Removal of Nutrients from IRL
Dredged Muck Residuals Utilizing
__1 gh- Valence
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Muck vs. “Dredged Muck”
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-Muck Settling Kinetics-
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What is Ferrate(VI) (FeO ,)* ?

Oxyanion of iron in +6 oxidation state — better known as
Ferrate(VI).

More powerful than ozone, chlorine dioxide, hydrogen
peroxide, permanganate, hypochlorite, and chlorine.

Multiple effects from a single dose. As Ferrate(IV) reacts to
form ferric hydroxide (Fe3t), it accomplishes superior
oxidation, disinfection, coagulation, precipitation, dewatering,
and deodorization.

Easy to synthesize, but difficult (expensive) to purify and
stabilize long enough to be a “commercial” chemical.
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Synthesis of FeO ;* is Now
Simple ...

Iron + Bleach + Caustic --> Ferrate +
Salt +Water

2FeCl; + 3NaOCl + 10NaOH = 2Na,FeO, +
9NaCl +5H,0
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Ferrate Synthesis Process
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Typical Process Skid

Currently operating at muck dredgiﬁESit‘e{%OQO GPM), Floridax~
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Reaction of FeO ;- with Water

(OH)*Fe0,2 + H,0 mp Fe0,3 + FeO.2mp Fe(OH),
Fe® Fe> Fet Fe3

Disinfection + Oxidation > Coagulation



-Demonstrate Unique Chemistry-
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» Studies in FIT laboratories using this i | O-Phosphate Removal with Ferrate vs. Total |
. . 512 Iron Addition. Initial PO4 = 13.3 mg/L
chemistry to treat dredge spoil water 5
have shown very high treatment S oe R
efficiencies  for  nutrient & £
contaminant removal from dredge S A
Total Iron Added (mg/L
water. -
Muck pPH NH4+-N | NOz-N | NO3-N | POs-P TSS Total Total
Dredge N+P N+P+TSS
Water (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Control 7.5 2.03 0.03 0.26 1.2 185.4
Treated 7.0 0.16 0.006 0.35 0.4 8.5
Chemical
Cost | ----- $30.00 | ----- | ----- $69.0 | $0.3 | $21.0 $0.3
($/1b.)




Currently Operating in IRL

Grand Canal Dredge Water Treatment (Phosphorus)
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Grand Canal Dredge Water Treatment (Nitrogen)

Total Nitrogen (mg/L)
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'N & P in Dredge

IRL Dredge Water 2021:

Total Phosphorus
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IRL Dredge Water 2021: Mass of Phosphorus Removed. (Total = 1629.13 |bs)
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IRL Dredge Water 2021: Mass of Nitrogen Removed. (Total = 21,618.4 |bs)
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Speaking of Nutrient Removal

Table@A FMmountsAndCosts{$/1b) fNutrients{NZP)RemovedFromEhel
IndianMRiverdlagoon®EnvironmentbyDifferentApproaches.{From:@TheBavel
thelagoon@®lan,preparedbyTetra@ech@nc.BTloseWatersALC, forBrevardl

County,[FL)
Plan@Activity? | Pounds®f®? | RemovalTost®| Pounds®fiNE | RemovalTost?
RemovedZyri| $/Pound®n Removed7yri| $/PoundiNm
FertilizerQ
Managementp 8130 $7690 6,1230 $1020
&MPublicEd.?
Muck@
Removall |  -----ccoeecf] [ cmeeeeeeeees 491,3000 $4010
Stormwater@
Management@ 17,0260 $6120 118,44001 $88m
Projects[?
Constructed@
OysterReef&[ 7,1810 $1,39301@ 21,1200 $4730
LivingShoresl
Sewagedrtd
Plantll |  ---eeeeeeeeefl |0 memeeeeeeees 40,7780 $2140
Upgradesl
SepticTank?
Removalsl |  —ccccccceeecfl | mmmmmeeeeees 56,5090 $8520
SepticTank?
Upgradesl | = --------oo==] | mmmmemoooee- 27,6590 $8020
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A
' What-Where-why-How Much ??

Impacts of Environmental Muck Dredeing at Florida Institute of Technology 2017-2018, Final Report, December 2019

Mean annual inputs of total N and P (2016, 2017)

of estimated benthic fluxes of N
(north of Melbourne Causeway,
N+N and NH,* fluxes, were ob.

from the four major tributaries were within 25%
(300 tons) and P (45 tons) from muck sediments in the North IRL

State Road 192). Very high PO+* fluxes, concurrent with low
erved in the St. Sebastian River (So

most cases, >70% of the TN and

ban dmﬁ,g the June ~ Irm the Importance of continiiino a fartilima..

improve estima tes of Tabrle ES1. Fluxes of total nitrogen (N) and total phosphorus (P) from major tributaries of the Indian River Lagoon.
1
ontinuous water flow Total N (tons/y) | Total P (tons/y) | Mean Flow (CFS) | Drainage
[ & ( y 2
— Sy 2016 | 2017 | 2016 | 2017 | 2016 | 2017 | Area (km?)
— . - 2
Eau Gallie River (EG) 10 4 ij ;; 32 35 48
Crane Creek (CC) 24 12 672 1'1 1.1 211 210 254
Turkey Creek (TC) igg 184 19 57 111 165 917
- : SR 27 41
St. Sebastian R'er":lso' i A 306 387 36 76 365 4
(e} e




' Nutrients & Contaminates are Concentrated in ‘
the STR Event up to 10X, but low Concentrations

are Present in Dry-Weather flow.
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'Septic Tanks Leach to Groundwater, ‘
then to Canals

Gaining Stream

Flow Direction =4




ts and SS from Canals 1
Storm Events to Prevent Muck
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Sludge from Ferrate Treated Muck Dredge
Water Tested as Soil Conditioner / Fertilizer
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