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The Problem



 Nearby Fort Carson Army Base polluted shallow aquifer with AFFF

 WMWC 120 gpm well supplies water to customers from this aquifer

 PFAS concentrations from well for PFOS, PFOA and PFHXs exceed EPA MCL

 EC was only technology tested to date at site and achieved ND both times 

 EC is not permitted by CDPHE as DW BAT and requires piloting

Analyte Chemical Formula Concentration 
(ppt)

MCL (ppt)

PFOS C8HF17O3S 23 4

PFHxA C6HF11O2 20 --

PFOA C8HF15O2 17 4

PFHxS C6HF13O3S 32 10

PFBS C4HF9O3S 32 --

PFHpA C7HF13O2 5.6 --

The Problem

Grab Sample collected in August 2023



The Problem…But wait, there’s more

 Limited water quality data to project SBA or GAC 
performance

 Determine if pre-treatment is needed

 EC does not have computer model to project 
performance and requires bench testing

 What we do know is the water is very hard

 513 mg/L TH as CaCO3 + excessive Fe levels

 Could pose performance issues 

 Current chlorine gas disinfection dosing point is at 
the well shroud / intake

 Relocate to alternative location downstream of pilot

 Use abandoned well ~30-ft away as alternative pilot 
supply source

This Photo by Unknown Author is licensed under CC BY-SA

https://en.wikipedia.org/wiki/No_symbol
https://creativecommons.org/licenses/by-sa/3.0/
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Our Approach

Background 
Data Review 

Bench 
Testing

Pilot 
Testing

Final Report 
Writing and 

Various CDPHE 
Form Submittals 

Phase 1 Phase 2 Phase 3 Phase 4 



Phase 1 - Background Data Review 

 Thorough review of water quality analysis 
(WQA) required

 Identify GAP analysis on available WQ 
parameters

 GAC and IX performance can be modeled 
with MFR proprietary software to determine 
pilot performance and optimal configuration

 Immediately develop sampling plan to 
acquire at least 8 data sets for
all PFAS compounds

Competing ions per IX and GAC MFR

PFOA

PFOS

PFBS

GneX

PFNA

PFHxS



Phase 2 – Bench Testing

 EC does not have a modeling software 
and requires field testing

 Develop a bench testing protocol that will

outline how EC will be evaluated

Identify field parameters to be collected, 
configurations, and water quality analyses

 Development of a bench testing technical 
memorandum so pilot testing can be 
configured per optimal bench config

 Use EPA 1633 and 1621 to prove / 
disprove EC defluorination capability 

 Include Primary and Secondary MCL’s



Phase 3 – Pilot Testing 



Phase 3 – Pilot Testing 
G

o
a

ls • Affirm the removal efficiency achieved from bench tests (EC 
only) and model projections (SBA and GAC)

• Fine-tune design constraints and testing configuration

• Give staff opportunity to become familiar with the technology

• Determine best performing technology and associated 
budgetary capital and O&M costs 

• Determine if EC destroys PFAS?



Phase 3 – Pilot Testing 
D

e
li
ve

ra
b

le
s • Update and automate trailer to include SBA, GAC and 

CUF

• Civil, mechanical, EI&C, and process drawings with 
specifications on drawings

• Pilot test protocol development

• PFAS technology comparison matrix to qualitatively 
compare each technology

• Series of technical memorandums that assess trends



Phase 5 – Final Report Writing and Various CDPHE 

Form Submittals 

 TM’s at each milestone 
that summarize the 
"what, why, and how" 
as well as lessons 
learned will be 
compiled into the Final 
Report 

 Preparation of 
necessary CDPHE 
forms 



SCHEDULE



A Background of the Technologies 

Tested



The Treatment Toolbox

Grit 
Removal

Aerobic 
Digestion

Trickling 
Filters

Anaerobic 
Digestion

Floc & DAF

Cascade 
Aeration

EC

Activated 
Sludge

BAF

Cartridge 
Filtration

GAC

Gravity 
Clarifiers

Multi-media 
Filtration

Media Bio- 
Filtration Brine 

Crystallizer

UV

High-Rate 
Filtration

MBR

Ozone

UV / AOP

NF/RO

SBR

MF/UF

Traditional

SBA Resin

Advanced



Our partners donated their PFAS technology for testing

EC

GAC

MF/UF

SBA Resin



Our design constraints for SBA, GAC and 
Abtech media is listed below.

Units LANXESS CALRes GAC Abtech Total 

gpm 1.9 1.9 0.85 1.5 6.2 gpm
min 2.10 2.10 6.00 2.00

ft
3

0.5 0.5 0.7 0.4

gal 4.0 4.0 5.1 3.0

ft 0.50 0.50 0.50 0.33

in 6 6 6 4

ft
2

0.196 0.196 0.196 0.087

ft 2.7 2.7 3.5 4.6

in 32.6 32.6 41.7 55.2

gpm/ft
2

9.7 9.7 4.3 17.2

% 50% 50% 30% 0%

ft 4.1 4.1 4.5 4.6

in 48.9 48.9 54.2 55.2

% 20% 20% 20% 20%

ft 4.9 4.9 5.4 5.5

hL per ft of resin psi/ft

Note:  all blue cells are input variables

Hydraulic Loading Rate (4 to 12 gpm/ft
2
, except Abtech = 40)

Design Calculations for WMWC PFAS Pilot for One Clear PVC Vessel (Downflow Configuration)

Parameter

Service Flow Rate

EBCT

Resin Volume

Resin Volume

Vessel Diameter

Vessel Diameter

Surface Area

Height of resin in vessel

Height of resin in vessel

Expansion Volume

Total Height for Initial Conditioning (X)

Total Height for Initial Conditioning 

Top and bottom headers + media support

Total Height for Clear PVC Vessel



Granular Activated Carbon

GAC

 Granular activated carbon (GAC) is a media-based 
treatment made from organic materials with high carbon 
contents such as wood, lignite, and coal

 One of the most studied technologies for PFAS removal 
and has been widely used for many years to adsorb 
organic compounds from drinking water treatment 

 Effective at removing longer chain PFAS compounds from 
water

 Slower kinetics result in longer EBCTs (6 to 12 min)

Destructive 

Technology



Strong Base Anion (SBA) Resin
 Strong base anion (SBA) a type of resin that have a positive 

surface charge that binds negatively charged molecules 
such as PFAS to the resin surface

 Polystyrene-based polymer beads (0.5–1 mm diameter) that 
have positive adsorption sites that attract anionic PFAS by a 
combination of electrostatic and hydrophobic mechanisms. 

 Effective at removing longer and shorter chain PFAS 
compounds from water

 Quicker treatment kinetics result in shorter EBCTs (2 to 4 
min)

 Shorter chains require longer EBCT

Destructive 

Technology



Ceramic Ultrafilter (CUF)

Destructive 

Technology

Courtesy: CERAFILTEC

 Particle separation technique with pore size between 5-
um and 0.01-um (outside – in)

 Will be tested to remove e-floc from EC unit and 
potentially in front of AIX and GAC as pre-filter

 Can remove PFAS if coated with PAC 



Electrocoagulation (EC)

Destructive 

Technology

 An alternative to traditional chemical coagulation that 
does not increase TDS

 Uses electricity + sacrificial metal blades to drive efficient 
chemical coagulation reactions w/out adding metal salts

 Negatively charged contaminants magnetically attracted 
to anode (+); opposite for cathode (-)

 Polarity reversal every minute prevents passivation

 Requires downstream particle separation



Deep Dive into EC + CUF System



GAC

MF/UF

SBA Resin

Our partners donated their PFAS technology for testing

EC



What is Electro-Coagulation?

 Wide range of contaminants 

can be removed with EC + 

filtration

 Challenging contaminants 

(i.e., Selenium) require
 Longer process time

 Higher amps

 Tighter filtration 

 Chemical catalyst



Electro-Coagulation vs. Chemical Coagulation

Courtesy: University of AZ Presentation “Electrocoagulation and Water Sustainability: Silica 

and Hardness Control” | June 26, 2008 | James C. Baygents and James Farrell

Potassium Alum
KAl(SO4)2·12(H2O)

Ferric Chloride
FeCl3·6(H2O)

Electro-
coagulation
Fe2+ or Al3+

Alum and ferric 
chloride cause 

salinity increase 
b/c of salt 

counter-ions

8.57 g of 
salts per g of 

Al 

1.91 g of 
salts per g 

of Fe

0 g of 
salts per g 
of Fe or Al

Alum and ferric 
chloride contain 

less coagulant on 
a per mass basis

114 lbs. of Al 
per ton of K 
alum 

413 lbs. of 
Fe per ton 
of ferric 
chloride 

1 : 1



EC Removal Mechanisms

EC Only (FE Blades) EC Only (FE Blades) + Fenton (H2O2)



PFAS Destruction Hypothesis

Fluorine

Carbon

Sulfur

Oxygen
Hydrogen

PFOS (g/mol) 500.13
PFOS (ng/L) 23

PFOS (g/L) 0.000000023
PFOS BDE (kJ/mol) 485

PFOS BDE (kWh/mol) 0.13472233
Sample Volume (L) 2
Total Energy (kWh) 1.23912E-11

e-



• Metal ions bind to chlorines 
in a chlorinated hydrocarbon 
molecule

• Results in a large insoluble 
complex

• Oxygen and hydrogen 
ions bond into the water 
receptor sites of oil 
molecules

• Creates a water insoluble 
complex that separates 
water from oil

EC Removal Mechanisms

• Drives zeta potential to zero 
promoting a sweep floc and 
efficient agglomeration

• The increase of electrons 
creates an osmotic pressure 
that ruptures algae, 
bacteria, cysts, and viruses

Emulsion Breaking

• Oxidizes dyes, cyanides, 
bacteria, viruses, 
endocrine disruptors, 
biohazards at anode

Halogen Complexing

Bleaching by 
Oxygen Ions

Electron Flooding

• Reduction @ cathode = OH 
generated; oxidation @ anode 
= H + metal dissolves

• Fe dose rate, bubble rate and 
mixing is function of amps

Oxidation/Reduction 
Reactions

• Seeding results from the 
anode oxidation of metal 
ions and cathode 
reduction forming OH ions

• Forms insoluble sweep 
floc that precipitate as 
complex metal oxides

Seeding



What about the 

solids from EC?
 Solids generated 

 Often pass Toxicity Characteristic Leaching 

Procedure b/c contaminants are bound as metal 

oxides - do not leach at ambient landfill pH

 Depends on concentration in solids (Uranium example)

 Dissolve more Fe if rad mass %age causes 

LLRW issues 

 Hydrophobic solids – easy to dewater

 “83% less solids generated than chemical 

coagulation” per EPA/540/S-93/504 September 1993 

Emerging Technology Summary, Superfund 

Innovative Technology Evaluation

https://nepis.epa.gov/Exe/ZyNET.exe/10002DU3.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1991+Thru+1994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D:/zyfiles/Index%20Data/91thru94/Txt/00000006/10002DU3.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h|-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/10002DU3.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1991+Thru+1994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D:/zyfiles/Index%20Data/91thru94/Txt/00000006/10002DU3.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h|-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/10002DU3.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1991+Thru+1994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D:/zyfiles/Index%20Data/91thru94/Txt/00000006/10002DU3.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h|-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL


University of South Florida ran tests 

with the Powell EC bench-top unit on 

raw domestic wastewater in 2010 and 

had this to say…

In our preliminary experiment, the Powell 

Electrocoagulation unit reduced all the tested biological 

agents (including both bacteria and viruses) with greater 

efficacy than current wastewater treatment practices. 

Dr. Mya Breitbart | University of South Florida



EC – A Clean 

Process

 No added chemicals except for periodic acid 

clean

 Reuse acid 

 ~ 0.2#/1,000 gal iron blade consumption

 Minimal chemicals to buy, store, manage, apply or 

dispose of in almost all applications

 Some chemicals are necessary for aggressive WW 

 H2O2 for advanced Fenton reaction

 Mg, P and NH3 source for struvite precipitation 

 Reduced waste stream



EC Does not…

 Efficiently remove carbon chains 

< 6 OR Selenium w/out long 

residence times and/or chemical 

catalyst

 Use a lot of electricity
 Typically 2-7 kWh/1,000 gal

 Higher conductivity = lower power 

costs 

 Require clean power 
 Only low voltage PLC and computer 

requires UPS

 Easier to operate in countries with poor 

electric grid

Periodic Table of Elements



EC – Typical Layout for 

Atmospheric Configuration
EC RXN 
Chamber

Secondary 
Separation

Sample 
Port

CIP (HCl) Supply

RW Supply

City / PW Supply

Compressed Air Scour

Platform
Platform

600 gpm Unit
- 18’ w x 17’ l x 7’ t

RW 
Supply

City / PW 
Supply

Pump 
SkidMCC

CIP (HCl) 
Supply

Platform

Sample 
Port



SBA Resin

Our partners donated their PFAS technology for testing

EC

GAC

MF/UF



Who is CERAFILTEC?

CERAFILTEC is a submerged ceramic 

membrane technology provider. 

All modules are made in Germany.

We partner with a global network of 
system integrators to deliver turn-key 
systems. 

Core Applications:

1. Drinking Water
2. Wastewater & Tertiary Reuse

3. Industrial Wastewater

USA HQ: Atlanta, Georgia
Global HQ: Saarbrücken, Germany

39



Highly Modular Design

40

Single 
Ceramic Plate

Single Module

Single Tower 
with 5 modules

Connected Towers
in various 

configurations 
(modular design)



41

How CERAFILTEC Works

Submerged vacuum-driven (negative pressure) filtration and positive backwash pressure

Out-to-In Filtration In-to-Out Backwash



42

Typical operations:
100 – 400mbar (1.5 – 6 psi) suction pressure

2-12 hours filtration cycles between backwashes
Using typical chemicals (NaOCl, Citric Acid, HCl)

How CERAFILTEC Works

Out-to-In Filtration In-to-Out Backwash
Submerged vacuum-driven (negative pressure) filtration and positive backwash pressure



Adsorbent Dosing for Dissolved Contaminant Polishing

43

PAC Coated Membranes
Active Cake Layer filtration (ACLF)

Ceramic UF Powder Activated 
Carbon

Removing 
Dissolved 

Contaminants



Active Cake Layer Filtration (ACLF)

Highly Efficient Removal of:

- PFAS

- Dissolved TOC

- Taste, Color, Odor

- Pharmaceutical compounds

- Pesticides

- Radium

PAC adsorbent  before 
backwash

HMO adsorbent 
during operation

44



Superior Filtration Technology

5

Ceramic membranes provide the following 
advantages over conventional filters:

1. Robust & Reliable

2. Resilient to Dynamic Feed Waters

3. Superior Cleaning 

4. No Fiber Breakages & Low Maintenance

5. Long Life (~20 years)

6. Ease of Operation

7. Lower Total Cost of Ownership (TCO)

45



Pilot Trailer Design



EC + CUF Bench Tests – 1st date went well



Preliminary Site Layout



Preliminary P&ID



3D Rendering



DURING FMA, WE WILL USE VAED TO REGENERATE 
SPENT AIX RESIN AND GAC…AND SEE WHAT HAPPENS



Eric Dole, PE, PSAP

Water & Energy Practice Builder

eric.dole@kimley-horn.com

602-881-0186

Questions?

mailto:eric.dole@kimley-horn.com
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