AD=~A096 533 ROCKWELL INTERNATIONAL NEWBURY PARK CA ENVIRONMENTAL-=ETC F/6 13/10 ‘
TECHNICAL ASSISTANCE. MASS SPECTROMETER OIL MONIYORING SYSTEM.(U)
DEC 80 S C 6IBSONs I LYSYJ DAAK70=78=C=0075S

UNCLASSIFIED EMSC8314.1FR NL

B




/ {;7/ ‘l' Rockwell International

Environmental Monitoring & Services Center
Environmentasi & Energy Systems Division

‘Report EMSC8314.1FR
Contract No. DAAK70-78-C-0075

TECHNICAL ASSISTANCE: MASS SPECTROMETER OIL MONITCRING SYSTEM

Steven C. Gibson

Ihor Lysyj

Rockwell International

Environmental Monitoring & Services Center

2421 West Hillcrest Drive DT!( :

Newbury Park, CA 91320 ~ "
ELECT:
MAR 1 9 1981 ;

4

ADA096533

12 December 1980

Final Report for Period May 1978 - December 1980

Approved for public release, distribution unlimited

Prepared for

U.S. ARMY MOBILITY EQUIPMENT RESEARCH AND DEVELOPMENT COMMAND

Fort Belvoir, VA 22060

DCASMA VAN NUYS !

6230 Van Nuys Blvd.
Van Nuys, CA 91408

re_copdl

—

1%

+ NEW9-78

gealt LRIET gl -

. 813 18 045 .




DISCLAIMERS

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized

documents.

Trade names cited in this report do not constitute an official
endorsement or approval of the use of such commercial hardware or

software.




B

R Rt L it mﬁ

SECURITY CLASSIFICATION OF ThiS PAGE (When Deta Fnrered)

REPORT DOCUMENTATION PAGE BEF o N o RM
1 REPOART NUMBER 2. GOVT ACCESSION NO.J )} RECIPIENT'S CATALOG NUMBER
&-ﬁﬂq&lygg
4. YITLE (and Subtitle) S TvyPE OF L4 & PERIOD COVERED
Final Repemt
CHNICAL _ASSISTANCE?: MASS SPECTROMETER OIL ’
. = ’ 6 PERFORMING ORG. REPORT NUMBEN
'1?*&§MSCSS]4.]FR -
}]“Qumon(s) - 7 197 CONTRACT OR GRANT NUMBER(<: |
lOySteven Char]es/Gibson‘; Ihor/Lysyj /'g;DAAK7d_73-c-OQ75 —
/ ) ! ‘o
. v,
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAAM ELEMENT. PROJECT. TASK
Rockwell International AREA & WORK UNIT NUMBERS
Environmenta) Monitoring & Services Center ;0 4
2421 West Hillcrest Drive L. JLyadz
Newbury Park, CA 91320 L
11. CONTROLLING QFFICE NAME AND ADDRESS © IN\'2. REPORT DATE
U.S. Army Mobility Equipment Research }’ )12 December 1980
and Development Command 3. NUMBER OF PAGES
Fort Belvoir, VA 22060 100
4 MONITORING AGENCY NAME & ADDRESS(I{ dilhroa! {rom Controlling Office) 18. SECURITY CLASS. (of thig report) :
DCASMA Unclassified f
6230 Van Nuys Blvd.
Van Nuys, CA 91408 TSa. DECLASSIFICATION DOWNGRADING i
SCHEDULE T

6. DISTRIBUTION STATEMENT (of this Report)
Approved for public release, distribution unlimited.

o

-

7 OISTRIBUTION STATEMENT (of the sbafract entered in Block 20, H ditjerent from Report)

18 SUPPLEMENTARY NOTES

19. KEY WOROS /Continue on reverse side 1f ﬂ.(‘.ll.’ﬁ and identify by block number)

Treatment, Oily Wastewater, Bilgewater, Ballast wWater, Qil-Water Separation,
Coalescence, Ozone, Ultraviolet, Suspended Organics, Dissolved Organics,
Oxidation. ,

50..‘ ABSTRACT (Continue on reverse side {1 neceseary and identity by 8lock number)

-*The results of field testing of currently available hardware for the treat-
ment of 0ily bilge and ballast wastewaters and experimental hardware employ-
ing ultraviolet radiation in the presence of ozone are presented in this
two-part report.

Samples of untreated bilgewater and treated bilgewater processed through off-
the-shelf oil-water separators (coalescers) were collected from 10 different

0D , %", 1473 ecivion oF tnov es s o-so:.?r: Unclassified ff-_] Lode

SECURITY CLASSIFICATION OF THIS PAGE (When Dais Entered) |

4




e

Unclassified
SECURITY CLASSIFICATION OF TiIS PAGE(When Data Entered)

Block 20 (continued)

* Army watercraft including large ships, landing craft, tugs, and barges. The
samples were analyzed for suspended and dissolved poliutants. The results
showed that generally the untreated bilgewater from the larger ships contained
suspended poliutants in lower concentrations than the other classes of water-
craft. It is speculated that the easier maintenance and larger bilgewater
volume on these vessels accounts for the difference.

The oil-water separators were effective in reducing the suspended pollutant
levels in bilgewater. On the average, 77.8% of the suspended pollutants were
removed by the process. However, there exists a wide disparity in the per-
formance of the oil-waterseparators from watercraft to watercraft. The data
suggest that the varied performance may be due to procedural variations be-
tween watercraft (e.g., bilge cleaning procedures, bilgewater handling proce-
dures, maintenance procedures), or because of faulty oil-water separator ele-
ments. Recommendations are made that would lead to identifying the factors
causing poor performance and eliminating them so that all oil-water separators
will consistently produce high-quality bilgewater effluent. =

Field tests were conducted using experimental hardware employing a conven-
tional oil-water separator as a first stage to remove suspended pollutants,
and a reactor as the second stage where ozone in the presence of ultraviolet
radiation is used to oxidize the dissolved pollutants. Field tests showed
that the combined system is capable of removing both suspended and dissolved
pollutants from bilgewater. The system is particularly effective in destroy-
ing dissolved aromatic compounds in bilgewater. Recommendations are made for
a program that would investigate ways to reduce treatment costs and lead to
operational hardware.

pa—————

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Date Enfereq)

y




EMSC8414.1FR
Rockwell International
Environmental Monitoring & Services Center 1
Environmentsl & Energy Systems Division
CONTENTS
Page
ACKNOWLEDGEMENTS . . . . . « v v v v v v v v v .. \
SUMMARY . . . . . . .. e e e e e e vi
PREFACE . . . . . . . . o v v e s e e e X
1
Paragraph 1.0 PART I - EFFECTIVENESS OF STATE-OF-THE-ART
ON-BOARD OIL-WATER SEPARATION EQUIPMENT. . . . . 1-1
-1 Introduction . . . . . . . ... 0.0 1-1
1.2 Objectives . . . . . . . . . . . . ... ... 1-2
1.3 Equipment Description . . . . . . . . . . . .. 1-2
1.3.1 Coalescer . . . . . . . . . . . . . . ... 1-2
1.3.2 Watercraft . . . . . . . . . . . . ... .. 1-4 i
1.4 Methods . . . . . . . . . . . .. . ..., 1-4
1.4.1 Sampling . . . . . . . . . .. .. ... 1-4
1.4.2 Analysis . . . . . . . . . . . .. ... 1-6
1.5 Results . . . . . . . . . . o v ... 1-8
1.5.1 Suspended Pollutants . . . . . . . . .. ... 1-8 j
1.5.2 Dissolved Pollutants . . . . . . . . . . ... 1-14
1.5.3 Total Pollutants . . . . . . . . . . . . . .. 1-16
1.5.4 Detailed Analyses . . . . . . . . . . . . ... 1-16
1.6 Discussion. . . . . . . . . . . ... .. ... 1-18
1.7 Conclusions . . . . . . . . . . .. .. ... 1-21
1.8 Recommendations . . . . . . . . . . . . . ... 1-22
2.0 PART II - EFFECTIVENESS OF ON-BOARD EXPERIMENTAL
OILY WASTEWATER SEPARATION SYSTEM. . . . . . . . 2-1
2.1 Introduction . . . . . . . . ... . ... 2-1
2.1.1 Ozone-UV Qverview . . . . . . . . « « v v o o . 2-1
2.2 Objectives . . . . . . . . . . .. 00 2-6
2.3 Equipment Description and Operation . . . . . . 2-6 ]
2.3.1 Second-Stage System Component Description . . 2-9
2.3.2 System Gas, Liquid, and Electrical
Subsystem Operation . . . . . . . . . . . .. 2-10
2.4 Methods . . . . . . . . . . .« .« . o .. 2-21
2.4.1 Sampling . . . . . . . . . . . 0 0. . .. 2-21
2.4.2 Sample Preparation and Analysis . . . . . . . . 2-26
2.4.3 Safety Tests - Ozone and Noise Level Testing. . 2-29
2.5 Results . . . . . « . v o v v e e e e e e 2-30
2.5.1 Suspended Pollutants. . . . . . . . . . . . .. 2-31 '
2.5.2 Dissolved Nonspecific Pollutants . . . . . . . 2-34
2.5.3 Dissolved Aromatic Pollutants . . . . . . . . . 2-40
2.5.4 Safety Tests - Ozone and Noise Levels . . . . . 2-49
2.6 Discussion. . . . . . . . . . . . e e 0. 2-52
2.7 Conclusions . . . . « « v v ¢ v v v e v e e u . 2-63
2.8 Recommendations . . . . . . . . . . . . . . .. 2-63 4
3.0 REFERENCES . . . . . « « v v« v o v e v e e e o 3-1

FORM 742-A.4 NEW 9-78




g EMSC8414.1FR
Rockwell International

Environmental Monitoring & Services Center
Environmental & Energy Systems Division

FIGURES
Page
FIGURE 2-1. Ozone Oxidation of Acetic Acid, Effect of UV Near 30°C 2-4
2-2. Overall Photochemical/Oxidation Process to
Produce CO2, H20, etc. . . . . . . . . . . . ... 2-5
2-3. Experimental O0ily Wastewater Separation System -
On-Board Installation . . . . . . . . . . .. .. .. 2-8
2-4. Gas Feed Subsystem . . . . . . . . ... ..., 2-11
2-5. Bilgewater Feed Subsystem . . . . . . . . .. . .. .. 2-13
2-6.  System Control Panel . . . . . . . . .« . . v v v v .. 2-16
2-7. Nitrogen Steam . . . . . . . . . . . ¢ i h e v e 0. 2-18
2-8. Cooling Water Stream . . . . . . . . . . . .. ... 2-19
2-9. Sampling Locations and Types of Analysis Performed
on Samples From These Locat "as . . . . . . . . . .. 2-22
2-10. Sample Location #1 . . . . . . . . . . « .« . . ... 2-23
2-11. Sample Location #2 . . . . . . . . « . .« . . . .. 2-24
2-12. Sample Location #3 . . . . . . . . . . . . .. .. .. 2-25
1 2-13. Millipore Filtration Apparatus . . . . . . . . . . . . 2-26
! 2-14. Adsorption Column for Concentrating Samples . . . . . . 2-27
2-15. Dissolved Nonspecific Pollutants, Test No. 1 . . . . . 2-35
2-16. Dissolved Nonspecific Pollutants, Test No. 2 . . . . . 2-36
2-17. Dissolved Nonspecific Pollutants, Test No. 3 . . . . . 2-37
2-18. Dissolved Nonspecific Pollutants, Test No. 4 . . . . . 2-38
2-19. Dissolved Nonspecific Pollutants, Test No. 5 . . . . . 2-39
2-20. HPLC Chromatograms, Test #1 . . . . . . . . . . . .. 2-41
2-21. HPLC Chromatograms, Test #2 . . . . . . . . . . . .. 2-42
2-22. HPLC Chromatograms, Test #3 . . . . . . . . . . . .. 2-43
2-23. HPLC Chromatograms, Test 44 . . . . . . . . . . . .. 2-44
2-24. HPLC Chromatograms, Test #5 . . . . . . . . . . . .. 2-45
2-25. HPLC Chromatograms, Water Blanks . . . . . . . . . .. 2-46
2-26. Samples From Test #3 . . . . . . . . . . o o ... 2-53
’
iid

FORM 742-A-4 NEW 9-78




EMSC8414.1FR

Rockwell International
Environmental Monitoring & Services Center
Environmental & Energy Systems Division

TABLES
Page
TABLE 1-1 Principal Characteristics of Sampled Army Watercraft 1-5

1-2. Nominal Conditions of HPLC Analysis . . . . . . . . . . . 1-8
1-3. Gross Chemical Characteristics of Untreated and Treated

BRilgewater From Army Watercraft, On-Board Treatment . . 1-9 1
1-4 Average Gross Chemical Characteristics of Untreated

and Treated Bilgewater From Army Watercraft, by

Vessel Class, On-Board Treatment. . . . . . . . . . .. 1-11
1-5. Results of HPLC Analysis for Dissolved, Polar,

UV-Absorbing Compounds. . . . . . . . . . . . . . . .. 1-17
1-6. Comparison of Centralized and On-Board Treatment

of Bilgewater . . . . . . . . . . . . o0 d v e e 1-19
2-1 Principal Characteristics of FMS Test Bed . . . . . . . . 2-7 ]
2-2. Conditions of HPLC Anmalysis . . . . . . . . . . « . « .. 2-28
2-3. Test Conditions . . . . . . . . .« . v ¢ e 2-30
2-4 Effect of Treatment on the Removal of Suspended ;

Pollutants. . . . . . . . . . . . o v e e e e e e 2-32
2-5 Dissolved Aromatic Pollutant Removal . . . . . . . . .. 2-47 .
2-6. Ambient Qzone Concentration . . . . . . . . . . . . . .. 2-49
2-7. Equipment Noise Levels . . . . . . . . . . . .. . .. 2-5]
2-8 Effect of UV-Ozone, Ozone and Flowrate on

Bilgewater Effluent Quality . . . . . . . . . . . . .. 2-54
2-9. Effect of UV Dosage and Flowrate on Bilgewater Components 2-56 i
2-10. Treatment Costs . . . . . . . . « v v v o v oo oo 2-59

FORM 742-A-4 NEW 9-78




r 'm“"—"“'-'"-'--"'.-ll..l..ll"'-IIlIlllIll-II--u-----n--"‘
!
EMSCB8414.1FR
’l‘ Rockwell International

Environmentai Monitaring & Services Center
Environmental & Energy Systems Division

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the technical and management
assistance provided by Mr. Edward C. Russell, Chiet, Fuel and Water Qual-
ity Branch, Engineering Division, Energy and Water Resources Laboratory, .
U.S. Army, and Mr. Winfred Lindley, Army Project Officer. Special thanks
are extended to Messrs. Lindley and James Christopher, Engineering Tech-

nician, U.S. Army, who installed the experimental test system on board
the Floating Machine Shop and who, along with Mr. Russell, were present
during the on-board testing.

The initial laboratory tests conducted by Dr. George R. Schneider, b
EMSC, contributed to the understanding of the UV-ozone system and his work

is gratefully acknowledged, as is the assistance of Mr. Larry F. Marx,
EMSC, during the on-board testing.

FOAM 742-A-4 NEW 9-78




r RS —

. "

SUMMARY

EMSC8414.1FR
Rockwell International

Environmental Monitoring & Services Center
Environmaentai & Energy Systems Division

This final report describes the results from two separate field stud-
ies. Part I describes the effectiveness of state-of-the-art on-board oil-
water separation equipment. Part II describes the effectiveness of the
on-board Experimental Oily Wastewater Separation System.

PN

PART I

Samples of untreated bilgewater and treated bilgewater processed
through off-the-shelf pil-water separators (coalescers) were collected from
10 different Army watercraft including large ships, landing craft, tugs,
and barges. The samples were analyzed for suspended and dissolved pollut-
ants.

The following conclusions were reached based on the results from the
testing of on-board oil-water separators.

e Generally, the larger ships show a lower concentration of suspended
pollutants in their bilgewater influents to their oil-water separ-
ators than the smaller vessels. This could be due to greater ease
of maintenance on the larger ships and to the fact that the volume
of water in the bilge compartments in the Jarger ships is much
greater than in the small watercraft, and therefore any fuel or

' lube 0il1 Teaks fall into a much larger volume of bilgewater and
are diluted to a greater extent.

o The low concentration of suspended pollutants in the influents to
the oil-water separators on the large ships does not appear to
result in enhanced performance of the oil-water separators.

e The on-board oil-water separators were effective in reducing sus-

pended pollutant levels in bilgewater. On the average, 77.8% of
the suspended pollutants were removed by the process.

FORM 742-A.4 NEW 9-78 vi
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o There exists a wide disparity in the performance of the oil-water
separators from watercraft to watercraft.

e Several of the watercraft showed signs of bilgewater contamination
by nonpetroleum fluids.

o Several of the watercraft possessed high dissolved pollutant con-
centrations in their bilgewater, indicative of'pro]onged'oil-water
contact.

e On the average, the large ships had a higher quality influent and ef-
fluent, in terms of total pollutants, than any other vessel class. The
LCUs had the highest influent total pollutant concentrations, while
the cranebarge had the highesteffluent total pollutant concentration.

e Few volatile compounds were found in the bilgewater samples.

The exemplary performance of several of the on-board oil-water separa-
tors in removing suspended pollutants from bilgewater proves that these de-
vices can be effective in producing a bilgewater effluent that meets cur-
rent regulations. The large disparity in performance of the on-board oil-
water separators from vessel to vessel suggests that the problem lies with
procedural variations between watercraft or because of faulty oil-water
separator elements. It is believed that by cataloging the procedures used
on board vessels with oil-water separators and correlating these with the
performance of their systems, those procedures that interfere with optimum
performance can be identified. Once these faulty procedures are identified,
they can be modified and the proper procedures standardized so that all of
the on-board oil-water separator systems can be made to perform as some now
do. Additionally, to assure the quality of oil-water separator elements,
test hardware and procedures should be developed that will allow the Army
to formulate a qualified products list.
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PART I1

Field tests were conducted on board a floating machine shop (FMS) using
experimental hardware employing a conventional oil-water separator as a
first stage to remove suspended pollutants, and a reactor as the second
stage where ozone in the presence of ultraviolet radiation is used to oxi-
dize the dissolved pollutants.

The on-board testing of the experimental system has led to the follow-
ing conclusions: {

e The system is capable of removing a high percentage of suspended _
pollutants from bilgewater. 1

e The UV-ozone process participates in the removal of suspended
pollutants.

e The UV-ozone process produced a significantly cleaner bilgewater
effluent than oil-water separation alone.

e The UV-ozone process is capable of removing dissolved pollutants,
in the form of TOC. from bilgewater.

o The UV-ozone process is effective in destroying dissolved aromatic
compounds in bilgewater.

o The Experimental Qily Wastewater Separation System is a safe sys-
tem. It produces no noise, ozone, or UV radiation in excess of '

’ the maximum promulgated in military standards.

o The energy consumption costs associated with this treatment pro-

cess could be reduced with minor equipment modifications.

viii
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Oil-water separation and UV-ozone appears to be a viable process for
the treatment of oily bilgewater. Components and designs with greater
energy efficiencies could significantly reduce treatment costs. Addition-
ally, procedures for minimizing the contamination of bilgewater would
greatly increase the throughput for such a system. A program is recom-
mended that would lead to an operational total pollutant removal system for
treatment of the bilgewater of Army watercraft.

ix
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PREFACE

The amended Federal Water Pollution Control Act directed the adminis-
trator of the Environmental Protection Agency (EPA) to establish regulations
addressing the discharge of bilge and ballast water from ships. As a result,
the EPA issued Regulations on Discharge of 0i1 (40CFR110; 25 November 1971),
wherein Section 110.3 states that no discharge shall take place which:

a) Violates applicable water quality standards

b) Causes a film or sheen upon or discoloration of the surface of
the water or adjoining shoreline or causes a sludge or emulsion
to be deposited beneath the surface of the water or upon adjoin-
ing shorelines.

The United States Army has investigated a number of 0ily wastewater
treatment technologies with the goal of bringing its sizable flotilla of
watercraft into compliance with the federal discharge standards. One such
technoiogy, the separation of oily wastewater into discrete oil and water
phases using the principle of coalescence, was employed in a shore-based
bilgewater treatment facility. The effectiveness of this facility has been
investigated and reported (Refs. 1, 2).

In the past several years, selected Army watercraft have been fitted
with on-board bilgewater treatment systems also employing the principle of
coalescence. The effectiveness of these on-board units is the subject of
Part I of this report.

In addition to restricting the discharge of free or undissolved oil
into receiving waters, the federal Regulations on Discharge of 0il (Section
101) states that:

",.. it is the national goal that the discharge of pollutants
into navigable waters be eliminated by 1985."

Therefore, in the future, soluble pollutants present in bilge and ballast
water must be removed, along with free or undissolved oil.

FORM 742-A-4 NEW 9-78
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With an eye toward the 1985 zero pollutant discharge standard, the Army
funded the design, construction, and testing of an experimental oily waste-
water treatment system employing the new technology of ultraviolet (UV) en-
hanced oxidation using ozone. The system uses an off-the-shelf oil-water
separator (coalescer) for removal of the free or undissolved oil from the
0ily wastewater, and ozone in the presence of UV radiation to oxidize the
pollutants dissolved in the water phase of the wastewater.

The design, construction, and laboratory testing of this system was
funded under Army Contract DAAG53-75-C-0271, and described in the final re-
port entitled "Experimental Qily Wastewater Separation System." Contract
DAAG53-75-C~0271 also provided for the installation of the system on board
an Army watercraft for testing its effectiveness in the field. The field
testing of the unit was funded under the present contract and the results
} of the testing is the subject of Part II of this report.

il

xi
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1.0 PART I
EFFECTIVENESS OF STATE-OF-THE-ART ON-BOARD
OIL-WATER SEPARATION EQUIPMENT

1.1 INTRODUCTION

The U.S. Army fabricated a shore-based centralized bilgewater treatment
facility on a floating barge. This treatment facility was designed to ac-
cept and treat the oily bilge wastewater form the sizable flotilla of Army !
watercraft based at the Third Port at Fort Eustis, VA.

The facility consisted of four pontoon sections welded to the barge
deck, three of which were interconnected by pipe and acted as holding tanks,
and the fourth as an oil storage tank. A 100-gpm oil-water separation de-
vice employing the filter-coalescence principle was the heart of the facility.

The oily bilge wastewater was pumped from the watercraft to the three
holding tanks, where some gravity separation of the oil-water phases took
place, and then to the oil-water separator for final treatment. The water-
free oil was stored in a dedicated pontoon for ultimate transfer to the post
steam plant, where it was used to fire the boilers. The treated bilgewater
was discharged to the James River estuary.

The effectiveness of this centralized bilgewater treatment facility
was the subject of a study conducted during the Spring and Winter of 1976,
and the results of the study were published (Refs. 1, 2).

The primary limitation of centralized bilgewater treatment is that the
ship's engineer cannot discharge his watercraft's bilgewater at leisure,
but rather must wait to do so until he has access to the centralized treat-
ment facility. Thus, the mobility of the ship is restricted, particularly
when the bilges are full. For this reason, the Army chose to install oil-
water separators on many of its watercraft, which allows the craft to be
unencumbered by the shore-based discharge requirement.

T S

1-1
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The effectiveness of these on-board oil-water separators is the sub-
ject of Part I of this report. The following section describes the objec-
tives of this effectiveness study (Section 1.2); Section 1.3 is a descrip-
tion of the coalescer device and the watercraft on which the devices were
installed; Section 1.4 describes the methods used during the effectiveness
evaluation; the results and a discussion are presented in Sections 1.5 and ‘
1.6, respectively; Section 1.7 contains the conclusions resulting from this
study; and Section 1.8 contains recommendations for improving the perform-
ance of the units and for future work.

1.2 OBJECTIVES

The primary objective of this study was to determine the effectiveness
of on-board oil-water separators in removing free or undissolved 0il from
bilgewater under actual field use conditions. This included not only tak-
ing bilgewater samples before and after treatment and analyzing for pollut-

e e A m. ...

ants, but also observing bilgewater handling procedures on the various
watercraft and correlating these with the effectiveness of the on-board
treatment units.

Additionally, the dissolved components of the bilgewater were analyzed

with an eye toward the 1985 zero discharge standard. Such information will
be useful for designing second-generation pollution control equipment, such
as that described in Part Il of this report.

)
1.3 EQUIPMENT DESCRIPTION
'
1.3.1 Coalescer
’
The oil-water separators installed on board selected Army watercraft
are based on the principle of coalescence to remove free or undissolved oil
from oily bilgewater. This involves the process whereby small oil droplets
¥ suspended in the water phase combine or coalesce into larger drops which

readily separate from the water phase due to density differences. The i

1-2
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coalescing action occurs as the bilgewater flows from the inside to the out-
side of a coalescer filter cartridge. Small oil droplets accumulate on the
outside filter surface. As more fluid is processed, the drops grow in size
(coalesce) until they are forced off of the filter surface by the fluid flow.
The detached o011 drops rise and accumulate at the top of the filter housing,
and form an ail layer that can then be collected.

While some variation existed between the oil-water separator hardware
installed on board the watercraft, the following description applies to the
majority of the units tested. Three separate pressure vessels are plumbed
in series; the first vessel contains a prefilter and the other two vessels
contain coalescer filters. The prefilter protects the following two coal-
escer filters by removing particulate material and air from the bilgewater

process fluid.

stage.

filter stage.

Effluent leaves the second stage and enters the bottom of the third and ,
The third stage is identical to the second stage except that N
it is with a manual o0il discharge valve instead of a solenoid-operated valve.
This stage functions as a final refinement or polishing stage.

final stage.

The three stages are constructed of carbon steel and each stage is
equipped with a cover secured by a cam bar to provide access to the filter

FORM 742-A-4 NEW 9-78

Primary oil-water separation also occurs in the prefilter
As the prefilter stage fills with fluid, air is discharged through
an air elimination valve located on top of the prefilter stage. The
particulate-free bilgewater exits the prefilter stage and enters the second
stage, which removes any 0il that may not have been removed by the pre-

The 0il collected at the top of this stage and the prefilter
stage is automatically discharged to a waste oil storage tank when a
capacitance-type level detector probe senses the accumulated oil and elec-
tronically signals the simultaneous opening of a solenoid-operated oil dis-
charge valve and closing of the main water discharge valve. The water dis-
charge valve is closed during the o0il discharge operation to provide the
water pressure necessary to drive the o0il into the waste 0il storage tank.
The valves remain in this position until the capacitance probe is uncovered,
which then causes the valves to switch to their normal positions. i
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cartridges. In each cover is an automatic air elimination valve, and each
stage has a sight glass through which to view water clarity and the oil
level. Each stage also contains an o0il discharge valve, a drain valve, and
pressure gauges for indicating inlet and outlet pressures so that the pres-
sure drop across the filter can be determined. The fluid driving force is
provided by a 5-gallon-per-minute (gpm), progressing cavity pump, driven by
L a 1/2-horsepower electric motor.

1.3.2 MWatercraft

The performance of oil-water separators on four different classes of
watercraft was evaluated. These included Yarge ships or transports, land-
ing craft - utility (LCU), tug boats, and crane barges. The specific ves-
sels sampled are shown in Table 1-1, along with some of their principal
characteristics (from Ref. 3). The bilge compartments in these watercraft

varied in capacity from an estimated several hundred gallons in the LCUs to
many thousands of gallons in the large ships.

1.4 METHODS

The following sections describe the sampling and analytical methods
used during this study. J

1.4.1 Sampling

] Three sampling trips were made to Fort Eustis, VA, in the Winter and ;
; Fall of 1979, and in the Spring of 1980. A total of 14 sets of bilgewater

i samples were collected from 10 different vessels operating out of the Third )
: Port at Fort Eustis, representing four different classes of vessels. Often .
the bilgewater of ships was unable to be sampled for a variety of reasons.

For example, during the October 1979 sampling trip, a total of nine ships

were inspected, but only three were found to be satisfactory for sampling.

Samples of both untreated (prior to oil-water separation) and treated
l (after oil-water separation) bilgewater were collected during this study.

FORM 742-A-4 NEW 9-78 1-4
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Collection of the untreated samples was accomplished by either (1) discon-
necting the pressure monitor line leading from just upstream of the first
stage of the oil-water separator to the oil-water separator monitor-control
panel, or (2) using a small hand-held pump to collect bilgewater directly
from the bilge compartment. Samples of the treated bilgewater effluent
were collected via the pressure monitor line downstream of the final stage
of the oil-water separator.

The sample containers were 1-liter (L) glass or plastic jars and 100-
milliliter (m1) glass jars, depending on the type of analysis to be per-
formed. Degradation of the samples prior to analysis was suppressed by the

_addition of either hydrochloric or sulfuric acid. All analyses were per-
formed in Newbury Park, CA, within 10 days of sample collection.

1.4.2 Analysis

A1l of the samples were anlayzed for total, suspended, and dissolved
pollutants (total = suspended + dissolved). Analysis for dissolved pollu-
tants involved filtering a small portion of the sample through a previously
washed, 0.45-micron Millipore filter to remove the bulk of the "free," or
undissolved oil and particulates. The filtrate was then analyzed for total
organic carbon {TOC) on an Oceanography International 052413 total carbon
system. The units are milligrams of TOC per liter (mg TOC/L). While the
quantity of dissolved pollutants in bilgewater effluent is not currently
’ regulated, it was an important component to determine because second-
generation treatment equipment (such as that described in Part 11 of this
report) will have to reduce the level of both suspended and dissolved .
poliutants. ’

The quantity of suspended pollutants was determined by using the stan-
ﬁ dard method APMA 502A (Ref. 4 ). This method involves a liquid-liquid ex-

traction of the sample with Freon 113, followed by evaporation of the sol-
vent and a gravimetric determination of the residue. It is believed that
the bulk of the residue is free or undissolved 0il; however, the Freon

FORM 742-A.4 NEW 9-78 1-6
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undoubtedly also extracts a small amount of the compounds dissolved in the
water phase. The units of this analysis are in mg/L.

The total pollutant value was determined by summation of the dissolved
pollutant and suspended pollutant values, in units of mg TOC/L. The sus-
pended pollutant values were converted from mg/L to mg TQC/L prior to sum-
mation with the dissolved pollutant values by multiplying by 0.85; the ap-
proximate weight fraction of carbon in a saturated aliphatic hydroucarbon
molecule.

In addition to the gross chemical profiling of the treated and un-
treated bilgewater samples, selected samples were subjected to detailed
analyses to reveal information on the specific types of compounds present. 4
Selected samples collected before and after on-board treatment were ana-
lyzed for their volatile organic content and for the presence of dissolved !
polar, ultraviolet (UV) absorbing compounds. Volatile organics were deter-
mined by sparging a 500-ml bilgewater sample with purified nitrogen and
collecting the stripped, volatile organics by adsorption on activated car-
bon. The adsorbed compounds were removed by soaking the carbon in 1 ml of
carbon disulfide (CSZ)' Aliquots of the CSZ-vo1atile organic mixture were
then separated by gas chromatography (GC) and identified and quantified by
mass spectrometry (MS).

The dissolved polar, UV-absorbing compounds were analyzed using high-
. pressure liquid chromatography (HPLC). The samples were first filtered
through a 0.45 micron Millipore filter and the dissolved compounds were
then adsorbed onto Amberlite macroreticular resin from the water matrix and
finally desorbed from the resin with methanol (CH3OH). The methanol con- ‘
centrate was then injected into an HPLC, using the nominal conditions pre- '
sented in Table 1-2.

FORM 742-A-4 NEW 9-78 1-7
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TABLE 1-2. NOMINAL CONDITIONS OF HPLC ANALYSIS

Instrument: Spectra Physics HPLC Model 35008
Column: Partisil PXS/10/25, 00S-2, 25 cm long, Whatman
Corp.
Detector: uv at 254 nm
Mobile Phase: 30% water, 70% methanol, isocratic
) Flowrate: 1.2 m1/min.
Pressure: 2224 kg/cm2
Sample Size: 10 microliter
Recorder Speed: 0.5 in./min.
1.5 RESULTS

Table 1-3 shows the suspended, dissolved, and total pollutant values 1

for the 10 different vessels which were sampled during the three sampling
trips to Fort Eustis, VA.

1.5.1 Suspended Pollutants

In Table 1-3, the first column of figures under the "Suspended Pollu-
tants" heading shows the concentration of suspended pollutants contained in
the samples of influent to the on-board oil-water separators. At the bot-
tom of this column is the average influent suspended pollutant concentra-
tion for all of the watercraft, excluding the values from the crane barge
and the Page. The average value for the suspended pollutants was 275.9 mg/L.
This average value does not include the samples collected from the crane
barge or the Page, since these samples contained very high amounts of sus-
pended o0i] because the bilge levels were guite low, so that the oil-water
interface coincided with the oil-water separator pump suction port Tevel.
Two of the larger ships had significantly lower suspended pollutant levels

1-8

FORM 742-A.4 NEW 9-78




S
£ !
Q3
- o3
L
c °
e &
23 i
=3 &
3% °
20 £
=T 3

L\

Environmental & Energy Systems Division

*uop3sanb uy aae sanjea juein|iod paaloOSS{p JUBN|H4d 3y} adujs Pandwod JoU aie sabeasar 3sayl :ILON

abeuaae uj sanjeA abeq pue abaeq aueud sapn(Ixy J

*(Ixa3 2as) g0 Aq pajldj3mm
aJe sjueln||od papuadsns ayy sjuein|iod parlossip 1/701 Bw yim sjuean|od papuadsns /6w paujquod saniea asayy 3

*abeasae u} sanjea 1/G1 n)7 pue abaeq aueud sapniox3y P
*abesaAe u) saniea abueq auedd sapn(Ix3 I

*140 jO sjunowe 3bue| PaujRIuod sa|dwes JuIN|Juj Isayy
‘Juaujaedwod ab|jq a3yl uj 3D AU} SIIPM-| |0 Y] JEBU SEM JU|| UOFIINS JIJEM-110 BY} Isnedag ‘wN|OA AqQ *Juadeay ¢

*(v20G) 34npadoad djajauyarab ‘uopjoeaixa uoduay @
¢ 3 4

20N 6 959+ ajoN aas 6°6SET , L8l 8709+ p poiLgy
23g P g-29¢ Pz 8L 8°65 6°6L2 NOILVIAIQ QYVONVIS ¥ SIDVHIAV
5°66501 0°22006 0°52501 0'22s€l 6°66 L8 PR 08/€2/b 1049
. . . . . . . abueg auea)
0°£b9€L 0°0S1bY 0°005€1 0°00¢21L S'66 £°891 g LE 08/LL/ 1049
6°00t £°p8ll (7 0°€0L b6 S°lE 2°995 6L/01 (.59) 6861
1°¥62 P L) 8°¥82 9°10¢ L6 o°tt 0°2f1 6L/1 26l
6°L66 £ 0€2l 0°596 0° 149 Lv6 £°8€ 0°859 08/v 8802 bn}
8°821 8°€6l 2°901 M) €48 9°92 5'691 6L/04 8802
6°5€€ 162 FAAL 9°681 1-28 0°22 o-e2t 6L/1 8802
6°0EYE §°1€SS 0°0VEE 0°8825% 129 67901 $°982 6L/01 1St
5'80£21 L"s8b1 L8221 0°Z201 5'€6 0°s¢ 0°6€S 6L/1 6451 1l
v 52l 6°2611 S°EYS v 106 9°L¢ o'viez 0'ebe 6L/1 291
2°62 1°8L 502 $°92 28 Zot 09 6L/11L uoyyng
5°9¢ 2°9502 £°55 £g2l 96 52 vezz 6L/1 abeg jdodsuea)
. . . . . . - djys abaey
v°26 £°06 0°98 0L 6°1S 5L 9°51 08/y SH4
9911 ¥ 99t 80l 0°9¢ 6°19 6°ES 9°1b1 6L/1 SH4
Juan juanju uan|jig Juan(jug feaoway § juanijj3  juanijul  pajdwes uojjeubysaq  Sse|) (3SSAA
37201 {37201 Bu) sjuein||o4 par0ssig {(7/bw) ajeq
oﬂ:S:Zon {e3o) e Sveanilod papuadsng

INIWLYIYL QUV0S-NO ‘LIVYIYILVM AWYY WOY4 Y¥31VMIDTI4
G31vIYL ONYV QILVIYLINA 40 SIILSIHILIVHVHI TYIIWIHD SSOUD "E-L 318Vl

1-9

FORM 742-A-4 NEW 9-78




EMSC8314.1FR

Rockwell International
Environmental Monitoring & Services Center
Environmental & Energy Systems Division

in their influent than the other vessels sampled, the FMS sampied in April
1980 and the Sutton. However, the low level measured in the FMS sample
(15.6 mg/L) is probably artificially low, since the vessel had just returned
from an extensive modification and refitting, during which the bilges were
cleaned. Additionally, influent samples from the FMS taken previously (Jan-
uary 1979) showed a much higher suspended pollutant level (141.6 mg/L).

Generally, the larger ships show a lower concentration of suspended
pollutants in their influents than two smaller vessel classes, the LCUs and
the tugs. This is shown in Table 1-4. The average influent suspended pol-
lutant concentration for the large transport ships was 72.6 mg/L (excluding
the Page), compared with 389.5 mg/L for the LCUs and 329.7 mg/L for the tugs
(the crane barge was not evaluated in this respect because of the atypic-
ally high and unrepresentative suspended pollutant levels). Several rea-
sons could account for this trend. First, the decking above the bilge com-
partments in the larger ships is less crowded with machinery than in the
small watercraft. The machinery is therefore easier to maintain and fewer
fuel and oil Tleaks to the bilge compartment probably occur. Secondly, the
volume of water in the bilge compartments in the larger ships is much
greater than in the small watercraft, and therefore any fuel or lube 0il
leaks fall into a much larger volume of bilgewater and are diluted to a
greater extent. 4

The low influent suspended pollutant concentrations found in the larger
’ ships does not appear to result in enhanced performance of their on-board
oil-water separators above that achieved by the separators on some of the

small watercraft. For example, all of the tugs produced an effluent of

similar suspended pollutant concentrations as the larger ships (Tables 1-3 ,
and 1-4), even though the influent concentrations on these watercraft were

significantly higher. The correlation coefficient, r, between the influent

and effluent suspended pollutant concentrations for all 14 samples was only

0.31, indicating only slight positive correlation between influent and ef-

fluent values.
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The suspended pollutants present in the influent to the oil-water
separator were removed to a large extent by the treatment process. The ef-
ficiency of the process is shown as the percent removal in Table 1-3. The 1
lowest removal efficieincy was 37.6% from LCU 1672. Seven influent-
effluent sample pairs showed removal efficiencies exceeding 90%. The aver-
age removal efficiency for all of the ifnluent-effluent sample pairs was
77.8%.

There exists wide disparity in the performance of the oil-water sep-
arators from watercraft to watercraft. Three of the watercraft, LCUs 1672
and 1571, and the crane barge produced an effluent containing significantiy
greater concentrations of suspended pollutants than the other watercraft
sampled. Three watercraft produced quite low suspended poliutant concen-
trations in their effluents, the FMS (4-80), the Sutton and tug 1972. The }
remaining vessels produced effluents of intermediate quality between these
two extremes.

The variation in suspended pollutant removal efficiencies of the on-
board oil-water separators suggests that either poor-quality filter elements
or procedural idiosyncrasies operating on each watercraft might be the
causal factor. The following examples of improper procedures would nega-
tively impact the effectiveness of an on-bcard oil-water separator.

1. Improper deck cleaning procedures

- Contamination of bilge with detergents
- Use of bilge cleaners

If surface-active agents used for deck or bilge cleaning are
allowed to contaminate the bilge fluid, the coalescing action '
of the filters in the oil-water separator is rendered impotent.

2. Lax maintenance procedures

- Many fuel 0il and/or lube o0il leaks to the bilge increase
the amount of 0il to be removed by the oil-water separator
and increase the concentration of naturally occurring (in
the 0ils) emulsifying agents.

FORM 742-A-4 NEW 9-78 1-12
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- Improper handling of replacement oil-water separation filter
cartridges. Skin 0ils on the external surface of these fil-
ters reduces the effectiveness of the coalescing action.

- Improper installation of replacement oil-water separator
filter cartridges. Improper seating of the filter within the
housing, omission of the O-ring in the filter hold-down
assembly, or improper tightening of the wing nut holding the
filter in place can result in oil bypassing the filter.

3. Incorrect oil-water separator operation
- Faulty valve positioning by operator

- No observation of the visual quality of the oil-water separa-
tor effluent. By not carefully noting the performance of the
unit, the need for unscheduled maintenance will go un-
noticed.

- No schedule for filter cartridge replacement. Degradation in
the performance of the oil-water separator can begin before
large pressure drops across the filters indicate the need for
replacement, the usual criterion used for deciding to replace
a filter.

4. Non-optimum bilge handling procedures

- Allowing the bilge to accumulate to an excessive degree be-
fore processing

- Excessive elapsed time between processing. Large amounts of
0i1 contacting water for protracted periods results in more )
difficult oil-water separation because of increased emulsi-
fication and large o0il concentrations.

Eliminating these types of procedural deficiencies would probably
dramatically improve the performance of the oil-water separators shown to
be discharging bilgewater with relatively high levels of suspended pollu-
tants, to a level which several of the units tested are now achieving.
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1.5.2 Dissolved Pollutants

The dissolved pollutant concentrations (Table 1-3) found in the influ-
ents ranged from a lTow of 26.5 mg TOC/L to a high of 13,522 mg TOC/L (1.35%).
The very high dissolved pollutant values (e.g., LCUs 1571, 1579, crane barge)
are indicative of bilge contamination. The bilgewater from LUC 1579 pos-
sessed a greenish cast which could have been caused by an antifreeze (pri-
marily ethylene glycol) leak into the bilge. The engineer on board the
crane barge said that Lysol was used to clean up oil and fuel spills and
some undoubtedly was washed into the bilge.

The influent to the oil-water separators on board the FMS, Sutton, and
tug 2088 (10/79) contained dissolved pollutant concentrations which are sim-
ilar to those observed in unaged mixtures of diesel fuel and used oil with
water prepared in the laboratory. The remaining vessels (Page, LCU 1672,
Tug 2088 [1/79, 4/80], Tug 1972 and tug 1989) contained dissolved pollutant
concentrations in their influents similar to the levels observed in water
that had been contacted with fuel oils (JP-5, DF-2, Navy distillate ) and
gasolines for protracted periods (42 days) during a laboratory study (Ref.
5). These moderately high levels (roughly 100-900 mg TOC/L) result from a
degradation of the free o0il film by bacteria that use the oil as a food
source and produce metabolites with a high solubility in water. Thus the
concentration of dissolved organic carbon increases as the bilge fluid ages.

On the average (see Table 1-4), the large ships had a lower concentra-
tion of dissolved pollutants in their influents (68.2 mg TOC/L) than either
the LCUs (2405.4 mg TOC/L), the tugs (383.0 mg TOC/L), or the crane barge :
(13111.0 mg/L). This is similar to the trend observed for the concentra-
tions of suspended pollutants in the influents and the reasons may be the
same, i.e., less contamination probably reaches the bilge compartment in
the larger ships because maintenance of machinery is easier, the volume of
bilgewater is greater in these large craft compared with the LCUs, tugs,
and crane barges, and therefore contamination is diluted to a greater
extent.
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For many of the vessels, the dissolved pollutant concentration in the
effluent does not correspond to the concentration in the influent samples.
In many of these cases (e.g., the LCUs) there was insufficient fluid in the |
bilges to adequately flush the oil-water separators prior to sampling the
effluent. As a result, the effluent samples may have been in contact with
a large volume of separated oil contained in the upper parts of the oil-
water separator filter stacks. Therefore, the water had an opportunity to
attain large concentrations of water-soluble components from this large oil
source. The effluent values for dissolved pollutants can largely be ignored
since they should be identical to the influent samples. A physical separa-
tion step, such as that which occurs in the oil-water separator, should
cause no change in the dissolved pollutant concentration.

The concentration of compounds found dissoived in oily bilgewater de-
pends on at least the following factors:

1. Source of water

Source and amount of oil in contact with water

Temperature
Duration of contact

Mixing of oil and water layers by ship's motion and vibration

[ TN 6 1 B ~ S S B AN

Shipboard operations that contribute water-soluble compounds to
wastewaters

. 7. Biological activity at oil-water interface

8. Exposure to air oxidation

The concentration can be minimized by reducing the amount of oil in
contact with the water layer (i.e., repairing fuel oil and lube 0il leaks
quickly), reducing the duration the oil and water are in contact, and pre-
venting contributions of water-soluble compounds to the bilgewater (e.g.,
antifreeze). By altering faulty operational procedures which encourage
high concentrations of dissolved pollutants, a cleaner bilgewater would re-
sult, one more amenable to further cleanup by secondary treatment methods. !
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1.5.3 Total Pollutants

The total pollutant concentration is the sum of the suspended and dis-
solved pollutant concentrations. The units of suspended (mg/L) and dis-
solved (mg TOC/L) pollutants are different; therefore the suspended poliu-
tant concentrations in Table 1-3 were multiplied by 0.85 in order to con-
vert the units to mg TOC/L so that they could be added to the dissolved
pollutant values. The 0.85 multiplier is based on the fact that saturated
hydrocarbons found in fuel and lube 0ils are approximately 85% carbon, by
weight.

The influent total pollutant concentrations are all rather high (ex-
cept for the FMS [4/80] and the Sutton) owing to the large influent concen-
trations of suspended and dissolved pollutants. The effluent values have
much less meaning because of the problems associated with sampling the dis-
solved pollutants in the effluents, as discussed in the previous section.

On the average (Table 1-4), the large ships had a higher quality in-
flue it and effluent, in terms of total pollutants, than any other vessel
class. The LCUs had the poorest influent total pollutant concentrations,
while the crane barge had the lowest quality effluent.

1.5.4 QDetailed Analyses

Samples of influent and effluent from tugs 2088 (1/79) and 1972, LCUs
1579 and 1672, and the Page and FMS (1/79) were analyzed for their volatile
organic content using the method described in Section 1.4.2. Only the Page
contained 0.15 mg/L of volatile aliphatic compounds in its influent, the '
FMS contained 0.36 mg/L in its effluent, and LCU 1672 contained 0.43 mg/L
in its effluent.

Fuel oils and lubricating oils contain few volatile compounds and
therefore it was expected to find 1ittle dissolved in the water phase.
These analyses confirmed this expectation.
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The effluent samples from Tugs 2088 (10/79) and 1989, and from LCU 1571
were analyzed by HPLC for their dissolved, polar, UV-absorbing compounds
using the method described in Section 1.4.2. The Partisil HPLC column re-
tains compounds to a degree relating directly to compound polarity. The
phenolic materials elute from the column in about 1 to 3.5 minutes, nitro-
genous heterocyclics in about 3.5 to 7 minutes, and BTX in about 7 to 14
minutes (Ref. 2). During the analysis the peaks caused by compounds that
eluted in each time window were integrated and related to an average inte-
grator response per mg/L for compounds in that time window, established in
earlier work (Ref. 2). Some of these response factors were confirmed dur-
ing analysis. None of the samples contained compounds (principally benzene,
toluene, and xylenes) that eluted in the 7- to 14-minute time window. This
was in accord with analyses for volatile fraction performed by GC, which
also disclosed the absence of volatile aromatic hydrocarbons in the sam-
ples. This type of analysis is only sensitive to polar compounds that ex-
hibit UV absorbance, primarily compounds containing aromatic structures.
Such compounds are generally more toxic than aliphatic compounds and are
generally more soluble than the aliphatic compounds found in 0il (especi-
ally straight chain aliphatics). The results are presented in Table 1-5.
The concentrations of the UV-absorbing, polar compounds listed in Table 1-5
are only approximate, since class factors were used to arrive at the con-
centrations. However, these concentrations provide some insight into the
composition of the dissolved component of the effluent samples.

TABLE 1-5. RESULTS OF HPLC ANALYSIS FOR DISSOLVED,
POLAR, UV-ABSORBING COMPOUNDS

Dissolved Component

Watercraft (Effluent, mg/L) ,
Type Designation 1- 3.5 Mins. 3.5-7 Mins. ]
Tug 2088 (10/79) 290.5 2.0 7.9 £1.4
Tug (65 foot) 1989 59.0 #4.5 5.6 2.2
Lcu 157 25.6 9.0 0.0 ’
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The dissolved component of the effluent samples from tug 2088 and tug
1989 contain significant amounts of UV-absorbing, polar compounds. Both
effluents contained compounds that eluted in the phenolic and nitrogenous
heterocyclic time windows, with the phenolics in higher concentration. The
higher phenolic concentration is to be expected based on the composition of
refined o0ils and fuels. The high approximate concentration of compounds
eluting from 1 to 3.5 minutes found in the effluent from tug 2088 (290.5
mg/L) relative to the dissolved TOC level (106.2 mg/L) (Table 1-3) has two
possible explanations. First, the compounds detected by HPLC may have a
high percentage of noncarbon atoms in their molecules. A high concentra-
tion of these molecules would result in a Tow dissolved TOC level relative
to the actual concentration of these compounds. Tri-hydroxy benzenes and 1

organic acids containing an aromatic ring are examples of such compounds.
Secondly, if a compound exhibiting high UV absorptance happened to elute
during the 1- to 3.5-minute time window, the computed concentration would
be in error.

The LCU effluent had relatively little polar aromatic material, compris-
ing approximately 1% of the dissolved TOC. This suggests that the material
that caused the high dissolved TOC level (3340 mg TOC/L) was of nonpetrol-
eum origin.

1.6 DISCUSSION

The results from this study on the performance of on-board oil-water
separators can be compared with those from a study of a shore-based, cen-
tralized treatment facility (Refs. 1, 2). Table 1-6 shows a comparison of
the average values of total, suspended, and dissolved pollutants in the
bilgewater samples collected before and after centralized treatment (aver-
age of spring and winter samples), and before and after on-board treatment.

The average influent to the on-board oil-water separators contained
greater amounts of total, suspended, and dissolved pollutants than the
average influent to the centralized treatment facility. This suggests that
ejther the on-board units are variable in quality, or the operating procedures
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TABLE 1-6. COMPARISON OF CENTRALIZED AND ON-BOARD TREATMENT OF BILGEWATER

Centrah‘zedd
On-Board (mg TOC/L)

Total 762.3 +654.9 (mg TOC/L)®  167.3 153.6

Influent Suspended 275.9 #211.4 (mg/L)c 113.0 £105.1
Dissolved 374.2 +359.9 (mg TOC/L)P 53.7 +47.6 ‘?
Total a 1671.0 #902.0 .

Effluent Suspended 59.8 +60.8 (mg/L) 655.5 *655.5

Dissolved a 1015.5 2246.5
' a - Averages not given because the dissolved pollutants in the effluents '

are in question (see text).
b - Excludes crane barge and LCU 1571 values in average.

Excludes crane barge and Page values in average.

adee i dndin.

Average of spring and winter samples. Influent samples were from a
tug boat, an LCU, and a transport ship.

ittt

in effect on those vessels with facility for on-board treatment have a neg-

' ative impact on the quality of the bilgewater influent, compared with those
craft that utilize the centralized facility for disposal of their bilge
wastes.

Apparently the ability to discharge bilgewater regardiess of time or
place offered by the on-board treatment systems is not being taken advant-
age of on some of the watercraft. Rather, it appears that the operating
personnel wait until the bilges are full before they begin on-board treat-
ment. The longer treatment is postponed, the longer the oil and water re- ;
main in contact and dissolved pollutant levels can become quite high. This
is apparently what has happened on some vessels with on-board oil-water

- ameasinsiey smatashifie.

separators.

In contrast, those vessels dependent on centralized treatment may dis-
charge their bilgewater to the facility before the bilges are full in order
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to avoid having their bilges full when saiiing orders arrive. Therefore,

dissolved pollutant levels would be Tower with such operational procedures
because oil-water contact time would be minimized.

The on-board oil-water separators appear to produce a higher quality
effluent with respect to suspended pollutants compared with that discharged
from the centralized treatment facility, based on the results summarized in
Table 1-6. The average effluent from the on-board treatment systems con-
tained 59.8 mg/L suspended pollutants, while the average for centralized
treatment facility effluent was 655.5 mg TOC/L. This high average for cen-
tralized treatment is entirely due to the discharge sampled in the winter
which contained 1311 mg TOC/L of suspended pollutants. The spring sample
contained no suspended pollutants. In contrast, the effluent quality from
the on-board treatment systems appears to be independent of season (Table s
1-3).

The average dissolved and total pollutants in the effluents produced
i by the on-board treatment systems are not presented because the values from l

certain watercraft are in question, as discussed previously.

From Table 1-3 it can be seen that certain vessels had on-board oil-water

separators that performed very well, much better, in fact, than the perform-
ance of the oil-water separator used in the centralized treatment facility
during winter. Mcst notably of these, the Sutton, produced an effluent of
Tow suspended, dissolved, and total pollutants. The oil-water separators

on board the FMS (4/80) and tug 1972 also produced effluents with quite ac-
ceptable levels of suspended pollutants. However, many of the vessels pro-
duced effluents with excessive amounts of suspended, dissolved, and total
pollutants.

1-20
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1.7 CONCLUSIONS

The following conclusions were reached based on the results from the
testing of on-board oil-water separators.

¢ Generally, the larger ships show a lower concentration of suspended
pollutants in their bilgewater influents to their oil-water separ-
ators than the smaller vessels. This could be due to greater ease
of maintenance on the larger ships and to the fact that the volume
of water in the bilge compartments in the larger ships is much
greater than in the small watercraft, and therefore any fuel or
Tube 0i1 leaks fall into a much larger volume of bilgewater and
are diluted to a greater extent.

wits.

¢ The low concentration of suspended pollutants in the influents to
the oil-water separators on the large ships does not appear to re- 3
sult in enhanced performance of the oil-water separators. ]

e The on-board oil-water separators were effective in reducing sus-
pended pollutant levels in bilgewater. On the average, 77.8% of
the suspended pollutants were removed by the process.

e There exists a wide disparity in the performance of the oil-water ]
separators from watercraft to watercraft.

o Several of the watercraft showed signs of bilgewater contamination

by nonpetroleum fluids.

o Several of the watercraft possessed high dissolved pollutant concen-
trations in their bilgewater, indicative of protracted oil-water

contact.

® On the average, the large ships had a higher quality influent and
effluent, in terms of total pollutants, than any other vessel

1-21
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class. The LCUs had the poorest influent total pollutant concen-
traticns, while the crane barge had the lowest quality effluent.

e Few volatile compounds were found in the bilgewater samples.

The exemplary performance of several of the on-board oil-water separa-
tors in removing suspended pollutants from bilgewater proves that these
devices can be effective in producing a bilgewater effluent that meets cur-
rent regulations. The large disparity in performance of the on-board 0il-
water separators from vessel to vessel suggests that the problem lies with

procedural variations between watercraft or because of faulty oil-water
separator elements. It is believed that by cataloging the procedures used
on board vessels with oil-water separators and correlating these with the
performance of their systems, those procedures that interfere with optimum
performance can be identified. Once these faulty procedures are identified,
they can be modified and the proper procedures standardized so that all of
the on-board oil-water separator systems can be made to perform as some

now do.

To assure the quality of oil-water separator elements, test hardware
and procedures should be developed that will allow the Army to formulate a ;
qualified products 1list.

1.8 RECOMMENDATIONS

A study to catalog and observe the activities and procedures that could
possibly influence the quality of bilgewater should be undertaken. Proce-
dures such as the following would be studied:

1. Maintenance of oil-water separator
2. Frequency of oil-water separator operation

3. Fuel and lubricating oil spill cleanup procedures (including types
of detergents used in cleanup)

1-22
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4. Lleak rates of oil and fuel to the bilge compartment

Samples of the bilgewater from the study craft would be analyzed for
pollutant levels to correlate these with maintenance procedures. In this
way, maintenance procedures that result in satisfactory oil-water separa-
tor performance could be identified.

The proper maintenance procedures could then be standardized, in the §
form of a manual. Care would be taken to recommend procedures that would [y
in no way impair the preparedness of watercraft for movement.

Such a study would result in the improvement of the performance of the 1
on-board oil-water separators to a level equal to that claimed by the manu-

facturer and observed in a few present-day watercraft.

Additionally, a study designed to develop hardware and procedures for
oil-water separator element quality conformance testing should be under-
taken so that a minimum number of faulty elements will be installed in the
oil-water separators.
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EFFECTIVENESS OF ON-BOARD EXPERIMENTAL OILY WASTEWATER SEPARATION SYSTEM
N 2.1 INTRODUCTION

Contemporary regulations on the discharge of bilge and ballast waters
from ships address free or insoluble 0il; however, both the sprit and, by 3
1985, the letter of the Clean Water Act will require zero discharge of
pollutants. P

Hardware must be developed that can remove both the free or undis-
solved oil and dissolved pollutants from bilge and ballast water. To this
end, the Army funded the design, construction, testing, and delivery of an
experimental system to remove both undissolved and dissolved poliutants from
bilgewater under Contract DAAG53-75-C-0271. During this contract, the Ex-
perimental Qily Wastewater Separation System was tested under laboratory
conditions, after which the system was modified and installed on board an
Army Floating Machine Shop (FMS) for determining its effectiveness under
field conditions. A description of and the results of these phases can be
found in Ref. 11. The field testing phase was funded under the present
contract and the details of the work are reported in this section of the
final report.

The Experimental 0ily Wastewater Separation System uses a two-stage
process to clean up oily bilgewater. The initial stage removes the bulk of
the free or undissolved 0i1 from the bilgewater with an oil-water separa-
tor identifical to those whose effectiveness was evaluated in one part of

this program (see Section 1.0). The second stage removes dissolved com- ;
pounds from the bilgewater by oxidizing them with ozone in the presence of
UV radiation.

2.1.1 O0zone-UV Overview

Ozone is the triatomic form of oxygen and is a very powerful oxidizing
agent, with over 1-1/2 times the oxidizing potential of chlorine. It is

2-1
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formed by the dissociation of diatomic oxygen according to the following
assumed reactions: :

1. 0,+>0+0 i

2
2. 0+ 202 -+ 03 + O2

Ozone is a pale blue gas, with a strongly pungent odor that is detect- 1
able by human olfaction at about 0.1 ppm by volume, and is extremely toxic.
However, even though ozone is extremely toxic and corrosive, it presents no
safety or handling problems when the handling equipment is well designed
and of the proper materials. Ozone can be formed by the following methods: :

A. Plasma jet j
Radiochemically

B
C. Photochemically
D. Silent electrical discharge

Almost all ozone is produced by the latter two methods and if Targe
amounts are required, the silent electrical discharge is used exclusively.
With this method, air, oxygen-enriched air (e.g., using a pressure swing
device) or pure oxygen feed is passed between two electrodes separated by
approximately 0.1 inch. The potential difference between the electrodes is
on the order of 20,000 volts and ozone is formed as oxygen is passed through
the electrical discharge occurring between the electrodes.

Production of ozone by the silent discharge method is directly re-
lated to the following factors:

A. Dryness of gas fed to the ozone generator
B. Rate of gas fed to the ozone generator
C. The power applied to the electrodes

The concentration of ozone in the gas stream exiting from the discharge
gap is inversely related to B, above. The higher the ozone concentration,
the greater the auto decomposition rate of ozone back into molecular oxygen:

3.
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The maximum concentration of ozone that can be economically produced
is between 1 and 1.5% by volume, in air.

2.1.1.1 0Qzone Treatment Applications

The highly reactive nature of ozone makes its use attractive in a var-
jety of applications, such as: 1

Wastewater treatment
Odor abatement

Bactericide for ultra-pure water
Fungicide in closed loop cooling system ’

Oxidation of stack gas SO2

Preservation of food

Manufacture of pharmaceuticals

Bleaching of pulp

Bleaching of ultra-white clays

Regeneration of photographic ferrocyanide bleach
Catalyst

Organic synthesis reactions

Swimming pool disinfection

The first major application of ozone was for the sterilization of
drinking water for the City of Nice, France, in the early 1900s. Today, in
Europe, there are more than 500 water treatment plants using ozone, and at
least 18 such installations in Canada. In the United States, ozone is used
to treat the water supply of Whiting, Indiana.

Ozone is of great importance in many industrial applications, some of
which are listed above, both in wastewater treatment and in manufacture.
Ozonation is used extensively for treating such industrial wastewaters as
cyanide and plating wastes (Ref. 6), phenol-Jaden wastewaters (Ref. 7),
mine drainage discharges (primarily acids and iron complexes, Ref. 8), and
is also used for color removal (Ref. 9), to name a few applications.

FORM 742-A.4 NEW 9.78 2-3




' EMSC8314.1FR '
; Rockwell International

Environmental Monitoring & Services Center
Environmental & Energy Systems Division

2.1.1.2 WUV-Enhanced QOzonation

As discussed in the previous section, ozone has been applied to many
water quality problems, including municipal water supply treatment, and in-
dustrial wastewater treatment. However, only recently have investigations
into the combined use of ozone and ultraviolet light for water treatment
been undertaken.

The effectiveness of ozone destruction of many undesirable compounds
found in wastewater is increased enormously under the influence of UV rad-
iation. For example, the effect of UV dosage on the oxidation of acetic
acid is presented in Fig. 2-1 (from Ref. 10). Acetic acid oxidation was
quantified by total organic carbon (TOC) measurement, and normalized on the
y-axis. Significant improvement in the oxidation rate of acetic acid is

achieved with increasing UV dosage.

[ ZERO UV

TIME, MINUTES

» Figure 2-1. Ozone Oxidation of Acetic Acid, Effect of UV Near 30°C
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The primary photochemical processes that appear to be operative in UV-
induced oxidation with ozone are the formation of free radicals as well as
neutral molecules such as CO2 and CO. Formation of these free radicals
leads to more rapid subsequent oxidation reactions with ozone. The smaller
neutral molecules are more easily oxidized and are further activated by UV.
This reaction scheme is diagrammed in Fig. 2-2 (from Ref. 10).

Many molecules that are difficult to oxidize (i.e., refractory), even
with ozone, can be easily oxidized using UV-ozone treatment. In fact, the
oxidation of some of these compounds occurs so readily that the reaction is
1imited only by the rate of ozone mass transfer from the gas phase to the
liquid phase.

The sections that follow present the objectives of the on-board field
testing of the Experimental Oily Wastewater Separation System, a detailed
description of the system equipment and operation, the methods used to con-
duct the field tests, a presentation and discussion of the results, and the
conclusions and recommendations formulated based on the results.

PRIVARY INITIAL OXIDATION
FHOTOCHEMICAL
PROCESSES
R CO: + HO + No... C0: + HO... CC/ + HO
REFRACTORY FREE RADICALS /!
MCLECULES + hv —= | NEUTRAL MOLECULES | +0; —(=FREERADICALS  +0) —< = FREE RADICALS —< m=---
OLEFINS .
NEUTRAL MOLECULES NEUTRAL MOLECULES
+ +
/ ho hv

/ |

Figure 2-2. Overall Photochemical/Oxidation Process to
Produce C02, H20, etc.
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4
2.2 OBJECTIVES
The purpose of the field testing was to evaluate the effectiveness of
the Qily Wastewater Separation System under real-life conditions. Previous j
testing had been under controlled Taboratory conditions using artificial
bilgewater solutions of pure organic compounds in water and mixtures of re-
fined 0ils and fuels with water, as well as with actual bilgewater obtained
from Fort Eustis-based watercraft. However, none of the laboratory tests
’ could exactly simulate actual field condit ions.
The field tests were conducted with the following objectives in mind:
1. Quantify bilgewater pollutant concentrations prior to oil-water
separation, after oil-water separation, and after UV-ozone
treatment.
2. Determine the effects of various combinations of treatment para-
meters on final effluent quality.
3. Evaluate the system in terms of human factors engineering.
4. Determine noise and ozone emissions into the operational environ-
ment.
5. Evaluate the potential of UV-ozone treatment in meeting present
and future bilgewater discharge standards.
' 2.3 EQUIPMENT DESCRIPTION AND OPERATION
The Experimental 0ily Wastewater Separation System was installed on
board an Army Floating Machine Shop (FMS) based at the Third Port, Fort '
r Eustis, VA. The principal operating characteristics of this vessel are
presented in Table 2-1.
The Experimental Oily Wastewater Separation System employs a two-stage
. process for the treatment of oily bilgewater. The first stage of treatment

is for removing the free or undissolved component from the wastewater. This
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TABLE 2-1. PRINCIPAL CHARACTERISTICS OF FMS TEST BED (REF. 3)

Construction
Length, overall
Beam, molded
Depth, molded

Displacement:
Light
Loaded

Draft:

Light:
Forward
Mean
Aft

Loaded:
Forward
Mean
Aft

Freeboard, mean:
Light
Loaded

Generators:
Number
Current
OQutput
Volts

Engines, generator:
Number
Type
Horsepower

Fuel consumption

Evaporator:
Number
Type
Capacity

Capacity:
Fuel
Lube oil
Potable water
Fresh water

Steel

210 feet 5 inches
40 feet

15 feet

1160 long tons
1525 long tons

feet 8 inches
feet 11 inches
feet 1 inch

[o WS, NS,

inches
inches
inches

feet
feet
feet

~NN N
O~

feet 1 inch
feet 5 inches

~N WO

4

ac
100 kw
230

4
diesel
150 bhp @ 1200 rpm

34 gallons per hour

1
thermocompression
2000 gallons per day

52,000 gallons
600 gallons

15,000 gallons
26,000 gallons
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is accomplished by passing the wastewater through three fibrous bed filters
plumbed in series. A complete description of this type of oil-water separa-
tor appears in Section 1.3.1 of this report. The oil-water separator is '
shown in Fig. 2-3, which is a photograph of the major components of the
Experimental 0ily Wastewater Separation System shipboard installation.

From the oil-water separator, the bilgewater flows into the oxyphoto-
lysis reactor assembly, where ozone and UV radiation are used to destroy the
dissolved components in the fluid. Figure 2-3 shows the features of the
second-stage reactor assembly. The following section describes in detail
the second-stage components. Section 2.3.2 describes the functions and
operation of the various gas, liquid, and electrical subsystems of the two-
stage treatment system.

STIRRING
MOTOR

OIL-WATER
SEPARATOR

; ,;. - -
SUMP : . JN reacToR B

Figure 2-3. Experimental 0ily Wastewater Separation System -
On-Board Installation
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2.3.1 Second-Stage System Component Description

2.3.1.1 Oxyphotolysis Reactor |

The oxyphotolysis reactor is constructed of 316 stainless steel and is
39.4 centimeters (cm) in diameter (ID) and 71 cm high. The calculated vol-
ume of the reactor is 70.7 liters (L). The reactor fluid is stirred by a
four-bladed impeller driven by a single-phase, 1/2-hp electric motor. The
impeller rotates at a fixed speed of 421 revolutions per minute (rpm). The
impeller shaft is stabilized on the top of the oxyphotolysis reactor by a ]
water-cooled bearing and mechanical seal, and at the bottom of the reactor
by a simple sleeve bearing constructed of Teflon. Three baffles are placed
equidistant around the inside of the reactor to break up vortices formed by 3
the impeller. -

2.3.1.2 UV Lamps

Within the oxyphotolysis reactor are three Hanovia UV Tamps housed in
quartz sheaths located on a 14.6-cm radius from the cylindrical axis and
set 120 degrees apart. The medium-pressure mercury UV lamps are rated at
550, 700, and 1200 watts.

ot el i B e et e Al

The power supplies for the 550- and 700-watt lamps are housed in a
single enclosure with externally mounted snap switches, one for each lamp.

The power supplies are reactive-type transformers that supply the extra
voltage and current reguired to initiate the arc and the reduced power for
operation. Input voltage to these transformers is 115 volts.

The 1200-watt lamp is wired to an oil-immersed voltage stabilizer and
transformer. The input voltage to the stabilizer is 230 volts.

2.3.1.3 OQzone Generator and Decomposer

Ozone is generated on-site for the destruction of the organics in the

fluid contained in the reactor.

FORM 742-A.4 NEW 9.78 2-9




EMSC8414.1FR
Rockwell International

Environmental Monitoring & Services Center
Environmental & Energy Systems Division

FORM 742-A.4 NEW 9-78

The ozone generator is a Linde Model SG 4060, which produces one pound
of ozone per day from an air feed. The ozone output of the unit was cali-
brated against various power levels and air flowrates in the laboratory.

The ozone-air mixture produced by the ozone generator is introduced
into the oxyphotolysis reactor through a sparger constructed of porous Tef-
lon located about 25 cm below the impeller blades. Before the offgas from
the reactor is discharged to the atmosphere, it is passed through a heater
(designed and built by Gaumer Company, Inc.) operated at between 425 and
650°C to decompose any unused ozone and oxidize any volatilized organic
compounds that may have been stripped from the fiuid in the reactor, and
then cooled by passage through a water-cooled stainless steel tube.

2.3.2 System Gas, Liquid, and Electrical Subsystem Operation

The 0ily Wastewater Separation System consists of three major subsys-
tems: the gas feed subsystem, the bilgewater feed subsystem, and the elec-
trical subsystem. The gas and bilgewater feeds come together in the oxy-
photolysis reactor, the heart of the system, where the dissolved components
of the bilgewater are treated. In addition to the major subsystems, two
ancillary streams, one of cooling water and the other of nitrogen, are also
required by certain system components. All of the equipment, with the ex-
ception of several manually operated valves and a manually operated elec-
trical potentiometer, is operated under semiautomatic control from a cen-
tralized control box.

The following sections describe the function and the components con-
tained in each subsystem and the ancillary systems. Diagrams of each are
included.

2.3.2.1 Gas Feed Subsystem

The gas feed subsystem consists of (1) equipment to condition the com-
pressed air supplied by the on-board compressors, (2) an ozone generator to
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convert some of the oxygen in the compressed air into ozone, (3) the oxy-
photolysis reactor where e air-ozone gas stream is allowed to react with

the bilgewater stream in the presence of UV radiation, (4) the ozone decom-
position heater which destroys any unused ozone, (5) the cooling tube which
lowers the temperature of the gas coming from the decomposition heater, and

(6) the gas vent piping leading to the exterior of the ship.

Figure 2-4 shows the gas feed subsystem. As compressed air enters the
subsystem (on the left-hand side of Fig. 2-3), its pressure is controlled
by a pressure regulator. Flow is directed to the first of two filters,

The second filter re-

which removes small particulates from the gas stream.

moves any entrained oil from the stream originating from the compressor. In

VENT COOLING TUBE
e 0ZONE DECOMPO-
REGOLATOR STION HEATER
® PRESSURE GAUGE
ok ON-OFF VALVE MOISTURE
TRAP
B4 CHECK VALVE
FILTER, PARTICU- =
LATE REMOVAL >
COMPRESSED /_ AIR DRYER =3
AIR 2 2°
DJ BVZ Q‘? L % 5
BV
FILTER, OIL
) | 0ZONE
REMOVAL GENERATOR

DRYER BYPASS

Figure 2-4. Gas Feed Subsystem
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the normal operation mode, the compressed air stream is directed to the air

dryer (not bypassed) (i.e., BV1, BV2 open, BV3 closed), where excess mois-

ture is removed before the gas enters the ozone generator through another

pressure requlator. The exit gas stream from the ozone generator contains |
the reactive ozone-air mixture which proceeds to the oxyphotolysis reactor

(through a check valve) where it is bubbled through the bilgewater. The

offgas from the oxyphotolysis reactor, which still contains some ozone, is

then routed to the ozone decomposition heater, which thermally decomposes

any ozone that is present into oxygen. The hot exit gas from the heater is | i
cooled in a cooling tube prior to venting to the exterior of the ship.

2.3.2.2 Bilgewater Feed Subsystem

The bilgewater feed subsystem consists of (1) the plumbing to the oil- ‘
water separator supply pump, (2) the oil-water separator, (3) the plumbing | *
between the oil-water separator and the oxyphotolysis reactor, (4) the
closed sump tank and its drain pump and associated plumbing, and (5) the
plumbing through which the treated bilgewater is discharged to the exterior

of the vessel.

Figure 2-5 shows the bilgewater feed subsystem. Suction is taken from
the aft bilge compartment by the oil-water separator supply pump (P2). The
bilgewater proceeds to the oil-water separator. The flowrate can be varied
by adjustirg a valve (V]) on the bilge return line. After passing through
the oil-water separator, the bilgewater flow can be routed either to the
oxyphotolysis reactor or can be made to bypass the reactor to be discharged
without any further treatment. This is accomplished with a three-way valve
(VZ)' In either case, the bilgewater passes through one of two flowmeters
(FM2 or FM3) so the flowrate can be monitored.

The liquid level in the reactor (the following discussion assumes the
flow is directed to the reactor, not bypassed) is maintained by an internal
standpipe, through which the overflow is routed to a gas-liquid separator.
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The 1iquid proceeds to a closed sump tank that is kept dry by the drain pump
(P1). Pump discharge is to the same overboard line used for bypass dis-
charge. If, for any reason, the sump overflows (e.g., failure of the drain
pump and a safety override circuit -- discussed later) the excess liquid
will be routed back to the aft bilge compartment after opening of the low
cracking pressure check valve (CV1). CV2 is for sump tank venting to allow
makeup air for the sump drain pump.

Provisions also allow for the oxyphotolysis reactor to be drained by
the simple turning of a valve (V4) which opens the reactor drain line to

drain sump suction. Additionally, valve V, allows sampling of fluid prior

3
to treatment in the oxyphotolysis reactor, and valve V5 allows the treated

fluid to be sampled.
2.3.2.3 Electrical Subsystem

Many of the components of the oily wastewater treatment system are
electrically powered and control of their operation is semiautomatic. The
electrical subsystem consists of the following components, all hard-wired
to relays which are energized through a centralized control panel. Circuit
breakers protect all of the circuitry.

1. UV Tights

2. 0Ozone generator

3. Air dryer

4. Ozone decomposition heater

5. Stirring motor

6. Oil-water separator supply pump (P2)
7. Sump drain pump (P1)

The circuit-breaker panel contains eight circuit-breakers. Two of

these are service disconnect breakers for the 120-volt and 230-volt power
supplies. Dedicated circuit-breakers are provided for the ozone generator
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(120v), the 1200-watt UV lamp (230V), the stirring motor (230V), the oil-
water separator supply pump (120V), the sump drain pump (230V), and one
breaker is supplied for the 550- and 700-watt UV lamps, the ozone decompo-
sition heater, and the air dryer (all 120V).

Power is routed through the circuit-breakers to seven contactors or
relays. Three motor starter contractors (with overload protection) are 4
housed in one box. These contactors provide power to the stirring motor,
' the oil-water separator pump motor, and the sump drain pump motor. The i
four remaining contactors are housed in another box. These control the
power distribution to the ozone generator, the 1200-watt UV lamp, the 550-
and 700-watt UV lamp together, and the ozone decomposition heater and air
' dryer together.

The contactors are selectively energized under control of a panel that
contains the control logic. Switches on the front panel initiate logic
’ sequences that control the various pieces of eguipment by energizing or de-
energizing the proper contactors. Figure 2-6 shows the control panel with
its various switches and lights.

] Also, several sensors are present (wired into the control panel cir-
cuitry) which continually monitor vital functions of the system and relay
this information (in the form of switch closures or openings) to the con-
trol panel. These are:

’
Sensor Location Function Fault Action
Flow Switch  0Oil-water sep- Determine when bilge Selectively shut
arator pump is dry (i.e., lack of down system ;
' suction line flow) "
Thermoswitch Inside ozone Determine when accept-  Hold startup se-
] decomposition able temperature is quence until cor-
heater reached in heater for rect temperature,
maximum ozone destruc- selectively shut
tion down system
)
2-15
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/_l_\ 2
(=) START HEATERS P1 P2 LIGHTS ©
o ¢ o g°0o" R
ON AUTO CHECK MAN
Q5 O7 Q' QM .
STOP AUTO |
o8 O] 2 O] 5
STOP RESET RESET 18
E
o] 17 Q
1  Visyal alarm
2 Visual - audidle alarm selector toggle switch
3 Audible alarm
4 Power-on indicator light
§ Power on-off toggle switch
6 Auto start pushoutton
7 Auto stop pushbutton
8 Emergency stop pushbutton
9 Heaters enunciator lignt

10 Pl (sump) enunciator lignt

11 Pl on-off toggle switch

12 Alarm reset pushbutton (constant alarm)

13 P2 (oil-water separator) enunciator light

14 Manual-automatic operation mode selector toggle switch
15 Alarm reset pushbutton (intermittent alarm)

16 Lights, ozane generator, stirrer enunciator lignt

17 Electronics access panel

18 Switches - lignts access panel

Figure 2-6. System Control Panel
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Sensor Location Function Fault Action
Thermoswitch Inside ozone Sense overtemperature Shut down entire
2 decomposition condition in heater system

heater
Delta Attached to blind Sense sump overflow Shut down entire
Pressure tube inside condition system
Switch closed sump tank

An intermittent audible or visual (selectable) alarm is activated when
the flow switch or thermoswitch 1 detect faults in the system. A continuous
audible or visual (selectable) alarm is activated when either thermoswitch

2 or the delta pressure switch detect faults.

Three operating modes are provided (initiated at the control panel):
normal operation, bypass operation, and reactor drain. The system compo-
nents operated during these modes are as follows:

Mode Component
Normal A1l components
Bypass Q0il-water separator supply pump only
(P2)
Reactor Drain Sump drain pump only (P1)

During the normal operation mode, a start pushbutton is provided which,
when activated, brings the components and sensors on line in a predeter-
mined sequence. If the operator wishes to suspend treatment, an auto stop
pushbutton will shut down the system in the proper sequence. Some operator

interaction is required.

Switches are also provided for both the bypass and reactor drain oper-

ation modes.

In all operating modes, total shutdown can be achieved by activating a

stop button and following several shutdown steps.
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A series of enunciator lights are provided on the control panel face

which show the operator which system components are receiving power (see
Fig. 2-6).

2.3.2.4 Ancillary Gas and Liquid Streams

2.3.2.4.1 Nitrogen Stream. The ultraviolet Tamps used in the QOily
Wastewater Separation System emit ultraviolet energy in wavelengths that
could cause oxygen to be converted to unwanted ozone. To prevent this oc-
currence, the space between the lamps and their quartz sheaths (which is
continuous with the shipboard atmosphere) is purged with harmless nitrogen.
Figure 2-7 shows this nitrogen gas feed system.

The nitrogen is provided in compressed form from a gas bottle. The
high-pressure nitrogen from the gas bottle is reduced in pressure with a
pressure regulator and flow is controlled with a small valve located in the

PRESSURE FLOWMETER

REGULAT\O‘R /
Iz >
MT— A

vV vy Yy ONE LINE TO
VENT EACH 9F
VALVE THREE UV LAMPS
MITROGEN
GAS
CYLINDER
OXYPHOTO-
LYSIS
REACTOR

Figure 2-7. Nitrogen Steam

Rockwell International

Environmental Monitoring & Services Center
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body of the flowmeter. From the flowmeter, the nitrogen is routed to the
three UV lamps and is vented through the top of each lamp ballast.

2.3.2.4.2 Cooling Water Stream. Two components of the oily waste- |
water treatment system require water to remove excess heat. These are the ;
agitator bearing and seal located on top of the oxyphotolysis reactor, and
the cooling tube through which the offgas flows prior to venting to the ex-
terior of the ship. Figure 2-8 shows the cooling water feed system.

Water from the shipboard supply is controlled with a small valve located
in the body of the flowmeter (FM1). The water is directed first to the cool-
ing tube where it is used to cool the offgas from the oxyphotolysis reactor
and then to the agitator bearing and seal assembly. The water pressure
! across this assembly is controlled by a downstream valve. The water then

SHIP WATER COOLING TUBE

(FRESH) —3{ P
FM1
; VALVE AGITATOR BEARING AND SEAL
' /
i! S . BEARING AND SEAL
¢ - PRESSURE GAUGE
| OXYPHOTOLYSIS VALVE
REACTOR OVERBOARD

]

2y

CLOSED SUMP SUMP DRAIN
TANK PUMP (P1)

Figure 2-8. Cooling Water Stream
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exits into the closed sump tank and is discharged overboard along with the
treated bilgewater (see Fig. 2-5) by the sump drain pump.
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2.4 METHODS

The following sections describe the methods used for the collection,
preparation, and analysis of samples from the on-board testing of the exper-
imental oily wastewater treatment system. Additionally, the test methods
employed for determining the ozone and noise levels produced by the operat-
ing system are described.

2.4.1 Sampling

Ouring each experiment, bilgewater samples at various stages in the
treatment process were collected so that analyses could be performed to de-
termine the following:

1. Suspended poliutants (SP)
2. Dissolved nonspecific pollutants (DN)

3. Dissolved aromatic pollutants (DA)

Figure 2-9 shows the three sampling points and which of the three anal-
yses were performed on the samples collected from these locations. Sample
point number 1 was upstream of the oil-water separator (i.e., untreated
bilgewater). Samples from this point were analyzed for suspended poliutants.
The second sampling point was downstream of the oil-water separator but up-
stream of the UV-ozone reactor, and the third sampling point was downstream
of the reactor. Samples collected from these two sampling points downstream
from the oil-water separator were subjected to the three types of analyses:

suspended pollutants, dissolved nonspecific pollutants, and dissolved aro-
i matic pollutants. This sampling scheme provided information on the effec-
tiveness of each stage of treatment. Samples from sample location =1 were
not analyzed for dissolved pollutants since physical separation of the 0il
and water would not be expected to alter the amount ar type of dissolved
pollutants.

2-2]
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OIL-WATER
SEPARATOR UV-0ZONE
FROM AFT REACTOR .
BILGE ‘ OVERBOARD "
COMPARTMENT
SAMPLE SAMPLE SAMPLE
LOCATION #1 LOCATION #2 LOCATION #3
sp sp sp
ON ON
DA DA

SP - Suspended Pollutants
DN = Dissolved Nonspecific Pollutants
DA = Dissolved Aromatic Pollutants

b Figure 2-9. Sampling Locations and Types of Analyses
Performed on Samples From These Locations

Figures 2-10 through 2-12 are photographs of samples being collected
from sample locations #1, #2, and #3, respectively. Samples from sample '
location #1 (Fig. 2-10) were obtained from the pressure monitor line leading :
to the oil-water separator control panel. Samples from sample location #2 {
and #3 were collected by activating valves plumbed into tees in the process
Tine.

Each experiment lasted for 245 minutes, during which nine samples were !
collected for suspended pollutant analysis, four samples for dissolved aro- "
matics poliutant analysis, and 17 samples for dissolved nonspecific pollut- !
ant analysis.

Samples were collected in either 1-liter jars or 100-milliliter (ml)
vials, depending on the type of analysis to be performed. A potassium
jodide (KI) solution (prepared in distilled water) was added to those sam-

ples to be analyzed for dissolved aromatics and dissolved nonspecific -%
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Figure 2-10. Sample Location =)
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Figure 2-11. Sample Location =2
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Figure 2-12. Sample Location =3
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pollutants to quench the ozone reaction. All samples were acifified to a pH
of 2 or less by adding concentrated hydrochloric acid (HC1).

2.4.2 Sample Preparation and Analysis

A temporary laboratory was set up in a vacant quarters area on board
the FMS so that rapid sample preparation and analysis could be carried out.
Figures 2-13 and 2-14 are photographs of some of the laboratory apparatus
used for sample preparation in the on-board laboratory.

Figure 2-13. Millipore Filtration Apparatus

2-26
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Figure 2-14. Adsorption Column for Concentrating Samples

2.4.2.1 Suspended Pollutants

Standard Method 502A (Ref. 4) was used to determine the quantity of
suspended pollutants in the bilgewater samples. Briefly, the sample was
placed in a 1-liter separatory funnel and extracted successively with
three voTumes of Freon 113. The Freon containing those compounds extracted
from the sample (primarily free or undissolved 0il) was placed in a previ-
ously weighed beaker. The Freon was evaporated and the residue weighed to
the nearest 0.1 milligram on a Voland Model 640-D analytical balance set up
on shore, away from the ship's vibration.

2.4.2.2 Dissolved Nonspecific Pollutants
The samples to be analyzed for dissolved nonspecific pollutants were

first filtered through a 0.45-micron Millipore filter (Fig. 2-13) to remove
the suspended pollutants. A 20-ml aliquot of the filtrate was placed in a

2-27
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glass vial with a tight-fitting cap lined with aluminum foil. The vials
were hand-carried back to the Rockwell International laboratory in Newbury
Park, CA, for analysis. Each sample was analyzed for total organic carbon
(TOC) on an Oceanography International 0524B total carbon system.

2.4.2.3 Dissolved Aromatic Pollutants

Samples for dissolved aromatic pollutant analysis were first filtered
as described in the previous section. Four hundred milliliters of the sam-

ple was then passed through a packed column of Amberlite XAD-7 macroretic-
ular resin (Fig. 2-14) until the sample level just reached the top of the
resin bed. Polar organic compounds have an affinity for the resin and ad-
sorb onto the high surface area resin beads (Ref. 12).

Twenty-five ml of distilled water was then passed through the column to
remove salt and acidity from the resin. Twenty-five ml of spectrograde
methanol was used to elute the adsorbed compounds from the resin.

The methanol eluate obtained during the preparation of each sample was
placed in vials and transported to Newbury Park for analysis by high-pressure
liquid chromatography (HPLC). The conditions of the analysis are shown in

Table 2-2.
TABLE 2-2. CONDITIONS OF HPLC ANALYSIS .
Instrument: Spectra Physics 3500B liquid chromatograph
with UV absorption detector (254 nm)
Chart Speed: 0.5 cm/min. '
Column: Partisil PXS 10/25 0DS-2
Mobile Phase: 70% methanol, 30% water
Flow: 1.6 ml/min,
Pressure: 2080 psig
Sample Volume: 100 microliters

Peak Area Measurement: Electronic integrator, Hewlett Packard
Model 3380A with recorder
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The HPLC detector, which operated on the principle of UV absorption,
is most sensitive to compounds that contain aromatic structure. This de-
tector was used because the types of compounds most 1ikely to be dissolved
in oily wastewater and be most deleterious to aquatic 1ife have aromatic
structure.

During this analysis, the quantity of aromatic compounds in the samples :
was determined by comparing the detector response of a sample (determined by
summing the areas of all peaks resulting from the compounds detected), to |
the response of standards composed of the following: naphthalene, pyridine,
naphthoic acid, resorcinol, pyrccatechol, and phenol. This method of quan- {
tifying the aromatic compounds in the samples was necessary because the spe- |
c¢ific compounds present were not known, thus precluding a comparison of
sample compounds with standards prepared using the same compounds. However, _ a
the fact that the compounds used as standards are known constituents of i
bilgewater (Ref. 2) and the concentration values of dissolved aromatic pol-
lutants in the samples {presented in later sections) are similar to those
observed previously (Ref. 2) lends validity to this quantitative method.

2.4.3 Safety Tests - Ozone and Noise Level Testing

During each experiment the amount of ozone in the ambient environment
surrounding the oily wastewater treatment system was monitoréd. A Mast
Development Company oxidant monitor Model 724-4 was used. The monitor sam-
pled air from a point where an operator would normally be positioned.

During one of the tests, the steady-state noise emitted by the operat-
ing system was measured using a hand-held noise meter, Bruel and Kjaer Q
Model 2205. Measurements were made on both the dBA (truncated lower fre-
gquencies) and the dBC (flat response over 20 to 20,000 Hz) scales. Noise
measurements were taken from a variety of locations around the equipment.
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2.5 RESULTS

The testing was carried out during a 3-week period in July 1980 at
Fort Eustis, VA. Five tests were performed, each approximately 4 hours in
duration. The conditions of each test are presented in Table 2-3.

TABLE 2-3. TEST CONDITIONS

Average
UV Dosage Ozone Dosage Flow Residence
Test No. (watts/L) (1bs/day) (L/min) Time {min)
] 6.6 1.04 1.00 70.7 {
2 1.8 1.04 1.00 70.7 1
3 6.6 1.04 2.45 28.9 i
4 1.8 1.0 2.45 28.9
5 0 1.04 1.00 70.7

The effects of UV dosage and flowrate on bilgewater quality were tested
as defined by the quantity of suspended and dissolved pollutants. Ozone
dosage was held constant at 1.04 1bs/day, which produced maximum ozone mass
transfer from the gas to the liquid phase (Ref. 11). Two UV dosages were
tested: 1.8 and 6.6 watts/liter (watts/L). These dosage values represent

§ the amount of UV radiation between 222.4 and 366.0 nanometers (nm) available
6 per liter of liquid contained in tie reactor (Ref. 13)}. The 1.8-watts/L
ki dosage was produced by using the 700-watt UV lamp (Section 2.3.1.2), and the
g 6.6-watts/L dosage by using the 1200-watt and 700-watt Jamps together. The
highest UV dosage obtainable (7.9 watts/L, produced by using the 1200- and
: 700-watt, and 550-watt UV lamps together) could not be tested because of
fear that the additional lamp would overload the power transformer. Test
! =5 was performed without UV radiation.

Two bilgewater flowrates were tested: 1.00 and 2.45 liters/minute (L/
min). These flowrates produced average fluid residence times in the
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oxyphotoiysis reactor (average residence time = reactor volume/flow) of 70.7

and 28.9 minutes, respectively.

The following sections describe the results of each test in terms of
the suspended, dissolved nonspecific, and dissolved aromatic pollutants in
the bilgewater before and after each stage of treatment. Section 2.5.4 pre-
sents the results of the safety tests.

2.5.1 Suspended Pollutants

Table 2-4 shows the quantity of suspended pollutants in the bilgewater
before oil-water separation, after oil-water separation (i.e., before UV-
ozone), and after treatment with UV-ozone, for each of the five tests. The
values of suspended pollutants measured throughout each test are provided,
as well as the values averaged over the duration of each test. Distilled i
water blanks prepared in the same manner as the samples (Section 2.4.2.1)
yielded suspended pollutant blank values of 0.5 mg/L and 0.0 mg/L.

The suspended pollutants in the influent to the oil-water separator
(i.e., pre-oil-water separation) decreased throughout each test. The rea-
son for this is unknown. Prio~ to collecting the time 0 sample, the oil-
water separator was operated for 5-10 minutes and the sample line flushed
by collecting and discarding approximately 1 liter of the untreated bilge-
water. The credibility of the data is enhanced by the close correlation
of the influent and effluent suspended pollutant values. The quantity of
suspended pollutants in the initial oil-water separator effluent samples
{i.e., post-oil-water separation) tended to be the highest compared with
the latter samples, as were the influent values.

In each test, the oil-water separator effectively removed suspended
pollutants from the bilgewater. The highest value of suspended pollutants
in the effluent from the oil-water separator was 7.3 mg/L (test =4) and the
lowest value was 0.0 mg/L (test =3). The oil-water separator effluent would
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TABLE 2-4. EFFECT OF TREATMENT ON THE REMOVAL OF SUSPENDED POLLUTANTS

Suspended Pollutants

e e -

Sample Pre-Jil-Water Post~0il-water Post-GV-
Test Time Separation Separation b Ozone % oy
fo. Test Conditions {Minutes) {mg/L) {mq/L) % Removal (ma/L)  Removai® Removal
1 High UV, ozone, 0 52.3 1.2 - - - - o
Tow flow 35 - - 0.2 - |
125 6.5 - - - -
130 - 2.8 - - -
140 - - - 0.0 -
230 33.7 - - - -
240 - 5.1 - - -
248 - - - 2.9 -
Average 30.8 4.0 87.% 1.0 75.0 96.8
2 Low UV, ozone, 0 36.9 5.6 . - -
Tow flow 35 - - - 6.2 - .
125 15.8 - - - - *
130 - 1.7 - - -
140 - - - 8.1 -
| 230 5.6 - - - - 5
240 - 3.3 - - -
245 - - - 5.2 -
Average 19.2 3.6 21.3 5.3 +80.6 €6.5
3 High UV, 2z0ne, 0 1011 1.1 - - -
nigh fiow 35 - - - 0.5 -
125 11.8 - - - -
130 - 0.0 - - - )
140 - - - 3.0 -
230 5.0 - - - -
240 - 1.1 - - -
245 - - - 0.0 -
Average 39.3 0.7 98.2 0.2 7.4 99.5
4 Low UY, ozone, 0 45.8 7.3 - - -
hign flow 35 - - - 4.7 -
125 9.2 - - - -
130 - 6.4 - - -
140 - - - 3.3 -
230 8.7 - - - -
240 - 6.6 - - -
245 - - - 3.5 -
Average 21.2 6.8 67.9 3.8 44,1 82.1
S No UV, ozone, 0 31.8 5.5 - - -
35 - - - 1.8 -
125 8.3 - - - -
130 - 3.8 - - -
140 - - - 2.0 -
230 2.2 - - - -
240 - a - - -
245 - - - 1.8 -
Average 14.1 4.7 66.7 1.9 59.6 86.5 '
L
Average, A1l Tests 25.0 4.0 80.2 2.7 33.9 86.3 :

- Anomalous value

Average percent removal by first stage (oil-water separator)
- Average percent removal by second stage {(UV-ozone reactor)
- Average percent removal by both stages

a n O -
[
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probably not have produced a sheen if discharged directly overboard without
proceeding to the UV-ozone reactor, since it is generally agreed that bilge
or ballast wastewater with a concentration of suspended pollutants less
than about 8-10 mg/L will not produce a sheen on the receiving water. The
average suspended pollutant removal efficiencies ranged from 66.7% (test
#5) to 98.2% (test #3). The average removal efficiency for all five tests
was 80.2%.

Prior to the start of the tests, new prefilter and coalescer elements
were installed in the oil-water separator. The results demonstrate the abil-
ity of these types of oil-water separators to produce high-quality effluents
when they are properly operated. The tests were run at flowrates of 1.00
and 2.45 L/min. The nominal flowrate through the oil-water separator is 15
to 19 L/min. It is not known if the low flowrates used during the tests
contributed to the excellent performance of the oil-water separator.

Further removal of suspended pollutants resulted from treatment by UV-
ozone (test #1, #3, and #4) and from ozone alone (test #5). On the average,
33.9% of the suspended pollutants present in the influent to the UV-ozone
reactor (i.e., the oil-water separator effluent) were removed. The process
by which the suspended pollutants are removed in the reactor is probably
oxidation of the suspended pollutants, which increases their polarity and
causes them to dissolve in the water. The dissolved species would be much
less 1ikely to be extracted by the Freon solvent and therefore the suspended
pollutant value would be less.

During test #2 the concentration of suspended pollutants increased as
a result of UV-ozone treatment. The conditions used during test #2 (low
UV, ozone, low flow) may have resulted in creating oxidation products more
soluble in the Freon than their parent compounds (either dissolved or sus-
pended). The result would be a higher concentration of suspended pollutants
in the effluent from the UV-ozone reactor compared with the influent. It is
unlikely that the suspended pollutant values in the effluent are anomalous,
since the sample collection and analytical procedures were consistent
throughout the tests.
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2.5.2 Dissolved Nonspecific Pollutants

The amount of dissolved pollutants measured as TOC in both the UV-ozone |
reactor influent and effluent throughout each test is presented in Figs. ‘
2-15 through 2-19 for test #1 through #5, respectively. The sample times
for the reactor effluents are adjusted to reflect the average residence time
of fluid in the reactor at the particular flowrates used (Table 2-3). For |
example, during test #1 the flowrate was 1.00 L/min and the average resi-
dence time was 70.7 minutes. Fluid entering the reactor at time 0 will
spend an average of 70.7 minutes in the reactor, with some fluid exiting
prior to this and some after 70.7 minutes. The 70.7 minutes was subtracted
from the time at which each effluent sample was collected to simplify the
comparison of the influent and effluent TOC values.

There was significant variability in the concentration of TOC through-
out the tests in both the reactor influent and effluent. The TOC variation
may have resulted from artificial agitation of the bilgewater (which is
vertically heterogeneous with respect to TOC) in the aft bilge compartment,
which occurred during the tests. The low flowrates used during the tests
necessitated routing approximately 4 GPM of bilgewater back to the aft bilge
compartment (see Fig. 2-5) through valve V1, to avoid starving the oil-water
separator pump. This created a top-to-bottom and side-to-side mixing pat-
tern within the bilge compartment and probably contributed to the variation
] in TOC.

J Generally, there is close correlation in TOC variation between the re-
actor influent and effluent. During test #1 these TOC maxima for both the
reactor influent and effluent occurred at approximately 0-20 minutes and

130-150 minutes. During test #2 a coincidental TOC maximum occurred at O-
40 minutes. During test #3, coincidental TOC maxima occurred at 60-80 min-
utes and 210-225 minutes. A TOC maximum occurred at approximately 120-135
minutes during test #4 and TOC maxima for the reactor influent and effluent
during the first part of the test differed by approximately 45 minutes. |
There was less correlation in TOC maxima during test #5.
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Figure 2-15. Dissolved Nonspecific Pollutants, Test No. 1
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There was generally less TOC in the reactor effluent than in the re-
actor influent during test #1 and #2, and a similar TOC concentration in
reactor influent and effluent during test #3. The results from tests #4
and #5 show that during parts of these tests the TOC in the reactor efflu-
ent was in greater concentration than in the influent, but in lower con-
centration during other times.

An explanation that would account for a higher concentration of TOC
in the reactor effluent than in the reactor influent is that some of the
suspended pollutants may be rendered more soluble in the water by oxidation
in the reactor, thus increasing the dissolved TOC level in the reactor ef-
fluent. This apparently occurred, since the suspended pollutant concentra-
tion was lower in the reactor effluent than in the reactor influent during
four of the five tests (Table 2-4).

2.5.3 Dissolved Aromatic Pollutants

Figures 2-20 through 2-24 show the HPLC chromatograms from test #1
through test #5, respectively. Each figure shows four chromatograms, two
from reactor influent samples collected at 105 and 225 minutes into the i
test, and two from reactor effluent samples collected at 120 and 235 min- {
utes. Figure 2-25 shows the HPLC chromatograms for blank samples of James
River water and distilled water. Each blank sample was prepared in an
jdentical manner as the samplies. Table 2-5 shows the concentration of dis-
solved aromatic pollutants in the samples whose chromatograms are shown in 5
the preceding figures. The method used to quantify the aromatics is de-
scribed in Section 2.4.2.3. "

In all of the tests, UV-ozone together (test #1 through #4) or ozone
alone (test #5) caused a reduction in the amount of dissolved aromatic pol-
lutants. This can be seen by comparing the reactor influent and effluent
chromatograms and from Table 2-5. There is good agreement between the con-
centration of dissolved aromatic pollutants in both reactor influent sam-
ples (105 and 225 minutes) and effluent samples (120 and 235 minutes) from
each test, except for test #1, where the 120-minute effluent sample ;{
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Figure 2-20. HPLC Chromatograms, Test #1
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Figure 2-21, HPLC Chromatograms, Test #2
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Figure 2-22. HPLC Chromatograms, Test #3
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TABLE 2-5. DISSOLVED AROMATIC POLLUTANT REMOVAL

Test Sample Time Dissolved Aromatic Pollutants (mg/L)
No. Test Conditions (Minutes) Reactor Influent Reactor Effluent
1 High UV, ozone, 105 16.7 - |
low flow 120 - 10.5 |
225 17.0 - ’
235 - 17.0
Average 16.8 13.7 )
2 Low UV, ozone, 105 14.9 -
Tow flow 120 - 8.0 ;
225 14.0 - 1
235 - 8.1
Average 14.5 8.1
3 High UV, ozone, 105 16.7 -
high flow 120 - 3.3
225 17.0 -
235 - 2.8 l
Average 16.9 3.1
4 Low UV, ozone, 105 18.2 -
high flow 120 - 4.4
225 17.9 - {
235 - 4.6
Average 18.1 4.5
5 No UV, ozone, 105 17.3 - *
low flow 120 - 7.1 :
' 225 16.2 -
235 - 7.4
Average 16.8 7.3
[}
4 i
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contained 10.5 mg/L aromatics and the 235-minute effluent sample contained

17.0 mg/L aromatics. The relatively large amount of aromatics in this :
sample corresponds to a high level of dissolved nonspecific pollutants also |
found in this sample (approximately 55 mg TOC/L). However, in other sam- :
ples there was no clear correlation between dissolved nonspecific and dis-
solved aromatic pollutant concentrations. 1In fact, the concentration of
dissolved aromatics in the reactor influent remained quite stable (average,
10 samples = 16.6 +1.2 mg/L) throughout the five tests. This evidence sug-
gests that the fluctuations in concentration of dissolved pollutants ob- .
served during the five tests was caused by a variation in the concentration
of compounds other than aromatics.

In test #1 and #2, a major oxidation product is formed (except in the
235-minute reactor effluent sample from test #1) with an HPLC retention time
of approximately 2.80 minutes. This oxidation product does not appear in .
the other chromatograms. The oxidation product could be from a parent com- :
pound dissolved in the bilgewater or from a parent compound which was undis-
solved (i.e., a suspended pollutant) in the bilgewater when present in the
reactor influent but which became more water-soluble as a result of oxidation.

P —

) A11 of the chromatograms show the presence of a polar, UV-absorbing com-
pound with a retention time of approximately 1.2 to 1.3 minutes. This com- J
pound or one with a similar retention time was present in the James River
water blank sample (Fig. 2-25), although apparently in lower concentration

K judging by the area underneath the peak. The concentration of compounds de-

| tected in the James River water and distilled water blank samples was 3.5

and 0.9 mg/L, respectively. .
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The amount of ozone in the ambijent environment surrounding the Oily
Wastewater Separation System was measured during each test. The background
ozone level was recorded prior to each test and the ozone level was period-
ically noted throughout each test. The results are presented in Table 2-6.

U

TABLE 2-6. AMBIENT OZONE CONCENTRATION

Ambient Ozone Level (ppm-Volume)
Maximum Ozone

Ozone Concentration, Concentration
Test No. Pre-Test During Test
1 0.020 0.030 3
2 - 0.001 :i
3 0.015 0.020 §
4 0.005 0.030 I’
5 0.005 0.005

An increase in the ambient ozone level occurred during test #1, #3, and
#4. During test #2 the pre-test ozone level was not noted; therefore it is
not known if an increase occurred. No increase in the ozone level occurred
during test #5. The increase in the level of ambient ozone noted during
three of the testsmay have been from sources other than the experimental sys-
¢ tem, either exterior sources or on-board sources such as electric motors.
This view is supported by the data from test #5 which showed no increase in

the ozone level. Y

At no time during the five tests did the ozone level exceed the maxi-
mum allowable level of 0.05 ppm set forth by the Army (Ref. 14). The high-
est concentration recorded (0.03 ppm during test #1 and #4) was still 40%
below the Army maximum. These results show that the experimental system

} meets the ozone safety standard of the Army.
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Noise level measurements were taken at a number of locations around the

test equipment.

The measurement locations and the noise levels at these

locations (in dBA and dBC) are presented in Table 2-7. |

The noise measurements made on the dBA scale (truncated Tower frequen-
cies) were consistently lower than those made on the dBC scale (flat response
This indicates that much of the noise was produced at
the lower frequencies, for example by the on-board generators and machining

over 20-20,000 Hz).
equipment.

The highest continuous noise level was recorded 1.5 feet away from the
bottom front of the ozone generator (79 dBA). This was still well below the
85 dBA 1imit for exposure to continuous noise during an 8-hour period set
forth in MIL-STD-1474A (Noise Limits for Army Materiel), Category D (no
hearing protection required). The intermittent noise produced by the cycling
of the air dryer was 88 dBA, also well below the 140 dBA limit set forth in
MIL-STD-1474A for impuise noise for unprotected personnel. Therefore, per-
sonnel would not require hearing protection when operating the experimental
If other equipr-nt is installed in the vicinity of the experimental
system it is conceivable that the noise standard could be exceeded, in which

system.

case hearing protection would need to be used.

FORM 742-A-4 NEW 9.78

B ——

2-50




EMSC8314.1FR

o\

TABLE 2-7. EQUIPMENT NOISE LEVELS?

Rockwell International
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Location dBA dsC
Front of reactor, 2 feet away, chest high 76 80
Same as above, 10 feet away 72 77
Same as above, 25 feet away A 75
Side of reactor, 10 feet away, chest high 74 78.
Center of installation area, chest high 69 76
1.5 feet away from bottom - front of ozone generator 79 81

1.5 feet to the side of air dryer when solenoid
valves changed, meter on fast response (inter-

mittent noise)

Standing at system control panel, facing equip-
ment, chest high

88 88

72.5 76

a. Measured during test #2.
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2.6 DISCUSSION

Both stages of the Experimental Qily Wastewater Separation System, the '
oil-water separator and the UV-ozone reactor, were effective in reducing the }
amount of pollutants in the bilgewater effiuent. On the average, for the ?
five tests conducted, the oil-water separator removed 80.2% of the suspended :
pollutants from the influent bilgewater. Somewhat surprisingly, the UV-
ozone treatment {or just ozone in test #5) reduced the amount of suspended
pollutants on the average by an additional 6.1%. This probably resulted
from the oxidation and subsequent dissolution of the suspended poliutants
by ozone.

In all of the tests the bilgewater effluent from the UV-ozone reactor
was remarkably clear, much more so that the reactor influent. Figure 2-26 ‘
is a photograph of the three bilgewater samples collected during test #3. ]
The left-hand sample is untreated bilgewater, the middle sample shows the
bilgewater after treatment by the oil-water separator, and the right-hand |
sample shows the clear effluent from the UV-ozone reactor. The improved
appearance of the bilgewater after oil-water separation is due to the re-
moval of suspended pollutants and particulates. The clarity of the final
g effluent is probably due to the solubilization of suspended poliutants and/ %
; or the coagulation of colloidal sized material by the action of the ozone. ﬁ
This could happen by a change in the surface charge of the colloid particles
brought about by the addition of ozone to the bilgewater (Ref. 15.)

In addition to removing suspended poilutants from the bilgewater, the ]
UV-ozone treatment was effective in removing dissolved nonspecific pollut-
t ants (i.e., dissolved TOC) and reducing the quantity of dissolved aromatic ;‘
BEE pollutants in the bilgewater. A summary of the effects of UV-ozone (test
‘ #1 through #4),0zone (test #5) and flowrate on suspended pollutants, dis-
; solved nonspecific pollutants, dissolved aromatic pollutants, and total
; pollutants (suspended + dissolved nonspecific) is presented in Table 2-8.
| The values that appear in the body of the table are average values, com-
puted over the course of the tests.
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Figure 2-26. Samples From Test #3 (left to right, pre-oil-water
separation, post-oil-water separation, post-UV-ozone)
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The summary data presented in Table 2-8 provide information about the

' effects of the two independent treatment variabies, UV dosage and flowrate,

on the bilgewater components. To facilitate comparisons of tests, the per-

cent removal values from Table 2-8 were used to formulate Table 2-9. In |
Table 2-9 the effect of UV dosage and flowrate on each bilgewater component

‘ is shown by a + if there was enhanced removal with either increased UV dos-

age or flowrate, by a - if there was lessened removal with either increased

UV dosage or flowrate, or by a 0 if little difference was noted. The effect ,
of UV dosage was determined by comparing the results from tests with the !

i same flowrates, tests 1:2, 1:5, 2:5, and 3:4. The effect of flowrate was &

determined by comparing the results from tests with identical UV dosages, :

tests 3:1, and 4:2. |

e o

While not entirely consistent, Table 2-9 shows that generally, a high 1
UV dosage enhanced the percentage removal of suspended, dissolved nonspeci-
fic, and total pollutants, but caused a decreased percent removal of dis-
solved aromatic poliutants. A high flowrate enhanced the percent removal f«
of suspended and dissolved aromatic pollutants, but resulted in decreased '
percent removal of dissolved nonspecific and total poliutants.

The results for suspended pollutant removal shown in Table 2-9 must be
tempered with the knowledge that the quantity of suspended poliutants re- 3
1 moved during the tests was quite small and subject to an error in the range
» of approximately 0-0.5 mg/L. Such errors would drastically alter the re- #
L moval percentages shown in Table 2-8, and therefore also alter the results
for suspended pollutants shown in Table 2-9.

The fact that the dissolved nonspecific and total pollutants are best
removed by the high UV dosage and lTow flowrate is not surprising. This |
combination of treatment parameters represents the highest degree of treat- |
ment used. The high UV dosage and lengthy reactor residence time afforded
by the low flowrate causes maximum oxidation of the pollutants in the bilge-
water. These results are consistent with those obtained using solutions of
pure organic compounds dissolved in water, artificial bilgewater solutions,
and bilgewater during tests conducted in the laboratory (Ref. 11).
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s i st 11 m.

L TABLE 2-9. EFFECT OF UV DOSAGE AND FLOWRATE
ON BILGEWATER COMPONENTS

R -

e,

Experimental Pair®
Effect of
Bilgewater Effect of UV Flowrate Best Conditions for
Component 1:2 1:5 2:5 3:4 3.1 4:2 Maximum Removal :
3
Suspended Pollutants + + - + 0 + High UV, high flowrate i
Dissolved Non- f;r
specific Pollutants - + + + 0 - High UV, low flowrate ;
Dissolved Aromatic 5
Pollutants - - - 0 + + Low UV, high flowrate 4
Total Pollutants 0 + + + - - High UV, low flowrate
{
+: Enhanced removal with either increased UV dosage or flowrate. ]
-: Lessened removal with either increased UV dosage or flowrate. ]

0: Little difference in removal with either increased UV dosage or flowrate.

. a. For each experiment pair, the first experiment utilized a higher UV dosage
! or flowrate than the second experiment.

FORM 742-A-4 NEW 9.78 2-56




’l‘ Rockwell International

Environmentai Monitoring & Services Center
Environmental & Energy Systems Division

The combination of Tow UV dosage and high flowrate, which produced the
greatest reduction in the concentration of dissolved aromatic pollutants,
is pleasantly surprising, since this combination of treatment parameters
represents the lowest level of UV-ozone treatment. At first these results
appear to be unusual because the destruction of dissolved aromatics by oxi-
dation would seem to occur most readily at a high UV dosage and with a long
reactor residence time. However, an explanation can be offered for the
results. The oxidation products formed during maximum treatment (high UV
and low flowrate) may, in some way, inhibit attack by ozone of the aromatic
compounds (for example due to preferential oxidation of these compounds
over the aromatics), thus their concentration remains high. However, at
a lower UV dosage and higher flowrate less oxidation products are formed and
inhibition of oxidation of the aromatics is lessened. The concentration of
dissolved aromatics in the reactor effluent would therefore be less under
the lowered treatment conditions.

The destruction of dissolved aromatic compounds is desirable since these
compounds are in high concentrations in oily bilge and ballast wastewaters
(Ref. 2, Ref. 11) and they are generally regarded as the most toxic constit-
uents of the dissolved fraction of such wastewaters. Removal or conversion
to less toxic compounds of dissolved aromatics is preferabie to oxidative
destruction of nontoxic or mildly toxic compounds that are present as dis-
solved pollutants in bilgewater. The oxidation products resulting from
ozonation of aromatic compounds are generally regarded as less toxic than
the parent compounds (Ref. 16).

The final effluent from the experimental oily wastewater separation
system was in full conformance with existing regulations which address the
discharge of bilgewater. The quantity of suspended pollutants in the effiu-
ent during each test was below the level usually considered to cause a
sheen or discoloration upon receiving water. In fact, as mentioned previ-
ously, the effluent was quite clear and pure in appearance (Fig. 2-26).
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The system was also capable of removing dissolved pollutants from the
influent. Up to 40% of the dissolved pollutants {as measured by TOC) were
removed during the tests. The effluent produced during test #1 and #2 was
in full conformity with the zero pollutant discharge standard to be in
force in 1985. It is generally agreed that the 1985 standard will be in-
terpreted to mean that discharges shall not contain more pollutants than
present in the receiving water. James River water contained approximately
18 to 20 mg/L of dissolved TOC. Therefore, the effluents produced during
test #1 and #2 were cleaner, in terms of TOC, than the receiving water.

Perhaps even more important than this, the on-board tests have demon-
strated that the UV-ozone treatment process is able to significantly re-
duce the concentration of aromatic compounds in bilgewater. Such compounds
are generally regarded as the most toxic constituents in bilgewater and
their destruction is important in rendering bilgewater effluents harmless.

The data generated during the field testing of the Experimental 0ily
Wastewater Separation System permits calculation of the costs associated
with treatment. This was done and the results are shown in Table 2-10.

The power required for treatment was determined during the laboratory study
phase (Ref. 11). The total energy required was calculated by multiplying
the time (in hours) required to treat 1000 gallons of bilgewater at the par-
ticular flowrate used (either 1.00 or 2.45 L/min) by the power requirement.
The values for the amounts of energy used per gram of pollutant removed (or
converted to nonaromatic species) were calculated for both total pollutants
and dissolved aromatics by dividing the total energy required by the quan-
tity of pollutant removed from the 1000 gallons. For example, for test #3
the quantity of dissolved aromatics removed (or converted) in 1000 gallons
was:

13.8 mg/L (from Table 2.8) x 3.785 L/gal x 1000 gal _
= 52.2 gms
. 1000 mg/gm
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TABLE 2-10. TREATMENT COSTS®

Energy Used per Gram
of Pollutant Removed

Total (or Converted)
Power Energy KWH/ gm KWH/ gm

Test Required Required? Total Dissolved b
No. (KW) (KWH) Pollutants Aromatics Cost ($)~

] 6.07 382.9 25.3 32.6 23.0

2 4.69 295.9 11.5 12.2 17.7

3 6.07 156.3 12.5 3.0 9.4

4 4.69 120.6 45.5 2.3 7.2

5 3.49 220.2 290.9 6.1 13.2

a - Energy required to treat 1000 gallons.

b - Cost to treat 1000 gallons to the levels shown in Table 2-8, assuming
an energy generation cost of $0.06/KUH.

¢ - Costs associated with power consumption only.

Therefore, the energy used per gram was:

156.3 KWH/52.2 gms = 3.0 KWH/gm

The final column in Table 2-10 shows the cost of treatment. The gen-
erators on board the FMS require approximately 0.08 gallon of DF2 to pro-
duce 1 KWH of energy. At an assumed DF2 cost of 75¢/gallon, the cost to
generate 1 KWH of energy is 6¢. The cost figures were calculated by taking

| the product of the total energy requirement and the energy cost. The costs
’ are for power consumption only.

The lowest treatment cost was during test #4, the highest during test
#1. These two tests represented the Towest and highest Tevels of treat-
ment, respectively. Even though test 45 was performed without UV, the low
flowrate used during this test produced a higher treatment cost than either
test #3 or ¢4,
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On an energy per gram of total pollutants removed basis, the lowest
values occurred during test #2 and #3, even though the conditions used dur-
ing test #3 resulted in much less removal of total pollutants (see Table
2-8). The energy usage was similar for the two tests because of the higher
flowrate used during test #3 which resulted in a lower total energy re-
quirement than in test #2. Test #1 used 25.3 KWH/gm total pollutants.

This value is very similar to the values calculated for bilgewater based on
batch testing in the laboratory (Ref. 11). The lowest energy usage per
gram of dissolved aromatics removed (or converted) occurred in test #3 and
44,

The figures in Table 2-10, along with those in Table 2-8, show that
the composition of the effluent will decide the cost of treatment. For
example, if the effluent is required to have the lowest possible total pol- .
lutant content, then conditions of high UV and low flowrate should be used ?
(Table 2-9). From Table 2-10 it can be seen that costs would range from g
approximately S17 to $23 per 1000 galions. On the other hand, if conver-
sion of the toxic components of the bilgewater (dissolved aromatic pollut- i
ants) to less toxic compounds is desirable and less emphasis is placed on '
total pollutants, then conditions of Jow UV and high flowrate should be
used. Costs would range from approximately $7 to $9.50 per 1000 gallons.

Simple modifications to the experimental system would significantly
reduce the treatment costs associated with energy usage. For example, with
minor design changes the sump system with its associated pump (Fig. 2-5)
could be eliminated. Additionally, the ozone decomposition heater (Fig.
2-4) could be replaced by a catalytic unit. These two measures would re-
duce power consumption by 1.18 KW. The cost of bilgewater treatment would
fall to $18.50, $13.30, $7.60, $5.40, and $8.70 per 1000 gallons for the
treatment conditions used during test #1 through #5, respectively.
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Further cost reductions could probably be realized by staging the UV-
ozone treatment process. As the oxidation reactions proceed, the optimum

amount of UV radiation and/or ozone may change. By staging the process,
treatment Tevels could be optimized for each stage and a net reduction in
costs could result. More energy-efficient components could be substituted
for those currently supplied with the experimental system for lower cost.
Additionally, an oxygen feed or an oxygen-enriched air feed (e.g., by pres-
sure swing) to the ozone generator might produce more cost-efficient treat-
ment, as would utilization of that part of the UV spectrum that results in
maximum treatment.

The on-board testing of the Experimental Qily Wastewater Separation
System showed that the equipment does not produce unsafe noise or ozone
levels. The system can be operated for extended periods by personnel with-
out the need for hearing protection. During laboratory testing (Ref. 11)
UV leakage from the system was measured. It was concluded from these mea-
surements that UV Teakage from the system does not exceed the maximum per-
missible levels promulgated in AR40-46 (Ref. 17). Thus, it has been shown
that a treatment system based on UV-ozone technology can be safely operated
in an on-board environment. Noise levels and UV radiation leakage would
not be expected to increase over the life of the system. Sife ozone levels
in the area of operation could be assured by periodic maintenance proce-
dures (e.g., maintaining tight connector seals on all piping containing
ozone). However, as with any installation using ozone, an ozone monitor
with audible and visual alarms and with system shut-down capability upon
unacceptable ozone level should be used and maintained to assure personnel
safety.

In addition to a minor system startup problem experienced with the puil-
ley on the sump pump motor, two system malfunctions occurred during the on-
board testing, both in the electronic control systems. The first occurred in
the oil-water separator control electronics. Upon startup, a solenoid valve
on the effluent line closes for a predetermined time delay to allow the
separator to fill with bilgewater. After the time delay the solenoid valve
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is supposed to open to allow processing through the unit. However, during
the second test the time delay lengthened far beyond the nominal period.

The commencement of this and subsequent tests had to wait until proper valve
positioning was achieved. The second electronic malfunction occurred in

the control panel (Fig. 2-6) logic circuitry during test #3. One of the
integrated circuits (ICs) failed which prevented the automatic startup of
the system to proceed past an initial stage. To continue testing, the re-
lays that are controlled by the control panel (see Section 2.3.2.3) were
bypassed and the system components were brought on line by using the cir-
cuitbreakers as switches. The faulty IC was replaced for test #5.

It is believed that the extreme environmental conditions experienced
during the on-board testing may have caused the electronic malfunction in
the oil-water separator control circuitry described above. During the per-
jod of these tests, the east coast of the United States was experiencing
high temperature and humidity. The location of the experimental system,
below decks of the steel-hulled FMS in a closed area without air condition-
ing, resulted in temperatures above 100°F and humidities ranging from 90
to 100% (estimated) during the tests. Such harsh conditions necessitate
rugged and well-designed electronics packages to minimize malfunctioning.
It should be noted that neither the oil-water separator control box nor the
exnerimental oily wastewater separation control panel were fan-cooled or
otherwise well-ventillated.

Other than the malfunctions described above, the experimental equip-
ment performed as intended. The on-board testing showed that the system is
compatible with the shipboard environment and systems. The automatic con-
trol proved to be enormousiy helpful in controlling the functioning of what
is a fairly complex system. Total automation could be easily built in,
including control of all valves. By providing 100% automation of a rela-
tively complex system, operator mistakes would be eliminated and minimum
operator training would be required.
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2.7 CONCLUSIONS

The on-board testing of the Experimental 0ily Wastewater Separation i
System has led to the following conclusions:

e The system is capable of removing a high percentage of suspended
pollutants from bilgewater.

e The UV-ozone process participates in the removal of suspended
pollutants.

e The UV-ozone process produced a significantly cleaner bilgewater
effluent than oil-water separation alone.

o The UV-ozone process is capable of removing dissolved poilutants,
in the form of TOC, from bilgewater.

e The UV-ozone process is effective in destroying dissolved aro-
matic compounds in bilgewater.

o The Experimental 0ily Wastewater Separation System is a safe sys-
tem. It produces no noise, ozone, or UV radiation in excess of
the maximum promulgated in military standards.

e The energy consumption costs associated with this treatment pro-
cess could be reduced with minor equipment modifications.

O0il-water separation and UV-ozone appears to be a viable process for
the treatment of oily bilgewater. Components and designs with greater
energy efficiencies could significantly reduce treatment costs. Addition- ;
ally, procedures for minimizing the contamination of bilgewater would
greatly increase the throughput for such a system. '

2.8 RECOMMENDATIONS

The following multiphase program would lead to an operational total

pollutant removal system for use on board Army watercraft.
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Phase I - Research

Task A. Investigate methods to reduce the concentration of pollutants
in bilgewater which would also lessen treatment time and costs. O0il-water v
mixtures such as bilgewater contain a wide variety of compounds, some of |
which are relatively easy to oxidize, others difficult. Overall, bilge is
quite resistant to oxidation. By mandating consistent, standardized bilge-
water handling procedures, the concentration of dissolved compounds could

be minimized. The bilgewater would require less treatment and costs would
be reduced.

Task B. Determine the effects of staging, UV spectral intensity, and
oxygen feed to the ozone generator on destruction of pollutants in bilge-

water by UV-ozone.

Phase Il - Design, Construction, and Testing

Task A. From the information gathered from Ref. 11, from this on-board
investigation, and from Phase I, Task B, above, design an automated, rug-
gedized UV-ozone treatment system using the most energy-efficient compo-
nents available.

Task B. Construct a prototype of the system designed in Task A.
Task C. Test the prototype system.

Task 0. Based on the test results, make necessary design modifica- ‘
tions that will result in the final hardware design.
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