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1. INTRODUCTION

In keeping with the national objective of reducing the
concentration of polluting substances discharged into surface
waters, the United States Coast Guard has been given the re-
sponsibility of conducting research and development on methods
of controlling waste waters from ships. To do this effectively,
accurate data must be available on the qualitative and quanti-
tative aspects of ships' waste waters. This information will
ultimately influence the decision on the cost-effectiveness
of the various alternatives, including on-board treatment or
holding tanks which discharge either into an on-shore treat-
ment facility or overboard in unrestricted waters. Although
there have been several reports on this subject recently, the
data is far from comprehensive.

An appropriate place to accumulate such data is on the
ships operated by the Coast Guard. 1In addition to gathering
information that is needed in fulfilling its responsibility
of managing its own waste, the duty patterns of Coast Guard
crews are similar to those of many commercial or naval ves-
sels. Therefore, data taken on Coast Guard ships should be
useful in evaluating methodologies that are applicable to the
entire maritime service.

In 1973, such a program was initiated by the Commandant,

through the Office of Research and Development, United States
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Coast Guard Headquarters, Washington, D.C. 20590. The ob-~-
jective of this program was to survey, analyze, and evaluate
Coast Guard wastewaters from five different classes of Coast
Guard vessels. Flow patterns were to be analyzed underway

and moored, as these represent substantial differences in
crew activity. Also, flow patterns were to be established for
the three basic collection systems on each vessel; toilet and
urinal ("black" or sanitary water), lavatory and shower (''gray"
or turbid water), and galley and scullery (culinary water).
The first of these three, the sanitary system, currently uses
salt water as flush water; the other two are entirely fresh
water. Also, water usage data was to be taken to determine

if there was a correlation between water consumption and vol-
ume of sewage generated on the vessels.

The waste water constituents that were to be analyzed

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Total Solids

Suspended Solids

PH

Chlorides: Only on sanitary water

0il and Grease: Only on culinary and turbid water

Methylene Blue-Active Substances (MBAS): Only on
culinary and turbid water

Hardness: Only on turbid water

N T T
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In addition, in order to determine the contribution of
substance from the ships' potable water, the potable water
was analyzed for iron, manganese, copper, zinc, and hardness.
Water usage data was also taken from flow meters installed on
the ships.

The five classes of ships are summarized in Table 1, and
photographs of the selected ships are shown in Figures 1 thru
5. They represent a cross section of Coast Guard's wide range
of size and operation. In size, they ranged from 8 men to 160
men in full complement (although the ships normally operate
with less than full complement on board). They cover small
rescue boats and work boats that rarely stay out overnight,
to high-endurance cutters that make extended patrols. An ob-
jective of the study was to determine if there is a similarity
or difference in the waste loads of various types ;f ships.

Each ship's waste system was modified to accommodate
special sampling equipment which measured flow and delivered
an aliquot of blended homogeneous wastewater. Sampling was
done round-the-clock for three days underway and four days
moored. Logs were kept of ship activity and number of men
on board and of water usage, where meters had been installed.

Wastewater and water samples were analyzed by '"Standard
Methods'" or United States Environmental Protection Agency
(EPA) procedures. Data was then analyzed for statistical
significance, and plotted. The specifics of the program and

the results follow.
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2. MATERIALS AND METHODS

a. Ship Selection and Modification

A1l of the ships used in the study were in the northeast
United States, to facilitate return of samples to the labora-
tory and minimize transportation costs. The GALLATIN and VIG-
OROUS were relatively new and had been fitted with holding
tanks when they were constructed. Holding tanks had been ret-
rofitted into the WHITE SAGE and FIREBUSH. The presence of

holding tanks implied that all wastewater pipes converged to

a central point which was essential for the sampling program.
Older ships without holding tanks discharge waste from several
points in the hull, which would have made sampling an extremely
expensive operation. The POINT HERRON d' ! not have a holding
tank installed within the year.

The intent of the program was to separately sample sani-
tary waste, turbid water, and culinary water. These three
systems did not arrive at the holding tanks as discrete sys-
tems, instead they joined common waste pipes wherever it was
convenient. It was therefore necessary to first locate ships
that had waste systems that could be modified for sampling with
a minimum of cost, and then design modifications which could
segregate the three wastes during sampling and restore the sys-
tem at the end of the program. In some cases it was impossibie

to completely segregate the systems, and it was necessary to

secure some heads, sinks, and showers during sampling. The




crew was directed to use only those facilities which flowed
into the segregated waste lines.

Prior to making the modifications, the engineering draw-
ings and specifications were reviewed and approved by each
ship's command and headquarters engineering. Substantial
planning went into scheduling the modification work and the
sampling dates, so as not to interfere with normal ship opera-
tion and provide rapid transport of samples back to the labo-
ratory.

The modifications to the ships are described in the fol-
lowing sections, and the engineering specifications are
attached as Appendix A.

Point Herron

Wastewater Collection System

The POINT HERRON had not yet been fitted with a sewage
holding tank.

The POINT HERRON has two lavatories, each with one toilet,
washbasin, and shower. The galley has one sink which is
drained by turning on a small pump which is located in the
cabinet beneath the sink. The toilets are grinder-chlorina-
tor type with a pump mounted on the back of the toilet to
supply sea water for flushing and a chlorine solution reser-
voir on the front. When the toilet is activated, the waste
is automatically comminuted and chlorinated.

Flexible rubber hoses connect the discharge lines of

both the galley sink pump and the automatic toilet to over-

11
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board discharge through seacock type fittings. The shower and

washbasin drains join and then are discharged through the hull.

Piping Modifications

The Captain's lavatory could not be conveniently sampled
and was, therefore, secured during the sampling period. A tee
was installed in the turbid (shower and washbasin) drain line
with a shut-off valve on the free leg. A 3/4" (1.9 cm.) hose
was attached to the valve and run into a 5-gallon (18.9 1.)
sampling container. During the sampling, the seacock was shut
and the new valve opened on the tee, thereby diverting all the
flow to the sample container.

The galley and sanitary samples were obtained by shutting
the seacock, removing the flexible rubber hose connections
from them, and attaching hoses long enough to reach to 5 gallon
sample containers. The chlorine reservoir on the toilet was
disconnected during the sampling program. A drawing showing
the sampling points on the POINT HERRON is included in Appen-

dix A.

White Sage

Wastewater Collection System

The WHITE SAGE has two holding tanks. A smaller 270 gal-
long (1025 1.) tank, 3'9" (1.14 m.) high, 3'6" (1.07 m) diame-
ter, is located in the engine room, and a larger 881 gallon

(3349 1.), 6' high (1.83 m.), 5' (1.52 m) diameter tank loca-

12
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ted forward. All waste waters drain to the smaller holding
tank through three lines, a 1 1/2" (3.81 cm.) line from the
galley, a 2" (5.08 cm.) turbid water line and a 4" (10.16 cm.)
sanitary line.* No waste lines drain directly to the larger
holding tank.

When the smaller holding tank is full, the waste water
is pumped to the larger forward holding tank. The discharge

piping is set up so that waste can be pumped from one holding

tank to the other or from either tank to overboard.

The fixtures served by the galley drainage system are:
Galley sink
Deck drain in galley 1
Drinking fountain
The fixtures served by the turbid drainage system are: 1
Clothes washer
Crew's shower
Crew's washbasin
Deck drain in Crew's washroom
C0's washbasin
00's shower
CPO's shower |

CPO's washbasin

*These holding tanks were retrofitted onto the WHITE SAGE
and segregate the waste into the three separate systems.

13
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Piping Modifications

Drawings of all the piping system modifications and
water meter installations on the WHITE SAGE are shown in
Appendix A.

The sanitary drainage system was modified for sampling
by installing a 4" X 4" X 3" tee in the sanitary line just
above the sewage collection tank. Valve and hose connections
were.put on the 3" leg of the tee. Sampling‘was conducted by
attaching a 3" hose to the hose connection and connecting
it to the sampling tanks, shutting the existing 4" valve, and
opening the new 3" valve.

As the galley line joined the turbid water line just
prior to emptying into the sewage collection tank, it was
necessary to disconnect the galley line and provide a new
opening for it into the top of the collection tank. A 2" tee
was installed in the turbid water line just above an existing
shut-off valve. Valve and hose connections were installed on
the horizontal run of the tee. Sampling was conducted by con-
necting a 2" hose to the hose connection and attaching the
other end to the sampling system. When the new valve was
opened and the existing shut-off valve closed, all the turbid
water flow was diverted to the sampling tanks.

A similar arrangement was made for obtaining the galley
water samples. An existing 2" elbow was removed and replaced
with a 2" tee. A 2" valve and hose connection was put on the

free leg of the tee.
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The fixtures served by the sanitary drainage system are:
CPO's toilet
Deck drain in CPO's toilet
CO's toilet
Deck drain in CO's toilet
Crew's toilet (2)
Crew's urinal

Deck drain in crew's toilet

Saltwater System

Salt water for toilet flushing is provided by pumps
which pump into a saltwater hydropneumatic tank. The hydro-
pneumatic tank maintains pressure on the saltwater systenm.

A water meter was installed in the discharge line from the
hydropneumatic tank as part of this study to monitor salt-

water flow.

Freshwater System

The WHITE SAGE is equipped with five (5) separate fresh-
water holding tanks with a combined capacity of 10,000 gallons.
There is no freshwater distilling capacity on board. Water
from the five tanks is pumped to a hydropneumatic tank and
then through the distribution system. A water meter was also

installed in the discharge line from the hydropneumatic tank.

15




Sanitary and turbid waste water was returned to the sew-
age collection tank through an- existing opening where a 2"
valve, 2" tee and hose connections had been installed. The
galley waste water was returned through a new 2" opening in
the top of the galley waste holding tank.

Drawing of the salt and fresh water meter installations
are also shown in the appendix. Both installations had valved
bypasses, so, if required, the meter could be completely re-

moved.

Firebush

Wastewater Collection System

The FIREBUSH has two holding tanks in the forward hold.
The larger tank contains 1823 gallons (6928 1.) and is 6' 6"
(1.98 em.) X 7' 6" (2.27 cm.) X 5' 0" (1.52 cm.) high. It is
used for holding sewage while at sea. The smaller tank, of
249 gallons (947 1.), is 2' 10" (0.86 cm.) X 2' 10" (0.86 cm.)
X 4' 2" (0.66 cm.) and is used in port. There are two sewage
ejector pumps, and each pump can empty either tank. These
tanks had been retrofitted onto the_ship.

Drainage trom the officer's toilet, staterooms, and pan-
try in ihe stern of the ship, do not drain by gravity directly
to the holding tanks. The officer's toilet is a '"Brocto" type
toilet which macerates and pumps the waste through a 2" (5.08

cm.) force line forward to bulkhead 92, where it discharges in




a 4" (.1

0.16 cm,) gravity sanitary line. Drainage from the

other fixtures goes to a small sump tank and is pumped forward

through

vity tur

The

The

al1l/2" (3.81 cm.) force main to a 3" (7.62 cm) gra-
bid water line.‘  These fixtures include:

Officer's washbasins (5)

Officer's Pantry sink

Officer's shower

*Officer's toilet deck drains (2)

fixtures served by the sanitary drainage system are:
Officer's toilet (via 2" force line)

CO's toilet

Sick bay washbasin

Sick bay deck drain

Sick bay toilet

CPO's toilet

CPO's toilet deck drain

Crew's toilets (3)

Crew's urinal

Crew's toilet deck drain

fixtures served by the turbid drainage system are:
Clothes washers (2)

Laundry deck drain

C0's shower

officer

*Wastewater flow contributed Ifrom the officer's pantry sink
was negligible. All meal preparation and dishwater for the

s' meals was done in the main galley.
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CO's washbasin

CPO's shower

CPO's washbasins (2)

Crew's shower

Crew's washbasins (5)

Crew's washroom deck drain

All fixtures served by 1 1/2 force main.
The_fixtures served by the galley drainage system are:

Dishwasher

Scullery sink

CPO's mess deck drain

Galley deck drains (2)

Galley sink

Crew's mess deck drain

Coffee urn drain

Saltwater System

Salt water for toilet flushing is provided by a pump
which pumps into a hydropneumatic tank. The hydropneumatic
tank maintains pressure on the saltwater system. A water
meter was installed in the discharge line from the hydro-

pneumatic tank as a part of this study.

Freshwater System

The FIREBUSH has three freshwater holding tanks with a

18




combined capacity of 50,000 gallons (190,000 1.). Tank level
readings are made by dip stick. Water from the tanks is pumped
into a hydropneumatic tank and then goes through the distribu-
tion system. A water meter was installed in the discharge line
of the hydropneumatic tank as a part of this contract. Results

of the water meter readings are shown elsewhere in this report.

Piping Modifications

Drawings of all the piping system modifications and water
meter installations on the FIREBUSH are shown in appendix A.

The sanitary drainage system was modified for the sampling
program by installing a 4" (10.16 cm.) X 4" (10.16 cm.) X 3"
(7.62 cm.) tee in the existing 4" (10.16 cm.) sanitary line
just before it enters the sewage collection tank. A 3" (7.62
cm.) plug valve and hose connection were installed on the 3"
(7.62 cm.) leg of the tee. Sampling was acéomplished by hook-
ing up the sampling tanks to the sanitary line with a 3"

(7.62 cm.) hose, shutting the existing 4" (10.16 cm.) shut-off
valve and opening the new 3" (7.62 cm.) valve.

The galley drainage system was modified by removing an
existing 3" (7.62cm.) blind flange and installing a specially-
made 3" (7.62 cm.) flange with a 2" (5.08 cm.) hose connection.
Sampling was accomplished by connecting the sampling tanks to
the galley line with a 2" (5.08 cm.) hose and diverting the

flow to the sampling tanks with existing valves.
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The turbid drainage system was modified by installing a
3'"(7.62 cm.) X 3" (7.62 cm.) X 2" (5.08 cm.) tee in the exist-
ing 3" (7.62 cm.) drainage line just before it enters the
sewage collection tank. A 2" (5.08 cm.) plug valve and a hose
connection were attached to the tee. Sampling was accomplished
by connecting the sampling tanks to the turbid line with a 2"
(5.08 cm.) hose, closing the existing shut-off valves and
opening the new 2" (5.08 cm.) valve.

All waste water was returned to the sewage retention tank
through 2" (5.08 cm.) connections that had been installed

where an existing fire hose connection had been removed.

Yigorous

Wastewater Collection System

The VIGOROUS was constructed with a wastewater collection
system which was modified under Shipalt 210B-X-54 in March-
April, 1973. The present collection system, as modified, is
as follows:

a) Sanitary

This system collects all waste waters from toilets,
urinals, and deck drains in all bathrooms. Also, the conden-
sate drip pans from four air conditioner units are drained
into the sanitary collection system. The lines from this
system converge to four 4" (10.16 cm.) lines and one 2"

(5.08 cm.) line, which all join in a 6" (14.7 cm.) diameter

header just prior to a 600 gallon (2271.18 1.) sanitary hold-
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ing tank in the sewage treatment room. The sanitary holding
tank is equipped with a flushing strainer system and two
sewage ejector pumps eof 100 G.P.M. capacity each. Discharge
piping is all 4" (10.16 cm.). The sanitary holding tank is
equipped with a high level alarm which sounds a bell when the
tank is full. There are four outlets, one at deck level and
one at water level on each side of the ship.

There is a 2'" (5.08 cm.) saltwater line directly to the
sanitary collection header so the holding tank can be rinsed
out.

Altogether, 17 toilets, 3 urinals, 15 deck drains in
toilet areas, and 4 air conditioner condensate lines drain
into the sanitary drainage system.

b) Turbid

Turbid and galley waste lines connect in the sewage
treatment room into one 4" (10.16 cm.) line. The 4" (10.16
cm.) line goes to a 100 gallon (378.53 1.) turbid water hold-
ing tank. There is a valved bypass to divert the turbid water
flow to the 600 gallon (2271.18 1.) sanitary holding tank.

Flow into the turbid water tank is through a flushing strainer,
and there is one ejector pump of 30 G.P.M. capacity. There are
high and low water level alarms on the turbid water tank. Nor-
mally the pump is left in the automatic mode so the tank is
automatically emptied when it is full. The turbid water and

sanitary holding tanks are vented through a common 4" (10.16
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cm.) vent. In an emergency, it is possible for waste water to
flow from one tank to another through the vent line prior to
having water back out any of the plumbing fixtures.

By some re-arranging of drains and careful selection of
the sampling points, it was possible to almost entirely sepa-
rate the turbid and galley waste flows.

Altogether, 19 washbasins, 4 drinking fountains, 13 show-
ers, 5 washroom deck drains, 3 clothes washers, 8 air condi-
tioner condensate lines drain into the turbid water system.

c) Galley

As mentioned previously, the galley sample collection
point was selected so as to minimize any turbid flow contribu-
g tion. The fixtures that drain into the galley system are:
Drinking fountains (2)
Deck drains (5)
Galley sinks (2)
Coffee urn

Steam table

Griddle range and fryer hood (2)

Steam kettle hood

Air conditioner condensate drains (3)
Garbage grinder

Scullery sink

Dishwashers (2)
CPO's mess sink

Officer's pantry sink
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Shower

Washbasins (4)
The shower and washbasins could not be easily recon-
nected to a turbid waste line, so their use was minimized

during the time sampling was underway.

ggltwater System

Salt water is used for flushing toilets in the sanitary
system and for several cooling purposes. There are two salt-
water pumps with common suction and discharge lines. At all
times one of the pumps is running to maintain the system pres-
sure. A water meter was installed on the main saltwater flush-

ing line.

Freshwater System

There are two freshwater holding tanks, one forward with
4,600 gallons (17412 1.) capacity and one aft with 3,600 gal-
lons (13627 1.) capacity. Also, the ship is equipped with a
distilling plant of 3,000 gallons (11335 1.)/day capacity.

Tank level readings are made with a series of petcocks to indi-
cate the water level in the tank. Fresh water from the tanks
goes through a hydropneumatic tank which maintains the water
pressure in the system. A water meter was installed on the
discharge line from the hydropneumatic tank as a part of this

study.
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Piping Modifications

Drawings of all the piping system modifications and
water meter installations on the VIGOROUS are shown in
Appendix A.

The sanitary drainage system was modified by removing a
spool piece on the existing 6" (14.7 cm.) sanitary header and
installing a 6" (14.7 cm.) knife gate valve. Also, a 3"
(7.62 cm.) valve and hose connection was brazed to the bottom
of the 6" (14.7 cm.) header with a saddle. Sampling was ac-
complished by connecting the sampling tanks to the header with
a 3" (7.62 cm.) hose, closing the 6" (14.7 cm.) knife gate
valve, and opening the new 3" (7.62 cm.) valve, thereby di-
verting all the flow to the sampling tanks.

The turbid drainage system was modified by replacing a
4" (10.16 cm.) X 4" (10.16 cm.) tee with a 4" (10.16 cm.) X
4" (10.16 cm.) cross and attaching a reducer, valve and hose
connection to the free leg. The turbid line was connected to
the sampling tanks with a 2" (5.08 cm.) hose, and the flow
was diverted by closing an existing shut-off valve and opening
the new valve.

The galley drainage system was modified by removing the
officer's pantry drain line and re-instal%}ng it in the main
line from the galley with a 3" (7.62 cm.i X 3" (7.62 cm.) X
2'(5.08 cm.) X 2" (5.08 cm.) cross. The pantry drain was put

in one of the 2" (5.08 cm.) legs and the hose connection was
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proviged on the other 2" (5.08 cm.) leg. Sampling was accom-
plished by connecting the sampling tanks to the galley line
with a 2" (5.08 cm.) hose, closing the existing gag check
valve, and opening the new 2" (5.08 cm.) valve.
All wastewater was returned through hose connections
that were installed in the sanitary holding tank hatchway.
Drawings of the salt and freshwater meter installations

are shown on pages A-12 and A-13 of Appendix A.

Gallatin

Wastewater Collection System

The GALLATIN was constructed with two separate sewage
holding tanks. One 150 cubic-foot (5297.1 cu.m) capacity tank
in the sewage sump and ejector room (5-144-0-Q) and a smaller,
60 cubic-foot (2118.84 cu.m) capacity tank in auxiliary ma-
chinery space No. 3 (3-272-0~E). The two tanks are not inter-
connected and each is equipped with 4" (10.16 cm.) discharge
lines. Each tank is equipped with flushing strainers and two
(2) sewage ejector pumps. All turbid water drains on the sec-
ond deck and above drain directly overboard.

a) Sanitary

The sanitary drainage system collects the wastewater
from all the toilets, urinals, and deck drains in all bathrooms.
The bathroom in the after berthing area on the second deck
drains into the sewage holding tank located in auxiliary ma-

chinery space No.3, all other bathrooms drain into the forward
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sewage holding tank in the sewage sump and ejector room. Be-
cause of this, the sanitary sample collected was from less
than the full crew and had to be adjusted.

The number of fixtures actually sampled were:

Toilets (25)
Urinals (6)
Deck drains in toilet areas (4)

The CO's, Officers and CPO's pantries drain into the
sanitary system. However, all meals were prepared in the
main galley and dishes washed in the main scullery so the
flow contributed by the pantries was negligible. Also, six
washbasins and three showers drain into the sanitary system.
It was impossible to segregate these flows from the sanitary

systen.

b) Turbid
The only area that drains into the turbid system is

the bathrooms in the berthing areas on the third deck. All
other turbid water is drained directly overboard.

The fixtures served by the turbid drainage system are:
Washbasins (4)
Showers (3)
Deck drains (2)

Drinking fountain.

Galley

The galley drainage system services the main galley,

26




crew's mess, and scullery. Fixtures are:
Deck drains (4)
Sinks in vegetable prep. dresser
Sinks in pot washed dresser
Milk and coffee stand
Sink in main utility dresser
Griddle
Garbage grinder
Scullery sink

Dishwasher

Saltwater System

The saltwater system for flushing toilets is supplied by
two centrifugal pumps which draw seawater from outside the
hull and pump into the system. One of the pumps is running
at all times to maintain the system pressure. A water meter

was installed in the saltwater line as part of this study.

Freshwater System

The ship has three freshwater tanks, one 8400 gallon
(31796.521) capacity tank forward and 4200 galloni(15898.26 1l.)
capacity tanks aft. Level readings are made by using a series
of petcocks. The ship has a distilling unit which is capable
of making fresh water when the ship is underway. A water
meter was installed in the discharge line from the ship's

hydropneumatic tank.
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Piping Modifications

Drawings of all the piping modifications and water meter
installations on the GALLATIN are shown in Appendix A.

The sanitary drainage system was modified by removing a
6" (14.7 cm.) elbow and installing a 6" (2.27 cm.) tee, 6"
(14.7 cm.) X 3" (7.62 cm.) reducer, valve and hose connection
as shown in Appendix A. Sampling was accomplished by connect-
ing the sampling tanks to the hose connection with a 3" (7.62
cm.) hose, opening the new 3" (7.62 cm.) valve and closing an
existing 6" (14.7 cm.) shut-off valve.

The turbid drainage system was modified by adding a
valved hose connection and shut-off valve into the existing
turbid water line just before it connects to the 6" (14.7 cm.)
sanitary line. Sampling was accomplished by connecting the
sampling tanks to the turbid line with a 2" (5.08 cm.) hose,
closing the shut-off valve and opening the other valve to di-
vert the flow to the sampling tanks.

The galley drainage system was modified by installing a
new 4" (10.16 cm.) tee, 4" (10.16 cm.) X 2" (5.08 cm.) reducer,
valve and hose connection. Sampling was accomplished by con-
necting the sampling tanks to the galley line with a 2" (5.08
cm.) hose, and turning valves to divert the flow into the

tanks.
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b. Sampling Equipment

The sampling equipment for all ships except the POINT
HERRON incorporated the following design considerations:

a. Receive, contain, and measure volume of
waste water.

b. Blend to make a homogeneous mix, and deliver an
aliquot.

c. Discharge into holding tanks.
d. Fit through access hatches.

e. Be compatible with ships' electrical and plumbing
systems.

The POINT HERRON, because of its small size, did not jus-
tify a complex sampling system. Therefore, samples were col-
lected directly into a 5 gallon (19) polythylene containers.
The system described below was used on the other four ships.

A standard 55 gallon (208) steel drum just barely passed
through the smallest hatch of the selected ships, and also
fit into the limited space around the holding tanks. As 3uch,
it was selected as the basic container for the sampling sys-
tem. The drums were coated with Hersite (a painting system
approved for use in potable water tanks) to prevent contamination
of the samples.

Three systems (Figure 16) were constructed for each of the
three kinds of waste water (sanitary, culinary, and turbid).
These were identical, except the supply line to the sanitary
tanks was 3" (7.62 cm.) in diameter instead of 2" (5.08 cm.).
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OPERATION:
X) WHEN TIME REQUIRED TO FILL GRINDER PUMP TANK IS GREATER THAN TIME
REQUIRED TO EMPTY GRINDER PUMP TANK
i The waste flow is introduced to the sampler by opening the in-
: let valve at the sampling point. At the centrifugal pump tank Valve
"C" is open and Valve "D" is shut. While the grinder pump tank is
filling up, the grinder pump is operated with Valve "A'" shut and
Valve "B" open to recirculate and grind the waste water. When the
drum is filled, Valve "C" is shut, Valve "A" is opened, and Valve "B"
is shut. As the drum is being emptied, a sample is taken from the
sample bib. Waste water flow accumulates in the piping while the drum
is emptied. When the drum is empty, Valve "B" is opened, Valve "A" is
shut, Valve "C" is opened, and the process is repeated.

B) WHEN TIME REQUIRED TO FILL GRINDER PUMP TANK IS LESS THAN TIME RE-
QUIRED TO EMPTY GRINDER PUMP TANK
, Operation is similar to above but instead of allowing the waste
water to accumulate in the piping while the grinder pump tank is being
emptied, when Valve "C" is shut, Valve "D" is opened and the flow is
collected in the centrifugal pump tank. When the centrifugal pump
tank is full the flow is redirected to the grinder pump tank by clos-
ing Valve "D" and opening Valve "C".

FIGURE 6. SAMPLING SYSTEMS
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Each system consisted of two drums, an "A", or grinder pump
unit which was used to receive the flow, grind and blend the
sample, read the flow volume and take the sample. The grinder
pumps used had a pumping capacity of only 15 G.P.M., which was
inadequate to keep up with peak flows, and so an additional
tank called the "B" or centrifugal pump tank was also used as
an overflow. When the sewage fiow was greater than could be
handled by the grinder pump, the operator diverted the flow to
the centrifugal pump tank which measured the excess flow and
pumped the sewage to the ship's holding tank. The centrifugal

pumps used have a pumping capacity of approximately 100 G.P.M.

c. Analytical Procedures

All analyses (with the exception of pH) were performed
in the laboratories of the H2M Corp. in Melville, New York.
These laboratories are registered by the State of New York
for the analysis of water and waste water and are under the
direction of Samuel C. McLendon, P.E. The laboratories are
also registered in the States of New Jersey and Connecticut,
and they participate in Connecticut and Federal EPA quality
assurance programs.

The only exception, pH, was measured on the ships immedi-
ately after collection. This was done to avoid false read-

ings due to changes in pH that occur during storage.

31




Flow diagrams for the analytical procedures are shown

in Figures 7, 8, 9 and 10.

d. Collection and Preservation

Samples were collected from spigots on the discharge
lines of the sampling systems. As described in Figures 7, 8,
and 9 the waste water is passed_through the macerator/grinder
pump several times during at least three minutes recirculation.
and sampling occurs as the blended material is discharged from
the sampling system into the ship's holding tank (or overboard
discharge). Samples taken were "midstream" flow, i.e., neither
the very beginning nor the very end of the flow was sampled.

Three types of sample containers were used:

a. One (1) Quart ''Cubetainers'. These are collap-
sible, polyethylene cubes, with a self-gasket
polyethylene screw-cap closure; These were used
for the pH, MBAS, suspended solids, total solids,
and BOD samples.

b. One (1) quart glass bottles, with screw cap
closure were used for the oil and grease samples.

c¢c. 125 ml. polyethylene bottles, with a self-gasket
polyethylene screw-cap closure were used for the
COD and hardness samples.

The samples contained in "b'" and '"c" above were immediately
acidified after collection with sufficient concentrated sulfuric

acid to establish a pH of less than 2.0, as indicated by pHydrion
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Turbid Waste

Maccerater/
Grinder
Pump

Recirculate (1)

Sampling

e Spigot (2)

&

w

&

© 1 qt. glass bottle 125 ml polyethylene
1 qt. "Cubetainer" acidified (4) and bottle acidified (4)
refrigerated (3) refrigerated (3) and refrigerated (3)

_.pH

s L-Oil & Grease COoD

—

2 —MBAS Hardness

o

E —Suspended Solids

«

L —Total Solids

-

i) —-BOD (5)
NOTES :

(1) Recirculation for a minimum of three minutes to blend samples.

(2) Sample taken while waste water is being transferred to ship's

holding tank.

(3) Containers surrounded by crushed ice and packed in insulated

boxes.

(4) Contents made acid with concentrated HyS04 to a pH of less

than 2, as indicated by pHydrion paper.

(S) BOD done on moored samples only and innoculated within six

hours.

Figure 7 . Sample Flow Diagram, Turbid Waste,

33

e o




Grinder
vap

Recirculation (1)

Sampling
Spigot (2)
(=%
o
o
: 1
g 125 ml1 polyethylene
1 qt. "Cubetainer" bottle acidified (4)
refrigerated (3) and refrigerated (3)
.—pH
5 COD
$~
; 3 —Chloride
' =
£ —Suspended Solids
L |
- ~Total Solids |
= |
i -BOD (5) ‘
NOTES:
(1) Recirculation for a minimum of three minutes to blend sample.
(2) Sample taken while waste water is being transferred to ship's
holding tank.
(3) Containers surrounded by crushed ice and packed in insulated

boxes.

(4) Contents made acid with concentrated H2S04 to a pH of less
than 2, as indicated by pHydrion paper.

(S) BOD done on moored samples only and innoculated within six
hours.

Figure 8, Sample Flow Diagram, Sanitary Waste.
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Galley, Waste

Maccerater/
Grinder
Pump

Recirculate (1)

Sampling
e Spigot (2)
:g
%
=
o 1 pt. glass bottle 125 ml polyethylene
1 qt. "Cubetainer" acidified (4) and bottle acidified (4)
refrigerated (3) refrigerated (3) and refrigerated (3)
= 0il § Grease COD
-~
3 — MBAS
-
S — Suspended Solids
3]
= — Total Solids
£
3 — BOD (5)
NOTES :
(1) Recirculation for a minimum of three minutes to blend samples.
(2) Sample taken while waste water is being transferred to ship's
holding tank.
(3) Containers surrounded by crushed ice and packed in insulated
boxes.
(4) Contents made acid with concentrated H;SO4 to a pH of less
than 2, as indicated by pHydrion paper.
(5) BOD done on moored samples only and innoculated within six

hours.

Figure 9. Sample Flow Diagram, Galley Waste,

35




Potable Water

1 (1)

500 ml polyethylene bottle (2)
acidified

— Iron

— Manganese
— Copper

— Zinc

— Hardness

NOTES:
(1) Potable water samples taken from Galley sink.

(2) Acidified with 5 ml of concentrated HNO 3.

Figure 10, Sample Flow Diagram, Potable Water.
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test paper. Numbers 305 and 315 pHydrion paper were used;
the former has a pH range from 0.0 to 3.0 amd the latter covers
1.0 to 2.5.

All samples containers were packed in crushed ice in styro-

foam insulated containers (common "picnic cooler" type).

e. Transportation

Moored samples from the POINT HERRON at Fire Island,
Long Island, New York, and from the GALLATIN and FIREBUSH,
at Governors Island, New York City, were transported to the
laboratory in H2M vehicles several times a day. Moored sam-
ples from the VIGOROUS at the Coast Guard Academy in New Lon-
don, Connecticut and from the WHITE SAGE at Woods Hole, Massa-
chusetts, were flown to the laboratory by the H2M airplane.
Underway samples were retu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>