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Project Study Report
Chlorine Decay Study of Wastewater Discharges to Marine
Waters from Stationary Small Commercial Passenger Vessels
in Southeast Alaska

1. Introduction

This study involved conducting laboratory bench-scale evaluations to determine the decay
rate of chlorinated wastewater that is discharged to marine surface waters. The study was
conducted to provide information to the Commercial Passenger Vessel Environmental
Compliance Program of the Alaska Department of Environmental Conservation (ADEC).

Study Objectives

The chlorine decay study was designed to provide a representation of the potential ranges
of chlorine decay rates for chlorinated wastewaters from small ship discharges to the surface
water of southeast Alaska. Chlorine is used on many small commercial vessels to disinfect
wastewaters prior to discharge to receiving waters. This study assumed that blackwater or
mixed blackwater-graywater wastes from small ships are macerated and dosed with
chlorine, reacted for a period of time, and discharged to the receiving water without de-
chlorination (or that de-chlorination system fail). Assuming conservative mixing or dilution
with surface waters (dilution is expressed as the ratio of receiving water to wastewater), this
study was developed to provide laboratory data on the chlorine decay rate for such a
“worst-case” chlorinated waterwater discharge into marine receiving waters. This study
provides information to assist ADEC in determining Best Management Practices (BMPs) for
small ships to maximize environmental protection of the beneficial uses of the surface
waters.

Background

The types of effluents discharged from small ships are categorized as black water (water
from toilets) and gray water (wastewater from galleys, laundries, and accommodations).
Black water is treated onboard through marine sanitation devices before direct discharge at
or below the water surface. Gray water management practices depend on the small ship
configuration, and some vessels have limited holding tanks, others have direct discharges,
and some combine their gray water with black water prior to discharge. Ina 2002 report,
The Impact of Cruise Ship Wastewater Discharge on Alaska Waters, ADEC developed a detailed
summary of the discharges from small commercial passenger vessels.

Attachment 1 provides a summary of the treatment systems and wastewater discharge
status for the small commercial passenger vessels operating in Alaskan state waters.
ADEC’s 2004 report, Assessment of Cruise Ship and Ferry Wastewater Impacts in Alaska
provides detailed summaries of the wastewater monitoring of large and stmall commercial
vessels operating in Alaska, including details of the various wastewater treatment systems.



Chlorination is one of the disinfection methods used on vessels for blackwater and mixed
mixed blackwater /graywater (some vessels use other methods), and some vessels also use
effluent de-chlorination stages prior to discharge. However, based on 2005 small ships
blackwater sampling by ADEC, total residual chlorine concentrations ranged from 0 to 8.9
mg/L and free residual chlorine ranged from 0 to 8.8 mg/L. These residual chlorine
concentrations could pose a risk to receiving water without rapid mixing and degradation.

Wastewater samples exhibit a chlorine demand based on reactions with any reducing
agents, ammonia, some inorganic species, and organic material in the wastewater. The
chlorine demand is the amount of free chlorine required to reach a specific treatment goal,
which may be the breakpoint chlorination point, a free residual value after breakpoint
chlorination is achieved, or in the case of this study, the amount of free chlorine required to
reach the target combined chlorine residual.

Free chlorine reacts with ammonia very quickly to form chloramines. If there is ammonia in
the wastewater sample, then the only way to get free chlorine is to add chlorine until all the
ammonia is gone, add more to react with the chloramines, then free chlorine is produced.
The point where free chlorine is produced is the chlorination break-point. Figure 1
illustrates a typical breakpoint chlorination process. Presented below are definitions of
terms to help understand the chlorination process and breakpoint.

Combined residual chlorine is described as the portion of chlorine injected into water that
remains combined with ammonia or nitrogenous compounds after the reaction equilibrium
has been reached. Free residual chlorine is described as the portion of the chlorine injected
into water that remains as molecular chlorine, hypochlorous acid, or hypochlorite ions after
the solution has reached a state of equilibrium. Free residual chlorine has a short half-life in
marine waters; therefore, it can be difficult to assess the effects of chlorine on aquatic life.
However, Alaska’s saltwater criteria for total residual chlorine are very low compared to the
discharge concentrations of free residual chlorine from vessels: 13 pg/L (acute criterion) and
7.5 pg/L, (chronic criterion). Total chlorine is a measurement of both combined residual and
free residual chlorine. Total chlorine analysis is the common way to determine combined
chlorine (since combined chlorine can’t easily be measured), and the free residual chlorine is
subtracted from the total chlorine to determine the combined residual chlorine.

Most small ships, because of their size and configuration, do not have the capacity to hold
all of their wastewater while the vessel is docked or at sea, and they discharge as
determined by the treatment system capacity and wastewater load. Even with the benefit of
dilution, it has been predicted that the discharge of wastewater (blackwater or graywater)
from small ships may contain concentrations of chlorine, fecal coliform, copper, and zinc
that can potentially exceed Alaska Water Quality Standards. This study was designed and
executed to give ADEC information on the rates of reduction (decay) of free residual
chlorine and total chlorine in chlorinated blackwater discharges. This study evaluates both
blackwater and mixed blackwater/graywater discharges. The results of this study will be
used to assist ADEC in developing strategies to reduce the environmental impacts of
chlorinated wastewater discharges and in determining Best Management Practices (BMPs)
for small ships.
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Study Approach

Details of the laboratory bench-scale procedures are presented in the Study Methods section
that follows. The laboratory analyses for the bench-scale tests were conducted by CH2M
HILL's Applied Sciences Laboratory (ASL) in Corvallis, Oregon.

The project study approach included the use of representative non-disinfected blackwater
and blackwater/graywater mix samples. The blackwater sample was collected from the
vessel Spirit of 98’ on June 15, 2006 following the maceration process on board and without
any disinfection. The blackwater/graywater sample was collected from the Alaska State
ferry vessel Matanuska on June 14, 2006, and drawn (pumped) directly from the vessel’s
blackwater/graywater holding tank with out any disinfection. In addition, each wastewater
sample was tested for chemical parameters to characterize the sample and compare the
sample with historical small vessel wastewater data.

Sodium hypochlorite was used for the bench-scale chlorination testing. Chlorine demand
trial tests were conducted to determine the dose requirements for the blackwater and mixed
blackwater/graywater samples over specific exposure times and various temperatures to
provide test solutions with the target concentration of free and/or total chlorine.

Following chlorination of the wastewater, and after a reaction time to represent vessel
operations, each solution was mixed into artificial seawater, at various dilutions to simulate
discharge into the ocean. The artifical sea water used was prepared using “Instant Ocean
Sea Salt” and was added to laboratory ultra-pure water to proeduce a practical salinity unit
(psu) of 32. A salinity of 32 psu is the average for ocean waters off the coast of Alaska.
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After chlorinating the wastewater, blending with the seawater, and maintaining a constant
temperature, subsamples were collected and tested for free and total chlorine at time
intervals to document decay kinetics.

2. Study Methods

Sample Collection

The project study approach included the use of representative non-disinfected black-water
and black water/gray-water samples. The black water samples were collected from the
vessel Spirit of 98’ (docked at the Goldbelt dock) by D. Wilson and B. Paulson between (930
and 1130 PDT on June 15, 2006. The black water samples were collected from an inline port
following the maceration process and prior to any disinfection of the blackwater. The
blackwater/ graywater mix samples were collected from the Alaska State ferry vessel
Matanuska (docked at the Auke Bay ferry dock) by D. Wilson and B. Paulson between 1500
and 1630 PDT on June 14, 2006. Samples were drawn (pumped) directly from the vessel’s
graywater holding tank.

The samples were collected in 5-gallon low density polyethylene laboratory containers. The
sample containers were placed in coolers with several bags of crushed ice, and CH2M HILL
personnel shipped the samples using Federal Express next day delivery. The samples were
received at the Applied Sciences Laboratory on Saturday June 17, 2006. The samples were
placed in the lab‘s walk-in-cooler upon receipt, and stored there through out the duration of
the study at 4°C. The sample chain-of-custody and sample receipt forms are presented in
Attachment 2.

Analytical Methods"

The analytical methods used during the chlorine decay task are presented in Table 1. All
analytical testing were performed at CH2M HILL's Applied Sciences Laboratory in
Corvallis, Oregon.

Table 1 Analytical Test Methods and Sample Storage Requirements

Name Analytical Container® Preservation Minimum Maximum Holding
Methods Sample Time
Volume or
Weight
Alkalinity SM 2320.B P.G Refrigerate 200 14d
Ammonia SM 4500- P.G H2504 pH < 2 500 28d
NH3.G
Refrigerate
BODS SM 5210.B P.G Refrigerate 1,000 48 h
COoD SM 5220.D P.G H25C4pH <2 100 28d
Refrigerate
Conductivity SM 2510.B P.G Refrigerate 500 28d
4 CH2M HILL
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Table 1 Analytical Test Methods and Sample Storage Requirements

Name Analytical Container® Preservation Minimum Maximum Holding
Methods Sample Time
Volume or
Weight
Free Chlorine ® | SM4500-Cl- P.G Analyze 500 0.25h
G Immediately
Total Chiorine y | SM4500-Cl- P.G Analyze 500 0.25h
G Immediately
pH SM4500-H- P.G Analyze 500 0.25h
B Immediately
TOC SM 5310.C G H2S04 pH < 2 100 28 d
Relrigerate
T8S 8M 2540.D P.G Refrigerate 200 7d
Turbidity SM 2130.B P.G Refrigerate, 100 48 h
Store in Dark
a Polyethylene (P); glass (G), amber glass (AG).
b The chlorine measurement method is the DPD colorimetric test. This was selected because {t's commonly
used, easy, and fast. Since bromine (which is present in sea water) is a positive interference to the DPD test,
method blank samples (samples with no chlorine added) were evaluated at each of the various sea water blend
ratios and those concentrations of bromine did not show interfere with the total chlorine analysis. Bromine was
found to interfere with the free chlorine measurement. Color and turbidity can interfere with the colorimetric
test and this was compensated by using the sample to zero the spectrophotometer.

Decay Test Protocol

Several test conditions were evaluated in order to estimate the wastewater chlorine decay
rates from the various vessel treatment systems. The test conditions are presented in Table 2.
Samples were temperature-regulated during the demand and decay testing using laboratory
precision incubators. Sodium Hypochlorite (NaOCl) was used as the chlorine source. All
test data were recorded and documented using the standard lab chlorine demand/decay
berich sheets. Each of the samples listed in Table 2 were evaluated for chlorine decay
kinetics using the following protocol:

1. The wastewater samples were temperature regulated, using precision laboratory
incubators, at 15-18°C for the blackwater and 18-22°C for the blackwater/graywater
samples. The artificial sea water was temperature regulated at 12°C. After blending the
wastewater and sea water, the samples were held at 12°C for the duration of the chlorine
decay test.

2. The samples were first evaluated for chlorine demand. The objective is to determine the
dose needed to achieve the target chlorine residual at a specifc reaction time. This
process required multiple tests of adding various chlorine amounts to achieve the
desired results. The target reaction time, chlorine dose, and temperature are presented in
Table 2. These results were used to conduct the decay test.

5 CH2M HILL
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Table 2
Matrix of Discharge Test Scenarios for Chlorine Decay Study

Tet | Dischage | Effwent | Efent | g, | Comst | Gowaten | Tomp. O &

(deg. C‘) 1(11:1“ ’l’:'::g;’)’ D::;jai)ge Discharge) Se(nhsr:)ty
Test1/Test2 P

BW-1 Black-water 27 psu 15018 C 10 2-3 1:1/2:1 12C /32
BW-2 Black-walter 27 psu 15t018C 10 8-10 2:1/4:1 12C /32
BW-3 Black-water 27 psu 150 18C 10 2-3 1:1/2:1 12C /32
BW-4 Black-water 27 psu 15t018C 10 §-10 2:1/4:1 12C/ 32
BW-5 Black-water 27 psu 15018 C 20 2-3 1:1/2:1 12C /32
BW-6 Black-water 27 psu 15t018C 20 8§-10 2:1/4:1 12C /32
BW-7 Black-water 27 psu 15t018C 20 2-3 1:1/2:1 12C /32
BW-§ Black-water 27 psu 15t018C 20 8-10 2:1/4:1 12C /32
WW-1 BW/GW Mix 15 psu 18t022C 10 2-3 1:1/2:1 12C /32
WW-2 BW/GW Mix 15 psu 18to22C 10 8§-10 2:1/4:1 12C /32
Ww-3 BW/GW Mix 15 psu iSto22C 10 2-3 i:1/2:1 12C /32
Ww-4 BW/GW Mix 15 psu 18t022C 10 8-10 2:1/4:1 12C /32
WW-5 BW/GW Mix 15 psu 18to22C 20 2-3 1:1/2:1 12C /32
WW-6 BW/GW Mix 15 psu 18to22C 20 §-10 2:1/4:1 12C /32
Ww-7 BW/GW Mix 15 psu 18to22C 20 2-3 1:1/2:1 12C /32
Ww-8 BW/GW Mix 15 psu 18t022C 20 8-10 2:1/4:1 12C /32

The untreated blackwater and blackwaler/graywater samples were collected from representative vessels.

3. For the decay testing chlorine was first added to the wastewater sample and gently
stirred in a glass laboratory beaker, using a magnetic mixer and Teflon stir bar. The
beaker was maintained at the desired temperature using an incubator, and the solution

was allowed to react for the time presented in Table 2.

At the end of the reaction time, the sample was blended with seawater (pre-conditioned
to the desired temperature by storing the bulk product in a precision incubator) at the
desired mix ratio to produce a total volume of 500-750 ml (depending on the blending
ratio) and gently stirred using the magnetic mixer for 5 minutes to thouroughly mix. The
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artifical sea water used for blending was prepared using “Instant Ocean Sea Salt” and
was added to laboratory ultra-pure water to produce a practicle salinity unit (psu) of 32.

5. The chiorinated wastewater-sea water blend sample was transferred to eight 40-ml VOA
vial containers with no headspace, placed in a precision lab incubator at 12°C, and the
residual chlorine monitored over time to develop a graph to illustrate decay kinetics.
One VOA vial was used for each chlorine measurement.

6. Free and total chlorine measurements were made at time intervals selected to model the
decay kinetics for each sample. The time intervals varied for each sample in order to
model the specific decay rate for that sample and test condition. The time intervals are in
each of the diagrams presented in the results section, along with the corresponding total
and/or free chlorine measurements. The chlorine measurement method used was the
DPD colorimetric test (refer to Table 1 for analytical methods).

3. Study Results

PIISFIIP833333333333333330333333833483%3333333

The results of this chlorine decay study are presented in the stages that the study occurred;
first wastewater sample characterization, then chlorine break-point determination, and
finally the chlorine demand and decay experiments.

Wastewater Characterization

The wastewater characterization data are presented in Table 3. Attachment 3 presents
wastewater characterization data for small commercial passenger vessels from a 2004 ADEC
report. These data are included in Table 3 for reference and comparison.

Table 3 — Sample Characterization Data

Wastewater Characterization Data
Client ADEC ADEC ADEC ADEC
Black Water - Black Water -
Type Blackwater Blackwatar Gray Water Mix Gray Water Mix
2004 ADEC 2004 ADEC
Ship Spirit of 98' Report Average Matanuska Report Average
Laboratory ID F1981-01 NA F1961-02 NA
Test Resulls
Mg/l as

Alkalinity CaC0s 375 120 150 141
Ammonia mg/l as N 78 10 22 18
BODs mg/L 164 79 680 210
coD _mgil 876 765 1278 731
Conductivity umhos/cm 26,500 31,600 5,810 23,800

H Units 7.8 7.7 5.6 7.3
TOC ma/L 236 164 148 232
TSS mg/L 95 112 145 105
Turbidity cm! 80 NA 313 NA
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Break Point Chlorination

Wastewater samples exhibit a chlorine demand based on reactions with any reducing
agents, ammonia, some inorganic species, and organic material in the wastewater. The
chlorine demand is the amount of free chlorine required to reach a specific treatment goal,
which may be the breakpoint chlorination point, a free residual value after breakpoint
chlorination is achieved, or in the case of this study, the amount of free chlorine required to
reach the target combined chlorine residual.

Free chlorine reacts with ammonia very quickly to form chloramines. If there is ammonia in
the wastewater sample, then the only way to get free chlorine is to add chlorine until all the
ammonia is gone, add more to react with the chloramines, then free chlorine is produced.
The point where free chlorine is produced is the chlorination break-point.

The results of the break-point chlorination testing show that there is enough ammonia
present in the wastewater samples to convert the free chlorine added to choramines. Under
these conditions there is no free chlorine present. This holds true for these wastewater
samples up to a very high dose of chlorine (approximately 350 mg/L for black water and
250 mg/L for black water/gray water mix), where breakpoint chlorination occurs and free
chlorine will start to increase with dose. Figures 2 and 3 illustrate the results of the break-
point chlorination tests for blackwater and blackwater/graywater samples. Because of the
high ammonia levels, and the corresponding very high chlorine dose to reach breakpoint,
the decay testing for this study focused on a combined chlorine dose to represent actual
treatment conditions on the vessels.

ADEC Black Water Breakpoint

250

200 -

—e—Combined
—a— Free Chlorine |

150

100

Chlorine Residual
(mg/L CI2)

50

0 500 1,000 1,500
Chlorine Dose (mg/L as Ci2)

Figure 2. Black water breakpoint chlorination curve
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Figure 3. Black water-gray water mix breakpoint chlorination curve

Chlorine Demand Results

The chlorine demand is the amount of free chlorine required to reach a specific treatment
goal, which may be the breakpoint chlorination point, a free residual value after breakpoint
chlorination is achieved, or in the case of this study, the amount of free chlorine required to
reach the target combined chlorine residual.

Demand tests were conducted to determine the chlorine dose needed to achieve the
combined chlorine concentration specified in Table 2 for the decay testing. These laboratory
study results show that the chlorine demand for blackwater and mixed blackwater-
graywater was comparable for the samples tested. The chlorine demand curves are
presented below in Figures 4 and 5. For blackwater, a chlorine dose of 15 mg/L (as C12)
resulted in a chlorine residual of 7.5 mg/L. For the blackwater/graywater mix, a chlorine
dose of 15 mg/L (as CI2) resulted in a chlorine residual of 6 mg/L. A chlorine dose of 10
mg/L (as ClI2) resulted in a chlorine residual of 3.5 mg/L in blackwater and 3 mg/L in
blackwater /graywater mix.

Through the chlorination process several classes of disinfection by-products are formed
including trihalomethanes (THM's) and haloacidacids (HAA’s). With high organic content
wastewater, and in combination with the bromide and chloride based inorganic species in
sea water, the disinfection byproduct formation could be significant if the wastewater is
chlorinated to breakpoint, and free chlorine is present (reference Figure 1). However, since
the chlorine level typically added to these wastewater systems is below breakpoint, and
since there is ammonia in the wastewater samples, the predominant form of chlorine is as
combined chlorine. Because combined chlorine (chloramines) produces limited disinfection
by products, disinfection byproduct testing was not included with this task.

9 CH2M HILL



ADEC Black Water Chlorine Demand
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Figure 4. Black water chlorine demand results
ADEC Black Water-Gray Water Chlorine Demand
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Figure 5. Black water-graywater mix chlorine demand results
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Chlorine Decay Study Resultls

Free chlorine will decay at a predictable and relatively quick rate (minutes, hours, or
sometimes days) depending on conditions (temperature, pH, and dose). Combined chlorine
(chloramines) decays at a predictable and slow rate (days) dependent on conditions of
reaction.

Figure 6 through 13 present the results of the chlorine decay studies for each test condition
presented in Table 2. Replicate tests were performed for each condition and both test results
are plotted on each figure. For both wastewater samples, a total chlorine residual of 3-4
mg/L (after tank reaction time) required approximately 24-48 hours of decay time after sea
water blending to achieve a level below 0.1 mg/L. For both wastewater samples, a total
chiorine residual of 8-10 mg/L (after tank reaction time) required approximately 72-96
hours of decay time after sea water blending to achieve a level below 0.1 mg/L. The decay
test data are included in Attachment 4.

The focus of this decay study was on combined chlorine. The data tables show some low
level readings of free chlorine, especially in samples after blending with sea water. With the
considerable amount of ammonia in the samples, relative to the chlorine dose, there is
theoretically no free chlorine present in the samples. The free chlorine readings are believed
to be interference, as described in the test method, caused by combined chlorine while using
the DPD measurement method.

Alternate chlorine measurement methods can be used to measure combined chlorine and
the individual chloramines species. However, since the focus of this study was on combined
chlorine, and considering the time and expense with the alternate chlorine procedures, the
DPD method was used, and the interference should be considered when evaluating the
results.
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BW 10-min Reaction & 3-4 mg/L Total Residual
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Figure 6a. Blackwater with 3-4 mg/L chlorine at discharge (10 minute exposure & 1:1 mix
ratio with seawater)
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Figure 6b. Blackwater with 3-4 mg/L chlorine at discharge (10 minute exposure& 2:1 mix
ratio with seawater)
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Figure 7a. Blackwater with 3-4 mg/L chlorine at discharge (20 minute exposure & 1:1 mix
ratio with seawater)
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Figure 7b. Blackwater with 3-4 mg/L chlorine at discharge (20 minute exposure& 2:1 mix
ratio with seawater)
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BW 10-min Reaction & 8-10 mg/L Total Residual
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Figure 8a. Blackwater with 8-10 mg/L chlorine at discharge (10 minute exposure & 2:1 mix
ratio with seawater)
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Figure 8b. Blackwater with 8-10 mg/L chlorine at discharge (10 minute exposure & 4:1 mix
ratio with seawater)
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Figure 9a. Blackwater with 8-10 mg/L chlorine at discharge (20 minute exposure & 2:1 mix
ratio with seawater)
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Figure 9b. Blackwater with 8-10 mg/L chlorine at discharge (20 minute exposure & 4:1 mix
ratio with seawater)
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BWGW 10-min Rxn & 3-4 mg/L Total Residual
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Figure 10a. Blackwater/Graywater mix with 3-4 mg/L chlorine at discharge (10 minute
exposure & 1:1 mix ratio with seatwater)
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Figure 10b. Blackwater/Graywater mix with 3-4 mg/L chlorine at discharge (10 minute

exposure & 2:1 mix ratio with seawater)
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Figure 11a. Blackwater/Graywater mix with 3-4 mg/L chlorine at discharge (20 minute
exposure & 1:1 mix ratio with seawater)
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Figure 11b. Blackwater/Graywater mix with 3-4 mg/L chlorine at discharge (20 minute
exposure & 2:1 mix ratio with seawater)
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BWGW 10-min Rxn & 8-10 mg/L Total Residual

‘—e—1BWGW:2 Sea 1st
| |—=—1BWGW:2 Sea 2nd

Total Chlorine (mg/L)

0.3 3.6 20.6 540 725
Decay Time (hr) J

Figure 12a. Blackwater/Graywater mix with 8-10 mg/L chlorine at discharge (10 minute
exposure & 2:1 mix ratio with seawater)

 AWeW 1 Omin F N

BWGW 10-min Rxn & 8-10 mg/L Total Residual

| | —=—1BWGW:4 Sea @‘
|
|

| [——1BWGW:4 Sea 1st |
|

Total Chlorine (mg/L)

0.3 2.8 16.9 50.3 70.7
Decay Time (hr)

3 a

Figure 12b. Blackwater/Graywater ntix with 8-10 mg/L chlorine at discharge (10 minute
exposure & 4:1 mix ratio with seawater)
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BWGW 20-min Rxn & 8-10 mg/L Total Residual

© w A
o ;o Q

n
n

|—e—1 BWGW:2 Sea 1st |

15 | —=— 1 BWGW:2 Sea 2nd |

Total Chlorine (mg/L)
N
o

Decay Time (hr)

Figure 13a. Blackwater/Graywater mix with 8-10 mg/L chlorine at discharge (20 minute
exposure & 2:1 mix ratio with seawater)

| BWGW 20-min Rxn & 8-10 mg/L Total Residual

3.5 |

- s
' —»— 1 BWGW:4 Sea 1st :
—=— 1 BWGW:4 Sea 2nd

NN W
o O

1.5 &

Total Chlorine (mg/L)
=

o o
[l ]

0.4 3.8 30.4 40,0 716
Decay Time (hr)

Figure 13b. Blackwater/Graywater mix with 8-10 mg/L chlorine at discharge (20 minute
exposure & 4:1 mix ratio with seawater)
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Chlorine Decay Study Conclusions

This chlorine decay study was developed and performed to provide a representation of the
potential ranges of chlorine decay rates for chlorinated wastewaters discharged from small
ships to the marine surface waters. The following items summarize the key findings and
conclusions:

The break-point chlorination tests show that the wastewater ammonia
concentrations create choramines (combined chlorine) and there was essentially no
free chlorine present in the wastewater. The lab tests show that very high doses of
chlorine (approximately 350 mg/L for black water and 250 mg/L for black
water/gray water mix) were needed to attain breakpoint chlorination where free
chlorine would be produced.

Chiorine demand in the blackwater and mixed blackwater-graywater samples tested
were roughly equivalent. Both blackwater and blackwater / graywater mixed
samples received a chlorine dose of 15 mg/L (as Cl12) and these resulted in total
residual chlorine level of 7.5 mg/L in blackwater and 6 mg/L in the
blackwater/graywater mix sample. A chlorine dose of 10 mg/L (as Cl2) resulted in a
chlorine residual of 3.5 mg/L in blackwater and 3 mg/L in blackwater/graywater
mix.

The focus of this decay study was on combined chlorine, since no free chlorine was
present in the samples because of the ammonia concenftrations in the wastewater.
Combined chlorine (chloramines) decays at a predictable and slow rate (days)
dependent on conditions of reaction, while free chlorine decays at a relatively quick
rate.

Results of the chlorine decay studies show that a total chlorine residual of 3-4 mg/L
required approximately 24-48 hours of decay time after discharge to marine waters
to reduce to a level below 0.1 mg/L. Both blackwater and mixed blackwater-
graywater samples with a total chlorine residual of 8-10 mg/L required
approximately 72-96 hours of decay time after discharge to marine waters to reduce
to a level below 0.1 mg/L.

Effective chlorination of vessel blackwater and mixed blackwater-graywater without
creating excess chlorine residual in the discharged waters is challenging. Chlorine
dosing of blackwater and mixed blackwater-graywater with sufficient chlorine to
provide adequate chiorine residual for effective bacteria destruction will result in
concentrations discharged that are substantially above the Alaska water quality
standards. Vessel discharge mixing zones and discharge dilutions are needed for the
chlorine residual concentrations to approach Alaska water quality standards.
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Treatment
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Chain of Custody Doccument and Sample Reciept Forms
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VERIFICATION OF SAMPLE CONDITIONS (verity all items) * HD = Client Hand delivered Samples

Observation NO

Radiclogical Screening for AFCEE v
Waere custody seals intact and on the outside of the cooler?

IFyas, Where? Front " Rear_y/ Lt Side Rt Side Redrd
Type of packing material:dc:jﬁlue lce Bubble wrap
Was tha Chain of Custody inside the cooler?
Was the Ghain of Custody properly filted out? "
Were (he sample contalners in good condition? H_L'f’"
Containers supplied by ASL? SN x
Any sampie with < 112 holding time remaining? If so contact LPM 1," v v
Was thers ice in the cooler? Enter temp. c \l't"a‘ ot Ryan
All VOCs free of air bubbles 2 Arm e AA

VERIFICATION OF SAMPLE PRESERVATION

Sample |Nutrients|Metals pH Volatiles | Cyanides| TOC pH | TOX pH
No pH <2 <2 pH <2 pH >12 <2 <2
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Small Commercial Passenger Vessel Wasewater Characterization Data
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Assesstent of Cruise Ship and Ferry Wastewater Impacts in Alaska
5. WASTEWATER CHARACTERISTICS - SMALL SHIPS

5.1. Statistics

Since 2001, ADEC has collected substantial amounts of wastewater sampling data on cruise
ships and ferries subject to the Commercial Passenger Vessel Environmental Compliance
Program. In order to characterize the central tendency of the large quantity of data, the median
was used. The median is the middle of a distribution: half the scores are above the median and
half are below the median. The median is less sensitive to extreme scores than an average and is
thus a better measure for skewed distributions. Medians are used to present all pollutant data in
this report. Much of the fecal coliform data was highly skewed so a geometric mean was used to
summarize this data.

Geometric Mean
When distributions are more highly skewed, a geometric mean is used. A geometric mean
moderates the effect of a single high value. A geometric mean is computed as follows:

(X1 X2..Xp) ™ =
Example:

(1 x2x 10 x 10,000)" =21

5.2. Summary of Conventional Pollutant Data

There were only three small ship wastewater samples taken in 2000, too few to analyze. Only a
short list of conventional pollutants was sampled during 2001. In 2002 and 2003, small ship
wastewater samples were analyzed for the expanded list of conventional pollutants as well as for
priority poliutants. )

Small vessel conventional pollutant data taken in 2001 through 2003 is summarized according to
wastewater effluent type in Table 14. Detailed sampling results from individual ships can be
found in Appendix E: Small Ship Sampling Data.

Page 36 of 62
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Assesstment of Cruise Ship and Ferry Wastzwater Impacts in Alaska

Table 14. Small Ship Conventional Pollutants

The values for all pollutants, except fecal coliform, are medians. Fecal coliform information is represented as a

geometric mean,
Number | Ammonia Total Free
of totnl Chlorine Fecal Chlorine
Samples (asN) pH BODS COD | TSS | Residuat | Coliform | Residual
Year
Wastewater Type
Small Ship MPN/10
Appendix E Table # mg/l mg/l mg/l mgA mgfl 0 Mg/
MDL 0.03 0.10 2 3.0 1.3 0.10 2 0.10
AKWQS 17.00 6.5-8.5 nfa nfa nfa 0.0075% 14 0.0075*
2000 GW
Table 30 235 1.03 75 212 525.0 | 49.6 ND 103 ND
2002 GW
Table 16 1] 0.31 72 175 400.0 54,1 0.65 222 ND
2003 GW
Table 1 23 0.46 7.3 199 3300 | 55.6 0.70 48 ND
2001 BW -
Table 32 16 330 78 60 863.0 | 1158 0.03 10,561 ND
2002 BW
Table 20 12 16.15 15 137 8055 | 1330 ND 11,582 ND
2003 BW
Table 5 21 11.50 7.9 39 6250 | 87.1 ND 300 ND
2001 BW&GW
Mixed
Table 31 10 1.72 7.3 130 §14.0 ) 1080 1.00 3,720 0.10
2002 BW&GW
Mixed
(Table 18) 17 16.80 75 1541 850 | 06 | o025 5487 | 1.10%
2003 BW&GW
Mixed
Table 3 18 29.00 70 346 545.0 128.5 ND 56,513 ND

*Note that the MDL for chlorine is higher than the ehronic water quality standard.
MPN = Most Probable Number MDL = Method Detection Limit GW = Graywater BW = Blackwater
ND= Non Delect

FITFTTFIITIFITISFIITFIIFIIIFIIIIIIIIIIIIIIDIIIIY

** Results skewed by one result of 16,000,000.
3 In sevenal instances only free chlorine was tested, This resulted in bighcr medians for free than total chlorine.
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Asscssmenl of Cruise Shipand Forry Wastewaler Impacts in Alaska

Total
Nitrate
Number Total and Total Total
of Oil & | Organic Nitrite Total Kjeldahl | Settleable
Samples | Conductivity | Grease | carbon | Alkalinity | asN | Phosphorus | Nitrogen Solids
umbhbos/cm mefl mg/l mg/l mgfl mg/l mg/l mp/i
MDL 1.0 1.5 1.0 0.5 1.0 0.01 1.0 0.1
WQOS va
2002 GW
(Table 17) 1 369 52.0 352.0 61.0 0.5 0.86 0.4 0.1
2003 GW
{Table 2) 23 429 15.0 68.9 76.3 0.0 1.60 6.3 0.0
2002 BW
(Table 21) ] 34,500 85 299.0 116.0 0.5 2.33 5.7 0.1
2003 BW
{Table &) 21 28,800 _;}.3 29.7 1250 — 0.0 3.30 39.0 2.0 i
2002BW&GW | - ' ) ’ ' '
Mixed
{Table 19) 4 29,750% 20.0 305.0 71.9 0.5 1.36 232 0.1
2003 BW&GW
(Table 4) 18 17,900 62.0 1585 204.5 0.0 3.50 350 2.4

MPN = Most Probable Number MDL = Method Detection Limit GW = Graywater BW = Blackwater
ND= Non Detecl

Fecal coliform was at its lowest level in graywater and blackwater during 2003.

In the mixed black and graywater, there is a substanlial increase in the concentration of fecal
coliform from 3,720 MPN/100 ml in 2001 to 56,513 MPN/100 ml in 2003.

53.
The medians of most pollutants in effluent were below Alaska Water Quality Standards. Table

Pollntants in Effluent that Exceed Alaska Water Quality Standards

15 draws from Table 14 for conventional pollutants and Appendix F. Summary of Smail Ship
Sampling for Priority Pollutants to highlight the pollutant medians that do not meet Alaska Water
Quality Standards at the end of pipe. A shaded cell indicates that the concentration in the
effluent was below the standard,

3 Eipht samples were analyzed for conductivity.

Page 38 of 62

RREEERRRRREEEEEREERRRALERARRRARARRRRERRRRRRE
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Decay Testing Data
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Chent D LablID Dose Residual { Demand Slart Take-OH | Time (H:M) | Tima(Ht)
Blackwater BY-1-test 1250 /2306 015 =
0 min 0.10 12.40 6/23/06 9:25 [ 0.7
-4 oL, Total added sewaler 0.3 1214 52306 827 3] 0.20
19 0.36 1214 82306 1243 328 347
0.00 1250 BR405 1156 | 254 2658
0.05 1245 62506 1341] 529 5543
0.09 1241 W2606 10061 7250 7283
|Blaciovater BW-2-eslt 17.00 6/22/06 1:25 3 ; )
i0min 0.18 1682 62206135 | 010 017
13- 10 mg/L, etded seawaler 0.84 16.18 22106 1:38 013 0.2
29 0.53 18,17 §/22/06 2:36 13 1.18
0.16 16.84 &220517:38] 1513 1622
0,12 16.88 206800 | 3135 3158
.13 1687 624061210 6545 50.75
0.05 16.35 B25106 13:40 8415 8425
0.13 18.67 G286 1021 10456 10403
0.07 16.03 &2706 13951 12950 129,83
[Rackwater BW-Hesli 11.00 &ZY06 103 ||
i0min 0.09 1091 B2A0610:481 10 017
2 eyl s(ided seawaler 058 10.42 &2%061051]  0.18 022
T 0.14 10,69 2061140 102 103
0.05 10.85 W20 20:01] 923 938
0.00 11,00 2406 11:53] 2515 2525
0.04 10.96 624061348  27:10 27.17
0.00 11.00 BIEA6 1028 | 7150 7183
B lackwater BW-4-esti 1800 |3 £ 2306 112n| - .
H1Gmin 0.2 17.78 e2uo6itsn] ol 017
8-10 mgyL. acded seawaler 120 16.80 82306 11:33 0:13 0.2
o:1 0,62 17,38 a2¥osizee| 102 1.08
0.00 18,00 BP0 20:06 | 646 477
0.00 18.00 824108 12,05 | 2445 2475
0.00 18.00 824061353 26:33 2655
0.00 18.00 GRe0610:34| 714 7123
0.00 18.00 WR7/06 1118 9558 9507
Blackwater BW-5-est! 13.50 S £/23006 11:10 s FEESS
20 min 028 1322 B0 11:0] 620 038
3-4 gL atided seawaler 0.83 1267 #2065 11:33 023 0.38
111 0.34 13.18 825306 12:15 1:05 1.08
0.00 1450 6RU0620:06|  &56 B3
0.00 13.50 624051200 2450 2483
0.00 1850 6405 14:00| 2650 7683
0.00 1350 GRA6 1039|7120 7148
|[Blackwater BW-6-{es 18.00 — = 26215 |10 ; g TIv. -
{20 min 0.40 17.50 6722106 2:95 0:10 017
‘D added seawaler 1.26 16.74 G226 208 0:13 0.2
q 040 17.60 8/22/06 3,30 1115 125
0.5 1777 82506 17:45]  16:30 1550
ot 17.08 823062100 4245 4275
0.2 17.88 82406 14:05 |  59:50 5983
0.00 18.00 @2606 14:05] 10750 107.83
0.00 17.97 825 11:281 12508 12£.13
Blackwater BW-7-eati 10.00 7 = 2306 1582 e fe e |
min 0.47 9.83 82305 16:02 | 010 0.17
14 mglL added seawmier 1.09 | GRID5 1808  G:i6 07
1:t 073 8,27 6RY0617:08| 118 127
0.06 .84 6RIB2023 |~ 43 452
0.00 10,00 BRAE 11441 1552 1987
0.04 9,56 B2M05 1491 2218 2232
iBlackwater BW-B-esit 18,50 4 L 62306 13.:2 : : 5
E0min 0.23 1837 62305 14:12 820 0.33
B-10 myL addod soawaler 1.67 17.43 82303 1435 02 038
P 021 16,29 8230515108 126 143
0.00 18.50 B220620:32| 640 657
0,68 18.42 62406 11:48] 2155 2163
0.00 18.50 BRU06 1414 pale 2437
0.00 1850 BPEO6 TS | 6323 6833
0.00 18.50 627/06 11:26 9334 $357




Cliant 1D

Lab ID

Glacikwaler

BW-1-lesi2

FP FP
Start Take-Off

Fp

E’Z:MJS 12,33 i

Time {Hr)
i 5

10min

E23i06 12:43

13-4 /L Tolal

added seavler

B2306 12:48

2

6/206 13:38

B/23/06 20:50

B/24/06 12:00

Blackwater

BW-21es2

17.00

10 min

G206 1356 [

10 mgl.

added seavater

4|

62306 15:23

62306 20:46

624106 12:04

/24006 14,22

6/26/06 1116

BW-3Hest2

12.00

G127/06 11.00

B/23006 1401 |

WA 1aT0]

%

fdded seawater

82306 14:15

5123/06 15:28

6/23/06 20:37

62408 1208

624106 14:30

BW-4-fes2

18.00

Jic min

B/23/06 16.27 | -

6/26/08 2318

06 164 |

10 mpi

added seawaler

B/23/06 16:50

4.1

/2306 17:40

B24106 20:43

6/24/06 12,10

6f25/06 14.37

6/26/05 11720

G/27K6 11:05 .

BW-5Hesi2

10.00

G206 16723 |-

SR8 15481

added seawater

/23106 15:58

w38 17:32

6123106 20:25

§/24/06 12:12

624106 14:42

BW-G4es2

18,50

6726406 11.21

BRA0E 17:25 | i B

aoded seawaler

Bl2408 12:27

B/24106 14:48

A/26106 1135

BW-7-lest2

11.00

B2 I8 1507
6206 15:42 i

o fes
B23/06 16:08

atkled sgawaisr

62206 16:18

B/23/06 16:48

BIP3/06 20.37

B/24/06 12:23

BI25/06 14:46

0.04

B26/08 1137

chweter

BW-BHest?

18.50

017

R
D dia e

6208 15:22 |isns

Br23/08 16:42

10 mglL

addsd seawate!

101

B/23/08 1602

!

037

623106 1640

0.17

§23/08 2042

0.00
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0.4
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BI2EI05 11:30
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Client D Lah D Dosa | Residal | Demand | Resldua) | Temp. Start Take-Off | Time (H:M) | Time iHr)
[EVIGW Mix BW/GW-1est | 10.50 s 12 | 52306 1740
10min (] 10.40 300 12 623061750 OiI0 0.7
34 mol. added seawaler 0.18 1031 1.32 12 62¥06 1800 020 £33
i 0.07 10.43 0.7 12 623061929 149 1.82
0.00 10.50 0.00 12 62406 13:00 | 18:20 1833
0,04 10.46 0.05 12 62505 15:00 | 45:20 4533
0.00 10.50 0,02 i2 BI26/06 11:47 | 66:07 65,12
[BWGW Mix BWIGW-2esti | 20.00 == e = 12 B/24/06 931 | HE
10min 0.30 1970 960 12 B20069:41 | 610 0.17
310 mgiL added seawalar 1.04 16,66 224 12 26045 | 015 0.5
2 0.04 16.96 182 12 B240513:06] 335 358
0.62 1082 0.64 12 BeN06 1504|253 2955
0.03 19.57 030 12 B26/05 1531 | 54:00 54.00
- 0.04 19,86 0.2 12 627/06 10:02 | 72:31 7252
[BW/GW Mix BWIGW-3lestt | 10.60 ; 12 |e2ane 1927 | iy
10min 0.2 10,30 2.1 12 823051945 o8 0.3
-2 mglL addod seawaley 024 1036 1.30 12 62306 1952]  0.25 042
i 0.00 1060 0.12 12 62906 12:46] 1719 17.2
0.00 10.60 0.03 12 &25i06 15081 4342 437
0,00 10.60 0.00 1 82606 11:53; 64:96 B4.43
12
([EWGW Mix BWIGW-Hesll | 20.00 | 12| 623062017 | B T
{FOmin 015 1985 950 12 @23062027 | 0:10 D17
[ie-10 mgrL added saawaler 069 1831 a%: 12 62306 20:36] w18 0.3
D1 (] 19.67 075 12 §/24/06 1255 |  16:38 16.63
0,02 19.88 055 1 §/25/06 15:13 | 4286 43153
[T 19,50 040 12 B2I06 11:44 | 6327 6345
o 19.97 0.1 12 €27/06 1020 | 86:03 B6.08
{BWE/GW Mlx BWIGW-S-esit | 1150 [0 . S s 12 ersoe e -
126 min 0.06 144 292 12 @230617.32] 23 0.38
i34 mgi addad saawaler 0.17 11,33 1,16 12 2305 1742 | 633 05
1 020 14,30 0.67 12 2308 19:10] 21 2.2
0.00 11.50 0.08 12 2406 1242 1933 19,55
008 145 005 12 &2506 1896 45,10 48,17
0.00 147 0 12 B/26/06 12208 6589 66.98
{BWIGW Mix BWIGW-Etesl{ | 21.00 i | o 12 |e2306 17 T i
{omin 0.13 20,67 1050 12 W26 17:241 Q10 oL
- omgL arkded seawaler 1.24 19.78 280 iZ 230617281 005 0.5
] - 0.03 209 2 12 WIU06 1920 B06 210
0.00 21.00 73 iz 62406 12:51 | 18:37 1862
008 2092 0.43 12 B2E0G 15:25] 4611 46.18
0.10 20,00 023 12 82606 11:53] 6539 65,65
[ 2098 0.14 12 82708102 | B1S 20.25
|BWIGW Mix BWIGW-Testl | 12.40 s 12 | 62306200 - R | .
20 min 0.4 1228 318 12 G236 209 o0 017
-4 m/L sdded seawaler 0.18 1222 124 12 F2305 2025 | ole 027
i1 0.00 12.30 013 12 &24i06 1228 1629 16.48
0.00 1240 007 iz 62506 15:35 | 43:26 343
0.00 12.40 047 12 6268006 1201 6352 6357
12
BWIGW Mix BWGW-Btesl | 2050 |, " 2 12 |6iea0B 194 s
20 min 022 2028 2,00 12 G306 20:04 | 020 0.3
310 mgiL adad seawsiar 1.14 1836 340 2 6R0620:08] 024 0.4
4 0.09 047 0.8 12 B24/06 1233 16:49 1682
0.05 2045 039 12 625/06 15:30| 4348 4377
0.08 2041 0.18 12 26106 1208 | 6424 B44D
0.00 20,50 0,06 12 62706 10:38 | 6655 BG.82
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ClientI1D
BWIGW Mix BWiGW-14est2 | 10.50 i =
it min 0.8 1047 2.98 12 &24/06 10:47 | 010
34 molL poded seawaler 081 868 0.50 12 B2406 1052  &15
A 0.1 1039 057 2 o246 1341 | 34
0.05 10.45 0.02 12 &25I06 1541 | 2904
0.00 10.50 Q.00 12 2006 1305|5028
12
WIGW Hix BWIGW-24est2 | 19.00 T 1”2 | eeae10m2 ]
I1omin 0.15 16.85 30 12 oz40611.02] 010
K10 mgyL anded seawaler 1.08 a2 1,80 [ a5 1108 A7
3y 0.03 18.97 0,50 12 B2A06 13:41| 249 282
0.08 B9 0.43 12 W56 345 | 1653 16.58
0.05 1B.05 022 12 a2e0B 1%11]  50:18 502
0.05 18.95 [X] 12 G066 | ThM 0.1
BWIGW Milx BWIGW-3est? | 10.80 i ¥ A 12 | 6124106 10:50 by | Mo e < S
10 min 02 10,60 a0 [ &240611:00}  0:10 D7
4 mL added seawalel 0.7 10.06 080 12 sRaB 14| Gl4 0.3
=] 0. 10.78 052 12 624706 1337 | 2:47 2.18
0.07 1073 [XT] 12 §250615:48|  28:58 26.97
0.00 10.80 0.00 2 G256 1315 |  50:25 5042
12
“amwnu BWieW-AlestZ | 20.00 S [ | 6reains 1107 = e T
10 min 0.13 19.67 210 12 aame 17| 610 0.57
{10 molL oded sawaler 118 18.62 1.56 12 w26 1123|016 0.27
e 0.10 19.90 046 12 sRAB13R| 225 242
0.10 18.80 046 12 2506355 | 1648 16560
0.30 10.70 026 2 W25/06 1321 5014 5023
0.05 1085 0.15 12 270 BA7 | T340 7057
|Ewmwuu BWIEWSest2 | 1240 TR = 50 12 GRADB AT | e | e
) i 0.12 1228 342 © g6 10:07| 020 0.0
154 mglL afded seawalsr 0.8 11.60 1.0 12 2408 1017 | 030 0.50
{1 0.04 12.35 0.53 1% 24061329 42 e
0.02 [ 0.08 12 25006 15:57 | 8010 3017
[ 2.3 0.00 ° 2506 127 | 3340 3957
12
lﬁwmwmx BWGW-o1est2 | 20.70 =0 oA FU0BOE [ i = | S
|0 min 019 20.51 .40 2 o565 | 020 039
{B-10 mgiL added seawale! 0.97 19.19 150 2 G2A0610:02| 028 [ Y5
1 0.02 20.68 0.85 » A6 1321|345 5
0.00 20.70 047 3 w2508 1601 | 3025 3042
0,01 20.69 .10 © G268 1:35 | 3359 3950
0.2 20,68 0.08 [ w2708 9.5 | 71:39 7155
W Mix BWIGW-Tes2 | 1240 |0 w12 24088 ko e | SRS
min 0.1 1229 e © 24008 10:10 | 020 033
o4 mol added soawaler 0.5 11.80 12 [ 24/06 117 | 02T 045
0.01 1289 0.46 2 606 1225|335 a5
0.09 12.37 [T © V5061604 SB14 023
0.00 1240 0.00 [ weeUe133at 5148 5180
£
WIGW Mix BWIGW-Blest2 |  20.50 ; = o] 2 |eeaenikl raki | TR 5 :
mn 0.1 2040 9.70 © a4 1143|  C:10 017
10 mg/L ‘edded seawaler 1.4 19.46 1.2 2 aRAme 1145 @12 020
4 0.08 20.42 0.49 2 62008 1317|144 1.3
0.08 2042 0.49 © G258 4:00 | 1635 1658
0.08 20.41 028 2 o/2606 1:42 | 5509 38.15
0.08 20.42 013 [ BZIB 050 | 1017 7028

.mmmmllmllj11111111111111111Q*1QQﬁ



