
Track 5A - Advanced Treatment 
Challenges

Moderator:Liisa Doty, WaterTectonics

Å Acutely Hazardous Toxins
Å Carcinogens
Å Chemicals
Å Contaminants
Å Pollutants
Å Target Species
Å Constituents of Concern
Å Recoverable Product Resource(s)
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Take your pick from your point of reference:



Steps to achieve proper water treatment:

1. Characterize the stream ςphysical and chemical properties

2. Identify the various permits and their conditions that would or could apply

3. Evaluate the chemistry to concentrate, alter, remove, or destroy non-
compliant constituent(s)

4. Minimize Risk with Scaled-Studies:  Jar/Bench, Laboratory, Engineering

5. {ŜƭŜŎǘ ŀ ǘǊŜŀǘƳŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ƻǊ άǘǊŜŀǘƳŜƴǘ-ǘǊŀƛƴέ ǘƻ ƛƳǇŀǊǘ ǘƘŜ ŘŜǎƛǊŜŘ 
response

6. Run Pilot-Scale to Optimize and Demonstrate prior to Full-Scale Operations

Influent1 Effluent2

Target Metal (ug/L) (ug/L)

ω Aluminum 1000 ς10,000 <87

ω Cadmium 10 ς200 <0.11

ω Copper 10- 5000 <1.1 ς3.3 

ω Iron 300 ς2000 <1000

ω Zinc 1200 ς15,000 <14 - 44

1ά.ǊƻŀŘέ !ǾŜǊŀƎŜ wŀƴƎŜ όǘƻǘŀƭǎύ

2 Proposed Discharge Criteria (dissolved)

WASHINGTON - Mine Tailing Drainage



Water Treatment Issues

Waste Stream Properties Vary

Å Conveyance System Materials

Å Flow ςprevailing weather, surface area, generating 
process and production, by season and source

Å Species ςsolids, metals, organics, nutrients, bacteria

Å Concentrations of parameters
Å Conductivity, pH, temperature

Å Oxidation-Reduction Potential (ORP)

Competing species and conditions

Å Amphoteric metals

Å Multi-valence states
Å pH fluctuation



Reagents ςsupply, delivery to process, cost
Å Source and transport logistics
Å Hazard Level ςhandling & onsite storage
Å Preparation for delivery and dosing
Å Control for stoichiometricreactions

Solids Management
Å Mass/volume of precipitates
Å Physical properties (moisture, consistency, 

density)
Å Chemical properties (metals, pH, leachability)
Å Dewatering and Handling
Å Final Disposition

Water Treatment Issues

System(s) Layout
Å Components (mechanical/electrical)
Å Piping
Å Controls
Å Weather protection

Energy ςtype, cost
Å Grid/Hard Wire
Å Generator

Water Treatment Issues



Department of Ecology Approved Technologies

Generalor ConditionalUse Level Designation (GULD or CULD Permit Status)

Å Chitosan Enhanced Sand Filtration (CESF)

Å ElectroCoagulation(EC)

Conventional Heavy Multi-Metal Water 
Treatment Methods

ÅPretreatment/Conditioning
ïMetallic-hydroxide/polymeric Co-precipitation
ïChemical Reduction/Oxidation
ïpH adjustment
ïSequential Serial Removal 

ÅTreatment Removal
ïClarification
ïFiltration - Multi-media, micron, ultra
ï Ion Exchange
ïReverse Osmosis
ïEvaporation
ïAdsorption/Absorption
ïElectrolytic Recovery/Plating



¢ƘŜ tǊƻōƭŜƳ ǿƛǘƘ aŜǘŀƭǎΧΧ

Analyte Units Untreated Treated

Coliforms, total #/100ml 390,000 <100
E. Coli #/100ml 31,000 <10
Turbidity b¢¦Ωǎ 13.0 1.42
Copper, total ug/L 92 5.2
Copper, dissolvedug/L 21.4 2.1
Iron, total ug/L 530 110
Iron, dissolved ug/L 99 7.5
Zinc, total ug/L 2280 6
Zinc, dissolved ug/L 2300/1590 4

Treatment by Electro-Coagulation on sample composited
Composited Sample from mine portal discharge & 
City of Everett POTW influent

Laboratory -Scale Treatability Study



WASHINGTON - Adit/Portal Discharge Treatment

Analyte Untreated Treated

Iron, total 650 <100
Zinc, total 810 10
Zinc, dissolved 620 10
Lead, total 18 <3
Lead, dissolved 8 <3

Treatment by Electro-Coagulation

All units in ug/L

IDAHO - Mine Tailing Drainage Stream

Analyte Untreated Treated

Zinc, total 520 10
Zinc, dissolved 340 <10
Lead, total 14 <3

Treatment by Electro -Coagulation All units in ug/L



NEW JERSEY - Hexavalent Chromium ïCOPR*

Waste Stream No. 1

Analyte Untreated Water ( ug /L) Treated Water ( ug /L)

Chromium, total 2,600 <7
Chromium, Hexavalent 2,400 <10
Chromium, dissolved 2,400 <7
Iron, total 1,800 49

Settled Solids Treatment Residuals

Total Chromium 8200 mg/Kg
Total Iron 59,000 mg/Kg

Waste Stream No. 2

Analyte Untreated Water (ug/L) Treated Water (mg/L)

Chromium, Hexavalent 3,800,000 <10

* COPR ïChromite Ore Processing Residuals

WASHINGTON - Skykomish Levee Remediation



WASHINGTON - Skykomish Levee Remediation

WASHINGTON - Skykomish Levee Remediation

Chitosan Enhanced Sand Filtration (modified)



WASHINGTON - Skykomish Levee Remediation

USEPA Method 8260:        < 2 ug/L
USEPA Method 8270 SIM: < 0.02 ug/L
NWTPH ςDRO: <130 ug/L
NWTPH ςORO: <250 ug/L

Raw Water

¢ǳǊōƛŘƛǘȅΥ   Ҕмллл b¢¦Ωǎ

TPH ςDiesel Range: 45,000 ug/L

TPH ςOil Range: 39,000 ug/L

Water Treatment by
ElectroCoagulation

Raw Water Treated (5 minutes)

MONTANA ïWhitefish River Remediation


