tide, etc. It can be falrly constant to highly vanable

Multlple thermoclmes can exist naturally at different depths When wastewater is dlscharged
from the outfall it is less dense than ambient waters due to both its slightly higher temperature
~ and lower salinity. As wastewater rises, it mixes with the ambient waters wh_1ch dilutes it and
slows its rise to the water surface. When the rising dilute plume, now essentially the same
temperature and almost the same salinity as the water around it encounters a thermoclme it

generally lacks the buoyancy to continue its rise. It is therefore trapped at that depth.

Flgures 8.3 shows the presence of a thermocline as indicated by the sudden dropin temperature "

The drop in temperature at the outfall sites caused the low temperature limit (25 5 degrees

centigrade and below) to be exceeded. This is likely not due to the outfall d1scharge, which had

a temperature of 30 degrees centigrade recorded. that mornmg anda temperature of28.5 degrees

centlgrade recorded the next morning.

Figure 8-4 also shows a'thermocline in the control waters. This caused the high temperature
limit to drop suddenly from 26.3 to 25.6 degrees centigrade over one meter of depth. Since the
highest temperatures at the outfall site remained steady at these depths, the high temperature

limit was exceeded.

8.4 SALINITY REQUIREMENT

HONAARO1\Chapter8\1.00 8-8 Appendix B
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According to the State WQS and permit requirements, the salinity shall not vary more than ten
percent (10%) from natural or seasonal changes considering hydrologic input and oceanographic

factors.

Because there is no specific Federal or State compliance methodology, the City has established
its own methodology. For a given monitoring event, in situ salinity measurements at each depth
(SAL,) for each nearshore and offshore monitoring station were compared with the average
salinity (AVGSAL,) at each eorrespoﬁding- depth. The. AVGSAL, at each depth, d, was
obtained by averaging salinity nreasurements from the three reference stations (i.e. HB1, HB6,

‘and HB7). In the event at a given depth the salinity was measured at only one reference station,

the value was used as the AVGSAL,;. As withthe potentlal temperature analysis, comphance
determination for some of the salinity measurements at the offshore monitoring stations could
not be performed for depths greater than the depths monitored at the reference stations. The

salinity ratio at each depth was computed using the following equation:

Salinity ratio = ABS[1-(SAL/AVGSAL,)] x 100

Thls process was repeated throughout the depth range of the reference statlons, for each
momtormg event. Table 8-2 mdlcates that the measured sa1m1t1es did not vary more than 10%

from the control stations’ salinity.

02/08/01 0.87 % . 34 : 592
05/15/01 _ 0.18% 60 573
09/12/02 0.67 % - 55 579
10/18/02 024 % 54 574
HONAARO1\Chapter8\1.00 8-9
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8.5 DISSOLVED OXYGEN REQUIREMENT

The State WQS and the Honouliuli WWTP 301(h) waiver permit require dissolved oxygen to
be not less than seventy-five percent saturation, determined as a function of ambient water
temﬁerature and salinity. To determine the dissolved oxygen concentration (DO, ruion) for given
temperatlire and salinity, dissolved oxygen concentration tables were used. [The tables were
from Tchobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public
Company; February 1987.] For each sampling data, the temperature and salinity were used to
obtain a DO, ... The actual DO measured was then compared against the DO, Seventy
five percent (75%) of DOyyumim Was used as the minimum concentration to determine

compliance with the State WQS and permit requirements.

Table 8-3 shows that compliance was aftained at all sampling points.

02/08/01 HM3 21.5501 | 35.1637 7.1716 16.03325 84

05/15/01 | HN3 125.1044 | 34.7939 6.7467 6.00582 89

09/12/01 HM3 | 227927 35.2801 7:0056 6.18268 88
10/18/01 HN2 | 26.2498 35.1774 6.6061 572020 87

8.6 SUMMARY

1.  Based on the methodology used, the Water Quality Standards were met for pH, salinity,
and dissolved oxygen at the ZID, and ZOM, diffuser, nearfield, and nearshore stations.
HONAARO1\Chapter8\1.00 8-10
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The Water Quality Standards ‘were not met for minimum températures during one
sampling event. The effluent is probably not a contributor due to its higher temperature
than the receiving water. The plotted data indicates the occurrence of a thermocline to be
the cause. Further investigation would be needed to determine the extent and reasons for
the noncompliance. .

The Water Quality Standards were not met for maximum temperatures during one
sampling event. The plotted data indicates the occurrence of a thermocline in the control
waters to be a contributing factor. Further investigation would be needed to determine the
cause. - | / | |
Under the present ihethodology, no ambient reference temperatures or salinity could be
determined for depths greater than the deepest reference station for each moﬁitoring date..
HB3 (ZID station) and HM3 (ZOM station) stations had depths greater than the deepest
reference station which were not compared to Water Quality limits for temperature or

salinity.

HONAARO1\Chapter$\1.00 - 8-11
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CHAPTERS
NUTRIENT EVALUATION

51 INTRODUCTION

In accordance with the Honouliuli WWTP (HWWTP) 301(h) NPDES permit effective December 16,
1993, all water quality parameters listed in the permit were monitored during the 2002 monitoring
year to determine if the State Water Quality Standards (WQS) for the receiving water near the
Barbers Point Ocean Outfall were violated. The 2002 quarterly offshore monitoring dates were
Februafy 21, April 16, August 20, Septembér 13 and October 1. The September 13 monitoring was
conducted after it was found during the August 20 monitoring that one Oil and Grease sample was
not acidified in the field. | - |

Under the criterion specified in the Hawaii Administrative Rules (HAR) Chapter 11-54, the
receiving waters-in the vicinity of the Barbers Point Ocean Outfall are classified as “Class A”, “Wet”
and “Open Coastal Waters.” This classification was changed from “Dry” after a public hearing and
acceptance by the State Department of Health by letter dated December 11, 2000. Table 5-1 below

lists the applicable Class A. Wet, criteria limits are found in HAR section 11-54-06 of Chapter 11-
54, |

™

. _/
TABLE 5-1
MARINE WATER CRITERIA
Geometric mean Not to exceed the Not to exceed the
Parameter - : not to exceed reference value more reference value more
the reference than ten percent of the than two percent of
i value _ time ‘ the time
Total Nitrogen ((g N/L) 150.00 . 250.00 - 350.00
Ammonia Nitrogen (Lg 3.50 ' 8.50 15.00
NH4-N/L) .
Nitrate + Nitrite ((lg 5.00 14.00 ' 25.00
[NO3;+NO,] - N/L) )
Total Phosphorus (Clg P/L) 20.00 40.00 : 60.00
'Light Extinction Coefficient 0.20 - 0.50 .85
(k units) ' :
Chlorophyll a (Cg/L) 0.30 0.90 1.75
Turbidity (NTU) 0.50 1.25 2.00
! Light extinction coefficient (LEC) is only required for dischargers who have obtained a waiver pursuant to Section 301(h) of the Federal Water
Pollution Control Act of 1972 (33 U.S.C. 1251), as amended, and are required by EPA to rﬁonitor it.
(/
o
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FIGURE 5-2
BARBERS POINT OUTFALL ZONE OF MIXING STATIONS
(Under permit effective December 16, 1993)
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than 30 meters). Reference station data should not be included in the analysis. Furthermofe,
the data used should be taken over a time period of at least one year. The size of the data (
. base should exceed thirty (30) data points, or n (] 30. Larger databases are suggested to.__/ H
increase statistical coﬁﬁdence.
c. ‘Order the data in column (2) from smallest to largest into column (3).

d. Take the natural logarithms of the ordered data from column 3 and list in column (4). It

~ doesn't matter what type of logarithm is used provided consistency is maintained. The natural

logarithm is specified for consistency.

e. Find the mean and sample standard deviation of the natural logarithm values in column (4).

" Mean:

2=Zln(x1)_/n-

Sample standard deviation:

5= \/Z(z,—z)z/(n—l,) |

" where both summations go from I = 1 to n and Z;=In(x;).
f. To calculate the geometric mean (or 50 percent value) concentration, take the ahtilog of the
mean natural logarithm value from step "e" above.
GM = eE
Multiply and divide the geometric mean value by the antilog of the sample standard deviation
from step "e" to define the concentrations associated with 84 percent and 16 percent,
respectively.
zau0 = GM * ¢
zi6% = GM/ ¢*
HONAARO2/CHAPTERS 5-5 ’ Q
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TABLE 5-2 ,
SAMPLE WORKSHEET
Listing of raw data as Data, x; ranking smallest Logarithm of the Probability
I received to largest ranked data (percent) -
100*(I-2)/n
[%]
V1 X1 In(x) 3’ ( 1-1/é)ln
1 ‘
y2 . X2 In(x,) (2-2)/n
2 '
¥n Xn In(x,) (n-2)/n
where n = the number of data points.
HONAARO2/CHAPTERS - 5-7
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impacting the reference stations. Furthermore, exceedences of one or more nutrient parameters
should be associated with increases from other parameters, which may or may not have exceeded ( "

applicable limits, if the discharge is the cause of the exceedence. —

54 RESULTS

5.4.1 ZOM /ZID STATION RESULTS

The compliance methodology, as presented above, was applied to the 1998 to 2002 monitoring data
for the stations rioted above. Thé'interpolated' values for the one-year and ﬁve-);eaf calculated lines

are reported in Tables 5-3 and 5-4. To obtain the minimum required thlrty data points, for fhe
reference stations for the one-year analysis LEC data back to and including April 2000 was used.

For all other parameters calendar year 2002 data was used. For ZID/ZOM stations this resulted in 50

to 99 data points being used, depending upon parameter. For the five-year analysis 189 to 336 data
points were ‘available at ZID/ZOM stations depending upon parameter. Due to the use of back data (/
for the one year LEC analysis there is some overlap in the one-year and five-year results. No \\/"\

~ exceedences were observed in the one-year or five-year ZID/ZOM analyses.

5.4.2 REFERENCE STATION RESULTS

For the one-year analysis, to obtain the minimum fequired 30 data points, water quality data back to
and including.April 2000 was used for LEC. For all other data calendar year 2002 data was used
resulting in 30 to 33 data points, depending upon parameter. The five-year reference station analysis
was pefformed using 63 .to 126 data points, depending upon parameter. Tables 5-5 and 5-6 shows
the interpolated values from the calculated lines for the one-year and five-year analyses, respectively.

No exceedences were observed in the one-year or five-year /reference station analyses.

;
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TABLE 5-4
FIVE-YEAR (1998 - 2002) MONITORING RESULTS ZID/Z0M
Parameter Geometric mean , Résult and the Result and the value
and the not to value not to exceed not to exceed more
exceed reference more than ten than two percent of
value percent of the time the time
" Total Nitrogen (g 97.1 158 213
N/L) ‘ :
150.00* 250.00* 350.00*
Ammonia Nitrogen 1.91 5.75 11.3
NH,-NL) , .
(e ~) 3.50* 8.50* 15.00*
Nitrate + Nitrite (ug 1.05 1.1 1.15
[NO3+N02] -N/L)
' - _ 5.00* 14.00* . 25.00*
Total Phosphorus (ug 6.94 ~ 99 12.2
- P/L) : '
20.00* » 40_.00* 60.00*
{_ight Extinction 0.059 0.075 0.086
Coefficient (k units)
: ' 0.20* 0.90* 1.75*
Chlorophyll a (ug/L) - 0.136 0.24 - 0.33
0.30* 0.90* - 1.75*
Turbidity (NTU) 0.12 0.31 0.56
0.50* 1.25% " 2.00*
*State Water Quality Standard ‘
Shaded cells indicate exceedence of the Standard
HONAARO2/CHAPTERS 5-11
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TABLE 5-6

()

FIVE-YEAR (1928 - 2002) M_ONITORI_NG RESULTS T
Barbers Point Outfall Reference Stations
pu@eter Geometric Result and the Result and the value
‘ mean and the value not to exceed not to exceed more
not to exceed more than ten than two percent of
reference value _percent of the time the time
Total Nitrogen (g N/L) ' 92'3 160 226
150.00** 250.00%* 350.00**
Ammonia Nitrogen (ug 1.47 | 2.79 4.1
NH4-N/L) 3.50** 8.50** 15.00%**
Nitrate + Nitrite (ug 1.01 1.07 113
[NO3;+NO;] - N/L) 5.00%* 14.00%* 25.00%* -
Total Phosphorus (g 6.48 9.05 11.2 (
P/L) ’ 20.00%** 40,00%* 60.00** \/‘M
lLight Extinction 0.054 0.067 ) 0.076
~ Coefficient (k uits) 0.20%* 0.90** 1.75%*
Chlorophyll a (ug/L) 0.111 0.206 . 0.298
0.30** 0.90** 1.75%*
Turbidity (NTU) 0.106 0.194 0.28
10.50%* 1.25%% 2.00%+
* State Water Quality Standard
(
HONAAROZ/CHAPTERS 5-13 \./
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

This chapter reviews receiving waters data from the area around the Barbers Point deep ocean outfall
for compliance of its discharge to State Water Quality Standards (WS) for pH, temperature, salinity
and dissolved oxygen (DO).. All nearshore, Zone of Iniﬁal Dilution (ZID), Zone of Mixing (ZOM)
and reference stations were monitored for these parameters during the 2002 monitoring year, as
réquired by the Honouliuli WWTP (HWWTP) 301(h) waiver permit. The monitoring dates in 2002
were February 21, April 16, August 20, September 13, and October 01. None of the monitoring
protocols were changed from the previous monitoring year. Figures 5-1 and 5-2 show the receiving

water monitoring locations in 2002.

Compliahce determination was based on measurements obtained by the City's Sea-Bird CTD
Profiler. Measurements of pH, potential temperature, salinity, and dissolved oxygen concentration
were taken at one (1) meter intervals for all stations during each monitoring event. The compliance
of discharges from the Barbers Point outfall to WQS is determined by comparing measurements at

stations around the_ outfall to measurements at the twb reference stations.

8.2 pH REQUIREMENT

According to the State WQS and permit requiremenfs, pH units shall not deviate more than 0.5 units
from a value of 8.1 (7.6 < pH < 8.6) except at coastal locations where and when freshwater from

stream, storm drain or groundwater discharge may depress the pH to a minimum level of 7.0.

There is no statistical compliance methodology for this requirement. In-situ measurements were
directly taken and compared with the above pH range; see Table 8-1. At no time during the 2002

monitoring year did the monitored pH value exceed this requirement at any station or at any depth.

HAAR " 8-1
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As part of the compliance evaluation, the presence and influence of thermoclines must be accounted
for. Thermoclines occur when colder water underlies warmer water resulting in distinct, abrupt
temperature changes with depth. The depth at which thermoclines occur vary with the season, time
of day, stage of tide, etc. Their depth can be fairly constant to highly variable. Multiple
thermoclines can exist riaturally at different depths. When wastewater is discharged from the outfall,
it is less dense than ambient waters due to both its slightly higher temperature and lower salinity. As
wastewater rises, it mixes with the ambient waters which dilute it and slow its rise to the water
surface. When the rising dilute plume, now essentially the same temperature and almost the same

salinity as the water around it, encounters a thermocline, it generally lacks the buoyancy to continue

* itsrise. It is therefore trapped at that depth.

Figures 8.3, 8.4 and 8.5 show the presence of thermoclines. In all figures except 8.1, the minimum
temperature line drops below the minimum temperature line. Since the effluent femperature
normally exceeds this minimum temperature line, the City does not believe these situations are
associated with the discharge of treated wastewater. The ambient water t¢emperature dropping below
the minimum temperature lines is probably due to ambient conditions and not the discharge of
effluent from the outfall.

Table 8-2 shows the reported monthly average and daily maximum effluent temperatures for the -

months when monitoring was done.

./\\\

Table 8-2
HWWTP EFFLUENT TEMPERATURE (°C) |
Monitored Month Average Monthly Maximum Monthly -
‘ , ' Temperature Temperature

February 2002 27.00 28.50

March 2002 27.00 29.50

‘April 2002 2717 ‘ 29.00

July 2002 : 29.29 - 29.50

October 2002 28.30 v 30.00

HAAR02\Chapter8 8-3
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. 8.4 SALINITY REQUIREMENT , ‘
g\_ According to the State WQS and permit requirements, the sahmty shall not vary more than ten

percent (10%) from natural or seasonal changes cons1dermg hydrologic input and oceanographlc

factors.
.
S HAARO2\Chapter8 8§-9
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(, 8.5 DISSOLVED OXYGEN REQUIREMENT ' ' ' (/
State WQS and the Sand Island WWTP 301(h) waiver permit requires dissolved oxygen to not be \J
less than seventy-five percent (75%) saturation, determmed as a function of ambient water

. temperature and salinity. To determine the dlssolved oxygen concentration (DOsauration) for given
temperature and salinity, dissolved oxygen concentration tables” were used. For each monitoring
event, the temperature T and salinity, Sal, measured at each station at each depth were used to obtain
DOgaturation fOr that station and depth. The measured DO at each station and depth-was then compared
to the corresponding DOgayration Value. If the measured value was at least equal to Se&enty—ﬁve
percent (75%) of the corresponding DOgyuration Value then the State WQS and permit requirements
were met. Compliance is achieved when the minimum dissolved oxygén concentration for all depths
at each station except the reference station for each Ihonitoring event is greater than 75% DOsaturation.

Table 8-4 shows that compliance was attained.

. : : Table 8-4 : -
( DOgaturation Determination ' ' <
Monitoring Maximum Maximum 75% DOsyuration. | . Minimum measured
Event Temperature Salinity using maximum’ Dissolved Oxygen
Monitored [°C] Measured _ salinity Concentration
[parts per -and temperature [mg/1]
thousand] values [mg/1]
February 24.6063 35.2739 5.358 6.100
March 24.5838 35.3588 54232 5.5897
April 26.5864 - 35.3588 5.4232 5.6606
July 27.0531 35.2219 5.2935 5.135
October 26.9166 35.2496 5.4386 ' 5.1901'A

C

HAARO2\Chapter8

8-11

* Tchobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public Company; February 1987.
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CHAPTER S
NUTRIENT EVALUATION

51 INTRODUCTION

* In accordance with the Honouliuli WWTP (HWWTP) 301(h) NPDES permit effective December 16,
1993, all water quality parameters listed in the permit were monitored during the 2003 monitoring -
year to determine if the State Watef Quality Standards (WQS) for the receiving water near the
Barbers Point Ocean Outfall were violated. The 2003 quarterly offshore moniforing dates were

* February 4, April 29, September 8, September 20 and October 8. The September 20 monitoring was
conducted after it was found during the September 8, monitoring that one Oil and Grease sample
was not acidified in the field.

Under the criterion specified in the Hawaii Administrative Rules (HAR) Chapter 11-54, the
receiving waters inthe vicinity of the Barbers Point Ocean Outfall are classified as “Class A”, “Wet”
and “Open Coastal Waters.” This classification was changed from “Dry” after a public hearing and
acceptance by the State Dépanment of Health by letter dated December 11, 2000. Table 5-1 below
Lists the applicable Class A. Wet, criteria limits are found in HAR section 11-54-06 of Chapter 11-

Fa

TABLE 5-1
MARINE WATER CRITERIA
Geometric mean Not to exceed the Not to exceed the
Parameter not to exceed reference value more reference value more
the reference than ten percent of the than two percent of
value : time the time
Total Nitrogen (ug N/L) 150.00 250.00 350.00
Ammonia Nitrogen (ug NHy- 3.50 8.50 15.00
N/L) :
- Nitrate + Nitrite (ug 5.00 S 14.00 25.00
[NO;+NQ;] - N/L) o ) » ‘
Total Phosphorus (ug P/L) 20.00 40.00 60.00
'Light Extinction Coefficient 0.20 0.50 .85
(k units) : ' ‘ '
Chlorophyll a (ug/L) 0.30 090 1.75
Turbidity (NTU) 0.50 1.25 2.00

T Light extinction coefficient (LEC) is only required for dischargers who have obtained a waiver pursuant to Section 301(h) of the Federal Water

Pollution Control Act of 1972 (33 U.S.C. 1251), as amended, and are required by EPA to monitor it.

(/
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" FIGURE 5-2
BARBERS POINT OUTFALL |
ZONE OF MIXING STATIONS
(Under permit effective December 16, 1993)
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than 30 meters). Reference station data should not be included in the analysis. Furthermore,
the data used should be taken over a time period of at least one year. The size of the data
base should exceed thirty (30) data points, or n [] 30. Larger databases are suggested to

increase statistical confidence.
Order the data in column (2) from smallest to largest into column (3).

Take the natural logarithms of the ordered data from column 3 and list in column (4). It

doesn't matter what type of logarithm is used provided consistency is maintained. The natural

logarithm is specified for consistency.

Find the mean and sample standard deviation of the natural logarithm values in column (4).

Mean:

E= XIn( x; )/n

Sample standard deviation:

§7= 'JZ(Z;-E)Z/("—I)

where both summations go from I =1 to n and Zi=In(x;).

To calculate the geo’metrid mean (or 50 percent value) concentration, take the antilog of the

mean natural logarithm value from step "e" above.

GM = e;

Multiply and divide the geometric mean value by the antilog of the sample standard deviation

from step "e" to define the concentrations associated with 84 percent and 16 percent,

respectively.
z80% = GM * ¢*
z16% = GM/ ¢
HONAARO3/CHAPTERS - 5-5
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(/K\ TABLE 5-2
SAMPLE WORKSHEET
Listing of raw data as Data, x; ranking smallest Logarithm of the Pfobability
I © received | to largest ' ranked data (percent)
100%(I-Y2)/n
(%]
i , X1 “In(xy) © (1-%2)/m
B , , |
2. | X In(x2) @-Ven
2
| Yo | Xa In(xq) (n-Y2)/n
n.
where n = the number of data points.
- HONAARO3/CHAPTERS 5-17
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impacting the reference stations. Furthermore, exceedences of one or more nutrient parameters
should be associated with increases from other parameters, which may or may not have exceede¢

applicable limits, if the discharge is the cause of the exceedence.

54 RESULTS

5.4.1 ZOM /ZID STATION RESULTS

The compliance methodology, as presented above, was applied to the 1999 to 2003 monitoring data
for the stationsﬂ hofed above, The interpolated values for the one-year and five-year calculated lines
are reported in Tables 5-3 and 5-4. To obtain the minimum required thirty data points, for the
reference stétions for the one-year analysis LEC data back to and including April 2001 was used.
" For all other parameters calendar year 2003 data was used. For ZID/ZOM stations this resultéd in 40
to 95 data points being used, depending upon parameter. For the‘five-year analysis 185 to 342 data

points were available at ZID/ZOM stations depending upon parameter. Due to the use of back data

for the one year LEC analysis there is some overlap in the one-year and five-year results Nov/

exceedences were observed in the one-year or five-year ZID/ZOM analyses

5.4.2 REFERENCE STATION RESULTS

For the one-year analysis, to obtain the minimum required 30 data points, water quality data back to
and including May2001 was used for LEC which resulted in 33 data points_. For all other parameters
calendar year 2003 data was used resulting in 30 data points. The five-year reference station analysis
was performed using data from 2/99 to 10/03 resulting in 132 data points except for LEC data which
had 63 data points. Tables 5-5 and 5-6 shows the interpolated values from the calculated lines for

the one-year and five-year analyses, respectively. No exceedences were observed in the one-year or

five-year /reference station analyses.

HONAARO3/CHAPTERS ' 5-9
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ﬁ\ | TABLES5-4

FIVE-YEAR (1999 - 2003) MONITORING RESULTS - ZIDIZOM.
Parameter Geometric mean Result and the ~ Result and the value”
and the not to value not to exceed not to exceed more
exceed reference ~more than ten . than two percent of
value percent of the time the time
Total Nitrogen (g 88.1 113 130
N/L) - :
150.00* 250.00%* 350.00*
Ammonia Nitrogen 1.57 2.5 3.62
NH4-N/L , o
g ) 3.50* 8.50* 15.00*
Nitrate + Nitrite (g 1.03 119 1.33
[NO3+NO3} - N/L) :
o 5.00* 14.00* 25.00*
F Total Phosphorus (ug 6.17 8.2 9.9
NG P/L ' , :
h ) 20.00* 40.00* 60.00* '
ILight Extinction 0.055 0.066 0.075
Coefficient (k units)
0.20* 0.90* 1.75*
Chlorophyll a (ug/L) 0.135 0.21 031
o - 0.30* 0.90* 1.75*
Turbidity (NTU) 0.12 0.19 0.26
0.50* 1.25% 2.00*
*State Water Quality Standard
Shaded cells indicate exceedence of the Standard
Ké HONAARO3/CHAPTERS 5-11
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" TABLE 5-6

Barbers Point Outfall Reference Statlons

FIVE-YEAR (1998 - 2002) MONITORING RESULTS

Result and the

Parameter Geometric Result and the value
mean and the value not to exceed not to exceed more
ot to exceed more than ten than two percent of

reference value percent of the time the time
~ Total Nitrogen (ug N/L) 94.4 122 143
150.00%* 250.00%* 350.00%*
NH,-N/L) 3,50%* 8.50%* 15.00%*
[NO3+NO,] - N/L) 5.00%* 14.00%+* 25.00%**
Total Phosphorus (ug - 6.70 9.2 115
P/L) 20.00%** 40.00%* 60.00%*

" !Light Extinction 0.051 0.076 0.088
Coefficient (k units) 0.20%** 0.90** 1.75%*
Chlorophyll a (ug/L) 0.151 0.235 0.325

| 0.30%* 0.90%* 1.75%*
Turbidity (NTU) 0.30 0.31 054
0.50%* 1.25%+* 2.00%*
* State Water Quality Standard
HONAARO3/CHAPTERS 5-13
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CHAPTER 8
CHEMISTRY EVALUATION

8.1 INTRODUCTION

This chapter reviews receiving waters data frorn the area around the Barbers Point deep ocean outfall
for compliance of its discharge to State Water Quality Standards (WS) for pH, temperature, salinity
and dissolved oxygen (DO). All nearshore Zone of Imtlal Dilution (ZID), Zone of Mixing (ZOM)
and reference stations were momtored for these parameters during the 2003 monitoring year, as
required by the Honouliuli WWTP (HWWTP) 301(h) waiver permit. The monitoring dates in 2003
Were February 4, April 29, Septerber 8 and 20, and October 8. None of the monitoring protocols
were changed from the previous monitoring year. Figures 5-1 and 5-2 show the receiving water

monitoring locations in 2003. -

Compliance determination was based on measurements obtained by the City's Sea-Bird CTD

Profiler. Measurements of pH, potential temperature, salinity, and dissolved oxygen concentration

- were taken at one (1) meter intervals for all stations during each monitoring event. The compliance

of dischérges from the Barbers Point outfall to WQS is determined by comparing measurements at

stations around the outfall to measurements at the two reference stations.

8.2 pH REQUIREMENT

Accordmg to the State WQS and permlt requlrements pH units shall not deviate more than 0.5 units
from avalue of 8.1 (7. 6 < pH < 8.6) except at coastal locatlons where and when freshwater from

stream, storm drain or groundwater discharge may depress the pH to a minimum level of 7.0.

There is no statistical compliance methodology for this requirement. In-situ measurements were
directly taken and compared with the above pH range; see Table 8-1. At no time during the 2003

monitoring year did the monitored pH value exceed this requirement at any station or at any depth.

HAARO3\Chapter8 : ; 8-1 Appendix B
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Table 8-1
2003 CTD pH Data

Sample pH Sample _ pH

site N [“max | Mna site n [ Max | Mo
HBI | 326 | 809 | 7.99 HNZ 54 | 803 7.94
HB2 293 | 808 | 797 HN3 58 | 802 | 7.95
HB3 372 | 810 | 798 | HN4 54 | 804 | 795
HB4 315 | 809 | 799 HMI | 209 | 808 | 797
HB5 | 284 | 808 | 798 HM2 | 291 | 809 | 798
HB6 | 294 | 808 | 798 HM3 | 515 | 811 7.98
HB7 | 317 | 808 | 798 HM4 | 293 | 808 | 798
HNI 55 | 803 | 7.94 ZM 315 | 808 | 798

8.3 TEMPERATURE REQUIREMENT

According to the WQS and permit requirements, the temperature shall not vary more than one degree

Celsius (1°C) from ambient conditions.

There is no statistical compliance methodology for this requirement. Potential temperature
measurements were compared directly with the above temperature range. The ambient condition for
each monitoring event was determined by averaging the potential temperature measurements at each
depth for the reference stations HB1, and HB7. For depths where the potential temperafure was
taken from only one reference station, the ambient potential temperature for those depthé were taken
to be the temperature readings from that reference station. The ambient potential temperature was
then compared with the potential temperature measurement at each offshore station for all depths.
This process was repeated for subsequent monitoring events. Figures 8-1 to 8-5 illustrate the results

of this procedure.
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As part of the compliancé evaluation, the presence and influence of thermoclines must be accounted
for. Thermoclines occur when colder water underlies warmer water resulting in distinct, abrupt
temperature changes with depth. The depth at which thermoclines occur vary with the season, time
of day, stage of tide, etc. Their depth can be fairly constant to highly variable. Multiple
thermoclines can exist naturally at different depths. When wastewater is discharged from the outfall, |
it is less dense than ambient waters due to both its slightly higher temperature and lower salinity. As
wastewater rises, it mixes with the ambient waters which dilute it and slow its rise to the water
surface. When the rising dilute plume, now essentially the same temperature and almost the same
salinity as the water around it, encounters aAthermocline, it generally lacks the buoyancy to continue

its rise. It is therefore trapped at that depth.

During the 2003 ‘monitoring year there was no strong evidence of thermoclines during any
monitoring‘ event at the depths displayed. In a few cases, especially at the maximum depth for a
station there were distinct drops in ambient temperature. This is seen in all figures except Figure 8-
2. In Figure 8-4 this results in one reading that is below the miﬁimum temperature line. Since the
effluent temperature normally exceeds this minimum temperaturé line, the City does not believe

these situations are associated with the discharge of treated wastewater. The ambient water

’temperatilre dropping below the minimum temperature lines is probably due to ambient conditions

and not the discharge of effluent from the outfall.

Table 8-2l shows the reported monthly average and daily maximum effluent temperatures for the

months when monitoring was done.

Table 8-2
HWWTP EFFLUENT TEMPERATURE (°C)
Monitored Month Average Monthly Maximum Monthly
Temperature Temperature

February 2003 26.80 28.00

April 2003 | 27.75 ©29.00
September 2003 2936 - 30.50
September 2003 . 29.36 . 30.50
October 2003 , 29.21 30.50

HAARO3\Chapter8 8-3
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8.4 SALINITY REQUIREMENT

According to the State WQS and permit requirements, the salinity shall not vary more than ten
percent (10%) from natural or seasonal changes considering hydrologic input and oceanographic

factors.

There is no statistical compliance methodology for this requirement. For a given monitoring event,

in situ salinity measurements -at each depth (SALq) for each offshore monitoring station were

compared with the average salinity (AVGSALg) at each correspohding depth. The AVGSAL, at.
each depth, d, was obtained by averaging salinity measurements from the two reference stations HN1
and HN7.. For depths where salinity measurements were taken from one reference station, the
AVGSAL, at those depths was taken to be the measurement taken at the reference station. ‘The

salinity ratio at each depth was computed using the following equation:
Salinity ratio = ABS[1-SALs/AVGSAL4] x 100

This process was repeated throughout the depth range of the reference stations for every CTD

monitoring event. Table 8-3 exhibits no percent deviation exceeding the 10% limit.

Table 8-3

SALINITY MEASUREMENTS FOR GIVEN MONITORING EVENTS
" Monitoring Salinity ratio Number of Average Sample
event sample salinity Standard
: maximum minimum ﬁ
' points (n) ratio Deviation
February 2003 0.54% 0.00% 601 0.16% 0.091%
April 2003 0.26% 0.00% 601 0.09% 0.063%
September 2003 0.56% 0.00% 607 0.06% 0.100%
September 2003 0.74% 0.00% - 609 0.06% - 0.100%
October 2003 023% 0.03% 591 0.13% 0.030%
HAARO3\Chapter8 8-9 )
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8.5 DISSOLVED OXYGEN REQUIREMENT

State WQS and the Sand Island WWTP 301(h) waiver permit requires dissolved oxygen to not be -

less than seventy-five percent (75%) saturation, determined as a function of ambient water
temperature and salinity. To determine the dissolved oxygen concentration (DOgaturation) for given

temperature and salinity, dissolved Oxygen concentration tables” were used. For each monitoring

event, the temperature T and salinity, Sal, measured at each station at each depth were used to obtain

DOgaturation for that station and depth. The measured DO at each station and depth was then compared
to the corresponding DOgyuration value. If the measured value was at least equal to Seventy-five
percent (75%) of the corresponding DOg,gyration Value then the State WQS and permit requirements
were met. Compliance is achieved when the minimum dissolved oxygen concentration for all depths
at each station except the reference station for each monitoring event is greater than 75% DOq,uration.

Table 8-4 shows that compliance was attained.

Table 8-4
Monitoring Maximum | Maximum 75% DOgauration. Minimum measured
Event Temperature Salinity using maximum Dissolved Oxygen
Monitored [°C] Measured salinity Concentration
‘ [parts per and temperature : [mg/1]
thousand] ‘values [mg/l]
February 24.588 35.224 - 5.108 15.901
April 25.252 35.194 4995 : 6.0337
September 26.384 : 35.156 . 4.815 6.0736
September . 26.9921 35.194 4.7635 5.978
October 27.0676 35.068 4.7636 _ 6.0241

* Tchobanoglous, George and Schroeder, Edward; Water Quality. Addison-Wesley Public Company; February 1987.
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8.6 CONCLUSIONS

Discharge from the Barbers Point Deep Ocean Outfall did not result in any exceedences of applicable

State regulations on pH, dissolved oxygen, temperature or salinity during 2003.

A

o . -11
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