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ABSTRACT

BioGenesisK Sediment Washing isan innovativ e, emerging technology that
removes organic and inarganic contaminants such as PCBs, PAHS,
organochlorines (pesticides, herbicides), and heavy metals from sediment
particles both | arger and smaller than 75 micrometers (200 mesh) insize. It
overcomes the limitations of conventional washing methods that have
difficulty in decontaminatingfine silt and clay mixtures.

This document describes the technology and summarizes the development
testing that occurred from 1991 through 1997, under, successively, the
auspices of the U.S. EPA Superfund Innovative Technology Evaluation
(SITE) program, Environment Canada’'s SED TECH program, and, since
1995, U.S. EPA Region 2's Water Resources Development Act (WRDA)
Sediment Decontamination program. Brookhaven National Laboratory has
provided program management for the latter work.

Report sectionsdescribethetechnology and itsconceptual model, summarize
the testing that has occurred during devel opment, identify the technology’s
current status, and outline the next stepsin commercialization scale-up. The
purpose of the report isto consolidate in one document information that has
been derived from the extended development testing and project results. It
will serve as abaseline for scale-up to full commerdal applications.
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1 EXECUTIVE SUMMARY

BioGenesisK Sediment Washing is an innov ative, emer ging technol ogy that removes organic
and inorganic contaminants such as PCBs, PAHSs, organochlorines (pesticides, herbicides), and
heavy metals from sediment particles both larger and smaller than 75 micrometers (200 mesh)
insize. It overcomesthelimitationsof conventional washing methodstha cannot decontaminate
fine silt and clay mixtures.

Starting in 1991, the BioGenesisK sediment washing technology wasfirst tested at bench scale
under the sponsorship of Environment Canada’ s Wastewater Technology Centre. From 1991
to 1995, the technology was
demonstrated on several il and

sediment washing projects. Since BioGenesiss" Sediment Washing
1995 the technology has been PAHs, PCBs, Dioxins, Metals
under evaluation by the U.S. Bench Testing Summary
Environmental Protection Agency

Region 2 (EPA) and the U.S § WRDA

Army Corps of Engineers New | Removal
York District (USACE), working Rate

in conjunction with Brookhaven | 100% -
National Laboratory (BNL). The | 450
work has been supported by both
privatefunding and publicfunding |  60% —
under the federal Water Resources .
Development Acts (WRDA) of | 0%
1992 and 1996 to develop | gy, -
technologies for decontaminating
estuarine sediments from New 0% —
Y ork/New Jersey Harbor. Figure1
givesan overall view of theresults
of bench testing. Detals are
contained in subsequent sectionsof

Program

%8,
this report. AV Sopt
TR Soncenmratons | Dioxins 834 et
. S S 2,3,/ 0
Report sections that follow oo || Metals 93y g./ay
describe the technology and its || iGiadiy| tese | 230 2 "
conceptual model, summarize the || WA« | as0 | 45 | 6

testing that has occurred during
development, identify the . Newark Bay, NJ l] Newtown Creek, NY

technology’s current status, and
outline the next steps in Figurel BioGenesiskK Sediment Washing, PAHS,

commercializaion scae-up. The PCBs, Dioxins, Metals, Bench Testing Summary

purpose of the report is to

consolidatein one document information that has been derived from the extended devel opment
testing and project results. Itwill serveasabaselinefor scale-uptofull commercial applications.

BioGenesis Enterprises, Inc.




Page 2

Through research and testing conducted since 1991 with soils and sediments having varying
organic content, grain size distribution, contamination types, and contamination levds,
BioGenesis has developed a conceptual model that describes the nature of the sediment
decontamination problem. This model gives insight to steps needed for successful
decontamination of fine sediment particles, and is described in sections that follow.

1.1 Nature of the Sediment Decontamination Problem

Natural sediments consist of complex mixtures of solid inorganic materials (like silica) and
biomass. Biomass may include any type of decayed organic material, including animals, fish,
plants, and the products of
natural biodegradation of

. Othgr Solid
chemical compounds. Fines
ContM| nated Sedl ment |S Biofilm Layer
created when toxic IR Biomass

chemicals or contaminated hayer
material isreleased into the
waterway from point, non- | Sclid Particle
point, and atmospheric
sources. Since waterways
are highly active
biologically, organic
biomass is continuously Figure 2. Illustration of elements of a contaminated solid
created. The biomass has  sediment particle.

an affinity to absorb

contaminants, both organic and inorganic. During the process of sedimentation, biomass settles
over the solid particlesin the water. The biomassfirst coversthe solid particle with avery thin
coating, thebiofilmlayer. Thiscoating isquitesticky and bondstightlyto the solid. The coating
isidentified in figure 2 as the biofilm layer.

Contaminants

Subsequently, additional biomass settles over the particle through sedimentation. Thisbiomass
filters and absorbs chemicals in the water, either organic or inorganic. After the biomass
containing contaminants settles on uncontami nated sedi ment, partitioning resul tsin contaminant
transfer between the sedimentary biomass and the biofilm formed over the sediment particles.
Theresult of biomassaffinity for both organi c and inorgani c contaminants, sedimentation action,
and partitioning action is that contaminants are, over time, distributed throughout the biomass
and biofilm layers. Thusthetask of decontamination involves stripping the biomass layer, and
then removing the sticky biofilm from the solid particle Both actions are required in order to
decontaminate the solid particle.

12 Conventional Washing Technology
As described above, contaminants migrate from water to sedimentary biomass to the biofilm

formed over the surface of solids. Themore surface areaavailable for coating by agiven mass
of material, the more contaminant isabsorbed. The amount of contaminant that can be absorbed
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isrelated to grain sze'. Any complex soil mixture containsarange of grain sizes. Because of
the difference in surface areas, relatively more contaminant is contained in fine grains than in
coarsegrains. By example—1 cubic inch of gravel/sand having particle sizes between 1/8" and
¥5" inch diameter has approximately 1 to 2 square fed of surface. One cubic inch of sand/silt
with grain sizesfrom 150 micrometers upto 1/8" contains approximately 600-1,000 sgquare feet
of surface. And 1 cubicinch of silt/clay with grain sizesfrom 1 micrometer to 150 micrometers
can have as much as 12,000 square feet of surfacearea. These numberstell us that with a mix
of different particle sizes, by just simple separation weshould be ableto clean thelarge particles
by a factor of from 10 to 100. This is the principle behind conventional washing. But that
principledoes not apply to sediment because sedimentisnot amix of largeand small grain sizes.
Instead it isamore uniform mix of silt (75 to 5 micrometers) and clay (< 5 micrometers). The
small particlesizecreatesextremelylarge surface areastoclean whichincludebiomass. Further,
the presence of biomass (i.e. organic carbon) in the sediment creates a stronger &ffinity or
binding of organic contaminants to the silt and clay particles. Conventional scrubbing
technologies are ineffective under these condtions.

1.3 BioGenesisK Sediment Washing Technology

Figure 3 illustrates the equpment train used in BioGenesisK sediment washing. Figures 4
through 8 describe the process steps being performed by the chemicals and equipment.

BioGenesis~ Washing Process Flow

Cleaning Chemicals

Delivery of Dredged Material by Barge

R

High Pressure
Water & Chemical

Cavitation \
U <
avita xidation
k

DO
Floatable Organic
Material Removal

Centrifuge

Hydrocyclone _———*
Y Y Effluent Water Storage
___> ﬁ Recycle Back Through System or
—

to Offsite Disposal
and, Yard Waste, etc.
Dewatered

ey B

Mixer

Treated Slurry
Holding Tank

Thickened

Slurry Tank

Beneficial Reuse Products

Figure 3. BioGenesisK sediment washing process flow

References to particle sizein this report use the AASHTO (American Association of State Highway
and Transportation Officialg classification sysem.
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BioGenesisK Technology is designed to separate fine particles, and to remove the biomass and biofilm coating on
each particle (figure 4). The process uses a five step approach to solve the particle separation and contaminant

removal problem. This approach has evolved during
testing and development.

Step 1 blends biodegradable surfactant cleaning
chemicals and chelaing agents with the slurry to prepare
the sediment. The surfactant chemicals prepare the solids
for subsequent decontamination by decr easing the affinity
between contaminants, solids, and biomass. The chelating
agents solubilize inorganic contaminants.

Figure 5. Contaminated particle after washing step 2.

Step 3isshowninfigure 6. The sedimentprocessor (see
figure 3, co-located with item 2) separates the biomass
from the biofilm coated particles. The result is that fine
particles are separated, and biomass is separated from
solids and transferred to the wate phase. Biofilm
containing contaminantsstill coats the solid particles.

Figure 7. Contaminated particle after washing step 4.

Step 5 is shown in figure 8. This step destroys organic
material including organic contaminants. This is
accomplished through cavitation (see figure 3, item 5)
that both oxidizes the suspended organic contaminants
and biomass in the water phase, and has some oxidation
effect on contamination still remaining in the biomass.
The visual indication of the biomass/contaminant
oxidation is that theslurryis alighter color.

Other Solid
Fines

Biofilm Layer

Biomass
Layer

Solid Particle

Contaminants

Figure 4. Contaminated particle before washing

Step 2 isshown in figure 5. The sediment preprocessor
(see figure 3, item 2) uses physical action to separate
sediment particles from each other and to homogenize
the resulting slurry. Biomass and biofilm containing
contaminants gill coat the solid particles.

Figure 6. Contaminated particle after washing step 3.

Step 4 is shown in figure 7. Collision impact forces are
applied to the partides in the collision chamber (see
figure 3, item 4) to strip the biofilm layer from the solid
particle and transfer it to the water phase. Thus, after
Step 4, contamination that was sorbed to the individual
solid particles in the biofilm has been transferred to the
water phase.

p
Figure 8. Contaminated particle after washing step 5.
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Immediately after Step 5, the slurry consists of:

. Inorganic sediment solids from which contaminants have been washed.
. Suspended biomass that may still contain residual contaminants.
. Water that containsinorgani c contaminants and any organic contaminantsnot destroyed

during cavitation.

At this sage, the durry is ready for immediate liquid/solid separation that results in a
decontaminated solidsfraction and aliquid fraction that contains organic contaminantsthat may
have been resigant to oxidation in Step 5 plus any inorganic contaminants.

If the Slurry is not agitated and subsequently separated following Step 5, sediment solids and
biomass will settle based on their respective specific gravities. Unless liquid/solid separation
is performed, astime passes, e.g. two to four weeks, the contaminant partitioning process will
beginagain, just asif acontaminant had been added to an uncontaminated slurry mixture. This
meansthat organic contaminantswill be atracted preferentially tosuspended biomassand these
organic particles will begin to be attracted to inorganic solids. Both the cleaned solids and
biomass will begin reabsorbing contaminants, and the cleaning process reverses based on the
partitioning coefficients of the contaminants, and thus contamination in the water phase will
decrease.

For sediment that has ahigh percentage of organicmaterial, the preprocessor beginsto separate
biomass and contaminant from the solid particle. The processor completes separation of the
biomass from the solid particle, and with it the majority of contaminant. The reasonfor using
the qualifying word “majority’ is that the proportion of biomass to the biofilm on the solid
particlesishigh. When thereislow biomassin the sediment, the preprocessor mainly works as
a particle separating unit, or a“shredder”. In this case most of the cleaning takes place in the
collision chamber, and the processor may not be needed. The flexibility inherent in the
combination of preprocessor, processor, and collision chamber provides a versatile cleaning
method that can be used for any small solid particle that is contaminated.

1.4 BioGenesisK Technology Development and Testing Overview

Table 1 depicts the principal tests conducted on BioGenesisK technology, including thetime,
sponsor, contaminants, and soil/sediment matrix tested. These tests providethe corevalidation
of the technology since they were sponsored by the U.S. EPA and Environment Canada. Each
of these tests will be dscussed later in this report. During development, BioGenesis also
performed treatabili ty testsfor commercial entities. Theknowledge gained from thesetestswas
integrated with the WRDA testing.

BioGenesis Enterprises, Inc.
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Table 1. Principal BioGenesis K Technology Development Testing
Test . Date Sponsor Contaminants Mat rix
Designation
A 11/92 | EPA SITE Program TRPHs Crude oil in sandy soil
“SITE”
B 6/93 | Wastewater PAH W oodtreating waste in
“SEDTECH” Technology Centre, Thunder Bay Harbour,
Canada Canada, sediments
C 10/95 | WRDA PAHs, PCBs, NY/NJ Harbor sediments
“BNL 1" EPA Region 2 dioxins, m etals
BNL
D 2/97 WRDA PAHs, PCBs, NY/NJ Harbor sediments
“BNL 2" EPA Region 2 dioxins, metals
BNL
D 8/97 WRDA PAHs, PCBs, NY/NJ Harbor sediments
“BNL 3" EPA Region 2 dioxins, metals
BNL
F 11/97 | WRDA PAHs, PCBs, NY/NJ Harbor sediments
“BNL 4" EPA Region 2 dioxins, m etals
BNL

During the very first large scale washing test carried out under the EPA SITE Program, the
relationshipsof grain sizeand organic content in the soil/sediment to be cleaned were determined
to be very important. Table 3 showsthe progressionof grainsizestested. Most system testing
has taken place with mixtures of silt and clay.

Table 2. Grain Size Distribution of BioGenesisK Technology Tests
Test % Gravel % Sand % Silt or Clay
Micrometer > 2,000 75 - 2,000 38-75 < 38
Range
SITE 13 76 6 5
SEDTECH 0 0 18 82
BNL 1(NY/NJ) 0 19 35 46
BNL 2(NY/NJ) 3 68 26 3
BNL 3(NY/NJ) 0 14 33 53
BNL 4(NY/NJ) 0 14 33 53

BioGenesisK technology development progressed in stages, with each stage contributing to
understanding of what was needed to remove organic and inorganic contaminants from small
grain size solids with highbiomass. As each step was taken, new requirements devel oped that
were successively solved by the invention, design, and construction of new equipment. The

BioGenesis Enterprises, Inc.
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collision chamber solved the problem of desorbing contaminantsfrom extremely fineparticles;
thefirst version of the preprocessor solved the problemof separating fine solids; the processor
added the capability to separate biomass from solids; and the cavitation unit gave high
throughput capability for oxidizing organic contaminants entrained in a slurry. Different
configurations of these equipments are planned for testing during the forthcoming WRDA pilot
demonstration project. Table 3 shows the unit process used during development testing.

Table 3. Unit Processes Used During BioGenesisK Development Testing
g P TECH | 1 2 3 4
Sequence
Surfactant
L X X X X
Addition 1 oosen bonds
Aeration Particle scrubbing X
Preprocessing Solids separation X X X X
Cavitation Fractionate organic solids X X
Chelation Solubilize |.norgan|c X
contaminants
Surfactant Solubilize organic X X X
Addition 2 contaminants
Collision Desorb organic X X X X X
contaminants
Chelation Solubilize inorganic X X
contaminants
Cavitation Oxid ize qrg anic X X X
contaminants
Organics . .
. Separate organic solids X
Flotation
LIqUId/S.O“d Dewater treated solids X X
Separation

Each major test contributed to systemimprovements and led sequentiallyto the next step. Table
4 tabulates the results, interpretation, and conclusions drawn from the principal tests.

BioGenesis Enterprises, Inc.
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Table 4. Principal Results and Interpretation of Testing

Test Result Interpretation Conclusion
1. High contamination of a. Aeration with chemicals Additional technology is
TRPHSs cleaned from sandy is efficient for larger grain needed for fines.
soil (85 to 95%) sizes.
2. Weathered organic b. Multiple washes are
SITE contaminants on fines are required to treat high
resistantto cleaning contamination levels.
3. Residual biodegradation c. Aeration with chemicals
of TRPHs proved is insufficient for fine
particles.
4. Heavy concentration of d. Collision technology First proof thatfines
PAHs cleaned from silt & validated. can be cleaned with
SEDTECH | clay fines (90 - 94%). washing.
5. Partial removal of metals
observed.
6. Use of polymer as an aid e. Coagulation of fine Additional test
to liquid/solid separation particles using polymer is validation needed to
resulted in redeposition of not the method of choice demonstrate removals
BNL 1 contamination and interfered | for liquid/solid separation. from sediments
(NY/NJ) with analytical testing. f. Biomass must be containing high
fractionated prior to biomass content.
desorption with collision
impact.
7. Particles larger than 400 g. Organic/inorganic Effectiveness is
mesh (38 micrometers) contaminant removal validated on NY/NJ
cleaned at 85 - 99%, demonstrated on silt 38 Harbor sediment
including PAHs, PCBs, microns or greater. levels of
dioxins/furans, and metals. h. A fiter medium that contamination.
BNL 2 . .
INJ) 8. Use of dl_atomace_ous absorbs_ organic
(NY earth as a filter medium for contaminants should be
liquids allowed the medium avoided.
to absorb contaminants.
The medium required
reprocessing.
10. Cavitation effective in j. Sam ples for organic Reprocess to desorb
fractionating biomass prior testing must be extracted the contaminants
to collision. without delay to prevent resorbed during long
BNL 3 11. Samples exceeded reabsorption of organic holding time and to test
(NY/NJ) laboratory holding time prior | contamination. the effect of repetitive

to extraction.

k. In the field, liquid-solid
separation must be timely
for the same reason.

processing.
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Table 4. Principal Results and Interpretation of Testing

Test Result Interpretation Conclusion

12. Lower chemical I. Preprocessing, collision, Processis ready for
concentration, cavitation cavitation, and chelation large scale field
during preprocessing, then effectiveness is revalidated | demonstration and
collision produced extraction | on small grain size selection of sediment
rates of about90%. materials. handling, liquid-solid
13. High chemical m. Chemicals are not separation, and water

BNL 4 concentrations impeded required in the collision treatment

(NY/NJ) collision and cavitation chamber. technologies.

processes.
14. Lengthening the
circulation time in the
processor fractionated
larger organic particles
efficiently.

n. Smaller organic particles
created through longer
processing are easier to
remove through flotation.

BioGenesisK washing technology has been tested in the SITE (Superfund Innovative
Technol ogy) programof the U.S. EPA, the SEDTECH program of Environment Canada, and the
WRDA (Water Resources Development Act) program of U.S. EPA Region 2. Thetechnology
has demonstrated the capability at bench and small pilot scale to decontaminate fine particles,
and is ready far larger scale field testing and selection of sediment handling, liquid-solid
separation, and water treatment technologies.

BioGenesis Enterprises, Inc.
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2 DEVELOPMENT SUMM ARY, 1991 - 1993

BioGenesis' President and Technical Director is Dr. Mohsen Amiran. During 1987-1989, he
worked in Germany to conceive a trailer-mounted soil washing machine that would, in
combination with custom-tailored surfactant mixtures, be able to clean petroleum-based and
organic chemical pollutants from soils.

21 L arge particle washing under the U.S. EPA SITE program

BioGenesis constructed the first washing gondola during 1991, entered the U.S. EPA’s
Superfund Innovative Technology Evaluation (SITE) program, and demonstrated the soil
washing technology during 1992 at arefinery inMinnesota. This expeience isdocumented in
BioGenesisK Soil Washing Technol ogy, I nnovative Technol ogy Eval uation Report, EPA/540/R-
93/510, September 1993.

Overall results of the evaluation are depicted in figure 9. The washing was effective in
decontami nating 3,800 tons of soil. During the washing, it was apparent that both the smaller
grain szes of it and clay, about 11% of the totd , and the more heavily weathered materials
were not being cleaned as efficiently asthelarger partides of sandy soil that would not pass 200
mesh. Asaresult, BioGenesis undertook research on ways to improve washing effectiveness
Bench testing showed that aeration scrubbing with surfactant mixtures could not be effective on
small grain sizes and high molecular weight chlorinated organic contaminants because of the
sponge-like nature of sediment surfaceswith their cracks/crevicesand surface many thousands
of timeslarger than that of sandy particles per unit weight. Also, aeration scrubbing simply did
not have sufficient energy to break the high bonding forcesholding the pollutents to the small

Overall Removal Effectiveness
Crude Oil Contaminated Refinery Soil

35,000
[
9o 30,000 CUMULATIVE CRUDE OIL
= 1 REMOVAL RATES )
% 25,000 Washing 85-90%
o 20,000 + With Biodegradation  95-98% |-
@ 15,0001 -
S 10,0001
5000 pa ‘/

0—"
Conrl:glrglt?!ation 0 7 14 21 31
Days After Treatment

[ > 300 microns Il < 300 microns

Figure 9. Overall effectiveness, crude oil contaminated refinery
soil.
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particles. Theresult was tha BioGenesisconceived of a new way to dean small particles that
involved mobilizing all possible means, including chemicals, impact forces, and temperature.
The prototype machinewasfirst tested on contaminated sediment under the auspi ces of aproject
from Environment Canada sW astewater Technology Centre under the Contaminated Sediment
Treatment Technology Program (SEDTECH).

2.2 Thunder Bay Study (SEDTECH) for Environment Canada
221 Project Description

2211 Pur pose and objectives

Inmid-1992 Wastewater Technology Centre (WTC) requested proposal sfor bench scale studies
of Thunder Bay Harbour, Ontario, sediment. The purpose of the program was to assess
contaminated sediment treatment technol ogies which may be usedin future years as part of the
overal effort to clean up 43 "Areas of Concern" identified by the Internaiona Joint
Commission, a joint Canada-U.S. body tasked to administer the Great Lakes Water Quality
Agreement.

22172 Sample sour ce and description

WT C shipped 150 pounds of Thunder Bay sedimentto BioGenesisduring December 1992. The
major contaminants at Thunder Bay Harbour are PAHSs, with low levels of PCBs, phenols, and
several metals. The PAHs were determined to be the primary targe of the washing test. Over
80% of the sediment had grain sizes less than 38 micrometers, i.e. over 80% was medium st
and finer. The grain size distribution of the samplesis shown in figure 10.

Thunder Bay Sediment

Farticle Size Distribution
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Figure 10. Grain size distribution, Thunder Bay sediment
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2213 Untreated contamination levels

Untreated sediment contamination level swere extramely high, with over 9% oil and grease, 2%
semi-volatiles, and over 4,000 ppm of PAH. Total organi c carbon wasalso high at 11%. Table
5 depicts the before treatment contamination levels. The high contamination combined with a
grain s zethat was 80% fined It and clay, made achalenging test for the new technology.

Table 5. Untreated Sediment Contamination Levels, Thunder Bay
TEST PARAMETER BEFORE WASHING
Parts Per Million, PPM
Total Petroleum Hydrocarbons (TPH) 4,770
Oil & Grease (O & G 91,600
Semivolatile Petroleum HC (C12-C23 as diesel 21,000
Total Organic Carbon (TOC 11.5%
POLYAROMATIC HYDROCARBONS CAS Parts Per Billion , PPM
Naphthaleng 91-20-3 1,400
Acenaphthyleng 208-96-8 16
Acenaphthens 83-32-9 305
Fluoreng 86-73-7 240
Phenanthreng 85-01-8 770
Anthracens 120-12-7 110
Fluorantheng 206-44-0 400
Pyreng 129-00-0 300
Benzo(a)anthracene*** 56-55-3 115
Chrysene*** 218-01-9 75
Benzo(b)fluoranthene***] 205-99-2 120
Benzo(k)fluoranthene** 207-08-9 42
Benzo(a)pyrene***t 50-32-8 82
Indeno(1,2,3-cd)pyrene***1 193-39-5 30
Dibenzo(a,h)anthracene*** 53-70-3 9
Benzo(g,h,i)perylene  191-24-2 28
Total PAHS 4,042
**+% = Carcinogenic PAHs

222 Experimental Design and Procedures

2221 Treatment System Description

Thunder Bay Harbour sediment was tested on June 1, 1993, at the BioGenesis facility in
Milwaukee, Wisconsin. Mr. John Goodin represented Wastewater Technology Centre during
the testing.

For this test, the sediment washing unit was configured so that sediment could make multiple
passes through the machine. Considering the relatively small amount of sediment availablefor
cleaning, and the relatively large capacity of the machine compared to the sediment amount,
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BioGenesisdecided to recirculate the sediment through the machine three times. In the full scale
machine, sediment would not be recirculated through the same unit, but would be passed

successively through from 3 to 5 machines depending on the situation. This would achieve
continuous flow through the machine set.

With the exception of a leaking seal which was replaced, the test apparatus operated as designed.

2.2.2.2 Process Flow

Process flow is depicted in figure 11 and described in the following paragraphs.

BioGenesis Sediment Washing
Bench Test Unit Functional Flow

Thunder Bay Bench Testing
10 Mesh Screen

——
l PRI e e @mpé Polrt

ey 5 Chemical/Sediment — Cemrlfuge _>‘ Trf\a/ya?rgﬁernt
and emical/Sedimen llision :

Healing Collision Chamber > é:corugt?er ~ (as required)

200 F
{ 7 C\ean Fmes
T 10, OS(%DDSI Hydrocyeclones

l Clean Fmes

Clean Coarse . /Ssmple Pc%
Particles \ —

BioGenesis Glsaner

Saturated 2% Solulion -
and Water .

Steam
Generator

R - Somele, o)

Figure 11. BioGenesis®™ sediment washing, functional flow

First a sizing step manually removed large particles. These were not further tested based on the
rationale that contamination is concentrated on the particles which pass the screen. If the smaller
particles and sediment can be cleaned, then large particles are a lesser included case. Then, using
saturated steam, the sediment can be heated to 140 to 200°F. For the SEDTECH test, sediment
was washed at 80 to 90°F°.

Next the heated sediment is mixed with BioGenesis ~ cleaner and water under up to 10,000 psi
pressure. The combination of chemical and physical force of impact begins loosening the
bonding forces between the small sedimentparticles and the contaminant. The loosening process

2 BioGenesis bench testing shows that higher temperatures (140 - 200 °F) improve extraction
effectiveness.
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is completed in a collision scrubber wherein the charges on the contamination particles are
aligned to facilitate separation.

Findly, using standard hydrocydones and, if required, a centrifuge, the oil and water are
separated from the sediment. Depending on the type of centrifuge used (two-phase or three-
phase), water treatment using standard chemicals, filtration, or biodegradation may be used.
Water treatment was not modeled for this testing.

2223 Processing plan

The initial testing plan provided for extensive, multiple testing of both solids and liquids
resulting from the testing. These included baseline, intermediate process, and after process
sampling for 16 metals and inorganics, pH, sulfur, TOC, C,,,, hydrocarbons, oil and grease,
TPH, chlorophenols, 16 PAHSs, and total PCBs. Twofactors led toamendmentsin the testing:
reduced need for metals, PCB, and phenols testing because of low contaminant levels and
restrictions on test extent because of limited sample quantities and the need for split samples.

Theresultingtesting plan isillustrated intable6. It wasdesigned to provide athorough baseline
result, an end result, withintermediate resultsassigned lessimportance. Final adjustmentswere
made to the test matrix following the test in coordination with the project authority and
laboratory director to maximize information derived.

Table 6. Sediment Washing Analysis Matrix
Test Baseline After After After At Buffer After
Cycle 1 Cycle 2 Cycle 3 Tank Cyclone
Metals X X
pH X X
Sulfur X X
TOC X X
C.03HC X X X
Oil & Grease X X
TPH X X X X X X
16 PAHSs X X X X X
PCBs X X X X X
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2.2.3 Data Management, Analysis, and | nterpretation

2231 Data Summary and Comparison to Untreated M aterial Analysis

Table 7 presents the before and after testing results, and the computed percent removal.
Analyses were performed by Galson Laboratory, Syracuse, NY'.

Table 7. Thunder Bay Testing Results

BEFORE AFTER Percent
WASHING WASHING Removal

TEST PARAMETER

Parts Per Million, PPM| Parts Per Million, PPM

Total Petroleum Hydrocarbons (TPH) 4,770 400 91.6%
Oil & Grease (O & G) 91,600 3,940 95.7%

Semivolatile Petroleum HC (C12-C23 as 21,000 2,200 89.5%
Total Organic Carbon (TOC) 11.5% 2.9% 74.8%

POLYAROMATIC HYDROCARBONS
CAS  Parts Per Million , PPM|Parts Per Million , PPM

Naphthalene 91-20-3 1,400 73 94.8%
Acenaphthylene 208-96-8 16 1.5 90.6%
Acenaphthene 83-32-9 305 34 88.9%
Fluorene 86-73-7 240 30 87.5%
Phenanthrene 85-01-8 770 88 88.6%
Anthracene 120-12-7 110 16 85.5%
Fluoranthene 206-44-0 400 59 85.3%

Pyrene 129-00-0 300 44 85.3%
Benzo(a)anthracene 56-55-3 115 19 83.5%
Chrysene 218-01-9 75 12 84.0%
Benzo(b)fluoranthene 205-99-2 120 19 84.2%
Benzo(k)fluoranthene 207-08-9 42 6.1 85.5%
Benzo(a)pyrene 50-32-8 82 12 85.4%
Indeno(1,2,3-cd)pyrene 193-39-5 30 5 83.3%
Dibenzo(a,h)anthracene 53-70-3 9 1.4 84.3%
Benzo(g,h,i)perylene 191-24-2 28 3.9 86.1%
Total 4,042 424 89.5%

2232 I nter pretation of Results

The particle size distribution for Thunder Bay Harbour sediment wasreported by WTC based
ontesting of samplesduring 1992. Using Wentworth classification scales, 81% of the sediment
iIsmedium silt and finer, about 8% isacoaser silt, and 6% isvery fine sand. Thisdistribution
of small grain sizes had heretofore been considered untreatabl e using soil washing techniques.

Overall removal effectivenessof the BioGenesisK washing processisillustrated in figure 12.
Three wash cycleswith about 5 minutesof total contact time in the washing unit resulted in 90-
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95% contaminant removal depending upon the test used. Oil & grease remova was 95.7%,
semi-volatilepetroleum hydrocarbonswas 89.5%, total petroleum hydrocarbonswas 91.6%, and
total PAHs was 89.5%. The results reported by Galson are at the upper end of the estimated
range, and are somewhat above expectations for the small pilot scale unit.

Galson Laboratory noted that the results for SVHC (C,,.; asdiesal), TPH, and GC/M S results
should not be confused since each method assesses petroleum content, different analytical
techniques are utilized, and different types of contamination may respond differentlyto each of
the techniques. Nevertheless, results from the principal tests performed by two different
laboratories (Gal son subcontracted the SYHC analysis) correlatevery well and give confidence
to the overall removal percentages.

Washing removal effediveness for individual PAH contaminants varied between 83.3% and
94.8%. This can be observed visudly in figure 13 where the extraction end points for
contaminants with beginning concentrations greater than 100 ppm are all very similar. About
15% of contamination isremoved during the first wash cycle. A further 75% is removed in
cycles2 and 3. Whether the additional removal was due to dwell time in the presence of the
chemical, or to additional physical scrubbinginthecollision chamber and collision scrubber was
undetermined.

Overall Removal Effectiveness, BioGenesis®™ Sediment Washing
Bench Testing, Thunder Bay Harbour, Ontario, Sediment

Total Organic Content, Oil & Grease, Total Petroleum Hydrocarbons
and Semi-Volatile Hydrocarhons Poly-aromatic Hydrocarbons
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Figure 12. Overall removal effectiveness, BioGenesisK Sediment Washing, Thunder Bay
Harbour, Ontario, sediment.
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Figure 13. BioGenesisK washing, PAH removal effectiveness, lower concentration

pollutants, Thunder Bay Harbour sediment

Likewise figure 14 shows much the same picture for PAH compounds having initial

concentrations below 100 ppm.

PAH Removal Effectiveness
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Figure 14. BioGenesisK washing, PAH removal effectiveness, higher concentration

pollutants, Thunder Bay Harbour sediment
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224 Conclusions and Recommendations
2241 Conclusions

al. For the first time known to BioGenesis, PAH and hydrocarbon contamination was
effectivelyextracted from sedimentsin acontinuouswashing process. Thiswasamajor advance
in the state-of-the-art for sediment remediation. It has the potential to make obsolete the
previous concept of washing technology as a pretreatment technique which leaves large
guantities of fines needing further treatment.

a.2. Thetesting for this project used prototypepilot scaleequipment. Extraction efficiency was
90-95%. The test proved that BioGenesiskK sediment washing technology can
physically/chemically extract relatively high levels of oil & grease, TPH, SVHCs, and PAHs
from harbour sediment which is 81% medium silt and smaller.

2242 Recommendations

b.1. The sediment washing equipment used in the June 1993 testing was the initial, proof-of-
principal prototype. Second generation equipment capable of processing 5 to 7 cubic yards per
hour should be built and tested. The goal of design revisions should be to raise extraction
efficiencies above 99%, and provide for multiple processing units to be used in series.

b.2. Levels of PCBs, phenols, and dioxins were too low in the Thunder Bay Harbour sediment
to calculate an extraction efficiency. But considering hydrocarbon similarities, it is reasonable
to expect similar removal efficiencieson these substances. Pesticidesasofa | intothis category.
The washing system should be tested on the other major organic contaminant types besides
PAHSs.

b.3. The washing operation achieved a collateral efect of removing 30 to 40% of the metals
present despiteoptimi zation of the chemical cleaner for hydrocarbonsand PAHSs. Itisreasonable
to expect that a chemical optimized for meals together with improvements in the cleaning
machinewill lead to increased rates of metals extraction. The washing system should be tested
on arange of inorganic contaminants.

b.4. Given the performance on hydrocarbons, PAHs, and metals, it seems possible to design a
sequential treatment trainwhich first extrads hydrocarbons and then, with adifferent chemical,
extractsmetals. The ability to use the same equipment to clean different contaminants leadsto
the expectation that sediment washing will evolve to be an effective, economical, rapid means
of treating multi- and mixed contaminant sediments. Mixed contaminant sediments should be
tested using the treatment train approach.
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3 PROCESSTHEORY ANDEQUIPMENT DEVELOPMENT, 1993-1994

The successful SEDTECH bench testing on Thunder Bay, Ontario, sediments showed the
potential effectiveness of washing technology for sediment decontamination. It also gave a
measureof practical validationto anevolving theoretical understanding of how to decontaminate
very small sdid particles.

31 Process Theory
311 Uncontaminated Sediment Strudure

Uncontaminated sediment is acomplex of organicand inorganic matter. The theoretical model
developed by Dr. Amiran simplifies this compex structure for better understanding. In this
model, solid inorganic particles are covered by a molecular layer of biofilm. The biofilm is
tightly bonded to inorganic particles and completely seals all the exposed surfaces of the
inorganic particle. The overlaid inorganic sediment particles have great affinity for and adhere
to each other. Themolecul ar biofilm over theinorganic sediment particlesal so hasgreat affinity
for any cationic or anionic particles. When the sediment particles settle, they attract other
naturally occurring organic matter (NOM), which ultimately covers the molecular biofilm. As
more NOM isdeposited, the bonding between new organic matter and that previously deposited
isweakened. Inthistheory we have classified the deposition of organic matter over theinorganic
particles in a sedimentary environment into three categories: first, biofilm, which is the most
activeand hasthe highest absorbency; second, the plasmaticlayer, whichformsover thebiofilm;
third, the interplasmatic layer, which fills up the spaces between the sedimentary particles.

Twotypesof sedimentary model s can be considered depending on whether theinorganic particle
is contaminated (or not) prior to entering the water.

. In the first case, that of an uncontaminated inorganic particle entering the water,
contaminants are mainly concentrated in the biomass of the plasmatic and
interplasmatic layers. These biomass layers act as filters in the water that attract
pollutants. The process of partitioning between the three phases of organic matter,
aswell astheinorganic phase, happensover time. The partitioning effect distributes
the total contamination in the sediment by different percentages. The percentage of
distribution depends on the nature of the contaminant as well as the chemical
structure of the inorganic and organic matter. When the sediment is aged, most of
the contaminant is found in the organic phase of the sediment. Thisistrue even for
inorganic contaminants (heavy metals). The chemical properties of different phases
arediscussed in section 3.1.2.

. In the second case, that of an already contaminated inorganic particle entering the
water (e.g. suspended solids from industrial waste or from agriculture), the biofilm
forms over the contaminant which itself overlays the inorganic particle. Asin the
first case, the plasmatic and interplasmatic layers of biomass accumulate and act as
filtersfor accumulation of additional contaminantsfrom thewater phase. Over time,
partitioning takes place among the inorganic particle, contaminant layer, biofilm,
plasmatic layer, and interplasmatic layer. Thedifference between this case and the
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first case isthat even if the plasmatic and i nterpl asmati c layers are stri pped away,
significant contamination remains tightly bound to the solid particle beneath the
biofilm. In order to clean the particle, additional chemical and/or physical forces
must be applied beyond those used in the first case.

The key to understanding the modelsis to understand the nature of theinterface between water
inthe environment and extremely small solid particles. Thefollowing discussion of research by
others gives the theoretical foundation for the BioGenesis theory of sediment structure.

Research by Neihof * showed that alayer of organic moleculesformsover asolid surfaceassoon
asthesolid surfaceiscontacted wi thnon-pure water. In his study, three dif ferent materials(clay,
calcite, and glass) were immersed in seawater. Anion and micro-mdecule film immediaely
formed on the solid surface. Further studies*® showed that the films formed over the solid
surface had much higher concentrations of organic and inorganic matter than the surrounding
water. BioGenesis desaribes this molecular film formed on the solid surface as the biofilm.
Since the biofilm beginsto form as soon asthe sdid particleisimmersed in water, organic and
inorganic material subsequently added to the water contact the biofilm, not the solid particle
itself. Over time other sources of organic material join the sediment complex. These include
animal or vegetative cells and mineralized organic matter derived from humus. The active
bacterial surfaces of theorganic material strongy attract to the active surface of the biofilm or
to biomass already accumulated on the biofilm of a solid particle.

Figure 15, Cross-sectional model of uncontaminated sediment, extends the concept of biofilm
to encompass a plasmatic layer of dense biomass that is attracted to and binds with the biofilm
and alessdense layer of biomassthat fillsthe spaces between particles. Theless dense biomass
issimilar to agel and istermed theinterplasmatic layer by BioGenesis. Figure 15 showsacross-
section of solid particles of various sizes and shapes, each coated with abiofilm and aplasmatic
layer, and with the spaces between the particles filled with the less dense interplasmatic layer.

*Neihof, R. A., and G. I. Loeb. “The Surface Charge of Particulate Matter in
Seawater,” Limnol. Oceanogr. 17:7-16 (1972).

*Loeb, G. I. and R. A. Neihof, “Marine Conditioning Films,” in Advancesin
Chemistry, Series 145: Applied Chemistry at Protein Interfaces, R.E. Baier, Ed., pp. 319-335
American Chemical Society, (Washington, DC, 1975).

*Urrutia, M. M., M. Kemper, R. Doyle and T. J. Beveridge, “ The Membrane-induced

Proton-motive Force Influences the Metal-binding Ability of Bacillus subtilisCell Walls,
Appl. Env. Microbiol. 58:3837-3844 (1992).
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Figure 15. Cross-sectional model of uncontaminated sediment

312 Contaminated Sediment Structure

Organic and inorganic contaminants are attracted to the sediment structure by molecular forces
that are strongest in the biofilm and progressively wesker in the plasmatic and interplasmatic
layers. Succeeding paragraphs describe and illustrate the absorption and deposition of
contaminants in the BioGenesis model of sediment structure.

The mechanism for metal deposition in anion film has been studied ®’ in bacteria cell walls.
Initially, a stoichiometric interaction takes place between metal cations and active sites within
thecell wallsof the bacteria. Metal ionsare deposited. Additional metal deposition then occurs
unti| physi cally constrained by the s ze of the intermol ecular spacesinthe cell wall itself. In

®Beveridge, T. J. and R. G. E. Murray, “ Sites of Metal Deposition in the Cell Wall of
Bacillus subtilis” J. Bacteriol. 141:876-887 (1980).

"Mills, A. L. and R. Maubrey, “Effect of Minerd Composition on Bacterial
Attachment to Submerged Rock Surfaces,” Micro. Eco. 7:315-322 (1981).
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contaminated sediment, theresult of ion depositionin the biofilmisthat the metalsare not easily
remobilized by water or replaced by protons or other ions.

The deposition phenomena can be understood by understanding the bacteria bi-layer. Thetwo
main categories of bacteriain the sedimentary environment and thus in the biofilm are gram-
positive and gram-negative bacteria. 8°

Ingram-positivebacteria, thebi-4ayer congstsof two sections Thesearethe peptidoglycan (PG)
layer which overlaysthe plasmamembrane (PM) layer. The PG layer iscomposed of strands of
chains of up to 50 dimers of N-acetylglucosamine and N-acetylmuramic acid. ** This PG layer
istheouter cell membrane and has substantial amounts of muramic acid attached to peptidesthat
are rich in carboxyl groups. Carboxyl groups have a great affinity for positively charged
particles, such as metal cations, which help to gabilize and prevent the decomposition of this
layer. This has been shown in studies of fossilized bacteria. 12134

Gram-negative bacteriahave three layers, an inner PM layer, aPPG layer, and asecond PM laye
which is considered the outer membrane and is covered by an adive plasmatic layer of
polysaccharide. The plasmatic layer usually consists of a combination of unique sugars such as
2 keto-3-deoxyactonate or different hexoses which havecarboxyl on phosphoryl groups. These
groups also create strong negatively charged sites that attract and bind positively charged
contaminants. *°

When both organic and inorgani c contaminants contact the sediment structure, they are attracted
by molecular forcesin the biofilm, plasmatic layer, and interplasmatic layer. First, organic and

®Beveridge, T. J,, C. W. Forsberg and R. J. Doyle, “Major Sites of Metal BindinginB
Bacilluslicheniformis Walls,” J. Bacteriol. 150:1438-1448 (1982).

°Beveridge, T. J. and R. G. E. Murray, “ Uptakeand Retention of Metals by Cell Wdls
of Bacillussubtilis” J. Bacteriol. 127:1502-1518 (1976).

Nikaido, H. and M. Vaara, “Outer Membrane,” in Escherichia coli and Salmonella
typhimurium: Cellular and Molecular Biology, Volume One, F.C. Neidhardt, J. L. Ingraham,
K. B. Law, B. Megasanik, M. Schaechter and H. E. Umberger, Eds., pp. 7-23 American
Society for Microbiology, (Washington, DC, 1987).

"“Rogers, H. J., J. B. Wad and |. D. J. Burdett, “ Structure and Growth of the Cell
Wall of Gram-positive Bacteria,” Symp. Soc. Gen. Microbiol. 28:139-176 (1978).

?Beveridge, 1976.

3Beveridge, T. J., “Role of Cellular Design in Bacterial Metal Accumulation and
Mineralization,” Ann. Rev. Microbiol. 43:147-171 (1989).

“Ferris, F. G. and T. J. Beveridge, “ Site Specifiaty of Metallic lon Bindingin
Escherichia coli Lipopolysaccharide,” Can. J. Microbiol. 32:52-55 (1986).

Nikaido, 1987.

BioGenesis Enterprises, Inc.




Page 23

inorganic contaminants contact and mix with the interplasmatic layer. Over time, organic
contaminants will distribute throughout the biomass and biofilm in accordance with their
respective partitioning characteristics. Metals will tend to be attracted to the biofilm layer by
their strong affinity for the carboxyl groups which have a strong affinity for heavily charged
particles. Over an extended period of time, the contaminants have almost completely migrated
to the biofilm layer and are tightly bound to it. ***"#

3.13 Breaking the Sediment-Contaminant Structure

BioGenesis technology breaks the contaminated sediment structure by physical forces in the
preprocessor and collision chamber. Theseforces separae the sediment particle complexesand
strip the interplasmatic layer and plasmatic layer of biomass from the sediment particle. This
separation lessensthe amount of chemical force necessary to separate the contaminantsfrom the
biofilm and solid particle.

Once the sediment structure is broken, chemicals can form strong micelles with organic
pollutants and remove them from the solid particle. Foar metals, chelating agents are used to
make aligand withheavy metal cations. Complex surfactants are used to enhance the saubility
of the ligand complex and stabilize it in the water phase.

314 Transferring Contaminants tothe Water Phase

The surfactant complex and chelating agents are selected based on the type of contaminant and
the nature of the complex organic phase of the sediment. For example, most poly-aromatic
hydrocarbons (PAH) are not soluble in water, and are not bound strongly to the biomass.
However they can be emulsified and converted to micro-emulsions after breaking the organic
phase (plasmatic and interplasmatic layers). Todo this, ahigher proportion of complex cleaner
is used that emulsifies both the organic biomass and the PAH. In contrast, when dealing with
diesel fuel or other light hydrocarbons, the bond between the biomass and the pollutant is very
strong, and in this case a stronger surfactant complex is used to dissolve the contaminant and
transfer it to the water phase.

In the case of mixed organic and inorganic contaminants in harbor sediment, a multi-acting
complex can be usad with the following components:

. Non-ionic surfactants to act as wetting agents to enhance the physical breakdown of the
organic phase of the sediment complex.

®Marshall, K. C., “Mechanism of the Initial Eventsin the Sorption of MarineBacteria
to Surfaces,” J. Gen. Microbial. 68:337-348 (1971).

"Marshal, K. C., “Bacterial Adhesion in Natural Environments,” in Microbial
Adhesion to Surfaces, R. C. W. Berkeley, J. M. Lynch, J. Melling, P. R. Rutter and B.
Vincent, Eds., pp. 93-106, Ellis Horwood Ltd., (Chichester, 1980).
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. Amphoteric surfactants to stabilize metal micelles complexes.

. Organic or inorganic chelating agents to mobilize heavy metals and extract the heavy
metals from the biomass. The selection of chelating agents depends on the inorganic
nature of the solid sediment as well as the type of heavy metd.

. lonicsurfactants sel ected to react with thepol ar, non-hal ogenated, organi ¢ contaminants.

. Inorganic chemicals or very strong polar organic materials to bind with the biofilm and
cap the bacteria to reduce their ability to absorb. These chemicals normally have
temporary effects, sometimes as short as 30 minutes.

. Non-ionic surfactants to prevent re-adhesion of the biofilm over the solid particle.
3.2 Development of L arger-Scale Equipment

Duringthelast half of 1993 and throughout 1994, BioGenesis designed, constructed, and tested
a pilot-scale sediment washing system capable of processing from 8 to 10 cubic yards of
sediment per hour. The design objective of the pilot equipment wasto field a small scde unit
built to commercia standards that would give the experience necessary to construd full scale
units capable of 30 to 50 cubic yards per hour or more.

The pilot system oonsisted of two majar equipments. The first equipment contained
hydrocyclones, awet screen, and amixing feed tank to supply homogenized sediment slurry to
the collision chamber. The second equipment contained the sediment collision chamber and
collision scrubbers. Both units were designed to be transportable on a single lowboy trailer.

Water at up to 10,000 psi was supplied to the collision chamber by a diesel-powered blaster unit
made by NLB Corporation. Thisunit istransported on an auxiliary trailer together with adiesel
generator, power distribution panel, and miscell aneous equipment.

Following delivery, the collision chamber unit wasfunctionally tested with sand. Thisprovided
a“worst case” test since sand settlesvery quickly and can clog equipment. Testswere conducted
at throughput rates of up to 40 tons per hour. This showed that the mechanical flow design was
sound. Although materia was processed through the machineat high rates, cal culationsindicate
that lower ratesof 10to 15 tons per hour are necessary to provide contact time and good d eaning
effi ciency.

Testing of thewet screenindicated that it performed as designed for particle sizesthat would not
pass 400 mesh (about 38 micrometers). The hydrocyclonesinstalled on the unit were designed
to separate gran sizes as low as 10-15 micrometers. Testing showed that such efficiency was
achieved atlow overall flow rates. However separation efficiency degraded at higher throughput
rates, and this raised questions about the suitability of these equipments for use at full-scale
volumes of 40 cubic yards or more per hour.
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4 SEDIMENT APPLICATIONS 1995 - 1997
41 Overview of WRDA Studies, 1995 to Date

From 1995 onward, BioGenesis has participated in the U.S. Environmenta Protection Agency,
Region 2, and U.S. Army Corpsof Engineers, New Y ork Digtrict, project to devel op technology
capable of decontaminating sediment dredged from New Y ork and New Jersey Harbor. The
programisfederally funded under the Water ResourcesDevelopment Ad. Brookhaven National
Laboratory manages the program under an Inter-agency Agreement between EPA and the
Department of Energy (Brookhaven). BioGenesiswas sl ected into the program to eval uateits
washing process for decontaminating dredged sediments which contain aromatic hydrocarbons
(PAHs), organochlorines (such as dioxins, furans), polychlorinated biphenyls (PCBS),
chlorinated pesticides and herbiddes, and metals.

Since 1995, BioGenesishas conducted five studies of significance totest its sediment washing
technology. The core asped of sediment washing isthe desorption of contaminantsfrom solid
particles using collision impact forces. At the time of selection into the WRDA program, the
technology concept had been defined and tested under the sponsorship of Environment Canada' s
SEDTECH program. The SEDTECH testing focused on treatment of high concentrations of
PAHs. No testing had been conducted on contaminated sediment containing lower
concentrations of PAH together with PCB, dioxin/furan, and inorganic contaminants. While
there was evidence that desorption was effective on particles less than 38 micrometersin size,
additional testing was needed on the contaminants not previously tested and on sediment from
NY/NJthat had lower levels, but more complex mixtures of contamination. Theresulting study
series was intended to explore these points.

4.2 Initial WRDA Bench Study, October 1995 (BNL 1)
42.1 Project Description

4211 Pur pose and Obj ectives

The objective of thisfirst treatability test was to evaluate the BioGenesiskK Soil and Sediment
Washing Process and develop enough information to make cost estimates and provide data
necessary to establish areferencefor selection of the BioGenesisK Soil and Sediment Washing
Process for pilot-scale testing.

4212 Sample Sour ce

The sediment sampl e collected for the treatability test was collected on October 11, 1995, aboard
the Army Corps of Engineers Survey Vessel Gelberman. A total of about 275 gallons of
sediment were collected using a modified clamshell dredge of about 0.2 cubic yards capacity.
For each grab, overlying water was drained prior to depositing the sampler’ s contents into the
collection container. Composited material wasthen homogenized using an electric 3.5 HPmixer
(food-grade stainless steel shaft and propeller). The sediment was characterized by collecting
6 samples from random X, y, and z locations in the collection container after 30 minutes of
mixing. The results of the analytical testing show an average coefficient of variation of about

BioGenesis Enterprises, Inc.




Page 26

15% for al of the contaminants. The analytical results for the pre-treatability study were
submitted to BNL by BioGenesisreport dated February 8, 1996, subj: Bench Scale Treatability
Sudy Report; Decontaminating Dredged Estuarine Sediments.

Particle Size Distribution
Untreated Sediment, 10/30/95 Test

Clay 0.1
Silt
75-106
106 - 250
250 - 425
425 . 850
£50. 2,000
2,000 - 4,750
= 4,750

Micron Range

0% 10% 20% 30% 40% 50% 60%
Fercent

Figure 16. Particle Size Distribution, WRDA Testing, 10/30/95

4213 Description

The grain size distribution of the sediment is shown in figure 16. This distribution isfairly
typical of New Y ork Harbor and Newark Bay sediments, with almost 50% classified asclay with
agrain size lessthan 3 micrometers.

4214 Untreated contamination levels

Untreated contamination levels are shown in table 8.

Table 8. Newtown Creek Untreated Sediment, November 1995Bench Testing
Total Organic| Carbon Polychlorinated Biphenyl (PCB)(ug/kg)
TOC (%) 7.25 Total MonoCB 108
Total DiCB 379
Polyaromatic Hydrocarbon (PAH) Total TriCB 727
Total TetraCB 1,588
naphthalene 2,729 Total PentaCB 487
acenaphthylene 1,288 TotalHexaCB| 1,237
acenaphthene 1,042 TotalHeptaCB 809
fluorene 1,389 TotalOctaCB 96
phenanthrene| 6,586 TotalNonaCB 20
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Table 8. Newtown Creek Untreated Sediment, November 1995Bench Testing

anthracene 3,702 Total PCB 5,451
fluoranthene 10,323
pyreneg 7,101 DIOXIN/FURAN (ng/kg)
benzo(a) anthracene 4,484
chrysene 4,564 2378 TCDD 42
benzo(b)fluoranthene) 2,922 Total TCDD 246
benzo(k)fluoranthene 1,107 TotalPeCDD 378
benzo(a)pyreneg 2,550 Total HXxCDD 1,370
indeno(1,2,3-cd) pyrene 1,075 TotalHpCDD| 4,450
dibenzo(ah)anthraceneg 397 Total TCDF 2,372
benzo(ghi)perylene| 1,254 Total PeCDH 2,853
Total PAH 52,513 Total HXCDF 5,175
Total HpCDH 6,068
METALS (ppm)
As 33.5 Pb 617
Cd 37.1 Hg 1.29
Cr 377 N 297

4.2.2

4221

Experimental Design and Procedures

Treatment system description

The process flow diagram for the treatment system is shown in figure 17.
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The equipment used during the bench test incl uded the fol lowing:

. 55-Gallon capacity pre-treatment . 55 Gallons of BG-Decon Industrial
slurry tank with air-powered Cleaner
Lightnin Mixer motor, food-grade
stainless steel shaft and propeller. . 5 Gadlons BG-SN2 washing
chemical
. 125-Gallon capacity BioGenesisK
Sediment Washer with air-powered . 1 Galon BG-SN3 washing
Lightnin Mixer motor, food-grade chemical
stainless steel shaft and propeller,
pressure and slurry feed ports. . 5 Gallons sodium sulfide precipitate
solution
. 2" Wilden Sandpiper air diaphragm
pump. . 1 Gallon Nalco Polymer
. 36" RosedaleBag Flter with 1.5" air . 10 Gallons 50% Solution hydrogen
diaphragm pump. peroxide
. Setra Super Count high resolution . JWI 3" J-Pressfilter press

counting scale (1.00g increment).
. P141 Enerpac Hydraulic

. Glasco GUS-15 Ultraviolet Water Compressor w/ #10112512 filters
Purifier.
. 5 Galons BG-Clean 1103N
. HYDROX 1200 cavitation system. Wastewater Odor Treatment
. NLB 10120D water blaster. . SKC Model 223-3 Low Flow air
monitor with SKC 226 charcoal
. 1" Wilden air diaphragm pump. tubes

42272 Process Flow Diagram and Test Narr ative

Thesamplesto betreaed at the BioGenesis site were opened inthe presence of all attendeesand
the temperature taken as 4°C. The samples were weighed and opened. A tank-bottom-like
consistency with a heavy petroleum odor characterized the sediment material to be cleaned.
Sample NC951011-11 contained a net weight of 17.138kg of maerial used in the treatment
process. The sample was split into two five-gallon buckets to which one-half gallon of water
was added to each bucket to facilitate screening of gross oversized material. The material was
homogenized with a stainless steel trowel and poured through the screen into the pretreatment
slurry tank. An archive sample of the material weighing 0.487kg was retained for BioGenesis
custody.

Sample NC951011-12 was weighed and anet 18.161kg of sediment material was split into the
two five-gallon buckets to which one-half galon of water was added to each to facilitate
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screening of thegrossoversized material. Again, the material was homogenized withastainless
steel trowel and poured through the screen into the pretreatment slurry tank.

One gallon BG-S-N2 and one gallon BG-S-N3 were added to the pre-treatment slurry tank and
the slurry tank mixer turned on. The slurry mixturewas agitated for a period of two hours to
allow the BioGenesis™ chemicals enough time to mobilize any inorganic contaminantsin the
sediment. BioGenesis' information regarding the sediment characteristics, including potential
contaminant concentrations was limited to the datain Tables 1 through 6 foundon Page 8-13 in
the Statement of Work contained in the RFP. For this reason, BioGenesis believed it prudent
to extend the residence time of the organic mobilization chemicals.

From the pre-treatment durry tank, the slurry was pumped into the BioGenesisK Sediment
Washer’s collision chamber. The pumping process took two minutes to complete after which
the slurry was returned to the slurry tank where 50 ml of anti-foaming agent were added. The
cycle was repeated whereupon the slurry was again pumped into the collison chamber for
cleaning. After thetwo minute cyclewascompleted, the slurry wasreurned tothe pre-treatment
tank for post treament consisting of dewatering and water treatment.

During the bench-scal e treatment process, atotal of 22 gallons of water wasused in the collision
chamber averaging 11 gallonsof water per cycle. After the slurrywasreturned tothe slurry tank
the second time, 10 ml of polymer combined with 500ml water was added to floccul atethe slurry
as a dewatering ad. The air mixer was turned on for two minutes to properly combine the
dewatering aid with the sediment.

An air digphragm pump was used to transfer the cleaned material to the filter press. After 15
minutes of filter pressing, the first dewatered “biscuit’ of decontaminated sediment was
produced. At approximately noon the next day, BioGenesishad pressed the entire quantity of
solids producing approximately 21 kg of cleaned material and 27.5 gallons of filtrate. The
filtrate was processed by pumping the liquid through the HY DROX 1200 cavitation unit.

An air monitoring device was placed at the top of the pre-treatment tank for a period of two
hours during which all tests were run on the sediment. The analytical results of the air monitor
indicated that no air emissionswere detected during thetreatability study. The analytical results
for these tests were included in the data report.

4.2.3 Sampling and Analysis

4231 Sample points

BioGenesis returned 7.1 kg of treated sediment to Brookhaven for testing, aswell as liquid
samples designated below:

Sample D Description Volume/ Weight
L-1 Liquid slurry after initial resdence time 16 0z

L-2 Liquid supernatant after flocculation 16 0z

L-3-7 Treated liquid effluents 16 oz each
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SamplelD Description Volume/ Weight
S1 Slurry after mixing, washing & polymer addition 16 0z

S2 Treated end product (soil) 7.1kg

4.2.4 Data Management, Analysis, and | nterpretation

4241 Data summary and comparison to garting analysis

All data were included in the report to BNL, Bench Scale Treatability Study Report,
Decontaminating Dredged Estuarine Sediments, February 8, 1996, which is not summarized
here due to inconclusiveness of results. See discussion of results below.

4242 | nterpretation of results

Brookhaven National Laboratory sent a portion of the 7.1 kg of treated sediment to Triangle
Laboratory, Research Triangle Park, North Carolinag, for analysis. For analytical completeness,
BioGenesis forwarded a sample from the archival sample to ANAlab in Edison, NJ, to test
Polynuclear Aromatic Hydrocarbons (PAHS), Total Petroleum Hydrocarbon (TPH), and Total
Organic Carbon (TOC). Selected results from the Triangle analysis are included in table 9
below. Completeresults and QA/QC data areincluded in the appendixes of the BioGenesskK
Bench Scale Treatability Report, dated February 8, 1996. Key results from Triangle are
contained on pages 19-21 and 51-53 of Appendix A to that report. Key resultsfrom ANAlab are
contained on pages 20-21 of Appendix B to that report.

425 Discussion of Results

The results from the analytical testing conducted by both Triangle and ANAlab were well
correlated, despite differing presentation methods that are at the discretion of the laboratory.

Unfortunately, the results from both laboratories were inconclusive, and no meaningful
conclusions could be drawn about the efficiency of cleanup achieved at the bench scale. The
primary factor leading to this assessment is that the level of contamination in the sediment was
significantly lower than the PQL (Practical Quantitation Limit) of Method 8270, PAH.
Instructive in this regard is the following extract from page 3 of the Triangle report:

... The quantitation limit for all analytes is half of the low point of the
initial calibration adjusted for sample mass, percent moisture, or dilution
when appropriate. ... Any concentrations reported at a level below the
quantitation limit will be flagged with a “ J* and should be considered
estimated. (emphasis added)

Table9 below illustratestheinherent limitations of Method 8270 when applied to extremely low
levels of analytes. The table derives from pp. 19-21, and 51-52 of the Triangle report.
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Table 9. Triangle PAH Results Summ ary
Treated Treated
Sample S2-1 Sample S2-2
Total number of compounds detected by the PAH 21 20
test, excluding compounds detected in the blank
Number of *hits” above the PQL 3 2
Num ber of “hits” below the PQL, i.e. “J” quality 18 18
estimates
Number of “hits” more than 50% below the PQL 12 of 18 14 of 18

To provide users with, at least, some insight to the analytes present below the PQL, estimated
MDLs (Method Detection Limits) are established. These are machine calculated, theoretical
values of the lowest level that a skilled technician can “see” on a given test, on a given
instrument. The reliability of estimated valuesthat are below the PQL decreases the farther the
estimated value is from the PQL. Again, the Triangle report, page 3, isinstructive:

... The estimated detection limits reported are the average detection
limits achievable over time on an instrument type. The actual detection
limit for a given compound on a given day may vary from the estimate
reported. ... Below this point (the PQL) the calibration cannot be
considered to belinear. (emphasis added)

Note that 66% to 78% of the “hits’” below the PQL were more than 50% below the PQL. This
isahigh indication of unreliability of the value because instrument calibration below the PQL
iIsnot linear.

The sensitivity of the Method 8270 andytical procedure is also strongly affected by the method
used for sample preparation. In this case, confidence in results is further decreased by two
factors: the extraction amount increased from one ml to two ml and the five timesdilution of the
extraction by Triangle before analyseswhich resulted in aten times (10x) overall dilution factor.
This dilution factor significantly reduces confidence in the data reported.

Because of the 10x dilution factor, the PQL for the Triang e testswas increased to 6,950 pg/kg
and 7,057 pg/kg from a standard of 333 pug/kg. The difference between the standard and test
PQLs is significant because it shows that while Method 8270 is capable of very low detection
levels, in this case the PQL was adversely raised by the 10x dilution factor. Put another way, all
but 2 of the 26 compounds in the “6 sample mean untreated” samples that are being used by
Brookhaven National Laboratory asthe baseline levels of contamination are below the PQL of
8270 for the Triangle tests. Most are more than 50% below.

Thelack of precisionintheresultsof the Triangletesting iscompounded by thelack of precision
found by examination of the standard deviations of the test results in the “6 sample untreated
mean”. Herethe standard deviations varied from the mean by from 8% to 76%. Thisvariability
probably does not stem from lab or sampling errors. It is simply inherent in the fact that low
analytelevel sarebeing tested using the best method available but nonethelessonewhichisless
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repeatableand reproducible the farther below the PQL and closer to the MDL that resultsare
reported.

A point about presentation of results--the format of results presented by the two laboratories,
eachqualified and certified, differed for the same Mehod 8270test. Triangle presented datathat
are apparently highly accurate asindicated by two decimal placesfor the concentrations and for
theMDLs. ANAlab presented MDLswith no decimal placesandrounded tothe hundreds. One
could infer from this that Triangle was more precise than ANAlab. However such is not true
because both |abs used the sane EPA test method with comparabl e equipment, procedures, and
personnel. The explanation isthat Triangle presented results as they came from the machine,
while ANAlab presented results interpreted for the level of precision inherent in theanalysis.
In this case, for these samples, the level of precision is very low, and thus ANAlab, using
legitimatelaboratory discretion, reported M DL srounded to the hundreds place, and again using
laboratory discretion, chose to report potential hits below the PQL as non-detected instead of
estimated values. Common practice says that in order for a detection of an analyte to be
considered “real” or significant, it needs to be three to five times the detection or quantitative
limits. Triangle, onthe other hand, reported machineresults. The comparability of thetwolab’'s
instruments can be seen by the roughly comparable MDL s determined by both labs. Neither
reporting method is right or wrong, although the argument could be made that Triangle's
presentation gives the non-expert user a feeling of greater confidence than is warranted by the
data. Theoverall lack of precision in the data is exactly why no conclusions can be reached for
the bench testing.

In summary, the results of any analyticd data can only be considered in light of the data
qualifiers, detection or quantitative limits, and astatistically sound number of replicates. Inthis
case, to give any confidence at all to results so close to detection limits, a minimum of seven
sampleswould have had to be analyzed. The inconclusiveness of the analytical datain no way
can be interpreted to mean that removal did not occur. Physical examination of the products
from the treatahility test showed visible, tangible “removal” of petroleum by-products.

426 Conclusions and Recommendations
426.1 Conclusions

a.1. Thedataderived from thisbenchtesting areinconclusive dueto three problemsencountered
with the testing. These are the inability to compare before and ater results due to variancesin
the laboratory data produced by theanalyticd testing, the inability of BioGenesis to properly
optimize the chemical concentrations and synchronize them with other chemicals within the
cleaning system beforethetesting, and insufficient quantity of contaminated sediment to provide
for system optimization prior to testing.

a.2. Polymer additives were used to aid in dewatering the sediment by coagulating the fine
particles. Itishighly probablethat polymer usage had the undesired effect, not recognized prior
to testing, of retaining some of the organic contamination in the finesthat had been transferred
during cleaning to the liquid phase.
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4.2.6.2 Recommendations

Additional testingis recommended as follows:

b.1. Increase the amount of sediment available for processing to about 60 galons. Use 30
gallons for pretesting to optimize chemical's and equipment.

b.2. Perform the tests on sediment with contaminant concentrations three to five times the
practical quantitative limit for the analytes. Thiswill ensure that the limitations of |aboratory
test methods and presentation of results do not impact eval uation of system effectiveness.

b.3. Increase the degree of meta sremova by adj usting che ati on methodology.

b.4. Eliminate to the maximum extent the use of polymer asadewatering aid. Usenon-polymer
based dewatering technology such asfiltering or centrifugation.

4.3 WRDA Bench Study, February 1997 (BNL 2)
4.3.1 Project Description

4311 Pur pose and obj ectives

During the fall of 1996, discussions were held among Brookhaven National Laboratory staff,
EPA Region 2, and BioGenesis to identify the means and requirements for additional
BioGenesisK process testing that would address the limitations of the initial bench work and
provide an accurate assessment of technology effectiveness

As aresult of these discussions, a bench scale testing project was established. This project
included sediment dredged by the Corps of Engineers as directed by BNL and Region 2,
preliminary testing carried out by BioGenesiswith laboratory support from Envirogen, Inc., and
record treatment runs under the supervision of BNL. The preliminary testing occurred during
January and February 1997 with record runs occurring on February 28, 1997.

The objective of the testing was to achieve maximum extraction of PAHs, PCBs, dioxin/furan,
and metals from the contaminated sediment.

43.1.2 Sample source

The sample source was Newtown Creek, NY . Using assessment data previously collectedfrom
Newtown Creek, BNL adbtained sediment from the most highly contaminated area available.
Thiswas done to provide good discrimination anong the laboraory resultsand avoid problems
encountered in the previous test caused by contamination levels near or below the practical
guantitation limits (PQL) of laboratory analytical tests
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43.1.3 Sediment Grain Size

Van Note-Harvey Associates, P.C. performed a gran size analysis on untreated sediment on
behalf of Envirogen, Inc. which was providing laboratory testing. Results are shown in figure
18 below.

Newtown Creek Sediment
Particle Size Distribution

< 48

45-53 |
53-75 |
75-106
106- 150
150 - 250 |
250 - 425 |
425-1,180
1180-2000
2.000- 2,360 |
= 2360 |

0% 5% 10% 15% 20% 25%
Percent

9.3 %

. (1%

Microns

Figure 18. Particle size distribution, Newtown Creek sediment, WRDA
testing, 2/28/97

Theanalysis showed that approximately 29% of the sediment passed a 200 mesh screen and was
characterized as silt and clay. Note: See data interpretation results bdow. This grain size
analysis was subsequently shown to understate the amount of finesin the sediment.

4.3.2 Experimental Design and Procedures

4321 Treatment system description and process flow

Table 10 describes the componentsused in bench testing on February 28, 1997. The functiona
flow diagram, figure 19, showing processing flow follows the table.

Table 10. Functional Description of Bench System Equipment

Equipment Functional Description

E-1 Sediment Preprocessor | Physically separates sediment particles to prepare the
particles for subsequent extraction.
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Table 10. Functional Description of Bench System Equipment

Equipment

Functional Description

T-1 Buffer Tank #1

Allows extraction chemical to wet each sedim ent particle
and prevent the particles from re-adhering to each other.
Sediment is circulated. Chemical pH adjustments are
made here.

E-2 Sediment Collision Chamber

Physically separates contaminant and particles.

T-2 Buffer Tank #2

Prevents solid particles from re-adhering to each other.

E-3 Cavitation Oxidation U nit

Oxidizes organic contamination

E-4 Hydrocyclone

Concentrates solid components of the slurry. Other types
of liquid/solid separation may be substituted.

T-3 Buffer Tank #3

Collects hydrocyclone overflow and wetscreen flow-
through. Provides feed to E-5 Rotary Vacuum Filter.

E-6 Wet Screen

Screens solids larger than 38 micrometers (400 mesh)
from the E-4 hydrocyclone underflow. Treated solids may
be further dewatered if needed or, if further organic
removal is desired, sent to T-4.

T-4 Organic Material Flotation Tank

Separates fine particle organic material from clean
sediment solids.

E-8 Batch Bioreactor

Treats organic material to rem ove any residual organic
contamination.

T-5 Metals Precipitation Tank

Uses chemical adjustment to precipitate metals in the
rotary vacuum filter flow-through. This tank and E-9
precipitation filter may be replaced by electro-chemical
treatment or other metals extraction method.

E-9 Precipitation Filter

Filters output of the T-5 Precipitation Tank to remove
inorganic precipitate.

T-6 Water Holding Tank

Provides holding tank for feed water to the Blaster E-7.
Receives treated water forrecirculation in the system.

E-7 Blaster

Provides water & chemical mixture to the E-1 Sediment
Preprocessor and the E-2 Collision Chamber at 680 bar
(10,000 psi).
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Functional Flow Diagram for Bench Testing
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Figure 19. BioGenesisK system bench process flow, WRDA teging, 2/28/97
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4322 Processing plan

The processing plan consisted of the following steps:

. Feed sediment through the preprocessor E-1 in order to finely divide all particles and
createauniform slurry. Simultaneously add cleaning chemical to begin the desorption
process and to prevent readherence of the fine particles after separation.

. Processthe sediment through the collision chamber E-2 to desorb organi ¢ contami nants.

. Chelateinorganic contaminantsfor one hour in Buffer/Mixing tank T-2 and at the same
time add oxidizing chemical to prepare the sediment for processing in the cavitation

oxidation unit.

. Processthe sediment slurry through Cavitation/Oxidation E-3to oxidizeasmuch organic
contamination as possible.

. Dewater the sediment using a combination of hydrocyclone E-4 and wet screen E-6.

. Filter fine particles from the cyclone overflow and wet screen flow-through with rotary
vacuum filter E-5.

4.3.3 Sampling and Analysis

4331 Sample points, reasonsfor selection

Table 11 depicts the sample points selected for monitoring. These points were agreed on by
BioGenesis and the BNL representative prior to the testing. The points were selected to give
highest priority to defining untreated conditions (sample point 1) and the decontamination of
the treated solids (sample point 8).

Table 11. BioGenesis K Bench System Sample Point (See figure 22)
Analysis Test 1 2 3 4 5 6 7 8
Sieve X X X X
pH X X X X X
Sulfides X X X X X
TOC X X X X X X
TPH by 8015 X X X X X
PAH by 8270 X X X X X X
PCB X X X X X X
Metals X X X X X X
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Table 11. BioGenesis K Bench System Sample Point (See figure 22)

Analysis Test 1 2 3 4 5 6 7 8
Pesticides, X X X X
Herbicides

4332 Analysis M ethods

Analysismethods were selected to identify and quantify the full range of organic and inorganic
contaminants. These include:

TOC ASTM Method D4129-82M, Total Organic Carbon, to measure
overall removal of organic material

Grain Size  ASTM Method D422 Modified

TRPH EPA Methods 3550A and 8015M, Hydrocarbon Scan, to measure
petroleum derivaives (total recoverable petroleum hydrocarbons)

PAH EPA Method 8270A to measure semi-volatile hydrocarbonsby high
resolution gas chromatography / low resolution mass spectrometry,
principally Poly-Aromatic Hydrocarbons

PCB EPA Method 680 Modified to measure polychl orinated bi phenyls by
high resolution chromatography / high resol ution mass spectrometry

Metals EPA Methods 6010A and 7471 to measureinorganic contaminants

Dioxin/Furan EPA Method 8290, polychlorinated dibenzo-p-dioxins and dibenzo
furans by high resolution chromatography / high resolution mass
spectrometry

4.3.4 Data Management and Analysis

Figures 21 through 24 provide starting analysis results (sample point 1), ending analysisresults
(samplepoint 8), percentage reduction in contaminants, and graphic representations of the data.
Samplesfrom all 8 data pointswere collected by BNL for archiving and further analysis, while
samplealiquotsfrom points 1 and 8 were sent directly by BioGenesisto Triangle Laboratory for
rapid turnaround analysis.
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BioGenesis Sedimemt Washing
Testing on Mew Yook £ Mew Jersey Harbor Sediment 2028597
For U.%. EPA, USACEMNYD, BREP under WR DA 1996
Analysis by Trangle Laboratories, Inc.

fralysis for TOCSTPH reported 30587
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Figure 20. TOC and TPH results, WRDA testing, 2/28/97
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BioGenesis Sediment Washing
Testing on Mew York ! Mew Jersey Harbor Sedimernt 252597
For U5, EPA, USACE-NYD, BREP under WRDA 1996
Analysiz by Triangle Laboratories, Inc.

Analysis for the Presence of Poly-Aromatic Hydrocarbons PAHs) reported 3141497

"Befare" "2 fher!
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Figure 21. PAH results, WRDA testing, 2/28/97
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BioGenesis Sediment Washing
Testing on Mew York £ Mew Jersey Harbor Sediment 2028087
For U.5. EPA, USACENYD, BREP under WRDA 1996
Pnalysis by Trangle Laboratores, Inc.

fralysis for the Presence of Polychlorinated Biphenyl s [FCEs] reported 343087

"Before" "After” Remowval
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1=7=1=) i =l=}| i3
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Figure 22. PCB results, WRDA testing, 2/28/97
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BioGenesis Sediment Washing
Testing on Mew York ! Mew Jersey Harbor Sediment 2052887
For U.5. EPA, USACE-HYD, BREP under WRDOA 1996
FAnabysis by Trangle Laboratores, Inc.
Bralysiz for the Presence of Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans reported 3430597
"Befone” “After”
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Figure 23. Dioxin/furan results, WRDA testing, 2/28/97
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In 1989, U.S. EPA developed factors to denote the relative toxicity of different dioxin/furan
congeners. Table 12 appliesthe Toxicity Equivalent Factorsto theuntreated and treated analysis
resultsto compute aweighted extraction effiaency. Thisefficiency, 98.07%, is approximaely
1% less than the unadjusted computations shown in table 12.

Table 12. Adjustment of Dioxin/Furan Results Using Toxicity Equivalent Factors
Unadjusted Results Adjusted Results
Toxicity TEF TEF
Equivalent | Weighted Weighted
Untreated Treated Factor Untreated Treated
2,3,7,8-TCDD 66 0.7 ND 1 66 0.7
1,2,3,7,8-PeCDD 5.7 EMPC 0.9 ND 0.5 2.85 0.45
1,2,3,4,7,8-HxCDD 9 1.1 ND 0.1 0.9 0.11
1,2,3,6,7,8-HXCDD 28.8 0.9 ND 0.1 2.88 0.09
1,2,3,7,8,9-HxCDD 20.2 0.9 ND 0.1 2.02 0.09
1,2,3,4,6,7,8-HpCDD 529 4.8 0.01 5.29 0.048
1,2,3,46,7,8,9-0OCDD| 5560 41.1 0.001 5.56 0.0411
2,3,7,8-TCDH 98.5 1.1 0.1 9.85 0.11
1,2,3,7,8-PeCDH 12.9 0.7 ND 0.05 0.645 0.035
2,34,78-PeCDH 20.6 0.7 ND 0.5 10.3 0.35
1,2,3,4,7,8-HXCDF 116 1.2 EMPC 0.1 11.6 0.12
1,2,3,6,7,8-HxCDH 19.9 0.6 ND 0.1 1.99 0.06
2,34,6,7,8-HxCDH 25 0.8 ND 0.1 2.5 0.08
1,2,3,7,8,9-HxCDH 5ND 0.9 ND 0.1 0.5 0.09
1,2,3,4,6,7,8-HpCDH 355 4.1 0.01 3.55 0.041
1,2,3,4,7,8,9-HpCDH 12.7 EMPC 1.3 ND 0.01 0.127 0.013
1,2,4,6,7,8,9-OCDH 558 27.1 0.001 0.558 0.0271
Tota 7442.3 88.9 127.12 2.4552
Percent Extraction 98.81% 98.07%
Notes:1. DL and EMPC values are substituted in the calculation where
applicable to maintain a conservative computation approach.
2. ND=Not Detected; EMPC = Estimated Maximum Possible Concentration
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BioGenesis Sediment Washing
Testing on Mewe Yark [ Mew Jerzey Harbor Sediment 252807
For LS. ERA, USACE-MYD, BREP under WRDA 1996
Analysis by Triangle Laboratories, Inc.

Analyziz for Metals reparted 30097
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Figure 24. Metals results, WRDA testing, 2/28/97
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Thesedata are the resultsfor grain sizeslarger than 400 mesh, which was the size of the screen
that collected the solids output from washing. They show overall effectiveness as summarized
in figure 25.

BioGenesis Sediment Washing
Testing on Mew Yorlk f Mew Jersey Harbor Sediment 2/25/97
For US EPA, USACE-NYD, EREF under WRDA 1996
Analysis by Triangle Laboratories, Inc.
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- L] a“ L] L]
BioGenesis Sediment Washing
Removal Summary
3 ERA, UsSACE-MYD, BREF under WRDA 1996
MNYIhL Harbor Sediment Decontaminaton
IR IrAn 00 414
95.3%%
Py - nrmatin: Hyali ez lnn fPAH) 4.7
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Figure 25. Remova summary, WRDA testing, 2/28/97
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435 Conclusions and Recommendations
4351 Conclusions
The conclusions from this round of bench testing were as follows:

a.1. Organic contaminant removal efficienciesarevalidated for grain sizeslarger than 400 mesh,
or amedium silt.

a.2. Inorganic contaminantsfor grain sizeslarger than 400 mesh can be chelated into the liquid
phase during the treatment process. The cleaned sediment may require a subsequent rinse to
remove the chelating agent if the sediment is intended for reuse in an extremely sensitive
environment such as the ocean. Future toxicity testing will define the treatment requirements
in this regard.

a.3. Extraction rates for individual congeners of PCBs and dioxin/furan are highly correlated
with little variation among congeners. Variation among different PAHs is somewhat greder.

a.4. Organic contaminant removal rates are highly correlated among the different contaminant
types. PAHs, PCB, and dioxin/furan. That is, if one set of contaminants extracts at 90%, other
organic contaminantswill also be extracted in that range. Theimportance of thisisthat it points
at full scaleto the possibility of using an indicator test for quality control testing.

a.5. Theuseof vacuumfilter technology for separation of extremelyfineparticlesisfeasiblewith
some modifications. These are the subsequent treatment of contaminated filter material
(diatomaceous earth) either by reprocessing through the sediment/cavitation system, or by using
durry biodegradation technology.

a.6. The core technology for remova of organic and inorganic contaminants is validated.
Additional work is required to select the optimum means of performing liquid/solid separation
and water treatment. Such work is difficult at the bench scale because of inability to produce
sufficient material for practicd testing under controlled conditions.

4352 Recommendations

b.1. Proceed to pilot scale at 8 - 10 CY per hour on a batch basis using existing equipments.

b.2. Conduct an additional abbreviated round of sediment testing to further investigate system
capabilities for grain sizes less than 400 mesh.

b.3. Investigate and test different methods of liquid-solid separation that can be applied using
little or no polymer or coagulaing chemicals.
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4.4 WRDA Bench Study, August 1997 (BNL 3)
44.1 Project Description

4411 Pur pose and Obj ectives

Review of results obtained from the February 1997 bench testing showed excellent removal
efficiency for particle sizes greater than 38 micrometers (400 mesh). Previous testing
(SEDTECH) had shown good cleaning for particles smaller than 38 micrometers. However the
degree of cleaning of the clay fraction of New York/New Jersey harbor sediment had not been
demonstrated.

Therefore, the principal objective of August 1997 bench testing was to determine removal
efficiencies for the grain sizefraction smaller than 38 micrometers.

4412 Sample source

Sediment for the August 1997 testing was dredged in late June 1997 from Newtown Creek.
Dredging was by the Army Corps of Engineers, Brookhaven, and U.S. EPA Region Il. To
provide the opportunity for good discrimination in the testing, efforts were made to olbtain
sediment from areas of higher contamination.

4413 Particle sizedistribution and untreated contamination levels

The distribution of particle sizesis shown in figure 26. Over 52% was clay and 33% was silt.
The high st and clay percentage was designed to alow evaluation of cleaning silt and clay
particles.

Particle Size Distribution
Mewtown Creek Untreated Sediment
BioGenesis Bench Testing, 872757

Clay

Sit

75 - 106
106-250
250-425
425 - 850
550- 2,000
2,000 - 4,750
= 4750

Micron Range

0% 10% 20%  30% 40% 50% B60%
Fercent

Figure 26. Particle size distribution, Newtown Creek sediment, 8/27/97
bench testing
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Untreated contamination levels are depicted in table 13. BioGenesis submitted a pretreatment
sample to ANAlab in order to have contaminant information on which to base the cleaning
chemical formulation. Brookhaven submitted untreated samplesto Triangle Laboratory at the
same time as treated samples were submitted, on 9/17/97. Review of ANAlab and Triange
Laboratory analyses for untreated sediment shows variations between the two laboratories for
PAHs that may be due to sample variation, sample storage, or instrument variation. The metal
results are fairly well correlated with each other.

Table 13. Newtown Creek Untreated Sediment, August 1997 Bench Testing
ANAlab | Triangle ANAlab Triangle
Total Organic Carbon (%) Polychlorinated Biphenyl (PCB)(ug/kg)
TOC 92 | nia TotalMonoCB| n/a 175 EMPC
TotalDiCB| n/a 191 EMPC
Polyaromatic Hydrocarbon (PAH)(ug/kg) Total TriCBl nl/a 429
Total TetraCB| nl/a 718
naphthalene| 540 269 Total PentaCB n/a 487
acenaphthylene u 114 TotalHexaCB| n/a 456
acenaphthene 460 300 TotalHeptaCB n/a 165
fluorene] u 191 TotalOctaCB| n/a 39
phenanthrene| 1,200 858 TotalNonaCB n/a 13
anthracene 450 771 Total PCB 2,320
fluoranthene| 2,200 2,815
pyrenel 2,200 4,567 Dioxin (ng/kg)
benzo(a) anthracene u 1,793
chrysene| 7,120 1,994 2378 TCDD n/a 26
benzo(b)fluoranthene| 1,100 1,835 Total TCDD n/a 543
benzo(k)fluoranthene u 648 TotalPeCDD| n/a 823
benzo(a)pyrene 880 1,471 Total HXCDD n/a 2,240
indeno(1,2,3-cd) pyrene 410 875 TotalHpCDD n/a 4,080
dibenzo(ah)anthracene u n/a Total TCDF n/a 1,870
benzo(ghi)perylene 650 1,001 TotalPeCDF| nl/a 2,450
Total PAH| 17,210 19,502 Total HXCDF| nla 2,820
TotalHpCDF| n/a 3,170
Metals (mg/kg)
As| 28.6 22.2 Pb| 384 454
Cdl 20.4 18.2 Hg| 1.66 n/a
Cr 195 226 Ni 111 119
h/a = not analyzed |
EMPC = Estimated Maximum Possible Concentration
U = undetected |
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4.4.2 Experimental Design and Procedures

4421 Treatment system description and process flow

Table 14 describes the components used in bench testing on August 27, 1997. The functional
flow diagram, figure 27, showing processing flow follows the table.

Table 14. Functional Description of Bench System Equipment

Equipment Functional Description

Physically separates sediment particles to prepare the

E-1 Sediment Preprocessor particles for subsequent extraction.

Allows extraction chemical to wet each sedim ent particle
and prevent the particles from re-adhering to each other.
Sediment is circulated. EDTA for metals chelation is
added here. Sample point 2, preprocessor outp ut.

T-1 Buffer Tank #1

E-2 Sediment Collision Chamber | Physically separates contaminant and particles.

Buffer and holding tank, 225 gal. Prevents particles from
T-2 Buffer Tank #2 | re-adhering to each other. Sample point4, first pass
output from collision chamber.

Holding tank for Collision Chamber output, 400 gallon
T-3 Buffer Tank #3 | capacity. Sodium carbonate peroxyhydrate is added here
to prepare for cavitation/oxidation.

E-3 Cavitation Oxidation Unit | Oxidizes organic contamination

Holding tank for Cavitation Oxidation output, 400 gallon

T-3 Buffer Tank #3 capacity. Samples points 6 (solids) and 7 (supernatant).

Provides water & chemical mixture to the E-1 Sediment
E-7 Blaster | Preprocessor and the E-2 Collision Chamber at 680 bar
(10,000 psi). Not shown on process flow diagram.
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Recycle for 30 min. after EDTA addition

2 Ibs. EDTA for

X 80 psi‘\

30" Hg

~0 psi

Recycle for 1 hour

BioGenesis Enterprises, Inc.
ElowBNL BenchTest082707.vsd
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5 gal. Rinse from - ; R .S le .
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2 L up thru water column . Pt.5 . optimize settling efficiency
Secong Pass p,
B2y L T2 T3 <
.................... L .
Collision Cham%(g Second Pass Output 335 gal. 400 Gal. Circular
A Sample %S gy W - - - (PrOpnetary) ASIY First Pass Output Holding Tank Holding Tank
Recycle from Pt. 3 f
First Pass 90 gal. High Pressure
through E-2 5 gal. Rinse from Steam Water with Add 2 Ibs. percarbonate
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T =120F 'Sample" Supernatant After Quiescence
after cavitation pt 7 -'\ (Expected to have fine, light organic material in suspension with
resistant residual contamination (not PCBs or dioxins-or minimal
E-3 T-3 Y A which can be "stabilized" with proprietary reagents
Cavitation 400 Gal. Circular > END
. . . L
4 Oxidation Holding Tank
Sediment From Bottom

IR After 1.5 hrs. quiescence. Sample processing was by
'Samplel / vacuum filtration on 1 mm polymer filter + heat

. PL6

NEWTOWN CREEK SEDIMENT
BIOGENESIS DEMONSTRATION 8/27/97
OAK CREEK, WISCONSIN

Figure 27. BioGenesisK system process flow, WRDA testing, 8/27/97.
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4422 Processing plan

The processing plan consisted of the following steps:

. Feed sediment through the preprocessor E-1 in order to finely divide al particles and
createauniform slurry. Simultaneously add cleaning chemical to begin the desorption
processand to prevent readherence of the fine particles after separation. Recyclefor 10

to 15 minutes.
. Chelate inorganic contaminants for one-half hour in Buffer/Mixing tank T-2.
. Processthe sediment through the collision chamber E-2 to desorb organic contaminants.
. Process the sediment through the collision chamber E-2 a second time.
. Collect collision chamber output in Tank T-3. Add percarbonate oxidizing chemical to

prepare the sedment for processing in the cavitation/oxidation unit.

. Processthe sediment durry through Cavitati on/Oxidation E-3to oxidizeasmuch organic
contamination as possible. Recirculate the slurry through the unit for one hour.

. Allow the cavitation/oxidation output to settle approximately two hours. Then sample
the settled solids and supernatant.

44.3 Sampling and Analysis

4431 Sample points

Table 15 depicts the sample points selected for monitoring. These points were agreed on by
BioGenesis and the BNL representative prior to the testing. The points were selected to give
highest priority to defining untreated conditions (sample point 1) and the decontamination of
the treated solids (sample point 6).

Table 15. BioGenesis K Bench System Sample Point

Sample Point

Analysis Test 1 4 6 7

Sieve

Total Suspended Solids (TSS)

Sulfides

TOC

PAH

X | X [ X | X | X [X
X | X [ X | X | X
X | X [ X | X [ X [X

PCB
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Table 15. BioGenesis K Bench System Sample Point

Sample Point

Analysis Test 1 4 6 7

Metals X X X X

4432 Analysis methods

Analysis methods were selected to identify and quantify the most important organic and
inorganic contaminants. Previoustesting (SEDTECH, BNL2, and internal testing) had shown
that organic contaminants (TRPH, PAH, PCB, and dioxin) all were removed in paralel with
each other, that is, if PAH removal was 90%, then TRPH, PCB, and dioxin would aso be
removed approximately to the sasmedegree. For purposesof thistesting, PAH, PCB, and metals
were deemed to provide the desired data on system cleaning of the fines. The tests selected for
each parameter were:

Grain Size - ASTM Method D422 Modified

TOC - ASTM Method D4129-82M, Total Organic Carbon, to
measure overall removal of organic material

PAH - EPA Method 8270A to measure semi-volatilehydrocarbons
by high resolution gas chromatography / low resol ution mass
spectrometry, principally Poly-Aromatic Hydrocarbons

PCB - EPA Method 680 Modified to measure polychlorinated
bi phenylsby high resol ution chromatography / highresolution
mass spectrometry

Metals - EPA Methods 6010A and 7471 to measureinorganic
contaminants

Samples were taken asindicated in table 14 on August 27, 1997 and BioGenesi s shipped them
by Federal Expressto Brookhaven Naional Laboraory on August 28th. Duetofiscal resource
limitations, samples were held at Brookhaven until September 16 when they were shipped to
Triangle Laboratory for analyds. Triangle conducted extractions for PCB and PAH testing
between September 25 and October 9, 1997. Extractionsoccurred between 29 and 43 days after
processingin Milwaukee. The EPA maximum analysismethod holding timeuntil extraction for
both PAH and PCB is 7 days. For reasons discussed in following sections, the organic
contaminant testing results must be cautiously treated due to the extended holding timesfor the
samples. Inorganic analysis, which ocaurred between October 8 and 13, was not affected since
the holding time for metals testingis 45 days, according to therelevant methods
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4.4.4 Data Management, Analysis, and | nterpretation

4441 Data Summary, Untreated and Treated

Table 16 compares the anaytica results for untreated and treated materid from the BNL3
testing.

Table 16. Untreated/Treated Comparison, August 1997 Bench Testing

Untreated Treated Untreated Treated
Sample Pt. 6 Sample Pt. 6
Total Organic Carbon Polychlorinated Biphenyl (PCB)(See Note 1)
Percent ppb
TOC 9.2 n/a TotalMonoCB| 175 EMPC 15.1 EMPC
(ANAlab)
Total DICB| 191 EMPC 23
Polyaromatic Hydrocarbon (PAH) (See Note 1) Total TriCB 429 199
ug/kg Total TetraCB 718 283
naphthalene 269 913 TotalPentaCB 487 232
acenaphthylene| 114 326 TotalHexaCB 456 253
acenaphthene 300 434 TotalHeptaCB 165 83
fluorene 191 533 Total OctaCB 39 19
phenanthrene 858 2,243 Total NonaCB 13 4
anthracene 771 1,612 Total PCB 2,320 1,100
fluoranthene 2,815 7,358
pyrene 4,567 6,767 METALS
benzo(a)anthracene| 1,793 3,563 mg/kg
chrysene 1,994 3,781 As 22.2 13
benzo(b)fluoranthene 1,835 3,496 Cd 18.2 4
benzo(k)fluoranthene 648 1,155 Cr 226 124
benzo(a)pyreneg 1,471 2,666 Pb 454 239
indeno(1,2,3-cd) pyreng 875 1,595 Hg n/a 6
dibenzo(ah)anthracene n/aj 669 Ni 119 63
benzo(ghi)perylene 1,001 1,453 n/a=not analyzed
Total PAH 19,502 36,891 EMPC = Estimated Max. Possible Concentration
u = undetected

Note 1: PAH and PCB analyses conducted after 29 - 43 days holding time until extraction.

4442 I nterpretation of Results

Analysis results indicated that TOC, PCB, and metals decreased in the treated material as
compared to the untreated, while PAH results of treated material were twice that of untreated.
All previous BioGenesis experience and testing indicates that the PAH result is impossible
becauseorganicresultsalwaysmovetogether. Itisnot possibleto selectively extract oneorganic
contaminant without extractingothers. Thereforeitishighlylikelythat the“ treated” testresults
andthe“ untreated” test resultsfor PAH werereversed at some time during sample processing,
analysis, or reporting. It hasnot been possibletovalidate this hypothesis, but thereis no other
logical explanation. Subsequent testing after 70 days by R. E. Lee Laboratory, Green Bay,
Wisconsin, an environmental laboratory certified by Wisconsin, of additional “treated” samples
shows areasonable d ose correl ation of resultswith the* untreated” resultsreported by Triangle.
See table 16 for the tabulation. This gves considerable confidence that a switch occurred and
may have been as ssimple as a name or label reversd.
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Review of the test results plus subsequent in-house testing indicates the strong probability that
the results for PAH, PCB, and dioxin are understated due to reabsorption of contamination by
the solids in connedtion with extended hdding times prior to analysis.

Mean extraction of metals was 52% for As, Cd, Cr, Pb, Hg, and Ni. Thisislessthan the 90%
extraction achieved during BNL 2in February1997. Themajor factor changing betweenthetwo
testswas that BNL 2 test consisted of silt that did not pass 400 mesh. See paragraph 4.3.4 and
following.

4.4.5 Conclusions and Recommendations

4451 Conclusions

a.1. For organic contaminants—analysis results areinconclusive due to extended holding times
of 43 - 70 days prior to extraction.

a.2. For metals—smaller grain sizesmay requireanincreased concentration of chelating chemical
or alonger residence time, or both.

4452 Recommendations

b.1. Reprocess the sediment, about 30 kg, that was the solids output from thetest. Increase the
chemical concentrations and run the process for additional cydes.

b.2. Ensurethat extractionsfor analyses are processed by the laboratory within EPA established
holding time of 7 days for organic contaminants.

b.3. Analyzethe reprocessad sediment for TOC, PAH, metals, and PCBs.

45 WRDA Bench Study Nov 97 (BNL 4)
451 Project Description

Analysisreports on Newtown Creek samples processed using BioGenesi sk Sediment Washing
on August 27, 1997, during the third BNL bench testing, showed organic contaminant removal
efficiencies on the order of 50%. Thiswassignificantly lower than anticipated, since results of
the February 28, 1997 testing had shown removal efficienciesin the 85 to 95% range, and also
since previous testing on the same sediment during July 1997 had shown removal efficiencies
in the 90% range, albeit without fine grained material. Review of the analysis reports for the
August 27, 1997 processing showed that extractions of the organic contaminants had not
occurred for 29 to 43 days after the processing. This holding time was 4to 6 times|longer than
the 7 day holding time required by theEPA test procedures. Thus, theresutscould not berelied
on for comparisonwith previous testing and for predction of future removal efficiencies.

After review of the results and performance of bench top tests to validate the line of thinking,
BioGenesis reported to Brookhaven its belief that the extended holding time before extraction
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had allowed contami nants, which had been removed from organic and solid material to thewater
phase during processing, to be reabsorbed onto organic and inorganic material in the sediment
matrix.

BioGenesis took two approaches to investigate the circumstances connected with the
unexpectedly low results of BNL3 testing. The first approach wasto reprocess sediment that
had been retained from the August testing. Thistesting isreferred to as the fourth Brookhaven
test, BNL 4, and the results are presented in this section 4.5. The second approach was to
perform astudy of transfer of contaminantsfrom the water phase to sediment solids and organic
material. That study is reported in section 4.6.

4511 Pur pose and objectives

The purpose of reprocessing sediment retained from the previous BNL3 test on August 27, 1997
was twofold-first, to explore the effect of successive treatments on inorganic contaminants and
second, to remove organic contaminants reported by Triande testing to be still present in the
sediment. Removal of the organic contaminants would show that the contaminants were not
resistant to decontamination by BioGenesiskK washing and would support the theory that
reabsorption of contaminants had occurred following BNL3.  Further, successful
decontamination would verify that the small grain sizes below 400 mesh were cleanable with
BioGenesisK washing.

4512 Sample Sour ce

The source of sediment for BNL 4 wasthe Newtown Creek sediment solidsthat had been washed
during BNL3. These solidshad been allowed to settle from August 27, 1997 to November 13,
1997, or 77 days.

4513 Particle SizeDistribution and Untreated Contamination L evels

Substantially all of the fines had settled from the supematant during 77 days. Thusfor practical
purposes, the grain sizeisthe sameas BNL 3. Figure 26 shows the distributionto be 54% clay,
33% silt, and 13% larger particles.

There are three baselines for untreated contamination levels. These are:

. Tests results reported by Triangle as the “ untreated” sediment for BNL 3.

. Test results reported by Triangle as the “treated” sediment for BNL3.

. Test results reported by R.E. Lee laboratory on a sample submitted 70 days following
BNL3 testing.

The latter test is referred to as the “interim” result. Table 17 tabulates the three levels. The
valuesin boldface are believed to be most representative of the BNL4 baseline. For PAH, the
Triangle “Treated” and “Untreated” arebelieved reversed during the reporting process. Since
thereisreasonable correlation betweentheR. E. Lee" Interim” andthe Triangle“ Untreated”, the
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later result from R. E. Leeisaccepted. For PCB and metals, the Triangle “ Treated’ isbelieved
valid and is thus accepted as the BNL4 baseline.

Table 17. Untreated Test Results, BNL4 Reprocessing

Contaminant Triangle “Untreated” Triangle “Treated R. E. Lee “Interim”
TOC (%
Organic Content 9.2 9.2 3.3
PAH (mg/kg)
naphthalene| 269 913 286
acenaphthylene 114 326 367
acenaphthene 300 434 168
fluorene| 191 533 195
phenanthrene 858 2243 1250
anthracene 771 1612 812
fluoranthene 2815 7358 3200
pyrene 4567 6767 3400
benzo(a) anthracene 1793 3563 1440
chrysene| 1994 3781 1550
benzo(b)fluoranthene 1835 3496 830
benzo(k)fluoranthene 648 1155 818
benzo(a)pyrene 1471 2666 951
indeno(1,2,3-cd) pyrene 875 1595 576
dibenzo(ah)anthracene NP NP 267
benzo(ghi)perylene 1001 1453 634
Total PAH 19502 37895 16744
PCB (ppb)
TotalMonoCB 175 EMPC 15 EMPC NP
Total DiICB 191 EMPC 23 NP
Total TriCB 429 199 NP
Total TetraCB| 718 283 NP
Total PentaCB 487 232 NP
Total HexaCB| 456 253 NP
TotalHeptaCB| 165 83 NP
Total OctaCB 39 19 NP
TotalNonaCB| 13 4 NP
Total PCB 2320 1111 NP
METALS (mg/kg)
As 22 13 NP
Cd 18 4 NP
Cri 226 124 NP
Pb) 454 239 NP
Hg 13 6 NP
Ni 119 63 NP
Total Metals 852 449 NP
Notes:

1. EMPC = Estimated Maximum Possible Concentration

2. TOC test results by ANAlab onuntreated sediment

3. Triangle “Untreated” and “Treated” results for PAH are believed to be reversed
4. NP = Not performed
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45.2 Experimental Design and Procedures

4521 Treatment system description and process flow

Table 18 describes the components used in bench testing on November 14, 1997. The process
flow diagram, figure 28, follows table 18.

Table 18. Functional Description of BNL 4 Bench System Equipment

Equipment Functional Description

Physically separates sediment particles to prepare the

E-1 Sediment Preprocessor particles for subsequent extraction.

Allows extraction chemical to wet each sedim ent particle
and prevent the particles from re-adhering to each other.
Sediment is circulated. EDTA for metals chelation is
added here.

T-1 Buffer Tank #1

E-2 Sediment Collision Chamber | Physically separates contaminant and particles.

Holding tank for Collision Chamber output, 400 gallon
T-3 Buffer Tank #3 | capacity. Percarbonate is added here to prepare for
cavitation/oxidation.

E-4 Processor | Finely fractionates organic biomass particles.

E-3 Cavitation Oxidation Unit | Oxidizes organic contamination

Holding tank for Cavitation Oxidation output, 400 gallon

T-3 Buffer Tank #3 capacity. Samples point 6 (solids).

Provides water & chemical mixture to the E-1 Sediment
E-7 Blaster | Preprocessor and the E-2 Collision Chamber at 680 bar
(10,000 psi). Not shown on process flow diagram.
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Run #2. Circulate for 3 minutes through the Preprocessor

. 90 gal. High Run #1 Produces very high foam.
frci)?'nngsLe g|/r£17e/r;t7 ;3 dig'i:’::;; Pressure Water Added Tank allowed to settle, water pumped
- with 1.0% chemical off, chemical adjusted to 0.2% for Run
testing. the drum :
concentration #2
E-1 \ T-1 \
» Ll #
) 22 I
A4 Preprocessor (Proprietary) >ga
55 gal. Buffer
e drum P-1 > > » Tank |—
- Sample - /
LPL1 o 90 gal. High
U Pressure Water Added
with 0.2% chemical
concentration
60 gal. High Mixer used in
Pressure continuous
Water with 0.2% flow
Recirculate 1 Hour Wetting Agent operation
E4 E-2 \ T-3
|  Processor . /P2 _ Collision Chamber 400 Gal. Circular
(Proprietary) (Proprietary}~( Holding Tank
/
Add 4 Ibs.
percarbonate
T =120F
after cavitationw
E-3 T3 ¥
Cavitation 400 Gal. Circular > END
4 Oxidation Holding Tank
AN Sediment From Bottom
X o After 2 hrs. quiescence. Sample processing was
80 psi “sam |ef - by .
30" Hg : ple . vacuum filtration on 1 mm polymer filter + heat
~0 psi Pt.6-’,'

Recycle for 1 hour

BioGenesis Enterprises, Inc.

Rev. 1/12/98,

LFlowBNLBench111497.vsd

NEWTOWN CREEK SEDIMENT
BIOGENESIS PROCESSING 11/14/97
OAK CREEK, WISCONSIN

Figure 28. BioGenesisK system flow, BNL bench testing, 11/14/97
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4522 Processing plan

The processing plan consisted of the following steps:

Thoroughly mix 2 pounds chelating chemical into the sediment supply tank.

. Feed sediment through the Preprocessor for 3 minutes, Run #1. Use a chemical
concentration of 1%.

. Allow sediment to settle; then re-input sediment to the Preprocessor, Run #2.

. Circulate sediment through the Processor for 1 hour.

. Processthe sediment through the collision chamber E-2 to desorb organic contaminants.

. Collect collision chamber output in Tank T-3. Add 4 pounds percarbonate oxidizing

chemical to prepare the sediment for processing in the cavitation/oxidation unit.

. Processthe sediment durry through Cavitation/Oxidation E-3to oxidizeasmuch organic
contamination as possible. Recirculate the slurry for one hour.

. Allow the cavitation/oxidation output to settle at least two hours. Then sample the
settled solids and supernatant.

45.3 Sampling and Analysis

4531 Sample points

Table 19 depicts the sample points sel ected for monitoring. The points were selected to define
starting conditions (sample point 1) and the decontamination of the treated solids (sample point
6).

Table 19. BioGenesis K Bench System Sample Point
Sample Point
Analysis Test 1, Starting 6, Treated
Conditions Solids
TOC X X
PAH X X
PCB X X
Metals X X
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4532 Analysis methods

Analysis methods were selected to identify and quantify the most important organic and
inorganiccontaminants- TOC, PAH, PCB, and metds. Dioxinwasnot tested because removals
on PAH and PCB have been demonstrated to predict removal rateson dioxin. Thetests selected
for each parameter were:

TOC ASTM Method D4129-82M, Total Organic Carbon, to measure
overall removal of organic material

PAH EPA Method 8270A to measure semi-volatile hydrocarbons by high
resolution gas chromatography / low resolution mass spectrometry,
principally Poly-Aromatic Hydrocarbons

PCB EPA Method 8082 to measure polychiorinated biphenyls by high
resolution chromatography / electron capture detection

Metals EPA Methods 6010A and 7471 to measureinorganic contaminants

Samples were taken asindicated in the matrix on November 14, 1997 and BioGenesis shipped
them by overnight delivery to Robert E. Lee & Associates, Inc., Green Bay, Wisconsin.
Extractions occurred on November 17, 1997, which was well within the allowed holding time
until extraction of 7 days. Inorganic analysis was conducted between November 26 and
December 4, 1997, within the allowed time of 45 days.

454 Data Management, Analysis, and | nterpretation
4541  Datasummaryand comparison to garting analysis
Table 20 summarizes the test results for BNL4 reprocessing taking the results of BNL3 as a
baseline.
Table 20. Treated Test Results, BNL4 Reprocessing
Treated Treated
Contaminant Baseline from BNL 3 BNL 4 BNLPALeS:zr:toval
Triangle Robert E. Lee
TOC (%
Organic Content 3.3 2.0 39
PAH (ug/kg)
naphthalene| 286 138 52
acenaphthylene 367 34 91
acenaphthene 168 34 80
fluorene 195 51 74
phenanthrene 1,250 743 41
anthracene 812 177 78
fluoranthene 3,200 537 83
pyrene| 3,400 177 95
benzo(a) anthracene 1,440 234 84
chrysene| 1,550 286 82
benzo(b)fluoranthene 830 158 81
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Table 20. Treated Test Results, BNL4 Reprocessing
Treated Treated
Contaminant Baseline from BNL 3 BNL 4 BN"P‘LE‘ZTIOV"’"
Triangle Robert E. Lee
benzo(k)fluoranthene 818 204 75
benzo(a)pyrene 951 236 75
indeno(1,2,3-cd) pyrene 576 ND (MDL 26) 95
dibenzo(ah)anthracene 267 ND(MDL 30) 89
benzo(ghi)perylene 634 ND (MDL 27) 96
Total PAH 16,744 3,175 81
PCB (ppb)
TotalMonoCB 15 EMPC ND (MDL 7.5) Not determined
Total DiCB 23 ND (MDL 8.2) Not determined
Total TriCB 199 ND (MDL 8.8) 96
Total TetraCB 283 ND (MDL 6) 98
Total PentaCB 232 ND (MDL 6.2) 97
TotalHexaCB 253 ND (MDL 8) 97
TotalHeptaCB 83 ND (MDL 10) 88
Total OctaCB| 19 ND (MDL 14) Not determined
TotalNonaCB 4 ND (MDL 25) Not determined
Total PCB 1,111 93.7 92
METALS (mg/kg)
As 13.3 12.8 4
Cd 3.85 1.4 64
Cr| 124 63 49
Pb 239 60 75
Hg 1.1 .3 73
Notes:
1. EMPC = Estimated Possible Maximum Concentration
2. ND = Not Detected
3. MDLs used to com pute rem oval efficiencies for non-dete cts

4542 I nterpretation of results

Table21 showstheresultsof two treatment operations. Resultsfor organic contaminant removal
during thefirst treatment, BNL 3, aredifficultto interpret because of the extended holding times
which most probably allowed recontamination of cleaned solids (seesection4.6.). Theremoval
rates for organic contaminants during BNL 3 were probably higher than indicated by the test
results. Removal rates for metals during BNL 3 are considered vdid.

Table 21. Sum mary of Successive Treatm ents
BNL 3 BNL 3 BNL4 Overall Removal
Contaminant Untreated Treated Treated Percent
Triangle Triangle Robert E. Lee
TOC (%)
Organic Content 9.2 3.3 2.0 78%
PAH (ug/kg)
naphthalene| 913 286 138 85%
acenaphthylene 326 367 34 90%
acenaphthene 434 168 34 92%
fluoreneg| 533 195 51 90%
phenanthreng 2,243 1,250 743 67%
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Table 21. Sum mary of Successive Treatments
BNL 3 BNL 3 BNL4 Overall Removal
Contaminant Untreated Treated Treated Percent
Triangle Triangle Robert E. Lee
anthracene 1,612 812 177 89%
fluoranthene 7,358 3,200 537 93%
pyrene 6,767 3,400 177 97%
benzo(a) anthracene 3,563 1,440 234 93%
chrysene 3,781 1,550 286 92%
benzo(b)fluoranthene| 3,496 830 158 95%
benzo(k)fluoranthene 1,155 818 204 82%
benzo(a)pyrene 2,666 951 236 91%
indeno(1,2,3-cd) pyrene 1,595 576 ND (MDL 26) 98%
dibenzo(ah)anthracene/Not Determined 267 ND(MDL 30) 89%
benzo(ghi)perylene 1,453 634 ND (MDL 27) 98%
Total PAH 37,895 16,744 3,175 92%
PCB (ppb)
TotalMonoCB| 175 EMPC 15 EMPC ND (MDL 7.5) 96%
TotalDiCB| 191 EMPC 23 ND (MDL 8.2) 96%
Total TriCB 429 199 ND (MDL 8.8) 98%
Total TetraCB 718 283 ND (MDL 6) 99%
TotalPentaCB 487 232 ND (MDL 6.2) 99%
Total HexaCB| 456 253 ND (MDL 8) 98%
Total HeptaCB 165 83 ND (MDL 10) 94%
Total OctaCB| 39 19 ND (MDL 14) Not Determ ined**
TotalNonaCB 13 4 ND (MDL 25) Not Determ ined**
Total PCB 2,673 1,111 93.7 96%
METALS (mg/kg)
As 22.2 13.3 12.8 42%
Cd 18.2 3.85 1.4 92%
Cr 226 124 63 72%
Pb 454 239 60 87%
Hg 2.1 1.1 0.3 86%
Notes:
1. EMPC = Estimated Maximum Possible Concentration
2. ND = Not Detected
3. MDLs used to com pute rem oval efficiencies for non-dete cts
** Removal percentage not computed using MDL due to low untreated level
compared to MDL.

Since higher extractions on organic contaminants were probably achieved in BNL 3 than the
results show, it is not valid to compute removd efficiencies for BNL 4 using BNL 3 as a
baseline. The better approach is to compare the results from BNL 4 to untreated results from
BNL 3. Thiscomputation isshown in the right-hand column of table 20. Overall removal rates
for organic contaminants range from alow of 67% to a high of 98%. Themean removal for the
contaminantstested was 92%, withgrain size distribution of 54% clay and 33% silt. Theresult
is consistent with results achieved during BNL 2 testing in February 1997 that confirmed
decontamination of particleslarger than 400 mesh (38 micrometers).

Inorganic results are congstent with previous testing that shows successive removal with
successive processing. Plotting the removal amounts on alogarithmic scale (figure 29) shows
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that theremoval ratehaslinear characteristics, andthat removal percentagesrangefrom one-hdf
to one order of magnitude for each processing.

Metals Removal Progression
Successive Chelation Treatments

1,000 :
100 e —
= 1 ﬁfxr_h
z 0 .
SeaseE
1 T T
i e
0 :
0 1 2

Treatment #

-= Hg -+ Cd = Pb = Cr

Figure 29. Metdsremoval progression, successive chelation treaments

To date, metals removal has been tested as an adjunct to primary treatment of organc
contaminants. These resultsshould therefore be considered abaseline. By adjusting chemical
concentrations and residence times, BioGenesis estimates that extraction rates per treatment
should improved by 10 to 30%.

455 Conclusions and Recommendations
4551 Conclusions

a.l. Theability of the BioGenessK washing processto treat sediment with high proportions of
clay is established at the bench scale.

a.2. Within the precision of the tests conducted, the extraction ratesfor PAH, PCB, and metals
that were achieved during BNL 3/4 testing on clays are comparable to those achieved during
BNL 2 testingon silt.

a.3. Dueto size mismatchesin the bench equipment, more water was used than necessary. Pilot
scale operations are expected to use approximately 50% less water.

a4. Actua processing time in the preprocessor, processor, and collision chamber totaled
approximately 3 minutes, this short ime did not allow for iterative adjustments to operating
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parametersto optimize processing. Higher extraction efficienciesare believed achievable under
steady state operating conditions.

a.5. Additional bench scale testing could be expected to provide only incremental additions to
technical knowledge that would be useful prior to piloting the technology. No additional
technical knowledge is required prior to pilot scaleoperations.

4552 Recommendations

b.1. Proceed to pilot scale operations.

b.2. Carefully structure the sampling and analysis plan to explore the capabilities of the
technology.

b.3. Establish closeliaisonwiththeanalysislaboratory prior to submitting samplesto ensurethat
sample processing istimely, and that the procedures used consider the nature of both sediment
with high organic content and the chemicals used in processing.

b.4. Evaluate alternative methods of liquid-solid separation and water treatment using output
from the pilot scale washing equipment.

b.5. Ensure that the sediment that is treated during the pilot has a sufficiently wide range of
contamination, both asto type and amounts, that good discrimination can be obtained asabasis
for projecting future use of the technology.

4.6 Contaminant Transfer Study, October - December 1997
4.6.1 Background

Section 4.4 presented theresults BioGenesiskK Sediment Washing on August 27, 1997, during
thethird BNL bench testing and section 4.5. presented theresults of reprocessing the output from
the August 27, 1997 BNL 3 testing. Section 4.5.1. identified therationale for conducting astudy
of contaminant transfer in sediment. Subsequent sections report the results of that study.

The relationship between contaminants, organic material, and inorganic olids in sediment is
absolutely essential to underganding how to decontaminate sediment. Because o this,
BioGenesisundertook an experiment to validate the absorption/partitioning line of thinking. The
experiment’s outcome was intended to expand knowledge of the roleplayed in BioGenesiskK
processing by removal of organic content, and to give furthe insights that could reduce the
operating and capital costs of processing.
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46.2 Purpose

The purpose of the study was to enhance understanding of the nature, extent, and timing
associated with organi ccontaminants bei ng absorbed from thewater phaseto inorganic particles
and organic material in sediment. A further purpose was to explore the timing and extent of
partitioning of contamination from organic material toinorganic material. Thisknowledgewas
needed to validate empirically derived understanding of the washing mechanisms being used to
decontaminate sediment, give understanding of the relaive importance intreatment of organic
material removal, and identify therelativeimportance of dewatering sediment immediately after
BioGenesisK treatment. All of these would potentially have an impact on system cods, both
capital and operating, and on the equipment configuration and testing in the forthcoming
demonstration.

4.6.3 Procedure
The study examined two typesof sediment: onewithavery low (< 1%) organicmaterial content,
and one with a 3% organic material content. The base sediment material was a dried,

greyish/brown, sandy/silt. 70% of the mixture passed 400 mesh.

Low organic material procedure (<1%)

1. Weigh out two aliquots, each of 200g of the dried sandy/silt material.

2. Dissolve 0.1 g exch of pyrene, fluorene, phenanthrene, acenaphthylene, and
anthracene in 5 ml of surfactant, and 0.1 g each of naphthalene and 2-methyl
naphthalene into 5ml of surfactant.

3. Add the two dissolved mixtures of surfactant and contaminantsto two aliquots of
1,000 ml water and mix thoroughly. The resulting contamination level of the water
mixture is 1,000 ppm of each contaminant, atotal of 5,000 ppm in one aliquot and
2,000 in the second.

4. Add the contaminated water mixturesto the sandy/silt and mix thoroughly.

5. Store the samples undisturbed at room temperature.

6. Follow the sampling procedure outline below.

High organic material content (3%)

7. Follow steps 1 - 6 as above, except that 25 ml of a natural organic material was
dissolved in each container of the 1,000 ml containers in addition to the
contaminants.
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Sampling and analyss

8. Sample the four mixtures each week for the first 2 to 6 weeks. Thereafter,
decrease frequency to every two weeks when the rate of change decreases. Sample
both liquid and solids, atotal of 8 samples for each period.

9. Prior towithdrawing each sampl e, mix the sediment thoroughly and allow to settle.
10. For the solids samples, withdraw 10 g from the container. Gravity drain the
sample. Then rinse the sample gently with water and gravity drain. Reserve the
solids.

11. For theliquid, withdraw 25 ml from the container. Vacuumfilter thewater using
al micrometer filter. Reserve theliquid, discardingthe filtered solids.

12. For both solid and liquid samples, extract each sample, and perform GC analysis.
Reporting
13. For each solid and liquid sample, report the level of contamination inppm.

Results

Datacollected in the testing is presented in tables 22, 23, and 24. Table 22 shows data derived
fromthelow (<1%) organic material test series, whiletable 23 shows dataderivedfrom the high
(3%) organic material test series. Table 24 tabulates water and sediment appearance changes
during the testing.

BioGenesis Enterprises, Inc.




Page 68

LOw ORGANIC COMTENT TEST SERIES
End of Wiaek
acenaphthy ens
Contaminant Oty in Liquid
Lty Transferred to Organic & Inarganic Salids
Sum
Assumed Qty of Degradation
Change Iv £alide from preukons period
Percz ytSolide Gal From Preubons Period 2 3 Bare
Chavge Iv liquid from preukons period
Percz vt Liqnid Loss Trom Preukons Period 35 3 Base

fluorene
Contaminant Oty in Liquid
Lty Transferred to Organic & Inarganic Salids
Sum
Aszumed Qty of Degradation
C:hange Iv #olids from preuions period
Pepce ytSolide Gal From Preukons Period 2: 3 Base
C:hange Iv g0 id rom preuions pe riod
Pepce nt Liqnid Loes Trom Preuions Period 3¢ 3 Base

anthracens
Contaminant Gty in Liquid
Oty Transferred to Organic & Inarganic Salids
Sum
Assumed Oty of Degradation
C:hange v #olids from preulons period
Pepce tSolide Gal From Preukons Period 2 3 Base
C:hange Iv ignid rom preuions pe riod
Pepce vt Liqnid Lees Trom Preuions Period 3¢ 3 Base

pyTEne
Contaminant Qty in Liquid
Oty Transferred to Organic & Inarganic Salids
Sum
Assumed Oty of Degradation
Change Iv #olids om preukons pe riod
Percz ytSolide Gal From Preubons Period 2 3 Bare
Change Iv [k 0 Trom preukons pe riod
Perca vt Liqn il Loss Trom Predkons Period 2 3 Base

phenanthrens
Contaminant Cty in Ligquid
Oty Transferred to Organic & Inarganic Solids
Sum
Aszumed Oty of Degradation
Change Iv #olkds rom preukons period
Percz ytSolide Gal From Preuboas Period a5 3 Bare
Change Iv [kg 0k Trom preukons period
P vt Liqn il Loss Tom Predkons Period 25 3 Base

naphthalens
Contaminant Qty in Ligquid
Uty Transferred to Organic & Inarganic Solids
Sum
Aszumed Oty of Degradation
Change Iv #olids om preukons pe riod
Perce vt Solds Gale From Preubons Period 3¢ 3 Base
Change Iv kg0 Trom preukons period
P vt Liqn i Loss Tom Predkons Period a5 3 Base

2-metbndnaphthalens
Contaminant Gty in Liguid
Oty Transferred to Organic & Inarganic Salids
Sum
Aszumed Oty of Degradation
Change Iv #olids om preukons pe riod
Pernce vt Solds Gale From Preubons Period 2¢ 3 Base
Change Iv [k 0 Trom preukons pe riod
Penceat Lignid Loes fhom Preulons Periad ac 3 Base

BioGenesis Contaminant Transference Study
October S, 1997 to December 29, 1997
(all quantities in parts per millian)

n] 1 2 4 E 2 10 12
1000 920 260 720 GE2 539 280 220
u] u] 180 230 288 353 430 511
1000 920 1040 50 50 292 210 EET]
u] -20 40 -50 S50 -108 -180 -2649
u] 120 a0 a2 G5 77 21
28% 25% ) 23% 22% 19%
-200 -120 -140 580 -123 -159 =150
-2 -12% ) -16% B -19% ) -29% | -39%
1000 4000 QG0 230 Fa0 709 86 478
u] u] 30 124 154 211 288 457
10007 4000 [=T=Tx] 254 944 az0 274 [=EET
u] u] =10 ] 56 -E0 -126 -GG
a 20 a4 30 a7 77 169
313% 24% | 3T% 36 % 59%
a -40 =120 -40 -21 -123 =108
0% 3% - 19% 5% -10% 0 1T -18%
1000 950 210 F00 G673 566 443 245
u] 39 170 254 293 408 479 bl te]
1000 [=I=T=] [=F=Tu] 254 Q66 a74 Qz7 914
u] =11 =20 ] =24 26 -73 26
=] 121 24 ji=] 115 71 =]
feicli ] 9% 16% )  39% 17 % 19%
=50 =140 =110 27 -107 -118 =102
A% -1E5% 0 -14% -4 -16% ) 2% -23%
1000 943 250 Facial Th2 G539 498 362
u] 45 135 199 198 269 321 419
1000 [=I=T5] 225 234 50 a0s 219 721
u] -4 =15 -GG -50 -9z -181 -2189
4 a7 1) -1 71 52 a3
181 % 47 % S1% 0 36% 19 % 31%
52 -as =115 17 =113 =14 =136
WA -10% 0 -14% 2% -18%  -22%  -ZT%
1000 az9 820 L = =1 s09 jei=]=} 224
u] &7 135 166 200 305 404 510
1000 [EI=T5] o558 anz Q06 214 200 EEE)
u] -4 -45 02 -84 -186 -200 266
&7 G 21 44 105 a9 106
101 % 6% 2E% ) 43% 32% 26%
-7 =109 -7 -0 =197 =113 -T2
ST -12% 9% 5% -28% 0 -22% | -43%
1000 G0 209 210 GE0 06 326 192
u] 28 a7 138 231 310 447 522
1000 [EEEEE] 0o6 o442 201 216 ] 720
u] 12 -4 52 109 -184 227 -280
28 [t=] 41 o3 7o 137 Th
246% 2% B7% | 34% A3 17 %
-40 -G1 -89 1500 -154 -180 -128
-, G% 0 -10% ) -19% ) 23% 0 -369% | -39%
1000 g5z 910 270 730 H48 jetate] 266
o] 12 b= 118 236 302 a04 528
1000 994 026 [EEET] Q66 250 63 204
u] -G -14 12 -24 =180 -137 =106
12 G 42 118 [al] 202 124
S33% S55% | 100% Z22% BT % 25%
-8 -T2 -40 1400 =182 -1849 a3
-2% -7 % 4% -16%  -25% 0 -34% 0 -ZE%

Table 22. Contaminant transfer study, low organic content case
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BioGenesis Contaminant Transference Study
October G, 1997 to December 29, 1997
{all quantitiez in parts per million)
HIGH ORGANIC COMTENT TEST SERIES

End of Wizek a 1 2 3 4 5 g 2 10 12
acenaphthylens

Contaminant Qty in Liquid 1000 280 Go2 465 334 231 199 178 155 118
Lty Transferred to Inarganic Saolids o 26 86 186 pel=la] 362 401 26 52 da6

Sum | 1000, Qo0& ¥edq) 651 @20 523 600 604 G170 &4
QTR R Med 00 g2 b S0lids 20eg Edaton | o |4 216 348 -3V0 0 -MF 400 396 383 26
Change v #olkds Thom preukns period L 26 g0, 100 110 55 48 25 6 -G
PercantSolide Gale From Preuions Period 3¢ 3 Bare L TG 59% 0 19% 19 G| 2% 1%

Change In ()06 Trom preuions pe ricd
PercaatLiguid Logs from Preulons Perkad ar 3 Bace

420 182 233 131, -103| -3z, -21, -23| 37
AZ% A%, B3N e, 1% 4%, 1% 3% 24%

fluorans
Contaminant Qty in Liquid 1000 Q30 739 H26 463 204 251 236 173 126
Qty Transferred to Inarganic Saolids a 16 [=i=] 161 236 287 262 jet=l ] 450 471

Sum | 1000 846 805 &Y 699 5E1 G613 632 633 587
iy TR Med 0 O1gai ke Solkds 2Degadaton | o, e TR 1= =R ch b R n R = =387, 368 367 -403

Change Iv #olkds Trom preukons period L 16 43 82 EEN a1 ELN 34 G 11
Pe o ptSolids Gale From Preuions Period a5 3 Bare 133w A% 22% ) 28% a% 8% 2%
Change In (kg0 Trom preukons pe riod L <o 18t E1s 0 &3 -189 0 43 -5 =< -7
P ot Lignid Loss Trom Preukons Period a5 3 Base L T 2% 29 2% 3TN -15% 0 BW ) 2T 2T
anthracens
Contaminant Oty in Liquid 1000 290 TZ26 a5 409 306 233 213 154 121
Dty Transferred to Inarganic Solids u} 52 TS 111 152 209 281 jcicr) =59 256
Sum | 1000, 9420 801, 60FL 551, 515 514 &S50 513 477
QY TRk Med 100 gan b Solids 20eq @Edston | o 48 199 393 439 485 486 440 A3 -5E3
Change b 2alkts fom preukas period |4 52 230 26 41 L 57| T2 =2 220 -3
PerczhtSolkds Gal From Preukons Period 3 3 Base L MR a8 3T 3% S9% | Z0% TR 1%
Change b k0K from preukns period L 1MoL 184l 2300 a8y 03 JF3L 200 8Ol 33
PercentLiqnid Logs Trom Preuions Period 3¢ 3 Base L T 18 -3E% . -18% ) -28% | 2d% 0 8% -EE% . 2%
pyTene
Contaminant Qty in Liquid 1000 QoG Fog bl ]s] 281 282 212 192 126 109
Lty Transferred to Inarganic Saolids a jeic] 102 194 301 362 402 57 516 543

Sum | 1008 838 841 VOO, 692 654 G614, 659 652 G52
QY Tk Mmed © Organk: Solk 20egadaton | o, -G1, 189, 300 308 3456 386 341 348 -348

Change Iv #0lkds om preukons period L 33 == gz 107 g1 40 G5 48 27

Perce itSolkt Gale From Preukoss Period & 3 Bate Lo209%  90%  85% . 20% . 1%, 16% . 10% . 5%

Change In (kg0 Trom preukons pe riod L -84, f8F 203 145 88 80 20| 56| 2T

Perczit LGN Logs from Preuions Period a2 3 Bage Lo L 2EW L EO% | Z3% | 20| GETW O -ZO%| 20
phenarthrens

Contaminant Qty in Liquid 1000 2a5 711 &30 376 245 126 178 1441 105

Lty Transferred to Inarganic Saolids u] 25 a1 108 1628 214 281 236 296 441

Sum 10000 821 802 G638 544 462 477 S14 0 537 516
QY TR Med D OMaak Sl EDegadaton | o, e, -1es @Gz 486 S35 SEa 486 d63 ) -d84
Change v #olkds Trom preukns period 25 =18 17 G0 45 il 45 g0 15
Pe o pbSolds Gal From Preuions Period 35 3 Bare L 26 18% | S6% | 2% % 19% L 18% | %
Change In k0K from preukinz period 104 185 <181 -154 . -128 G2 =, -3, -36
PercewtLiquid Loss from Preulons Period 25 3 Bare S10% | -21% 0 -28% | -28% | 34a% ) 2E% . AW 2% 26

ror

naphthalene
Contaminant Qty in Liquid 1000 T20 G039 521 394 271 234 206 181 168
Lty Transferred to Inarganic Solids a =rd 116 122 201 232 211 432 452 Ja6
Sum 000 AT, YRS TO3 595 503 545 G35, 633, G664
Q} TENE Med D OMdak S0l EDegEtaton | o -2d3 -@FSs | -28F 405 487 485 af2 | 367 336

Change lv £olkds Trom preukons period L Gy, e G, LN 31 BT 20, Ve
Perc ptSolkds Gal From Preuions Period as 3 Bare L e S% 0 B5% | 15% 34% | 39% 5%, 10%
Change In (K0 rom preuions period . -£80 11 Es 187 1Es 0 -3 -28 25 -13

PercertLiguid Logs from Preukons Period 20 3 Bare S2E% L 15% . 5% -3E% L -31% | 19 2% 12% . 7%

2-methndnaphthal ene

Contaminant Qty in Liquid 1000 742 G622 balaic] 451 293 262 202 196 192
Lty Transferred to Inarganic Solids u] 23 T j=]=] 172 197 244 213 jcl=r) 401

Sum | 000 7F1 FEE| BBR 623 490 AO05 515 BB 543
Q¥ Tk Mmed © O rgark Sold 20egadaton | oL 220 234 -3 -3FF . -810 ) de4 485 4EF L 407
Change lu £0lkde Tom preuions period L 23 51, 22 TG 25 a7 ge 54 24
PerczytSolkds Gal From Preukons Period a8 3 Base L L22% 0 30 OTE%W . 1% 29% | Z8% . 1T 2%
Change In [gnid from preukons pe riod == R b= B = b= A | -60 B -

PercertLiguid Lods from Preulons Period 2 3 Bare 28% | 7% 18%  -Z0% | -58% - 1%: 23 3% 2%

h

Table 23. Contaminant transfer study, high organic content case
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Observed Appearance Changes

Week Low Organic Content Higher Organic Content
0 Water is clear with slight straw color Water is clear with slight straw color
1 No change from previous No change in color, slightly cloudy

W ater slightly cloudy; no change in
solids

Water is cloudy

Water light gray; stronger brown tone
to solids

Water is cloudy and gray

W ater light gray, cloudy & with
6 increased viscosity; solids much
stronger gray with brownish tone

W ater is cloudy and gray; slig htly
viscous

W ater is gray, less cloudy, visc osity

Water is gray and lightly gelatinous

gray

slightly less
10 Water is a darker gray, but clear Water is still gray, but clearing
12 W ater is gray and clear; solids are dark | No observation

Table 24. Observed appearance changes
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For the low organic content test series, the only organic material in the mixture was the

Contaminant Absorbed by Sediment
Total for 7 Compounds

100%
80% -
60%
40%
20%

0% |

-20%

Percent of Total PPM Transferred

Week

Contaminant Qty in Liquid
Qty Transferred to Organic & Inorganic
Assumed Qty of Degradation

< 1% Organic
Content

Figure 30. Contaminant absorption and partitioning, total for 7 compounds, low
organic content case

contaminant, surfactant it wasdissolved in, and organic material generated by degradation of the
contaminant and surfactant during thetest. Periodictesting determined the contaminationinthe
solid phase and the contamination in the liquid phase. The difference between the sum of those
two factors and the beginning quartity of 1,000 ppm for each contaminant was assumed to be
biodegraded. The contamination of organic and inorganic solids were treated as one value for
thistesting. Note Seeremarks about future tests.

Figure 30, Contaminant absorption by sediment, total for 7 compounds, gives an overview of
how the contaminantsweretransferred from theliquid phaseto the solid phase, and byinference,
to biodegradation. For absorption, it showsafairly steady transfer rate that resultsin about 50%
of the beginning quantity of contaminants having been transferred to thesolid phase by week 12.
Note, however that the apparently linear transfer rate is a combination of non-linear factors as
discussed below. Degradation shows a period of 2 - 3 weekswith little activity, followed by
increasing inferred degradation. Typically, the first period of any new system is a microbial
adaptation phase, and this interpretation is consistent with that view.
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Sediment Contaminant Transference
Absorption by Organic/Inorganic Solids

_.w'._
©800 o
=700 s
§ 600 e e
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2 T A tiak e
w® 200 - i
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012345678 9101112  2mummnan
Week | < 1% Organic Content |

Figure 31. Sediment contaminant transfer, absorption by organic/inorganic solids, low
organics case

Figure 31, Sediment Contaminant Transfer, Absorption by Organic/Inorganic Solids, showstwo
distinct periods. These arethefirst two weeks, and thereafter. During the first two weeks, the
increase in contamination of the solids is believed due amost entirely to absorption.
Subsequently, the transfer isacombination of two factors. First, absorption is continuing from
the contaminants in the water. Second, organic material that has been formed through
biodegradation of surfactants (and possibly somecontaminant) isbedng transferred to the solids.
At the end of 12 weeks, a mean of 52% of the beginning contamination had been absorbed by
the organic and inorganic solids, and atotal of 70% had been transferred from the water.

Figure 32, Sediment Contaminant Transfer, Liquid to Organic Solids and Degradation, shows
very low activity for the first two weeks. This period isassociated with the adaptation phase of
microbesin thewater and those contained i n the biodegradabl e surfactants used to solubilizethe
contaminants. From about week three onward, biological activity increases. The total mean
transfer by the end of the 12 week period is 18%.
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Sediment Contaminant Transfer
Liquid to Organic Solids & Degradation
_v-
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Figure 32. Sediment contaminant transfer, liquid to organic solids and degradation

For the high organic content test series, the periodic testing determined the contamination

transferredto inorganic solids, and the contamination that remained intheliquid. Thedifference
between the sum of these two items and the beginning quantity of 1,000 ppm per contaminant
was assumed to be either absorbed by the organic material added initially or biodegraded.

Contaminant Absorption & Partitioning
Total for 7 Compounds
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Figure 33. Contaminant absorption and partitioning, total for 7 compounds, high

organic content case
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Figure 33, Contaminant Absorption and Partitioning, Total for 7 Compounds, givesan overview
of the overall transfer and partitioning for the high organic content test. When compared to
figure 30, the differences are striking. At the end of 12 weeks, the total contamination of the
solids is dightly less than for the low organic case. However there is significantly less
contaminant remaining in the water. The inference is that substantial contamination has been
absorbed by the organic solids. Biodegradation has al so occurred and may have been increased
by the ready availability of nutrition from the organic material added for the test.

For the high organics case, figure 34 and figure 35 illustrate both transfer by absorption and

Sediment Contaminant Transfer
Liquid to Inorganic Solids
= 800 1 ;f:
5 700 —
2] N ducere
S BOD -
- 5|:||:| pheranhEre
E —_— -
& 4|:”:| aErephihyiere
w 300 ——
E I'ﬂ]hl‘ﬂ!l‘ﬂ
5 200 —
= 100 - ke
= =l ' i —4 50—
1] - t t t t f f f f f Zme hyrephhaene
o1 2 3 4 5 6 7 8 8 10 11 12
| 3% Organic Content | Wieek

Figure 34. Sediment contaminant transfer, liquid to inorganic solids

partitioning. Infigure 34, the first three weeks show a gradual increase in contamination of the
solids. Thisisdueto absorption fromthewater. From about week 3 to week 8, absorption from
the water continues, but it is augmented by the beginning of partitioning from the organics that
have absorbed contamination. Finaly from about week 8 onward, both partitioning from the
organics and absorption continue.

Figure 35 showsrapid absorption by the organic material during thefirst 2 weeks. Thisismuch
higher that observed for the low organic case. From weeks 2 to 7 there is continued absorption,
but the slope of the curve decreases. Partitioning appears to be beginning and contaminant that
has been absorbed by the organic material isnow being transferred to theinorganic solids. This
isalso seen in the increasing slope of the curve in figure 35 during the same period. The period
from week 7 onward appears to be the high partitioning phase wherein the absorption rate is
matched by the partitioning rate. The result is a slope of zero and no further net transfer of
contaminant to organicsolids. Degradation asoishappening in thisphase, but its effect cannot
be assessed in the current test. The total contamination tranderred to the inorganic solids is
45%, and the total contamination removed from the water is 86%. For the high organic case,
both agreater totd amount of contaminant isbeing removed, anditisbeingremovedinashorter
period of time.
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Sediment Contaminant Transfer
Liquid to Organic Solids & Degradation
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Figure 35. Sediment contaminant transfer, liquid to organic solids & degradation

4.6.5 Conclusions and Recommendations
4.6.5.1 Conclusions

Thistest providesinsight to the role of absorption and partitioning as mechanismsthat transfer
contaminantsfrom liquidsto solid sediment particles. Inparticular,it showstheroletha organic
material in natural aguatic systems plays in absorbing contaminants and transferring them
through partitioningto solids. Several conclusionsemergethat directly afect the BioGenesiskK
Sediment Washing Process.

a.1. Desorption of organic material from the sediment is even moreimportant than previously
believed. Removal of organic material, in and of itsdf, takes with it a large amount of
contamination. What remainsisthe contaminant coating on the sediment particlesthemsdves.

a.2. With the desorption of the organic material from solids, the contaminants remaining onthe
sediment particles are now more directly exposed to the impact forcesin the collision chamber.
This means that a more thorough cleaning will be possible.

4.6.5.2 Recommendations

b.1. An additional study should be performed to discriminate and quantify factors that were
aggregated during this test. These are the amount of degradation, the amount of contaminant
absorbed by the organic material, and the amount of contaminant partitioned from the organic
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material totheinorganic solidsafter initial absorptionfromthewater. Thefollow-onexperiment
isoutlined as follows:

Stepl: Produce contaminated organic material and model the absorption process
Contaminate water with known types/amounts of contaminants.

Add organic material, mix, and allow to settle.

Monitor changes in the water on aweekly bags for 8 weeks.

Then separate and reserve the arganic material.

Analyze theorganic material to establish contamination level.

Step 2: Model the partitioning process.

Prepare clean solid and liquid mixturesimulating clean sediment.

Add the reserved organic material from Part 1.

Monitor contamination transferred from the organic material weekly for up to 12 weeks.
Separate, rinse and analyze the solids.

Separate the organic material in the liquid and analyze.

Anayzetheliquid.

Check the mass balance.

Step 3: Compare obsavations to prediced results.

Water would show an increase in contamination in the first week.

Thereafter, water contamination would slowly decrease due to absorption by solids.

Solids would show a slow increase due bath to absorption from the water and to
partitioning from the contaminated organic material.

The result would be improved insight to the mechanism of contamination absorption and
partitioning so it can be reversed or interfered with during sediment decontamination.

b.2. Separate the multiple functions now being performed by the Sediment Preprocessor. Two
of these are adding chemical to the sediment and thoroughly homogenizingtheslurry. Continue
to call thispreprocessing. Rename the part of the equipment that fractionates organic material
into the smallest possible pieces the Sediment Processor. The function of this equipment isto
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expose the organic contamination on the particles for desorption in the collision chamber and
subsequent oxidation by cavitation oxidation. The separation isimportant because it givesthe
ability to adjust the cleaning system to match the amount of organic material in the sediment to
be cleaned. Low organic content material may not need treatment in the Sediment Processor.
Thiswould lower costs. On the other hand, high organic content material may need extended
residencetimesintheProcessor. Increased residencetimeswouldincr easeeffecti venessonhigh
organic content material. Variation in employment of the Sediment Processor should be
examined during the forthcoming demonstration.
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5 STATUSOF BIOGENESISK TECHNOLOGY ASOF M ARCH 1998

The BioGenesisK Sediment Washing System consists of five main subsystems. These are
surfactant chemical s, preprocessing, processing, collision, and cavitation. Thecurrent status of
eachwill besummarizedinturn. Figures36 and 37 show the processflow of the core processing
equipment.

51 Surfactant Chemicals

The sediment system uses proprietary mixtures of ionic and non-ionic surfactants to mobilize
contamination. These mixtures aretailored by BioGenesis to address the contamination type,
sediment type and organic content, and prospective end use of the sediment. The chemical
mixtures have been used throughout BioGenesisK system testing since 1991 and, after
formulation and test on a particular sediment, are considered capable of being produced on-
demand in any quantity required.

5.2  Sediment Preprocessor Subsystem

The Sediment Preprocessor separates sediment particles and mixes cleaning chemicalswith the
sediment. The pilot unit has been extensively tested and is highly reliable. One unit is capable
of processing up to 2,000 gallons per hour of sediment having a 30% solids content. The
Preprocessor hasno scal e-up limitationsand can bereplicated and produced ondemand with 45-
60 day lead times.

WRDA BioGenesis Demonstration Process Flow

Sediment Feed, Pre-processing, Processing, and Organic Solids Removal

BLASTER MAKE-
UP/FRESH

WAIER
BIOGENESIS
WATER EDTA BLASTER <—— CLEANING
l l CHEMICAL
) . SEDIMENT i CHELATION SEDIMENT To Sheet 2
Sa‘gggT Sediment with HOLDING & | _Slurry with MIXING PREPROCESSOR AND WASHERGONDOLA |
35% salids MIXING TANK  [+()25% sollds | "anic SEDIMENT PROCESSOR

rejected by the
cutterhead pump and AR

remains on the barge
OFF SITE SKIMMED
DISPOSAL o |
OF SKIMMED ORGANICS TANK RECIRC
MATERIALS WATER

Figure 36. BioGenesisK process flow (feed, processing, organic solids removal)

) _ BioGenesis
Oversize material is BioGenesis

5.3  Sediment Processor Subsystem

The Sediment Processor micro-fractionalizes organic material in the sediment. The pilot unit
has been extensivdy tested and is highly reliable. A singe unit is capableof processing up to
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2,000 gallons per hour of sediment havinga 30% solids content. The Processor hasno scale-up
limitations and can be replicated and produced on demand with 45 to 60 day lead times.

54  Collision Chamber Subsystem

The Collision Subsygem isat pilot scaleof 81010 CY per hour. The Collision Subsystem been
extensively tested and functions as designed with high reliability. The subsystem can be
duplicated with 90-120 dayslead time. Large unitsare conceived, but have not been engineered
pending incorporation of lessons learned from pilot project processing. The current estimateis
that the first scale-up unit will have a capacity of 35to 70 CY per hour. Estimated production
time for the first scal e-up unit i s 150 days after completion of engineering.

WRDA BioGenesis Demonstration Process Flow

Sediment Washing and Cavitation/Oxidation

BLASTER MAKE-
UP/FRESH

WATER
l LIQUID/SOLID SEPARATION
BLASTER Primary
DYNAMIC PHASE
OXIDANT SEPARATION/
ADDITION P E| ECTROTREATMENT
METHOD
(see Sheet 3)
CAVITATION/ ||
From Sheet 1 ggﬂ'}gﬁgz OXIDATION CAVITATION/ HOLDING TANK
CHAMBER MIXING OXIDATION UNIT #1 OR
TANK —
BioGenesis BioGenesis
Altemate
— CENTRIFUGE/
RECYCLE TANK Recirculation > VACUUMFILTER
FOR MULTIPLE METHOD
PROCESSING (see Sheet 4)

Figure 37. BioGenesisK process flow (washing, cavitation)

55 Cavitation Subsystem

The Cavitation Subsystem currently processes 30 to 50 gallons per minute. Scale-up of the
equipment to 500 gall ons per minute hasbeen compl eted, and the higher capacity equipment will
beutilized and its performancetested during theinitial stage of thepilot project. Production|ead
time on additional unitsis 60-90 days. Larger units will be engneered to incorporate lessons
from the pilot project.

BioGenesis Enterprises, Inc.




Page 80

6 SEDIMENT HANDLING, PREPARATION,AND FEED; LIQUID-SOLID
SEPARATION; AND WATER TREATMENT

Treatment of contaminated sediment in the core decontamination equipment requires that
sediment be received, prepared, and delivered to the core equipment, that output from core
equipment be dewatered, and that the water be subsequently treated to remove contamination.
Three subsystems are required: sediment materials handling, liquid-solid separation, and water
treatment.

Sediment materialshandling uses off-the-shelf, conventional equipment to receive, prepare, and
feed sediment to the core processing equipment. This subsystem must deliver a slurry with
approximately 15% solids that are less than 1/4" in size. Three equipment options have been
sel ected to meet thisrequirement, each of whichissuitablefor useat siteswith different physical
arrangementsof barge access and distance from sediment offload to processing location. The
options (cutter-head pump, eddy pump, and trucking) are descaribed below.

Liquid-solid separation technol ogy hasbeen surveyed to identify technology capable of meeting
project needs. Conventiona methodsof dewatering fine particlesemploy hydrocarbon polymers
to coagulate and agglomerate finesinto larger particlesthat can then be removed from the water
using centrifuge and filter presstechnology. The primary goal of thisapproachisto removethe
suspended solids from the water. This technology is well-known, but cannot be used. The
reason is that before dewatering, some organic contaminants and all inorganic contaminants,
remain in the liquid phase with the suspended solids. Addition of polymer to agglomerate
particles during primary liquid-solid separation would trap contaminants along with the fine
particles, and recontaminate finesthat had been treated. So primary liquid solidseparation must
be accomplished without polymer or with extremely small amounts. Two options
(centrifuge/vacuum filter and electro-coagulation/screw press) have been developed for
evaluation during the pilot project, and are described below.

The water treatment sub-system will use conventional technology including clarification,
precipitation, floccul ation, oxidation, and settling. Thesetechnologiesareindustry standard, and
no unusual problems are anticipated.

6.1 Sediment Handling and Feed Subsystem

As-dredged sediment isexpected to be delivered to the processing site by barge. The sediment
isexpected to contain 30 to 35% solids, to have some natural solid particleslarger than 1/4", and
toalso contain varioustrash and oversized man-madematerials. Thesediment handling andfeed
subsystem must screen thetrash and solidslarger than /4", move the sediment to the processing
site from the barge, and adjust the solids content to 15 -20%.

Three methods have been identified to handle the sediment. Each will meet project
requirements, although at different costs. Two primary, site-specific criteria will govern the
selection of handling method. Thesearetheavailability of mooring spacefor the sediment barge
and the distance of the barge mooring from the processing site.
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6.1.1 Processing site within 400 - 800 feet of barge mooring

If the processing siteiswithin 400 to 800 feet of the barge mooring, the bargewill beused asthe
contaminated sediment reservoir. Sediment will be pumped from the barge using a cutter-head
pump suspended from amobile crane mounted on the barge or on thebulkhead if available. The
cutter-head pump will shred solids down to 1/4 inch, which is the maximum size able to be
accepted by the BioGenesi s pil ot equipment. Thepumpwill reject grossoversizematerial which
will remain on the barge for subsequent processing/disposal. The cutter-head pump processes
at 200 gallons per minute.

The sediment stream from the barge will contain particle sizesof lessthan 1/4 inch. Thisstream
will be pumped up to 400 feet to the BioGenesis preprocessor feed tank. If the processing area
is more than 400 feet from the barge, then portable tankage will be positioned at the 400 foot
point to receive the sediment. From tha point, slurry pumpswill move the sediment to the feed
tank for the preprocessor unit. Every attempt will be made to keep the pumping distance to the
minimum in order to minimize handling and expense, however thistransfer technique could be
employedfor an extended distance, if necessary. Theoverall techniqueof pumping directly from
barge to feed tanks can be scal ed-up as necessary for full and commerdal scale processing. All
equipment is off-the-shelf and commercially available.

Thisoptionispreferred over succeeding methods because trash screening and material sizingis
accomplished onthebargein one step, thus minimizing off-barge sediment handling beforeinput
to the BioGenesis preprocessor. It also minimizes input storage and tankage requirements
because the sediment can be processed off the barge as needed in a controlled manner to meet
processing requirementsthat will fluctuate from day-to-day.

6.1.2 Processing site within 800 to 1,500 feet of barge mooring

If the processingsiteislocated more than about 800 feet from the processing site, sediment will
bemoved from the bargeto thesite using more powerful eddy pump equipment. Thisequipment
Is capable of moving 200 gallons per minute a distance of 1,500 feet or more without
intermediate boost stages. Theeddy pump is arecessed impeller centrifugal pump with open
throat and vertical configuration designed for sediment movement. Itispositioned at the barge
by a mobile crane, and is capable of drawing in sufficient water with the solids to keep a free-
flowing slurry in the feed lines to the slurry receiving tank. The pump has a screened inle to
screen out materials greater than 1 inch in diameter.

The sediment arriving at the processing site will contain particles and debris that is between 1
inch and 1/4 inch, that is, larger than the 1/4 inch maximum specification for input to the
BioGenesispreprocessor. Thisoversize material will be removed by screening, after which the
sediment will be transferred to the preprocessor feed tank

Although this handling technique is able to move the sediment stream farther, it has the
disadvantage of needing a screening step after arrival of the sediment at the processing site. It
may also require additional holding tankage and an additional storage location for oversize
material. (Recall that the cutter-head pump accomplished transfer and sizing in one step, and that
all oversizemateria remained onthebarge.) Nonethel essthismethodiscompletely feasibleand
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is an acceptable alternative. All equipment in this option is off-the-shelf and commercially
available.

6.1.3 Processing site outside pumping distance from the barge mooring

If the processing site is located outside of pumping distance from the barge mooring, then
sediment must be moved from the barge location to the processing site viatruck. A cutter-head
pump and mobile crane will be located at the barge, sediment will be pumped into trucks, and
the trucks will then be offloaded i nto durry tankage at the processing site. Thisoption hasthe
advantage that it does not depend on the proximity of a suitable barge mooring to the processing
site. However, it has the disadvantages of requiring over-the-road sediment movement and
permitting, and introduces an additional on-load/off-load step in processing. Costswill also be
higher with the combination of cutter-head pump and truck transportation.

Thismethod isfeasiblefor the pilot demonstration, and provideslocati onflexibility. It usesoff-
the-shelf, commercially available equipment.

6.2 Liquid-Solid Separation Subsystem

Sediment will be delivered to the Liquid-Solid Separation Subsystem from the output of the
Cavitation Subsystem, the final step in BioGenesis core decontamination processing. This
sediment isa slurry with a solids content of about 8 to 10%. The slurry contains solid organic
and inorganic particlesthat are suspended in water, inorganic contaminants that were desorbed
during processing and solubilized by chelation, and organic contaminantsthat resisted oxidation
during cavitation processing.

Existing liquid-solid separation technologies have been evaluated against the criteria of using
no polymer, having high throughput capacity, and being ableto handle the full range of silt and
clay particle szes. Additional evauation factors were cost, complexity, and mai ntainabil ity.
Theoverall objectiveisto produce dewatered solidswith asolids content of 70% and water with
a suspended solids content that would be acceptable in a publicly owned treatment works
(POTW).

During WRDA work to date, hydrocyclones and vacuum filtration have been used and
centrifugation has been tested. Assessment of these three technologiesis as follows:

. Hydrocyclonebankshavedifficulty achievinghigh volumeson extremely finematerials,
but can effectively be used for separation of particles not passing 200-300 mesh.

. Centrifugationisagood candidatefor silt and larger clay particles. Testing with Brandt
Corporation hasidentified an equipment configuration consisting of hydrocyclones, wet
screen, and centrifuge that is believed capable of removing particles down to 3
micrometers. Testing of this equipment on pilot system output is required during the
demonstration.

. Vacuum filter technology using diatomaceous earth as the filter material isan effective
solids filter, and may be usable as a final polishing stage for the smallest 1-15
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micrometer size particles. It has the disadvantage that organic contaminants are trapped
along with the fines by the very active surface of the diatomaceous earth. This
contaminated filter material would then need to be reprocessed through cavitation
oxidation to destroy the organic contaminants and avoid creating an additional
contaminated waste stream. Such reprocessing must be tested during the pilot
demonstration.

Figure 38 shows the configuration of equipment and processing flow for the centrifuge-vacuum
filter configuration. This system is feasible and appears able to meet technical goals at pilot
scale operations. It has the disadvantage of using sophisticated, expensive equipment and being
manpower intensive. These factors dictate that alternatives to reduce complexity and cost must
be evaluated during the pilot demonstration.

Centrifuge/Vacuum Filter
Liquid-Solid Separation Process Flow

0-0.5 microns
Calf/ri?argon cH(},/Igrnoés > Sz\r/:én > Centrifuge g Viazci"ltjeurm Water
y Treatment
Brandt Corpi Brandt Corpi Brandt Corpi ALAR Corpi
> 75 microns > 400 Mesh 3-40 microns 0.5-3 microns
Reslurry
Treated, Dewatered i
Solids
Cavitation
— Oxidation for
Organics
BioGenesis

Figure 38. Liquid-solids separation flow using centrifugation and vacuum filtration.

Two technologies have been identified that, in combination, show promise of being simpler,
more reliable, and less costly than the centrifugation-vacuum filtration option. These are electro-
coagulation combined with plate separation and a screw press. Figure 39 shows the process flow
for this option.

. Electro-coagulation: Clean Stream Technology, Inc. has been identified as having
developed a new technique for separating fines based on the principle of agglomeration
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of charged particles that are subsequently separated using lamella clarifiers. This
technology is just now ready for testing. If it is effective on output from the washing
system, it will decrease the cost and complexity of liquid-solid separation.

. Screw press: FKC Company, Ltd., has been identified with equipment able to de-water
fines using no, or very low levels of polymer. Testing has shown that this equipment is
a candidate for dewatering provided it can be fed input with a solids content of
approximately 40% or greater.

Both the centrifugation/vacuum filter and electro-coagulation/screw press technologies will be
evaluated during the pilot demonstration. It could well be that the best solution may be to select
parts of both systems. This will become apparent only after empirical evaluation.

Electro-Coagulation/Screw Press
Liquid-Solid Separation Process Flow

From Electro- Inclined Plate » To Water
Cavitation Coagulation Separation Treatment

Clean Stream Technology, Inc. Treated Solids
(40% Solids)

Y

Screw To Water

Press Treatment

FKC Company, Ltd.i

Treated Solids
(70% Solids)

Figure 39. Liquid-solid separation process flow using electro-coagulation and screw press
technology.

6.3  Water Treatment Subsystem

The output from the Liquid-Solid Separation Subsystem is the input to the Water Treatment
Subsystem. The water stream will contain dissolved inorganic contaminants that were
previously chelated, and possibly low levels of organic contaminants and suspended solids.
Until output from the pilot system—that is sediment which has been BioGenesis processed and
dewatered—is available, exact specification of the water treatment train components is not
possible. However this is not seen as a problem since the water treatment processes that will be
used are all proven, industry standard technologies. These processes include precipitation,
clarification, pH adjustment, flocculation, and settling. If soluble organic contaminants are
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present, advanced oxidation, activated carbon, and biological treatment will be evaluated.
L aboratory eval uation of theliquid-solid separation subsystem outputswill alow definitive, high
confidence specification of suitable equipment. Once a combination of unit process has been
specified, apilot scaletest using field scal e equipment can be conducted. Notethat design data

WRDA BioGenesis Demonstration Process Flow
Water Treatment Options
Chemical Addition Chemical Addition
ALKALINE/ .
From Sheets 3&4 ) Tank#2 or 3 or4 SULFIDE FLOCULATION SEPARATION | Haud
I PRECIPITATION AND SETTLING
Solids to Disposal
v
ACTIVATED iqu
SAND FILTER CARBON o ;i‘;p:sal
Solids to Disposal ¢
Optional as Needed

Figure 40. BioGenesisK process flow (waer treatment options)

to be obtained from the laboratory testing are anticipated to be sufficient to design scale-up
equipment without aneed for full piloting of water treatment. This area has beenidentified as
a potential cost avoidance area that will be discussed further in the pilot demonstration
operations concept in Section 7. Figure 40 has been included to show the process flow of one
configuration of water treatment equipment . Thefinal configuration will be determined by the
results of water laboratory testing during the pilot demonstration.
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7 PILOT DEMONSTRATION PLANNING
7.1 Transition from Bench to Pilot Scale

Original planning in the statement of work for 1997 envisioned that the BNL2 Bench Study
would lead directly to scale-up of the technology to pilot scale, which was sel ected to be 15,000
cubicyards. Two events occurred that led project management to defer implementation of pilot
work at larger scale to a succeeding phase. These were, primarily, the need for additional
validation of the technology’s ability to decontaminate fines and secondarily, the requirement
to locate and permit a satisfactory operating site.

Section 4.3 discusses the results of the BNL2 Bench Study. These results were highly
satisfactory for grain sizes greater that 38 micrometers (400 mesh). However due to equipment
limitations during the test, the study did not address decontamination capability for the entire
range of fine material typical of New York and New Jersey sediments. As a result, project
management decided to reallocate effortstomore definitively show the ability to decontaminate
fine material prior to proceeding to pilot scale. Thiswas done in the BNL3 and BNL4 bench
studies.

Also during 1997, BioGenesis, with the assistance of BNL and EPA Region 2, conducted an
extensive search for asatisfactory operating location for scale-up operations. Thissearch did not
succeed during 1997 due to the practical matters of finding a suitably sized property for sde
whichwasin an accessiblelocation, coul d beobtained at an aff ordabl eprice, and was acceptable
tolocd governmentd bodiesin conformance with public policy.

7.2  Objectives
7.2.1 Demonstrate BioGenesisK technology at pilot scale

. Show that NY/NJ sediment can be decontaminated using BioGenesiskK washing
technology at pilot scale

. Quantify the nature and extent of process side streams at pilot scale. Show that side
streamsare environmentally andeconomically acceptable as part of thedecontamination
process

. Test and optimize materials handling, liquid-solid separation, and water treatment

technology to complement the core washing technol ogy
. Collect operatingand cost information that can support scale-up cost calculations.
7.2.2 Obtain design information for scale-up
Operation of the demonstration scale system will provide essential information on unit process

performancethat isrequired to desgn scale-up equipment. To obtainthisinformation, key unit
processes must be operated in different modes so that the system is optimized, and a careful
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evaluation of the mass flow balance for the entire process must be calculated. For each unit
operation the demonstration project will provide inf ormation i ncluding:

. whether the equipment modeled is carrect for the intended use
. whether designloading ratesfor each unit operation can accommodate processvari ability
. whether and how much surge capacity is needed

. whether variationsin chemical usage, residencetime, repeat processing, processing rates,
and equipment settings have an effect on product quality.

The data collected will be the basis of the design of a scale-up facility. The result will be full-
scale facility that begins operation with fewer problems, and with defined chemical usage,
utilities, and on-lineperformance. Sincefull-scaledesign will be based to themaximum possible
extent on commercially available equipment to minimize costs and maintain on-linere iability,
scale-up will involve matching and adapting available equipment to the process needs. The
information developed during the pilot is the essential basis for scale-up.

7.2.2.1 BioGenesis cor eprocessing equipment

72211 Preprocessor

Processflow rates arethe pri mary informati on needed to sze the Preprocessor. Additionally,
grain size analysis should be performed on before and after samples from the preprocessor to
assess change.

7.2.2.1.2 Processor

Process flow rates are the primary information needed to size the Processor to match both the
Preprocessor and the Collision Chamber unit.

72213 Collision Chamber

The variables associated with the Collision Chamber that affect processing efficiency include
throughput rate, blasting pressure, and number of collision cycles. Collection of dataon these
factorsisrequired for scale-up design. Samples should be taken before and after the collision
chamber to quantify the extraction efficiency forboth singleand multiple passesthrough the unit.

72214 Cavitation unit

Scale-up of the Cavitation unit to 500 gallons per minute was completed in November 1997.
The primary datathat is needed for scale-up isthe destruction effidency asrelatedto processing
time and oxidation chemical quantity.
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7.2.2.2 Materials handling

Full scaletreatment of dredged sedimentsrequiresareliable material shandling systemto convey
contaminated sedimentsinto the treatment train, mix them with water and additives as necessary
for the washing steps, and convey theproduct fractionsto their appropriate end uses. Sincethe
equipment and procedures for materials handling derive from conventional practices in the
mineral processing industries, this task is one of appropriate equipment selection and
specification based on pilot demonstration experience, rather than development of any new
equipment.

7.2.2.3 Liquid-solid separation equipment

Liquid-solid separation technology has been paticularly difficult to specify during bench
operationshbecause, aspreviously discussed, conventional methodsusing polymer asaseparation
aidarenot suitable. Alsothe position of theliquid-solid separation processin thetreatment train
makes separation equipment specification dependent on the nature of theoutput from the pilot-
scale BioGenesis equipment.

WRDA testing in August 1997 identified that the bench scal e equi pment was producing aliquid-
solid ration of 4 to 5:1 ascompared to a reduced ratio of 2 to 3:1 expected for the pilot scale
equipment. To obtain high-confidence datafor scale-up design, sufficient material fromthepilot
core processing unit must be processed through the two proposed liquid-solid separation
equipment configurations, and any variants of these, to ensure understanding of capabilitiesand
constraints.

7.2.2.4 Water treatment eguipment

Together with liquid-solid separation, exact specification of water treatment equi pment hasbeen
hindered by not being able to analyze output from the BioGenesi s pil ot equipment that has been
processed through liquid-said separation equipment and provided as input to water treatment.
Fortunate y, water treatment technology will bestraightforward to specify followinganalysis of
the pilot-scale system outputs.

The water treatment analysis will provide the following information for scale-up design:

. the types of equipment required to meet overall process requirements.

. the identity and dosage of required chemicals, if any

. process design criteriaincluding loading rates and retention times

. water recycle rates, and off-site wastewater and sludge disposal quantities.

Due to the well-devel oped nature of water treatment technology, there isgood confidence that

the required scale-up information can be obtained. Based on the laboratory testing that is
envisioned, it may be possbleto obtain all required scale-up data without extensive field-scale
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water treatment. This is a potential cost avoidance area for consideration during the pilot
demonstration.

7.2.3 Producetreated material for beneficial reuse evaluation

Numerous potential uses have been identified for the beneficial use of decontaminated dredged
materials. These include:

Manufactured sal - High-end growth use (potting soil)
Manufactured sal - Low-end growth use (top soil)
Nonstructural fill material (daily/intermediate landfill cover)
Shoreline stabilization

Restoration/fill for underwater areas

Wetlands/habitat restoration

Brownfield redevel opment

Fill for strip-mine reclamation

Development of natural resource, agriculture, horticulture, forestry, parksand recreation
areas since the material is considered to be “clean”.

BioGenesisindependently has conducted its own research on developing amanufactured soil
recipe that converts the sediment into a growing medium (SeaSoil™) that provides a highly
fertile product, stabilizes residual inorganics and breaks down organic components.

In order tomovefrom the concept/bench devel opment phaseto productsthat can be successfully
marketed, the following information is needed:

Product recipes must be developed for specific, economically viable end uses.

Equi pment for mixing the productswith decontami nated sediment must beidentified and
tested.

Greenhouse/fidd testing must be conducted to demonstrate the practicality of using
sediment as acomponent of manufactured soil and to document that plant composition
isnot affected by residual contaminantsthat may remaininthe decontaminated sediment.

The structural and physical characteristics of the decontaminated sediment need to be
identified for use in products such asfill material and deily/intermediate landfill cover.
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The following analytical/geotechnical testing should be performed ondecontaminated sediment
from the pilot demonstration, and, as applicable, on the manufactured soil produced:

. physical structure

. soil contaminants

. soil elemental analysis

. earthworm bioassay

. growth tests

. metal and organic root/plant uptake tests
. leachate tests.

7.3 Pilot Dem onstration Overview and Schedule

The operating concept for the pilot demonstration is structured into four phases. These are
Planning, Preparation, and Permitting; Core System Operation; Liquid-Solid Separation and
Water Treatment Evaluation; and Integrated Operation. Project execution will start following
selection and approval of the demonstration site and direction from Brookhaven to proceed.

Mr. Brad Carpenter, P.E., of Roy F. Weston, Inc. has been designated as the Project Manager for
the pilot demonstration. The BioGenesis Operations Manager for the pilot demonstrationis Mr.
Michael Dubey. Technical oversight of decontamination operations will be provided by Dr.
Mohsen Amiran of BioGenesis and Mr. James Dougherty, P.E., of Weston.

7.3.1 Planning, Preparation, and Permitting

Three major planning documents are required in order to execute the demonstration. These are
the Work Plan (WP), Health and Safety Plan (HASP), and Quality Control and Analysis Program
Plan (QAPP). The WP and HASP are approximately 60% complete and await the integration
of site specific information following approval of the demonstration site location. Initial drafts
of the QAPP have been completed by Brookhaven and await integration of site specific
information and the Sampling and Analysis information. It is estimated that finalization and
coordination of these documents will take approximately three weeks following site approval and
direction to proceed. Since these documents will be for part of the permit submission, it is
paramount that they be completed as rapidly as possible.

At the same time as the WP, HASP, and QAPP are being completed, permit applications will be
prepared with the objectiveof submitting them as soon as the planning documents are completed.
Prior to permit application, a pre-permit review meeting will be held with state representatives.
This will help to ensure that the permit applications are complete and address all matters of
importance to reviewing authorities. Weston personnel will prepare the permit applications and
be assisted as necessary by BioGenesis.
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7.3.2 Core System Operation

The second phase of the pilot demonstration will operate the core processing equipment to
process 50 to 100 CY of treated sediment. From two to four batches of sediment (8 to 10 CY
per batch) will bereguired in order tooptimi ze chemical concentrationsand equipment operating
parameters. The next series of batches (i.e. the first “production” batches will be designed
primarily to producetest slurry for usein evaluating liquid-solid separation equipment. Only as
much material will be processed asis required for liquid-solid separation testing. For planning
purposes this is estimated to be threeto four batches.

7.3.3 Liquid-Solid Separation and Water Treatment Evaluation

Theinitial batches of sediment produced fromthe core system will be used to test the centrifuge-
vacuum filter and el ectro-coagul ation-screw press equipments. Different configurations of the
equipmentswill tested on the different slurry baches to determinethe best operating settings.
Then, sufficient slurry will be de-watered to provide representative outputs for water treatment
evaluation.

Water treatment testing will be conducted initially in the laboratory. Here the water treatment
train will be designed using industry standard types of equpment. Following the treatability
calculations, selected water treatment equipment will be assembled and tested on outputs from
liquid-solid separation.

7.3.4 Integrated Operation

When the previous three phases have been completed, sufficient information will have been
obtained to satisfy project all project objectives to validate effectiveness at pilot scale and to
support scale-up design cal culations. Theequipment will then beoperated to processthe balance
of the available untreated material, which could be up to 900 CY. This will be done at the
direction of the project sponsor to meet needs for beneficial reuse testing or to evaluate other
multiple types of sediment.

Assuming authorization to proceed isgiven by Brookhaven, thefollowingpagesgiveaschedule
of events. This schedule will slip day-for-day depending on program direction.
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WRDA Sediment Decontamination NY/NJ Harbor

BioGenesisSM Pilot Project Schedule

10 |Task Mame | Duration M-1 M1 M2 M3 M4 M3 ME M7 [ E] M3
1 |mthorization to Proceed 0 days 4|—|
2 |Task 1 Planning 45 days —
3 Develop Health & Safety Flan 21 days F
q Complete HASP A days

a Client Rewiem HASP 10 days

E Incorp. Comments; Submit Final HASP 3 days

T Cliant Approwe HA%5P 3 days

g FFO/Mazs Balance 10 days

| Dewvelop PFOMEss Balance 5 days

10 Client Rewview PFOMBEss Balance 3 days

ih! Incorp. Cmnts/Submit Final PFOMBss Balance 1 day

12 Cliert Rewiew & Approve PFOMEss Balance 1 day

13 Wiork PlantSampling & 8nalysis Plan 27 days

14 Complete Work Plan 15 days

15 Cliant Rewiew "ok Plan A days

16 Incorp. Cmnts/Submit Final Wik Plan 5 days

17 Cliant Rewiew & Approwve Wiork Plan 2 days

18 Equip Layout, Site PlanfSpecs 25 days

19 Develop Site Plan 15 days

20 Site Owner Fewiew Site Plan 5 days

21 Finalize Site Plan A days

22 F & 10, Elect, Mech Flans/Specs 135 days

23 Develop P&I0 & Bectrical Dnugs 10 days

2d Site Owner Rewview P & [0 8 Bectrical 3 days

23 Finalize P&I0 and Bectrical 1 days

26 Lazal Permiting 20 days

27 |Task & Operztions 95 days

28 Equiprnent Procurerent 10 days

24 Procure Mechanical Contractor 10 days

a0 Procure Bectrcal Contractor 10 days

il Site Preparation/Mobilization 20 days

a2 iabilizationdSetup A days

a3 Construct Secocdary Containmernt A days

Figure 41. BioGenesisK sediment decontamination pilot project schedule
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WRDA Sediment Decontamination NY/NJ Harbor
BioGenesissSM Pilot Project Schedule

10 | Task Mame | Ouration M-1 M1 M2 Mz M4 M3 ME M7 M2 M3
a4 Core Process Bquipment Deliveny f days —
35 hechanical /Piping Installation 10 days
36 Bectrical Installation 10 days
ar Chechk-out & Commissioning (clean sail) A days
a8 Core Operations 10 days
39 Startup Runs 10 days
40 Evaluation Period 25 days
a1 Bench-Scale Testing - Liquid/Saolid Sep. 10 days
4z Evaluate Data A days
43 Deliver LiquidfSolid Sep Bquipment 5 days
44 Deliver Wiater Treatment Bquipment 4 days
45 h¥zchanical Piping Installation f days
i3 Bectrical Installation A days
a7 Full Operstions 10 days
43 BioGenesis Operations 10 days
49 Liquid/Salid Separation Dperations 10 days
a0 igter Treatment Filot Operations 10 days
a1 Sampling 45 days
a2 Startup Testing 10 days
a3 Full Operations Testing 10 days
a4 Dermobilization/Site Restoration 10 days
ik} Oecon of Bquipment f days
Ak Demoabilization of BEquipment A days
a7 Site Restoration f days
38 |Task 2 Final Report 1135 days
i} Laboratory Analysis 65 days
E0 Prepare Oraft Final Report 25 days
E1 Submit Oraft Final Report to Client 0 day=
B2 Cliert Rewiew Draft Final Report 15 days
B3 Prepare Final Report 10 days
Ed Submit Final Report to Client 0 days

Figure 41 continued. BioGenesisK sediment decontamination pilot project schedule
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7.4  Permitting Considerations

Federal, state, and municipal permitswill berequi red for sedi ment decontamination processing.
These permitswill vary depending on thelocation, jurisdiction, geography, and attributesof the
processing site.  Assuming that the pilot demonstration is performed in New Jersey, the
following permits may berequired. Similar permitswill berequiredif the chosen siteisin New
York.

. Wetlands permitsfrom NJDEP or USACE for impactsto wetlandsor any dredging work
required

. Waterfront development permitsfrom NJDEP if afacility isused that presently does not
have barge or waterfront access, or if access requires approval

. Section 401 water quality certificate
. NJDEP water allocaion permit
. NPDES permit for stormwater and/or wastewater discharges, orlocal sewerage authority

gpprovd to discharge to a locd POTW owned by the munici pal ity.

Municipal site plan approval may also be required, and, from a public rdations viewpoint,
consideration should be given to municipal input. Thiswould include apresentation to thelocal
planning board (open to the public). Municipal site plan approval generally requires:

. Project engineering plans

. Zoning approval

. Building commission approval (architectural, electric, plumbing, and fire permits)
. Soil erosion and sed ment control plans

In addition to permits for actual decontamination operations, the beneficia reuse of
decontaminated sediment may require permits depending on the specific use. NJDEPguidelines
for beneficial reuse of dredged material take into consideration the degree of contamination of
the waste, the quantity, and the site where the waste will be disposed of. Applications are
reviewed on a case-by-case basis by NJDEP. Except for landfill cover, the NJDEP goal would
be to meet criteriafor residential use.

75 Process Flow Overview

The processflow diagram and mass balance calculation in Figure 42 gives an overview of the
BioGenesisK Washing Processflow. It aso presents massbal ance cal cul ationsbased onknown
parameters and best available estimates where definitive datafor pilot scale operations is not
available. The mass balance data and equipment configuration will be finalized during
finalization of the Work Plan that is scheduled for spring 1998.
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BioGenesisSM Process Flow Diagram and Mass Balance
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Figure 42. BioGenesisK process flow diagram and mass balance.
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7.6.1 Pilot Demonstration Site

The requirements for the pilot demonstration site areas follows:

Area

Waterfront acoess
Ingress/Egress
Process area

Water supply
Power supply
Nominal output

7.6.2 Full-scale Site

3to 5 acres

Serviceable bulkhead/dock area within 400 ft. of process area
Tractor trailer required

50,000 SF, preferred al in a building with 24 feet clear height.
Alternatively, a minimum building of 10,000 SF and outside
adjacent 40,000 SF area is needed.

200 gpm.

1,000 amp, 480V, 3 phase service

24 yd*/day

Estimated requirementsfor afull-scal esite capable of processing 100,000 CY sediment per year
are asfollows. These requirements will be refined following the pilot demonstration.

Area

Building
Ingress/Egress
Process area
Rail

Water supply
Power supply
POTW
Nominal output

15-20 acres  Waterfront with serviceable bulkhead/dock area
within 400 ft. of process area

To be determined

Tractor trailer required

To be determined

Required (ultimatey)

To be determined

To be determined

Located cloeto aPOTW tie-in

100,000 yd3/yr

7.7  Siteand Equipment Configuration

Using the requirements for a full-scale facility outlined in paragraph 7.6.2, an example of
equipment layout isprovided in Figure 43. Thefacility has several key requirementswhich are
being given priority in the search for a suitable operating location. These are:

. Water accessfor receiving sediment by barge. Thisisthe most economical and efficient
method and is mandatory in order to mesh smoothly with dredging operations and have
minimum impacts of local communities.

. Enough overall space to allow storage of incoming sediment before it is processed,
together with spaceto storeboth ingredientsfor and finished product associated with the
production of manufactured soil.

BioGenesis Enterprises, Inc.
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BioGenesis Pilot Washing Equipment Layout
Typical Site

DECANT PUMP
GENERATOR - MCC
EQUIPMENT TRAILER
DECANTED FLUIDS
TANKER TRAILER

{_T-‘ﬁ P-4
N} uT—4

*SP1
AND SP-2

RESERVED FOR PHASE I ;;5
RESERVED FOR FUTURE 9
e o LIQUID/SOLID SEPARATION r B g‘é‘[','lMENT
(PROCESS TO BE DETERMINED)

1- | INFLUENT v
S
ou \*T-1

'E P-2

£

M T2

_ 1

Iy
j TREATED
SEDIMENT

AC1 ROLLOFF
" — TEMPORARY DISPOSAL

0 50 100 (PHASE I)

Figure 43. Typical washing equipment and site layout

BioGenesis Enterprises, Inc.
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Table 25. BioGenesis Pilot Plant Equipment List

ITEM PROVIDED POWERED ELECTRICAL/AIR

NO. DESCRIPTION SIZE DIMENSIONS VOLUME/RATE BY BY REQUIREMENTS COMMENTS

AC-1 AIR COMPRESSOR 375scfm + Weston Weston Diesel Fuel 100psi

BW-1 BIOGENESIS WASHER 8' x 45' x 13'high BioGenesis Gen/MCC

CU-1 CAVITATION UNIT 8'x8' 100gpm BioGenesis Weston's Gen 480V 50A

GEN-1 ELECTRICGENERATOR Weston Diesel Fuel
M-1 SEDIMENT HOLDING TANKMIXER 77 rpm 6 blade, 42" paddle 15:1 gear ratio Weston Electric 120/208V,10HP, 1160rpm Provided with Tank T-1
M-2  SEDIMENT HOLDING TANKMIXER 77 rpm 6 blade, 42" paddle 15:1 gear ratio Weston Electric 120/208V,10HP, 1160rpm Provided with Tank T-2
M-3  CAVITATION OXDATION TANK MIXER 71 rpm 6 blade, 42" paddle 24:1 gear ratio Weston Electric 120/208V,30HP, 1750rpm Provided with Tank T-5
M-4  CAVITATION OXDATION TANK MIXER 71 rpm 6 blade, 42" paddle 24:1 gear ratio Weston Electric 120/208V,30HP, 1750rpm Provided with Tank T-6
P-1 RAW SEDIMENT TRANSPORT PUMP @ BARGE  Model DP-7.5 100gpm Weston Electric Generator needed TOYO Pump Operated w/Excavator
P-2 BIOGENESIS WASHER FEED PUMP Model W15-3 45" x 22" 110gpm Weston AIR 20 CFM Warren Rupp Sandpper Diaphragm Pump
P-3 FILTEREDCONTAINERWATER RETURN PUMP 100gpm BioGenesis Electric Centrifugal Pump
P-4 SEDIMENT WASHER FEED PUMP Model W15-3 45" x 22" 170gpm Weston AIR 40 CFM Warren Rupp Sandpper Diaphragm Pump
P-5 CAVITATION TANKS FEED PUMP Model W15-3 45" x 22" 200gpm Weston AIR 70 CFM Warren Rupp Sandpper Diaphragm Pump
P-6 DECANT PUMP 100gpm Weston Electric Trash Pump
S-1  SCREEN - 1/4" solids Weston n/a *hold*
S-2  SCREEN - 1/4" solids Weston n/a *hold*

SP-1 SEDIMENT PREPROCESSOR 4"dia x 6' long BioGenesis n/a none

SP-2 SEDIMENT PREPROCESSOR 4"dia x 6' long BioGenesis n/a none

SW-1 SEDIMENT WASHER 8' x 17' x 15'high BioGenesis Weston's Gen 480V 60A
T-1 RAW SEDIMENT HOLDING TANK 2300gal 7'6"dia x 7'high 1/4" SS wiBridge Weston n/a UPE No. 0091112 w/mixer
T-2 RAW SEDIMENT HOLDING TANK 2300gal 7'6"dia x 7'high 1/4" SS wiBridge Weston n/a none UPE No. 0091113 w/mixer
T-3 WATER BLASTER SUPPLY TANK 4000gal 8'dia x 13.5'high Polyethylene Weston n/a none BAKER RENTAL
T-4 SKIMMED ORGANIC MATERIALS TANK 700gal Weston n/a none BAKER RENTAL
T-5 CAVITATION OXDATION MIX TANK 3000gal 7'6"dia x 9'high 1/4" SS w/Bridge Weston n/a none UPE No. 0036700 w/mixer
T-6 CAVITATION OXDATION MIX TANK 3000gal 7'6"dia x 9'high 1/4" SS w/Bridge Weston n/a none UPE No. 0036701 w/mixer
T-7 SEDIMENT HOLDING CONTANER TANK 10,000gal 8'x 35' x 13'high Steel Weston n/a none BAKER EZ ACCESS TANK
T-8 DECANTED FLUIDS TANKER TRUCK 4000 gal 8'x 25' x 10'high Polyethylene Weston n/a none BAKER POLY TANK TRALER
WB-1 WATER BLASTER 10,000 psi 8'x12' 70gpm BioGenesis Diesel Engine

WB-2 WATER BLASTER 10,000 psi 8'x12' 30gpm BioGenesis Diesel Engine

BW-1 BIOGENESIS WASHER 8' x 45' x 13'high BioGenesis Gen/MCC

CU-1 CAVITATION UNIT 8'x8' 100gpm BioGenesis Weston's Gen 480V 50A
P-3 FILTERED CONTAINERWATER RETURN PUMP 100gpm BioGenesis Electric Centriugal Pump

SP-1 SEDIMENT PREPROCESSOR 4"dia x 6' long BioGenesis n/a none

SP-2 SEDIMENT PREPROCESSOR 4"dia x 6' long BioGenesis n/a none

SW-1 SEDIMENT WASHER 8' x 17' x 15'high BioGenesis Weston's Gen 480V 60A

WB-1 WATER BLASTER 10,000 psi 8'x 12" 70gpm BioGenesis Diesel Engine

WB-2 WATER BLASTER 10,000 psi 8'x12' 30gpm BioGenesis Diesel Engine

AC-1 AIR COMPRESSOR 375scfm + Weston Weston Diesel Fuel 100psi
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Table 25. BioGenesis Pilot Plant Equipment List
ITEM PROVIDED POWERED ELECTRICAL/AIR
NO. DESCRIPTION SIZE DIMENSIONS VOLUME/RATE BY BY REQUIREMENTS COMMENTS
GEN-1 ELECTRICGENERATOR Weston Diesel Fuel
M-1  SEDIMENT HOLDING TANKMIXER 77 rpm 6 blade, 42" paddle 15:1 gear ratio Weston Electric 120/208V,10HP, 1160rpm Provided with Tank T-1
M-2  SEDIMENT HOLDING TANKMIXER 77 rpm 6 blade, 42" paddle 15:1 gear ratio Weston Electric 120/208V,10HP, 1160rpm Provided with Tank T-2
M-3 CAVITATION OXDATION TANK MIXER 71 rpm 6 blade, 42" paddle 24:1 gear ratio Weston Electric 120/208V,30HP, 1750rpm Provided with Tank T-5
M-4 CAVITATION OXDATION TANK MIXER 71 rpm 6 blade, 42" paddle 24:1 gear ratio Weston Electric 120/208V,30HP, 1750rpm Provided with Tank T-6
P-1 RAW SEDIMENT TRANSPORT PUMP @ BARGE  Model DP-7.5 100gpm Weston Electric Generator needed TOYO Pump Operated w/Excavator
P-2 BIOGENESIS WASHER FEED PUMP Model W15-3 45" x 22" 110gpm Weston AIR 20 CFM Warren Rupp Sandpper Diaphragm Pump
P-4 SEDIMENT WASHER FEED PUMP Model W15-3 45" x 22" 170gpm Weston AIR 40 CFM Warren Rupp Sandpper Diaphragm Pump
P-5 CAVITATION TANKS FEED PUMP Model W15-3 45" x 22" 200gpm Weston AIR 70 CFM Warren Rupp Sandpper Diaphragm Pump
P-6 DECANT PUMP 100gpm Weston Electric Trash Pump
S-1 SCREEN - 1/4" solids Weston n/a *hold*
S-2  SCREEN - 1/4" solids Weston n/a *hold*
T-1 RAW SEDIMENT HOLDING TANK 2300gal 7'6"dia x 7'high 1/4" SS w/Bridge Weston n/a UPE No. 0091112 w/mixer
T-2 RAW SEDIMENT HOLDING TANK 2300gal 7'6"dia x 7'high 1/4" SS w/Bridge Weston n/a none UPE No. 0091113 w/mixer
T-3 WATER BLASTER SUPPLY TANK 4000gal 8'dia x 13.5'high Polyethylene Weston n/a none BAKER RENTAL
T-4 SKIMMED ORGANIC MATERIALS TANK 700gal Weston n/a none BAKER RENTAL
T-5 CAVITATION OXDATION MIX TANK 3000gal 7'6"dia x 9'high 1/4" SS w/Bridge Weston n/a none UPE No. 0036700 w/mixer
T-6 CAVITATION OXDATION MIX TANK 3000gal 7'6"dia x 9'high 1/4" SS w/Bridge Weston n/a none UPE No. 0036701 w/mixer
T-7 SEDIMENT HOLDING CONTANER TANK 10,000gal 8' x 35' x 13'high Steel Weston n/a none BAKER EZ ACCESS TANK
T-8 DECANTED FLUIDS TANKER TRUCK 4000 gal 8'x 25' x 10'high Polyethylene Weston n/a none BAKER POLY TANK TRALER
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