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lmproved operational characteristics.

The Chlorinator-Macerator System was modified to utilize ozona-
tion followed by small additions of sodium hypochlorite solution to
complete disinfection and provide a slight chlorine residual. It was
designed to (1) minimize manpower operating requirements; (2) simplify \

maintenance, troubleshooting, and repair; (3) require little logis-
tical support; and (4) interface with existing shipboard piping and
electrical systems while complying with the U.S, Environmental
Protection Agency's Type-Il marine sanitation device Effluent Quality
Standards. The new prototype Blackwater Treatment System was evalu~
ated in 1975 and 1976, The system produced effluent within U,S.
Environmental Protection Agency Standards for a Type-II marine sani-
tation device. Design drawings for a prototype treatment system tor \
further development are included.
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ABSTRACT

Two sewage treatment systems aboard Great Lakes

iron ore carriers were evaluated: A Chlorinator-
Macerator System aboard SS EDWARD B. GREENE, and a

‘ BIOGEST '25" System aboard 8S WALTER A. STERLING.

The systems had been installed in 1962 and 1960,

respectively, The lack of trained shipboard oper-

! ating personnel caused termination of the BIOGEST

' evaluation, The Chlorinator-Macerator evaluation
revealed a need for a system with improved opera-
tional characteristics,

The Chlorinator-Macerater System was modified
to utilize ozonation followed by small additions
of sodium hypochlorite solution to complete disin-
fection and provide a slight chlorine residual. It
was designed to (1) minimize manpower operating
requirements; (2) simplify maintenance, trouble-
shooting, and repair; (3) require little logistical
support; and (4) interface with existing shipboard
piping and electrical systems while complying with
the U.S, Environmental Protection Agency's Type-I1
marine sanitation device Effluent Quality Standards,
The new prototype Blackwater Treatment System was
evaluated in 1975 and 1976. The system produced
effluent within U,8, Environmental Protection
Agency Standards for a Type=II1 marine sanitation
device. Design drawings for a prototype treatment
system for further development are included.

ADMINISTRATIVE INFORMATION
This work was auLhorized by the U.S. Department of Commerce, Maritime
Administratlion, Project 12 420-54—421, and was accomplished under Work
Unit 2863-538,

BACKGROUND
In March 1973, the Assistant Secretary for Maritime Affairs, Depart-
ment of Commerce, and the Manager of the Marine Department, Cleveland-
Cliffs Iron Company (CCIC), expressed interest in a cooperative undertaking
to assist merchant vessels in complying with EPA* effluent quality

*Definitions of abbreviations used are given on page vii,
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standards for shipboard sewage treatment systems, The objective of the ‘ .

study was to reduce the capital costs, maintenance costs, and operating

-

time required for crews to keep the shipboard systems then installed in .

operation, rveland-Cliffs proposed that a testing program be imple-

mented to determine the operating effectiveness of sewage treatment sys-
tems currently ln use aboard Great Lakes iron ore carriers operated by
CCIC,

On 27 April 1973, a meeting was held at the Maritime Administration,

Division of Great Lakes Shipping, U.S, Department of Commerce. The meet-

ing was attended by representatives of the Maritime Administration, the
David W. Taylor Naval Ship Research and Development Center, the U,S, Coast
Guard, the Environmental Protection Agency, the Cleveland-Cliffs Iron

[

Company, and the Lake Carrilers' Assoclation., At that meeting it was
decided that the Center was to evaluate the Chlorinator-Macerator* systum

aboard S5 EDWARD B, GREENE and the BIOGEST "25"* gystem aboard SS WALTER

A. STERLING,

INITIAL SHIPBOARD EVALUATIONS ! 1

CHLORINATOR-MACERATOR SYSTEM DESCRIPTION
b - The first system evaluated was the Chlorinator-Macerator. A schematic

of the system is shown in Figure 1. It is designed to treat blackwater ;

Er gt

(sanitary waste from commodes and urinals only) from the aft portion of

the ship by (1) removing and retaining settleable solids for disclarge

when under way in open waters and (2) disinfecting the aqueous phase of
the waste before discharge.

The system 1s composed of three connected tanks of upproxiﬁately 300

gal (1.13 mj) each, Blackwater enters the treatment plant through the
primary settling tank; the settleable sollds accumulate on the bottom of
! the tank as sludge. The aqueous phase of the wastewater, which overflows

into the transfer tank, is composed of commode and urinal flushing water,

s

urine, and suspended solids which were not removed in the primary settling

*American Shipbullding Company, Loraln, OH.

!
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tank. When the transfer tank fills approximately three-quarters full, a
liquid level sensor activates the overboard pump which empties the effluent
holding and chlorine contact tank., A low-level sensor in the effluent tank
activates a sodium hypochlorite pump. Wastewater in the transfer tank then
is pumped to the holding tank, A sensor in the effluent holding tank
deactivates the sodium hypochlorite pump and the transfer pump when the
tank is full, The cycle is repeated each time the transfer tanks fills
with wastewater, The sodium hypochlorite is stored as a 12- to 1l5-percent
solution in a 2-gal reservolr, It is injected into the effluent holding
tank to destroy the bacteria in the effluent. 1t is also injected into

the primary settling tank as a conditioning ageant to control bulking and
improve sludge settling,

Sludge accumulated in the bottom of the settling tank must be removed
periodically., This is accomplished, as shown in Figure 1, by discharge
overboard. System operating instructions specify sludge discharge only in
open waters away from shore.
Evaluation ‘

The first Chlorinator-Macerator evaluation was conducted under way
aboard GREENE during the period 22-28 September 1973, The objectives of
that, first evaluation were to become familiar with system operating
requirements and to perform a preliminary evaluation of effluent quality,

Effluent quality was determined by analyses of wastewater samples in
the DTNSRDC mobile laboratory '"Honey," located for this project at the
Erie Dock Company, Cleveland, OH, All analyses were conducted in accor-
dance with procedures contained in Standard Methoda.l* Wastewater samples
were collected just prior to entering port, packaged with ice, and trans-
ferred to a representative of Cleveland-Cliffs Iron Company. The samples
were then flown by scheduled airline to Cleveland where they were picked
up and transported to the laboratory for analyses. The test plan-called
for a maximum of Z4 hr between sample collection aboard ship and sample

analysis in the laboratory.

*A complete listing of references is given on page 97.
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Results
During the evaluation period, it was discovered that the overboard
discharge check valve leaked, allowing lake water into the effluent hold-
ing tank. This occurred only when the ship was downbound with a load of
orej; when upbound empty, the overboard scupper was above the waterline,
Therefore, effluent samples were only collected during upbound trips, In-
fluent and transfer tank samples were not affected by the faulty check valve.
Another problem was encountered in transporting samples from the ship
at various Great Lakes ports to the mobile laboratory in Cleveland within
24 hr after collection, Samples ﬁere sent from Detroit, MI, :
Saute St., Marie, MI, Marquette, MI, and Duluth, MN. With only one excep- !
tion, shipping times from those porta exceedaed 24 hr. The majority of
samples that were analyzed within 24 hr of collection were those hand car-
ried to "Honey" by Center personnel when the ship arrived within reasonable
driving distance of Cleveland.
The Chlorinator-Macerator System treated from 5 to 200 gal (19 to
757 &) of influent per hour with a mean flow of approximately 64 gal
(242 &) per hour per day. Fecal coliform reduction was from 106 organismse
per 100 ml in the influent to 103 organisms per 100 ml in the clarified
effluent, Effluent total suspended solids and BOD were estimated at less
than 100 and 50 mg/l, respectively, Based upon the limited number of sam-
ples analyzed, there was little reduction in dissolved solids, This is ;
consistent with the degree of treatment expected from a primary treatment
system. However, 1f the periodic overbuard discharge of sludge from the

[P Y

bottom of the settling tank is taken into account, the net treatment
obtained from the system is near zero. The suspended solids removed from
the liquid phase of the waste are concentrated in the sludge, and there is
no reduction in sludge bacterial population., The sludge generation rate
was estimated as 25 gal (95 &) per week.

To improve effluent disinfection to below 103 organiasms per 100 ml,
the following improvements to the chlorinator portion of the system were
recommended:

1. Move the chlorine injection point from its location in
the waste transfer pipe to the top of the effluent holding tank, adjacent

to the waste transfer pipe inlet, This eliminates the problem of pressure




.

in the transfer pipe preventing proper chlorine injection and still pro~
vides adequate mixing of the chlorine solution 1in the effluent.

2, Install an adjustable timer in the injection pump control circuit
to control pump operating time. The timer should be actuated at the start
of the transfer cycle and should be adjustable within a range of approxi-
mately 30 to 300 s in intervals of as 1little as 5 s, This allows control
of the quantity of chlorine injected during each pump-out cycle.

3., Install a valve in the injection line at each injection point.
This will allow control of the proportions of chlorine injected into the
gettling tank and the effluent holding tank.

To improve net solids removal obtained from the system, development
of an alternative to overboard discharge of sludge into recelving waters
was recommended., The initial survey report suggested three sludge disposal
optione:

1. Retain the sludge on-board within the settling tank for periodic
discharge to shore collection facilitles, This would involve no major
modifications to the system except for a ship-to-shore hose connection,
The sludge could be collected ashore in a tank and hauled to a disposal
site or pumped to a sewer,

2, Install a separate sludge thickening or drying system to concen-
trate the sludge and increase the interval between disposal periods.

3. Install an incinerator to reduce the sludge to a sterile ash.

The ash then could be removed along with other solid waste,

A decision on the most feasible method of sludge disposal was left to
Cleveland-Cliffs because it was not considered an objective of this pro~
gram, CCIC eliminated discharge to shore collection facilities from con=-
slderation due to the unavailability of the facilitles and the associated
problems of the ship's crew connectlng and disconnecting hoses, Shipboard
sludge concentration or incineration systems also were discounted because
of the complexity of the systems and the cost of installing and maintaining
the additional equipment, They chose to incinerate the sludge in the
ship's boiler,

It was further recommended that after ;he chlorinator portion of the

system had been upgraded, the gystem be reevaluated to asseas effluent

quality improvements,
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BIOGEST "25'" SYSTEM DESCRIPTION '
’ The second system evaluated was the BIOGEST "25'" Syatem. A schematic

of the system is shown in Figure 2., It was designed to treat all black-

water and greywater from the aft portion of the ship., The chlorine con-

tact tank was not included in the design of the original system., It will

be discussed in context with the upgraded BIOGEST System, Table 1 lists ;

r--

|

the sources of wastewater, i
The BIOGEST System contains approximately 2000 gal (7.6 m3) of waste~

water when cperating and treats from 1500 to 5000 gpd (5.7 to 18.9 m3 per ‘
day). Influent enters the aeration tank through a comminutor which <
reduces the size of the incoming solid waste particles., This speeds the j
digestive process which occurs in the aeration tank. Aerobic bacteria in . 1
the aeration tank digest the organic portion of the wastewater. Clumps of 1 ‘
bacteria (activated sludge) flow along with the aqueous phase of the waste ' |
into the settling tank. The sludge settles to the bottom of the settling
tank where it 1s picked up by airlift and recurned to the aeration tank.
The clarified liquid flows into the effluent holding tank. Liquid level J i
probes in the effluent holding tank control the discharge of effluent when ‘
the tank is filled. , | |

. Evaluation
w The first BIOGEST evaluation was conducted under way aboard STERLING

during the period 29 September through 8 October 1973, The objectives of - {
the evaluation were to become famililarized with system operating require-
ments and to evaluate effluent quality., As in the initial Chlorinator-~

S Macerator evaluation, samples were collected aboard ship and sent to the

mobile laboratory in Cleveland for analysis, : i

‘ Results
: . During the second day of the evaluation it was discovered that the

aeration tank drain valve had been open and the aeration tank was empty.

—w

Ship's personnel were unaware of the problem, Most of the activated
- sludge in this tank was being discharged overboard each time the liquid

-
S
+
F -
. G

W R s e A R S ks




R emes pewecwnaete s eip ot . CoTe e - - - Am e e rRmeTa e FE2 e e - T T

ONITIEILS °V YAITVYM SS PIeoqy ma3sig
juamieal] S3emds auriEy ,C7,, 1SFN0IF — Z 2Ind1g

Nivda

/

dRnd

Hiv
3IDHVYHOSIA - = L -

ayvOogHIAO \ .- . : ‘.
NNVL ’
ONIGTOH
IN3N1443 o

J

— e o el

J— MNVLNOILVHIV

P ! MNVL

b " ONIT113S HOLNNINWOD

1o !

ANVL ' H ~2 /
1OvINOD 7} !} d.4l s =
_ PR ¢ N DR~ e N iy A ey oIS NI NN
INIHOTHD -], “... aNryaivm &
a3aav
ANIYOTHD NYNL3H 390N1S

IN3ININI




TABLE 1 ~ SOURCES OF BLACKWATER AND GREYWATER
DISCHARGING 10 THE AFT BIOGEST TREATMENT
PLANT ABOARD S5S WALTER A. STERLING

Source Quantity (Fixtures)

Staterooms
Shower 18
Wash Basin . 18
Cotmmode 18

Passenger Lavatory
Wash Basin
Commode

e

Galley
Garbage Disposal
Dishwasher
Sink
Ice Cube Maker Drain
Refrigerator Drain
Wash Basin
Commode

PR WRoE

Locker Room
Wash Basin
Urinal
Commode

Lo S )

Water=Couled Air Conditioner
Washing Machines 2

Wash Tub 2

level probes in the effluent holding tank activated the overboard diacharge
pump. The drain valve was closed, and the tank was allowed to fill.
Operation of the treatment plant was monitored for several days after
the plant filled, Wastewater samples were collected from the influent and
effluent lines, the aeration tank, and the sludge return. As with the
Chlorinator-Macerator evaluation aboard GREENE, problems occurred getting
samples from STERLING to the mobile laboratory in Cleveland in a timely

fashion, Aeration tank dissolved oxygen and scttleable solids measurements




indicated that the plant did not start up and reach stable operating
conditions during the 8 days of the evaluation,

The major deficiency noted in the BIOGEST System aboard STERLING was
the absence of effluent disinfection., Therefore, it was recommended that
a chlorination system be installed. The recommended system would consist
of a chlorine contact tank, a chemical metering pump for injecting sodium
hypochlorite disinfectant solution, a control system, and a reservolr for
storing the solution, A suggested design for the chlorination system was
developed,

It was recommended that, after the above chlorination system had been
installed, the BIOGEST System be reevaluated to assess system performance
and effluent quality.

EVALUATIONS QF UPGRADED SYSTEMS

CHLORINATOR-MACERATOR EVALUATION

The modifications to the Chlorinator~facerator that were recommended
following the initial evaluation were made aboard GREENE by CCIC during
winter 1973-1974, Along with modifications to the Chlorinator-Macerator,
CCIC chose to install the waste incineration system shown schematically in
Figure 3. The system was manufactured by Babcock & Wilcox Company.*
Sludge accumulated in the bottom of the settling tank was tranaferred to
GREENE's boiler by a macerator pump at a rate of approximately 3 gpm
(11 2/min)., The sludge was mixed with steam and atomized into the boiler
through an injection nozzle, The nozzle assembly was inserted into the
boiler during the sludge incineration period o»rly, Sludge and steam flow
rates were controlled manually with valves on the nozzle. At the end of
the burn period, the macerator pump was turned off and a valve adjacent to

the pump was closed, The sludge transfer pipe was then purged with steam

to force sludge remaining in the transfer pipe into the boiler. The sludge

incineration procedure required 30 min of operator time each week, includ-
ing start-up and shut-down times,

*Babcock & Wilcox, Power Generation Division, Barberton, OH.
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The evaluation began on 25 September 1974. An analytical laboratory
was set up aboard GREENE in the engineer's office, This allowed analysis
to begin within 2 hr after sample collection, Three influent and three
effluent samples were collected each day from the sample ports shown in
Figure 1, The samples were analyzed for residual chlorine, total suspended
solids, 5-day biochemical oxygen demand, chemical oxygen demand, and fecal
coliform bacteria. The chlorination system was set to inject approximately
360 ml of l2-percent sodium hypochlorite solution into the effluent holding
tank each time wastewater was pumped from the transfer tank,

An influent flow profile was determined by taking hourly depth sound-
ings of the wastewater in the transfer tank and using the depth to compute
wastewater volume, By the fifth day of the evaluation, a daily flow pro-
file had not yet developed as expected, Sampling was suspended on 30
September, and all three tanks were opened for inspection. A 30-~in.

(0.76 m) long crack was found in the seam where the wall between the trans-
fer tank and the effluent holding tank was welded to the sidewall., This
crack allowed wastewater to leak between the two tanks,

The influent was diverted directly overboard through the treatment
plant bypass line, and the transfer and settling tanks were cleaned and
dried, The crack was sealed with epoxy on 1 October, and normal operation
was. resumed on 2 Uctober, Transfer tank soundings were resumed on
6 October and continued through 9 October.

Results

Figure 4 is a graph of the average flow profile determined from
hourly tank soundings taken over a 4-day period., The average dally flow
rate of blackwater through the plant was 1600 gpd (6.1 m3/day). This was
an average of 90 gal (0.34 m3) per caplita per day for the 18 crewmen liv-
ing aft. The effluent tank discharged five times each day, thereby requir-
ing the injection of about 0,5 gal (1.8 %) of disinfectant per day.

The results of wastewater sample analyses are summarized in Table 2,
Influent samples were collected during the period 25-30 September. Efflu-
ent samples were collected 2-9 October after the crack between the effluent

and transfer tanks was repaired. One sample of sludge was collected from

12
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the sludge transfer pipe during an incineration period on 27 September.
Approximately 45 gal (0,17 m3) of waste was incinerated during 15 min,

Discussion

The high per capita flow rate was attributed to uncalibrated flush-
ometers on the commodes and the lack of urinals which meant that a very
large volume of flushwater was used after each urination, A significant
reduction, estimated to be at least 50 percent in the volume of blackwater
requiring treatment, would result from improved flushometer maintenance
and the installation of urinals in heads near work areas, An attendant
reduction in disinfectant chemical requirement would also result.

The primary settling tank removed 74 percent of the total suspended
solids. All effluent samples were below the Type~II MSD standard of 150
mg/l established by the EPA., This high reduction of solids was attributed
to the relatively large particles entering the tank. Feces and tolilet
tissue traveled only short distances via 4- and 6-in. diameter collection
lines leading to the treatment plant, Therefore, very little particle
glze reduction occurred within the waste collection system, and the large
golids settled readily in the settling tank. Furthermore, the solids
removal was a true reduction in net solids discharged since the sludge was
incinerated in the ship's boiler and not discharged overboard,

Residual chlorine in the plant'’s effluent ranged from less than 1 to
91 ppm even though the same quantity of disinfectant was added to the
effluent tank following each pump~out. Analyses of the l2-percent atock
sodium hypochlorite solution purchased by the ship in l-gal containers
showed that the concentration varied from less than l-percent chlorine to
l2-percent chlorine. Thus, no effective control of disinfection could be
easily maintained unless every gallon of disinfectant was tested and the
injection dosage adjusted accordingly,

In gpite of the problem with control of disinfectant dosage, a reason-
ably good reduction in fecal coliform bacteria concentrations was obtained.
Only two of the effluent samples exceeded the Type~1I1 MSD standard of
200 ¢0l1/100 ml, This reduction was attributed to the relatively large
volume of disinfectant solution added to the effluent holding tank

15

e e e



following each pump~out. With better control of the concentration of
chlorine in the disinfectant, further bacteria reduction and decreased
effiuent residual chlorine should be attained.

Although evaluation of the upgraded Chlorinator-Macerator demonstrated
improved performance compared to the original system, additional improve-
ments in the ship's sewage treatment capability would be required to con-
sistently attuain Type-I1 MSD performance standards while the treatment
system operates automatically,

BIOGEST "'25" SYSTEM

The modifications to the BIOGEST System that were recommended follow-
ing the initial evaluation were made aboard STERLING by CCIC during winter
1973-1974, A 20-gal (76-%) chlorine contact tank was fabricated and
mounted on the effluent tank end of the aystem as shown by the dash line
in Figure 2, The tank was designed to assure that the disinfectant mixed
with the effluent before entering the effluent holding tank,

Inspeccion of the BIOGEST System on 10 October 1974 revealed the plant
was in generally poor condition., The chlorine system was not being opera-
ted due to an inadequate supply of sodium hypochlorite, the chlorine con~-
tact tank was filled with septic sludge, and the effluent holding tank had
a sludge lafer several inches thick on the bottom,

A meeting was held on-board with the ship's Chief Engineer and First
Assistant to ildentify the problems assoclated with operating the BIOGEST
System. The Chilef Engineer explained that no one on=-board had ever been
trained to operate the blological system and other, much more serious
shipboard equipmnent maintenance problems caused the BIOGEST to be neglected.
It was declided at that time to suspend evaluation of the BIOGEST System
pending a decision by CCIC on what manpower resources would be allocated

to operate and maintain the system.
OZONATION SYSTEM - DEVELOPMENT

BACKGROUND
A meeting was held at DINSRDC on 9 April 1974 to discuss continuation
of the project in light of the evaluation results to date. Attendees
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included representatives from the Maritime Administration, CCIC, USCG, and
the Center, The following major considerations were identified by

Mr. John Horton of CCIC as being the most important for a shipboard waste-
water treatment system:

1, Manpower. A shipboard STS should operate automatically with as
little routine operator attention as possible. This is necessary due to
the increasingly smaller crew sizes on commercial vessels, Other more
vital systems demand an increasingly larger portion of a crewman's time.

2, Simplicity. A shipboard STS should be easily understood by ship
personnel; it should be easy to maintain, troubleshoot, and repair. No
speclalized operator training should be required.

3. Logistical Support. A shipboard STS should be as self-supporting
as possible to minimize procurement, transportation, storage, and handling
of consumable materials, These materials include chemical disinfectants,

tiological additives, and replacement parts.

4, Compliance with Existing Regulations, A shipboard STS must comply
with regulations promulgated by governments within the ship's normal
operating area., In the case of the Great Lakes, this includes United

States, Canadian, and state waters, as well as local jurisdictions,

5. Physical Characteristics. A shipboard STS should be as compact as
possible without sacrificing the component accessibility required for
equipment mailntenance. The system should, 1f possible, occupy the same
gpace currently ucilized by existing holding tanks or treatment systems,
and interface with already installed piping and electrical systems,

6. Cost. A shipboard STS should be economical to purchase, install,

and operate; however, none of the previously mentioned considerations
should be sericusly neglected to achieve minor cost reductions,

Although the second evaluation of the Chlorinator-Macerator aboard
GREENE demonstrated that adequate disinfection with this system was feasi-
ble, it also showed there were inherent reliability problems and require-
ments for significant operator attention. Most of the reliability and
operator problems were due to the need for frequent sodium hypochlorite
addition and the uncertain strength of the stock disinfectant solution,

An alternative disinfection process was needed to reduce these problems




without seriously increasing the complexity, size, and cost of the system,
Another major consideration for future system development was the level

of residual chlorine in the effluent discharged overboard. Due to the
different governmental jurisdictions exercising control over various
portions of the Great Lakes, attendees at the meeting felt that tighter
controls on the discharge of effluent containing high concentrations of
disinfectants for at least portions of the lakes were inevitable,

Mr. T. Scarano, USCG representative at the meeting, described the
favorable experience that Coast Guard was having in the development of a
shipboard wastewater treatment system using ozonation of mixed blackwater
and greywater streams. Mr, C.R. Dedrickson, MARAD, suggested that pre-
liminary work begin to investigate the possibility of using ozone to treat
effluent from the Chlorinator-Macerator System aboard GREENE,

Before discussing the development and ensuing evaluatjon of the
ozonation system, some important properties of ozone, its methods of gen-

eration, and its uses will be examined briefly,.

OZONE PROPERTIES

Ozone (03) is an unstable gas with a characteristic, pungent odor.
It 18 an allotropic (same composition, different properties) form of
oxygen and i1s a powerful oxidizing agent, Its oxldizing power is exceeded

only by fluorine.2'3

It is formed naturally by photochemical reaction of
sunlight and atmospheric oxygen in the Earth's stratosphere; at ground
level it exists only at very low concentrations and is usually associated
with smog and air pollucion.3 Ozone is one and one~-half times as dense
as oxygen and can be detected by smell at concentrations as low as 0,02
ppm by volume in air. It algo has a tendency to decompose slowly in air
back to oxygen.

Ozone follows Henry's law;4 its solubillity in water is proportional
to its partial pressure over the solution., While it is about ten times
more soluble in water than oxygen, once dissolved in water, 03 1s extremely
unstable with an effective half-1life of approximately 20 min. An increase
in temperature and/or the presence of neutral salts and hydroxyl ions will
greatly accelerate the rate of decomposition.5’6 Because of its unstable

character, O3 must be produced at the location it is to be used,
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Ozone can be produced by electrical discharge, by ultraviolet expo-
sure of oxygen, and by electroysis of perchloric acid. The only practical
and economical method available today for large-scale 03 production is by
the electrical, or corona, discharge principle.7 In this method of O3
synethesis, a source gas (dry air or oxygen) is passed into a gastight
chamber of an 03 generator, through a narrow gap separating a series of
electrode pairs. When ac power is applied, stray electrons within the
high energy field become excited and accelerate between the electrodes,

As their velocity increases, the electrons collide with 02 molecules in
the feed gas, causing these molecules to split in two and then recombine
with other 0, molecules to form 03.3 Concentrations of Og in the order of
2 to 4 percent by welght may be obtained with an 02 faed.8 A dry air feed
may produce 1 to 2 percent by weight, depending upon the sophistication

of the generator,

WASTEWATER OZONATION

Ozone has been used in Europe for the treatment of water for over 75
years. Reviews of its early history and various ampecific applications have
been reported by McCarthy and Smith, Diaper, Venosa, and othera.a"s’9
Today there are over 100 operating water treatment plants worldwide incor-
porating ozone.lo The principal use of 03 has been for the disinfection
of potable water supplies, Its use as a disinfectant for municipal and
industrial wastewater effluents has been limited because, until recently,
there has been no requirement for the disinfection of waatewaters.

In the United States the principal use of 03 has traditionally been
in the chemical industry as an oxidizing agent.ll More recently, it has
been used to control ailrborne odors from wastewater treatment plants,

12,13 Ozone has not been

manufacturing facilities, hoepitals, and kitchens.
widely accepted in the United States for potable water disinfection, pri-
marily due to the availability of other less expensive chemicals, Addi-
tionally, the difficulty in obtaining and maintaining a residual in
distribution systems has been cited 48 a disadvantage of 03 as a
disinfectant, This latter difficulty, however, does not stem from any
inherent inability of 03 to impart a residual, but rather from the fact

that the 03 demand of the water has not been completely met.14
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Chlorination has long been the method of choice for disinfection
of water supplies in the United States. Besides being a less expensive
and a more readily available disinfectant, it maintains a residual in
the distribution systems for added protection.

Recent studies, however, have shown that some chlorine residuals are
toxlc to aquatic life,15"17 and the chlorination of water containing
organic compounds can lead to the formation of halogenated compounds, some

of which are known or suspected mutagens and carcinogena.le-zo

Today
there is a list of over 400 organic compounds found in drinking water
supplies that are either recognized or suspect potential carcinogans.21
Only a relatively few of these have received comprehensive evaluation. In
light of these current developments, the entire practice of water disinfec-
tion is being reevaluated, and other methods of disinfection and treatment
are being investigated.

Ozone has been cited as an alternative method for the disinfection of
water and wastewater, and a number of pilot treatment plants in the United
States have been operated to demonstrate the feasibility and the advan-
tages of O3 over other disinfectants.22 Advantages of using 03 include its
strong oxidizing capabilities, rapid reaction rates, efficient germicidal
properties, and the formation of generally nontoxic products. Additionally,
03 is capable of imparting a dissolved oxygen residual to water and removw-
ing color, taste, and odor as well as reducing BOD, COD, and TSS, The
greatest advantage of 03 over halogen disinfectants 1s its reaction with
carbon to carbon double bonds (ozonolysis), Ozonolysis consists of break-
ing the molecule at the double bond, whereas halogenation consists of
incorporating the halogen (i.e,, chlorine) into the organic molecule, at
the same site,

The germicidal effect of 03 is not well understood, and a number of
theories have been postulated., The most prevalent 1is that the 03 attacks
the lipid double bonds of the bacterial cell wall or membrane, causing
cell lysis, Evidence of bacterial cell lysis after exposure to 03 has been
reported by Pavoni et al.23 They monitored the COD of ozonated and
nonozonated bacterial cultures and found that the COD increased and

correlated well with increased bacterial kill. The exact mechanism of 03
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) : disinfection is probably intimately related to the dissociation of 03 in
E water, Apparently, the free radicals formed by this dissociation are the
principal reacting species,
The mechanisms and kinetics of the dissociation of 03 in water, how-
ever, are also uncertain., A number of theories have been reviewed recently
by Peleg6 who suggests the following stages for 03 decomposaition in

aqueous solutions:

‘ 0y + Hy0 + 0, + 20H (1)
0y + OH + 0, + HO, . (2)
04 + HO, + 20, + OH (3)

: . ' OH + OH + H,0, (4)
OH + HO, + H,0 + 0, (5)

r ! ‘( OH + OH -+ 0 + H,0 (6)
- 0" +0, » 0] 7(7)

HO, + HO, » H,0, + O (8)

o 27 2T T2 T 2
Thuas, the possible specles that can be found in an aqueous 03 solu-

_ tion are 0,, OH, HO,, o, 0;, and probably free 0, (since some 0, will have

i, decomposed in the air before reacting with water). :

»f' Substances which have high oxidation potential may also possess high

\ - germicidal activity.6 Ozone has one of the highest oxidation potentials

; . known, 1.24 V. However, the oxidation potential of the hydroxyl radical

(OH) has been reported as 2.8 V, which suggests that the OH radical in
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water may be the species responsible for the strong germicldal activity
and not the free O3 itself, The amount, concentration, and dose of 03
required for bacterial kill has been looked at by many investigators.
Venosa” reviewed the literature and concluded that there was controversy,
contradiction, and nonfactual subjective judgment concerning the use of

03 for disiufection of water and wastewater, He cited the need for
objective, controlled, and reproducible data on 03 disinfection technology.
Until these data are avallable, the use of ozone for treatment and/or

disinfection of a specific wastewater must be by the method of trial and
error,

LABORATORY EVALUATION

A contact system was fabricated to determine the feasibility of treat-
ing blackwater aboard ship with ozone., Little or no technical information
on the design of low wastewater flow ozone contactors was available other
than the effort by Grumman Aerospace* for the USCG under Contract DOT-CG-
20733A, Grumman investigated multiple compartment contactors, static
mixers, turbine mixers, and packed columns, They measured inlet and out-
let dissolved oxygen concentrations to determine the effectiveness of the
oxygen/water mixiug and/or detention time. They concluded: (1) observa-
tions of gas bubbles introduced by porous plugs, sonic nozzles, and static
mixers indicated all were equally effective; (2) bubble detention time was
lncreased both by using packing and by increasing liquid column height;
and (3) packed columns and turbine reactors performed as well as or better
than multiple compartment ractors, The design of a Coast Guard/Grumman
contactor was used to fabricate the stainless column as shown in Figure 5,

The column was 68 in, (1.7 m) tall and 10 in. (0.25 m) in diameter.
The center segment of the column contained 2.6 ft3 (0,07 m3) of Pall ring
packing. The Pall rings increased bubble detention time and prevented the
bubbles from channeling up the column wall, The operating liquid level
inside the column was maintained at approximately 58 in., (1.5 m) to retain
20 gal (76 &) of wastewater dhring treatment. Primary effluent from a

*Grumman Aerospace Corporation, Bethpage, Long Island, NY.
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settling tank was pumped into the top of the column at 1 gpm (3.78 1/min)
by a positive displacement pump. Ozonated air was bubbled into the bottom
of the column through sintered stainless steel spargers.

The ozone was supplied by & W.R. Grace, 1 1b/day (19 g/hr), Model
LG-2-L2 corona generator.* It required a standard, grounded 120-V, 10-A,
60-Hz electrical source for power, Compressed air at 75 psig (517 kPag)
for the generation of ozone was supplied by the laboratory compressed air
supply. The air was filtered and dried by a heatless (pressure swing
cycle) drier to a dew point of =40°F (-40°C). The generator was operated
at airflows from 10 to 100 stdft3 (0.28 to 2.8 ma) per hour and at inlet
alr pressures from 50 to 100 psig (340 to 690 kPag). Electrical power
supplied to the corona cell was adjusted manually with a variable resistor.
In general, for a given wattage at a low airflow, concentration was high

and the yield low; at a high airflow, concentration was low and the yleld
high.

LABORATORY TEST 1

The reactor was operated from 21 May 1975 through 2 June 1975, The
blackwater measured suspended solids concentration of the primary effluent
from the Chlorinator-Macerator aboard GREENE was simulated by passing
blackwater through a 30-gal (114-2) settling tank and then into the ozone
contact column., Settleable solids removed in the settling tank were dis-
charged intermittently to a sanitary sewer. The operating conditions and
a summary of test results are contained in Table 3.

Reduction in fecal coliform bacteria was poor. The reduction in
total suspended solids (66 percent) appeared to be significant; however,
when the column was opened for inaspection, the Pall rings were found
covered with a slime layer. Although the solids were not quantified, it
appears that a portion of the solids reduction in the wastewater was due
to entrapment, The packing would have eventually become clogged with
organic material if operation of the column continued,

*W.R, Grace and Company, Baltimore, MD,
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TABLE 3 -~ SUMMARY OF ANALYSES OF INFLUENT
AND OZONATED EFFLUENT FROM PACKED
STAINLESS STEEL COLUMN

Ozone Dose 44 mg/l*

Sewage Liquid Flow Rate 1 gpm (3.8 1l/min)

Influent TSS 412 mg/l
Ef fluent TSS 140 mg/1
Influent Fecal Coliform 9.2 x 10% co1/100 m1
Ef fluent Fecal Coliform 2.3 106 col/100 ml

*mg ozone per liter of wastewater.

It was apparent that a new ozone reactor was needed that would be
capable of treating wastewater containing relatively high concentrations
of suspended solids without causing a buildup of sludge inside the reactor.

McNabney and Wynneza found that the ozone transfer rate of a continu-
ous, counter current, contacting system was not very high. However, the
ozonation efficiency for oxidizing organics was high when COD and TOC were
high, In hatch reactor tests they found that high shear roughly doubles
the rate of COD and TOC reduction. Liquid-film transfer controls mass
transfer of relatively insoluble gases such as oxygen or ozone. They
stated: '"When any liquid-gas surface is formed, molecules of both the
liquid and the gas orient themgelves at the interface. It has been
reported that a thin film of water molecules surrounding the gas bubbles
at the interface seem to cling to the bubbles and be carried along through
the liquid by gas bubbles in their upward journey, This means that the
major barrier to mass transfer is imposed by the presence of a stagnant
liquid £ilm through which mass transfer must occur. Thus, by increasing
the agitation of the liquid phase so as to continually renew contact sur-
face exposed to the gas phase, resistance to mass transfer would be reduced,
High agitation in combination with high shearing action would achleve these
requirements."24 Diaper states that, to secure the maximum oxidizing

effect with the minimum dose, ozonized air should be divided into the
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largest possible number of the smallest possible bubbles as it mixes with

the water, while maintaining relative motion between the bubhles and
25
water.

OZONE REACTOR DEVELOPMENT

An ozone reactor was designed for treating wastewater containing sus-
pended sollds, A schematic of this reactor 1s shown in Figure 6, The
reactor was constructed of two concentric Plexiglas cylinders., Ozonated
air Injected into a sintered stainless steel sparger located inside the
bottom of the inner cylinder causes a rapid upward circulation of waste=~
water (50 to 75 gpm (190 to 284 1/min)) in the inner cylinder measured
as the bubbles rise. Wastewater flows downward between the cylinders,
There is a high scouring velocity across the bottom of the reactor because
the bottom of the inner cylinder is raised slightly off the lower flange.
This high velocity keeps solids from settling and accumulating beneath the
sparger. A propeller rotating in the top third of the inner cylinder
shears the rising bubbles to increase bubble contact surface area. All
entering wastewater must pass through the high shear zone caused by the
propeller, The internal flow pattern, propeller, and amooth sides of the
columns assure a totally mixed reactor, with the greatest volume of waste-
water flowing through the inner column many times before being displaced

by incoming wastewater., The device was granted United States Patent
4,072,613 on 7 February 1978, '

LABORATORY TEST 2

In July 1975, the Plexiglas reactor (RZ) was confected in series with
the stainlees steel column (R1) as shown in Figure 7. The Pall ring pack-
ing in Rl had been removed. The direction of flow through this column
was reversed in an attempt to remove sollds if they settled beneath the
spargers,

Evansz6 reported that most work on ozone disinfection has been d;ne
in pure water and single culture systems, and there appears to be a
"threshold dose" which must be exceeded, prior to which there is slight
bacterial kill and subsequent to which there 18 rapid kill. Threshold
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" Figure 6 - Concentric Cylinder, Stirred,
Wastewater Ozone Reactor
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dose 1is a function of an "ozone demand'” of the water which is an inverse

function of the degree of treatment prior te ozone application. It is

believed that satisfying the ozone demand and disinfection occur simul-~

taneously, Therefore, a greater degree of pretreatment reduces the ozone

demand by removal of the more easily oxidizable substances and wastewater
solids which "shield" organisms from the diainfectant.26

Ozonated air from a l-lb/day ozone generator was supplied to R2 in
order to take advantage of the ozone demand theory described by Evans,
The ozone in the bubbles passing through that unit had not reacted com-
pletely; therefore, the air space above the water column contained residual
To utilize that ozone, a small diaphragm pump was used to pump the
The lower concentration of ozone in Rl was

ozone,

gas from the top of R2 to Rl.

used to satisfy partially the ozone demand of the wastewater entering the
system, The higher concentration of ozone coming from the generator wae
available in R2 to increase the likelihood of ozone contacting the bacteria,

The ozonated air from R2 was filtered to remove particles that could

eventually clog the spargers in R1l, The preasure differential across the

filter was measured to determine when to replace the filter cartridge.
Table 4 shows the results of two laboratory teat runs using different

strength influent wastewaters., The data show excellent reductiona of

fecal coliform bacteria using BOD and TSS concentrations similar to those

measured in the primary effluent aboard EDWARD B. GREENE during the'

1973 and 1974 Chlorinator-Macerator System evaluations, These findings

were tlie bases of the decision to install the system aboard GREENE and

conduct a shipboard evaluation.

OZONATION SYSTEM ~ INITIAL SHIPBOARD EVALUATION

SYSTEM DESCRIPTION
Automatic controls were installed tn operate the ozonation system

independently of the Chlorinator-Macerator System. Thus, the ship's sani-
tary plumbing draine did not have to be secured during ozonation system
installation, and the czonation system could be modified or repaired easily

without inconveniencing ship's personnel., The ozonation system was
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TABLE 4 - SUMMARY OF ANALYSES OF OZONATED WASTEWATER
USING STAINLESS STEEL REACTOR (R1) IN SERIES
WITH CONCENTRIC CYLINDER PLEXIGLAS
REACTOR (R2), MEAN VALUES

Influent

Wastewater From RI From R2

Ef fluent ‘ Effluent

Ozone Dose at 36 mg/l with 1 gpm
(3.8 1/min) Sewage Flow Rate

TSS (mg/l) 71 51 41
BODg (mg/1) 101 63 50
Fecal Coliform (col/100 ml) | 1.4 x 107 9.7 x 10° 57

Ozone Dose at 40 mg/l with 1 gpm
(3.8 1/min) Sewage Flow Rate

85 (mg/1) 131 96 89
BOD, (mg/1) 235 171 126
Fecal Collform (col/100 ml) | 2.5 x 107 6.4 x 108 480

installed aboard GREENE by Cleveland-Cliffs Iron Cowmpany on 5 and 6 Sep-
tember 1975, Figure 8 is a schematic of the installation in its initial
shipboard confipuration, Raw, unmacerated sewage from water closets
(there are no urinals on-board) in the aft portion of the ship drains by
gravity fnto an influent tank. Settleable solids in the influent secttle
to the bottom of the tank where they accumulatr as sludge. Baffles in
the tank trap floating solids until they decompose and settle with the
sludge, The sludge layer that accumulates in the bottom of the settling

tank ¢ decomposed anaerobically. Once each week, the sludge is pumped

from the bottom of the tank to the ship's port boller for incineration, as

described carlier,
Influent sewage displaces an equal anount of clarified wastewater

from the surfiace of the influent tank, over a weir, and iato the primacy
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effluent tank. The nominal detention time in the influent tank is 6 to 8
hr based on a 30U0-gal (1.14-m3) tank and a measured daily influent flow of
900 to 1200 gal (3.4 to 4.5 m3). The primary effluent tank functions as
a surge tank. It holds primary effluent (generated during perlods of peak
flow) for treatment during periods of low flow. A positive displacement,
progressing cavity sewage feed puwp continuously withdraws wastewater from
the primary effluent tank and pumps it into the first-stage ozone reactor.
The feed pump flow rate 1s adjusted as needed by changing the pump~to-
motor pulley ratio,

Clarified effluent from the primary effluent tank enters the first-
stage stainless sateel reactor (R1l) and leaves from the top of the second-
stage Plexiglas reactor (R2), Ozonated air enters the reactor system
through the RZ alr sparger and leaves from Rl, passing to the atmosphere
vie an existing vent line. The ozonation system is the same counter-
current flow system previously evaluated at the Center, The ozonated
effiuent from R2 onters the Chlorinator-Macerator's effluent holding tank
and is discharged overboard on demand of tank level control sensors,

\then the flow rate into the influent tank is insufficlent to supply
primary effluent to the continuously operating feed pump and the primary
effluent tank is nearly empty, a signal to an automatic actuator diverts
the three-way ball valve in the inlet line of the feed pump to the low
level recirculate position., The ozonated effluent from the ozonated
effluent tank recycles back through the ozone reactors., Lecirculation
continues until the primary effluent level rises. A signal then is sent
to the automatic actuator, which returns the three-way ball valve to its
original position, and normal operation resumes (see Figure 8). During
periods of low level recirculation, an amber light and an elapsed time
meter on the control panel are activated,

During the shipboard evaluation, low level recirculation occurred
approximately 5 hr each night when the feed pump rate was 0,86 gpm
(3.25 1/min), The primary effluent tank liquid level was low at the
beginning of each day and allowed maximum utilization of the tank's capa=-
city for absorbing peak flows. Ozone was generated by the same l-1b/day

corona generator used in the laboratory tests.
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Laboratory equipment was shipped from DTNSRDC, and an analytical
laboratory was set up in the chief engineer's office adjacent to the englne
room, This provided the capability to begin analysis for TSS, FC, COD,
BOD, and DO immediately after sample collection, All analyses were per-

formed in accordance with Standard Met:hods.l

SYSTEM SAFETY

The sewage feed pump was operated at approximately 1 gpm (3.8 1/min).
1f an unusually high flow condition occurs (e.g., a commode flushometer
stuck open), the holding capacity of the primary effluent tank can be
exceeded, causing sewage to back up in the drain lines and possibly over=-
flow from a commode, A 2-in.-diameter pipe, viz, "the high flow emergency
bypass line," was installed between the primary effluent tank and the
ozonated effluent tank as a precautionary measure during the evaluation,
The bypass allows primary effluent to overflow directly into the ozonated
effluent tank. When the source of high flow i8 located and the fault
resolved, the feed pump gradually lowers the sewag: to a level below the
bypass, A high flow bypass condition is8 indicated by an amber light and
recorded on an elapsed time meter located on the control panel. The
function of the light and time meter is to alert an operator that high
flow conditions exist, If increased normal loading occurs, as indicated
by brief but frequent high flow indications, the feed pumping rate can bhe
increased slightly to accommodate it and prevent high flow bypasses from
recurring. During the shipboard evaluation, the level of primary effluent
never unintentionally reached the high flow emergency bypass line,

An ambient air ozone monitor was incorporated into the shipboard
test installation to detect increases in the background ozone concentra-
tion in the viecinity of the sewage treatment system, It measured ozone

concentration as parts per million (volume) ozone in four ranges (0-0.5,

0-1.0, 0-5,0, and 0~10.0) by photometric detection of the chemiluminescence

resulting from the flameless reactlon of ozone and chemically pure grade
ethylene, The monitor has a variable set alarm which closges an internal
switch when a predetermined ozone concentration is exceeded. An alarm on

the treatment system control panel will alert engine room duty personnel
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long before health hazards can develop., Ozone leaks were located by using
a filter paper strip that had been saturated with a dilute solution of
potassium lodide and dried, The KI filter paper turns brown when exposed

to low concentrations of ozone,

INITIAL PERFORMANCE EVALUATION

On 23 September 1975, the system was put on line for the first time
to conduct the initial performance evaluation which continued through
4 October 1975, All alarm and control circuits were tested, The ozone
generator was not turned on because air pressure began building up in the
holding tanks, The vent line for the sewage treatment system tanks leads
approximately 40 ft (12 m) upward from the tanks, where it emerges on the
upper weather deck aft of the ship's smokestack., A vented cover is welded
onto the top of the vent to prevent the entry of foreign objects and rain,
An investigation revealed that the tank vent line was clogged with rust,

The vent line was cleaned and proper Chlorinator-Macerator System
operation was confirmed. The Chlorinator-Macerator control system was
turned off, and the ozonation of GREENE's sewage started on 25 September
1975, Ozonated effluent began flowing into the ozonated-effluent tank at
2135 hr,

Sampling began on 26 September and confinued through 2 October 1975,
Thirty effluent samples (E), 21 second-stage reactor effluent samples
(R2), 14 primary effluent samples (T), 10 influent samples (I), and &4
influent composite samples (IC) were collected during that period.
Influent samples were drawn from the raw sewage inlet line before influent
entered the system. Frimary effluent samples were collected from the dis-
charge line of the feud pump as the primary effluent was being transferred
to the first-stage ozone reactor, Ozonated-effluent samples were collected
from the discharge line of the overboard discharge pump during a pump-out.
Second-stage reactor effluent was sampled before it could enter the
ozonated~effluent tank,

Operation of the ozonated air recirculating pump supplyiﬁg ozone to
Reactor Rl was to be observed during the evaluation to determine filter

replacement frequency and pump maintenance requirements, However, on
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1 October the stainless steel flapper check valves on the inlet side of

the pump failed,

RESULTS

until the pump was repaired on 3 October,

No ozonated air was pumped to the first-stage reactor

Approximately 1100 gal (4.2 m3) of sewage per day were processed.

analytical results is given in Table 5.

| Twenty-nine effluent samples were collected,

i tion of TSS, FC, COD, and BOD resulting from the treatment,

TABLE 5 -~ SUMMARY OF LABORATORY ANALYTICAL RESULTS

A summary of the laboratory
Table 6 gives the percent reduc-

MEAN VALUES
Sam- | No. of TSS FC oD BOD 1O
ple Samples (mg/1) (c01/100 ml) (mg/1) (mg/1) (mg/1)
6%
1c 4 360 10 700 300 5,4%
T 14 77 10’ 220 131 2.2
E 29 42 3 x 10° 170 46 8.2

*From -influent samples.,

TABLE 6 - POLLUTANT REDUCTIONS
DURING PROCESS, PERCENT

F:gﬁplﬁo TSS FC oD BOD
i IC T 78 - 68 56
L roE 45 99.97 23 65

' 1€ E 88 99.70 | 76 85

%' Seven effluent fecal coliform samples (24 percent) were below the

n target level of 1000 col/100 ml, only three effluent samples
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met the 1980 standard level of 200 col/100 ml, and all effluent TSS sam-
ples (100 percent) met the proposed Type~I1 MSD standard of 150 mg/l.

During the study, the feed pump speed was varied to determine what
pumping rate was necessary to prevent the primary effluent tank from fill=-
ing to the high flow bypass level during peak influent flow rate periods,.
This was done to keep the daily low level recirculate time as short as

N S

possible without ever reaching a high flow condition. A slower feed
rate ylelded a longer detention time in the ozone reactors, Feed pump
rates of 0.5 gpm (1.9 1/min), 0.75 gpm (2.8 1/min), 0.86 gpm (3.25 l/min),
and 1.0 gpm (3.8 1/min) were used. A comparison of high flow and low 5
flow elapsed time meter .eadings indicated that 0.86 gpm (3.25 l/min) was
the slowest acceptable flow rate,

The ambient air ozone monitor performed satisfactorily except for an
occasional spurious alarm triggered by vibration of the meter, The OSHA

standard for exposure to ozone does not permit exceeding a time weighted '

average of 0,1 ppm during any 8~hr work shift or a 40~hr week., Ambient _ :

alr ozone concentration readings were recorded each time an effluent sam- E
, ple was collected. Ozone concentration in the air above the ozone reac-
@ tors rarely exceeded 0,1 ppm. When higher levels were detected, leaks in
' the piping system were quickly found using the KI paper method and were
) : easily repaired, No ozone was detected escaplng to atmosphere from the
vent on the upper aft weather deck during this phase of shipboard testing. i

During the shipboard study, 8400 ppm (vol.) ozone was measured in 1
the supply from the generator to the second-stage reactor; 32 ppm of
ozone was measured going into the first-stage reactor, and 16 ppm of ozone A
was being vented from the first-stage reactor into the wastewater holding
tank vents, Thus, 99.7 percent of the applied ozone was consumed in the ;
: reactors.,
The filter in the recirculated ozone line not only separated parti-

culates but also separated water vapor. It was necessary to drain the ’ E

filter cartridge every 2 or 3 days. Cartridge replacement frequency was

estimated to be 2 weeks.
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DISCUSSION

The objective of the study was to demonstrate that the system was
capable of meeting the 30 January 1975 marine sanitation device standard
for effluent quality. This required maintaining an effluent with a fecal
coliform bacteria concentration less than 200 col/100 ml for a Type-II
MSD.

The first effluent samples were collected on 26 September, The
effluent fecal coliform concentrations for that day ranged from 1800 to
7600 c0l/100 ml, These exceeded the levels measured duriug the laboratory
evaluation, To determine if the effluent was being contaminated ir the
effluent holding tank. samples were collected before the ozonated secondary
effluent flowed into the tank, For 20 reactor effluent samples collected
during the period 27 September through 2 October, the mean fecal coliform
concentration was 3111 col/100 ml. Although this indicated that some
fecal contamination could have been picked up inside the holding tank, the
high fecal coliform in the reactor effluent samples clearly showed that
ozonation was not producing an acceptable discharge. There was no mea-
surable residual ozone in the effluent.

The system was secured at 1800 on 2 October 1975 for inspection.
Based on this inaspection and analyses of collected data, it was concluded
that the general problem of insufficient fecal coliform reduction was
probably due to a combination of the following reasons:

1. High Sewage Flow Rate. A higher than normal flow rate reduced the

expected contact time, The degree of disinfection is a function of con~-
tact time, Although there was a marked reduction in flow from that mea-
sured during the Chlorinator-Macerator evaluation, approximately 1l.v0 gal
(4.2 m3) of influent per day entered the system, Thus, approximately
60 gal (227 &) of blackwater per man per day was generated for the 18
men living and working In the aft portion of the ship. Extensive Navy
experience has shown that six flushes per man per day could be expected,
Thus, an average of 10 gal (38 L) of water was used per commodeﬁfluah.

2, Inefficient First-Stage Ozonation. During the inspection it was
noted that a layer of sludge and slime had accumulated at the bottom of

the first-stage reactor (R1). This was probably caused by a combination

of factors, The velocity of wastewater was low, and some suspended solids
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that may have been carried through the influent settling tank settled to the
bottom of the reactor. There is also a space in Reactor Rl between the
bottom of the tank and the four spargers which 1s a stagnant zone with
little or no ozone contact, When the reactor was disassembled for inspec~
tion, this zone, including the screen supporting the Pall rings, was cov=-
ered with slimy bacterial growth, The notable exceptions were four 3-in,=-
diameter circular areas on the screen surface directly above the spargers,
Slime was prevented from accumulating in those areas by the ozonated ailr
bubbles rising from the spargers, The slime in the first-stage reactor
increased ozone demand, This left less ozone avallable for disinfection.
1f all interior surfaces can be contacted with ozonated air, the tank sur-
faces would remain clean. This is the principle behind the concentric
cylinder design as demonstrated in the second-stage reactor (R2)., At the
end of the test period, the inner walls were clean. The few visible solids
observed entering R2 remained in suspension until they were either oxidized
or carried from the reactor into the ozonated-effluent tank.

3, Insufficient Ozone Supply. The data showed that 99.7 percent of
the generated ozone was consumed in the reactors, There was no ozone

residual in the effluent from the second-stage reactor, A review of the
literature on disinfection with ozone indicates that a residual ozone
content of 0.1 ppm would be sufficient to maintain disinfected effluent.
There was still no effluent ozone residual even when the system was
working properly at the beginning of the study period. This indicated
that the 1-1b/day (19-g/hr) ozone generator may not have generated enough
ozone for the system. This was supported by the low (30 ppm by volume)
ozone concentration measured in the reactor vents. The wastewater ozore
demand apparently had not been fully satisfied, although the chemical
effluent quality as shown previously in Table 5 was reasonably good; the
physical quality of the effluent was excellent (low turbidity, no color,

no odor).

4, Ozonated Air Pump. Fallure of the ozonated air recirculation pump

near the end of the test period prevented the pretreatment of the primary
effluent necessary to satisfy ozone demand before disinfection in the

secondary reactor could occur. Although the pump operated reasonably

well after its initial failure and subsequent repair, it continued to run




[ hot to the touch. It is known that the half-life of ozone 1s temperature

f dependent, but the decrease in ozore concenvration of the recirculated air ot
[ as it passed through the pump was not measured. The hot running tempera-

. ture (estimated at 120° to 150%F (49° to 66°C) of the pump had a possible

| \ adverse effect on the quantity of ozone supplied to the first-stage

reactor, . i

RECOMMENDATIONS

a Based on this evaluation, it was recommended that the following p

mance and reliability and that the system be reevaluated for a 10-day
period during the 1976 Great Lakes shipping season (April through
December 1976):

1. Adjust, and maintain in adjustment, the flushemeters aboard

|
!
i
1
modifications be made to improve the sewage treatment system's perfor- ﬁ J
|
|
ship; cr replace with new flushometers than can be adjusted. They should |
flush with the minimum amount of water required for satisfactory operation, 4
2. Clean the vent lines leading from the tanks, This will improve

the flushing characteristics of the crew heads,
3. Replace the stainless steel column Rl with a reactor similar in ' [ 1
design to R2, A '
L 4, Replace the 1-1b/day (19-g/hr) ozone generator with a 2-1b/day !
(38-g/hr) generator. This should provide enough ozone to achieve satis- ‘ é ‘
S factory treatment and still have some reserve capacity, ' ‘
‘ 5. Replace the ozonated air recirculation pump with a cooler opera=-

ting, more reliable model,

RV 3

; : 6. Clean and repaint the inside of the ozonated-effluent tank. This

: will provide a smooth surface and reduce the tendency of organic deposits

to collect on the walls of the tank,

s

7. Shock mount the ozone generator and amblent alr monitor to reduce

; . the effect of vibration and the possibility of damage to equipment caused
’ : by ship movement.

8., Add a short time delay circuit to the high amblent air ozone

SN N

concentration circuit to prevent ship's vibration from triggering an ¥

alarm.
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OZONATION SYSTEM ~ FINAL SHIPBOARD EVALUTIONS

The following modifications were made to the prototype ozonation
system on-board GREENE, The system configuration is shown in Figure 9,

1. The stainless steel column was replaced by a concentric
cylinder reactor fabricated of PVC, The concentric~cylinder design ozone
reactor had demonstrated its ability to maintain sewage solids in suspen-
slon and prevent settling and sludge accumulation on the reactor bottom
beneath the spargers.

2, The 1~1b/day (19-g/hr), air-cooled ozone generator was replaced
by a 2-1lb/day (38~g/hr), water-cooled model. The new generator was modi-
fied to assure electrical connections and fasteners were secure and resis-
tant to vibration, It used dry ailr supplied by its own compressor in lieu
of ship's compressed air,

3, The ozonated air recirculating pump was removed from the system,
A metering valve was installed in the ozonated air line leading to R2,
and a flowmeter with regulating valve was installed in the ozonated air
line leading to R1, By adjusting the valves and subtracting the Rl flow-
meter reading from the ozone generator [lowmeter reading, the ozone
supply to each reactor could be controlled and measured. Removal of the
pump simplified the system and eliminated the need to monitor pressure
drop across the filter and replace the filter when it clogged. A con-
tributing factor in eliminating the pump was the difficulty in finding a
cool running pump that would operate continucusly while pumping moist,
ozonated air at flow rates up to 200 ft3/hr (5.6 m3/hr) and pressures
from 10 to 30 psig (69 to 207 kPag).

4, The old shipboard flushometers were replaced with new adjustable

flushometers to regulate the quantity of water used for flushing, The rew

flushomecera reduced the overall daily hydraulic load from 1100 gal
(4.2 m ) to 400 gal (1.5 m )

5. The feed pump supplying primary effluent to the ozone treactors
was set at 0,5 gpm (1.9 1/min). Thus, on a daily basis, the system

operated in a low level recirculate mode 10,6 hr/day. This provided longer

retention time in the reactors and additional treatment of the wastewater

being reclrculated,
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€. The three Chlorinator-Macerator tanks were sand blasted, and tne

interiors were painted to provide smooth, clean surfaces,

7. The vent lines from the Chlorinator-Macerator tanks were cleaned
and checked for leaks.

JULY 1976 EVALUATION

Evaluation of the upgraded system began on 7 July 1976, The ozone

generator was operated at maximum power, and air pressure in the generator

was varlaed from 10 to 17 psig (69 to 117 kPag). Air flow rates were

varied from 120 to 190 £t3/hr (3.4 to 5.3 mo/hr), with air flow equally

distributed be.ween the two ozone reactors. Analyses of various waste-

water streams were made on-board GREENE,

On 11 July 1976, a high liquid level alarm signalled that the primary

effluent tank was full. An investigation of the probiem revealed that the

stator in the feed pump was worn and the pump was not pumping effluent to

the ozone reactors., The evaluation was suspended until October when

another stator was obtained.

Results of 3 days of sampling in July are suwamarized in Table 7.
Data are contained in Appendix A,

TABLE 7 - SUMMARY OF 8-10 JULY 1976 ANALYTICAL RESULTS
OF PROTOTYPE OZONATION SYSTEM SHTPBOARD
EVALUATION, MEAN VALUES

Sample Collection Location
Parameter 1 T R1 R2 E
5 7 ]
FC (col/100 ml)| 5.6 x 10° | 1.4 x 107 | 5.5 x 10° | 3.2 x 10% | 5.5 x 10°
T§S (mg/l) 452 58 29 26 16
cop (my/1) 668 245 175 170 124




Analyses of samples showed good reductions in TSS and COD; however,

fecal coliform bacteria concentrations remained higher in the effluent

than desired. Additional ozonation did not appear to further reduce

fecal coliform concentrations, This was attributed to the remaining

ozone demand of the wastewater consuming the uvzone before it could contact
| and destroy all the bacteria. There were no ozone residuals in the
effluent, 5

OCTOBER 1976 EVALUATION :

Reevaluation of the prototype system wus resumed on 2 October 1376, i !
following repairs of the feed pump. Results of 3 days of sampling are 4
summarized in Table 8, Data are contained in Appendix A,

TABLE 8 - SUMMARY OF 2-4 OCTOBER 1976 ANALYTICAL
RESULTS OF PROTOTYPE OZONATION SYSTEM .
SHIPBOARD EVALUATION, MEAN VALUES i

Sample Collection Location |
Parameter T T 1 ) B E
6 5 4 (ob |
_ FC (c01/100 ml) - 24 x 10 4.9 x 10 3.6 x 10 8.3 x 10
: 88 (mg/1) 351 234 176 122 201 ,
¥
COD (mg/1) 7139 927 586 491 570 ;

As in the July 1976 evaluation, fecal coliform bacterila concentra-

|

: f
tions in the effluent were high. On 5 October sludge was withdrawn from
the bottom of the influent tank and burned in the ship's boiler, and the l
effluent tank was pumped out and cleaned. !

Due to the continuing high residual fecal coliform bacteria in the

sewage treatment system's effluent, 1t was apparent that an additional
disinfection step would be required. Further, due to the inherent
problem in obtaining a resldual ozone level 1n the effluent holding tank,
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it was decided .o use a very 'ow dose of 5-percent sodium hypnchlorite
solution (bleach) for this final disinfection step.

A diaphragm-~type chemical feed pump and a reservoir were mounted on
the ozonated-effluent tank to inject sodium hypochlorite into the line
leading from R2 to the effluent holding tank as shown in Figure 9, Five-
percent sodium hypochlorite (bleach) was added at a dose rate of 3 ppm.
At that dose, stock solution was consumed at a rate of 163 ml/day. That
low rate of disinfectant usage was considered acceptable when compared to
1800 ml/day of l2-percent sodium hypochlorite solution used by the
Chlorinator-Macerator System,

Sampling resumed on 6 October 1976, Resulls of that sampling are
summarized in Table 9. Data are contained in Appendix A,

TABLE 9 -~ SUMMARY OF 6~7 OCTOBER 1976 ANALYTICAL
RESULTS OF PRO[OTYPE OZONATION SYSTEM
SHIPBOARD EVALUATIOM, MEAN VALUES

Parameter - Sﬁ%ple Collectéin Locatig; .
FC (col/100 ml) | - 5.6 x 10° | 2.7 x10°]| 10 10
188 (mg/l1) 882 72 54 40 35
COD (mg/1) 1476 264 228 217 191
Free Chlorine _ _ _ . 0.87
(ppm)

The j rototype ozonation system continued to opetr.te on-board

EDWARD B. GREENE from October 1976 through December 1976 with no problems
reported by the ship, In December the ozone generator was removad and the
ozonat ion system was secured,

DISCUSSION

The results of the 6-7 October 1976 sampling demenstrated thatr, with

the addition of very small amounts of chlorine to the czonated effluent,
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the prototype ozonation system was capable of treating shipboard black-
water to a Type-11 MSD Standard. Bacteria destruction was attributed to
the complementary effects of ozonation followed by chlorination,

Ozone dissolved in water is extremely unstable and rapidly decomposes
with the germidical species reacting quickly with the waste products In
the water, For ozone to destroy a bacterial cell, contact with the cell
must be made before the ozone or one of its germicldal species reacts
with other matter in the waste stream, In primary effluent with high tur=~
bidity, TSS, BOD, and COD, such as that found aboard eh'.-, it is difficult
to contact all bacterial cells with ozone even at high dose rates and
relatively long contact time. Maintatining an ozone residual in such a
wastewater appears to be impractical, 1f not impossible,

Sodium hypochlorite (NaOCl), on the other hand, dissociates to
hypochlorous acid (HOCl) and hypochlorite ion (0C17), HOCL 4s the pri-
mary germicidal aspecies; it combines with nitrogenous compounds to form
chloramines, Chloramines are also effective disinfectants and they have
the added advantage of being very long lived in wastewater, thereby adding
to chlorine residual,

Thus, in the prototype ozonation system, the ozone greatly reduced
the chemical demand of the wastewater for disinfectant while destroying
over 99 percent of the fecal coliform bacteria, Thereby, a much lower
dose of chlorine was required to complete disinfection than was required
for the Chlorinator-Macerator System originally installed aboard GREENE
(163 ml of 5~percent HOCl per day versus LB00 ml of l2-percent HOCLl per
day)., Additionally, a very much lower chlorine residual in the effluent
holding tank was easlly maintained; 1.3-ppm total chlorine with 0.9-ppm
free thlorine measured 1 min after sampling. Effluent chlorine residuals
in GREENE's original Chlorinator-Macerator were very difficult to maintain
and varied widely, ranging to a measured high of 91 ppw with a mean value

of 14.8 ppm,
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OZONATION SYSTEM - FINAL DESIGN

Based upon the successful operation and evaluation of the prototype
treatment system aboard GREENE, the system design was finallzed.* A
sketch of the system is shown in Figure 10. Appendix B contains copies
of the plans and specifications for construction of a complete system.
Electrical drawings are not included; equipment installzation instructions
(effluenc discharge pump, feed pump, ozone generator, macerator pump, and
liquid level probes) are sufficient to provide information on interconnec=
tions. A control panel is provided in the system for locating motor -
starters, switches, pllot lights, etc, as desired.

In the firal design, an inclined screened device removes most
solids first, Solids removal by settling had the major disadvantage of
malntaining contact between the solid and liquid phases of the waste for
too long a period of time. Sludge accumulated in the bottom of the
influent tank anaerobically decomboaea and thereby greatly increases the
quantity of dissolved organic speciles in the primary effluent.

The solids concentration in the aqueous phase 18 reduced greatly by
intercepting and removing the solids from the flushing water as soon as
possible. This will increase the effectiveness of ozonatilon by greatly
reducing the wastewater nzone demand and possibly result in a reduction in
the chlorine added, with a consequent reduction of chlorine residual,

The system layout 1is designed to accommodate the same space as the
Chlorinator-Macerator System aboard GREENE. Components are laid out for
ready access for maintenance, The system could be reduced in overall
dimensions 1f desire,

The following is a description of the operation of the system shown

in the drawings in Appendix B.

SOLIDS SEPARATION
Ship's sanitary wastewater enters the treatment plant by gravity from
the blackwater plumbing drains, The solid and liquid phases are separated

*A U.S8., Government patent application for the system has been filed,
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by a Hydrasieve™,* The solida fall into the sludge holding tank. The
liquid flows through the srreen into the primary effluent tank,

SLUDGE HOLDING TANK

Sludge accumulates in the holding tank until a probe in the tank
senses the sludge and actuates a service/pump-out light on the control
panel, Service frequency is estimated to be weekly, depending upon waste
generated and solid/liquid separation efficiency. A manually started
macerator pump withdraws the sludge from the tank, Prior to disposal, the
sludge is recirculated several minutes while a fine spray of water enters
the tank. This macerates the solids and conditionsIChe sludge for easier
tank cleaning and sludge withdrawal. The macerator pump also is used to
pump the conditloned sludge to the ship's boiler (or some other location)
for disposal., During sludge pump-out, water from the spray nozzle is
used to help clean the tank.

PRIMARY EFFLUENT TANK

Liquid from the Hydrasieve accumulates in the primary effluent tank,
This tank functilons as a surge tank and holds primary effluent (generated
during periods of peak flow) for treatment during periods of low flow.
A positive displacement prozressing cavity feed pump contilnuously with-
draws wastewater from the primary effluent tank and pumps it into the
first-stage ozone reactor, Wastewater flowa through the three reactors
by gravity into the effluent holding tank. When the flow rate into the
Hydrasieve is insufficient to supply primary effluent to the feed pump
and the level c¢f liquid in the primary effluent tank drops to a low level,

a probe in the tank signals an automatic actuator which diverts a three-

way ball valve in the inlet line of the feed pump to the low laevel recircu-
late position. The effluent from the effluent holding tank then 1s recycled

back through the ozone reactors until the primary effluent level rises,
A probe then signals the automatic actuator which returns the three-way
ball valve to its original position,

*C,E. Bauer, Springfield, OH.

48

N
TN

(AN e W

YK SR PIFA TN

PR S

pn Tt

M W g

et

e e e .. .

o e S s e .




P R

S

P ]
Lo -

EFFLUENT HOLDING TANK
Ozonated and chlorinated wastewater 1s accumulated in the effluent

holding tank. Probes in the tank actuate a circult which turns on the
effluent discharge pump when the tank is full and turns off the pump when

the tank is empty,

QZONE REACTORS
The ozone reactors are without stir.ers, The stirrers were eliminated

to simplify the shipboard system mechanically and to reduce maintenance
requirements, In this application any loss of efficlency will be compen-
sated for by an additional (third) ozone reactor to Increase contact time.
A 2-1b/day (38-g/hr) ozone generator will supply enough ozone for

the three reactors. To divide the ozone among the reactors, each is
equipped with a regulating flowmeter in the ozone inlet line., The portion
of ozone supplied to each reactor should be adjusted so that nearly the
same concéntration of ozone is measured in the vent above each reactor,
This will indicate that the ozone demand of the wastewater being treated in
each reactor is satisfied at least to the extent possible by this reactor
design and ozone concentration., When adjusting the ozone flow rate, Rl
should require more ozone than R2, which should require more than R3,

The adjustment of ozone dose to each reactor should be required only
when the syatem is first put on-line aboard ship, as long as the character-
istice of the wastewater entering the reactor do not appreciably change
(flow rate, solids concentration, COD, etc). This should not otcur under
normal conditions and with proper urinal and commode flushometer main-

tenance.

0ZONE GENERATOR

The OREC Model 03DN-1,% 2-1b/day (38-g/hr) ozone generator specified
for this system was developed for the U,S. Coast Guard Office of Research
and Development (Contract DOT-CG-62, 702-A) specifically for use aboard
ships. Specificaticns are available from OREC, .

*Ozone Research and Equipment Corporation, Phoenix, AZ.

49

i M mmﬂ&““- R v A e ey
. A "

R u, .\a
i .t'“&?' @:\1 -u \\

Wiy L ')-L

——— e

R P,




TANK LIQUID LEVEL ALARMS

Each tank 1s equipped with a high level alarm probe. The primary
effluent tank is equipped with a low level alarm in case the motorized ball
valve fails in the normal operating position, The feed pump 18 designed
to operate continuously, but it must not run dry; if the low level recircu-
late falls to operate and the liquid reaches a lower level, a probe signal
stops the pump and sounds an audible alarm on the control panel,

REACTOR FOAM CONTROL

The bubbling action in the ozone reactors generates foam in the air
space at the top of the reactors, If this foam is allowed to accumulate,
it can enter the vents, deposit fine suspended solids stripped from the
wastewater, and eventually cause blockages. The foam is broken using
fire main water injected as a fine spray across the air space atop of
each reactor. Water (1/10 gpm) (0.38 1/min) is sprayed into each reactor
at 40 psig (280 kPag).

TANK DRAINS

Each tank and ozone reactor has a drain line, Liquid in the reactors,
primary effluent tank, and effluent ho}diug tank can be pumped overboard.
Tha sludge in the sludge tank can be pumped overboard by the macerator
pump via the plant bypass line in the event of a failure in the sludge dis-
posal system (not part of this treatment plant). In the event of an over-
board discharge pump failure, the reactors and the primary effluent and
effluent holding tanks can be dfained to the ship's gravity drain system,
usually leading to the bilge., Additionally, each tank is equipped with a

connection and valve to the fire maia for use when cleaning and flushing
tanks.

CHLORINATION

The shipboard tests determined that it was necessary to slightly
chlorinate the effluent to maintain a residual disinfectant. A chlorina-
tion subsystem conslsting of a reservoir and adjustable metering pump

(not shown in Appendix B) should be included in the system. Sodium
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hypochlorite solution (laundry bleach) should be injected into the pipe
leading from the last ozone reactor to the effluent holding tank. The pump
should be adjusted to provide approximately a 3-ppm duse or that dose
sufficient to maintain a chlorine residual from 0.5 to 1.0 ppm in the
effluent,

CONCLUSIONS

1. Ozone alone did not provide adequate disinfection of the effluent,
It was necessary to add small quantities of chlorine to the effluent to
maintain a slight residual disinfectant.

2. Ozonation reduced TSS, COD, BOD, and bacteria, eliminated color
and odor, and oxygenated the effluent. This conditioning prior to chlo=-
rination also acted as a buffer against variations in influent quality,
Additionally, ozone treatment helped reduce the variability of the effluent
chlorine demand, thus allowing more precise control of chlorine dose rate
at low levels and thereby minimizing the concentration of residual chlorine
discharged overboard,

3, The treatment system can be operated automatically with weekly
replenishment of the chlorine supply (liquid laundry bleach at 5.25-percent
godium hypochlorite) and sludge disposal as required.

RECOMMENDATIONS

The treatment system described in Appendix B is a prototype system
design based upon the experience gailned during laboratory and shipboard
evaluations. As of this report date, which is the termination of the pro-~
ject, the final design system has not been constructed or evaluated. The
following are recommended if the system is constructed and installed
aboard ship:

1. Determine the effectiveness and capacity of the system based upon
the final design.

2, Establish an optimum chlorine dose rate for maintaining a minimum
residual in the effluent while retaining satisfactory effluent bacteria
kill.

3. Determine the vzone dose rates for each reactor required to treat

the wastewater prior to chlorination,
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4, Establish an influent quality range such that solids separation,
vzonation, and chlorination will consistently produce satisfactory cffluent
quality,

5, Investligate the system's capability for treating greywater.

ACKNOWLEDGMENTS

This project was a cooperative effort between the Maritime Adminis-
tration and the Cleveland-Cliffs Iron Company. The Maritime Administration
Project Managers were Mr, J. Seelinger and Mr., C.R, Dedrickson (Retired)
of the Office of Great Lakes Shipping. The Cleveland-Cliffs Iron Company
Project Manager was Mr, J.L, Horton; additional support was provided by
Mr. J.C, Culbertson, Their assistance and guidance is greatly appreciated,
Assistance also was provided by Mr, Thomas S, Scarano, U.S., Coast Guard,
Office of Rescarch and Development, who related the experience of the
Coast Guard in shipboard ozonatlon of sanitary waate and provided guildance
for final selection of an ozone generator,

Speclal recognition goes to Mr, Norman Bragiel, Chief Engineer of
S5 EDWARD B, GREENE, for his patience and assistance in all aspects of
shipboard testing and to the officers and crew of SS EDWARD B. GREENE,

- -

-

-




r--

APPENDIX A

TABULATED RESULTS OF SHIPBOARD EVALUATION
OF PROTOTYPE SEWAGE TREATMENT SYSTEM
ABOARD SS EDWARD B, GREENE




TABLE A.1 - LABORATORY ANALYTICAL RESULTS
JULY 1978 EVALUATION

Primary Effluent From
i Date Time { Influent Effluent | Firat Contactor | Second Contactor | Overboard Discharge '
| i
. ,Macal Coliform (col/100 ml) 'l
t -
et 7/8/76 | 0900 [ 5.6 x 10°| 3.7 x 207 | 1.4 x 108 6.8 x 10° 1.7 x 10°
| 1500 - 1.9 x10" | 9.7 x 10 >10° »10°
i 2200 - |2.8x10 »10° »10° »10
1/9/76 | 1230 - 6 x 10 2 x 10° 2.2 x 10* 1.2 x 10° ‘ {
183 - 6x10% 6.9 x10° 1.9 x 10% 7.6 x 10° )
710176 [o8as | - | 6.1 x 10 1 %10} 1x10° 20
: 1200 - 3.6 x 10° 3 x 10° 1.9 x 10° 1,4 x 10° :
i30] - l3.2x10%]  1.2x10° 6.7 x 10° 350 |
Mean 5.6x20° 1.4 x10'| 5.3 x10 3.2 x 10* 5,5 x 10° |
sp - 1,3210' | 7.6 x 10° 4.25 x 10° 4,87 x 10° | 1
. Total Suspended Solide (mg/l) I 1
: |
7/8/16 | 0900 54 21 20 8 b
1500 | 1076 44 - 28 36 ‘
2200 42 38 36 6 |
779176 | 1230 216 50 26 28 20 b
1830 4. 54 36 18 :
o 7/10/76 | 0843 5 12 8 16 .
‘ 1200 63 52 22 14 20 i ,
'- 1730 110 30 40 6 i '
Mean 452 38 29 26 16 B
sD 546 22 14 11 10 5 ‘
Chemical Oxygen Demand (mg/l) !
b 5_)l
7/8/76 | 0900 177 117 130 112 % !
1500 877 207 134 172 123 l
2200 255 220 137 65
uome 1| 223 133 137 114 i
: , 1830 270 243 255 165 b
. 7/10/78 | 0845 231 110 187 102 ' ‘
1200 666 - - 90 133 ‘
1730 352 270 278 176
Mean 668 205 175 170 124 |
5D 208 56 67 65 15 !
' i 0
!
. ’ -
I
54 4
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; TABLE A.2 - LABORATORY ANALYTICAL RESULTS .
OCTOBER 1978 EVALUATION !
I
}
Pri Effluant from L ¢
Date Tima | Iufluant z;f?l:zt Firat Bacand Overboard | Reasidual | Chlorine
i Y Contactor | Contactor | Discharge | Total Yree
i
Pacal Coliform (col/100 ml)
10/2/76 | 1200 - 3 x 10°] 3000 180 2 x 107 - -
1600 - 1.9 x10° f2,0 x10° | 7.8 10° | 1.8 x 10° - .
_ 2000 - 3.4 2 10%| 2000 400 1o x 104 . - ,
v 10/3/76 | oo - 4,2 % 208 1.4 % 10° | 5.4 % 10% | 2.3 x 10 - .
1200 - 1x10f {1 10® | 7 w0t | 9.2 x 10" - -
1600 - 2.2 x10% 3.0 x10° | s w10 | 3 w10 - -
2000 . L x 10" (31010 | 17 x10® ] a8 x 10t . -
10/4/76 | o800 | - 22 n10®{3.2010° | 1o x 10| 15 x90° - -
[
1200 - 2.0 x10%|7,2 0 10° | 1.8 % 10* ]| 9.9 x 20 - -
__ . Hean 2,4 % 10° | 4,9 % 100 | 3.6 x 10° | 8.3 % 100 - .
" ; 80 10,0 x 10° |54 x10° | 3,6 x 10" | 9.5 x 10" | - -
! 10/6/76 | 0BOO - 5.6 % 108 <100 <10 <10
| 1200 . 6.2 x 10°]  <loo <10 <10 1.8 0.9 !
‘ 1600 - Loox 207 | L x 108 <10 <10 1.5 1.0 .
2000 - 8.1 x 10°] 7.4 x 10" <10 <10 1.0 0.6 !
10/7/76 | odoo | - R PR Ty as a0 1.0 1.0 '
1200 - Lexwt1o®]| oo <0 a0 1,3 0,8 ,
’ Huan - 5.6 » 100 (2.7 x 10° <0 o L3 9.9
> 8D - 1.8 x 10°[ 5.6 x 10° 0 l o 0.1 0.2 :
*Effluent tanks were cleaned and flushed., Five-psrcent sodium hypochlorite solution was i
dutomatically wdded to effluunt from the second ogtune contact column at a doswe rute nf 3 ppm,
Totsl rasidual chlorine measured in the of fluent ducing 6 and 7 Octoher ranged from 1,0 to 1.9
prm at the time of affluant discharge.
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f TABLE A.2 (Continued) '

1
1
Primary Efflusnt from
Date Time Effluent H
l Effluent | "yirgr Contactor | Second Contactor | Overboard Discharge |
’ i
, ) Chemical Oxygen Demand (mg/1) :
' |
L} 10/2076 | 1200 878 521 597 635 |
} 1600 oH8 1308 433 344 604
2000 1030 373 373 398
‘ 10/3/76 | ooy 651 610 521 417
1200 428 732 123 550 562
. 1600 897 610 597 -
: 2000 2 610 367 509
10/4/76 0800 1251 780 572 1
wang | 702 872 670 499 600
Muan 739 927 386 491 210
' sD 1 230 125 103 113
10/6/76 0800 180 50 126 65
, 1200 1476 295 212 169 148
' 1600 299 E1E} 288 234 |
2000 256 281 N 288 !
10/1/7¢6 0300 - - - 223 220
1200 - - - - -
tHean 1476 264 224 21/ 191 i
(1] 50 106 69 86
' Total Suspunded Sollde (mg/1)
1072116 1200 194 40 74 158
1600 312 124 94 12 98
2000 368 50 64 16
1u/3/76 OHOO Q¥ 140 130 94
100 28 - 128 116 148
' 1600 1 122 176 442 i
2000 140 476 106 182
10/6/76 | UB0O 2 616 476 198 314
1200 248 256 166 232
Menn 351 Pan 176 122 201
\ sh ul 180 139 49 128
]
, 10/u/6 | 0800 50 10 12 10 ]
1200 | 00 52 a2 1 20
1600 94 94 10 62
2000 134 78 58 64 !
‘ wiilte | vRoo . 40 42 12 2
Yau '
‘ L0 60 M 3t 30 |
I Mean Hi2 12 1 54 N — 15 .
51 3T 6 ] ) 21 21
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APPENDIX B

ESIGN DRAWINGS AND MATERIALS LISTS FOR
CONSTRUCTION OF A SHIPBOARD SEWAGE
TREATMENT SYSTEM FOR
GREAT LAKES VESSELS
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Drawing
No .

Title

A=-28-19031~-1
A-28-19031-2
A-28~19031~3
A=-28-19031-4
A-28-19031~5
A-28-19031-~6

Arrangement of Equipmenh and Piping Diagrammat.c
Details (Tanks, Pads, Base, and Guard Assemblies)

Ozone Reactor Assembly and Details

Foundations

Piping Arrangement (Influent, Vent, and Sludge Disposal)

Piping Arrangement (Fresh Water Fill and Flushing, Ozone
Drainage, and Effluent Ovrrboard
Diacharge)
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NOTES . o

l. FRESH WATER FROM FIREMAIAN = NOT POTABLE wATER. n
2.ALL SPRAY NOZ2LES MUST BE INSTALLED TO BE -~
LPEMOVABLE FOR CLEANING W[0 OPENING JANK OR

1 REACTOAS, -

. 3. TACK WELD STEEL IMANKS IO FHEIR ANGLE FRAME POUNDALION —
| AND TO EACH OTHER WHEM POSITIONGD IN ALACK.

i AWIFH HYDRASIEVE INSTALALD, SEAL AROUND TANK OPENINGS
- USING RTY oR EQUIVALENT. —
; REFECRYNCES . -1
. |. SEWAGRE TREATMENT ByS8 - DETAILY! DTNSADG A-28-19081- 2 i
2. - 020NE REACTOR -3 ;
3. - FOUNDATIONS | - g
4, - PIPING ARRT! -4
5. l - K 67
Latce 6. -ELEC. CONTROL PANEL -7
16 | BEDPLATE T T —= £cF 1o, 3
15 | sLuoGe Hotomg nuxm]J / S y Tt :
14 | HOLD ING TANK Pkett 1 J— 3F4 A i
1a ";‘;:&"*,{:ﬁ““"’“ ' cammi wu-u Conrmu lFBA :
12 [conTROL RANEL I REE NO ® }
ot arir. o ey . - b e . ﬂ
|| [OREC CZONATOR | J e |
OVER BOARD BISCHARRE ~—~—— T e e Bl hie Y - OARNES T . !
1Q | pymp/marem 14" auntricumaL| | MIDEL IXRES . i
MACERATO BUMP TTTT e e TN R Se - MAT T
® |mooen sPa-20em-4 || | COMML  pymp ce g 5426 | ‘
BASE 1 S REF Na | : .
'V BELT 5L370 | {
T __4._._.....“4_*,.‘ o — :
8.4pP0, Bk | ; - :
MoToR PO LY i “r o o '
8 |"s2po , BK B4 I
T WIS » 71T v SRR e - o oo i
1268 ! llm-blm 'Y ;/ I TEiC FR Se
PUMS - ?Reqlnmwa (LT A R o Aele YRR ]
[ QPM @ 486 A I 1 Eo_r:nML | meyweriua
FEED pUMP Awsy ! —_— }
O et A S
7 |HYDRASIEVE NoSSa-7 | | commL eiq no 6. 5280 a0 |
L . . .. - e e '
& - HOLDING, S - ' l
. S -._T..... b o —— = a OO U . B i
S sL.uDa.E ) oo : l
4 | TANK- PRIMARY EFFLUGNT | | S N ' |
> “3a0 N |
P, . — .ﬁ
2 “2ND ! R — ; ,
! |REACTOR - 18T STAGE | ! e REF NO. 2 |
. ..__m_ :

THIN PAGE 15 ba T QUALITY PRAGEIGABLY |
FROM OULY #uisiouBi TO DDO : _ |
1
i
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NOTES:

LDRAINAGE PIPING JO BE INSTALLEL W17 A
18 PER FONT LITCH TOWALLDS THE SH/IRPS
AONMNECTION E"TEE.

2. PIPING JTO BE SUPPORTED AS REGUIRED.
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