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Powell Water Micro Algae System

Biological and Electrical Treatment Advantages
Broad Spectrum Treatment

* PFOA/PFOS (Removal in Both Water and Solids)
« Solid Removal with Biological Conversion
 Arsenic Removal Below Detectable Limits

* Lead & Copper Removal gaset_u__ | | 4
e Cadmium & Zinc ions #% B
« Effective Disinfection ;Q

* Nutrient Removal .%

« Lower Initial Investment
 Lower Operating Costs



Proposed New Discharge Limits

Colorado

« PFOA PFOS PFAS - 0.004 ug/I
* Lead - 0.015 mg/l Action Level
* Copper - 1.3 mg/l Action Level
* Arsenic —0.02 ug/I

* Phosphate — 0.025 mg/I

Missouri
« Ammonia - 0.60 mg/I
Phosphorus — 0.50 mg/I

Virtually all EPA wastewater discharge permits will have more
restrictive effluent standards between now and 2027.



Powell Water Micro Algae Systems

Innovative Lagoon and Electrocoagulation
90% reduction in electrical aeration costs.
90% reduction in accumulated lagoon solids.
90% reduction In carbon dioxide creation.

50% reduction in disinfection costs.

Primary Treatment Tertiary Treatment
Powell Water Microalgae System (PWMAS) Patent No: US 10,358,361 B2 & 11407660 B2
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Atmospheric nitrogen (N»)

denitrifying
bacteria

nitrogen-fixing
bacteria living in 4 ] _
legume root nodules Nitrates (NO3™)

Decomposers
(aerobic and anaerobic
bacteria and fungi) nitrifying

Ammonification ' Nitrification Saddit

Ammonium (NH4+) @ Nitrites (NO, ™)

nitrifying bacteria

nitrogen-fixing
soil bacteria
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Enhance Existing Lagoon System




Fence Line o
Pilot Project (Phase 1)

1. Structures (Greenhouse, Compressor
Electrical Power Line Building, Lift Station, EC Building)
2. Lagoons (Upgrades to Cells 4 and 5
including Diffusers & Curtains)
Force Main Fine Bubble Diffuser, Typical

Diversion Curtain, Typical : Culture Lines

40' x 40' EC Building with

10" x 10' Sludge Drying 16' x 120" Algae

Incubation Greenhouse

Electrical

Lift Station . ? = 7 \‘1& __Force Main_
\ ; AR ANNG Lk
e 7\

Electrical
Control Station

Air Lines Typical -/ _

Full Build (Phase 2)

Electrical

Ferios Lie 1. Lagoons (Upgrades to Cells 1, 2 and 3
Including Curtains and Diffusers)
2. Offsite Improvements Main Lift Station and
Out Fall to Grape Creek

Copyright 2022 Lagoon Logistics, LLC All rights regse




Economic Reasons for PWMAS

Colorado Sanitation District:

1,100 people
700 taps
$40,000 annual median household income
SBR UV PWMAS
Capital $14,100,000  $4,400,000
Personnel 8 hours/day 2 hours/day
2027 EPA Regs No Yes

CO2 Reduction No Yes

Prices shown in 2017 United States Dollars.



Cadmium Copper Lead Zinc

The Doe Run Company Brushy Creek Mine
Storm Water Run Off

Cadmium Copper Lead Zinc
Raw water ppb 36 23 1,285 6,675
Powell ECppb  0.29 0.38 0.76 18
% Reduction 99.19% 98.35% 99.94% 99.73%

Action Level 5 1,300 150 5,000



Cadmium Copper Lead Zinc

Berkeley Pit, Butte Montana, Horseshoe Bend Mine
Acid Mine Drainage

Cadmium Copper Lead Zinc
Raw water ppb  1,014.65 30,983.5 3.08 260,050
Powell EC ppb 4.61 6.860 <0.6 29
% Reduction 99.55% 99.98% >80.5% 99.99%

Action Level 5 1,300 150 5,000



Bacterial Components

Fecal Coliforms Enterococci
(CFU/mI) (CFU/mI)
Before EC 1,000,000 1,000,000
After EC ND ND

Data Source: Rosario and Adkinson



ELECTROPHORETIC / ELECTROCIDAL- EFFECT ON NUCLEATED MICROORGANISMS
" CHEMICAL FREE"

TYPICAL ELECTRICAL NET SURFACE CHARGE
ON OUTER MEMBRANE

INDUCED PLASMA SURCHARGE ON OUTER MEMBRANE CAVITATION AND DNA DESTRUCTION
(DEATH OF THE MICROORGANISM )




ELECTROPHORETIC / ELECTROCIDAL- EFFECT ON NON- NUCLEATED MICROORGANISMS
" CHEMICAL FREE"

®

TYPICAL ELECTRICAL NET SURFACE CHARGE
ON OUTER MEMBRANE

E ON OUTER ME ANE CAVITATION AND DNA DESTRUCTION
INDUCED PLASMA SURCHARGE ON OUTE MBR ( DEATH OF THE MICROORGANISM )










VIrus Destruction

coli

Phage, E. Phage, B.
subtilis

PMMoV
(Pfu/ml) (Pfu/ml) (copies/ml) (copies/ml)

HPyV

Before EC

12,800

2,220

60,100

100,000

After EC

ND

ND

ND

ND

Data Source: Rosario and Adkinson
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Total Nitrogen
Organic Nitrogen
Ammonium Nitrogen
Nitrate Nitrogen

Phosphorus

Phosphorus as P205
Potassium
Potassium as K20

Moisture

Total Solids
Organic Matter
Ash

0.617%

0.166%

0.450%
<0.001%

0.089%
0.204%
0.365%
0.438%

93.000%
7.000%
5.500%
1.500%

6,170mg/I
1,660mg/I
4,500mg/I

890mg/I
2,040mg/I
3,650mg/I
4,380mg/I

930,000mg/I
70,000mg/I
55,000mg/I
15,000 mg/I




Problems using Swine Lagoon fertilizer

Crop growing season limits the time lagoon
water can be applied to the ground. One year
holding time In the lagoons.

Limits on nitrogen and phosphate allowed per
acre by government regulation. Purchase
additional land with pipeline for irrigation.

Weather events that overflow the lagoon causing
environment concerns down stream. Put a roof
over the lagoon.

Odor associated with lagoons. Spray Rose
Oil to mask the lagoon odor.



Powell Water Micro Algae System Solution

Reduction of nitrogen and phosphate without water reuse.

Constituent gal /day  Reduction
Water to Land 15,288 7.00%
Organic Nitrogen 0 100.00%
Ammonium Nitrogen 0.15 99.45%
Phosphorus 0.15 99.80%
Potassium 55 0.00%
Ash Insoluble 0

99% reduction in the amount of land required for lagoon
water disposal. Water disposal reduced by 1,150 gpd.



Powell Water Micro Algae System Solution

Reduction of nitrogen and phosphate wash water reuse.

Constituent gal /day  Reduction
Water 2,137 87.00%
Organic Nitrogen 0 100.00%
Ammonium Nitrogen 0.15 99.97%
Phosphorus 0.15 99.97%
Potassium 55 87.00%
Ash insoluble 0

99% reduction in the amount of land required for lagoon
water disposal. Water disposal reduced by 14,300 gpd.
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PWMAS Advantage

Oxygen Gas replaces toxic Methane, Ammonia,
Carbon Dioxide and Hydrogen Sulfide under the
floor.

Odor Is eliminated because oxygen Is up to 20
mg/I.

Land irrigations needs Is reduced because of
nitrogen and phosphate reduction by PWMAS.

Capital cost of the PWMAS s less than land
purchase price savings.

Operating cost Is reduced by solids disposal
Savings.



This 3D model of a PFOA
(perfluorooctanoic acid) molecule

This is the acid form of PFOS.

Gray spheres represent carbon

atoms linked together in a
chain; there are eight of them,
so “octane” is used in the name.

Green spheres represent
fluorine atoms bonded to

carbon atoms.

Red spheres represent oxygen
atoms.


mailto:jamie.hope@frwa.net

PFOA % PFOA PFOS % PFOS
Liquid | Removal | Solids Liquid | Removed Solids
ng/l Liquid ng/l ng/l Liquid ng/l

P/

Powell Water (ppt) (ppt)  (ppt) (ppt)

Landfill
eachate as Received

Electrocoagulation
+ <397 99.74% 70 <236 99.44% 20
H202




PFOA PFOS
Solids Liquid

Powell Water

Landfill Leachate
as received

EIectrF)coaguIation 193 87.47% 31,900
Aluminum Blades

Electrocoagulgtion 284 8156 12,600
Iron and Aluminum

Electrocoagulation <397 99 74% 20
Iron H202 ' '

%
Removal
Liquid

97.36%

97.24%

99.44%

PFOS
Solids




Fluoride Carbon Bond Destruction Bureau of Reclamation
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https://www.usbr.gov/research/bgndrf/

Evaporation Pond Priority PFAS Removal
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M
SAMPLE ID

EEEPFOA (ng/L) I PFHXS (ng/L) = PFOS (ng/L)
PFNA (ng/L) 0.27 ng/L=D.L. = PFDA (ng/L) 0.31 ng/L=D.L. Target Goal for Sum (ng/L)
+ TOF (ug/L)
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Costs for electrocoagulation
treatment meeting MCL-TCLP
criteria are less than comparable
treatments which only capture
PFAS for final expensive
destruction through incineration,
encapsulation, of deep well
injection.

The Powell electrocoagulation

system can be permanently
installed. or skid mounted trailers
for treating water on a short-term
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CAPEX OPEX / Yr.



Lime Softening

Electrocoagulation

Operating Sludge
Labor Disposal



We need to change the way we
approach water softening treatment

Traditionally: we try to solve one water treatment problem at a time, and we
ignore the overall consequences of the traditional water treatment step.

For example: Hard water in out homes block our pipes, makes our skin
uncomfortable after bathing, and makes washing our clothes more difficult.

Traditional Solution: lon exchange water softening removes calcium,
magnesium, and hardness from the water used in the house.

Unintended problem: The added Total Dissolved Solids (TDS) being
discharged back into the river makes it more difficult for the cites down stream
to make drinking water! The problem is compounded in each city.

Innovative Solution: Municipal Electrocoagulation, at the well head before
potable water distribution, will remove calcium, magnesium, and
hardness, in a solid form, with clean electricity, eliminating the need for in
home ion exchange water softening.

Overall Benefit: Soft Water in every home in the city. Less cleaning
product TDS added to sewer. Cleaner softer drinking water for the city
downstream.



Table 1: Summary of Potable Water Quality
(all wells combined, samples collected between January and March 2020)

Parameter Unit Average Maximum
TDS mg/L 268 295
pH S.u. 7.5 8.0

Alkalinity mg/L as CaCO3 141 157
Calcium mg/L 105 121
Magnesium mg/L 35 50
Hardness mg/L as CaCO3 407 506
Sulfate mg/L 11 14
Chloride mg/L 10 12




Table 2: Summary of Influent Wastewater Quality
(samples collected between January and March 2020)

Parameter Unit Average Maximum
TDS mg/L 553 611
pH S.u. 8.0 8.6
Alkalinity mg/L as CaCO3 300 348
Calcium mg/L 135 229
Magnesium mg/L 38 60
Hardness mg/L as CaCO3 493 819
Sulfate mg/L 13 27
Chloride mg/L 95 135




TDS Increases From Wells to Sewer

TDS Increase 285 mg/I 106%
Calcium increase 30 mg/I 29%
Magnesium Increase 3 mg/l 9%
Sulfate increase 2 mg/l 18%
Chloride increase 85 mg/I 850%

Colorado Department of Public Health and Environment
(CDPHE) would like a Total Dissolved Solids (TDS)
reduction of 150 to 200 mg/




Home Water Softeners Add TDS

lon exchange water softeners add two Sodium
1ons and two chloride 1ons into the home water for
each Calcium 1on removed from the water.

To regenerate the 1on exchange resin, saturated
sodium chloride is used. The sodium, chloride,
magnesium, calcium, and hardness is returned to the

water going to the sewer plant.

In home water softeners added 85 mg/I chloride &
55 mg/l sodium, or 140 mg/l TDS to the well water
entering the home creating sewer water leaving the

home.



Softening Well Water with Electricity

Calcium removal at 90% of 105 mg/I 94 mg/I
Magnesium removal at 90% of 35 mg/I 32 mqg/l

Total TDS removed as solids 126 mg/
Sodium Chloride that was not added 140 mg/
Effective reduction of TDS at sewer 266 mg/

CDPHE TDS desired reduction is 150 to 200 mg/I

If you do not add the Sodium Chloride to the water in the
home, you do not need to take It out at the sewer.

Every Home benefits from Soft Water.
he Towns Down Stream receive Soft Water.




Evaporative Cooling

When water changes from a liquid to vapor 967 BTU / pound is required.

We naturally cool our bodies as our skin produces water droplets that evaporate.
As the water vapor evaporates solids in the liquid water concentrates.

Cooling Towers evaporate water vapor to cool the remaining water liquid.

This works great until the solids concentrated in the water plate out on the cooling
tower.

The problematic solids include Silica, Phosphates, and Dust.
The annoying solids include Calcium, Magnesium, and Hardness.

The lease offensives include Sodium and Chloride.

BTU = British Thermal Unit: The amount of heat required to raise 1 pound of water 1 degree Fahrenheit (F).

1 Ton of cooling = 12,000 BTU/hour
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*
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Sparingly Soluble Salts

Removed as Solids

Remove the Silica, Phosphate, and Dust from
the cooling tower blowdown water between the
cooling tower and reverse 0smaosis.

his allows a higher Reverse Osmosis Permeate
percentage.

This reduces the amount of Reverse Osmosis
Reject going to the evaporation disposal pond
allowing Zero Liquid Discharge



Powell Electrocoagulation removes the silica and phosphate
after cooling tower concentration and before ultra filtration.

“7H[ F——— Silica

b -o—— | reduced

3 e R from

95%

&

i
0 . ML

Two 500 gpm EC Systems in Parallel



Electrocoagulated, Ultra Filtration Reject
Water is Pulled into a Vacuum Tower

t

5 s
oy

Coagulated
solids are
pumped
into a
dumpster
at 23%
solids by
weight.

The solids
continue to
dewater
over time.



Solids Handling

“When compared with alum treatment, electrocoagulation provided

approximately 83% less sludge volume and a 76% improvement in

filtration rate.”

EPA /540 / S-937504 September 1993 Emerging Technology

Summary, Superfund Innovative Technology Evaluation
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Innovative Alternative

* Remove the Silica and Phosphate by 95%
from the service water.

* Remove the Calcium, Magnesium, and
Hardness by 90% from the service water.

 After evaporating the water in the cooling
tower by 90%, return the remaining 10%
with the concentrated solids to be blended
with the service water for Powell
Electrocoagulation and coagulated solids
separation.



Gas Fired Electrical Generation

Metals

Calcium (Ca) mg/I
Calcium (CaCO3) mg/l
Magnesium (Mg) mg/I
Magnesium (MgCO3) mg/I

Sodium (Na) mg/I
Potassium (K) mg/I

Silica (Si) mg/I
Silica (S102) mg/I
Phosphate (P) mg/l
Iron (Fe) mg/l

Boron (B) mg/I

Anions

Fluoride (F-) mg/I
Chloride (ClI-) mg/I
Nitrite (NO2) mg/I
Sulfate (SO4) mg/I
Bromide (Br) mg/I
Nitrate (NO3) mg/I

Water quality on 2/27/2020
Raw Blowdown Concentration
Service EQ difference
Water Tank EQ / Service

40.6 250.3 6.17
101.5 625.8 6.17
10.1 61.5 6.09
41.6 253.4 6.09

14.7 148.1 10.07
8.0 20.8 2.60

2.7 18.1 6.70
5.8 38.7 6.67
0.0 4.3
0.0 0.1

0.0 0.3




187 1,123

gpm gpm
evaporation Evaporation

20.8

207.8 gpm
gpm blowdown
Powell Electrocoagulation

and AP Tower
Clarification 124.8

468 gpm
gpm Cooling Tower
1,247.8 evaporation Blowdown

Cooling Tower
Makeup

to Electrocoagulation
52

520 gpm
gpm blowdown

Service Block 4
Water
Tank 468
11.3 gpm
gpm evaporation
to Zero Liquid *
Discharge 52
Evaporation Pond gpm
blowdown

1,134.3 1,259.1 1,123 11.3 100.0
gpm Electrocoagulated and gpm gpm Cycles of
Makeup Clarified Water Evaporation Discarded Concentration




Gas Fired Electrical Generation

Metals

Calcium (Ca) mg/I
Calcium (CaCO3) mg/I
Magnesium (Mg) mg/I
Magnesium (MgCO3) mg/I

Sodium (Na) mg/I
Potassium (K) mg/I

Silica (Si) mg/I
Silica (S102) mg/I
Phosphate (P) mg/I
Iron (Fe) mg/l

Boron (B) mg/I

Anions

Fluoride (F-) mg/I
Chloride (CI-) mg/I
Nitrite (NO2) mg/I
Sulfate (SO4) mg/I
Bromide (Br) mg/I
Nitrate (NO3) mg/I

Raw 100 Cycles
Service Blowdown
Water 11th pass

40.6 40.6
101.5 101.5
10.1 10.1
41.6 41.6

14.7 1,584.0
8 728.0

2.7 1.9
5.8 3.9
0 0.0
0 0.0

0 0.0

% in Raw
Service
Water

100%
100%
100%
100%

10776%
9100%

2%
67%

10000%
10000%
4424%
1658%

600%




Economics Reasons for Raw Service
Water Treatment with Blowdown

The operating cost for the Powell EC system is less
than cooling tower chemical cost.

The capital cost for the Powell EC system is less than
the reduction in evaporation pond construction
savings.

The existing evaporation pond is twice the salinity of sea water
and sooner or later those solids will turn into a Jell.

Replacement evaporation ponds for 78 gpm, 2.3 gpm evaporation
per acre, and $500,000 per acre is $17,000,000.

Powell electrocoagulation, clarification and 11.3 gpm evaporation
pond is $10,000,000.

Water savings is 35,000,000 gallons per year



Red Rocks Community College

P
» Water Quality Management - RED ROCKS
(WQM) classes start at 6pm, and  * Certificates WATER QUALTY MANAGEMENT
meet once per week « Associates of Applied Science
» Varied schedules- online, (2 years)
remote, in-person, accelerated, . .
SR  Bachelors of Applied Science
(4 years)

* Prior Learning Assessment- turn
experience into college credit * Chelsea Campbell; Faculty

« All courses have Training Units Chelsea.Campbell@rrcc.edu
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For more information on this
project, please contact Eric Dole.

EJDole@GarverUSA.com
303.721.6932

PROJECT PARTNERS

Desalination and Water Purification Research Program '
Pitch to Pilot for Fiscal Year 2019 NO. BOR-DO-19-F017

P

RED ROCKS

COMMUNITY COLLEGE

MICKLEY -+ ASSOCIATES

INTEGRATING SCIENCE AND ENGINEERING

LYONS
. N
FILTER
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Raw Water
Filtered EC
Supernatant
Raw Water
Filtered EC
Supernatant
Raw Water
Filtered EC
Supernatant

TARGET CONSTITUENT
TH as CaCO3 (mg/L)

TDS (mg/L)

Silica (mg/L)

TSS (mg/L)

Total Phosphate (mg/L)
TOC (mg/L)
U*ORP (mv)
MO RSN 15.c6 | 13.19 [12.86| 1809 | 1699 | 1696 | 19.94 | 21.23 | 21.33.
Total Coli (mpn/100 mL)
OPERATING PARAMETER
Energy Intensity (kWh/kgal)
Pressure (psi)
Permeat Flow (gpm)
Perm Fl Fqu X (gfd)
Concentrate Flow (gpm)
% Recovery 3-stg RO

**% Recovery Overall




Percentage

(A) Raw PPW

(B) EC Pretreated PPW
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Atmospheric Pressure
EC Chamber overflow

Water and Coagulated
Solids separation.

. Vacuum Clarifier
. Slant plate clarifier

j . Decantation
Influent - Lagoon

. Dissolved Air Flotation




Powell Water Electrocoagulation
| uses electricity and

sacrificial metal
blades/plates to coagulate
solids NEW

S—
4

50 gpm Tertlary Treatment USED
Oklahoma WWTP



Potassium Alum |Ferric Chloride |Electro-coagulation
KAI(SO4),-12(H20) |FeCI3-6(H20) Fe2+ or Al3+

i Potassium K = 39.10
Alum and ferric otassium Iron Fe = 55.85

. Aluminum Al = 26.98
chloride cause Chlorine Cl = 35.45

L Sulfur S = 32.06
salinity increase  gyygen 0 = 16.00 Hydrogen H =1.01 Metal Sheet
Oxygen O = 16.00

b/c of salt Hydrogen H = 1.01
* =
counter-ions KAI(SO4)2*12(H2) = 474.44  "eCI376(H20)=270.32

Total Dissolved

Solids reduction 17.6 t0 1 4.8to1 1to1l
nplace of IDS g 704 A 20.66% Fe  100%

increase
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Judd Sundine - 720-363.0548

www.sundineenterprises.com

Powell Water Systems Electrocoagulation (EC) e

Thornton, CO

ctrocoagul

tion? Cyanobacteria Treatment Effectiveness
Based upon bench-scale experiments condugt-

Mono Spr 1es 0( PlanktOthnx ad on the EPA Surrogate wastes, the follawing
(Neurotoxic Species) S
* paced with alum treatment, electroco-
g provided approximately B3 less studge
volume and ement In hitration rate
From SITE Superty f ve Technatogy Evaluation

Pre-treatment Capabilities and
Benefits of Electrocoagulation

Mickley & Associates

Boulder, Colorado

Prepared for Office of Nav

Under contract No. NOOD14

December 2004

Second, the results do clearly Indlcate the most
beneficiat application of EC in terms of providing
pretreatment to membrane systems. The use of
£C in front of @ multi-membrane system of UF/RO
o MF/RO has promised t cove perfarmance
of the membrane systém an broaden its applis
cation 1o include feadwater having high suspended
sollds levels.
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Estrogenic Endocrine Disruptors i
Removed by Photos and desicn by Red Rocks MGD departmant
) Desgnec Jaeson Simimon, Photographer James Whisley

| (Colloids) ~ Commercial laundry - Cooling tawers (silica, handoess) - Food processing {Bea, chicken, pork siaughter houses) - General industrial - Ground water cleanup - Landhll | . e
e wister - Radioactive isatopes - Semi-conductoes ~ Swimming pools - Mun <ipat Sewage: (BOD, Cold water ammenia, Emerging contaminants, FOG, Micro-pallutants, pathaqencs.“p:z‘z;;d:‘n;'m. “":'.'.fgm nuw:;num<mud ‘

and Other Applications
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« Metal blades change

 Electron flooded water

* Treated water

from a solids to an ion
when electrons pass
through.

neutralizes charged
particles, Van der
Waals force, making
them separable
(precipitate) from the
water
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Central Wastewater Treatment Facility (CWT)
50 gpm, Denver, Colorado

overflows to secondary
separation such as
ponds, clarifiers,
filters, or etcetera.

* Heavy metals precipitate into acid-resistant oxide sludge that
passes the Toxic Classification Leaching Procedure (TCLP),
making the sludge non-hazardous




The Powell Electrocoagulation Process Is
Scalable to accommodate larger flow rates.
600 gpm Is the manufacturing economy of
scale and then parallel units can be used to
treat any Size flow rate
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500 gpm 50 gpm
1,866,240 square inch 186,624 square inch
Wet blade surface area  Wet blade surface



Coal Mine Surface Run Otf Water




Sludge from EC: \7

 Solids dewater completely D }//

 Metals are non-hazardous

as oxides

* Does not leach at ambient landfill pH
 Passes EPA TCLP and California Title 22
STLC and TTLC leach tests




Filtered Solids after 10 days
Moisture in filtered solids
Compressive Strength
Compressive Strength
Specific Gravity

Mature Fine Tails

pH

Fluid Ratio - oll

Fluid Ratio - Water
Fluid Ration - Sediment

W1t% moisture
Kilopascal (kPa)

Ibs/sq in (psi)

Sample 100819 - 1 As Received
7.2 pH Units
0.50% Vol%
74.50% Vol%
25% Vol%
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EIectro-coagUlated 1"
micron gravity filtrate

Floc flotation after 60 sec
HRT in CSTR configuration

11 micron gravity
filtrate control




Robert Hite WTF Electro-coagulation Tests on Primary Clarifier Influent
- RWvalues » 40

LiQuibD

Fecal RW = 129,970 mpn/100mL

Fecal EC < 2 mpn/100mL

Fecal EC+Fenton< 2 mpn/100mL

99.998% or 5 Log Reduction for both runs!
SOLIDS

Fecal EC = 560,211mpn/g

Fecal EC+Fenton < 100 mpn/g CLASS A!

=)
E _
c g
S ]
2 8
g ®
e
(e}
o

? 4 38

| Teo 4
1L i i
TKN TN

NH3-N  BOD-5 TOC T.Hard.

(as
CaC03)

M Raw Water m EC+ Fenton + 11 um Filter MEC+ 11 um Filter ® EC+ Fenton + 11 um Filter @ EC+ 11 um Filter

Henry Fenton’s reagent is the addition of hydrogen peroxide (H202) with ferrous iron




Robert Hite WTF Electro-coagulation Tests on Primary Clarifier Influent
- RWvalues <= 40

% Removal

|
2
.§
Lo
o
b
c
[
o
c
o}
o

0.0\3 0.03 003
e A

NO2-N  NO3-N pH (#) Silica (as
Si)

® Raw Water ®m EC + Fenton + 11 um Filter MEC+ 11 um Filter ® EC+ Fenton + 11 um Filter @ EC+ 11 um Filter

Henry Fenton’s reagent is the addition of hydrogen peroxide (H202) with ferrous iron




EC Field Demo on Ultrafiltration Plant Solids

Maple Grove UF WTP, Lakewood CO

f Popin VSRS '-. *-;':& latnrd rarfiar eAlidcs

2CIlIo 3 ated clarier solids
and filtrate using 11 micron filter §

 Electrocoagulated clarifier solids
- 1 hr after filtration in lab




Class “B” With Respect to Pathogens

* Geometric Mean <2,000,000 MPN/g fecal
coliforms

* Use one of five PSRPs
(Processes to Significantly Reduce Pathogens)

— Aerobic Digestion

— Air Drying

— Anaerobic Digestion
— Composting

— Lime 5tabilization

— Other as approved by EPA Region 8




Class “A” With Respect to Pathogens

= Fecal < 1000 MPN/g
= Salmonella s.p. < 3 MPN/4g

* Use one of seven PFRPs
(Processes to Further Reduce Pathogens)

— Composting

— Heat Drying

— Heat Treatment

— Thermophilic Aerobic Digestion

— Beta Ray or Gamma Ray Irradiation

— Pasteurization




Vector: Something that
spreads a disease but
doesn’t cause the
disease by itself.




Vector Attraction Reduction

« Anaerobic - bench scale test (40 days)
« Aerobic - bench scale test (30 days)

* Aerobic - 14+ days @ >40 "C (avg =45 "C)

« Dry to 75% when stabilized solids used
(digested)

« Dry to 90% when unstabilized solids used
(undigested)

* Sub. injection (no significant after 1 hr)

« Surface application w/incorporation (w/in 6 hrs)
"(SOUR not for anaerobically digested sludge. )




Vanderbilt Study

Municipal Wastewater Nashville, Tennessee

COD

Total Solids
Suspended Solids

Settleable Solids
Total Hardness
Alkalinity

pH

10D
BOD
Coliform

Phosphates

Raw

490
602

73
21
127
267
6.88

0.98
220
318,000/ml
38

Treated

26
401
7

S
11

11
7.02

<0.1

% Removal

94.70
43-40
90.4
76.20
91.30
95.80

89.80
95.90
99 +
99 +



44624-25

15,000 87,200 8.72%
37,770 219,600 | 21.96%

Phosphate P205 43,400 252,000 25.20%
Potash K20 4,440 25,800 2.58%







Army Corp of Engineers
30 gpm Huntsvnle Alabama

S‘

ey

2 e -

Adjustable to 3, 6, and 12 volts between the blades
to accommodate for the conductivity of the water.




Office of Navel Research
6 gom Skid Mounted Unit Oxnard, California
— Amperage

— | == | | / ~controlled

7.2 Power
1.4 supply

\.| gzl Polarity
it A, Reversing

......

L=< . Full wave
27 rectification
s of the AC
power to
DC power




Contaminant
Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide (free)
Fluoride
Gold

Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Platinum
Selenium
Silicon
Silver

Tin
Vanadium
Zinc

Before (mg/1)
224
0.076
0.014
4.86
0.125
1,321
139.
0.1238
0.7984
723
1.1
5.72
68.34
0.59
13.15
1.061
0.72
0.35
183
4.4
68
21.07
0.0081
0.213
0.262
221

After (mg/1)
ND (0.7)
ND (<0.002)
ND (<0.001)
1.41
ND (<0.004)
21.4
ND (<0.1)
0.0214
ND (<0.0020)
ND (<0.02)
0.415
1.38
0.19
0.0032
0.04
0.018
ND (<0.003)
0.029
0.07
0.68

ND (<0.020)
ND (<0.002)
0.140

% Removal
99+




Contaminant

Ammonia

Nitrate

Nitrite

Nitrogen
TKN

Phosphate

Potassium

Sulfate

Nutrients

Before After (mg/1) o

(mg/1) Removal
49 19.4 60
11.7 2.6 77
21 12 42

1,118.88 59.08 94

28 <0.2
110
68



Biologicals

Contaminant Before After % Removal

Bacteria 110,000,000 2,700 cfu 99+
cfu

Coliform 318,000,000 ND (<1) cfu 99+
cfu

E. coli >2.419.2mpn ND (<0.01) mpn 99+

Enterococcus 83 mpn ND (<10) mpn 82

Total Coliform >2.419.2mpn ND (<0.1) mpn

Cyanotoxin 97.1ug/l 0.001 ug/1




Contaminant
Aldrin

Chlorpyriphos
Cypermethrin
DDT

Diazinon
Lindane

Propetamphos

Pesticides

Before (mg/l) After (img/1)

0.063
5.87
1.3

0.261

34

ND (0.001)
ND (0.03)
0.07
0.002
0.21
ND (0.001)

0.36

% Removal




Hydrocarbons

Contaminant  Before (mg/l) After (mg/l1) % Removal
Benzene 90.1 0.3590 99+

Ethyl Benzene 428 0.372 99+
MP-Xylene 41.6 0.057 99+
MTBE 21.58 0.0462 99+
O-Xylene 101 0.416

PCB 0.0007 ND
(<0.0001)

Petroleum
Hydrocarbons 72:5 ND (<0.2)

Toluene 28,480 0.227




Dyes

Contaminant Before (NTU)  After (NTU) % Removal
Ref. 006-692 129.4 2.2

Ref. 006-854 68.30 0.68

Ref. 006-851 2,340 4.5

Radioisotopes

Contaminant Before After % Removal
Americium-241  EERYEvey e Rev 99+
Plutonium-239 29.85 pCi/l ~ 0.29 pCi/l 99+

Radium 1093 pCi/l 0.10 pCi/l 99+

Uranium 0.13 mg/1 0.0002 mg/l 99+




Organic & Inorganics Compounds

Contaminant Before After % Removal
1300 8 1,050 mg/l 14 mg/l 08
NTU 35.38 mg/l 0.32 mg/l

TSS 1,560 mg/l 8 mg/l

PFOS 421 ng/l <2.36 ng/l

PFOA 1,540 ng/l <3.97 ng/l




BTEX in 260,000 mg/l TDS Water
United Arab Emirates 130 gpm System

ma/l Untreated Treated % Removed
* Benzene 90.1 0.359 99.6%
» Toluene 28.48 0.227 99.9%
« Ethyl benzene 428 0.372 99.9%
« M, P-Xylene 41.6 0.057 99.8%

* O-Xylene 191 0.416 99.7%
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United Arab
Emirates

130 gpm Ssystem
At an Oil Refinery

pH adjustment
—~" Electrocoagulation

A Vacuum
Clarification

80 degrees cooling



Parameter Tested For: Hydrogen Sulfide Date: 10-Mar-2015
Water Source: Well Water: WTP #1
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EC Case Study - Anionic Spent Brine

= Cr6 in Coachella Valley, CA groundwater
between <1 to 21 parts per billion (ppb) —
new MCL = 10 ppb

= 23 wells equipped with Strong Base Anion
(SBA) treatment systems

= 99.95% water recovery
= 51 MGD capacity with 27,600 cubic feet of resin

= Require regeneration every 2 to 3 months @
CRRF - 600 cf / day

= Regenerated with a 10-12% NaCl solution

S~

Courtesy: Coachella Valley Water District,
Coachelia Valley, CA



THE CENTRAL RESIN
REGENERATION FACILITY

The 60,000 square foot CRRF is designed to regenerate 800 ft3 of
exhausted SBA resin per day w/12% NaClL A fully redundant train and a 3rd
regen vessel, provides additional flexibility if the faciity becomes a regional
SBA regeneration facilty.

To Feedwater Recycle Tank
and Brine Crystalizer




Primary Treatment Selection

Ireatment Simplicity

CC

EC

Spent brine to
the brine
reaction tank

Check pH during
the aeration
process is above 7.5

Verify the brine is brown, pH

abowe 7.5, the dissolved
oxygen above 3.5 mg/L, and

Verify total Crin

Spent brine to
the brine
reaction tank

i
: : : ; clarified brine is
Verify pH is Verify Cré is | dissolved ferrous is less than less than 1 L
between 4-5 below 1 mg/L : ' 0.1 mg/L B5s arln mg/
i 1 | ! : i
| | L | |
i | Aeration and | |
Adjust I Ferrous ! . . Polymer Brine | Filter
» EE— " - caustic | e
pHto5 addition st addition settlement Press
addition
.| Automatic Brine Filter
. EC 7 settlement Press

Verify total Crin
clarified brine is less
than 1 mg/fL




EC Case Study - Anionic Spent Brine

Palm Desert, CA

130

160

140

-
(=]
=

-
=
=

Concentration (mgaiL)

&

(=]
=

L]

=
w
=]
~
I m

Untreated Brine

mUranium = Chromium msVanadium

=
@
“
-+
—

1stage EC 15 5 bring

o
w
-] oo o
- s - s -
— . 2 . L2 =

1stage EC 305 brine 1 stage EC 2 min/L Brine 2 stage EC & min/L Brine

30-250 5.0
1-3 1.0
< 50 24
10-150 500

«
- A

S ~ mm

2 stage EC 4 min/L
Caci

Limit (ma/L)

Regulation 10

TTLC/STLC 1 mg/L
TTLC/STLC  0.75mg/L
TTLC/STLC 24 mg/L

LLRW 4.5mg/L




EC Case Study - Anionic Spent Brine

Palm Desert, CA

Selenium Concentration (mg/L)

17

Untre ated Erine

m Selenium

1 stage EC 15 5 brine 1 stage EC 30 S brine 1 stage EC 2 min/L
Brine

42% Removal
1

2 stage EC & min/L
BErine

63% Removal

2 stage EC 4 min/L

\ CaC2 /

Limit(mg/L)| Regulation

TTLC/STLC

1-3 1.0 TTLC/STLC 0.75 mg/L
<50 24 TTLC/STLC 24 mg/L
10-150 500 LLRW 4.5mg/L
- 88% Removal of Se
- 73% Removal of 504

with 100 g/L CaCL2 @ 2 min/L

-




Red Desert, Wyoming
Frack Flow Back and Produced Water Mixture

' T——
i" 2
! O105, 2
# Red Desert frack flow back and produced water pond water




Hydraulically-Dredged Wastewater
Hudson River Project

Results are reported in ug/L except as noted

Analyte Raw Post EC & Clarification % Reduction
Arsenic 30 3.2 89.3
Cadmium 10 0.32 96.8
Chromium 330 13.0 96.1
Copper 230 3.2 98.6
Iron 22,000 20.0 99+
Lead 590 3.2 99+
Mercury 0.72 0.0031 90+
Zinc 2,200 6.4 99+
TOC (mg/l1) 5.8 2.1 65.5
TSS (mg/1) 210 4.0 98.1

Total P (mg/1) 2.3 0.03 98.7






Disinfection with Electricity

Eliminates Disinfection By-products Associated with Chlorination -
Dechlorination and Ultraviolet Light Shadow Challenges
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Lagoon
Loglstlcs
{7« Bl | Sundine Enterprises

Powell Water
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