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—\/ SUMMARY

5 The objective of this study was to determine the technical feasibility of
I using a barge mounted treatment system for handling blackwater wastes from
U.5. Army watercraft. This would replace the current practice of pumping
o.t. the blackwater storage tanks on watercraft into tank trucks and
transporting the materials to a sewage treatment plant,

In order to develop a barge mounted blackwater treatment system a body of
Informatlion was gathered and analyzed, Initlally an extenslive literature
search was conducted to determine the state-of=the=art in marine waste
treatment, Thls included shipboard waste characterization (in terms of
quantity and pollutant concentratliuns) and investigation of applicable
legislation., Commercial and developmental marine sanitation devices
(MSD's) were studied, as well as conventional wastewater treatment
methodologles which appeared feasible for barge mounting, Specific
design requirements Involved in barge mounting of a treatment system were
also ldentifiad, Based on this Information, feasible barge locations

and speciflc design wasteloads ware determined,

Once the nature and quantlity of the waste and basic deslign requlirements
were established, a preliminary screening of the speccrum of wastewater
treatment unit processes was conducted to Isolate a number of pertlnent
alternative systems, Sultablility of these systems was based on
capablility to meet discharge requirements, adaptability to barge mounting
and operational simpliclity. These systems were then compared at each
location from a cost and technical standpoint and the most feaslble
system(s) detarmined.

The literature search revealed very little regarding characterization of
waste produced by reduced=flush and reclirculating marine waste systems,

which are the only types used aboard U.S, Army watercraft. A dearth

of Information also exists regarding treatability of these concentrated

was tes,

Barge classificatlion, which has a direct bearing on dlischarge limitations,
!s a disputed Issue. No decision has been made by the EPA as to whether
the barge will be classifled as a 'vessel' or polnt source. Selectlion of
treatment alternatlives was, therefore, based on the more stringent point
source effluent requirements. Discharge iimitatlons are also somewhat
determined on the basls of location. For this reason and because of
Insufficient watercraft activity only & of the 13 Inltlally considered
sites were chosen for further evaluation.
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At these four sites, slx alternative treatment schemes were considered.
Of these, four were physical/chemical systems, one was blologlical and
one incorporated the use of a commercial marine sanitation device (MSD).

E 1 Physical/chemical treatment of blackwater appears most technically feasible
%- ! wlth Incorporation of a filter press, centrlfuge or ultrafilter for
¥ coarse solids removal followed by a packed bed filter, activated carbon

, (for soluble organic removal) and effluent chlorination prior to discharge.
| Capital costs for this treatment were very high at three of the four sites
' due to limited blackwater volumes to be treatdd. At the fourth site, namely

. Ft. Eustls, costs for physical/chemlcal treatment of blackwater ranged '%
i from $150 to 172/1,000 gallons, excluding hauling of residues and barge

i retrofit,

i Only if the barge is classified as a vesse} will the MSD be consldered

1 further. Biological treatment of blackwater might not be able to provide

adequate treatment because of Intermittent loadings and variahle waste
| characteristics,

p—
TS

NTTS  GRAGT

pTic TAB
[RARIN ed

henune
k CoantioN—ee—

Juntasat R
I
\\’Jj\ mirat! ot S -
; ‘\ Avniimidlh iy CORsR
3 : L i nd S er
;" \‘]ng.t, ;'l'_:.\n(.'u‘,ll
?

.o

1

SneE B Pehesabdatenben s o 4




Coeem .“‘—‘mww!

o pdos Rl A SR R e S B ek o s et st e MR

AETO P

PREFACE

This study into the feasibllity of a barge mounted blackwater treatment
system was part of a larger, ongoing U.S. Army watercraft pollution
abatement program., The program was developed to ensure that existing
requirements for marine pollution control, Including both ofly and non-
olly wastes, can be met on Army watercraft by 1981. The study that
follows was conducted to determine feaslible means for treatment of a

non-olly waste, 1.e., blackwater,

The authors would 1lke to acknowledge the cooperation and assistance
of the following people:

The Project Offlicer, Maurice Pressman, of the U.S, Army
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and valuable technical input throughout the course of
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SECTION 1

INTRODUCTION

PROBLEM STATEMENT

Although It is not generally recognized, the U.S. Army operates a rather
large fleet of watercraft, These Include small and large tugboats,
landing craft, cranes, supply frelghters, floating machine shops and
beach discharge 1ighters, among others. |In keeping with the mandates of
the Federal Water Pollution Control Act Amendments of 1977 (Clean Water
Act), the Army has undertaken an extensive watercraft pollution abatement
program. The ongolng program entalls Installation of a collectlon,
holding and transfer (CHT? system con each watercraft for retentlon and
subsequent shore disposal of blackwater (human body wastes only). How=
ever, the existing means of blackwater disposal on shore; namely, contractor
tank truck hauling; Is fraught with difficultles.

A major problem with the use of contracted services to pump out holding
tanks and dispose of blackwater has been the rellabllity of contractors,
The tank trucks dispatched to the dock to service the watercraft are also
used for a myriad of waste handling jobs such as the hauling of industrial
wastes, cleaning of residential septlc systems, etc, Thus, servicing the
watercraft would have to be scheduled along with a series of other
contracted haullng Jobs. With thls sort of arrangement, delays are 1ikely.

A second lipitation Is the storage capacity of the tank truck. Because of
roadway welght ‘and size limitatlons, the cost of tractors to power the
units and the need to drive into restricted spaces, the tank truck
capacities are limited to unioading blackwater from one or, perhaps, two
boats. This compounds the probabillities of delays.

Another uncertainty ls the acceptablllity of blackwater at local sewage
treatment plants. The prospect of continued use of tank truck haulers
depends on thls acceptability. The materials are fed Into sewage treatment
systems as a surge because the tank trucks cannot be tied up for long i
periods of time during which the blackwater can be metered into the
system, Acceptablility Is based on the assurance that the blackwater will
not create upset condltions for the sewage treatment plant, This will
depend on the nature and slze of the particular system and will, there-
fore, vary from locallity to locality.

i
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Another unacceptable problem with the use of tank trucks is the occurrence
of avoidable spills into watercourses. There are no uniform and reliable
hookup procedures and, as a result, makeshift hose connections are used
which can and do fail. The tank truck operator has not been instructed in
the deleterious environmental effects of spllls and |s not prepared to
enforce countermeasures should spills occur, In short, the Army presently
lacks control over the major concerns In disposing of watercraft blackwater,

One alternate means of blackwater handling which the Army has declded to
explore incorporates the use of a central treatment faclility mounted on a
stationary barge., Such a system would facllitate blackwater transfer from
each watercraft while also producing a treated effluent amenable to direct
discharge into the watercourse.

STUDY OBJECTIVE

It was the objective of this study to evaluate the feaslbillity of such a
treatment system on the basls of both technical and cost considerations.
The study Involved two baslc components. A comprehensive |iterature review
was first conducted to determine the state-of-the-art in watercraft waste
characterization and treatabllity. The second major component of thls
study Involved an evaluatlion designed to identify cost-effective treatment
alternatives which would be suitable for barge mounting and satisfy

local effluent discharge requirements.
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- SECTION 2
STATE-OF-~THE~ART REVIEW

PURPOSE
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»The major function of this state-of-the~art review was to provide sufficlent
background information to enhance and reduce the work effort Involved in the
Y - exploratory development program for a barge mounted blackwater treatment

; system, Specifically, the review was designed to detarmine the normal
quantity and quality of blackwater wastes generated on watercraft as well

as the varlability In waste generation as a function of vessel type and
flushing system, In addition, literature which described the treatability
of thesea wastes by both physical/chemical and blologlcal means was

; located.

The Information obtained provided some of the background data necessary
! for evaluation and design of a barge mounted blackwater treatment system,
' The review was also utllized to ldentify subject areas where crucial
informatlon gaps exlist.

INFORMAT ION SOURCES AND SUMMARY FORMAT

A number of Information sources were utlllized for thls state-of-the-art
review. Included In these Information sources were computerized flle

search services, manual searches at local libraries, and bibliographical ;
reference publicatlions pertaining to the fleld of watercraft wastes and i
thelr treatment. The following list summarizes these sources:

1. Computerized Flle Searches:

a. Unliversity of Wisconsin - Madison Information Services (IS) -
This service contains over 60 data bases and has access to the
collectlon of all 28 1ibraries In the Universlity of Wisconsin
system, as well as John Crerar Library in Chicago (a major
research library for the Midwest and a translation center for
the ertire U.$. for international literature).

T i ittt 2 i s e
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b. Maritime Research Information Service -(MRIS) - This service
functions under the ausplices of the Natlonal Research Council
and provides information pertaining to completed and
maritime research. There is a special subject area In marine ;
pollution abatement. i

o




c¢. Smithsonian Sclence Information Exchange (SSIE) - This
computerized fille search provides information for ongoing
research efforts only,

2. Manual Searches:

a. Rexnord Technlcal Library.

b. Marquette Unlversity - Memorial Library - Since Marquette has
NROTC and AROTC programs, a number of military publications are
in circulation.

¢. Milwaukee Public Library.

d. Personal communicatlons with researchers in the fleld of maritime
pollution control.

e. Revliew of reference lists contained In procured articles and
publications.

3. Special Blbllographic Publicatlons:

a, 'Characterizatlon and Treatment of Sanitary Effluents from
Watercraft - A Bibliography with Abstracts'' (1).

f b. NTIS Search - !'"Shipboard Sewage Treatment: A Bibliography with
L Abstracts'' (2).

b ¢. '"Projects of the Agricultural and Marine Pollution fontrol
2 Section' (3).

The computer file and manual searches ylelded numerous pertinent abstracts, ,
articles and publication sources. A number of publlcations and periodical oy
articles were procured, reviewed and summarized., The vast majorlty of o
publicatlions were ordered from NTIS. Figure | is a sample of the summary

format used to facllltate categorization of the publications/articles.

b INFORMATION REVIEW AND DISCUSSION %‘

i The |iterature review has been divided into five separate categorlies, each o
i of which provides Information pertinent to the project objectives. These o
; categories are as follows: :

f’

f 1. Quallty and guantlity characteristics of human wastes (sewage or I

I "blackwater'') from watercraft.

1
¥

2. Leglslation pertinent to the discharge of these treated wastes
into U.S, controlled waters.

] 3. Evaluation of cost and effectiveness of the many varieties of
1 marine sanitation devices (MSD) which have been utllized for
watercraft wastes,

4
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LI TERATURE REVIEW
BLACKWATER WASTES

Title: Development of On-Shore Treatment System for Sewage from Watercraft

Waste Retention System

Authors: J. H. Robins and A, C. Green

Source: EPA~870/2-74=056

Date: July 1974

Topics Presented: 1.

Waste Characteristlics = 65 total samples from retentlon/

recirculating LHi's from 6 categories of recreational

vessels (waste age from 10 hours to 5 months) were

analyzed for S§, VS5, TS, TVS, g,

T=N, NH3=N, T= POA, zlnc, ccnductlvlty, pH and collforms

Determined charactaristics and toxic affecte (on aerchbic

blological treatment processes) of the various

commercially avallable chemical bacteriostats.

Tested physical/chemical treatment system conslisting of:

a) maceration/prechiorination, b) rlocculation/clarifi=

cation, c) actlvated carbon addition, d) DE precoat

vacuum flltration, e) air separator and f) discharge

of effluent., Achieved better than 30% BOD, 55, COD

and T-POL removal; effluent coliform densities < JOMPN/
100 ml. _

Additionz] Comments:

Figure 1.

Representative bibliographical summary sheet.

5
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L, Applicabillity of other more conventional wastewater treatment
methodologies to the type of waste and barge(s).

5. Other specific design parameters for a barge mounted treatment
system,

Waste Characterization

WO PR RN S THE TS

varfable, Table | summarizes pollutant concentrations and Table 2 lists
per caplita mass pollutant loadings and flow rates. The high vartablility In F
concentrations and per capita flow rates can be attrlibuted, In part, to the :
quantitles of diluent, or carrlage fluid, employed In various flushing
systems (normal and reduced-flush and recirculating) as shown in Fligure 2.

The quantity and quallity of wastewater generated on watercraft ls highly g
X

i N Misslon profile Induced varlation |s alsc very Important, The duration
of total mission, time of day and day of week of each mission, duration
dockslde and underway, type of vessel, weather condltions, etc., can all i
Influence the waste characteristics. The ranges of per caplita five day
blochemical oxygen demand (BODs) and suspanded solids (5S) mass loading
rates (Table 2) attest t> this varlablllity. Diurnal fluctuations In
shipboard wastewater flow rates have been reported to range from 2 to §
times the dally average (13. 23). In most cases such fluctuations would
not have a significant Impact on the barge mo'nted system due to equaliza-
tion provided by watercraft CHTs. Deterministic and stochastic predictive
models have been developed Ly the U.S, Navy to estimate sewage generation
rates and decermine optimum holding tank capacltliei and treatment rates,
although these models have not seen extens|ve applicatlion (24, 25),

A e Gl LB S B 2,

Fecal callform densities reported In the 1l1terature are also highly varlable,
ranging from 10! to 1010 nrganisms per 100 m1 (4, 5, 6, 13, 16). This
varlatlion is attributable not only to the quantity of diluent used, but

also to the uss of chemlical bacteriostats such as formaldehyde, zine
compounds and quaternary ammonium salts, Table 3 summarizes the use of

some =ommerclally avallable chemical additlives,

In additlion to parameters llsted In Tables | and 2 limited informatlion was
founa for a number of other pollutant parameters such as nutrlents, metals,
Indlcator organisms, etc.

Since the U.S. Army uses recirculasling MSDs on a number of watercraft,

Tt !s Important to cnaracterize waste from these units., Although wastevater
quality characteristics from a recirculation system on the LCU 1561 were
reported by Volsinet (16), (Table 1) these wastes also contained a
significant fractlon of greywater (laundry, galley and shower wastewater) .

Bl e b md UL

Two reports were found which detall the quallty cf the recirculation fluilds
for blackwater alone (26, 27). Table 4 summarizes these data. Unfortunately,
the objective of both of these studies was to evaluate the quallity of

3 carrlage fluld as recyzled back to the commodc (Coast Guard MSD certitica-

3 tion requirement) rather than as dlscharged from the holding tank In

B




ser p1gn v1cp So08 2

aajemdast - 9
Jajemyoe|{q - N9
parg13ads 30U - SN

yuel Sospjoy eutsew - 148

-apiIsy3op pauIelqo
215w PIUIEIGO LITP ([ ISIZLS SNOFIEA JO S|ITIIA pieny 1500) ALy JO ou_moasua

-abesaar ve sy sayies J|dwes g2i6 auo SIussaadas InjeA Siuj,

61 e patg13ds 108 0501-02Z 045  SL6-00% (114 sapual hong 081
9] ne pa13133ds Jon 0Z64-08 6E11  OE8L-ESE 895 6n1 soqsen 01}
61 ne pIt3133ds Jon 005(-0% 091 DYET-0LS (-4} 1e0q (os3ed .28
sa1emysaag poe ‘199 Tg40 62 06645 sgy  og1z-M9 6091 qS12SSaA AALY
8t ng yges — pIigiiads jon L9 ~.¢$ i . - pieng 1s€0) “S°A -
{ ne 121eMyssy T .
. Guizepmay39y 3¢ 4 [T A4 005°ZZ 121101 [ 1904 101je)
91 LU ] A Pysas 3
- Buryegnoasdy 5L 0°1-2°0 £°0 oga6-y1 £1Z1  0Lg1 -065 56 1951 N1
St m +ne pa1g1dads 1o §°g-5°9 o0y1-521 o0%  oaR-SLi 059 .“ﬂodw_.a
71°€L ng  Jeiesaqes - |emiow  ZT°g-97y  1°N-1E £ 008-0 9tz Fo7 2 1] o1 woljng SSN
zt N pa1j13ads Jon 59 56 05% voxtg SSh
1 rs paty133ds op 60°0 oSt utsemgns
tAaey “S°R -
1jesdaazem Asedtjiyg 2
o1 P9+ pg  AIEMajes - gqemaon  67g-5°L 1£5-68 o€z €1f-gol ol1
6 " + A8 wienyjes — (emsoy ] 0511-%2t 236t 056-8L 2081 $91434-
8 " + ng S31eMySI3] - emIoy 4¥0°0 051 81 FCOGISNOY -
i it pa13130s oy 9°g-0"9 Yy w10 00z*L1-00%
9 ne + 14 paijidads 108 g°g-£°S  §°y-1°0 91 G506-21 oyst 0EZ6-0F 0961 seuysey-
I P patj1dads 108 9 05{y-5{% O0SE-05€
y na paigidads 108 0011-00Z 0001 -001 |33~
1jea21318R
jELIImm0) pue |PuDLIeIsdIy |
33U333353y dRy wa3sds bwiysngq wd Jbuey ~bay abory ~bay abuvey “Bay 331005 31Sen
asen % °si T /eSS 170= 3008

- 14VYIYIIVM NO G31V¥INTI I9VMIS NI SNOIIVUINIONOD ANVINTIO 40 AYVHWAS

I R NN SN (vl Do~ Tt R

"1 378Vl

w2l Mosakhaah

sty o

et e A R T e S b AN




A ettt A

g e s aie Rl aEn § EPEE SR KR ATIE SEL

~2pISYI0P 3 IWn PIBIEIGO IAIN DIGN elep 006 197X “ABruIpun s S1ITTIA 11y pIULRIQO €Y

8t
Li}
£l
1
1z

P
g
-
aRd

R RER

'8

]%

NO Q31VYINID 39VAIS ¥Od sA014 ¥ILVA3

[N R P .
Bann 2oy ogiButs germit o E0R A TE £ B kS 20 Fh ey

z6

€y
16

S0

R EL - WEETL /]
1SVM GNV SIN1QGVOT INVINTICd Vil

~kep-~deassiaiiy SBLE = fep-ericeassuol|ed = vu&a
sajemhasb - MO
sayeropeiq - N4

Aep-de> meib 101-61 = 2bues peEG] SPi[OS PIPUIIINS
-hep-deopmeib (17 - 4§ = abues peOL 00D,

3

-pxdb 9§ = abues MmOty I91ErDISER,
ep (€ {S[ISSIA pieng 1ISEO) [ L] uuumasu_—

vojdweryison SSB ‘xlwwriird SSA “wass3 Ssn,

&£ Sy-0€

Li-1t
o

111

pa1y1oadsun

qPie™ 1580)-
S| ISSIA FYy
wolni SSN
JuLIewgng
12IUP)
:haen “S°N-
gezdsdien Asedsf i

SILOGISNOH -

jesu39-
1jea3u31em
1€1753m0D pUe |TUDI1EIIIDY

ssafmasseyd :sng
mai3  Jdlen-
ssbuassey
ma2qy cabaey-
:sdiys JIBUISSeY

sdiys 1Ibuassed-voN  °

‘S

dv) Yid J0 AYVWMAS

90105 I1SeR

*Z Igve

Yo
Ji-




Eody Weste Only

" pm 5000
50ne

88

é N 4000
BOD K\\\k '

; AN 3000

N

TR DT RPETC
}

2000

N
~\5;\\\N —] 1500
~E='~* 1ooo;

i 1 -] 800

- | 600
| . 500

uool

“ap
<
[+

| gal./man/day = 3.785 1/cap.-day

Milligrams/Liter

o e e e s s e

5 6 8 10 15 20 30 50 50
Diluent = Gallons/Man/Cay

Figure 2. Effect of dilutlion on daily per caplita waste
pollution indices (5).

FORPVOL S-S




i!.....l«ladw....lwl s

-swayshks Aie)jues u011UR131 /Buriends133s 4o azis pue uvoryesjdde a3 o3 Bulpiodde Asea sjaaa| abesop

-3anssaid padnpas 1e uijemsoy GulIeILIDN0D Aq posedasd sswhiod IpA

- (oueyiow 301 pue IpAySP|EmI0) TUE S1 Wi ‘uijemios Kojded SINIIIPPE

T TR T S T ST e

$1f1 €S Wnivcemy

adA1-spiypp|eesoy pinbiy

yap|emsioy £ S FpAyIpiemsogised

PIpuUIMmCIIY

Aoy a4g Kseusazend 301 -9 g pinbLy z°1 s
elep oy adp *jueldejins ‘Jwngidg Iphyaplemsojesed 8-9 an)g s2prOg [ T4
ejep oy akp ‘jueldeiins ‘wnjgidg Iphyapiemsojesed -9 anig 293pmod s 1 s
jes w221y
00y akp ‘Juerdegins ‘N4 wnjuomwy Kreuadlend 8-9 -an|g agnuesy L1 gt
Iteapiyoucy
uz akp *juerdessns “Imniiag 23ey|ng JuI7 UP 1-9 anig A3pm0g 1 £t
3espAyouoy
uz 9hp *jueidejsns ‘Imniidg aeyyng dn7Z U -9 anig J2pr0d 0°Z-4°% 9z
suoy  akp “jweldeyans ‘Iwnjsad °joyodgy sphyop|emso] 35°8C 8-9 an1g pinb1q S 1-5'y 9
elep oN 2Ap queldegsns “ownjiad ¢ [OYo Y Iphyopiemicy 8-9 anyg pinbey gt £8
23 “w “n) ‘94 3Ap “own i34 Ipiyap|ewiojeseyd 8-9 w23IY 43p#0d 6°¢ 174
auoN aip “juz1dejsns ‘swnjsad ‘joyad |V Ipiyapremioy L 8-9 anig pinbiy S 1-5"% (14}
spelay Sjud 1pasbu) 5 Jua1pasbuj abuey e(s/=0) Ppo)
Aaeay 1419 q aA1310¥ wd 1010) ¥ 1.¥] abesog {e3may)
©(9) S3IAILIGQY 137108 TWIIHIHI 40 SIS IHILIVHVHI “¢ 3avl
ALY el -2,

10

s TR & 718 R P T R R RS Rt Rk e o




-

*2 210U1004 U] PIG1i1dS9p wWAISAS 03 se]jwis voilesado {(qSW ,BJ40pjum0),, - °“dU| .:o;mn....w_.._oozv

R I R e

“2A11IppE [EDIWRYD Se pasn aphy
-apjewsojesed pue uO13e|N311091 0} s014d PaU3ILDS JIJeM {(SH ,,2131BW-0-33f,, - “JU| “S311ISNpu| Eml_moco:u

*E 2]0Ul004 ul

Ppaqi1sasap waIsAs 0] defiwis uoi1lRINO11331 o) Joiid Juamneall |10 fGsH ,,Sueg-enby,, - -dio) ._u_m>..:un

*palesdUIIUL pue paleIddew DIE SPI[OS $psSIdIJUISIP pue pauI1|1) uyl pue Ajtaesb Aq spijos abemos
2yl woij pajeledas si {10 Iyl uolle{NIIII24 0] Jolad fwolsAg [esodsi(q Ibemag _.!_votnfon_m:m._hn:on

[z 201%9°g  701xZ°§ go1Xe-401x1 L 1e0g
lz GOIXE"L  01%g"1 gUIX€-01> L1 18224
1@ 001 /°0Ou ‘swio;1]0)
lz 601%5°1 g01x0°9 601%9-4501%Y4 L1 lw/-ou “junod d3e|d piepuels
kA 9°8-1"9 1z Hd
Lz 6€€ hy 0£Z°1-0S (174 I/bw ‘sppios papuadsng ptaien
Lz gOIXL'9  gOIX§°Z €0 1XT-501>T 8l 1eloy
[z QOIXL"T  (01%9°L 901xL-01> 8l 1e234
_ 1w QQf/ ou ‘suuoy1(0)
iz e0IX[°E  g0Ix["1 0101%1-501%8 81 jw/-ou ‘1unod 3jejd piepueis
A4 6°8-9°9 0z Hd
lz L1s 006 056°1-0/L1 61 /6w “spijos papuadsng J431en
£z 96°2 €22 or-1> o€ {m/-ou ‘junod 3jeid |e3joy
X4 {5 16 TR L] 4z wdd j10-ui-1aren
X4 ot Il 0%-01 9z N3d ‘40103 [10-[EsBuIN
9z JINI-O £y {w 00l/SIunod “ejaaldeg
st 099-8 £y wdd ©yro-ui-a33ep
9 S94-0 £y nld 10103
9z 0y1-0 €y nLr ‘Alipiqang  jlo-jeaduLy
33U2133Y  uollelA3p ueay abuey s dwes FERE T -FT-X pinpj-ysni4
paepuels Jo -ojN Jo adAy
*$371A30 NOILVLINYS INIYWVW ONILVINJYIIF¥ NI aInid-HSN1d 40 ALITVAD " 378VL

i i BBtk st

[T [P

1

3
3
e

LRMLIRET,




combination with the retained sewage sollds. Wullschleger, et.al,, (17)
determined the characteristics of wastes from an experimental Craftor Mobile
Toilet set up at Fort Belvalr, Virginia. Thls was a freshwater recirculation

system using formaldehyde as a bacteriostat. These data are contalned In
Table 1.

It Is Important to note that those waste characteristics present in Tables
! and 2 pertaln to blackwater ''as generated''. The effects of storage on
these wastes has not been established. Since only a small number of the
CHTs on U.S. Army watercraft are contlinuously aerated, 1t ls apparent that
the proposed barge treatment system must be capable of handling both
aerobic and anaeroblc wastes,

Obviously, the effects of storage on waste characteristics will differ for
aerobic and anaercbic conditions, Only two reports were found In the
l1terature which describe these effacts speciflc to watercraft wastes.
Lardis and Geyer (28) reported the effects of anaeroblc storage of an analagous
synthetic waste under laboratory conditions. Under all test condltlons,
total DO depletion occurred within 100 hours of anaeroblc storage, They
also observed slignlflcant concurrent reductions in pH, oxidatlon reduction
potential (ORP) and sulfate concentrations and Increases In total volatile
aclds concentrations, They developed a predictlive model capable of
estimating the concentrations of potentially hazardous gases In CHTs. They
concluded that anaercbic conditlions should ba avoided in CHTs,

Ferguson, et.al., (10) evaluated various methods of.inhiblting anaerobic
activity in CHTs on Washington State ferrles. Since one of these methods

was CHT aeration, they documented the oxygen uptake rates and BODs reductions
with time, However, the Washington State ferrles employed full=flush
collectlon systems and as such, initlal BOD5 concentrations were more

dilute than would be expected from reduced - flush systems used on Army
watercraft,

Legislation

The application of a barge mounted treatment system presents a rather
unlque situation from the standpoint of water pollution control legislation,
If one views thls barge as a ''vessel'', i.e., '"capable of baing used as a
means of transportation on waters of the Unlted States'" (29), the effluent
requlrements are based on marine sanitation device (MSD) regulations
promulgated by the U.S. Environmental Protectlion Agency and enforced by

the U.S. Coast Guard. |If the barge Is legally classifled as a point

source, more stringent secondary treatment guidelines defined b

U.S. EPA, would pertaln., The classification of a barge system pas not

been finalized, so both categories are dlscussed,

Barge Classification-Vessel--

Leyislation pertlinent to treatment and discharge of vessel sanitary wastes
has been developed over a numbers of years into present form, This
development can be seen In Table 5.
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TABLE 5, NATIONAL STATUTES AND INTERNATIONAL AGREEMENTS PERTINENT TO
MARINE POLLUTION FROM SHIPPING (91).

Refuse Act of 1889,

Federal VWater Pollution Contrel Act of 1948 (as amended in 1972 and 1977).
National Envlronmental Policy Act of 1969.

Water Quallty Improvement Act of 1970 (PL 91-224),

Clean Alr Act (1971).

Port and Waterways Safety Act of 1972.

United States and Canada Agreement on Great Lakes Water Quallity 1972,

1973 International Conventlion for Prevention of Pollution from Ships.

it should be noted that foreign port authorities have Imposed dlscharge
standards for a number of years. In the 1960's, Canadlan authorities
required that for vessels with crews less than 4O members SS and facal
coliform concentrations for any discharge be less than 150 mg/1 and

1,000 MPN/100 ml, respectively; for vessels with crews greater than 40
members, effluent BOD must be less than 50 mg/l, SS less than 150 mg/ |
and fecal coliform levels less than 1,000 MPN/100 m] (30). Also, Port of
London Authorities have allowed no dlscharge i- waters under Its control
for many years (30), International agreements have also been established
under the auspices of the Intergovernmental Maritime Consultative
Organization (IMCO) (31).

In the U.S., requirements which first established control of sewage from
vessels were found In Sectlon 13 of the Water Quality 'mprovement Act of

1970 (PL 91-224) (32). Responsibility for establlshing performance standards
for marine sanitatlon equipment was assigned to the EPA, Initial discharge
requirements 1imited fecal coliform levels to 1,000 MPN/100 ml with ''no
visible floating solids', while final standards prohlblted all sewage
discharges from vessels with marine tollet facllities.

Sectlon 312 of the Federal Water Pollutlion Control Act (FWPCA) (as amended

in 1972 and 1977) (33), further defined sewage dlscharge requirements for
vessels., The FWPCA empowered the U.S. EPA to issue standards of performance
for MSD's. The U.S. Coast Guard was entrusted with implementation of

thnse standards Issued by EPA, The most current standards issued pursuant to
the FWPCA governing MSDs, namely EPA 40 CFR 140 (January 1976) (29) and USCG
33 CFR 159 (April 1976) (34) 1l1fted the blanket zero discharge requirement.
These regulations allow the continued use of certified flow=through devices
for vessel waste treatment. No prohibltlons concerning sink and shower wastes
emptying Into U.S. waters are Included. U.S. vessels as well as forelgn

flag vessels must comply while in territorial waters and estuaries, the

Great Lakes, Interconnected waterways and Intermediate navigable rivers (31).
In the above regulations, marine sanitation devices are defined as, ". . .

any equipment for installation on board a vessel which is designed to receive,
retain, treat or discharge sewage and any process which treats such sewage'
(29). MSD categories can be described as follows:
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Type 1 = Provides minimal pollutant removal, fecal coliform levels
must be less than 1,000 MPN/100 ml with no vislible floating
solids; mainly for small craft and Interim compliance;
most are physical/chemical (P/C) devices.

Type 11 - Effluents from these devices are acceptable In all
navigable waters of the U.S. with some exceptions, must
provide less than 150 mg/) suspended solids, 200 MPN/100 ml
fecal collform. May be P/C or blologlcal system.

Type 111 = Originally deslgned to comply with '"no~discharge' standard
supercaded 'n 1976, Typically employs recirculation,
Incineration or holding tank meathod of operation,

Use of these devices |s dependent on certification by the U,5., Coast Guard
(USCG) that effluent requirements can be met,

The new standards Issued In 1976 separate all vessels Into two classes!
new and existing vessels. New vessels are those whose keel was laid after
January 30, 1978 while exlsting vessels had thelr keels lald prior to that
date. A recent Coast Guard walver (43 FR29637) of July 5, 1978 (35)
further classifles vessels into those over and under 65 ft (19.8 m) In
length,

Owners of new vessels were required to inatall Type 1, 11 or 11| MSDs by
January 30, 1977. Subsequent to January 31, 1980 only Type |l or Il MSDs
may be Installed on large vessels., Exlsting large vessels must be equipped
with Type Il or |1l MSDs prlor to January 31, 1980 although Type | devices
installed before January 30, 1978 may remaln In use for the 1ife of the
device, These regulations are summarized In Table 6, including vessel
classification by size,

Federal regulations also allow more stringent local control if reasonable
cause ex/sts, States can petitlion the EPA for zero dlscharge regulation
for envirommentally sensitive recelving waters provided adequate
facllitles are avallable for safe and sanitary removal of sewage (29),
Also, Sectlon 312 (d) of the FWPCA further exempts vessels owned and
operated by the Department of Defense |f the Secretary of Defense ''finds
that compliance would not be In the Interest of National Secutlty'.

Barge Classification-Point Source-~-

Barge classificatlion as a point source would result In more stringent
discharge limltations. Secondary treatment guidelines, as mandated by

the Federal Water Pollution Control Act Amendments, would have to be mat.
Moreover, additional or even more stringent standards may be set by the
State or locality In which the barge would be used. As outllned in

Section 402 of the Act, the permit Issuance program for aach state must

be approved by the EPA In conformance with the National Pollutant Discharge
Elimination System (NPDES).
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TABLE 6. SUMMARY OF MARINE SANITATION DEVICE REGULATIONS (35).

Vessel length

r 1
? i Over 65 ft (19.8 m) 65 ft (19.8 m) or less
§~ i Vessel type New New
¥ I Timetable Up to Jan. 30, 1980 Up to Jan. 30, 1980
E; “install Type 1,117,111 MSD ~=Install Type 1, 11, 111 MSD
% ; After Jan. 30, 1980 After Jan. 30, 1980
§ i =install Type 11,111 MSD ~Install Type 11, 111 MSD
3 : Vessel type Existing Exlstling
] Timetable Up to Jan. 30, 1360 Up to Jan. 30, 1980
“No mandatory requlrements -No mandatory requlrements
; After Jan, 30, 1980 . After Jan. 30, 1930
{ Install Type 11,111 MSD Install Type 11, 111 MSD

; Excapt If Type | MSD
J Installed by Jan. 30, 1979,
It may be usad for the
life of the device.

Definltion of minimum secondary treatment standards, stated In terms of
, three pollutant parameters = flve-day blochemlical oxygen demand (BODs),
l suspended solids (SS) and pH 1s provided below (36):

1. Blochemlical Oxygen Demand (BODs).

T T e T &

i a, The arlthmatlc mean of the values for effluent samples collected
In a perlod of 30 consecutive days shall not exceed 30 mg/l.

b. The arithmetic mean of the values for effluent samples collected
in a perlod of seven consecutive days shall not exceed 45 mg/!,

¢. The average 30D removal over a period of 30 consecutlve days
shall not be less than 85 percent.

Tl

2. Suspended Solids (85).

a. The arithmetic mean of the values for effluent samples collected
in a parlod of 30 consecut!ve days shall not exceed 30 mg/!,

cndias £ el

b. The arithmetic mean of the values for effluent samples collected
In a period of seven consecut!ve days shall not exceed 45 mg/l,

i a1

a. The effluent values for pH shall be malntained within the
limits of 6.0 and 9.0,

15
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It should be noted that the above discussion of point source limitations
pertains specifically to "publicly owned treatment works'' (POTW), Section
212 of the Act defines a treatment work as "any devices and systems used In
the storage, treatment, recycling and reclamation of municipal sewage or
Industrial wastes of a lliquld nature'. A POTW Is further defined In 40

CFR 122.3 (37) as a treatment work ''which Is owned by a State or municipality'.
In Section 313 of the Act, It is stated that, In genaral, federal facllities
are subject to the same requirements as any nonfederal entity. However,

the Presldent ''may exempt any effluent source of any department, agency

or instrumentality In the executlive branch from compliance with any such

a requirement if he determines It to be In the paramount Interest of the
United States to do so''.

Marine Sanitation Device Evaluation

General Consideratlion--

jt 1s Important to review the state-of-the-art of marine sanitatlon device
(MSD) technology for two reasons. Flrst, these devices have been specifically
designed to treat watercraft wastes, which can be significantly different

from normal domestlic wastewaters In munlicipal plants. The effect!veness of
these devices will provide valuable insights into the selection of the optimum
barge mounted system for similar wastes, Secondly, direct integration of one
or more of these devices Into the barge mounted system may be appropriate
(depending on legal barge classification). If a particular device has proven
to be rellable, cost-effective and amenable to the speclal constraints

imposed by the barge, It should be given due conslideration. Although abundant
research has been done regarding treatment of watercraft wastes, cost-
sffectiveness evaluatlions and comparisons are difficult. Variable raw waste
characteristlics, environmental conditions, treatment objectives, and develop-
mental stage are all factors which compllicate the MSD evaluatlon,

Marine sanitatlon devices and developmental systems may be evaluated on the
basis of a single objJective: to provide efficient and economlcal treatment
that will meet discharge guidelines In the unlque hydraulic, blological,
chemical and physlcal conditions of the shipboard environment, Special
conslderation must be glven to physical characteristics of the treatment
system and vessel. Bulk and welight are Important in a shipboard system
especlally for retrofitting. Space must be made available and additional
welght supported without affecting metacentric stabillity of the vessel (38),
MSD systems must provide a high degree of rellability allowlng continuous
operation during extended periods without fallure,

Treatment efficiency must also be maintalined during roll, pitch and heave
accelerations, and during periods of hydraulic loading variation (38).
Mechanlically, a shipboard MSD must be able to wlthstand shock, vibration
and corroslve effects assoclated with the marine environment. Craw members
must have a treatment system that is limited in its complexity, both to
operate and malntalin, that will provide a large degree of safety, and Is
aesthetlically agreeable (38).

The cost of the treatment system Is of obvious importance, but difficult
to evaluate on the basls of Information published in the general 1lterature.
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The costs of commercially available devices were generally out of date
(4, 5, 38, 29, 40). Furthermore, reliable cost information was not
provided for most developmental systems.

Brief History of Shipboard Sewage Treatment=-

Until the advent of larger passenger ships, all waste was discharged
directly overboard, With the Introduction of large passenger vessels,

some form of central sewage system was necessary, The system Initlally
devised was a receiving tank with float controlled pump to Wischarge sewage
overboard (30). When legislatlon was proposed limiting discharge Into E
coastal water and harbors, research into the deslign of a sewage treatment A
plant suitable for use on-board ship was stimulated, Early designs were 3
based on decanting the liquid effluent in one or more stages and finally
chlorinating 1t before overboard discharge. Solids were retalned unt!l the
ship left port, to be discharged at sea (30). Later, more sophisticated
plants used anaerobic digesters and treated effluent with a solution of
calcium hypochlorite. This system worked well for small ships but could
not meet effluent requirements for larger ships (greater than 40 member g
crews) (30). :

EeThs b e i

Modern Marine Sewage Treatment-- ;
Prompted by legistation outlined previously, research was done on a wide !
variety of MSD systems. These systems have primarily been adaptations of :
land based systems with oc¢casional shipboard testing, Although many i
systems appear to function adequately onshore, problems are encountered '
aboard ship, These problems are caused by conditions which are unique

to the shipboard environment such as excesslve corrosiveness, motion,

shock and vibration (5).

MSD systems can be classifled into three general categories: halding, flow-
through and closed systems. Holding and closed systems are termed '‘no-
discharge systems'' and Include holding tanks, incinerator/evaporators, and
recirculation systems. Holding tanks collect all waste for pumpout at a
shoreside facllity or discharge beyond territorial waters. Incineration/
evaporation systems can be used to boil off most of the water in sewage,
leaving solids suitable for Incineration., Recirculation systems separate
solids from liquids; sollds are placed in a holding tank for later pumpout
while liquids are treated with a chemical disinfectant and reclrculated

as flush water., ''No-discharge' or closed systems will not be discussed at
length since, to date, the most stringant vessel requirement that would
have to be met by the barge treatment system is the Type || cilassification
as defined In the previous section. Type || devices are flow-through systems,

Marine Sanitation Devices and Treatment Systems for Shipboard Wastes--
Certified marine sanitatlion devices and developmental treatment systems may
be categorized Into blological, physical/chemical and electrochemical or
electromechanical. Table 7 suwmarizes the evaluation of MSDs and

deve lopinental systems reported In the llterature., Where avalliable, informa-
tion is included on influent {(raw) waste concentratlons, pollution rontrol
effectiveness, equipment scale, and whether the data represents onshore or
shiphoard testing. Information on the commercial availablility of Type IlI

17
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MSDs was provided by the U.S. Coast Guard (41) and equipment manufacturers.
Speclific characteristics of each system are described in more detail below.

Blological Procagses - General Consliderations--Biological MSD systems have
traditionally employed aeroblc processes. Anaeroblc processes have been

tried aboard vessels but production of noxious gases and corrosive

by-products have deemed most of these processes unsatlsfactory (5, 42),

The most common systems are modeled after one of two biological unlt

processes: conventlional activated sludge and extended aeration. A number

of advantages and dlsadvantages have been cited for blological MSDs (4, 22, 43),

Advantages:

. Simple to operate, .
. Inexpensive, li
. Moderate in size.

. Minimum chemical requirements. :
. Larger systems can produce a high quallity effluent, ii:

U W N =

Disadvantages:

1. Almost contlinuous operation s required (12 = 18 hour downt!me ]if
s the maximum that can be tolerated, although startup can be
achleved within 2 = 3 days by the addition of an operating medium),

2. The microorganisms responsible for decomposition of the waste can :
be sensitlve to certain chemical addit!ves, detergents, and abrupt
changes In salinlity,

3. The phenomenon of free surface transfer (}.e., dlsturbance of
qulescent conditions normally required for sedimentation) caused o

by pltch and roll of the craft can upset the gravity separation
of sollds in clariflers, '

As stated previously, potential toxlc effects caused by abrupt salinity
changes or the addition of chemical additives (formaldehyde, zinc, quaternary
ammonium salts) and detergents cap be a significant problem for blological
type MSDs. It Is important that these potentlal toxiclty levels be
delineated. The evaluation of applicability of blological treatment methods
(both aeroblc and anaerobic) to the barge system will obviously have to

take such toxiclty effects Into consideration, Since only blackwater wastes
are to be treated by the barge, the toxiclty effects of detergents will

not be discussed here,

Apparently, the major effect of sallnity on biological systems Involves the i
rapld changeover from a freshwater to saltwater environment. Since different

bacterla llve In each environment, rapld Interchange from fresh co salt water

systems, and vice-versa, Induces shock on blota which have been adapted to

one or the other environment (22). Ferguson, et.al., (10) summarized

maximum tolerable shock loads and steady-state concentratlons for various
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biological treatment processes (Table 8). Note that the maximum tolerable
shock loads for suspended growth aeroblic and anaeroblc systems are ldentical,
but that aerobic systems can tolerate higher steady-state concentrations,
Also note that fixed growth systems are less suscepcible to shock loads and

can function at hlgher steady-state concentratlions than suspanded growth
systems,

TABLE 8. CRITERIA FOR TOLERABLE SALINITY DOSAGES (10).

Maxiumum tolerable

Maximum tolerable steady-state
shock load, concentration,
as ¥ seawaterd as % seawaterd
Anaeroblc digestion (suspended
growth) 29% L3%
Activated sludge (suspended
growth) 29% 100%
Trickling filters (fixed growth) 36% 100+%

%100 percent Seawater = 28,000 mg/! NaCl.

Arkisbn, et.al., (47) found that for a shipboard extended aeratlion process
neither the Initial seawater-to-freshwater conversion nor the freshwater-to=
seawater conversion appeared to have an adverse effect on the operation of
the system as indicated by the normal B0Dg levels!. The conversions were
effected within 24 hours. |In another study, It was found that at normal
organic and hydraulic loading rates, the effluent quality from an extended
seration process was unaffected by severe varlations In salinity (56). How=~
ever, when high organic and hydraullc loadings were coupled with severe
salinity changes, significant reductions In process performance were
observed. The time to recover from such upset was dependant upon the
sevarity of the loads. They also found that hligh saltwater usage caused
encrustation and clogging of the 0.125 inch (0.32 ecm) orifices In the alr
diffuser mechanisms. They recommended that design clarifler overflow rates
be one-ha!f those of conventional plants due to denslty turnover caused by
varying salinity levels.

The toxliclty effects of chemlcal bacteriostats used In watercraft systems
were studled by Robins and Green (6). They employed both resplrometer and
pllot activated sludge plant studles using actual commerclally avallable

MSD bacterlostats, Table 9 summarizes the results of the respirometer
studies. They concluded that zlnc additives at all concentrations greater
than 15 to 20 mg/1 exhiblted deleterious or toxic effects. Formaldehyde

and quaternary ammonium additives caused toxlc effects at high concentrations
but appeared to be biodegradable at low concentrations. They calculated the
required dilutions to ellminate adverse toxic effects. In addition to the
respirometer study, bacteriostat addition to a pllot actlvated sludge plant
and subsequent microscoplic examinations of mixed 1iquor were performed and
cell yields .ere calculated, The overal!l conclusion, based on both a 1ltera-
ture review and resplrometer and pilot studies was that formaldehyde concentra-
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tions greater than 120 mg/1 and zinc concentrations greater than 15 to 20 mg/}
would cause upset and loss of removal efficliency for the activated sludge
process. No upper limits were provided for quaternary ammonium salts

beyond the data glven in Table 9,

TABLE 9. TOXICITY DATA AND DILUTION REQUIREMENTS FOR
CHEMICAL TOILET ADDITIVES (6).

Max | mum
Recommended non=toxlc
Chemical Actlve dosage, concentratlion , Dilution
code Ingred!ent mg/) mg/1 factorb
26 Zinc sulfate 4420 i
33 Zinc sulfate 1500 ?g fég
20 Formaldehyda 3920 £900 1.0
Lo Formaldehyde 4500 55 80
83 Formaldehyde 3750 2350 1.6
96 Formaldehyde 4500 400 11
38 Quaternary 1700 1o 15

ammonium salt

"Maximum chemical addit!ve concentration that does not adversely
affect the respiration rate of activated sludge.

bVolume dilution required of chemical additive at lts recommended
dosage to eliminate any adverse effect on resplration rate of
actlvated sludge.

Robins and Green also found that the strength of the waste can play an
important role In the toxic affects exerted by chemlcal bacterliostats, For
example, furmaldehyde is very reactive and w!ll combine readlly with vartlous
nitrogenous compounds In the waste., Thus, the extent of formaldehyde
reaction with other sewage constituents wlill determine the amount of free
formaldehyde avallable to affect the biota., Sewage constituents have
similar effects on zinc and quaternary ammonium toxicitles.

Activated Sludge Treatment--Conventional activated sludge treatment has been
usad to treat shipboard waste with varied results. Activated sludye processes
entall feeding wastewater continuously Into an aerated tank where mlcro-
organisms metabollze and biologlcally flocculate the organics found In waste,
Microorganisms (activated sludge) are generally settled from the aerated
mixed 1iguor under quliescent conditlons In a clarifler and returned to the
acration tank, Clear supernatant from the settling tank constlitutes the

plant effluent,

Activated sludge treatment of human waste from a full-flush toilet system
demonstrated steady state BOD removals of 95 percent, with average
Influent BOD concentratlions of 825 mg/1 (49). This land based study
demonstrated the treatment feaslibllity of conventlonal activated sludge
treatment followed by dual-media filtration, carbon adsorption and
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chlorination. A good system response to shock loads was also shown,
Biological treatment was also demonstrated aboard ship using conventional
actlvated sludge followed by dual-medla filtration and ozonatlon (44),
Greywater (tollat, shower and sink wastes) with average BOD and SS
concentrations of 1,160 mg/) and 827 mg/1, respectively, was treated. BOD
and 85 removals were 97.8 and 98.4 percent, respectively, through the
entire treatment process. During this study the aeration tank was

chargad with activated carbon to ald mi¢croorganism growth., Simplified
flow sheets of these two systems are shown in Flgures 3 and &4,

More concentrated waste was treated using conventional activated sludge
treatment In order to determine feaslbiilty and any effects on treatment
due to high concentrations of common bacterlocides (6). Samples were
obtained from portable tollats at local construction sites. Influent

waste had BOD cancentrations of 1,100 to 2,560 mg/1 and SS concentrations of
2,100 to 3,800 mg/!. Elcht tests were done using fresh and elght using
saline flushwater., Formaldehyde and zinc compounds were added as bacterio-
cides, Results were promising with SS and BOD removals between 90 and 98
percent, Slgnificant system disruption with corresponding efficlency loss
was noted, however, when formaldehyde and zinc levels reachad 120 mg/!l

and 20 mg/), respectively, as previously noted.

When conventional activated sludge treatment was supplemented by a physical
membrane separation process, namely ultrafiltration, effluent quallty was
extremely good (45). Waste from full-flush toilets, containing average

BOD and 55 concentratlions of 243 and 637 mg/1, respectively was treated,
Effluent concentrations of BOD and SS were less than 10 mg/1, |In addition,
fecal collform levels were generally zero and less than 240 MPN/100 ml

98.5 percent of the time. Ultraflitration Is a pressure driven membrane
process. When combined with actlvated sludge treatment the process Is
reliable, presents no safety hazards, is not affected by ship motion,

Is easlly retrofitted and produces a superior effluent (45). It was also
found that wide variations In temperature (39 to 1139F) and sallnity

(rapid changes from fresh to salt water) did not affect system performance.
Four toxIns were added to the system at varinus times to simulate cleaning
operations and accldental spllls. These included pine oil, Chlordane,
Clorox (household bleach) and acetone. Only a small reduccion In overall
efficiency was noted during these tests, It was also found that flow
surges similar to those found onboard ship did not Impalr membrane performance.

Extended Aeration Traatment--fxtended aeration Is a second blological method
avallable for a barge mountcd treatment svutem, 3imilar to conventional
activated sludge treatment, sollids are returned to the aeration tank for an
extended length of time to resume further blological action on pollutional
materials., A typical shipboard extended aeratlon sewage treatment plant

s shown In Figure 5 (3J).

Although extended aeration appears to be viable onshore, ship-mounted
systems have encountered difflculty. Research has shown that systems
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| Figure 5. Extended aeration sewage treatment system (30).

. Installed on U.S, Army Corps of Engineers' dredges demonstrated erratlc

! performance, although this was primarily attributed to design problems
(5, 23). When greywater (full=flush tollets, showar and laundry waste)

: was treated, problems Included inadequate sizing to handle peak flows,

‘ poor chlorinator design and other design problems such as plugged valves

and plpelines. While infiuent BOD concentrations ranged from 37 to 780

mg/1 and $S concentrations from 140 to 700 mg/1, effluent concentrations were

i highly variabla., At times BOD and SS removal ranged between 90 to 95
percent, while at other times effluent concentrations were higher than
Influent levels (due malnly to solids carryover In clariflers),

3 ' A number of other blological systems have been evaluated in the literature,
: mainly on a small scale. Vacuum aeration followed by chlorination was

: deemed Ineffective since suspended solids could not be reduced suffliciently
: (57). When the system was modified by adding a fllter to remove SS, the

: filter plugged easily and quickly. The applicability of the Rotating Dlsc
Bio~3urf Process was also reviewed, |t was concluded that although the
process Itself was feasible, significant system modifications would be
required and further research was needed before any concluslions could be
drawn (11}, The Klock Submerged Filter Process was also studied for
shipbuard feasibillty, It appeared to have good space and welight
characteristics and probably a good cost/benefit ratlo, but It was not
commerclally avallable at the time of the study (11).

It can be seen that a biologlical system is only as effective as the
assoclated method of solids separation. Constant pitch and roll aboard
ship may hinder settling to such a degree thay any promising rasults
obtalned from land based research are completely negated (19). Salinity
changes In waste may cause a density turnover phenomenon which also
disrupts sedimentation (43)., Possible solutions to this problem Include
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use of a fixed medla bed (muech like a trickling filter) or a pressurized
clarifier. Sullivan (44) stated that pressurized clarifiers can tolerate
300 percent overload for three full months before volatile suspended
sollds reach the point of carryover,

Physical/Chemical (P/C) Processes-General Considerations--Although physlical/
chemical treatment systems consist of various non-biological processes;
they have several advantages and disadvantages in common (4, 22, 40, 43),

Advantages:

1. Most P/C systems are compact In weight and bulk.

2., Flexibility In operatlon and control ls avallablae.

3. P/C systems are less sensitive than biologlical systems to flow
varlation, unusual loading conditions and the additlon of chemical
bacterlostats or saltwater,

-
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Disadvantages:

1. Storage and handling of corrosive chemicals |s often required.

2, Inttital and operatlon/maintenance costs are often high.

3. Noxlous odors can be a problem with some types of systems,

b, System control Is often complex, requliriny operator tralning
and attention.

5. Removal and cleaning of fllters (especlally activated carbon

columns) can be a problem,

3 The simplest and least expensive physical/chemical MSD |s the Type | macerator/
i chlorinator. As the name implies, waste is macerated Into small particles

P and disinfected for discharge overboard. This MSD reaquires 1ittle space

E and ls capable of handling wastes from any type of flush system, However, 3

Its abllity to meet required Type | effluent quality standards 1s marginal
(22, 58). Speciallzed macerators are required to reduce particle sizes to
lavels low snough for effective disinfection. This equlpment, In the
highly corrosive marine environment, has a very high failure rate.

Modifled maceration/disinfection systems were tested aboard Great Lakes iron
3 carriers (48), Both chiorlination and ozonatlon were evaluated for
disinfection, The key feature of these systems was the incorporatlion of a
primary seattling tank for the removal of settleable sollds. These sollds
were incinerated and only the clariflied overflow from the settling basin

was disinfected, Ozonation followed by small additions of hypochlorite
consistently provided an effluent quallty In conformance with EPA Typa Il
MSD standards. Influent S5 mean concentrations ranged from 243 to

882 mg/1.

[ ——

o i bamend

1 Several other, more complex typas of physical/chemical treatment systems have
been investigated for treatment of shipboard wastes. These include electro-
mechanical (or electrochemical), mechanical=-chemical, wet alr oxidatlon

and ultrafilitration. Other treatment processes which may provide adequate
treatment Include moving screen flltration and rotary vacuum precoat
filtration.

O IO
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Electromechanical (or electrochemical) Treatment Systems--Electromechanical
systems separate solids and liquids, convert or burn the solids and dis~
infect liquids for discharge overboard (15, 46), Sollds separation may
entall straining, centrifugation or other mechanical techniques. Solids
flow to a sludge tank while liquids undergo electro~coagulation. A direct
current Is passed between pairs of lron plates Immersed in the 1iquid,
Ferrous hydroxide !s formed which combines with negatively charged sewage
to form a floc which Is skimmed or strained and transferred to the sludge
tank. The liquid !s then disinfacted and discharged while sludga is held
for later discharge or Inclneration, These systems are smaller and !ighter
than blological systems but are quite complex and more expemsive. They

are also less susceptible to roll, pltch and heave onboard ship (40).

A shipboard study was conducted on an ocean golng dradge with a 97 man

crew (15), Greywater (sanitary, shower, galley and laundry) was treated
using electrocoagulation at a rate of 5 gpm (18.9 1/min). Influent BOD

and suspended sollids concentrations averaged 658 and 600 mg/1, respectively,
although they were highly variablae., After the waste was comminuted, sodium
aluminate was added to ald electrocoagulation, Sollds were settled, while
effluent was passed through activated carbon to reduce soluble BOD,
Disinfection and incinaration of sollds followed. This treatment proved
fairly successful as coliform levels were reduced to assentially zero

while average effluent BOD and S$S concentrations were 94 and 49 mg/!,
respectively,

Mechanical~Chemical Treatment Systems-~These types of systems are the
most common form of physical/chemical treatment., They are very similar
to electromechanical systems with solids separation being provided by
physical or chemical means, Common chemical addltives include alum and
ferric chloride. Thls type of treatment can take many forms depending
on the technology selected for each process, but, typlcally, wastes
undergo chemlcal flocculation, solids seaparation, a pollshing step and
disinfection, Research has shown thls type of treatment to be very
promising even on a wide range of waste types (6, 9, 17, 49).

A shlpboard study was completed using a physical/chemical system to treat
greywater (sanitary, galley, shower and sink waste) aboard a ferry (9).
Gross sollds separation was accomplished using a vibrating screen followed
by centrifugation. Chlorination was followed by carbon adsorptlion and
post-chlorination., Due to the nature of thls waste, chemical flocculatlion
was not required; adequate solids separation was achleved by physical
means namely a vibrating screen and centrifuge. Only fresh aeroblc waste
was treated and treatment objectives were met; BOD and S§ concentrations
were reduced to less than 50 mg/1 and collform counts limited to less than
240 MPN/100 m1. Shock loads to the system were also handled effectively,

Concentrated wastes were also treated quite effeclively when solids
separatign was accomplished using chemlcal flocculation followed by
clariflcation (6, 17, 49). Human waste from a standard water closet
flushing system was treated In this type of system with favorable results
(49) ., BOD and COD {(chemical oxygen demand) were reduced from thelr
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average Initia!l levels of 825 and 2,399 mg/1, respectively, by 90 percent
or more, Ferric chloride was used as a chemical coagulant, followed by
clarification, filtration, carbon adsorption and chlorination., A similar
study had equally good results using prechlorination and alum (aluminum
sulfate) as a coagulant followed by applicatlon of powderad actlivated
carbon and diatomaceous earth prior to vacuum flltration (6). General
results of thls study are shown below (6).

Parameter Influent concentration, mg/) Removal, %
TSS 360 - 7420 97
BOD 220 - 4poo 97
coD 1100 - 18600 97

In addition, collform levels were reducad from 23 x 105 to 62 x 108
MPN/100 m! to less than 10 MPN/100 mil.

Mechanical-chemlical treatment was also favorably demonstrated during
another land based study in which very concentrated waste from a
recirculating tollet was processed (17). Chemical coagulation was
provided by ferrlc chloride and anionlc polyelsctrolytes and was followed
by flltratlon to remove sollds, carbon adsorption for color and organics
removal and chlorination to further oxidize nitrogen and arganics, Slince
the waste was taken from recirculating toilets, bactericides introduced
during the flush cycle had previously reduced collform counts to an

acceptable level, Average Influent concentrations and removals are listed
below,

Parameter Influent concentratlion, mg/|l Removal, %
sS 10000 = 13000 99+
TOC 10000 -~ 13000 97
TKN 1000 - 2300 99
Phosphates 200 - 300 99+
Color 97
TS 20000 - 30000 Al

This waste was taken from reclrculating alreraft tollets and from a Craftor
Mobile Toilet set up for experimental purposes at Fort Belvolr, Virginta,

Other Physical/Chemical Treatment Systems--Several other treatment methods
can be found In the 1lterature. Although they may not be avallable
commercially for shipboard use, laboratory studies have shown falrly good
results. Included among these are: moving screen flltration, wet air
oxldation, ultrafiltration and the use of a rotary vacuum precoat Fllter,

Moving screen filtration (MSF) was demonstrated using syntheslzed waste
sim!lar to that found on a marine vessel with full=-flush tollets and a

crew of 12 to 20 members (50). MS5F was used alone to process only toilet
wastes (200 to 700 mg/) SS and 200 to 400 mg/1 BOD) resulting in SS removals
of 50 to 70 percent and BOD removals of 30 to 60 percent. When MSF was
combined with pressure filtration and coagulant filter alds to treat a
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mixture of food wastes and tollet wastes (500 to 1,000 mg/1 each of 55 and
BOD) $S removals were 88 to 92 percent and BOD removals ranged from

86 to 95 percent. In this process the hydrophillic properties of cellulose
sponge were used In conjunction with a fine pore plastic screen. Wasie

was delivered to a horizontal moving screen. Beneath the screen was a
layar of cellulose sponge; both moved together, Liqulds were drawn

through the screen by the sponge leaving dewatered sludge on the screen,
Both treatment schemes were followed by granular carbon adsorption and
chlorination, This caused problems when food wastas were processed

since MSF did not effectively remove grease that was capable of plugging the
carbon columns,

Wet alr oxidation Is another process that has been Investigated (mainly In the
laboratory) to determine its applicabiilty In treating watercraft waste. As
the name Implies, wet alr ox!dation entails oxidation of organic material in
waste without a flame, In a wet state at elevated temperatures and pressures.
Solids are then separated by settling, centrifugation or flltration and
effluent Is discharged. This process Is capable of treating almost any waste,
usually self sustaining, compact and flexlble, but also requires high inltlal
Investment and power costs. Speclal tralning for operators is requlred end
the process may cause an alr pollution problem (42, 53)., Corrosfon may also
be a problem, When concentrated sanltary waste was treated using wet
oxidatlion, COD levels were reduced an average of 70 perceant from an Inltial
range of 1310 to 1980 myg/! (59). It was also found that oxidatlon of grey-
water (average BOD 500 mg/1) could result In a 90 pearcent or greater readuction
in BOD and that seawater does not adversely affect system performance (52).

In related studies, Wiliman (60) performed a mathematical analysls of oxygen
diffuslon durlng wet alr oxidation and Koubek (61) studled the effect!veness
of hydrogen peroxide ''pollshing' of wet air oxidation affluents,

Ultrafiltration has been shown, In the laboratory, to be effective In reducling
SS, BOD and fecal coliform levels to acceptable !Imits wlthout pratreatment
(53,54,55, 97). As stated earller, ultrafiltration |s a pressure driven
membrane process by which high molecular welght sollds are removed for later
treatment or storage. When full flush tollet waste, with S§ concentrstlons
of 2000 to 3650 mg/! and fecal collform counts of | x 104 to 5.4 x 10° MPN/
100 ml, was treated, effluent SS levels were less than 15 mg/! and fecal
collform counts were less than 10 MPN/100 m! (54). BOD removals ranged from
72 to 100 percent (53). The effectiveness of ultrafiltration In treating
more concentrated blackwater has also been demonstrated (97). A UF system
was operated In a '""batch concentratlion' mode to treat 36 consecutive batchas
without cleaning or flushing, Wastes contalning up to 85,200 mg/! SS were
treated. Permeate $S remalned less than 5 mg/l until feed SS reached 37,900
mg/1 although fecal collform levels were quite varlable, ranging from 0 to
7.2 x 106 colonles/100 ml. Although UF Is capable of producing a high
quality effluent, shipboard feaslbility has not beesn demonstrated.

Rotary vacuum precoat flltration, using a dlatomaceous earth filter precoat,
had resulted In 99.9 percent removal of suspended sollds (26). Concentrated
human waste wlith suspended sollds concentratlions ranging from 1540 to 13,294
mg/! were treated. Although this system appeared to effectively treat con-

centrated human waste, shipboard feas!bllity has not been Investigated.
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Many of the physical/chemical treatment systems described above are apparently
capable of producing a high quality effluent when tested onshore. Problems
similar to those found with biologlical systems may inhibit treatment
efficiency aboard ship. 1If sollds separation is accomplished by sedimenta-
tion, constant pitch, roll and heave while at sea may hinder settling. Shock
loading should also be investigated, but effects of salinity and toxins are
probably limited,

Conventional Wastewater Treatment Methodologles

There are a number of conventional unit processes which are legitimate
candldates for integration Into the barge mounted treatment system, These
processes are as follows:

1. Suspended sollids removal.

a. Sedimentation.

b. Filtration (vacuum, pressure, or media=-bed).
¢. Centrifugation,

d. Membrane separation (ultrafiltration).

2. Dlssoclved solids removal.

a. Membrane separation (ultrafiltration).

b. Powdered act!vated carbon adsorptlion.

¢. Granular activated carbon columns,

d, Chemical preciplitatton.

e. Chlorination.

f, Anaerobic digestion,

g. Anaeroblc flltration,

h. Aeroblc treatment (fixed & suspended growth systems).
I+ Wet-oxidatlon.

Many of the above processes have been Incorporated into existing MSDs or
studled for potential shipboard use, These appllications were extensively
reviewed In the previous sectlion, A comprehensive literature review for
each of the above processes |s not practical or warranted. Instead, only
those which have not previocusly received attention as MSDs will be briefly
reviewed here, These are centrlfugation, pressure filtration, anaerobic
digestion and filtration and sludge Incinaration,

Centrlfuqation--

Two basic types of centrifuges have been extensively used in wastewater treat-
ment practice. These are Imperforate bow! basket centrifuges and solld bowl
decanter (scroll-type) centrifuges. The former requires batch operatlion while
the latter Is a contlnuous process. Centrifuges can be used for thickening
wastewater suspensions or dewatering sludges.

Table 10 summarizes centrlfuge performances for Faw and digested primary

sludges (62). These sludges would be most reapresentative of blackwater
wastes which must be concentrated on the barge. Scroll centrlfuges, when
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used exclusively for thickening, have been limlted to handling waste actlvated
(blological) sludges. Grit removal and chemical conditloning Is recommended
prior to thickening or dewatering with a scroll centrifuge (62). Polymer Is
the most common chemical conditioner because of the corrosiveness and abrasive-
ness of other conditioners suck as farric chloride or lime. It should alsc

be noted that solids recovery is Inversely proportional to the feed total
sollds concentration (62). This Is Important because the solids concentra-

tions In blackwater are antlicipated to be somewhat lower than those given In
Table 10.

Pressure Flltration--

The use of pressure filtratlon (recessed plate or dlaphragm type) for sollds
separation provides several :udvantages (63, 64, 65). The cake

produced Is generally drier than that from most other sludge

dewatering devices (30 to 60 percant total solids). This not only reduces
the volume of sludge destined for ultimate dlisposal, but may also enhance

the cost-effectiveness of Incineration as a means of disposal. Cake drier
than 30 percent total sclids Is capable of sustalning autogenous combustion,
thus minimizing the use of supplementary fuel (66). Moreover, improved sollds
capture provides a high quallty filtrate (usually less than 100 mg/) suspend=
ed solids) (67).

TABLE 10. TYPICAL CENTRIFUGE PERFORMANCES
FOR MUNICIPAL RAW AND ANAEROBICALLY DIGESTED PRIMARY SLUDGES (62).

Feed Cake Polymer Sollds
Centrlfuge Sludge sollds, solids, required, recovel y,
type Purpose type ¥ TS % TS Ib/tonP L

Basket Thickening An.D, 2-12 8-10 0 95-97
P(70%)+ 7" 9 1.5'3-0 9“'97

TF(30%)
Basket Dewatering Raw P L-5 25-30 2-3 95-97
Scroll  Dewatering Raw P 5-8 25-36 1-5 90-95
28-36 0 70-90
Scroll  Dewatering An. D. 2-5 28-35 6-10 98+
P 9-12 30-35 0 65-80

ap = primary sludge, TF = trickling fllter sludge, An.D. = anaerobic
digestion,

blb/ton = pounds of polymer per dry ton feed solids = 0.5 g/Kg.

Primary disadvantages of pressure filtration from the standpoint of municipal
sludge dewatering Include relatively high capital and labor costs and the
fect that a batch operation Is required.

Table 11 summarlzes typical and specific fixed volume recessed plate
nressure fFiltration performance for dewatering raw and digested primary
sludge. Agalin, lower feed solids than those listed in Table 1l are
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anticlipated for blackwater. The major effect of reduced feed solids

§' concentration on fllter performance Is to extend the cycla time (72, 73,
i 74) of the batch operation. For example, It was found that reducing the
g feed solids concentration from 6 to 3 percent Increased the press time by
i a factor of 3.2 (72).
E TABLE 11, TYPICAL AND SPECIFIC PRESSURE
g FILTER PERFORMANCES FOR MUNICIPAL RAW AND ANAEROBICALLY
B DIGESTED PRIMARY SLUDGES.,
: . lTotaI
Feed Type of Chemical Cake cycle
Sludge sollids, chemlcal dosea, solids, time,
. type? % TS -cond!tioner lb/tonP % TS hrs. Reference
Typical raw 5-10  Ferric chloride 100 62
P Lima 200 45 2.0
Ash 2000 50 1.5
Raw P 6=6.5 Ferrous sulfate 200 ko 5.5 68
L Ime koo
: Raw P Lk-5.5 Ferrous sulfate 300 35-40 6.0 68
| Lime 360
5 Rew P Lime 420-480 33-34  5-7 69, 70, 7
,% Raw P L Lime 200 ho 4 67
Raw P 7.5  None 50 1.5 67
' Raw P k-7 Lime 100-500
Ferrous sulfate 100-300 L40-50 3-7 65
4 Alumlnum ) -
E Chlorohydrate 20-40
: Digest, P 8 Ferric chlorlde 120 Lo 2 67
4 lee 600

% primary sludge,

blb/ton = pounds of chemical conditloner-per dry ton feed sollids = 0.5 9/Kg.

3 Anaeroblc Prncesses=~-

Anaerohic dlgestion has seen little MSD application malnly because of 1imited
! space and welight availabllity for onboard MSDs. Conventional digester design
5 for high-rate processes calls for hydraullc retantion times on the order
" of 15 to 20 days (75, 76, 77), necessitating large tank volumes. Some

recent develcpments in anaerobic digestion technology, l.e., the anaeroblc
contact process (ACP) (78, 79, 80) and the anaerobic filter (81, 82, 83),
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can provide stable operation with much shorter hydraullc retentlion times
(HRT). This is accomplished In both processes by Increasing solids
retention time and cdecreasing HRT. For the ACP, this is achieved by
concentrating digester effluent and recycling concentrated sludge back
to the reactor (analogous to activated sludge). The anaarobic filter Is
a fixed growth process analogous to the trickling filter,

Both processes have been utillzed in the pest exclusively for dilute,

soluble and highly biodegradable Industrial wastes. High suspended solids
conrentratlons can be a source of problems for the anaerobic filter (81).

in addition, It Is deslirable to have a relatively warm wastewater for both
procusses. Anaerobic digestion systems perform most efficiently at
mesophillic or thermophilllc temperatures (84). |f the wastewater is
Inherently warm, the cost-effectiveness of these processes (as dictated

by energy recovery through methane production) is greatly enhanced. Energy
derived from the system is diraectly related to the temperature and concentra-
tion of blodegradable matter,

Anaerobic treatment of hlackwater from Army watercraft would appear to be
advantageous from several perspectives., First, and most obvious, is the
energy recovery aspect. Another is the relatively low production of

excess sludge (85). Relatively higher rates of pathogen destruction (sludge
stablllzation) and control of odors by having a totally closed system are
other advantages (86, 87).

There are also several disadvantages which might preclude use of these
processes for this application. Methane bacteria are extremely sensitlve

to even slight environmantal changes such as pH, temperature and toxic
materia) concentratlons (84, 85). Microblal population imbalance caused

by organic shock loadings can lead to process {allure and a ''sour' dlgester.
Recovery |s difficult once a digester has gone sour and the aforementioned
odor contro! advantage |s negated. Also, these processes (ACP and anaerobic
flltration) have not been extensively tested with wastewaters of domestic
(sanitary) origin nor has thalr ability to meet secondary treatment
standards been adequately denonstrated, The only study to date was done by
Schroepfer and Zlamke (78), who determlined that BODg removals are on the
order of 70 to 75 percent for & domestic wastewater using a modifled
anaeroblc contact process (the rapid adsorptlon process) designed specifically
for the treatment of relatively cool wastes.

A flpal, and perhaps decisive disadvantage of anaerobic processes Is the
Inabllity to treat wastes with high seawater concentrations (greater than
12,000 mg/! NaCl) as was shown In Table 8 (10).

Sludge Inclneration=--

Disposal of sollds generated by barge treatment processes can be accompllshed
by onbcard Inclneration or shore disposal In an approved sanitary landfill

or on agricultural land. The method of cholce depends partly on relatlve
costs, but also on the operatfonal simplicity.
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Of the three basic types of sludge Incinerators, (multiple hearth, fluidized
bed and electric furnace) the electric furnace would probably be most sultable
for barge application. Modular construction, suitabillity for intermittent
operation, operational simplicity and no fossil fuel requiraments make

thils process especially avtractive for small treatment plants (62).
Disadvantages include relatively high replacement costs for certaln parts,
potentially high electricity costs (If onboard electrical generators are

not used) and the necessity for high voltage (240 to 480 V) equipment and
safety precautions (62),

Barge~Specific Deslign Information

The technical literature was searched for informatlon on the specific
design problems which might ba encountered |n the barge mounting of a
treatment system, Information was found describing guldellines for holding
tank design and ship~to-barge (or shore) blackwater transfer hose and
coupling confliguratlions,

Holding Tank Design-~

The Inter-Governmental Maritime Consultative Organization (IMCO) publlshed
guldel ines for design of port reception facilities (88). To calculate peak
seven-day period sewage volume recelved from vessels at a ¢glven port, the
following formula was recommended:

4
§ = :E; S‘
| = |
Where:

$ w Volume of sewage recelved In peak seven-day period (1/week) .

P - N1QT{Pi= Volume of sewage received 'n pmak seven-day period
from vessel type | (1 w 1, harbor vessel; | = 2, inland and
coastal waterway vessel; | = 3, seagoing cargo vessel; | = b,
seagoing passenger vessel) (1/week).

= Number of jth vessel type In port during peak seven~day
perlod (vessels/wk).

Q‘ = Average dally sewage generation rate on jth vessal type

(1/cap.=-day).
T, = Average vessel duratlon In port or In restricted waters
l during peak seven-day perliod (days).
P, = Average number of persons on board typical jth vesse!l type.
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The following estimates were provided for Q! and Ti for each vessel type:

Q| a TI
Vessel Type 1/cap.-day (gped) days
Harbor 100 (26) 7
Inland and coastal waterway 100 (26) 7
Seagoing cargo:
bulk cargo 140 (37) 2-3
combination carriers 140 (37) 2-6
general cargo 140 (37) 1«6
'Seagolng passenger 140 (37) 1=2

Jpeduced-flush systems generate 12 to 36 1/cap.-day (3 to 10 gped).

Detailed design criteria for shipboard sewage holding tanks were developed
which covered most vessel types, crew slzes, vessel stablllty requirements
and types of flushing system (20). Construction guidelines cover materials,
configurations, capacities, location, structure, stabllity effects,
protective coatings, shore connections and piping, pumping and elect: ical
detalls. Operation and malntenance guidelines wera Included as well as an
evaluation of the economlc Impact of CHT installatlons,

Vessel-~to-Barge Connectiong==

Equlpment and materials of construction for vessel-to-barge sewage transfer
s an Important design consideration. Optimum equipment selection is
contingent upon durab!iity, rellability, simplicity, safety and operational
flexibllity., A study at the Clvil Engineering Laboratory (Port Hueneme,
Callfornla) (89) Investigated transfer materlals including bronze quick
dlsconnect connectors, two types of rubber hose, two types of plastic

hose and three types of hose clamping materials., It was recommended that
collapsible rubber hose Is best sulted where hose reel size or storage
space Is limited. Plastic hose was recommended for vacuum dlischarge
systems since It will not collapse. The best clamp type and connector
mount ing procedures for each hose type were also specified.

A much more comprehensive report was published by the Civil Engineering Lab
the foliowing year (90). The entlre ship-to-shore transfer procedure was
optimized. Separate systems were recommended for ports with high and low
ship turnovers. Loading, transporting, connecting, disconnecting, unloading,
cleaning and storing procedures were evaluated. The equlpment evaluated
Included various transport vehicles, hoses, hose caps and plugs, hose
supports, powared reels, storage and loading racks, a hose cleaning rack and
& hose cleaning apron.
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SUMMARY AND IDENTIFICATION OF ADDITIONAL DATA REQU!REMENTS

Vlaste Characterization

There Is a significant body of information In the llterature documanting
vessel wastewater characteristics., The data on dally per capita waste

flows (quantity) for each type of flushing system are uniform and reliable.
Therefore, once certaln assumptlions on watercraft mission profiles are made,
It should not be difficult to estimate deslign total blackwater flow rates
for esach potential barge locatlon.

However, the llterature obtained thus far provides little quallty data
ralated specifically to the type of wastes which would be 3er1vad f rom
U.S. Army watercraft, |.e., from reduced-flush or recirculating systems,
Saveral reports documented per caplita BOD; and SS loadings (gram/day) but
these data are highly variable and do not provide insights Into storage
effacts (either aerobic or anaeroblic) on these pollutants. No gquallty
Information was found for oll reclirculation sytems and only one report
listed data for a water recirculation system.

Legislatlon

The history of vessel pollution contro! Is well documented. The hlistorical
perspective |8 Intereasting, but current regulations ere obviously of most
Importance. Current EPA regulations for discharges from ''vessels' stipulate
that treatment devices newly Installed meet Type |1 MSD specificatlons.

This requires affluent suspended sollids concentrations of less than or

ecual to 150 mg/1 and fecal collform counts of less than or equal to

200/100 m!. There is no BODs requirement, States can petlition the EPA

for zero-discharge regulations for environmentally sensitive recelving
waters,

If the barge Is to be legally classifled as a polnt source, discharge
requirements become more stringent and complex. Although most areas of the

country have adopted EPA's ''secondary treatment'' criteria of 30 mg/1 BODs
and suspended sollids, many have additlional requirements such as fecal

coliforms, nutrients (nitrogen and phosphorus) and more stringent pH
Iimitations. In additlon, some areas employ mora complex control technlques
such as waste assimilative capacity allocatlions and/or mixing zone require-
ments and advanced (tertlary) waste treatment.

MSD Evaluation

The majority of the literature obtained describes the effectiveness of
exlsting or developmental MSDs. Such information will be very useful

In the selection of alternative schemes for treatment of blackwater wastes
from U.S, Army watercraft. Unfortunately, most of the MSDs and developmental
systems evaluated were applied to wastes much more dllute than those
anticipated In thls study., Furthermore, the ablilty of an MSD to meet

vessel discharge standards provides little insight Into its abllity to

meel polnt source dlscharge requirements.
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Conventional Wastewater Treatment Methodologles

Again, conventional treatment plants handle a waste which |s more dilute
than blackwater from reduced=flush or reclrculating commodes., The documented
effactiveness of these treatment schemes is, therafore, of llittle value

to this study, Another areas of potentlal applicablility Is sludge treatment
methodology. The effectiveness of conventional sludge treatment schemes
such as vacuum and pressure flltration, centrifugation, gravity or
dissolved air flotation thlickening, wet oxlidation, Incineration and

aeroblc and anaerobic digestion all might provide valuable insights.
Unfortunately, most mynicipal sludges are more concantrated than blackwater
wastas from Army craft. Moreover, It is genera|iy not the iIntent of

sludge handling opsrations to produce a sidestream of high anough quallty
for surface water discharge. Treatmant and dlsposal of Army blackwater
wastes presents a falrly unlque situation,

Barge-Specific Design Information’

Information has been found describing adequate port reception facilities,
guldel Inas for holding tank design, and ship-to-barge hose and coupling
confligurations,
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SYSTEM DESIGN EVALUATION
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‘ ) The purpose of the system design evaluation was to determine the technlcal
and economic feasibility of a barge mounted blackwater treatment system,
The evaluation methodulogy consisted of five distinct phases:

1. Development of design requirements,

2. Preliminary screening to ldentify alternatives,
3. Technlcal evaluation of alternative systeams.

b, Cost svaluation of alternative systems.

5. Selectlon of recommended systems,

The design requlrements which had to be del!lneated included blackwater
characterization in terms of average and peak blackwater quantitles and
pollutant concentrations, and regulatory effluent quallity standards (vessel
and point source), Based on this Information, feaslble barge locations
and speciflc design wasteloads were determined,

TR R e Ty

Once the basic design requirements were established, a preliminary screening
of the entire spectrum of wastewater treatment unlt processes was conducted
to Isolate a number of pertinent alternative systems, Criteria used to
determine sultablifty of alternatives included capabllity to meat discharge
requirements, baslic adaptablllity to barge mounting, and simpliclty of
operation.

T

The purpose of the technlical evaluation was to determine which of the
preliminary treatment schemes are most sultable from a technical standpoint.
The estimated costs assoclated with major components of the barge mounted
treatmant alternatives provided another bas!s of comparison. Cost components
3 Included capital, operating and maintenance axpensas on a unlt cost basls.
The final selectlon of recommended systems for each potential barge location
was then made on the basls of both technlcal and cost considerations.

WA AT AT

It should be noted that a good portlon of this evaluation procedure was
relfant upon a rather sparse data base. Limlted information was avallable
on waste characteristics and performance of treatment processes on concen=-
1 trated wastewaters. Therefore, the assumptions which were made for this

: avaluation have been carafully documented, but still require additlonal

§ fleld verificatlion.
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DEVELOPMENT OF DESIGN REQUIREMENTS

Waste Characterization

One of the first steps In any wastewater treatmant design Is determination of
wasts characteristics, This Includes both waste flow volumes (average and
psak) and the pollutant concentrations (mg/1) and loadings (kg/day). For
treatment of watercraft blackwater, this determination was complicated by

the use of differant flushing systems, diffarent holding tank designs
(especially with regards to aeration) and the lack of specific data on

vessel mission proflles.

Table 12 summar!zes the number and types of watercraft used by the U.S,
Army (256 total), thelr locatlons, and the characteristics of individual
CHT (conveyance, holding and transfer) systems, There ara four basic
types of flushing systems used:

1, Low=flush gravity transport (''Duner'' and 'GATX' commodes).
2. Low=flush vacuum transport (''Jered").

3. Mlneral oll recirculation ("Chrysler'').

L, Water reclrculation (“Monogrnm”g.

Seawater !s used as the flushing dlluent In al) water transport CHTs with
the exception uf the LCU 1400's which use freshwater. Waste volumes and
pollutant concentrations are a.function of the type of CHT system and
thofcrcw tize, as well as a number of other factors such as vessel mission
profiles,

Detarmination of Waste Volumes

Information regarding per capita waste volumes which was found in the
general ||terature Indicated that reduced-flush systems generate about

3 gallons (11.4 liters) per person per day and that recirculating systems
generate around 0.5 gallons (1.9 liters) per person per day. Independent
evaluations of all three low-flush systems (''Duner', "GATX' and 'Jered')
were also found in other sources. The U.S. Forest Service (92) tested the
"Duner'' commode and found that the most 1lkely average flush volume
(excluding body wastes) was 0.21 to 0.37 gallons (0.8 to 1.4 liters)., An
svaluation of the ''"GATX'"' system by the U.S. Navy also determined that the
average flush volume was from 0.26 to 0.37 gallons (1.0 to 1.4 1iters) (93).
Actual per capita dally contributions were not calculated for elther study,
however. Using a general rule of thumb of from 6 to 9 flushes per person
per day, and a dally per caplta body waste volume of 0.9 qallons (3.4 liters)
(5), the total waste volume would be from 2.2 to 4.2 gpcd (8.3 to 15.9
|/cap.-day). Therefors, the design valus of 3 gped (11,4 1/cap.~day )
recommended by German and Milne (20) for reduced-flush gravity transport
systems seems reasonable.

The U.S. Navy also performed an evaluation of the '"Jered'' vacuum transport,
low-flush system aboard a destroyer (94). |t was estimated that the dally
per caplta blackwater flow rate for this system ranged from 1 to 2 gpecd
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(3.8 to 7.6 1/cap.-day). Therefore, using a value of 3 gpcd will provide
conservative design rates,

Based on the above design per capita blackwater generation rates, and
further assuming that the watercraft In question will have a full crew
living onboard for 24 hours/day, average daily total blackwater generatlon
rates can be calculated (Table 13). Based on these generation rates and
vessel CHT sizes, average watercraft holding times can also be estimated
(Table 13). Assumptions concerning watercraft mission profiles and
frequency of barge operation will determine average dally watercraft black-
water discharge rates. This will be further discussed later in this
report.

Determination of Pollutant Concentrations

As previously stated, 1ittle information was found In the general literature
on concentrations of pollutants In wastes from reduced-flush and recirculat-
Ing systems, Therefore, a preliminary, non-intensive sampling and analysls
program was conducted at Fort Eustis, Virginia on February 21 to 22, 1960,
where the heaviest Army watercraft activity |s located. Of nll the water-
craft located at Fort Eustis, only sIx of those |In port at the time of
sampling had both an Installed CHT and a crew. Of these six, three were
sampled,

Fortunately, samples from three of the four types of general fiushing
systems used by the Army aboard watercraft were obtained. The following

vessels were sampled:

1. LCU=1579 = reduced~flush, gravity transport system; holding tank
’ had been pumped out four days prior to sampling.

2. LCU=1675 = reduced=flush, vacuum transport {(Jered) system; the
ship's crew was uncertaln about the time span from the last
CHT pump=out,

3. BD-6081 (60 ton crane) - mineral ofl reclrcutating flush system;
samples were taken Immedlately after a waste load was transferred
from the oll/waste separator unit <o the holding tank.

The holding tanks were all mixed prlor to sampling to ensure that representa-
tive aliquots were obtained, For the mineral oll systam, howevar, the

mixing energy suppllied dld not seem adequate to completely homogenlze the
density layers. The sample obtalned may, therefore, underestimate the water
content of the total mixture,

Table 14 summarizes concentratlions of pollutants for esch of thrae wastes

obtalned from Fort Eustis, as well as the characteristics of a waste from

a water recirculation system taken from a previous report (17). Watar re-
circulation represents the fourth type of flushing system that the Army
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TABLE 13,

Quantity and

Dally blackwater
ganargtion rates,
&

Est Imatad CHT
holding time,

ESTIMATED WATERCRAFT BLACKWATER GENERATION RATES AND i
CHT HOLDING TIMES. ‘

ot e i LT e il Gt A B e e b iR AR 4 b A M o

P

Logatlon type of vessal {apd) days
Ft. Eustls 3=100' Tugs 1h 13
565"  Tugs 90 H ]
lsSugton 102 110
9-LCV 140D 38 1
9«LCL 1600 (CF=1) 378 10
heLCU 1600 {CF=2) 168 12
1=100 ton crene 6 9
1=PHS 9% bl
1=143" Tug 102 35
2=J-0oat ] 2.5
17=L61 8 Ih
Totals (53 craft) 1,802 1°
Baltimore 3100 Tugs 144 13
1=65'  Tugs 18 29
:-}20 tgn crans : 9,|‘
Totals (6 craft) 264 ,‘55
Margus Hook I-LOO' Tup L8 13
1265! Tug 18 9
Totals (1} 7
Tacoma 1=100¢ Tug (1] 13
1-65' Tup 18 9
I = M8 ; !: 75
17=4Cl- ] H
Totals (20 craft) 196 L}
$Sunny Polint 1=100' Tug 48 13
Atores 2+100" Tug 96 13
Fr, (slend g-BDL P:go ;6; ?;
=LCU 1400 i
Totals L1k} 1)
Horehedd City  BeLLU 1400 336 12 .
Kwa)sleln 4-LCu 1400 168 12
Okinawa 1=100 ton crane [] 3
Abardasn 11=d=poat 12 2,5
latCned 2 25
Totals H] .5
Alaxandria 15<LEM=8 30 1.5
St, Petarsburg 10=LCi4eB 20 1.5

!torauoc

6, Assuming full crow 24 hours/day and blackwater generation rates of 3 gped for reduced=

115 vessnls

flush and 0,5 apcd for recirculating systams,
b, Floy weiahted averane holding time for all wataercraft at this locatlon,
¢, llot to be ingorporated into barqe dasign.

Hate: | aallnn & 1,708 1l1ars
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proposed to Install aboard certalin typcs of watercraft, None of these
systems were available for sampling at Fort Eustis, Chemical analyses

were performed at the Rexnord Analytlical Laboratory according to procedures
outlined In Standard Methods (95) and by the U.S. EPA (96).

Table 15 summarlzes the percent fractions of total pollutant concentrations,
§ : Again significant differences were observed between the four types of
T : flushing systems. Higher volatlile solids content and lower soluble BODs
v : and COD fractions for the gravity transport reduced-flush system compared
to the vacuum system may be due to differences In waste age. That Is,
the waste from the gravity system was much 'fresher' than the vacuum
system and, therefore, subject to less solids solublilizatlon.

The data from the mineral oll recirculating system are also Interesting.
In splte of the fact that the water content of the waste may have been
underestimated (due to insufficient mixing turbulence in the holding
tank), the total sollds and total suspendad sollds wers lower than 4
anticipated, only 4,100 and 165 mg/1, respectively. Furthermore, about I
L5 percent of the total solids were oll and grease, a large portion of Fh
which might be attributable to mineral oil. The low COD concantrations F
relative to BODg may be due to the fact that stralght chaln aliphatic l_

compounds, of which thls mineral oll might have been comprised, are “J
not oxidized by the reagent used for the COD ' .t, but are available %
for biologlcal oxldation (95). K

Although the major function of thls praliminary sampling was to obtaln
data from which design wasteloads could be determined, there ware sevaral
other benufits derived. The effart provided an opportunity for Rexnord ‘
personnel to witness the watercraft activity firsthand, The difficulties
encounterad In the tank truck transfer procedure were apparent. In some

casas, the watercraft crew was not famillar with operating characteristics ll
of the CHT system. Tank truck scheduling was also an obvious problem. ‘

In addition to the data obtained from Fort Belvoir (17) and Fort Eustls,
the U.S. Navy has conducted onboard technical evaluations of the ''GATX"
and 'Jered" reduced-flush systams. The 'GATX' system was avaluated
aboard the YTB-790 (yard tugboat, barge) (93) and the '"Jered'' system was
evaluated ahoard a Naval destroyer (94), Table 16 summarlizes the data
from these avaluations.

SRR i e e e i
P

G oy O

The data from the two gravity transport flushing systems (U.S. Army LCU ' @
1579 and U.S. Navy YTB-790) are difflcult to compare because one used g
freshwater and the other saltwater as diluents. The two pollutant

parameters unaffected by diluent type, namcly BOD and TSS, Tndicated ‘
that the waste from the LCU-1579 was more concentrated. Comparison of the P
data from the two vacuum transport (Jered) systems was more encouraging. !
Total solids concentrations were comparable, although tha vclatile and ,
COD fractions were signlficantly higher for the Navy destroyer. Since o
no Informatfon on waste age was available for elther vessel, the reason .
for thls discrepancy i3 not knawn. :
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For the purpose of system design, the pollutant concentrations listed in

Table 14 will be used. The only exceptlon is that concentrations from the
reduced-flush gravity transport system are assumed to be equal to the
vacuum transport system, It Is fel . that extremely high concentratlions In

the sample from LCU 1579 (gravity transport) are uncharacterlistic and that
values from LCU~1675 (vacuum transport) would be more representative of
average loadlngs,

Effluent Requlrements i

At the time of report preparation there existed an Internal disagree=

ment withln the EPA over legal barge classiflication. As reviewsd previously,

If the barge Is classified as a ''vessel'' the effluent quality need only be
in conformance with Type || MSD limitations, i.e., < 150 mg/} TS§, < 200
fecal coliforms/100 ml. States may petition EPA for zero-discharge
standards In environmentally sensitive waters, but to date none of the

13 potential barge locations are affected by such petitions,

If the barge treatment system Is to be considered as a point source subject
to NPDES (Clean Water Act) criteria, the effluent requirements become more
stringent and complex, Most states have adopted EPA's dafinition of
seconcary treatment as the minimum standard and then also Included limita-
tions on fecal coliforms, chlorine residual, or nutrients, especlally In
envircnmentally sensitive (e.g., shellfish) waters.

Untll a formal oplnion on barge classification Is obtained from the EPA,
Rexnord inc,, has been instructed to procead with this evaluation under
the assumption that the barge would be a polnt source. Then, if the EPA
dete'mines that the barge Is a vessel, the design ¢an be more easl!ly
adapted to meet MSD Type || requirements.

C(ontacts were made with the regulatory agencles responsible for issuance
of polnt source discharge permits at each potential barge locatlon.

Table 17 summarizes the effluent rzquirements for each of the 13 potential
locations. Bioassay (continuous, flow-through type) tests are required
for the lower James River (Ft. Eustls, VA) because of recent legislation
prompted by the Kepone Incident. Based on the results of these toxicity
tests, more stringent effluent standards may be applied.

At Fort Island, Ht (Pearl Harbor) all sanitary wastewater discharges
(treated or untreated) will be prohiblted after 1981, The advanced
wastewater treatment requlrements for St. Petersburg, FL (Tampa Bay)
are necessary because these waters are part of the Wilson Grizzle Area
and are rigidly protected under Florida law.

Selectlon of Feaslble Barge Locatlans

Inspectlon of Tables 14 and 15 reveals that of the 13 potential barge
locations, only four have sufficient flow rates and do not have unduly
stringent effluent quallty standards to warrant further In-depth
conslderation of a barge mounted treatment system, These are Fort Eustls,
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Baltimore, Tacoma and Morehead City., Although there are more than ten
wateircraft at Alexandria, Aberdeen, and St. Petersburg, the waste flow
rates are quite small. At Fort Island, the flow rate Is large (due

mainly to the BDL Page) but the zero-dlscharge requirement for Pear! Harbor
after 1981 precludes the operation of a barge there, The new domestic
wastewater treatment plant belng bullt by the U.S. Army at Kwajaleln Island
Is the most loglcal means of blackwater disposal, The other sites simply
do not have sufficlent watercraft activity to make a barge mounted treat-
ment system cost-effective. The 115 watercraft currently In storage

were not Included In thls analysis.

Determination of Design Wasteloads

The following assumptions have been used for the determinatlion of design
wasteloads:

1. A)l watercraft at each locatlon will have & full crew llving
onboard 24 hours/day, seven days/week. Although this assumption
may overestimate the actual volume of blackwater generated, [t
provides antlcipated peak loadings for design purposes. However,
the maximum frequency of barge operation (Including watercraft
discharge reception) will only be elght hours/day, flve days/week.

2. Raw blackwater gensration rates are 3 gpcd (11.4 1ped) for reduced
flush (gravity and vacuum transport) and 0.5 gped (1.9 lpcd) for
recirculating (water and mineral o!l medium) systems,

3. Holding tanks will generally be discharged when filled to the
80 percent level, unless such level Is attained over a weekend.

L, Pollutant concentrations In blackwater from each of the four
types of flushing systems used aboard Army watercraft are
as llsted in Table 14, except that concentratlons for the
reduced=~flush gravity transport system are assumed to be
comparable to the vacuum transport systems, as previously
discussed,

Based on these assumptions, a computer program was wrlitten to calculate,
for a flve year perlod, the number of watercraft dlscharging per day,
amount of blackwater discharged daily and dally dlscharge frequency
distribution. Figure 6 1s a flow chart for this computer program, For
this analysls it was further assumed that blackwater accumulations in
indlvidual watercraft holding tanks at time zero wers randomly distributed.
Analyses were also made with the assumption that all watercraft holding
tanks were empty at time zero, but results were not appreclably different
than with the random distribution.

The results of these analyses at all four potentlial slites are summarized In
Tables 18 to 21. For Fort Eustis It can be seen that the predicted
maximum dally blackwater discharge to the barge Is 16,700 gal. (63.2 m?)
although 80 percent of the time the dlscharge volume will be less than

by
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Q' TABLE 18, RESULTS OF WATERCRAFT BLACKWATER DISCHARGE FREQUENCY ANALYSIS
3 FOR FORT EUSTIS, VIRGINIA FOR FIVE YEAR TIME SPAN.
b Absolute Predlcted 5-vear values g
% max | mum Mean Median Max imum Minlmum 3
g“ Number of watercraft 53 16 6 -33 0 1
. discharges per day %
Amount of total dally 37,200 2,190 760 16,700 0 !
discharge, GPD S
’j
Dally discharge Frequency, :
range, GPDY percent b
0~ 500 45,04 :
500 - 1,000 11.34 3
1,000 = 1,500 8.66 3
1,500 - 2,000 8.66 3
2,000 - 2,500 6.24 K
2,500 - 3,000 2,68 j
3;000 - 3.500 3-55 3
3,500 - 4,000 0.82
4,009 - 4,500 1.47
| 4,500 - 5,000 1.92
~ 5,000 - 5,500 1.18
5,500 - 6,000 2.74
. 6,000 - 6,500 0.87
! 6p5°O - 7'000 1031
7,000 - 7,500 0.81
. 7,500 - 8,000 0.70
; ; 8,000 - 3,520 0.65
; : 9,000 - 9,500 0.32
; 9,500 - 10,000 0.26
- ; 10,009 - 10,500 0.10
» ; 10,500 = 11,000 0.26
11,009 - 11,500 0,11
| . 11,500 - 12,000 0.05
g : 12,000 - 12,500 0.05
: 13,500 - 14,000 0.05
] 14,500 - 15,000 0.05
: ; 15,000 - 15,500 0.05
1 | 16,500 - 17,000 0.05

i aRanges not |lsted had zero discharge frequency; GPD = 0.003785 m3/day.
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TABLE 19, RESULTS OF WATERCRAFT BLACKWATER DISCHARGE FREQUENCY ANALYSIS
FOR BALTIMORE, MARYLAND FOR FIVE YEAR TIME SPAN.

Absolute Predicted 5-year values

max I mum Mean Median Max imum Minimum
Number of watercraft 6 0.5 0 4 0
discharges per day
Amount of total dally 11,900 380 0 9,250 0

discharge, GPD

aRanges not |lsted had zero discharg

Dally discharge
range, GPDA

0

Loo
500
600
900
1,000
1,200
1,400
1,500
1,700
1,800
7,400
7,900
8,100
8’500
8,600
8,700
9,100
9,200

100

500

600

700
1,000
1,100
1,300
1,500
1,600
1,800
1,900
7,500
8,000
8,200
8,£90
8,700
8,800
9,200
9,300

Frequency,
percent
77.86
4,22
5.21
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TABLE 20. RESULTS OF WATERCRAFT BLACKWATER DISCHARGE FREQUENCY ANALYSIS

IR R PR R e L N

E i FOR TACOMA, WASHINGTON FOR FIVE YEAR TIME SPAN.
| Absolute Predicted S-year values
1 max | mum Mean edlan Maximum Minlmum
Number of watercraft 20 10 0 19 0 {
i discharges per day 3
‘ Amount of total dally 8,400 300 0 6,800 0

discharge, GPD

Dally discharge Frequency,

range, GPDA percent

0~ 100 52.32

100 - 200 33.8)

| 400 - 500 1.59

* 500 = 600 L, 30

600 - 700 3,29

! 700 - 80O 2,52

g8oo - 900 0.05

900 - 1,000 0.16

1,000 - 1,100 0.16

i 1,200 - 1,300 0.16

’ 5,800 ~ 5,900 0.4

; 5,900 = 6,000 0. b
5 6,000 ~ 6,100 0.05
4 ' 6,100 - 6,200 0.38
' 6,300 - 6,400 0.11
X 6,400 -« 6,500 o.M
6,800 ~ 6,900 0.1

aRanges not 1isted had zero discharge frequency; GPD = 0.003785 m3/day.
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2,500 (9.5 m3) gallons. Similar discrepancies between the peak and mean
dally discharges were observed for the other three sites. The intermittent
nature of the loadings are also exemplified by the high frequency of low
daily discharge volumes (or zero discharges) relative to tha dally average,

TABLE 21, RESULTS OF WATERCRAFT BLACKWATER DISCHARGE FREQUENCY ANALYS!S

% FOR MOREHEAD CITY, NORTH CAROLINA FOR FIVE YEAR TIME SPAN.

E. Absolute Predicted 5-year values

? max | mum Mean Median Maximum Minimum

3 Number of watercraft 8 1 0 4 0

: dlscharges per day

E Amount of tota) da}l 4

4 000 LB8o

i discharge, GPD Y ' ° 11999 °

% Dally discharge Frequency,

- range, GPDA percant

% 1,200 - 1,300 k,727

4 1,400 - 1,500 4,77

. 1,500 - 1,600 0.05

% 1,700 - 1,800 4,82

"" 1,800 - ]’900 h066

g_ 1,900 - 2,000 0.05

| aRanges not llsted had zero discharge frequency; GPD = 0.003785 m3/day.

;

' Based on the above analyses, design barge storage volumes and treatment
rates have been selected (Table 22). At Fort Eustls, the minimum holding

tank volume would have to be 11,000 galions (41.6 m®) to recelve wastes
from the largest craft (Sutton). A value of 12,500 (47.3 m3) gallons was
selected for design to provide 5 days holding capacity under normal
hydraullec loads (9.5 m3/day). This provides time either for malntenance
on the treatment system, or to keep up with normal discharge volume subse- :
quent to extremely large discharges from the Sutton, FMS or 143 ft (43.6 m) }
tug. It Is unllkely that all three craft would require discharge at

about the same time, Howaver, If the crews adheres to the rule of discharge

at 80 percent tank volume, this will provide 7, 15 and 22 days of additional E
storage time aboard the Individual craft for the 143 ft (43.6 m) tug, FMS

¥ and Sutton, respectively (see Table 13). Thls should provide adequate ;

time for the treatment system to catch up.

b T T T R .S

Ea e L e

At Baltimore, the minimum holding tank size would hava to be 9,000 gallons
(34,0 m¥) to accomodate the FS 790. The maximum predicted dally discharge
rate was 9,250 gallons (35.0 ml). Because average hydraullc loadings are
only around 380 gpd (}.4 m3/day), the stated design treatment rates In
Table 22 have been increased according to the minimum slize of avallable
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treatment equipment. This merely Implies that the frequency of treatment
unit operation will decrease.

The design storage volume at Tacoma |s 7,200 gallons (27.3 m3) because of
the FMS, The maximum predicted dally discharge rate is only 6,800 gallons
(26,7 m3). Again actual treatment rates are contingent upon the size nf
avallable equipment.

At Morehead City, there are 8 LCM 1400's, all with 500 gallon (1.9 m3) CHT's,
The program predicted a maxImum discharge of 1,990 gallons, Therefore,

2,000 gallons (7.6 m®) was selected for barge holiding tank volume. Again,
actual treatment rates will be contingent upon avallable equipment.

TABLE 22. DESIGN BARGE STORAGE VOLUMES AND TREATMENT RATES,

Design storage Design treatment ratae

Barge location volume, gallons gpd g
Fort Eustis, VA 12,500 2,500 5
Baltimore, MD 9,000 b 5
Tacoma, WA 7,200 b 5
Morehead City, NC 2,000 b 5
8assuming 8 hr/day operatlon.

brreatment rate Is equipment 1imited. Note: 1 gal. = 3,785 lliters

Flow weighted pollutant concentratlons for each barge location, based on
data obtained from the preliminary sampling program at Fort Eustls, have
been calculated and are presented In Tablas 23 to 26. These data, when
combined with the previcusly predicted hydraullc loadings, provide design
and expected average pollutant loadings to the barge treatment systems
(also provided In Tables 23 to 26). It Is quite apparent that, except for
Fort Eustls, the average dally loadings are significantly lower than the
equipment 1imited design dally pollutant loadings. At Baltimore, for
example, the treatment system will only have to be operated an average of
about one out of seven workling days to keep up with normal barge loadings.

PREL IMINARY SCREENING TO IDENTIFY ALTERNATIVES

The objective of this phase of the dasign evaluation was development of
varlous flow schematics which meet certaln basic technical criterla.
Essentlally, this consisted of an Inltial screening of processes to
Isolate those sultable for trearment of concentrated blackwater and
adaptable to barge mounting.

Some of the criteria used for this initlal screening of systems included:
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TABLE 23. DESIGN BLACKWATER POLLUTANT LOADINGS AT FORT EUSTIS, VIRGINIA,
Average Deslgn Design

Pollutant Flow welighted loading? lcadling, lcading,

parameter concentration, mg/) 1b/8=hr day 1b/8-hr day 1b/hr

T8¢ 10,000 180 210 26

TVS ¢ 4,200 n 88 R

TSS 3,500 64 70 9

TVSS 2,600 7 54 7

TDS 6,500 119 140 18

T8ODs 2,200 4o L 6

SB0Ds 1,200 22 25 3

TCOD 6,900 130 140 18

scod 2,000 37 42 5

TOC 2,300 b2 L8 6

0l1 & Grease 560 10 12 2

TKN 1,300 24 27 3

NH3=N 1,200 22 25 3

Org.=N 100 2 -

TP 114 -

?Based on mean dally (5-day/wk) discharge rate of 2,190 gpd.

b

Note: | gallon = 3.785 liters
1 1b ~ 0,454 kg

Based on treatment rate of 5 gpm (2,500 gpd).

“These data based on freshwater diluent.
40,000 mg/1 should be added to the TS and TDS concentrations.
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TABLE 24. DESIGN BLACKWATER POLLUTANT LOADINGS AT BALTIMORE, MARYLAND,
Averagea Design Design
Pollutent Flow welghted loading) load!ng, loadlng,
parameter concentration, mg/l  1b/8~hr day 1b/8=hr day 1b/hr
Ts¢ 9,500 30 200 25
TVs® 3,800 12 80 10
TSS 3,000 10 63 8
TVSS 2,300 7 48 6
TDS 6,500 21 140 18
TBODg 1,800 6 38 5
58005 1,200 b 25 3
TCoD 6,100 19 130 16
§coD 2,000 6 L2 5
TOC 2,100 7 Ly 6
011 & Grease 580 2 12 2
TKN 1,300 b 27 3
NH3«N 1,200 L 25 3
org.-N 100 0.3 2 -
TP 100 0.3 -

%Based on mean dally (5 day/wk) discharge rate of 380 gpd.
bBased on treatment rate of 5 gpm (2,500 gpd).

“These data based on freshwater dfluent,
40,000 mg/1 should be added to the TS and TDS concentratlons.

Note: | gallon = 3,785 liters
1 1b » 0.454 kg
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TABLE 256. DESIGN BLACKWATER POLLUTANT LOADINGS AT TACOMA, WASHINGTON.

Average Des Ign Cesign ¥
Pollutant - Flow welghted loading) loadling, loadling, -
paramatar concentration, mg/l 15/8=hr day 1b/8=hr day 1b/hr d
Ts¢ 8,700 22 180 23 3
Tvs° 3,500 9 73 9
TSS 2,500 6 52 7 £
TVSS 1,900 5 ho 5
DS 6,200 16 130 16 E
TBODs 3,100 8 65 8
SBODs 1,700 4 35 b
TCOD 5,600 14 120 15
$COD 1,700 b 35 b
TOC 2,700 7 56 7
011 & Grease 780 2 16 2
TKN 1,200 3 25 3
NH3=N 1,000 3 21 3
org.N 200 0.5 4 -
TP 100 0.3 -
4Based on mean daily (5 day/wk) discharge rate of 300 gpd.

' PBased on treatment rate ot 5 gpm (2,500 gpd).
. ®These data bused on freshwater diluent. |f seawater Is used, 30,000 to

40,000 mg/1 should be added to the TS and TDS concentratlons,

Note: | gallon = 3,785 liters
1 1b = 0.454 kg

R s o
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2 , TABLE 26. DESIGN BLACKWATER POLLUTANT LOADINGS AT MOREHEAD CITY,

g | NORTH CAROLINA.

% / Average . Deslgn Deslgn

% ; Pollutant Flow welghted loading, loading, loadling,

§ i parametar concentration, mg/! 1b/8-hr day 16/8=hr day 1b/hr

b , T8¢ 9,600 38 200 25

3 4 Tvs® 3,800 15 80 10

% TSS 3,000 12 63 8

L TVSS 2,300 9 48 6

F D3 6,600 26 140 18

3 | T8OD; 1,600 6 33 L

: ‘ $BODs 1,100 4 23 3

: ; TCOD 6,200 25 140 18

" $COD 2,000 8 L2 5

i

i ; 1oL 1,960 8 41 5

% { 011 & Grease 550 2 n !

g_ TKN 1,300 5 27 3

g NH =N 1,200 5 25 3

: Org.=N 100 0.4 -
T. 100 0.b 2 -

®Based on mean daily (5 day/wk) dlscharge rate of 430 gpd.
PBased on treatment rate of 5 gpm (2,500 gpd).

“These datu based on freshwater dlluent. |f secawater is used, 30,000 to
L0,000 mg/1 should be added to the TS and TDS concentratlions,

Note: | gallon = 3,785 liters
1 1b = 0.454 kg
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1. General capablility to meet discharge requirements,

2., Basic adaptability to barge mountling.

30 Simp]lcity.

L, Reliabllity,

5. Versatility.

6. Amount of operating experience for domestlc wastewater or
watercraft blackwater,

7. Availabllity of small=-scale squipment,

As was emphasized In the state-of-the-art review, there s a pauclity of
Information available on the treatabllity of concentrated blackwater.
Design criteria and antliclpated levels of performance must be extrapolated
from dissimilar operating conditions, With this |imitation In mind,
preliminary alternative process schematics were selected. Flgures 7 to {2
I1lustrate these systems.

Unit processes denoted by dashed boxes were considered optional ltems, For
some optional items, recommendation for incorporatian into the barge system
wlill be based on relative sconomics. For example, use of Incineration In
Alternatives 1, 2, 3 and 6 for reduction of sludge volume to ultimate
disposal will depend on relatlive landfill and carbon purchase and regeneration
costs. Other [tems will be incorporated If deemed necessary from laboratory
treatability studles. Dlatomacecus earth precoat use will be contlingent
upon flltrate quality and cake discharge characterlstics which can only

be determined by bench-scale tests. The need for centrifugation in
Alternatives & and 5 can [lkewise only be detarmined by actual testing.
Optional ftems will be conslidered separately in the ansulng cost evaluation

sectlion,

Alternatives | to 4 are quite similar in that each Is a physlical/chemical
system with a coarse sollds removal step (fliter press, centrifuge, vacuum
flilter or ultrafliter) followed by dual media filtration, activated carbon
adsorptlon of soluble organics and chlorine disinfection. The selection

of coarse scllids removal equipment was largely determined by the high raw
blackwater sollds concentratlons and the fact that barge motlon precludes
the use of most gravity separation techniques. Another benefit from using
these particular devices |s that the residues generated usually do not
require further concentration prior to ultimate disposal (with the possible
exceptlon of ultrafiltration).

For all of these treatment systems, the raw blackwater holding tank would
be aerated. Thls aeration, In conjunction wlth an operational procedure
of malntaining a cartain amount of waste In the tank between treatment
cycles as a source of biomass, might provide suffliclent blo-oxidatlion of
small molecular welght organics which are difflcult to remove by carbon

adsorptlon.

Alternative 5 Incorporates an aeroblc blo-oxlidation process (extended
aeratlon) with ultrafiltration separation In lieu of the traditional gravity
secondary clarifier which may be subject to upset due to barge motlon,

The use of this system would only be feasible at the Fort Eustls location,
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however, The low waste flows and Intermittent discharges at the other
locations preclude this application because of anticipated start-up
difficulties. At Fort Eustls, the large equilization storage volume and
relatively high predlcted watercraft activity might permit the use of a
biological process although It Is questionable.

Finally, Alternative 6 covers the possibillity that the EPA will classify
the barge as a vessel rather than a point source., Four Type 1| MSDs, which
are presently Coast Guard certified and commercially available, ware
Investigated, Three of thase were blological systems and one was physical/
chemical., There are two additional MSD considerations which should be
noted hers. Flrst, the systems provided In Alternatives | to 4 can be
quite readlly downgraded to Typs || MSD standards by simply omitting
activated carbon adsorption and possibly dual medla flltration. Secondly,
one manufacturar of a commarclally available Type I| biological fixed
growth MSD claimed that the system could readily meet point source discharge
standards, If so specifled., Howaver, meager operating data wers provided
to support thls contentlon,

It |s appareant from Inspsction of these preliminary alternatives that
treatment of blackwater to point source discharge levels necessitutes a
certaln amount of operational complexity, Fhysical/chemical systems
have the advantage of belng amunahle to Intermitteat wperation and
variable waste strength, but also require considerable chemical handlling
and operational complexity., Blologlical systems are simpler to operats
but might not provide conslistent performance under the varlable locadings
anticipated In this appllication,

These problems will be consliderad in more detal! in tha Technical Evaluatlon
phase.

TECHNICAL EVALUATION

General

The purpose of the technical evaluation phase was to detarmine which of the
preliminary flow schematics met certain speciflc mandatory and secondary
performance/adaptabliity criterfa, Also included In this phase of the
evaluation was the development of general and specific design consliderations
and the selectlon of unlt slzing assumptlions. The end result of this

analysis was the designation of one or more of the preliminary alternatives

as most sultable for this application on the basis of technlcal considerations
elone. The final selection of recommended systems for each location will

also Incorporate cost considerations.

General Design Considerations

There are a number of general design constralnts which apply to every
alternative., These constraints are mostly related to the physical operatlion
of the barge and have minor Impact on the evaluatlion of alternative
treatment systems. These considerations are as follows:

67
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3.

12,

That the barge mounted system provided sufflicient storage and
treatment capaclity to accept and tireat the blackwater from
multiple watercraft at a predetermined capacity established on
the basis of expected peak loadings to prevent delays in un-
loading blackwater from watercraft,

That access areas be provided so that several watercraft can
come alongslde and transfer blackwater at one tlime.

That barge mounted pumpling systems, hose, and flittings be
provided to safely accommodate the various pumping systems on
watarcraft, or in the absence of such systems on watercraft, to
provide for blackwater transfer,

That tratned personnel be In charge of the transfer process,
knowledgeable In countermeasures to be taken to prevent

spills to the watercourse In the event of pumping system
fallure.

That treatment of blackwater be designed to provide or produce an
acceptable effluent quallity for discharge into the watercourse
and treatment residuals which can be elthsr stored or incinerated
on the barge.

That treatrent resliduals that will be transported off the barge
be contalned In such a way to facillitate the transpcrt and
ultimate disposal process.

That the treatment system not require Inordinate amounts of
supplies and fusl to oparate,

' Thnt the barge mounted system not pose problems to safety and
.healtth for operating and maintenance parsonnel,

That alr contamlnants, odors, nolse and other contaminants that
are generated by the storage and treatment system not be a
source of pollution for amblent surroundings.

That provislons bs made for pumping out the blackwater storage
tanks Into tank trucks should a powar outage, equipment fallure,
or other upset condition prevent treatment on the barge.

That materlals handling aboard the barge and at supply and dis-
charge points be simplified and sutomated to the extent that
gspecial provisions or equipment are not necessary for normal
operation of the system,

That provigions be made for operation of the blackwater trans-
fer and treatment systems during any time of the day, or
season of the year.
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13, That an entire system be self-contalned and capabla of genera-
ting Its own power using a generator set and/or fuels which
can be safely stored on board In quantities sufficlient to allow
extended operation of the system In case of a fuel supply
problem,

14, That barge mounting of the treatment system provide for stability
during operation and during towing and for proper access for
operation and malntenance.

15, That treatment and storage designs assume that a full crew will
be assigned to every watercraft and that these crews will be
living on-board 24 hours/day.

16, That the barge treatment system !s to be manned only 5 days/week,
8 hours/day.

Spacific Deslgn Considerations

The design of a barge mounted treatment system Incorporated a large number
of specific design conslderations. Each plece of equipment was designed
to be reliable and require as little maintenance as possible. Back up
systems were provided where necessary and environmental factors were
consldered prior tc equipment selection,

Feed Pumps and Comminutors (Alternatives 1, 2, 3, 4, 5, 6)-=

A dual pump arrangement was estimated for the maln feed pumping system.
Since this Is a critlical operation, a malfunction during discharge could
prevent the timely departure of a vessel. Therefore, a dual or parallel
system would be provided to function as a back up system as nacessary.
With one pump in operation, the maximum discharge time for the largest
vessel at any harbor would be two hours, or with both pumps operating one
hour, Each pump would have a commlinutor on the suction slde of the pump to
shred any fibrous material that might exist In the blackwater to 0.25 In.
(0.6L cmg size. Valving was provided to permit operation of one, two or
no pumps (for crafts with their own pumping system),

The purpose of the pumping system Is to transfer blackwater from the holding
tank of a partlicular craft to the holding tank of the treatment barge. For
this operation, pumps with high suction 1ift and low discharge head
capabilities would be needed. The punp also will have to handle relatively
high solids In the flow stream, Therefore, an electric motor driven self
priming diaphragm pump was chosen for thls application,

Holding Tank (Alternatives 1, 2, 3, 4, 5, 6)--

Holding tanks In general, were slzed to have capacity siightly In excess
of the largest craft to be served. They were rectangular In shape to
minimize space requiremants. External tank support was provided to
prevent sludge hangup on inside ledges., One of the long sides of the
tank will be sloped inward to localize sludge bulldup. The tank would
be constructed of mild steel with an interior coal tar epoxy coatling.

69




F
[

i m , —————— —

A cover would be provided with an access manhole for Interior Inspection

and repair. The tank will be vented through an actlvated carbon canister

for odor control. Aerobic conditions will be maintained through aeration

at a rate of 60 cfm/1,000 ft® (1.0 1/m-sec) to provide moderate agitation

; to keep particles In suspension and sufficlent oxygen for blologlcal activity.
i A high prussure water flush 1ine located near the bottom of the tank will
rinse any residual sludge from the tank sides and bottom after emptying.

An alr bubbler system was chosen to Indicate tank level.

Ferric Feed System (Alternatives 1, 3)--

Due to the small quantity of ferric chloride required, a 1ined 55 gallon
(208 1iter) drum would be provided for dllution of the concentrated ferric
chloride with water, Diluted, it can be more accurately metered [nto the
approprlate preconditioning tank to reach the desired level.

. Lime Feed System (Alternatives !, 2, 3, 4, 5, 6)-= _
| The use of hydrated 1lme |s recommended for conditioning and sludge stablli-
; zatlon due to the small quantity of lime required, The hydrated 1ims can

be dumped directly into the hopper of a volumetric feedsr of stainless

stes! construction and then metsred Into a fiberglass tank filled with
‘ water to achleve a stock concentration. The stock 1ime slurry can be
I pumped to a conditioning or stabilizatlon tank untll thes dasired level Is
achlieved,

' Because the 1ime slurry Is llkely to settle out in a non-flowing line, the

i pump should be operated continuously during treatment operations. The lime

| slurry can be clrculated In a closed loop and fed to the tank only when
needed. Prior to system shutdown it wlll be necessary to flush the lines

’ with high pressure water. .

Polymar Feed System (Alternatives 2, 4, §)--

The polymer system was estimated to include a flberglass stock tank with

one day holding capacity, since some treatment systems only operate

occasionally, Sufficlent llquid or dry polymer to reach a 0,1 percent

stock solution !s mixed dally by pouring the polymer Into thls tank after L
~ - It has been prefilled with water. A mixer must be operated continuously j
during the dllution. A chemical pump will be included to simultaneously vy
meter the polymer into the feed llne from the maln holding tank to the ’]
' centrifuge.

Dlatomaceous Earth Precoat (Alternatives 1, 3)-- }
The dlatomaceous earth system would consist of a fiberglass stock tank ;
3 i wlth one day holding capaclity. The diatomaceous earth can bs mixed 3
f ; manually by pourlng It Into thls tank which has been prefilled with water {
to form a slurry. The mixer must be operated continuously during this '
operation, and the solution ls mixed to @ maximum concentration of | b of |
% D.E./gal. of water (120 kg/m®). A slurry pump would be Included to feed ]
i the slurry to the flilter press cavity or the vacuum filter hopper. ‘

Preconditioning Tanks (Alternatives 1, 2)-~ j
Two fiberglass parallel praconditioning tanks would be utilized for thé i
fllter press and vacuum fllter system, One tank serves as a feed source
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for the downstream process while the other tank 1s off~line for use as a
chemical mix tank and to provide necessary contact time for stabilization.
Cach tank would be equlipped with a variable speed mixer to permit initial
rapid mixing and then flocculation in the same tank. Actlivated carbon

: odor control would also be provided.

Fllter Press (Alternative 1)==-
Many types of fllter presses can be used for blackwater treatment. Avallable

types [ncluda plate and frame, conventional recessed chambar plate, ''tank
type' recessed chamber plate and diaphragm recessed chamber press, Unlts
; are avallable In both horizontal and vertical stacking arrangements and

! with varlous materials of construction fncluding cast lron, stainless

) steel and synthetlc materlal (l.e., "plastics' and elastomers). In most
cases the plate and frame press has been replaced by the recessed chamber
| plate press which has fewer leakage problems,
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One diffliculty that may exist with a conventlional press |s that the smallest
standard frame depth !s about one inch (2.54 ecm). If a one Inch (2,54 cm)

! frame is used and the sltudge [s pumped at a 'mormal' sollids flux rate,

the capaclty of the unit may be greater than the amount of solids captured
during a typical 8-hour barge treatment cycle, Storing a partlally
dewatered sludge In the fllter press overnight could result in undesirable
operating difficulties, One way to solve thls problem would be use of a
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5' ) diaphragm filter press which provides more operational flexibility.

g ! Both the dlaphragm and recessed plate presses have an Initial fill cycle :
%A characterized by relatively high flux rates. As cake accumulates on the E

fllter media, the flux In the conventional press |s reduced to maintain
l acceptable pressure levels, The press cycle must then continue at these

;' low flux rates unti] the entlre press volume ls filled with cake. This i
g results In lengthy cycle times., Wlth the dlaphragm press, conversely, J
- ; the fi11 cycle is terminated when the flux rates decrease and dlaphragms \

are Inflated with water or alr under high pressure, greater than 200 psig

(1,379 kPa), to rapldly squeeze additlional water from the cake. This

: results In higher throughput capacity (shorter cycle times), drier cake

k.~ and more operational flexibllity, For example, If a run must be

4 terminated with a partially fllled cavlity, the squeeze cycle can be ;
activated to provide a cake dry enough for dlscharge. This feature [s .

especlally attractive for this barge appllication. ;

Because of these operating advantages, the dlaphragm press was chosen for

the design. Since the unit will be exposed to ferric chloride and salt

water |t must be resistant to corrosion., The two most standard materlals

for corrosion resistance are stalnless steel and plastic (polypropylene

or elastomer). The plastic plates are more subject to warpage and leakage
but are lower In cost, more corrosion resistant, lighter In welght and

easler to handie. Therefore, the plastic plates were chosen for this design,

A wlde variety of fliter medla consisting of different materials of .
constructlon and pore size are avallable. These can be elther permanent !
or disposable. Final cholces will have to be determined by laboratory

and field testling,
71
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Because a fllter press is a labor Intensive operation, most large scale
units are highly automated, This automation adds drastically to the

costs as we!ll as to the complexity of the unlt, For this application, a
minimum automated unit appears most feasible, This unit would be simple
enough in construction to permit malntenance and repalrs by local mechanics
rather than factory representatives. With long anticlpated cycle times,

the manual discharge operations should only be requlired once or twice a

day. Therefore, automated squeezing equipment, plate shifting and vibratory
hardware, alr purge for feed and filtrate l1ines and media washing equipment
would add unnecessary complexity and cost.

It was determined that the cake from the unit will be conveyed to coverad
drums for storage until disposal or Incineration.

Centrlfuge (Altarnativas 2, 4, §)--

The 1lquid=selid separation In a centrifuge is similar to gravity sedimen-
tation except the applied force ls increased many fold, The three types
of centrifuges that have found applicatlion In the wastewater field are
dlsc=nozzle, parforate bow! basket, and solid bow! scroll, Of the three
typas, the disc-nozzle has seen the least application to date since it
requires considerable upstream pretreatment of the wastewater to remove
large solids and fibrous material. Because of this restriction on type
of wastewater fead, the disc-nozzie was not considered a viable selection.

Basket and scroll centrlfuges have been used more extensively and success-
fully for wastewater appllications, The basket centrifuge ls a batch
opuration while the scrol! centrifuge 1s a contlnuous operation, The
basket centr!ifuge Is sultable for a wide varlety of wastewater applications
but the scroll centrifuge normally has better sollds handling capacity

and adaptability to varlous wastewaters, It Is also antlicipated that

the rocking actlon of the barge may have a less detrimental affect on the
scroll centrifuge operation. Therefore, the scroll centrlifuge was

selected as the type of unit to evaluate further,

A scroll centrifuge conslsts of a cylindrical-conical bow! with an Internal
scroll conveyor., Wastewater Is [ntroduced i{nto the center of the revolving
bowl where soltds are acted upon by high centrifugal separating forces.
Under thls force, solids are thrown against the wall of the bowl. The
liquid (centrate) Is discharged by gravity over a welr. Scllds are moved
by the scroll conveyor along the wall of the bowl where they are ''plowed"
up the conlical beach and discharged by gravity.

Operating varlables that can be changed to Improve separatlion are feed
rate, nolymer addition, bow!l speed, pool depth and conveyor speed.

Centrifuges are avallable in both carbon steel and stainless steel
constructlon. Considering the operating environment and the possibliity
of the wastewater having a high salt content, stalnless steel constructlion
was selected, However, for cost and welght savings, a fiberglass access
cover was speciflied instead of stalnless steel.
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It is anticipated that centrate from the unit will be directed to a small
sump and then pumped to a3 larger centrate holding tank for treatment. Cake
j from the centrifuge would be lime stabllized and conveyed to drums with

R removable covers until disposed of or Incinerated.

: . , Vacuum Filter (Alternative 3)--

: Vacuum filtration is one of the oldest and most popular methods of waste-
a water dewatering. However, lts inherent high energy consumption |s making
By : other altarnatives appear more attractive,
-

"

. The typical components of a vacuum filtrr are a horlzontal cylindrical drum
A covered by a filter media, a slurry vat, & vacuum pump, and a chemical

; conditioning system as required. The most popular media are synthetlc
flber cloth or stainless steel colls,

The un't works by rotating the partially submerged drum in the vat and
creating a vacuum inside of the drum. The vacuum causes flltrate to be
drawn through and cake solids to be deposited on the media. Cake discharge
is normaily accomplished with a statlonary scraper or passing the medla
over small rollers.

Operating variables that can be chanyed to Improve fllter yield or cake
solids concentration are feed solids concentration, filter drum speed,

the ratio of form time to dry time and the level of conditioning. Bes!des
traditional lime and ferrlic chloride conditioning, precoating the drum with
a diatomaceous earth cake has proven helpful for difficult sludges., Because
of the corrosive operating environment, all princlipal contact parts must

be stalnless stee!.
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The filtrate from the unit would be pumped to filtrate holding tank for
downstream treatment. Cake from the unit would be conveyed to drums with
removable covers until disposal or incineraticn.

Filtrate/Centrate Tank (Alternatives 1, 2, 3, 4, §)=- i
The covered filtrate/centrate tank would be of fiberglass construction and

would have a 2 hour holding capacity., This tank would provide holding time
for upstream equipment effluent prior to bringing downstream equipment on
line. It also would permit downstream equipment to continue running during
short periods of upstream equipment shutdown,

pH Adjust System (Alternatives |, 2, 3, b)--

Adjustrment of pH if needed, would be accomplished in the filtrate/centrate

r holding tank, The pH adjustment system would consist of a pH probe, pH i
controller, chemical feed pump and tank mixer. .

Ultrafiltration (UF) (Alternatives L, 5)--

Ultrafiltration is a pressure driven membrane process which Is used to remove
high molecular weight solids from a waste stream, producing a permeate
(effluent) and a concentrite (retentate) which may be 2 tu 50 fold mure
concentrated than the original wastewater. |In a typical installation, the
feed solution is flitered to remove qgross solids, then pressurized and
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sent to the membrane permeators. Fllters, tanks, pumps and piping requlired
for this system are conventional items,

Membrane permeators are available Ir several different conflgurations, namely
plate and frame, spiral wound, hollow fiber and tubular. Plate and frame
membranes consist of thin plastic discs covered with a porous substrate and

a membrane. The discs are then stacked and sealed or placed in a pressure
vessel, Permeate flow Is forced Into a central pipe and removed. Although
plate and frame membrane configurations require a minimum of floor space,
they are difficult to clean and very expensive.

r
;
£

Splral wound membrane systems conslst of planar membranaes with a porous
supporting material sandwiched between membranes. Edges are sealed and
the entire sandwich structure Is wrapped around a central tube and placed
in a pressure vessel, Feed solution Is fed into the vessel along the
membrane surface with permeate flowing through the membrane and porous
structure into the central tube. Spiral wound membranes are low In cost,
compact and have a low pressure 10ss per unit membrane area, but are
easily plugged, hard to clean and require some waste pratreatment,

In hollow fiber ultrafiltration, membranes are spun into very fine hollow
tubes. These thin cylinders need no supporting structure to w!thstand
pressures encountered, Bundles of fibers are placed In a prassure vesse| :
and waste Is fed through them, Permeate transfers through the fibers and ' "
ls collected at the end of the pressure vessel, Advantages of hollow fiber
UF Include low cost, minimum floor space requirements and low pressure loss
per unit membrane area. Dlgadvantages Include easy plugging and difficult
cleaning,

Tubular membrane systems consist of a tube Inside a porous casing which 3
gives support and serves as a pressure vessel, As flow goes through the ’
tube, permeate goes through the membrane and seeps through the porous casing.
Although a moderatelv large floor spacs !s required, membranes are easily
cleaned and individual tubes are replaceable, Due to easy cleaning, tube
; replacement and minimum pretreatment requirements, tubular membranes were
1 chosen as most feaslible for the treatment of raw blackwater and bio-reactor
effluent, as found In treatment Alternatives 4 and 5, respectively, It Is
assumed that tubular membrane UF can yield a permeate with negligible SS
and a concentrate with 8 to 10 percent sollds.

o
Blological Oxidation (Alternative 5)--
Biologlcal treatment or oxlidation of organic wastes entalls the use of
microorganisms which use oxygenm to convert wastes Into more organisms and
energy. The ultimate end products of this oxidation process are carbon
dioxide and water.

1 A nrumber of biological treatment methods are avallable for use in treating

blackwater. These may be grouped Into two categories, fixed and suspended

k growth. F'xed or attached growth systems include trickling filters and

& rotating biological contactors (RBC's) among others. Suspended growth
biological systems include the various forms of activated sludge treatment

and aeroblic stabllization ponds. As can be seen, all treatment methods

L

74




listed are aerobic. Anaerobic systems will not be considered for this
application due to low microbial tolerance for saline wastes. Also,
serobic stabilization ponds will not be considered due to obvious space
limitations,

| Fixed growth systems Include trickling fllters, rotating blological
contactors (RBC) and a rather unlque submerged fixed medla process developed

} specifically for shipboard use (certifled Type 1l MSD). The large area

H requirements and questionable performance under var! - le loadings precludes
barge appllication of trickling filters. Barge motlon and vibration may

i cause problems with RBC's In tarms of blomass sloughing and feed through

1 splilage, Little oparating data was avallable to demonstrate that the

' special marine fixed growth process was capable of consistently achieving
point source effluent standards. This does not imply that the process

} cannot provide such effluent quality, but that more supporting data are

i required,

! Actlivated sludge treatment of shipboard waste was also considered, Of
! the many modes of actlvated sludge treatment, extended aeratlon appears
to be most promising., Due to long aeratlon and detention times, Intermittent
i loading should cause fewer problems than with other modes, Although the
! largest quantity of oxygen Is consumed, more complete oxidatlon and BOD
removal |s realized, This almost complete oxidation produces the smallest
é quantity of excass blological sollds of any activated sludge treatment s
scheme,

The blological oxldatlon system would conslst of a covered carbon steel
i tank with a coal tar epoxy llning, The tank would be vented through an
' activated carbon canlister for odor contrel and asrated by a blower with
a diffuser pipe across the tank bottom,

; Packed Bed Fllter (Alternatives 1, 2, 3)--
The packed filter would be composed of several layers of selected fllter
media and stratlfied such that the maximum filtering takes place In each
layer and allows solids capture to occur through the full depth of the unit.
The media would be selected such that, after backwashing, the media will
be stratified in its original positlon.

1 The primary purpose of the packed bed filter [s to protect the carbon
columns from pluggage by the residual particulate matter remalning in the

-~ filtrate or centrate. The flow through the unit would be pressurized,
downward, and carefully controlled to maintaln a constant flow rate
throughout the run.

L B T

The tank would be of carbon steel construction with a phenollc epoxy
interior and rust-inhibited painted exterlior.

= L

The backwash cycle would be activated by an automated timer-controller.
The system could also be modified for activation by a differential
pressure switch. Manual activation gives the operator better control.
The unit Is expected to have a minimum run time of 8 hours. Experience
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will dictate the backwash frequency, but backwashing the unlit at the end of
each day may be the simplest approach.

In addition to the multimedia tank and control valves, the system would
Include a feed and backwash pump. The backwash water from the unit would
be sent to the raw feed holding tank., The flltrate from the unit would be
pumped to filtrate tank (described below).

Filtrate Tank 1 {Alternatives, 1, 2, 3, &)=~

The covered flltrate tank would be of fiberglass construction with a

2 hour holding capacity. Thls tank could serve as a source of backwash
water for the packed bed fllter with adequate holding capacity to allow
backwashing whlle simultaneocusly fesding actlvated carbon columns,

Activated Carbon Columns (Altermatives 1, 2, 3, 4)--

The purpose of the activated carbon columns Is to remove the soluble BOD
remaining In the wastewater. Activated carbon columns will also remove
suspended sollds but this Is more efficlently handled In a packed bed
fllter preceding the unit.

The system would conslst of six carbon steel tanks wlth phenolic epoxy
intariors and rust~inhiblting painted exteriors, The flow tlirough the
units was anticipated to be In a serlies, pressurized and operated In

the downflow mode., Valving was Included which allows selected tank(s) to
be taken off line for carbon replacement or repalrs. Each tank will be
provided with approprlate automated backwash valves and an Independent
automated time~controller for backwashing.

The backwash water from the unit would be sent to the raw feed holding
tank, The filtrate from the unit would be pumped to Filtrate Tank 2
(deseribed below).

Flltrate Tank 2 (Alternatives 1, 2, 3, 4)--

The coverad flitrate tank would be of flberglass construction with a 2 hour
holding capacity. Thls tank could serve as a source of backwash water for
the actlivated carbhon columns.

Disinfection (Alternatives 1, 2, 3, 4, 5)--

Because of the low flow rate and dosing requirement encountered on the
barge most disinfection systems are Impractical. The system recommended
for thls appllcation Is a tablet type chlorinator. The unit consists of a
plastic flow housing with an adjustable operating level holding stabllized
chlorine tablets. The tablets gradually dlssolve, chlorinating the water
as It flows by.

To provide the necessary contact time downstream from the chlorinator, a
mul tichannel stalnless steel contact tank will be provided.

Res!due Disposal (Alternatives 1, 2, 3, 6)--

The two principal methods of disposal are sanlitary landfill or on-barge
inclineration. For sanitary landfill disposal the sludge must be stabilized
by aeroblc or aneroblc digestion, by air drying, composting or lime
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treatment. At some locations, even the stabllized sludge is not acceptable
for landfill disposal,

Another means of sludge disposal would be application on agricultural land,
This method of disposal might be pertinent, but the site specific nature of
this technique precluded further evaluation of this alternative during

this stage of the feasibility study,

The other, more costly, alternative would he on-barge Incineration. The
three basic types of Incineration processes commonly employed for sewage
sludgaes are:

. Multiple hearth,
. Fluidized bed,
. Electric (infrared) furnaces.

w N -

The relatively low solids production and the antlicipated intermittent

barge treatment operation make the first two types of incinerators impractical.
Therefore electric furnaces were chosen as the only viable alternative,

Aftar extenslve searching, only one manufacturer of electric furnaces was
found, Thelr smallest standard unit would be too large for our applicatlion,
however, they would be capsble of modifying this unit with considerable
redesign to flit our application., This system has the additional advantage

of application for carbon regeneration, as well as sludge Incineration.

The high capital cost of the unit is explained by the many components required.
Some of these components are the electric (infrared) Inclnerator,

Incinerator belt conveying system, combustiom alr blower, combustion ajr
preheater, wet scrubber, !nduced draft exhaust fan, control and Instrumen-
tation panel, motor control center, and electric afterburner.

Mon!ltor Instrumentation (Alternstives 1, 2, 3, 4, 5)--

The amount of instrumentation to be utllized for the barge system [s qulte
varlable. |If both monitoring and recording capabilities are included the
price Increases significantly. Since the operators will be present whenever
principal equipment Is running, only the monltoring capability should be
needed In most locatlons. The type of instrumentation required would be
flow, pressure, pH, temperature, turbidlty, and residual chlorine content.

Comprassor (Alternatives |, 2, 3, 4, 5, 6)--

Each system would be furnished with an air compressor. The amount of alr
required for each systam will vary depending upon |ts particular needs,

Alr wil) be needed to operate alr driven pumps, valves and cylinders,

and will also be used for flushing lines, backwashing the packed bed

fiiter media, and Instrumentation. The compressed alr can also be used for
aerating the main holding tanks or the bloreactor, however, using a low

pressure blower |s more energy efficlent.

Generator (Alternatives 1, 2, 3, 4, 6§, 6)=~-
Each system would be furnished with at least one generator, For most systems,

two generators would be provided. One large generator is required for the
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high power demand periods when the principal equipment is being operated,
and a smaller more fuel efficient unit during periods when only the aeration
equipment |s being operated., The unfts would provide 440 volt power and

g with a transformer, 110 volt power. The units would be diesel powered to

;- minimize fuel consumption and permit safer fuel storaga.

Assumptions for Unit Sizing

To slize various pieces of treatment equipment for each alternative, literature
sources were reviewed and equipment vendors were consulted, The unlique
nature of waste to be treated by the barge system complicated thls procedure
considerably, Literature sources provided design guidelines for waste
elther much more dilute or much more concentrated than anticipated for U.S,
Army blackwater, Equipment vendor recommendatlons were consldered In
conjunction with literature data and the engineering Judgement of project
personnel to derive best estimates of unit sizing parameters for sach type
of equipment described in the previous section. These estimates are
preliminary and should be used only to compare alternatives., More accurate
design values will require fleld verification (or laboratory treatabllity
testing) because of the unique nature of the wastewater.

Table 27 summarizes the unit sizing parameters employed for each unit
process for Alternatives 1 to 6. Each of these !s further described below.

Chemical Conditloning (Alternatives 1, 2 and 3)--

The levels of ¢hemical conditionling for pressure flltration, centrlifugation,
and vacuum flltration were derived from the |iterature. These are typical
values for more concentrated wastes, but were [n general agreement with
vendor recommendations. it |s concelvable, however, that actual conditlon-
Ing of more dilute blackwater might require higher doses,

The lavels of lime listed for conditioning do not Incorporate the uses of
lime for simultaneous stabllizatlon of the cake for land disposal, This
lavel, for Alternatives | to 5, was assumed to be 600 1b/ton, 30 percent
of dry solids (300 g/kg) as listed in Table 27.

The use of dlatomacecus earth (DE) precoat for pressure and vacuum flltra-
tlon was considered an optional item contingent upon further laboratory
scale testing,

Fliter Press (Alternative 1)--

Filter presses, especlally smaller units, are used In many applicatlions
other than wastewater treatment. Therefore, many equlpment vendors were
not familiar with the particular operating requirements for wastewater

; dewatering and usually overestimated their equipment capacity. Several
vendors were experienced wlth wastewater dewatering but typical

; Influent total solids concentrations were much higher than Army blackwater.

Generally, it would be more economical to thicken the sludge upstream of
the filter press to decrease the size of the press needed. However, in
this application, a gravity thickening process would probably not be

successful because of barge motion.
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ilaakas:

It 1s expected that a higher Inltial flux rate can be used than normally y o
employed because of the thinner wastewater feed, It 1s unknown if this i
higher tnitial flux rate will have a detrimental effect on filtrate quality,. :

i A review of 1iterature sources and discussion with vendors resulted in the
' sizing parameters of a flux rate of 0,05 gpm/sf (2.04 1/min-m?) for the
recessed plate press and a flux rate of 0.12 gpm/sf (4.89 1/min-m2) for

: the dlaphragm press. This flux rate represents an average flux rate over
| the duration of the cycle. This would also be equlvalent to 0.1 Ib of dry
suspended solids/hr-sf (0.49 Kg/m?-hr) for the recessed plate press and
0.2 1b/hr-sf (0,98 Kg/mé<hr) for the dliaphragm press.

R CEERR UL TR T
-

For most municipal sludge dewatering applications tota) sollds content
is used to astimate chemical conditioning demands and design loading rates.

% § This approach is sat!sfactory for municipal sludgss where the dissolved
& ' sollds fraction of the total solids is relatively small. Howaever, for
% Army blackwater applications, with a large fraction of soluble constituents,

i the suspended solids portion had to be used in unit slzing parametars,

Packed Bed Fllter (Alternatives | to 3)--
\ For a packed bed filter, the vendors standard unit selsction resulted In a
; pressurized downflow rate of 4.6 gpm/sf (187 1/min-m2). Sources indicated
that this value Is within the parmissible flow range.

Actlvated Carbon (Alternatives 1 to 4)«-

For an actlvated carbon system, standard unit selectlon also resuited in a
pressurized downflow rate of 4.6 gpm/sf (187 1/min-m2), A significant
concarn 1s whether the carbon column will become anaerobic during operation,
i resulting In gas formation and poor quality effluent., This can be
clrcumvented by fraguent backwashing with water treated with chlorine and
caustlc soda,

o £ O el 738
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Most vendors were not familiar with the application of activated carbon

at the high soluble BOD/COD loadings required for this appllication. There~
fore, It Is recommended that laboratory testing be done to determine

the rate of carbon exhaustion. An estimated value of 0.5 kg SCOD removal/kg
of carbon was used. This value results In considerable carbon consumption,
4 Therefore, the design was developed so that when all carbon columns were
connected In series and on 1ine, they would provide twice the minimum
contact time required. This arrangement should permit 2 to 3 fllters to

be of f 1ine for carbon replenishment any still provide adequate treatment.

Chlorination (Alternatives | to 6)--

The assumed chlorine dose (as Cl;) for all alternatives was 5 mg/1. As

shown in Table 17, chlorine residuals must be closely controlled at several
barge locations for the sake of shellfish protection. The type of chlorine
system selected for this application was tablet chlorination wlth calcium
hypochlorite being the predominant ingredient. A more accurate determination
of chlorine demand can only be determined by laboratory tests,
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Scroll Centrifuge (Alternative 2)--
The size of the scroll centrifuge was based on empirically derived relation-
ships supplied by equipment vendors, Primary variables In centrifuge

: : equipment selection Include hydraulic and solids loadings, and the nature
. : of the solids. Efficient operation of the unit requires bench testing to
3 : determine optimum residence times, gravitational forces, and chemical
dosages,

Vacuum Filter (Alternative 3)--

A general rule-of-thumb cited by one equipment vendor was that vacuu

filter yleld In pounds dry solids per square foot per hour (lb/sf-hr? can

be directly related to the parcent dry solids In the feed stream. For
example, & feed sludge with 3 percent dry solids would result in a yleld

of roughly 3 ib/sf=hr (14,7 Kg/m2=hr). The literaturs, in general

supported this relationship for tynical (2 to 6 percent dry sol (ds} sludges.
Little information exists for more dilute sludges, but the extrapolated

value of 0.4 lb/sf-hr (1,96 Kg/m2-hr) for blackwater was selected since other
data were unavallable,

e T YT ey

Ultrafiltration (Alternatives 4 and 5)=-

Design values for tubular membrane ultrafiltration flux rates for raw
blackwater and activated sludge mixed llquor were selacted both on the
basis of reported llterature values and contact with equipment vendors.
Values of 15 gpd/sf and 20 gpd/sf (0.6 and 0.8 m®/m?-day) were selected
for activated biomass and raw blackwater, respectively. They represent
steady state (long duratton) fluxes, rather than the Inltlally high
rates of 40 to 70 gpd/sf (1.6 to 2.9 m®/m?~day) often reported.

Extended Aeration=-
The most common and acceptable means of desligning extended aeration systems

Is to select a food/microorganism ratlo (F/M) expressed as the dally BODs
J loading divided by the mass of suspended sollds under aeration. Thls ratlo
] Is then combined with a design hydraullc retention time (HRT) and a

] selected mixed liquor suspended solids (MLSS) concentration to calculate

¢ the required aeration tank volume. The F/M ratlo and HRT listed In

' Table 27 are common for extended aeration systems, but the MLSS concentra-

SRS i S SR B & o i T S S T Dy

F tion is substantially higher than common practice., This Is attributable
: to the Inordinately high Influent BODs concentrations. A similar system
was utilized effectively for watercraft wastes as reported by Bally,

et.al. (45),

] Alr requlrements were hased on & value of 1.6 Kg 02 required/Kg BODs
3 removed, 10 percent oxygen transfer efficlency and an oxygen concentration
1 in alr of 23.3 percent. These are commonly accepted values In sanitary

engineering practice.

Design of Full-Scale Barge Mounted Systems

Application of the unit slzing parameters described provided full-scale
equipment sizes for cach barge location. This Includes major process 1
equipment sizes, holding tank volumes, pump and motor capacitics, chemlcal
needs, etc. These squipment requirements are detailed in Appendix A, :
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In addition to these data, Table 28 summarizes chemical usage and the
nature and quantities of treatment residues generated for each barge
location and treatment alternative,

Evaluation Critarla

A list of mandatory and secondary performance/adaptabllity criteria was
established to faclllitate the comparlson between the four physlcal/chemical
systems and biological treatment system. Only a cost comparison will be
made for Alternative 6 (MSD=Type Il) since differcnt technlcal objectives,
i.e,, level of treatment, preciude technlcal comparlison.

The list of technlcal criteria are as follows:
1. Mandatory criteria:

a. Abllity to consistently mest point source discharge standards.
b. Rellability (susceptiblility to upset).
c. Operatlonal simplliclty.
d. Versatillity (abllity to treat varlable strength blackwater with
Intermittent operation).
e. Adaptabllity to barge mounting,
Not affected by barge motion and vibration,
Sultablllty from the standpoint of welght and stability.
Space requirements.

2, Secondary criterla:

a, Low chemical needs (usage and handling).

b. Low energy requirements.

c. Operatlonal safety.

d. Low malntenance requlirements..

e. Provides odor control.

f. Generates low volume, dewatered reslidues for ultimate disposal.
g, Performance not adversely affected by saltwater or mineral o}l.
h. Degree of operating experience with this type of waste.

The four physical/chemical systems are quite similar with the exception of
coarse solids removal equipment, Therefore, only this equipment need be
comparatively evaluated; then the blological system as a whole will be
compared with physical/chemical systems,

Evaluation Result,

Physical/Chemlcal Systems--

Coarse Sollds Removal Equipment--The four devices which have been cited
as potentially sultable for this application (filter press, vacuum fllter,
ultrafilter and centrifuge) can be compared on the basis of some of the
mandatory and secondary criterla previously listed. Table 29 provides
such an evaluatlon by ranking each device In sequential order of criteria
satisfaction. For example, the degree of sollds capture (l.e., quality
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‘. TABLE 29. COMPARISON OF FOUR TYPES OF COARSE SOLIDS REMOVAL METHODS
! FOR BARGE MOUNTED PHYSICAL/CHEMICAL SYSTEMS.
Criteria Rankling sequence®
Suspended sollds capture UF > FP » VF > CE
Rellability (lowast maintenance frequency) CE > FP » VF > UF
Operational simplicity (least complex) CE > UF-> VF > FP
Versatllity (most adaptable to variable FP > UF > CE > VF
feed characteristlcs)
Adaptabllity to barge mounting
Least affectad by motlion FP = UF « CE > VF
Least affected by vibratlon FP « UF > VF « CE
Least weight UF > CE > FP > VF
Least space requlred UF > CE > FP » VF
Lowest condltioning chemical needs UF > CE » VF > FP
Lowest energy requirements UF » FP > CE » VF
Highuest operational safety CE = UF » VF > FP
Least subject to odor problems
During operation UF v CE > FP » VF
After dischargse FP =« VF > UF > CE
Ease of residue disposal FP > VF > CE > UF
Least adversely affected by
Salt water FP « CE  UF « UF
Hineral oll CE > FP > VF » UF
Operating experlence with ""thin' sludges CE > VF UF > FP
(less than 1% suspenoad sollds) B
]
3UF - Ultrafiltration (without upstraam centrlfugation). Q
FP - Diaphragm fllter press (not precoat). 3
VF = Vacuum filiter (no precoat). E
CE - Centrifugatlon (scroll type).

acde
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of flltrate, permeate or centrate) Is highest with ultrafiltration and
lowest with centrifugation. The basis for many of the ranking sequences
is self-explanatory, while others will be further described below.

Operational simplicity was one of the more Important constralnts in this
evaluation. |In this Instance, simplicity refers not to degree of
complexity In the physical principles behind each device but rather to the
amount of aperator attention which is required for effective parformance,
With this in mind, the fllter press operation was ranked lowest because the
small egquipment scale necessitated manual discharge of the cake in &

batch process, whereas other aquipment can be operated continuously, The
vacuum filter requires monitoring of the vacuum and flltrate systems as
well as drum submergence and cake discharge. The centrifuge and
ultrafiltration units are simple Input/output devices, although the ultra-
fllitration process involves considerable reclrculation to malntain flow
veloclty.

Adaptabl1llty to barge mounting ls another critical design constraint, The
vacuum filter was ranked low In terms of barge motion beacause of uncertain
effects on filter performance from turbulence In the feed trough. Barge
vibrations may cause excessive wear on critical bearings for both the
vacuum fllter and centrifuge, The filter press and ultrafilter should be
relatively unaffected by barge motion and vibration.

Although none of the four devices impart serlous safety problems, the
fllter press poses the highest probabillity of operator injury during
the manual discharge operation,

The ultrafllter and centrifuge present the fewest odor problems during
operation bacause they are closed systems, The use of lime for conditioning
and stablllzatlon should minimize odors from the other processes both during,
and especlially after, cake discharge. The cake dlscharged from the
centr!fuge and ultrafilter might be foul smelling untll lime stabillzed,

As previously dlscussed, the means of ultimate disposal of treatment rasidues
can be elther on-barge Inclineration or land disposal. In elther case, It Is
advantageous to have as dry a cake as possible. For incineration, this
reduces energy requirements (less water to evaporate) and, for land

disposal, It reduces the volume of residue to be transported. The fllter
press provides the highest cake sollds while ultrafiltration provides the
lowest.

None of the four alternatives would be adversely affected by saltwater
since corrosion-resistant matarials of construction were specifled.
Mineral oil in high concentrations could be a problem for the filtration
processes due to medla or membrane fouling. However, anticipated mineral
ol concentrations should not preclude application of these processes
(see Table 29).

Unfortunately there is limited operating experience for all four processes
in treating thls particular type of waste. Although a ranking sequence was
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provided for this criterion, there was not adequate {nformation avallable
to confidently determine which alternative would be most suitable.

tt Is apparent from inspection of Table 29 that no single devica clearly
dominates in terms of sultabllity for this application. Howaver, If one
places subject!ve emphasis on certain criterla, recommendations on highest
degree of suitabllity can be made. The dlaphragm fllter press has many
performance advantages relative to the other devices, most cruclal of
which are generation of a dry, stabllized cake, a high quality flltrate,
good versatllity and relatively llttle Impact from barge motion and
vibration. The major disadvantages appear to be the amount of opearator
attention required during press discharge (consuming roughly one hour per
elght hour day) and the high level of cihemical conditlonlng.

GiE U oohiE i

Ultrafiltration offers several noteworthy advantages such as high parmeate
- quallty, good adaptability to barge mounting, and operational simplicity.
3 Major disadvantages Include possible need for pretreatment to prevent

v membrane fouling and the further treatment (stablllzatlion and possibly

2 dewatering) of the concentrate prior to land dispossl or Inclineration.

The use of centrifugation also has advantages such as operational simpllicity,
low condltioning chemical requlrements, and rellablllty. Disadvantages
Include poorer quality effluent (centrate), high cnergy demand, and the

need to further treat the cake prior to land disposal,

Inspection of Table 29 reveals that vacuum flltration generally ranked ,
lower than other devices for most critiria. It should also be noted that i
esach device was ranked exclusive of optlonal features such as DE precoat ]
for vacuum and pressure flltratlion and upstream centrlfugation for ultra-
filtration. Use of this optional equipment could alter several of the

! ranking sequences. For example, using DE precoat vacuum filtration could

3 provide a flltrate quallty comparable to pressure filtration. Also the

use of centrifugation upstream of the ultrafiltration could reduce potantlal
foullng problems and assoclated maintenance frequency.

TR

Comparison of Biologlcal and Physical/Chemical Systems--

The major advantages and disadvantages of blological systems relative to
physical/chemical systems were covered quite extensively In the state-of-
the=art review for marine sanitation devices. These considerations are
also valld for a barge mounted system des!gned to meet point source dis-
charge standards. A more detalled analysis predicated on the mandatory
and secondary criterla previously listed wlll be undertaken here.

g

Mandatory Criteria-~For the biologlcal system, the abillity to consistently
meet polint source discharge standards is related to several other mandatory
criteria. The ablllity of the system to perform rellably with varlable
strength feed and Intermittent operation Is questionable. At Fort Eustls,
where watercraft actlvity will be greatest, the large amount of equallza-
tlon (storage) volume on the barge might provide a consistent enough feed
gource. At the other sites, low and Infrequent blackwater discharge volumes
preclude application of a biological system. The use of ultrafiltration to
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concentrate mixed 1lquor for the blologlcal system eliminates barge motion
problems which may have been encountered with gravity clarificatlion,

In summary, when consldering mandatory criteria, ths use of a physical/
chemical treatment system has the decisive advantage of being able to

handle variable waste strength and intermittent loadings. However,

laboratory verification will be required to confirm the abllity of carbon
adsorption to reduce the high soluble BOD concentrations to less than 30

mg/1. Finally, although the biological system is simpler to operats than
most of the physical/chemical systems, its Inabllity to operate Intarmittently
signiffcantly reduces 1ts applicabllity to barge mounting In most areas.

Secondary Criterla=~Ilt Is claar that one of the primary disadvantages
of physical/chemical systems Is the necessity for extens!ve chemical hand-
ling facilities, Although quantities of most treatment chemicals required
for this application are quite small, tha necessary handling equlpment

required additional capital cost and [ncreased opsrational and malntenance
complexity.

Energy consumption for the blological system Is higher than the fllter
press and ultrafiliration physical/chemical systems, but lower then
vacuum filtration and centrifugation optlons. The residue generated by
the blologlical system (ultrafiltration concentrate) requires further
treatment (1ime stabllization and/or dewatering) prior to ultimate
disposal, Such treatment is also required for the physical/chemical
systams except Altarnatives ! and 3 where lime stabilization |Is performed
In conjunction with chemical conditlioning.

If the . rmy watercraft primarily use. saltwater as commode diluent, as
anticlpated, thers should be no toxicity problems for the blological
process, However, If saltwater and freshwater are used interchangeably,
there could be toxiclity problems due to shock.

None of the alternatives pose s signiflcant threat to the health and safety
of operating personnel. Odors can also be effectively minimlzed for all
alterpatives., Operating experlenca with biolegical systems for concen-
trated wastes |s as limited as for physical/chemical processes.

COST EVALUATION

in order to more objectlvely evaluate the barge mounted treatment alterna=-
tives an effective cost analyslis was undertaken. Total costs were based
on both capital and operation and malntenance (06M) costs exprassed as &
tota) yearly cost and cost per unit volume of blackwater treated. This
generalized approach was salected rather than more complex feasibility
criterla since the purpose of the cost evaluation was to provide ballpark
comparable costs.

Capital costs were obtained from various sources Including manufgcturlng
representatives and 1lterature. Amortization of these costs required
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certain assumptions. Major equipment was assumed to have a service ||fe
of 15 years with no salvage value. All other equipment was estimated to
have a service life of 7.5 years, again with no salvage value. These
service iife periods are on the low end of the ranges stipulated by the
EPA (99), but the corrosiveness and vibrational shock Induced on the
equipment in the marine environment Justifies the selection of conservative
values. A yearly cost was then determined using an amortization rate of
7.125 percent assuming no Inflatlon on equipment requiring replacement
after 7.5 years., For each treatment alternate, capltal costs were
determined for each site and for treatment tralns consisting of mandatory
equipment and both mandatory and optional equipment. ’

d TE TR v TR VR e .
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, i Certaln economic factors which may be considered in a more complete analysis
y g have besen omitted here. These factors fall beyond the scope of this project
; but should be noted. Included are: depreciation (although no salvage
: value Is assumed), equipment delivery, engineering services and contlngenclas.
3 : installation, piping and valving was considered assuming a factor of 10 to
3 : 20 percent of cost, dependent on the plece of equipment, Thls estimate
i may prove to be conservative If extensive retrofitting Is required during
Installation, Speciflic barge retrofit considerations were excluded from
P this analysls since the actual barge class which would be used has not
: : been determinad.

Oparations and maintenance costs were determined taking labor, enargy,

material, chemical, replaceable equipment and sollds disposal Into

cons ideration. Labor requirements were determined by estimating work

loads based on volume of wastewater, frequancy of pump-out oparation and

: treatment equipment complexity. One or two man teams with eight hours

3 § per dey, 5 days per week blackwater treatment were assumed., A base pay

' i rate of $10/hr was deemed appropriate for comparative purposes, although

; overhead and fees are not Included. Regular and breakdown maintenance
are Included In labor costs, while supervisory costs are not. Start-up
costs, although often signiflicant, were not determlined.

1
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it ' Energy costs, with the exception of optional Inclneration, were derlved

E f from total equipment energy consumption, assuming a cost of $0.10/Kwh,

! These costs varled widsly due to intermittent treatment at some locatlons,
Incinerator energy costs were assumad to be ona or two percent of capltal
costs, dependent on frequency of use.

: Chemical and material costs were based on currant market prices and

‘ : estimated usage, Costs were calculated for virgin actlvated carbon,

i ferric chloride (FeCls), lime (Ca(OH)2), polymer and chlorine. Acid (for
i pH control), fliter medla and ultrafiltration cleaning solutions costs

; were desmed negligible and not !ncluded,

Replacement equipment, including fllter cloths and ultrafiltration tubes
were determined on the hasis of past experience and equipment use. Economic
cons |deration was not given to the acquisition of parts,

Solids disposal on shore and incineration were also considered. Land
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disposal of solids was assumed to have a cost of $14,00/dry ton ($15.40/
metric ton) which Is representative cost for landfllling at a private

site (100). These costs could be reduced substantially {f a suitable

; agricultural site was found, Haullng costs are not Included since haul

| distances were not known. Incineration for the purpose of solids dispossl
‘ and carbon regeneration was Included as an option In a number of treatment
schemes., Although this requires a large capital investmant, substantlal
savings In carbon costs and sollds disposal are galned. This savings,

In some cases, made the optional treatment schemes more economical in
terms of operation and malntenance.

{IE K+ BPTRUEIPS STV A ST )
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Costs f~r each treatment alternative at esach site are shown In Tables 30 to
35. Mandatory and optional schemes are Included, showing amortization,
operation and maintenance, total yearly cost and cost per 1,000 gal,

(3,785 Viters) of blackwater treated. These costs are also graphically
represented in Figure 13, A complete breakdown of these costs can be

found In Appendix B,

e Al Sl o ink

As can be seen from Tables 30 to 35, wide vartation In costs exlsts
between various sites. In all cases, the Ft. Eustis site requires the
| highest yearly expenditure but cost per 1,000 gal. (3,785 liters) Is the :
| lowest, This Is due to larger blackwater volumes encountered. Higher 4
' costs per volume are encountered at other sites since smaller flows must
be handled while capital costs remain relatively constant. This consistency
In capital costs can be attributed to the fact that design treatment rates
' at Incatlons of lower watercraft activity are limited by the minimum size

of commercially avallable equipment., This produces a low utilization of
@ Invested capital costs.

T P T YT T T P TP T T T oo

On the basls of cost alona, Alternate 6 (MSD-Type |!) !s most feasible
although this option is only applicable if the barge Is classified as a
vessel rather than a point source. Alternative 5 (biologlcal treatment)
ranks next In terms of relative treatment cost, although as dlscussed
earller, biological treatment Is only technically feasible at Ft. Eustis.
0f the remaining alternatlves, costs are comparable at each slite for both
mandatory and optional treatmant schemes.

It is quite obvious that centrallzed barge treatmsnt is relatively expensive.
For comparison, It has been estimated that the exlsting cost far blackwater
disposal by tank truck hauling was roughly $80/1,000 gallons (3,785 liters)
based on a flat rate of $50 per watercraft pumpout {10.). However,
elimination of the problems assoclated with the tanmk truck operation
(including any hldden costs) might Justify this expenditure. Moreover,

EPA classiflcation of the barge as a vessel will allow blackwater treatment
aboard the barge at Fort Eustls at a total cost roughly comparable to the
exlsting means of disposal (excluding barge retrofit costs).

}
SELECTION OF RECOMMENDED SYSTEMS

In order to ldentlify the treatment system(s) nust feastble for barge
mounting, comparisons were made on the basls of technical and cost
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. TABLE 30. TOTAL TREATMENT COSTS ANTICIPATED AT EACH BARGE LOCATION
: ALTERNATE 1

. PHYSICAL/CHEMICAL TREATMENT WITH PILTER PRESS SOLIDS REMOVAL. g
% Morehead .
b Ft. Eustls Baltimors Tacoma City :
; Mandatory treatmant processes ’

§ 15 yr. amortlzatlon, ($/yr) 22,730 21,980 21,610 19,260

: Operation and maintenance, 68,800 33,280 32,150 31,210

: ($/yr)

5 Total yearly cost, ($) 91,530 55,260 53,760 50,470

5 Mandatory and optlional trestmant

% processes

§ 15 yr., amortlzation, ($/yr) 4o,220 39,380 39,100 36,750

f Operatlion and malntenance, 54,620 32,030 31,820 29,020

‘ ($/yr)

E? Total yearly cost, (§) 94,840 71,410 70,920 - 65,770

$/1000 gal. (3785 1) 166. 40 722,80 909.20 527.00
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TABLE 31, TOTAL TREATMENT COSTS ANTICIPATED AT EACH BARGE LOCATION:
| ALTERNATE 2
I PHYSICAL/CHEMICAL TREATMENT WITH CENTRIFUGE SOLIDS REMOVAw.

iR L e kR A L A

Morehead
Ft. Eustls Baltimore Tacoma Clty
Mandatory treatment processes

| 15 yr. amortization, ($/yr) 22,900 21,010 20,630 18,290

: Operation and maintenance, 69,000 33,220 32,140 3,180

| ($/yr)
3 ! Total yearly cost, ($) 91,900 54,230 52,770 50,100
. $/1000 gal. (3785 1) 161.40 548.90  676.50  401.40
: i
] l
2 Mandatory and optional trsatment
5 | processes
f? ] 15 yr amortizatlon, ($/yr) 40,400 38,510 38,140 35,000
3 Operation and malntenance, 54,370 31,900 31,760 28,920
; ! ($/yr)
4 Total yearly cost, ($) 74,770 70,410 69,900 64,720 §
F t $/1000 gal. (3785 1) 166.30 712,70 896.15  518.60

A TS
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TABLE 32, TOTAL TREATMENT COSTS ANTI;:_IPATED AT EACH BARGE LOCAT!ON
PHYSICAL/CHEMICAL TREA#\E&#NCI'&HBVACUUM FILTER SOLIDS REMOVAL.
3 Morehead
1 Ft. Eustis Baltimore Tacoma City
k- Mandatory treatment processes

5‘ 15 yr. amortization, ($/yr) 23,680 22,930 22,560 20,210
i Operation and maintenance, 71,080 33,720 32,590 31,590
L (§/yr)

Total yearly cost, ($) 94,760 56,650 55,150 51,800
E $/1000 gal. (3785 1) 166.40 573.40  707.00  415.10
Mandatory and optional treatment

i processes

15 yr. amortizatlon, ($/yr) 41,170 40,420 Lo,060 37,700
Operation and malntenance, 56,880 32,460 32,250 29,460
($/yr)

i Total yearly cost, ($) 98,050 72,880 72,310 67,160
$/1000 gal. (3785 1) 172.00 737.60 927.00  538.10
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TABLE 33. TOTAL TREATMENT COSTS ANTICIPATED AT EACH BARGE LOCATION

ALTERNATE 4

PHYSICAL/CHEMICAL TREATMENT WITH ULTRAFILTER SOLIDS REMOVAL.

Morehead
Ft. Eustls Baltimors Tacoma Clty
Mandatory treatment processas
15 yr. amortization, (§/yr) 18,650 16,240 16,130 13,520
Oparation and malntenance, 68,075 33,270 32,200 30,890
yr
Total yearly cost, ($) 87,035 49,510 48,330 4k, 410
$/1000 gal. (3785 1) 152,80 501.10 619.60  355.80
Mandatory and optional treatment
EFOCHQSQS

15 yr, amortlzation, (§/yr) 25,350 22,920 22,810 20,210
Operation and malntenance, ($/yr) 70,120 33,660 32,570 31,300
Total yearly cost, ($) 95,470 56,580 55,380 51,510
§/1000 gal. (3785 1) 167.70 572.70 710,00 412,70
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TABLE 34.

TOTAL TREATMENT COSTS ANTICIPATED AT FT. EUSTIS LOCATION

ALTERNATE §

BIOLOGICAL TREATMENT.

Ft. Eustls

Mandatory treatment processes

15 yr. amortization, ($/yr) 16,470
Operation and malntenance, ($/yr) 49,300
Total yearly cost, ($) 65,770
$/1000 gal., (3735 1) 115,50
Mandatory and optlional treatment

processes

15 yr, amortization, ($/yr) 22,200
Operation and malntenance, ($/yr) 51,030
Total yearly cost, ($) 73,230
$/1000 gal. (3785 1) 128.60

96

;%
3
i

ol

AL me bl BT




PONPRE

F !
1 \
’g TABLE 35. TOTAL TREATMENT COSTS ANTICIPATED AT EACH BARGE LOCATION
1 i ' ALTERNATE 6
b l CERTIFIED TYPE 1} MARINE SANITATION DEVICE.
?7\ ) Morehead
4 ' Ft. Eustis Baltimore Tacoma Clty
' Mandatory treatment processes ;
g- | 15 yr. amortlzation, ($/yr) 12,470 10,600 10,220 7,880
E ! Operation and malntanance, 31,070 30,540 30,530 27,230
1 ($/yr)
Total yearly cost, ($) 43,540 41,140 ko,750 35,110
$/1006 gal. (3785 1) 76.50 416.40 522.40  281.30
§ Mandatory and optlonal treatment
( processes
! 15 yr. amortization, ($/yr) 29,390 27,520 27,140 24,800
Op?g:tlgn and malntenance, ($/yr) 33,890 33,500 33,500 30,200
i yr
‘ | Total yearly cost, (§) 63,280 61,020 60,640 55,000
3 : $/1000 gal. (3785 1) 111.00 617.60 777.40 440,70
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considerations. A cursory examination of costs determined for each
alternative demonstrates that barge treatment facilities at Baltlmore,
Tacoma and Morehead City are probably far too costly to be acceptable.
Costs are more reasonable at Fort Eustis. Also, only Fort Eustls has
blackwater discharge rates high enough to provide falrly continuous use of
treatment equipment. The ensuing summary of the salection process will
therefore, be concentrated only on Fort Eustlis facilitles.

Alternative 6 was the least costly treatment scheme. Technically this
system incorporates a Coast Guard certifiad Type || marine sanitation
device which can meet vessel discharge requlrements. |If the barge mounted
treatment system is classified as a vassel, this alternative should be
given further consideration. However, If point source requirements must
ba met there is no assurance that these more stringent standards can

be met with a Type Il device. In terms of cost, substantial savings can
be realized through utl!liization of blologlical treatment (Alternative 5).
As stated previously though, Infrequent blackwater dischargss might
preclude use of bhiologica) treatment even at Ft., Eustis, Although simpler
to operate with minimal chemical requlrements, the abllity of a bicloglcal
system to meet point source dlgcharge requlirements under highly variable

, loadings 1s quastionable. This system should not be considered further B
| unless additional treatabllity tests demonstrate the |nadequacy of A
' physical/chemical systams,

i E""I"Ilﬁ;i""'!i"i“‘i’n"'-‘ iR s
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The treatment systems most feasible at Ft. Eustis are physical/chemical In
nature. This Includes Alternatives 1 {filter press), 2 (centrifuge),

3 (vacuum filter) and 4 (ultrafiltration). Among these, optlonal treatment
processes (with the exception of incineration) wlll no longer be considered
although later laboratory treatabillty studies may indicate these are
necessary,

Of the Ilsted alternatives, ultrafiltration (Alternative 4) has proven
slightly less expensive, while other alternatives are vary similar In

: cost; so similar in fact, that the subsequent comparisons will be carrjed
: out primarily on the basis of technical feaslibility.

Although vacuum flltration (Alternative 3) has seen extensive use and
produces a relatively dry cake, it Is rather complex, requires frequent
maintenance, large amounts of energy, might be adversely affected by barge
motion and appears to be least adaptable to variable feed characteristics,
Therefore, this alternative will, no longer be considered.

awm o

J Each of the remalning alternatives have technical advantages and disadvantages
which very closely balance. Use of a fllter press (Alternative 1) will

F ' result in the highest cake sollds and appears to be most adaptable to

varyling feed characteristics when compared to the other dewaterling

technologies. Although more operator attention Is required, the filter press

will probably be least affected by motion and vibration and high salinity.

it should also be noted that a filter press is not energy Intensive

but chemical requirements may be quite high.
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Centrifugation of blackwater may also be feasible for this application, It
is the least complex unit to operate although it may be adversely affected
by barge vibration., Chemical requirements are also quite low but energy

N requirements may offset this savings. A disadvantage of centrifugation

H ls the lower efficlency of suspended solids capture.

Finally, ultrafiitration must be consldsred feasible for thls application
1 dependent on further testing, Although thls process Is very effective
In removing suspendad solids and requires the least energy and chemicals,
4 It may be adversely affacted by mineral oil! and produces a high volume,
low sollds content sludge, Malintenance may be the blggest problem
assoclated with ultrafiltration. Membrane pluggage and replecement may be
encountered due to unique blackwater characteristics.

: Although preliminary cost data exclude use of incineration for sollds
@' disposal and carbon regeneration, hauling costs (not Included In land
\ disposal costs) may be high due to larger quantities of solids and carbon
1 to be disposed of and long haulling distances, |In thls case, Inclineration

: may be a cost effective disposal means and further consideration should
9 be given to It.

r - — v
ORI TPERIEE =5 )

oy NpIPTE 39

From a cost and technical standpoint Alternatives 1 (filter press), 2
(centrifuge) and 4 (ultrafiltration) appear feasible. It should be noted
however, that this is & unlque sltuation In terms of environment and waste
characteristics and further Investigations, Including treatability studles,
should be undertaken to ensure operational aefficlency and allow a more
complete evaluation of economic feasibility,
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SECTION 4
CONCLUSIONS

Based on a review of the current marine sewage treatment state-of-the-art
and a more specific technical and cost evaluation, the following conclusions
can be drawn ragarding the breadth of information avallable In the

technical |iteratura and the feaslbility of a barge mounted blackwater
treatment system,

1., Very little data are avallable ragarding characterization of waste
produced by reduced-flush and recirculating marine waste systems.

2. Although numercus studies have baen conducted on treatabllity of
vessel wastewaters and although there Is a broad data base on
domestic sewage treatment and reslidue handling In municipal plants,
little of this Information Is directly relevant to evaluating
treatment of blackwater from U.S, Army watercraft, In general, most
watercraft and all municipal wastewaters are an order of magnlitude
more dilute than antliclpated U.5, Army blackwater while most
residues (sludges) from municipal plants are an order of magnitude
more concentrated. Blackwater from reduced-flush and reclrculating
marine sanitation systems presents a unique sftuation from the
standpoint of treatabllity.

3. Technlcal evaluation of the centrallzed barge treatment concept was
warranted at four of thirteen potential locatlions (Fort Eustis, VA;
Baltimore, MD; Tacoma, WA; and Morehead Clty, NC). These sites were
selected on the basis of degree of watercraft activity, blackwater
volume, and stringency of effluent standards.

4, Smaller blackwater volumes encountered at Baltimore, Tacoma and
Morehead City result In very high capital costs per unit volume
treated, Blackwater treatment using a barge system is most
economically feasible at Ft. Eustls. Total treatment costs to
meet polnt source effluent quallty were estimated to range from
$116 to 172 per 1,000 gallons (3,785 liters) of treated blackwater
at Fort Eustlis excluding hauling of residues and barge retrofit.

5. The barge classiflcation declsion to be made by the U.5. EPA will
have a profound affect on cost of centrallzed blackwater treatment.
If the barge is classifled as a vessel, total treatment costs
could be reduced to around $77/1,000 gallons (3,785 1iters) treated
at Fort Eustls (agaln excluding barge retrofit and residue hauling).
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This would compare more favorably with the estimated exlsting cost
of approximately $80/1,000 gallons (3,785) for tank truck hauling.

Biological treatment of blackwater might not be able to provide
adequate treatment to obtaln point source effluent quality due to
Intermlittent loadings and variable waste characteristics.

Use of physical/chemical blackwater treatment to obtain polnt source
effluent quallty (incorporating fllter press, centrifuge or
ultrafiltar for coarse sollds removal) appears feasible from a
technical standpoint. Further suspended sollds removal should

be accomplished using a packed bed filter with soluble organics
ramoval by activated carbon., The effluent would then be

chlorinated prior to discharge.

The use of on-barge incineration for sollds disposal and carbon
regeneration does not dramatically Increase total treatment of
costs at Fort Eustls, bud does add a significant amount of
operational complexity.
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SECTION §

RECOMMENDAT | ONS

In order to more accurately assess the feasibility of a barge mounted
blackwater traatment faclilty certain areas need further investigation.
Therefore, the following recommendations are made.

2.

Further, more complate, blackwater characterization should be
Investigated to ensure proper facility design and effective treatment,
Waste variablllty should also be studled since this could have a major
Impact on treatabllity,

Any dispute regarding barge classiflcation should be settled. The
resulting effluent guidelines could drastically affect the type and
degree of tresatment required and the cost assoclated with that treatment.

At sites where a barge mounted treatment system is not feasibie,
optimization of blackwater disposal should be studied. Thls would
help reduce problems Inherent in current tank truck disposal methods.

Effects of salinlty and chemical additives on the coarse solids
removal technologies and carbon adsorption should be determined In
order to maximize trasatment efficiencies and minimize operational
problems,

On-~barge incineration of treatment rasidues and carbor regensratlon
should not be removed from consideration [f solids hauling costs
excead capltal and 06M costs assoclated with the Inclinerator.

Treatablillity studies should be undertaken, using lab or pilot scale
equipment to determine the most efficlent means of treating blackwater
to achieve effluent requirements. In order to further refine equip~
ment design and more accurately determine scale-up costs, studles
should incorporate the use of a cantrifuge, fllter press and ultra-
fllter for coarse sollds removal, Pretreatment requiremants prior to
these processes should also be investigated as well as chemical dose
optimization and soluble organic removal with activated carbon,

If treatabl!lity studies Indicate that physical/chemical blackwater

treatmant |s Ineffactive, blologlcal treatment should be Investigated
on a lab or pllot scale basis,
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TABLE A5. MANDATORY AND OPT|ONAL EQUIPMENT REQUIREMENTS - ALTERNATE 5

g Ft, Eustis
S5elf Priming Diaphragm Pump (2) 3 HP - 100 GPM
] 174" slots comminutor 173 P =~ 140 GPM max.
! Coal Tar Epoxy Llned
: Holding Tank 12,500 gal,
? Aeration Blower 5 HP -~ 100 CFM
i- Bloreactor Tank 3,300 gal.,
¥ (Linad Mild Staal)
3 Feed Pump 1/2 HP = 5 GPM
7 Aeration Blower 1 1/2 HP = 24 CFM
Ultrafiiter 100 ft2 membrane area
3 HP
Ca(OH); System
316 SS Volumetrlc Feeder 172 HP = 2.4 f£3/hr
Fiberglass MIx Tank 65 gal.
420 RPM Mixer 1/2 HP
Centr!fugal Siurry Pump 1/2 HP = 2 GPM
Compressor 10 HP
Large Generator 50 KW
Small Generator 10 KW
Optlonal
Polymer System
Fiberglass Mix Tank 100 gal. 1
: 420 RPH Mlxer 1/2 HP i
E Polymer Feed Pump 1/4 HP =~ 20 GPH max. i
.
; Centrifuge 3,000 G's !
3 Fead Pump 1/2 HP = 5 GPM i
3 Main Drive 5 WP i
1 Back Drive 1 HP 3
3 Sludge Conveyor ! HP !
i
Centrate Tank 750 gal.~-flberglass E
3
i
]
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% TABLE B1, MANDATORY AND OPTIONAL CAPITAL COSTS = ALTERNATE 1
g Fort Baltl- Morehead
4 Eustls more Tecoma Clty
; MANDATORY
, Long durables (15 yr) ‘
A Holding tank 19,700 14,200 11,800 4,800
i Fllter press 36,000 36,000 36,000 36,000
. Total §5,700 50,200 47,800 40,800
Short durables (7 yr)
Feed pumps 12,200 12,200 12,200 4,600
Aeration aquipment h,700 4,000 3,400 2,300
FeCly system 1,100 1,100 1,100 1,100
c.(oﬁ)z sys tam 6,400 6,400 6,400 6,400
Sludge convayor 2,500 2,500 2,500 2,500
Filtrate tonks (3) 6,000 6,000 6,000 6,000
pH control 3,300 3,300 3,300 3,300
Packed bed fllter 10,500 10,500 10,500 16,500
Actlvatad carbon col. 20,500 20,500 20,500 20,500
Disinfection equipment 1,500 1,500 1,500 1,500
{nstrumentation 10,000 10,000 10,000 10,000
Comprassor 3,500 3,500 3,500 3,500
Large generator 8,000 8,000 8,000 8,000
Small generator 2,000 2,000 2,000 2,000
Total 92,200 91,500 90,900 82,200
iy
s OFTIONAL
; DE precoat (7% yr) 3,200 3,200 3,200 3,200 g
3 Inc'nerstor (15 yr) 150,000 150,000 150,000 150,000 4
q i
3 15 yr amortization ($/yr) L)
3 Mandatory 22,730 21,980 21,610 19,260 i
: Mandatory + optional ko,220 39,380 39,100 36,750 f
: $/1000 gal. (3785 1iters) :
Mandatory 39.90  222.50 277.00 154.10 ]
Mandatory + optlonal 70.60  398.60 501.30 294.50 l
3
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TABLE B2. MANDATORY AND OPTIONAL O08M COSTS - ALTERNATE 1,

' I, Fort Baltl~ Morehead
' Eustis more Tacoma Cley
i
| MANDATORY ($/yr)
i Labor (0&M) 41,600 25,000 25,000 25,000
Energy 6,550 4,840 4,840 1,740
Materials
Virgin carbon 19,500 3,120 2,080 4,160
Chemicals
FeCl3 360 90 30 60 .
Ca(OR)2 100 20 10 20 g
Cly 90 10 10 20 :
Equipment E
Fillter cloths 300 150 1580 150 g
Land dlsposal 300 50 30 60 f%
Total yearly costs 68,800 33,280 32,150 32,210 4
$/1000 gal. (3785 11ters) 120,80 336.84 412,20 250.10 4
OPTIONAL ($/yr) ,j
Labor (O8M 41,600 25,000 25,000 25,000 %
Energy 6,650 4,860 4,860 1,760 1
Materials 3
Virgin carbon 1,950 310 210 420
Chemicals 1
4 F'CIQ 360 90 30 60
3 g Ca(0OH) 2 100 20 10 20
: ' €12 90 10 10 20
: DE precoat 480 70 40 70
3 ' Equipment
g i Filter cloths 300 150 150 150
l Disposal
; Incinerator 3,000 1,500 1,500 1,500
] ; LandfI1] 90 20 10 20
\ Total yearly costs 54,620 32,030 31,820 29,020
3 $/1000 gal. (3785 1lters) 95.90 324,20 407.90 232.50
b
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? TABLE B3. MANDATORY AND OPTIONAL CAPITAL COSTS - ALTERNATE 2.
E Fort Balti- Morehead
¥ Eustls more __ Tacoma _ Clty
3 MANDATORY
3 Long durables (15 yr) ‘
HoldIng tank 19,700 14,200 11,800 4,B00
Centr!fuge 37,000 37,000 37,000 37,000
Total 56,700 51,200 48,800 41,800
Short durables (7% yr)
Ca(OH)2 systam 6,400 6,400 6,400 6,400
Feed pumps 12,200 12,200 12,200 4,600
Aeration 4,700 4,000 3,400 2,300
Polymar system 3,200 3,200 3,200 3,200
Sludge convayor 2,000 2,000 2,000 2,000
Centrate tanks (3) 6,000 6,000 6,000 6,000
Packec bed fl1, 10,500 10,500 10,500 10,500
Act. carbon system 20,500 20,500 20,500 20,500
Disinfectlon 1,500 1,500 1,500 1,500
Instrumentation 10,000 10,000 10,000 10,000
Compressor 3,500 3,500 3,500 3,500
Large generator 10,000 10,000 10,000 10,000
Small gensrator 2,000 2,000 2,000 2,000
3 Total 92,500 85,400 84,800 76,100
3 OPTIONAL
: pH control (P4 yr) 3,300 3,300 3,300 3,300 P
4 Inclnerator (15 yr) 150,000 150,000 150,000 150,000
; 15 yr. amortization ($/yr)
| Mandatory 22,900 21,010 20,630 18,290
: Mandatory + optional 4o,ko0 38,510 38,140 35,800
! $/1000 gal. (3785 1iters) N
Mandatory 40.20 212.70  264.50 146.60
i Mandatory + optlonal 70.90 389.80 489,00 286.80 !
; ]
.
;f; |
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E TABLE B4, MANDATORY AND OPTIONAL 0&M COSTS - ALTERNATE 2.

S Fort  Beltl- Morshead

4 Eustls more Tacoma ey

E l MANDATORY ($/yr)

; Labor (08M) 41,600 25,000 25,000 25,000

X Energy 7,280 5,000 5,000 1,8%0

3 Materials ,

: i Carbon 19,500 3,120 2,080 4,160

;. Chemicals

E Polymer 240 Lo 20 50

; } cl, 90 10 10 20

% Land“disposal 290 50 30 60 1
] Total yearly costs 69,000 33,220 32,140 31,180 i
; $/1000 gal. (3785 1iters) 121,20 336.20 412,00 249.80 3
3 OPT IONAL 3
= Labor 41,600 25,000 25,000 25,000 k.
3 Energy 7,340 5,010 5,010 1,900 ]
i Materials ;
A | Carbon 1,950 310 210 h20 ﬁ
. Chemicals )
g Ca(0H)2 100 20 10 20 ;
: ' Polymer 240 Lo 20 50

3 | Clz 90 10 10 20

Disposal

3 , Inclnerator 3,000 1,500 1,500 1,500
3 ! Landfi11 50 10 Neg. 10
1 Total yearly costs 54,370 31,900 31,760 28,920

: : §/1000 gal, (3785 liters) 95.50  322.90 407.20 231.70

& Armid
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TABLE B5. MANDATORY AND OPTIONAL CAPITAL LOSTS - ALTERNATE 3.

Fort Baltl- Morehead
Eustls more Tecoma __ Clty
MANDATORY
Long durables (15 yr)
Holding tank 19,700 14,200 11,800 4,800
Vacuum fllter 30,500 30,500 30,500 30,500
Total 50,200 44,700 42,300 35,300
Short durables (7% yr)
Fead pumps 12,200 12,200 12,200 6,400
Aeration L,700 4,000 3,400 2,300
FeCl3 system 1,100 1,100 1,100 1,100
Ca(OH)2 system 6,400 6,400 6,400 6,400
Chem, tanks 7,300 7,300 7,300 7,300
Filtrate tanks (3) 6,000 6,000 6,000 6,000
Sludge conveyor 2,000 2,000 2,000 2,000
pH control 3,300 3,300 3,300 3,300
Packed bed fl!lter 10,500 10,500 10,500 10,500
Act., carbon system 20,500 20,500 20,500 20,500
Disinfectlon 1,500 1,500 1,500 1,500
Instrumentation 10,000 10,000 10,000 10,000
Compressor 3,500 3,500 3,500 3,500
Large generator 10,000 10,000 10,000 10,000
Small generator 2,000 2,000 2,000 2,000
Total 101,000 100,300 99,700 91,000
OPT | ONAL
DE precoat (7% yr) 3,200 3,200 3,200 3,200
Incinerator (15 yr) 150,000 150,000 150,000 150,000
15 yr amortization ($/yr)
Mandatory ) 23,680 22,930 22,560 20,210
Mandatory + optional k1,170 ko,b20 ho,060 37,700
$/1000 gal. (3785 litars)
Mandatory 41.60 232,10 289.20 161.90
Mandatory + optional 72.20 4o9.10 513.60 302.10
122
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TABLE 86, MANDATORY AND OPTIONAL O0&M COSTS ~ ALTERNATE 3.
Fort Baltl- Morehead
Eustis more Tacoma Clty
MANDATORY
Labor Ly,600 25,000 25,000 25,000
Energy 8,840 5,280 5,280 2,200
Materlials
Carbon 19,500 3,120 2,080 4,080
Chemicals
FoCla 380 90 30 é0
c.(o )2 100 20 10 20
90 10 10 20
Equlpmont
Flltar cloth 300 150 150 150
Land disposal 290 50 30 60
Total yearly costs 71,080 33,720 32,590 31,590
$/1000 gal., (3785 liters) 124,80 341,30 W17.80 253.10
OPT IONAL
Labor 41,600 25,000 25,000 25,000
Energy 8,940 5,300 5,300 2,220
Materials
Carbon 1,950 310 210 o
DE precoat 480 70 ko 70
Chamicals
FGCla 360 90 30 60
Co(O )2 100 20 10 20 }
90 10 10 20 i
Equlpment ;
Filter cloth 300 150 150 150 :
Disposal !
Incinerator 3,000 1,500 1,500 1,500 i
Landfi11 60 10 Neg. 10 :
Total yearly costs 56,880 32,460 32,250 29,460 1
$/1000 gal. (3785 1iters) 99.90 328,50 413.50 236.00 é
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TABLE B7. MANDATORY AND OPTIONAL CAPITAL COSTS - ALTERNATE 4.

£ Fort Baltl=- Morehead
1 Eustis __more Tacoma City
{ MANDATORY
9 Long durables (15 yr)
- Holding tank 19,700 14,200 14,200 4,800
. Ultrafiiter 30,000 15,000 15,000 15,000
E Totsl h9,700 29,200 29,200 19,800
&
3 Short durables (7% yr)
% Feed pumps 12,200 12,200 12,200 4,600
& Ca(Ong system 6,400 6,400 6,400 6,400
q Act. carbon system 20,500 20,500 20,500 20,500
3 Filtrate tank (2) 4L,000 4,000 4,000 4,000
3 Aeration 4,700 4,000 3,400 2,300
3 Compressor 3,500 3,500 3,500 3,500
3 Instrumentation 10,000 10,000 10,000 10,000
Siudge conveyor 2,000 2,000 2,000 2,000
Smatl ganerator 2,000 2,000 2,000 2,000
Generator 8,000 8,000 8,000 8,000
OPT |ONAL
Polymer system (7k yr) 3,200 3,200 3,200 3,200
Sludge conveyor (7% yr) 2,000 2,000 2,000 2,000
Disinfsction (7% yr) 1,500 1,500 1,500 1,500
Filtrate tank (7 yr) 2,000 2,000 2,000 2,000
pH control (7% yr) 3,300 3,300 3,300 3,300
Generator (7% yr) 2,000 2,000 2,000 2,000
Centr!fuge (15 yr) 37,000 37,000 37,000 37,000 ;
: 15 yr amortization ($/yr) t
A Mandatory 18,690 16,240 16,130 13,520 4
3 Mandatory + optlonal 25,350 22,920 22,810 20,210 ]
3 i
F $/1000 gal. (3785 iliters) ‘
] Mandatory 32.80 164.40 206.80 108.30 :
Mandatory + optional 4y, 50 232,00 292.40 161.90 P
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\ TABLE B8. MANDATORY AND OPTIONAL O&M COSTS = ALTERNATE 4, %
] Fort Balti= . Morehead =
} Eustls mors Tacoma Clty 5
] MANDATORY ;
Labor 41,600 25,000 25,000 25,000 P
Energy 6,085 4,930 4,930 1,500 3
' Materials 4
Carbon 19,500 3,120 2,080 4,160 T
Chemicals A
i Lime 100 20 10 20 -
Equipment 3
UF tubes 500 150 150 150 ;
i Land disposal 290 50 30 60
| Total yearly costs 68,075 33,270 32,200 30,890 1
§/1000 gal. (3785 gal.) 119.60 336,70 412.80 247.50 3
OPT I ONAL 5
Labor 4),600 25,000 25,000 25,000 j
Materlals : 4
Carbon 19,50¢ 3,120 2,080 4,160 i
Chemicals :
4 Polymer 240 4o 20 50
3 Lime 100 20 10 20
Y Cla 90 10 10 20
‘ Equipment
: ! UF tubes 500 150 150 150
] Land disposal 290 50 30 60
i ; Total yearly costs 70,120 33,660 32,570 31,300
i_ §/1000 gal. (3785 Ilters) 123,10 340.70 417.60 250,80
i‘
1
!
i
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TABLE B9. MANDATORY AND OPTIONAL CAPITAL COSTS - ALTERNATE 5.

Fort Eustls
MANDATORY
Long durabtes (15 yr) :
Holding tank 19,700
Uttrafilter 30,000
Total kg, 700
Short durables
Feed pumps 12,200
Aeration 4,700
Bloreactor 9,600
Sludge conveyor 2,000
Sump 2,500
Ca(OH) g system 6,400
Compressor 3,500
instrumentation 10,000
Small ganerator 2,000
Large generator 8,000
Total 60,900
OPTIONAL
Sludge conveyor (74 yr) 2,000
Disinfection (7% yr) 1,500
Polymer system (7} yr) 3,200
Filtrate tank (7% yr) 2,000
Centrl!fuge (15 yr) 37,000
15 yr amortizatton ($/yr)
Mandatory 16,470
Mandatory + optlonal 22,200
§/1000 gal. (3785 1iters)
Mandatory 28.90
Mandatory + optlonal 39.00
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TABLE B1O. MANDATORY AND OPTIONAL O06M COSTS = ALTERNATE 5.

13
y.
Fort Eustls
MANDATORY
Labor 41,600
Energy 6,940
Chemicals
Lime 100
Equipment
UF tubes 500
Land disposal 160
Total yearly costs k9,300
$/1000 gal. (3785 liters) 86.58
; OPT1ONAL
7 Labor k1,600
Energy 8,340
Chemicals
Lime 100
; Polymer 240
A Cla 90
. Equipment
UF tubes 500
: Land dlsposal 160
: Total yearly costs 51,030
k $/1000 gal. (3785 1iters) 89.60
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i_ TABLE B11. MANDATORY AND OPTIONAL CAPITAL COSTS - ALTERNATIVE 6.
3 Fort Balttl- Morehead
? Eustlis more Tacoma ity
. MANDATORY
3 Long durables (i5 yr) ‘ :
t Holding tank 19,700 14,200 11,800 4,800
> MSD 20,000 10,000 10,000 10,000
L Total 39,700 24,200 21,800 14,800
? Short durubles (7% yr)
Ca(OH)z system 6,400 6,400 6,400 6,400
Peration 4,700 4,000 3,400 2,300
Fead pumps 12,200 12,200 12,200 4,600
Pumps 3,500 3,500 3,500 3,500
Sludge conveyor 2,000 2,000 2,000 2,000
Chemical system 1,500 1,500 1,500 1,500
Instrumentation 5,000 5,000 5,000 5,000
Compressor 3,500 3,500 3,500 3,500
Generator 6,000 6,000 6,000 6,000
Total 44,800  Lk,100 43,500 34,800
OPTI1ONAL
‘ncinerator (15 yr) 150,000 150,000 150,000 150,000
15 yr amortization ($/yr)
; Mandatory 12,470 10,600 10,220 7,880
g Mandatory + optional 29,390 27,520 27,140 24,800
' $/1000 gal. (3785 liters)
Mandatory 21.90 107.30 131.00 63.10

Mandatory + optional 51.60 278.50 347.90 198.70 % f
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it | TABLE B12. MANDATORY AND OPTIONAL 0sM COSTS - ALTERNATE 6, E
% i Fort Baltl= Morehead Q?
% Eustis more Tacoma Clty 9
¢ ! MANDATORY 4
3 i Labor 25,000 25,000 25,000 25,000 3
Energy 5,860 5,500 5,500 2,200 4
Chemicals . 3
Lime 100 20 20 10 3
Land disposal 110 20 10 20 }
Total yearly cost 31,070 30,540 30,530 27,230
$/1000 gal. (3785 1iters) 54.60  309.10 391.40 218.20 b
| OPTIONAL :
| Labor 25,000 25,000 25,000 25,000 3
Energy 5,860 5,500 5,500 2,200 B
| Disposal £
| Land 30 Neg. Neg. Neg. i
' Incinerator 3,000 3,000 3,000 3,000 g
i Total yearly cost 33,890 33,500 33,500 30,200 }

$/1000 gal. ‘(3785 1lters) 59.50  339.10 429.50 242.00
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GLOSSARY

ACP -~ Anaerobic contact process, j
L

Aerobic - In the presence of oxygen.

Anaeroblc = In an oxygen free environment. 4
BOD ~ Blochemical oxygen demand.

Bloassay - Determination of pollutant load and toxliclty through the use of
1lving organisms,

L ASH I e ik A el

Blo=oxldation = Oxldatlion of organic material through biclogical means.

Blackwater =~ Watercraft waste consisting strictly of human wastes (fecas
and urine).

{ = Centrifugation

CHT <« Conveyance, holding and transfer system,

COD - Chemical oxygen demand.

Carrlage fluld -~ also Diluent = Fluld used to transport waste In sanitary
! !yst‘mc

Centrate - Centrifuge effluent.

Comminutor = Device used to chop waste Into small particles.

3 Tr—

DE - Diatomaceous earth,
Diluent - See carrlage fluid.
EPA - Environmental Protection Agency.

f F/M = Food to microorganism ratio In blological system.

FP = Fllter press.
FWPCA - Federal Water Pollution Control Act

Fecal collforms « Non-pathogenic Indicator bacteria used to measure microblal
pollution of animal or human origin.
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( Filtrate - Effluent from filtering process.
Flux -~ Flow per unit area in fllter or membrane process.

! Greywater - Watercraft waste consisting of two or more of the following;
galley, showar, or laundry waste.

\ HRT = Hydraullc retention time.
IMCO = Inter-Governmental Maritime Consulitative Organization.
t MLSS = Mixed liquor suspended sollds.
MSD - Marline sanitatlion devlce,
MSF - Moving screen filtration,
l Macerator - Device used to chop waste into small particles.
' Mixed llquor = Living substrate present In suspended growth biologlcal system.

‘ NPDES - Natlonal Pollutant Discharge Elimination Systam.

P T T L P o B T T R I T o DD DL oy ™ T T ey ko

! 0sM - Oparation and maintenancs.

POTW = Publicly owned treatment works.

] Parmeate - Effluant from a membrane process.
Point source - Term used to define discharge limitations as set by the EPA,
i RBC - Rotating biological contactor.

Residues -~ Solids generatad by treatment processes.

§S - Suspended sollds. i
] i TSS - Total suspended sollds.
‘ USCG - U.S. Coast Guard 3
! VF = Vacuum fllter. ‘

Vessel = Term used to define discharge |imitations as set by the USCG.
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