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considered essential to the object of this report.
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PREFACE

The relationship among the volumes of the report is depicted below.

This relationship does not convey all the information contained within each

volume.

A. Volume I

Results of Cost and Effectiveness Analyses and
Selection of Optimum Candidate Systems

SVolume 11
Effectiveness Assessment of g

Candidate Systems

Volume III
Installation Analysts

PuL 1 - GALLATIN (378') Part 4 • PAMIUCO (160')
Pan S - VIGOROUS (210') Put 8 : WUITt SA01 (13')l lPan 3 - P UB LISH ( ISO-) P urt a -PO WN H ERRO N ( 82') -

Volume IV
Development of

Candidate Systems

SVolume V volume VI

Charactaorstios and Cost Estimates of Mission Profiles of Selected
Selected Marine Sanitary Devices U.S. Coast Guard Vessels

iv



KTIIEWý, M'._ ......._ ........... .
SUMMARY OF WMS INSTALLATION COSTS

Vessel: FIRE[ JSH (1801)

0TYPE oTding// INSTAL-
~nolrran: Treatment/Disposal ,Ca act,! LATIONSubsys / Subsystem r••-/#./ C OST

• (Black) Black. [ .a COST
SGravity HMoTding Holding 10

Collect. Tank Tank 100 0 16,850
2Oil Chrysler Holding

Recircul. +HldTnk Tank 100 0 12,060

3 (Chrysler Chrysler' Holding
+Incin. Tank. 100 12 20,630

4 Gravity Grum Flow Holding
Collect. hru+HldTk Tank 100 22 18, 760

5 Grumman) Grumman Flow Thru
+ Holding Tank 100 100 16,070

6 Gravity Holding Grum Flow
Collect. Tank Thrui+HldTnk 100 100 21,590

7 Gravity Grum Flow Holding

Collect. Thru+Incin. Tank 100 29 25, 640

8 Grumman) Grumman Flow Thru
_+Incinerator 100 100 19,250

9 Vacuum Holding Holding
Collect. Tank Tank 100 13 19,710

10 (lered) Incinerator Holding
Tank 100 35 33,740

GATX Holding
Evap. Tank 100 35 31,660

12 Holding Grum Flow I
Tank Thru+HldTnL 100 100 21,810

13 Incinerator Grum Flow
Thru + Incin. 1100 100 29,320

14 M/T Holding Holding
Pump Tank Tank 100 13 19,420

is Collect. Incinerator Holding
(GATX) Tank 100 35 29,520

16 GATX Holding
Evap. Tank 100 35 23,060

17 Holding Grum Flow
Tank Thru+HldrTnk 100 100 21,280

18 Incinerator Grum Flow I
_Thru+Incin. 100 100 29,590

N/A - Not a viable candidate sustern for this vessel.

v



ow 0 _0

v u

3c 1, 11 inhs

U* 0

00 9 p

a- -E C

CL 21

I'x'

S 7 6 vi



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS ...................................... ili

PREFACE .......................................................... IV

SUMMARY OF WMS INSTALLATION COSTS .................... V

METRIC CONVERSION FACTORS ......... . ............ vi

INTRODUCTION ..................... .......... 1
OBIECTIVES ..................... ..................... 1
ASSUMPTIONS .. ...................................... 2

APPROACH .............. ................... .. . .. 2

Preliminary Installation Analysis .................. 2
Shipchecks to Determine Viable Candidate Systems ... 2
Installation Cost Analysis ...................... 3

LIMITATIONS ................. ..... ......... . .. . . 7

PERTINENT VESSEL INFORMATION ........................... 8

Shipchack Observations of Existing Vessel Conditions 9
Vessel Resources .............................. . 1. 1
Location of Black Water Waste Sources ............. 12
Location of Cray Water Waste Sources ............. 13
Arrangement of Black and Gray Wastewater Sources ... 15

WMS EQUIPMENT REQUIREMENTS ........................... 19

WMS No. 1 - Discussion of Installation Based on Shipchecks ... 20
Proposed WMS Equipment Arrangement ........... 22
WMS Installation Cost Estimates .......... .... 24

WMS No. 2 - Discussion of Installation Based on Shipchecks ... 25
Proposed WMS Equipment Arrangement ........... 27
WMS Installation Cost Estimates ................ 28

WMS No. 3 - Discussion of Installation Based on Shipchecks .,. 29
Proposed WMS Equipment Arrangement ........... 31
WMS Installation Cost Estimates ................ 33

WMS No. 4 - Discussion of Installation Based on Shipchecks ... 34
Proposed WMS Equipment Arrangement ........... 36

WMS Installation Cost Estimates ................ 38

vii



TABLE OF CONTENTS (Cont'd)

WMS No. 5 Discussion of Installation Based on Shipchecks ,. 39
Proposed WMS Equipment Arrangement ........... 41
WMS Installation Cost Estimates ................. 43

WMS No. 6 Discussion of Installation Based on Shipchecks ... 44

Proposed WMS Equipment Arrangement ........... 46
WMS Installation Cost Estimates ................ 48

WMS No. 7 - Discussion of Installation ...................... 49
Proposed WMS Equipment Arrangement ........... 51
WMS Installation Cost Estimates ................ 53

WMS No. 8 - Discussion of Installation Based on Shipchecks 54
Proposed WMS Equipment Arrangement ............ 56
WMS Installation Cost Estimates ............... 58

WMS No. 1 Discussion of Installation Based on Shipohecks 59
Proposed WMS Equipment Arrangement ........... 61

WMS Installation Cost Estimates ................ 63

WMS No. 10 - Discussion of Installation Based on Shipchecks 64
Proposed WMS Equipment Arrangement ............. 66
WMS Installation Cost Estimates .............. 68

WMS No.11 - Discussion of Installation Based on Shipchecks ,, . 69
Proposed WMS Equipment Arrangement ............ 71
WMS Installation Cost Estimates ................ 73

WMS No. 12 - Discussion of Installation Based on Shipchecks ... 74
Proposed WMS Equipment Arrangement ......... 76
WMS Installation Cost Estimates ................ 78

WMS No. 13 - Discussion of Installation Based on Shipchecks ... 79
Proposed WMS Equipment Arrangement ............ 81
WMS Installation Cost Estimates .............. 83

WMS No.14 - Discussion of Installation Based on Shipchecks .. , 84
Proposed WMS Equipment Arrangement ............ 86
WMS Installation Cost Estimates ................ 87

WMS No. 15 - Discussion of Installation Based on Shipchecks ,., 89
Proposed WMS Equipment Arrangement ............ 90
WMS Installation Cost Estimates .............. 92

WMS No.16 - Discussion of Installation Based on Shipchecks ... 93
Proposed WMS Equipment Arrangement ........... 95
WMS Installation Cost Estimates ............... 97

viii



TABLE OF CONTENTS (Cont'd)

Page

WMS No. 17 - Discussion of Inmtallation Based on Shipchecks ... 98
Proposed WMS Equipment Arrangement ........... 100
WMS Installation Cost Estimates ............... 102

WMS No. 18 - Discussion of Installation Based on Shipchecks... 103
Proposed WMS Equipment Arrangement ........... 105
WMS Installation Cost Estimates ............... 107

INSTALLATION EFFECTIVENESS ATTRIBUTE DATA ................ 108

CONCLUDING REMARKS .................... ...... 118

APPENDIX A - PRELIMINARY INSTALLATION ANALYSIS .......... A-1

Summary of Preliminary Installation Analysis

Results .................................... A-2

Pertinent Vessel Information ................... A-3

Preliminary Installation Analysis of
individual Candidate Systems................ A-

ix



INTRODUCTION

OBIECTIVES

The objectives of the installation analysis are as follows:

Development of pertinent vessel information necessary for the
cost and effectiveness analyses, including the following:

Existing physical conditions aboard the vessel, especially
in compartments where wastewater management system
equipments may be installed.

Existing wastewater management equipments/systems aboard
the vessel (holding tanks, garbage grinders, sewage treat-
ment systems, etc.).

Location of black and gray wastewater sources aboard the
vessel.

Vessel resource capacities and estimated usage rates (prior
to system installation).

Selection of the viable candidate systems as determined on the
basis of the feasibility of installation, using the governing
installation guidelines and assumptions.

Determination of the black/gray wastewater (or sludge) holding
tank capacities which can be fitted.

Development of installation cost estimates for each viable
candidate system.

Development of drawings showing the proposed arrangement
of the wastewater management system equipments for each viable
candidaee as well as the arrangement of the black and gray
wastewater sources on board the vessel.

• Development of installation related effectiveness attribute data.



ASSUMPTIONS

The pertinent assumptions and guidelines governing the installation
analysis are presented in Volume IV of this report, along with the details
of each of the 18 candidate wastewater management system concepts in
configurations suitable for iach vessel included in this study.

APPROACH

The installation analysis was performed in three stages consisting
of a preliminary installation analysis, a shipcheck to establish viable
system/vessel combinations, and an installation cost analysis all of which
are discussed below. Prior to this analysis, visits were made to a number
of vessels to inspect installations of the wastewater management subsys-
tems and equipments included in this study.

Preliminary Installation Analysis

The candidate ship's general arrangement drawings and piping
diagrams as furnished by the U.S. Coast Guard were reviewed at length to
determine existing conditions so that the WMS requirements delineated in
Volume IV could be applied to the vessel and a preliminary installation
analysis made prior to an actual visit to the ship. This approach was

intended to maximize familiarity with the vessel and to determine any poe-
sible questionable areas of interest. Each system was investigated as
to space requirements, possible equipment lonations, relationship to ship's
functions (operation, mission, fuel stowage, water capacity, support
systems, etc.) and its relationship to the reportedly existing waste disposal
system.

In order to obtain as accurate a picture as possible, arrangement
drawings to scale were made from the ship's plans of the possible installa-
tion spaces and "dummy cut-outs " of WMS equipment (also to scale) were
used to determine if a proposed arrangement was feasible and if any problems
could be anticipated. The results of the preliminary installation analysis
are presented in Appendix A.

Shi2checks To Determine Viablef Candidate Systems

Upon completion of the preliminary installation analysis, a detailed
shipcheck of the vessel was made. During this visit various factors bearing
on the investigation were considered, e.g., support systems (compressed
air, sanitary flushing medium, electrical power generation, salt water
systems, fresh water systems, fuel oil systems, etc.), correlation between
actual ship arrangement and that shown in ship's drawings furnished for the
study, relationship of other ship's systems and equipment to the location

2
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and installation of WMS components to determine interferences and reloca-
tions, access for shipping WMS equipment aboard, removals, relocations,
etc. The drawings prepared during the preliminary installation study were
checked out and modified to reflect actual shipboard conditions. A

The discussion of the shipcheck results presents a verbal picture of
what conditions actually exist aboard the vessel and how these conditions
affect the viability determination of each wastewater management system.
The installation acceptance or rejection rationale for each candidate WMS
is presented, complete with estimated tank sizes, equipment locations,
possible space modifications, relocations, limitations, exclusions, and
any other such considerations as may be necessary to obtain a lucid
understanding of the situation.

Vessel resource capacities (including the source of fresh water) and
estimates of usage rates (prior to WMS installation) were obtained from
Interviews with cognizant officers. The locations of all black water (sewage
and garbage grinder slurry) and gray water (galley and turbid) waste
sources were determined.

The shipcheck also provided the necessary information to determine
the capacities (in gallons) of required black and gray wastewater (or sludge)
holding tanks (not part of manufacturer supplied wastewater treatment
equipment) which can be accommodated, as well as their configurations
(heights). This information was used to determine the black and gray wast •-
water holding capacities of each viable candidate system (expressed as
a percentage of the required holding time). These results are presented
on the WMS Equipment Requirements form together with the other equipment
types and quantities required in order to synthesize each viable candidate
system on the vessel. This WMS Equipment Requirements form served as
the starting point for the cost and effectiveness assessments of each viable

candidate system.

Installation Cost Analysis

The following were generated as part of the installation cost analysis:

W MS equipment arrangement drawings for each viable candidate
system and arrangement drawings for the black and gray waste-

water sources aboard the vessel.

Installation related effectiveness attribute data.

Installation cost estimates for each viable candidate system.

• V, '



The starting point for the installation cost estimates was the condition
of the vessel at the time of the shipcheck inspection. Each viable candidate
system installation was then analyzed in terms of a fixed set of installation
cost elements. The Installation Cost Estimate Form shown in Figure 1 was
used to record the estimated requirements for each cost element and the
associated cost was computed. Each installation cost element in Figure 1
is discussed below.

(a) Piping - Wherever possible and applicable, existing piping runs
were retained for reuse as installed., Pertinent information contained in the
available ship's piping plans was used insofar as practicable. New piping
runs were estimated from these drawings and the system equipment arrange-
ment drawing prepared.

For estimating purposes of this nature, it is usual marine practice
to use a dollars per pound of material to be installed. Therefore, an
estimated present-day price, including material and labor to install, was
placed at $4. S0/lb.

For the sake of uniformity and simplification since the WMS
evaluations are comparative, the piping material used is copper-nickel..
It is recognized that most waste disposal piping systems under considera-
tion in the U.S. Coast Guard vessels are of copper-nickel, although some
PVC (plastic) piping and a small amount of steel is used. Since the
established guidelines call for the principal piping (drainage) to be of
copper-nickel it was considered that for the relatively small additional
piping, such as vents, the use of copper-nickel for all piping components
would not adversely influence the overall results. Accordingly, the amounts
of each size piping were estimated and a factor of 50% added to allow for
valves, flanges, fittings, take-down joints, etc.

(b) Steel - For this part of the cost estimate only the steel involved
in the various shipyard supplied tanks is considered. Foundations are a
separately treated item. For these tanks it was considered that one-quarter
inch plate would be a good average thickness. Since the tanks would have
to be structurally stiffened for proper support, a factor of 30% was added
to the plate weight. The weight estimate was derived from the system
guideline size requirements translated into configurations as shown on the
equipment location and arrangement drawings.

For cost estimating of this nature, it is usual to apply a cost per
pound figure. It was considered that a good current price of $0.55/lb.
would cover material and labor for fabrication and placing on board. This
does not include the cost of fixing the tanks permanently in place by welding.
This is a separate consideration.

4



WMS INSTALLATION COST ESTIMATES

Vessel

WMS No.

Installation Ct Quantity Required
Cost Element Unit Assumed Unit Cost (estimated Cost ($)

number of units)

$ 4. /Lb.2)
(Materials and Labor)

Tank Steep~) Pounds$.S/b )i
(Materials ande~abor) :

Foundations Pounds $ .92/tb. ().

(Materials and Labor)

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor)

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor)
components, etc.)
Access Cuts in hull,
deck plating or Feet $ 1.00/Ft.
bulkhead to provide (Labor)
pas sageway) ___________

Welding Feet $ 6.00/Ft.
Welding Feet (Materials and Labor)

Cutting Hours $a.00/Hr.)

e Other Man- $15.00/MH

(miscellaneous Hour (Labor)hanlig)Hours (Labor)
handling)

Total Installation Cost ($)

(2) Copper-ciokel asumued.
(2) 14doate Lonlude a factor of 8O0% added o aow for valve, faMges, fiting, talk-down joint, et.
(3) Oae-quarmx inch PlAte mumed.
(4) Estimate include a factor of 30% added to aUlow for ruquired stuctural stiffeung ror proper support.
(8) W-m1d on the bars of 10%•of the weight which has to be supported.
(0) Based oan aassumed cutting rate of 50 ft. /hr.

Figure 1

INSTALLATION COST ESTIMATE FORM

.i-..J. .... 6,21 J.U ,fl



(c) Foundations - Supporting steel structure for all components

of each WMS (tanks, pumps, MSD, incinerators, etc.) was estimated as
approximately 10% of the weight which has to be carried. This is a usual
rule of thumb for this type of installation. Fabrication and installation
costs for material and labor were taken as $0.92/ib. based on consideration
of today's average costs. The weights were estimated from the tank con-
figurations and contents as well as the componenL weights given in Volume IV.

(d) Electrical Power Cable - The amount of footage was estimated
from the ship's arrangement plans and the WMS equipment arrangement
drawings prepared, with allowances for the devious routings which could
be encountered. Since ship alteration work is usually more complex than
new construction, allowance as made for less installation per unit time.
Therefore a cost of approximately $2.00/ft. of cable was used to cover
material and labor.

(6) Miscellaneous Installations - To cover the installation of various
items such as pumps, motors, skid-mounted components, etc. where the
activity centers principally around alignments and bolting in place, an
estimate was made of the amount of time it would take to perform the tasks
for each system installation, since the number and type of components
varies. An estimated shipyard labor cost of approximately $15 per man-
hour (MH) was considered representative.

(f) Access Cuts - In order to get material and components into the
compartments where they would be fitted it could become necessary to
temporarily out the ship's hull, or deck plating or a bulkhead to provide
passageway. The number of feet of cutting was estimated for each system
installation based on the approximate size of the largest component anticipated.
Estimated shipyard cost for such cutting is approximately $1. 00/ft.

(g) Welding - This consideration includes securing tanks and non-
bolted items and welding back any plating temporarily cut to provide access.
An estimate of the number of feet of welding was made for each item in

each system and a cost factor of $6.00/ft was considered satisfactory to
cover material and labor.

(h) Removals - In cases where some existing equipment would have
to be cut and removed from the vessel as no longer required, an estimate
was made as to the approximate length of time it would take a team of two
men to accomplish certain tasks. Estimated factors of $50/hour for cutting
(based on an estimated cutting note of 50 ft/hour) and $15/man-hour (MH) for

miscellaneous handling labor were considered representative of such costs.

6
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(i) Other Considerations - The installation cost estimates do not
include some shipyard costs which yards to include as a matter of quotation
to perform a certain ship modification. Such intangibles would include:
cleaning and gas-freeing tanks, temporary removals or modifications to
ducts, piping, electric cables, machinery, ship's outfit or furnishings,
etc. and re-installation to existing state after the basic modification has
been completed; cleaning, preparing and repainting the compartments and
parts of the steel work distrubed, use of special rigging and shipyard
lifting gear; and other work items which are part of a hipyard's everydayI business and which are normal for them to price out.

If a complete ship alteration ptice is desired, it would involve draw-
Ing up a complete set of specification and drawings in sufficient detail for
a shipyard's estimating department to analyze at length. If possible, yard
personnel would prefer to visit the vessel for a more accurate cost estimate to
eliminate or minimize costs which it could possibly have to absorb.

One of the most difficult factors to consider and which is not obvious
but which is very much a determinant is the shipyard's workload or backlog.
If there is a convenient "hole" in the yard's work schedule, the price could
be made attractive since it would provide needed economic continuity for
its work force and facilities. Certainly if there is little or no other work
in the offing, the yard will be inclined to "buy" the Job by bidding lower than
it normally would.

Thus it can be seen that there will be additional costs to those
k detailed herein, if one is interested in a "finished product" price than a

comparative estimate.

LIMITATIONS

The installation cost estimating procedures used are considered to be
fairly general and applicable for study purposes of this type which places
greater emphasis on relative cost among candidate systems rather than on the
absolute cost for a given system. However, the installation cost estimates
developed herein are based on specific vessel conditions, wastewater
management system requirements and the governing installation guidelines
and assumptions. Therefore, caution is advised in attempting to use these
estimates directly for vessels and/or systems other than those specifically
included in this study.

7
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PERTINENT VESSEL INFORMATION

FIREBUSH (180')

Vessel Data
Charaoteristic

Class WLB - 393
Basswood (180') C Class

Type Buoy Tender (Seagoing)

Crew Size 50

Home Port Governor's Island, New YorkS.... .... .. .. ... I
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SUIIPCIIECK OBSERVATIONS OF EXISTING VESSEL CONDITIONS

FIR EBUSH (1801

crew 50 men

Waste Sources

Complete information on the sewage and gray water sources
is contained in the tabulation sheets forming a part of these introductory remarks.

Existing Arrangement

(a) All Sanitary flushing is with sea water furnished by two
(2) sanitary water pumps.

(b) The vessel's configuration and compartmentation require
two zones for drainage - one forward of Frame 124 and one aft.

(c) A 25 gallon collecting tank with a pump operating on
automatic level sensing is fitted on the Second Deck in the Hawser and Canvas
Stowage Room aft.

A 278 gallon collecting tank and an 1875 gallon retention rank are
fitted on the lower level of the Main Cargo Hold forward. 7`Wo pumps serve
these tanks on automatic or manual contr'ol.

(d) The Officers' Toilet space watercloset aft is fitted with an
integral pump which can discharge directly to either the collecting or the
retention tank forward. All gray water aft of Fr. 124 gravitates to the 25
gallon collecting tank from which it is pumped through a separate main to either
the 278 gallon collecting tank or the 1875 gallon retention tank. There is no
provision for gravitating the aft gray water overboard.

(e) Mlack and gray water from spaces forward of F-rame 124

can gravitate via separate mains selectively (depending on overboard restrictions)
to the 278 gallon collecting tank or to the 1875 gallon retention tank. Either
of two pumps located just forward of these tanks can discharge their contents
directly overboard or to weather deck shoreside connection, port and starboard.

(f) The collection tank operates under automatic or manual

control and is fitted with a high level alarm.

The retention tank operates only on automatic control and is
fitted with a high level alarm.

The tanks can be cross connected, but the discharge pumps must
be operated manually under this condition.

9
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(g) At: present the vessel does not use the 278 gallon collecting
tank. All wastes are routed to the 1875 gallon ret:ention tank for pumping
overboard or to plerside.

Special Remarks

Due to the arrangement of the various spaces and the cargo
handling gear installation and operation immediately forward of the vessel's
house, the routing of incinerator stacks to the weather poses a problem.
Although the internal runs offer some space alteration considerations, the
weather side runs offer more of a consideration from the viewpoint of routing
compatible \V1C' the vessel's open type house structure and the need to keep

clear of no -iga 'onal mnd cargo operational stations. The solutions are not
immediately apparent and would require additional investigation and approval
before the specific waste management systems involved would be considered
viable unconditionally.

hi order to realize the maximum attainable tank vblumes, it has
been proposed in the system discussions that some tanks be trapezoidal in plan
view, with vertical wall sides and ends, instead of completely rectangular.
T[his will enable the tanks to approximate the converging contour of the deck
at side when approaching the bow.

Where it may be necessary to relocate the laundry presently
located in the Main Cargo Hold, Second Deck, Port, Frs. 44 to 53, consider-
ation could be given to converting the storage and small shop areas just aft
of the hold, Frs. 65 to 74, on the same deck and side. Space availability is at
a premium and the Second Deck in the Main Cargo Hold is utilized for storage
and small shops, port and starboard. Only the center portion in way of the
hatch is kept clear. Ibis is the area just above the collection and retention
tanks. Further, a large spare concrete block buoy sinker (anchor), 6'x6'x2,-6",
is stored in the lower hold and can be lifted out only by way of the hatch.

Use of the hold as described under the various system considerations
would require relocating the concrete sinker and deletion of the portable

horizontal hatch beams which are now covered over to provide extra decking
on the Second Deck level of the Main Cargo Hold. these beams could be
removed since they are not structural support members.

hi all cases where the lower hold is used for a system, the
storage area along the periphery of the space may have to be modified. FPuel
"l-Tasfer hoses on reels port and starboard in the forward part of the lower
hold should be left undisturbed if possible.

10
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LOCATION OF BLACK WATER* WASTE SOURCES ABOARD A VESSrT,

Vessdl: FIREBUSH (WLB- 393) - Basswood (180') C Class

100 0

g Compartment Comments
S•Na me Cmet

95-101 01 CL C.O. Toilet 1 0 1

70-82 1 P Crew's Toilet 2 1 40

82-89 1 P C.P.O. Bathroom

89-92 1 P Hospital Toilet 1 0 1
154-15S7 1 P Officers' Toilet10 6

* Sewage (output from commodes and urinals) and garbage grinder slurry.

12



LOCATION OF GRAY WATEI&WASTE SOURCES ABOARD A VESSEL

Vessel: FIREBUSH (WLB-393) - Basswood (180') C Class

00
0 40Conmpartrment Waste

P Name Source

44- 65 3 P- S Hold Collection Tank ;(2 78 gal)I

Retention Tank.
(1875 gaC l

147-161 2 P-S Hawser C Canvas Collecting Tank
Storage Room (25 gal)

i. * Galley and turbid wastewater.
t, 13



LOCATION OF GRAY WATER WASTE SOURCES ABOARD A VESSEL

Vessel: FIREBUSH (WLB - 393) - Basswood (180') C Class

o0
0 Compartment Waste

SName Source
0/- /

0 ~C-)

9, .101 01 CL C.O. Bathroom Shower (1)

95-101 01 CL C.O. -:athroom Lavatory (1)

".-82 1 p Crew's Toilet T;hower (1)

75-82 1 P Crew's Toilet Lavatory (4)

81-92 1 Galley Sink (1)

92-98 1 P Scullery Dishwasher (1)

92- 98 1 Scullery Sink (1)

82-89 1 P C.P.O. L.athroom Shower (1)

82-89 1 P C.?.0. rathroom Lavatory (2)

89-92 1 1 P Hospital Toilet Lavatory (1)

124-140 1 P SR. A, B Lavatory (2)

140-149 1 F S-R. C Lavatory (1)

122-140 1 SR. D, E Lavatory (2)

140-14 . 1 :3 Pantry Sink (1)

140-154 1 P Officers 3hower Shower (1)

44-53 2 P Main Cargo Hold Washing

Machines (2)

* Calley and turbid wastcwater. 14
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 1 Full Volume Flush Gravity Collectlon/Holding Tank for

Black Water/Holding Tank for Gray Water

Required

Sewage Holding Tank 7, 295 gal. (975 cu. ft.)
Galley/Turbid Holding Thuk 20, 843 gal. (2786 cu. ft.)

P age Holding Tank TWo (2)
Discharge Pump

Galley/TArbld Holding Tank TWo (2)
Discharge Pump

Discussion

The system is considered to be a viable candidate subject to

certain limitations.

It is possible to provide the required holding tankage capability

for the black water. There is insufficient space available to provide the
required holding tankage capability for gravity drainage of gray water due to
the design configuration of the vessel. Available space will be designated for
black water holding, leaving no means to receive and hold the gray water.
It will, however, be possible to gravitate the gray water directly overboard
from all spaces except from the laundry and its nearby deck drains, both

located on the Second Deck in the Main Cargo Hold, Port side.
The sewage holding tank would be located in the Main Cargo

Hold (Bhds. 44 to 68). It would be approximately 14 feet long, 7 feet wide

fwd., 10 feet wide aft and 8 feet 3 inches high. The tank would be fitted
entirely within the dimensions of the hatchway such that the top of the tank
would extend slightly above the Second Deck level.

The black water gravity drainage piping serving the spaces
forward of Frame 124 could still gravitate forward with modification of the runs
within the Main Cargo Hold. The overboard discharge pumps could be located
In the lower part of the hold, Just aft of the tank with piping runs overboard and
to pierside using existing connections.

I
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Vessel: FIREBUSH (180')

System No. 1 (conr'd.)

For the spaces aft of Frame 124, it would be necessary to fit
a small collecting tank/pump arrangement in the Hawser Room aft similar
to the existing 25 gallon tank fitted for gray water disposal. The tank would

receive watercloset drains from the Officers' Toilet and garbage grinder drains
from the Ward Room pantry (if fitted in the future). If the garbage grinder is
not to be fitted, the existing watercloset/pump arrangement could be retained
in lieu of adding the second 25 gallon collecting tank/pump arrangement which
would be pumped on automatic tank level control, discharging forward to the
Sewage Holding. Tank.

Gray water from spaces forward of Frame 124 would continue
to drain forward by gravity as at present. However, instead of going to the
present collecting tank or the retention tank, the drains would go directly
overboard above the Second Deck level approximately where the present
overboard discharge shell connection is fitted. When overboard discharge 1

is not permitted, the gray water would have to be diverted to the Sewage
Holding ilank for off-loading.

The gray water from the Laundry and deck drains on the Second
Deck in the Main Cargo Hold cannot drain overboard by gravity since the
vessel's design draft is just above the Second Deck level. The drains will
not be able to gravitate to the Sewage Holding Tank since the tank will
protrude above the Second Deck. Therefore, these drains would best go
to a small collecting tank fitted with a liquid level actuated pump which would
discharge overboard or to the Sewage Holding Tank when overboard discharge
is not permitted.

The gray water drains from the spaces aft of PFame 124 would
continue to drain to the existing 25 gallon collecting tank/pump arrangement
in the Hawser Room for discharge forward to overboard and to the Sewage
Holding Tank for off-loading when overboard discharge Is not permitted.

21
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 1

Installation Quantity Required
Cost Element Unit Assumed Unit Cost (estimated Cost (M)

number of units)

Piping(l) Pounds $ 4.60/IJ. 720 ()(Materials and Labor) 3,240

Tank Steelp8 )  Pounds $ .5/I40 (4)(Materials and 7.abor) 8,150 4,409

Foundations Pounds $ .92/Lb. (5)
(Materials and Labor) 6.950 6,394

Electric Feet $ 2. 00/Ft.
Cables (Materials and Labor) 230 460

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 20 300
components, etc...)
Access Cuts (in hull, .
deck plating or Feet $ 1.O0/Ft.
bulkhead to provide (Labor)
passageway) .....

Welding Feet $ 6.00/Ft. 270(Materials and Labor) _ _ _ _

$50.00/Hr. (6) '

Cutting Hours (Labor) 25 1, 250i • (Labor),

Other Man- $15.0O/M}
S(miscellaneous o

handling) Hours (Labor) 35 525

Total Installation Cost ($) 16,848

(1) Copper-nickel Assumed.
(2) imate Include a factor of 501 added to allow for valves. flanges, fitng, take-down Joints, etc.
(8) Coee-quarter inch plAte asunmed.
(4) Estimate includes a factor of 80% added to allow for required structural stiffening for proper support.
(8) tmated on the basis of 10% of the weight which ha to be suppo'ted.
(6) Based on an assumed cutting rate of 50 ft. /hr.
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DISCUSSTON OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 2 Full Volume Flush Oil Recirculation and Gravity Collection/
Chrysler System with Sludge Holding Tank for

Sewage/Holding Tank for Gray Water

Required

Sewage Holding Tank 1,362 gal. (182 cu. ft.)
Galley/Thrbld Holding Tank 20,843 gal. (2786 cu. ft.)

Chrysler Model and Quantity One (1) - A/B Separation Tank
with One (1) Model A Pump
& Fluid Maintenance Package

or
TWo (2) Model A Separation Tanks

with Two (2) Model A Pump
& Fluid Maintenance Packages

Sewage Holding Tank 'TWo (2)
Discharge Pumps

Galley/TUrbid Holding Tank TWo (2)
Discharge Pumps

Discussion

The system Is considered to be a viable candidate subject
to certain limitations.

Equipment locations and drainages would be as follows:

(a) The required sewage holding tank capacity would be provided.

(b) No galley and turbid holding tankage is possible due to lack
of space.

(c) Sewage from the Officers' Thilet aft of Frame 124 would
continue to be pumped forward for disposition. In this system they would go
to the Chrysler Separation Tank in the Main Cargo Hold.

Garbage grinder drains aft cannot gravitate forward and cannot
be mixed with the flush fluid in the Chrysler system. Therefore they would
have to be collectioni tank fitted with a sump pump similar to the existing 25
gallon Galley Collecting Tank In the Hawser Room. The drains would be pumped
forward for disposition via the Sewage Holding Tank.

Sewage drains from spaces forward of Fr. 124 would gravitate to
the Chrysler Separation Tank in the Main Cargo Hold.

25



Vessel: FIREBUSH (180')

System No. 2 (cont'd.)

(d) Gray water from spaces aft of Irare 124 would continue to
use the existing 25 gallon collecting tank with internal sunirp pump. llic discharge
would be forward t:o overboard and when not permitted to go overboard, would
go to Ihe Sewage I lolding Tank for off-loading in the Main Cargo Ilold.

(e) Laundry and deck drains therefrom would have to be
collected and pumped overboard when permissible, and pumped to the sewage
holding tank for off-loading when overboard discharge Is not permitted.

(f) Other gray water would be gravitated directly overboard,
and for pierside off-loading would be diverted to the sewage holding rank.

[he sewage holding tank (approximately 7-6" long, 5'-0" wide and
5'-0" high) would be located on the lower level of the Main Cargo Hold, at its
aft end. The tank would extend from the ship's ce:iterline outboard to starboard.

'The overboard discharge pumps would be located to port of the
suwage holding tank.

"The alternative arrangement having one Chrysler separation tank
and one pump and fluid maintenance package is preferred since it requires a
simpler piping arrangement and less space. The components would be arranged
Just forward of the sewage holding tank.

"26
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 2

Installation ~Quantity RequiredCost Element Unit Assumed Unit Cost (estimated Cost ($)
Cost__ElementI number of units)

Ppipng(1 ) Pounds $ 4.50/Lb. (2)
(Materials and Labor) 1,395 6,278

Tank Steelms Pounds $ .5/Lb.2 (4) 12(Materials and Labor) 2,260 1,243

Foundst nsPounds6$ 9 2/LbFoundations I (Materials and Labor) 1,760 1,620

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 690

Miscellaneous
Installations (pumps, Man- $15.00/ME
motors, skid-mounted Hours (Labor) 20 300
components, etc.)
Access Cuts (in hull,deck plating or Feet $ 1.00/Ft. N/A -

bulkhead to provide (Labor)
passageway)______________

Welding Feet $ 6.00/Pt. 25 IS0
(Materials and Labor)

$50.00/Hr. (6)Cutting Hours (Labor) 25 1,250

other Man- $15.00/MH
(miscellaneous Hours (Labor) 35 525

Total Installation Cost ($) 12,056

(1) Copper-niocel assumed.
(2) Esidmate includes a factor of 50% added to allow for valves, ftanges. fltndp, take-down Joint, etc.
(a) One-quater inch plate aasumed.
(4) Estimate includes a factor of 30(%6 added to allow for required structural stiffening for proper support.

4() Estimated on the basit of 10% of the weight which has to be supported.
(8) B ased on an assumed cuutng rate of 50 ft. /hr.
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DISCUSSION OF INSTALLATION 13ASED ON SHIPCHECKS I
Vessel: FIREBUSH (180')

WMS No, 3 Full Volume Flush Oil Recirculation and Gravity Collection/

Chrysler System with Incinerator for
Sewage/Holding Tank for Gray Water I,

Galley/TUrbid Holding Tank 20,843 gal. (2786 cu.ft.)
Sludge Holding Tank One (1) Model B

Chrysler Model and Quantity One (1) - A/B Separation Tank 2
with One (1) Model A Pump
& Fluid Maintenance Package,

or
Two (2) Model A Separation
Tanks with Two (2) Model A
Pump & Maintenance Packages

Incinerator Model and Quantity One (1) - C

Sludge Surge Tank Mransfer One (1)
Pump

Sludge Surge Tank Discharge One (1)
Pump

Galley/'Ibrbid Holding Tank 'iWo (2)

Discharge Pump

Discussion

The system is considered to be a viable candidate subject to
certain limitations.

The alternative arrangement having one Chrysler separation tank and
one pump and fluid maintenance package is preferred since it requires a simpler
piping arrengementandless spaee. The components would be fitted in the aft portions
of lower level of the Main Cargo Hold, along the ship's centerline. The Model B
sludge holding tank (8'-4" L x 3'-0" W x 4'-1" H) would be lockted nearby where the
existing 278 gallon collecting tank is presently fitted on the port side.

The galley and turbid holding tank size would be restricted to
approximately 320 cu. ft. (2395 gallons) due to space availability. The tank would be
approximately 7'-0" long, 6'-9" wide at the forward end, 8'-6" wlde at the aft end and
6'-0" high and would be fitted also in the lower level of the Main Cargo Hold, at
Its forward end and on the vessel's centerline.

29



Vessel: FIREBUSII (180')

System No. 3 (coni'd.)

[he pumlps associaled with 1ithcse compoucnl:s would be fittl:ed on
the port: side aft: and in tHie areu forward of dhe sludge holding tank,.

Ihc Mchicerator, blower wid fuel tank would be located oil the
2nd Deck level of the Main Cargo Hold, Stix. side.

[he incinerator stack could possibly he led 1:o the weather
stores space on the port side, Irs. 65-74, Second Deck and up through the
Crew's Toilet oln the Main Deck. Ahere appears to be no way to run the stack
via the existing ship'6 st:ack enclosure. See the Special Rernarks in the discussion
at the beginning of this Section.

Sewage fl-om the Officers' Toilet aft of F'r. 124 would continue
to be pumped forward for disposiltion. It would go to the Chrysler Separation

nkr1k in the Main Cargo Hold.

Garbage grinder drains aft cannot gravitate forward and cannot
lxb mixed with the flush fTuid in the Chrysler system. 'iherefore they would
have to be collected in a small collection tank fitted with a sump pump sinilar
to the existing 25 gallon Galley Collectingg Thuk in the Hawser Room, 'lie drains
would be pumped to the Sludge f-Holding I'ank tin the Main Cargo Hold fox dis-
position in the incinerator.

Gray wa:er drains aft of 17r. 124 would gravtatec t:o the existing
25 gallon collectig tank in the H lawser Room and thlen be pumped forward to
overboard and to the Galley/Turbid Tank for pierside discharge.

Except for the laundry space, -'ray water from spaces forward of

i-'ranie 124 would gravitate overboard via the Main Cargo Hold and for pierside
off-loading would be diverted to the galley/turbid holding talk.

'ie lau'dry and nearby deck drains catelot gravitate overboard
(being below the waterline) ani would have to be fltted with a small (approximate
25 gallons) colleci:ing tank with sump punip for overboard discharge. For pierside
off-loadhig the drains would gravitate wo Gthe C/F holding tank.

hiscallation of the incinerator would require additional fire
proi:ection equipment and possibly a modification to the ventilation system for
the Main Caxgo I lold.
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 3

Installation Quantity Required
Cost Element Unit Assumed Unit Cost (estimated Cost (S)

number of units)

Pounds $ 4.Sd/Lb. (2)
Piping(l) Pond .55/Lb.76(Materials and Labor) 2,615 11,768

Tank teels) Punds$ .55/Lb. )

Tank Steep) Pounds (Materials and Labor) 4,590 2,525
, ... $ .,2/Lb

Foundations Pounds $ .92/Lb. 2,871(Materials and Labor)

Electric $ 2.00/Ft.
Cables Feet (Materials and Labor) 460 920

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components# etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway)

Welding Feet $ 6.00/Ft.(Materials and Labor) 40 240

$50.00/Hr. (8)Cutting Hours (Labor) 25 1,250

SOther Man- $15.00/MI
S(miscellaneous Hours (Labor) 35 525

handling)

Total Installation Cost ($) 20,624

(1) coppe-nickel asurned.(2) CodmAte includes a famtr of 5016 added to allow for valves, flanges, fittinp, take-down Joint$, ew.

(3) Cue-quarter inch plate assumed.
(4) Estimate includes a factor of 300b added to allow fobr required stuotural stiffening for proper mupport.
(5) Estimated on the bads of 101o of the weight which hu to be supported.
(6) Sued on an assumed cuting rate of 50 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FfREBUS1l (180') '1

WMS No. 4 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Tank for Black Water/

l-Holding Tank for Gray Water

Required

Sanitary Influent Surge Tank 261 gal. (35 cu. ft.) I
Galley/lTirbid Holding Tank 20, 848 gal. (2786 cu. ft.)
Sludge Holding Tank 680 gal. (81 cu. ft.)

Grumman Unit One (1)
Influent Surge Tank Pump One (1)
Influent Surge Tank Overboard Two (2)

Pump

Sludge Tank Transfer Pump One (1)
G/T Holding Tunk Discharge ThRo (2)

Discussion. Pm

"[he system is considered to be a viable candidate subject to
certain limitations.

Equipment would be located in the MrAn Cargo Hold as
foll ow s:

On the Lower Level

(a) Sanitary influent surge tank (approx. 3' L x 3' W x 4' H),
on part side where 278 gallon collecting tank exists.

(b) Sludge holding tank (approx. 4'-6" L x 4'-6" W x 4'-0" H)
on star!,oard side where 1875 gallon retention tank exists.

(c) Galley/Turbid holding tank (approx. 9'-3" L x 6'-9" W fwd
x 9'-0" W aft x 8'-3" H) on the ship's centerline, at forward end of the hold,
within the hatchrway, protruding slightly above the 2nd deck level. Trek is
limited to approximately 600 cu. ft. (4495 gal. ) due to lack of space.

(d) Various associated pumps aft of the G/T holding tank.

k.



Vessel: 'IREBUSHI (180')

System No. 4 (cont'd.)

On the 2nd Deck Level I

(C) 'the Grumnman MSID on starboard side.

Drainages would be as follows:

(a) For the spaces aft of 171ame 124, it would be necessary
to fit a small collecting tank/pump arrangement in the Hawser Room aft similar

to the existing 25 gal. tank fitted for gray water disposal. lhe tank would
receive watercloset drains from the Officer's "Tbilet and garbage grinder
drains from the Ward Room pantry (if fitted in the future) which would be pumped
on automatic tank level control, discharging forward to the Sanitary Influent
Surge Tank. If the garbage grinder is not to be fitted, the existing watercloset/
pump arrangement could be retained in lieu of adding the second 25 gallon collecting

tank/pump arrangement.

For spaces forward of Fr. 124, sewage drains would gravitate
directly to the Influent Surge iFbnk.

(b) The gray water drains from the spaces aft of FIame 124
would continue to drain to the existing 25 gallon collecting tank/pump arrangement 2
in the Hawser Room for discharge forward to overboard and to the Galley/!lbrbid
Holding Tank for off-loading when overboard discharge is not permitted. "

(c) Except for the laundry space, gray water from spaces
forward of I ,rne 124 would gravitate overboard and for pierside off-loading

would be diverted to the G/T holding tank.

(d) (lhe laundry and nearby deck drains cannot gravitute t
overboard (being below the waterline) and would have to be fitted with a small
(approximately 25 gallon) collecting tajtk with sump pump for discharge over-
board and to the G/Tholding tank. 3
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WMS INSTALIATION COST ESTIMATES

Vessel FIHEIUSH (180')

WMS No. 4

Installation UmQuantity Required
Cost Element unit Assumed Unit Cost (estimated Cost ($)

number of units)
$ 4.50/Lb.()

Piping (1) Pounds (Materials and Labor) 1,015 4,568 _

Tank Steeo1) 3  Pounds $ .55/Lb. 7 90 ) 36?(Materials and Labor)

(Materials and Labor) 27$ .92/Lb.()•
Foundations Pounds Maeisad bo) 5, 730 5, 272i

Electric $ 2.00/Ft.
Cables (Materials and Labor) 805 1,610

Miscellaneous .... ... !
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 50 750
components, etc.) __

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A -

bulkhead to provide (Labor)
p ssageway) 

(Labor)

$ 6.00/Ft.
(Materials and Labor) 70 420

$50. O0/Hr. (;)Cutting Hours (Labor) 25 1,250
w

0 OtherS Man- S$15.00/M.H
S(miscellaneous(mcan eous Hours (Labor) 35 525

handling)

Total Installation Cost ($) 18,757

(1) Copper-nickel assumed.
(2) Estimate includes a factor of 80% added to allow for valves, flanges, fttltn8s, take-down Joints, etc.
(a) One-quarter inch plate assumed.
(4) Estimate includes a factor of 30% added to allow for required structural stiffening for proper support.
(5) Esimated on the basis of 101i of the weight which has to be supported.
(6) Based on an assumed cutting rate of 80 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSI-1 (180')

WMS No. 5 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Tank for Combined

Black and Gray Waters

Required

In~fluent Surge Tank 1,029 gal. (138 cu. ft.)
Sludge Holding Tank 2,345 gal. (313 cu. ft.)

Grumman Unit TWo (2)
Influent Surge Tank Pump 1Wo (2)
Influent Surge Tank Overboard Two (2)

Pump
Sludge Tank TYansfer Pump One (1)

Discussion

The system is considered to be a viable candidate subject

to certain limitations.

The system is very similar to System No. 4 except that the
G/T holding tank has been eliminated. All wastes go to the influent surge tank.

The influent surge tank (approx. 5'-0" L x 5'-6" W x 5'-0" H)
would be fitted at the forward end of the lower level of the Main Cargo Hold,
on the ship's centerline.

The sludge holding tank (approx. 8' L x 8' W x 5' H) would be
located where the 1875 gallon retention tank is presently located on the
lower hold level.

'lie associated pumps would be located principally on the star-
board side of the lower level of the hold.

The Grumman MSD's would be located on the 2ad Deck level of
the Main Cargo Hold. They could be fitted one each port and starboard, or
both on the starboard side. 1-he former could require slight modification of the
laundry and its ventilation ducting to permit better access room around the
Grumman MSD. However, the arrangement affords better weight distribution.
the latter arrangement, while satisfactory, would offer less access room

between the units.
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Vessel: FIREBUSH (180')

System No. 5 (conr'd.)

Drainages would be as follows:

(a) For the spaces aft of Frame 124. it would be necessary to
fit a mniall collecting tank/pump arrangement In the Hawser Room aft similar
to the existing 25 gal. tank fitted for gray water disposal. The tank would
receive watercloset drains from the Officer's Toilet and garbage grinder
drains from the Ward Room pantry (if fitted in the fdture) which would be pumped
on automatic tank level control, discharging forward to the Influent Surge
Tank. If the garbage grinder is not to be fitted, the existing watercloset/pump
arrangement could be retained in lieu of adding the second 25 gallon collecting
tank/pump arrangement.

For spaces forward of Fr. 124, sewage drains would gravitate
directly to the Influent Surge Tank.

(b) The gray water drains from the spaces aft of Frame 124
would continue to drain to the existing 25 gallon collecting tank/pump arrangement
in the Hawser Room for discharge forward to the Influent Surge Tank for off-
loading and feed to the Grumman Feed Tank,

(c) Including the laundry space, gray water from spaces forward
of Frame 124 would gravitate to the influent surge tauk.
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WMS INSTALLATION COST ESTIMATES

Vessel 1IRl'W .UJStI (180 )

WMS No. 5

Installation Quantity Required
Unit Assumed Unit Cost (estimated Cost ($)number of units)

$ 4.50/Lb.()
Piping(l) Pounds Mn095 4:928
_ _ _U (Materials and Labor)

Tank Steel(• Pounds $, 960Lb 3,27
(Materials and Labor) 690 38

Foundatios Pounds$ .92/13o. ),,'

otos(Materls and Labor) 4,100 3,0772

EletricFeet $ 2.00/Ft.
Cables (Materials and Labor) 690 1,380

Miscellaneousurs.
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 40 600
components, etc.) ... .. . .

Access Cuts (in hugl,
deck platlng or Feet $ (.O0/Ft. N/Abulkhead to provide (La bor)

Welding Feet $ 6. O0/Ft. 5 3
Weig(Materials and Labor)a

Cutting Hours 25000/1.,2; 0
-(- (iLabor) 1 25

( Other Inc5.atf/ued
0 (miscellaneous Hor aabnr-3 ý

handling) Hus (~br ] 3 Z

Total Installation Cost $)16, 063

(1) Copper-nickel assumed.
r.) Estimate Includes a factor of 501%, added to ,allow for valves, flanges, fittings, take-down joints, etc.
(3) one-quarter Inch plate assumed.

(4) Estmate includes a factor of 30'" added to allow for required structural stiffening for proper support.
(0) Etimated on tie basis of lI0Y% of the weight whicli has to be supported.
(6) Based on an assumed cutting rate of 90 ft. Air.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECK.S

Vessel: FIRR'BUSH (180')

WMS No. 6 Full Volume Flush Gravity Collection/Holdfng Tank for
Black Water/Grumman Flow Through System with

Sludge Holding Tank for Gray Water

Requred

G/T Influent Surge Tank 768 gal. (103 cu. ft.)
Sewage Holding Tlank 7, 295 gal. (975 cu. ft.)
Sludge Holding Tank 1, 737 gal. (232 cu. ft.)
Optional Combined 9,032 gal. (1, 207 cu. ft.)

Sewage/Sludge Holding Tank j
Gr-umman Unit 7Wo (2)
Sewage Holding Tank Discharge Two (2)

Pump
G/T Influent Surge Tank Pumps IWo (2)
G/T Influent Surge Tank 'Thansfer One (1)

Pump

Discussion

The system is considered to be a viable candidate subject
to certainl limitations.

Equipment in and drainage systems co the Main Cargo Hold would
be an follows:

On Lower Level

(a) The required sewage holding tank capacity would be provided
via a tank the same configuration and location in the hatchway as in System
No. 1.

Alternatively, an optional Combined Sewage/Sludge Holding
Tank could be fitted in the same location. *1

4

(b) The required G/T influent surge tank could be Incorporated
as a separate compartment within the Combined Sewage/Sludge Holding Tank
configuration due to lack of other space.

(c) Associated pumps would be located aft of the sewage
holding tank or the opeional combined tank.
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Vessel: FIREBUSH (180')

System No. 6 (cont'd.)

On the 2nd Deck Level

(d) For the spaces aft of Frame 124, it would br necessary to
fit a small collecting tank/pump arrangement in the Hawser Room Aft similar

to the existing 25 gal. tank fitted for gray water disposal. The tank would
receive watercloset drains from the Officer's Toilet and garbage grinder drains
from the Ward Room pantry (if fitted in the future) which would be pumped on
automatic tank level control discharging forward to the Sewage Holding Tanr•
in the Main Cargo Hold. If the garbage grinder is not to be fitted, the existing
watercloset/pump irrangement could be retained in lieu of adding the 3econd
25 gallon collecting tank/pump arrangement.

Sewage from spaces forward of Fr. 124 would gravitate directly
to the Sewage Holding Tank.

(e) The gray water drains from the spaces aft of Frame 124
would continue to drain to the existing 25 gallon collecting tank/pump arrangement
In the Hawser Room for discharge forward to overboard and to the Grumman
feed tanks or to the Sewage Holding Tank for off-loading when overboard
discharge Is not permitted.

(f) Laundry and nearby deck drains would have to go to a small
(25 Sal.) collection tank fitted with a sump pump (similar to the one In the
Hawser Room aft) which would discharge overboard, to the Grumman feed tanks
and to the Sewage Holding Tank (for plerside off-loading).

(g) Other gray water drains would gravitate directly overboard,,
gravitate to the Grumman feed tanks and to the Sewage Holding Tank (for
pierside off-loading).

(h) The Grumman MSD s could be located I each port and
starboard in the aft part of the space. Due to space requirements the full
capacity of the Sludge Holding Tank could be met only by fitting two tanks

each with one-half of the total required capacity. These tanks would be approx-
imately 5'L x 6'W x 4'-9"H each, and wo, ld be located forward of each

Grumman MSD. The one on the port side would require reloý..ation of the

Laundry. To reduce the amount of alteratioa work, it would be better to fit

the optional Combined Sewage/Sludge Holding Tank In 4eu of the separate
tanks. This tank would include the aforementioned G/T Influent Surge Tank
compartment and would be approximately 14'-0" long, 7'-0"wide forward,
10'-0" wide aft and IV'-l" high.

Optionally, also, both Grummans couid be located on the
starboard side, but would not afford the equal weight distribution afforded
by a Port/Starboard arrangement.

45



NI
-I

I� ,�
It

* * oat
I

p -
I'

- h
- I�I�

-i

I.

S

3
* I

aa

0' - b 4
�j-1

a
a

ml.
C

�

o

0 .1

ri. t..-----� - - -Otr� 0

I..

46



p. - - - - -- - - -

IAN~
IIIWAA4 I

41&IAI4AN MSDLAN y

AOFT UICQC
Mlkl% ClkurO HOLD

IECOUo alex

47



WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 6 1
Quantity Required

Installation
Cot Element Unit Assumed Unit Cost (estimated Cost ($)

number of units)

Piping(1) Pounds (Materials and Labor) 1,090 4,905

Tank Steep) Pounds $ .55/Lb. 9,500 (4) 5,225
(Materials and Labor)

Foundations - . Pound. $ .92/Lb. (
(Materials and Labor) 9, 155 8, 423

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 345 690

Miscellaneous

Installations- (pumps, Man. $15.00/MH
motors, skid-mounted Hours (Labor) 20 300
components, etc.)
Access C'uts (in hull,

deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway)

Welding Feet $ 6.00/Ft.
(Materials and Labor) 45 270

$50.00/Hr. 2 S
Cutting Hours (Labor) 25 1,250

----------------------------------- --------- -----------------
Other

(OtheranMan- S15.00/MH
(miscellaneous Hours (Labor) 35 525

handling) I[ ,-I
Total Installation Cost ($) 21,588

(1) Coppar-nickel assumed.
(2) Estimate includes a factor of 50% added to allow for valves, flanges, f•ttlnp, take-down Joints, etc.
(8) Oe-quarter inch plate assumed.
(4) Fstimate includes a factor of 30% added to allow for required structural stiffening for proper support.

(5) Estimated on the basis of 10% of the weight which has to be supported.
(6) Based on an Assumed cutting rate of 80 ft. Mhr.
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DISCUSS9ON OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 7 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Incinerator for Black Water/Holding

Tank for Gray Water

1Req~red

Gray Water Holding Tank 20, 843 gal. ( 2786 cu. ft.)
Sewage Influent Surge Tank 261 gal. ( 35 cu. ft.)
Fuel Oil Day Tank 25 gal. ( 3.3 cu. ft.)

Grumman Unit with One (1) with
Incinerator One (1) Th7okol Incinerator

Influent Surge Tank Punmp One (1)
Infuent Surge Tank Overboard 71,o (2)

Pump

G/T Holding Tank Overboard Two (2)
Pump

Discussion

The system Is considered to be a viable candidate subject to
certain limitations.

Equipment would be located in the Main Cargo Hold as
follows:

On the Lower Level

(a) Sewage influent surge rank (approx. 3'L x 3'W x 4'H) on
starboard side near shell, Frname 63 - 66.

(b) Gray water holding tank (approx. 12'L x 7'W Nd x 9'-6"
aft x 8'-3" H) on the ship's centerline, Frames 47 to 59 (forward end of hold)
within the hatchway, protruding slightly above the 2nd Deck level. Tank is
limited to about 816 cu.ft. (6109 gallons) due to lack of space.

(c) Various associated pumps functionally arranged to port of

the influent surge tank.

On the 2nd Deck Level

(a) Grumman MSD and Its incinerator fuel tank on starboard
side.
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Vessel: FIREBUSH (180')

System No. 7 (cont'd.)

'lhe incinerator stack could possibly be led to the weather
via the stores space on the port side, Frs. 65 to 74, Second Deck and up
through the Crew's Toilet on the Main Deck. Tlhere appears to be no way to
run the stack via the existing ship's stack enclosure. See the Special Remarks
in the discussion at the beginning of this Section.

Installation of the incinerator would require additional fire
protection equipment and possibly a modification to the ventilation system for
the Main Cargo Hold.

(a) For the spaces aft of Frame 124, it would be necessary to
fit a small collecting tank/pump arrangement in the Hawser Room aft similar
to the existing 25 gal. tank fitted for gray water disposal. The tank would receive

,, watercloset drains from the Officer's Toiler and garbage grinder drains from
the Ward Room pantry (if fitted in the future) which would be pumped on

automatic tank level control, discharging forward to the Influent Surge Tank,
If the garbage grinder is not to be fitted, the existing watercloset/pump arrangement
could be retained in lieu of adding the second 25 gallon collecting tank/pump
arrangement.

Sewage from spaces forward of 17r. 124 would gravitate directly
to the Influent Surge Tank.

(b) The gray water drains from the spaces aft of Frame 124

would continue to drain to the existing 25 gallon collecting tank/pump arrangement
in the Hawser Room for discharge forward to overboard and to the Gray Water
Holding Tank for off-loading when overboard discharge is not permitted.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard, and for plerside off-loading would be
diverted to the G/Tholding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approx. 25
gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank. I
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 7

Installation Quantity Required
CUnit Assumed Unit Cost (estimated Cost ($)Cost Element n..... . .... umber of units,):|

png(1) 4.0/Lb.
(Materials and Labor) 2,490 141,205

Tank SteMl(r) Pounds $ .:/Lb. E04 ,
(Materials and Labor) 1, 150

$ .92/Lb.
in(Materials and Labor) 6,675 6,141

Electric peee $ 2.100/Ft.
Cables (Materials and Labor) 575 1,310

M uice)laneou5
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components, etc.) ...
Access Cuts (in hull,

hekpanding)o

TotalplnitalaFeet $ 1.00/Ft. N/A25bulkhead to provide (Labor)

passageway) . .... ....
Welding Feet $ 6.oo/ t. 5 3

W3)en Feet (Materials and Labor)3a

$50.O0/1Hr. )
Cutting Hours ( o25 1,250

other Man- $15.00/MHS(miscellaneoushnln)Hours (Labor) 35 525

Total Installation Cost $)25,631

(1) Copper-niokel asumed.
(2) Estimate inludes a factor of 50%n added to allow for valves. flan~ges. flttlon, take-down Joints, etc.
(3) One..Quaser inch plate aused.
(4) FWmae includes a factor of 3056o added to allow for required itructural siffiening for proper support.
(5) Estimated on the bais of 10A of die weight which has to be supported,
(6) Based on in assumed cutting rate of 50 ft./Au.
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D)ISC TSSTON Or INSTALLATION !3ASflD ON SHIPCHECKS i

Ves sel: IIREH USI] (18O ')

WMS No. 8 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Incinerator for Combined

Black and Gray Waters

Required

Influent Surge Tank 1, 029 gal. (138 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units with `iWo (2) with
Incinerators Tiwo (2) Nhlokol Incinerators
Influent Surge Tank Pumps TWo (2)
Influent Surge 71hnk Overboard TWo (2)

Pump

Discussion

Tnie system is considered to be a viable candidate subject to
certain limitations.

1lie system is very similar to System No. 5 except that an
incinerator replaces the sludge holding tank.

The influent surge tank (approx. 5'-O"L x 5'-6" W x 5'-0" H) 4
would be fitted at the forward end of the lower level of the Main Cargo Hold,

on the ship's centerline.

"The associated pumps would be located aft of the influent surge
tank.

Tlhe Grumman MSD's witLh their incinerators and fuel oil day rank

would be located on the 2nd deck level of the Main Cargo Hold, one each port
and starboard,.i

The Laundry space may require modification to provide adequate
clearance on the Port side.

Incinerator stacks could possibly be run similar to System No. 3.
It appears impossible to run them via the existing ship's stack enclosure.
Since there are two stacks, this could pose more of a problem. See the Special
Remarks in the discussion at the beginning of this Section.
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Vessel: FIR.BUSH (180')

System No. 8 (cont'd.)

Installation of the incinerator would require additional fire
protection equipment and possibly a modification to the ventilation system
for the Main Cargo I l[old.

D1rainage would be as follows:

(a) For the spaces aft of Frame 124, it would be necessary to
fit a small collecting tank/pump arrangement in the Hawser Room aft similar to
the existing 25 gal. tank fitted for gray water disposal. the tank would receive
waterclosef: drains from the Officer's Toilet and garbage grinder drains from
the Ward Room pantry (if fitted in the future) which would be pumped on
automatic tank level control, discharging forward to the Influent Surge Tank.
If the garbage grinder is not to be fitted, the existing watercloser/pump arrangement
could be retained in lieu of adding the second 25 gallon collecting tank/pump
arrangement.

For spaces forward of Fr. 124, sewage drains would gravitate
directly to the Influent Surge °1'Ak.

(b) The gray water drains from the spaces aft of Frame 124 would I
continue to drain to the existing 25 gallon collecting talk/pump arrangement
in the Hawser Room for discharge forward to the Influent Surge 'rank for off-
loading and feed to the Grumman Feed Tank.

(c) Including the laundry space, gray water from spaces forward
of Frame 124 would gravitate to the influent surge tank.

1
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WMS INSTALLATION COST E2TIMATES

Vessel 1'lWI I1l1 B(J')

WMS No. 8

- Q~~uantity Required ,
installatonn

Cost Ement Unit Assumed Unit Cost (estimated Cost ($)
number of units)

$ 4,50/Lb. (2)

(Materials and Labor) 2,775 12,488

Tank Steel s) Pounds $ .55/Lb. (4)(Materials and Labor) 2,320 1,276

Foundations Pounds $ 8 (7)(Materials and Labor) 2,040 1,877

Electric Feet $ 2. O0/Ft.

Cables (Materials and Labor) 575 1,150

Miscellaneous
Installations (pumps, Man- $15.0/MH
motors, skid-mounted HOuLW (Labor) 35 525

components, etc.) . ... . ....
Access Cuts (in hull,
deck plating or Feat $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
W~elding Feet (Materials and Labor) 20 120

$ 50. 00/Hr. •
Cuttiny Hours (Labor) 25 1,250

0 Other
0 OherMan- $15.O00/MH

(miscellaneous ]_ao" ursIhandling) Hours (Laib or) 35 525

Total installation Cost (S) 10,241

(I) Copper-nickel assumed.
(2) rtimate Indudes a factor of 50% added to allow for valves, flange,1, ttdngs, tahe-down joints, etc.
(3) Onctuarter incl plate asSumOd.
(,1) Li~slmate Includes a ftctor of 30-1/ added to .,low for required structural stiffeatng for proper support.
r5) iitimated on the basis of 100!j of the weight which has :o be supported.
(6) Based on an assumed cutting rate of 30 ft. Air.
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DISCUSSION Or INSTAMATION BASEID ON SHIIPCIIECKS

Vessel: FrRI:B1USII (I•O')

WMS No. 9 JERED Reduced Volume Flush Vacuum Collection/Holding
Tank for Concentrated Black Water/HIolding Tank

for Gray Water

Required

Vacuum Collection Tank 250 gal.
Vacuum Collection Assembly (165 cu. ft.)
Sanitary Holding Tank 2,145 gal. (287 cu. ft.)
Gialley/Thrbid [-1iding Thnk 20,843 gal. (2786 cu.ft.)

Sanitary Holding Tlank Overboard Two (2)
Pump

G/T Holding Tank Overboard TWo (2)
Pump

Discussion

The system is considered to be a vial il u candidate subject to
certain limitations.

Reuse of existing piping arrangements would have to be
considered. A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as
follows:

On the Lower Level

(a) Sanitary holding tank (approx. 5' L x 8' W x 7'-6" H) in
the hatchway, Frame 56-61 on ship's centerline.

(b) Galley/turbid holding tank (approx. 6' L x 7' W fwd x
8'-3" 'N aft x 8' H) in the hatchway, Frame 47-53 on ship's centerline. '[Iis
tank is limited to 366 cu. ft. (2737 gal. ) due to lack of more space.

(c) Pumps associated with tanks to be fitted aft of sanitLiy
holding tank.

On the 2nd Deck Level

(a) Vacuum collection tank (approx. 6' L x 5' W x 5'-6" H) on
either port or starboard side, The starboard side appears to be preferable siir~e
the Laundry on the Port side would limit the piping arrangement more than the
storerooms on the starboard side.
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Vessel: FIREBUSH (180')

System No. 9 (cont''d.)

Drainages would be as follows:

(a) Sewage from Officers' Ibilet aft of Frame 124 as well as
from spaces forward of Fr. 124 would discharge by vacuum forward to the
vacuum collection tank. The garbage grinder aft (if fitted) would require a
special vacuum type valve (simflar to urinal discharge type) to permit collection
and discharge to the vacuum collection tank forward.

(b) Gray water from spaces aft of Frame 124 would continue to
drain to the small holding tank (approx. 25 gallon) and sump pump in the
Hawser Room from which it would discharge forward to overboard and to the
G/T holding tank for off-loading.

(c) Except for the laundry space, gray water from spaces
forward of ftame 124 would gravitate overboard and for pierside off-loading
would be diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with small (approx. 25
gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.

I.
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 9

Installation Quantity Required
Unit Assumed Unit Cost (estimated Cost ($)

Cost Element Inumber of units)

~papng( 1 ) Pounds $ 4.50/Lb. (2)
(Materials and Labor) 1,420 6,390

Tank Steepl() Pounds $ . 5/Lb. (4)78043(Materials and Labor) 7,860 4,323
.. . . . . . ..- (5) i.3

$.92/Lb.5G6Foundations Pounds 5$ .8265 5, 212
(Materials and Labor) 5,212

Electric Feet $ 2.00/Ft. 575 1,150 1
Cables (Materials and Labor) 5/5
Miscellaneous.. . l

Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 5
components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passag eway) ............

Welding Feet 60/t 530• 6.00/Ft.
tMaterials and Labor) 330

$50.00/Hr. (I;)
Cutting Hours (Labor) 25 1,250 1

o Other
Man-. S1S.00/MH

S(miscellaneous
handling) Hours (Labor) 525

Total Installation Cost ($) 19, 705

(1) Copper-niclkel assumed.
(2) Estimate includes a factor of 501', added to allow for valves, ilanges fitting, take-down Jolnt, etc.
(3) OnCequarter inch plate assumed.
(4) Estimate includes a factor of :08',. added to allow for required atrictural stiffening fat proper support,

(5) Eftlmatcd on the baals of 1i0;', of the wight which has t) be supported.
(0) Based on anl asuUMed cutting rate of 50 ft. /ir.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 10 JERED Reduced Volume Flush Vacuum Collection/Incinerator
for Concentrated Black Water/Holding Tank for Gray Water

Required

Vacuum Collection Tank 250 gal.
Vacuum Collection Assembly (165 cu. ft.)
Galley/Thrbid Holding Tank 20,843 gal. (2786 cu.ft.)
Fuel Oil Day Tank 50 gal. (6.7 cu. ft.)

Incinerator One (1) Jered
Vacuum Collection Tank One (1)

Overboard Pump.
Galley/7brbid Holding Tank Two (2)

Overboard Pump

Discussion :

The system Is considered to be a viable candidate subject
to certain limitations.

Reuse of exisdng piping arrangements would have to be
considered. /he system is similar to System No. 9 except that an incinerator
replaces the sewage holding tank.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the Lower Level

(a) Galley/Thrbid holding tank (approx. 14' L x 7'W fwd x
l0'W aft x 8'-3" H) in the hatchway, on. ship's centerline. This tank is limited
to 975 cu. ft. (7295 gallons) due to lack of more space.

(b) Pumps associated with tanks to be fitted alt of G/T
holding tank.

64

SI i



Vessel: FIREBUSH (180')

System No. 10 (cont'd.)

On the 2nd Deck Level

(a) Vacuum collection assembly (approx. 6'L x 5' W x 5'-6" H),
port or starboard side. The starboard side appears to be preferable since the
Laundry on the Port side would limit the piping arrangement more than the
storerooms on the starboard side.

(b) Incinerator (approx. 6'-5" L x 3' W x 5'-3" H) and fuel oil
day tank, port or starboard side, just aft of the laundry.

The stack would be run to the weather similar to System No. 3
via the stores space on the Port side, Frs. 65-74, Second Deck. It does
not appear to be possible to run it inside the ship's stack. See the Special
Remarks in the discussion at the beginning of this Section.

Installation of the incinerator would require additional fire
protection equipment and possibly a modification to the ventilation system for
the Main Cargo Hold.

Drainages would be as follows:

(a) Sewage from Officers' Tofier aft of frame 124 asf wellas

spaces forward of Fr. 124 would discharge by vacuum forward to the vacuum
collection tank. The garbage grinder aft (if fitted) would require a special
vacuum type valve (similar to urinal discharge type) to permit collection and
discharge forwarL.. to the vacuum collection tank.

(b) Gray water from spaces aft of Frame 124 would continue to
drain to the small holding tank (approx. 25 gallons) and sump pump Ln the Hawser
Room from which it would discharge forward to overboard and to the G/T holding
tank for off-loading.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for plerside off-loading would be
diverted to the C/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with small (approx. 25
gallons) collecting tank with iump pump for discharge overboard and to the
G/T holding tank.
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WMS INSTALLATION C06T ESTIMATES

Vessel FIREBUSH (1801)

WMS No. IQ

mut. ....t.on.-.... . Quantity RequiredCost Element Unit Assumed Unit Cost (estimated Cost ($)CostEleentnumber of units),

$ 4.80/ . (2)
Piping~l) Pounds 4,6 18,743 (2

(Materials and Labor) 4, 165 18,743

$ .55/Lb. (4)Tank Ste~)PoundsI 5/b 4 ,67
Steel (Materials and Labor) 8,500 4,675

$ .92/Lb. .(.)
Foundations Pounds (Materials and Labor) 7,920 7,287

Electric Feet $ 2, O0/Ft.
Cables (Materials and Labor) 345 690

Miscellaneous_-_ _ _ _ _
Installations (pumps, Man- $15.00/MH 2
motors, skid-mounted Hours (Labor) 20 300

,omonents, etc.)
Access Cuts (in hull,
dock plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)

eassa away)$ 6.00/ Ft.
Welding Feet 45.0/t

(Materials and Labor) 45 270

$50. O0/Hr. 0o)
Cutting Hours (Labor) 25 1,250

-- --- - -- -- -- -- -- -- --- -- -- -- --- - -- ------ ----------- -- ----
Other Man- $15.00/MH

" (miscellaneous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 33,740

(1) Copper-nlcel amurned.
(2) stimate inoludes a factor of 00% added to allow for valves, flangos, fittinp, take-down joln, etc,
(3) oe-•uarte inch plate amed.

t(4) Fitmate Linludo a factor of 30% added to Allw for rqL"ed Structral Stiff a fp fuP

(5) smated on die bads of 10% of the weight which has to be supported.
C() Based on an anumed cutting rate of 50 f./hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 11 JERED Reduced Volume Flush Vacuum Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Vacuum Collection Tank 250 gal,
Vacuum Collection Assembly (165 cu. ft.)
Galley/Ttrbld Holding Tank 20,843 gal. (2786 cu. ft.)

Evaporator (GA7X) 'IWo (2) - 80 gal.
Catalytic Oxidizer One (1) large or

"7Wo (2) regular
G/T Holding Tank Overboard 7Wo (2)

Pump

Discussion

The system Is considered to be a viable candidate subject
to certain limitations. Reuse of existing piping arrangements would have to
be considered. The system Is similar to System Nos. 9 and 10 except that the
vacuum collection tank discharges to an evaporator.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as
follows:

On the Lower Level

(a) Galley/7brbid Holding nkuk (approx. 14' L x 7' W fWd x
10' W aft x 8'-3" H) in the hatchway, on ship's centerline. This tank Is
limited to 975 cu. ft. (7295 gallons) due to lack of more space.

(b) Pumps associated with tanks to be fitted aft of G/T
holding tank.
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Vessel: FIRERUSH (180')

System No. 11 (cont'd.)

Oii dth 2nd Dock Level

(a) Vacuum collection assembly (approx. 6' L x 5' W x 5'-6" H),
port side aft of laundry.

(b) Evaporators (approx. 3-2" dia. x 4'-2" high) and catalytic
oxidizer(s) (6" dia. x 18" high), starboard side.

"Drainages would be as follows:

(a) Sewage from Officers' Thilet aft of Frame 124 as well as
spaces forward of Fr. 124 would dischaxge by vacuum forward to the vacuum
collection tank. The garbage grinder aft (if fitted) would require a suecial
vacuum type valve (similar to urinal discharge type) to permit collection and
discharge forward to the vacuum collection tank.

(b) Gray water from spaces aft of 1,'rane 124 would continue to
drain to the small holding talk (approx. 25 gallons) aild F lmp pump in the Hawser
Room f~rom which It would discharge forward to overboi d and to the G/I'
holding tank,

(c) Except for the laundry space, gray water from spaces
forward of Frame 124 would gravitate overboard and for pterside off-loading

would be diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate
overboard (being below the waterline) and would have to be fitted with small
(approx. 25 gallons) collecting tank with smnp pump for discharge overboard
aid to the G/Tholding tank.
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WMS INSTALLATION COST ESTIMATES

Vessel rIREBUSH (180')

WMS No. 11'•

Installation U.Quantity Required

ost o Assumed Unit Cost (estimated Cost (U)Cost Element
V, number of units)

$ 4.50/Lb. (2)
(Materials and Labor) 3 16,853

lI~ Tank Steel~) Pounds $ .55/Lb. (4)
"(Materials and Labor) 8, 150 4,483

Foundations Pounds $ .92/Lb. (5)

(Materials and Labor) 7, 920 7,287

Electric Feet $ 2.00/Ft. 39
Cables (Materials and Labor) 690 .1
Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 20 300
components, etc.)
Access Cuts (in hull,

deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway) _

$ 6.00/Ft.Weldin Feet (Materials and Labor) 4 7

$50.00/Hr. (6)

Cutting Hours (Labor) 25 1, 250

SOther [
SOeMan- $15.00/MH

S(miscellaneoushmicllnes Hours (Labor) 35 525

Total Installation Cost ($) 31,658

(1) copper-nickel assumed.
(2) Estimate Includes a factor of 5056 added to allow for valves, flages, fitting, take-down joints, etc,
(3) One-quarte inch plate assumed.
(4) Estimate includes a factrr of 3056 added to allow for required s•ructural sotftening for proper support.
(5) Estimated on the bads of 1016 of the weight which has to be supported.
(6) Based on an assumed cutting rate of 50 ft. /ar.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 12 JERED Reduced Volume Flush Vacuum Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

G/T Influent Surge Tank 768 gal. (103 cu.ft.)
Sludge Holding Tank 1737 gal. (232 cu.ft,)
Sewage Vacuum Collection Tank 250 gal.
Vacuum Collection Tabk Assembly (165 cu.ft.)
Sewage Holding Tank 2145 gal. (287 cu.ft.)

Grumman Unit Two (2)
Sewage Holding Tank Overboard Pump Two (2)
G/T Influent Surge Tank Transfer Pump One (1)
G/T Influent Surge Tank Pump Two (2)

Discussion

The system is considered to be a viable candidate subject to certain
limitations. Reuse of existing piping arrangements would have to be considered.
The system is similar to System No. 9 except that the galley/turbid drains will
go to a Grumman MSD instead of a holding tank.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Vacuum collection tank assembly (approx. 6'L x 5'W x 5'-6"H)
Frames 61-66, approximately where present retention tank is fitted.

(b) Sewage Holding Tank (approx. 5? L x 8' W x 7'-6" H) on ship's
centerline, in hatchway, Frames 54-59.

(c) Galley/turbid influent surge tank (approx. 3'L x 6' W x 5-9"H),
in hatchway, on ship's centerline, Frames 47-50.

(d) Various associated pumps between tanks and to port of the
vacuum collection assembly.
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Vessel: FIREBUSH (180')

System No. 12 (Cont'd.)

On the 2nd Deck level

(a) The two Grumman MSD's, one each port and starboard, each
with its sludge holding tank (approx. 5' L x 5' W x 4'-9" H) fitted forward of
the MSD. The total required tankage would be fitted in halves this way, other-
wise it would not be possible to locate.

(b) The laundry will have to be relocated. See Special Remarks

in the discussion at the beginning of this Section.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 as well as
spaces forward of Fr. 124 would discharge by vacuum forward to the vacuum
collection tank. The garbage grinder aft (if fitted) would require a special
vacuum type valve similar to urinal discharge type) to permit collection and
discharge forward to the vacuum collection tank.

(b) Gray water from spaces aft of Frame 124 would continue
to drain to the small holding tank (approximately 25 gals.) and sump pump
in the Hawser Room from which it would discharge forward to overboard and
to the G/T influent surge tank.

(c) Gray water from spaces forward of frame 124 would gravitate
overboard and to the G/T influent surge tank for pierside off-loading.

(d) The laundry and its deck drains cannot gravitate overboard
from the Second Deck. Therefore, they would have to drain to a small (approx.
25 gals.) collection tank with sump pump for discharge overboard and to the

G/T influent surge tank.
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WMS INSTALLATION COSTr ESTIMATES

Vessel I:B UrEI I (m')

WMS No. 12

installation Quantity Required
CostElementi Unit Assumed Unit Cost (estimated Cost ($)

Cost Element number of units)

$ 4.50/Lb. (2
Piping () Pounds (Materials and abor) , 785 8,033

(Materials and Labor_

Tank Steel(3 ) Pounds $ .5S/Lb. (4)(Materials and Labor) 7,450 4, 098

Foundations Pounds $ .92/Lb. ()
(Materials and Labor) 6,025 5,543

Electric Feet $ 2 .00/Ft.
Cables (Materials and Labor)

Miscellaneous
Installations (pumps, Man- $81.00/MH

motors, skid-mounted Hours (Labor) 35 525

components, etc.)
Access Cuts (in hull,

deck plating or Feet $ 1.00/Ft. N/A -

bulkhead to provide (Labor)
passageway) ... .. .. ... .

W 6.00/Ft.
Welding Feet (Materials and Labor) 450

$50.00/Hr. (G)
Cutting Hours (Labor) 25 1, 250

In}

Other Man- $15. 0/MH
• • (miscellaneous

• (mscelan eous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 21,804

(1) Copf ,r-nO.ckel auumed.
(2) Eadmate includes a factor of 50%1 added to allow for valve,, flanges, fittng, tawk-,own joint. etc.
(3) One-quarter inch plate asumed.
(4) E.tmate Includes a factor of 30% added to allow for required mtuctural stiffening for proper support,
(6) Eitimatod on the bads of IV,) of the weight which has to be supported.
(al) Based on an assumed cutring rare of 50 ft. Ar.

!, 78

i .-.i. .



l). 'USS ION OFP INSTALLATION 3ASED ON SHIPCO-HIU'CKS

Vessel: I'lBIISr1U18 (1801

WMS No. 13 JERED Reduced Volume Flush Vacuum Collection/Grumman
Flow Through System for Gray Water/Incinerator for both

Concentrated Black Water and Gray Water Sludge

Required

Gray Water Surge Tank 768 gal. (103 cu.ft.)
Vacuum Collection Tank 250 gal.
Vacuum Collection Tank Assembly (165 cu, ft.)
Fuel Oil Day Tank 94 gal. (12,5 cu.ft.)

Grumman Unit with Incinerators One (1) with Three (3) Thiokol Incin.
VCT Transfer Pump Three (3)
VCT Overboard Pump One (I)
G/T Surge Tank Pump One (I)
G/T Surge Tank Overboard Pump Ow. (1)

Discussion

The system is considered to be a viable candidate subject to certain
limitations. Reuse of the existing piping arrangements would have to be con- I
sidered.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Vacuum collection assembly (approx. 6' L x 5' W x 5'-6" H)
in hatchway, on shiip's :enterline, Frames 55-61.

(b) Ga~lcy/t-urbid ilnfluent surge tank (approx. 5' L x 5' W x 4'-3"H)
in hatchway, on ship's centerline, Frames 47-52.

(c) Various pumps associated with the equipment, located where
present overboard pumps are fitted.

On die 2nd Deck level

(a) Grumman MSD with incinhrator, locatud just aft: of laundry
(port .sido). Laundry configuration will have to be modified to accommodate
tfCi ln.•ta lla tion.
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Vessel: FIREBUSH (180')

System No. 13 (Cont'd.)

(b) Two separate incinerators with sludge tanks, blowers, and
fuel oil day tanks, located on starboard side.

Incinerator - 4'-1" L x l'-0" W x 3'-4" H
Blower .... - 3-- -0" L x 1'- 10" W x 2'-0" H

Sludge Tank - - - 2'-6" L x V'-0" W x 2'-7" H

Three (3) stack runs offer a significant problem. It is impos-
sible to run them via the existing ship's stack enclosuree. A special study would
have to be made to determine how they could be accommodated. "The path out-
lined In System No. 3 has possibilities, but may also have limitations. See
also the Special Remarks in the discussion at the beginning of this Section.

Installation of incinerators would require additional fire protection
equipment and possibly a modification to the ventilation system for the Main
Cargo Hold.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 as weU as
spaces forward of Fr. 124 would discharge by vacuum forward to the vacuum
collection tank. The garbage grinder aft (if fitted) would require a special
vacuum type valve (similar to urinal discharge type) to permit collection and
discharge to the vacuum collection tank.

(b) Gray water from spaces aft of Frame 124 would continue to
drain to the small holding tank (approximately 25 gals.) and sump pump in the
Hawser Room from which It would discharge forward to overboard and to the
Gray Water Surge Tank.

(c) Including the laundry space, gray water from spaces forward
of Frame 124 would gravitate to the Gray Water Surge Tank.
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WMS INSTALLATION COST ESTIMATES

Vessel IPI.WIJSII (180')

WMS No. 13

Installation . .Quantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost (M)
number of units)

$ 4.S0/Lb. )
Piping(l) Pounds (Materials and Labor) 5,055 22,748

Tank Steei~3 ) Pounds $ .5/Lb.)
(Materials and Labor) 2,240 1,232

$ .92/Lb. (5)
Foundations Pounds (Materials and Labor) 2,345 2,158

Electric Feet $ 2.00/Ft.

Cables (Materials and Labor) 460 920

Miscellaneous ..........
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 20 300
components, etc.) ..........
Access Cuts (in hull,
derk plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway)

W 6.00/Ft.
Welding Feet (Materials and Labor) 30 180

$50.0O0/Hr. (•
Cutting Hours (lAbor) 25 1,250

TC Other
SOMan- $15.00/MH

S(miscellaneous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 29,313

(1) Copper-nickel assumed.
(2) EKtmmate Includes a factor of 50w, added to allow for valves, flanges, fittings, take-down Joints, etc.
(3) One-quacter Inch plate assumed.
(4) Fstmate includes a factor of 30,115 added to allow for required structural stiffening for proper support.
(3) Estimated on die basis of [0% of dhe weight which has to be supported.
(6' Based on an assumed cutting rate of 50 ft. /u.1



DISCUSSION OF rNSTALlATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Holdinr' Tank

for Gray Water

Required

Sewage Holding Tank 2,345 gal. (313 cu'.ft.)
Galley/Turbid Holding Tank 20, 843 gal. (2786 cu.ft,)
Sewage Holding Tank Discharge Pump Two (2)
G/T Holding Tank Discharge Pump Two (2)
Macerator/Tlranrfer Pumps Six (6)

Discussion

The system is considered to be a viable candidate subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located on the lower ievel of the Main Cargo
Hold as follows:

(a) Sewage holding tank (approx. 5' L x 9' W fwd. x 10' W aft
x 6'-9" H) on ship's centerline, in hatchway, Frames 56-61.

(b) Galley/turbid holding tank (approx. 6' L x 7' W fwd. x 8' W

aft x 7'-9" H) on ship's centerline, In hatchway.

This tank is limited to 360 cu.ft. (2693 gallons) due to lack of space.

(c) Various pumps associated with the tanks would be located aft
of sewage holding tank, approximately Frames 62-68.

Deainages would be as follows:

(a) Sewage from all spaces and the garbage grinder aft (if fitted)
would be collected in the sewage holding tank via macerator/transfer pumps.
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Vessel: FIREBUSH (180')

System No. 14 (Cont'd.)

(b) Gray water from spaces aft of Frame 124 would continue
to drain to the small holding tank (approximately 25 gals.) and sump pump
in the Hawser Room from which it would discharge forward to overboard
and to the G/T Holding Tank for off-loading. I

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(c) The laundry and nearby deck drains cannot gravitate over-
board (being below the waterline) and would have to be fitted with a small !!
(approximately 25 gals.) collecting tank with sump pump for discharge over-

board and to the G/T holding tank.
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 14

Installation ... Quantity Requiredcost Element Unit Assumed Unit Cost (estimated Cost ($)
number of units)

$ 4.50/Lb. (2)
Piping(1 ) Pounds (Materials and Labor) 1,515 6,818

Tank Steelm} Pounds $ .55/Lb. (4)(Materials and Labor) 7,870 4,329

Foundations Pounds $ .92/Lb. (1)(Materials and Labor) 5,100 4,692

Electric Feet $ 2. O0/Ft.
Cables (Materials and Labor) 460 920

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway) I _ _II

Welding Feet $ 6.00/Ft.0 360(Materials and Labor)

I~~ ~ 5s0.00O/Hr, . iCutting Hours (Labor) 25 1,250

• Other Man. $15.80/MH
• (miscellaneous Hours (Labor) 35 525

handling)

Total Installation Cost ($) 19, 419

(1) Copper-nickel Auumed.
(2) Estimate includes a factor of S0% added to allow for valves, flanges, Attings, take-down Jo(on, etc.
(3) One-quarter Inch plate asurtmd.
(4) Estimate includes a factor of 30% added to allow for required structural mtiffezing for proper Support..
(5) Estrnated on the bads of 1016 of the weight which has to be supported.
(6) Based on an assumed cuting rate of 80 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 15 GATX Reduced Volume Flush M/T Pump Collection/Inclinerator

for Concentrated Black Water/Holding Tank for Gray Water

Required

Incinerator Feed Tank 100 gal. (13 cu.ft.)
Galley/Turbld Holding Tank 20, 843 gal. (2786 cu.ft.)
Fuel Oil Day Tank 50 gal. (6.7 cu.ft.)

Incinerator One (1) Jered
Incinerator Feed Pump One (1)
Incinerator Feed Tank Overboard Pump One (I)
G/T Holding Tank Overboard Pump Two (2)
Macerator/Transfer Pumps Six (6)

Discussion

The system is considered to be a viable candidate subject to certain

limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located In the Main Cargo Hold as follows: [I
On the lower level

(a) Galley/turbid holding tank (approx. 14' L1 x 7' W fwd x 10' W
aft x 8'-3" H), in hatchway, on ship's centerline, Frames 47-61. This tank is
limited to 975 c~u.ft. (7295 gal.) due to lack of space.

(b) G/T overboard discharge pump, aft of G/T holding tank.

On 2nd Deck Level

(a) Jered incinerator (approx. 6'-5" L x 3'-0" W x 5'-3" H), with

feed pump (approx. 2'-6" L x 9" W x 1'-4" H), blower and fuel oil daytank
(approx. 2' L x 2' W x 1'-9" H), starboard side.

(c) Incinerator feed tank overboard pump near feed tank.

(d) The incinerator stack would be run to the weather via the stores
space on the port side, Frs. 65-74, Second Deck and up dtrough the Crew's Toilet
on the Main Deck. There is no apparent way to run it via the ship's stack. See
Sperfal Remarks in the discussion at the beginning of this Section.
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Vessel: FIREBUSH (180')

System No. 15 (Cont'd.)

Installation of the incinerator would require additional fire pro-
tection equipment and possibly a modification to the ventilation system for the
Main Cargo Hold.

Drainages would be as follows:

(a) Sewage from all spaces and the garbage grinder aft (if fitted)
would be collected in the incinerator feed tank via incinerator transfer pumps.

(b) Gray water from spaces aft of Frame 124 would continue to
drain to the small holding tank (approximately 25 gals.) and sump pump in the
Hawser Room from which it would be pumped forward to overboard and to the
G/T Holding Tank for off-loading.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximately
25 gals.) collecting tank with sump pump for discharge overboard and to the G/T
holding tank.
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 15

Installation Quantity Required
Unit Assumed Unit Cost (estimated Cost ($)

Cost ElementI number of units) "

Piplng(1 ) Pounds $ 4140/Lb.,$(Materials and Labor) 3,235 14,558
Tak tel() ouds$ .55/Lb. (4)

Tank SteelM Pounds (Materials and Labor) 9.005 4, 953

$ . 92/Lb.(5

Foundations Pounds (Materials and Labor) 7,395 6,804

Electric Fet $ ;.00/'Ft.
Cables Feet (Materials and Labor) 345 690

Miscellaneous
Installations (pumps, Man- $15.0O0/MH
motors, skid-mounted Hours (Labor) 2S 375
components, etc .) ......
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway) I

$ 6.00/Ft.Welding Feet $ 6"0/t 360
(Materials and labor) 60 360

Cutting Hours $50.00/Hr. 25 (,250

SOther Man- $15.00/MH
S(miscellaneous Hus (ao)3 2

handling)

Total Installation Cost ($) 29,515

(1) Copper-nickel asumed.
(2) Estimate includes a factor of 50% added to allow for valves, flanges, &rCn29, take-down joints, etc.
(3) Cme-quarter inch plate assumed.
(4) Estmate Lacludes a factor of 3056 added to allow for required structural stiffening for proper support.
(5) F£itmatd on die bads of 10% of the weight which has to be supported.
(6) Based on an assumed cutting rate of 80 ft. hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUS1I (180')

WMS No. 16 GATX Reduced Volume Flush M/T Pump Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Galley/Turbid Holding Tank 20, 843 gal. (2786 cu.ft.)
Evaporator Feed Tank 100 gal.

Evaporator (GATX) Two (2) - 80 gal.
Catalytic Oxidizer One (I) large or Two (2) regular
Evaporator Feed Pump One (I)
Evaporator Feed Tank Overboard Pump One (I)
G/T Holding Tank Overboard Pump Two (2)
Macerator//Transfer Pumps Six (6)

Discussion

The system is considered to be a viable candidate subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Galley/turbid holding tank (approx. 14' L x 7' W fwd x 10' W
aft x 8'-3" H), iihatchway, on ship's centerline, Frames 47-61. This tank is
limited to 975 cu.ft. (7295 gallons) due to lack of space.

(b) G/T overboard discharge pumps, aft of G/T holding tank,

On 2nd Deck level

(a) GATX Evaporators (2), (approx. 3'-2" dia x 4'- 2 high) and
catalytic oxidizer(s) (6" dia x 18" high), sthd side.

(b) Evaporator feed tank (approx. 2'-6" L x 2'-6"W x 2'-6" H)

and feed pump(s) (2'-6" L x 0'-9" W x V'-4" H) near evaporators.

(c) Evaporator feed tank overboard pump, near the tank.
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Vessel: FIREBUSH (180')

System No, 16 (Cont'd.)

Drainages would be as follows:

';(a) sewage from all spaces and dile garbage grinder aft (if fitted)
would be collected in die evaporator feed tank via maccrator/transfer pumps, ..

(b) Gray water from spaces aft of Frame 124 would continue tote

drain to dhe small holding tank (approximately 25 gals.) and sump pump in the
Hawser Room from which It would be pumped forward to overboard and to the
G/T Holding Tank for off-loading. j

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

S(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small approximatly
25 gals.) collecting tank with sump pump for discharge overboard and to the G/T
holding tank.

I
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 16

Installation IQuantity RequiredCost Element unit Assumed Unit Cost (estimated Cost ($)
_ _ __ number of units)

Piping(1) Pounds $ 4.SO0b 1,458,0
(Materials and Labor)

Tank Steep(3 Pounds 8$5 4,483.(4
(Materials and Labor) 8,150 4,483

$ .9•2/ . •
Foundations Pounds (Ma /erials and Labor) 7,435 6,841

Electric Feet $ 2. 00/Ft.
Cables (Materials and Labor)

Miscellaneous
Installations (pumps, Man- $15.0O0/MH
motors, skid-mounted Hours (Labor) 25 375
components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway) _

$ 6.00/Ft.
Welding Feet 60 6.0/Ft(Materials and Labor) 60 360

$50.00/Hr. )
Cutting Hours (Labor) 25 1,250

SOther
[OtheraeMan- $15.00/MH
(miscellaneous Hours (Labor) 35 525
handling)5

Total Installation Cost (2) 23,_05 7

(1) Copper-. Ickel assumed.
(2) Etimate include a factor of 600 added to allow for valves, Lianges, fttdng, take-down joint, etc.
(3) one-quarte Inch plate assumed.
(4) Estimate includes a factor of 3056 added to allow for required structural stiffening for proper support.
(5) Estmated on the basi of 10% of the weight which hu to be supported.
(6) Based on an assumed cutting rate of 50 ft. /hr.
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D!SCUSSION OF INSTALLATION BASfD ON SHIPCHECKS

Vessel: F[RI:BUSII (180')

WMS No. 17 GATX Reduced Volume Flush M/T Pump Collectlon/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

Sewage Holding Tank 2345 gal. (313 cu.ft.)
Galley/Turbid Influent Surge Tank 768 gal. (103 cu.ft.)
Sludge Holding Tank 1737 gal. (232 cu.ft.)

Grumman Unit Two (2)
Sewage Holding Tank Overboard Pump Two (2)
G/T Influent Surge Tank Transfer Pump One. (1)
Influent Surge Tank Pump Two (2)

Macerator/Transfer Pumps Six (6)

Discussion

The system is considered to be a viable candidate subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Sewage holding tank (approx. 5' L x 9' W fwd x 10' aft
x 6'- 9 H), on ship's centerline, in hatchway, Frames 56-61.

(b) Galley/Turbid influent surge tank (approx. 3' L x 6' W
x 5'-9" H), just fwd of sewage holding tank, Frames 47-50.

(c) Various associated pumps - sewage overboard (2) Frame 63-65
port, G/T Influetit surge tank pump (to sewage holding tank) and surge tank
pumps (2) (to Grumman feed tank), all locatt.-d between tanks Frames 50-56.

On the 2nd Deck level

(a) Grumnm&n MSD's I each port and starboard.

(b) Sludge holding tanks (2) each half of total required capacity
for one tank (approx. 5'L x 5' W x 4'-9" H), located forward of each Grumman MSD.
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Vessel: FIREBUSH (180')

System No. 17 (cont'd.)

Drainages would be as follows:

(a) Sewage from all spaces and the garbage grinder aft (if fitted)
would be collected in the sewage holding tank via macerator/transfer pumps.

(b) Gray water from spaces aft of Flrame 124 would continue to
drain to the small holding tank (approximately 25 gals.) and sump pump in the
Hawser Room from which it would be pumped forward to overboard and to the
G/T influent surge tank.

(c) Gray water from spaces forward of Frame 124 would gravitate I
overboard and to the Influent surge tank for off-loading.

(d) The laundry and its deck drains cannot gravitate overboard
from the Second Deck. Therefore, they would have to drain to a small (approx.
25 gal.) collection tank with sump pump for discharge overboard and to the G/T

influent surge tank.

I
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WMS INSTALLATION COS1 ESTIMATES

Vessel FIREBUSH (180')

WMS No. 17

Quantity RequiredInstallation
Cost Element Unit Assumed Unit Cost (estimated Cost ($)
Cost__ Elementnumber of units)

$ 4,SO/Lb. s
Pipng(1 ) Pounds 1$8 8,460.Pip (Materials and Labor) 1,880 8,460

$ .5/Lb. (4)
Tank (Materials and Labor) 7,590 4,175

$ .92/Lb. (6)
Foundations Pounds (Materials and Labor) 4,720 4, 343

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 690 1, 380

Miscellaneous
Installations (pumps, Man- $15.00/MH
motorp, skid-mounted Hour: (Labor) 40 600
components, etc.)
Access Cuts (in hull,

deck plating or Feet $ 1.00/Ft. N/A
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
Welding Feet (Materials and Labor) 90 S40

$ 50.00O/Hr. •
Cutting Hours (Labor) 225 1,250

Other Man- S15.00/M.H
S(miscellaneous

midllneos Hours (Labor) 35 525
handling)

Total Installation Cost ($) 21,273

(1) Copper-nickel auumed.
(2) Estimate Includes a factor of 50% added to allow 1,r valves, flanges, Atting, take-down joint, etc.
(3) Otes-quarter inch plate assumed.
(4) Estimate Includes a factor of 305a added to allow for required structural stiffening for proper support.
(5) Estimated on the basis of 10% of the weight which his to be supported.
(6) Bued on an assumed cutting rate of 50 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: FIREBUSH (180')

WMS No. 18 GATX Reduced Volume Flush M/T Pump Collection/Grumman
Flow Through System for Gray Water/Incincerator for both

Concentrated Black Water and Gray Water Sludge

Required

Black Water Surge Tank 101 gal. (13.5 cu.fr.)
Gray Water Surge Tank 768 gal. (103 cu.ft.)
Fuel Oil Day Tank 94 gal. (12.5 cu.fr.)

Grumman Unit with One (1)
Incinerators Three (3) Thiokol Incinerators
Sewage Surge Tank Overboard Pump One (1)
Sewage Furge Tank Transfer Pump One (1)
G/T Surge Tank Pump One (1)
G/T Surge Tank Overboard Pump One (1)
Macerator/Transfer Pumps Six (6)

Discussion

The system is considered to be a viable candidate subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Black water surge tank (approx. 2'-6" L x 2'-6" W x 2'-3" H)
on ship's centerline, Frames 48-50 1/2.

(b) Gray water surge tank (approx. 5' L x 5'W x 4'-3" H), on
ship's centerline, Frames 56-61.

(c) Various associated pumps:

sewage overboard - Frames 63-65 port

solid handling (sewage to sludge feed tank) - Frames 51-56
G/T overboard - Frames 63-65
G/T surge tank to Grumman MSD - Frames 51-56
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Vessel: FIREBUSH (180')

System No. 18 (Cont'd)

On the 2nd Deck level

(a) Grumman MSD with incinerator, port side aft of the Laundry.

The Laundry will have to be modified slightly to provide more access room
around the added equipment.

(b) Thiokol incinerators (2) with blowers, sludge tanks, sludge
feed pumps, fuel oil day tank (2'-6" L x 2'-6" W x 2'-0" H) on the starboard
side similar to System No. 13.

(c) Three (3) incinerator stacks would have to be run to the
weather similar to System No. 13. This will offer a problem. See the dis-
cussion given in System No. 13.

Installation of incinerators would require additional fire
protection equipment and possibly a modification to the ventilation system for
the Main Cargo Hold.

Drainages would be as follows:

(a) Sewage from all spaces and the garbage grinder aft (if fitted)

would be collected in the black water surge tank via macerator/transfer pumps.

(b) Gray water from spaces aft of Frame 124 would continue to
be drained to the small holding tank (approximately 25 gals.) and sump pump
in the Hawser Room from which it would be pumped forward to overboard and
to the Gray Water Surge Tank.

(c) Gray water from spaces forward of Frames 124 would gravitate
overboard and to the gray water surge tank for off-loading.

(d) The laundry and its deck drains cannot gravitate overboard
from the Second Deck. Therefore, they would have to drain to a small (approx.
25 gal.) collection tank with sump pump for discharge overboard and to the
Gray Water Surge Tank.
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WMS INSTALLATION COST ESTIMATES

Vessel FIREBUSH (180')

WMS No. 18

Installation .. Quantity Required
CoatElention Unit Assumed Unit Cost (estimated Cost ($)
Cost Element number of units)

$4.60/Ub. (2)
Piping(l) Pounds (Materials and Labor) S'055 22, 748

T() Po $ .55/Lb. C')
Tank(Materials and Labor) 2,740 1,507

Foundations Pounds $ .92/Lb. (51(Materials and Labor) 1,785 1,643

Electric Feet $ 2.00/Ft.5 ,150
Cables (Materials and Labor)

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components, etc. )_....
Access Cuts in hull,
dock plating or Feet $ Il.0O0/Ft. N/A
bulkhead to provide (Labor)passageway) .Labo.)

$ 6. O0/Ft.
Welding Feat (Materials and Labor) 40 240

$S0.00/Hr. 0•)
Cutting Hours (5.0/r. 25 1,250

= Other Man- $15.0O/MH
(miscellaneous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 29,588

(1) Copper-nickel asumed.
(2) Erimate includes a factor of 50% added to allow for valves, flanges, fttting, take-down Joints, etc.
(3) One-quarter Inch plate auumed.
(4) Esmate includes a factor of 30% added to allow for required itructural stiffening for proper support.
(5) Estimated on the bais of 10% of the weight which has to be supported.
(6) Bas•d on an assumed cutting rate of 50 ft. /hr.
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH L180') Sheet I of 10

W/E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION

III Required black water handling capacity for Vessel versu Actual capacity Of WMs

(A) Actual capacity of WMS equals or exceeds required capacity far vessel.
(b) WMS marginally suitable for vessel (has 96-99% of required capacity).
(c) WMS capacity insufficient for vessel (lasm than 0514 at required capacity).

122~ Rquired graywater hndlingcapaciy fo eal 1 vesu acua 1314it 1fVM

(b) WMi) Marginally Suitable for venael Nhs 95-99%o of required capacity).
c)WMS capacity insufficient fo r vessel (lets than 9516 of requited capacity).

W&MS0 1 .2 13 14 5 6 7 _8 1_ 9_ 10 1__12 _1 14J15 2 17 8

aat c aj C a 11 13 C I

1a, Extent of additional support systems or equipment requited to accommodate WMS~t

(a) No additional support systems or equipments required.
(b) Some additional support systems or equipments tqie,2
(c) Many Additional support systems or equipments requited.13

(1) Examples:, Firefighting system must be Installed with Incinerator.
Bilge5 alaum required If large tank is Installed above bilge..

*Compressor requited on vessels that do not already have one,
*Detectors of toxic or noxious gases should be Installed with any system that, us an inherent design

feature, uses such guee In processing wastes.
()Need for Support aymtem1/equlpMent does not significantly reduce WMS suitability for on-board Installation.
()Suitability of %VMS for installation on vessel significantly reduced,

Data b b- b bI b b Ib1b_ bI IbIb Ib Ib Ib Ib Ib Ib

21 xtet o fitur moifiatinsrequired for WMS Installation

(A) No lixtures need modification or replacernent.
(b) some fixtures need modification at replacement.
(c) All commodes need replacement and modification Of urlnal-a&SOoiated equipment (e.g., urinal discharge valves)

is required.
Ad All ftxtures need replacemnent or modification (e.g., replacement or commodes and urinal flushometers).
(a) All fixutres rie~d replace ment' or modification And each fixture has additional hookup requirements Associated with It.

13 1 12-13 14 1 a1 61 7 18 19 1 10l 11 1 2 1 13 114 1 1 116 117 11IS
Da a aIaI a A 1 a I a a s a c Ia. c c .a 1- a e a e e a
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180'). Sheet 2 of 10

WE I - ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd)

22 Extent of flush medium supply modilflctions required for WMS installation

(a) Existing lush medium is used.
(b) WMS requidesc onversion of flush medium to potable water.
(c) WMS requires conversion of flush medium to recirulatin non-aqueous medium.
(d) WMS requires conversion of flush medium to salt water. (f)

Conversion to salt water requires pump ze-sizing, tapping into the nsea-chest and provision for Its corrosive
properties. For PAMICO, salt water would be used If the drain system were converted to a standard flush
system (C .G. supplied information).

VMS 1 2 3 4 [ 6. 7( 8 0 1 0 1 1 H2 1 14 15 is n i 8

Dat A a a a A a a _ b b b b b b b b b b

231 Hookup requirementas for WMS Collection/Transport subsystem installation

(a) No additional hookup requirements beyond existing ones.
•(b) Requires piping for recixculation of flush medium (In existing gravity drain system).
(c) Special and centralized Collectlon/Transport subsystem required.
(d) Special and non-centralized Collection/Transport subrystem required (ncludes conversion from reduced flush vacuum

colleotion to a standard gravity drain system, with or without recirculation).

Drain pipingi electric cables connecting comrnode, M/T pump and control panel In GATX, but nor In JERED, e

Data a b b a A a A a 0 a I a I a d d *d d I d

232 Routing f.L•blUly for drain piping modificationsM associated with WMS Collectlon/Transport subsystem insta~ladon(2)
(a) Routing is highly flexibl6.) 3 )

(b) Routing is moderately flexible, with some restrictions.
(o) Routing is highly Inflexible.

(1) Of the three relevant categories of routing of lines (piping, ventilation, electrical), piping is the most important

for asessing use of WMS litallation.
Noteso a With gravity drainage, lUnea must always slope downward and require venting.

. Smallst size lines are inherently more flexible.

. With the pump or vacuum Collection/Trasport subsystem, sharp bends, dises and long runs cap be
accommodated in piping.

In all cases, WMS lrutallat[on is to be considered from the point of view of mcdjfications required to exlsting
conditions.

WMS 4 1 2 2 4 5 6 "7' 8 9 10 11 12 13 14 16 16 17 18

Data b b lb b b b b b b b b b b b b b b
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180') Shcet 3 of 10

W/E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd)

INSTALLATION CHARACTERISTIC

233 Space requirements for WMS Collection/Transport subsystem InstaUallon.

(a) No additional space required.((b) Some additional space required. (2)

(c) Large amount of additional space required.

E E.g., M/T pumps in GATXI or small Influent surge tank.

E.g., large VCT in JEREDM or large inflijent surge- tank, if not already installed.

___ 1 2 .31 j I .. 4 6 7 1 81 9 10 11 12 13 14 15 16 17 is ~'
Data ... b a A a a b b b b b b a.1 a A b a

234 Modularity of WMS Collectlon/Transport subsystem (as it affects Installation)(1)

(a) Degree of modularity of subsystem aids in installation of C/T mubystcm.

(b) Degree of modularity of subsystem results In some (minimal) difficulty In installation of C/T subsystem.
(c) Degree of modularity of subsystem results in modeate difficulty in installatioi of C/T subsystem.

(1) On vessels that do not currently have a WMS, a high degree of modularity aids in installation, and a high degree
of subsystem centralization (as in the IERED) results in difficulties for installation,

Data a 131 a ale o a la a a I a I is- I a

285 Vent requirements for WMS Colleoon/Traunsport subsystem installation

(a) No vents are requimrd othor than the existing vents.
(b) Few vents are required in addition to the exasting vents.
(c) Many vents are retuired In addition to exsting vents.

MMS H 1 2 3 4 5 6 7 8 9 0 11 12 13 14 is 16 1'7 18
Data b b b b b bIb tb b I b b b (a a a aa

241 Space requirements for WMW waste Treatment/Disposal subsystem installatuon

(a) Volume requited is minimal and dimenons() of equipment present no problems in fitting equipment Into available
,') compartment space.
(b) Volume required is moderate and dimensions of equipment present no problems in fitting equipment into available

compartment space.
(c) Volume and dimension( )of equipment do present problem in fitting equipment into available compartment space.
(d) Large volume required and dlmenrion(1 )•of equipment do present problem in fitting equipment into available

compartment space,

(1) The two main factors are aI) deck area required and (i) height required.

WMS' 11 13 4 51111 1 0 11.112U13 114 15 116 17 ?
Data d b b b b b b b b b b b d b b b b
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel rI- EBUSI-_]_1 Sheet 4 of 10

W/E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd)
\' ....

INSTALLATION CHARACTERISTIC

242 Hookup requlrements(l) for WMS waste Treacment/Disposal subsystem Installation

(a) Pipes, ducts and/or cable requirements are minimal.
(b) pipes, ducts and/or cable requirements are moderate.
Cc) Pipes, ducts and/or cable requirements are extensive.

Piping for fuel oil, frcsh water, cooling water, compressed air, interconnecting remotely located equipment,
overboard discharge line, etc., electric cables for power supply, remote control panels, etc.; ducting for
ventilation, etc.

WMS m 2 ,3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 18

Data b b b b b b b I b b h' b b b b b b b b

240 Degree of modularity of WMS waste Treatment/Disposal (as It affects instal]ation)(1)

(a) Degree of modularity of subsystem aids in Installation of T/D subsystem.
(b) Degree of modularity of subsystem results in some (minimal) difficulty in installation uf II/D subsystem.
(c) Degree of modularity of subsystem result in moderate difficulty in InstaLlation of T/D subsystem.

Decentralization of components may require additiovaI hookups aud piping runs.

Dat a a a a a a A a a a a a a a a a a

244 Vent requirements for WMS waste Treatment/Disposal subsystem installation(1 )

(a) No vents are required.
(b) Vents are required.

Vents that are only internal to the comparcmcnt In which subtystem is located are not considered here.

iMs 1 1 21 3 4 1 6 1 10 111 12 13 1i1s6 7 1

Data a bI b b b b b bb I b Lb b _L_ b I ba lb b lb lb

245 Exhaust stack requirements for WMS waste Trep' ment/Disposal subsystem installa!'on(1)

(a) Exhaust not required.
(b) Exhaust required, size of stack relatively small and stack can be run via exstizng ship's stack enclosure (flddley).
(c) Exhaust required, size of stack relatively large and stack can be run via existing ship's stack enclosure.
(d) Exhaust required, size of stack relatively small and stack cannot be run via existing ship's stack enclosure.
(e) Exhaust required, size of stack relatively large and stack carnot be run via existing ship's stack enclosure.

(1)Notes. Electric Incinerator requires small (2") exhaust.

Fuel inclrerator requires large (10") exhaust.

ws f 1 2 3 4 b 0 7 8 1 '0 isII 2 13 i4 l 16 I'7f1

Data a a - a a a c e a e a _ e a e a a €
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180') Sheet 5 of 10
•/i/ i WE I -ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd)

INSTALLATION CHARAITERISTIG

25 Ease Of istaling WMS support equipment(')

(a) No support equipment required.
(b) Some support equipment requirged but easy to install.
(c) Much support equipment required and difficult to lnstall.

Examples: . Firefighting system must be inutaUed with incinerator.
. Bilge alarm required If large tank is installed above bilge.
. Compressor rquired on vessels that do not already have one. sa
. Detectors of toxic or noxious gainshs ould be Installed with any system that, as an inherent

design featre, uses such gasM in processing wastes.H s 1a 2 a 4 56' 7 9 10 1 12 13 14 15 16 17 18
Data 1 2 b b b b b b b b b b b b b b b

26 Ease of compensating for added weight of WMS

(a) No or minimal compensation for added weight required.
(b) Moderate compensation for added weight required.
(C) Etensive compeodadon for added weight required.

MIS 11 2 3 4 65 h7 8 9 10 1 12 13 14 15 10 17 l8

Data c b b b b b b b lb € c c c c c c b b

273 Extent of SHIPALTS (permanent modifications) required for WMS Instalation(1 )

(a) No SHIPALTS required.
(b) Minor SHIPALTS required.
(c) Extent of SHIPALTS required is moderate.
(d) Extensive SHIPALTS required.

(1) Foundations, enlarged doors/hatches, Increased capacity requirements for air compressor, otc.

WM, S it 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Data Cc c c

c c c c c--c c c c c c

272 Extent of temporary modification required for WMS Installation

(a) No tempotary modifications required.
(b) Temporary modifications requited are minor.
(c) Extent of temporary modIlcatiorn required are moderate.
(d) Temporary modlfications required are extensive.

(1)
Cutting access openings, etc.

MAI P I2 4 116 ' 1 7 8 910 11112 13 14 15 16 17 18
Data c c C i c c C c c c c c c c c
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180') Sheet 6 of 10

INSTALLATION CHARACTERIST IC

31 Effect of WMS on vessel stability

(a) No effect on ex!ating stability characteristics of vessel.
(b) Some effect on existing subilUty characteristics of vLael, easaly compensated for.
(c) Severe effect on exi.stng srability characteristics of vessel, compensation required extensive modifications to vessel

eg., no tanca e In Point Herron).
r----3 4 -5 6 1 7 1 8 1 91 10 111 12 13 141 5 16 (17 18

Data a I AI t a 1& I It at a A A a j t...I...A
32 Effect of WMS on vessel trim and list

(a) No effect on trm or on List.
(b) Some easily compensated for effect on tim or list.
(c) compencation for effect on trim or list requires extensive modification to vessel.

WS# 1 2 13 4 ] 5 6 J7 j8 9 I10 11 1 1I3 1 5 161 7 18
Data a a ja a a a A a a A a a a

Vessel re capacity and usage rates.Efe: feon- - - 4

WIS0 1 2 3 41 6 I 0 2 1 0 1 5 1 17 I
-- on V " Respuroe Qiua Sh eat -

34 Degree of space trade-off/reallocation required for WM5 installation

(a) No space tade-off/reallocation required.
(b) Minimal degree of space trade-off/reallocation required.
(a) Moderata degree of space trade-off/reallocadon required.
(d) High degree of space trade-off/reallocation required.

Data a a b b b b b b c o C a b c d d

WEMi II- PERFORMANCE

PERFORMANCE CHARACTERISTIC

12 WMS per capita wet weight (lb)(1) - WI

()Drain piping matridal is as~sumed to be copper-nickel (Cu=Ni).

WIMS P 1 12 35 6 7 8 0 10 11 12 13 14 1516I 17 18

Daa1 626 149M 826 15 998 12108. 1591 59,3 1333 1891J1873 1417 703 12a1 1786 1751 1582t 601
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180-L Sheet 7 of 10

CYM!E 11 - PERFORMANCE (Cont'd) -

PERFORMANCE CHARACTERISTIC

13 W MS pa capita volume (0a)(1). v1
()Volumes ame calculated as follows:

SFlure volumes am calculated using smallest space envelopes.
* Pipe volume is the volume of a square rube with side a outside diameter of pipe.
* Other equipmentt Deck areal smaleat rectangle enclosing a& equipment in a single package plus extra

dimension Area required for operation and maintenance.
Heigiht either maxdmum height of *quipment, or ful compartment height, If Space above

package Is not usable for any other purposes.
1A 3- 1- 4 a I a I ' , 1 9 110 111 121 131141 1• 161 17 1 8

Data 3 9 302 60, 7 2.4 64.8 12 7 15.3 40, 9 58.1 1 2. 9 55, 9 90, 8 71.9 45. 1 60, 61 RO, 11 87. 65.7 7
21 Aequacy of WMS black water holding tim 824

HTb - qo of required black water holding time met by WMSM1 )
I)A WMS which employs an incinerator lis considered to meet 100%o of the required holding time. The holding

itme of a WMS which employs a holding tank (for wastewater or sludge) is determined by the ratio of available
tank capacity to required capacity.

WMS# 1 2 1 4 t 2 - 8 109 10 12 13 100 10 017 18

DatA 0 1 00 100 1w 100 100 100 100 100 100 100 100 100 100 100

"I22" ikdijuicy of WMS Stay water holding dize-g

"HT8  l of required gray water holding time met by WMS (1)

(1) A WMS which employs an Incinerator is considered to meet lQ00oo of the required holding time. The holding I
time of a WMS which employs a holding tank (for wastewater or sludge) is determined by the ratio of available
tanh capact.yto required capacity.

WU~vS 1 2 3 4 9 6 7 1 8~I 1 9 _ 10 1 1i1 12 101 14 151 10 117 [18
Data 0 0 12 22 100 j100 j29 100 1 13 6 15 36 100J 00 13 36I 35 100 100O

- -..... - --... -G -i ...-i

311 Ef•t•f peak hydraulic loads in black water stream on WNIS performance

GISTb - 16 of required Grumman (or other lnfluent dturge tank capacity In black water stream met by n,tallation,.
7*I'" OO -o -Io -oo.. . .a o

-WNS 1 1 2 3 4 6 7 8 9 10' 11 2 13 14 15 16 16 '

Dat - -j- J 100 100 -- 100 100 .- - - t- 0
312. Effect of peak hydraulic loads In gray water stream on WMS performance

GIST - of required Grumman Influent surge tank capacity In gray water stream met by installation.

WNIS 1 3 1 - 1 10 1 1 12 i13 *14 18 16le 1 8

Dat .00 100 . 100 100 .-- 100100

81 Ability of black water portion of W•MS to handle additional personnel (Oft a long-term basis)

HTCb - o of required black water (or sludge) holding tank capacity met by installation.

WMS # 1 2 3 4 5 6 7 8 9 10 1 11 12 13 14 15 a16 i
Dat 100 100 1 100 100 100 1 -- 100 1" J 100 100 -- 100
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WMS INSTALLATION EFPECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180') Sheet 8 of 10

INS 1 1 2 3 a a 7 8 0 10 11 12 13 14 18 15 1i 1s

Data 0 0 1 22 100 100 129 13 59 35 18 100 -- 13 35 35 100

_ _ _ __ WM/E IV - PERSONNEL SAFETY

SAFETY CHARACTERISTIC

21 Hazard of explosive potential for operator /maintal net due to Inherent WMS design.

I - Installation index (fr personnel safetyl

(a) Likelihood of hazardous situation is not Increased due to location ot any portion of WMS.
(b) Likelihood of hazardous situation is Increased due to proximity of any portion of WMYS to working or berthing area. I
"(c) Likelihood of hiagrdous situation is increased due to proximity of any portion of W.MS to fuel storage area.

wms n I . 3 4 8 6 7 8 9 10 11 12 13 14 16 16 1'? 18

Data a b _L a a b b a b a a b a b a a b

22 Hazard of explosive potential for operator/maintalner due to procedural error/equipment failures of WMnS.
I.- Installation Index (for Lersonnel ,afety)

(a) Likelihood of hazardous situation Is not increased due to location of any portion of WMS.
(b) UkelLhood of hazardotu situation Is Increased due to proximity of any portion of WMS to working or berthing area.
(b) Likellhood of hazardous uitation Is Increased due to proximity of any portion of WNMS to ei storage area.

IM Si 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18

Data ah a a a a b b a b I aa a b b

31 Hazard offr Ignitio potential de o to/mIherent S design

L,"Installation index (for personnel jafe¢yj

(a) Likelihood of hazardous situation is not increased due to location of any portion of WNIS.
(b) Likelihood of hazardous situation Is Increased due to proximity of any portion of WMS to working or berthing area.
(c) Likelihood of hazardous situation Is increased due to proximity of any portion of W"YIS to fuel storage area.

1Mt 1 2 1 3T4 T6 16 1 7 8 9 110111 12 110 14 1511 1 18
Data I a b a A a b b a b a I b a .. a a b

32 Hazard of fire Ignition potential due to procedural errors/equipment failures of WdIS.

- Instaflation Index (for persornnel safety

(a) Likeihood of hazardous situation Is not Increased due to location of any portion of WMS.
(b) Likelihood of hazardous situation Is increased due to proximity of any portion of WMIS to working or berthing area.
(c) Likelihood of hazardous situation is increased due to proximity of any portion of.WNIS to fuel storage area.

1 2 3 4 8 6 7 8 9 10 11 12 13 14 15 16 17 18jData __~ a I .. I . Iab b .. b. I.... I bb b aa lb

I .... ........ • 0 , 0 1• 1• • •1• • " 1z •
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH (180') Sheet 9 of 10

M/E V - HABITABILITY

HABITABILITY CHARACTERISTIC

41 Heat generation for nearby peMronnel 1 ) due to inherent WMS design

S- Installation Index (for heat)

(a) Location of WMS Is not likely to raise h oevel due to proximity to working and bathing area.
(b) Location of WMS is likely to raise heat levol due to proximity to worldng and berthing areas.

(1) For operator/maintalner/adjacent berthing and workdng areas.

2 ts'1 3 4 5 6 '7 8 9 10 11 12 13 14 15 16 17. 1

Data A a a a a a A A a A a A a A a a a a

(1)42 Heat generation for nearby personnel due to procedural enoon/equipment failures of WMS

1- Installation Index (for heat)

(a) Location of WMS is not likely to raise heat level due to proximity to working And berthing areas.
(b) Location of WMS Is likely to raise heat level due to proximity to working and berthing areas.

) For operator/maintainer/adjacent berthing and working areas. a a

MSt # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 10 17 18

DA M A A S 1 9 Aa A a aA a A

a Naose level for personnel in vicinity of WMSM1 )

I-- Installation Index (for noise)

(a) Location of WMS Is no: likely to raise noise level due to proxmity to working and berting areas.
(b) Location of WMS is likely to raise noise level due to proxdmity to working and berthing Areas.

(1) For opera or/maintainer/adjacent berthing and working areas,

KIS # 1 2 3 4 5 6 '7 8 9 10 11 12 j13 (14 15 16 17  18

Dat a a a a a a a a a a a a A a a a

6 Vibration levels for nearby personnel(1) produced by WMS machinery

I - installation Index (for vibration)

(a) Location of WMS is not likely to raise vibration level due to proximity to working and berthing areu.
(b) Location of WMS ii likely to raise vibration level due to proximity to working and berthing areas

(1)
For operarnr/malntainer/adjacent berthing and working areas.,

INS# 1 2± 31 8 4 6 7 8 1 9 10 11 12 13 14 15 16 17 18

Data a a a a a a a a a a a a A A a A a a
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel FIREBUSH [180') Sheet 10 of 10

M/E VI - RELIABILITY

RELIABILITY CHARACTERISTIC

22 Extent of WMS conflguraton redundancy

WMS equipment requirements.

WMS, 1 2 3 4 6 '6 a 9 10o 111 121 13 114 1 16 In 1',7D aa. ent. °, on w ! E en j I . . = ,, • o, , . , • Im
Data- eenton WS E motReuirement !ra Pa m -

M/E VII - MAINTAINABILITY

MAINTAINABILITY CHARACTERISTIC

131 Acceuuibilty of replaceable WMS components

I - Installeaton index (for accessibiUty)

(a) High degree of physical clearance around WMS equipment.
(b) Moderate degree of clearance around WMS equipment.
(c) Very tght. i.e., very little clearance around WMS equipment.

W 1 1 2 2 3 4 5 j 7 8 9 10 11 12 18 14 18 16 is 18

Data b b b b b b b b b b b b b b b b b b
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FIREBUSH (180')

CONCLUDING REMARKS

The following are points of consideration and observation relevant
to this vessel, some of which have been included in the shipcheck observa-
tions and are reiterated for emphasis and convenience.

(a) The vessel is fitted with a two-zone waste collection system due
to its configuration and compartmentation. For most of the candidate wastewater
management systems considered, this would have to be retained. However, the
piping runs and space for equipment location are convenient and satisfactorily

arranged, with separate runs of black and gray water mains to the collecting and
holding tanks fitted in the Main Cargo Hold lower level. It is intended that this
arrangement be reused to the maximum extend possible, including piping con-
nections, where candidate WMS configurations permit. Where this is not
possible, new piping will have to replace the existing.

(b) The vessel in fitted with all support systems with the exception of the
fresh water flushing system. In addition, the fire protection and ventilation
systems would probably require modification to suit the systems employing
incinerating and other heat producing equipment.

(c) There is no ballast system per se. Therefore any weight com-
pensation required would have to be by means of adjusting on-board weights.

(d) Since the proposed location of the WMS equipment is In the Main
Cargo Hold as is presently the case, and since the hold is fitted with a large
removable hatch cover, there does not appear to be any need for cuts in the
hull to provide access for WMS components or removals of existing materials.

(e) Attention is directed to the "Special Remarks" in the shipcheck

observations, where the following considerations are discussed:

. Inconclusive solution as to running incinerator stacks.

. Possibility of having to modify or relocate the laundry in the
Main Cargo Hold,

118
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FIREBUSH (180')

Lack of additional space for relocating stores shops and
storerooms affectpd by some WMS configurations,

Retention and handling or relocation of the 6' x 6' x 2'-6"
concrete block buoy sinker presently stowed in the forward
end of the lower level of the Main Cargo Hold,

Need to retain fuel handling hoses and reels in their present
locations port and starboard in the lower forward part of the
Main Cargo Hold.
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APPENDIX A

PRELIMTNARY INSTALLATION ANALYSIS

FIREBUSH (180')

Vessel Data•, Charaateristic

Class WLB - 393
Basswood (180') C Class

Type Buoy Tender (Seagoing)

Crew Size so

Hoome Port Governor's Islands New York

A-i
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SUMMARY OF PRELIMINARY INSTALLATION ANALYSIS RESULTS

F'IR1BUSH (180')

TYPE SYSTEMol nTreatment/Disposal ACCEPTABILITY
Subsys Subsystem FOR

/./ (Blac) B ac Gray INSTALLATrON{ !
1 r v H' oI g Holding

Collect. Tank Tank Yes

2 Olrysler Holding
Recircul. +HldTnk Tank Yes

3 (Chrysler; Chrysler Holding
+ Incin. Tank Yes

4 Gravity Grum Flow Holding
Collect. rhru+HldTk Tank Yes
G Grumman) Grumman Flow Thnu

- + Holding Tank Yes

6 Gravity Holding Grum Flow
Collect. Tank Thru+HldTnk Yes

Grum Flow HoldingCGravity Thru+Incin Tank Yes

CaGletn Grumman Glow Thru .....
Gmman) Incinerator Yes

Vacuum Holding Holding
Collect. Tank(2 ) Tank

10 (ere d) Incinerator Holding
Tank Yes

GATX Holding Yes
Evap. Tank .....

Holding GrumFlow12 Tank(3) Thru+ Hld Tn Yes

13 I c n rt rGrum FlowYeIncinerator Thru+Incin. Yes

14 M/T Holding HoldingPump Tank Tank Yes
CS ollect. ncnrtrHolding
GATX) Incinerator Hdng Yes

-GATX Holding .. .
1E _ Evap. TankYe

Holding d rum Flow
T ank IThru+Hld T~nkYe

I• ncinerator lGrum Flow
Thru + Inc in.Ye

(1) Based oni
Information contained in available vesiael plans.
WMS (nitallation requiremenut.
WMS installation criteria and guidelinus.

(2) Two subchoicea available for WMS No. 9 u follows,
9a - Concentrated black water transferred from VCT to holding tank (acceptable for all vesels).
9 b - Concentrated black water held in VCT (acceptable for Point Herron only),

(3) Two subcholces available for WMS No. 12 as follows:
S12a - Concentrated black water transferred from VCT to holding tank (acceptable for all vessels).
S12b - Conaenuated black water held In VCT (acceptable for Point Herron only).
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F____ __._

PERTINENT VESSEL INFORMATION

FIREBUSH (180')

Crew: 50 men

Sanitary Fixtures: 7 Waterclosets
1 Urinal
4 Showers

13 Lavatories

Existing Arrangement:

(a) All sanitary flushing is with sea water furnished by two (2)
sanitary water pumps.

(b) The vessel's configuration and compartmentation apparently
require two zones for drainage - one forward of Frame 124 and one aft.

(c) A 25 gallon collecting tank with a pump operating on automatic
level sensing is fitted on the Second De'ck in the Hawser and Canvas Stowage
Room aft.

A 278 gallon collecting tank and an 1875 gallon retention tank are
fitted on the lower level of the Main Cargo Hold forward. Two pumps serve
these tanks on automatic or manual control.Vi1

(d) Available ship's piping drawings indicate two alternative
arrangements exist aft for this class vessel. The piping arrangement is
dependent upon the type of watercloset fitted in the Officers' Toilet.

If the watercloset is a standard unit, all black and gray water from
spaces aft of Frame 124 gravitate to the 25 gallon collecting tank via separate
mains. The contents of the collecting tank are pumped forward to either the
278 gallon collecting tank or the 1875 gallon retention tank from which they
are pumped overboard or to a shoreside connection on deck. Alternatively, the
gray water can be gravitated directly overboard aft.

r..
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i IF'
FIREBUSH (Cont'd.)

If the watercloset is a pressurized type unit ("Brotco" type), its
effluent is ejected directly to the collecting or retention tanks forward. The
gray water gravitates to the 25 gallon collecting tank from which it is pumped
through a separate main to the 278 gallon collecting tank or the 1875 gallon
retention tank. There is no provision for gravitating the aft gray water over-
board in this case.

(e) Black and gray water from spaces forward of Frame 124
gravitate via separate mains selectively (depending on overboard restrictions)
to the 278 gallon collecting tank or to the 1875 gallon retention tank. Either
of two pumps located nearby serve these tanks and can discharge overboard
or to a weather deck shoreside connection.

The collection tank operates under automatic or manual control and
is fitted with a high level alarm.

The retention tank operates only on manual control and is fitted with
a high level alarm.

The tanks can be cross connected, but the discharge pumps must be
operated manually under this condition.

I
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PRELIMINARY INSTALLATION ANALYSIS OF INDIVIDUAL CANDIDATE SYSTEMS

Vessel: FIRrBUSH (183')

WMS No. I Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Holding Tank for Gray Water

Required

Sewage Holding Tank 7,295 gal. (975 cu. ft.)
.Galley/Turbid Holding Tank 20,843 gal. (2786 cu. ft.)

Discussion

The system installation in acceptable subject to certain limitations.

It is possible to provide the required holding tankage capability for
the black water. There is insufficient space available to provide the required
holding tankage capability for gravity drainage of gray water due to the design
configuration of the vessel. Available space will be designated for black
water holding, leaving no room for a gray water tank. It will
however, be possible to gravitate the gray water directly overboard from all
spaces exceptfrom the laundry and its nearby deck drains, both located on the
Second Deck in the Main Cargo Hold.

The sewage holding tank would be located in the Main Cargo Hold
(Bhds 44 to 68). It would be approximately 14 feet long, 7 feet wide fwd, 10
feet wide aft and 8 feet 3 inches high. The tank would be fitted entirely within
the dimensions of the hatchway such that the top of the tank would extend
slightly above the Second Deck level. The black water gravity drainage piping
serving the spaces forward of Frame 124 could still gravitate forward with
minor modification of the runs within the Main Cargo Hold. The overboard
discharge pumps could be located in the lower part of the hold, just aft of the
tank with piping runs overboard and to pierside similar to existing. For the
spaces aft of Frame 124, it would be necessary to retain the small collecting
tank/pump arrangement presently fitted in the Hawser Room aft. The tank
would receive black water which would be pumped on automatic tank level
control, discharging forward to the large Sewage Holding Tank. Vessel con-
figuration does not permit gravitation of the black water drains from the single
Officers' Toilet at the stern end to the holding tankage forward.
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Vessel: FIREBUSH (180')

System No. I (Cont'd)

Gray water from spaces forward of Frame 124 would continue to
drain forward by gravity as at present. However, instead of going to the
present collecting tank or the retention tank, the drains would go directly
overboard above the Second Deck level approximately where the present
overboard discharge shell connection is fitted. When overboard discharge is
not permitted, the gray water would have to be diverted to the Sewage Holding
Tank for off-loading.

The gray water from the Laundry and deck drains on the Second
Deck in the Main Cargo Hold cannot drain overboard by gravity since the
vessel's design draft is Just above the Secoud Deck lcvel. The drains will
not be able to gravitate to the Sewage Holding Tank since the tank will
protrude above the Second Deck. Therefore, these drains would best go
to a small collecting tank fitted with a liquid level actuated pump which would
discharge overboard or to the Sewage Holding Tank when overboard discharge
is not permitted.

The gray water drains from the spaces aft of Frame 124 could
continue to drain by gravity overboard at the stern of the vessel as at present
since they cannot gravitate forward. A small collecting tank/pump arrangement
operating on automatic tank level control would have to be fitted to permit
discharge of the gray water to the Sewage Holding Tank for off-loading when
overboard discharge is not permitted.

A-6

S.i1



Vessel: FIREBUSH (180')

WMS No. 2 Full Volume Flush O11 Recirculation and Gravity Collection/
Chrysler System with Sludge Holding Tank for

Sewage/Holding Tank for Gray Water

Required

Sewage Holding Tank 1362 gal, (182 Cu. ft.)
Galley/Turbid Holding Tank 20843 gal. (2786 cu. ft.)

Chrysler Model and Quantity One (I) - A/B Separation Tank
with One (1) Model A Pump &
Fluid Maintenance Package

or
Two (2) Model A Separation Tanks
with Two (2) Model A Pump & Fluid

Maintenance Packages

Discussion

The system installation in acceptable subject to certain limitations.

This system is similar to System No. I in regard to the following:

(a) The required sewage holding tank capacity would be provided.

(b) No galley and turbid holding tankage Is possible due to lack of space.

(c) Sewage from the Officers' Toilet aft of Frame 124 would continue
to be pumped forward for disposition via the sewage holding tank.

(d) Gray water from spaces aft of Frame 124 would gravitate over-
board, and when not allowed to go overboard would be pumped via a new small
holding tank (say approximately 25 gallons) and sump pump to the sewage holding
tank forward for off-loading.

(e) Laundry and deck drains therefrom would have to be collected and
pumped overboard when permissible and pumped to the sewage holding tank for
off-loading when overboard discharge is not permitted.
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Vessel: FIRERUSH (180')

System No. 2 (Cont'd)

(p d Other gray water would be gravitated directly overboard, and for
piers de off-loading would be diverted to the sewage holding tank.

The sewage holding tank (approximate 7'-6" long, 5'-0" wide and
5'-0" high) would be located on the lower level of the Main Cargo Hold forward.
The tank would extend from the ship's centerline outboard to starboard.

The overboard discharge pumps would be located to port of the sewage
holding tank, approximately where the presently installed pumps are located. A

Regardless of which Chrysler models are contemplated, the components
would be arranged Just forward of the sewage holding tank.

ii
I:I
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7.>
Vessel: FIREBUSH (180')

WMS No. 3 Full Volume Flush Oil Recirculation and Gravity Collection/
Chrysler System with Incinerator for
Sewage/Holding Tank for Gray Water

Required

Galley/Turbid Holding Tank 20,843 gal. (2786 cu. ft.)

Sludge Holding Tank One (1) Model B

Chrysler Model and Quantity One (1) - A/B Separation Tank
with One (1) Model A Pump &
Fluid Maintenance Package,

Two (2) Model A Separation
Tanks with Two (2) Model A
Pump & Maintenance Packages

Incinerator Model and Quantity One (I) - C

Discussion

The system installation appears to be acceptable subject to certain
limitations.

Regardless of the options for the Chrysler MSD components listed
above, these would be fitted in the aft portions of lower level of the Main Cargo
Hold, along the ship's centerline. The Model B sludge holding tank (3'-4" L x

3'-0" 'e x 4'-" H) would be located nearby where the existing 278 gallon collecting
tank is presently fitted on the port side.4

The galley and turbid holding tank size would be restricted to
approximately 320 cu. ft. (2395 gallons) due to space availability. The tank
would be approximate 7'-0" long, 6'-9" wide at the forward end, 8'-6" wide
at the aft end and 6'-0" high and would be fitted also in the lower level of the
Main Cargo Hold, at its forward end and on the vessel's centerline.

The pumps associated with these components would be fitted on the

port side where the existing pumps are located and in the space forward of the
sludge holding tank.

A-9 *1
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Vessel: FIREBUSH (180',

System No. 3 (Cont'd)

The incinerator, blower and fuel tank would be located on the 2nd
Deck level of the Main Cargo Hold, preferably on the aide not fitted with the
laundry equipment.

The incinerator stack could possibly be led to the weather in front
of the house via the dry stores space on the port side. There appears to be
no way to run the stack via the existing ship's stack enclosure.

Sewage from the Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the Chrysler MSD.

Gray water from spaces aft of Frame 124 would gravitate overboard,
and when not allowed to go overboard would be pumped via a new small holding
tank (approximate 25 gallon) and sump pump to the galley and turbid holding
tank for off-loading.

Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the galley/turbid holding tank.

The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximate
25 gallons) collecting tank with sump pump for overboard discharge. For pierside
off -loading the drains would gravitate to the G/T holding tank.
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Vessel: F1REBUSH (180')

WMS No. 4 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Tank for Black Water/

Holding Tank for Gray Water

Required

Sanitary Influent Surge Tank 261 gal. (35 cu. ft.)
Galley/Turbid Holding Tank 20843 gal. (2786 cu. ft.)
Sludge Holding Tank 680 gal. (81 cu. ft.)

Grumman Unit One (1)

Discussion

The system installation appears to be acceptable subject to certain
limitations.

Equipment would be located in the Main Cargo Hold as follows: :

On the Lower Level

(a) sanitary influent surge tank (approximate 3' L x 3' W x 4' H), on

port side where 278 gallon collecting tank exists.

(b) Sludge holding tank (approximate 4'-6" L x 4'-6" W x 4'-0" H) on
starboard side where 1875 gallon retention tank exists.

(c) Galley/Turbid holding tank (approximate 9'-3" L x 6'9" W fwd x
9'-0" W aft x 8'-3" H) on the ship's centerline, at forward end of the hold,

within the hatchway, protruding slightly above the 2nd deck level. Tank is
limited to approximately 600 cu. ft. (4495 gal.) due to lack of space.

(d) Various associated pumps aft of the G/T holding tank.

On the 2nd Deck Level

(e) The Grumman MSD on either the port or starboard side
depending on the location of the laundry. The free side is preferred.

A-11
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Vessel: FIREBUSH (180')

System No. 4 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the sanitary influent surge tank.

(b) Gray water from spaces aft of Frame 124 would gravitate over-
board and when not allowed to go overboard would be pumped via a new small
holding tank (approximate 25 gallons) and sump pump to the G/T holding tank
for off -loading.

(c) Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximately
25 gallon ) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.

I
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Vossel: FIREBUSH (180')

WMS No. 5 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Tank for Combined

Black and Gray Waters

Require

Influent Surge Tank 1029 gal. (138 cu. ft.)
Sludge Holding Tank 2345 gal. (313 cu. ft.)

Grumman Unit Two (2)

Discussion

The system installation appears to be acceptable subject to certain
limitations.

The system is very similar to System No. 4 except that the G/T
holding tank has been eliminated. AU1 wastes go to the influent surge tank.

The influent surge tank (approximate 5V-0" L x 5V-6V W x 5'-0"1 H)
would be fitted at the forward end of the lower level of the Main Cargo Hold,
on the ship's centerline,

The sludge holding tank (approximate 8' L x 8' W x 5' H) would be
located where the 1875 gallon retention tank is presently located on the lower
hold level.

The associated pumps would be located principally on the starboard
side of the lower level of the hold.

The Grumman MSDs would be located on the 2nd Deck level of the
Main Cargo Hold. Depending on the location of the Laundry, they would be
fitted one each port and starboard, or both on the side not containing the
Laundry.

A-13
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Vessel: FIREBUSH (1801)

System No. 5 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue to
use the 25 gallon collecting tank aft with its sump pump discharging forward to
the influent surge tank.

(b) Gray water from spaces aft of Frame 124 would be pumped via
a new small holding tank (approximate 25 gallons) and sump pump to the influent
surge tank for off-loading.

(c) Gray water from spaces forward of Frame 124, including
the laundry space, would gravitate to the influent surge tank.

A-14
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Vessel: FIREBUSH (180')

WMS No, 6 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Grumman Flow Through System with

Sludge Holding Tank for Gray Water

Required

G.T Influent Surge Tank 768 gal. (103 cu. ft.)
Sewage Holding Tank 7295 gal. (975 cu. ft.)
Sludge Holding Tank 1737 gal. (232 cu. ft.)
Optional Combined Sewage/

Sludge Holding Tank 9032 gal. (1207 cu. ft.)

Grumman Unit Two (2)

Discussion

The system installation appears to be acceptable subject to certain
lim itations.

Equipment in and drainage systems to the Main Cargo Hold would be

as follows:

On Lower Level

(a) The required sewage holding tank capacity would be provided via
a tank the same configuration and location in the hatchway as in System No. 1.

(b) No G/T influent surge tank Is possible to fit due to lack of space.
Grumman MSD would have to function without it.

(c) Sewage from Officers' Toilet aft of Frame 124 would continue to be
pumped forward for disposition via the sewage holding tank.

(d) Associated pumps would be located aft of the sewage holding tank.
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Vessel: FIREBUSH (180')

System No. 6 (Cont'd)

On the 2nd Deck Level

(e) Gray water from spaces aft of Frame 124 and from the Laundry
and nearby deck drains would have to be pumped to the Grumman MSD's via
individual 25 gallon collecting tanks fitted with sump pumps.

(f) Other gray water would have to gravitate to the Grumman MSD
feed tanks.

(g) All gray water would have to be off-loaded pierside via the
sewage holding tank directly since no influent surge tank can be fitted.

(h) The Grumman MSD's would be located 1 each port and starboard

in the aft part of the space, each with a sludge holding tank forward of it. Each
sludge holding tank would be approximately 5' L x 5' W x 4'-9" H, representing
one-half of the total tankage required.

The Laundry equipment may have to be moved to accommodate these
tanks.

"I
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Vessel: FIREBUSH (180')

WMS No. 7 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Incinerator for Black Water/Holding

Tank for Gray Water

Required

Gray Water Holding Tank 20, 843 gal. (2786 cu. ft.)
Sewage Influent Surge Tank 261 gal. (35 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units One (I)

Incinerator One (I) Thiokol

Discussion

The system appears to be acceptable subject to certain limitations.

Equipment would be located in the Main Cargo Hold as follows:

On the Lower Level

(a) Sewage Influent surge tank (approximate 3' L x 3 W x 4' H) on
starboard side near shell, Frame 63-66.

(b) Gray water holding tank (approximate 12' L x 7'W fwd x 9'-6"
aft x 8'-3" H) on the ship's centerline, Frames 47 to 59 (forward end of hold) I
within the hatchway, protruding slightly above the 2nd Deck level. Tank is limited
to about 816 cu. ft. (6109 gallons) due to lack of space.

(c) Various associated pumps functionally arranged to port of the
influent surge tank.

On the 2nd Deck Level

(a) Grumman MSD and its incinerator fuel tank on either port or
starboard side whichever does not have the laundry located on it.

The incinerator stack could possibly be led to the weather in front of
the house via the dry stores space on the, port side. There appears to be no way
to run the stack via the existing ship's stack enclosure.

A-17
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Vessel: F[REBUSH (180')

System No. 7 (Cont'd)

Drainage would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the sanitary influent surge tank.

(b) Gray water from spaces aft of Frame 124 would gravitate over-
board and when not allowed to go overboard would be pumped via a new small
holding tank (approxm ate 25 gallons) and sump pump to the G/T holding tank
for off-loading.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard, and for pierside off-loading would be
diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.

A-18



Vessel: FIREBUSH- (180') •i

WMS No. 8 Full Volume Flush Gravity Collection/Grumman Flow Through

System with Sludge Incinerator for Combined
Black and Gray Waters •

ReSuir~ed

Influent Surge Tank 1029 gal. (138 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units Tw.o (2)
Incinerators Two (2) Thiokol

Discussion

The system installation appears to be acceptable subject to certain
limitations.

The system is very similar to System No. 5 except that an incinerator
replaces the sludge holding tank.

The influent surge tank (approximate 5'-0" L x 5'-6" W x 5'-0" H)
would be fitted at the forward end of the lower level of the Main Cargo Hold,
on the ship's centerline.

The associated pumps would be located aft of the influent surge tank.

The Grumman MSD's with their incinerators and fuel oil day tank
would be located on the 2nd deck level of the Main Cargo Hold, one each port
and starboard, Possible interference with the Laundry will have to be checked.

Incinerator stacks could possibly be run similar to System No. 3.
It appears impossible to run them via the existing ship's stack eaclosure,

Drainage would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the influent surge tank.
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Vessel: FIREBUSH (180')

System No. 8 (Cont'd)

(b) Gray water from spaces aft of Frame 124 would be pumped via
a new small holding tank (approximate 25 gallons) and sump pump to the
influent surge tank for off-loading.

.(c) Gray water from the spaces forward of Prame 124, including
the laundry space, would gravitate to the influent surge tank.
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Vessel: FIREBUSH (180')

WMS No. 9 JERED Reduced Volume Flush Vacuum Collection/HoldIng
Tank for Concentrated Black Water/Holding Tank

for Gray Water

Required

Vacuum Collection Tank 250 gal.
Vacuum Collection Assembly (165 cu. ft.)
Sanitary Holding Tank 2145 gal. (287 cu. ft.)
Galley/Turbid Holding Tank 20843 gal. (2786 cu. ft.)

Discussion

The system installation appears to be acceptable subject to certain
limnitations.

Reuse of existing piping arrangements would have to be considered.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the Lower Level

(a) Sanitary holding tank (approximate 5' L x 8' W x 7'-6" H) in the
hatchway, Frame 56-61 on ship's centerline.

(b) Galley/turbid holding tank (approximate 6' L x 7' W fwd x
8'-3" W aft x 8' H) in the hatchway, Frame 47-53 on ship's centerline. This
tank is limited to 366 cu. ft. (2737 gal.) due to lack of more space.

(c) Pumps associated with tanks to be fitted aft of sanitary holding tank.

On the 2nd Deck Level

(a) Vacuum collection tank (approximate 6' L x 5'W x 5' -6" H) on
either port or starboard side, wherever laundry is not located.
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Vessel: PIREBUSH (180')

System No. 9 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would cortinue
to use a 25 gallon collecting tank aft, but it would discharge by vacuum forward
to the vacuum collection tank.

Sewage from other spaces would be collected by vacuum in the vacuum
collection tank.

(b) Gray water from spaces aft of Frame 124 would gravitate overboard
and when not allowed to go overboard would be pumped via a new small holding
tank (approximn ate 25 gallon) and sump pump to the G/T holding tank for off-loading.

(c) Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be diverted
to the G. T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.
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Vessel: FIR[EllO SF (180')

WMS No. 10 forEReud Volume Flush Vacuum forlcio/GcnraWater
for Concentrated Black Water/Holding Tank for Gray Water ;J'

Required

Vacuum Collection Tank 250 gal,
Vacuum Collection Assembly (165 cu. ft.)
Galley/Turbid Holding Tank 20843 gal. (2786 cu. ft.)
Fuel Oil Day Tank 50 gal. (6.7 cu. ft.)

Incinerator One (1) Jered

Dis cussion :1

The system installation appears to be acceptable subject to certain
limitations.

Reuse of existing piping arrangements would have to be considered.
The system is similar to System No. 9 except that an incinerator replaces the
sewage holding tank.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Galley/Turbid holding tank (approximate 14' L x 7'W fwd x
10' W aft x 8'-3" H) in the hatchway, on ship's centerline. This tank is limited
to 975 cu. ft. (7295 gallons) due to lack of more space.

(b) Pumps associated with tanks to be fitted aft of G/T holding tank.

On the 2nd deck level

(a) Vacuum collection assembly (approximate 6' L x 5' W x 5'-6" H),
port or starboard side, depending on where the laundry is not fitted.
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Vessel: FIRCBUSH (180')

System No. 10 (Cont'd)

(b) Incinerator (approximate 6'-5" L x 3' W x 5'-3" H) and fuel oil
day tank, port or starboard side, just aft of the laundry, depending on where it
Is fitted.

The stack would be run to the weather similar to System No. 3 via the
dry stores area and up the front of the house, It does not appear to be possible
to run it inside the ship's stack.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue to
use a 25 gallon collecting tank aft, but it would discharge by vacuum forward to
the vacuum collection tank.

Sewage from other spaces would be collected by vacuum in the vacuum
tank.

(b) Gray water from spaces aft of Frame 124 would gravitate overboard
and when not allowed to go overboard would be pumped via a new small holding
tank (approximate 25 gallons) and sump pump to the G/T holding tank for off-loading

(c) Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be diverted
to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T Holding tank.2
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Vessel: FIREBUSH (1809

WMS No. 11 JERED Reduced Volume Flush Vacuum Collectlon/GATX
Evaporator for Concentrated Black Water/Floldlng Tank

for Gray Water

Required

Vacuum Collection Tank 250 gal.
Vacuum Collection Assembly (165 cu. ft.)
Galley/Turbid Holding Tank 20,843 gal. (2786 cu. ft.)

Evaporator (GATX) Two (2) - 80 gal.
Catalytic Oxidizer One (1) large or

Two (2) regular

Discussion

The system installation appears to be acceptable subject to certain
limitations. Reuse of existing piping arrangements would have to be considered.
The system is similar to System Nos. 9 and 10 except that the vacuum collection
tank discharges to an evaporator.

A fresh water sanitary flushing system would be required.

Equipment would.be located in the Main Cargo Hold as follows:

On the lower level

(a) Galley/Turbid Holding Tank (approximate 14' L x 7' W fwd x
10' W aft x 8'-3" H) in the hatchway, on ship's centerline. This tank is limited
to 975 cu. ft. (7295 gallons) due to lack of more space.

(b) Plumps associated with tanks to be fitted aft of G/T holding tank.

On the 2nd Deck level

(a) Vacuum collection assembly (approximate 6' L x 5' W x 5'-6" H),
port side aft of laundry (if fitted).

(b) Evaporators (approximate 3'-2" dia x 4'-2" high) and catalytic
oxidizer(s) (6" dia x 18" high), starboard side.
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Vessel: FIREBUSH (180')

System No. 11 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use a 25 gallon collecting tank aft, but it would discharge by vacuum forward
to the vacuum collection tank.

Sewage from other spaces would be collected by vacuum in the vacuum
collection tank.

(b) Gray water from spaces aft of Frame 124 would gravitate over-
board and when not allowed to go overboard would be pumped via a new small
holding tank (Approximate 25 gallons) and sump pump to the G/T holding tank
for off-loading.

(c) Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.
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Vessel: FIREBUSH (180')

WMS No. 12 JERED Reduced Volume Flush Vacuum Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

G/T Influent Surge Tank 768 gal. (103 cu. ft.)
Sludge Holding Tank 1737 gal. (232 cu. ft.)
Sewage Vacuum Collection Tank 250 gal.
Vacuum Collection Tank Assembly (165 cu. ft.)
Sewage Holding Tank 2145 gal. (287 cu. ft.)

Grumm an Unit Two (2)

Discussion

The system installation appears to be acceptable subject to certain
limitations. Reuse of existing piping arrangements would have to be considered.
The system is similar to System No. 9 except that the galley/turbid drains will
go to a Grumman MSD instead of a holding tank.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Vacuum collection tank assembly (approximate 6' L x 5' W x 5-6"
H) Frames 61-66, approximately where present retention tank is fitted.

(b) Sewage Holding Tank (approximate 5' L x 8'W x 7'-6" H) on ship's
centerline, in hatchway, Frames 54-59.

(c) Galley/turbid influent surge tank (approximate 3' L x 6' W x 5'-9" H),
in hatchway, on ship's centerline, Frames 47-50.

(d) Various associated pumps between tanks and to port of the vacuum
collection assembly.
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Vessel: FIREBUSH (180')

System No. 12 (Cont'd)

On thle 2nd Deck level

(a) The two Grumman MSD's, one each port and starboard, each
with its sludge holding tank (approximate 5' L x 5' W x 4'`9" H) fitted forward
of the MSD. The total required tankage would be fitted in halves this way,
otherwise it would not be possible *to locate.

(b) The laun~lry may have to be relocated.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use a 25 gallon collecting tank aft, but It would discharge by vacuum forward

to the vacuum collection tank.

Sewage from other spaces would be collected by vacuum in the vacuum

collection tank. I
(b) Gray water from spaces aft of Frame 124 would be pumped via

a new small holding tank (approximate 25 gallons) and sump pump to the G/T I
influent surge tank.

(c) Gray water from spaces forward of Frame 124, including the

laundry space# would gravitate to the G/ T Infuent surge tank.

.1
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Vessel: FIREBUSH (180')

WMS No. 13 JERED Reduced Volume Flush Vacuum Collection/Grumman
Flow Through System for Gray Water/Incinerator for both

Concentrated Black Water and Gray Water Sludge

Required

Gray Water Surge Tank 768 gal, (103 cu. ft.)
Vacuum Collection Tank 250 gal.
Vacuum Collection Tank Assembly (165 cu. ft.)
Fuel Oil Day Tank 94 gal. ( 12.5 cu. ft.)

Grumm an Unit One (1)

Incinerator Three (3) Thiokol

Discussion

The system installation appears to be acceptable subject to certain
limitations. Reuse of the existing piping arrangements would have to be considered.

A fresh water sanitary flushing system would be required.

Equipment would be located i~n the Main Cargo Hold as follows:

On the lower level

(a) Vacuum collection assembly (approximate 6' L x 5' W x 5'-6" H) in ]
hatchway, on ships centerline, Frames 55-61.

(b) Galley/turbid influent surge tank (approximate 5' L x 5' W x 4'-3" H)
in hatchway, on ship's centerline, Frames 47-52.

(c) Various pumps associated with the equipment, located where
present overboard pumps are fitted.

On the 2nd Deck level

(a) Grumman MSD with incinerator, located just aft of laundry (port
or starboard as applicable). Laundry location may have to be modified.
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Vessel: FIREBUSH (180')

System No. 13 (Cont'd)

(b) Two separate incinerators with sludge tanks, blowers, and fuel
oil day tanks, located on side opposite grumman MSD.

Incinerator ------ 4'-" L x I"9" W x 3'-4" H
Blower ---------- V-0" L x '-0" W x 2'-0" H
Sludge Tank . 2'-6" L x '-0" W x 2'-7" H

Stack runs (3) would offer a problem but would be checked for run
similar to System No. 3. It appears inpossible to run them via the existing
ship's stack enclosure.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue to
use a 25 gallon collecting tank aft, but it would discharge by vacuum forward to
the vacuum collection tank.

Sewage from other spaces would be collected by vacuum in the vacuum
collection tank.

(b) Gray water from spaces aft of Frame 124 would be pumped via a
new small holding tank (approximate 25 gallons) and sump pump to the G/T
influent surge tank.

(c) Gray water from spaces forward of Frame 124, including the

laundry space, would gravitate to the G/T iniluent surge tank.
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Vessel: FIREBUSH (180')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Holding Tank

for Gray Water

Required

Sewage Holding Tank 2345 gal. (313 cu. ft.)
Galley/Turbid Holding Tank 20,843 gal. (2786 cu. ft.)

Discussion

Tile sytem installation appears to be acceptable subject to certain
lim itations. '

A fresh water sanitary flushing system would be required.

Equipment would be located on the lower level of the Main Cargo
Hold as follows:

(a) Sewage holding tank (approximate 5' L x 9'W fwd x 10' W aft
x 6'-9" H) on ship's centerline, in hatchway, Frames 56-61.

(b) Galley/turbid holding tank (approximate 6' L x 7 W fwd x 8' W
aft x 7'-9" H) on ship's centerline, In hatchway.

This tank Is limited to 360 cu. ft. (2693 gallons) due to lack of space.

(c) Various pumps associated with the tanks would be located aft ofsewage holding tank, approximate Frames 62-68.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward to
the sewage holding tank.

Sewage from other spaces would be collected in the sewage holding
tank via macerator/transfer pumps.
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Vessel: FIREBUSH (180')
System No. 14 (Cont'd)

(b) Gray water from spaces aft of Frame 124 would gravitate
overboard and when not allowed to go overboard would be pumped via a new
small holding tank (approximate 25 gallons) and sump pump to the G/T holding
tank for off-loading.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(c) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.
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Vessel: FIRERIUSH (1Q80')

WMS No. 15 GAMX Reduced Volume Flush M/T Pump Collection/Incinerator

for Concentrated Black Water/Molding Tank for Gray Water

Required

Incinerator Feed Tank 100 gal. (13 cu. ft.)
Galley/Turbid Holding Tank 20,843 gal. (2786 cu. ft.)
Fuel Oil Day Tank 50 gal. (6.7 cu. ft.)

Incinerator One (1) Jered

Discussion

The system installation appears to be acceptable subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Galley/turbid holding tank (appro~cimate 14' L x 7' W fwd x 10' W
aft x 8'-3" F), in hatchway, on ship's centerline, Frames 47-61. This tank is
limited to 975 cu. ft, (7295 gal.) due to lack of space.

(b) G/T overboard discharge pump, aft of G/T holding tank

On 2nd Deck Level

(a) Jered incinerator (approximate 6'-S" L x 3'-0" W x 5'-3" H), with
feed pump (approximate 2'-6" L x 9" W x 1'-4" H), blower and fuel oil day tank
(npproximate 2' L x 2' W x V'-9" H).

(b) Incinerator feed tank (approximate 2'-6" L x 2'-6" W x 2'-6" H)

in vicinity of incinerator.

(c) Incinerator feed tank overboard pump near fernd tank.

(d) The Incinerator stack would be run to the weather via the dry
stores area and up the house front. There is no apparent way to run it via the
ship's stack.
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Vessel: FIREBfUSH (180')

Syste'm No. 15 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the incinerator feed tank.

Sewage from other spaces would be collected in the incinerator feed
tank via incinerator transfer pumps.

(b) Gray water from spaces aft of Frame 124 would gravitate over -
board and when not allowed to go overboard would be pumped via a new small
holding tank (approximate 25 gallons) and sump pump to the G/T holding tank
for off-loading.

(c) Except for the laundry space, gray water from spaces forward of
Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/T holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) mid would have to be fitted with a small (approximate
25 gallons) collecting tank with sump pump for discharge overboard and to the
G/T holding tank.

IA
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Vessel: F[R[BUSH (180')

WMS No. 16 GATX Reduced Volume Flush M/T Pump Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Galley/Turbid Holding Tank 20, 843 gal. (2786 cu. ft.)
Evaporator Feud Tank 100 gal.

Evaporator (GATX) Two (2) " 80 gal.
Catalytic Oxidizer One (1) large or Two (2) regular

Discussion
The system installation appears to be acceptable subject to certain

limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Galley/turbid holding tank (approximate 14' L x 7' W fwd x 10' W
aft x 8'-3" H), in hatchway, on ship's centerline, Frames 47-61. This tank is
limited to 975 cu. ft. (7295 gallons) due to lack of space.

(b) C/T overboard discharge pumps, aft of G/T holding tank

On 2nd Deck level

(a) GATX Evaporators (2), (approximate 3'-2" dia x 4'-2" high)
and catalytic oxidizer(s) (6" dia x 18" high), stbd side.

(b) Evaporator feed tank (approximate 2'-6" L x 2'-6" W x 2'-6" H)
and feed pump(s) (2'-6" L x 0'-9" W x V'4" H) near evaporators.

(c) Evaporator feed tank overboard pump, near the tank

A-35



Vessel: FIREBUSH (180')

System No. 16 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 galloLo collecting tank aft with its sump pump discharging
forward to the evaporator feed tank.

Sewage from other spaces would be collected in the evaporator feed
tank via macerator/transfer pumps.

(b) Gray water from spaces aft of Frame 124 would gravitate over-
board and when not allowed to go overboard would be pumped via a new small
holding tank (approximate 25 gallons) and sump pump to the G/T holding tank
for off-loading.

(c) Except for the laundry space, gray water from spaces forward
of Frame 124 would gravitate overboard and for pierside off-loading would be
diverted to the G/*r holding tank.

(d) The laundry and nearby deck drains cannot gravitate overboard
(being below the waterline) and would have to be fitted with a small (approximate
25 gallons) collecting tank with surnp pump for discharge overboard and to the
G/T holding tank.
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Vessel: FIREBUSH (180')

WMS No. 17 GAIN Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

Sewage Holding Tank 2345 gal. (313 cu, ft.)
Galley/Turbid Influent Surge Tank 768 gal. (103 cu. ft.)
Sludge Holding Tank 1737 gal. (232 cu. ft.)

Grumman Unit Two (2)

Discussion

The system installation appears to be acceptable subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Sewage holding tank (approximate 5' L x 9' W fwd x 10'W aft
x 6'-9" H), on ship's centerline, in hatchway, Frames 56-61.

(b) Galley/Turbid influent surge tank (approximate 3' L x 6' W x 5'-9" H)
just fwd of sewage holding tank, Frames 47-50.

(c) Various associated pumps - sewage overboard (2) Frame 63-65
port, G/T influent surge tank pump (to sewage holding tank) and surge tankpumps (2) (to Grumman feed tonk), Cl located between tanks Fraines 50-56. '

On the 2nd Deck level

(a) Grumman MSDa I each port and starboard. Laundry location
should be checked for interference.

(b) Sludge holding tanks (2) each half capacity (approximate 5' L x
5' W x 4'-9" H), are located forward of each Grumman MSD.
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Vessel: FIREBUSH (180')

System No. 17 (Cont'd)

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue
to use the 25 gallon collecting tank aft with its sump pump discharging forward
to the sewage holding tank.

Sewage from other spaces would be collected in the sewage holding
tank via m acerator/transfer pumps.

(b) Gray water from spaces aft of Frame 124 would be pumped via
a new small holding tank (approximate 25 gallons) and sump pump to the
influent surge tank.

(c) Gray water from spaces forward of Frame 124, including
the laundry space, would gravitate to the influent surge tank.

/aable Copy
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Vessel: FIREBUSH (180')

WMS No. 18 GATX Reduced Volume Flush M/T Pump Collection/Grumman
Flow Through System for Gray Water/Incincerator for both

Concentrated Black Water and Gray Water Sludge

Required

Black Water Surge Tank 101 gal. (13.5 cu. ft.)
Gray Water Surge Tank 768 gal. (103 cu. ft.)
Fuel Oil Day Tank 94 gal. (12.5 cu. ft.)

Grumman Unit One (1)

Incinerator Three (3) Thiokol

Discussion

The system installation appears to be acceptable subject to certain
lim itations.

A fresh water sanitary flushing system would be required.

Equipment would be located in the Main Cargo Hold as follows:

On the lower level

(a) Black water surge tank (approximate 2'-6" L x 2'-6" W x 2'-3" H)
on ship's centerline, Frames 48-50 1/2.

(b) Gray water surge tank (approximate 5' L x 5' W x 4'-3" H), on
ship's centerline, Frames 56-61.

(c) Various associated pumps:

sewage overboard - Frames 63-65 port
solids handling (sewage to sludge feed tank)- Frames 51-56
G/T overboard - Frames 63-65
G/T surge tank to Grumman MSD-Frames 51-56

ACopy
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Vessel: FIREBUSH (180')

System No. 18 (Cont'd)

On the 2nd Deck level

(a) Grumman MSD with incinerator, port side aft of the laundry,

similar to System No. 12.

(b) Thiokol incinerators (2) with blowers, sludge tanks, sludge feed

pumps, fuel oil day tank (2'-6" L x 2'-6" W x 2'-0" H) on the starboard side'
similar to System No. 13.

(c) Three (3) incinerator stacks would have to be run to the weather

similar to System No. 13. This may offer a problem.

Drainages would be as follows:

(a) Sewage from Officers' Toilet aft of Frame 124 would continue

to use the 25 gallon collecting tank aft with its sump pump discharging forward

to the black water surge tank.

Sewage from other spaces would be collected in the black water surge
tank via macerator /transfer pumps.

(b) Gray water from spaces aft of Frame 124 would be pumped via a
new small holding tank (approximate 25 gallons) and sump pump to the gray
water surge tank.

(c) Gray water from spaces forward of Frame 124, including the

laundry space, would gravitate to the gray water surge tank.

0Py
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