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INTRODUCTION

OBJECTIVES

TS P

¢ The objective of this volume is to present a full characterization of

the five Marine Sanitary Devices (MSDs) which were hybridized to form the
subsystems of the 18 candidate Wastewater Management System (WMS) con. ] .
figurations included in this study, The purpose of this characterization is ‘

to develop the various types of generic MSD data necessary for the follow-

ing phases of this study:

. Development of the 18 candidate WMS concepts and the cor-

responding configurations suitable for each vessel included in

TR D N TIE IR T T

this study, as well as the associated installation requirements.

L : . Quantification of the effectiveness of each viable candidéte
‘ system/vaessel combination,

a
H . -

k . .+ Development of life cycle cost estimates for each viable

" T s

candidate system/vessel combination, :

In order to fulfill this objective it is necessary that all MSD data !
} be presentoed on a subsystem level (as opposed to the overall MSD system
| level) corresponding to the manner in which the MSDs were hybridized

L PRS- 1

to form the WMS candidates for managing the black (sewage and garbage
i _' grinder slurry) and gray (galley and turbid) wastowaters aboard the six
, '-, U.S. Coast Guard vessels included in this study. GCenerally, each MSD
F needs to be viewed as consisting of two major subsystems namely, the
& ’ waste Collection/Transport subsystem and the waste Treatment/Disposal

e T i U E D

subsystem MSDs whose Treatment/Disposal subsystems consist of
waste treatment equipment and an incinerator to dispose of the
residues of such wasto treatment (Chrysler and Grumman MSDs), need
to be further broken down for purposes of this study into two separate

subsystems, in order to fulfill the data requirements of the WMS conocepts
which consider the substitution of a holding tank for the incinerator,

o A - S et

BT o Sie L EE AT s ST sl s e e B e R s D
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In addition, MSD subsystem data are required for the different equipment
sizes and model types available from the manufacturers, in order to
facilitate the development of the most stuitable WMS configuration for
each vessel,

The specific types of MSD data required on a subsystem level include
the following:

. MSD description, including the following:

! ++ Principle of operation
«+ Method of implementing principle of operation
. Physical characteristics including:

R T et e s P
-

; -~ Weights
E ; - Volumes
5 - Dimensions (including maximum height)
- Pipe connection specifications
;’ .+ Vessel resource hook up requirements (e.g., fuel,

3 ; electric power, fresh water, compressed air, cooling

water, ventilation, and ambient air).

The above information is required for the development of the
candidate WMS concepts and the specific WMS oconflgurations
suitable for each vessel included in this study, as well as the

agsociated installation requirements (see Volume 1V),

MSD related effectiveness attribute data, including the follow-
ing types of information:

.. Installation characteristics

+» Performance characteristics

.. Operability characteristics

.+ Personnel safety characteristics
»+ Habitability characteristics

++ Reliability characteristics

++ Maintainability characteristics

2
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The above information, in combination with other types of information,
is required as Lnput to the effectiveness rating functions which, in tura,

is used to quantify the effectiveness of every viable candidate system
vessel combination (see Volume II),

. MSD costs, including the following:
.« Acquisition (including initial spares parts)

.+« Operation and maintenance, including the following:

- Consumables
- Repalir parts
- Labor (number of men, man-hours, skills, frequency of tasks)

- Vessel resources (fuel, electric power, fresh water,
compressed air, etc.)

.« MSD installation costs are not considered in this volume.
Instead, installation data for each viable candidate WMS
for each vessal is presented in Volume III of this raport.

The above information 1s required as input to the development of life

cycle cost estimates for each viable candidate system/vessel com- -
bination (see Volume I).

SCOPE OF MSD ANALYSIS

The MSDs to be included in this study were specified by the U.S.
Coast Guard. The selection of specific MSDs was based on two considera-
tions, First, inclusions of representatives of the different MSD concepts
currently in use or under evaluation namely, reduced volume vacuum and
pumped collection; recirculation; flow through; and CHT (cocllection,
holding and transfer). Second, inclusion of a representative from each

of the above concepts which has the most extensive history of actual use and/
or development and testing.




MSDs Considered ¢

- The five MSDs that were included in this study werse far enough along
¥ in their development to be seriously considerad for installation aboard

operaticnal vessels. In order to accommodate the need for systems of

e

& : various capacities for which the cited MSDs are not particularly appropriate,

other selected sizes and types of equipment from the same manufacturers

L --‘:5‘.—%"

were included, even though the development or testing was not as extensive

as for the MSDs originally selected. In order to qualify for inclusion in this '
E study, different sizes and models of MSD subsystems had to satisfy at '
3 least one of the following requirements, l 1
a L
9 .  Be operational -
.
. Be fabricated : ]

. Be designed (catalog item) '

T WS T AT AR T AN et e e e ey m e

Collection System was conaidered.

; . Be technically supported or endorsed by the manufacturer 1 :

The following five MSDs were considered for this study: :

]

. JERED reduced volume vacuum flush collection/incineration, j

! Model V85003 as installed on the USS Kraus (DD 848). For ’
i reduced capacity requirements, Jered's Small Boat Sewage f
] y

. GATX reduced volume flush pumped transfer collection/evapora -
tion, as installed on the Navy service craft MONOB (YAG-61).
For reduced capacity requirements, smaller evaporators which are

e U AT T

catalog items from the evaporator supplier, but which have not

e Lt A

yet had the GATX modifications designed for them, were considered, i

. Chrysler recirculating oil full volume flush collection/incinera-
tion, Aqua-Sans Models A, A/B and B, plus waste Holding Tank |
and Incinerator for Model C.
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. Grumman flow through/incineration, modified version of prototype
installed on USCGC Red Beech (WLM-686), The major modification
is the substitution of a Thiokol Corporation inginerator subsystem in
place of the Grumman incinerator., Other modifications are described

! further (see Grumman System Desoription) and in Volume IV,

. Collection, Holding and Transfer (CHT) system. The CHT System is
not proprietary to any one manufacturer, and is generally custom ‘
fitted in each installation, Therefore, tank sizes, pumps and mis- &
cellaneous functions are generalized in this document, |

Candidatc Wastewater Management Systems Considerad ."“

The manner in which the above MSDs were hybridized te form the
18 candidate Wastewater Management System {(WMS) concepts is indicated in l
Figure 1. The spacific MSD equipments used as the building blocks for '
synthesizing each viable candidate WMS configuration which is suitable for
] handling black and gray wastewaters on board each of the six vessels {ncluded
in this study are indicated in Table 1. The holding tank capacities indicated
reflect the results of shipcheocks and are necessarily those required to fulfill 1

the holding time requirements. The indicated percentages for black and gray
wastewater holding times indicate the percentages of the required black and

specifically for use as inputs to the cost and effectiveness analyses of the
WMS candidates included in this study, and are subject to the stated assump-
tions and limitations.

E gray wastewater holding tank capacities which could be fitted on the vessel ‘
I due to space restrictions. ;
: Limitations

E’ ! The MSD analysis procedures used to develop the data in this doocument

Ej‘.‘ ‘ are considered to be fairly general, and applicable for study purposes of this

[ ; type, However, the data presented in this dooument has been developed

}_‘."_
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It is noted that most of the data presented in this document
have not been validated due to the lack of extensive usage of these MSDs,
(espcclally the different models considered here) ln marine environments,
Unit and parts costs were obtained from manufacture 's whenever possible.
Other types of data, including equipment fallure rates, some of the operating and
maintenance activity times, and effectiveness attribute data (safety,

habitability, reliability, etc.) represent estimates and judgments by
Bradford personnel.

Although an attempt was made to present all MSDs at the same level
of detail, those MSDs which have been longest in service may, unfortunately,

be analyzed at a greater level of detail. There is also a tendency to

inadvertently penalize a MSD having the most detailed Operation and

Maintenance manual by including a disproportionate number of activities
compared to an MSD for which there is a dearth of information.

As a result of the above limitations, caution is advised in attempting
to use this data directly for systerhs and/or vessels specifically included
In this study.

ASSUMPTIONS

A number of assumptions and Coast Guard guidelines were used in
the course of developing the MSD data presented in this volume, Most of
these assumptions and guidelines peitain to the operation and maintenance of

the MSDs included in this study and are presented below,

Maintenance Policy

The maintenance analysis of the MSDs included in this study was
governed by the following two U,S, Coast Guard guidelines:

. To the extent possible, all MSD maintenance, including overhauls,
would be performed at dockside (at the vessel's home port) by

vessel personnel while on board the vessel (as opposed to main-
tcnance in a shipyard).
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. To the extent possible, repair of equipment is preferred to

replacament (with subsequent repair in a depot or by the

manufacturer),

The above guidelines served as the basis for defining the level at
which the MSD maintenance analysis should be conducted, as well as the
type of maintenancé activities to be included. Although it was attempted
to accommodate the above guidelines by including maintenance activities
which deal with repairs which could reasonably be accomplished by vessel
personnel, the detarmination of the level of repair (as well as which
repairs to include) remains somewhat arbitrary and 15 a matter of judgement

by the analyst.

Overhaul Intervals

Definitive overhaul policies could not be obtained from all MSD
manufacturers. As & result, an interval of two years between overhauls was

assumed for purposes of estimating MSD (life cycle) overhaul costs,

Cost of labor

Personnel aboard U.S, Coast Guard vessels are in principle available
for duty while on board and are not pald on an hourly basis or on the basis
of specific equipments which they operate and maintain. However, in order
to estimate the share of the \}es'sal-‘s manpower resources which would be
consumed by the MSD when inctalled on such vessels, it is ¢onvenient
to have an hourly labor rate for different skill levels of Coast Guard
shipboard personnel. Such hourly labor rates can then be readlly related

to MSD operating and maintenance task requirements,

Since hourly labor rates are not readily available for Coast Guard
personnel, such labor rates were developed for purposes of this study on
the basis of available data on Coast Guard personnel qualifications and
annual billet costs. Inlieu of regularly defined work schedules which
are not available for Coast Guard shipboard personnel, an eight hour day,

five days per week, work schedule was assumed for purpuses of this study.

14
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yielding 2, 080 work hours per year, Hourly labor rates were then obtained

by dividing the annual billet cost for a given skill level by 2080 (see page 18,
APPROACH),. Estimates of labor costs were based on skill requirements for

MSD operation and maintenance, rather than on personnel skill avatlabili-
ties on board a given vessel,

Cost of Vessel Resources

it e mieien SRS h e b A L 2

Although resources available aboard a vessel already exist to support
other functions and are generally not installed for the sole purpose of support-
ing an MSD, it is nevertheless important to estimate the cost of such resources
which would be cttributable to an MSD when installed on board the vessel. Another
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reason for estimating these resource requirements is that such an
estimate will help determine whether an MSD installation would strain

P R

vessel resources and perhaps require upgrading of the available storage or
yeneration capacity. Furthermore, it is noted that, except for fresh water

Igahe ORI RIR IR AT psaTer e s T e T

; which 1s stored on board some vessels (as opposad to generating it by {
E an evaporator), all vessel resources derive from conversion of fuel (see ‘{
| -

E? Appendix B for derivations), and hence constitute a direct cost l )
k item. | !
_ : I
E’- For purposes of this study the cost of vessel resources is assumed ]
E to be as follows: z
b :
i . 39¢/gallon of fuel oll {
!
g . 3¢/kwh of electric power ‘ ¢
: 3
. . 70¢/1000 gallons of fresh water, if taken from shore supply ' i
l: " . $20/1000 gallons (2¢/gallon) of fresh water, if generated on board i {
i l vessel by an evaporator : i
. 1.83¢/1000 gallons for the cost of electric power to pump ; }‘

s ;' flushing fluid Vo
A "\«'\ 0.1419 ‘ a
§ . [6.1227 (14.7 +p) '~ -8.9898) [V] is the annual cost of Lo
fj compraessed air in cents, where p 1s pressure in psig and V is 1 i
'\l "y\'-: H ,:
“2} the flow in standard cubic feet per day. x
j ¥ .
3 % 3 t
. 15 i :
D
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Miscellaneous

The following additional assumptions were made, affecting the cost

of MSD operation and maintanance: A

. The cost of lubricating oil and grease is assumed to be negligible
with the differential costs between MSDs to be insignificant,

. The standard and high wattage heating elements in all sizes of ;
GATX evaporators are assumed to be equal in cost to the standard
heaters in the currently used 80 gallon evaporator. End connec-

af tions of heating elements are a significant portion of the element

cost and is fairly constant for all wattages used. This tends to

minimize cost variations.

. Grumman MSDs are assumed to have the same operating and i
maintenance characteristics and costs regardless of the type of
waste input, i,e., combined black and gray, standard flush black
water or gray water only. Variations due to differences of influent i
flow rate will be accounted for later on in the utilization factor
applicable to a given vessel (see Volume 1). Variations due to
type of waste are too difficult and uncertain to ascertain and

are therefore ignored.

Electrical and electronic controls and the electrical portions of

motors and solenoid valves are assumed to warrant corrective
maintenance only, i.e., they are always run to failure. 3
Preventive maintenance is considered generally impossible or

tmpractical on board the vessel for these items, Replacement

or repair during overhaul will not be performed as & preventive

measure but will be done for thosa devices that have exhibited

intermittent or temporary failures.

. The times specified for maintenance are intrinsic repair times

and do not include logistic delay times such as the time to

gather tools, draw parts from stock, extensive cleanup, parts

ordering. or time to get to the compartment in which the equip-

ment is located,
16
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Corrective maintenance inc_:ludes dlagnostic time to detect and

isolate a fault as well as checkout time after repair,

Equipment in parallel, e.g., dual/redundant pumps, are assumed
to wear or fail at equal rates.

Where multiple units are involved, e.g., commodes, parallel
pumps, multiples of relays, operation (OP) preventive mainte-
nance (PM) and overhaul (OH) apply to all units, Corrective
maintenance (CM) is assumed to apply only to the one unit
that failed,

Where multiple items are involved, the failure rate of a single
item (as well as the number of spare parts used and costs thereof)
is multiplied by the number of multiple units.

Where a number of corrective maintenance actions are listed for

a component and preparative time, i.e., isolation, disassembly,
drainage, etc. is required for any of the actions, then the prepara-
tive time 18 included for each action. Far preventative mainte-
narice and overhaul, the preparative time i{s included only once,

regardless of ithe number of actions subsequently taken.,

The pressure generated by a pump that supplies flush fluid is
assumed to be 50 psig on all vessels. For pumping other liquids,
the pressure used for calculation is the known pressure require-

ment. If not known, 50 psig is generally assumed,

The pressure used for calculating compressed air power or costs
is that which is required by the end use item, Although normal
practice calls for compression to some higher level and reduc-

tion through a regulator, this energy ls ignored.

Labor costs are assumed for the minimum skill level or pay
grade that can execute the required action, regardless of the

availability of such personnel on board a given vessel,

17




. All data entries assume that the MSD is in usage all the time,

i.e,, the system and subsystem are available round the clock
(100% utilization factor). This does not mean that every device

operates continuously, but only when called for in the normal

course of operation.

. Where the load on an electrical motor cannot readily be caloulated,
E , the load i{s assumed to be equal to the full horsepower rating.

Changeover in mode of operating a WMS is assumed to be in full

? | cycles, {.e., after changing from primary WMS mode of opera-

tion to either overboard dumping or discharging to a pier connec-

tion, the WMS 1is restored to primary mode cperating status,

L TTWRTE T

APPROACH

The approach used in the development of the MSD data presented :
in this volume is discussed below. 'l

T TS e T ST

Sources of Data

-t

b ' The following sources of data were utilized in the development of

the MSD information presented in this volume:

i ' . Visits to Coast Guard, Army, Navy, and commercial vessels on
' which the MSDs included in this study have been fnstalled and
are either operational or are under evaluation. These visists

L provided an opportunity to inspect the installation of these sys-
‘ tems and to obtain information on the operation, maintenance,

E AP S V.V S UURUNU S I U - S 1~ D W SRR

: performance, habitability and other related aspects of these
MSDs.

. MSD Operating and Maintenance Manuals.

e S D

. MSD manufacturer personnel and literature.

R

. Navy MSD test and evaluation reports.,

. Navy personnel conducting MSD test and evaluation studies,

. Navy Maintenance Requirements Cards (MRCs) for Jered

and GATX MSDs.,
18
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. U.S. Coast Guard personnel conducting MSD test and evaluation
studies. .

. Engineering judgements by Bradford personnel.

3 . Whenever practical, the source of data or estimates have been
indicated in footnotes. In order to acquire the most realistic data, Y
preference was given to information obtained from operational experience,
i,e., from personnel running operating eguipment or demonstration tests. :
| The hands-on experience by manufacturers was ranked second but was k
tempered by the supposition of inherent bias, Where inconsistent data P
were obtained from two or more equally ranked sources, the most penalizing,

credible data ware used. This is compatible with the case of a manufacturer

recommending more preventive maintenance than was performed by operating
B S

personnel, The assumption is that the personnel were too busy or lax and

in this study, It 18 noted that since CHT systems are not standard MSD

' [
{ .
I v
had not yet seen the results of their fatlure to provide adequate preventive :

} f

i maintenance, §

[ '

t MSD Descriptions and Physical Characteristics ; 1
l, MSD descriptions and physical characteristics were derived from "-;
i ! MSD O&M Manuals, manufacturer literature and personnel, and { }
’ Bradford personnel familiarity with some of the MSDs included X
‘ ' ;
: |

b : systams marketed as such by MSD manufacturers, but instead are custom
: J fitted for a vessel, specific CHT physical characteristics (such as weight
i : and volume) cannot be given, Physical characteristics of CHT systems

g are presented in Volume III of thig report as part of the WMS installation
analysis,

e w

The MSD effactiveness attribute data represents generic MSD

e

characteriatica which are specifically of interest in assessing the overall

i
%
MSD Effectiveness Attribute Data 5 1
effectiveness of the candidate WMS configurations for each vessel, These

19
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L

data were developed on the basis of the MSD analyses, available informa-
tion, and judgements by Bradford personnel. Wherever considered appro-

priate, the data are supported by footnotes to explain the reasoning that led

to gpecific results or judgements,

fulfilling the input requirements of the structure of the effectiveness model
and the associlated effectivenass rating functions developed in Volume 2,.
These effectiveness attribute data are organized by MSD and within each

MSD are subdivided by Measure of Effectiveness (M/E), There are seven ;
M/Es which essentially are intended to evaluate different aspects or ; .'
characteristics of the MSDs. The seven M/Es or types of characteristics 1

{
The MSD effectiveness attribute data are geared to the objective of j
s

| ]
arae as follows: _ R

. I - ADPATABILITY FOR SHIPROARD INSTALIATION 4
. II - PERFORMANCE B
. IIT . OPERABILITY

. IV - PERSONNEL SAFETY
.V - HABITABILITY

. VI - RELIABILITY

. VII - MAINTAINABILITY

Within cach M/E tho offectiveness attribute data are organized by
clementary factor/subfactor which are identified by a unique number. These
elementary factors/subfactors address specific MSD characteristics or

attributes, some of which are subjective in nature.

In order to fulfill the objectives of this study, the effectivenass
attribute data are presented on an MSD subsystem level in accordance with
the manner in which these MSDs ara hybridized to form the 18 candiaate
WMS concepts includod in this study. The relationship between effective- f:
ness attribute data at the MSD subsystem level and the WMS level is
presented in Tables 2 and 3, which indicate cross-raferences betwaen

20 “_




Table 2

WMS/MSD CROSS REFERENCE FOR EFFECTIVENESS ATTRIBUTE DATA

[WMS [[Collection/Transport Treatment/Disposal Subsystem
No. [ISubsystem gBIack! Black Gray —
s 1 CHT CHY CHT
l 2 Chrysler Chrysler with Hold-] CHT
. ; 3 || Chrysler Chrysler with Inci- | CHT
nerator
4 4 Grumman Grumman with Hold{ CHT
ing Tank
5 Grumman Grumman with Holding Tank
;o 6 CHT CHT Grumman with Hold{ng
: : Tank
7 Grumman Grumman with Inci-| CHT
nerator !
, 8 Grumman Grumman with Inclnerator
. 9 Jered (1) CHT CHT
: 10 ﬁ __7ered (V) Igﬁg%kd @) | onr
| 11 Jored (1) GATX CHT
; 12 ” Jered (V) CHT Grumman with Holding
Tank
13 Jered (1) Thiokol (3) Grumman with Incine-
Incinerator rator
14 GATX CHT CHT
i
15 GATX Jered/Thickol (3)| cmy
; 16 GATX GATX CHT
i : 17 “ GATX CHT Grumman with Holding
: N Tank
. 18 GATX Thiokol (3)| Grumman with Incine-
: [nginerator rator
Q (1) Large or small boat system, depending on vessel. Effectiveness attri.
'?; bute data based on large boat system,
(2) Tered or Thiokol incinerator, depending on vessel. Effectiveness attri-
@'} bute data based on Jered incinerator,
4 (3) Thiokol incinerator used in conjunction with the Grumman MSD treating
¥ * the gray water stream. Effectiveness attribute data based on Jered
f‘« Incinecator. 21
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Tabls 3
MSD/WMS CROSS REFERENCE FOR EFFECTIVENESS ATTRIBUTE DATA

JERED

Collection/Transport | Treatment/Disposal
Subsystem (Black) 1.3 t a
9, 10, 11, 12, 13 10%, 13%%, 15%, 1g¥*
_GATX
_ Collection/Transport Treatment/Disposal
: Subsystem (Black) Subsystem (Black)
S 14, 15, 16, 17, 18 11, 16
,{.
L CHRYSLER

4 Collection/Trans port Treatment/DIsposal subsystem (BlAack)
Subsystem (Black) With Holding Tank [ With Incinerator

LE b o dcd s

2,3 2 3
4 GRUMMAN
4 Collection/Transport Treatment/Disposal Subsystem
3 Subsystem (Black) MMQIFLDSJ&BL_With Incinerator
! Black Gray Black Gray
:/ 4’ s' 70 8. 4. 5 5. 6. 12| 7' 8 8. 13. 18
d 17

] CHIT

3 Collection/Transport Treatment/Disposal Subsystem

: | Subsystem (Black) Black “Gray

i 1, 6 1, 6,9, 12, 14, | 1, 2, 3, 4, 7, 9, 10,13,
17 14, 15, 16

* Jered or Thiokol incinerator. Effectiveness attribute date
based on Jerad incinerator,
** Thiokol incinerator. Effectiveness attrib.'te data based on
Jered incinerator.
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_ WMS No. and MSD subsystem and vice versa. Table 2, in effect, indicates

how the 18 WMS concepts (see Figure 1) have been formed as hybrid com-
binations of the MSD subsystems. The manner in which effectivenaess attribute
data at the MSD subsystem level is combined to form effectiveness attribute
data at the WMS level (sometimes in combination with other types of attribute

: data, e.g., WMS installation related attribute data) 1s documented by each

" effectiveness rating function for the correspondingly numbered elementary

factor or subfactor (see effectiveness rating functions in Volume 2 of this
report) .

Aoquigition Costs

Acquisition costs were obtained from MSD manufacturers, Exceptions :
were the Grumman MSD, and the Thiokol incinerator used with the Grumman.
Estimated acquisition costs for these two subsystems were provided by the f
Coast Guard. Since CHT systems are not standard MSD systems marketed
as such by MSD manufacturers, but instead are custom fitted for a vessel,
a CHT system is assumed to have no acquisition cost., A CIIT system is ;
‘{ assumed to have an installation cost only, 1.e., the cost of required .
j'» ' materials to fabricate tho tanks, and the cost of associated pumps are con-
i | sidered to be part of the installation cost (operating and maintenance f

associated with CHT systems aro treated in the same manner as other MSDs).

In accordance with the objectives of this study, acquisition costs
were solicited from MSD manufacturers on a subsystem level (rather than
on an overall MSD level), corresponding to the manner in which the MSDs
have been hybridized to form the 18 WMS ocandidate concepts.,

Accordingly, data forms were prepared for each MSD in which each
subsystem, inocluding all different equipment sizes and model types of
interest, were individually listed, The MSD manufacturer was requested
to provide an acquisition cost for each listed subsystem or equipment

i
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on the basis of 1976 costs and a production run of up to 100 units.

: addition, cost estimates were requested for initial spares packages
4 required to sﬁpport each listed subsystem, together with estimates of
how many subsystems can reasonably be supported by one initial spares

i Le £

3 L_ package.
Labor Rates for M8D Operation and Maintenance

e e e, D LT

Guidance for selection of skill ievel was furnished by a Coast Guard b
k. Manual1 which does not give qualifications for ratings below E4, Abstracts ; 4
of skill level abilities are given in Table 4. Labor costs for various skill c
levals were obtained from a Coast Guard Lv.mdy2 which reflects total costs
to the government including such often neglected items as cost of eduoca-
tion and training, severance pay, pensions, etc, Annual billet cost was
converted to hourly rates by using the Coast Guard assumed working time
4 : as 2080 hours par year, These rates are presented in Table 5. The apparent .
) | discrepancy in pay rates between an electrician's mate and a machinery '

tochnician is primarily due to tha difference in the median years of service.,

Conversion of labor grades of Navy personnel, prescribed for main-
tenance actions on MRCs, was made by equating a Fireman as an E2, and

1 EM3, and EN3 ag an E3,

1 ': (1) Enlisted Qualificat'on Manual CG-311 (1975) DOT, USCG.

. (2) USCG Military and Civilian Manpower Billet and Life Cycle Costing, ,’
[ July 1978, _3
i b
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Table 4
RATINGS AND SKILLS OF USCG ENLISTED PERSONNEL

Batinges
Chtef Petty Officer - E7

Petty Officer 1t class - ES
Petty Officer 2nd class - ES
Petty Officer 3rd ¢lass « E4

Akills
E4 Electricians Mate or Electronies Technician EM or ET
Knowledge to replace motor bearings

Knowladge of common motor faults
Testing of miscellaneous appliances

24 Machinery Technleian MK
Changs dehydrator {n refrigeration systam
Operate halogen leak detector
Repack compressor atufling boxes

Line up, start, operate and sscure miscellansous auxiliary uquip.
cment, 8g: &ir compressors

environmental pollution contrel system

ES Electric/un'a Mete or Eldctronic Technician EM or ET

Rawind controller solencids
Replace heating units, thermostats, relays, switches
1C eguipment maintenance

Assist in repair and adjustment of slectric motors and associated
equipment

E3 Machinery Technician MK

Chemically rumove scale from distilling plant
Change/add oil to refrigarstion comprassor
Datermine wear and ovarhaul pump

Adjust automatic ragulating valves

ES Electricians' Mate or Elactronics Technician EM or ET

Adjust time-seguencs relay
Trouble shoot electrical control cirouits and follow corrective procedures

ES_Machinery Technician MK

Tett and renaw oil nanls in refrigeration compreasor
Major repairs on refrigeration system

* From DOT USCG Enlisted Qualifications Manual CG.311 (1978

Table 5
LABOR RATES*
pay Grade *nnuni& ﬂourly Eato fnnual y Hour.’y Rate
ML) U 7./ It {$houn)
E-2 11,332 5,45 13,038 6,27
E-3 12,398 8.98 14,238 6.84
E-4 13, 522 6.50 15, 425 7,42
E.S 18,023 7.32 16,911 8.13
B.8 20, 240 9,73 53,218 11,16

+ Source of annual billet costs . USCG Military and Ctvilian Manpower
Billet and Life Cyole Costing, fuly 1975,

* Howly rate based on annua) billat costs and assumed 2080 hours per year.
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Analysis and Classification of Operating and Maintenance Tasks

Analysis of MSD operating and maintenance requirements provides
data for estimating the WMS life cycle costs of the recurring expenditures

(as opposed to the fixed costs of acquisition and installation), However,

T

Slletris ke i

which can be obtained from such an analysis (some of which constitutes
affactiveness attribute data) includes the following:

1

besides providing cost information, a lot of added useful information }

3 can be gleaned from such an analysis if the data are recorded and organized - i
in an orderly and systematic manner. Specifically, the type of information '!

i

. Man-hour resource utilization, including the following:

++ Number of men required Vo
!

.. Skill level requirj&ments

.. Total man-hour rdquirements
.. Pericdicity and duration of operating/maintenance tasks
. Consumable requirements

- m

. Spare and repair parts logistic requirements
. Vassel resource requiremants (fuel, electric power, fresh water,
compressed air, etc.).

e —— TSR < T T L e T e

R ke

In order to proceed with this analysis in an orderly fashion, all
activities associated with MSDs were divided into two main categories,
namely:

o TTE

. Operation

. Maintenance

;. MSD maintenance was then subdivided into the following three |
subcategories: i
|

. Preventive (scheduled) maintenance
. Corrective (unscheduled) maintenance }

.  Overhaul i

26
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It is noted that such categorization not only facilitates analysis of MSD
operation and maintenance, but it can also yield some important information
and direction for MSD improvement programs. Some examples of this

are:

s o A s G,

. If operating requirements are unduly severe, automation of

the operation might be considered.

. If the corrective maintenance burden is too severe, relief 3

might be sought along the lines of equipment/system reliability
improvement, or inclusion of additional or better fault detection

and/or isolation devicas. |

. If the preventive maintenance burden is considered to be too
1y . great, it might be alleviated by substitution of materials which
require less maintenance, by redesign, by adoption of different

Et‘- maintenance procedures or schedules, by parts substitution, etc.

. If overhauls are considered to take too long, thus making the ,
equipmant (and perhaps the vessel) unavailable for unacceptably E
long periods of time, progressive maintenance might be considered. '
Progressive maintenance, an approach utilized by the Navy, calls
for modularization of the system in such a way that overhauls
are in effect stretched out over time (as opposed to complete
overhaul at one time). This is accomplished by substituting
a major system module (which takes comparatively little time)
with one taken from a pool of such modules which have been

overhauled prior to the ship's arrival at the yard., During each

R ship visit, a different module is interchanged, In time, the

entire systam will have undergone overhaul.
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Before the analysis of MSD operating and maintenance requirements
could proceed, it was necessary to ensure that the above categorization
of task types was well defined and unambiguous, Corrective maintenance
tasks arise as a rasult of random equipment failures and hence are not
scheduled tasks. Overhauls are scheduled after extended system operation
and are intended to restore systems to their original status, to make major
modifications or improvements, and generally to éounteract the effects of

wearout, sO as to prevent major system breakdowns,

However, operation and preventive and maintenance tasks are both
scheduled and a priori prescribed activities, and the distinction between them
is not always obvious. Certaln activities clearly fall into one or the other
category, FPor example, removing ashes from an ineinerator or adding
chemicals to a waste traatment system are clearly operating activities,
Similarly, greasing bearings is clearly a preventive maintenance activity.
But, how should one classify an activity such as replacing a filter? Is it
an operating activity or is it a prevehtive maintenance activity ? The answer
is not a priori obvious, nor are there well established definitions of tasks
which would help one to decide one way or another.

To resolve such ambiguities, a rule had to be established against which
ambiguous tasks could be tested in order to determine whether it is to be
categorized as an operating activity or a preventive maintenance activity,

The rule adopted 1s based on the following conventions:

. A task is classified as an operating activity if the following

two conditions apply:

.. Pailure to perform this task may degrade the performance of
the rystem so that it is longer in conformance with specifica-
tious or it may become unacceptable (e.g., a reduction
in the rate of processing wastes, or an increase in odor),

e ———————.




' .. However, failure to perform this task will not result in

' system/subsystem/equipment failures or accelerated wear-

out of any system componaent,

-

} A task is classified as a preventive maintenance activity if the
following two conditions apply:

V. .« Failure to perform this task may result in a system/subsystem/
equipment failure, or the accelerated wearout of one or more

‘ system components,

.+« However, failure to perform this task will not result in the
performance of the system to be degraded so that it no longaer

',
a9
R

1
:
g
.
i

conforms to specifications or becomes unacceptable. ;

The above rule can be used to resolve the question raised earlier
whether replacement of a filter constitutes an operating or a preventive
: maintenance task. The answer depends on the type, or the function, of the filter i
is8 in question. If the filter is used to pvify wastes, replacement of the filter
is an operating activity, On the othor hand, if the filter 15 used to purify
lubricating oil, replacement of the filter s a preventive maintenance ',;“
activity. Further discussion and definitions of operating and maintenance 1

" ’ task categories appear in Appendix B.

r! : Treatment of Dependencies Inherent in Operating/Maintenance Data

Ir accordance with the objectives of this analysis, it is necessary
to present MSD operating and maintenance data on a subsystem level (as
opposed to the overall MSD level) corresponding to the manner in which
the MSD are hybridized to form the candidate WMS configurations, This
"‘ ‘ requirement poses special problems in the development and presentation

of operating and maintenance data. ¢
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These problems arise from the fact that the data to be presented
should be generic and general MSD data which are applicable for evaluating
any WMS configuration on any given vessel. However, some of the data
depend on other factors, such as vesssl] type, crew size, installation,
etc. As a result, when such dependencies occur, explicit data cannot be
provided. Instead, the data (i.e., quantities or costs) have to be expressed
in terms of one or more variables which depend on the vessel, the installa-
tion, mission profiles, etc, Only when the context and speocifics of a given
WMS configuration on a given vessel become known can values be assigned

to these variables and the data (at the WMS level not the MSD subsystem
level) can be made explicit.

Examples of such dependancies and the manner in which they are
treated include the following:

. Operation/maintenance activities, part requirements, and
vessel resource utilization of fixtures, pumps, etc., depend on
the number of such units for any candidate system/vessel
oombination. As a result, data have to be given on a per unit
basis rather than on a per system or subsystem basis.

. Vessel resource utilization and certain replacament part
{e.g., Jered and Chrysler incinerator liners) requirements are
a function of crew size, As a result, such data are given on a

per capita basis rather than on a per system or subsystem basis.

. labor and costs for mode changeovers (from primary mode to over-
board discharge or plerside connection, and vice versa) depend on
vessel mission profiles (i.e., the number of 3-mile limit
crossings and the number of pier dockings). As a result, such
data are given on a per mode changeover basis rather than on a

system or subsystem basis,
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. The cost of fresh water depends on the type of vassel on
which the WMS is installed, i.e., the source of fresh water-
whether taken from shors and stored or whether generated on
board the vessel by an evaporator. This is due to the large
| difference in cost of fresh water depending on source (70¢/
' 1000 gallons for stored water versus $20/1000 gallons for
generated water), As a result, two different costs are given for

{ fresh water.

. The electric power consumption and cost for compressed air

| : depends on both the rate of usage and the pressure at which it
- is used. If compressed air is used by an MSD subsystem at a
known pressure, then the cost of this vessel resource can

be calculated on a per subsystem basis. However, compressed
air used to aerate a black water holding tank depends on both
the volume and the maximum height of the holding tank, since
this height will determine the pressure at which compressed air
is used. However, tank dimensions are vessel installation
dependent and hence are variables. As a rasult, compressed
air consumption and cost are given in terms of the two variables:
rate of consumption and pressure, rather than on a system or

subsystem basis.

Presentation of Operating/Maintenance Data

5 Data for operating and matntenance tasks were recorded on the data
sheets shown in Figures 2, 3, 4 and 5 for operating, preventive maintenance,
corrective maintenance and overhaul tasks, respectively. The data are
presented on an MSD basis and within an MSD in the sequence: operation,
preventive maintenance, corrective maintenance, and overhaul, The data
presented in the four sections are grouped by MSD subsystem and sometimes
by sub-subsystem. The groupings are consistent for each MSD. These
separations permit assessment of a hybrid WMS which, for example, utilizes
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MSD MAJOR OVERHAUL “HARACTERISTICS AND COST ESTIMATES
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the collection subsystem from one MSD with the treatment subsystem from
a different MSD., Where the MSD manufacturer has established more than

one sizo (or capacity) component, equipment or subsystem, the different \
sizes are included.

Every MSD operating or maintenance activity that would have a reason-
ably significant impact on labor, vessel resources, material consumption or
b spare parts was included on these forms. For oxample, fixture flushing by users
' , has no effect on labor for operation or maintenance but has an effect on vessel
- resouro'e consumption (electric power and, for Jered and GATX ocollection. !
1 ' subcystem, fresh water), l

Sources of data for the activities included the manufacturer's O&M : ‘
manual, Navy MSD test reports, prelininary Navy Maintenance Requirement
Cards (MRC) for GATX and Jered MSDs, and recommendations by the Manufacturer,
Coast Guard personnel, demonstration vessel personnel and the engineering
judgment of Bradford personnel. Data were obtained from these sources in
addition to calculated information. Calculations for vessel resource utilization
were based on equations furnished by the Coast Guard, and are detailed in
Appendix B.

Much of the data giving the time required to carry out an action was
estimated by Bradford personnel using their own personal experience as well as
; the similarities to actions observed, tested for and prescribed by others. The
\ time given for execution of the action is usually without allowanoce for time to 3
p get to the scene of the action, gathering tools, withdrawing parts from stock, l
extensive cleanup or procedures for replacement of stock. .

_ The skill level required for a stated activity is the assumed minimum
': level, A system is not penalized if manpower availability aboard the vessel
' dictates the use of more skilled operating or maintenance personnel than is 4
necessary.

g Operation and maintenance on MSD can be provided with only two .
ratings: Machinery Technician (MK) and Electriclans Mate (EM). The few |
3 simple electronic tasks are assumed to be within the electricians mate's -
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capability and the pay differences are within 10%. The pay grades and
=kill type arr combined for simplicity of prcsentation; e.9.,, MK2 is

an E-2 machinery technician; EMS5 is an E-5 electrician's mate.

Estimated time required for a given activity is given in hours-minutes,
The following examples explain the method of representation. Twenty
minutes {8 shown as -20, seventy five minutes as 1-15, and cne hundred
and twenty minutas as 2.,

Electrical controls are treated in the data forms with the subsystem
or sub-subsystem (component) to which they are related., The power and
cost of automatic operation are included with those for the component or
subsystem, Power consumption data reflect the integrated value for items

that do not operate continuously or at constant rates,

Multiple units are indicated by a number in parenthesas following
the item name in the activity description whenever the number of units is
known, Operation, preventive maintenance and overhaul apuly to all of the
multiples. Corrective maintenance applies only to the one failed unit but
the estimated frequency of failure, as well as the number/cost of spares
used, takes the population into account,

Wherever practical, the data shown are dependent only on the MSD
being operational, e.g., an exhaust blower that runs continuously whenever
the system is on. However, some data are clearly dependent on the number
of men using the system, e.g., power to pump flush fluid, These data are
given in per capita form. Where characteristica and costs are depaendent
partly on the MSD and partly on crew size, a judgment was made as to the
significance and difficulty of calculation and a selection was made of the
method of calculation to be used. lLabor costs to switch the MSD mode
of operation from treatment to off icading or to pumping overboard are mission
profile dependent, These data are given in per cyesle form, where a cycle
includes the reversal of mode changeover. Vessel dependent data, in these
tables, are found in the cost of fresh water which {8 contingent upon the
source, l.e., generated on board or storage of shoreside supply. The
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resulting water costs are shown both ways, Installation dependence occurs
- in instances where the number of multiple units is varlable within an MSD,
i.e..‘num‘ber of commodes, urinals, transfer pumps, etc, Cost flgures are
given per unit or per pump. In summary, dapendent data are presented in one
of the following forms: |

; . Data reflecting both MSD and per capita influence, are shown
% ‘ in the form (X.XX + Y.YY/capita). |
A,;_f’ x .. Data that are not dependent only upon an MSD are presented in
‘ | one of the following appropriaté forms: “

. S ©«.  x.xx/c = valua per capita

i «»  X.Xx/cy = value per (changeover) cycle

, ’ : Ces . Rexx/unit = value per unit, i.e., per commode, per flushometer

| .‘ \ «+  XeXX/pump = value per pump '
3 ! Data entries frequently have superscript latters to indicate the general

origin of the entry. The coding for these lattors (which vmit the 1 and 1
characters) are: |

3 a. Manufacturer's Operation and Maintenance (O&M) Manual
b. Manufacturer's catalog/literature/letter :
. Manufacturer's report ‘\
d. Manufacturer's personnel i
4 e. Demonstration vessel personnel
f. U.8. Coast Guard report 1
k. f g. U.S, Coast Guard personnel ,'
I : h. U.S. Navy raport 3.
b {« U.8. Navy personnel b
; k. Bradford calculation
: ;,f m. Bradford personnel judgment or estimate .
i:’ n. Navy Maintenance Requirement Card (MRC) (possibly preliminary) |

p. U.S Coast Guard demonstration vessel data log
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The first three columns of each data form present then (1) time between
repatition of the activity, (2) time for execution of the activity and (3) the

number and labor category of personnel required, Since so many entries in

these columns were the result of Bradford perscnnel judgment, the supers

script 'm' was omitted for clarity and easier reading. Other sources of input

are always indicated. Obvious calculations such as annual hours, annual
labor coste, total material costs and the sum of material and labor costs
wate performed by Bradford but the data are entered without superscript,
The superscript 'k’ indicates that>the data were from another source but

manipulated or converted by Bradford to conform to the column heading

format. Data from another source that was manipulated by Bradford personnel,

having to make judgments in the process, received an 'm' as the superscript.
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JERED SEWAGE DISPOSAL SYSTEM

PRINCIPLES OF OPERATION

The Jered MSD is based on the use of vacuum collection of human
wastes from proprietary, reduced flush commodes, Wastes from standard
urinals are also collected by the vacuum drains by means of a special
interface valve, The collected sewage is Incinerated in a vortex inclhecator, '
It is the only MSD considered in thig study that provides motive power for ) | ‘

T e e et e

transport of sewage at the central collection site.

The primary Jered MSD under consideration 18 the model V85003 that !
was (nstalled as a test system on the USS Kraus., The system has the 5
capaoity to handle a maximum of 200 men on a 24-hour hasis. In order to |
examine a vaguum collection system that is practical for signlficantly fewer
ucers, the Jered Small Boat Collection System was inoluded in thig study.
The small boat system is essentially a collection and holding system; it
does not include an Incinerator, Avallable information on this syatem is
much lees extenslve that for the 200-man system, The small boat system
is available in different capacities. In the description of it below, prospeoctive
minor modifications are discussed whioh would be expected lf the system is
to be adapted for use with a small incineration subsystem, possibly by

another manufacturer, Currently, Jered has only one size incinerator,

The 200-man MSD is an automatic system but requires an operator for
periodic ash removal from the lncinerator. However, the system is quite
complex and requires a fair amount of operator and preventive maintenance

actions.

A function blook diagram of the Jered Large Boat Sewage Disposal
System is presented in Pigure 6, A funoctional block diagram of the Jered
Small Boat Waste Collection System appears in Figure 7,
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SYSTEM DESCRIPTION

The more detailed descripticn will bagically address the 200-man MSD.,
Description of the small boat system, which uses the same type of plumbing
fixtures and drain piping, will be glven after the description for the 200-man
MSD, both for the collection and inclnerator subsystems,

Collection Subsystem (200-manMSD)

The collection subsystem is comprised of:

. Vacuum operated commedes

. Standard urinals with vacuum interface valve

' vacuum drain pipes

« Vacuum collection tank (VCT) assembly

A, vVacuum QOperated Commodas

The vacuum toilet is shaped like a domestic toilet but is made of
porcelain coated steel. The outlet for wastes, a 1 1/2" hole at the bottom
of the bowl, is sealed from underneath by a Sewage Discharge Valve. At
the top rear of the unit is a diaphragm covered push button. When flushing
is required, the user depresses the push button, Within seconds,
the flushing sequence occurs. Flush water from the vessel's fresh water
supply starts to rinse the walls of the bowl. The digcharge valve opens the
bowl outlet. Vacuum vigorously sucks the waste, rinse water and air into
the drain line for a second or two, A small amount of rinse water is retained
after the discharge valve closes. This water helps to effect a seal against
the vacuum. The entire cycle takes about 8ix seconds,

Located inside the commode, between the bowl and the external
housing, are 8ix control agsemblies that are operated by the vacuum existing
in the drain pipe, They are:

. Activation Valve - This is the valve that starts the flush
sequence when the user depresses its push button, If
the vacuum 18 insuffictent to properly flush the commode,
the valve remains cocked until the vacuum is adequate
and then starts the sequence.

43




A +  Gravity Timer - This assembly controls the timing of the
E_ various sequerces by means of cam operated valves, It
is adjustable.

. Vacuum-Dispensing Valve - This valve acts as a pneu- a
matic amplifier or power relay. The small valves in the .
gravity timer actuate the vacuum dispensing valve which '

} . allows a large, rapid flow of air from the piston actuator

in the sewage dispensing valve,

. Sewage-Dispensing Valve - This valve seals the bowl
; from the vacuum in the drain pipe until called upon to
open during the flush sequence, '

. Check valve Assembly « This assembly helps operate the

four assemblies above,

»  Water.Digpensing Valve - This valve releases frosh water !

F
|
3
E
] to the flush ring in the commode for rinsing the bowl.
The timing is set to draw the wastes, flush water (about two pints) and about
/

, 3.5 standard cubic feet of air each time the flush mechanism is actuated.
y B. Urinals and Vacuum Interface Valves (Urinal Discharge Valves)

The urinals are standard, existing units with standard flushometers

; accurately adjusted to deliver about one pint of rinse water per flush, The
urinals in one vessel compartment are piped to a single gravity drained line
o leading to an interface valve (each interface valve can accommodate up to
5 urinals). The valve, called a Urinal Discharge Valve, isolates the

, : gravity-deained line from the vacuum draln line. The valve opens when it
9 : detects a quantity of urine and flush water exerting a static pressure on a
float, Little or no air passes through the valve into the vacuum drain line

during operation.
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cC. Vacuum Drain Pipes

The vacuum drain pires are small diameter lines: 1 1/2 inch at the
commode, and 2 inch from the junction of individual commode drains to the
collection tank, The air that entsrs the line through the commode during
a flush operatior: is approximately 3,5 cubic feet in volume. The sewage

sucked into the drain line will travel in the form of a slug for over 150

linear fest by the time the commode valve closes. The entrapped air

expands to about seven cubic feet at the collection tank pressure of half

an atmosphere, This volume of air is sufficient to drive the slug of sewage

300 feet in a two-lnch line. Thus, the output of sewage from a commode

can be expected to reach the collection tank in one action taking only a
few seconds,

Since the drain pipe cross section is always filled, with either the
slug of sewage (about 17 inches long) or air, the pipes need not bs sloped
for drainage, In fact, the watser can be made to flow verttcally upward for
a distarice of six to eight feet or up an incline of a few degrees. At regular
intervals, the drain pipe {8 bent into a shallow dip so that water adhering
to the pipe walls, or the urine and flush water that enters the vacuum pipe
through the urine discharge valve, wlll collect In these depressions to

form slugs. The next flush action will sweep the collected slugs ahead of

the incoming sewage,
D. Vacuum Collection Tank Assembly (200.man unit)

The 200-man vacuum collection tank (VCT) assembly is skid mounted
and contains the following items:
» VCT

. Dual vacuum pumps and gseal water tank
. Grinder pump

. Effluent pump
. Transfer/dump pump

. Fluld {natruments, valves, and controls
R Electrical instruments and controls
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a. VCT

The VCT is an upright cylinder with disked heads top and bottom,
approximately 3. 5 feet in diameter and four feet high, It holds

224 gallons to the high level shut-down point. The unit tnstalled |
on the USS Kraus and possibly those on the Spruance class de- !
stroyers had a vertical baffle that divided the tank into two com-

partments. The first compartment (coarse gide) received incoming
sewage. The second compartment (fine side) received sewage that K
had passed through the grinder pump once, Current design uses | 1
no baffle so that the sewage can recirculate through the grinder |

pump for a statistical average of seven times.

i
The tank normally operates at 14 to 20 inches of mercury vacuum :
(Hg Vac). A vacuum relief valve prevents stronger vacuums, The |
tank is constructed to withstand an internal pressure of 50 psig ]
and i{s protected by a pressure rellef valve. The pressure capa-
bility permits the tank to be evacuated by using compressed alr ;
to drive the sewage out during emergency conditions,

The tank has multiple probes that sense liquid level by ¢onductance,
Upon contact with sewage a small current flow triggers a sensitive
transistor relay. The origlnal design of a two-compartment tank

has ten probes, five in each half, with one on each stde acting

as a common ground. With an unbaffled tank, only five probes
(Indicating four distinct levels) will be necessary.

b. Vacuum Pumps and Seal Water Tank

Dual vacuum pumps, direct coupled to electric motors, are in-
{ gtalled in parallel, atop the seal water tank. They are water
f ring seal pumps, drawing fresh water from the tank and dis- '\
charging the alr-water mixture back into the tank for separation,
' Alr leaves the tank through a vent line, The heat of air com-
b pression is absorbed by the water in the seal tank, If the water

! E
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temperature {s too high, pumping efficliency drops and operators

: sometimes replace the water just to lower the temperature, The

i
. e

' water {8 periodically replaced to avold corrosion by the gases
‘ absorbed in it,

Two vacuum switches control the operation of the pumps, As
the absolute pressure rises to 6. 86 psia* (16 in. Hg Vac.) the

S TR TR,

"run" pump starts up and continues untll the pressure reaches
4.9 psia (20 In. Hg Vac.) If system usage ts heavy enough so
k that the one vacuum pump Ls Inadequate, the "standby" pump

|

ls started when the absolute pressure rises to 7, 84 psia
(14 in, Hg.Vac,). It, too, shuts off at 20 in, Hg Vac, Perlod-
{cally, the run-standby designations are reversed by a manually

g3
S TN

it b

operated gwitch in order to give equal wear to the pumps, 1If

(OIS

either one or both pumps operate continuously for more than 20

minutes, an alarm is glven to indicate a probable vacuum leak

somewhere in the system,

Ga e aimne

¢, Grinder Pump

[ anciod s et E e S S Rt

The grinder pump {8 a macerating centrifugal pump, known by
the trade name Maz-O-Rator, which recirculates collected sew-

age in the VCT, It is mounted vertically near the tank witn

piping to and from it. Pumping capacity is at least 45 gpm, For
systems where the VCT had two compartments, the grinder pump
o operation was controlled by the liquid level sensors., Pump con-
s ; trol action in an unbaffled VCT is not known at ‘present. .

*pgla = pounds per gquare inch absolute.
Atmosgpheric pressure is 14, 7 psia.
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Effluent Pump

The effluent pump {s the normal means of transferring sewage
from the VCT to the Incinerator. It is a progressing-cavity
pump, often referred to by the trade name, Moyno, and (s
operated at low gpeed to produce a 0.5 gpm flow. The original
drive was by V-belt, but it now uses a chain drive.

Transfer/Dump Pump

The transfar/dump pump {s a progressing.cavity pump, simllar

to the effluent pump but operated at higher apeed to yield a seven
gallons per minute transfer rate, Its original purpose was to dump
the VCT contents ovarboard while the tank was still under vacuum
or to transfer the contents to the second VCT on a vessel with two
MS8Ds (two MSDs are emplaoyed on the USS Spruance). For purposes
of this study, the transfer/dump pump will be consideced to be

a backup for the éffiuent pump, and vice versa,
Fluld Ingtruments, Valves and Controls

In addition to the level sensor probes and vacuum switches
already mentioned, the VCT assembly employs a l{quid level
gage and a level sensor on the seal water tank, sight plugs
on the VCT, pressure/vacuum gages, manual valves and check

valves,
Electrical Instruments and Controls
Electrical inatruments and controls include:

Indicator lighta, for status monitoring and alarm indication

R Elapsed time meters, for status monitoring

' Switches, for manual control and mode of operation

. Logic relays including automatic shutdown and alarm sequence
. Power relays, Including overload relays

. Audible alarm
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Incinerator Subsystem (200 man MSD)

& .

The tncinerator subsystem consgists primarily of a packaged {ncinerator %
: ‘) and an ancillary fuel oll day tank., Since the fuel tank is custom designed E ‘.
b , for the {nstallation, once the (daily) capacity ts specified, the subsystem _éﬁ
3 1 description will be essentially that of the incinerator, This unit is skid : |

mounted and contains: .

. An Incineration chamber with burner head and gludge nozzle
. A blower
. A fuel pump and fuel filter

D i iy, T L i A B e 5

. Instruments and controls, both fluid and electrical

A, Combusgtion Chamber

>N N S

The incineration chamber s a horlzontal cylinder, with a vertically -
downward.firing burner head mounted tangentlally to the chamber near one

e Al s

end, Through the end wall near the burner, a pneumatic nozzle, using ;
compressed air to atomize the sewage, sprays the sewage along the
centerline of the cylinder, Combustion gases form a vortex, spiralling '
through the chamber to the exhaust outlet at the center of the far wall,

The chamber shell {s cooled by air taken from the blower, so that external

temperatures do not present a personnel hazard. ; 3

Since the sewage s sprayed along the centerline of the vortex (and "»
3 the chamber), liquid and solid particles have to pass thcough the hot ,i
combustion gascs before they can reach the wall, The design is such that

llquids are vaporized, and the combustible vapors and solids are burned

In the combustion gases, leaving only particulate ash to reach the wall,

b Centrifugal forces keap the heavier ash particles in the chamber and

prevent them from leaving with the flue gas. -

The burner head coneists of a fuel nozzle, ceramic vaporizing tube
(to vaporize the otl), lgnition spark plug, combustion chamber, and flame
gcanner, Fuel ts completely bumed In the combustion chamber before the
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combustion gases enter the larger lncineration chamber, The flame
scanner prevents continued fuel {njection in the event that ignition does .
not take place or the flame goes out, L3

: Ash removal {8 through a small cleanout access panel at the bottom |
of the door, through which the sludge nozzle {s installed.

o B,  Blower

The incinerator blower is a high pressure blower capable of producing
r 740 SCFM at 16 psig. In addition to providing combustion air for the fuel, it
| provides cooling air for the combustion chamger, the Incinerator chamber
door, the incinerator exterior, and the exhaust gases, The air that cools the
combustion chamber and door also serves as combustion air for the organic
matter in the sewage., A motorized valve controls the amount of air flowwing
to the fuel-fired combustion chamber.

C. Fuel Pump and Fuel Filter z’

The fuel pump and filter are located under the incinerator chambar,
The pump is a fixed, positive-displacement gear pump directly driven by
a motor, The filter i{s a cartridge type,

D, Instruments and Controls

The instrumentation and controls are rather complex and only the

| highlights willl be presented here. For greater detail, the O&M Manual

. should be consulted, Operator interfacing instruments and controls, (e.g.,
manual switches, ind{cating lights, elapsed time mater) are located In a
control panel box mounted on the side of the incinerator, A temperature !
i 3 controller {8 gseparately mounted, Other items are located within pipes

in the processing units,

Primary inclnerator control Is provided by the temperature controller,

which Is an indicating type that receives signals from a thermocouple
in the exhaust stack. The proportional band control 18 nullified so
that on-off control around a set point of 700°F 18 maintained, using a

e o gﬁ*f—:’w"‘_—*- -
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variable frequency of cycling, The controller also activates low and high 7
temperature alarms, %

A simplified sequence of automatic operation of the incinerator is
as follows. Upon signal from the VCT, indicating a sufficlently high
level of contained sewage, the incinerator blower is activated. A com-

e fatmai A

el e R i i

bustion air pressure switch senses blower operation and permits a pro- 3
grammed startup sequence to occur, After a timed interval during which
the alr purges potentially explosive vapors from the inoinerator chamber
and establishes movement of gas up the exhaust stack, the burner begins
to fire (46 seconds). The spark plug tgnites the fuel under the watchful
(flre) eye of the flame scanner. If {gnition does not occur within seven
i ; soconds, fuel valves close, When stack temperature reaches 650-67S°P.
the lncinerator feed pump (VCT effluent pump) starts pumping, providing :
| compregged alr ig flowing to the sludge nozzle, -8 determined by a l;
presaure switch, When the VCT s satisfied that sufficlent sewage has
been withdrawn (and incinerated) the fuel flow is cut off to the burner. The

o il ini
i T i
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1 : blower contlnues to supply compressed air for the duration of a time interval '
' emplcically preset by a time-delay relay. The incinerator may be restarted o
during this post purge period.

T T

Small Boat Collaction Subsystem

The Jerad small boat MSD is & special type of Collection, Holding and
Transfer (CHT) system, there belng neither an incinerator as in the Jered
200- man MSD, nor any other treatment process, It I8 included with the
discusslon of the Jered MSD not only because of similar collection
methods, but bhecause the adaptations and hybridization anticipated for
it will make it similar to that of the larger MSD,

The small boat vacuum oollection subaystem (SBCS) uses the sama

the same commodes. If a urinal were to ho {nastalled on a small boat, the

¢
{
{
¢
principles of vacuum transport as the 200-man system, In fact, it uses ii
)
fixture and urine dlscharge valve would be the same, j
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The type of equipment used in the SBCS s similar to components
found in household appliances. They are fairly rellable and long lasting

but for continual use on board a Coast Guard vessel, some of them would

be upgraded in quality. A prime example is the piping., The flexible
E ; plaatic tubing and plastic fittings in the current design would be replaced j o
! by rigld metal piping and fittings, X

The major components of the SBCS, other than the commode, are:

? . . Vvacuum collaction tank (VCT)
. Vacuum pump(s) and ancillaries
. Instruments and controls

A. Vacuum Collection Tank

% ' The VCT 1g available in four sizes, 30, 60, 120 and 200 gallons.
: They are horlzontal cylinders with disked heads, The sewage connections
are through two inch ball valves, in on top and out the end, at the bottom,

i The small line to the vacuum source I8 protected against sewage inflow by
} a float-operated High-Level-Shutoff Assembly. Liquid level switches at
elther end of the tank opzrate a remote «oht that {ndicates high level.

A e e e i

An external level sight gage and a compound pressure gage complete
the instrumentation,

The current method of evacuation is through the use of compressed
alr to blow the contents out, If the SBCS is hybridized wiih an incinerator
or even an evaporator, a recirculating macerator/transfer pump might be

added, This pump would provide the primary or backup method of evacuation,
B. Vacuum Pump and Ancillaries

The vacuum pump ig an oll-lubricated rotary vane pump close-coupled

IERURE IR CT S,/ - IO -SSR TORL IO

to an electric motor. It can be used as a compressor as well, and is the

gource of compressed alr required during VCT blowout, Inlet and outlet
filters are provided with the pump, as well as an oll reservoir/feeder,
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The fllters have porous stone elements housed within glass jars. The
glass jars would probably be replaced by metal units for use on a Coast
Guard vessel.

A starting switch and a vacuum switch control the vacuum pump
operation. When the pump s shut down because of adequate vacuum
in the tank, a check valve prevents alr and oil from leaking through the
pump and into the VCT. A charcoal fillter cartridge deodorizes the air
evacuated from the tank by the pump, It {s replaced when saturated, as
determined by the detection of odor,

One vacuum pump of a single size is supplied for all sizes of
SBCS tanks, The larger tanks simply provide more holding capacity in
terms of man.days, Redundant pumps would moet likely be installed for
use on board Coaast Guard vessels, If the VCT were employad in a system
that has subsequent processing, the tank would be used for its vacuum
function only, with the holding function replaced by some process, e.g.,
incineration, evaporation. In this event, Increased vacuum pumplnyg capa-
city in conjunctinn with one of the larger tanks would be suitable for serving
bigger crews. A larger vacuum pump of the same style, made by the same
manufacturer, is available with a very slight increase in physical dimensions,

C, Instruments and Controls

In addition to the Lnstrumants and controls already discussed, one
more {tem 18 required and (s basic to the subsystem, {,e,, the mode valve.
The mode valve ig a flve-part, four-way valve that reverses the direction
of air flow (into or out of the VCT) without requiring any change to the
vacuum pump, This {8 accomplished by connecting the discharge or
suction side of the pump to the tank. The valve is a gpool valve with
sliding O-Ring Seals, manually operated by a lever, A possible modifica-
tion for this valve s to have its operation automated, cnntrolled by

a level sensing device.
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JERED 1
COMPONENT PHYSICAL CHARACTERISTICS .

Weight (lbs) Volume Dimensions (inches) l 2
Component ©
Dry , Filled cu ft Height | Length | Width | .:
3 Commode 30 31 3.1 | 16.3 | 20.3 |16 dia
| Urine Dischg, Valve ! 7 8 ] 02| 124 ) - | s.6da |4
g | vac. coltect. Tank * .
"3 30 gal 100 | 266 4.4 - 38 |16 dla 4
60 gal 175 | 501 8.7 - 48 |20 dia 1
120 gal 350 | 1183 18.1 . 69 24 dia 9
| 200 gal 530 | 2100 33.5 - 72 |32 dia :
4 vacuum Pump !
. 0822 43 . 1.0 18 10 |10
b 1.022 47 . 1. | 19 10 |10
k. Recirc. Macer. Pump™| 125 | 127 1.0 | 10 25 7
cin, Feed Pump *¥| 144 | 147 2.5 | 16 30 9
.' vac. Coll, Tank Assgy. "
250 gal 5000 | 6900 | 165 66 72 | 60 ‘
L Inctnerator 2000 | - 102 | 63 77 | 36

* Includes tank and auxiliary components except for vacuum pump(s),
\ ** Included in 250 gal VCT Assembly.




o3

L LA e R

4 JERED
:’; COMPONENT PIPE CONNECTION SIZES
Commode Outlet Pipe: * 11/2-inch IPS
X Water Supply: 1/2-inch ID Hose
Urinal Discharge Valve Inlet and Qutlet: 1 1/2-inch IPS

Vacuuu, fanks
Small boat VCT Inlet and Outlet: 2-inch NPT
Vacuum Connection
250 gal See JERED Dwg. H20118C001 (3 sheets)

Vacuum Pump

e St sy A i ad L SReddakl . o
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0822 and 1022 Iniet and Outlet: 3/8-inch IPS i
Recirc. Macerator Pump Inlet: 3-inch NPT 3 L!
Outlet: 1 1/4-inch NPT i

Incinerator Feed Pump Vertical: 1 1/2-inch NPT 3
Herizontal 1 1/4-lnch NPT L

(Flow in either direction) =

Incinerator (JERED) : i
Sludge Connection 1/72-inch NPT "
Compressed Alr 1/4-inch NPT -
Stack 8-inch 150-1b steel flange* b

* Ctack may vary in size depending upon installaticn. :
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JERED
COMPONENT VESSEL RESOURCE REQUIREMENTS

Component

Vacuum Pump *
022
1022

Vacuuin Collection Assy.
Vacuum Pump ¢
Overboard Pump
Effluent Pump
Controls

Recire. Macerator Pump

Incinecator (JERED)

Blower
Ofl Pump
Controls

HP

1/2
3/4

1/2

11/2

<

1/8

Watts

250 est.

250 est,

Volrus

120/240
120/240

440
440
440
120

110
440
440
110

Phase

W = W

W W R

Hertz

60
60

60
60
80
60
60

60
60
G0
60

Amp.

10 max
1.0

Ambient
Aflr SCFM

2700

Compressed
Alr SCFM

15

Fuel il
goh

T.5cat,

i

* Dual vacuum pumps frequently run at the same time.
*% Combustion blower withdraws 720 SCFM. Compartment ventilation required is
2700 SCFM (per incinerator)
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' )
- . MSD EIFEGTIVENESS ATTRIBUTE DATA
' I - ADAPIABILITY FOR :
M/F SHIPBOARD INSTALLATION
b Msp _ JERED Sheet _ 1 of 4 !
" e INSTALLATION ;
T Factor/ INSTALLATION Atidbute Data :
Ri, ; Subfactor Collect, /Transp, | Treat, /Disposal r{
N ¥ Ident, No, Characteristics Subsystemn Sulisystem )
! Large. Small i
) :
12 MSD matertals disallowed or not recornmended. Boat Hoat i
o (3) No disallowed or not recommended materals pruent(a) in MSD subsystem. a ! a s {
B ] (b) Some disallowed or hot recomnmended materfals present in MSD subsystem, | a
1 : but resultant problems can be soived or compensated for. : )
k- ' (c) Presence of disallowed or not recommended matelals fn MSD subsystern ] !
3 presents probloms with no feasible solutions, H ]1
x _ |
3 13 Extont of additional suppost systetus of equipment required to accotamodate : ®
] Msp(® i !
| .
Identificaton of support system roquitements for MSD subsystam. | :
21 Exteat of fixture tnodifications required for MSD {nstallation, LM (M. !
(2) MSD uses standard commodes and urinals, t :
(1) MSD uses non=standard commodes and specltal equipinent is aswociated b } b N/A f
with the urjuals, ] I
R (©) MSD uscs noi=standard commodes, special equiprent I assoclated with ‘
i tho urinals and cach fixture has additonal hooli~up requiromants, D
22 Extent of flush medium supply modifications requirad for MSD installation, !
.‘ (3) MSD usos sea water for flushing fixtuees, : ' -!
1 (b) MSD uses fresh water for flushing fixtures. b : b N/A ‘
: (¢) MSD uscs a non-aqueous for flushing fixtures, | '
‘.l ) H .
3 231 Hoolwp rcq&nircmclnts(4) for MSD Collection/Transport subsystem fustallation, (8 : ®
! i
! (a) MsD uses standacd Collection/Transport subsystenm, ] | :
: th) ML wses recheutatlng Collevidon/Tratsport subaystemn,(9) : |
(¢) MSD uses non~standard and centralized Collecton/Transport subsystem, ¢ | ¢ N/A !
" (d) MSD uses non-staudard and non-central{zed Collection/Transport : .
- subsystam, (6) A ] '
C, (1) As specificd fn subchaptors J&¥ of Merchaut Marfne Code and CiG. MSD rogulations, P
f () For purposes of this study, C,G, dircets cholee (a) for all MSDs, f
} ! (3) Examples: Vo
g ‘ + Firefighting system must be fnstalled with incinerator, Vo
: : + Bilge alarm requived §f lacge tank {s installed above bllge, D
y « Compressor required on vessels that do not already have one, v
k¢ . Detectors of toxlc or noxlous gases should bo tnstalled with any systam that, as an iuhevent design foature, uses .
R such gases fun processing wastcs, i
3 A (4) Drain ptptug; electric  cables for connectdng commades, M/T pump and control panel, compresed ait, cte, i !
: (6) 1n exlsting gravity drain systom, _ ‘ )
i (8) Includes conversion from reduced flush vacuum wollection to a standard geavity drajn system with or without rectraulation, 3
‘ (‘D Fire protecticn equipnient: ventilatdon, T I{ :

(8 Urnal discharge valves recuired (at least one for every b urlnals).
(9 Cables for electric power and controls (control panel, VGT). compressed alr, vacuum lnes, fresh water,
(10) Ejlectric power, elcetrical controls, fresh watee; vacuum lnes (has own compressed afr),
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.MSD EFFECTIVENE3S ATTRIBUTE DATA
I . ADAPTABILITY FOR :
M/E ____ SHIPBOARD INSTALLATION

MSD ___JERED Sheet _2_ of _ 4 %

o | INSTALLATION s D
Subfactor |l catlect, /Ttamp, | Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem

1
202 Routing flexibility for drain piping modlncauom(l) auoclated with MsD Lnﬂg: ! Sm:u
Collection/Transport subeystem installation(@) Doat_ _ Boat

© ® :

(a) Routing of MS[) Collection/Tramuport piping is highly flexible, a a b

{b) Routing of MSD Collection/Transport piping is moderatesly flexible with N/A 1
some redtricdons,

(c) Rouding of MSD Collection/Transport piping is highly inflexible.

BRI

“ (8

233 Space requirements for MSD Collection/Transport subsystam installation

O TTEOW T s EmTTY TR TR o e e

(8) Space required for MSD Colleotion/Tranuspott subsystern is lttle or no
greater than that required for standard Collecton/Transport subsystem.

(b) Space required for MSD Collection/Transport subsystem is moderately
increasod over that required for standard Collection/Transport subsystern,

(o) Space roquired for MSD Collection/Transport subsystem is much greater
than that required for standlard Collecdon/Transport subsystem, e

N/A

[

234 Modularity of MSD Gollection/Transport subsystern (as it affects installation),

(a) Collection/Transport subsystem {s highly modular.

(b) There s an option for some decentralization of the MSD Collection/
Transport subsystem,

(¢) The MSD Collection/Transport subsystem {1 highly centralized, c

T TE RS R T T T e SR

N/A

|-

L ey

238§ Vent requirsments for MSD Gollection/Transport subsystem {nstallation,

(8) MSD Collection/Transport suteystem tequires no vents, N/A
(b) MSD Collectlon/Transport subsystam requires few vents, b

(¢) MSD Collection/Transport subsystem requires many vents,

(1) Of the threc relovant categories of roudng Unes (piping, ventilation, electdcal), piping fa the most important for
amessing ease of MSD {nstalladon,

() hotes:

« With gravity dr. .nage, lines must always siope downward and requlre venting,

+ Smaller fize lnes are {nherently more flexible.

+ With pump or vacuum Collection/Transport subsystem, sharp bends, rsces and long runs can be sccommodated
) in piping.

(3) Restriotion on vertical risers: 6=8 &,

! (4) VCT and vacuum pump with seal water tank,

S Wi e L 2IF e iy wadaamid

T

(5)  Requires less space; two vacuum pumps and valves are relatively small.
(6) Vent required for VCT (connected to seal water tank).

(7  Vented only {n compartment,
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.MS8D EFFECTIVENESS ATTRIBUTE DATA
1 - ADAPTABILITY FOR
M/g SHIPBOARD INSTALLATION

JERED

Sheet

3 of 4

M/E
Pactor/

Subfactor{]
Ident, No,

INSTALLATION

Characteristics

Attribute Data.

J[Collect, /Transp,
Subsystern

Treat, /Disposal
Subsystem

24

Hookup xeqummenum for MSD waste Treatment/Disposal subsystam
{nstalladon

(a) Pipe, ducty and/or cable requiremerts for the MSD Treatment/Disposal
subsystem.are minimal,

(b) Pipe, ducts and/or cable requirements for the MSD Treatment/Disposal
nubsystem are moderate,

(c) Pipe, ducts and/or eable requirements for the MSD Treatment/Disposal
subsystem:are extensive,

large | Small
Boat | Boat

(%

243

Degree of modulmg of MSD waste Treatment/Disposal subsystems (as it
affects installarion)(®)

(a) MSD Treatment/Disposal subsystem is highly modular,

(h) There {s an option for some decentralizadon of the MSD Treatment/
Disposal subsystem,

(¢) MSD Treatrent/Disposal subsystem {s highly centralized,

(8

244

Vent requirements for MSD waste Treatment/Disposal subsystem lmtnuldon(a)

(a) No vents are required foc MSD Treatment/Disposal subsystem,
(b) Venw are required for MSD Treatment/Disposal subsystem,

248

Exhaust stack requirements for MSD waste Treatment/Disposal subsystem
tnsuallation, (9)

(a) Exhaust stack not required for MSD Treatment/Dlsposal subsystem,
(b) Small exhaust stack required for MSD Treatment/Disposal subsystem,
(o) Large exhaust stack required for MSD Treatment/Disposal subsystem.

[

(1) Piping for fuel oll, frcsh water, cooling water, compressed alx, intcrconnecting remotsly locatad equipment, overboard
discharge Uns, etc.; electric aables for power supply, remote panels, etc.; ducting for ventladon, etc.
(2) Decentralizatfon of components may require additfonal hookups and piping runs,
(3) Vents that are only internal to the compartment in which subsystem {s located are not considered here,
(4) Notesy
« Electric incinerator requires small (2*) exhaust,
+ Fuel incinerator requires lazge (10") exhawt,

R o P
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(5) Fuel ofl day tank, compressed air, ventilation, electric power, eloctrical conttols (control panel mounted with incinerator
paclage),

(6) Palletized,
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.MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR
Sheet 4 of 4

M/E SHIPBOARD INSTALLATION
MSD JERED
' INSTALLATION

M/E
Pactor/ INSTALLATION Attﬂbut, Data
Subfactor ollect, /Transp, | Treat, /Disposal
dent, No, Characteristicy Subsystem Subsystem
)
Large , Small @)

t . Boat |

26 Ease of installing MSD support equlpmentm
Extent of addidonal support equipment required to accommodate MSD

{4) No additional support equipment required for MSD subsystem,
(b) Some addidonal support equipment required for MSD subsystem, \
(¢) Much additional support cquipment required for MSD subsystern, .

@ Exampless
+ Frefightdng system must be fratalled with ineinerator.
+ Blige alarm mquired {f lazge tank i3 installed above bilge,

+ Compressor required on vesels that do not already have ono,
+ Detectors of toxlo or noxious gases should be installed with any system that, as an inherent design feature, uses

such gases in processing wastos,

(2)  Fire fighting equipment;.vendladon,
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E ___li « PERFORMANCE

JERED

Sheet 1 of 4

o

M/E

all

Factor/
Subfactor
Idant, No

Charactaristics

Attribute Data

’Col lect, /Transp,
Subsystem

Tteat, /Disposal

Subsystern

Effect of pesk hiydraulic loads in black'"? water sweam on MsD perfc\rmnnnum

(a) No significant effect of black water peaks on MSD subsystemn performance.,

(b) Effeat of black water paaks i1 of shart duration, wit: temporary implica=
tons for MSD subsystem performance, easy to overcoma.

(o) Long-term offect of black watar peaks, diffioult t» overcome, with long=
term implications for MSD subsystem performance.

(d) No ability of MSD subsystem to handle black water poaks.

Small
Bon_
O]

large !
Joat |
4

b b

v

312

Effect of peak hydraulic loads in guy(l) witer stredm onh MSD performance (2)

(a) Noignificant offect of gray water peaks on MSD subsystem performance,

(b) Effect of gray water peaks is of short duradon, with temporary implications
for MSD subsystein pecformance, easy to overcome.

(¢) long=term effect of gray water peaks, difficult to overcome with long=term
implcadons for MSD subsystem performance,

(d) No abllity of MSD subsystetn ta handle gray water peals,

N/A
System aannot haﬁ
|

N/A
dle gray water

821

Effect of low flow condltlons/long idle Umes {n bluck water stream on MSD
performance(3)

(8) No signiflcant effoct of black water low flow condidons/long {dle dmes on
MSD subsystem performance.

(h) Effect of black water low flow conditions/long fdle times of shott duration,
with temporary fraplicatiomns for MSD subsystermn performance, easy to
overcome.,

(c) Long-term offect of black water low flow conditions/long idle dmes,
diffleult to overcome, with long=terin irnplicatdans for MSD subsystem
performance,

(d) No ability of MSD subsystem to haudle black water low flow conditdons/
long fdle dines,

(& (M

i

|

-

|

|

|

|
a )

|

!

| b

|

|

|

|

®

J

(&)

An oxample of low flow conditlon s when 75% of the crew 18 not on Loard vessel for a wack and usage tats by
ramajning 265 of erew (8 normal,  Loug 1dle Umes are on the order of several weeks of virtunlly no tsage of MSD.

(1) Includes instantancous,hourly and daily loads.
(2) Peak load handling abllity depends on C/T subsystem, The ability of an MSD which employs au influent surge tank to

handle peals usually depends almost entirely on the sizing of this tank,

(4

~

(6)
(6

(M

.

Will handle large peaks unless VCT fs close to being full,

« Lot of flushing results in vacuum pumpa working longer, but this does not degrade performunce,
Sludge fed at a steady rate to (ncinerator,

-

® .

Bl YRR BT RIS R faba o s e

Nothing stays in vacuum Unes,

If necamary, VCT has bleed 1ine for aeration, or can empty tank and put lu fresh water ot disinfectant.

No bleed Uiie for asration,

If tank contents go septic and pressure rises, could overload charcoal filter and produce wdors in compartment,

Can pump out tank and repluce charcoal flter,

If sludge in {ncinerator is wet, may generate odor through stnck when execute standard 30 ves alr purge before

firing up lnoinerator,

Sludge line (betw. sn VCT and incinerator) cake up can be corrected or prevented by blowing out the line and

cleaning with fresh water; corrective aeration may require disconnacting the line,
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.MSD EFFECTIVENLSS ATTRIBUTE DATA

ks
4 M/E Il - PERFORMANCE o
'\‘ [ ;-
b ]
ERED _of_4 __ i
4 MsD ] Sheat _2 of .
b . . H
3 " nrt/; y Ateribute Data !
- Subfactor Collect, /Transp, | Tteat, /Disposal } K
3 1dent, No, . Characteristics Subsystom Subsystem i
3 . Large T sman R,
. 822 Effent of low flow conditons/long idle tmes in gray water sweam on M3D . 3
" . 3) Boat Boat 3
K. : performance |
- (4} No significant effect of gray water low {low conditons/long idle times on !
3 ! MSD sulisystem perfortnance, ! i3
3 ' (b} Effeot of gruy wator low flow conditons/long {dle dmos of short duraton, N/A N/A v
¥ with tomporary implications for MSD subsystem perfarmarnce, easy to System cannot hﬂr\ﬂlﬁ gray water .
g ' overcome, |
: {c) Long=term effect of gray water low flow conditiuns/long idle Hires, ) -
J[ficult to overcome with long~term implicadons for MSD subsystem | [
performance, ] 1
: (d) No abllity of MSD sulwystemn to handle gray water low flow conditons/long | !
. jdle times, ! ;
" {
a1 AblLity of black water portion of MSD to handle additional personnel (on a (4,0 N 4 ()] :
: long=term basis)@) | L
_" (a) MSD black water subsystoin will handle additonal personnel with ltde vr :
3 no degra-taton in petformance. L0 a
' ) : (b) MSD black water subsystam will handle additional personnel with | .
o ) moderately degradud (but still barely acceptable) performance, !
' (c) MsD blaok water subsystemn will not handle addidonal pessuimel '
R
3 392 Ability of gray water portion of M3D to handle additional renonnel (on a longe | b
3 torm lmm)(") |
’ (a) MSD gray water subsystom will handle additional personnel with little or no N/A \ N/A 3
X degradation in perfarmance. System cannot harjdle gray watet 1
b (b) M3D gray water subsystem will handle additonal personnel with moderately |
k: degradod (but sidll barely acceptable) pecformanes, |
. (c) MSD peuy water subsystain will not handle additional persounel, |
i
‘ (1) An example of low flow condldon {8 when 70% of the crew {s ot on board vessal for a weok and usage rate Ly 3
£ remaining 25% of crew I3 normal, Long ldle timey are on the order of several weeks of virually no usage of MSD, A
s (2) Resultig in long=term fncrease in average bluck wator steam hydrautic loading. The abllity of an MSD which
3 employs a black water (or studg. holding tank to handle addidonal personnel may be dotermined by the size of '
" that tank. ¥
; (3) Resulting {n long-ternt kncrease {n average gy water stream hydraulio Joading, The ability of an MSD which smploys A
4 gray water (or sludge) liolding tank to handla additiorat parsonnel may be determined by the size of that tank,

(9) If many flushes {n short perio of thne, there may be a short (5-10 min,) delay in flushing aotion while vacwum pumps
5 te-build to highe. pressure,

Y ’ (B) VCT can handle additional personnel (1/8 miore than any system constdered in study), :
P\ (6) 1nsmall kaats, incinerator feed tank :_1_5_34 80 28 to make incinerator run at muxlm_u_l_g. rate,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

; M/E I - PERFQRMANGE
y Msp __ JERED Sheet_3 of _4
. x
Nyt .A‘ E
X i F:cdt/or / Ateribute ata
] subfactor || [Collect, /Transp, | Treat, /Disposal
B, v dent, No Charactegistics Subsyitem Subsystem
. ¢ Large | Small
- 41 Abfltity of black water handling pordon of MSD to opsrate for sustained time Boat l _Boat.
perlods |
. (a) MSD blaok water subbystem caun operate for indefinite period of time {f no !
b components fail, (1) & : a 2
(b) MSD black water subsystem can operate for only Limited perlod of tme, i
: even {f no componenu fafl, @ |
ey i T
42 Abllity of gray water hasating poitiop of MSD to apesace ior suutained dme |
. period |
. (1) MSD gray watet sublystom can operata for indefinite period of ime if 1o N/A N/A
eomponenis fail, (1) System oannot hardie gray watee
(b) MSD gray water subsystam can o)pemc for only Umited period of time, |
uven if no components fail, (2 |
\ I
E 51 Abflity of MSD to handle ground garbage in black water stream ) (5
y (8) MSD black water subsystem will handle ground garbage in bluck water :
1 stream on & long=term basis, L
3 (b) MSD black water subsystem will handle ground garbage In black water |
stream on at least & short~teem basls, ) b
3 (¢) MSD black water subsystem will not handle ground garbage in black water |
‘ stream, |
] 1
: 82 Ability of MSD to handle forelgn materm:/objtwu(s) in black water streain @ 4, @ Q)
3 (a) MSD subsystem will handle foreign materials /objects in black watex I
g stream on & long~term basis, } a
' {b) MSD subsystem will handle foreign mrterials/objecu in black water I
5 stream on at loast & short=term basis, |
,‘ {¢) MSD subsystem will not handle foceign materiats/objects In black water |
- tream. S
3 ; (1) Applies to a T/D subsystem with an incinezator,
: : (2) Applies to a T/D subaystem without an incineratot,
[ ) @) Examplen
% . + Long, narrow objects (pons, pencils, toothpicks, eto.)
- » Small hard objects (nut shells, pull tab from a flip top can, bostle caps, papor clips, coins, nuta/bolta/
b ! screws/nails, cuff link, eto,)
4 . Large toft objects (paper towels, newspaper pags, sdff and shiny magazine page, strings from a floor mop,
‘ \ ‘ rag, tampons and sanitary napkins, ete.)
A \n: (¢) Ao inteface devioe is required to direct ground garbags slurey fnto vacuum lines. A urinat discharge valve can be used
L for this purpose.
3 I (8) Pardcles in garbage (ploces of hone, melon pits, pisces of meat, etc) may clog feed lne or spray noxale in incinerator
b b necouitating shutdown or cleanout.
o (6) Toothpicks may Interfere with opecation of urinal discharge valve; magasine paper may intecferc with operation of
' : commode alone, 63
¥ (1 Only if samall (spray norzle crifico (1/4"),
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E II ~ PERFORMANCE

JERED

Sheet _ 4__of _ 4

M/E
Factor/

1dent,
83

subfactor ||

Attribute Data

Characteristics

ollect, /Transp,
Subsyitem

Troat, /Disposal
Subsystem

Ability of MSD to handle detergents/surfactants in black wates stream on a
long=term basis.

(2) MSD subsystem will handls detergents/surfactants in black water stream
on 4 long-tarm basls,
(b) MSD subsystern will handle detergents/surfactants in black water stream
on at least a shost=term basls,
(¢) MSD subsystern will not handle detergents/sufactants {n black water stream,

Large | Small
Doat ; Doy
@

a

54

Ability of MSD to handle taxic materials ln black water stream

(3) MSD sbsystern will handle toxic inaterials {n black water stream on &
long=term baxs.

(b) MSD subsystem will handle toxie materials {n black water sweam on at
least a short-term basis,

() MSD subsystem will handle toxic materials in black water stream,

81

Abllity of MSD secondary erissions to wneot applicable standards for
the discharge of alr pollntants

() Neo pomibility of discharge of significant afr pollution from MSD subsysten,

{b) MSD subsystam will mest standards for afr pollntants under normal opar=
ating conditions,

{c) MSD subsystem will meet standards for air pollutants under notmal oper«
ating conditions and there s a strong possibllity of hon=conformance t
standards under unusual owluﬁondtﬁom.

&)

62

Abllity of MSD sscondary emissions to meet applicable standards for
disposal of oil=cuntaminated residues at sea

(&) MSD subsystem has no potencial for pmducing ofl-contaminated residues
at sea,

(b) MSD subsystom has & potentlal for producing oflscontaminated restdues
at soa,

8]

(B

Performance rsk for black water handling portion ‘of MSD

(a) MSD black water subsystem has a history of falr ot batter test results,
(b) MSD black water subsystem has a history of poor test results,
(c) No test rasults are available for the MSD black water subsystem,

4

"2

Performanco risk for gray water water handling porton of MSD

() MSD gray water subsystem has a history of fair or better teat results,
(b) MSD gray water subsystem has a history of poor test results,
{e) No test results are available for the MSD gray water aubsystem,

]
!
|
!
|
]
|
!
)
|
!
|
I
|
|
T
|
!
)
|
|
)
!
!
I
!
|
|
]
|
]
|
|
[
|
I
|
|
=
]

N/A
System cannot ha

[
J

W/A
:rlc gtay watec

(1) (M1 type vacuum pump life reduced if foaming washes out oll; ol and detergents may degrade charmonal filter performance

decrensing recirculating pumping ability and odor removal,
(2) Under axtraordin=vy or improper corditions, tncineeator may exhaust pollutants,
(%) i inolnerator is working poorly, ash may have some oft Init; fatty wastes possibls, but not Lkely,
{4) Poblems with tncinerator (pot, flameout, umler ceztain conditons),

64
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E _- III « OPERABILITY
ERED
msp ___! Sheet 1 of _2
M/E OPERABILITY
Factor/ OPERABILITY Attribute Data
Subfactor | iCollect, /Transp, [ Treat, /Disposal
 Ident, No, Characteristios Subsystem Subsystem
_ Large | Smali
1 Degree of automadion for MSD operation 1) Boat | Boat
(#) MSD subtysten s almost ully automade., @
(b) MSD subsystem is semi=automatio: requires Infrequent operator
., afttenton, h b
(c) MSD subsystem is semi=automate: requires a moderate degree
of oparator attention, o
(d) MSD subsystem is semi-automatos requl:es frequont operator
attendon,
(e) MSD subsystem {3 operated manvally.
12 || Ease of disporal of MSD reatdue ()@ ® 1o M
{(a) MsSD subsystem has no residues, or disposal of residues from MSD a
wbsystemn i3 very convenlent,
(b) Disposal of residues from MSD subaystam {s moderately convendent, b b
(0) Disposal of residuce from MSD subsystem {s inconvenlent,
14 Likelhood of violating effuent standards because of procedural errors in MSD (9 ¢ )
oparation, (9
(8) There I victually no cliance of violatung affluent standards because of
procedural etrors (n MSD operadon,
(b) There in a low likelihood of violadng effluent standards because of
procedural errors in MSD operadon, b b b
(c) There ia a fair to moderate chance of violating effluent standards becausa :
of procedural errors In MSD operacion,
(d) There is a high Ukelthood of violating affluent standards becnu:e of
procedural errors in MSD opetation, .
23 Skill level requirements fer operator of MSD '
MSD subsystem complexity ranking from 1 to § b b 3
24 Training requirements for operator of MSD
MSD subsystem complexity ranking from 1 to 5 6 I 8 3

(1) Residue tsany by=product of normal MSD operation, disposal of which {s regular operating task, Examples ars ash
produced by an {ncinerator, seal water used by vacuum pumps, wastewater or uluclge held in a tank, evaporator
restdue, etc,

(2) Length of time required for disposal {a the main factor considered; other factors are ease of accoss of area of MSD
containing the residue, amount of residue to be disposad of, and ease of storing residue on board ot taking if off
vosel, as appropriate,

(8) By dumping overboard effluent which doean't meet standards, fluth oil, evaporator residue, alr pollutants from
incinerator, etc,

(4) No automatic disposal; 4=way valve, manually operated, (7) Incinerator ash: Make sure incinerator is cool; remove screws
that hold end plate; remove end plate: sooop or scrape out
ashes ~ should be dry,

(5) Sealwater for lquid ring pumps.
(6) No residus

5 (8) Must misuse 2 sets of controls (butions and/or valves),

(8) Improper operation of Incinerator may result in discharge of

ajr poliutants,
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3 ' .MSD EFFECTIVENESS ATTRIBUTE DATA

M/E 111 - OPERABILITY

Msp  JERED Sheet 2 of 2

M/E OPERABILITY |
. \ k Pactor/ OPERABILITY Attribute Data

Subfactor )| ) ICollect, /Transp, | Treat, /Disposal
tdent, No, Characteristics Subq%'nem Subsystem

3 ) 25 Effect of MSD operation on vessel work routines/schedules t
(l)i MSD operation has minimal or no effect on work routines/schedules, m ] 2 a
. (b) Effect of MSD operation on work routines/schedules {s more than
L .' minimal(l, e., is moderate or extensive), ﬁ

Large Small (8)
Boat Boat

a2 Avallabliity of specialized or unique consumables/ expendables required for
MSD operation

(8) No specialized or unique consumables or expendables required for MSD a a |
: subsystem operation, ‘
! (b) Any specialized or unique consumables or expendables required for MSD |
' subsystem opetation are avallable from ship's inventory, . ‘
. (¢) Any specialized or unique consumnables or expendables required for MSD l

. tubsystem operation are available from Federal Stock System, |
{d) Any speclalized or unique consumables or expendables required for MSD d
L subsystein operation are avallable from & cornmeroial source,

’ a3 Operating requizrements for special or unique MSD support equipment I

(a) No special or unigue support equipment required by MSD subsystem, a a L.

(b) Soma spectal or unique support equipment required by MSD subsystem; { )
squipment wéuim only mi{nimal and infrequent ateention() to keep
opeudonn.‘ )

(¢} Some special or unique support equipment required by MSD subsystem;
requires morw than {nfrequent attentlon to keep operational, (9

(1) By C.G. direction, (a) applies to all MSDa considered in this study.

(2) No more frequently than weekly with a duration not greater than 10 minutes; or more frequently than p
sem{-annually with a duradon of 2 houss, F -

(3) E.g., firefighting equipment, specfal oansformen, ozone detector, bilge alarm,

(4) E.g.. compressor installed to support MSD operation.

(6) Incinerator rolated items (poty obtain front manufacturer only,
(6) Fue fighting cquipmaent for incinerator; venrilation,

TR,
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.MS8D EFFECTIVENESS ATTRIBUTE DATA

i M/E ___IV - PERSONNEL SAFETY

g
1
p MsD __JERED Sheet ) of __§ %
b M/E SAFETY :
- o Factor/ SAFETY Attrlbute Data 3
' i, subfactor || ICollect, /1'ransp, | Treat, /Disposal ';
. iy 1dent, No, Characteristics Subsystem - Subsystem i
" B RN Largs | Small !
¥ 11 Hazard of contact with/spillage of toxic/dangerous substances'™ due to MSD Boat | poat i
. i inkerent design ] *
x i s
¢ L = Likelihood of hazard 1 :
(a) No chance : 'y ;
(b) Highly unlikely b b {
(¢) Eait to sven chance [ :
(d) _Highly liksly ] ! ] :
- - AT W e S S ) wvh e iy iy o M A G S A s m S SR D TR TG R R wrd ———-T‘-—— o ap o e 40 56 wm I
S = Saverlty of hazard | - i
N (8) No resultant Injury, a | a a ,‘
- ' (L) Results {n injury of low to moderats severity requiring first atd or limited | .
3 ‘ medical treatment, ] i
(2). Results tn severe injury ordeath, e | Y WSy S 1
C = Hazard correction | !
(a) Hazardous stuation can be easlly correoted, o b &
(b) Hazardous situation i difficult to corcect, !
{¢) Hazardous situation cannot be corrected, . |
(1) Exampley

+ Leakage of fumes from incinerator into adjacent berthing and working spaces,
+ Hydiogon sulfide (a toxicant) may be generated in sewage holding tanks.
d + Fresh water connections to MSD subsysterns have a potential for contaminating the vessel's potable water supply
4 with toxia/dangerous substances,
+ Sewage contamination,
«+ The followin, pathogons may be tzansmitted through sewage,
Tetanus (bacteria}
Typhold (bacterta)
= Dysentery (bacteria) !
= Cholera (bacteria) -
: « Hopatits (vitu) .
: = Polio (virus) '
¥ +» Pomible methods of infecjon (a healthy person may be a carsier; infectlon hazard depends on a person's .
rosistance), | !
= Oral (from hands while smokdng ot eating) = the most common method of uansmitting snteric ‘
(intestinal) diseases,
= Through breala In skin (cuts, abrastons, sores),
= Eyes and nose (form hands).
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MSED EFFECTIVENESS ATTRIBUTE DATA

M/ IV - PLRSONNLEL SAFPLTY

Msp  JERED Sheet _ 2 _of _6
. M/E Attribute Data
. Factor/
v Subfactor Collect, /Transp, | Troat, /Disposal
1dent, No. Characteristics Subsystem Subsystemn
|
ancest) Bort | bost ®
12 Hazard of contact due with/spillage of toxic/dangerous substances™™* due to Soat_ | Leat
ptocedural error/equipment failures of MSD | @)
| L « L{ikelihood of hazard :
: {n) No chance |
(b) Highly unlikely by b b
(c) Fair to even chanco \ F—
d) Highly likely e e e o T o
() Highty likely o eeae - t———=——=—- _1 L
8 « Severity of hazard | .
b
) , (@) No resultant injury, a | a a T
' 1 (b) Results in injury of low to moderate severity requiring first ald or Himited | i
medical treatment, i
(), Romly in severe Injury o death, | o oemeeflee e ] -
| C - Hazard corrscton T A
i (a) Hazandous situation can be eatlly corrected, a | 4 a i
(b) Hazapious dtuation {s difflcult to cortect,
(¢) Huzardous dtuadon cannot be corrected, {

(1) Examples;
+ Leakage of fumes trom Lnotnecator lnto adjacent berthing and worldug spaces.
+ Hydrogen sulfide (a toxicant) may be generated In sewage holding tanks,
« Fresh water connectons to MSD subsysterms have a potential for contaminadng the vessel's potable watar supply
with toxie /dungerous substances,
« Sewage contamination. !
v+ The following pathogens may be transmitted through sewage, J
= Tetanus (bacteria) |
Typhold (bacterla) .
Dysentery (bacteria) i
Cholora (bacteria) i
Hopatids (viru) ;
« Polio (virus) 4
++ Pozsible methods of infecton (a healthy porson may be a carrder; infecton hazard depends on a person's ' i
tesistance), F
= Oral (fron hands widle smoking or vating) = the most common method of transinitting enteric
(intetdnal) diseasca,
= ‘Through breaks in skin (cuts, abrasions, sores).
~ Eyes and nose (from hands).

P LIy T

!

!

i ' @) Requires multiple failurca, In muall boat, colloction system could blow tank backwards, blowing gases back s}

R i through commodes. 1

(3 .+ May come [nto contact with wet sludge when removing ash from incinerator,
« Leakage of fumos from incinerator possible,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

msp __ JERED Sheet 3 _of g
M/E SAFETY
Factor/ SAFETY Atttibute Data
Subfactor [{ ollect, / Transp, | Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem
Large | Smoll
21 Hazard of explosive potential for operator/maintainer due to inherent MSD | Boat | _Boat
design |
\
L = Likelthood of hazard |
{a) No chance a | a
(b) Highly uniikely | b
(¢) Falr to even chance |
() Highlylikely ol eeeoo e e S KU SR, —
§ - Severity of hazard :
(a)- No resultant injury. a | a a
(b) Results In injury of low to moderate scverity requiting flest aid or limited i
medical freatment, |
(). Resules In severe lnjury or death, | e ————— AU TR AR J
C -~ Hazard correction |
(a) Hazardous situation can be easily corrected, a : a a
(b) Hazardous druation s difficult to cowrect,
(¢) Hazardous gtuatdon cannot be corrected, _1
e Small
22 Hazasd of expiotive porendal for operator/matntainer due to procedural errors/ {;‘Sﬁ% | _Doat @
equipment failures of MSD ) | ©)
L = Likelihood of hazard |
(a) Nochance |
(b) Highly unlikely b | b
(c) #altto even chance |
Ld)_ Hishly likely I | c
SLETAN.S) G005, o S R SO e T e et .
9 = Severity of hazard |
(2) No resultant injury, a | a
(b) Results in injury of low to moderate severity requiring flest atd or limited :
medical weatumnent, | b
S9_Results in severc infury ordeath. Lo~ N T PRI S
C « Hazard correction |
(2) Hazardous situation can be easily corrected, a ' a
(b) Hazardous situation is difficult to correct, ' h
(c¢) Hazardous situation cannot be corrected, I
|
I
i
1) 1 rclicl valve forms and compressed afr tcgulator gots stuck.
) If flammable Lquid is poured down commode, vacuum pump will pe: explostve vapors out fato compartment of pump,
(3 If Aammable Uquid is fed into incincrator, will overheat,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

S I T TR

£2) I too much oi! I5 fed nto [ixfuerator, the insulaton comes away from combustion chamber,

| MSD ___JERED Sheet _4 of _g !
E’ MIE SAFETY :
. Factor/ SAFETY Attribute Data '
) 1
E Subfactor || iCollect, /Transp, | Treat, /Disposal !
v 1dent, No, Churacteristics Subsystem Subgystem '
L " Tatge 1 Small :
P i Hazard of fire ignition petcnu.ﬂ( ) due to Lnherent M$SD design ([Best : JBost _
E 1 = Likelihood of hazard | ;
L |
2 (8) No chance a : a i
: (b) Highly unlikely ) b
¥ (c) Fair to even chance i
o LS _Highty Ukely | ___ SO PUP IV SO (RO FPITIY RPN S
P § = Sever'ty of hazard ! ;
g (a) No resultant injury, a | a 3 1 y
! (b) Results in {njury of low to moderate severity requiring flest air or l{mited | )
medfcal treatment, | ! 3
: (9 _Result In severe Inlury or death, e SR IS TRV R B R
C - Hazand correction { ‘ k
b '
: (a) Hazardous stuation can be eadly corrected, a | @ a
' (b) Hazardous dtuation Is difficult to correct, I
;r {¢) Hazatdous situation canriot be corrected, )
Al
N . 32 Hazard of Are ignition potcmlal(l) due to procedural errors/equipment fallure of | @ 4
; MSD ;
?' ' !
! L « Likelthood of hazurd | 4
N {(a) No chance a Vo 1
{ (b) Highly unlikely | b 5
‘{' (¢) Falr to even chance ! K
2 S dighty Mkely | mimemnn] IR AU SR !
1 § - Severity of hazand i :
(a) No resltant injuty, a | a
(b) Results {n Injury of low to moderate severity requiring first aid or limited | b 4
_(c) _Results in severe injury or death, | | [
—————— o o e e e e o e e e s e o e s e e e s ade s e e e ot e et e e e 8 P
- G - Hazan correction ! 1
‘ (a) Hazardous situtation can by easlly cotrected. a ! a i
: {b) Hazardous dtuation {s difficult to correct, } b :
(¢) Hazardous situation cannot be vorrected, I i
4
(1) Oll used for flushing is not flammable under ordinary conditions. However, at high temperatwes, ¢.g., in the :
presence of a fire, it will support combusdon, ;{
i,
1
)
i
1




~MSD EFFECTIVENLGS ATTRIBUTE DaTA TS

: M/E IV - PERSONNEL SAFETY

MSD __ JERED Sheet _5 of 8 _

v M/E “ SAFETY

Factor/ SAFETY Attribute Data
Subfactor ICDIIec:. /Transp, | Treat. /Disposal
u Ident, No, Characterlstics Subsystem Subsystem

) Large [ Small
4 Hazard of slectrioal shock potental'™ for operator/maintainer of MSD | -Reit,
L L = Likelthood of hazard | ’

(a) No chance
(b) Highly unlikely
() Fair to even chance

() gy Kl e m -
§ = Severlty of hazard

e i B W s e b i B S e

o
o
<

PROTp

o

(#) No resultant injucy. 4

(b) Results {n injury of low to modecate severity requiring first aid or Hmfted
medical treatiient,

() Rl in sovere lnjury ot death, _

T
i
§
]
——— e

p

SOOIV | SOOI I SN i

C© = Hazand correction

|

|

(a) ' Hazardous situation cat be easly corrected, a |

(b) Hazaedous situation is diffieult to correct, |

(c) Hazardous situation cannot be corrected, |
T

51 Physical hazards asseclated with MSD due to sharp cdgesm @

L = Likelihood of hazard

(a) No chance
{b) Highly unlikely b
{c) Falr to even chance

|
|
|
|
|
|
(@ Highiy Whely | ________ e SN S S S
§ = Severity of hazard |
|
!
|

(a) No tesultant injury, a
(b) Results in {njury of low to moderate severity requiring fiest air or Umited
: medical treatment, I
, [ (2),_nesults in severe Injury of death,

VS | U AR R -

: G = Hazard correction |

(b) Hazardous deuaton {1 difficult to corrert,

|

{(a) Hazardous dtuadon can be easily corrected, [} |l a a
|

{¢) Hazardous dtuation cannot be corrected, !

. J N
i) - (1) Electria shock may result in severe burs and/or deaths {n addidon, reacdon to electric shock may casue affected _ '
L ' individual to be thrown aside, pomibly subjecting him to sevate {mpact fnjuries and/or contact with sharge sdges/hot v
by M surfaces.

3 ‘ (2) Combined effect of njury due to sharp edges/poinu and sewage contamination may lntroduce harmful pathogens into
2 N the bloodstream of an affected Individual,

(3) Stock may have sheet metal wrap with sharp edges,

LA v
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-M:D EFFECTIVENESS ATTRIBUTE DATA

(b) Hazardous situation is difficult to correct,

M/E ___IV - PERSONNEL SAFETY
Msp __ JERED Sheet _6 _of _6
M/E SAFETY
Factor/ SAFETY Attribute Data
Subfactor || Icollect, /Tranap, | Tteat, /Disposal
dent, No, Characteristics Subsysten | _ Subsystem
u:ge I Small @)
52 Physical hazards associated with MSD due to hot surfaces JEL(I) : Boat |
L = Likelihood of hazard |
(aj No chance |
(t) Highly unlikely b : b
(c) Palr to even chance " c
o, Highty Ukely i amaes SRR RN RIRUPN S —
§ = Severity of hazard :
(a) No resultant injury. a | a
(b) Redults in Injury of low to moderate severity tequiring first ald or limited |
medical treatment, | b
|(0) Reaults in severe dnjury ordeath, | oo L-_--l'_.._q__-__-“l
C = Hazard correction {
(a) Hazardous dtuation can be aasily cotrected, a | a a
(b) Hazardous situadon {s difficult to correct, :
{¢) Hazardous sltuarion cannot be correeted, i
5 Physical hazard fot maintainer of MSD due to rotating machinery k:: ° : 33'2:%1 ®
L = Likelihood of hazard @, (O]
(a) No chance : a
(b) Highly unlikely | b
(c) Failr to even chance e |
[ Hughty Urely_____ e o S OO VRN PR
$ = Severity of hazard :
(a) No tesultant injury, | a a
(b) Results in injury of low 10 moderate severity requiring fiest ald or limited 1
mudical treatment b
(), Results nyevere Inbwry ordeath, SRRV WU SRS FR
C = Hazard correction (
(a) Hazardous situatdon can be easily corrected, a : a a
|
]

(¢) Hazardour situation cannot be corrected,

(1) Only with equipment fajlure, ¢.g., motor overhuats.
(2) For maintaner, '
(3) Vacuum pump shaft couplings are guarded, but could get hand under guard, Belt drives on effluent, watufer and

gritider pumps,

(4) Vacuum pump {s close coupled,
(6) Blower close-coupled.
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E V - HABITABILITY

JERED

Sheet _ ) of _3 _

M/E
Factor/
Subfactor
1dent, No,

HABITABILITY

Character{stics

HABITABILITY
Attribute Data

Collect, /Transp, | Treat, /Disposal

Subsystem Subsystem

e small
11 Habitabitity probleme(]) amsociated with bacterial contaminaton due to MSD m— h’-‘—-r
inherent dasiga ®

(3) There is no bacterial contamination habitability problem due to MoD -
subsystemn inherent design features, ]

(b) There is a bacterial contaminadon habitability problem due to MSD
Tubeystem inherent desigm foatures,

12 Habitabllity probleme)) associated with bacrestal contamination due to 4 (O

proceduzal errors/ equipment failures of MSD <)

(3) A bacterial contamination problem due to procedural errors/equipment
failuzes of MSD subsystem s highly ualikely. a

{b) Procedural errors/equipment fallutes of MSD subsystem are likely to cause
% bacterial cantamination prablem

2 MSD fixtura comfort

(a) , Commodes and urinals are comfortable and easy to use éven under ship's
motion, a

(b) Commodes and urinals are not comfortable and easy to use under ship's
motion,

a N/A

22 Flushing procedure requirsments for MSD fixture

(8) There are no “non-standard” requirements for fluthing,

(b) Thets are "non-standard” requirements for flushing, b b N/A

T
23 Waste ratention in MSD commods howl

(1) The amount of waste that remains in the bow] after flushing 1s less than
that remaining after flushing & standard Aill watec flushed fixture,

(b) The amount of waste that remains in the bowl after flushing i3 the same
a3 that remaining afrar flushing a standard full waver flushed Axture, b

(¢) The amount of waste that raquains in the bow! after flushing i1 moce than
that remaining after flushing & standard full water flushed flxture, d

|
|
i
|
L N/A
i

(1) As distnguished from problems of health and safety; likely psychological reactions of users are & matter for
considezation.

() A vacuum wasie collecton subsystem is less likely to exposs personnel to sawage in case of a line break than a
pressurized waste collection subsystem; frash water connections to MSD subsystems have a potental for contaminating
the veamsel's potable water supply.

S O S B I G JE P PR GO IR TN

(3) Even if blow tank is backwards, will blow afr, not sewage,
(4) The JERED MSD, because it has & sewage vacuum collevtion system, s less likely to expose personnal to sewage in
case of a line break.
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MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/E V - HABITABILITY

JERED

Sheet _2 of 3

M/E
Factot/

hg_gnt. No,

Subfactor{l

HABITABILITY

i il

Characteristics

ollect, /Teansp, | Treat, /Disposal
Subsystem Subsystem

24

Likelthood of user contact'") with MSD flxture flushing medium

(a) User is unlikely to come into contact with fluhing medium,
() User {s more likely 1o come int> contact with flushing medium than with
standard water flushed fixture,

Targe | Smal
| st

Boat.
( 9

@

N/A

25

Appearance of MSD fixture flushing medium

(a) 'The color and general appearance of the flushing medium {s as acceptable
as clear watee,
(b) The color and general appeatance of the flushing medium are acceptable,
. but clear water is preferable,
(c) The color and general appeatance of de flushing medium are not
acceptable,

e e e e

a N/A

26

Nofse produced in flushing MSD fixtures

(a) 'The noise produced in flughing fixtures is less than that of a standard
commode/urinal,
(b) 'The noise produced in flushing fixtures is the same as that of & atandard
. commode/urinal,
(¢) The nolse produced in flushing fixtures {s greater than that of a standard
commode/urinal,

N/A

31

Odors produced as a result of inherent MSD deaigh

(a) slie MSD subsystem produces no odor as a result of Luherent deaign.
(b) ‘1he MSD subsystem produces a noticeable odor 83 a result of inherent design.

a2

Odors produced as a result of procedural esrory/ equipment fajlures of MSD

(8) The MSD subsystem produces no odor as a result of procediral erroes/
equipment fatlures,

(o) The MSD subsystem produces a noticeable odor as a result of procedural
erort/equipment faflures,

(4

) )

41

Heat generation for nearby penunnelc-a) due to inherent MSD design

(a) As a result of inherent design features, the MSD wbsystem does not generate;
enough heat to render it vicinity hotter than most shipboard areas
containing machinery,

(b) As a result of inherent design features, the MSD subsystem does generate
enoveh heat to render ity viciniry hotter than most shipboard areas
containing machinery, .

- — —————— . —— ———— — e —— et [ ————————— ——————— — e — ——

(1) Due to flushing medfum composition, fixture ue:(gn. motion of vessel (which may cause splattee, lphlhing. or o
spillage of flushing medium), .
(2) For perator/matntainer/adjacent berthing and working areas,

in case of a Une break,
(4 Ammoida odor frem seal water tank.

(5) M charcoal filter 1s depleted, 74

%

Ceeda e ma wimedaa

If sludge in incinesator is wet or fuel leals.

b s__n

(3) The JERED MSD, because it has a oewage vacuin colleotion system, 1is less likely to exponse personncl to sowage }

a
é
|
|
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MSD

.MSD ETTECTIVENESS ATTRIBUTE DATA
.| N A
M/E V. HABITABILITY

JERED

Sheet

3 of 3

M/E
Factot/
Subfactor

Ident, No,

HABITABILITY

Characteristics

“ HABITABILITY
Attribute Data

“cOnact. /Transp,
Subsystem

Treat, /Disposal
Subsystem

42

1
Haat generation for nearby permnnel( )

due to procedural errors/equipment
failures of MSD, ..

(2) The MSD subsystem does not generate enough heat as a result of
procedutal errors/ equipment fallures to render its vizinity hotter than
most shipboard areas contalning machinery,

(b) The MSD subsystem does genecation enough heat as a result of
proceducal errors/squipment failures to render its vicinity hotter than
most shipboard areas containing machinery,

Lage | Small
r.ELI.M&

Noise level for pertonnel in vicinity of MSD( b

NI « Noise Index

(a) The MSD ubsystem is silent or neacly silent,

(b) Noise leval of MSD aubsystem is apptoximately equal to background
nolse level of vessel,

(c) The MSD subsystem is very loud, produces constant noise, drowlis out
vessel background nolse in immed{ate area of the systeni; must thout
to be heard,

(G

Vibration levels for nearby pononnel(l) produced by MSD machinery
V1 = Vibration Index

(a) MSD subsystem produces little or no pesceptible vibration in additon to
background level on veuel,

(b) MSD subsysrem: produces pecceptible vibraton, but similar to vessel
background,

() MSD wubsystem produces abnormal or disturbing intensity and/or
frequency of vibradon,

Effect of MSD on uset housekeeping routines (restrictions on user imposed by
subsystemz).

(a) Subsystem characteristes do not imposs vestrictions on user.

(b) Subsystemn charactaristics impose reseutions on user,

e e e e — ———— e e e e e e —— — - o — e e - ———— —

(1) For operatot/ maintajnier/adjacent berth and working areas,
{(?) E.g. . Must use water=soluble toilet puper which is not as comfortable as urual

toilet paper,
. Must use special bowl cleaner which is less effecdve than usual cleaner
. __Gannot dump detergents dowu galiey sink; must store and off=load at shore,

(3) Incinerator blower produces falrly high pitched nolse,

T

75

e

cr 4

o e e i damea D el n o

T s =

s e e ot s %

REC AR Y BUE S




MSD

_MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VI - RELIABILITY

JERED

Sheet

1 of

M/E
Pactor/

Subfactor {
Ident, No, Il

RELIABILITY

Characteristics

RELIABILITY
Attributs Data

ICollect, /Transp,
Subsystem

Treat, /Disposal
Subsystem

21

MSD complexity

Complexity index of MSD subsystem based on a complexity ranking from
1 to G. .

Large
Boat

]

: Small
Boat_ |

6

Extent of MSD equipment/component mdundancy(l)

(8) Therc is some dgnificant redundancy {n the MSD subsystem's major
components,

{b) There s no dgnificant redundancy {n the MSD subsystem's major
components.

(6

)

24

Degree of equipment faflure lndcpendence(z)

(a) There {s a high degree of equipment failure independence in Msp
subsystem,

(b) There {s a noderate degree of MSD equipment fajlure independence in
MSD subsystem,

(¢) There is a low degree of equipment failure {ndependence in MSD
subsystem,

®

(o3

(10)

1

25

Adequacy of MSD equipmient ratings

(2) Most MSD subsystein equipments are overzated,

(b) Some MSD subsystem cquipment ratings are nominal, some are overratod,

(¢} Some MSD subsystem equipments are undemrated, some are nominally
rated,

(d) Most MSD subsystem equipments are underrated.

(19)

26

Provisions for fault actuated cut=off mechanisms(®) for MSD protection

(@) There are many fault actuated mechanisms tn MSD subsystem, or they are
not required ()

(b) There ure tome fault actuated mechanisms in MSD subsystem,

{¢) Therc are no or almost no fault actuated imechanisms in MSD subsystem.

(14

(16)

(16

Reliability tisk for MsD(®

(a) MSD subsystem has a history of fair or better test tesults,
(b) MSD subsystem hay a history of poor test results,
{¢) No tust results are availablo for MSD subsystem,

b—— — —_— - - —_———— . e e e e e e

(17

(%) E.

(1) Any redundancy {n electronte efreuitry {8 not considered,
(2) Lee., fullure of one item will not result in feflure of major component or subsystem,
(3) Inelndes mechantsms to: (1) alert operator/malntainer 1o high stress or abnormitl condidons that will result o futlure,

and/or (11) to correet those conditfons of i off equipmient,

cut=off mechanisins,
#e, inbovative desigh, experience,

{49) E.g., standard commades and urinals in a gravity drain sowage collection subsystem do not require fault actuated

[CO

Dual vacuum pumps.

Transfer dump puinp and dischanie are inteechangeable.

Compressed ale for blowfn, vat tank in case of vacauns purp fallure,
Footuotes continued on following page. 76
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an

Sheet 2 of 2

Vacuum pumps,

§ludge noszle has 12 holes,

. Vacuum pump failure disables C/T system

« If seal water Jevel becomes too low, vacuum stops pump,

« If seal watae becomes too hot, vacuum is reduced.

. Level sensing probes get contaminated and do not measure level properly, causing grinder pump to pump,
tank empty,

+ Vacuum pumps failure makes flushing imposdble.

+ Four way valve failure results in loss of flushing capability or inability to empty VCT,

+ Lubricatar fallure (lubricator not kept full) results in accelerated vacuum pump wearout,

. If filtee clogs, perfonmance is degraded,

. Blower fallure renders incinerator inoperadve,

. 1f grinder pump fails, cannot use incinerator,

. Vacuum pumps overrated for less than 200 men,

. Grinder pumpy overrated.

+ Incinerator pot undarrated,

. If vacuum pumps run for more than 20 minutes continuously, alarm goes off (indicates probable leak in

vacuum system),

., Commode scwage discharge valve fails closed Lf spring fails,

+ Level sensor in meal water tank,

« 1f grinder pump runs continuously for more than 20 minutes, timer cuts it off or {ndicates by alarm,

Two level switches » if one switch fafls, theve is a high level shut off amembly, dmilar to a float valve,
that will prevent sewage [from reachiing vacuum pump,

+ Flame scannet; overtemperatuce gensot,

» Sludge cannhot be fed into ineinerator while Lncinetator is cold aince compressed air pressure must be

sufficiently high in order to open sludge feed line,
. Pressure switch foe blower stops fuel oil from being fed to inoinecator,
Due to presence of incinerator (problems with {incineratoe poy),
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VIl - MAINTAINABILITY
MsD JERED Sheet _1_of _2
-
M/E MAINTAIN ABILITY
Factor/ MAINTALNABILITY Ateribute Data
Subfactor || ollect, /Transp,| Treat, /Disposal
Ident, No, Characteristics Subsystern Subsystem
Large | small ©®
t . Boat
181 || Accessibllity of replaceable MSD components ‘%(‘H
; (a) High dogree of accessibility in MSD subtystem components, | b
o (b) Moderate degree of accesmibllity in MSD subsystem components.
- (¢) Llow degree of accesstbility in MSD subsystem components. ¢ | o
" 132 Extent of MSD modulardzation for ease of repair/replacement l m ®
(a) High degree of MSD subsystem modularization, |
3 (b) Moderate degree of MSD subsystem moduladzadon. |
- : (0) Low degres of MSD subsystain moduladzadon. ¢ ¢ c
i : ey ® ! (10)
133 Degree of MSD repalrabllity on board vessel, |
E (a8) All MSD subsystam {tems are repairable on vemel. a
. (b) Some MSD subsystam items are repuirabls on vessel; some must bereplaced.)| b | b
' (6) ALl MSD subsystem items must be replaced. | :
E‘. 14 Avaflability of manufacturer flell support and trainiug programs for MSD |
(u) Manufacturer field support and a training prograt i available. a | & a
5 () Manufacturer fiold support(2) {s available but no mlnlng program is
ﬁ_; avaflable. |
ii" {¢) Manufacturer tralning program is available but fleld support is not |
- available,
K (d) Nefther fiold support nor training program are avallable from maaufactures, |
- 142 || special/proprictary® item requirements for MSD equipment repair 1112y A1HAd) {14)
|e (a) No apecial {tems required for any MSD subsystem repairs, |
* (b) Some special {tems required for some MSD subsystem repalrs, b b b
,’ () Al ftemns required for MSD subsystem repafrs are special items, |
‘ (1) Versus nccesdty for replacoment of failed equipment,
() Moy include some lmited maining support during inftial MSD installation.
(3) E.G., hwinetatr pows, fltcrs versus standard supply parts,

W) .

M .

.

(10) se

(14) .

3

To uccess lovel sensors, must lose vacuum, remove flange bolts from tank,
Grinder and other pumps are very heavy = noed crane to \ift,

Solid state modules must be roplaced.

Water dispeisng valvs is throw away item,

Cotild repalr vacuutn pumps on vessel = aligniment {s diffioult on vesel.
nsors and fncinctator 1 1 oust be replaced,

(11) Commodes, utlnals and discharge valves arc special,
(12) Level sonsor (and associated links) for large VCT,
(13) High leve) shut off asseinbly may be speciul,

Sludge nozzle may be special,

Incinesator pot spocial ftem, 78

(4) Must remove commode to access flush mechanism; comimodes hield in place by four mounting bolu,

() Blower is heavy though well exposed = possible to disassel. le in place by removing blower housing,
(7) PFilters are caruddgo type.
(8) Spark plug screws In and out, but not quickly,

« Combustion Yner {8 v ceramic cylinder of special dimenstons = possibly a catalogue fteim,
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.MSD EFFEGCTIVENESS ATTRIBUTE DATA

M/E VIl - MAINTAINABILITY
MSD JERED Shaet _&_ of 2
M/E | MAINTAINABILITY
Factor/ MAINTAINABILITY Abue Pk
Subfactor || oflect, / Transp, | Treat, /Disposal
Ident, No Characteristics Subsystem Subsystem
Large | Small
28 Effect of MSD [reventive maintenance on watchitander routines poat | Boat
(a) No effect on watchstandes routines, o a ' a a a
(b) There i3 some offect on watchrtander rousines, |
T
k1] Special docking requirements for MSD ovechauls '
(a) Theee are no special dooking requirements for the MSD, @ a | a a
(b) There are special doching requirements for the MSD, \
4 Logistic requirements for MSD I
(a) No speclal parts are required for the MSD subsystem, J
(b) Few different catopories of special parts are required for the MSD |
subeystem and there aro few parta in each category. b | b b
(c) Few differcni cstegorles of special parts are required for the MSD sibsystem
but many parts of each type are required, or many different catsgocies of I
speafal parts are required but thers are few parts in cach category, |
{d) Many differont catcgorica of parts are required for the MSD subsyitem and
thess U & lasge numbee of pats in cach category, |
(1) By C.G. direction, this applics to all MSDs consldered In this study.

79
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1. Please supply cost estimates for each equipment based on a
production run of up to 100 units,

; JERED 1]
N EQUIPMENT AND INITIAL SPARES ACQUISITION COSTS ; ]
o L | ' ik
Equipment Cost of Associated | '
3 g Equipment Cost Inital Spares Package

' o T T T A e 17
- Commode s 300 s 3000 1
i;" , Urinal Disch, Valve 300 150(3) ,<
: VCT (with | 30 gal. (Small Boat) | 5,000 a00™ E
% assiooiﬂtetd 60 gal. (Small Boat) 5, 000 400 () ¥
} 4 equipm - b
o Sy Tment 1120 gal. (small Boat) 6,000 _ 500 ) P
L ' controls) (200 gal. (Large Boat) 20,000 1, 200®) ‘: j
250 gal. (Large Boat) 20, 000 1,200%) o
| (including , (b), (c) »
E Incinerator controls) 33, 000 8,250 ' g
{ Note: l
| 222 ‘
|

2. All cost estimates are to be based on 1976 costs,

3. ldentify recommended contents of Initial Spares Package
assoclated with each equipment.

] (@) Manufacturer recommends one initial spares package for every
g : 5 associated equipments on board the vessel,

(h) Manufacturer recommends one initial spares package for every
associated equipment on board the vessel.

(¢) Includes the cost of one incinerator liner (Inconel 601 at $56, 500)
which was not included in cost provided by manufacturer. A
. new incinerator liner (Inconel 671 at $7,800) is currently being
evaluated by the Navy.
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GATX EVAPORATIVE TOILET SYSTEM (ETS)

B’ PRINCIPLES OF OPERATION

The GATX Evaporative Tollet System (ETS) is a "no discharge" system !
that is characterized by four basic features. It utilizes:

. Reduced volume flush commodes and urinals (also called controlled
volume flush (CVF) water closets and urinals),

. Transport of wastes by macerator/transfer (M/T) pumps.
. Evaporation of the water content of the concentrated sewage., ’

. Holding of residual sludge in evaporator for subsequent disposal,
either to pier connection or overboard,

Because the flush fluid requirement is small (about 1.5 gallons per capita

per day (gpcd) rather than 8,5 gpod), this system is practical with fresh
water as well as sea water flushing. The penalties involved with the use of
fresh water flushing are offset in part by the reduced corrosion and lower
residual volumes in the evaporator, Thus, the evaporator can be smaller or be
used for longer periods of time without unloading.

The MSD is fully automatic except for periodia servicing of the evapo-
rator, involving pumping out the sludge, and rinsing and refilling the evapo- X
rator with the initial charge of fresh water,

The collection subsystem is required to be operational at all times to
provide tollet facilitles for the crew, Since the sewage transport pumps are _
decentralized, only one M/T pump and the urinals and commodes that drain
to it need be kept operational, if minimal facilities are required. ‘While at
plerside or beyond restricted waters, the M/T pump discharge can be divertad
i to the pler connection or overboard in a simple MSD system. Where multiple 5
{ evaporators necessitate an intermediate feed tank, diversion of raw sewage ;
off the vessel is effected by a transfer pump, taking the wastes from the feed

tank. A functional block diagram of the GATX Evaporative Tollet System appears 2
in Figure 8.
98
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SYSTEM DESCRIPTION

For easge of description and visualization of hybrid WMS, the GATX MSD
is presented as two subsystems: collection and treatment/disposal. :

ollection Subsyst

The collection subsystem is comprised of:

. Special commodes
. Standard urinals with modified flushometers
. Macerator/transfer pump(s)

.A.,..rv.u,..,,,_‘,.._v__
g g

. Controls

A. Commodes

The commode is & vitrious china unit that uses a swing-away discharge
valve, instead of a trap, to seal off sewer odors or gases, This permits an

effective flushing action with a minimal water volume on the order of one

DL il G I

quart. Before defecation, the user actuates the flushometer by hand to

s sin okl st 0 it

b ' dispense one pint. This water minimizes soiling of the bowl and release of
odor during usage. After usage, a pedal, mounted on the commode, is
actuated. This operation opens the swing-away flapper valve, releasing the

contents of the bowl. An actuating cable, attached from the pedal linkages

E," to the flushometer handle, causes the flushometer to release another pint to
;i wash down the bowl while the flapper valve is open. After the valve closes,
' the small amount of water draining from the supply passageways effects a !
water ssal between the valve and the c .ascharge port. The discharged wastes

flow by gravity into a short three or four inch diameter sewer which is con-

e R R € e

nected to the inlet of a macerating/transfer (M/T) pump.

Built into the pedal flush mechanism is a switch which actuates the

M/T pump through a time-delayrelay and contactor. The pump operates for
ten seconds after each actuation. As many as four commodes may be hooked

up to one pump; each flush mechaniem can actuate the pump.

e R e el B
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B. Urinals

The urinals are standard units with special flushometers. Wastes from the
urinals discharge into the M/T pump inlet pipe. Several arrangements of the flusho-
meter have been used, designed, and proposed. The original flushometer design used
on the Navy's MONOB was a timed solenoid valve, push-buttonoperated. An
electric counter actuated the M/T pump after five urinal flushes. The current
design, which is assumed for this study, calls for a special, manually operated
flushometer with an electrical switch. The switch can optionally actuate the
M/T pump after each flush, or after several flushes, If the sowage piping is
ingtalled in a continually descending arrangement, the urinal(s) can drain
through a pump that is not operating, providing no other M/T pump is running.

One operating pump pressurizes the discharge line and closes the check valves
on all other M/T pumps, thereby preventing gravity drainage from a urinal, .

R U T SOOI S RSN L LA LI LNV SR IC. S O O L lbe ks

C. Macerator/Transfer (M/T) Pump

The M/T pump is a close-coupled grinder pump and motor that was !
originally designed for submerged sewage service. The inlet adapter can be
chosen to accept 3-or 4-inch suction piping. Discharge is through a 1-1/4 inch ;
screwed pipe connection. A rotating, hardened impeller tip cuts up solids l
against a gtationary cutter ring through which the solids and liquids flow.

The impeller provides centrifugal pumping characteristics of a nominal 20 gpm :
at 35 psig or 34 gpm at 25 psig. '

The M/T pump is hung from the overhead for the deck below the commodes
and should be located no more than eight feet (horizontally) from the farthest

commode. Sewage flows by gravity to the pump, whereas the pumped sewage

fluws by pressure in a small (1-1/4 in.) filled pipe. Therefore routing of this

: line is unrestrained, i.e. it need not be sloped and can flow vertically upwards

if necessary, limited only by pump pressure. The M/T pump operates for approx-
imately 10 seconds following the signal from a commode or urinal. An interlock relay
prevents M/T pump operation if the high level sensor in the evaporator is actuated,
thereby avoiding overfilling the evaporator. The interlock relay will shut down
control circuits for all M/T pumps in a multiple pump installation.
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In a simple MSD, the M/T pump(s) discharges(s) directly into an evaporator
in the treatment/disposal subsystem. In larger systems with more than one evapo-
i rator, or in a hybrid system with an inoinerator, the M/T pump(s) discharge(s)
f' into an intermediate feed tank for distribution and/or metering of the sewage.

atment/Disposga syste

s The treatment/disposal subsystem is comprised of an
» Evaporator
+ Vapor treatment section L
! . Sludge pump
. Controls

A, Evaporator

The evaporator is a modified commercial steam-jacketedkettle, made of
stainless steel, and electrically heated, It is used to receive and hold sewage
collected by the commodes and urinals, and delivered to the tank by M/T pump(s),
It treats the sewage by evaporating the water content at elevated temperature,
and retains the residual sludge until an appropriate time for unloading.

The standard unit for the GATX MSD is a modification of the largest size
kettle (80 gallons) made by the supplier. The tank interior is teflon lined and
\ the exterior (and jacket) is insulated with fiber glass. A metal shroud covers the '
. insulation. The evaporator tank has a gasketed top cover that provides a

positive watertight seal to prevent fluld seepage and leakage of tank odors,

i A 10-inch diameter gasketed port with a Pyrex window is also provided in the
: cover, to permit access to the interior of the tank for cleaning and inspection
f purposes. Fittings are provided in the cover for waste input, rinse water, vapor
venting, pressure relief, and electrical connections.

The 1-1/4 incii waste input line terminates near the bottom of the tank's
hemigpherical underside. Incoming sewage prevents settled sludge from becoming
hard and difficult to remove. The influent pipe is also used for emptying the g
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evaporator. Rinse water (sea water) is dispensed by 14 spray nozzles to wash
down the inside of the tank at the end of tha sludge removal cyole. As water is

evaporated from the sewage, it exits, through the vapor connection in the
cover, to the Vapor Treatment Section.

Extending through the rinse water connection, along the vertical center-
line of the tank, is a twr s.nge liquid level switch. The lower float magneti-
cally actuates a reed sw.'ch to operate the heaters when the level 1s high and
shut them off when evaporation has lowered the level sufficiently. The upper
float actuates a PULL light to indicate that the level is high, a SERVICE indicator
light when the sewage is fairly concentratec, at which time it stops any M/T
pump from operating. The term "service" is used for the procedure of drain-
ing, rinsing and partially refilling the evaporator with fresh water,

The controls on the steam jacket are a pressure gage, steam rslief
valve, water fill valve, level sight glass, low level switch, high temperature
switch (set at 240°P) and a high pressure switch (set at 27 psig). As the
sewage in the evapcrator becomes concentrated, heat transfer from steam to
sewage decreases, thereby causing the jacket pressure and temperature to rise.
Actuation of either switch will shut off the heater. and notify the operator of
the need for serviciny when the tank 1s full. The jacket pressure relief valve
will prevent jacket rupture in the event of a control fallure.

Smaller size evaporators are available from the kettle manufacturer in sizes of
20, 40, and 60 gallons. These units can be modified in similar manner to
the 80 gallon units for use in vessels with smaller requirements, For larger
vessels, multiple evaporators would be required, necessitating one of three
distribution schemes, namely:
1. Each evaporator supplied by its own collection subsystem.
2. FPqual disbursement to each evaporator from a central feed tank,
using one or more transfer pumps.
3. Sequential filling, i.e. all sewage goes to one evaporator until it
is full, whereupon automatic switchover to the next evaporator takes

place.
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B. Vapor Treatment Section

The vapor and gases leaving the evaporator are passed through a hot
catalyst bed along with compressed air where the odoriferous compounds are
oxidized to mainly carbon dioxide and water vapor. The vapor treatment
section (VTS) consists mainly of 1-1/2 inch piping incorporating instruments,
controls and a 6 In. diameter by 18 in. long pipe containing catalyst, in a
predssigned configuration. A compressed air control station feeds ship's
service air to the VIS, A three-way valve at the inlet to this section can be
gset to bypass the entire section in an emergency.

A 1600-watt heating element maintains high temperature in the vapor/air
mixture flowing in the insulated piping and catalyst bed to preveat conden-~
sation of water. A thermal switch downstream of the heater shuts it off if the
temperature reaches 500°F. Another thermal switch downstream of the catalyst
bed does not permit the evaporator heaters to go on until the gases (initially
air) leaving the catalyst bed reach 250°F, The compressed air controls regulate
the pressure and thereby the flow through an orifice. A pressure switch up-
stream of the orifice allows operation of the evaporator heaters only when the
air pressure reaches 13 psig. These two switches assure deodorization of the
vapors leaving the evaporator by requiring both oxidation air and high tempera«
ture at the catalyst.

Since the VTS is a fabricated assembly, it can be scaled up or down
readily by maintaining:

+ Theratlo of air flow to vapor flow.

+ The same temperature,

« Equal flow rate and gas retention time through the catalyst bed,
Although one large VTS could handle the output of several evaporators, numerous
complexities are involved that may make it more practical to have one VTS

per evaporator,
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C. Sludge Pump

In the MONOB design, the sludge pump is placed underneath the
evaporator where it withdraws concentrated sewage (followed by manually
injected rinse water) from the evaporator and discharges them from the

vessel. This close-coupled centrifugal pump could be located elsewhere

in the vicinity of the evaporator, The motor is actuated by a manual starter.
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; GATX
.; COMPONENT PHYSICAL CHARACTERISTICS ]
' Weight Volume Dimensions | § y
' Component ' [ &
3 : , Dry [ Filled cu ft | Height | Length | Width
i ’ | commode 80 81 3.5 | 19 21 |15 __
1 M/7 Pump 125 127 1.0 | 10 25 7 i
D
Evaporator . s
20 gal 300% | 433% | 13.2 | a3 - | 264dia *
40 gal 470#* 743* 20,0 43 - 32 dia '
60 gal 620% | 1025% | 27,1 | 46 - 36 dia f
80 gal 750 1375% 32,8 50 - 38 dia
3 Sludge Pump 35 35 0.3 7 dia 15 -
1 Catalytic Oxldizer 90* - 0.3 18 - 6 dia | :
i (uninsulated) 8
;- Controls 75 - 3.1 | 21 12 |21 ]
* Estimated., Dry tank welght taken as 2/3 power of ratlo to 80-gal tank,
: - Water welght proportionately based on 65 gals in 80~gal tank plus 10 gals .
3 in steam jacket, E
b
i b
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GATX
COMPONENT FPIPE CONNECTICONS
t ' Macerator/Transfer Pump Inlet: 3.inch NPT
1 . Outlet: 1 1/4-inch NPT
’ N 1
lF i Evaporator
: L Waste Inlet (and sludge suction) 1 1/4-inch NPT
1 Vapor Outlet 1 1/2-inch NPT
b Sludge Pump (in and out) 1 1/4-1nch NPT
E Vapor Treatment System (80.gal evap.)
; Vapor (in and out) 1 1/4-tnch NPT
I B
Compressed Alr 1/4~inch NPT i
s ) ;
i )
.
GATX o
i' COMPONENT VESSEL RESOURCE REQUIREMENTS © ]
] . . P
- Compressed | Flush ]
g‘ ! Component HP watts | Volts | Phase | Hortz Amp, At SCEM | water
: !
! M/T Pump 11/2 440 3 80
f_ Evaporator (Std) 30 psig 1
;t 20 gal 1,873 | 440 38 60 i
40 gal 2,745 | 440 3 60 !
' 00 gal -] 418 | 4 8 60 ;
80 gat 5,480 | 440 3 80 ]
: Sludge Pump 112 o | a2 | e q
M Vapor Treatment System {
il
' 20 gal std, evap, 320 | 440 1 60 2.8 i
\ .?
40 gal std, evap. 650 | 440 1 60 5 )
60 gal std, evap. 915 | 440 1 60 1.8 5
i} 80 gal std, cvap. 1,300 | 440 1 80 10 i
} Gontols 200 | 440 1 60 .
R et. ‘{
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MSD LFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR

M/L SHIPBOARD INSTALLATION A
&
MSD GATX . Sheet 1 - of 4 :i
M/t h ' INSTALLATION
ttribute Dat
Factor/ || INSTALLATION il 4
L Subfactor iCollect, /Transp, | Treat, /Disposal {
ﬁ Hent. No, Charactetietics Subsystem Subsystem .
X 1 \i
. 12 MSD materials disallowed or not rec:ommendcd.( ) B
;' () No disallowed or not recommended materials p:cscnt(?’) tn MSD subsystem, a8 a :
E ' (b) Sone disallowed or not recornmended materlals present in MSD subsystem, L
3 but resultant problems can be solved or conipensated for,
. (c) Presence of disallowed or not recommended matedals fn MSD subsystem
) presents peobletns with no feastble solutions, o
!
- 18 Extent of additfonal support systetns or eqipinent tequired to accommodate
; Msn{)
; Tdentficadon of support system requitrements for MSD subsystem.
: 21 Extent of fixture modifications required for MSD installadon, : (n . o
) (@) MSD uses standard commodes and urinals, ;
P (b) MsD uses non-standard commodes and special equipment is associated
3 whth the wrinals, i
k (c) MSD uses non-standard commodos, special equirment fs assoclated with ¢ N/A i
the urlnals and each fixturs has additlonal hook~up requircments, 1
22 Extont of flush medium supply modifications requited for MSD fnstallation,
1 (a) MSD uses sea water for flushing fixtures. i
] (b) MSD usos fresh water for flushing fixtures, b N/A i
{E - (c) MSD uses a non-aqueous for flushitg fixtures. 4
I\ ——— . -.
0 231 Hookup thuixemems(“) for MSD Collection/Transport subs, stem tnstallation, (8 1
;. -
b (r) MSD uses standard Colteetion/Transpe .t subsysten, ] .
: () MuD wses reclrculatiug Collectien/Transpuit sibsy sien, (4) N/A !
’ (¢} MSD uses nou-standard ad centralized Collection/rans, ot subsystzin, 1
() MSD uses non-standard and non-centualized Collection/Transport )
' sutsystem, (6) d ] }
[ (1) Asspectfied in subchiapters J&F of Merchant Marine Code and C;G. MSD regilations, }i
3 (2) For purposcs of this study, C,G, dircets cholce (a) for all MSI, 4
(3) Exampless !
+ Flreflghting system must be Installed with {nctnesator. 1
+ Bllge alarm required 4f large tank Is {nstalled above bilge. i
. + Compressor required on vessols that do not already have one, o
+ Deteck s of toxie or naxlous gnsea shoul! be [nstalled with any system that, as an inherent design featue, uses i
such gases {n processing wastes, i
‘ {4) Drain pipiug; electric cables for connecting commades, M/T punp and control paned, compressed air, ete, !
;‘}y () I existing gravity drain systor, ’j
:‘,‘ (6) Includes converston frotn reduced flush vacuwin wilection to a standard gravity draln system with o without reclrculation, i
3 ' ;
.,é"; (N M/T pumps ; soelated with commuodes; replacoment of flushometor valves with special electrically congollxl units, 3
!5\\ (8) Vlectrie puwer, electrical controls (control panel, M/T punips, urinal flushometers), fresh water, :
AV N
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_MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR
M/E SHIPBOARD INSTALLATION

MSD GATX Sheet __2 of -4
WE INBTALLATION
Factot/ INSTALLATION

Subfactor ollect, /Transp, j Treat, /Disposal

Ident, No, il Characteristics Subsynter: Subsystem
3

232 || Routing flextbillty for dratr plping modifications’") assoctated with MSD
, Collection/Transport suhsyster {nstallation ' :

(4) Roudng of MSD Collection/Transport piping is highly flextble.

(b) Roudng of MSD Collection/Transport piping is moderately fiexible with b N/A
some restricdone,

(c) Roudng of MSD Collecdon/Transpart piping is highly {nflaxibie,

SRR s

s o M R T e il

“
233 Space requirenients for MSD Collection/Transport subsystem fnstalladon

(a) Space requited for MSD Collection/Transport subsystem fs Lttle or no
grsater than that equired for standard Colleodon/Transport subsystom,

(b) Space required for MSD Collection/Transport subsystem is moderately b N/A . ]
inicreased over that required for standard Collection/Transport subsystem,

(¢) Space reqitred for MSD Collection/Transport subsystom is much greater
than that required for standard Collectfon/Transport subsystem.,

234 Modularity of MSD Gollection/Transport subsystem (as It affects Installation), .

(2) Collection/Transport subsystem is highly modular,
2 (b) There {s an opton for some decentralization of the MSD Collection/ b N/A
Z Transport subsystem,
¢ (¢) The MSD Collection/Transport subsystem Is highly centralized, :

235 Vent requirements for MSD Collection/Transport subsystem installatdon, ® .

X (a) MSD Collection/Transport subsyster requires no vents.
3 (b) MSD Collection/Transport subsystem requircs few vents, N/A :
{¢) MSD Collection/Transport subsyster requircs mauy vents., c of

k. (1) Of the three relovant categorles of roudng lines (plping, ventilation, electrical), plping ls the most important for
agsessing easc of MSD {nstallation,
6. (2) Notes:

« With gravity drafnage, lnes must always slope downward and requite venting,

¥ « Smaller size lines are Inherently more flexible,

+ With pump or vacuum Collection /Transport subsystem, sharp bends, tisers and long runs can be accommodated i
in piping.

(8)  M/T purmps must be close to cominodes since waste is gravity drained to M/T pumps, . -
E {4)  M/T puinps are close to overhead of decks below head spaces. {

()  Vents required on gravity drain portion of plping to M/T pumpe, As for standard drain Lines (f.e., all traps must be vented), X
i - Answer applies to new installation only; if standard drain Une already installed in vessel, then (a) applies. ]
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.MSD EFFECTIVENESS ATTRIBUTE DATA
[ - ADAPTABILITY FOR
M/E SHIPBOARD INSTALLATION

T

MsD __ GAIX Sheet _3 of _4
M/E
Factor/ INS'TALLATION Avtribute Data
Subfactor | (Collect, /Transp, | Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem
L)
242 Hookup requitements(l) for MSD waste Treatment/Disposal subsystem (
frstallaton
(a) Plipe, ducts and for cable requirements for the MSD Treatment/Disposal N/A b
subsystetn are minitnal,
(b) Pipe, ducts and/or cable requremonts for the MSD Treatment/Disposal
subsystern are moderate,
(c) Pipe, ducts and/or cable requirements for the MSD Treatment/Disposal
subsystem.are extonsive.,
243 Degre'e of modularlg of MSD waste Troatment/Disposal subsystems (as it ®
affects installatdon)(¢)
(8) MSD Treatment/Disposul subsystem is highly modular, N/A
(b) There is an option for some decentralization of the MSD Treatinent/
Disposal subsystem.
(o) MSD Treatment/Disposal subsystem {s highly centralized, c
244 Vent requiroments for MSD wasts Treatment/Disposal subsystem mstnnmion(s) M
(8) No vents are required for MSD Treatment/Disposal subsystom, N/A
(b) Vents are required for MSD Treatment/Disposal subsystem, b
245 Exhaust stack requirements for MSD waste 'Treatment/Disposal subsystrsm
{nstallation, (4) N/A
() Exhaust stack not required for MSD Treatment/Disposal subsystem,
(b) Small exhaust stack required for MsD Treatment/Disposat subsystani, a
(c) Large exhiaust stack required for MSD Treatment/Disposal subsystieim,
(1) Piping for fuel oll, fresh water, coolitg water, compressed air, interconnecting remotely located equipment, overboard

L)
(@
4)

discharge line, etc.; electric cables for powur supply, remote panels, etc.: ducting for ventlation, etc,

Decentralization of components may require addidonal hockups and piping runs.

Vents that are only internal to the compartment In which subsystem {s located are not considered here.

Notes:

+ Eectric incinerator requires small (2") exhaust,
« Fuel inclnerator requires large (10") exhaust,

{6) Fair number of cables required (electric powetr, electrical controlsy; tne for flushing evajorator tank,

(8) Vapor treatment unit may be separated from evaporator,

(1) Ome vent {s requirsd for evaporator,
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MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR
M/E SHIPBOARD INSTALLATION

MSD  GATX _ Sheet ' 4 of 4
M/E INSTALLATION
Ractot/ INSTALLATION Attribute Data
Subfactor ollect, /Ttansp, | Treat, /Disposal
tdent, No Characteristics Subsystem Subsystem
25 Ease of {nstalling MSD support muipmcntm
Extent of addidonal support equipment required to accommodate MSD
{a) No addidonal support equipmont required for MSD subsystem, a a
(b) Some additional support equipraent required for MSD subsystem,
{¢) Much additlonal support cqui pment required for MSD subsystem,
® Exampless

Flrefighting system must be {nstalled with ine{nerator,
Bilge alarm required if large tank i3 installed above bilge.
Compressor required on vessels that do not already have one,

Detectors of toxic or noxious gases should be installed with any system that, as an {nherent design featurs, uses
such gases In processing wastes,
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.MSD EI'FECTIVENLSS ATTRIBUTE DATA

M/E I - PERFORMANGE

msp __CGATX Sheet _1__of _ 4
: M/E —T :
i Factot/ Attribute Data i
; Subfactor || {[corteet. /Transp. | Teeat, /Disposal !
: 1dent, No, Characteristics Subsystem Subsystom i
311 Effect of poak hydraulic loads tn black'") water sueam on MsD pen‘ormancccz) 4 (6 |
‘ ’ (a) No signtficant cffcot of black water puaks on MSD subsystemn performance, a }
(b) Effect of black water poaks {5 of short duration, with temporary implica= :
tons for MSD subsy.tem performance, easy to overcome, b
! (o) Long-term effcot of black water peaks, difficult to overcoms, with long=

torm Linplications for MSD sulsystem performance.
(d) No ability of MSD subsystem to handle black water peaks.

812 Effect of peak hydraulic loads in gray(l) watet stream on MSD performance (2)
(8) No significant effect of geay water peaks on MSD subsystern performance.
(b) Effect of gray water peaks is of short duration, with temporary implications N/A N/A
for MSD subsystem performance, casy to overcome. System cannot hnrldle gray water
(c) Long=term effect of gray water peals, difilcult to overcome with long=term

implications for MSD subsystem performance. f
(d) No ability of MSD subsystam to handle gray water peaks. :

a21 Effect of low flow conditdons/long idle dmes in black water stream on MSD (0 -
performance(3)

() No significant offect of black water low flow conditlons/long idle times on
MSD subsystem performance. a 4

(b) Effect of black watcr low flow conditions/long 1dle dines of short duration,
with temposary {mplications for MSD subsystem performance, easy to
overcome,

{c) Long-term effect of black water low flow conditions/long idle ttmes,
difficult to overcome, with long=term {mplications for MSD subsystem
performance,

(d) No ability of MSD subsystem to handio black water low flow condidons/
Jong {dle timos,

(1) Inoludes instantancous,hourly and dafly loads,

(2) Peak load handling ability dopends on /T subsystem. The ability of au MSD which employs an influent surge tank to
handle peaks usually depends almost entirely on the sizing of this tank.

(8) An example of low flow conditon is when 75% of thw crew {s not on board vessel for a woek and usage rate by
romaining 26% of crew s normal, Long {dle Hmes are on the order of saveral weeks of virtually ho usaga of MSD,

(4 In the unlikely event that two or more M/T puinips that feed into the same 1-1/4" deain run simultaneovsly, it would
not pull all Uquid from 3" drain dnce 1-1/4" 1ine capacity will Umit pumping rate of M/ T pumps,

(6) 1f evaporator Is full or almost full when pealt occurs, the tank must evaporats some of Lts contents before being able
to accept the peak load,

() Solids will settle but M/T pumps should sweep out lines,
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MSD

.MSD EIFEGTIVENESS ATTRIBUTE DATA

M/E RS PERFORMANCE

GATX

Sheet

2_of _4

M/E
Factor/
Subfactor

Ident, No,

Characteristics

Attribute Data

Subsystem

[[Collect, /Transp, | Treat, /Disposal

Subsystem

322

Etfect of low flow vonditiens/long idle tmes in gray water sweam en MSD
performance

(1) No significant cffect of gray water low flow conditdons/long idls tmes on
MSD subsystem pecformance.

(b) Effect of gray water low flow conditons/long idle times of short duraton,
with temporary Implicadoin for MSD subsystem performance, casy to
overcome.

{0) Long=term effect of gray water low flow condidons/long idle dmos,
difficult to overcome with long=term Implicatous for MSD subsystem
petformance,

(d) No ability of MSD subsystern to handle gray water Jow flow conditdotu/long
—ddle dines,

N/A

System cannot th,le gray watat

N/A

a3l

Alility of black water portion of MSD to handle ndditional personnel (on a
long=term basts)(®)

(4) MSD black water subsysten will handle additional porsonuel with lttle or
no degradation {n performance,
(b) MSD black watar subsystem will handle additional persoanel with
moderately degraded (but stll harely accoptable) petformance.

(c) MSD black water subsystern will ot handle addidonal porsonne!

%

332

Abllity of )ill'(l)' watet pordon of MSD to handlo additional personnel (on a long=
terin basgfs) &

(8) MSD gray water subsystern will handle additional personnel with little or no
degradation In performance.

(b) MSD gray water subaystom will handle additonsl personnel with moderately
degraded (but sdll barely acceptable) performance.

(c) MsSD geay water subsystom will not handle additional personncl,

N/A

Systern cannot hatflle gray wate:

N/A

by

(1) An example of low flow conditian i3 whei 76% of the erew {3 not on boakd vessel for a wosk and usage sati. by
remaining 28% of crew 13 normal. Long [dle times are on the order of several wecks of virtually no usage of MSD,

(2) Resuldny in long=term {ncrease in aveeage black water stream hydranllo loading, ‘The alflity of an MSD which
omploys a black water (or sludge) hoiding tank te handle additional parsonncl imay be determined by the size of
that tank,

(3) Resuldng in long=term {ncrease {n average gray water siream hydraulio loading. The ability of an MSD which employs
a gray water (or sludge) holding tank to handle additonal petsonnel may be determined by the size of tat tank,

(4) Will have to sorvice evaporator mors frequently.
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E II - PERFORMANCE

GATX

Sheet _3

of 4

1dent, No,

M/E
Factor/

Subfactor ||

Characteristics

Attribute Data

Subsystern

ICotlect, /Txansp, | Treat, /Disposal

Subsystem

41

Abflity of black water handling portion of MSD to operate for sustained time
periods

(8) MSD black water subsystem can operate for indefinite period of tme 1if no
components fai, (1)

(b) MSD black water subsystem can oporate for only limited period of time,
even {f no components fail, (

Abflity of gray water handling portion of MSD to operate for sustained time
period

(a) MSD gray water su

}»stem can operate for indefinite pariod of time if no
components fafl, ¢

{h) MSD gray water -ubsystem can ofeuto for only limited potiod of time,
oven if ho components fai), (¢

N/A
System cantiot hal

L

N/A
dle gray watet

61

Abtlity of MSD to handle ground garbage {n black water stroam

(%) MSD black water subsystom will handle ground garbage in black water
stream on & long=term basis,

{b) MsD black water subsystemn will handle glound garb. go in black water
stream on at least a short-term basis,

(¢) MSD black water subsystem will not handle ground garbage in black water
stream.

{4)

)]

82

Ability of MSD to handle foreign mueruln/objeou(s) in black water stream

(8) MSD subsystem will handle foreign materials/objects Lis black water
stroAm on a long~term busls,

(b) MSD subsystom will handle foreign materials/objects in black water
stredm oh at least & short=terim basis,

{¢) MSD subsystemn will not handle foreign materials/objects {n black water

sircam,

6)

n

(1) Applics to & T/D subsystem with an incinerator,
(2) Applies to a T/D subsysterm without an ineinerator,

(3) Exampless

+ Llong, natrow objects (pens, pencils, toothpicks, etc.)

. Small hard objects (nut shells, pull tab from a flip top can, bottle caps, paper clips, coins, nuts/bolts/

krews/nalls, cuff tnlks, ote.)

« Large soft objects (paper towels, newspaper page, stiff und shiny magazine page, strings from a floor mop,

rag, tampons and sanitary naplkdng, ete.)

(4) C/T subsystemn does not handle ground garbage slurry; it is fed by separate line direotly into evaporator,
(6) Detergents in ground garbage slury may cause foaming, Will have to empty evaporator more often,
(6) M/T pumps will handte if materiat {5 not too hand,
(7} Might interfere with operadon of sludge pump,
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E Il « PERFORMANGCE

Sheet

4 of 4

M/E
Factor/
Subfactor

Ident, No,

Characteristics

Attribute Data

ollect. /Transp,
Subsystem

Treat. /Disposal
Subsystem

83

Ability of MSD to handle detergents/surfactants in black water stream on a
long=term basis.,

(a) MSD subsystem will handle detergents/surfactants in black water stream
on a long-term basis,
(b) MSD subsystem will handle dotergents/surfactants {n black water stream
on at least a short-tarm basis,
(¢) MSD subsystem will not handle datergenu/surfactants in black water streamn,

(&3]

54

Abllity of MSD to handle toxic materials in blavk water stream

(8) MSD subsystem will handle toxic matertals in black water stream on a
long=term bags,

(b) MSD subsystem wil) handle toxic materials in black water stteam on at
least a short-terin basis,

(0) MSD subsystemn will handle toxlo materials {n black water stroam,

0

61

Abllity of MSD secondary emissions to meat applicable standards for
the discharge of air pollutants

(A) No possibility of discharge of significant air pollution from MSD subsystem,

(b) MSD subsystam will meet standards for air pollutants under normal oper~
ating conditions.

(c) MSD subsystem will meet standards for air pollutants under normal oper-
ating conditions and thess {s a strong possibility of non=conformance to
standards under unusual operating conditions.

62

Ability of MSD secondary emissions to meet applicable standards for
disposal of ofl=contaminated residues at sea

(8) MSD subsystem has no potential for producing ofl-contaminated residucs
at soa,

(b) MSD subsystem has a potential for producing oil=contaminated residues
at sen.

n

Performance rak for black water handling portion of MSD

(a) MSD black water subsystem has a history of fair or better teat results,
(b) MBD black water subsystem has a history of poor test results,
{c) No test results are availabla for the MSD black water sulsystom,

Performance risk for gray water water handling portion of MSD

(@) MSD gray water subsystom has a hiatory of fair or botter test results,
() MSD gray watee subtystora has a history of poor test results,
(¢) No test results aro available for the MSD gray watsr subsystam,

N/A

System cannot huldlo gray water

N/A

(1) Could affect evaporation process: if foam build up, the foam may get into the vapor trearment saction, ﬂamtglns

the catalyst or decreasing the sections temperature so that odocs are produced,

(2) Some toxic materials may get through vapor tsatment section and be vented (no standards against it).
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E [II - OPERABILITY
MSD GATX Sheet 1 of 2
M/E OPERABILITY
Factot/ i OPERABILITY Attribute Data
Subfactor [ |Collect, /Transp, | Treat, /Disposal
dent, No Characteristics Subiystem Subsystem
Degres of automation for MSD operation () 4
(a) MSD subsystom is almost fully automare, a
(b) MSD subsystem {s semi-automatic: requires infrequent operator
attention, b
(¢) MSD subsystem is semi-automatdie; requires o moderate degree
) of operator attention,
() MSD subsystem is sem{-automatic: requires frequent operator
attention,
(e) MSD subsystem 1s operated manually,
12 Ease of disposal of MSD residue(s)(M®@) (6)
(&) MSD sulwystem has no residues, or disposal of residues from MSD
sulsystern {s very convenient, a
(b} Disposal of residues from MSD subsystern is moderately convenient. b
(o) Disposal of residues from MSD subsystem {s {nconvenient,
14 Ukelihood of vielatng effuent standatds because of procedural etrors {n MSD r (6)
opeutton.(s)
{a) There Is virtually no chance of viclating effluent standards because of
procedural strors 1n MSD operadon, a
(b) There Iy a low likelihood of violadng effluent standards because of
procedural errors in MSD operaton, b
(c) There is a fair to moderate chance of violating effluent standards because
of ptocedural ertors in MSD operation,
() There i3 a high Ukelihood of violating effluent standards because of
procedural arrors iy MSD operation,
23 Skill lavel requirements for operator of MSD
MSD subsystem complexity canldng from 1 to § 4 2
24 Training requirements for opetator of MSD
MSD subsystem comploxity rankdng from 1 to § 4 2

(1) Residue isany by=product of normal MSD opetation, disposal of which is regular operating task, Examples are ash
produced by an incinerator, seal water used by vacuum pumps, wastewater or sludge held in a tank, evaporator
residue, ete,

{2) Length of time required for disposal Is the maln factor constdered; other factors are ease of access of area of MSD
containing the resldus, amount of residue to be disposed of, and ease of storing tesidue on board or taking if off
vesel, as appropriate,

(3) By dumping overboard sffluent which doesn't meet standards, flush oll, evaporator residus, alr pollutants from
inclnerator, etc. .

(4) Evapotator requires infrequent serviclng,
(8) Procedure {s as follows; Stop M/T pumps and wait 15-30 minutes; leave heater on for 156 minutes to stertlize any
remaining sewage coming in: let evaporator cool down; prime sludge pump; empty evaporators turn on rinse water;
clean and reflll, 116
(8) May pump sewage overboand,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

i M/E _______III - OPERABILITY
MSD GATX Sheet _2__ of 2 94
¥ M/E : OPERABILITY 17
5-)" Factot/ OPRRABILITY Attribute Data

Subfactor ICollect, /Tranap, | reat, /Disposal

Ident, No, Characteristics Subsystem Subsystem

28 Effect of MSD operation on vessel work routines/schedules
1)

(u)j MSD operation has minimal or no effect on work routines/schedules, a a
R (b) Effect of MSD operation on work routines/schedules is more than .
3 minimal (i, e, , 1s moderate or extensive), ' B

_ 32 “ Avallabllity of ;pecialized or unique consumables/ expendables required for (5) 1 .‘
. MSD operation 3

(%) No specialized or unique consumables or expendables required for MSD
. . subsystem operaton, a a
: ) (b) Any specialized or unique consumables or expendables required for MSD
subaystem operation are avallable from ship't {nventory, ;
' 8 (c) Any speclalized or unique consumables or expendables required for MSD 2
3 . subsystem operation are avallable from Federal Stock System,

R (&) Any specialized or unique conmumables or expendables requited for MSD
i subsystem operation are avallable from a commereial source,

k] Operating requirements for special or unique MSD support equipment

. : (8) No special or unique support equipment required by MSD subsystem, s a :
3 : (b) Some spacfal or unique support equipment required by MSD subsystem; -
i ¢ equipment reguuu only minimal and {nfrequent attention®) to keep -
4 opeuuom.( ) 3
3 : (¢) Some special or upnique support squipment required by MSD subsystem ‘

requires more than infrequent attention to keep opetational, (

3 ' (1) By C.G, direction, (a) applies to all MSDs considered {n this study.

' (2) No more frequently than weekly with a Juration uiot greater than 10 minutes; or more frequently than
semi=annually with a duration of 2 hours,

i (8) E.g., frefightng equipment, special transformers, ozone detector, bilge alarmt,

! (4) E.g., compressor installed to support MSD operation, 3

3
v (6) Catalyst bed not spocial,
1
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV~ PERSONNEL SAFETY

GATX

MSD Sheet _ 1 of _§6 ;
M/E " SAFETY
Factor/ SAFETY Attribute Data b
Subfactor lbollect./'runsp. Tteat, /Ditposal b
1dent, No, Characteristics Subsystem Subsystem [
1n Hazard of contact with/spillage of toxic/dangerous wbsance:() duse to MSD * &)

inherent design
L = Likelihood of hazard , Y

(a) No chance

(b) Highly unlikely

(o) Fair to even chance
@ MahyMeely SVROSRORUVRRIY O NUPRORRRS S SO I
8 = Severity of hazard

(u) No resuitant injury. a

(b) Results in injury of low to moderate severity requiring first aid or limited
medical treatment.

(<), Results In severe lnjury ot death,

P R R e R L B R R L --——--—.;--1

C = Hazard correction

(2) Hazardous dtunton can be cadly corrected, ) a
(b) Hazardous situation is difficult to correct,
() Hazardous dtuation cannot be cotrected,

(1) Examplest

. Luakage of fumes from incinesator into adjacent berthing and working spaces.

. Hydrogen sulflde (a toxicant) may be generated {n sewage holding tanks, _

« Fresh water connections to MSD subsysterns have a potential for contamlnating the vessel's potable water supply

with toxic/dangerous substances.
« Sewage contaminadon,
.+ The following pathogens may be transmitted through sevage.

= Totanus (bacteria) D

- Typhiold (bacteria) ‘ E,
= Dyientery (bacteria) 3

= Choleta (bacteria) :
= Hepatits (vizus) ,
« Pollo (virus)

«+ Pomible methods of fnfecton (a healthy person may be a carrder; infection hazard depends on a pemson's

resistance),
= Ora} (from hands while smoking or eatng) = the most common methed of transmitting enteric
(intestdnal) diseascs.

« Through breaks In skdn (cuts, abrasions, sores).
= Eyes and nose (form hands).

(2) Since M/T pumps are mounted vverhead, contact with sewage Is highly iikely, even if maintainer wears protective clothing,
(3) Por operator: almost no chance; splatter of sewage in rinsing evaporator is possihle, but avoldable, For masintainer; may
—h

have to get into part of evaporator to service and even with protective clothing, some contact with sewage 13
highly likely, !
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- MSD EFFECTIVENLSS ATTRIBUTE DATA
!

M/E IV - PLRSONNLL SAFLTY |

VISD GATX Sheet 2 of 6

. M/E Attribute Data 'Y
Facror/ 3

; Subfactor Collect, /Transp, | Treat, /Disposal
. ! 1dent, No, Characterlstics Subsystem Subsystem
2 : 12 Hazard of contact due with/spillage of toxic/dungerous substances’ * due to - 1
k: . procedural error/equipment falluces of MSD
N i L = Likelihood of hazard "
g (3) No chance 3

s (b) Highly unlikely b
. ; ! () Fair to even chance ¢ ]

v :LdL-HM!x-lnu—(ely— ----- S . e = e T S W A W WS A TES NG S B¢ R B8 e ame cee e i e ] S WO ang W e ‘
] I S = Severity of hazard p ’
i . (a) No resultant injury, a a .
> i (b) Results in injury of low to moderate severity requiring first aid or Limnited y

i medical treatmeui, 3
o (¢}, Rewilts In severe dnjury or death, e e e e m e ] :
' | G = Hazard correction
" (a) Hazandous situation can bo easily cortected, i a
. (b) Hazardous sttuation is difficul to correct, 8
| () Hazardous stuation cannot be corrected,
(1) Examples; b
3 « Loaknge of funes frotn incinerator into adjacent berthing and worldng spaces.
i « Hydrogen sulfide (a toxicant) may bo generated tn sewage holding tanks, 13
P + Fresh water connections to MSD subsystoms have a patential for contaminadng the veasel's potable water supply ,
o with toxie /dangerous substances. ;
4 + Sewage contamination,
‘ .+ 'The following pathogens may be wansndtted through sewage, i
= Tetanus (bacteria) 4 "
= Typhold (bactorta) i
= Dysentery (bacterin) ]
. - Cholera (bacteria) :
, - Hepatitis (virus) 1§ -
= Pollo (virus) !
) «+ Possible methods of fnfection (a healtly porson may be a carrier; {nfection haziurd depends on a person’s
resistance). ..
- . = Oral (from hands while snioking or eating) = the most common method of tansticing enteric ! b

'\ (intestinal) diseases, 9

= ‘Through breaks in skin (cuts, abrasions, sorcs).

3 = Eyes and noso (from hands), .

(€) . Check valve could fail to open and anothes M/T pumip running pushes sewage through check valve into fixture, ' 5
. Drain line gasket fuilure regults ih leakage=«=-scwage drips on someone, 11
(9 . No danger from vapor treatinent section, 3
. Evaporator peiming valve might be left open (a procedural error), 4

+ If M/T pump does not shut off due to control valve relay coil burnout, evaporator may overfill and pressure relisf 1
valve may spray sewage all over compartment,
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.MSD TFFCCTIVENESS ATTRIBUTE DATA

A M/E ___IV - PERSONNEL SAFETY
msp __ GATX Sheet _3__ of _ g
& i
: e £ SATETY
5 Fatz:r/ SAFETY Attribute Data
:v Subfactor || llcotiect, /Transp, | Treat, /Disposal 1
: ldent, No, Characteristics Subsystem Subsystem P
: (1 @ b
i ] 21 Hazard of explosive potential for operator/matntainer due to inherent MSD !
‘ : design g X
, L « Likelihood of hazard }
. (a) No chance a [ i
o : (b) Highly unitkely b )
§ : (c) FEair to even chance P
‘i ' @L‘Hmyll-kng-ly--.—-.‘ ——————————— W S wm T v S G W4 Smh o p--.‘---uﬂﬂ---—_‘--4 i
: - $ - Severity of hazard i
4 .
| : (@) No resultant injury, . !
(b) Results in injury of low to moderate severity requiring flrst ald or Hmived ;
medical waatment, b :

L o

{€) Results in severe injury or death, :

P e e N e e e Rk e e b e e K Rk | et it

C = Hazard correction

(a) Hazardous situation can be aasily cotrected, ) a
: (b) Hazardous dtuation {s difficult to correct,
i . (c) Hazardous sttuadon cannot be corrected,

s 22 Hazard of explosive potential tor operator/maintainer due to procedural errors/ 3
equipment failures of MSD

L = Likelihood of hazard

(a) Nochance . a
(b) liighly unlikely
(¢} Falr to even chance ¢

e s e o d e i A, e L, i

ot o 1ot s et s e > e . - TR W— S T M G W e e, e e (i W et ot B R G G e N RS o M e s e

$ « Severity of hazard

(a) No resultant injury, a
: (b) Results in injury of low to moderate severity requiring Arst atd or Umited
; medical Teatment, b
9 _RegultsIn severe lnjury ordeath, | | L __ L ¢ el

h C = Hazand correction

e T el i e

(a) Hazardous situation can be eagly comrected, 4 a
(b) Hazardous situaton is difflcult to correct,
(c) Hazardous situation cannot be corvected,

S e Ty

=0
R S TR

i

: (3) If flarmmable liquid (e, g, lighter fluid) is dumped into evaporator (or commodes); if many liquids were dumped
& Into evaporator, may have to tutn off heater to prevent further burning,

o

¥ X i
t 5, (1) Exzept if discharge line is not drained, sewage goes sepric and ganscates methane, '
b (2) Evaporator has pressurized steam jacket, with safety relief valve, ‘
4

|
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.MSD EFFECTIVENESS ATTRIBUTE DATA

3 M/t IV - PERSONNEL SAFETY

. MSD ___GATX Sheet 4 of 6

M/E SAFETY

{
!
|
]
Factor/ SAFETY Attribute Data j
' Subfactor [Collect, /Transp, | Treat, /Disposat | ! 3
5 ‘ -
}
|
1
E]
;
1

Ident, No, Characteristics Subsystem Subsystem
Q)

N ', a1 Hazard of flre ignition potential”” due to {nherent MSD design

T I, » Likelihood of hazard
"_- (3) No chance a

! (b) Highly unlikely b
[f‘ 3 . |§ (¢) Balr to even chance

E S _Highty Ukely
t | S =« Severity of hazard

P R e Tk L.k L KU Ry

PRSI S

R : (a) No resultant injuey, a a
B L (b) Results in injuey of low to moderate saverity requiring fivst alr or timited
' medical weatment,

C « Hazard correction

S 8 W e s e S M A S S e e ey ey g o o s o g O o S S i s

i
1
LY

(8) Hazardous sttuation can be eavly corrected, a a
(b) Hazardous sitvation {s difficult to correct,
(¢) Hazardous situation canriot be corrected,

: a2 Hazard of fire ignition potcntlnln) due to procedural errors/equi pment faflire of ®) i
R - MSD '
l‘

L = Likeliliood of hazard

e et

; (a) No chance a
3 (b) Highly unlikely

¥ (c) Falr to even chance
i () tighy Ukely e e I ST

§ = Severity of hazard .

ot (a) No resultant injury, a a -
- (b) Results n {njury of luw to moderate severity requiring first ald or limited
_(c) _Results in severe injury or death,

-t on i o s v O e e e R et 0 s e o et 4 lon e s S0 8 s e o el
'

C = Hazard correction’

(8) Hazardous situtation can be castly corrected,
B ; (b) Hazardous situaton is difficult to correct,
(¢) Hozardous dtundan cannot be correcicd,

3 i ' (1) Ol used for flushing is not flammable under ordinary couditions. However, at high temperatures, c.g., in the
' 'L;. preserce of a fire, it will support combustion.

(3) If inmlation comes off evaporator ur vapor treatmient section,
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MSD EFFECTIVENESS ATTRIBUTE DATA

E M/E 1V - PERSONNEL SAFETY
MsD ___GATX Sheet _S of 6
M/E SAFETY il
FlOtOl‘/ SAFETY Attribute Data
Subfactor ollect, / Transp, | Treat, /Dispotal
1dent, No, Characteristics Subsystam Subsystem
3
4 Hazazd of electrical shock potont:lnl(l) for operator/maintainer of MSD &
L = Likelihood of hazard
(a) No chance
(b) Highly unlikely b b
(e). Fair to even chance
; () Highty Ukely - o n SRR | PRSI R
EE: § =« Severity of hazaed
1} (a) No resultant injury,
' (b) Results in injury of low to moderato severity tequiring first aid or limited
medical treatment, b
? () Resules tn sovere Injury ocdeath, e e S
;! C = Hazard correction
(a) ‘Hazardous situation can be eadly corrected, 3 a
i- (b) Hazardous situation {s difficult to correct,
E ) Hazardous situaton cannot be cotrected,
3 81 Physical hazards assoclated with MSD due to sharp edges®) “ (6
3 L = Likelihood of hazard
' (a) No chance
I (b) Highly unlikel b
ghiy y
F (c) Fair to even chance ¢
“ (&) _Highly Ukely ________ e e e em e e ) S VR
§ = Severity of hazaxd
(a) No reyuitant injury, a
L (b) Results in injury of low to moderate severity requiring fiest air or Umited
medical weatment, b
() Remules In sovers infuty ordeaths | | _ e e -
&
b C -+ Hazard correction )
{ (a) Hazardous dtuation can be eauly corrected, a a
.t-,': (b) Hazardous gituation is difficult to cotsect,
A (¢) Hazaedous situation cannot be comrected,
(1) Eectrio shock miy result in severs burtu and/or deatht in additon, reacton to eleotrio shook may casue affected
{ndividual to be thrown aside, passibly subjectng him b, scvere {mpact injurtes and/or e ntact with sharge edges/hot
! surfaces,
i {2) Combined effect of Injury due to sharp edges/point and sewage contaminarion may {1tzoduce harmiul pathogens Into
& the bloodstream of an affected {ndividval,
)!\' () Insevicing flushometer, conunode microswitch Aush switch, M/T pump, It is possible for maintaines to get an
£ electric shook,
g‘ (#) 1If maintainer had to dislodge hard material which had sharp edges by the M/ pump,

may get cut on sharpened object,

i

'6‘\"' . Inside electrical control box, there are many burrs from stamped metal parts,

}L,‘ + Stainlesw tteel evaporator housing may have sharp edges on which maintainer could be cut,
%

R T R g g e g B o et siemer mae s

(6) . Hard objects inay be tharpencd by paming thwough M/T pumip aud may Jam sludge pump: i servicing elther puup,
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3 .MSD EFFECTIVENESS ATTRIBUTE DATA ;
'(_-,
: M/E ___ IV - PERSONNEL SAFETY 1
” msp __ GATX Sheet _6 of 6 i
: \':‘ K “\ 3
3 i M/E SAFETY A
' Factor/ SAFETY Attribute Data .
1 ; Subfactor (| {Collect, /Transp, | Treat, /Disposal -
F : | 1dent, No, Characteristes Subsystem Subsystem 3
3 ; a @ 48
: 52 Physical hazards aggociated with MSD due to hot surfaces’ ’ i
. L ~ Likelihoud of hazard g o
: iR
; (a) No chance . i
! ! (b) Highly unlikely b 4
8 () Fair to even chance ¢ ‘
B \\ - _@LH‘JS?LIY.?‘.'SP.II-__-_- _______ et v 2 o 00 S it 00 o ot et vt o]t e o o o o ot 0 e e 2 -
\ ; $ - Severity f hazard E:
ke B
e (a), No resultant injury, a ' i3
4 M ¢(b) Results in infury of low to moderate sevetity requiring frst ald o Limited 3
o ' \-\ « . medical eatment, A b 2
R .. [_(e)_ Results in sovere injury or death, X U
{n \\ WO W D G W Ve My S B it St Gl e W Ve VD SEERL G0y N Gl ) RS A Gt P RS i ML ey T e -G S - amp . Ny ANS W N0 S W ] Sl S0 S e, SRS il f e aaep i ) r-I
R N \"\\‘ C = Hazand comection e
. : ~ . N,
' S \“4 _(2) Hazardous situation can be easily corrected, ‘ a ’ & 9
g ' Xb),_Hazardous situation i diffloult to comrect,
i (c) Ha_zardous situation cannot be corrected, ‘4
5 54 Physical hmq for maintainer of M3D due ta rotadng machinery (3) ) 14
L ~ Likellhood of hagard i
(8) No chance - , "'
' (t) Highly unlikely b b &
E: (¢) Falr to even chance ]
: () Highty Ukely e S 2 e e o S | S, ) ' g
§ - Severity of hazard i g
' (a) No resultant {njury, : a a i A
g (b) Results in infjury of low to moderare severity requlrmg ﬂrst ald or limited b
" medical xeatment i
-.:_‘ (EL_ggst_a_lg_s__l_n__uevere Injury or de.n.h __.______,_._-...-_...«..‘;‘.\.....-.....{ oo et e s ] o e S‘ .
C ~ Hazard correcdon 13
(a) Hazardous slwadon can he easly corrected, a A 1
3 (by ‘azardous situation s difflcult w correct, 2
: | (®) Hazardous situation cannot be corrected, i
R (1) Maintainer might touch hor pump motor, - 4 E
2 (2) . Vapor treatment section surfaces are well insulated; {1 over temperature switch fails, section can ovuhut.
o 3 . Evaporator is Ingulated; niaintaines removing evaporator cover while stll hot may get a burn,
. ) l‘mm M/ pump, If maintainer very cateless, ;
B _' (9 From sludge pump, if malntainer carelem, 3
) 44
By ]v b
4 i b
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E V - HABITABILITY
MSD GATX Sheet _1' of 3
M/E HABITABILITY
Factor/ HABITABILITY Attribite Data
Subfactor )
ollect, /Transp, | Treat, /Disposal
Ident, No, Chatacteristics Subsystem Subsystem
1 Habitability problems(®) assoctated with bacterial contamination duns to MSD
inherent design »
(a)l There s no bacterial contamination habitability problem due to MSD
subsystem inherent des{gn features, a a
(b) There i3 a bacterial contamination habitability problem due to MSD
subdystem Inhorent destpn featurug,
12 Hablitability problenu(l) ussociated with bacterial contamination due to (C)]
procedural errors/ equipment failures of MSD
.'(a)l A bacterial contamination problam due to procedural errors/equipment 4
. fallures of MSD subsystam Ly highly unlikely,
(b) Procedural emors/equiptnent fallures of MSD subsystam are Ukaly to cause b
4 bacrerinl contaminatian problem
21 MSD fixwure comloct
(a) , Comtniodes and urinals are comfortable and easy to use even under ship's
motion, a N/A
(h) Commodes and urinals are not comfortable and easy to use under thip's
nmotion,
22 Flushing procedure requirerrients for MSD fixwre
(8) ‘Thero ate no "non-standard" requitements for flushing, \ N/A
b) There are “non=standard” requirements foc flushing, b v ' B
23 Waste retention fa MSD commode bawl
(2} The amount of waste that remains in the bow! aftar flushing is less than
that rematnlg after flishing a sandard full vrater flushed fixtuce, N/A
(9 The atownt wwaste Pt renadag in e bowl aftar Ushing 5 die o
as tat remaindnyg afroe flushing a standacd full wares fMusied fixture,
() The amount of waste that remaing {n the bowl alter flushing 1s more than
that remalning after Nushing a standard full water flushed flxture, <
(1) As disdnguished from problems of health and safety; lkely psychological reacticns of users are a mutter for
consideration.,
(2) A vacuurn waste collecton subsystem {s less Ukaly to expose personnel w sowage {u cass of a Une beeak than a
pressurlzod wasts collection subsystein; fresh water connections ta MST subsystems have a potendal for contaminating
the vessel's potable water supply.

(3) The GATX MSD, because it has a pressurized sewage collection systetn, 18 mote lkely to expose personnel to

T I R UUR L A

sewage in case of o Une break.
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E V - HABITABILITY

GATX

Sheet

2 _of 3

v———

M/E
Factor/
Subfactor

Ident, No,

HABITABILITY

Charactesistics

e

A

ute Lata

BILITY

oliect, / Transp,
Subsystem

Treat, /Disposal
Subsystem

24

&)

Ltkelthood of user cantact' ™’ with MSD fixture flushing medium

(a) User is unlikely to come into contact with flushing medium,
(b) User {s more Ukaly to come into contact with flushing medium than with
standard water flughed fixture,

@

N/A

28

Appearance of MSD fixture flushing medium

(a) ‘The .color und general appearance of the flushing medium 1s as acceptable
as clear water,

(b) The color and general appearance of the flushing medium are acceptable,
but clear water is preferable,

(c) The color and general appearance of the flushing medfum are not
acceptable,

N/A

20

Noise produced in flushing MSD fixtures

(a) The nofse produced in flushing fixtures i3 less than that of a standard
commode/urinal,

(b) The noise produced in flushing fixtures is the same as that of & standard
commode/urinal,

(c) 'The noise produced in flushing fixtures {s greater than that of a standard
commode/urinal,

N/A

31

Odors produced as a result of inherent MSD design

(a) The MSD subsystem produces uo odor as a rasult of Inherent deaign,
(b) The MSD subsystem produces a noticenablc odor as a result of Lnhegent design,

“@

32

Odon produced as a result of procedural errors/equipment fallures of MSD

(a) The MSD subsystan produces no odor as a result of procedural errors/
equipment faflures,

(b) The MSD subsystem produces a noticcable odor as a result of procediral
errors/equipment faflures,

®

©

41

Heat generation for nearby pmonnel@) due to inherent MSD design

() As a result of inherent design features, the MSD wbsystem does not generatef

enough heat to render its vicinity hotter than most shipboard arcas
containing machinery,

(b) As a result of inhesent design featuzes, the MSD subsystem does generate
wnough heat to tender its vicinity hotter than mon shiphoard areas

containing machinery,

(1) Due to flushing medium composition, fxture u}ulgn. motion of vessel (which may cause splatter, splashing, or
spillage of flushing medium),
(2) For operator/maintainer /adjacent berthing and working areas,

(8) Thoe GATX MSD, because it has a pressurized sewage collection system fs more ltkely to expose personnel to sewage
in case of a Une break,
(4) Evaporator sealsd,
(5) If flapper valve dossn't seat well,
(6) . If open equipment and don't reseat seals commectly, slight odor will result.
« If vapor weatment seotion 11 not functoning and 1a therefore in bypass mode, odor may be vented to deck.
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.MSD EFTECTIVENESS ATTRIBUTE DATA
V- HABITABILITY

M/E
MSD __GATX Sheet _3 of 3
M/E HABITABILITY
Factor/ HABITABILITY Attribute Data
Suhfactor Gollect, /Transp, | Treat, /Disposal
1dent, No, Characteristics Subsystem Subaystem
42 Heat generation for neatby personnel( b due to procedural errors/ e uipment
failures of MSD,
() The MSD subsystem does nos generate enough heat as a result of
prouedural errors/equipment fallures to render its vicinity hotter than
most shipboard ateas econtaining machinery. a a
(b) The MSD subsystem does generation enough heat as & result of
procedural errots/ equipment failures to render its viclnlty hotter than
most shipboard aveas containing machinery,
5 Noise level for pecsonnel In vicinity of MSDm ®
NI = Noise Index
(a) The MSD subsystem is silent ur neatly silent,
(b) Noise level of MSD subsystem is approximately equal to background
noise lavel of vesel, b b
(¢) The MSD subsystem Is vecy loud, produces constant noise, drowns out
veassl background noise in immediate area of the system; must shout
to be heatd, .
8 Vibraton lavels for nearby permnnelm produced by MSD machinery “)
V1= Vibradon lndex
(a) MSD subsystern produces little or no perceptible vibration in addition to
background level on vessel, a a
(b) MSD subsysren: produces petceptible vibration, but similar to vesssl
background,
() MSD subsystem produces abnormal or distucbing intensity and/or
frequency of vibration,
1 Effect of }1SD on uses housekeeping routines (restrictions on user inposed by (5
subsystem®),
(3) Subsystem characteristios do not impose restrictions on user, a
(b) Subsystarn charactoristics impose restiotions on user, b
(1) For opecatot/ matntainer/adjacent berth and wotking areas,
(2) E.g. . Must use water~soluble toilet paper which is not as comfortable as usual
toilet paper,
Must use special bowl cleanes which is less effective than usual cleaner
. Cannot dump detergents down 3 galley sink; must store and off-load at shore,

(3 . If compressed alr line breaks, (c) applies

« If bearings in pumps are very wom, (c) applics.

+ If steam facket vents=steam noise is of short duration,
(4) 1f hard materials get into M/T pump, (b) or (c) applies,
(6) Detergont is very likely to cause foaming in evaporator,
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.MS8D EFFECTIVENESS ATTRIBUTE DATA

M/E VI - RELIABILITY g

MSD __GATX Sheet 1 of 3 !

M/E RELIABILITY
Factot/ RELIABILITY Attribute Data

Subfactor || ICollect, / Tranap. | Treat, /Disposal
1dent, No, Characteristics Subsysram Subsystem

21 MSD complexity

Complexity index of MSD subsystem based on a complexity ranking from . .
: 1to 8. .

23 Extent of MSD equipment/component redundanoy(l) ) O

(8) Thero is some significant redundancy in the MSD subsystem's major
E, components,
: (b) There {s no significant redundaney in the MSD subsystem's major

y Oomponenu. '

;ti_ ‘ 24 Degree of equipment faiture mdcpendencem 8 (9 3

: (a) There is a high degree of equipment failure independence in MSD

¢ : subsystem,

i : (b) There i3 a moderate degree of MSD equipment failure fndependence in

¢ MSD sutsystem, b b /

(e) These s a low degres of equipment fatlure Independence in MSD b
subsystenn.,

25 Adequacy of MSD equipnient tatings (109 ay

(a) Most MSD subsystem equipmants are ovesated.,
{b) Some MSD subsystem equipment ratings arc nominal, some are overrated, b b
{c) Some MSD subsystem equipments are underrated, some are nominally
A rated,
' (d) Most MSD subsystemn equipments are underrated, '
4 26 Provisions for fault actuated cut-off mechanisms(3) for MSD protection (129) !
(®) There are mm{ fault actuated mechanisms in MSD subsystem, or they are
not requized, (¥ D
(b) Thers are some fault actuated mechanisms tn MSD subsystem. b I
(c) There are no or almost no fault actuated mechanisms in MSD subeystem, c !

; 3 Relfability risk for MsD(®) b

i , (2) MSD subsystem has a history of fair or better test results, a !
' _ (b) MSD subsystem has a histary of poor test results, -
(c) No test results are available for MSD subsystem,

i | (1) Any redundancy in electronic circultry is hot considered,

' (2) l.e., failure of one item will not result in faflure of major component or subsystem,

(3) Includes mechanisms to; (i) alert operator/matntainer to high stress or ahnormal conditfons that will result in fafiure, x
and/or (i8) to correct those conditions or tuen off equipment, 3

(1) E.g., standard commodes and urinals in a gravity drain sewage collecton subsystem do not reQuire fault actuated k|
out~off mechanisms, '

(6) E.g., innovative design, exper{cice. !

: (&) Fixtures; possibly M/T pumps, 1
g (7 . Six electric heaters installed In steam facket: only three used,
. Pourteen spray nogzles in evaporatot ¥
; » May drain avaporator in one of two ways. 127 '

3 3
i Footpotes continued on following page. i
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(19)
(1
(12)

Sheet 2 of 2

16 M/ T pumps do not shut off, may over fill evaporator,

. If vapor reatment section fails, can operate but will produce odor,

. If pumps run dry, will accelerate shaft seal wearout, stress impeller.

M/T pumps overrated,

Electrical heaters and sludge pump may be overrated,

. Pressure reliof valves on steam jacket, evaporatot,

« Level, temperature and pressure sensots in vapor treatment section,

. Pressure switch in compressed air line: interlock type cannot heat evaporator or vapor treatrnent section
without it,




.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VIL - MAINTAINABILITY
. msp __ GATX Sheet _1 _of _2
M/E MAINTAINABILITY 3
L Pactot/ MAINTAINABILITY Atribuce Data k
3 E Subfactor ollect, /Transp, | Treat, /Dispasal i,
3 i | 1dent, No, Characteristics Subgystem Subsystem ;8
' k @ 5 q
' v 131 Accessibility of replaceable MsL components iy
S (a) High degree of accemibllity in MSD subsystem components.
. (b) Moderats degres of accemibility In MSD subsystem components. 5
;L\_ (c) Low dogros of accesmibility in MSD subsystem components. o ¢ ‘
) 1832 Extent of MSD moduladzation for ease of ropalr /replacement
(a) High degres of MSD subsystem modularization, a
(b) Moderate degree of MSD subsystem moduladzadon. :
(o) Llow Q}rru of MSD subsystem modularzaton, b
138 Degres of MSD repatrabllity on board vessel, (1) _ ‘ ®
(a) ALl MSD aubsystam: {tems are repairable on vemsl. a "
(b) Somea MSD subsystem items are repairable on vessals soms must be replaced, b
(c) - All MSD subsystam {tems must be replaced, |
: 134 || Availability of manufacturer fleld support and tralning programs for MSD i
) 4
: (8) Manufaoturer field support and a training program is available, :
_ (b) Manufacturer flald support(2) is avatlable but no training program s i
g available, b b {
b : (¢) Manufacturer waining program i1 avaitable but fleld support 1s not
B available,
(d) _Nelthee fleld support nor tralning program are available fom maanfacturer. )
1
142 speom/pmpﬂeuxy(a) item requiroments for MSD equipment repatr ] ® ! ‘
- : (a) No speclal items required for any MSD subsystem repairs. L
' 3 _ (b) Some special ftems required for sorme MSD subsystem repaiss. b b 5
] : ]| (o) Al ftems reduired for MSD subsystem repaics aze special items, b
: (1) Versus necessity foe replacoment of fatled equipment. l |
3 & (2) May inolude some limited watning support during inldal MSD installadon. I8
k. (3) E.g., Incinerator pots, Alters versus standard supply parts, !

(4) « M/T parts diffioult to acoess because of overhead location and welght of pump, s 3
+ To get at flapper valve may have w remove entire commode, ]
(%) To servics ot replace floats inside evaporator, have to remove evaporator shroud which s heavy, requiring 2 men to I
handle it and {s held in place by 30 screw clamps, 8
(6) + Toflon Uning of evaporator not repaitable on vessel, LI
Heators not wsually repairable, 4 9
Windings n motom not usually vessel repafrable. ;
Commodes and flush mechanism are spacial, i
Stainles steel M/T pumps with brass housing are spectal, 1 8
Catalyst and contalner special, ¥
Heater may be special,
Nozele and sensors in evaporator are special,

m
®)
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.MS8D EFFECTIVENESS ATTRIBUTE DATA

M/E VI . MAINTAINABILITY

MSD GATX Sheet 2 of 2
M/E MAINTAINABILITY
Factor/ MAINTAINARILITY Abice et
Subfactor [ [Collect, /Transp, | Tteat, /Disposal
Characteristics Subsystem Subsystem
; 23 Effect of MSD preventive maintenance on watchstander routines
f (a) No effect on watchstander routines. @ s '

o ' (b) Thare is somoe effec: on wamhstander routines,

, ) 83 Special docking requirements for MSD ovethauls

X {8) Thete are no special dooking requirements for the MsD, @ a a

': E () There are special docking requirements for the MSD,

! 4 Logistic requirements for MSD

‘ (8) No speclal parts are roquired for the MSD subsystem,

- (b) Few different categories of special parts are required for the MSD

X - subsystem and theve are few parts in each categoey, b b

3 (0) Few different categories of special parts are required for the MSD subaystem

3 but many parts of each type are required, or many different categories of

: spoolal parts are required but thers are few parts in sach category,

[ : (d) Many different categories of parts are required for the MSD subsystem ail

3 M there is u lasge numbaer of parts iu each catsgory,

(1) By C.G, direction, this applies to all MSDs considered fu this study,

!
3
4

ok oo
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GATX
EQUIPMENT AND INITIAL SPARES ACQUISITION COSTS

Equipment Cost of Assoclated

Equipment nitial Spares Package (@)

commode

10

1, 500(b)

Evaporator 14,100
(With sludge
pump and 14,400
controls)

15,000

80 gal, 158,500
Vapor Treatment Section

L__(Including controls) 2,000

Notes

1. Please supply cost estimates for each equipment based on a
production run of 100 units,

2, All cost estimates are to be hased on 1976 costs,

3, Identify recommended contents of Initlal Spares Package
assoclated with each equipment,

Manufacturer recommands one initial spares package {or every
associated equipment on board the vessel,

U.8. Coast Guard policy is to use fresh water flushing and to

stock one extra M/T pump per vessel regardless of the number of
such pumps installed on the vessel.
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CHRYSLER 'AQUA-SANS" RECIRCULATING OIL SYSTEM

PRINCIPLES OF OPERATION

The Chrysler "Aqua-Sans" is a "no discharge" MSD that differs from
most systems in its use of a refined oil to flush wastes from commodes
and urinals instead of water. Since the oil is immiscible with, and less
dense than, the wastes, gravity separation is effective in disengaging
the oil from the wastes to be destroyed. The oil is recirculated as a
flush fluid for both urinals and commodes. It is purified by filtration and
adsorption and chemically disinfected. The wastes are vaporized and

burned in an incinerator,

The equipment is available in predesigned, functional modules
of varying sizes or capacities. The modules are:

. Separation tank

. Pressurization and Fluid Maintenance package, which

is separated into two modules in the larger size.

. Sludge holding tank, used in larger systems

. Incinerator.
The collection (and recirculation) subsystem, comprised of the Separation
Tank and Pressurization and Fluid Maintenance (P & FM) package, is
operational at all timas, regardless of vessel location (1,e., in or beyond
restricted waters or at plerside), in order to provide toilet facilities fo:
the crew. For servicing, or during an emergency, the fluld maintenance
portion of the P&FM package can be shut down and remain inoperative
until odor becomes too objactionable. While at pierside or beyond restricted
waters, collected wastes can be pumped to a pier connection or overboard
from the sludge holding tank, permitting the incinerator to be nonoperational
In a small system that does not have a sludge holding tank, an ejection

tank can be added for just this purpose.

The Chrysler MSD is essentially automatic, requiring supervision of
equipment operational status plus the following periodic efforts during
138
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normal operating conditions:

Ash removal from the incinerator

Addition of éhlorlne disinfectant tablets
Replacement of filters (prefilter, charcoal and clay)
Replacement of filter bag(s) in separator tank
Addition of make up flush medium (oil)

Complete replacement of system flush fluid,

A functional block diagram of the Chrysler "Aqua-Sans" Oil Reoirculation
System is presented in Figure 9.
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SYSTEM DESCRIPTION

For ease of description and visualization of a hybrid WMS, the
Chrysler MSD is presented in two subsystems: a collectior and recircula-
tion subsystem, and a disposal subsystem,

It {s noted that in a recirculation system, the division between the
waste colleotion, transport, treétine"ﬁ\i:':"é'nd disposal subsystems is not
clearcut. For purposes of describing the system, it is subdivided into two
subsystems, such that the waste colieotion. transport and treatment
functions form one subsystem, and the waste disposal function (i.e., the
incinerator) forms the other subsystem., However, for purposes of
analyzing some of the effectiveness char&ctorlattcs. it was more
convenient (mainly to preserve some similarity with the Grumman and CHT
collection subsystem) to use a different subdivision, The subdivision there
is such that the waste collection and transport system (consisting of the
commodes, urinals and the standard drain pipes only) forms one subsystem,
with the treatment and disposal functions {(consisting of the remainder of
the system) forming the other subsystem."

eotio Racircu bsyste

The collection and recirculation subsystem is comprised of the
following:

Standard commodes and urinals

Existing standard, sloped, gravity - drained sewer pipes
Separation tank

Pressurization and fluid maintenance package

Return piping for flushing medium

Controls

A. Commodes and Urinals

The commodes and urinals are the existing, standard, full-flush
fixtures. The associated flushometers might require a change in the timing
orifice in order to maintain the same flush vglume, if it {s so desired,
Otherwise, everything remains standard.

shocton N G o A SR AP o St R £ 0




B. Separation Tank 1

The separation tank is a two compartment module in which the old
disengages from the aqueous wastes, is disinfected, filtered and stored
in a reservoir, The first compartment provides a quiescent volume in which 1
oil and water (aqueous wastes) separate by gravity. The urine, feces and .1

3 external level sight gage shows the height of the interface between the

|
F tollet paper settle, to be contained in the hopper shaped bottom, An
g,

aqueous phase and the oil. valves at top and bottom provide isolation for

? chemical cleaning of the level gage. The transparent section of the level t
F-i gage is made of a short block of acrylic in which two electrodes detect ';
i the presence of water between them, Upon signal from the level sensor,
» a macerator/transfer (M/T) pump, operating for about ten seconds, with-
draws some of the aqueous waste from the hopper, The pump is mounted

l
¥ axternally at one end of the separator tank and {s connected to the hopper ‘
! by a four inch line with a diaphragm shut off valve in it, Vertically |

mounted on the 1-1/4 inch discharge pipe from the pump is a ball check i

i valve, .

Inside the tank, lying horizontally at the top of the first compartment,
is a fiberglass furnace filter which acts to coalesce any fine droplets of
water, Larger water drops settle more readily. Keeping the coalescer in
place is a piece of expanded metal plate, upon which the chemical chlorine

tablets are laid. As flush fluid and wastes enter the settling compartment
through a submerged pipe, separated oil is displaced upward through the
§ coalescer and plate, dissolves some disinfectant and overflows the com.
partment baffle.

The falling oil is filtered through a preformed felt bag which removes
. ‘ particles of the chlorine tablets that might be carried over. The bag is

' located in the second compartment above the reserve oil level, A small
blower pulls air into the tank through an inverted vent connection across
the top of both compartments and dlscharges it into a two inch vent line,
The cover is a flat lid that provides sufficient sealing to allow odor removal
by the blower, It is secured by four quick release clamps.
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In addition to the contactor for the M/T pump, the controls include
relays and timers for the following logic functions., The signal from the

T T e AT T T A e

! level sensing electrodes must be coniinuous for about 20 se~onds before

' the M/T pump will start., This avoids false signals due to sloshing caua?d
by vessel movement. After pumping for 10 seconds, the pump is deactivated

for two to three minutes before accepting another signal from the leval seusor.,

This allows equalization of the level in the hopper and the level gage as well J
r’ as permitting wet solids (e.g. pleces of toilet paper) to fall from the down- :?
" ward slanted electrodes, The delay helps prevent excessive withdrawal from %

tne hopper, assuring that only aqueous fluid is removed.

Separation tanks are available from the manufacturer in five sizes, all

—r R

operating on the same principles. The two largest sizes are designed with
each compartment as a free standing tank to be installed close to each other,
This option is available with the smaller units on a custom designed basis, .

The sizes of interest to this study are the three smallest separation tanks i 1
which have a maximum oil capacity and a 24-hour man-loading of:

— g T

e

. Model A: 81,5 gallons ~ 20 men i {
. Model A/B: 156 gallons - 50 men {4
g +  Model B: 209 gallons - 160 men '

C., Pressurization and Fluid Maintenance

et =

ko e e

The Pressurization and Fluid Maittenance (P&FM) package is a pallet
mounted assemblage of equipment which provides (1) the pressurization of
. recirculating flush oil for distribution to the commode and urinal flusho-
meters and (2) the purification of the oil in a bypass stream,

S Y,

The pressurization portion consists of the following:

Two centrifugal pumps installed in parallel
A vertically mounted cylindrical accumulator
A pressure switch and pressure gage

An automatic air injector.

I BTN e T AT S A T
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Manual ball valves are used to isolate the standby pump, making pump

alternation a manual procedure. The pressure switch actuates the operating

pump, which serves to keep the pressure in the accumulator between the preset

o i T e e e Tt A e 7 i e e M B

limit of 32 to 42 psig. An accumulator is8 necessary in order to accommodate
143
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peak flows when several flushometers are operated simultaneously. The original
accumulator design contained a troublesome rolling diaphragm to separate the air
. from the oil. When it was eliminated, an air injector was added for replacing
the air that dissolved in the oil (air is more soluble in oil than in water).
The air injector is a single-stroks, flat diaphragm, compressor that operates
once every time the pressurization pump starts up, using the oil pressure
to compress air,

The fluld maintenance portion of the P&FM package is a passive
system that bleeds a continuous flow of oil from the acoumulator, purifies
it and returns it to the reservoir compartment of the separation tank. The
components, in sequence, are as follows:

« A prefilter

. A pressure regulator

? . A charcoal filter

. A clay filter
The pressure regulator stabilizes the pressure, and thus the flow, from
the fluctuations of the accumulator. A pressure gage helps set the flow
and gives some visual indication of the condition of the purification
components,

The preofilter is a corrugated, coylindrical paper filter In cartridge
form. The easily replaced, throw-away element protects the regulator and
the fine filters from clogging prematurely. The first filter holds activated
charcoal contained in a bag of non-woven, very porous polypropylene
cloth, The charcoal adsorbs organic, odor-producing compounds as well
as some chlorine, The second filter contains a larger, cyli ndrical
cartridge in which an annular layer of clay is held. The clay acts

as a very fine filter for particulates as well as acting as an adsorbent,

Replacement of the filters is performed on a regular basis or when the
the color, clarity or odor of the flush fluid is unacceptabie. An indication
of imminent need for filter replacement can be seen from the preasure

reading on the regulator gage or the flow rate of the return stream inslde
the separation tank, A hand valve isolates all the bypass components
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from pressure, The prefilter element is replaced by dropping the enclosing

shell after unscrewing a central post that projects through the top of the

head casting, The charcoal and clay are accessible by removing the tops

of their containers, after releasing a single quick-opening V-band clamp.

The pressurization and fluld maintenance functions for larger systems
are provided on two pallets: one for the dual pumps and one for the puri- 4

fication components, The accumulator Is usually custom designed and

el T o

| installed independently of the two pallets., The component functions are
- identical to those of the smaller P&FM package, The pressurization pumps
are essentially the same as those for the smaller P&FM package but the P8
fluid maintenance components are larger and have different methods for |
closure. The prefilter slements are accessible after dropping the shell 7
_ -_ which is held up by four screws, The charcoal filter housing uses a cover
I plate fastened to the body flange by six bolts. The housing for the clay
| : cartridges is separated in the middle, after releasing a single V-band clamp.

D, Retum Plping
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The return piping for the flushing medium is simple, ordinary piping
but is mentloned separately to emphasize that in an existing vessel, it will
require additional piping. At some point or points on the way back to
!' :‘. the commodes and urinals, it jolns to, and makes use of, the piping, already

‘ . in place, that leads to the flushometers. At the point(s) of juncture,

[ S Y

. . complete separation from the previous flush water supply must be effected.

E., Controls

Controls for the separation tank and the P&FM have besn described,
They are located with the module that they serve., There are some inter-

connecting control functions between the separation tank and the disposal !
L subsystem,which are described with the latter, :




Disposal Subsystem

2 The disposal subsystem consists of an incinesrator only for the smaller
, systems, but includes an intermediate sludge holding tank in larger

gystems.

A, Sludge Holding Tank

The sludge holding tank (called a waste holding tank in the manufac-
turer's catalog) is a rectangular, hopper bottom tank that primarily accommo-

dates the mismatch in instantaneous flow rates between the separation tank

Skt i, S .4

discharge and the incinerator input. Its other function is as a secondary

L . e e i

separator to remove any oil that might be carried over from the separation
tank.

The tank is supplied with itse own stand on which is mounted a close-

coupled centrifugal pump-motor, a belt driven progressing cavity pump,and
the necessary interconnecting piping. Ancillary items on the tank are:

s - e T S

. 1) three level sensors, 2) extemal level sight gage, 3) exhaust blower 1 ]
and motor, and 4) electrical controls. The centrifugal pump periodically \
recirculates the top layer of liquid in the tank back to the separation tank

LT T AR . T
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carrying with it any oil that has separated out. The ptogressing cavity
pump feeds the incinerator in short, timed, batches,

The middle level sensor signals the incinerator to warm up ln prepa-

SRS IR LT
i T Al S

ration for receiving wastes, and the lowest sensor stops the oyclic transfer

of wastes to the incinerator. The uppermost sensor indlcates an overfill
situation and can actuate an alarm., The level sight gage gives the operator
a visual indication of the tank status. The exhaust blower pulls odor beariny
air from the tank interior and discharges it to a two inch vent line, t

Two sizes of sludge holding tanks are available and both are considered
for this study. The Model B holds 100 gallons and the Model C holds 200
gallons and are identical in function and ancillary equipment, The difference

T DR R A R TR TR S AL AR L e

lies in the physical dimensions of the tank and structure.
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B. Incinerator

The incinerator is a free standing, rectangular unit with a weather
resistant enclosure, in which the concentrated sewage is dehydrated and
burned. The wastes are piped from above into a metal pot where the water
is evaporated and the organic residue is burned. A downward-firing oll
burner assembly directs the flame into the pot from which the hot gaseas
must pass up, around, and under the pot, before exiting the chamber, A
short Metalbestos section, rising vertically from the top of the unit, is
supplied as the start of the exhaust stack. A hingaed, insulated door on
the end permits withudrawal of the pot for ash removal,

The pot was originally a rectangular box, welded up from stainless
steel sheet, Rapid corrosion failures of the pot prompted development
through a ssries of designs that included welded reinforcements and
exotic metals. The current design, apparently successful, {8 spun from
two pieces of SS309 plate with only one circumferential weld, Failure
seemed to be due to stress corrosion which is substantially reduced with
the currant method of fabrication,

Controls include solenoid fuel valves, ignition transformer, tempera-
ture controller, thermocouple probe, overtemperature sensor and timer.
The sequence of actions {5 as follows: The level sensor in the separator
tank (or the sludge holding tank) signals a high level, when the electrodes
become wet with aqueous waste, At this time, the incinerator timer and
blower start. If the high level signal 18 continuous for 64 seconds, the
incinerator burner ignites, When the temperature reaches 1100°F the burner
begins to cycle in order to maintain this temperature. At the start of the
second oycle, sludge is pumped into the incinerator. The incinerator burns
for approximately 34 minutes and then shuts down. If the temperature reaches
1250°P. the overtemperature sensor actuates visible and audible alarms
and shuts down the burner,

A larger incinerator is available with twice the capacity for human
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waste (B gallons per hour vs, 4 gallons per hour), Aside from being physically
bigger, the unit has two burners and a two stage temperature controller,

One bursier fires into the pot from above, as in the smaller unit, and one

fires horizontally, below the pot level. The controller actuates one or

two burners depending upon the heat demand (difference between set point

e NS s

i ’ and actual temperature),

3 Scaling.

, Because of the modularity and the predesign of the major pleces

«5 of squipment comprisinag the Chrysler MSD, various combinations are i

: available for differing capacity raquirements. For example, 152 men can I

| be accommodated by three Model A separation tanks or one Model B,
Pressurization and fluid maintenance can be brc\dded by three Model A

e A L St e 1 e N R il :

packages or one Model B pressurization unit and one Model B fluid
maintenance unit. The smallest system package is designed for 20 men

on a 24 hour basis,
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CHRYSLER
- COMPONENT: PHYSICAL CHARACTERISTICS
o ' :
:‘ “ N Cansals Weight (lbs) Yolume Dimensions (Inches)
L. b somp PETN ey Pilled (cu f) Helght Length ' Width
Chrysler Model A 20
. . men
v Separation Tank * 635 1370 | 51.9 68 55 24
Pump and Fluid .
£ - Maintenance Pkg. 435 540 | 59.6 67 48 32
§ Inclnerator 575 588 | 27.1 47 36.5 27.3
L Chry sler Model A/B 50
i f' men
Separation Tank * 1000 2400 | 79.1 68 §7 30
) Pump and Fluid
‘) Maintenance Pkg. 435 540 59,86 67 48 k¥
E Incinerator 575 588 | 27.1 47 36.5 | 27.3
£ Chrysler Model B 160
men
- Separation Tank * 1060 3120 | 116.7 77 77 34
Fluld Maint, Pkg. 325 555 22,0 49 31 25
4 Pump Pkg. 245 250 10.6 18 34 30
: Sludge Holding Tank 610 1445 40,8 49 40 36
. ; Incinarator 575 588 27,1 47 3645 37.3
o Chrysler Model C
o Sludge Holding Tank 980 2650 | 75.6 | 80 43 38
Incinerator 1600 | 1626 | 79.2 | 41 63 53

astwo individual tanks.

NOTE: Control panel is decentralizad on current produotion models. Tndividual
controls are located on sepavation tan), pump or pump and fluld main-
tanance package, waste holdingy tank and incinerator,

* Soparatlon tank normally has two vertical compartments which can be furnished
This may help placement in tlght quarters,
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\ CHRYSLER

f . STANDARD COMPONENT PIPE CONNECTION SIZES |

f\ _Qhrysler WM3 Components Pipe Connaction Size !

- Separation Tank (for Models A, A/B, B)

k Waste Inlet: 4 in, NPT

!t\ ! Waste Outlet (Pump discharge) 1 in. NPT

3 i Flush Fluid Outlet 11/2 in, NPT

i | Flush Fluid Return 1,2 in, NPT

3 ? Vent Blower Qutlet 2 in. ]

E :

3 i Pump and Fluid Maintenance System (for Models A, A/B) E

] ; Flush Fluid Inlet 1 1/2 . NPT
i Flugh Fluid Supply 11/2 in. NPT :
f Bypass Fluid Return 1/2 in, NPT o

Flush Fluid Pump Package (for Model B)

Flush Fluid Inlet 11/2 in. NPT

Flush Fluid Supply 11/4 {n. NPT .
) Fluid Maintenance Module (for Model B) '

Fluid Inlet 3/4 in, NPT '!

Bypass Fluld Return. 1/2 in, NPT !

Sludge Holding Tank (for Models B, C)

O S8

Waste Inlet 1 4in, NPT
Transfor Pump Outlet 1 in. NPT
Recirculation Pump Outlet 1in. NPT
Vent Blower QCutlet 2 in,

Inocinerator (for Models A, A/B, B)

; Wasta Inlet 1 in. NPT
Fual Suction and Ratumn 3/8 OD tubing
Stack 8 in. ID Metalbestos' ;

Incinerator (for Model C)

et J

]

i Waste Inlat 1 in, NPT ’

i Fuol Suction and Retwrn 1/2 in. NPT |
Et\ Stack 12 in. ID Metalbestod' i 3
i | RS
Sludge Ljection Tank ) {
.:" v
3 Waste Inlot 150 1 in. NPT ‘; g
: o Vout Blower Qutlet 2 in, | g}
3 Mot may vary fionn connectiog sige depondityg upon Installation, '.'E
¥ IR SR STV % P SR TR e e .;
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MSD

.MSD LFPFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILATY POR
M/L SHIPBOARD INSTALLATION

CHRYSLER

Sheet 1

of 4

M/E
Factor/
Subfactor ||

wa

INSTALLATION

Characteristics

INSTALIATION
Attribute Data

" Subsystem

Collect./Transp, | Treat, /Disposal

With 1 With

Subsystern

Klent, No,

12

1
MSD materials disallowed ot not rccommendcd.( )

(3) No disallowed or not recommended matedals prc.somcz) fn MSD subsystem,
(b) So:ne dizallowed or not rocotnménded materals present In MSD subsystem,

but resultant problems can be solved or compensated for,
(¢) Presence of disallowed or not rucotmmended matcrials in MSD subsystem

presents problems with no feastble solutions,

Incin ! Holdi

Tank

n

a a

£ (9

13

Extant of additlonal support systetus or equipment required to accormnodate

M3D(®)
Identtfication of support system requirements for MSD subsystom.

21

Extent of fixture modifications required for MSD installation,

(a) MSD uses standard commodes and urinals,
(b) MSD uses non-standard commodes and speclal equipment Is assoetated

with the wlnals,
(¢) MSD uses non-standard commodes, special cquipmant Is associated with

the urinals and cach fixture has additional hook-up requireimnents,

22

Extont of flush medium supply modifications required for MSD fustallation,

(a) MSD uscs sea wator for flushing fixtues,
(b) MSD uses fresh water for flushing fixtuces,
(c) MSD uses a non-aqueous for flushing Axtures,

N/A

231

4
tHookup rcqulromcnts( )for MSD Colleetion/Transport subsystern {nstallation,

(1) MsD nses standaed Colleetton/Tratsport subsystem,

thy M3 usesaeciienlatig Collectlon/Traspuit sl aystam, ()

() MSD uses non~standard and centralized Collection/Iranspost subsystem,
(1) M35D uses non=standard and non-centtalized Collectlon/Transport

subsystem, (6)

(10)

=z
~
e —— = ———

)
(V)
(6)

« Firefighting systems must bo nstalled with fncinerator.
« Bilgs alarm required if largo tank {5 {nstalled above bllge,
+ Compressor required on vessels that do not already have one,

« Detecturs of toxle or noxious gases should be fnstalled with any system that, as an ioherent design featuro, uses

such pases in processlng wastes.

Dratn piplug; electric  cablos for connectdng commodes, M/T pup and ¢ontral panel, compressed air, eto,

I existing gravity drain system,

Includes conversfon from reduced flush vacuum wllecton to a standard gravity drain system with ot without reclreulation.

(1) Asspacificd In subchaptors J&F of Mecchant Marine Cods and C, G, MSD repulations,
(@) For pucposes of thiy study, C,G, directs cholee (a) for all MSDs,

(3) Examples;

)
)
(9

Possibly firc fighting equipment {n head spaces,
Flre fighting equipment; ventilation,
Bilge atarm if necessary,

7110) Reclreulatug ofl return hookup required, standard drafns used.
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.MSD EFFECTIVENESS ATTRIBUTE DATA

b I . ADAPTABILITY FOR
-, : M/E SHIPBQARD INSTALLATION
L MSD _CHRYSLER Sheet _2 of _ 4
.'-; ! E INSTALLATION
) B Pnztt/or/ INSTALLATION Attribute Data
» L Subfactor || rCollect'/Tump. Treat, /Dispasal 7
: tdent, No, Characteristics Subnysten:a) Subo‘ystem ‘
¢ 232 Routing flexibility for drain piping modiﬂcadom(l) assoofated with MSD with | Holdi ‘
. | ng b
2 ) Collection/Transport subsystern installation(@) Inoln, __Tapk ¥
R () Routdng of MSD Collection/Transport piping s highly floxble. 1 3
‘. (b) Routdng of MSD Collection/Transport piping is moderately flexible with | {3
3 - some restrictions, N/A {3
- i (¢) Roudng of MSD Collection/Transport piping is highly Inflaxible, c ! 'l’l .
1 ) | i3
233 Space requiremonts for MSD Collection/Transport subsystem installation @ L
3 Vo I8
(a) Space required for MSD Collection/Transport subsystem is little or no ' i
greater than that required for atandard Collection/Transport subsystem, ! } f
(b) Space required for MSD Collection/Transport subsystom s moderatcly b N/A P
increasud over that required for standard Collestion/Transport subsysterm, ' ! '
(¢) Space required for MSD Colleotion/Transport subsystem §3 much greator l ‘
. than that required for standard Collection/Transport subsystem, :
234 Modularity of MSD Collection/Transport subsystera (as it affects {nstalladon), ® | !
| . (a) Collectdon/Transport subsystem is highly modular, a N/A f g
. : (b) There Is an option for somo decentralization of the MSD Colleeton/ | v
k- Transport subsystem, !
3 (c) The MSD Collection/Transport subsystem Is highly eentralized. ' i
i 236 Vent requirements for MSD Collection/Transport subsystem installadon, © ‘
s {a) MSD Collection/Transport subsystem requires no vents, N/A b
p {b) MSD Collection/Transport subsystemn requires few vents, | o
3 (¢) MSD Collection/Transport subsystem tequires many vents, ¢ X C
‘ (1) Of the three retevant categories of routing tines (plping, vendlatlon, electrcal), p!ping is the most important for .
- assessing ease of MSD installation, ‘
: (2) Notess Lo
i C
' « With gravity drainage, Lnes must always slope downward and require ventng, Iy
s ‘ + Smaller sizo lines ato inherently more flexible, i
N , + With pump or vacuum Collection/Transport subsystom, sharp bends, tiscrs and long runs can be accommodated -
in piping. Iy
‘ . (3)  Gravity drainage thirough standard drafn lnes. Routing of roturn lnes (pressurized and filled) is highly flexible. Answer by
I b applics to new (nstallation only; if standard drain linca already {nstulled in vessel, then (u) applies, ,\
, : (4) Commponents for pressurized retumn (e.g.. accumulator). ;
- S (8) . Pressurization o fluld maintenance package is separatid fnto two modules {n the larger (160 man) Model B of the 1
i £ Chrysler MSD, g
k. I . MSD available as packnged subsystems. ; y
Iy & 4
k. i (G) As for standard deain lines (§.e, all traps must bs vented), Answer applics to new {nstallation only; if standard dratn { ]
3 5 line already fnstalled {n vessel, tion (a) applics. i 3
E I
B B v M
i .
A 153 {3




. MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR

L i {nstallation 'y%] ol H
. : (a) Pipe, ducts and/or caple requirements for the MSD Treatment/Disposal (56 1
: subsystem.are minimat, N/A b b
i . (b) Plpe, ducts and/or cable requirements for the MSD Treatment/Disposal |
I subsystem are moderate,
. (c) Pipe, ducts and/or cable requitements for the MSD Treatment/Disposal

-4 M/E SHIPBOARD INSTALLATION !
) i
3 MSD _CHRYSLER Sheet _3 of 4 ]
- M/E 1‘1
g Pactor/ INSTALLATION Atuibute Data
. Subfactor | {Colleat, /Transp, | Treat, /Disporal
- M Characteristics Subsystem Subsystem o
. B ; 1 2
f i 242 Hookup requirsments®™ for MSD waste Treatment/Disposal subsystem with 'Hw&“laS 4
N Ta 2

N ! subsystorn.are axtensive, 1
i
) 248 Degree of modullrlg of MSD waste Treatment/Disposal subsystems (as it F'l. 8) i ()
affects {nstallation)®@) |
1 , {a) MSD Treaiment/Disposal subsystern s highly modular, i N/A r e
' (b) There i3 an opdon for somo decentralizaton of the MSD Treatment/
I Disposal subsystem. !
j ' {c) MSD Treatment/Dispusal subsystem fs highly centralized, \
? 244 Vent requirements for MSD waste Treatment/Disposal subsystem 1ruta1hdon(3) N/A ® G20
‘3 (a) No vents are raquired for MSD Treatment/Disposal subsystem, ! -
(b) Vents are required for MSD Treatment/Disposal subsystem, b b ‘
248 Exhaust stack tequirements for MSD waste Treatment/Disposal subsystem \ ‘
tnatallaton, (4 N/A 4 X
(a) Exhaust stack not required for MSD Treatment/Disposal subsystem, | ‘
} (b) Small exhaust stack required for MSD Treatment/Disposal subsystem,
)i c) Lacge exhiaust stack required for MSD Treatment/Disposal subsystem. ¢ |

(1) Piping for fuel oll, fresh water, cooling water, compressed alr, interconnecting remotely located equipment, overboard
discharge line, eto.; electric cables for power supply, temote panels, etc.; ducting for ventlation, etc,
) (2) Decentralizaton of components may tequire additional hookups and pining runs,
N (8) Vants that are only internal to the compartment {n which subsystem {3 located are not cnusidered hece,
» : (4) Notesy
g + Hectric incinerator tequires small (2*) exhaust.
. « Fuel ncinerator requizes large (10") exhaust,

(8) Eleotric power; electrical controls (each package in subsystem has its own control panel): no compressed air, i
(6)  Fuel spply for inoinerator. .
(7)  Subeystern comes in package units, : 1
(8) Incinerator separable from weatment subsystems; may be mounted in any convenient location, '
(9) Separation tank requires smail vent,

(10)  Sludge tivlding tank requires vent,
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.MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR
M/E SHIPBOARD INSTALLATION

MSp CHRYSLER

Sheet _4_ _of _4
M/E l[ INSTALLATION |
Factot/ INSTALLATION I Attribute Data
Subfactor flcottect, /Transp, | Treat, /Dispotal
{dent, No Characteristics Subsystem “Subsystem
Q) &1 1w
28 Ease of installing MSD support equipment “With | Holding
Extent of additional support equipment required to accommodats MSD ln' Tark
(a) No addtdonal support equi pment required for MSD subeystem, ) (O]
(b) Some additional support equipment required for MSD subsystem. b b . b
(¢) Much additional support equipment required for MSD subsystem. \
Q) Examples;
+ Frefighting system must be {ustalled with fnctnerator.
« Bilge alarm required if large tank is installed above bilge.
« Compressor required on vesels that do not alrcady have one,
« Detectors of toxic or noxious gases should be installed with any system that, as an inherent design feature, uses
such gases {n processing wastes.

(3) Pire fighting equipment: ventilation,
(4) Bilge alarm If required.

(2) tire fighting equipment in heads,




MSD EFFECTIVENESS ATTRIBUTE DATA

M/t 1l - PERFORMANCE

..MSD CHRYSLER

Sheet 1 of 4

S ———" " em——

i
| i
M/E .
Factor/ | Attribute Data ; ;

subfactor (Collect, /Tranp, | Treat, /Disposal B
Kent, No Characteristics Subsystem Subsystem

ol Effect of peak hydraulic loads in black'" water sweam on MSD pcrformlmem) 4 with : .‘V;'lﬂ‘l 13

' (a) No significant effect of black water peaks on MSD subsystem performance, E—:-‘-& :—ugh 1

| (b} Effect of black water peaks is of ehort duration, with temporaty {mplica= ® | L

f tions for MSD subsystem perfortnance, easy to overcome, b b | b

; (c) Long=term cffect of black water peaks, difficult to overcome, with long= | B0

i term implications for MSD subsystem putformance. |
|

: (d) No ability of MSD subsysterm to handle black water peaks.

aig Effect of pealt hydraulic loads in gray(l) water stream on MSD performance (2)

: (4) No significant effect of gray water peaks on MSD subsystem porformance. ) 1
: (b) Effect of gray water peals is of short duratfon, with temporary tmplicatons N/A N/A i
; for MSD subsystom performance, casy to overcoms. System cannot handle gray water ! -
L (¢) Long=tarm effoot of gray water peaks, diffieult o overcome with long=term I'3
|
i

o implicadons for MSD subsystem petformance.
: (d) No ability of MSD subsystemn to handle gray water peaks,

3?1 Effect of Jow flow conditions/long Ldlo rimes {u black water stream on MSD (6"
i performance(8)

! ' (3) No significant sffect of black water low flow conditions/long idle tmes on
i\:g . MSD subsystem performance,

1
|
|
|

by Effcot of bluck water low flow conditions/long idle times of shiort duration, !

' with temporary implications for MSD subsyster performance, easy to !
|

|

|

1

J

overcome., b
3 (¢) Long=term effect of black water low flow conditions/long idle dmes,

| difficult to overcome, with long=termn implications for MSD subsystam
B performanca.

2 (d) No ability of MSD subsystem to haudle black water low flow conditons/
K long {dle thines,

(1) Wneludos instantancous,hourly and daily loads. B
(2) Peak load handling ability depends on C/T subsystem. The abllity of an MSD which employx an intluent surge tank to . -
handle peaks usually dopends almost entrely on the sizing of this tank, ;A
() An cxample of Jow flow condldon s when 76% of the crew {s not on board veasel for a weuk and usage ratae by .
ramalning 26% of crew {4 normal, Long idle tmes are on the order of ssveral wesks of vittu.lly nu usage of MsD. b
(4) Lot of flushing may temporarily reduce supply of flushing medfum, T
: (6) . Hydraulically, system can handle psaks, but it wotld degrade the quality of teceive oil for several hours by rendesing
: separaton tank lom efficient; flltration would clean up receive ofl gradually after several hous,
« If separadon tank is full or altmont full when peak arrives, 1t may not be able to sccept more input,
» If saparation tank is full and recirculating pump tries to recirculate, there may not be any mechanism to stop b
reclroutation, i
« Accumulator pressurization pumps are large (45 gpni) and have good capacity for peak handling, T
(8 . Many lines could get packed; advisable to flush out lines with watex before letting stand idle, 4
. Line from bottom of separation tank to M/T pump could get hardened, §
L 3‘:' . Por long idle dmes mus drain system to cloan out separation tank; reddue may cake up, k
f :

- () Sludge tank (assoclated with fncinetator) podtive displacement transfer pump tends to suck oat studge (even caked sludge), )
N 2%,

3 o « Lins from M/T pump {s sludge filled but iiigh velocity teinds to clear lne,

T T T S
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E II « PERFORMANCE 5.'
msD __CHRYSLER Shest _2 _of 4 L
M/E 4
i Factor/ Attribute Data ‘g
Sublactor Collect, /Transp, | Teeat, /Disposal 13
P Ident, No, Characteristics Subsystem Sub?'ltenl_
322 Effect of low( 1f‘;ow conditons/long Ldle imes In gray water stream on MSD win | H‘:l’d':l 3
i pertormance Ingtn, | _Tank K
5 (a) No significant effect of gray water low flow conditons/long {dle mes on I S A
MSD subsystem performance. : b
" (b) Effect of gray water low flow condidons/long 1dle dmes of short duration, ( i
: with temporary implicatdons for MSD subsystem pecformance, easy o
v overcome. N/A N/A '
(¢) Long=term offost of gray water low flow conditdons/long dle times, {{Sysem cannot h‘+‘“‘ gray water
diffieult to overcome with long=term implicatons for MSL subsystem | -3
performanoe, ) k.
(d) No abllity of MSD subsystem to handle gray water low flow conditions/long !
- fdie times, { 1
831 Ability of black water pordon of MSD to handle addldonal personiel {on A 4 |r (4)(5) g
long=term baais)2) ' I
(a) MSD black water subsystem will handle ndditdonal petsonnel with little or 4 :
ne degradation in petformance, | ;
(b) MSD black water subsystem will handle additional petsonnel with | PN
woderately dograded (but still barely ncceptable) performarioe. b 4 b i 3
(c) MSD blagk watet subsystem will not handle additional pursonnel ! i
as2 Abllity of ,Egay water portion of MSD to handle additional personnal (on a long~ { { R
torm basis)() -
; N/A N/A i
(a) MSD gray water subsystemn will handle additlonal personuel with ligtle or no Syst hahdt wat
. degradation in performance. ystein cannot hapdle gray wates '
. (b) MSD pray water subsystem will handle addidonal petsonnel with moderately I -
degraded (but still barely acceptable) performance, i Vg
- {c) MSD gray water subsystem will not handle addidonal personnel, | 3
(1) An example of low flow condidon {s when 75 of the crew Is not on hoard vessel for a week and usage rate by .
: remaining 857 of crew [s nortnal,  Long {dle times are on the order of several weels of virtually no usage of MSD, v
i ) Resulting In long=tarm inorease [ average black water steearn hydraulic loading, The abllity of an MSD which P4
x employs ¢ black watee (or sludge) holding tank to handle additlonal personnel miay bo dotermined by the size of §
that tank, :
8 (3) Resultng in long=ternt increase in average gray water stream hydraulle loading. The ability of an MSD wldch employs ], 3
' -'\,'{j a gray water (or sludge) holding tank to handle additional personnel may be determined by the size of that tank. |
i" (4) Handles additional bersonnel with some degradation of ofl quality, so filtration elemaents may have to be chnnge&
! ] :‘ more often,
- ; (6) . Cannot handle additfunal personnel and meet maximum holding time roquirements, :
! 'b,;:.‘,.;: . May take additlonal petsonnel for short time (tank sized in man days) of required, tank capacicy Is accommodated LY
o by installation, P
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] .MSD EFFECTIVENESS ATTRIBUTE DATA

R M/E [l » PERFORMANGE

. MsD__ CHRYSLER Lo . Sheet _3  of _4 _ |}

TS
: - . . [ N
v potar/; fl L . . . Attribute Bata
. % {subfactpell " o S . S - [[Golleat, / Transp,{ Trast, /DMsposal £
0 W rdent, Nb L N C‘hnu'ucmrlsdcsl ; ! N _ Subsystem |- Subsystem P

t Y N 1 [ -
IRt U | : . ' with .
oy f Ability of blnck wqur hnndung mrdon of MSD to operate for ~ustntned uma ] .+ Jwith ' Hokunﬁ

K

-

Pﬂﬂodl - L ool Inobn, ; Tan
R @ Msb bhck wnter lubtynoha «an operate for {ndefinite p-arlod ul dme ifno |- |
e [

" cothiponents fafl, (1) . N

L VS (b). MSD|Hluck water tuhsymm\ aan operate for ouly Wmited petiod bf time,
SRR L, gv if o componens 1. @)

b

|

|

_ }

N R Ahqlty of g,ray water handling pon.ton of MSD to opmm for mmnmed dme l o :
" I

I

S 3 ' ‘Perﬂpd

i (a) "MBD gray watee subsystam can ope'talu for mdoﬂmm pcuod of Umo it no. . L
R components fail, ( f \ . o N N/A TUNAN b

. || Systern cannot hnrdle gray watet
- (h) MSD gray wates subsystern osn operate for only nmlted pt.lh:i\i of dme, .
. TR even if no components fait, (®) L

,é.h _ M1 Ability of MSD to hundlc ground garbage in black wnlu: stroam Sl G . ®

b |l ) MSD black water subsystotn will handle ground gacbage du black water'
(i : . e stream on 4 long-toen) basfs,

s ‘ off () MSD black water subsyutem will harile ground gacbage In black water
. ' } " stream on 4t least a short=terin basts,

(0}, MSD binck water subbystern will not handle ground garbage in black wates

1
|
]
|
I
l
|
{
R streatn, ¢ c of®
B I
(
|
]
|
|
|
|

i 52 || Abllity of MSD to handle forelgn materials/objects® in tlack water smeam ® | ™ M '

K. (8) MsD sulsystem will handle foreign materals/objects tn black water
4 szeain on a long-term basis, a
J (b} MSD subsyste.n will handle focelgn materials/objects In black water

siteam on at loasz o shortstertn hasis, b

() MSD subsystem will not handle foreign matetials/objects in black waser
e B treanl,

(') Applies to a T/D subsystem with an fneinerator,
Applics to a T /D subsystom withat an inelnerator, !
Examples: .
« long, narrow objects (pons, peneily, toothpicks, ate.) 3
+ Small haed objects (nut shells, pull tab fiom a fi{p top can, bottle caps, paper clips, coins, nuts/bolts/ R
sarews/nails, cuff links, ete,) 3

« Large soft objects (paper towels, newspupor page, stiff and shiny magazine page, strings from a floor mop, g
mg. tampom and sanftary napkings, ete.) :

L)) Ground gubnge not collectad by sewage C/T subsystern; It goea by soparate line to either sludge holding tank or
{na;nerator feed tank,

(8) Ground garbage not processsd by T/D subsystem; it goes by ssparate lne to efther sludge holding tank ur incinerator 3
feed tank, in which coue (a) appiies,

(6) A rag could plug up pumips,

(N M/T pump will handie {f object not *oa hard; a nut or bolt will stay in the line preceding the M/T pump,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E Il - PERFORMANGE

msp __ CHRYSLER Sheet 4 _of _4
i M/E
: H Factor/ Attribute Data
] subfactor || {{Cottect, / Transp, | Treat, /Disposal
§ dent. No, Characteri.dcs Subsystem Subsystem

ol
] 83 Ability of MSD to handle detergenta/susfactants in black water steeam on a with | H‘:l‘qﬂlnﬁ .
long~texm busis, Inctn, | Tank] £

Stattnms | comamt o

(a) MSD subsystem will handle detergents/surfuctants fn black water stream a9l @
on & long=tetm basls,

(b) MSD subsystam will handle detergents/surfactunts in black water stream
on at ledst a short~torm basls.

" (c) MSD subsystem will not handle detsrgents/suzfactants In black water sream, c c

o

54 Abllity of MSD to handle toxic materlals in black water sizeam

. (8) MSD suteyatomn will handle toxic matetials in hlack watcr straam on »
. long-term basis. a a
3 (b) MSD subsystem will handle toxdc materials {n black water stream on at

. least a short=term basis,

{6) MSD subsystern will handle toxic materials in black water stzeam.

61 Abllity of MSD secondary emissions to meet applicable standards for @
the discharge of alr poliutants

(8) No possibility of discharge of stgnificant air pollution from MSD subsystom, a
(b) MSD subsystemn will meet standards for air pollutants under normal oper=
4 ating conditions, b
Y ' (o) MSD subsystemn will meet standards for air pollutants under normal oper-

B ating conditons and there is a strong possibllity of non=conformance to
ALL standards under unusual operating conditions.

Py

' 62 Abllity of MSD secondary emissions to meat applicable standards for
: ' disposal of oll-contamfnated residucs at sca

(a) MSD subsystem lias no potentlal for producing oll=contaminated residucs
at sea,

(b) MSD subsystem has a potontiul for producing ofl-contaminated resfducs
at sea, b b

4 & n Performance dsk for black water handling portion 'of MsSD O (%)

(8) MSD black water subsystem has a history of fair or better test results, a
¥ (b) MSD black water subsysteam has a history of poor tast results, b
r (c) No test results are avallable for the MSD black water subsystam,

-— e e e o s - ———— . — —— —————— —— o — —— . ool s ———

72 Performance risk for gray water water handling portdon of MSD
] (a) MSD gray wator subsystom has a history of fair or better test results, N/A N/A
v (b) MSD gray water subsystom has a history of pour test results. System cannot handle gray water
-4 (6) No tust results ars available for the MSD gray water subsysteimn, |

(1)  Degrades quality of oll necessitating early change of oil,
1 @) Detergents may cause some oil to get through to {ncinerator, cutting the amount of fuel oil needed to burn the aludge.
L & (8 . If blower goss off and incinerator continues toburn, may result Lo pollution,

R . I ol s n inctnerator, may yleld sooty alr.
¥ R (4  Problems with fnoinerator (pot),

S (5)  Level semsor interconneots must be worked out.
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MSD EFFECTIVENESS ATTRIBUTE DATA

: . M/E III - OPERABILITY ;
‘ Msp __ CHRYSLER Sheet _1 _ of _2 S
o MIE OPERABILITY | 3
: .‘. 5 Factor/ OPERABILITY Attribute Data
7 Subfactor || erollect. /Transp,| Treat, /Disposal g
™ i Ident, No, Characteristics Subsystemn Subsystem 3
g i | with -
: ] 1 Degres of automation for MSD opetation ) With : Holdi
< i Incin, | Tank 3
! (8) MSD subtystem {s almont fully automadoe. . "'“"') T (";)" iy
(%) MSD subsystem is seinf-attomatios requires infrequent operator ! i
‘l' ; attention, i
- . (6) MSD subsyster ls semi=automatict requires a moderate degree !
i i of operator attention, ¢ | c
‘ ; (d) MSD aubsystem i3 semi-automatics requires fraquent operator !
B : ateention, ;
b ' (&) MSD subsystem {3 operated manually,
, _‘ ' 12 || Ease of disposal of MSD restdue(s)(DR) (5.8) (6
{ (8) MSD subsystem has no resldues, or dispasal of redtduss from MSD
g subsyatem {s very convenient. a
3 (h) Disposal of residues from MSD subsystem it moderately convenient, b b ]
(o) Disposal of residues frotn MSD subsystem is {nconvenient, .
1 Likelihood of viotadng effuent standards because of procedural errors in MSD (1,8 L) C
13 operaton, () .
Y (a) There is virtually no chance of violating efflusnt standards because of
- procedural errars {n MSD operation, a 0
(b} There is a low likellhood of violatdng effluent standatds becauss of |

peocedural errors in MSD operation,
(¢) Thexe is a fair to moderate chance of violating effluent standards because
of procedural errors (n MSD operation, ¢ ¢
3 (d) There {s a high lkelihood of violating effluent standards because of
3 procedural errors In MSD operation,

23 Skill level requirements for operator of MSD 4
3 MSD subsystern complexity ranking fom 1 to 8 3 4 qa "

24 Training requirements for operator of MSD
MSD subsystemn complexity ranking from 1 to § a 4

(1) Residue isany by=product of normal MSD opetation, disposal of which is regular operating task. Examples are ash ' 3

i produced by an {ncinerator, seal water wed by vacuum pumps, wastewater or sludge hald in & tank, evaporator '

& residue, stc,

(?) Length of time required for disposal (s the matn factor considered; other factors are ease of access of ares of MSD
contalning the residue, amount of residue to be disposed of, and vass of storing residue on board or taking if off .
vessel, as appropriate. , 3

(3) By dumping averboard sffluent which doean't meet standards, flush oil, evapurator teddue, alr pollutana from
{ncinerator, etc.

(4) Pilter changos nust be made moderataly frequently, : 3
(6) Incinarator ash removal (must remove pot, scrape out ash), '
(6) Bag filter change (to remove reaidue of chlorine tablety),
(H May pump ofl overboard,

(8) Improper operation of inclnerator may result in discharge of air pollutants, i
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MSD EFFECTIVENESS ATTRIBUTE DATA T
- '1‘
B M/E III ~ OPERABILITY g
i. l{' 3 .'
T M/E OPERABILITY ¥y
1 ; Factor/ OPERABILITY Attribute Data
o Subfactor [Cotlect, /Transp, | Treat, /Disposal d
k" ldent, No, Characteristics Subsystem Subsystem '3
- I ." 1
3 ‘ 1] Effect of MSD operation on vesssl work routine/schedules i '
b ? (a) MSD operation has minimal or no effect on work routines/schedules. M a a ! a
L (b) Effect of MSD opecation on work routines/schedules {s more than .
: : minimal (f, e,, it moderate or extentve), { §
| with
32 Availability of specialized or unique consumables/ expendables required for with | Hoiding
L. MSD operation Incin, | Tank
(a) No specialized or unique consumaibles or expendables required for MSD (6. 6) I ®
subsystem cperation. a }
(b) Any specialized or unique consumubles or expendables required for MSD |
subsystem operation are available from ship's inventory, :
;i (¢) Anyspecialized or unique consumnables or expendables required for MSD I
: subtystemn operation are availahls from Fedetal Stock System, !
(d) Any specialized or unique consumables or expendables required for MSD {
sitbsystemn operation are avallable from a commereial sowce. d 1 d
e
2 Operating requremeuts for special or uniqus MSD support equipment ™M } ® !
(a) No special or unique support equipment requiced by MSD subsystem, a : ) ‘
(b) Some spectal or unique support equipment required by MSD subsyster; : i
, equipment re§u1m oly minimal and (nfrequent attention(2) to keep | l
E operadonal.( ) b % b t
(o) Some special or unique support squipment tequired by MSD subsystem; | ! A
requires more than {nfrequant attendon to keep operational. i IL . A
f (1) By C.G. directon, (a) applies to all MSDs cousidered {n this study. y
(2) No more frequently than weekly with a duration not greater than 10 minutes; or more frequently than ' b
d semi~annually with a duradon of 2 hours, :
! (3) E.g., flreflightng equipment, spectal wamsformers, ozone detector, bilge alarm. b
ER (4) E.g.. compressor Installed to support MSD operc.ion, b

; (6) Flltere: charcoal, clay, bag; possibly pre-filtee,
) (0) Incinarator rolated ftems (pot) available from manufactures only, : 3
(M Hrefighdng cquipment; ventlatdon, 3
(8) Bilge alann may be required, 'y
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. MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

MSD CHRYSLER

Sheet _ 1 of _ 6
M/E " SAFETY
Factor/ SAFETY Attribute Data
Subfactor lCollee:. /Transp.| Treat, /Disposal
tdent, No, Charactetistics Substystem Subsystem
(1 @) U udll
1 Hazacd of contact with/spillage of toxic/dangerous substances'™ dus to MSD m! H.g
inherent design @93 | €9
L « Likelithood of hazard :
(a) No chance '
(b) Highly unlikely b :
(o) Fale to even chance e | ¢
G Mghyitkely . S SO [ S
§ « Sevarity of hazard :
{aj No resultant injury, a a | a
(b) Results in Injury of low to moderate severity requiring first atd or limited |
medical weatment, |
(e). Resulisn severe injury or death, _______ . __._. SSURSUSRISU  FRSUSTUVRIR BRI S
C = Hazard cortection |
() Hazardous situadon can bo easily corrected. 4 [ | a
(b) Hazardous siruation fs difficult to correct, :
(c) Hazardous situation cannot be corrected, L

(1) Examples;
« Leakage of fumes from incinerator {nto adjacent berthing and working spaces.
+ Hydrogen sulfide (a toxicant) may be generated in sowage holding tanks.
« Fresh watwr connections to MSD subsystemns have a potential for contaminatiig the vessel's potable water supply
with toxic/dangerous substances.
. Sewage contaminaton.
+» The following pathiogens may be transmicted through sewage,
« Tetanus (bacteria)
Typhofd (bacteria)
Dysentery (bacteria)
Cholera (baoteria)
Hopatdds (viru)
Polio (virus)
++ Possible methods of infecton (a healthy person may be a carrier; infevtion hazard deponds on & person®s
fwwlcﬂ)o
= Oral (from hands while smoking or eating) = the most common method of tranamitting enteric
(Intestinal) diseases,
= Through bhreaks in skdn (cuts, abrasions, scres).
= Eyes and nose (form hands),

¢+ 1 3

2) . Oll §s very high grade (mineral oll used in food and cosmetics).
+ Contact with flush fluld by user: there may be some bacterial activity in fluid.

(3) . Inserviclng fluid maintenance packages, it ls pomsible to come into contact with ofl, ¢,g., in changing fllters; there
iy a siid tray to catch ofl drippings.

« Whole systein is presturized and a low pressure may start up 4 pump making any leak worse,
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M3D EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY
Msp  CHRYSLER Sheet _2 _of o
Fa?t/o? y Attribute Data
subfactor Collect, /Transp, {Treat, /Disposal
1dent, No, Charactoristics Subsystem Subsystam
[ - W ® {with | uouding
12 Hazard of contact due with/spillage of toxio/dangerous substances’ * due to Incin. , Tank
ptocedural error/equipment faflures of MSD @) : 4
L = Likellhood of hazard |
(a) Nochance :
: (b) Highly unlikely |
| (¢). Falr to even chance c c { ¢
(@), Mgty MKW, e SRS U B
S « Severity of hazard :
| (a) No resultant injury, |
(b) Results in injury of low to moderate sevetity requiring first aid or Umited b b | b
= medical treatment, :
0) Results in severs injury or death,
{LL-.---.‘.---.‘&L--E- ________ S SIS S | O R L
i C = Hagzurd correction [
F (2) Hazardous sltuation can be easly corrected, :
(b) Hazardous dtuation is difficule to correct, b b | b
| (¢) Hazardous situation cannot be corrected, |

(1) Fxnmples;

+ Lloakage of fumes from inoinerator into adjacent berthing and working spaces,
Hydrogan sulfide (o toxicant) may be gencrated in sewage holding tanks.

with toxto/dangerous subteances.
+ Sewage contamination,
s+ The following pathogens may be transmitted through sewage,
= Totanus (bacteria)
Typhotd (bacteria)
Dysontery (bacteria)
Cholera (bacteria)
Hopatitls (virus)
Pollo (virus)

Fresh water conneotlons to MSD subsystams have a potential for contaminating tho vessel’s potable water supply

++ Postible methods of infection (a healthy person may be a oarret; fnfacton hazard dopends on a perton's

rasistance),

~ Orel (from hands while snioking or cating) = the most comimon method of trarumitting enteric

(intestinal) diseases,

= Through breaks in skin (cuts, abrasions, sorcs).
~ Eyes and nose (from haads),

(2) If too much chlotine has been put in system, flush fluld would burn (very uniikely)

,» Contact with oil not unlikely (whole system fa pressurized), sspecially dus to procedural error during maintenance,
(3) . Hot oll has greater potential for causing injury.

. Need interfacing controls to stop garbage grinder {nput,
. Leakage of fumes from inefnerator possible.
(4) Hydrogen sulfide may be generated in sludge ho! 'Ing tank,
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MSD

.MSD EFFECTIVENLSS ATTRIBUTE DATA

M/E 1V - PERSONNEL SAFETY

CHRYSLER

Sheet _3 of __§

M/E
Factor/
Subfactor
1dent, No,

SAFETY

Characteristics

Arttbug

TY
¢ Data

Collect, /Transp,
Subsystemn

Treat, /Disposal
Subsystem

21

ftazard of explosive potential for operator/maintainer due to inherent MSD
deslgn

1, = Likellhood of hazard

(a) No chance
(b) Highly unlikely
(cy PBalr to sven chance

§ - Severity of hazawd

(a) No resultant {njury,
(b) Results in tnjury of low to moderate soverity roqiiring flest ald or Hinlted
medleal weatment,

C = Hazard correction

(a) Hazardous stuation can be eusily corrected,
(b) Hazandous situation ks difficult to cotrect,
(v) Hazardous situation cannot be corrected,

P v -

o vt oy .y

d

WItH
With | Holding
nein | Tank
M

|
|
|
| a
b
!
___.{__7.._1
!
a | o
|
|
|
-.——ﬁ—--—--u

a a

22

Hazard of explosive potentlal for uperator/maintainer due to procedural crrors/
equipment fallures of MSD

L = Likelhood of hazard

(a) Nochance
(b) Highly unlikely
tc) Falr to even chance

(9, Highly Mkely e m—— e ————— e ———

§ « Severlty of hazard

(2) No resultant injury,
(b) Reqults in injuty of low to moderate severity requiring first aid or Umited
medical zeatment,
() _Results {n sevare njury ot death,

Mt s e . et Gt aan s et o v . . W W S S W e wm v

C = Hazand comection

() Hazardous situation can be eagly corrected,
(b) Hazardous situation {3 difficult to cotrect,
(c) Hazardous druation cannot be cotrected,

)

L L

PO PPN S

(3)

a

c

|
|
!
|
|
|
|
]
|
|
|
|
1
!

g
i
|
| &
|
!

a

|
!
|
|
]

T

(1) .+ Presurcs low, vapors minimal,
« Blower purges lncinerator before ignition,

) If & pipe leaks ofl onta a hot surfaoe, explostve vapors may he produced.

(3) . If ofl gots through while {ncinerator pot is stidl warm, there is a potential for explosion.
. If operator/maintatner opens incinerntor while smoldng.
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

A B e T e e e AL L e b,

MSD ___ CHRYSLER Sheet _4 of _§
M/E SAFETY
Factor/ SAFETY Attribute Data
Subfactor ollect, /Transp,| Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystemn
) () " with
31 Hazard of fire ignition potential’ * due to {pherent MSD design with  !Holding
Incin, | Tank
1, = Likelihood of hazard .9 : ?)
(a) Nochance l
(b) Highly unlikeiy |
(¢) Falr to even chance ¢ [+ | ¢
SO Mgy kel e mdccmmmcmannd] I S U
S = Severlty of hazard {
(a) No resultant injury, |
(b) Results in injury of low to moderate severity requiring first air or limited b by (Y
medical treatment, |
Q) Results Insevere tnfuy ordeath, .. b o ] -.:.___..
C = Hazard correction |
(3) Hazardous situadon can be easily corrected, a a :
(b) Hazardous situation is difficult to correct, i b
() Hazardous stuaton cannot be corrected, {
a2 Hazard of flre ignition potcntiﬂl‘l) due to procedural errars/cqui piuent fajlure of @pedn | @
MSD :
L - Likelihood of hazard ]
(a) Nochance :
(b) Highly unlikely |
(¢} Falr w even chance ¢ ¢ 1 ¢
A Ry kel e, '
$ ~ severity of haard 1 :
(3) No resuliant injury, |
{b} Results in Injury of low to moderate severity requiting first afd or liroited b h | b
(@) _Remls fn severe injury wrdeath, ] .
C = Hazand correction |
(3) Hazardous situtation can be casily corrected, :
(b) Hazardous situation is difficult to correct, b b | b
(c) Hazardous situation cannot be corrected, |

(1) Oil used for flushing is not flammable under ordinary condidons, However, at high temperatures, e.g., In the
presence of a flie, it will suppott combustion.

() If there {s a fire already, ft will feed it or if It drips onto hot surfaccs.
(3)  Prescoce of fuel oil and flush ofl.
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MSD

_MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

CHRYSLER

Sheet _ 5 of 8§

M/E
Factor/
Subfactor
Ident, No,

SAFETY

Characteristcs

SAFETY
Attribute Data

[Collect, /Transp,
Subsystem

Treat, /Disposal
Subsystem

4

Hazard of clectrical shock potenual(l) for operators maintainer of MSD

L = Likelithood of hazard

(a) No chance

(b) Highly unlikely

(¢) Fair to even chance
[ (d) _lighly lkely
8 - Severity of hazanl
(2) No resultant injury,

(b) Results in tnfury of low to moderate severity requiring first aid or Umiced
medlcal treatment,

G = Hazard correction

(2) ‘Hazardous situation can be casly corrected,
(b) Hazardous situation {s Jifficult to correct,
(¢) Hazardous situaton cannot be corrected,

e o e -t Sy M e e Tt W e W A M R W 4 TN e TV R b R

e oo @0 4 e o em

R e ke ket

SEOPY Dy

61

Physical hazardy assoclated with MSD due to sharp cdges@)

L, = Likelihood of hazard

(a) No chance

(b) Highly unlikely

(c) Falr to even chance
() _ tighly_ltkely

3 = Severdty of hazaed

(a)  No resuitant {njury,
(b) Results in Injury of low to modetate severity requiring fiest atr or Umited
mncdical treatment,

L SR Ay it R T T e e e e ]

G = Hazard ~.cection

(7) Hazardous dadon can be easily corrected,
(by Hazardous situadon is difficul to cotract,
(¢) Hazardous druation cannot be corrected,

-

!

!

|

!

l .
) : Y

!
o |

I

|

I

[
|
a o
|
[
[

- —--—-1—_—-
|

i

|
|
|
l

h)‘-ﬁ;culc--:llock may result in severe bums and for death in addidon, reaction w elecuic shock may casue affected
{ndividual to be thrown aside, possibly subjecting him to severe Lmpact injuries and /or contact with sharge edges /ot

surfuces,

(2) Cornbined effcet of {njury due to sharp edges/points and sewage contamination may {ntroduce harmful pathogens into

the bloostream of an affected individual,

I with

With  |Holding
Incin. | Tank
(6] (3)

(& Inside electrical contgol pancls, in servicing electric pumps tiere s always some hazard tf operator /matntainer is not
sufficfently careful, :
4y Expanded metal plate on top of which chiorine tablets rest i3 de=burred,
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MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV « PERSONNEL SAFETY

CHRYSLER

Sheet

6 of 6

———

M/E
Factor/
Subfactor
Ident, No,

SAFETY

Chatacteristics

SAFETY
Attribute Data

Collect, / Transp,
Subsystemn

Treat, /Disposal
Subsystern

62

Physical hazards associated with MSD due to hot surfaces
L = Likellhood of hazard

(a) No chance

(by Highly unlikely

(c) Fair to even chance
(9 Highly Ukely

3 = Severity of hazard

(a) No resultant Injury,
(b) Results In {njury of low to modetate severity requiring first ald or limited
medical treatment,

C = Hazard correction

(a) Hazardous sftuation can be eagily corracted,

(by Hazardous situadon Is ¢ifficult to correet,
(c) _Hozardous situation eannot he corrested,

I with

with. | Holdi,
mgil}x. EJl‘anrt8

(1,2) | ()

]
b | a
]

|

Y Ll

b

|

I

|

I

{
--*—J——U--ﬁ
a a

Physical hazard for maintainer of MSD due to rotating machinety
L = Likelihood of hazard

(a) No chance
(b) Highly unlikely
(c) Falr to even chance

() Highty Mkely e ——— —m——

S = Severity of hazard

(a) No resultant injury.
{b) Results in injury of low to moderate severity requiring first ald or Hmited
medical reatment

C « Hazart correction

(a) Hazardous situation can be easily corrected,
(b) Hazardous situation 1y difficult o correct,
(¢) Hazardous situation cannot be corrected,

e &

No hot surfacess only If motors overhent or clectrical con&mh burn out.
Incinerator outside temperature supposed to be undor 1456 F; maintainer could tey to empty ash while it iz too hot,
Possible to put flngers on rotating shaft of flush fluld pumpe,
Belt drive on transfer puiip is guarded; blower blades alimost innccossible (blower or. sludge tank); blower for ofl burner

inslde a housing and well protected, but maintainer might pet {nto it,
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MSD ErFECTIVENESS ATTRIBUTE IDATA

M/E - V_- HABITABILITY
MSD CHRYSLER Shect 1 of 3
‘M/E HABITABILITY
Factor/ HABITABILITY Autribute Data
Subfactor| Zollect, /Transg:|' Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem
| Wi
11 || Hableabitity problems(V) associatcd with bacterial contamination duc to MSD Incdn, | Holding
nherent dusign | lngin, |_ Tank
" ¢a) Thaee is no bacterial contamination habitability problem due to MSD :
subsystam {nliarent design features. a {
(t) There is a bacteefal contarnination habitability problem due to MSD |
subsystar fnharent deslgn featuraes, b | b
12 Habitabflty prublem:(l) associated with bacterdal contunlnation due to @ O : @)
procedural sirots/ aquipment failures of MSD |
(2) A bacterial contamination problem due to procedural ertors/equipment :
fatlures of MSD subsystem s highly unlikely. |
(b) Procedutal errors/ equiptment fallures of MSD subsystermy are Ukely w cnuse |
4 bactedal containination preblem b b | b
21 MsD fixture comfort :
(2) Commodes and urinals ave comfortable and easy to use even under ship's !
motion, a |
(b) Commodes and urinals are not comfortable and easy to use under ship's !
motfon, N/A
I
22 Flustdng procedura requlrements for MSD fixture a |
(a) There are no "non-standard” requirements for flushing, I‘IJ/A
| (b) There are "non-standard" tequirernents for flushing, S
A ———
23 Waste retention {n MSD comrmode bowl ]'
(8) The amount of waste that retaaing In the howl after flushing s less than |
that remadndog afree Alushing a statdaal fatlvater flushad fistare, |
oy The ane at el wasts St conadas in tie bowd a0 Dl 103 wrae b '
as that remalning afeer flushing a standard full warer fushed fisture, rl"/'\
(¢) The amoiint of waste that ramains {n the bow! after flushing {x mote than |
that remalning after flushing a standard full water flushed fixture, } __l
(1) As distinguished from problems of heatth and safoty; likely psychological reactions of users are a matter for
constderation.
(2) A vacuum waste eollecton subsystem is less Likely to axpose personnel to sawaga {n case of a Line brea. than a
pressurized waste collection subsystem; fresh water conncetions to MSD subsystemns have a potendal for contaminating
the vessal's potable water supply,

yog v Lrpinder deor b
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(3) Duc to the prossurised oll retum Hue, 10 case of a Une break, will expose personiel to sewage and to bacteria
contaminaiced ofl,
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E V - HABITABILITY
MSD _ CHRYSLLR Sheet _2 _of __ 3
M/E HABITABILITY
Factor/ HABITABILITY Attribute Data
Subfactor Collect, /Transp, | Treat, /Disposal
1dent, No, Characteristics Subsystem Subsystem
., ) A ® T Vitth
24 Likelthood of user contact' ™ with MSD flxture flushing mediumn with | Holding
(a) User s unlikely to come into contact with flushing medium, Inoin, : Tank
(b) User {s more likely to co:ne into contact with flushing medfum than with
standard water flushed fixture, b N/A
i
25 Appearance of MSD flxture flushing medium |
(a) ‘The color and general appearance of the flushing medium i3 as aceeptable :
as clear watet, |
(b) The color and genecal appearance of the flushing medium ate acceptable,
but clear watec is preferable, b M/A
(¢) The color and general appearance of the flushing medium ace not |
acceptahle, |
26 Nofse produced in flushing M5D fixtures }
(a) The nolse produced in flushing fixrures s less than that of a standard !
commode/urinal, '
{b) The nolse produced int flushing fixtures is the same as that of a standard |
commode/urinal, b N/A
(¢) The noise produced ir Mushing fixrures is greater than that of a standard |
commode/urinal, 1
1 Wi
31 Odots produced as a result of inherent MSD design with | Molding
Incin ] _'f_g(kz;_
(3) The MSD subsystem produces na odor as 4 result of {nherent daatgn, a _'(15"
(" The MSD subsystemn produces a nwticeable odor as a resuit of {nhicrent design, b | b
3o Odors produced as a result of procedural ertors/equipment failures of MSD @, “){ ®
(a) The MSD subsystemn produces no odor as a result of procedural errors/ :
cquipment fatlures. |
(b) The MSD subsysiein produces & noticeable odor as a result of procadural I
Al _emors/equipment fallures, i b b ) b
41 Heat generation for nearby pe.nonnel(-z) due to inherent MSD design !
|
(@) As a result of tnherent design features, the MSD wbsystem does not generate) |
cnough heat to render its vicinity hotter than most shipboard areas |
containing machinery, a | a
(L)  As a result of inhorent dexign features, the MSD subsystem does generate ]
wiough heat to render ity vicinity hower than most shiptoard areas |
contalning machinery, b |

spil

(2) For o

lage of flushing medium).
perator/matntaincs /adjacent berthing and working areas,

(1} Due to flushing medium compositfon, fixture aestgn, modon of vessel (which may cause splatter, splashing, or

)
(4)
(5)

Due to thy pressurized ofl return Yne. in case of a Hue break, will expoise pemonnel to sewage and to bacterfa contaminated ofl,

Vent from sludge tank quite odiferous.

If blower niot working. (%)
+  If sludge 1n incinerator pot not compivialy burned,

169 o

If filters don’t wor <.
. If chlorine not added.
Il ot properly ‘ented,

EV L AP AT =T SO




.MSD EF'FECTIVENLSS ATIRIBUTE DATA i

] - HASUTAR
: : M/b V- HASITABILUTY

’ MSD CHRYSLER Sheet 3 of 3

i M/E HABITABILITY
. 'f Factor/ HABITABILITY Auribute Date 1
3 ' Subfactor Collect, /Transp, | Treat, /Disposal |
“ ldent, No, Chatacterlstics Subsystem Subsystemn E

[ , 5 ) [~ With '
! 42 tleat yeneration for nearby personnel’ ~ due to procedural ecrors/ equipment with | Holding

fatlures of MSD, veln. ! Tank 3

(a) The MsD subsystem does not generate eno:gh heat as a result of | .
procedural errors/ equipment failures to render {ts vicinity hottes than

' most shipboard areas containing machinerv, a

(h) The MSD subsystein does generation snough heat as a resule of
procedural ercors/ equipment failures to render fts vicinity hotter than
most shipboard arcas containing machinery,

i 5 Nolse level for personnel in vicinity of MSD( b (&)

Nl = N“iiw.‘.lf.’f_

(@) The MSD subsystem is silent or neacly silent,

(b) Noise level of MSD subsystemn {s approximately equal to background
noise level of vessol,

(¢) The M3D subsystoin s very loud, produces constant noise, drowns out
vessel background netse in immediate area of the system; must shout
to be heard,

6

i Vibration levels fur nearhy p'euuuuel(l) produced by MSD machinery

V1 « Vihraton index

(%) MSD subsystem produces little or no perceptible vibration in addition to
background lovel on vessel,

(b) MSD subsysrem produces perceptible vibration, but similar to vassel
background,

(¢)  MSD subsysiem produces abuormal or distucbitiy intensity and/or
frequency of vibration,

4

—~
=3
~

7 Effect of MSD oo user housekieeping routines (reswictions ot user imposed by (C)]
subtystem®),

(@) Subsystem characterdsties do not finpose resictions on user, b b
(b) Subsystein characteristics Linpose restrdcdons on user,

!
|
|
|
!
|
!
!
|
|
|
|
!
y
|
|
r
!
!
n
a
|
|
+
|
|
|
|
|

) Por operator/ maintainer/adjacent berth and working ateas,

(@) E.g. . Must use warer-soluble toilet paper which is not as comfortable as usual
tollet paper,

: Must use special bowl cleanes which is less elfectva than utual cleaner

v «Cannor duinp detarsrents down galley tink: muse store and off-load at shote,

(3) Punps atil blowers make some nolse,
(4) Spectal clenners required for fixtures; should not dump deck swahbings Lito cominades,
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MSD EFI'LCTIVENESS ATTRIBUTL DATA

M/E VI - RELIABILITY

: MSD CHRYSLER Sheet _1__of _2

4 M/E RELIABILITY 4
. Factor/ RELIABILITY Attribute Data g

Subfactor || Follect./‘.t‘ransp. T'reat, /Disposal 3
Ident, No, Characteristics Subsystem Subsystem 4

I with
21 MSD complexity with  olding

Complexity index of MSD subsystem based on a complexdty ranld g from inetn, + ‘lank
110 5. 3 4 4 3

) @y | (s

N

e

28 Bxtent of MSD equipment /componen rcdundnncy(1

L ki e B e

(@) ‘There is soine significant redundancy in the MSD subsystem’s major
components. a
(b) There s no significant redundancy in the MSD subsystem’s major
components, b

[P TECNY BEA

24 Degree of equipment fallure mdapendcncc(z) (9.10)

|
]
!
I
|
|
(a) Thore fs a high degree of equlpment fuilure indepandence i1 MSD |
subsystom, a )
|
I
|
|
-+

o e st L

(b) There i3 a inoderate degree of MSD equipment failure fndependence in
MSD subsystom, b

{e) ‘Therc {s a low degree of equipmont fallure Indspendence in MSD
subsystem,

o
PP

'. ' 28 Adequacy of MSD equipment ratings

A (@) Most MSD sulsystem equipments are ovegratcd,
: (b) Some MSD subsystem equipment ratings arc notinal, some are overrated, b
(c) Some MSD subsystem equipments are underrated, some are nominatly

rated,
(d) Most MSD subsyster squipments are underrated,

,I{ (a) There are man{ fault actuated mechanfsms fn MSD subsysteny, or they are
rot required,(4)
3 (b) There are some fault actuated mechandsms in MSD subsystem, b

26 Provistons for fault actuated cut-off mechanisms(3) for MSD protection (12, 141 14 : "
|
|
|

{c) There are no or aliiost no fault actuated imechanisms in MSI) subsystem, !

I 3 Relability tisk for Msp(® (15) (16)

|
(a) MSD subsystem has a history of fair or better test results, i :
3 (b) MSD subsystem has a hlstory of poor test results, b I
: {c) No test results are available for MSD subsystem, 1

. (1) Any redundancy In eleetronie efrcultry is not conmstdered. i
.o (2) l.e., fatlure of one item will not result in foilure of major component or sutsystem,
(3) Includes mechanisms tor (1) alert opezator/maintainer to high stress or abnormal conditions that will result in failure, i i

and/or (1) to correet those condidons ot tutn off equipmont, i ;-
(1) E.g., standard commodes and urinals [n a gravity drain scwage collection suhsystem do not requlre fault actuated 1 3
B cut=off mechanisms, ‘ 3
;, ) (5) E.g., innovatdve design, experience,

(6) Fixtures, piping. : k
(D No redundancy in {ncinerator parkage.

Footnotes continued on following page., 171
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(% . In larger configurations, possible redundancy of major components, e, g., feed of one line intn three
separate tanks,
Two prossurization pumps manually switched=real redundancy,
Interface sensors not redundant since they perform different functions (e.g. M/T pump has two
amociated sensors),
No filter redundancy,
In latgle separation tank there are three filters in parallel; ail are used unless degraded pecformance acceptable,
If temperature sensor fails and indicates tempernture {3 high enough but it isn't,sludge will be sent to tnoinerator
and not burn,
If recirculating pump falls and oil accumulates in sludge wnk, may get some oll into incinerator resulting
in overtemparature,
Presurization and fluid malntenance package failure resulis inloss of oll to leads, .
Prefilter fatls closed then other fllters fatl, rio flow through = ofl degrades.
Prefilter fails opcn « regulator fails, oll degrades,
Charcoal, nlay ot bag filter fails » degrades ofl,
Transfer pump adequate,
011 burner adequate ot possibly a bit overrated.
Pot fnadequate.,
Pressure pumps overrated, olzed adequately for peaks,
« M/7T punips oversized, ¥
Futbn. sensors adequate.,
Reulroulatng pump - oversized,
Incinerator fire cye, overtemperature aut off, time Hmit on bume: operation, [
Time delay on M/T pump to pravent over operation, ) f
Sludge rank - high level cut off to stop M/T pump,
Problems with incinerator pot,
Inteeface sensing to be worked out,

)

: (10)

-

(1

-

-

(19

(13)
(14)

a9
(16)
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N MSD EFFECTIVENESS ATTRIBUTE DATA .
- J
f M/E VII - MAINTAINABILITY é
¥ i .
| MSD _CHRYSLIR Sheet 1 of _3 19
L M/E MAINTAINABILITY 3
: Factor/ MAINTAINABILITY Aurribute Data E I
w Subfactot (Colleet, /Teansp, | Treat, /Disposal i
‘ Ident, No, Chatacteristics Subsystem Subsystem ; B
‘i ; with '
with " Hold :
131 Accessibility of repluceable MSD campononts Incin. .I?mkms }
(@) High dogree of accessibility {n MSD subsystem components, | :
v (h) Moderate degree of accessibility in MSD subsystem components., h b b »
; (¢) Low degreo of accessibility In MSD subsystern components. ! o
132 Extent of MSD moduladzation for ease of repair /replacement (5)| ® 1 3
(2) liigh degree of MSD subsystern modularzation. a a | a : 4
. () Moderate degres of MSD subsystem moduladzation, P
w (o) Low degres of MSD subsystern modularizatlon, | ;
- N
5 133 || Degree of MSD repatrability on hoard vessol, (1) Q] !
" (@) AL MSD subsystom ftems ate repairablo on vessel, a | a X
(b) Some MSD subsystom items are repalrable on vessel; some niust be replaced, b | ,
(¢) AL MSD subsystor ftems must be replaced, . “
T :
134 Availabllity of manufacturer ficld support and traiidng programs for MSD | :
(8) Manufacturer Reld support and a trafndng program {s avallable. '
(b) Manufactucer fiold support(2) is avaliablo but no waining program fs |
; avallable, b bob !
) (e) Manufacturer training prograrm is available but field support is not ';
availablo, | ;
(d) Nelther ficld support nor truining program are available from mannfacturer, J i
142 Spcclal/proprlctaxy(a) ftem requiraments for MSD equipment repalr . 8)| ® f
i ) {a) No speclal {tems required for any MSD subsystem repaits, a b b “
i (b) Sonw special ftems required for some MSD subsystam repalm. l :
o ; (c} Al ltemns required for MSD subsystem repalts ate special items, |
E\‘ ’ 23 Effect of MSD preventive malntenange on watchstamler routines |
i‘ (a) No effect on watchstander routines. 4 |
i,' (b) There s some effect on wartchstunder routings . a a ‘ a
\ 33 Specinl docking kequirements for MSD averhauls
) .
3 (1) ‘Thate are no speefal docking requirements for the MSD.M) a a | a k
Ph ,I (b) There are spectal docldug requirements for the M5D, | : i
1 ," (1) Veesus necessity for replacement of failed equlp wnt, : i
’I 5 (@) My include seroe Himdted tralnbng support durtg inlftial MSD installation, 4
] % (1) Feoga, Inclicrator pots, fllters versus standasd supply parts, ]
[(‘;‘ a [G)) By C.Go direetlon, this applies w a1l LSDs cousldeecd i this study, ’
] ) .

E‘: 'Ij;, (%) Modularization of subsystens,
] ‘G, Fire eye is pot repafrable < o thraw away {tem.
(M Pots
i () Alrinjector, level sensors,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VIl - MAINTAINABILITY
MSD ___CHRYSLR Sheet _ 2 of 2
M/E MAI 'lt;ﬂ,l NABILITY
Factor/ MAINTAINABILITY ftribute Data
Subfactor || Colleat, /Transp, | Treat, /Disposal
fdont, No, Characteristics Subsystem Subsystemn
o | win
4 Loglsde requiremonts for MSD with | Holding
(a) No speclal parts arc required for the MSD subsystonm, J&ELE;.I_U.“B_
(b) Few different categories of special parts are required for the MSD a b b

subsystem! and there are fow parts in each categoty.

(c) Few difforent categorles of special parts are required for the MSD subsystem
but many parts of each type are required, or many different cutegories of
special patts are required but there are few parts In each categoy.

(d) Many differont categorics of parts urc required for the MSD subaystem and
thers is a largo number of parts in each categoty,
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CHRYSLER

EQUIPMENT AND INITIAL SPARES ACQUISITION COSTS

L v B b T s Bl SRR

Cost of

Equipment Agsociated

Equipment Cost Initial Spares
| | Package (@ |

Separstor Tank Model A 84,750 $275
(Including controls) | Model A/B 5,694 275
Model B 6,647 275

Pressurization and (b) (b)
Fluid Maintenance Model A 3,319 198

Package(s)

(Including Controls) | Pump Package 1,585 N/R
Accumulator 512 26
Fluid Maint. Pkg, 1,664 26

Total Model B 4,196 () 487()
Sludge Surge Tank Model B 5,041 350
(Ineluding controls) | Model C 5,200 350
Y'nclneratcr Model A 5,462 600
(including rontrols) | Model C 9,174 550

Notas

1. Ploase supply cost estimates for each equipment based on a

production run of up to 100 units.

2. Al cost estimates are to be based on 1976 costs.,

3. Identify recommended contents of Initial Spares Package associated

with each equipment.

(a) Manufacturer recommends one initial spares package for every 4
associated equipments on board the vessel.

(b) Includes the cost of flush fluid and expendables (5145)
which was not included in cost provided by manufacturer.

(c) Includes the cost of flush fluid and expendables ($435)
which was not included in cost provided by manufacturer.
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GRUMMAN FLOW THRQUGH SYSTEM

A
2

PRINCIPLES OF OPEFATION

The Grumman MSD is a flow-through system, the only MSD of this
type considered for this study. Sewage is treated in a two- stage process
consisting of physical separation of liquids and solids by centrifugal force, !
_ followed by ozonation treatment., The effluent water is continually dis- \
i charged overboard, The contaminants removed from the waste stream are ]

dehydrated and burned in an inclnerator, The MSD utilizes the standard, i

existing, full volume flush commodes and urinals, draining by gravity,

but it can be adapted for use with reduced flush commodes and wurinals.

TTT TS eI

The Grumman MSD was developed under a U,S. Coast Guard contract,
but the version considered for this study eliminates two major items found i
to be of marginal value: the Hydrasieve and the disk centrifuge, This '
version also substitutes a Thiokol inclnerator, due to operational difficulties }
with the Grumman unit, !

TE T TR S ey T

T

It is an automatic system; although complex, it nofrnally requires
operator attention mainly for ash removal and filling of the fuel oil day tank,
The only expendable that it uses other than fuel oil s ozone, which is made

e A e T i K

from air (drawn from the atmosphere) by one of the component equipments,

SR P S

The Grumman MSD, as developed, is unique among the (commercial)

o ST

MSD's considered for this study in another respect: it recelves and treats
combined black and gray water, (Although a CHT can also handle black
and gray water, it is not a prepackaged commercially available MSD but
instead is custom fitted to the vessel.) However, in applying this MSD

to a cost-effectiveness analysis, other combinations of input gtreams are
examined: full flush black water only, gray water only and gray water input
with reduced flush black water going directly to the incinerator. In all

cases, there is a continual discharge overboard of treated water during

PR

operation,
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When the vessel is at plerside or beyond the restricted zone, the

treatment subsystem can be shut off and bypassed, Wwastes can be pumped

presented in Pigure 10,

- off the vessel from the influent surqc tank located at the end of the collection j

r subsystem, The surge tank is normally used for smoothing out peak flows, é

. since the treatment subsystem only accepts a continuous one gallon per 5

L \ minute {nput, 3

Only one size of Grumman MSD is available, designed for up to 20

¥ men when receiving combined black and gray wastewaters, using full flush |

. f commodes and urinals, For larger capacities, multiple MSD's are required, ]

} With some combinations of waste stream inputs on larger vessels, more :

é) ; Inclnerators may be required than the number of decontamlnation/disinfection g j

i sections, The extra Incinerators can be located adjoining or remote from r: 3

E : the MSD, i

L A functional block diagram of the Grumman Flow Through System is 3 ‘
)

F o 1
E:' ( |
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SYSTEM DESCRIPTION

The description given below of the Grumman MSD (modified) is based
upon its operation with combined black and gray wastewaters, for which it
was originally designed, The MSD is divided into three subsystems:

(1) collection, (2) treatment and (3) incineration, The latter two are often
grouped under the general heading of treatmént/dlsposal.

Collection Subgystem

The standard commodes, urinals, flushometers and the standard
sloped, gravity-drained sewer pipes that exist on board are used as is,
This assumes that the sewer lines have already been routed to a central
location in the vessel for centralized treatment and/or disposal, On a
larger vessel, multiple systems may be employed.

An influent surge tank and dual transfer pumps are the last components
of the collection subsystem, The tank {8 custom designed for the particular
Installation and would be expected to hold about haif a day's Incoming

sewage or combined black and gray wastewaters. Since the associated

pumps transfer the sewage under pressure, the tank and pumps ctn be
located remotely from the rest of the MSD., On larger vessels with multiple
drainage systems, multiple influent surge tanks are required.

The transter pump is a marine sewage pump whose detailed specifica-
tions are dependent upon the installation. It is &8 non-macerating centri-
fugal type., The two pumps are piped in parallel so that either pump can
perform one of two functions, namely; sewage transfer to the treatment
gsubsystem, or discharge to a pler connection or overboard. The collection
subsystem ls always operational, but while the vessel is at plerside or
beyond restricted waters, the treatment and incineration subsystems can
be shut down and bypassed. At these times, collected sewage is dis-
charged off the vessel from the influent surge tank(s).
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Treatment Subsgystem

The treatment subsystem (1) receives the combined black and gray
wastewaters, (2) removes particulate (suspended) solids from the water,
(3) partially oxidizes dissolved contaminants, (4) disinfects the water,

(5) discharges the treated water overboard, and (6) transfers the removed
solids (sludge) to the incineration subsystem. The process components in
the treatment subsystem, all mounted within a structural framework are:

. Afeed tank

. A metering feed pump
. A basket centrifuge

. A centrate pump

. An ozone gencrator

. An ozone reactor

. An effluent tank

. An effluent pump

A, Feed Tank

The feed tank is a 30 gallon, stainless steel tank that receives
batches of sewage from the influent surge tank whose transfer pump ls
controlled by the low and high liquid level sensors mounted in the top of
the feed tank. The tank is a horizontal oylinder with a flattened top and
mounting legs on the bottom. The level sensors are of the conductivity
type, {,e,, a small current flows through the sewage in contact with the
bottom of the probe. This ocurrent activates a solld state relay which
controls the motor contactor of the influent tank transfer pump. The low
level sensor starts the pump and the high level sensor gtops it. Transfer

takes place in a minute or so,
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B. Metering Feed Pump

The metering fead pump is a low speed, flexible vane pump (Jabsco
type) that acts as a positive displacement pump. Each revolution of the
impeller discharges a fixed volume of liquid, Except for minor fluid bypass
around the vanes at moderate pressures, the pumping rate is proportional to
rotational speed, regardless of discharge pressure (within limits). The motor

is coupled to the pump through an adjustable speed reducer, whose setting
can be changed while In operation,

per minute (gpm).

The specified flow rate is 1,0 gallon

C. Basket Centrifuge

The egasential part of the basket centrifuge is a stainless steel bowl,

rapidly spinning about a vertical centerline. The bowl has a flat bottom and

a straight cylindrical sidewall, the top of which is curved inward. While it

is spinning, centrifugal force will keep about one gallon of liquid in an annulus

against the side wall. Incoming sewage that impinges on the bottom of the

bowl, is spun outward, joins the liquid annulus, migrates upward through the
annulus and then is flung radially outward when it overflows the top. The bow!
spins at 3600 RPM, developing a minimum force on the liquid of 1400 times
gravity (1400 G's). Particulate solids that settle out of the sewage, due to
the difference in density from that of water, are retained against the sidewall

where the centrifugal force of 2100 G's compacts them, The net overall action
involving the centrifuge bowl is that sewage flows in at a steady rate of one
gpm and overflows the top at the same rate, leaving nearly 95% of the particu-

Jate solids (by weight) accumulating on the sidewall. The removal of collected
solids will be discussed below.

The bowl 18 connected to the upper end of a vertical spindle having
V-belt pulleys on the bottom, The bowl is completely surrounded by a fiberglass
shell and cover which captures the overflow from the bowl. A large port drains
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the chamber. Incoming sewage eaters through an inlet in the removable cover.
An electric motor, mounted vertically outside the chamber, drives the spindle
by V-belts, The centrifuge spins continuously under normal conditions, whaether

sewage is flowing or not,

Removal of settled solids from the spinning bowl is accomplished
periodically by a "statlonary" scoop in the shape of a formed pipe. The tip )
of the scoop is always inside the bowl but normally does not touch the
annulus of water at the wall of the bowl. The scoop mechanism, consisting of
a gearmotor, chain drive, limit switches and scoop pivot, are mounted on the

centrifuge chamber cover.

Upon a signal, a gearmotor drives the scoop tip outward in a generally
radial direction until the tip is close to the wall and the pipe opening is facing
the oncoming annulus of water, The momentum of the spinning water carries
it into the scoop opening, up the pipe, and out of the dentrlfuge. Before this
desludging operatlion, the incoming sewage is halted and resumes immediately
after the operation has been completed. The desludging operation takes less
than 20 seconds and is set to ocoiwr at 30 to 60 minute intervals, depending
upon the sludge loading experience, Too frequent actuatlon burdens the dis-
posal equipment with excess water (about a gallon for each desludging opera-
tion) and ton infrequent actuation can result in a discharge line clogged with
solids. Infrequent operation also reduces the efflciency of separation.

D. Centrate Pump

The centrate pump is a close-coupled centrifugal pump that takes the
centrate (overflow from the centrifuge basket) and transfers it to the ozone
reactor column, The pump body and impeller is penton plastic. The pump hag
double mechanical seals, sultable for use with particulate-contaminated
fluids. In order to keep the mechanical shaft seals from overheating and
wearing out prematurely because the centrate flow ceases periodically, a
small flow (about one quarter gpm) of cooling water is continuously supplied
to the pump, The maximum pumping rate is 1-1/4 gallons per minute.
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E. Qzone Generator

The ozone generator is a repackaged and physically strengthened version
of a commercial unit, capable of producing about one pound per day of ozone
from ambient air, The generated ozone is uged to (1) disinfect, (2) oxidize
some of the contaminants, and (3) help remove fine particulates and dissolved
solids from the .ew~7Je already processed in the centrifuge. Qzone is a
moderately stable [orm of oxygen which, upon breaking up, vields an oxygen
molecule and a very active oxygen atom, The single atom, in contact with
bacteria and viruses, 18 capable of destroying them, The resultant disinfec-
tion ic the primary reason for employing ozone in the MSD. Since air is the

source of oxygen, no chemical expendables are required for disinfection of
the effluent wastewater,

Ozone is produced by a high voltage corona discharge (no sparks) between
electrodes, separated byaflowing stream of dry air. The ozone generator
produces and controls the high voltage electricity and distributes it among
four ozone generating tube assemblies, receiving parallel streams of dry air,
The dry air is produced within the generator housing by an air compressor and
two molecular sieve dryers. Molecular sieve pellets absorb moisture from the
compressed airand, when saturated, are heated to drive the molsture off into
a vented, bleed stream of air. One dryer dehumidifies the air stream while
the other one ls being thermally regenerated, Periodically, the dryer functions
are reversed. Controls and instrumentatior are included in the oZone generator

for the high voltage electricity, compressed alc, and cooling water for the ozone
tube assemblies,

F. Ozone Reactor Column

The ozone reactor column is a stainless stesl cylinder, 10 inches in
diameter and about five feet high filled for most of its height with plastic
"Pall rings". The Pall rings are short cylinders of patented design which

enhance the contact of ozonated air bubbles with the sewage in the column,
The column operates fllled with sewage.
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Incoming sewage enters at the top of the column, flows downward to a
bottom exit, up an external pipe to a controlled height, and then overflows
into the effluent tank, The height of the overflow point sets the height of the
i liquid in the column, Ozonated air under pressure enters the column at the '
i bottom. It is broken up into small bubbles and distributed by four porous
i stainless steel diffusers. As the bubbles rise through the sewage, czone
| diffuses into the liquid, where it disinfects and decolorizes the sewage ! f

P

stream and oxidizes some of the dissolved contaminants., Air, with some
unreacted ozone, is drawn off the top of the column by an exhaust fan and

is ducted away for discharge above the weatherdeck ,

which is allowed to overflow into the incinerator. The foam contains fine
; particulate contaminants and dissolved chemicals in greater concentration |
o than in the sewage in the column, This helps to further purify the sewage !

The ozonated air produces a foam on top of the liquid in the column 5

3 to be discharged overboard, i

G. Effluent Tank

The effluent tank is a rectangular, stainless steel tank with a maximum
capacity of 10 gallons, which recelves the overflow of treated sewage from the
ozone reactor column, It serves as a feed tank for the effluent pump. High.low ' r,_
sensors control the on-off operation of the pump, The level sensors are of the
conductance type, like those in the centrifuge feed tank, A solid state relay [
? converts the gensor signals into signals which actuate the pump motor relay, ]

4 H, Effluent Pump

{’ ; The effluent pump is a close«coupled centrifugal pump that withdraws

} : treated sewage from the effluent tank and discharges it overboard, The pump
body and impeller is penton plastic. This pump is similar to the centrate pump
except that it has a single mechanical seél. Its capuoity is approximately

7 gpm,
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b Incinerator Subsystem

The inclnerator subsystem receives sludge from the centrifuge (scoop),
and foam from the ozone reactor column, which it dehydrates and burns, _
Hot exhaust gases and ashes are the resulting products. The subsystem y
YR was designed by Thiokol Corporation and was adapted for use in the

Grumman MSD as a substitute for Grumman's MSD incinerator, The com- 50
ponent parts of the subsystem are;

. A sludge feed tank
; A recirculating sludge pump

5 An incinerator, with high pressure burner head
. A high pressure blower

b 3 e et s F ey ML 2T oni s ) RS

The inoinerator subsystem has not yet been mated with the Grumman MSD
for testing, Since an Operation and Maintenance Manual is not available,

details of the subsystem may not be as extensive as for the rest of the MSD.
Available sketches show that the Thiokol ineinerator subsystem, using

vessel service air, fits within the original framework of the Grumman MSD,
'\' : except for a 20-inch wide control panel box, projecting 10 lnches past the
3 frame, and the incinerator burner head which extends a few inches beyond
the frame, Space is avallable for this subsystem after the removal of the
. Grumman incinerator, hydrasieve and disk centrifuge,

The Incinerator subsystem does not have it8 own support structure but
is Incorporated into the MSD structure. Tor some applications of the entire
MSD svstem with varying types of wastewater feed on larger vessels, more
Inoinerator subsystems than the number of treatment subsystems are required,

In these cases, the components of the incinerator subsystem are mounted
Y individually in any convenient arrangement,

A. Sludge Feed Tank ‘

The 8ludge feed tank is fabricated of fiber glass reinforced plastic,
shaped like an oblique pyramid with extended rectangular sides. One side

- ST S DA
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flat for hanging on a wall. It will hold about 20 gallons, The influent
connection, the recirculating sludge connection and the vent are at the
top and the bottom of the hopper, Recirculation of sludge keeps the

contents aerated and the solids in suspension,
B. Recirculating Sludge Pump

The sludge pump is a positive displacement unit that reciroulates

_ centrifuge sludge and reactor foam, .from the feed tank through a three-way i
motor driven valve, and back to the feed bank. It is driven by a quarter

horsepower motor., Upon actuation of the three-way valve, the ciroulating

sludge is diverted to the incinerator.

C. Incinerator

The incinerator is a horizontal rectangular chamber with a high pressure
burner firing in line with the long horizontal centerline. A high pressure
burner, using air at two psig, was chosen to alleviate flameout problems due

to fluctuations in compartment atmospheric pressure, The sludge enters the :
combustion chamber via a tube which drops the sludge into a horizontally i
directed stream of compressed air. The alr atomizes the sludge, which

commingles with the flame. A vertical stack rising at the end opposite the

k- burner, exhausts the combustion gases, Ash removal requires openiug the ,
hinged end on which Lhe burner i{s mounted, Controls include a flame '

‘ (failure) detector.

. D. High Pressure Blower

-m The high pressure blower is a twin shaft, lobed blower of the Rootes i
’ type, and ig belt driven. It supplies 80-100 SCFM at two psig to the lncinerator {
: : burner head, It is mounted on the shelf of the MSD structure that formerly held 3
'. : the disk centrifuge, ;
b s
1 f |
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GRUMMAN
o COMPONENT PHYSICAL CHARACTERISTICS

BN . . .
LA Component Welght (Ibs) Volume Dimensions (inches)

Dry Filled (cu f1) Heigiht Length Width
—==-=«==—-——=———-—=r——~ﬂr='——=¥ =
Main Structure 4,380 236 85 63 *

76
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* Plus 10 inches for control panel, 20 {p W x 30 :

T Plus projection of incinerator nozzle.

ST D P

GRUMMAN ]
INTERCONNECTING PIPE SIZES :

From To Size (inches)

o P TEE A

BT

Influent Surge Tank Pump Peaed Tank 2 NPT
Effluent Pump Riser 3/4 to 1 NPT
Puel Oil Pump Incinarator 1/4 NPT

e R

oo Pt X

* :
Incincrator Atmosphere 7-1,2 1D X 14 OD L
Insulated stack :

: ¥ Stack may vary in size depending upon installation, )
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GRUMMAN
COMPONENT VESSEL RESOURCE REQUIREMENTS
Component HP | watts| Volts | Phase | Hertz | Amp. AI‘\rmsbé;a:; Cit;:psrés;:: F':;ho“u‘z;:?;gm
st e e ————
GAC System 1o/mo081 3 60
Basket Centrifuge | 2 208 3 6o
Scoop Motor 115 120 1 60
Ozone Generator 2100 | 120/208 | 3 60 4 1
Efftuent Pump 1/3 115 1 60
Centrate Pumip 1/8 115 1 60 1/4
Blower 2 208 3 60
Opt. " 460
Incineator Opt, 469 3 60 100 12 1-1/9
Fuel Qi Pamp  est.3/4 120 1 Go
Studge fump 1-1/2 203 3 0
Contings (GAC) est, 200 [vo 1 Lo
Contends (Phlalaly o3t B G ] Y

L




.MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR
M/ SHIPBOARD INSTAILATINON

MsSD ___GRUMMAN — Sheet 1 of 4
MIE T INSTALLATION
Eactor/ - INSTALLATION Attribute Data
Subfactor Collect, /Transp, | Treat, /Disposal
1dent, No, Characteristica Subsystern Subsystem
a | Wit
12 MSD materials disallowed ot not recommetided, with Holdi
@) Incin ;  Tank
(a) No disallowed or not recorminended materials present’ * in MSD subsystem, a P a
() Some disallowed or not recommended materials present fn MSD subsystem, }
but resultant problems can be solved or compansated for, !
(6) Presence of disallowed or not recomnended matertals fn MSD subsyster :
presents probleins with no feasible solutons, !
13 E’m% )of additonal support systems or equipment required to accommodate (™9 i (N8
MsSD
i
Identtficarion of suppoct system requirements for MSD subsystent, }
|
an Extent of fixture modifications raquired for MS) {nstallation, :
(a) MSD uses standart cownnades and urinals, a ;
(b) MSD uses non-standard commodes and spocial equipment is assoclated :
with tho urlnals. i
(c) MSD uses non-stundard commodes, special equipment §s astocfated with N/A
the urinals and each fixture has additional hook=up requirerments, {
|
22 Extent of flush medium supply modifications requived for MSD fustallation, }
(8) MSD uscs sca water for flushing fixtures, d N}A
(b) MSD uses fresh water for flushing fixtuces, I
{¢) MSD uses a non=aqueous for flushing fixtures. :
) T
231 Hoolap xcqulrem;!ntsm for MSD Collectton/Transport subsystemn fustallation, (10) :
(a) MSD uses standard Collection/leansport subsystem, a '
(B)  MSD nses rechenladng Collectlon/Transmoct subiystem,(3) \
(c) MSD uses non-standard and contralfzed Collecton/Transpost subsystemn, N/A
(d) MSD uses non-standard and non-centralized Collecton/Transport !
subsyster, (6) }

o Fizefighting system must be installed with fnetnerator.
« Bilge alarm required if lacge tank Is fnstalled above bilge.
« Compressor required on vessels that do not already have one,

(1) As specified in subchaptors J&F of Merchant Marine Code and CiG, MSD ragulatons,
(@) For putposes of this study, C.G. directs choice (a) for all MSDs,
(3) Examples:

« Detectors of toxle or noxious gases should be {nstailed with any system that, as an inherent desipn featuro, uses

such pases {n processing wastes,

(4) Dratn ptping; electrle cables for cunucetng commodes, M/ZT pump and control panel, compressed afr, ete,
(6) In existing gravity drain systcm,

(6) Includes converslon jrom reducerl flush vacuum wolicetion to # standard gravity deafn systemn with or without recirculation,

('n  Ozone detector,
(8) Fireflghting cauipment; ventiladon

(9) Ulige Alarm for sludge holdliy) tank, if required,
(10) influent surge tank required,
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.MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR

M/E SHIPBOARD INSTALLATION
Msp ___GRUMMAN Sheet _2_ of 4
M/E INSTALLATION
Factot/ INSTALLATION Aubie Daus
Subfactor || Icotlect, /Transp, | Treat, /Disposal
1dent, No, Chasacteristics Subsystem Subsystem
3 1 T
202 Roudag floxIbility for drain piplng modificattons™) assoctated with MsD @ Wit Hgﬁ ng
Colluction/Transport subsystom installation(?) "E-I_—ELH
(a) Routing of MSD Collection/Transport piping is highly flexible, N/A
(b) Routing of MSD Collecton/Transport piping is moderately flexible with [
some restrictions. \
(n) Routing of MSD Collection/Tramsport plping is highly inflexible, ©
T
2338 Space tequirements for MSD Collection/Teansport subsystem fnstallation ) |
(a) Space required for MSD Collection/Transport subsystem is Uttle or no |
grsater than that required for standard Collection/Transport subsystem, !
(b) Space required for MSD Collection/Transport subsystem {s moderataly b N/A
increased over that required for standard Collection/Transport subsystem, !
(c) Space required for MSD Collectdon/Transport subsystem {s much greater |
than that requlred for standard Collzction/Transport subsystam, [
234 Modularity of MSD Collection/Transport subsystem (as it affects installation), '
' 1
(a) Coliection/T'ranisport subsystem Is highly modular, a N/A
(b) There {8 an option for some decentralization of the MSD Gollection/ |
Thansport subsystom, . I
(¢) The MSD Collection/Transport. subsystem 13 highly contralized, . N
(
238 Vent requirements for MSD Collection/Transport subaystem installaton, :
(8) MSD Collecton/Transport subsystem requices no vents, I
(b) MSD Collectdon/Transport subsystem .equires few vents, N/A
(¢) MsD Collection/Tra1iport subsystem requires many vante, c :

in piping.

(1) Of the three relevant categories of routing lnes (plping, ventlation, electrical), piping ls the most mportant for
asseasing ease of MSD inst. llaton,

(2) Notess
« With gravity dralnage, Unes must always slope downward and require veatng,
. Smaller size Uues are thherently .nore flexible,
» With pump or vacuum Colleation/Transport subsystem, sharp bends, clsers and long runs can be accommodated

(3) Gravity drainage through standard drain lines, Answer applies to now fnstatladon onlys if standard drain Lnes alroady tnstalled
in vessol, then (a) applies.

(4) Influent surge tank and assouiated pumps occupy additional space, Space taken is proportional to number of men subsystein

erves.

i 40, 6 guls/man/days want half day's supply: [(’%-9 /7.4] - 2,1
2.7 cu, ft +20¢% overage = 3,25 cu fr/man

(& A for standard druin Ynes (1.e., all tr.ps must be vented), In addition, vent roquired for influent surge tank. Answer applies

to new {nstallation only; {f standard drain Unes already installed in vessel than (by applies,
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» .MSD EFFECTIVENESS ATTRIBUTE DATA
A [ - ADAPTABILITY FOR
;) M/E SHIPBOARD INSTALLATION
MSD __ GRUMMAN Sheet 3 of 4
. M/E
) Factor/ INSTALLATION Attribute Data
i ! Subfactor cottect. /Transp, | Treat, /Disposat
L 1dent, No. Characteri,idcs Subsystem Subaystem
. [~ ) T With
2 242 Hookup requirements®™* for MSD waste Treatmeat/Disposal subsystem with | Helding
: installation l%qgn“ Tank
. (a) Pips, duets and/or cable requiroments for the MSD Treatment/Disposal v (00, )
¢ subsystem.are mintmal, N/A b, b
: (b) Pipe, ducts and/or cable requiraments for the MSD Treatment/Disposal |
j subsystem are moderate, ,
N (¢) Pipe, ducts and/ot eable requiromants for the MSD Troatment/Disposal
j subsystem.are extensive, !
(YL N
: 248 Degeee of modularl;x of MSD waste Treatment/Disposal subsystams (as {t . |
f affeots fustallation)(®) |
(a) MSD Troatment/Disposal subsystem is highly modular, |
(b) There 1s an opdon for some decentralizaton of the MSD Treatment/ N/A i
Disposal subsystem,
{¢) MSD Treatment/Disposal subiystetn {s highly contrallzed, o : e
A . 3) © 1o
244 Vent requitoments foe MSD waste Treatment/Disposal subsystem {nstalladon i
) No vents are tequired for MSD Treatment/Disposal subsystem, N/A i
(b) Vents are required for MSD Treaimont/Disposal subsystem, b 1 b
245 Exhaust stack requirciments for MSD wasts Treatment/Disposal subsystem !
installation, (9 :
(%) Exhaust stack not requdred for MSD Treattnent/Disposal subsystem, N/A ‘ a
(b) Small oxhaust stack required for MSD Treatment/Disposal subsysten, \
{c) Large exhaust stack reyulred for MSD Treatment/Disposal subsysten, t oy
() Piping for fuel oll, fresh water, cooling water, compressod alr, Interconnecting remotely located equipment, overboard
; discharge line, eotc.} clectrde cubles for power supply, romote panols, etc. ducting for vendlaton, ete.
: () Decentralization of componants may requite add{tonat hookups and piping runs,
Y (3) Vents that arc only internal to the cotpartment in which subsystom 11 located are not considered here,
A (4) Notess
Lo + Electrie {+cinerator requires small (2") oxhaust,
+ Bel Incinerator requires largo (10") exhaust,

(T} All compotients (of wasto treatinerit portdon) mounted within a steucturad framework,

(10) Sludge holding tank requires vent,

(8) Conipeested alr; cloctde power, electrical controls, oooling water; air for ozene generator tuken from atmosphere,

(8) Inelnerator patn of teatnrent subsysten package; however, may be suparated and mounted in any convenfunt location,
(9) For ozone teactor column,

(0) Fuelrequired. Electrical supply for the T/ subsysten 1s usually togother {n one package: more electrical connoctions near
surge tank,
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.MSD EFFECTIVENESS ATTRIBUTE DATA
I - ADAPTABILITY FOR

M/E _____ SHIPBQARD INSTALLATION.

MSD GRUMMAN Sheet _4 of_4
M/E INSTALLATION
Factor/ INSTALLATION Attribute Data
Subfactor Folleot./'l‘ump. Treat, /Disposal
tdent, No, Characteristics Subsystem Subsystem
B T
28 Ease of installing MSD support oquipmcntm with l Hm‘d‘l‘::g
Extent of additdonal support squipment raquired to nccommeodate MSD I‘(‘;“;) ’{2'“4’;
(a) No addftional support equi pment required for MSD sibsystem. i '
(b) Some additional support equipment required for MSD subsystem. b |
(0) Much additional support equipment required for MSD subsysterm. N
&)
Examples:
« Frefighdng system must be {natalled with incinerator,
+ Bilge alarm required if large tank {s installed above bilgo.
« Comptessor required on vessels that do not already have onc,
+ Dutectors of toxle or noxtous gases should be installed with any system that, as un fnhorent design foature, uses

such gases {n processing wastes,

(2) Ozone dotoctor (must be near czone roactor and generator).

(8)  Hrofighting equipment; vontilation,
(4) Bilge alarm for sludge holding tank, 1f required.

208

e R 1 T HCA LR TR L S U ORI T

HLATILE TR

.’.
Lot e b i, i ﬁ

T TV AN

IRCHPE-

- L W P Ty

255,



o Wi L

TR Baa
OB Sk

L

ST

eeiin AT

_

Lk SENEEE AL

T

¢

MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/F Il - PLRFORMANCHE,

GRUMMAN

Sheet

1 of 4

M/E
Factor/
Subfactor
Ident, No,

Ghacacteristics

Attribute Data

Subsystem

Collect, /Transp,| Treat, /Disposal

Subsystern

a1

Effect of peak hydraulle loads in black“) water stream on MSD parformancem

(8) No significant effect of black watet psaks on MSD subsystem performanca,

(b) Effect of black water peaks is of shoct duzation, with temporary fmplica~
tons for MSD subsystem performauce, easy to overcome,

{c) Long=term offect of black water peaks, difficult to overcome, with Jong=
term Linplcadons for MSD subsystam performanca.

(d) No abllity of MSD subsystem to handle black water psals,

O]

7 with
Holding
Tank

\ith
Incin,

6,6 (8

312

Effect of peak hydraulic loads in graym water stream on MSD performance (2)

(4) Nosigaificant effect of gray water peaks on MSD subsystam performance.

(b) Effect of gray water peaks is of short duraifon, with tsmporary implications
for MSD subsystem performance, easy to overcome,

(¢) Long=term cffect of gray water peaks, difficult to overcotne with long=tetin
implcations for MSD subsystern pasformance.

(d) No abllity of MSD subsystern to handle gray water peaks,

N/A
C/71 for biachk
water only

.9 (%

82l

Effect of low flow conditions/long idle dmes {n black walr szeam on MSD
petformance(d)

(a) No significant effsct of bluck water law flow conditions/long idle times on
MSD subsystem performance.

(b) Effeat of black water low flow conditfons/long dle tines of short duration,
with tompotary implications for MSD subsystem performance, cusy to
overcome,

(¢) long-term effect of black water low flow conditions/loug 1dle Himes,
difficult to overcoms, with long=term fmplicadons for MSD subsystem
performance,

(d) No ability of MSD subsystem to handle black water low flow conditlons/
long ldle Hmes,

(@)

(8,9) (0

e e e e e e e e . ———— = e — ————— —

(1) Includes instantaneous, hourly and dally loads.

(2) Peak load handling ability depends on G/T subsystem. The abllity of an MSD which employs an Influent sutge tank to

(3) An example of low flow condidon s when 76% of the crew {5 not on oard vesiel for a week and usago rata by
remainlng 26% of crew {s tormal, Long idle times are ont the oxder of saveral voels of vittually 1o usage of MSD.

handle peaks usually depends almost entirely on the slzing of this tank,

(4) If influent sutge tank I3 propecly stued - slzlng of tank is vassel dependent, If fnstatlation will not accommdate
required tank alze, (b) or (c) will apply,

(5) The subsystemn must be fed at a stesdy rate and in that scose, has no peal Joad ability,

(6) Inclnerator fed by sludpe feed tank which Las a very Hinited peak capabllity (26 pals, eapacity),

(7) Possibly ¢ problem {f Influent surge tank is left unaerated, 'I'his could cause odors ~ luss of & problem for gray water

than for black water,

(8) . 1f idle me 18 loag, basket centrifuge sludge might grer hard; may resquire disassembly for cleanlng,
« Ozone column and genecator work during low flow and jdle times, s theve is no problem with them,

(9) Ratch operation; no problern with low flow durdng long ldle thies,
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.MSD EPFECTIVENESS ATTRIBUTE DATA

M/E 11 - PERFOQRMANCE
MSD GRUMMAN Shoet _2__of _4
. M/ Attribute Data
Factor/
Subfuctor Colleet, /Transp, | Treat, /Disposal
Ident, No, Characteristics _ Subsystoin Subsystem
w
322 Effect of low flow conditions/long fdle tmes in geay water stream on MSD with : Hul:ltl’:lg
performance Incin, | Tank
(0) No significant effect of gray water low flow conditons/long idle Wmes on (4, 6) | (4)
MSD subsystom performance, I
(b) Effect of gray water low flow condidons/long idle dmes of short duradon, [
with temporary implications for MSD subsystem performance, easy to N/A b b
OVercome. C/T fot black I
{c) Long-term effect of gray water low flow conditdons/long ldle times, Water only :
difficult to overcome with long=term implicadons for MSD subsystem |
performance. [
(d) No abltlity of MSD subsystem to handle gray wator low flow conditons /long |
idle Hmes, |
aal Ability of black water portion of MSD to handle addidonal personnel (on a (6,1 :( , B)
long~term basis)(®) |
(a) MSD black water subsystemn will haudle addidonal personnel with Mttle or |
no degradadon in petformarie. a s |
(b) MSD black wator subsystem will handle addidonal personnel with |
moderately degraded (but sdll bately acceptable) petformance. : b
(¢) MSD black water subsystom will not handle addidonal personnel |
. Il
332 Ability of ;iray water portion of MSD to hanu.c additonal persornel (on a long» (6.1 1 (0,9
terin basis) 3) |
(a) MSD gray water subsystem will handle additional personnel with lttle or no :
degradation in performance. N/A L
(b) MSD gray water subsystem will handle additional petsonnel with moderately || C/T for hlank I b
degraded (but sdll barely acceptable) performance. watet anly |
(¢) MSD pray water subsystorn will not handle addidonal personnel, L
(1) An example of low flow conditdon §s when 75% of the crew 18 not o board vessel for a week and usage rats by
remalnlng 28% of crew is notinal, Long idle Hines are on the order of several woeks of virtually no usage of MSD,
(2) Resuldng in long=term increase in average black water stzcam hydraulic loaditg, The ability of an MSD which
employs a black water (or sludge) holding tank to handle additional personnel may be determined by the size of
that tank,
(%) Resulting fn long=term increase in average gray water stream hydraulic loading, The ability of an MSD which employs
a gray water (or sludge) holding tank to handle additional paisonnel may be determined by the size of that tank,

(4) . If idle tme 1s long, basket cantrifuge sludge might get hard; may require disasembly for cleaning,
« Ozone column and generator work durlng low flow idle tines, so there I8 no problem with them,
() Batch operation; no problemn with low flow durlng long idle thines
(6) 20 an Gruraman could handle up to 40 people (handles 1,25 gauls/mln; with 40 people will run 21, ¢ hrs/day),
() Weinecator limits number of mea which can be handled (full fluth black and gray water combined == 40,5 gals per
capita day): with 4 meit, incinerator will run 22, 5 hrs/day since Inoinecator can take 0 gals/hr,
(8) . Cannot handle additional parsonnel and meet maximum holding time requirements,
+ May take additional personnel for short time (tank slzed In man days) Sf required tank capacity fs

AR A Ay s

avar. st

accommodated by {nstallation,
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MSD EFFECTIVENLSS ATTRIBUTL DATA

M/E II - FIRFORMANCE

MSpD GRUMMAN

ozl e -

Sheet

3 _of 4

ettt

M/E
Ractor/
Subfactor

Ident, No,

A

Characteristics

Attribute Data

[Collect, /Transp,
Subsystem

Treat, /Disposal
Subsystem

41

T, b e AreTe

Abllity of black water handling portion of MSD to operate for sustzincd tiine
perlods

(a) MSD blaock wuter subsystemn can operate for indefinite period of time 1f no
components fail, (1)

(b) MSD black water subsystem can operate for only Lmited perlod of time,
aven {f no components fail, (2)

“lr with
With | Holding
lucln, | Tank)

e T I A T T T T T T

Ability of gray water handling pordon of MSD to operate for sustaincd time
period

(8) MSD gray water aubsrstem can operate for indeflnite perlod of e if ho
components fail, (1)

(b) MSD ptay water subsystem can operate for only Uinited period of Ume,
even if no compotients fafl,

N/A
C/'T fot black
water nily

61

Ability of MSD to handle ground garbage in black water streum

(/) MSD black water subsystem will handle ground garbage in black water
stream on a long=tetm basis,

(b) MSD black water subsystern will handle ground garbage in black water
stceam on at least a short~term basis,

(e) MsD hlack water subsystem will not handle ground garbage in black wator
stream.

82

Ability of MSD to handle forelgn matcrhll/objccm(a) fn black water stream

(8) MsD subsystem will handle foreign materials/objects in black water
stroam on A long=texm basis.

(h) MSD subsystem will handle foreign materials/objects In black water
stream on at lcast a short=term basis.

(¢) MSD subsystem will not handle foreign materials/objects in black water
strcam,

(6)

(6) ]

|
!
|
|
{
|
I
]
]
I
|
|
|
|
I
41
|
!
!
{
|
|
I
¥
|
|
|
]
|
I
|
|

(1) Applies to a T/D subsystem with an Incinerator,
(2) Applies to a T/Dsubsystem witdiout an incinerator,
(3) Examples;

« long, narrow objects (pens, pencils, toothpicks, vto.)

+ Small hard objects (nut shells, pull tab fiom a flip top can, bontle caps, paper clips, coins, nuts/bolts/

screws/nafls, cuff links, otc.)

o Llarge soft objects (puper towels, ncwspaper page, stiff and shiny magazine page, swings from a floor mop,

rag, tampons and sanitary napkins, otc.)

(4

(5
()

TV ANSPETOBRL W (Y- T M PR S

Particles in garbage (pleces of bone, melon pits, pieces of meat, etc,) may clog fead line or spray nossle in

[ncinerator necessitating shutdown or cieanout,
A rag could plug up pumps,
Large objects or rags probably won't got threugh influent surge and feed tanks,
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MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/E II « PERFORMANGCE

GRUMMAN

Sheet _ 4 of 4

r———

M/E
Factor/

Ident, No,

Subfactor ||

Chatacteristics

Attribute Data

iCollect, /Transp,
Subsystern

Tteat, /Ditposul
Subsystem

53

Ab{lity of MSD to handlo detergents/surfactants {n black wator streain on a
long=term basts,

(a) MSD subsystem will handle dotergents/surfacrants {n black water stream
on a long=term basks,

(h) MSD subsystem will handle detergents/surfactants in black water steeam
on at least a shore=term basis,

(8) MSD subsystom will not handle detergents /sutfactants in black water streamn,

| with
with |Holdll18
Jnetn, . Tank

a 2

64

Ability of MSD to handle toxic materialy in black water stream

(@) MSD subsystern will handle toxle naterials in black water strecamoon a
long=term basis,

(b} MSD subsystem will handle toxic materials in black water stream on at
least a short-terin basis,

(¢) MSD subsystem will handle toxic materials in black water stream.

61

Abllty of MSD sccondury eniesions to meet applicable standards for
the discharge of afr pollutants

(7) No possibility of discharge of significant afr polludon from MSD subsystem,

(b) MSD subsystem wil) mect standards fot air pollutants under normal opee=
atng cond{tons.

(c) MSD subsystem will meot standards for atr pollutants under normal oper=
ating conditions and there {s a strong possibility of non=conformance to
standards under umisual opcrntin}jondidom.

1,2 1

62

Ability of MSD secondary emissions to meet applicable standards for
disposal of ofl~contamlnated residucs at sea

(a) MSD subsystem has no potential for producing oil-contaminated residucs
at sea,

(b) MSD subsystem has a potential for producing oil=contaminated roiduss
at sca.

® )

(!

Perforinance sk for black water handling portion of MsD

(a) MSD black watcr subsystem has a hiatory of fair or bettor teat results,
(b) MSD black water subsystoni has a history of poor test rosults,
(¢) No test resulls are avallablo for the MSD black water subsystom,

12

Performance risk for gray water water handling portion of MSD

(@) MSD gray water sulsystem has a history of fair ot better test results,
()  MSD gray water subsystem has a histocy of poor test results,
{e) No test results arc avatlable for the MSD gray water sulsystem,

N/A
/1 for black
water only

|
I
{
I
|
L
|
|
|
l
|
|
|
)
|
|
|
by
I
|
I
I
)
I
I
I
|
|
h)
)
I
i
|
.
|
|
|
|

b

Lo 1

(1) Continuous eminton of ozone = 1o siandards againat {t.

(2) Under extrauedinary or improper conditiom, fnelnerator tmay exhaust pollutants,

(3) . ! dlscharge overboand from tnflusnt surte tank.  While accepdng palley wastes, may discharge (blodegradable) otls,
. If ozoae reactor not operatdng properly, may discharge vegotable oll in effluent,

(4 Poor test results with and without Inclnetator; wotie with incinerator,
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MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/E 111 . OPERABILITY

GRUMMAN

Sheat 1 of

2

M/E
Factor/

Ident, No,

Subfactor ||

OPERABILITY

Charactetisties

OPERABILITY
Antribute Data

rCouect. /Transp,
Subiystem

Treat, /Dispotal
Subsystem

1

Degree of autonation for MSD operation it

(a) MSD subtystam {s almost Mtlly automade,

(b) MSD subsystem (s sami-automatics requires infrequent operator
attention,

{c) MSD subsystem s semi-autamatc: requites a moderate degree

. of operator attention.

(d) MSD subsystem is semi~automade: requires fraquent opetator
attendoa.

(€) MSD subsystern is operated manually,

o

With :
Incin, )

Holdl
o
'!‘anﬁ8

)
b

a (s

12

Ease of disposal of MSD restdue(yy M@

(@) MSD subsystern has no reddues, or dispesal of residues from MSD
subsystem is vety convenient,

(5) Disposal of residues from MSD subsystem {1 modetately convenient,

(o) Disposal of residues from MSD subsystem i1 [ncoavealent,

(6

14

Ukelhood of viclaring effuenc standacds because of procedusal ecrors in MSD
opemdon.( )

(a) There s virtually no chanca of violating efflusnt standards because of
procedural errors {n MSD opecation,

(b) There is a low Likellhood of violadng effluent standards because of
procedural errors in MSD operadon,

() There is a fair to moderate chance of violadng effluent standards because
of procedural errors in MSD operadon,

(d) There I3 a high Ukelihood of violating efflueit standards because of
procedural ervoes in MSD operation,

(19

"

23

Skill level requirements for operator of MSD
MSD subsystem complexicy tanking from 1to §

<
—t———————— - e e cfr e ——————————

24

Training requiremencs for operator of MSD
MSD subsystern complexity ranldng from 10 §

2

6

6

(1) Residue {sany by=product of normal MSD operation, dlaposal of which {s regular operating task. Examples are ash
produced by an {ncinerator, seal water used by vacuum pumps, wastawater or sludge held i a tank, évaporator
residue, etec.

(2) Length of time required for disposal is the main factor considered; other factors ate ease of access of area of MSD
containing the restdus, amount of tasidue to be disposed of, and ease of storing residue on board or taking if off
vesss!, 43 appropriate.

(3) By dumping overboard effluent which doesn't meer standards, flush ofl, evaporator residue, air pollutanu from
{ricineratoc, ete,

(4)  Ash removal not more frequently than every 3 days, (May have same amount of ash with 30 men as with 20 men.)
(6)  Operator attention required to start up ozone geaerator,
(6)  If system used W/CHT rather than {nelnerator, the inconvenience of ash removal is exchanged for CHT pump and cinse out,
(m  If osone generator is not generating ozone (only blowing alf) can violate offluent standaxis, 213

(&  linproper operation of Inc{nerator may reault in discharge of alr poilutants,
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b .MSD EFFECTIVENESS ATTRIBUTE DATA

M/E Il - OPERABILITY
1
g Msp ____SRUMMAN Sheet _2 _of _2
\
- T OPERABILITY
Paator/ OPERABILITY Attribute Data
8 Subfactor Collect. /Transp, | Treat, /Disposal
-1 : 1dent, No, Characteristics Subsystem Subsystam
N !
: 25 Effsat of MSD operation on vessel work toutines/schedules
| .
() MSD operation has minimal or no effect on work routines/scheduies, ™ a a a
{ ] ¢b) Effect of MSD operation on work routines/schedules is more than
. ! minimal (i, e,, is moderate or extensive),
K. v W,
3z i.'wu.l.tbmzy of specialized or unique consumables/expendables requized for n’lﬁh }H;’,Mts
A : MSD operaton ___(_59_ !M ank_|
b : (a)' No speclalized ot unique consumables or sxpendables required for MSD I
subsystem operadon, a 1 a
(b) Any specialized or unique consumables or sxpendables required for MSD }
subsystem oparadon are available from ship's inventory, !
(@) Any specialized or unlque consumables or axpendables required for MSD :
tubsystemn operation are avallable from Federal Stock System, :
3 () Any specialized or unique consumables or axpendables required for MSD {
g subtystem opsration are avallable fom a commerelal source, d '
33 Operating requirements for spacial or unique MSD suppore equipment (6,8 } 19
L]
(8) No special or unique support equipment required by MSD subsystsm. a ]
:b) Some spectal or unique suppoet squipment required by MSD subsystem; ;
equiprment reauﬂ-u only mlnimal and tnfrequent attention(@) to keep b ‘ b
g operatonal, (9 i
§ {(¢) Some spectal or unique support equipment required by MSD subsystem; !
requites more than {afrequent attetion to keep operadonal., ( 'L
(1) By C,G, direction, (a) applies to all MSDs considered in this study.
(2) No more frequently than weekly with & dwacion oot greater than 10 minutes; cr more frequently than
semi-annually with a duradon of 2 houst,
(3) E.g., Rrefighdng equipment, special ansformers, ozone detector, bilge alarm,
(4) E.g., comprestor {nstalled to support MSD operation.

(8) Incincrator related [tems (pot) obtainable from manufacturer only,
() Fire fighting equipmient; venttation,

(T bilge alarm may be roquired.

(8 Ozone detector,
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY
MSD GRUMMAN Sheet _ ] of 6
M/E SAFETY
Factor/ SAFPETY Attribute Datn
Subfactor [Collect, /Transp, | Treat, /Disposal
| Ident, No, Characteristics Subsystem Subsystem
I\
1 Hazard of contact with/spillage of toxic/dangerous wbstances™® que to MsD @) fwith |“°‘%8
Inein, Tank
{inherent design ) i @)
L « Likelihood of hazard :
(a) No chance |
(%) Highly unltkely b bbb
{c) Falr to even chance :
() Highty Mkely e ccccmmcmmmce e ea e ea
$ « Severity of hazard : -l
(a) No resultant injury. a ] a
(b) Results in injuey of low to moderats severity requiring first ald or limited b I
medical traatmaent, |
(o), Resuizs n severe dnjury ordeath, ol
C = Hazaed correction l
(a) Hazardous ftuaton can be eagly corected, a a I a
(b) Hazardous situation is difficult to correct, :
(¢) Hazardous ituadon cannot be corrected, N
(1) Exainples;

n
.

Leakage of fumes from inclnerator into adjacent berthing and working spaces,
Hydrogen sulflde (a toxicant) may be generated in sewage holding tanks,

Fresh water connections o MSD subsystems have a potential for contaminating the vessel's potable water supply

with toxic/dangerous substancoes,

Sewage contamination,

«+ The following patiogens may be transmitted thiough scwage.
= Tetanus (bacteria)

Typhold (bacteria)

Dysentery (bacteria)

Cholera (bacteria)

Hepatits (virus)

Polio (virua)

++ Bousible methods of infection (a healthy person may be a cdrrier; infection hazard depends on & person's

resistance).

= Oral (from hands while smoking or eating) = the most common method of transmitting enterfc

(intesrinal) diseases.
~ Through breals In skin (outs, abrasions, sores),
= Eyes and nose (form hands),

(@) Only by contact with sewage in commaodes.
(3) . Centrifuge s fully encloted = no change of contact with sawage,

+ If end of vent line for ozone genvrator {s on deck and wind fs blowing in direction of personnel, ozone tnay Leritate
mucous membranes of respiratory tact.
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MSD BFFECTIVENESS ATTRIBUTE DATA

M/E IV - PLRSONNLIL SAFETY
MSpD  GRUMMAN Shoet _2  of 6§
. e Attribute Data
Factor/
Subfactor Collect. /Transp,{ Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem
@) | with o

12

Hnzard of coutact due with/spillage of toxie/dangetous subamnceau) due to
precedusal ertor/equipment failures of MSD

1, » Likellhood of hazard

| (%) No chance

l (b) tighly uniikely

1 () Falr to even chance

o () _Highly likely )

l LIS S A4 AN - om0 g -

§ - Severity of hazard

. () No resultant {njury,
i (L) Rosults in injury of low to modurate severity requlring fiest aid or limited
| medical treatment,

| $5). Resulus In sovets Injury or doath,

XY R e R e T R I R

i C = Hozard comecton

| (1) Hazardous sltwaton can be easily corrocted,
- () Hazardous situation i3 difficult w correet,
L(c) Hazardous situation cannot ba corrected,

e e o e el e

Inein, " Tank

m»{ 4, )
|
|
|
|

[+] | c
|
|

a | a
|
|
|

a a

(1) Examples;

Lenkage of fumes from incinerator finto adjacent berthing and working spaces.
. lydrogen sulfide (a toxicant) may be generated In sewage holding tanks.

« Fresh water conncction to MSD subsystemns have a potentlal for contaminating the vessel's potable water supply

with toxie/dungerous substances.
« Sewage contamination,
++ The following pathiogens may be transmitted through sewage.

= Tetanus (bacterfa)
- Typhofd (bucterla)
- Dysentery (bacterin)
= Cholera (bactoria)
= lcpatitls (virus)
= Pollo (virus)

«+ Possible methods of infecton (u healthy person may be a carriers Infeotiun hazard depends on a person's

resistatice),

- Oral (from hands while smoldng or cating) = thc most comimon method of tranamitting enterla

(Intestinal) diseascs,
= ‘Through breaks in skin (cuts, abrastons, sores).
= Fyes and nose (from hands),

@
@

4

(6)

1f commiode breaks or if there s 1cakage from influent surge tanks and pumps,
. Sludgo foed tank overflow.

« Wet ashh from incinerator, if incinerator does not burn {nput completely.

. Leakage of fumos from incincrator possible.

. Since equipment {s complex, it may be teasembled incorrectly more reudily than less complex equipment,

. Ozone generator may malfunction and pour ozone into the eir,
Hydrogen sulfide may be genorated in sludge holding tank.
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S _ .MS8D EFFECTIVENESS ATTRIBUTE DATA ’
“t " }l .
L M/E ___IV - PERSONNEL SAFETY. :
! i
- GRUMMAN , 1
. MSD M Sheet _3 ol _ g {8
oo SAFETY ] .
- @ p :;’:i / SAFETY Attribute Data H 3
A Subfactor [Collect, /Transp, Treat, /Disposal i i
P Chatacteristics Subsystem Subsystem i
':-“_I ) | ldent, No, ™ ~f H‘Vlld‘ 1 -;
) i k 21 Hazard of explosive potential for operator/mafntainer due to inherent MSD Jn:m. : °I“nﬂ8 '\ 3
g design M Py
b L = Likelihood of hazard { i y
" by \ R
3 . (a) No chance a [ a % 3
(b) Highly unlikely b | :
ji ' (c) Faft to even chance I i
L (&) Mighlytikely | ___ .. ———memm JEVRUVUIIEN SUUUSIPUPIUVI U S (I
- $§ ~ Saverity of hazard : ‘ 1
S (8) No resultant injury, a ! a
! : (b) Results in injury of low to moderate severity requiring first ald or Uniited : :
: medical meatment, b ;
s (€), Results in severc Injury ordeath, | __ SRR | RPUREUIURIP PR SP ;
8 C = Hazard cotrection : :
' ' (#) Hazardous situation can be easily rorrected, a | a :
(b) Hazardous sltuation Is difficult to correct, b | ! 1
i (¢) Hazardous situation cannot be corrected, | : ]
R | k.
e 22 Hazard of explosive potendal for operator/maintainer due to procedural etrors/ @1 M i 1
equipment failures of MSD I 3
13 -
- L = Likelhood of hazard :
| R
] (a) Nochance | a E
(b) Highly unlikely b I 1
. (¢) Fair to even chance ¢ | 1
@ Mghyukely U | SUNIN DU SR 4
A3 § = Sevetlty of hazard | '
1S :
g ) (3) No resultant injury, I a
) (b) Results in fnjury of low to moderate severity requiring flrst atd or Umited b : | :
i medical treatment, | 3
T (Q)_Results In severe injury ordeath, _ _ ———— e S R T )
A ! C = Hazard correction : F
‘ ‘ (9} Hazardous situation can be easil; corrected, I a
3 (b) Hazardous situation is difflcult o correct, b b | .
i (c) Hazardous situation cannot be corrected, :
. l Dy
v i': | 3
A ¥ (1) Incinerator uses fuel ofl. !
;f 2) If fnfluent surge tank goes septic and methane gos {s generated, f.
) ]
A :
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MSD EFFECTIVENESS ATTRIBUTE DATA K

g M/E __IV - PERSONNEL SAFETY

1 GRUMMAN . ;
, MSD Sheet _4 of __§ b
!." ~ M/E SAFETY -t
4 , Factor/ SAFETY Attribute Data by
3 : Subfactor ICollect, /Transp, Treat./Dlsposal g
2 ident, No, Characteristict Subsystem Subsystem ;
B ! i
2 . i Hazatd of fire ignition po:entlal(l) due to {nherent MSD design m:%, } ml"lan?tg }
3 : 1 = Likelihood of hazard @9 @ .
B : -
i3 (8} No chance a } a '
4 (b) Highly unlikely b :
- (¢) Falr to even chance ) | %
L gl el e mmmmemc e e el INSURESEDEVEY SN R, P
i ]
3 . S = Severity of hazard i i
h : (a) No resultant injury, a I a |
R {b) Results in {njury of low to moderata severity requiring frst afr or Umited | -
medical treatmont, b | 3
Q. Remluln severe iy ordean, M I !
C « Hazawd correction | ‘
(a) Hazardous sltuatdon can be easdly correvted, a : a .‘
(b) Hazardous stuation s difficult to correct, b
(¢) Hazardous dtuaton cantiot be corrected, 1
ag Hazard of fire igniton potentiulm due to procedural crrors/equipment fatture of 4 | 35 l (5 ‘
. MsD | 3
L - Likelihoud of hazard | 4
| k.
: (3) No chance ]
) (b) Highly untikely b [ b y
] (¢) Falr to even chance c | ,
] S MRy kel e e B VSR I [
b $ = Severity of hazard r 1
L. E
X (2) No resultant (njury ' a |
: () Resultsin injury of low to muderate severity requiring first aid or Umited b : p
(&) Remiles in severe injury ordeath, e e S 1
G = Hazawd correction ! 3
; ! 3
- (a) Hazardous situtation can be easily cotrected, | a 1
i (b) Hazardous situation {s difficult to correct, b b | : ‘-
; (¢) Hazaedous gtuaton cannot be corrected, l P,
! (1) Oil used for flushing ls not flammable under ordinary conditions, However, athigh temperatwes, e.g., in the iy
! : prasence of a fire, it will support combuston, |
5 A ! B
\'% ‘ ®) At low concentradons, ozene not combustible, !
,', L"- ! (3) Due to incinecrator use of fuel ofl, - \
p 5 © @) Y influent surge tank gocs septic and mothane gas {s gencrated. |
4 e (8 . Motor may overheat b
¥’ . Electrical flee. i
() : 218 )
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MSD EFFECTIVENESS ATTRIBUTE DATA
j v ¥
] \ b

! M/E IV - PERSONNEL SAFETY

g MSD ___GRUMMAN Sheet _5 of & _
A ME | " SAFETY
% Factor/ SATETY Attribute Data
subfactor || lCollect./'I‘rnnsp. Treat, /Disposal
4 3 Ident, No, Characteristics Subiyatem Subsystem
i, = T with !
o . Hazard of electrical shock potendal *™ for operatot/maintatner of MSD Inofn, ;_Tank %
T L = Likelihood of hazard @ | @ !
(a) No chance b : b j
: ' (b) Highly unlikely b | :
' i (¢) Fair to sven chance I k
- () bghby kely o cemece b e b e 1
(. ) $ = Severity of hazard : ‘
(a) No requltant Injury, ! :
) (5) Results in injury of low to moderate severity requicing fiest ald or Umited | k
medical treatment, b b | b i
(2)_Remults In severe tnjury ordeath | ___ | licmcmmmedloemmmmeed rmea b 4
k- C « Hazard correction | :
o (a) Hazardous situation can be eadly carrected, ) a : a 3
8 ¥. (b) Hazardous situation is difficult to correct, | ’
3 - (c) Hazardous situation cannot be corrected, L '
' : 51 Physical hazards associated with MSD due to sharp edgesm ' :
. L = Likelihoad of hazard I
r () No chance a a : 4 l |
K (b) Highly unlikely I b
3 (¢) Fair to even chance | 8
3 : (d) HighlyUkely o e -t o o e am m m ——————— | SRS SRV RN ;
A S « Severity of hazard : o
: (a) No tesultant infury, a a | 8
.. (b) Results in injury of low to modetate severity requiring first air or Umiced | :
medical weatment, | i :
Rt [ () _Results in savere injury or death, ] :_ ; i
g e e o o e o v R e v e e it e e e e e o e e e —— ) ;
jf} C « Hazard correction | J
: : 4
. E (a) Hazardous dtuation can be easily corrected, a a : a {
' (%) Hazardous situaton s difficult to comect, [ {
" . (¢) Haxzardous situation cannot be corrected, I %
N ‘ ;o
R (1) Hectrio shock may result in sevare bums and/or deatht In additon, reacton to electrlo shock may casue affected i i
o s individual to be thrown aside, possibly subjecting him to severe impact {njuries and/or contact with sharge edges hot :’ |
awfaces, [
" {2) Combined effect of Infury due t» sharp edges/poinis and sewage contamination may Introduce harmful pathogens into L
4 w the bloodstzeam of an affected individual, i
X E
d j\* (8) Interlock on ozone generator door may not operate, §od




MSD EFFEGTIVENLSS ATTRIBUTE DATA

M/E 1V - PERSONNEL SAFETY 3
o MSD ___GRUMMAN Sheet _6 of 6 L
iy — e ——— .
. oo
b ME SAFETY P
Factor/ || - SAFETY Attribute Data v
Subfactor . ollect, /Transp, Treat,/Disposal . Y
1dent, No, Characteristics Subsystem Subaystem .
o T B
52 Physical hazards assoclated with MSD due to hot surfaces Xéﬁ: IH,‘;.?A{:S .
K - L ' . L
P L . Likelihood of hazard ) L
- (8) Nochance a ! Co
(b) Highly unlikely by |8
B (o) Pair to even chance ¢ : i
s‘ _@\.ﬁwlllx-!}ss.ll.—-——----—‘------- ——————— .t -G8 MR M md VMt M ] SR a4 TS S S TR b e n—---}—---'-
b § » Severity of hazard :
“ 3 (ai No resuitant injury, . | h '
(b) Results in fujury of low to moderate severity requiring fivst ald or limited | S
E ~ medical meatrment, b | b '
| (o), Remloyfn sovere fury ordonth, e B b Ty
. , C = Hazard correction | )
(2) Hazardous druation can be easily corrected, a al a ;
(b) Hazardous slruadou is difficult o correct, ' 5
: (¢) Hazardous situation cannot be corrected, ! b
3 -+ g
83 Physical hazard for maintainer of MSD due to rotating machinery @] (3. 4) : 4 ; ,
b L = Likelthood of hazand l P
'- .
;! (a) No chance ' "
(b) Highly untikely b : b L
A (0) Palr to even chancs ¢ |
| I U NI IS SO ‘
S - Severity of hazard : :
i (a) No resultant injury, | 1
b (b) Results in injury of low to moderate severity requiring flest afd or limfted | »
3 medical treatment b b | b 3
- (cL. Renlt in povece Infoy or death_ o e et e o
,\‘ C » Hazard correctdon | : ‘!.
3 S
- (%) tazardous situadon can be eadly corrected, a a : A P
: (b) Hazardous situation s difficult to correct, i ! ’
) (o) Hazardous situation cannot be corrected, 1 . 3
¥ : 13
: {0 Molecular sieve dryer has hoaters and has safety {ntecrlock on fts door. If careless, could touch hot surface. 4

(2} Insexvicing pumps,
(3) High pressurs blower is belt driven,
(49 Centrifuge enclmed, scoup is slow, motor I eiclosed; smooth indde,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

}.; t M/E V_- HABITABILITY

;0 MsD ___GRUMMAN Sheet of _3
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SN

)
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R
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M/E ‘ HABITABILITY
Faator/ HABITABILITY Atteibuto Data

v b v e e R

Subfactor || ‘ Collect, /Tramp, | Treat, /Disposal
Ident, No, Characteristics . Subsystem Subsystem

' |
i1 Habitability problems(!) asaclated with bacterial contamination due to MSD With |l_1‘3!’1§|n3
tnhetont design Inofn, II. Tank

(a) Thete {s no baaterial contamination habitability problem due to MSD
X i subsystem {nherent dedgn features.

i (b) There iy & bacterlal contaminadon habitabllity problem due to MSD
" subsystemn [nherent de.njn features,

12 Habitability problems‘l) associated with baci_gml contamination due to
procedural errors/equipmant fallures of MSD 4)

(a) A baaterfal enntamlination problem due to procedural errors/equipment
failures of MSD subsystam is highly unlkely,

(b) Procedusal errars/equipment fatluces of MSD subsysiem are Ukely to cause b
4 baaterial contaminatlon problem

' 21 MSD fixture comfort

M ke Sl o e "

(a) Commodes and urinals are comfortable and easy to u.e even under shilp's
maotion, a

(b) Commodes and urinals ace not comfortable and easy to use under ship's
motion,

N/A

22 Flushing proceduce requiraments for MSD fixtuie

(2) There are no "non-standnrd" requitements for Mlushing. i N/A
(b) Thero are *non-standard” requirements for flushing,

23 Waste retention fn MSD commode bowl

(a) The amount of wastc that cemalns {n the bowl after flushing is less than
that rermadning afeer flushing a standaed full water flushed fixture,

(M The ariount of wastz that remalns in the bowl after futhing Ly the sane
as that reniaindng after flushing o standacd full water flushed fixture, b N/A

() The amount of waste that remains in the bowl after flushing 13 mote than

that remaining after flushing a standard full water flushed fixture,

(1) As distinguished from problemns of health and safety; likely psychologlcal reactions of users ate & matter for
constderation.

(2) A vaguum waste collection subsysterm i3 less Hkely to expose personnel to sewage In case of a line break than a
pressurized waste collection subsystem; fresh water connectons to MSD subsystems have a potendal for contaminating
the vessel's potable water supply.

R T
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MSD EFFECTIVENESS ATTRIBUTE DATA

1 M/E V - HABITABILITY

i
MSD __GRUMMAN Sheet _2 _of __3

Facioe HABITABILITY N e B -
3 Subfactor |{ Collect. /Transp, | Treat, /Dispotal y
E-'v 1dent, No, » Chunotemdes‘ — Subsystem Sub:yuem o
; ) 24 Likelthood of user contact‘™ with MsD fixture flushing medium !

‘ (8) User is unltkely to come into contact with flushing medium, a N/A

: () User i3 more tkely to come into contact with flushing medium than with
: standard water flushed fixture,

i 28 Appearance of MSD fixture flushing medium

: (a) The color and general appesrance of the flushing medium fs as aceeptable
- i at clear water, a N/A
= . (b) The color and general appearance of the flushing medium are acceptable,
but clear water is preferable,

(<) The color and general appearance of the flushing medium are not
-acceptable,

26 Noises produced in flushing MSD fixnires

() The nofse prodused {n flushing fixtures is less than that of a standa [

commode/urinal, ‘ "]

(b) The notse produced in flushing fixtures is the tame as that of a standard A
commode/urinal, b N/A

(¢) The noise produced in flushing fixtures is greater thap chat of a standard
commode/urinal,

31 Odors produced as a result of inherent MSD design With : Hgﬁ.

(8) The MSD subsystem produces o odor as & result of inherent design, a & : 2@
{b) The MSD subsystem produces & noticeable odor as a result of inherent design.

TS TR Y T T S WO T T

t' I

a2 Odors produced as a result of procedural arrors/equipment fatlures of MSD (4)](5,6) )

PRPPTSEISS TP

(2) ‘The MSD subsystem produces no odor as a result of procedural ervors/
equipment faflures.

() The MSD subsystem produces a noticeable odor as a result of procedural
errors fequipment failures, b b

41 Heat generation for nearby pmonnelﬁz) due to inherent MSD design

e

|

I

|

]

|

!

!

}

|

(%) As a result of inherent design features, the MSD tubsystem does not generate] :

enough heat to render its vicinity hotter than most shipboard areas |

containing machinerv. a b |

(b) A¢ a result of inherent design features, the MSD subsystem does generate |

enough heat to render its vicinity hotter than most shipboard areas 1
containing machinery, . |

(1) Due to flughing medium composttion, Rxture dutgn. motion of vessel (which may cause splatter, splashing, or
spillage of flushing medium),
(2) For operator/maintainer /adjacent berthing and working areas.

{3) . Even with ozone
+ Odor milder when treating gray water only.
(4) . Odor milder when treating gray water only.
+ In the event that leakage ocours,
(5) Due to fuel ofl leakage; leakage of sewage; wet ash in Inolnerator 222
(6) 1f leakage and ozone odor ocour simultaneously, there may not be any detectable odor,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

V- HABITABILITY

M/E
MSD GRUMMAN Sheet _3__of _3
M/E HﬁBn;ABILITY
: ttribute Data
Factor/ HABITABILITY
Subfactor [[Collect, /Transp,| Treat. /Disposal
Lident, No, Characteristics Subsystom Subgystem
42 Heat generation for neatby pmonnclm due to procedural errors/ equipment ‘Imhl :H% gs%
failures of MSD,
(a) The MSD subsystem does not genetate erough heat as a result of I (3)‘
procedural errors/equipment fallures to render Its vielnity hotter than b : a
most shipboard aceas containing machinerv, |
(b) The MSD subsystem does generation enough heat as a result of |
procedural ectars/equipment fallures to render ity vicinity hotter than ,
most shipboard areas containlng machinery, 1
L) Noise level for parsonnet in vicinity of MSD(I) 4)((5.6) : ©
NI = Noise Index |
(8) The MSD subsystem is silent or nearly silent, :
(b) Noise level of MSD subsystem is approximately equal to background ]
noise leval of venel, b | b
(¢) The MSD subsystem ls very loud, produces constant noise, drowns out |
vesgsel baclkiground noise in immedlate area of the system; must shout |
to be heatd, |
8 Vibration levels for nearby pmonncl(l) produced by MSD machinery M T M
V1 = Vibration Index :
(a) MSD subsystem produces little of no perceptible vibration in addition to i
background level on vessel, !
(b) MSD subsysrem produces perceptible vibratlon, but slmilar to vessel |
background, b1 b
(c) MSD subsystem produces abnormal or disturbing {ntensity and/or '
frequency of vibraton, !
7 Effect of MSD on uset housekeeping routines (restrictons on ussr imposed by |
1ubsystem®), |
(a) Subsystem characteristics do not impose restrictions on uset, a : a
(b) Subsysterm chacacteristics impose reswiotdons on user, |

1) Por operatot/ maintalner/adjacent berth and working areas,
(2 E.g « Must use water~soluble toflet paper which is not as comfortable as usual
tollet paper,
+ Must wse special bow! cleanes which is less effective than usual cleanse

. _Cannot dump detecgents dawu galley sink; must store and off-load at shore,

(3) Even with heater for molecular sicve,

(4) Due to pump,

(8) High pressure blower makes some nolse (83-84 dbA at 8ft. ),

(6) + Scoop makes some nolse (periodically, for 10 seconds at a dme),
+ Compressor in ozone generator not loud,

(7) Centrifuge vibratcs somewhat.




.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VI - RELIABILITY

MSD ___GRUMMAN Sheet _1 of 3

M/E RELIABILITY
Pactor/ RELIABILITY Attribute Data
Subfactor Collect, /Transp, | Treat, /Disposal
ldent, No, Characterisues Subtystem Subsystem
I with
21 MSD complexity with . | Holdi;
Complexity index of MSD subtystom based on a complexity ranling from Incin, :__'_r_fﬂ*
110 6. 5 | b
(1) ‘n "M

Extent of MSD equipment/component redundancy

() There is some significant redundaney {n the MSD subsystem's major
tomponents.

(b) There 1s no significant redundancy In the MSD subsystem's major
compoticnts. b

- @) 6,9

Degree of equipment failure independence

subsystem,

(b) There iz a moderate degree of MSD equipment fallure {ndependonce in
MSD subsystom,

{c) There is a low dugree of equipment failwre fndepondence in MSD
subsystem, c

(11,12)

|
|
|
|
|
|
t
|
(a) Therc {s a high degree of equipment fallute indepondence {n MSD I
|
|
|
|
|
r
]

Adequacy of MSD equipment ratings

(a) Most MSD subsystem equipments drc overrated, :
(b) Some MSD subsystem equipment ratings are nominal, some are overrated, |
(o) Some MSD subsystem eduipnients are underrated, some are nominally ]

rated, ¢
(d) Mot MSD sulwystem equipments are underrated. |
(13, 14

Provisiors for fault actuated cut=off mechanisrms(3) for MSD protection

(a) There are man( fault sctuated mechanisms in MSD subsystem, or they are
not required,(4)

(b) Thero are some fault actuated mechandsms in MSD subsystem, b

{c) Thero are no or almost no fault actuated mechanisme in MSD subsystem,

b

Rellability tisk for Msp(®

(a) MSD subsystein has a history of fair or better test results,

(b) MSD subsystem has a history of poor test resulty, h b

)
I
|
I
I
|
!
{
(c) No test results are available for MSD subsystem, |

Any redundancy in electronic circultry is not considered,
L.e,, fajlure of one ftom will not result in fajlure of major component or subsystom,
Includes mechanisms tw: (i) alert operator/matnwiner to high stress or abnormal condidons that will result in faliure,
and/ot (11) to cotruct those conditions or turn off equipment,
(4) E.g., standard commodes and urlnals in a gravity drain scwage collcetion subsystem do not require fault actuated
out=off mechanisms,
(8) E.g., {nnovatve destgn, experience,
(6) Elnwres, tramier pumps
(N . Orone diffusers are all used, but could get by with lrtle degredation of performance, on fewer diffusers,
. There are 4 oxzone tubes, all used, but could get by on fewer, with degraded performance,

Hootnotes continued on following page. 224
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. 1f the high pressurc blower fails, the incinerator cannot operate,

.  motorized 3-way valve fails, may get just a spill from sludge fesd tank. If valve locks open, could cause
tnelnerator lining o fall,

+ If basket cenwrifuge fails, reactor column may get plugged up.

+ If seoup fails, centrifuge performance may be degraded to point wheee no solids separation occurs,

» If ozone generator fails, petformance of ozone column may degrade significantly.

Some pumps may be overrated,

Incinerator:

Adequate«studge pump and high pressure blower; underrated - mototized valve,

« Basket centrifuge overrated,

+ Peed pump ovetrated (now uses gear reducer to reduce its speed),

. Centrate pump overrated,

+ Ozone generator and air compressor adequate,

Pite eye, overtemperature switch,

High level sensors: fail safe for equipment upstream of sensor,
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MSD EFFECTIVENESS ATTRIBUTE DATA

-

; M/E VI - MAINTAINABILITY
. ..
i mgp _ GR.TMMAN : Sheet _)1 of_2__
i WE MAINTAINABILITY
; Factot/ MAINTAINABILITY Azibute Data
! Subfactor || hpollwt./'rnmp. Ttreat, /Disposal
! Ident, No Characteristics Subsystern Subsystern
: — | with [
k 181 Accessibility of replaceable MSD components ‘;mh | H.{..:dl:lfs
l (3) High degree of accessibility in MSD subsystem components, @] (4 ’
: (b) Moderate degres of accamihility in MSD subsystemn components, a | ‘ B
i . {c) Low degree of accemibility in MSD subtystem componens. e o 3
S 1 g
t:" : 13 Extent of MSD modularization for ease of repair /replacement | ;
ff () High degree of MSD subsystem modularizadon, a
- (b) Moderate degree of MSD subsystem tnoduladzation, b b ob
%‘ () Low degres of MSD subsystem mmodularization. 1
N 133 || Degres of MSD repalrability on board vamel, (1) ®@ ®
t ! (8) All MSD subaystem {tems are repairable on vesel. | i
Y, f (b) Some MSD subsystem {tems are repairabla on veassl; some muat bareplaced || b b b f b
i ' (c) Al MsSD subsystom iterns must be replaced, | 3
F | 184 || Avaitability of manufacturer f1eld support and tratning programs for MSD | _‘ 1
lv ! (8) Manufacturer field support and a training program {s available, ' ' }
. ' (b) Manufacturer fleld support() {1 available but no walning program i |
l* avoilable. b b b 1
: (¢) Manufacturer tralning program is available but field support is not |
avallable, |
(d) Neither fleld support not training pogram ate available fom manufacturer.
142 Speolll/mpﬂewy(a) item requirements for MSD equipment repair @ o
; (8) No special items required for any MSD subsystsin repalrs, a ' i
! (b) Some special ftems required for some MSD subsystem repaiss. b | b
R {c) Al items reduired for MSD subsyster tepairs are special items, \ .}
i (1) Versus necessity for replacement of falle! equipment, l.;
k , (2) May tnolude some lmited wuining support during injtial MSD fnstallation, Do
¥ : (3) E.g., Incinerator pors, fllters varsus standard supply parts. P
e (4) . Centrifuge acoessible, j

Packaging of equipment in frumewotk somerimes makes ccess difficult, c.g., pumpe and tanks are placed low,
Difficult to get inadde ozone generator,

Diffusers may have to be disapsembled; Lf they get plugged up, this is not easy,

Ozorne tubes slide out on racks, must then disconnect wires to service them,

Ers i Ml e £ i e mid

(8) . Ozone tubes not ropairable,

High voltage tamaformer in ozone generator is not repairable.,
(6) + Sludge fead tank is a formed fiberglas tank.

Inoinerator pot special, i
(7) + Ozone tubes are spscial, :?

(zone reactor column is proprietary,
Ozone genetator has some spocial patta,
Basket centrifiige 1s special (cun be obtatned from original manufacturer = not Grummen),
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MSD EFFECTIVENCSS ATTRIBUTE DATA

M/E VII - MAINTAINABILITY

MSD ___ CRUMMAN Sheet _2 of _2
M/E || MAINTAINABILITY
Factor/ MAINTAINABILITY sbute Dats
Subfactor ( ollect./Transp, | Treat, /Disposal
1dent, No Characteristics Subsystem Subsyrtem
i Y wien
with | Holding
23 Effect of MSD preventive maintenance on watchstander routines | kal Tank
(8) No effect on watchstander routines, 2 a la
(b) There is some effect on watchstander routines. i
a3 Speoial dooking requirements for MSD ovethauls 7|
(3) There aro no special dooking requirements for the MSD, @ a a a
(b) There are special docking tequirements for the MSD, l
4 Logistic requirements for MSD |
(3) No special parts are required for the MSD subsystem, |
(b) PFew different categories of special parts aze required for the MSD a b | b
subsystem and there are taw parts in each oategory,
(¢) Few different categories of special parts are vequired for the MSD mibsystem |
but many parts of each type are requited, or many diffarent categories of |
spoolal parts are required but there are few parta in each category.
(d) Many different categories of parts are required for the MSD subsystem and |
thete is & large aumber of parts {n each category, |

(1) By C.G. direction, this applies to all MSDs considored in this study.
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GRUMMAN
EQUIPMENT AND INITIAL SPARES ACQUISITION COSTS

i [~ Cost of Associated
- Equipment Equipment Cost * Initial Spares Package *
; Treatment '
P Subsystem $25,000 $2, 800
;;\:: l : (Including Controls)
! Incinerator
Subsystem - Thiokol 25,000 2,500
(Including Controls) ,
' Notes;

1. Please supply cost eatimates for each equipment based on a production
run of up to 100 units,

2. All cost estimates are to be based on 1976 costs,

3. ldentify recommended ocontents of Initial Spares Package Assogiated ;
with each equipment, '

e

* Egtimates provided by U.S, Coast Guard,
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COLLECTION, HOLDING, TRANSFER (CHT) SYSTEM

PRINICPLES CF OPERATION

A Collection, Holding, Transfer (CHT) System provides storage volume
to receive and hold wastewaters, deferring discharge from the vessel until
an appropriate time, It is a "no discharge" system, It is the simplest of
the MSD's considered for this study from a processing point of view. Various
arrangements of wastewaters and storage tanks are possible and have been
considered by others for different applications. These are:

' One tank to hold:
+. Black* water only, gray* water not retained
.. Black water, with gray water while in port

.. Black water, with gray water while transiting between open
seas and port

. Two tanks: One tank for black water and one tank for gray water
as follows:

.. Separate and distinct pump-out facilities

«» Common pump-out facilities

.. Serlal pump-out, 1,e,, gray water is pumped into black water
tank, from which both wastewaters are discharged,

CHT systems are usually thought of in connection with standard flush
volumes of sea water, Supply limitations on board vessels preclude the use
of fresh water with standard flush commodes and urinals. However, a CHT
tank can be used with fresh or sea water flush medium in a system containing

5 -%g'.':ﬁy,:___-‘r._:ﬁ_-_ TR STEr
¥ &

*
Black water 18 synonymous with sewage and soll wastes, It {8 comprised
of human wastes, flush water and, (f collected separately, wastewater
from a garbage grinder (Cuasl Guasd polivy), Giay waler is compriged of

wastewater from lavatories, sinks, showers, laundry, galley, scullery
and inside deck drains,
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reduced volume flush commodes and urinals, One reduced volume flush

system, using vacuum transport (Jered), requires a separate vacuum tank

‘ : for collection, in addition to the vented holding tank. Alternately, the CHT 4 _
' tank can be designed as a vacuum tank which may be practical where the ;
N total retentlon volume is small, j 3
- i
; A functional block diagram of a Collection, Holding, and Transfer 3
g (CHT) System is presented in Figure 11.
i
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SYSTEM DESCRIPTION

The black water tank is aerated by bubbling air through the liquid, in
order to keep septic odors from belng generated. Compressed alr is furnished

b

from the vessel's service air supply system or by a specially installed com-
pressor or high pressure blower. For purposes of this study, it will be o
assumed that compressed air is taken from the vessel's compressed air -

A e PR PRI

supply system (if the vessel is so equipped). L

7

St

The black water tank 18 sized to retaln a specified number of hours : i
worth of wastewater flow, The Navy design goal is 12 houwrs. Coast Guard ' l)
vessgels, having different migsion profiles from Navy vesgels, will have .=
design goals related to the maximum number of hours spent away from home | P
port while in restricted waters, The tank is generally free of internal . i
structural members in order to permit effective washdown. A washdown ' '

Fr AT,

TR A ST s

S st

oepary,

nozzle inside the tank is supplied with water from the firemain. The tank

Sz

bottom is sloped ioward a sump basin at the pump suction. Maintenance
access openings are provided. The tank ls non-pressurized, has a vent to
the atmosphere and an overflow line. Multiple liquid level sensors are set 5
to various heights (tank vclumes). Below are the set points prescribed in 4

NI e 2

£

S R e

a preliminary Naval Ships technical manual;

At 10% of maximum level, shut off discharge pump(s)

i . At 30% of maximum level, actuate one discharge pump
At 60% of maximum level, actuate standby discharge pump

At B5% of maximum lavel, actuata alarm(s)

Pl E A T

Gray water tarks are similar {n design to black water tanks, except
that no aeration of the liquid I8 necessary. There is no compressed air ,
requirement, no diffusers, and the vent line need not extend to the weather.
deck. Gray water may be diverted overboard from the manifold external to

BT R

ST

the tank, whenever reyulations (or Coast Guard policy) allow it, and the
manifold is above the waterline. Such a bypass is not allowed for black
water dralnage. If the manifold is below the waterline, the gray water must i

enter the holding tank before being pumped off the vessel,

246 ,
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Each tank, black and gray, Is connected to two, non-clog, marine
sewage pumps connected in parallel, which discharge to shore or barge
through a valved deck connection. There may be a total of two or four
pumps for both black and gray water tanks, depending upon the installation.
The pump(s) can alternately discharge to overboard through a gag scupper
valve. The vessel design may allow discharge to one or both sides for
either deck or overboard lines.

Retention of wastewaters, black and/or gray, may be effacted in one
or more tanks, with a practical limit of no more than a total of three tanks
(Coast Guard guidellne). Every effort is taken in both design, equipment

selectlon and operating procedure to prevent black water tank, whereupon
it becomes black water,
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MSD

. MSD EFFECTIVENESS ATTRIBIITE DATA
1 . ADAPTABILITY POR
M/T SIIIPBOARD INSTALLATION

CHT

Sheoet

1l of 4

M/E
Factor/

1dent, No,

Subfactoc ||

INSTALLATION

Characteristics

INSTALLATION
Attributo Data

Collect, /Transp,
Subsystem

Treat, /Disposal
Subsystem

12

1
MSD materlals disallowed ot not mcommcndcd.( )

(4) No disallowed or not recommeanded materdals presont(ﬂ) {n MSD subsystem,

(b) Some disallowed or not recotnmended materials present fit MSD subsystem,
but resuttant problems can be solved or compensated for,

(o) Presence of disallowed or not recommended materlals fn MSD subsystem
presents problems with no feastble solutions,

13

l-:xtc% )of additional support systems or equipiuent required to sccommodate
MSD

Identfication of support system requirements for MSD subsystom,

21

Extent of fixture modifications requlred for MSD installatdon,

(a) MSD uses standard cormmodes and urinals.
(b) MSD uses non-standard commodes and special equipment Is assectated
with the wrinals,
(c) MsD uses non-standard counnodes, special equipment is associated with
the urlnals and each fixture has additional hook=up requirements,

N/A

22

Extent of flush medium supply modifications required for MSD fnstallation,

(a) MSD uses sea water for flushing fixtures,
(b) MSD uses fresh water for flushing fixturcs,
(c) MSD uses a non-aqueous for flushing fixtures,

N/A

P em

Hoolwup :cquircnnc1ﬂs<4) for Ms1) Collecton/Transport sdmystcm {installation,

(3) MSD uses stap-lard Colleetion/Transport subsystern,

(h)  M3D uses reclreulating Collecton/ Frauspoce subsysten,(9)

(0) MSD uses non=standaed and centralized Colleetion/Tsausport subsystem,

(1) MSD uses non-standard and non-contralized Collecon/Transport
subsystem, (0) :

N/A

S S, YO NI

(3) As spectfled in subchiapters J&F of Merchant Mardne Code and GG, MSD rogulations,
(2) For purposes of this study, C.G, ditects cholee (a) for all MSDs.

(3) Examples; "
}

» Firefighting system must be fnstalled with incinerator,
» Bilge alarm required if large tank is Installed above bilge,
« Compressor requited on vessols tiat do not already have ona,
+ Dotectors of toxle or noxtous gases should be installed with any system thal, ac an fnhesent design foature, uscs
such gases {n processing wastes,
(4) Drain piplug; electrle  caMes for conuecting comtiades, M/ puwinp and control panel, compressed afr, ate,

(0) In existing gravity drain system,
(0) Includes converslon from reduce] flush vacuum celicetion to a standard gravity drain system with ot without recireulation,

(N Btlge alarm if roquired,

L PO S ENTI
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_ ‘ .MSD EFFECTIVENESS ATTRIBUTE DATA
b I - ADAPTABILITY FOR 2.5
: M/E IPBOARD INSTALLATION q

MSD

3 Sheet _2 of 4
™ - WE I

b ate

Factor/

Subfactor |

INSTALLATION

Characteristics

e

tleat, /Transp,
Subsystem

Treat, /Disposal
Subsystem

ldent, No,

3 - 282 Routing flexibility for drain piping modlﬂoat&om(l) associated with MSD ® 4
. ¥ Collection/Transport subsystem installadon() i

. (8) Routing of MSD Coltection/Teansport piptnyg s highly flexible.
X (b) Routing of MSD Collection/Transport piping is modorately flexible with N/A _
some restrictions, - £
{¢) Routing of MSD Collection/Trursport piping is highly Inflexible. e 3

» " 233 Space requiremonts for MSD Colleotion/Transport subsystem installaton

(a) Space required for MSD Collection/Transport subsystem {s lttle ot no a
v greater than that requirad fur standard Collect:n/Transport subsystom,
4 : (b) Space required for MSD CollecHon/Transport subsystem {s modetatoly N/A
’ fneroased over that required for standard Collecton/Transport subsystem,
{¢) Space required for MSD Colicction/Transport subsystera {8 much greater
than that required for standard Collectdon/Transport subsystoni,

284 Modularity of MSD Colleation/Transport subsystem (as it affcots installation).

B (a) Collection/Transport subsystem fs highly modular, a N/A
P (b) There {s an opdon for some decentralization of the MSD Colleadon/
' Transport subsystem,
{¢) The MSD Collscdon/Transport subsystom s highly centralized,

4)
A 235 Vent tequirements for MSD Collection/Transport subsystem installation, (
[ (a) MSD Collection/Transport subsystein requires no vents,

B {b) MSD Collection/Transport subsystem requires fow vents,

{¢) MSD Collection/T'ranspoet subsystem requires many vauts, o 4

N/A

(1) Of the three relevant categories of routing lines (piping, ventilation, electrlcal), piping is the most important for 3
agessing eate of MSD tnstallation,

;
.E\‘_'_ (2) Notes:
A » With gravity dralnage, lnes must slways slope downward and require vendug,
. . Smaller size Unes are juherently more flexible,

: : + With pump or vacuum Collectlon/Transport subsystem, sharp bends, eiscrs and long muns can be accommodated
in plping.

(3  Gravity drainage through standard drain lines, Answer applics to new installation only: if standard drain lines already b
M . installed in vesel, then (a) applies ¥

! (4)  As for standard drain lnes (f.e., all traps must be ventad), Amwer applies to new installadon only; 4f standard drain Un:
'3 already installed {n vessel, then (a) applics,

§ ] 249




3 MSD EFFECTIVENESS ATTRIBUTE DATA
' I. ADAPTABILITY FOR
M/E ____ SHIPBOARD INSTALLATION |4

. I
I~ : MSD CHT Sheet 3 of 4 P
- : _ ]
: ; M/E Py
! Factot/ INSTALLATION Attribute Data ;A
‘ : Subfactor || iCollect, /Transp, | Treat, /Dlsposal o
} Jdent, No, Characteristics Subgystem Subsystem |
; ) !
242 Liookup :cquﬂemenum for MSD waste Treatment/Disposal subsystem | h
. installation .
2 : (a) Pipe, ducts and/or cable requirements for the MSD Treatment/Disposal " ' “- l
; : subsystem.ate mindmal,
(b) Pipe, ducts and/or cable roquirements for the MSD Treatment/Dlspom N/A a ! f
) subsystem are moderate, 3
g (¢) Pipe, duots and/or cable requirements for the MSD Treatment/Lisposal P
; subsystom.are extesive, i
’ 243 Dogree of modulnda of MSD waste Troatrnent/Disposal subsysters (as ft !
affects insaliation)() |
’ (a) MSD Treatment/Disposal subsystem {s highly modutar, i
N/A ;
i

(b) There is an opyon for some decentralization of te MSD Treatment/

Disposal subsystem,
(o) MSD Treatment/Disposal subsystem is highly centeallzed, o
o @ ©

244 Vent requdrements for MSD waste Treatment/Disposal subtystam {nstallaton
N/A

{(8) No vents are required for MSD I'reatment/Disposal subsyster,
(b) Vents are required for MSD Treatment/Disposal subsystom, b

245 Exhaust stack requirements for MSD waste Treatment/Disposal subsystem
tnstalladon, (4)

(a) Exhaust stack not requized for MSD Treatment/Disposal subsystom, N/A a A
(b) Small sxhaust stack required for MSD Treatment/Disposal sub_ysteni, 3
() l.agl&a exhaust atack requlred for MSD Treatment/Disposal s L
'.{. . (1) Piping for fucl oil, fresh water, cooling watcs, comptessed alr, int:rconnectng romotely located equipment, overboard
! discharge Une, stc.: electric cables for power supply, temote parsls, ete,s ducting for ventlation, stc. )

‘ (2) Decentralizaton o! components may tequire additlonal hnokups aud piping runs. ; .

’ (3) Vents that are only internal to the compartment {in which subsystem 13 located are not consfdered here. i ¥

(4) Notest

\ + Hectric incinorator requires small (27) exhaust, ; 4
« Fuel {ncinerator requires large (10*) exhawt, .

bomse
H "

(6} Mininal hookeup requiremants,
]

N T e e ol s

g Overboard discharge piping for gray water
‘ Compressed alr for black water system |
i Electricity for puinps ],
. (, (§) « Gray water requires local vent, ' N
i ) 1
ﬁli—.' . Black water vent to atmiosphere, e,g., tu weather deck, .
i
h
o ,
A

PooEs
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i :‘\%h
x .MSD EFFECTIVENESS ATTRIBUTE DATA
o I - ADAPTABILITY FOR |
¢ M/E _____SHIPBOARD INSTALLATION.
ok MSD ___CHT Sheet _4 of 4
' N M/E INSTALLATION
Factot/ INSTALLATION Attribute Data
Subfuctor [ICollect, /Transp, | Treat, /Disposal
1dent, No, Characteristics Subsystem Subsystem
i 28 Ease of {ratalling MSD support ngutpmentm
!-'.f Extont of additional support equipment required to accommodate MSD
(%) No additional support equipment required for MSD subaystem, 8 b ;
i (b) Some additional support‘equipment required for MSD subsystem, E
D (0) Much additional support equipment required for MSD subsystem, 1
M 3
Examples; i

« Frefighting system must be {nstalled with incinerator,

« Bilge alarm requlired if lazge tank ls installed above bilge,

+ Compressor required on vessels that do not alteady have one,

+ Datectons of toxic or noxdous gases should be Installed with any systam that, as an inhezent design feature, uses
such goses {n procesring wastes,

(3) Bilge alarm if required,
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MSD

.MSD LEI'TECTIVENESS ATTRIBUTE DATA

M/E 11 - PERFORMANCE

CHT

Sheet

—————

1 of 4

———

M/E
Factor/
Subfactor

ldhl!‘LN_ol

Characteristics

Atttibute Datn

[[Coltect, /Transp,
Subsystem

Treat, /Disposal
Subgystem

a1l

Effect of peak hydraulic loads in blnck”) water stream on MSD performmoem

(8) No significant effect of black water peaks on MSD subsystem performance.

(b) Effect of black water peaks is of short dutation, with temporary implica=
tions for MSD subsystem performance, easy to overcome,

{c) Longeterm effect of black water peaks, difficult to overnome, with long=
term implicadons for MSD sutwystam pecformances.,

(d) No ability of MSD subsystem t handle black water peaks,

L]

312

M)

Effeot of peak hydraulio loads in gray' * water sttoam on MSD performance (2)

(a) No significant effect of gray water peaks ot MSD subsystem performance,

(b) Effect of gray watet peaks is of short duration, with temporary implieations
far MSD subsystern petformance, easy to overcome,

{¢) Longe-term effect of gray water peaks, difficult to overcome with long=term
{mplications for MSD subsystem petformance,

(d) No ability of MSD subsystom to handle gray water peaks,

N/A
G/T for black
watee only

4

821

Effect of low flow condiions /long fdle times in black water stream on MSD
performance(®)

(#) No significant effoct of black water low flow conditons/long tdle times on
MSD subsystem performance. :

(b) Effect of black water low flow conditions/long idlo times of short duration,
with temporary implications for MSD sulsystem performance, easy to
overcome,

(¢) Long-term effect of black water low flow conditdom/long idle tmes,
difficult to overcome, with long~tecm fmplicadons for MSD subsystem
performance,

(d) No ability of MSD subsystem to handle black water low flow conditions/
long idle Hines,

(%

(1) Includes {nstantancous,hourly and daily loads,

(2) Peak load handling ability depends on C/T subsystem, The ability of an MSD which employs an influent aurge tank to
handle peaks wually depends almost entrely on the sizing of this tank,

(3) An example of low flow condidon 1z when 757 of the erew is not on board vessel for a woek and usage rate by
remaluing 20% of crew {s normal. Long ldie tnics are on the order of several weeks of virtunlly no usige of MSD,

(9 Ability to handle peaks, if not full,
(6) 'f black water tauk (s aerated, low flow and/or long idle times s not a problem,

¢ . l'..’x;...«.. N TN VI AR SRR
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L ‘ .MSD ETFECTIVENESS ATTRIBUTE DATA b
3 3
M/L [l - PLRFQRMANCE g o8
| ]
L msp ___CHT Sheet _2__of _4 y
'iin' s 1 . ;.‘
e m/E 3
N é,‘f\ Factor/ Atteibute Data ! b
S Subfactor Collect, /Transp, | Treat, /Disposal i
. Kent, No, Chatactetistics Subsystem Subsystem 3
' l 222 Effoot of low flow conditions/long {dle tmes in gray water sweam on MSD b
SRt performanca(d)
S (a) No significant effect of gray water low flow conditions/long idle dmes on 3
MSD subsystem performance, N/A : g
S (b) Effect of gray water low flow conditions/long Idle mes of shoct duzation, || ©/T for black i
b with temporary implications for MSD subsystem performunce, easy to water only R
k u overcome,
g b (¢) Long=term effect of gray water low flow conditona/long ldle tmes, ‘
b difficult to ovércome with long=term {mplications for MSD> subgystem 13
_ performance, i Y
b v (d) No shility of MSD subsystem to handle gray water low flow conditions/leng
: dle Hmes, -
! 881 Ab{lity of black water pordon of MsSD to handle addidonal personnel (on & * !
' long=term basis)(®) Py
1
o (@) MSD black water subsystem will handlc additional personnel with litele or : \f\
k- : no degradation In performance., : I
(» MsD black water subsystem will handle additional personnel with b i \
moderately degraded (but still barely ncceptable) performance. ! !
\. } (¢) MSD black water subsystern will not handle additdonal personnel ( 4
292 Ablitty of .Iny water portion of MSD to handle additional personuel (on a long= 9 i :
: . term basis) 3 ;
1 ' (%) MSD gray water subsystem will handla additional personiiel with lttle or no c ‘N/ A black ‘ g
b _ degradation in performance, w/'l for ; ac
4 (b) MSD gray water subsystem will handle additional personnel with moderately Atec only
P degraded (but still bately acceptable) performance. b
\! (c) MSD gray water subsystem will not handle addidonal perionnel. 3y
3 (1) An example of low flow condltion is when 76% of the crew {s nut on board vessel for a week and usago rate by
i rematning 25% of crew is normal. Long idle times are on the order of several wosks of virtually no usage of MSD. 5
o _ (2) Resuldng in long~tern inorease in average black water streamn hydraullc loading. The ability of an MSD which 4
& ' eriploys a black watar (or sludge) holding tank to handle additional pevsonnel may be detarmined by the size of
g ' that tank, : ]
b ' (3) Resulddng {n long~term Increass in average gray water sttoam hydraulic loading, The ability of an MSD which employs . 3
" : a gray water (or sludge) holding tank to handle additdonal personnel may be dotermined by the sfze of that tank, ! 3
; (4 . Cannot handle additional pecsonnel amd imeet maximum holding time requiraments, :
ki v ;

« May take sdditional personnel for short time (tank sixed in man d_ayn) if raquired tank capactty is
accommudated by installation, *
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MSD

.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E I - PERFORMANCE

CHT

Sheet 3 of 4

M/E
Factor/
Subfactor

| Ident, No,

Characteristics

Attributs Data

ollect. /Tranwp,
Subsystem

Treat, /Disposal
~ Subsystem

41

Ability of black water handling portion of M3D to operate for sustained time
periods

(a) MSD black water subsystem can operate for indefinite period of ttme 1f no
componants fall, (1)

(b) MSD black water subsystem can operata for only limited perlod of tims,
oven if 1o compononts fall, (2) :

Ability of gray water handiing portion of MSD to operate for sustained time
period

() MSD gray water mbnyntem can operata for ndofinits perfod of time if no
components fail, (1

(b) MSD giay water subsystem can operare for anly limited period of time,
cven U no colnponents fgll.( )

N/A
C/T fot blaok
water only

i

ST W T A T T TN s

Ability of MbD w bandlo ground garbage Lu black water stream

(1) MSD black water subsystemt will handle ground garbage {n black water
stream on & long=terin basls,

(b) MsD black water subsystemn will handle ground garbage in black water
stroam on At least a short=term basis,

(c) MSY black water subsystem will not handle ground garbage in black watet
stream,

T e

(0]

Ahility of MSD to handle forelgn materials/objects’ {n black water stream

(8) MSL subsystem will handle forcign matetials/objects in black water
stroani oh & long=term basis,

(b) MSD stbsystern will handle foreign materials/objects in black water
stream on at least a shott=term basis,

{e) MSD subsystern will not handle foreign materials/objects in black water
siteam,

“ f

(1) Applles to a T/D sibsystem with an Ineincrator,
(2) Applies to a 'T/D subsystern without an {ncinerator,

(5) Examples

+ long, narrow objects (pens, peneils, toothpicks, ete.)

sercwae/nalls, cuff Unks, cts.)

. Larpgo soft objects (paper towols, newspaper poge, stff and shiny magazine page, steings from a floor mop,

rag, tampons and sanitary napkins, otc.)

{
|
. Small hard objecu (nut sholls, pull tab from a flip top can, bottle caps, paper clips, coins, nuts folts/ ‘ a‘
s'
/

ety

TS TN T T S e ey
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(4) A rag could plug up pumps,
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J MSD

MSD EFFECTIVENESS ATTRIBUTE DATA

M/E Il » PERFORMANGCE

CHT

Sheat 4 of 4

f M/E
Factor/
Subfactor

! Ident, No,

Characteristcs

Attribute Dauta

Collect, /Transp,
Subsystem

Treat, /Disposal
Subsystem

63

Ability of MSD to handle detergants/surfactants in black water streatn on a
long=term husis,

(8) MSD subsystern will handle doterpents/surfactants n black water stream
on & long~term basis,
(1) MSD subsystem will handle detorgonts/surfactants {n black watee stream
on at loast a short=term basis,
(o) MSD suhsystem will not handie dutergents/surfactants {n black water stream,

(1)

% ; 54
i :

Abllity of MSI) to hand]® toviv inArerials lu Flack water strears

(a) MSD subsystem will handle toxie materials in black watur stecam on a
long=term basts,

(h) MSD subsysteint will handle toxio materials it black water siréam on at
least a short-term busis.

(¢) MSD subsystom will handle texle materialt in black water stroam,

61

Ability of MSD scoondary cinisslans to moet applicable standards for
the discharge of afr pollutants

(a) No posslbllity of dischurge of significant air pollution from MSD subsystom,

(b) MSD subsystam will moct standards for alr pollutants uskier normal oper~
ating conditions,

(c) MSD subsystem will meet standards for air pollutants under normal oper-
ating conditions and there is a strong possibility of nonsonformance to
standards under unusual operating conditions.

)]

i 62

Ability of MSD secondary emissions to meet applicable standards for
disposal of ollcontaminated residucs at sca

(a) MSD subsystem has no potential for producing ofl=contaminated residucs
at sea,

(b} MSD subsystemn has a potential for producing oll=contaminated restducs
at sea.

@

n

Performance sk for black water handling portion of MsD

(4) MSD black water subsystein hias a history of falr or botter test results,
(b) MSD black watcr subsystem has a history of poor test results,
(¢) No test rosults are avajlable for the MSD black water subsystem,

72

Performance risk for gray water water handling pordon of MSU

(1) MSD gray water subsystem has a history of fals or better test results,
(b) MSD gray water subsystem Las a history of poor test results,
(c) No test resulls are avatlable for the MSD gray water subsystem,

N/A
C/T for black
water only

TP TR AL TR R RN TN
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(1) Lots of detergents will cause foamings in an extreme case, some foam may excape through vent,
(2) . Remote pomsibility of venting bacteria; no standards prohibit this, howevet ,
(3) May discharge kitchen grease In gray water,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E - III - OPERABILITY

L MSD CHT Sheet _1 _of _2 i
M/E OPERABILITY 1
; Pactor/ OPERABILITY Attribute Data j 4

i Subfactor iCollect, /Transp, | Treat, /Disposal
1dent, No, Characteristics Subsystem Subsystem

L)

; 1 Degree of automation for MSD operation V)
i '
{

(&) MSD subsystem {s almost filly automatis, a
(b) MSD subsystem Ls semi-autorhatie: requires infraquent operator
! attention, b
' (0) MSD subsystem {s semi=automatic; requires a moderate degree
. of operatot attention,
(d) MSD subsystem is semi-automatie: requires frequent operator
attention,
(&) MSD subsystem {s operated manually,

12 Ease of disposal of MSD restduen)(D®) (5

(3) MSD aubsystem has no resduas, or disposal of residues from MSD
i subsyatem {3 very convenient, u

‘ (b) Disposal of residues from MSD subsystem it moderately convenient, b
N (6) Disposal of residues from MSD subsystem is inconvenient,

b ' 14 Likelthood of violating effuent standards because of procedural erors in MSD (6)
opuadon.(s)

et

e R T SO UUPT S

i, (a) There is virrally no chance of viclating effluent standards because of

I, ptocedural errory in MSD operaton, a

* (b) There {s a low likelihood of violating effluent standards because of

1 procedural ertors in MSD opecation, b

(¢) There {3 a falr to moderate chance of violating effluent standatds because
of procedural errors {n MSD operation,

(d) There {3 a high lkelihood of violating effluent standards because of
procedural errors In MSD operation,

P T T T

23 Skill tevel requirementy for operator of MSD ;r.
MSD subsystem complexity ranking from 1 to § 1 1

T A

i

24 Training requirerments for oparutar of MSD 2
MSD subsystem complexity ranking from 1t 68 1 1 '

T

(1) Residue isany by=product of normal MSD operation, dlsposal of which is regular operating task, Examples are ash \
produced by an {ncinerator, seal water used by vacuum pumps, wastewater or sludge held {n a tank, evaporator !
residue, etc,

i (2) Length of dme requited for disporal (s the matn factor considered; other factors are case of access of area of MSD

] 3 contalning the residue, amount of residue to be disposed of, and ease of storing residue on board or taldng if off
vemel, as appropriate, .

(3) By dumpliny overboard effluent which doesn't meet standards, flush ofl, evaporator residue, atr pollutants from
incinerator, eto.

(4) Diwharge requires opezator attention, I
(8) . Wash down of tank required,
. Navy has {ustalled rinse nozzles in tank,

A hargs pors |
; i (6) Start discharge pump at wrong time, 256 |
i '
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.MSD EFFECTIVENESS ATTRIBUTE DATA f
i : ‘:
i M/E III « OPERABILITY ‘
eg Wi
N 3 A
b 1
b Msp _ CHT Sheet _2__of _2 1T 8
T M/E " OPERABILITY {
TN Pactor/ OPERABILITY Attribute Data § )
Y Subfactor || Icollu:t. /Ttansp, | Treat, /Disposal i
i ¥  tdent, No, Characteristics Subsystem Subsystam !
'ﬂ i 26 Effeot of MSD operation on vesel work routines/schedules
E ! (&) MSD operation has minimal or no effect on work routines/schedules. t a a
: (b) Effect of MSD operation on work routines/schedules is more than ;.
minimal (i, e., is moderate or extensive),
b I .
 : : 32 ‘ Availability of specialized or unique consumables/ expendables required for A
g : MSD oparadon i 8
y ' (c)‘ No spacialized or unique consumables or expendables required for MSD a a i 3
. subsystem operadon. . & -
() Any speclalized or unique consumables or expendables required for MSD 5
. subtystem operation are available from ship's {nventory. p
(c) Any specialized or unique consmimables or expendables required for MSD
. tubsystem opuzation are avallable from Faderal Stock System,
() Any pecialized o unique consumables or expendables required for MSD g
subsystem operation are avallable from a commereial source, X
a3 Operating requirements for special or unidque MSD support equipment (5
(a) No special or unique support equipment required by MSD subsystem. a a |
(b) Some special or unique support squipment required by MSD subsystern: i
3 squipment reguires only minimal and tafrequent attention() to keep i
opemloml.( )
& (¢) Some special or unique suppott equipment required by MSD subsystem; ;
requires more than infrequent attention to keep operadoml.( ) k.
(1) By C.G, direction, (a) applies to all MSDs considered {n this study, ‘.
(2) No more frequently than weekly with a duration not greater than 10 minutes; or more frequently thau ;.
semi-annually with a duration of 2 hours, 1
; (3) E.g.. firefighting equipment, special wansformers, ozone detector, bilge alarm. -
- (4 E.g.. compresmsor installed to support MSD opeu;lon.
f (6) . Might want combustible vapor dotector for black  water system (hot wire filamont type with tempegature semor), .
o . Bilge alarm may be tequired, i

o v
i i 3
4 i -
3 B

] |
o
e ]
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAPETY ‘o

2 MSD CHT Sheet 1 of Q

EI.
B M/E SAFETY
2 SAFETY Attribute Data

Bactor/ ||
Subfactor Follect. /Transp, | Treat, /Disposal

Le
3 Ident, No, Characteristics Subsystem Subsystem
*)

1 Hazard of contact with/spillage of toxic/dangerous subnances(-l) dus to MSD
3 inhcrent design

3 L, = Likelthood of hazard «,

(a) No chance
(b) Highly unlikely
(c) Fair to even chance

(@) Mighiydkely | fmmmmmm—amm SRS IR IS
§ = Severity of hazard

(a) Nao resultant Injury,
(b) Results In injury of low to moderate severity requiring first afd or limited
medical weatment,
(c), Results in severe injury ocdeath, . _ - _
A RSN | PRI S

C = Hazard correction

(a) Hazardous situation can be easily corrected,
{b) Hazardous situation is difficult to correct,
(r) Hazardous situadon cannot be corrected,

(1) lemg}es;

- « leakage of fumnes from fucinerator into adjacont berthing and wotking spaces.

. + Hydrogen sulfide (a toxicant) may be generated {n sewage holding tanks,

¥ « Fresh water connections to MSD subsysterns have a potential for contaminating the vessel's potable water supply

g;' with toxdc/dangerous substances,

n + Sewage contaminaton.

! « The following pathogens may be transmitted through sewage.

¥ - Tetanus (bacteria)

£ = Typhoid (bucterla)

. = Dysentery (bacteria) -

= Cholera (bacteria) i

= Hepatits (virus) :

= Polio (virus) Co

Posslble methods of Lnfection (4 healthy person may be a carrier; infeetion hazard depends on a person’s . ]

reaistance).

= Oral (from hands while smoking or eating) = the most common method of transmitting anteric
(intasrinal) diseases, |

= ‘Through breaks in skin (cuts, abrasions, sores), o

= Eyes and nose (form hands), o

R TRy

it rdees

e

() Only by contact with sewage in cominodes,

ke 258 t :
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MSD EFPEGTIVENESS ATTRIBUTE DATA

ML V- PERSONNEL SAVLTY

Mgy CHT

Sheet _2 of _6

. :._({)l;/ Attribute Data
ety
Sublactor Colleat, /Transp, | Treat, /Disposal
tdent, Nu, Chartacteristics Subsystem Subsystem
(1) @) (&
1“9 Hazawd of contact due with/spillage of tuxic/dangerous substances’ * due to

procedural ettor/cquipment fallures of MSD
L « Ltkelihood of hazacd
() No chance

(Ly Highly unlikely b
! (o) Foir ro even chance

L0ty Mkely
§ = Suverlity of hazard

____________ b e e o e e

. () No resultant injury,

| () Results In injury of low to moderate seveelty requiring first aid or limited b
I medical treatment,

- e M M o e MO A o W [ e e v s e - —

| € - Huzard correction

- (0) Hazardous situaton can ba easlly corrected, 8 a
(b) Uaeardous sitvation is difficult to cortect,
(¢) Hazardous situation cannot he comrected,

(1) Examples;
+ leakage of fumes from fncinerator Into adjagent berthing and worldng spaces.
Hydrogen sutflde (a toxicant) may be gencrated In sowagoe holding tanks,
» Frosh water connections to M3D subsystems have a potential for contaminadng the vossel's potable water supply
with toxio/dangerous substances,
« Sewage contaninaton,
oo The Iollowing pathogens may he transiitted through sewage,

= Tutanus (bactaria)
Typhold (bactarla)
= Dysentery (bacteria)
Cholera (bactotia)
Hepadts (virus)
= Pollo (virus)

«« Possible methods of infeedon (a iicalthy person may be n carriary infecton hazard depends on a persen's
resistance),

= Oral (from hands while smoking or eating) = thie most common method of transmitting enteric
(intestinil) disenyes,

= Through breals in skin (cuts, abrasions, sorcs).

= tyes and noge (from hauds).

) 1f commode breaks
3) .+ Overfllling tank may result in backup of sewaye
. Hydrogen sulfide may be gonerated in sewage holding tank,

259
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

MSD Sheet _3 of _ g

. SAFETY .
Fa?c/or/ SAFETY Attribute Data
Subfactor \Collect, /Transp, { Treat, /Disposal
Ident, No, Characterlstics Subsystem Subsystem

21 Hazard of explosive potential for operator/maintainer due to inherent MSD
design

L = Likelihood of hazard

{a) No chance

(b) Highly unlikely

(¢) Falr to even chance

{d) Highly Likely e m——e mmm——————

$ = Severity of hazard

(a) No resultant Injury,

(b) Results in injury of low to moderate severity requiting flest atd or Umited
medical maatment,

(). Result in severe Injury o death,

- - Al e Wy G ER WD B A R N G S e A A S B e e L-———-—--n--——-—-—-—-—'—-

C = Hazan correction

(a) Hazardous situation can be easily corrected,
(b) Hazardous sltuadon {s difficult to correct,
(c) Hazardous situadon cannot be cotrected,

Hazard of explosive potential for operator/maintainer due to procedural eerors/
equipment failures of MSD

L = Likelithood of hazard

(a) No chance

(b) Highly unlikely

{c) Fair to even chance

(), Highly tikely o o e

$ « Severity of hazard

(@) No remltant injury,

(b) Results In {njury of low to moderate severity requiring flest ald or Umited
medical weatment,

Q) _Resultain soverc (njury or death,

C « Hazard comection

(3) Hazardous situation can be eadly corrected,
(b Hazardous situation is difficult to correct,
(¢) Hazardous gituation cannot be corrected,

(1) . If acration falls, black water tank may go septc and produce explosive gases,
« Might {nstall air sensor
» If diffusers are clogged, they ean readily be pulled up out of tank for cleandng.

260
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SAFETY

A 1 2

L Msp __ CHT Sheet _4 of g
» — SAFETY i
) Factor/ SAFETY Attribute Data i
b ; Subfactor {Colleat, / Transp, | Treat, /Disposal i
5' 1dent, No, Characteristics Subtystem Subsystem 3
- 4
4 31 Hazard of flre lgnition potenunlm due to Lnherent MSD design i
L = Likellhood of hazard i
}
E (a) No chance a R _.(
£ (b) Highly unlikely ‘ g
2 - it (c) Pair 1o even chance { K

() _Highly likely

______________ .......______...._..-.__...-.u...._-...?;.....-.-.........-....--_——-._

§ = Seveunty of hazard

.

. (a) No resultant injury, a - a8 !
(b) Results in {njury of low to moderate suverity requiring first air or lmited )
medical treatment, :
fc) _Results in severe injiry or death, ;

g
- et - - R S e el N W R b e Al w0t A e — o e = ten . [

h C = Hazand correction ' R oo

. {a) Hazardous situadon can be easily corrected, 4 a ;
L (b) Hazardous situation s difficult to corect. N
3 (c) Hazardous situatdon canriot be corrected, )

1 MSD
! : L = Likelihood of hazard

(a) No chance a 1
[r (b) Highly unlikely b |
i (¢) Falr to even chance

F (&) _Highly Uikely
$ - Severity of hazard i

E 32 Hazard of fite ignidon poteuual(l) due to procedural ermors/equipment falture of @ . )

————— TE A e e e e as e e e e e s Nt A W e e e e M W e e A e e

(8) No resultant infury, a !
i {b) Results in injury of low to moderate severity requiring first aid or Ymited b :
(o) _Results in sevoce infucy or death, =

C » Hazard correction

(3) Hazardous situtation can be cadly corrected, a
(b) Hazardous situation is difficult to correct, b
(c) Hazardous situation cannot be corrected,

(1) Oil used for {lushing {3 not flammable unicr crdinary conditons, However, at high temperatures, ¢.g., in the
presence of a fire, 1t will suppest combustion,

(2) . If acration fails. black water tank may go septic and produce explosive gases.
. Might install air sensor,
. If diffusers ate clogged. they can readily e pulled up out of tank for cleaning,

N S
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MSD EFFECTIVENESS ATTRIBUTE DATA

M/E IV - PERSONNEL SATETY

:

MSD  CHT Sheet _5 of _§
M/E SAFETY
Factor/ SATETY Attribute Data
Subfactor [Collect. /Transp, | Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystem
1
4 Hazard of electrical shock poten:hl( ) for operator/maintainet of MSD
L = Likelihood of hazard
(aj No chance a b
(b) Highly unlikely
(c) Fale to even chance
(@ _Highty Ukely | e e JOR U FEV
S = Severity of hazard
(a) No resultant injury, a
(d) Results in tnjury of low to moderate soverity requiring first ald or imited
medical treatment, b
(<) _Results in severe injury ordeath, | ___ U VUP | E Y| I
C = Hazard correction
(a) Hazardous sltuation can be easly corrected, [} a
() Hazardous situation is difficult to currect,
{c) Hazardous situation cannot be corrected.
51 Physical hazards associated with MSD due to shacp edges®)
L = Likelihood of hazard
(3) No chance u a
(b) Highly untikely
(¢) Fair to even chance
[ () _Highly Ukely _ _ _____. i o ot o i e o o ] i e e ———
S = Severity of hazard
(2) No resultant injury, a a
(b) Results in injury of low to modetate soverity requiring fiest alr or Umited
medical veatment,
9 Reslts in sovere lnjury crdeath, S IR M i
F‘C ~ Hazard correction
(a) Hazardous druadon can be easily corrected., a a
(b) Hazardous iruadon is difficult to correct,
(c) Hazardous situation cannot be corrected,

TS W

surfaces,

the bloodstream of an affected individual,

(1) Eleotric shock hmy result in severc burns and/or deaths in addiden, reacdon to slectric shock may casue affected
tndividual to be theown aside, possbly subjecting him to severs impact {njurles and/ot contact with sharge edyes/hnt

(2) Combined effect of injury due to sharp edges/points and sewage contamination may inroduce harmful pathogens into
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] MSD EFFECTIVENESS ATTRIBUTE DATA

b M/E IV - PERSONNEL SAFETY 3
e Msp __ CHT Sheet _6 of _§€ 3
S M/E SAFETY
b~ Factor/ SAFETY Attribute Data
. Subfactor [(Cotlect, /Transp, | Tteat, /Disporal
g Ident, No, Characteriscs Subsystem Subsystem
, 52 Phygical hazards associated with MSD due to hot sutfaces

L = Likellhood of hazard E
S () No chance a a b3
b : (b) Highly unlikely H B
3 () Fair to even chance i -
S @ Highly Ukely | o e mmmmmccmmmm e ccmeca i e ——— b3
8 = Severity of hazand i
k. i K
b : (3) No resultant injury, . § _
b 1 (b) Results {n injury of low to moderate severity tequiring first ald or limited A a H g
medical treatmaet, ! ’
b (), Reaults fn severe infury ocdeath. b e e ;
G = Hazard correction !
‘ _ (a) Hazardous situation can be easily correated, a a ; )
x (b) Hazardous situaton ls difffcult te correct, ;
1 (¢) Hazardous situation cannot ba corrected, ] !
; 63 Physical hazard for maintainer of MSD due to rotating machinety i
L = Likelihood of hazard i
.S (a) No chance a
¥ (b) Highly unlikely b i
3 (c) Falr to even chance
| (& hughiyp kel __ e e ) S AN b
§ = Severity of hazard 4
(3) No resultant injuey, 8
(b) Results in injury of low to rnoderate severity requiring fiest ald or ttmited '
medical treatment b

_ () Results In severe injury o death,

' C ~ Hazard correction

R R R e R T

;: (8) Hazaxous situation can be eadly corrected, a a
; (b) Hazardous siruation is difficult to correct,
0 _ (¢) Hazardous situation cannot be corrected,

sl e b A S WO T R ETTISd oy yop b -vi- e a0 48 wid ot Lt e pblrean Comambnidl Al vo e et ST 0 Vi b1 Ml i 38 i s Srumme s - A ' e i bt ot
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3 .MSD EFFECTIVENESS ATTRIBUTE DATA

M/E_____V_- HABITABILITY

Sheet __ 1" of _ 3

T Msp __ CHT

: e HABITABILITY
Factor/ HABITABILITY Attribute Data.

Subfactor{| Colteat, /Transp. | Treat. /b 1

Ident, No, Charactetistics Subsystem i ‘?ub:yi?el::m

P .
ey i

s e

k- ' :

1 Habitability problems() assoctated with bacterial contamination due to MSD
! ' inharent design

! (a). There 13 no bacterial contarninaton hableabliity peoblem due to MSD

' . tubsystem inherent desdgn featuces, a a
y : (b) There iy a bacter{al contamination habitability problem due to MSD

subsystem Lnherent design features,

- [ 12 Habitability problems{l) assoclated with bactertal contamination dus to b
procedural errors/equipment faflures of MSD b

k. i -(2) A bacterial contamination probiem due to procedural errors/equipment "
4 ; . [allures of MSD subsystem 1s highly unlikely. a [}
"N ) (b) Procedural errors/equipment failures of MSD subsystem ace Likely to cause
a baoterial contaminatiou preblem

B i T

21 MSD fbitufu comfort .

b (a)" Commodes and urinals are cotnfortable and easy to use even under ship's

motion, a N/A .
(b) Commodes and urinals are not comfortable and eaty to use under ship's ;

motlon,
]

22 Flushing procedure reqvirements fur MSD fixture i
(%) There are no "non-standard" requiremencs for flughing, a N/A : E
(b) There nre "non=standard” requirsments for flushing,

23 Waste retention in MSD commods bowl

(a) The amount of waste that remalns (n the bow) after flushing is less than
that remalning after flushing a standaed full water flushed fixture,
(5 The amoun: of waste that rumatng 11 the bowl arter Rushityg is dic e
as that remaining after flushing a standacd full wates flushed fixture, b N/A
(c) The amount of waste that temains {n the bowl after flushing {s moru than
. that remalning after flushing a standard full water flushed fxture,

& (1) As distinguished from problems of health and safetys Ukoly psychological rcactions of users ace a matter for

constderation,
3 (2) A vacuum waste collection subsystom i3 less Ukely to exposs personnel to sewage in case of a line break than a
pressurized waste collection subeystem; fresh water connectons to MSD subsystems have a potental for contaminadng i

e tho vessel’s potible water supply,
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.MSD EFFECTIVENESS ATTRIBUTE DATA

)

M/E V - HABITABILITY
msp __ CHT Sheet _2 _of _ 3
M/E HABITABILITY
Factor/ HABITABILITY Artabins Buca
Subfactor rCollect./'rump. Treat, /Disposal
1dent, Ne, Characteristics Subsystem Subsystem
24 Likelthood of user contaer’™ with MSD fixture flushing medium
(a) User is unltkely o come Lnto contact with flushing medium, a N/A !
(b) User is more Ukely to come into contact with flushing medium than with i
standand watet flushod fixture, "‘
25 Appearance of MSD fixture flushing rmedium i
(8) The .color and general appearance of the flushing medium fs as acceptable :
as clear water, a N/A i
(b) Th. color and general appearance of the flushing medium are acceptable, 1 1
but clear water Is preferable, Y
(¢) The colot and general appearance of the flushing medium are not ' 3
| asceptable, J
26 Notse produced in flushing MSD fixtures N
(a) The nofse produced in flushing fixtures ts less than that of a standard d
commode/urinal. —
(t) The nolse produced in flushing fixtures {s the same as that of a standard : ]
commede/urinal, b N/A { |
(¢) ‘The nolse produced in flushing fixtures {3 greater than that of a standard :
commode/urinal, !
{
a1 Odors produced as a result of inherent MSD design @ 4
(3) The MSD subsystem produces no odor as a result ot snherent dasgn, a b ‘1
(b) The MSD subsystern produces a noticuable ador as & result of inherent dealgn, )
32 Odors produced as a result of procedural errors/equipment faflures of MSD 4) (3) i
(a) The MSD subsystem produces no odor as a result of procedural errors;
equipment falluges,
() The MSD subsystom produces a noticcable odar as a result of procedural L g
ervors /equipment fatlures, b b b
41 Heat generation fot nearby pmonnelc"‘) due to {nherent MSD design ‘
(a) As a resulr of tnherent design features, the MSD wbsystem does not genemepJ ;
enough heat to render it vicinity hotter than most shipboard arcas ]
containing machinery. a a 1
(b) As & tesult of inherent design features, the MSD subsystem does generate
enough heat to render it vicinity hotter than most shipboard areas !
containing machinery, . i
(1) Due to fluhing medium compositton, fixture gesign, motlon of vessel (which may cause splatter splashing, or 1
spillage of flushing medium). :
(2) For operator/matntanes /adjacent berthing and working areas. i

(3) low

Intersity odor for tanks: “not a bad odor™,

(4) In the event leakage occurs.
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MSD EFFECTIVENESS ATTRIBUTE DATA
V- HABITABILITY

g

M/E
msp __CRHT Sheet _3 of 3
M/E | HABITABILITY
: Factor/ HABITABILITY Autibute Dats
Subfactor Colleet, /Transp, | Treat, /Disposal
i 1dent, No, Charactoristics Subsystem Subsystem
\ - 1
42 Heat genetation for neathy penonnel( ) due to procedural errors/equipment
2 failures of MSD,
- i (8) The M3SD subsystem does not generate enough heat as a result of
. procedural errots/ equipment failures to render its vicinlty hottee thun
4 most shipboard areas containing machinerv, A 8
F (b) The MSD subsystem does genetation enough heat as a result of
2 procedural errors/ equipment failures to tender its vicinity hotter than
most shipboard areas contatning machinery,
S
v 5 Noise level for pessonnel in vicinity of mspt)
N1 = Nolse Index
| (8 The MSD subsystem s allent vt nearly silent, a »
¢ (L) Noise level of MSD subsystem i approximately equal to background
E notse level of vomel,
3 (c) ‘The MSD subsystam is very loud, produces constant noise, drowns out
3 vessel background nolse in immediate area of the system; must shout
E‘ to be heard,
l: 8 Vibration levels for nearby penonnel(l) produced by MSD machinery
V1= Vibration Index
ﬁ' (8) MSD subsystetn produces little ot no perceptible vibration in additdon to
f background \evel on venel, a a
L* {(b) 11N subsysrent produces perceptible vibration, but similar to vessel
v backgtound,
55 (c) MSD subsystein produces abnormal cr disturbing intensity and/ot '
4 frequency ol vibradon,
1 Effect of MSD on user housekeeping toutines (restrictons on user imposed by ;
: subsystemn®), 4
i (8) Subaystem characteristica do not {mpose restrictions on user, a a (
*l\, (b) Subsystem characteristios impose restdotions on user, ;
[
} (1) For opecator/ maintainer/adjacent berth and working arcas,
X (2) E.gl . Must use water=soluble toilet paper which is not as comfortable as usual . '
toilet papet, ,
+ Must use speclal bowl cleanee which i Yess effecdve than usual cleaner :
. _Gannot dump detergents duwn galley sink; must stare and off-luud at shore,
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MSD EFFECTIVENESS ATTRIBUTE DATA

! ) M/E VI - RELIABILITY )
L :
:‘ . MSD CHT Sheet 1 of 1
A ':f M/E | RELIABILITY
; Factot/ RELIABILITY Attribute Data
! Subfactor rc:ollect. /Transp,| Treat, /Disposal
Ident, No, Characteristics Subsystem Subsystern
& 2 21 MSD complexity O
r Complexdty index of MSD subsystem based on a complexity ranking from l .
‘ ": 1to 5, 1 1 ) \‘
k- £ 23 Extent of MSD equipment/component :edundnnoy(l) @ U P
) {a) ‘There {1 some significant redundancy in the MSD subsystem's major ! y
! components, _ a ] é 4
d ' {b) Thers {x no significant redundancy in the MSD subsystem ‘s major B3
components, { 3
@) @) 1
24 Degree of equipinent fatlure independence *!
) (a) There ia a high degree of equipment fatlure {ndependence in MSD i
: subsystem, a i
- (b} Thete is a moderate degres of MSD equipment failure independence tn §
] MSD subsystom, b ;
(o) Thete i a low degree of equipment failure indepandence in MSD ;
subsystum., |
26 Adequacy of MSD equipment ratings f
!
(a) Most MSD subsystem equipments are oveziated. ;
(b) Some MSD subsystum equipment ratings are nominal, some are overrated. b b !
(o) Some MSD subsystem equipments are undermated, some are nominally :
rated, :
(d) Most MSD subsystem equipments aze underzated, i
| 28 Provisions for fault actuated cut-off mechanisms(3) for MSD protection ® .
b (8) Thero are mnn{ fault actuated mechanisms {n MSD subsystem, or they are -
not required,(4) a 3
. (®) Thers are some fault actuated mechanisms in MSD subsystem. b b
’ (¢) There are no or almost no fault actuated mechanisms fn MSD subsystem, o
.- t i
] a || Reutabiiity risk for MsD(®) o
” {a) MSD subsystem has a history of fair or heter test results, a [ |
L (b) MSD subsystem has a histary of poor test results. P
p! (c) No test results are available for MSD subsystem. o
i . (1) Any adundancy in electronic clrcultry is not considered. '
3 : () Le., faflure of one itern will not result in failure of major component or subaystom, :
- (3) Includes mechanisms to; (1) alert operator/maintatner to high stress or abnormal conditions that will result in fallure, :
b ; and/ot (ii) to cofrect those conditions or turn off equipinent, L
‘ ' (4) E.g., standard commodes and urlnals in a gravity drain sowage collection subsystem do not require fault ac wated .
g ) cut=off mechanisms, ;
- ,7, (5) E.g., Innovatdve deslgn. expericnce, 1
2 (6) Pixtures, if more than one, by
A ' (' Pumpn ’(
g b (8 If compressed air goes off, diffuter could get coatad and air will not flow again until diffuser is repaired, :
P & (9 High level Uquid sensor; extra high level alarm, 267
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.MSD EFFECTIVENESS ATTRIBUTE DATA

M/E VI - MAINTAINABILITY

CHT

Sheet 1

of 2

M/E
Ractor/

Subfactor ||

MAINTAINABILITY
Attribute Data

MAINTAINABILITY

Characteristics

[Collect, /Transp,

Subsystem

Treat, /Disposal

Subsystem

!dﬂn 5.1 No,

131

Accessibility of roplaceable MSD components

(a) High degree of accessibility in MSD subsystem components.
(b) Moderate degree of accessibility in MSD subsystem components.
(c) Low degree of accessibility in MSD subsystem components.

® |

132

Extent of MSD inoduladization for ease of repair /replacement

(a) High degree of MSD subsystem modulacization.
() Moderate degree of MSD subsystem moduladzadou,
(o) Low Legg of MSD bsystem moduladzation,

133

Degrea of MSD ropaitability on boacd vessel, (1)

(3) Al MSD subsystem ftoms are repairable on vessol.
(b) Some MSD subsystem items are repairable on vessel; some must be replaced.,

(c) - All MSD subsystem {tams must be replaced.

134

Avaitability of manufacturer field support and training programs for MSD

(«) Manufucturer fleld support and a trafining program is available,

(v Manufacturer field support() is available but no training program 1,
available,

(¢) Manufacturer training program fs available but fleld support is not

available,
(d) Nelther ficld support nor training program are avallable from mannfactucer,

142

Speclul/pmpdemry(a) item requirements for MSD equipment repair

() No speclal {tems requirad for any MsD :ubly:terﬁ repalrs.
(b) Some special ftems required for some MSD subsystam repairs.
(c) All items required for MSD subsystem repairs are speeial {toms,

23

Effect of MSD preventive maintenaiice on watchstander routines

(a) No cffect on watchstander rouu.nes.(d)
(h) Theto Is some effect on watchstandee tout.ies,

Special docking requirements for MSD overhauls

(8) There are no special docking requirements for the MSD.(M

(b) There ure speclal docking requirements for the MSD,

h
)
)]

(4)

Vonus necessity for eeplacement of falled equipment,

May include some Uimited waining support during {nitdal MSD installadon.
E.g., Inclhetato pots, filters versus standard supply pacts.

By C.G. directon, this applies w all MSDs considered [n this study,

©) .

TR AR TR A SRR

Diffuser not very accessible.
Lovel sensor pulls out easily.
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; .MSD EFFECTIVENESS ATTRIBUTE DATA

. o

M/E VII - MAINTAINABILITY g
3
S M CHT
i SD Sheet _2 _of _2 ‘ !
M/E MAINTAINABILITY i
' Factor/ MAINTAINABILITY Attribute Data {4
N Subfactor [{ : olisct, /Transp, | Treat, /Disposal ] 1
\ Ident, No, Characteristios : Subsystem ‘$ubsystem =
: 4 Logistle requirements for MSD ' ' ' :
(a) No special parts are required for the MSD subsystem, ) '
(b) Few different categories of spscial parts are required for the MSD 4 ' a

subsystem and there are few parts in each catagory. - 3
(¢) Few cifferent categories of spacial pares are required for the MSD mbuyltemr : . -4
but many parts of each type are required, or many different categories of 3
spocial parts are required but there are few parts {n each category.
(d) Many different categories of parts are required for the MSD wbsystem and
thers 13 & large number of parts in each category,
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APPENDIX A

DEFINITIONS OF OPERATING/MAINTENANCE ACTIVITIES 1

E The definitions of operating and maintenance activities given below 1

; will help provide objectivity in selacting the category into which a personnel

’ . action fits, There are some actions however, that require subjective
judgment, for which guidelines are given,

’ Operation (OP)
4 There are two groups of activities in this category. The first group
is necessary for system operations; such as:

4 : +  Manual actuation of a switch or valve

. Sequencing of subsystems or component processes, e.g.,
1 servicing of evaporator when full

. Obtaining readouts to assure safety, performance or sequencing

. Addition of a critical expendable or making a critical adjustment,
without which action some function does not take place.

The second group {8 necessary to have the system parform according
to minimum criteria. Without these actions the quantity or quality of the
system process is degraded, e.g. throughput decreases or the effluent is
‘ not purified sufficiently, The criteria for these activities ig that failure to
i do them will cause performance degradation, in quantity or quality, but will

not cause a greatly accelerated wear out or failure of a component., The same

type of activities listed for the first group would apply to the second group
except that the activity i8 not critical, 1.e., the system will function, but i
i} , in a degraded mode. One example is the removal of ashes from an incinerator. b
Failure to remove them can cause air pollution, decreased combustion
efficiency and a rise in ash accumulation rate,
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Preventive Maintenance (MP)

e

Preventive maintenance 18 a scheduled or conditionally scheduled
action that is designed to prevent early component failure or unduly rapid
wear out. Failure to take the action does not generally affect system
performance, e.g. "Lubricate motor bearings". The motor will
continue to maintain system performance for some period of time even with.

out lubricant, Early bearing failure would be expected bacause of the omitted

PM action. Preventive maintenance for multiple items, e.g., commodes,

directs the action to all of the items.

A conditional action is a two step procedure, whether stated as such
or not, whare the second step depends upon the condition found in step one,
Example; "Add lubricating oil to raise level up to scratch mark, once a
week." Step one is implied, i.e. once a week, check level of lubricating

oil and step two is the oil addition. This is different from the single step

example above since no examination is required before lubrication of the

bearings. Conditional action statements often use the phrase "if necessary’,

but should not be confused with combined preventive/corrective maintenance

statements discussed below,

Corrective Maintenange (CM

Corrective maintenance is the repair or replacement ¢f a defective or
failed component, It {8 a random occurrence and is therefore unschaduled.
It includes diagnostic time to locate a fault and the check out after repair.
Where a CM action addresses multiple units, e.g., commodes, the action

is concerned only with the one failed item. The failure interval will depend

on the number of multiple units,

The definition of failure can be subjectivae, arbitrary, continously
variable,functional and/or logical based upon the effects of degraded per-
formance., Whether a faillure is critical or of minor consequence to the over-
all system may help determine the fallure criteria and establish the priority

for the corrective action but once the criteria is set, it alone determines if
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the action {s corrective., Example: A nickel-cadmium battery in an alarm
; circuit has failed when the open circuit voltage drops below 1,1 volts.,

This is the criterla, however arbitrary or logical. Even though the battery

could still actuate the alarm buzzer at 1,05 volts, it ils still considered
3 failed below 1,1 volts,

Confusion often arises out of combined preventive-corrective main.

R

tenance statements which should be kept separate. For example: "Check

battery voltage quarterly and replace with recharged battery when opan circuit

voltage 18 below 1,1 volts," Quarterly battery checks are preventive mainte-

nance actions. Replacement of the battery is the corrective maintenance action,

i e e T

T T e~

An often encountered dilemma that requires a subjective decision for !

AT

classification is the impending failure that causes performance degradation

during a short time interval before component failure, Examples are: a

wpe s

slipping V-belt causing decreased pump output, an unolled rotary vane

g3

vacuum pump pulling a diminished vacuuin, In a short time the belt will
break and the vanes will freeze up; both are fatlures, The difficulty in i
classifying these situations is anticipating when the discovery will take

A : place. This is a problem for the analyst doing a cost estimate, For the

on-site personnel, the time of discovery determines the type of action; l.e.,
if the belt {s still slipping at the time for scheduled belt adjustment, he
i performs PM. If it has already falled, it becomes a CM action. If discovery

o irzew S

f is not at a scheduled time, belt adjustment could be considered an OP
action.

Overhaul (OH)

Overhaul is a general cleaning and refurbishment of a system. It has

elemants of both preventive and corrective maintenance in it, It is scheduled,

s ki BT e it . e i = e

usually at intervals much longer than any preventive maintenance actiong,
It permits low priority corrective actions to be carried out. The criteria for

replacements are often different or have different values than for corrective

e e ? < 3

maintenance. An obvious additional criterion is the quastion of a part lasting
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until the next overhaul. Overhaul often includes diagnostic examinations

that are too involved or require too much equipment to be performed more
It also includes upgrading components or performance capability
It is difficult to

frequently.
by substitution of improved parts or modification kits.
anticipate the development of improvements to a system and therefore none

is included in the estimates.

Reclassification/Subjective Classification of PM and OP

Frequency of an action may be sufficiont reason for reclassification,

Dally preventive maintenance (PM) actions could reasonably be called
One example is the dally lubrication of a

operational (OP) activities,
Failure

plastlc cam and follower in the Grumman system ozone detector,
to do so will cause accelerated wear out which ordinarily would be a PM

action.

An example of the reverse situation is the low frequency of adjustment
(e.g,, semi-annual) of the temperature control set point for an incinerator,
Too low a temperature would degrade system performance, an OP action,
Because the frequency is so low, tha action could reasonably be classified

as PM. Classification of activities with intermediate frequencies will
require subjective decisions,

Another reason for changing PM to OP is that the action is dependent
upon component operational status e,g. the incinerator must be off and cool
or the evaporator must have just been empticd. The action is not critical

enough to shut down the incinerator or empty the evaporator but can await

a suitable operational status,
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APPENDIX B

1 COST OF VESSLL RESOURCES

The resourcas of a vessel are those supplies that are stored or

‘I B
7 , generated for general use, Of all resources that are or might be available i _";
i on board, this analysis is concerned only with those that are required by !
x [
B the MSDs, namely: K
i ]
W +  Fuel oil 4
. Electric power
4 : . Fresh water [
' . Compressed air :
3 . Ventilation air L
g |
. Cooling water ’ 3
i o
The costs that were assigned to these resources by the Coast P
Guard are: l :
i
. Fuel oil - 30% per gallon b
. Electric power - 3¢ per kilowatt-hour, This is derived from a g
fuel consumption rate of 0.075 gals/kw-hr for electric power b
|
genaration. This rate is based on data for diesel driven generator oo
; sets with rated output of 200-400 kilowatts, at 1800 RPM, direct- .' ‘1
" connected, 450 volt, 3 phase, 60 cycle A.C, genorators.1 This ;
p :{
3 does not include the cost of acquisition, installation, mainte- ;
7 { nance, labor, depreclation, etc, ;
P
i o
k. ]
:\
1 !
i : i
: ‘.- 1 i
§ . " Marine Fngineering, " edited by Roy L. Harrington, Society of Naval
3\ Architects and Marine Engineers, 1971, pg, 611, figure 2, 1
L 1
s-? ﬁ' B.1 Qg “
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. Fresh water

70¢/1000 gallons when using stored water supplied by

shore facilities .1
:: «» $20/1000 gallons (2¢/gallon) when generated on board by .
an evaporator, «f’
i
v . Power consumed in pumping of water - F = 0,0007314 pg, where ,;
i
P {s power in kilowatts ]
o {
i : p 18 pressure in psig and is |
& : to be assumed as 50 psig *1
8 . for flushing commodes i
L \ g is flow in gpm ?
| 0,1429 |
k ; ,  Power consumed in compression of air - P = 0,492592 (r’ -1), where |
{ P is power in kilowatts :
" | V,is inlet flow in CFM |
r is the compression ratio :
4

5 1 Following data obtained from LCDR Wilkinson, Public Works Officer at
3rd Coast Guard District, aud City of New York. Based on water rate
charged by City of New York for commercial customers (l.e., Governors

i Island).

A : 3 18] g .
3 ! $0.525/100 £t XW = §0,0007018/gal

2
Based on data obtalned from Mr, Warren Dietz, Naval Engineering at
CG Headquarters, -
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Power Consumption and Associated Cost of Pumping Flush Fluid

The power and cost of pumping flush medium 1s derived in the follow-
ing mannar, The power required for pumping water is:

g [0.746 !
P= — where: P = powar in kilowatts i
[:1714 Ep] LEm ] p = head in psi

q = volume flow rate in gpm
0.746 = conversion factor from hp
to kw

1714 = conversion factor for units
i Ep = pump efficiency in decimal
( Em = motor efficiency in decimal

L Y SR e s ey T T IS T - - e

Assuming Ep =10.70
Em =v,85

P = 0.0007314 ——¥—  (pq)
’ psi x gpm

This equation I8 converted for convenience in calculation to:

hr
P=0.0007314% 50(psi) (q) TRy
E = 0,0006095 };;v]h x Q where E = energy in kilowatt hours per day

-

Q = flow in gallons per day =

T A T TR T e T e Y,

C =1.83¢ (/1000 gal) x Q' where C = cost in ¢

q x 1440 min

day .
: The cost to pump flush water is: i
v
|
- kwh 3¢ 1000 ' !
E E = 0.0006095 == X $oi= X fhoisand X Q 1
: |

Q' = flow in thousands of gsllons

The cost of three cents (3¢) per kilowatt hour {8 assumed by the USCG

2 s S b

for both vessel generated and shore supplied elactricity,

1"Marine fngineering, " edited by Roy L. Harrington, Society of Naval y
Architects and Marine Enginaers, 1971, pg, 408, equation #17, i
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g Power Consumption and Associated Cost of Compressed Air

The power and cost of ganera:ing compressed air is derived in the
The equation for adiabatic compression in a multl-

S following manner.
1;, v stage compressor with perfect intercooling 13:l
b 144 k k-1 0.746
P=33,000 " (k-l) P V3 [r< nk) ! :I |:ac Em
i where: P = power in kilowatts
o i n = # of stages )’
k = gxponent for adiabatic compression = 1,4 for air d
3 Pl = {nitial pressure in psia ?
r = compression ratio = P2/pl {
2 P2 = discharge pressure in psia )
Y = actual volume flow rate at p, in cfm j
0.746 = conversion factor from hp to]kw !
1::' ' Ec = compressor efficiency in decimal ;
. Em = motor efficiency in decimal 3
{
3 Assuming: ;
- n = 2 stages ',
k = 1.4 .\
: P = 14,7 psi (standard atmosphere pressure) ;
Ec = (.80 }
]
x P=0.492592Vl[r0'1429-1]

This equation 18 converted {nto more convenient forms by using the

two relationships:

4

e

‘ Vl = m..&.i_._... where V = standard cubic feef

G 0 min per day (SCP/d»y) ’
3 ; day

; | r=<f3> _P+14.7
> : P1 Jabsolute 14.7 where p = gage pressure (psig)

3 2

4 !

: i .1429

p ; 0.1429 o |fpt14.7) 0.1420 .} _ (o +14.7° 1425 1. 46828
: ! r Sy (T - 1.46828

1"Marme Engineerlng, " edited by Roy L. Harrington, Soclety of Naval
Architects and Marine Engineers, 1971, pg. 440-444.

P
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By substitution:

(p + 14.7)0'1“9 - 1.46828

= \A
P 0-492592m 1,46828

L

Using the assumed cost of electricity as 3¢/kwh, the annual cost of

- 041429 -
P= l‘:?..3297863(10 4 (p +14.7) - 3.420778x10 4} [le

compressed air is derived,

N 3¢ day he 4
C=P(kw) x b X 365 vear x 24 day P (kw) x 2.6280 x 10

0,142
C :[5,12253 (14.7 + p) 3 -8 .9898] "v ]whore C = cost in ¢/year
- V = flow in SCF/day
p = pressure in psig

For compressed air costs in aerating a black water holding tank, the gage
pressure in psig is taken as 0.434D where D is the maximum vertical depth
of the liquid in feet, and the flow is 16.3 SCFM (23, 472 SCF/day) per
1000 gallons measured when the holding tank is full.
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