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Summary

Thefocus of thigprojectwas tol) implement the desigandconstruction oasuction head
for fine sediment dredgingnd 2) treatthe dredgedanalslurry mixturein a mobile treatment
trailer system. The slurry treatmentludes chemistry testing as outlined in teeope of work
(SOW) below. The mobile solids removal/treatment systensists ofa prototype suction head,

a treatment trailerand a deployment pontoon boat. Ferrate testing in the field confirmed the
laboratory results, which showed that ferrate treatment was effective at removing the solids and
nutrients.

The developedsuction headhasdemonstratedhat larger sediments can be precludsd
implementing a variable intake area system, including a shroud. The ferratistchéas shown
that ferrate wagffective at removing nitrogen and phosphorous to levels below detection of the
avdlable instrumentationvhen the appropriate ferrate/ferrigrinulation wasused.Greater than
64% reductionof ammonia and nitrit@itrogen was achieved. In addition, greater than 95% of
total suspended solids were removed 8% of phosphorus was removédeleld testing of the
coupled system confirms the feasibility of small scale muck sump operations along canals and
rivers that flow into the IRL.

A mobile system would require that sites be identiiadprepared in advancsince the
current pilot system still required the use of a small detention pond. That pond could be replaced
by an onsite holding tank adjacent to the sump diteaddition, an autonomowgsaledup system
can be developed and installed in permanentilmtsin canals to manage muck removal prior to
entering the Lagoon. Further improvements to yis¢éesn/projectan be madsuch a®ptimization
of a jet ring system for more efficiesediment suspensiardesign of shroud based on sediment
fall velocity analyses and flow simulation dyses, testing at multiple sites, and determining
remaining sediment profile of material post dredging operations.

Scope of Work (SOW)

The outcomes from the dredging monitoring study point toward muck removal as an
important method for reducing the nutrient load and improthegvater quality in the IRLThere
wasa need tanvestigate muck removal and treatment systems at a variety of scales, designed for
operationsn a wide range of location$his projectsoughtto advance the understanding oé th
feasibility of fine sediment anchuck removaklndto determine areffective ferrate treatment of
spoil residuals to remove nutrients from upstreamyss before it enters the IRIn coordination
with the Indian River Lagoon Research Institute (IRLRI), Melbotritlenan Water Control
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District (MTWCD), and Brevard County, the paged project demonstratat pilot scale, an
innovativeFerratebased coupled dredgeoilresiduals treatment system.
Pilot scale waslefined as:

1 Large @ough (flow) to demonstrate the collection and treatability of muck at a realistic
scale, that can breliably scaled up or down depending on ultimate design flows selected
for each project

1 Small enough to beeasonablyinexpensive and to be of a scale such that the ferrate
required for running the plant (one daygssmall enough so that the tahof acommercial
Ferrator wasot required (ferrate can be made daily off site, and transported to test sites)

The ferrate based system incledenuck removal, pumping, separating, spoil management,

flow monitoring, mixing tank, feed chemical storage and impacsystem, otine water quality
monitoring systems, and sample collection capabilifiegure 1 Past studies indicate the optimal

size and flow rates for removal of muck while leaving sand in place. Systems developed for muck
removal use several stefos capturing the spoil prior to treatment of the residuals. For this pilot
study, we utilized the land available at theITWCD site for a small containment pond which
capture the spoil and any overflow from the treatment systEne. proposed pilot systecantest

the sensitivity to treating the slurry at all phases of the process:

1 directly treating the main line of slurry prior to the separation of the larger particles;

1 treat the elutriate after the large particles have been separated;

1 a combinatiorof the twoor any step in between.

One of the possible befits of the slurry treatment wasneutralize angdors, enabling the system
to be placed in close proximity to homes.
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Suction Head/
Muck Removal

Lower Upper Treatfnent
Retention Pond Retention Pond R Trailer

Discharge

Figurel: Components/process flow diagram

Project Metrics:
The success and feasibility of the systwasassessed based on performance of the system, and
measured by:

1 Whether a dredge design can efficiently lift the muck from sites in canals, while precluding
sand particles (approx. 0.2 mm and lardexn being drawn in by the suction head, under
constant flow conditions

1 Whether treating dredge spoils (after different separation processes) with ferrate can reduce
phosphorus concentrations to very low levels, while also reducing concentrations of
ammona, TOC and suspended solids.

1 Whether an efficient end use or disposal plan for the solids can be established, including
the feasibility of scaling up.

Sediment coresletermine the composition of the bottom sediment where the dredge
deployed Analysiswasperformed to establish sediment profile, focusing on the amount of sand
and largesediments. Once pumping begins, samatepulled out of the system prior to entering
the treatment train. These samplesre analyzed for sediment comptisn. By comparing the
sediment composition of the dredge slurry to the material in the site coresem@ble to
determine percent of preclusion of larger particles by the designed suction head. Success in the
initial testing would be achieved if wercareclude 4% of the sand from the dredge. Subsequent
testing willincreasehe percent of precluded sandth an endgoal of &% preclusion.
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The concentrations of both phosphorus and nitrogen compawerdmeasured in the raw
dredgewater at the test sites. These same param&semeasured after ferrate treatment under
different operating conditions. The main parameter determining success of the treedstbet
degree to which the macro nutrients, nitrogen and phospheare,removed under different
treatment conditions. Chemical costs (chemicals needed to produce ferrate) can be estimated by
current stock chemical cosBased on current costs, the chemical costs for a dose of 1 mg/L of
ferrate is approximately 5 cents per thand gallons treated. Utilizing data from a study of ferrate
treatment of runoff water in the Evergladite Istokpoga Marsh Watershed Improvement District
was able to showhat for a background concentration of 1.3 mg/L of phosphate, ferrate at a dose
of 2 mg/L could completely remove géhphosphorus. Because ferrate vedde to oxidize
compounds and coagulate material, other materials were removed besides the phosphorus. For
example ammonia would be oxidized and organic carbon would be coagulated lgrtive
hydroxide floc. In any case, removing 1.3 mg/L of phosphate with 2 mg/L of ferrate converts to a
cost of about $10 peropnd of phosphate removdtlis anticipatedhat this material containing
the iron phosphate would be recycled back for usagicultureas a soilamendmentthereby
offsetting much of the treatment costs required to remove it from the water.

Future studies making use of this pilot scale system could involve testing alternate
treatment systems to the proposed Ferrate systedaptiag the system to be mounted on a barge
allowing access fronthe water instead of from lan@he pilot scale system also seswas a
functioning template for a fulicale system.

Introduction

Removal of the legacy loading of muck has been idedtigean important step in restoring
the water qualy in the Indian River LagoonThe current study focuses on moving beyond
monitoring and into the research and development of innovative method=smof/al and
remediation.This studywas focused on thdesign of a Ferratebased coupled mobile dredge
treatment systerat a pilot scale.

To meetthe criteria for a pilot scaldreatmentsystem as outlined in tf@OW, a design
flow for the pilot plant of 5 to 10ajlons per minute was selectéthis pilot scaleflow rate was
choserin an effort to keep the scale and costs manageable, with the constraint that the entire pilot
treatment system needs to fit on a single trailer. The components sourced for the separation,
metering, administration of the chemistrydamixing were all selgted based on this flow rate.
With these pilot scale flowshe slurry could easily be managed. Durangual dredging of muck
from various sites in the Indian River Lagoon, or upstream in the feeding rivers and desigls,
flows arehighly variable The actual flow at any site depexwh the storage capacity of dredged
muck around the site, the time to finish dredging a site, and the type of inedimmuckeceives
This project helpd define the types of treatment scenariglizing ferrate) that anbe used at
different sites around the lagodrhe degyn flow for this pilot plant waset such that scaling
results up or down will be easy and reliable.

9



Impacts of Environmental Muck Dredging at Florida Institute of Technology-2018,Revised FinaReport,January 2018

The ferrate based system inclddenuck removal, pumpingsedimentseparting, spoil
management, flow monitoring, mixing tas)keed chemical storage and injection systeniine
water quality monitoring systems, and sample collection capabiliBesh of the listed
components was a unique project in itself and requiredithé B t o st art f-rom sc
system has to be designed and built to meetémands of the projedEor muck removal, a
custom, novel design for a variable intake area suction head was designed, constructed and tested
in the field and in the lab.he suction head was designed with thel gdg@recluding sediments
larger than 0.2 mnn diametey fine sandand larger In order to test the system in the fiedd,
deployment boat was requirefl.custom constructed pontoon boat was bigittdeploying the
dredging systemUpon removal of the slurry mixture with the suction head from the canal
separatingnethodwas needa to remove and separate out any large sedimBrtsmethods were
tested in this study: a settling pond andim@ hydrocyclones. Téa slurry was then pumped through
the ferrate treatment system which vedso custom designed for this study. Components were
sized based on theal@ scale flow rates determindd be approximately 5 gallons per minute
(GPM). For this projet, the spoil management wesatively simple. The MTWCD allowed the
teamto use their property and the small volume of solids could be disposed of on site. In a
prototype scale project, tHarger solids separated prior to ferrate treatmevauld need tdbe
contained and then shipped to a disposal site, such as a Jandféturned to the lagoahthe
solids are not contaminatedhe treatment residuals, the sludge of coagulated fines precipitated
out by theferrate weretestedfor reuse as a soil andment to pepper plants.

Approach

Our approach for addressing the removal and treatment of the fine sediments termed
O0muckdé was t o -designedlamdbuiltassucton meadoasdeconnect that to a ferrate
based treatment systerfihe ultimate goalvasa selfcontained dredgingreatment system for
removal of fine sediments (muck) from shallow and/or environmentally sengggions within
an estuarytor the dredging component, our approaeisto design a vaaible intake area suction
head.For hydraulic dredgingthe size of the sediment entrained by the suction iseaéunction
of the intake flow aredlow rate, and velocitywhich carbe controlled by the operat@ur design
wasfocused on the preclusion of sedirhgrain sizes 0.2nm andlarger, as stated in the Project
Metrics of Subtask 8 in the Statement of Work (SOW) order to accomplish thist was
imperative to determinthe Shields grametelw), the dimensionless critical shear stréssthe
Darcy-Weisbach friction coefficiet "Qand the drag coefficieit , to calculate velocity, Appendix
D. Using an approximatdrag coefficient of 0.44or an imperfect sphera Shields arameter of
0.03,and substituting values for gravitational acceleration, diameter of sand particles, density of
sand, and desity of sea water, wean solve analytically fothe velocity requiredor sediment
motion.

Theory predicts sediment sizes of 0.2 mm are likelndwe at current velocities of@n/s
or more. The goal of thigroject wa to achieva flow velocityof the same sizlBy fine-tuningthe
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intake areaf the suction head which alters flewlocity, thusattaining the desired current velocity
to preclude lege sedimentdBased orthe calculated curremelocity, theoptimal intake areaf
the suction headiasdetermined

The volumelow rate equation) @z 6, (where Q is the volume flow rate, V is the mean
current velocity, and A is the intake ar@#gsused to find the current velocity for a given pump
flow and suction headpening, Table 1. The flow rate equation was then also tes&dd the
optimal suction head opening fargiven pump flow rate and current velocity, Tahle 2

Tablel: Current Velocity for Given Pump Flow and Suction Head Opening

Pump Flow  Suction Head  Velocity (cm/s)

(GPM) Opening
(inches)
100 0.0625 30
2.5 7
5 4
150 0.0625 40
2.5 10
5 5
200 0.0625 60
2.5 10
5 7

Table2: Optimal Suction Head Opening for Given Pump Flow and Velocity
Pump Flow Velocity Suction Head Opening

(GPM) (cml/s) (inches)
100 2 9
150 2 13
200 2 20

Operating at a flow of IMGPM,the optimalsuction head opening given by the previous
theoryfor a desied current velocity of 2 cm/s wapproximately 9nches, Table 2

A series of tests wersompletedwith the variable intake suction head bothaampus at
FIT and at the field siten the G1 canal Testing on campus was done by employing useseft
diameter byb-ft tall plastic tank Figure2.

11



Impacts of Environmental Muck Dredging at Florida Institute of Technology-2018,Revised FinaReport,January 2018

Discharge hose
W

Testing tank

Figure2: On-campus laboratory setuyth testingtank and intake/discharge hoses

The first set of testwasperformedusing a3 2x8 2xil 4shroud Figure3, attached to the bottom
of the variable intake suction hedthe squareshroudwas designed to reduce the entrainment of
ambient waterWhen attached to the suction head, thewhiocreases the veetl distance from
the bottom of the suction head to the seaflbaure4.

2000

66.7

3200

32.00

Figure3: Rectangular &roudDimensionginches)
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Dredge shroud

| '|I|___ j’
L \ ¥

Figure4: RectangulashroudAttached to Suction ead

Tests wereompletedusingtwo different types of active jet systemselpurpose of the
active jets wato mobilize and suspend sediment into the suction head intake area. With both types
of active jet systems, the shrowdsutilized and remained attached to thetgan head. The first
set of testsvasperformed on Juné's June &, and June Busing a pressure washer to act as an
active jet. A 2inch diameter hole was cut out of the rectangsiteioud for the pressure washer to
be inserted and pointed towards thottom sediment.

The second set of active jet testing wascutecon June 12, June 1%, and June 15 A
oneinchdiametef | exi bl e i rrigation hose anindhdpartivas8 6 h ol
connected to the bottom of the matjular shroud with pipe straps, Figelhe hose was then
connected to a PVC tee with hose shanks and hose clanopgifch diameter hole was cut out
of the shroud for the intake of the PVC tee to connect to the pumping source. A pool pump rated
at 40GPM was used to pump water through the irrigation hose to suspend sediment.
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Figure5: Active Jet Setup with Pool Pump and Irrigation Hose

A passive jet system was desigriecliminate the need for an additional power source to
supply power to an active jet pump. Four passive jets were 3D printed with acrylonitrile butadiene
styrene (ABS), an oibased thermoplastic that has high strength, flexibility, and durability. The
design consists of ahch dameter cone that tapers to-#nth diameter by -4nch-long cylinder
which further tapers to an approximately ¥ inch diameter hole. A 3D printed nut holds the cone in
place from underneath the shroéigure6.

Figure6: 3D Printed Passive Jet

A test was also completed using only the shroud with an extension att&anee7. An
additionalfoot long piece of stainless steel was attached to the end of the stinmidcan be
easily removed aseeded. The pugse of the extension wasjustify the need for a variable intake

14



Impacts of Environmental Muck Dredging at Florida Institute of Technology-2018,Revised FinaReport,January 2018

area to control the amount of sagkater than 0.2nm in diametetthat wasprecluded. When
testing with the extension, the gear system that controls the intake area wasdamd onlghe
suction hose was attached to the top of the shroud.

Figure7: Rectangular Shroud with Extension Attached

The variable intake area suction head also underwent testing atahsitgil(Site 3 at C
59 and CG1). Altogether, the dredging and treatment operated as a combined system through the
treatment trailer. At the field site, dredged slwmaspumped from the suction head on the pontoon
boat Figure8, through 3inch diametemipe where itpasseshrough a tee, Figur@. At the tee,
flow wasdivertedto a discharge pipe into a lower retention ponchtw IL.5inch pipe that ledo
the tg of thehill into the trailer where it was treated directly as it Wwamg pumpedFigurel0.

The primary goabf thefield test was to perform a full system operationest the use of
hydrocyclonesdevices used to separate suspended particles in a liquid soitiba treatment
trailer. Samples of the slurry mixture were collected with the suction headtiogeoaly & the
fully open setting of 3nchesbecause best results were seen in lab testing with the shroud at the
open settingSamples were taken atd&ferent locations, the bottom of the hill from thengh
discharge pipe, the top of the hill from the -inbh pipe before entering the trailer, and after
entering the trailer and being filtered by tharocyclones

15



Impacts of Environmental Muck Dredging at Florida Institute of Technology-2018,Revised FinaReport,January 2018

Figure8: PontoonBoatwith Suction Head Deployed

Figure9: Tee with Discharge Flow
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