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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.

Volume IX

Results of Cost and E~ffectiveness Analyses and
Selection of Optimum Candidate Systems

Effectiveness Assessment of I
Candidate Systems

1 j Volume III
installation Analysis

Put I - OALIATm (310) Put 4- PAMIXO (160)
Pon 2 VIOlIO (210.) Put 3 - WHI"" SAGE (1=')
Po 3 - FiUtSII (to0') Plrt i - PO1W HClOH (N')

, I II

Volume IV
Development of

Candidate Systems

volume VVolume V1
Charateristcs And Co stimates of Mison Profiles of CaLeated

Se:.lected Marine Sanitay Devices U.S. coast Guard Vessels
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SUMMARY OF WMS INSTALLATION' COSTS

Vessel: PAMILCO (1601)

0olding INSTAL-
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C o lle t TCn T a k1 0 5 5 2 , 2

Su(Chysle Chryyslem Colin
(Black) .Blc Tak 0 6q0,9

SGravity =0u flow Holding
Collect. Taunldk Tank 100 64 24,5280
Gruml n GUrummn FoldwiTng

-eicl +Hldink Tank 100 100 25,220
(CGrviyslr Choyldng Grumlown
Collect Tanuik Thankl~n 100 10 02,2900

7Gravity Grumi FlAVHodn
Cle t. hru+Inciri4 Tank 11001 6.4. 124,280
(Gruman)Grumman Flow Thru

+IHolingTator 110000o 18,203
Vracuum Holding Hom ldn
Collect. Tank Thr nk d~k 100 640 219,800

GATXFlo Holding
7 raitvap.rci4 Tank 10 64 15,830

Collct oldimng GlwTrumFo

8 (Grummanr + orncinerator 100 100 14,403
vacuum Holding Holding4
Pumect Tank Tank 100 64 20,490

15 Colect.) Incinerator Holding
Tank 100 64 22,940

16GATX HoldingIEvap. Tank .100 64. 17,770
12 Holding Grum Flow
17Tank Thru+ Hld Tnk 100 100 13,480

183 Incinerator Groin Flow
_____Thru + ncin. 100 100 13,408

14MiHlin odn
N/Ap T o valank i~t T yatk for0 thi 20,490

Colc. odn

15 Incnerato(GAT) Tak 10. 6.1 2,9I
> %., AL." .H.old. . . . .
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INTRODUCTION

OBJECTIVES

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
candidate as well as the arrangement of the black and gray
wastewater sources on board the vessel.

Development of installation related effectiveness attribute data.

1
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ASSUMPTIONS

The pertinent assumptions and guidelines governing the installation
analysis are presented in Volume IV of thit-, report, along with the details
of each of the 18 candidate wastewater management system concepts in
configurations suitable for each 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

"'he candidate ship's general arrangement drawings and piping

diagr is as furnished by the U.S. Coast Guard were reviewed at length to
deter .ne 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 pos-
sible questionable araas of interest. Each system was investigated as
to space requirements, possible equipment locations, 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 proposeu arrangement was feasible and if any problems
could be anticipated. The results of the preliminary installation analysis
are presented in Appendix A.

Shipchecks To Determine Viable Candidate Systems

Upon completion of the preliminary installation analysis, a detailed
shipcheck of the vessel was made. During this visit various factors bearing

I, 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

. . . .. . .....



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 install&tion study were
checked out and modified to reflect actual shipboard conditions.

The discussion of the shipcheck results presents a verbal picture of
what conditions actually exist ',,oard 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 waste-
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:

WMS 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.

i., I"3
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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) PiRi - 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.SO/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 considers-
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.

- Quantity Requiredinstallation
CotEeet Iunit Assumed Unit Cost (estimated Coat()

Cost___Element__ number of units)

Piping) Poundss n Lbo) 2

(Materials and Labor)

Founatios Poa~da(Maiterial, and Labor)

Conable ns (Materials and Labor)

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor)
corpnorents, etc.) ___ ___________ _ _ _ _ _ _ _ _ ____ -

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft.
bulkhead to provide (Labor)

pasagway)______________________

Weldin Feet $ 6.00/Ft.
Weldng eet (Materials arnd Labor)

Cutting Hours (Labo0Ir)

SOther Man- $15.0O/IvTi
&(nse~ineuj Hours (Labor)

1handling)

Total Installation Coat()

(1) Copyer-nakeI aimed.
(P' Ebz = U1due a basw~ of 8%added w &no valves, finges, fittlap, tale-down Jaws, t.~

(4) dMUM9 Inaida a faocta of 30% added to aflw for nukedgd stucurbal st:ffe~n~g fe proper support.

(6) Bsued ian anassmed ou~ni rate of S0 ft. itz.

Figure 1
INSTALLATTON COST ESTIMATE FORM



(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/lb. based on consideration
of today's average costs. The weights were estimated from the tank con-
figurations and contents as well as the component 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 I
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,

(M) Access Cuts - In order to get material and components into the
compartments where they would be fitted it could become necessary to
temporarily cut 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 apprc.cmate length of time it would take a team of two
men to accomplish certain tasks. Estimated factors of $50/bour 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 statea after the basic modification has
been completed; cleanling, 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 everyday
business and which are normal for them to price out.

If a complete ship alteration price 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 acuurate cost estimate to 0ý
eliminate or minimize costs which it could possibly have to absorb.

One of thL 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
detailed herein, if one is Interested in a "Ifinished product" price than a
comparative eatimate.

LIMITATIONS

The installation cost estimating procedures used are considered to be.a
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 andi the governing installation guidelines
and assumptions. Therefore, caution is advised in attempting to use these
ertimates directly for vessels and/or systems other than those specifically
included in this study,

IeI
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PERTINENT VESSEL INFORMATION a

PAMLICO (160')

New Constxuction

Vessel DataCharacteristic

Class WLIC - 800

Type Construction
'Tender (Inland)

Crew Size 13

Home Port New Construction
(Intended for
Operation in
Depot Corpus,,
Texas)

8



SHIPCHECK OBSERVATIONS OF EXISTING VESSEL CONDITIONS

PAMLICO (160')

Crew 1.3 men 4

_________Waste Sources Al
Complete information on the sewage and gray water waste 17 j

sources is contained in the tabulatio:, sheets forming a part of these introductory
remarks.

Existing Arranament

The sanitary flushing medium is fresh water provided by two

fresh water service pumps with a hydropneumatic tank.

Compressed air is supplied by independent system compressors;
viz. ship's service, diesel engine starting, and control air systems.

Fire protection is via the fire pump supply to the fire main.

The vessel is fitted with trim tanks in the forward and the aft
sections.

The folbwing waste management system is fitted aboard the vessel
in the •Auxiliary Machinery Room (2-94-0-E):

(a) The system is of the vacuum collection type, with a vacuum

collection tank, vacuum pumps, sewage holding tank (approximately 450 gallons
capacity) and sewage overboard pumps all fitted along the vessel's centerline,
Frames 96 to 107.

(b) Black water and gray water collect in separate mains and run
that way to the sewage holding tank. Galley and turbid drains can also drain over-

board instead of through the vacuum type valve required for collection in the holding

tank.

(c) The sewage holding tank is discharged overboard and to

weather de.k hose connections to a pierside facility.

4,
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Pamlico (160') (Cont'd)

Special Remarks

The preliminary installation analysis of the candidate wastewater
management systems was conducted with the assistance of various ship's drawings
indicating, •ie intended shipyard new construction of the "Pamlico". The findings
written in J'• report reflect conditions depicted on those drawings. Normally,
these findings are shipchecked using the actual subject vessel. In the case uf the
"Pamlico" this was not possible and In place of the ship, some of the "as built"
drawings were furnished as a substitute. However, not all the drawings desired
were available. Therefore, this report which determines the viablity of the
s).talis is based on whatever information has been made available.

Some variations have been noted between the two issues of
drawings, mainly in the arrangement of machinery in the Auxiliary Machinery
Room. The "as built" arrangement appears to be more confining in the areas
originally contemplated for modifications peculiar to each system studied. There-
fore, some differences will be noted for certain system discussions between the
two reports.

One of the more important unknowns remaining is the impact of
considering the allocation of all or part of the Storage Space (2-79-0-A) just
forward of the Auxiliary Machinery Room for some of the candidate wastewater
management systems. In the absencee of other guidance, it was assumed
that the storage space was available for purposes of this study in accordance
with the "Guidelines and Criteria for WMS Installation" contained in the
"Instalation Characteristics/Guidelines of Candidate Wastewater Management
Systems for Selected Coast Guard Vessels" forming part of this overall study.
The obvious consequence of non-availability would be to render many of the
candidate systems non-viable and to modify others. This point is brought out
since unquestionable locations and space are at a premium, being more or less
limited to the Auxiliary Machinery Room where the existing wastewater
management system is located.

10
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LOCATION or BLACK WATER'* WASTE SO1JRCEiS ABOARD A VESSEL

Vessel: PAMLICO (WLIC 800) -New Construction (160')

00

Compartment Cmet

105-111 01 CL P.O, WR 1 0 4

I111-123 1 CL/P Crew's WR 2 1 10

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

12



LOCATION OF GRAY WATER WASTE SOURCES ABOARD A VESSEL.
Vessel: PAMLICO (WLIC -800) -New Construction (160')

0

Compartmont Wa SteCo etsI
Name Source

A#I
105-11 0 CL .O. R Laator (1

114-1123 01 CL C.O. WR Shower (11

114-113 01 CL C.O. WR Lavatory (11

114-129401 CLWorkshop SlopwSir (1)

111-123 1 P Crew's WR S, Sink (1

* 111-123 1 P Crew's WR Lavatories (3)
* 1111-123 1 S Crew's WR Showers (2)

117-123 1 S Laundry Washing

Machine (1)I
131-139 1 P Galley Drain from Ice

Machine

13 1-139 1 S Galley Drain from
refrigerator

131-139 1 S Galley Drain from
freezer

Ii13 1-139 1 S Galley Sinks (2)
(1) Sink Contains
Garbage Grinder

13 1-139 1 S Galley Dishwasher (1)

*Galley and turbid wastewater. 13
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160') 1

WMS No. 1 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Holding Tank for Gray Water

RequiredApproxim ate
,Reuired Dimensions (L x W x H)

Sewage Holding Tank 3,419 gal. (457 c.u.ft,) See Discussion
Galley/Turbid Holding Tank 9,770 gal. (1306 cu.ft.) See Discussion

Sewage Holding Tank
Discharge Pumps Two (2)

Galley/Turbid Holding Tank
Discharge Pumps Two (2y

Discussion

The system Is a viable candidate subject to certain considerations.

A salt water sanitary flushing system would be required.

The components would be located us follows:

(a) The sewage holding tank would be in two sections, one section
(approximately 8' L x 7' W x 6' H) in the Auxiliary Machinery Room in place of
the existing sewage system equipment and the other section (approximately
8' L x 3' W x 6' H) in the Storage Space (2-79-0-A), starboard side, Just forward
of Auxiliary Machinery Room. Together the required holding capacity can be met.

(b) The required galley/turbid holding tankage cannot be fully met
due to lack of available space. Therefore, a tank of approximately 5385 gallons
(720 cu. ft.) can be located in the Storage Space Just forward of the Auxiliary

Machinery Room. The tank would be "L" shaped, taking up the complete port
side and the space on the starboard side forward of the access ladder.

(c) The sewage holding tank discharge pumps would ke located just

aft of the tank in the Auxiliary Machinery Room.

(d) The galley/turbid holding tank discharge pumps would be located

at the aft starhoard end of the Storage Space.

19



Vessel: PAMLICO (160')

System No. I (Cont'd)

(e) The tankage arrangement in the Storage Space would eliminate

its use for any other purposes.

Drainage would be as follows:

(a) Sewage would gravitate to the sewage holding tanks and would
be pumped overboard or to pierside via the existing connections provided.
Provision would have to be made to pump each section when filled to a pre.-
determined level.

(b) Galley/turbid drains would gravitate overboard in unrestricted
water and would gravitate to the G/T holding tank for retention and discharge
overboard and pierside according to prevailing restrictions.

20
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 1

Installation UQuantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost ($)
_ _,,$4 /number of units)

t: Piping(1 ) Pounds (Materials and Labor) 1,905 8, 573

(4)
Tank Steel(s)  Pounds $ .5/Lb.3,465 7,406Tank S (Materials and Labor)

.; $ .92/th.(8

Foundations Pounds (Materials and labor) 9,705 ( 8,929

•,. Electric Fet $ 2.00/Ft. 
,•.

, Cables 
(Materials and Labor)

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components, etc.) ...... ___,_

Access Cuts (in hull, 'I
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway) ----

Weldng eet $ 6.00/Ft.
Welding Feet (Materials and Labor) 160 960

$50. 00/Hr. (0)
Cutting Hours (Labor) 20 1,000

------------------------------------------- ---------------
* Other Mn 1.0M

,.4M n $ I S o0 , , ili
, (miscellaneous H0 our

handling) Hours (Labor) 30 450

k Total Installation Cost ($) 28,518

(1) Copper-ikel lnumod.
(2) bdmate inoludw a ftotor of 60% added to allow for valve$, flanMOM flAtup, taIke-down jonts, ew.
(s) one-quarter W& plat anumed,.
(4) Wmats inluds a fhator of 80% added to allow fat required suural Bffeaing for propr support.
(6) smed on the bads of 106 of the weSht whob has to be supported.
(0) asW an•an&mumed cuUtdnrat of 50 f./t.A 23

23

,., ,,,.. .. . .. . .. .• , ,- . .. .•...., .•• .,•.-,., ,, .., . •,,.,..... ;......, ..... •., .......... .. .,. ,.:,, ,, , . ....- '-.,...



DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Sewage/Holding Tank for Gray Water

Approximate

Required Dimensions (L x W x H)

Sewage Holding Tank 638 gal. (85 cu. ft.) 21-bt x 8' x 4'-31Galley/Turbid Holding Tank 9,770 gal. (1306 cu. ft.) See Discussion

Chrysler Model and One (1) Model AQuantity Separation Tank and

One (1) Model A Pump
and Fluid Maintenance
Package 

'
Sewage Holding Tank

Discharge Pumps Two (2)
Galley/Turbid Holdirg

Tank Discharge Pumps Two (2)

Discussion

The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Sewage holding tank in the Auxiliary Machinery Space, on the
ship's centerline, in place of the existing sewage holding tank.

(b) Sewage tank discharge pumps (overboard and pierside) just
aft of the tank.

(c) Chrysler separation tank and the pump and fluid maintenance
package immediately aft of the sewage holding tank and its pumps, in place
presently occupied by the sewage vacuum tank and the sewage pumps.

24
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Vessel: PAMLICO (160')

System No. 2 (Cont'd)

(d) Galley/turbid holding tank taking up available room in all of the
Storage Space Just forward of the Auxiliary Machinery Room. The tankage would
be limited to approximately 6283 gallons (840 cu. ft.). It would eliminate use of
the space for any other purposes.

(e) Galley/turbid holding tank discharge pump in aft starboard end
of the Storage Space.

"Drainage would be as follows:

Garbage grinder drains would discharge directly to the sewage
holding tank.

(a) Other sewage would gravitate to the Chrysler separation tank
and the effluent pumped to the sewage holding tank.

(b) The sewage holding tank contents would be discharged overboardor to pierside according to prevailing restrictions.

(c) Galley/turbid drains would gravitate overboard in unrestricted
waters and gravitate to the G/T holding tank for retention and discharge overboard/
pierside according to prevailing restrictions.
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WMS INSTALLATION COST ESTIMATES

__________ ____________________

Vessel PAMLICO (160')
WMSNo. 2

1 
Quantity Required

Installation Unit Assumed Unit Cost (estimated Cost
Cost Element j II number of units)

Piping(1) Pounds $ '� 50/Lb.(Materials and Labor) 2, 185 9, 833

$ (4)
Tank Steel�� Pounds 55/Lb.(Materials and Labor) % �rJ� 5, 338

Foundations Pounds $ 92/Lb.(Materials and Labor) �'. OSS 6, 491

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 750

Miscellaneous
Installations (pumpsb Man- $15.00/MH
motors, skid-mounted Hours (Labor) 525
components, etc.) _____________

Access Cuts (in hull,
deck plating or Feot $ 1.00/Ft. ss ss

bulkhead to provide (Labor)

(Materials and Labor) 840

- Cutting Hours (Labor)
$50.00/Hr. (6) 1,000

0g Other Man- $15.00/NIH
� (miscellaneous

handling) Hours (Labor) 30 450j
-�* = -. ,

Total Installation Cost ($) 25,282

�j�u1d



DISCUSSION OF INSTALLATION BASED ON SHIPOHECKS

Vessel: PAM1,ICO (160')

S WUvS No. 3 Full Volume Flush Oil Recirculaition and Gravity Collection/
Chrysler System with Incinerator for

Sewage/Holding Tank for Gray Water

Approximate
R jetir Dimensions xL Wx H

Galley/Turbid Holding Tank 9,770 gal. (1306 cu. ft.) See Discussion
Sludge Ejection Tank 30 gal. (4 cu. ft.) 2' dia. x V'-6 H

Chrysler Model and Quantity One (1) Model A
Separation Tank and
One (1) Model A Pump
and Fluid Maintenance
Package

Incinerator Model and12Quantity One (1) - A
Sludge Eje~ction Tank

Transfer Pump One (1)
Sludge Ejection Tank

Discharge Pump One (I)
Galley/Turbid Holding

Tank Discharge Pumips Two (2)

Discuss ion

The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Chrysler separation tank and the pump and fluid maintenance
package in the Auxiliary Machinery Space, forward end on ship's centerline in
place of the existing sewage holding tank.

(b) Sludge ejection tank and its pumps just aft of the Chrysler
separation tank, port side.

fil
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Vessel: PAMLICO (160')

System No. 3 (Conxi'd)

(c) Incinerator on starboard side just aft of Chrysler pump and
fluid maintenance package, The stack wveuld be run either aft to the Engine Room r
and up alongside the existing diesel exhausts to the weather or forward into the
Storage Space and up into the weather on th-. Main Dcck, starboard side, where
the house front meets the workshop at Bhd 94. The Iutter appears t.) offer the
simpler solution if there is no impediment to vessel's operations.

•(d) Galley/turbid holding tank taking up available room in all of the

Storage Space just forward of the Auxiliary Machinery Room. The tankage would
be limited !:o approximately 6283 gallons (840 cu. ft.) as in System No. 2. It
would eliminate use of the space for any other purpose.

(e) Gal~ley/turbid holding tank discharge pumps in aft starboard end i

of Storage Spac3,

(0) Installation of an incinerator may require additional fire protection
equipment and modification of the ventilation system for the space.

Drainage would be as follows:

(a) Garbage grinder drains would discharge directly to the sludge
ejection tank.

Othcr sewage would gravitate to the Chrysler separation tank and
the effluent pumped to the sludge ejection tank.

(b) The ejection tank would discharge to the incinerator and to
overboard/piersidc according to prevailing restrictions.

(c) Galley/turbid drains would gravitate overboard in unrestricted
waters and gravitate to the G/T holding tank for retention and discharge overboard/
pierside according to prevailing ri.strictions.

30
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 3

Y; Quantity Required
Cost Element unit Assumed Unit Cost (estimated Cost

nostaatent 1nitCoa number of units)

Piping(i) Pounds $ 4,80/L. 3,495 15, 728(Materials and Tabor)

$.... .b,.(4)
Tank Steep) Pounds 9,420 5,181r.:' !•i,(Materials and Tabor)

$ .92/Lb.
Foundations Pounds (Materials and Labor) 6,585 6,059

Electric Feet $ 2.00/Ft.
Cables (Materials and Tabor) 750

Miscellaneous
"Installations (pumps, Man- $1S.O0/MH
motors, skid-mounted Hours (Labor) 35 525
compoenents, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 5
bulkhead to provide (Labor)

S passaWay) . ..-

W nF$ 6.00/Ft.
Wolding Feet (Materials and Labor) 140 840

$50.00/Hr. (o)Cutting Howus (Labor) 20 1,000

:,': ij•Other
SOther nu Man- $15.00/MH

(miscellaneous Hours (Labor) 30 450

Total Installation Cost ($) 30,588

(1) Coppex-makel, aswued.
(2) Ewmats includes a factor of " added to allow Ix valves, flu6.., fittlnp, take-down Joina, aw.
(a) onequAzrtu In& plate amrdd.
(4) Utlmats 1ialudes a factor of 30% added to allow ftr required strwtxa1 stiffeting for proper support.
(8) britiated on the bash of 10% of the weiSht which has to be supported.
(6) a" an an assumed cutting rate of o0 ft. Av.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Holding Tank for Gray Water

Approximate

Required Dimensions (L x W x H)

Sewage Influent Surge Tank 68 ga. (9 cu. ft.) 2' dia x 3' H
Galley/Turbid Holding Tank 9,770 gal. (1306 cu. f,) See Discussion
Sludge Holding Tank 285 gal. (38 cu. ft.) 3' x 3' x 4',3" H

Grumman Unit without
Incinerator One (1)

Surge Tank Pump One (I)
Surge Tank Overboard Pump Two (2)
Sludge Transfer Pump One (1)
Galley/Turbid Holding Tank

Discharge Pump Two (2)

Discussion

the system is a viable candidate subject to certain colniderations.[A salt water sanitary flushing system will be required.

The components would be located as follows:

(a) The Grumman unit in the Auxiliary Machinery Space in place of
the existing Sewage Holding Tank.

(b) The sludge holding tank just aft of the Grumman unit, starboard
side, in place of the existing sewage vacuum equipment. ,

(c) Sewage influent surge tank to port of the sludge holding tank in
place of the existing sewage pumps.

(d) The pumps associated with the above components would be grouped
functionally between them.

34
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Vessel: PAMLICO (160')

System No. 4 (Cont'd)

(e) Galley/turbid holding tank taking up available room in all of the
Storage Space just forward of the Auxiliary Machinery Room. The tankage would
be limited to approximately 6283 gallons (840 cu. ft.). It would eliminate use of
the space for any other purpose.

(f) Galley/turbid holding tank discharge pumps in aft starboard end
of Storage Space.

Drainage would be as follows:

(a) Sewage wuuld gravitate to the influent surge tank for transfer to
the Grumman feed tank. The surge tank would be pumped overboard and to pier-
side according to prevailing restrictions.

(b) The sludge holding tank would discharge to the influent surge. tank
for overboard/pierside discharge,

k (c) The Grumman effluent tank would be discharged overboard.

(d) The Galley/turbid drains would gravitate overboard In unrestricted
waters and gravitate to the G/T holding tank to be pumped overboard or to pierside
according to prevailing restrictions.

35

.' .. V b M V D A~" . . . ~ ., ........ ,. . . . . ......- .



0z4

111

o 0o

2 '. Q5

ca 0 1
sO4 S

-oil*t

0L

-esFAailbl Cc..

36



UZ AGg IS BXS QUALITY PMCTXCADL

COrE ROAM OIESIL OIL TANK(

aALLey/V DID WOLbIA16

"TANK

eo

a/ .r.

CFCPROAM DEV5LL OIL TANK~

.*APAO mm 40OO SAloA

ilaO W? C'o~svuc il"O T&N,01q0

INTWI&C.W.O0c

337Sest Available C;



WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 4

Instllation -...... Quantity RequiredT
Cost Element dUnit Assumed Unit Cost (estimated Cost ($)
C Element number of units)

Pipng Pounds (Materils and Labor) 1,970 8,865

" Tank Stee1r Pounds (Materials and Labor) 9,770 5,374

• Foundations Pounds 6 6,358b
(Materials and Labor) 6,910 6,358

i Electric Feet $ 2 .00/Ft.
Cables (Materials and Labor) 440 880

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 40 600
components, etc.) ......... ....
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 58
bulkhead to provide (Labor)
passa gew ay ) ......... ... .... ......____

Welding Feet $ 6.00/Ft. 16
k (Materials and Labor) 115 690

$50.00/Hr. (0)
Cutting Hours (Labor) 20 1,000

SOther Man- $15.00/MM
, (miscellaneous Hours (Labor) 30 450

handling)

Total Installation Cost ($) 24,272

(1) Copper-nickel aunued,,-
(2) dmu includo a factor of 50% added to allow tor valve, flnge., flrtnp, tla-down Joi,, eft.
(3) Cm-quartm inch plate iaumed.
(4) admimte inoclde a bow: of 30% added to allow for rquired strucral stiff" for proper support.
(5)a inwed an the bad of 10% of the weight which has to be mpported.
(6) Sued an an assumed cuttrat me of 50 ft. Air.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Black and Gray Waters

Approximate

Requured DSnugCislons (L x W x H)
V•: Influent Surge Tank 268 gal. (36 cu. ft.) 3' diax 5'-6" H <

Sludge fiolding Tank 1,099 gal. (147 cu. ft.) 5' x 6 x 5'

Grumman Unit without
Incinerator One (1)

Surge Tank Pump One (1)
Surge Tank Overboard Pump Two (2)
Sludge Tank Transfer Pump One (1)

Discussion

The system is a viable candidate subject to certain conditions.

A salt water sanitary flushing system would be required.

Although similar to Systcm No. 4, except for the elimination of the
galley/turbid holding tank, the increased sizes of the remaining tanks requires a
different arrangement. The components would best located as follows:

(a) The Influent surge tank in the Auxiliary Machinery Space in place
of the existing sewage holding tank.

(b) Grumman unit and sludge holding tank in the forward end (port
and starboard) of Storage Space forward of the Auxiliary Machinery Room,

(c) Sludge holding tank transfer pump just aft of the tank.

Drainage would be as follows:

fit (a) All drains, sewage and galley/turbid, would gravitate to the
influent surge tank for transfer to the Grumman feed tank. The surge tank would
be pumped overboard and to pierside according to prevailing restrictions.

39
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Vessel: PAMLICO (160')

System No. 5 (Cont'd1

(b) The sludge holding tank would discharge to the influent surge

tank for overboard/piersidc discharge,

(c) The Grumman effluent tank would discharge overboard.

40
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WMS INSTALLATION COST ESTIMATES

Vessel PAW LIC O (1601)

WMS No. 5

SInstallation Quantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost ($)
Co.st Elemet number of units)

$ 4. S0/Lb.
Piping(I) Pounds (Materials ard Labor) 1, 900 8,550

Tank Steep) Pounds [tisn bo 3 140 1, 727

(Materials and labor)

$ .92/Lb. 12)
Foundations Pounds (Materials and labor) 1,820 1,675

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 375 750

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525

components, ac.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (t~bor)
passageway) ... ..

Welding Feet $ 6.00/Ft.
(Materials and Labor) 80 480

$ 50.00/Hr. (6)
Cutting Hours (Labor) 20 1,000

SOtheri-.• miselaneus Man- $15.00/iMH
h (miscellaneous Hours (Mabor) 30 450
handling)

Total Installation Cost (S) 15,212

V" (1) Copper-niokel aumeod.
(2) Saimate Includes a factor of 80% added to allow 1ot valve, fLAnge. fttinp, take-down Joint. e.ate
(8) 020-quarter inch plate asummed.
(4) !ttmate includes a factor of 30% added to allow fA required stuctural stiffening for proper support.
(8) edimatel on the bad of 10% of the weight wh has to bea ipported.
(6) •ased an &med cuattgi rate of 50 ft. Air.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Sludge Holding Tank for Gray Water

[i 4
Approximate

Required Dimensions (L x W x Hi)

G/T Influent Surge Tank 20U gal. (27 cu. ft.) 3' dia x 4' H
Sewage Holding Tank 3,419 gal. (457 cu. ft.) See Discussion
Sludge Holding Tank. 814 gal. (109 cu. ft.) See Discussion
Optional Combined Sewage/

Sludge Holding Tank 4,233 gal, (566 cu. ft.) See Discussion

Grumman Unit without One (1)
Inczinerator

G/T Influent Surge Taik Pump One (1)
G/T Inafluent Surge Tank One (1)

Transfer 'ump
Sewage Holding Tank Overboard Two (2)

Pump

Discussion.

The system is a viable candtdate subject to certain considerations.

A salt water sanitary flushiag system would be required.

The components would be located as follows:

(a) The Grumman unit in the Auxiliary Machinery Room in place of
the existing sewage holding tank.

(b) rhe galley/turbid influent surge tank just aft of the Grumman unit.

(c) Surge tank pumps to starboard of the tank.

44
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Vessel: PAMLICO (160')

System No. 6 (Cont'd)

(d) For the optimum tank capacity arrangement, the optional
"combined sewage/sludge holding tank would be preferable and would be in the Ž1

"Storage Space forward of the Auxiliary Machinery Room. The tank would be
"L" shaped, 5'-O" high for Grumman gravity drains, and extending port to
stazboard at the forward end of the space and then running aft along the star-
board side. Neither the sewage holding nor the sludge holding tank by itself can
be fitted in the Auxiliary Machinery Room. The Grumman unit cannot be fitted
in the same compartment as the optional combined tank. Al

p . Th.s arrangement would eliminate tise of the space for any other
purpose.

(e) The combined holding tank discharge pumps would be located
Just aft of the tank, starboard side.

Drainage would be as follows:rI
(a) Sewage would gravitate to the combined sewage/sludge holding

tank for discharge overboard and to pieraide.

(b) Galley/turbid drains gravltate overboard in unrestricted waters
and to the Influent suxge tank in restricted waters fur transfer to the Grumman
feed tank.

(c) The Influent surge tank would be pumped to the combined
sewage/sludge holding tank for off-loading pierside.

(d) The Grumman effluent tank would discharge overboard.

,1
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-'7S INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. _

Installation AQuantity Required
Cost Element Assumed Unit Cost (estimated Cost ($)

number of units)

Piping(l) Pounds $ Labr) 60.0,39(Materials and Labor)

T a n S e e ) o u d s $ , 5 5 / L b . ( 4 )

Tn te'Pons(Materials and Labor) 6,180 3,399

Foundations Pounds $ .92/Lb. ( 4)(Materials and Labor) 4,700 4,324

Electric $ 2.00/Ft.

Cables (Materials and labor) 750

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

components, etc.) __'

Access Cuts (in hull,
deck plating or Feet $ 1.O0/Ft.
bulkhead to provide (Labor)passagewa~y)_ .

$ 6. O0/Ft.
Welding Feet 11 6.0/Ft(Materials and Labor) 110 660

$ 5 0. 00/Hr. )
Cutting Hours (Labor) 20 1,000

o OtherOterMan- $15.00O/MH

; (miscellaneous Hours (Labor) 30 450
handling)

Total Installation Cost ($, 21, 198

(1) Copper-nIckel assumed.
(2) Entimate tinludes a factor of 50% 6.Jded to &Uow for valves, fian8, fttidnp, take-down Joints, etc.
(3) C:a,,quame inc plat &Muta.
(4) Esnimate includee a factor of 30% added to allow for required strutural stiffening for proper suppo•.
(8) Etimaed an the bas of 10% of weiughwtich ha to be supported.

(6) Baid on an assumed outting rate of 60 ft./4r.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Tank for Gray Water

Approximate

Required Dimensions (Lx W x H)

Galley/Turbid Holding Tank 9,770 gal. (1306 cu.ft.) See Discussion
Sewage Influent Surge Tank 68 gal. (9 cu. ft.) 2' die x 3' H
Fuel Oil Day Tank 25 gal, (3.3 cu. ft.) -6" x 1*-6" x V-6"

Grumman Unit with Onv (1) with One (1)
Incinerator rhiokol Incinerator

Influent Surge Tank Pump One (1)
Influ.ant Surge Tank Over-

board Pump Two (2)
Galley/Turbid Holding Tank

Overboard Pump Two (2)

Discussion

I)., The system is a viable candidate subject to certain considerations,

A salt water sanitary flushing system would be required.

The system is similar to System No. 4 except that there is an
incinerator in lieu of a sludge holding tank.

The components would be located as follows:

(a) The Grumman unit with incinerator in the Auxiliary Machinery
Space in place of the existing Sewage Holding Tank. The incinerator stack would
run as described undcer System No. 3.

(b) The sewage influent surge tank just aft of the Grumman unit,
starboard side, in place of the existing sewage vacuum equipment.

(c) Sewage influent surge tank pumps to port of the surge tank in
place of the existing sewage pumps.

49
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Vessel: PAMLICO (160')

System No. 7 (Cont'd)

(d) Galley/turbid holding tank taking up available room in all of
the Storage Space Just forward of the Auxiliary Machinery Room. The tankage
would be limited to approximately 6283 gallons (840 cu. ft.). This would eliminate
use of the space for any other purpose.

(e) Galley/turbid holding tank discharge pumps in aft starboard end
of Storage Space.

(f) Installation of an incinerator may require additional fire pro-

tection equipment and modification of the ventilation system for the space.

Drainage would be aa follows:

(a) Sewage would gravitate to the influent surge tank for transfer
to the Grumman feed tank. The surge tank would be pumped overboard and to
piers ide according to prevailing restrictions,

(b) The Grumman effluent tank would be discharged overboard,

(c) The Galley/turbid drains would gravitate overboard in unrestricted
waters and gravitate to the G/T holding tank to be pumped overboard or to pierside
according to prevailing restrictions.
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WMS INSTALIATION COST ESTIMATES

Vossel PAMLICO (160')

WMS` No. 7

- Instal"ationQuantity Required•,,"-.•'Installation
Cost Element Unit Assumed Unit Cost (estimated Cost ($)

_tnumber of units)

Pipln(1) pounds$ 4. 6O/Lb. 2
-Piping(l) 'ounds (Materials' and Labor) 3,205 -14, 423

Tank Steep) Pound• $ .55/."Ta (Materials and Labor) 9,U35. 4,970

SFoundations Pounds $ .92/Lb.
F (Matorials and Labor 6,755 6,215

Electric Feet $ 2.00/ht.
Cables (Materiels and Labor) 440 880

Miscellaneous .
Installations (pumps, Man- $15.00/MH
motors, skid-.tdounted Hours (Labor) 40 600
components, etc.) ... ............ ..
Access Cte(in hull,
deck plating or Fs~t $ 1.00/Ft.
bulkhead to provide (Labor)
passageway) .... .

Welding Feet $ 6.00/Ft.
(Materials and Labor) 105 630

$50.00/Hr. (6)
Cutting Hours (Labor) 20 1,000

-- -- --- ------ ---- --- ---- ----- --- --- -- -- --- ----- - ---
SOther

& (miscellaneous Man- $15.00/MHShandling) Hours (Labor) 30 450

Total Installattion Cost ($) 29,223

(1) Coppet-okat auumed.
(2) Wrote LondW*a a factor of'5,% addetl to allow iat vaWve, fiange, fitsnp, taek-down lolt, M.
(a) O,,quam in&h plate alumd.
(4) blmat6 ,nohadee a factor of 80% added to allow for roqui.id Mautual stiffeafu for ropel support.
(6) imaion cc t of•0n . of t•We w.it 4 M to b spoeW.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Black and Gray Waters

Approxifn ate

Required Dimensions (L x W x H)

Influent Surge Tank 268 gal. (36 cu. ft.) 2'x 3'x 6'
Fuel Oil Day Tank 25 gal. (3,3 nu. ft.) l'-6" x -6" x '-6"

"Grumman Units with One (1) with One (1)
Incinerators Thiokol Incli•u-ator

Influent Surge Tank Pump One (1)
"Influcnt Surgc Tank

Overboard Pumps Two (2)

Piscussion

rThe aystem is a viable candidate subject to certain considerations.

A ualt water sanitary flushing system would be required.

The system is similar to System No. 7 except that there is no
galley/turbid holding tank.

The components would be located as follows:

(a) The Grumman unit with incinerator in the Auxiliary Machinery
Space in place of the existing Sewage Holding Truk. The incinerator stack would
run as indicated .for System No. 3.

(b) The sewage influent surge tank just aft of the Grumman unit,
starboard side, in place of the existing sewage vacuun equipment.

(c) Sewage influent surge tank overboard pumps to port of the surge
tank in place of the existing sewage pumps and the surge tank transfer pump forward
of the tank,

(d) Installation of an incinerator may require additional fire pro-
tection equipment and modification of the ventilation system for the space.

~I t
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Vessel: PAMLICO (1601)

System No. 8 (Cornt'd)

Drainage would be as follows:

(a) Sewage and Gyalley/Turbid drains would gravitate to the

influent surge tank for transfer to the Grumman feed tank. The surge tank would
be pumped overboard and to piersidc according to prevailing restrictions.

(b) 'rhe Grumman effluent tank would be discharge overboard,

iv.
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 8

Instlltion 1 AsQuantity Required

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

Plpitng) P $ 4.60/Lb. (2)

(Materials and labor) 3,100 13,950

(4)
Tank Steep)• Pounds $ ,55/l 3

(Materials and Labor) 18145 630

-Foundations Pounds $ .92/Lb. (5)
(Materials and Labor) 840 773

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

Miscellaneous
Installations (pumps, Man- $1S.00/MH
m notors, skid-mounted Hours (Labor) 25 375
-components, etc.)
-" Aooess Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 30 30
bulkhead to provide (Labor)
passageway) 

(Labor)

$ 6.00/Ft.
Welding Feet (Materials and Labor) so 300

$ 50. 00/Hr. (U)
Cutting Hours (Labor) 20 1,000

U2

:Other '
~ OherMan- S1S.00/M11S(miscellaneous Mn- 15O0 !-

h(iclan eu Hours (Labor) 30 450
handl ing)

Total Installation Cost ($) 18,028

(1) Copper-nickel asumed.
(2) brtate includes a factor of 5"o added to allow for valves, flanges, lttings, take-down Joints, etc.
(a) Oa-quarter Inch plate anumed.
(4) E.tmate Locldadm a factor of 3010 added to allow for required structural stiffeLng for proper support.
t6) FEtimatad on die basis of 10% of the weight which has to be ouppormd.
(6) 3auad on an amumed cutting rate of 80 ft. /Ar.
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DISCUSSION OF INSTALTATION BASED ON SHIPCIIECKS

Vessel: PAMLICO (160')

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

for Gray 'Water

Approximate

Requred Dimensions (L x W x H)

Vacuum Collection Tapk 30 gal. (4.4 cu. ft.) 16" dia. x 38" H
Sewage Holding Tank 1,070 gal. (143 cu. ft.) 5' x 5' x 6'
Galley/Turbid Holding

Tank 9,770 gal. (1306 cu. ft.) See Discussion

Sewage Holding Tank
Overboard Pumps Two (2)

Galley/Turbid Holding
Tank Overboard Pumps Two (2)

Discussion

The system is a viable candidate subject to certain considerations.

The system is similar to that already existing, except that a galley/
turbid holding tank is being included.

The components would be located as follows:

(a) Sewage holding tank v.cuum collection tank and sewage overboard
pumps in the Auxiliary Machinery Room in place of thc existing equipment ýor the
sanm' functions.

(b) Galley/turbid holding tank taking up available room in all of the
Storage Space just forward of the Auxiliary Machinery Room. The tankage would
be limited to approximately 6283 gallons (840 cu. ft.). It would eliminate use of
the space for any other purposes.

(c) Galley/turbid holding tank discharge pumps in aft starboard end
of the Storage Space.
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Vessel: PAMLICO (160')

Systemn No. 9 (Cont'd)

Drainage would be as follows:

(a) Sewage would be collected in the vacuum collection tank for
transfer to the sanitary holding tank.

(b) The sanitary holding tank would be pumped overboard or to
piorside according to prevailing restrictions.

(c) Galley/turbid drains would gravitate overboard in unrestricted
waters and to the G/T holding tank for discharge overboard/pierslde according
to prevailing restrictions.
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WMS LNdTALLATION C,-UST ESTIMATES

Vessel eAMLICO (160')

WMS No. 9

Installation Quantity Required
Unit Assumed Unit Cost (estimated Cost ($)C e t_ _ _ number of units)

$ 4.50/Lb.1
Piping(1 ) Pounds (Materials and Labor) 825 3, 713

Tank SteelI'• Pounds $ .55/Lb.11 :
$ .92 /Lb.

TaunkStel("') Pounds (Materials and Labor) 60 7 , 976Foundations Pounds $ .92/Lb. 7,556.76
(Materials and Labor) 7 5 ,6 :

Electric $ 2.00/Tt.
Cables (Materials and Labor) 310 620

Miscellaneou.
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 40 600
components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 S5
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
Welding Feet $60/t

(Materials and Labor) 125 750

$ 5 0. O0/Hr. (2)
Cutting Hours (Labor) 20 1,000

SOther
(Other neMan- $15.00/M.H
(miscellaneous Hours (Labor) 30 450
handling)

Total Installation Cost ($) 19,882

(1) COPp•et-nkel amumed.
(2) Ddanmtl INnlUdes A factor of 60% added to allow for valves, flanes flAtn., take-down Jotnti, etc.

(4) •am•s Includle a fact of 80% added to allow for required structural stiffening for proper suport.
(5) Wlmatsd an the bad of 10% of deh weight which hat to be supported.
(6) Based oa an assumed outing rate of So ft./h r.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Approximate
Required Dimensions (L x W x H)

Vacuum Collection Tank 120 gal. (18 cu. ft.) 20" dia. x 4' H
Galley/Turbid Holding Tank 9,770 gal. (1306 cu. ft.) See Discussion
Incinerator Feed Tank (Sludge) 50 gal. (6.5 cu. ft.) 2'-6" x l1x 2'-7"
Fuel Oil Day Tank 28 gal. (3.8 cu. ft.) 1'.9" X 1'.9" x I"9" '

Incinerator One (1) Thiokol
Vacuum Collection Tank

Overboard Pump One (1)
G/T Holding Tank Overboard

Pump Two (2)

Discussion

The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Vacuum collection tank and pump in the Auxiliary Machinery
Room in place of the existing sewage holding tank.

(b) Incinerator, its blower and feed tank aft of the vacuum collection
tank. The incinerator stack would run as indicated in System No. 3.

(c) VCT and G/T overboard discharge pumps to port of the vacuum
,- collection tank and incinerator,

(d) Galley/turbid holding tank taking up available room in all of the
Storage Space just forward of the Auxiliary Machinery Room. The tankage would
be limited to approximately 6283 gallons (840 cu. ft.). It would eliminate use of
the space for any other purposes.
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Vessel: PAMLICO (160')

System No. 10 (Cont'd)

(e) Installation of an incinerator may require additional fire pro-

tection equipment and modification of the ventilation system for the space.

Drainage would be as follows:

(a) Sewage would be collected in the vacuum collection tank for
transferral to the incinerator feed tank.

(b) The vacuum collection tank would be pumped overboard and to
pierside according to prevailing restrictions. 1

waesd(c) Galley/turbid drains would gravitateu overboard in unrestricted

waters mid to the galley/turbid holding tank for discharge overboard/pierside
according to prevailing restrictions,
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WMS INSTALLATION COST ESTIMATES 11
Vessel PAMLICO (160')

WMS No. 10

Installation Quantity Required
PipCost PonUnit Assumed Unit Cost (estimated cost7Cot leen number of units)

$ 4.50/Lb.1,0,,riln lPounds 4,50/Lb. (}Tank Ste (Materials and Labor) 8,755 7,673

FounaSteon) Pounds S .95/Lb.TakSeePud (Materials and Labor) 8,755 4,816

$ . 921Ub.
: Foundations Pounds Mteesad bo) 6,455 5,939

(Materials and Labor)

.Electric $ 2.00/Ft.
Cables (Materials and Labor) 260 520

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
components, %to.) -

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 5
bulkhead to provide (Labor)

passageway)

$ 6.00/Ft.
Welding Feet (Materials and Labor) 65 390 ,

$50.00/Hr. (()Cutting Hours (Labor) 20 1, 000

Other Man- 15.00/MH
S(miscellaneous 30

handling) Hours (Labor) 450

Total Installation Cost ($) 21,368

(1) Coppec--oiekl aumed.

(2) Estlmate looluds a factor of 50% added toow Ltw vIalve, langesu, flttio, take-down Joints, etc.
(3) Ono-quwa inch plAw amned.
(4) Utimate lncludes a factor of 30% added to allow for required sructurl siffening for proper sapport.
(5 (6 listd oa te bas of 1016 oft he wegt whtic ha to be suppoted.
(0) Saa onan &saaom cuttingtarote of0 t.oft A 6
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

for Gray Water

Approxim ate

Required Dimensions (L x W H

Vacuum Collection Tank 30 gal. (4.4 cu. ft.) 16" dla. x 38" L
Galley/Turbid Holding Tank 9,770 gal. (1306 cu. ft.) See Discussion

Evaporator (GATX) One (1)-40 gal.
Catalytic Oxidizer One (1)
Galley/Turbid Holding Tank

Overboard Pumps Two (2)
Evaporator Overboard Pump One (1)

Discussion

The system Is a viable candidate subject to certain considerations.

The system is similar to System No. 10 except that there is an
evaporator in lieu of an incinerator.

The romponenta would be located as follows:

(a) Vacuum collection tank and vacuum pump in the Auxiliary
Machinery Room in place of the existing vacuum equipment.

(b) Evaporator and its overboard pump forward of the VCT.

(c) G/T overboard discharge pumps to port of the vacuum
collection tank,

(d) Galley/turbid holding tank taking up available room in all of
the Storage Space just forward of the Auxiliary Machinery Room. The tankage
would bef limited to approximately 6283 gallons (840 cu. ft.). It would eliminate
use of the space for any other purposes.
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Vessel: PAMLICO (160')

System No. 11 (Cont'd)

Drainage would be as follows:j

<a) Sewage would be collected in th.ý, vacuum collection tank for
transferral to the evaporator.

(b) Tho vacuum collection tank would be pumped overboard anid to
pieraide according to prevailing restrictions.*

(c) Galloy/turbid drains would gravitate overboard in uwirestricted
waters and to the galley/turbid holding tank for discharge overboard/picraide
according to pre.vailing restrictilons,
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I;I
WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 11

Installation AssumQuantity Required 1
Cost Element Unit Assumed Unit Cost (estimated Cost (M)

Cos Element__ number of units)

Piping(1 ) Pounds $ 4.20/Lb.(Materials and Labor) 510 2,295

Tank Steelp) Pounds 8 5/5 (4) ,8
(Materials and Labor) 8.515 4,684

Foundations Pounds $ .92/Lb. (5)
(Materials and Labor) 6,285 5,783

Electric Feet 2.00/Ft.

Cables (t4.terimls and Labor) 260 520

Miscollareous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hourn (Labor) 25 375
components, etc.) -..

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
(Materials and Labor) 110 E€0

$50.00/Hr. (U)
Cutting Hours (Labor) 20 1, 000

SOther
(msh e os Man- $15.00/MH
handling) Hours (Labor) 30 450

Total Installation Cost (M) 15,822

(1) Copper-nickel asumed.
(2) Estimate includes a factor of 50K added to allow bt valves, Aangw, fttlnp, ta•le-down Joent, am.
(3) one-quartg inch plate assumed.
(4) Estimate Includes a factor of 30% added to allow fo, requited s•ructual stiffudng for proper suppor.
(5) Esmated an the bads of 1I0% of the weight which has to be supported.
(6) Dam" on an aasumed cuting ram of 30 ft. Auz.
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DISCUSSION OF INSTALtATTON BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

SWMS No. 12 JERED Reduced Volume Flush Vacuum Collect Lon/Hold•.ng
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holdir.g Tank for Gray Water

Approximate

Required Dimensions (L x W x H)

Gallei/Turbid Influent Surge
Tank 200 gal. (27 cu. ft.) 3' dia. x 4' H

Sludge Holding Tank 814 gal. (109 cu. ft.) 5' x 5' x 4"6"
Sewage Vacuum Collection

Tank 30 gal. (4.4 cu. ft.) 16" dia. x 38" L
Sewage Holding Tank 1,070 gal. (143 Cu. ft.) 5' x 5' x 6'

Grumman Unit without
"Incinerator One (1)

Sewage Holding Tank
Overboard Pumps Two (2)

Sludge Holding Tank
Transfer Pump One (1)

Influent Surge Tank Transfer
Pump One (1)

Influent Surge Tank Pumnp One (1)

Discuss ion

The system is a viable candidate subject to certain considerations.
The components would be located as follows:

(a) The sewage holding tank in the Auxiliary Machinery Room in
place of the existing sewage holding tank.

(b) Sewage holding tank overboard pumps to port of the tank.

(c) The galley/turbid influent surge tank Just aft of the sewage

holding tank,

(d) Surge tank pumps forward of the tank.

(e) Vacuum collection tank and pumps in place of the existing
sewage vacuum equipment.
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r7
Vessel: PAMLICO (160')

System No. 12 (Cont'd)

(f) Grumman unit and sludge holding tank at the forward end of the

Storage Space just forward of the Auxiliary Maci'lnery Room.

(g) Sludge holding tank transfer pump just aft of the tank on star-
board side of the space.

Drainage would be as follows:

(a) Sewage would be collected in the vacuum collection tank for
discharge to the sewage holding tank.

(b) The sewage holding tank is pumped overboard/pierside
, according to prevailing restrictions.

"(c) Galley/turbid drains gravitate overboard in unrestricted
waters, and to the influent surge tank in restricted waters for transfer to the
Grumman feed tank. .

(d) The Influent surge tank would be pumped to the sewage holding

tank for off-loading pierside.

(e) Thu Grumman effluent tank would discharge overboard.

(f) The sludge holding tank is discharged to the sewage holding
tank for offloading.

7
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160'1)

WMS No. 12

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

Piping(l) Pounds $4.50/Ib,9
- (Matorials and Labor) 955 4,298

Tan Stel(Materials and Labor) 4, 910 2,646
$ 92/Lb.

Foandations Pounds4,1264(Materials and labor) ,60248
... Foundations Pounds (Materials and Labor) 65 248

Electric Feet $ 2. 00/Ft. 70

Cubles (Materials and Labor) 350

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

Acass Cuts (in hull,
deck plating or Feet $ 1.00/Ft, 5. 55
bulkhead to provide (Labor)
passageway) .............

Welding Feet $ 6.00/Ft. 95 570
(Materials and Labor)

$5%. 00/Hr, .
Cutting Hours (br) 20 1,000

------------------------------------------------------Sother
(Other eu Man- $15.00/MH
(miscellaneous Hours (Labor) 30 450
handling)

• .= ' i -i

'I Total Installation Cost ($) 12,7S7

S(1) copper-seo &esu.e.
(2) b*dwto iniodes a blotar of 50%. added to alWW IXt Valves, &tango. fittin. tales-dowth Joints. etc.
(3) one-quaatet Inch plat assmed.
(4) Winans inoitde a facto.r of 80* add~4d to allw for required stratucial stffienfin Aw proper support.
(D) (l gimtod on the baUr of 10% of die woej w"aih haa to be supported.
(6) aseed a an asumed cutq rat of 50 ft. Ai.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Approximate

Required Dimensions (L x W x H)

Galley/Turbid Surge Tank 200 gal. (27 cu. ft.) 3' dia. x 4' H
Vacuum Collection Tank 30 gal. (4.4 cu. ft.) 16 " dia. x 38" H
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.) it -6" x i'-6" x I1-6"

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

Galley/Turbid Surge Tank
Overboard Pump One (1)

G/T Surge Tank Pump One (I)
VCT Overboard Pump One (I)

Discussion.

The 8ystem is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Vacuum collection tank and vacuum pumps in the Auxiliary
Machinery Room in place of the existing sewage vacuum equipment.

(b) Galley/turbid influent surge tank forward of the vacuum
collection tank.

(c) Influent surge tank pumps and VU'T overlxard pumps to port

of the tank locations.

(d) Grumman unit with incinerator in the Storage Space forward of
the Auxiliary Machinery Room, on the starboard side forward.

The incinerator stack run to the weather would be as described for
System No. 3.

(e) lnstallation of nan incinerator may require additional fire pro"-
tection equipment and modification of the ventilation system for the space. I

78
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Vessel: PAMLICO (160')

System No. 13 (Cont'd)

Drainage would be as follows:
(a) Sewage is collected in the vacuum collection tank for transfer

to the Grumman sludge feed tank for the Incinerator. The collection tank can
also be pumped overboard or to pierside according to prevailing restrictions,

(b) Galley/turbid drains gravitate overboard in unrestricted waters
and to the G/T surge tank for discharge to the Grumman unit feed tank and to
overboard/pierside according to prevailing restrictions.

(c) Grumman unit effluent tank discharges overboard.

"A
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 13

Installation UQuantity Required
Cost Element i Assumed Unit Cost (estimated Cost (S)

number of units)

$ 4.50/Lb.
Piping01 ) (Materials and Labor) 2,285 10,283

Tank Steep) Pounds $ .45/Lb.
(Materials and Labor) 875 482

$ 92/Lb. (5)
FudtnsPounds7973 (Materials and Labor) 732

Electric Feet $ 2.00/Ft. 350 700

Cables (Materials and Labor)

Miscellaneous ,

lnstý41ations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 25 375
components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway) (Labor)

Welding Feet $ 6.00/Ft.
(Materials and Labor) 65 390

i $50.0O0/Hr. (6)

Cutting Hours (Labor) 20 1,000

(mOther Man- $15.00/MH
(miscellaneous Hours (Labor) 30 450
handling)

Total Installation Cost ($) 14,467

(1) coppu-nickel asuuzd.
(2) bdmate includes a fbtor of " added to allow lot valves, flang", Atlup, tal'e-down joints, etc.
(a) On-quarter 1n plas asasumed.
(4) Estimate includes a factor of 30% added to allow for requimd structural niffeaning for proper support.
(5) EWtnmod an the bads of 10% of the weight which has to be supportd.
(6) Based on an mumod cutting rat of 50 ft./hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Holding Tank

for Gray Water

Approxim ate
Required Dimensions (L x W x H)

Sewage Holding Tank 1,099 gal. (147 cu. ft.) 5' x 5' x 6'
Galley/'Turbid H.,iding Tank 9,770 gal. (1306 cu.ft.) See Discussion

Sewage- Holding Tank
Dischar, e Pumps Two (2)

Galley Turbid Holding
a'rnk Discharge Pumps Two (2)

i"Macerator/Transfer Pumps Three (3)

Discuss ion

The syst:mi is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Sewage holding tank in the Auxiliary Machinery Room in the
location of the existing sewage holding tank.

The tank's overboard discharge pumps would be located aft of the
tank.

(b) Galley/turbid holding tank taking up available room in all of
the Storage Space just forward of the Auxiliary Machinery Room. The tankage
would be limited to approximately 6283 gallons (840 cu, ft.). It would eliminate
use of the space for any other purpose.

The tank's overboard pumps would be located just aft of the tank
on the starboard side.

!'.,
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Vessel: PAMLICO (160')

System No. 14 (Cont'd)

Dra .niage would be as f 'llows:

(a) Sev. age would be collected by macerator/transfer pumps mid
sent to the sewage holding tank for discharge overboard or to pierside according
to prevailing restrictions.

(b) Galley/turbid drains would gravitate overboard in unrestricted
waters and would gravitate to the G/T holling tank for, retention and discharge
overboard and pierside according to prevailing restrictions.

I'I
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 14 4

Installation Quantity Required Cs$
CostUnit Assumed Unit Cost (estimated Cost 4$ vI _rCost _ _Element number of units)

Piping(1) Pounds $ 4.50/Lb.4
(Materials and Labor) 1,020 4,590

Tank SteelI3) Pounds $ 1, (4) 5,927(Materials and Labor)

-. . . .. ..
Foundations Pounds $ 92/Lb. 7,325 6,739

(Materials and Labor)

Electric Feet $ 2.00/Ft. 3106
Cables (Materials and Labor) 620

Miscellaneous
Installations (pumps, Man- $15. 00/MH

motors, skid-mounted Hours (La bor) 35 525
components, etc.) __

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 30 30
b u lk h e a d to p ro v id e (ta b or)
passageway) (..bor.

WlnFe $ 6.00/Ft.
Welding Feet (Materials and Labor) 100 600

$50.00/Hr. ')
Cutting Hours (Labor) 20 1,000

>. -- - - --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ------ -- --' • Other

(miselaeMan. $15.00/MH
(miscellaneous Hours (Labor) 30 450
handling)

Total Installation Cost ($) 20,481

(1) Coppar-nloke. assumed.
(2) Estimate includes A factor of 8016 added to allow for valve, fl e.ea. Ittlnp, take-down joints, era.
(3) Cze-quartez inch plate assumed.ti, (4) EImnate includes a factor of 30% added to allow for reNquired stuctural stiffenln8 for propor support.
(5) Estm:ated on the basi of 10 of the weight which has to be supported.
(6) BUed on an assumed cuting rate of 80 ft. Avr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

for Concentrated Black Water/Holding Tank for Gray Water

Approximate

Required Dimensions (L x W x H)

Incinerator Feed Tank 50 gal. (6.7 cu.ft.) 2' x 2' x l'-9"
Galley/Turbid Holding .lank 977 gal. (306 cu.ft.) See discussion
Fuel Oil Day Tank 28 gal. (3.8 cu.ft.) l'-6" x l'-6"x I'-6"

Incinerator One (1) Thiokol
Incinerator Feed Pump One (1)
Incinerator Feed Thnk

Overboard Pump One (I)
Galley/T'urbid Holding Tank

Overboard Pump Two (2)
Macerator/Transfer Pumps Three (3)

Discussion

The system is a viable candidate subject to certain conditions.

The components would be located as follows:

(a) Incinerator, blower, incinerator feed tank, incinerator feed
tank pumps all in the Auxiliary Machinery Room In place of the existing waste
disposal system equipment.

The incinerator stack can be run as discussed in System No. 3.

(b) Galley/turbid holding tank taking up available room in al of Ii
the Storage Space just forward of the Auxiliary Machinery Room. The tankage
would be limited to approximately 6283 gallons (840 cu.ft.). It would eliminate
use of the space for any other purpose.

(c) G/T holding tank overboard pumps could be accommodated
in the Auxiliary Machinery Room in the present location of the sewage holding tank.

88
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Vessel: PAMLICO (160')

System No. 15 (Cont'd.)

(d) Installation of an Incinerator may require additional fire
protection equipment and modification of the ventilation system for the space.

Drainage would be as follows:

(a) Sewage would be collected by macerator/transfer pumps and
discharged to the Incinerator feed tank.

(b) The incinerator feed tank contnnts can be fed to the Incinerator
or, when permitted, discharged overboard, or to pierside.

(c) Galley/turbid drain gravitate overboard in unrestricted waters
and gravitate to the G/T holding tank for discharge overboard/pierside according
to prevailing restrictions.
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 15

Installation Quantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost ($)
___CostElementnumber of units)

S.. .. . " ' "(2)

Piping(') Pounds $ 4.50/Lb. 1, 955 8,798
(Materials and Labor)

Tank Steelps Pounds $ .55/Lb. (4)(Materials and Labor) 8,995 4,948

Foundations Pounds $ .92/Lb . (5)
(Materials and Labor) 6,410 5,898

Electric Feet $ 2. 00/Ft. 650
Cables (Materials and Labor)

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. 40 40
bulkhead to provide (Labor)
passageway)

Welding Feet $ 6.00/Ft.
(Materials and Labor) 105 630

Cutting Hours $50.00/Hr. (2,Cutin Hors (Labor) 20 I, 000

miOther Man- $15.00/MH
(miscellaneous Hours (Labor) 30 450
ha ndli1ng)I

Total Installation Cost ($) 22,939

(1) Copper-nickel assumed.
(2) Fstimate Includes a factor of 500,o added to allow for valves, flanges, fttngs, take-down Joints, etc.
(3) One-quarter inch plate assumed.
(4) Estimate includes a factor of 3016 added to allow for required structural stiffening for proper support.
(5) Fstimated on the basis of 105a of the weight which has to be supported.
(G) Based on an assumed cutting rate of 50 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHFCKS

Vessel: PAMLICO (160')

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

for Gray Water

Approximate

Required Dimensions (L x W x H)

Galley/Turbid Holding Tank 9770 gal. (1306 cu.ft.) See discussion

Evaporator (GATX) One (1) - 40 gal.
Catalytic Oxidizer One (1)

Galley/Turbid Holding Tank
Overboard Pumps Two (2)

Macerator/Transfer Pumps Three (3)

Discussion

The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Evaporator and associated equipment in the Auxiliary Machinery
Room in place of the existing sewage holding tank.

(b) Galley and turbid holding tank in the Storage Space just forward
of the Auxiliary Machinery Room, taking up all available space. The tankage
would be limited to approximately 6283 gallons (840 cu.ft.). It would eliminate
use of the space for any other purposes.

(c) G/T holding tank overboard pumps can be fitted in the Auxiliary

Machinery Room aft of the GATX Evaporator.

Drainage would be as follows:

(a) Sewage would be collected by macerator/transfer pumps and
sent to the evaporator. The pumps could also discharge directly overboard or to
pierside connections according to prevailing restrictions.

91
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Vessel: PAMLICO (160')

System No. 16 (Cont'd.)

(b) The evaporator sludge can be discharged overboard or to
pierside.

(c) Galley/turbid drains gravitate overboard In unrestricted
waters and to the G/T holding tank for retention and discharge overboard/pierside
according to prevailing restrictions.

94
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 16

Installation AQuantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost' ($)
Cs number of units)

Piping(') Pounds $ 4.60/Lb. (2)(Materials and Labor) I ,055 4,748

Tank Steel(3) Pounds $ .55/Lb. (4)

(Materials and Labor) 8,515 4,684
(5)

$ .92/Lb.
Foundations Pounds (Materials and Labor) 6, 245 5, 746

Electric Feet $ 2.00/Ft. 130 260
Cables (Materials and Labor)

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. 40 40
bulkhead to provide (Labor)

passageway) I

Welding Feet $ 6.00/Ft.
(Materials and Labor) 90 540

$50.00/Hr. (6)Cutting Hours (Labor) 20 1,000

0
SOther Man- $15.00/ME

S(miscellaneous
handling) Hours (Labor) 30 450

Total fnstallation Cost ($) 17, 768

(1) Copper-nickel assumed.
(2) Estimate Includes a factor of SK0 added to allow fbr valves, flanges, flitng, rake-down Joints, etc.
(3) One-quarter inch plate assumed.
(4) Estimate inludes a factor of 30% added to allow for required structural stiffening for proper support.
(5) Estimated on the basis of 1016 of the weight which has to be supported.
(6) Based on an assumed cutting rate of 50 ft. /hr.
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DISCUSSION or INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Through System with Sludge Holding Tank for Gray Water

Approximate
Required Dimensions (L x Wx H

Sewage Holding Tank 1099 gal. (147 cu.ft.) 5' x 5'x 6'
Galley/Turbid. Influent Surge

Tank 200 gal. (27 cu. ft.) 3' dla. x 4' H
Sludge Holding Tank 814 gal. (109 cu.ft) 5' x 5'x 4x 6

Grumman Unit without I-

Incinerator one (1)a
Sewage Holding Tank Over-

board Pumps Two (2)
Sludge Tank Transfer Pump One (1)
Influent Surge Tank Pumps Two (2)
Macerator/Transfer Pumps Three (3)

Discussion

The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Sewage holding tank in the Auxiliary Machinery Room in place

of the existing sewage holding tank.

(b) Sewage holding tank overboard pumps to port of the tank.

(c) Galley/turbid influent surge tank and pumps just aft of the
sewage holding tank.

(d) Grumman unit and sludge holding tank at the forward end of
the Storage Space just forward of the Auxiliary Machinery Room,.

(e) Sludge holding tank transfer pump just aft of the tank on stbd.
side of the space.
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Vessel: PAMLICO (160')

System No. 17 (cont'd,)

Drainage would be as follows:

(a) Sewage would be collected by macorator/transfer pumps and
discharged to the sewage holding tank which would, in turn, be pumped overboard
and pierside.

(b) Galley/turbid drains would gravitate overboard in unrestricted
-, waters and to the influent surge tank In restricted waters for transfer to the

Grumman feed tank.

akfo ichreThe influent surge tank could be pumped to the sewage holdingtank for discharge pierstde. ,

(c) Grumman effluent tank discharges ovex-board. '

(d) Sludge holding tank transfers contents to the sewage holding
tank for discharge overboard or plerside.

1~:
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 17

Coat lemet I ~ Assued Unt Cot u(etimtyRqied Cs S
Installation Isme Requiredt

number of units)

Piping(1) IPounds $ 4.6O/Lb. 1 2 ,4
(Materials and Labor) 112504

$ SL.(4)
j! ITank Steep)~ Pounds (Mtril an labor) 4, 810 2, 646

$ .92/Lb.
Foundations Pounds MtrasadLbr 2,620 2,411

Electric Fet $ 2.00/Ft.
Cables (Materials and Labor)3570

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 40 600

etc.o-ents, ate.)

Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway)___________

Welding Feet $ 6.00/Ft. 9 7(Materials and Labor)57

$ 50.00O/Hr. (6)
W Cutting Hours (Labor) 20 1,000

------ -- -- -- -- -- -- -- ---- ------ ---- ---- ------------- -- ----
SOther

~ (mscelanous Man- $15.00/MH
hdln)Hours (Labor) 30 450

ha dl-g

Total Installation Cost ($) 13, 472

(1) Copper-icke ssuaawmd.
(2) WmMAte inalUdIS a ficot of 50% Added to allow for valves, flanges, fttinp, tkal-down Jolut, aew.
(3) One-quatat inch plAte auumed.
(4) Otmate tinolude. a falotor of 80% added to allow for required structural stiffening for peoper support.
(5) btirmAted an ~ie bail. of 10% of the weight which haa to be supported.
(0) Based on an assumed cut~ag rate of 50 ft. Air.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: PAMLICO (160')

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

Concentrated Black Water and Gray Water Sludge

Approximate
Reqired Dimensions (L x W xH)

Sewage Surge Tak 26 gal.(3.5 cu.ft.) I'-6" x 1'-6" x I'-9"1
Oalley/Mirbid Surge Tank 200 gal. (27 cu. ft.) 3' dia. x 4' H
Fuel Oil Day Tank 25 gal. (3.3 cu.ft.) 1'-6" x V-6" x 1'-6"

Grumman Unit with One (1) with
Incinerator One (1) Thiokol Incinerator '

Sewage Surge Tank Transfer
Pump One (1)

Sewage Surge Tank Over-
board Pump One (1)

Galley/Turbid Surge Tank Pump One (1)

Galley/Turbid Surge Tank
"Overboard Pump One (1)

Macerator/Transfer Pump Three (3)

Discussion

¶ The system is a viable candidate subject to certain considerations.

The components would be located as follows:

(a) Sewage surge tank in the Auxiliary Machinery Room-, to port
of the vessel's centerline near the location of the present sewage holding tank.

(b) Galley/turbid influent surge tank to stbd. of the sewage surge
tank.
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Vessel: PAMLICO (160')

System No. 18 (Cont'd.)

(c) Various pumps associated with the equipment fitted in the
Auxiliary Machinery Room would be located aft of the sewage surge tank and
G/T influent surge tank.

(d) Grumman unit with incinerator in the Storage Space just for-
ward of the Auxiliary Machinery Room, stbd. side, The incinerator stack would
be run as discussed in System No. 3.

(e) Installation of the incinerator may require additional fire
protection equipment and modification of the ventilation system for" the space.

Drainage would be as follows:

(a) Sewage is collected by macerator transfer pumps for dis-
charge to the sewage surge tank from which It would be pumped to the Grumman
sludge feed tank for the incinerator, or overboard/pierside according to pre-
vailing restrictions,

a g t (b) Galley/turbid drains gravitate overboard in unrestricted waters

and gravitate to the G/T surge tank for transfer to the Grumman feed tank or
overboard/pierside according to prevailing restrictions.

(c) Grumman unit effluent tank would be pumped overboard.
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WMS INSTALLATION COST ESTIMATES

Vessel PAMLICO (160')

WMS No. 18

InstalationQuantity Required

Elmnt Iunit Assumed Unit Cost (estimated Cot M$
Cos/Lb El9358en0

= number of units)

Piping(1 ) Pounds (Materials and Labor)

$ .55/Lb.()
Tank Steei~o Pounds (Materials and Labor) 1,075 592

Foundations Pounds$.9/b73
(Material. and labor)80

Electric root $ 2.00/Ft. 570
Feete (Matarials and Labor)3070

Miscellaneous--

Installations (pumps, Man. $l5.00/`MH

motors, skid-mounted Hours (Labor) 35 525

compononts etc.)__________________________zzTL_
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 30 30
bulkhead to provide (Labor)
passageway) ________ _______

Welding Feet $ 6.00/Ft. 5 3Weldin Feet (Materials and Labor) 5 3

$50.00/Hr.Cutting Hours (Labor) 20 1,000

~ OherMan- $15.O0/MH
S(miscelaneous Hours (Labor) 30 450

Total Installation Cost ($) 13,071

(1) coppsa-noksl easumed.
(I) odmate inoude; a haaow of 80% added to allow far vaIve, flange. ftuin*, tales-down J010% SW .
(3) ooe-quanr wr nh plats amnamd.
(4) bdzute In~ain a factor of 80% added fa aMlw fhr required awuomral adifeming for lopet SUPPort.

(6) saaed on an ammwed cutftg rate of 80 ft. Alf.
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160'). New Const. Sheet 1 of 10

E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION

INSTALLATION CHARACTERISTIC

Ill Required black water handling capacit'y for ree versus actual capacity/of WMNIS

(a) Actual capacity of WMS equal or excecds required capacity for vessel.
(b) WMS marginally suitable for vessel (has 96-090,* of required capacity).
(c) WMS capacity Insufficient for vessel (leU titan D851 of required capacity).

,MS 11 2 3 a 6 1 71 R 9 10 11 12 13 14 1" 26 1
DeAt a a a a A a A a j I a a

112 Required gray water handling capacity for vessel versus actual (.,pacity of WtAS
(a) Actual capacity of %VMS equals or exceeds required capacity for vessel,
(b) WMS marginally suitable for vessl (has 98-90"o of required espal•ity).
(a) WMS capacity insufficient for vessel (less than 95'/6 of required capacity),

WMS # 119 T 4 5 8 9 1 10 111 1 13 14 15 1 18 1
Data € c o U a c 11 a C "A , A JI. ,

,-L 1| 11 1- 1 11 1, aT L'," 1

13 Extent of additional support systems or equipment required to accommodate WMS(1)
(a) No additional support systems or equipments required.,
(b) Some additional support systems or equipments required. (2)
(a) Many Additional support systems or equipments required, (3 )

Eamples, Flreflghting system must be installed with incinerator.
Bilge Alarm required if large tank li lnatalned above bilge.

n Comproor required on vessel& that do n.t already have one.
,Dtectors of toxic or noxious gaes should be installed with any eystur that. as an inherent design

featured umes such o ases in proceusng wastep.
Need for support lyatem/equnpment does not significantly reduce t MS suotabilir fod oan -boal instaleation.

eSudtabelpy of WMS fo r I mstalla tion on vessel signifxcantly reduced.

WVS~ # 12 3 41 a 16171 9 8011 12 131814 1516 1 17

Data d d d d d b d a a a a ab b b b e

21 Extent of fixtuxe modifications required for WMS Installation

,.(a) No fixtures need modification or replacernent.
,•(b) Some f•xturva need modification or replacement.
:•(c) All commo~des need replacement And modification of urinal-assoclted equipment (e,8,., urinal discharge valves)

b required.
(d) All fixt'tms need replacement or rmodification (*,S., replacemant or commode, And urinal fluehornetats),
(e) ALI fixuttoi need replacement or modification and each R•xt'um has additional hookup requirements associated with It.

2# 3 4 3 0 7 8 0 10 11 1 1 1 4 15 1 17 18
d~a d d d d, a . d a a Is e e
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PJAMLICQ (16Q') - New Const. Sheet 2 of 10

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

INSTALLATION CHARACTERISTIC

22 Extent of flush medium supply modifications required for WhIS installation

(a) Existlng flush medium is used,
(b) WMS requires converison of flush medium to potable water.
(c) WNIS requires conversion of flush medium to recirculatin non-aqueous medium.

.(d) WMS rquires conversion of flush medium to slt water. C

S()Conversion to salt watrre zquire pump re-sizingo tapping Into die sea-chest and provision for its corosive

properties. For PAMU[CO, salt water would be used if the drain system were converted to a standard flush•

system (C.G. supplied information).
%V,•, l( 1' 2 3 4 a 6 7 a 0 U 12 1 0 14 1 5 1 6 1 7 is
D a t d C c. . c d d d . . . • _ d . a a a A a a A a a

231 Hookup requirements( 1) far WMS Collection/Transport subsystem installation
(a) No additional hookup requirements beyond existing ones.,

(b) Requires piping for recirculation of flush medium (in existing gravity drain system).
(c) Special and centralized Collection/Transport subsystem required,
(d) Special And non-cuntralizcd Collaotion/Transport subsystem required (includes conversion from reduced flush vacuum

collecUion to a itandatd gravity drain system, with or without recirculation).

(1) Drain pipiD&I electric cables coumectlia commode, M/T pump and control panel in GATX, but not In JERED, etc.

MA.S # 1 12 1 31 4 1 1. 7 8a 9~ 10 111121 13 14 1 1 16 11sl
Data d d d d d d a A A a A d d d _ d d

232 Routing flexibility for drain piping noodiflcationo• asssociated with WNIS Collecrion/Transport subsystem Insmtllation(e)

(a) Routing is highly flexible.(3)
(b) Routing Is moderately flexible, with anne restrictiot,.
(c) Routing Is highly Inflexdble.

Of the three relevant catego48ie of routing of lines (piping, ventilation, electrical), piping Is the most important

for aa•eang use of WMS installation.
S(21.Vjt . With gravity drainage, lines must always dlojpe downward and require venting.

. Smaller. size lines am Inherently more flexible.

. With the pump of vacuum CoUleution/Transport subsystem, sharp bends, rises and long atas cat be
accommodated in pLping.

in all cases, WMS inrallation is t be coaaidl!ed from the point of view of rmcdlfivatiorn rzquired to existing
conditions.

nhI 1 2 3 4 6 6 7 L8 P 10 1 0-1 14 181 16 1' 1 8

Data bi b b b b b b Aa a a a bl b 1_b Ib IbI

.••••........••..••..••.... .......... .



WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160') - New Const. Sheet 3 of 10

W/E I. ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd) , •

INSTALLATION CHARACTERISTIC }-

233 Space requirements for WMtS Collection /Tin xport subsystem Installation. i"-•

(a) No additional space required.
(b) Some additional space required.
(c) Large amount of additional space required,

*)E.g., M/T pumps in GATXI or small influent surge tank.
E.g., large VCT In JERED; or large inflient surge tank, If not already installed.

\MS/1 1 2 3 4 a 6 1 8 9 10 11 12 13 14 15 16 17 18

Data a bbb b bbb b a ala a a a aa aI ala

2a4 Modularity of WMS CoUoction/Tr4tsport .tubsystem (.u it iffects Installation)(1 'J

(a) Degree of modularity of sunsystem aids in Inatallattono ,f C/T subsystem,.
(b) Degree of modulidrty of subsystem results in some (minimal) difficulty in installation of C/T vubsystem.
(c) Degree of modularity of subsystem results In moderate difficulty iti installation of CIT subsystem.

On vessels that do not currently have a WMS, a high degreu of modularity aids in installation, and a high degree
of subsystem censtralizatlon (as in the IER•D) rcsults In difficulties fRo installation,

Data a a a a a a a a a a a a a a a a a a

235 Vent requirements for NAMS Collection/Transport subsystem installation

(a) No vents arc required other than the existing venrs.
(b) Few vents are required in addition to thu existing vents.
(c) Many vents are required in addition t) existing vents.

Wms# 1 2 3 4 5 a 'S 10 11 19. 13 14 15 16 17 I8

Data a b b b b b b b a A a b b h b b b b

2-41 Space requirements for WMS• waste Treatment/Dlsposal subsystemr instalation

(a) Volume required is minimal and dimensions~1 ) of equipment present no problems in fitting equipment into available
compartment space.

(b) Volume required is moderate and dimeaseons 1 of equipment present no problems in fitting equipment Into available
cornpartmtent space. i

(c) Volume and dimension( ) of equipment do present problem in fitting equipment Into available compartment space.
(d) Large volume required and dimension(I) of equipment do present problem In fitting equipment into available

compartment space.

(I) The two main factors are (1) deck area requited and (Ui) height required.

WMS' 1 213 41516 7 8 9 10 111~2 13 .4 15 1617 18
Data b b b b b b b b b b b b b b u, b b b
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160) - New Const. Sheet 4 of 10

M/E I - ADAPTABILITY FOR SHIIPBOARD INSTALLATION (Cont'd)

INSTALLATION CHARACTERISTIC

242 Hookup requirements for WMS waste Treat ment/Dispoul subsystem instal•ation 4

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

Piping for fuel oil, fresh water, cooling water, compressed air, interconnecting rmotely located equipment,

overboard discharge line, etc. i electric cables for power supply, remote control panels, etc. : ducting for
.nldtilation, etc.

Data c c o c cIa c a b b I b I b b b b b b b

243l Degree of modularity of WMS waste TreaLMent/Disposal (as it affects installaton)(1 ) "

(a) Degree of modularity of subsystem aids In installation of T/D subiystem.
(b) Degree of modularity of subsystem results in ionie (minimal) difficulty in installation of T/D subsystem.
(c) Degree of modularity of subsystem results in moderate difficulty in installation of T/D subsystem.

(1) DecentwIllzatin of componanw may require additional hookups and piping runs.

Data b Ia a a, A a a a I a a a a a a A

244 aVent orequiremenvnts forerqidle WNIS Wase Treatment/Disposal subsystem installation(l) ]

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

(1) Vents that are only lnternal to the compartment it which suba) stem Is located are not considered here,
MS .1I I 2 3 1 I 4 ,.,I 8.. I. Il 1 13114 115 16 1-T 1

Data b b b b b b b b b b 1 b b b b b b b

245 Exhaust stack requirements for WM8 Wute Treantent/Disposal subsystem instllation1

(a) Exhaust not required.
(b) Exhaust required, size of stack relatively small and stack can be run via existing ship's stack enclosure (Addley).
(c) Exhaust required, size of stack relatively large and stack can be rur via exinsting ltp's stack enclosure.
(d) Exhaust required, size of stack relatively small and stack cannot be run via exsting ahip's stack enclosure.
(a) Exhaust required, size of stack relatively large and staek cannot be run via existing ship's stack enclosure.

(1) Notest . Eloctric Incinerator requires imall ('2") exhaust.
Fuel incinerator requires large (10") exhaust,

Wlv! 1 2 3 4 5 6 7 8 9 1_0 114 15 16 17 18 1 1

'A! .. . . . . . . .



WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160') - New Const. Sheet 5 of 10

M/E I- ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cot..'d)

INSTALLATION OHARACTER:STIC

25 Ease of installing WMS support equipment(1 )

(a) No support eqivipment reot'red.
(b) Some support equipment required but easy to Install,
(c) Much support equipment required and difflcu,. to iastall,

(1) Example•s FIrefihting system must be irtrlfled with incinerator.
BUlge alarm required :1 large tank Is installed above bilge.

. Compressor required on vessels that do not already have one.

. Detectors of toxic or noxious gase4 should be Installed with any system that, as an inherent
dehit feature, uses stich gases in processing wajste.

WMSII 1 2 13 4 5 6 7 8 9 10 11 12 13 14 15 16 171 18

Data b b b b b b b b b b b b b b b b b b b

26 Ease of compensating for added weight of WNS

(a) No or minimal compensation for added weight required.
(b) Moderate compensation for added weight required.
(a) Extensive compewtion for added weight required.

%Ns 1 j2 3 1415 617 18 9 10 11 12 13 14 18116 17 IS
Data b b b b b b b b b b b b b b b b 6

271 Extent of SHIIPALTS (permanent modflitcons) required for WAS lnstaUation(1 )

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

(1) Foundations, enlarged doors/hatches, Increased capacity requirement: for air compresor, eGt.

%SMS 4 1 2 3 14 5 6 7 8 9 10 11 12 13 14 15 XC 17 18

rData d d d d d d Id I

272 Extent of temporary modification required for WMS Installation

(a) No temporary modifications required.
(b) Temnporary mcdiftcatiorw required are minor.

(c) Extent of temporary modification required are moderate.
(d) Temporary modifications required are extensive.

Cutting access opening%, etc.

-? 01J 1 2 31 4 1F 5 1 8 7 8 9 10 11 12 13 141 1 816 7 s18

Data C C c I a I 0 a 1 c c C c ea C c
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

VesseL_ PAMLICO (160') - New Const. Sheet 6 of 10

M/- I ADAPiTAJTgK 8a HIPBOADISALTIN(otd

Zi•,-•.INSTALLATION CHARACTERISTIC

31 Effect of WMS on venal stability

S(a) No effect on existing st~bli~ty characteristics of venal

(b) Some effect on exuiting stability ohacteritlds of venel, eadly compensated for.
(c) Severe effect on exdsting stability ohasacce'ditics of vessel, compensation required exten•sve modifications to venel

(ea.g, no tA geain Point Herron).
WNs# 1 2 3 4 a 7 8 1 10 11 12 f 13 14 15 16 117 18

7 1,_ jaj a l3 a I a I!aA I.. I I. ...... ......A . A- A

32 Effect of WNS cc vesel trim and list

(a) No effect on tim or oc list.
(b) Some easily compensated for effect on trim or list.
(0) Compensation for effect on trim oa list requires extensive modification to vensel.

WMS# 1 2 3...........3....-- 4 [ - 5 1 6 -I a a _4 - i-_1 E I 1 - 4 5-4 0 - ' 1
Datab b bib b b b b I b bI b b b

a3 Effect of WMS on normal range of vessel

Vesel reoufce capacity and usage rates.

2 4 3 6 7 8 9 1 1 1 13 14 115 1 1171 i8
Data _ Prysentedon Ve.gle Resgutae l Cta Shqets - _ _

34 Degree of space trade-off/realiucadon required for W NS Installation

(a) No space tZade-off/reallocation reuired.
(b) "lmal degree of space trade-off/reailocation requircd.
(c) Modetate dogiee of space trade-off/rcaliocation required.
(d). High degree of space trade-off/reallocation required.

INMS 4/ 1 .2 :3 4 5 6 1/ 8 F 9 .10 11 12 13 14 15 16 1'7' 18

il•Data h b b b b _ bb b b b b b b b b b_b

M/E II - PERFORMANCE

PERFORMANCE CHARACTERISTIC

12 WMS per capita wet weight (1b)( 1) - Wi

(1) Drain piping material is aMumed to be copper-nick.L (CuNL).

Als k 1 2 a 4 5 a 7 8 9 10 11 12 13s14 1..1. 17 18
at:Ar 6350 15t 6106 60220 1 9091 43681 02t3,122 531 55 58051 55138 1105 1
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA
Vessel PAMLICO 1160') - Newv Const. Sheet 7 of 10

MWE II - PERFORMANCE (Cont'd) _ _ _

PERFORMANCE CHARACTERISTIC

13 WMS per capita volume (0)3 (1) v,
()Volumes are C1119U12ted $I follows:

* Fiaurm voluma am calculated using smallest space envelopes.
. Pipe volume is the volume of a square tube with dde " outida diameter of pipe.

Other equipment: Dack area: smallest rectangle enclosing all equipnment In a single package plus extra
dimension area required for operation and maintenance.

Heights either maximum height of equipment, or full compartment height, if space above
_ package is not uable for any otherpurposes.

WMis#11 1 2- 3 4 1'5 7 18 9 1101 Ill 121 0 114.115 16 17 1
Data 279.-6 1287 e 20.1 .1 149.81224.61281.e6 7•1.8.271.1• t 16.e•.8 693-, 8124.81262. 5••199 H 161.2 17.9 118- .

21 Adequacy of WM$ black-water nolding times

HTb - % of required black water holding time met by WM "

(1) A WMS which employs an Incinerator is considered to mcee 1001 of the required holding time. The holding
time of a WMS which em2ploys a holding tank (for wastewater or sludge) is determined by the rado of available
tank capacity to required capacity.

Data 100 100 100 too 1 100 100 1 00 o00 100 100 100 100 100 100 100 0100 100 }
22 Adequacy ot W tS gray water holding times

liTg - %of required gray witr holding time met by WMS~l)

(1) A WMS which employs art Incinerator is considered to meet 10016 of the required holding time. The holding
time of a WMNS which employs a holding tank (for wastewater or sludge) Is determined by dte rarlo Of available
tank capacity to required capacity,

WMis," 1 213 4 5 6 :7 8 8 9 110 1111 121 13 14 1J 16j 1'? 1s
Data 58 (14 014 04 100 100 64 100 64 =64 644100 100104 64 64 100 100"311 Effect of peak hydraulic loads li black water stream on WNMS performance

GISTb - lo of required Grumman (or other) Influent surge tank capacity In black water stream met by installation,
M48#I 1 7 1819 1 11 12 130 14 1511617 1

--t .. .. .. 2 o100 100 1 100J, Ooo
3 12. Effect of peak hydraulic load in gray water stream on WNLS pe•formance

GIST 1 - of required Grumman Influent sura tank capacity in gray water stream met by iustallation.

WMs # 1 I2 I3 I4 6 6 I 7 8 9 I10 I11 112 I13 141 is 118 17 1-1-8
7a .. .. .. .. 100 100 - 100  ...-- 100100 o oo I 100 100
$1 AbiLity of black water portion of W¢IS to handle additional pesonnel (on a long-term basis)

I:TCb - jo of required black water (or sludge) holding tank capacity met by ".nstAlladon.

1 2I 34 8 617 8 91011 12 1 14118 '16' 7 1
Data 10011001 l0 100 100 100 0100 1001 "

114
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160') - New Const. Sheet 8 of 10

W/E 11 - PERFORMANCE (Corit'd)

PERFORMANCE CHARACTERISTIC

0•2 Ability of gray water portion of WMS to handle additional personnel (on a long term basis)
ý gTC - of required gay water (or sludge) hodling tank capacity met by Installation.

W NI 1i 2 3 4 . 5 6 7 a , 1 0 1i 1 1 1 1 3 1 4 i s i s ... .. .. i s
55 64 04 04 100 100 04 -- 04 64 04 100 7- 64 64 64 100. -

- - M/E IV - PERSONNEL SAFETY I
"AFETY CHARACTERISTIC

21 Hazard of explosive potential for operator/maintwinor duo to Inherent WMS design.

I - Installation Index (ffr Personnel safety)

(a) LUkellhuod of hazardous situation .I not Increased due to location of any portion of WNIS,.
(b) Likelihood of hazardous situation is increased due to proximity of any prtion of WMS to working or berthing area.
(c) Ukolihood of ha?prdou4 si tuation is increased due to proximity of any portion of WMS to tlte storage area.

%'AI is 2 3 4 1 0 1 In011 ~ 1 14 j16 0 17 1

DAt a a a a a j b a h a a b a b a a b

"22 Hazard of explosive potential -for opwrator/maintainer due to proceduwal error/equipment failures of WMtS.
WIstallation Index (for 4eronnel safetr)

(a) LUklihood of hazardous situation is not Increased due to location of any portion of WMS.
(b) Ukelihood of hazardous situation is increased due to proximity of any portion of WMS to working or berthing area.
(b) Lkelihood of hazardous Situation Is increased due to proximlty of any portion of WM. to fIel Storage area.

%v¢ is I- 1 1 2 4 5 j 7 8 1 30 11 12 I 14 12 17 18 7

Data a a b a La ]b a I a a b a b a a b

31 Hazard of fire ignition potential due to inherent WNIS demign

I - Instala.ion indcx (for ersornel safety)

(a) Ukelihood of hazardous situation is not increased due to location of any portion of WMS.
(b) Ukelihood of hazardous situation is increased due to proximity of any portion of WNIS to working or berthing area.
(0) Ukelihood of hazardous situation Is Increaved due to proximity of any portion of WNIS to fuel Storage area.

V'~~ 1 2 10 4 1 0 7 8 10 1 0 11 1 12 13 14 15 10 11 18
Dat a a b a A a I b b Ia b a a b a b a al b

32 Hazard of fire Ignion potential due to procedural errons/equipment failures of WMS.

I.- Wtl.ilation Indx (for aer•oirel ,afaty)

(a) Ukelihood of hazardous situation IS not incteased due to location of any portion of WMS.
(b) Uikellhood of hazardous Situation is increased tue to proximity of any portion of WMB to wonking or berthing area.
(c) Ukelhood of hazardous situation is Increased due to proximity of any portion ofWNIS to fisI sitPage area,

WNI 1 2 4 718 1 9110 1111 121 13 14 15 le 117 li
Data a a b . b b a j I a b a b a a b

'b..o , , • .. .. :,



WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel PAMLICO (160') - New Const. Sheet 9 of 10

WL/ V - HA31TABILITY'"

S~~HABITABILITY CHARACTERISTIC !

41 Heat generation for nearby personnel(I) due to Inherent WMS design

I - M*UtiQAo index fto heat)
(a) Location of WMS is not likely to raise heat level due to proxdmity to worldng and berthing areas.
(b) Location of WMS Is likely to raise heat level due to Proximity to woritng and berthing Areas.

(1) For operator/maintailner/adjacent berthing and working areas,

%AiS H 1 2 3 4 5 1 8 1 9 10 1 1 12 13 14 18 26 171 18
Data a a lb a a b lb a b / b ab a b a I ab L

42 Heat generation for nearby tersunnel(l) 41u1 to pMoedural errort/equipment failures of WMS

I - Installation Index (for hoat)

(A) Location of WMS is not likely to raise heat ldvel 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,

(1) For operator/maintainer/adjacent berthing and working sreai.

Dama a a b La a b b a b a I b a b a A b

A Noise level for personnel in vici'nity of WIS(1 )

I - INtallation index (for noise)

(a) Location of WMS Is not likely to alIse nolate lvel due to proximity to working and berthing Areas.
(b) L,•ation of WMS Is likely to raise noise level due to proximity to worklng and berthing areas.

(1) For operator/maintainer/adj acent berthing and worlding areas,

2,.s# 1 3 4 6 7 1 8 4 10 1 12 13 2 ...... 2, 11 '. I ie
Data A a a a a a a a a a A A A a A a a AA

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

L: jlillation index ffor vibration)

(a) Location of WMS Is not likely to raise vibration level due to proximity to working and bert' 'lg are.
(b) Location of WveS Is likely to raise vibration level due to proximity to working and berdn" areas.

(1) For operator/maintalner/adJacent berthing and working areas.
, -i# l 2 I.3 4 8 6 7 8 9 10 11 1 1 13 14 15 14 11 1$

Dau 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 PAMLICO (160') - New Const. Sheet 10 of 10

"•i ' M/E VI - RELIABILITY

S: 7 RELIABILITY CHARACTERISTIC

22 Extent of WMS conflguraton redundancy

WMS equipment requirements.

-Pre ened on WMS Eguig ant Lequirejants qata Popm

M/E VII - MAINTAINABILITY

MAINTAINABILITY CHARACTERISTIC

131 Acc•albi.1ty of replaceable WWS compoents

I - bmtallation Index (for acc _udbllty)

(a) High dearee of phydical clearance around WMS aquipieth.
(b) ModeratO degree of clearance atound WMS equipment,
(a) Very tight, I.e., very little clearance around WMS equipment.

Nks# 1 2 3 4 8616 7 181 10 111 12 13j 14 is1 161 1'7 18
Data b b b a b b b b b0 b b b b b b

S I •
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PAMLICO (160')

CONCLUDING REMARKS

The following are points of consideration and observation relevant
to this vessel, some of which have been included in the shipoheck
observations, and are reiterated for emphasis and convenience. It should
be noted that the vessel was under construction during most of this study
period and circumstances did not permit conducting a shipcheck. Instead,
the ship's drawings were used.

(a) The vessel is fitted with a system different from the other can-
didate vessels studied; i.e. it has a CHT system, but the flushing medium is
fresh water (instead of sea water) and the collection system is via a vacuum
tank. The collertion and holding tanks and vacuum equipment are all located

in the Auxiliary Machinery Room (2-94-0-E). The piping runs and space for
' equipment locations are convenient and well arranged, with separate runs of

black and gray water mains, lending themselves readily adaptable to the
similar WMS configurations studied. On the other hand for the non-vacuum
collection systems and thuse requiring sea water flushing, modifications will
be necessary as indicated in the shipcheck observations. Existing
piping runs would be retained where size and function are suitable, but would
have to be replaced by proper size piping where the alternative systems require.
Existing piping connections would be reused where possible.

(b) Since there was no actual shipcheck possible, it can only be assumed
from the ship's general arrangement drawings that access to ship the WMS equip-
mont aboard can be by normal cuts in the deck or vessel's side. If there is any
reason why access must be via cuts in the ship's side where fuel oil tanks are
located, the tanks will have to be washed and gas freed before any hot work can
lie done.

(c) Since there was no actual shipcheck possible, it is not known if the
stores and parts type stowage arrangement in the Storage Space (2-79-0-A) just
forward of the Auxiliary Machinery Room ian be transferred to another location.
As indicated in the "shipcheck" observations, the viability of many of
the wastewater management systems under consideration depends on the major
allocation of space in that compartment. Therefore, this would have to be
determined from an actual survey of shipboard conditions. The available
arrangement drawings convey a favorable impression, but this would remain
to be verified.
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PAMLICO (160')

(d) The vessel is fitted with trim tanks which seemingly could be
used for weight compensation. Otherwise there are no ballast provisions.

(e) The vessel is fitted with all support systems with the exception
of the sea water flushing system mentioned above, In addition, the fire pro-
tection and ventilation systems would probably require modification to suit the
systems employing incinerating and other heat producing equipment.

ii .
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APPENDIX A

PRELIMINARY INSTALLATION ANALYSIS

PAMLICO (160')

New Construction

Vessel Data
Characteristic

Class WLIC - 800

Type Construction

Tender (Inland)

Crew Size 13

Home Port New Construction
(Intended for

Operation in
Depot Corpus,
Texas)

A-1
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SUMMARY OF PRELIMINARY INSTALLATION ANALYSIS RESULTS

PAMICO (160')

TYPE SYSTEM
!.•/ ran Treatment/oispohal ACCEPTABMITY4/ Subuyu Subsystem FOR

. .(Black) B ac GNSTA T (1
i" - I G~vt - olcltfif To-lding .. ..

Collect. Tank Tank Yes

SOil Chrysler HoldingSRecircul. +HldTnk Tank Yes
V, (Chrysler: Chrysler Holding

+Incin. Tank Yes
74 Gravity Grum Flow Holding

Collect. rhru+HldTki Tank Yes
5 Grumman) Grumman Flow Thru .. .

+ Holdit a Tank .. yes
SGravity Holding Grum Flow

Collect, Tank Thru+HldTnk Yes

7 Gravity Grum Flow Holding

Collect. Thru+Incin. Tank Yes
oGrumman Pow Thru

81Grumman)_ + Incinerator Yes
"" Vacuum Holding Holdi g

Collect. Tank(2) Tank Yes
(Teod) Incinerator HoldingTank Yes

""1 GATX Holding
Evap. Tank Yes

"12 Holding Grum Flow
Tank(3) Thru+ Hld Tn Yes

13 Incinerator Grum Flow
Thru + Incin. Ys

i14 M/T Holding Holding Yes
Pump Tank TankY,

is Collect. Holding Yes
(GAT nX i Tank

'GATX Holding
.Evap. Tank Yes

17: -Holding Grum FlowTank Thru+HldTnk I

Incinerator Onum Flow Yes
_] I _ Thru + Inoin.

(1s) sied on,
Informaton contained In available vessel plans.
WMS Installation requirements.

* wh W installation criteria and guldeline.

(2) Two eubcholoes availabls for WMS No. 9 a followsr
. a - Concentrated black water utansferred tem VCT to holdin8 tank (acceptable for all veaell).

* Gb - Conocatrated black water held In VCT (acceptable for Point Herron only).

(3) Two tubehoice. AvAilable for WMS No. 12 as follows:
. 12a - Concentatod black watr transfered from VCT to holding tank (acceptable for all vessels),
, 12b - Concentratd black water held in VCT (accsptable for Point Heron only).

A-2
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PERTINENT VESSEL INFORMATION

PAMLICO (160')

Crew: 13 men

Sanitary Fixtures: 4 Waterolosets
SLUrinal
4 Showers

5 Lavatories

Hxisting Arrangement:

(a) All sanitary flushing is with fresh water,

(b) One (1) vacuum collection tank (approx. 300 gallons) with two
(2) vacuum pumps, one (1) seal water vacuum tank, and two (2) sewage pumps,
all grouped together on the ship's centerline at the forward end of the Auxiliary
Machinery Room (2-94-O-E).

(C) All gray water and black water is collected in the vacuum
collection tank (VOC T) through separate mains. Galley and turbid drains combine
upstream of a gray water transfer valve which regulates their flow to the VCT.
Galley and turbid drain mains can also each independently drain overboard
by gravity (before their combination upstream of the aforementioned transfer
valve).

(d) The vacuum collection tank can be discharged overboard or up
to hose connections port and starboard on deck for transfer to shore. Normally
this is accomplished by the sewage pumps which are fitted in duplicate.

i' 9
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PRELIMTNARY INSTALLATION ANALYSIS OF INDIVIDUAL CANDIDATE SYSTEMS

Vessel: PAMLUCO (160')

WMS No. 1 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Holding Tank for Gray Water

Sewage Holding Tank 3,419 gal. (457 cu.ft.)

Galley/Turbid Holding Tank 9,770 gal. (1306 cu. ft.)

Discussion

The system installation appears to be acceptable subject to
certain limitations.

The required black water holding tankage apparently can be
met by installing the tank in the Auxaliary Machinery Room (2-94-O-E) in
the area presently occupied by the vacuum collection tank and aisociated
equipment, Since the holding tank configuration would be contwolled by
ship support structure (stanchions, beams, etc.) some minor relocations of
equipment may have to be accomplished.

The required gray water holding tankage apparently cannot be
fully met. Approrlmatoly 900 cubic feet (6,730 gal.) can apparently be accommodated
in the Storage Space (2-79-0-A) just forward of the Auxiliary Machinery Room.
The gray water overboard pumps would be located in the same compartment.
This would eliminate use of the Storage Space for any other purposes,

A-4
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Vessel: PAMLICO (1601) .NJ

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

Sewage/Holding Tank for Gray Water

Requird

Sewage Holding Tank 638 gal. (85 cu. ft.)
Galley/'lurbid Holding Tank 9,770 gal. (1306 cu. ft.)

Chrysler Model and Quantity One (1) - A

Discussion

The system installation appears to he acceptable subject to certainlimitations. "

The required black water holding tankage apparently can be met
by installing the tank in the Auxiliary Machinery Room (2-94-O-E) just to
starboard of the area presently occupied by the vacuum collection tank. Theo
sewage overboard pumps would be located adjacent to the tank. The Chrysler
Separation Tank and the Pressurization and Fluid Maintenance Package would also
be located in the Auxiliary Machinery Room, in the location presently occupied
by the vacuum collection tank and associated pumps. Sight modification of the
area may be required to suit the arrangement.

The required gray water holding tankage cannot be fully met.
As in the case of System No. 1, approximately 900 cubic feet (6730 gal.) can
apparently be accommodated in the Storage Space (2-79-0-A) just forward of the
Auxiliary Machinery Room. The overboard pumps would also be located in the
tank compartment. This would eliminate use of the Storage Space for any other
purposes.

A-F..... ... ..... ... ... .. .I
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Vessel: PAMLICO (160')

WMS No. 3 Full Volume Flush Oil Recirculation and Gruvity Collection/
Chrysler System with Incinerator for
Sewage/Holding Tank for Gray Water

Recuired

Galley/•Thrbid Holding Tank 9,770 gal. (1306 cu. ft.)
Sludge Ejection lbnk 30 gal. (4 cu. ft.)

Chrysler Model and Quantity One (1)-A
Incinerator Model and Quantity One (I)-A

Discussion '

The system installation appears to bo acceptable subject to J
certain limitations.

The Chrysler MSD components, sludge ejection tank, and
associated pumps, can apparently be located in the forward :nd of the Auxiliary
Machinery Room in the location presently occupied by a vacuum collection tank
and pumps."

The incinerator can apparently be fitted just to starboard of the
Chrysler components. 7he incinerator stack will have to run aft into the
Engine Room and up to the weather along with the existing smoke pipes. The
fuel oil day tank will bu fitted to suit the incinerator location.

This arrangement will probably require minor relocations
(e. g. the workbench).

The required gray water holding tankage apparently cannot be .'
fully met. It will be limited to the amount and location as indicated for System
Nos. I tand 2. The overboard pumps would be located near the tank. This
would eliminate use of the Storage Space for any other purposes.

A6
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Vessel: PAM ,ICO (163')

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

1Holding Tank for Gray Water

Requred=I
Sanitary Influent Surge Tank 68 gal, (9 cu. ft.)
Galley/Turbld Holding Tank 9,770 gal. (1306 cu. ft.)
Sludge Holding T*nk 285 gal. (38 cu. ft.)

Grumman Unit One (1)

Discussion'

The system installation appears to be acceptable subject to certain
limitations.

The Grumman structure height and the apparent available
deck height in the Auxiliary Machinery Room may produce a slight inter-
ference since they are just about the same dimension. The structure could
possibly fit in the area presently occupied by the vacuum collection tank and
associated equipment. The sanitary Influent surge tank, the surge tank pump,
the overboard dlshcarge pump, the sludge transfer pump and the sludge holding
tank would be grouped on the aft and starboard sides of the Grumman structure.
'rho existhig workbench would have to be relocated,

T'he required gray water holding tankage cannot be fully met.
It will be limited to the amount and location as indicated for System Nos. 1,
2 and 3. The overboard pumps would be located near the tank. 'Ihis would
eliminate use of the Storage Space for any other purposes.

,A-
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Vessel: PAMLICO (160')

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

Black and Gray Waters

1'equired

Iniluent Surge Tank 268 gal. (36 cu. ft.)
Sludge Holding Tank I, 099 gal. (147 cu. ft.)

Grumman Unit One (1)

Discussion

The system Installation appears to be acceptable subject to
certaln limitations.

For the most part, the system with its possible limitations is
similar to System No. 4, except that there is no separate galley and turbid
holding tank required. The components would be located in the Auxiliary
Machinery Room generally as indicated for System No. 4. The larger bniduent
surge tank and sludge holding tank with their pumps would be located to suit
on the aft and starboard sides of the Grumman structure.

Minor modifications to the existing arrangement would

probably be required.

A-8• Ii:
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Vessel: PAMLICO (160')

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

Sludge Holding Tank for Gray Water

Required

G/T Influent Surge Tank 200 gal. (27 cu, ft.)
"Sewage Holding Tank 38,419 gal. (457 cu. ft.)
Sludge Holding Tank 814 gal. (109 cu. ft.)
Optional Combined Sewage/Mudge

Holding Tank 4,233 gal. (566 cu. ft.)

Grumman Unit One (1)
Discussion

"The system installation appears to be acceptable subject to certain
limitations. TWo arrangements are possible. ec

(a) The Grumman structure would be located In the Auxiliary
Machinery Room in the space occupied by the existing vacuum collection tank.
However, the structure height could be at variance with the available deck height.
The galley and turbid influent surge tank, surge tank pump, sludge holding
tank, and sludge transfer pump would be located on the aft side of the Grumman
structure. The sludge holding tank would be located to starboard of the Grumman
structure. The G/T influent surge tank would have to be pumped to the sewage
holding tank.

There is apparently Insufficient space available in the Auxiliary
Machinery Room to also include the required sewage holding tank. Therefore,
it would be located in the Storage Space (2-79-0- A) immediately forward, together
with the overboard pumps.

"lb accommodate the installation, some modifications to the
existing arrangement would be necessary.

A-9
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F ' Vessel: PAMLICO (1601)

System No. 6 (cont'd.)

(b) The installation of an optional combined sewage/sludge
holding tank is not considered practicable. Although the required tank volume•i could apparently be accommodated in the Storage Room (2-79-0- A), the

tank configuration and its location relative to the Grumman centrifuge andozone reactor does not fulfill the requirement for gravity drainage of the

centrifuge and proximity for the ozone reactor for foam drainage.

(c) The alternative arrangement Is to reverse the compartmentii locations of the components; I.e. locate the sewage holing• tank and overboard

pumps in the Auxiliary Machinery Room (as in System No. 1) and the remaining
system components in the Storage Space Immediately forward.

;I
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Vessel: PAMLICO (160@)

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 9, 770 gal. (1306 cul ft.)
Sewage Infiuent Surge Tank 68gal. (9 cu. ft.)
Fuel Oil Day Tank 25 gal. (S.3 cu. ft.)

Grumman Units One (1)
Incinerator One (1) Thiokol

Discussion

The system installation appears to be acceptable subject to

certain limitations.

For the most part, the system is basically similar to System No. 4,

with the exception that there is no sludge holding tank, but an incinerator has

been added to the Grumman structure. The system component orientations
in the A)fxliary Machinery Room would be modified slightly from that of
System No. 4 due to the additional space required by the incinerator burner.

* However, the displacements would be minor. Existing equipment would probably

require minor reorientation (e.g. the workbench). The incinerator stack

would have to be led aft into the Engine Room and up to the weather with the existing

exhaust pipes.

The required gray water holding tankage cannot be fully met.

It will be limited to the same quantity and location as in Systems 1, 2, 3 and 4

(approximately 6,730 gallons). The overboard pumps would be located near the

tank. This would eliminate use of the Storage Space for any other purposes.

A-1l.I
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Vessel: PAMLICO (160')

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

Black and Gray Waters

Influent Surge Tank 268 gal. (36 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu.ft.)

Grumman Units One (1)

Incinerators One (1) TIdokol

Discussion

The system installation appears to be acceptable subject
to certain limitations.

The system Is similar in many respects to System No. 5,
except that an incinerator is required in lieu of a sludge holding tank. The
equipment would be located in the Auxiliary Machinery Room in the space presently
occupied by the vacuum collection tank. Due to the additional space required
by the incinerator burner, the influent surge tank would be located probably to
starboard of the Grumman structure. The surge tank pump and the overboard
pumps would be located near the Influent tank. T/he fuel oil day tank would be
located. in the vicinity of the Grumman structre, probably along the forward
bulkhead of the compartment, to starboard of the ship's centerline.

The Incinerator stack would have to be led aft, to the Engine
Room and up to the weather along with the existing exhaust piping.

A- 12



Vessel: PAMLICO (160')

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

for Gray 'Water

Required

Vacuum Collection Tank 30 gal. (4. 4 cu. ft.)
Sanitary Holding TMuk 1, 070 gal. (143 cu. ft.)
(3alley/linbbid Holding Tank 9, 770 gal. (1306 cu. ft.)

Discussion

The system installation appears to be acceptable subject to
certain limitations. Reuse of existing piping arrangements would have to be con-

sidered.
The sanitary holding tank would be located in the Auxiliary

Machinery Room in place of the existing vacuum collection tank. The overboard
i pumps and the now vacuum collection tank would be located aft of the sanitary

holding tank. The vacuum pump assembly would be adjacent to the collection
tank.

.he required gray water holding tankage apparently cannot be
fully met. It would be limited to approximately 6, 780 gallons In a tank to be
located in the Storage Space just forward of the Auxiliary Machinery Room,
similar to System Nos. 1, 2, 3, 4 and 7. The overboard pumps would be located
near the tank. 7his would eliminate the use of the Storage Space for any other
puTrposes.

IA
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I
Vessel. PAMLICO (160')

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

";' Required

"Vacuum Collection Tank 120 gal.
Galley/Tlrbid Holdin Tank 9,770 gal. (1306 cu. ft.)
"Incinerator Feed Tank (Sludge) (6.5 cu. ft.)
Fuel Oil Day Tank 28 gal. (3.8 cu. ft.)

Incinerator One (1) "hIokol

Discussion

The system Installation appears to be acceptable subject to
certain limitations. Reuse of existing piping arrangements would have to be con-
sidered.

The vacuum collection tank, incinerator feed tank (sludge),
vacuum pump, and overboard pump would be located in the Auxiliary Machinery
Room in place of the existing vacuum collection tank and associated equipment
The new equipment would be oriented generally as presently arranged. The
incinerator, blower and fuel oil day tank would be located immediately to starboard
of the vacuum collection equipment. 'he incinerator stack would have to be led
aft to the Engine Room and up to the weather along with the existing exhaust
piping.

The required gray water holding tankage apparently cannot be
fully met. It would be limit,.d to approximately 6,730 gallons in a tank to be
located in the Storage Space just forward of the Auxiliary Machinery Room, similar
to System Nos. 1, 2, 3, 4, 7 and 9. The overboard pumps would be located near
the tank. This would eliminate use of the Storage Space for any other purposes.

Minor equipment relocations (a. g. workbench) would be necessary.

A-14
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Vessel: PAMLICO (160')

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

for Gray Water

ReqjuiEN

Vacuum Collection Tank 30 gal. (4, 4 cu. ft.)
Galley/7%3rbid Holding Tank 9, 770 gal. (1306 cu. ft.)

Evaporator (GAT'X) One (1) - 40 gal.
cu Catalytic Oxidizer One (1)

- • Discussion

The system Installation appears to be acceptable subject
F' to certain limitations. Reuse of existing piping arrangements would have to be

considered.I
The vacuum collection tank and various pumps (other than the

galley and turbid tank overboard pumps) would be located In the Auxiliary Machinery
Room where the existing vacuum collection equipment Is presently fitted.

oThe vaporator and the catalytic oxidizer would be located to

.starboard t the vacuum collection tank and pumps.

* Minor equipment relocation (e.g. workbench) would be
necessary.

"The required gray water holdIng tankage apparently cannot be
fully met. It would be limited to approximately 6,730 gallons in a tank located
in the Storage Space Just forward of the Auxiliary Machinery Room as In
System Nos. 1, 2, 3, 4, 7, 9 and 10. The overboard pumps would be located
adjacent to the tank. This would eliminate use of the Storage Space for any other
purposes.

tI
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Vessel: PAMLICO (160')

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 Stu.ge Tank 200 gal. (27 cu. ft.)
Sludge Holding Tank 814 gel. (109 cu. ft.)
Sewage Vacuum Collection Tank 30 gal. (4.4 cu. ft.)
Sewage Holding Tank 1, 070 gal. (143 cu. ft,)

Grumman Unit One (1)

Discussion

The system Installation appears to be acceptable subject to
certain limitations. Reuse of existing piping arrangements would have to bei ~ considered$

The sewage vacuum collection tank, vacuum pump, sewage

holding tank, wid sewage overboard pumps would be located where the existing
vacuum collection equipment is fitted in the AuMliary Machinery Room.

The galley and turbid influent sludge tank and associated pumps
would be located to starboard of the sewage collection and holding tanks.

Since the sludge holding tank should be located near the Grumman
structure to receive centrifuge and ozone reactor drabiage, and since there Is
apparently insufficient space to accommodate the Grumman structure in the
Auxiliary Machinery Room without crowding and causing extenistve existing
equipment relocations, the apparent best arrangement is to try to fit the Grumman
structure and sludge holding tank in the Storage Space forward of the Auxiliary
Machinery Room. The deck height availability could offer some problem for the
height of the Grumman unit. The sludge holding tank transfer pump would be located
near the tank,

A. 16
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Vessel: PAMLICO (163')

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

Gray Water Surge Trank 200 gal. (27 cu. ft.)
Vacuum Collection Tank 30 gal. (4.4 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu.ft.)

Grumman Unit One (1)Incinerator One (1) "Thiokol

Discussion

erin imit he system oistalation appears to be acceptable subject to

certain limitations. Reuse of existltg piping arrangements would have to be
considered. The Grumman structure would be located in the Auxiliary

Machinery Room in the space presently fitted with a vacuum collection tank and
associated equipment. The fuel oil day tank would be located near the Grumman
structure, preferably on the forward bulkhead, either to port or starboard of
the ship's centerline. The incinerator stack would have to be led aft to tho
Engine Room and up to the weather along with the existing exhaust piping.

The gray water surge tank, the surge tank pump and the overboard
pump would be located to starboard of the O'cumman structure.

The sewage vacuumn collection tank and vacuum pump would be
located just aft of the Grumman structure, either to port or starboard of the
ship's centerUne, which is more advantageous.

The principal limitation would be the ability of the evailable deck
height to accommodate the height of the Grumman structure.

1'I
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Vessel: PAMLICO (160')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Holding Tank

for Gray Water

ReMIred

Sewage Holding Tank 1,099 gal. (147 cu. ft.)
Oalley/TUrbid Holding Tank 9,770 gel. (1306 Cu, ft.)

Discussion

ce. The syatem installation appears to be acceptable subject to
,". certain limitations.

The sewage holding ,ank would be located in the Auxiliary Machinery

Room in the space where the exsting vacuum collection equipment is fitted.
The sewage overboard pumps would be located just aft of the sewage holding
tank.

The required gray water holding tankage apparently cannot be
fully met. By utilizing the maximum available room in the Storage Space
just forward of the Auxiliary Machinery Room, it Is estimated that approximately
7, 630 gallons can be held. This would require that the gray water overboard
pumps be located In the Auxiliary Machinery Room, to starboard of the new

J sewage holding tank. This arrangement would eliminate use of the Storage Space
for any other purposes.
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Vessel: PAMLICO (160')

WMS No. 15 GATX Reduced Volume Flush M/T Pump Collectlon/Incinerator

for Concentrated Black Water/Holding Tank for Gray Water

Required

Incinerator reed Tank 50 gal. (6. 7 cu. ft.)
Galley/Ubrbid Holding Thnk 9,770 gal. (1306 cu. ft.)
IPuel Oil Day Tank 28 gal. (3.8 cu. ft.)

. cinerator One (1) Ihiokol

Discussion

The system installation appears to be acceptable subject
to certain limitations.

The Incinerator with its feed tank, feed pump, blower, and
overboard pump would be located in the Auxiliary Machinery Room, in the space
presently occupied by the vacuum collection equipment, The incinerator
control box and the fuel oil day tank would be mounted on the forward bulkhead j
"of the room and as close as practicable to the incinerator.

The Incinerator stack would have to be led aft into the Engine
"Room and up to the weather along with the exlating exhaust piping.

The required gray water holding tankage apparenrly cannot befully met. By utilizing the maximum available room In rho Storage Space just :
forward of the Auxiliary Machinery Room, it is estimated that approximately
7,630 gallons can be held. This would require that the gray water overboard
pumps be located i, the Auxiliary Machinery Room, to starboard of the incineration
equipment installation. This would eliminate use of the Storage Space for any
"other pur'poses.

A-19
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Vessel: PAMLICO (160')

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

for Gray Water

Required

Galley/Thrbid Holding Tank 9,770 gal. (1306 cu. At.)

Evaporator (GATX) One (1) - 40 gal.
Catalytic Oxidizer One (1)

Discussion

The system Installation appears to be acceptable subject to
certain limitatbuns.

The system is similar to System No. 11 except that black water
here is collected via macerating/transfer pumps in lieu of vacuum collection,

"The evaporator, catalytic oxidizer, sludge pump and controls
would be located in the Auxiliary Machinery Room in the space presently occupied
by the vacuum collection equipment. The oxidizer and controls would probably
be mnounte~d on the bulkhead just forward of the evaporator.

The required gray water holding tankage apparently cannot
be fully met. By utilizing the maximum available room in the Storage
Space just forward of the Auxiliary Machinery Room, it Is estimated that
approximately 7,630 gallons can be held. This would require that the gray
water overboard pumps be located in the Auxiliary Machinery Room, to starboard
of the evaporation equipment installation. This would eliminate the Storage
Space from use for any other purposes.

-.2
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Vessel: PAML[CO (160')

WMS No. 17 GATX Reduced Volume Flush M/T Pump Collection/Holdi ing
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

Sewage Holding Tank 1, 099 gal. (147 cu. ft.)
G/T Influent Surge Tank 200 gal. (27 cu. ft.)
Sludge Holding Tank 814 gal. (109 cu. ft. )

Grumman Unit One (1)

Discustdon f

i The system installation appears to be acceptable subject to certain
" ~limitations.

:, T~he system Is similar to System No. 12 except that black water ,j

is collected here via macerator/transfer pumps in lieu of a vacuum collection
i.' system.

The sewage holding tank, its overboard discharge pumps, the
G/T influent surge tank and the surge tank pumps would be located where the
existing vacuum collection equipment is fitted in the Auxiliary Machinery Room.

The Grumman structure, the sludge holding tank and the sludge
transfer pump would be located in the Storage Space forward of the Auxiliary
Machinery Room for the same reasons of space availability and functional relationship
as indicated for System No. 12. The limitations are also as indicated for that
system.

" J
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Vessel: PAM LICO (16:1')

W2VIS No. 18 GATX Reduced Volume Flush M/T Pump Collectlon/Grumman
Flow Through System for Gray Water/Inclncerator for both

Concentrated Black Water and Gray Water Sludge

Required

Black Water Surge Tank 26 gal. (3.5 cu. ft,. )
Gray Water Surge Tank 200 gel. (27 cu. ft. )
l•tel Oil Day Tank 25 gal. (3. ,3 eu. ft. )

Grurnman Unlt One (1)
Incinerator One (I) 'lhiokol

Discussion

The system appears to be accept.able subject to
certain limitations.

The system is slmflar to System No. 13 except that black
water is collected here via macerator/transfer pumps in lieu of a vacuum collection
system. "[he remaining equipment would be located as indicated for System
No. 13. In addition, the black water surge tank and Its pumps would be located
Just act of the Grurnman structure, either to port or to starboard of the ship's
centerline, whichever is more advantageous.

The principal limitation for this system is the same as for
System No. 13.
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