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Potential for Nitrate in Groundwater

EXPLANATION

E] Less than 6 tons nitrogen input per square mile and poorly drained soils
|:| Less than 6 tons nitrogen input per square mile and well-drained soils
|:| More than 6 tons nitrogen input per square mile and poorly drained soils
- More than 6 tons nitrogen input per square mile and well-drained soils

INCREASING RISK OF
GROUND-WATER CONTAMINATION
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Perchlorate (ClIO, ) Sources

* Naturally occurring — Chilean caliche

* Manufactured — oxidizing agent




Perchlorate UCMR Detections
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Brandhuber and Clark, 2005, Perchlorate Occurrence Mapping, AWWA



West Valley Water District (WVWD) Site; Rialto, CA
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Analyte

Range

Well No. 22: Converted agricultural well

Units

Perchlorate 15011 ug/L
Nitrate 8.910.4 mg-N/L
Sulfate 21+0.9 mg/L

Alkalinity 150+11 mg CaCO,/L
Hardness 20048 mg CaCO,/L
TDS 260115 mg/L

TCE 54+7 ug/L
pH 7.5£0.1 S.u.




Membrane Film Reactor (MBfR)
Technology Description

Biofilm L 100- 300 pm J

Water ‘ Water

0,, NO;, C|o> _ <>2, NO;, CIO,

Polypropylene Hollow Fiber Membrane
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MBfR Technology Description

Woven PP Fabric

Water out Membrane sheet, woven of hollow fiber filaments



Technical Objectives

 Demonstrate the cost and performance the
MBTR.

* Conduct in-depth laboratory studies and
mathematical modeling to better understand
technology limitations and identify practical
solutions.

* Conduct a nationwide survey on biological
drinking water treatment to increase
technology acceptance and implementation.

39-49 10-19
CDM
Smith 8



Test Design
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Test Design — Process Flow Diagram
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Test Design — Experimental Sequence

Start-Up

Optimization

Steady State

Challenge

e Constructed system and initiated operations

e Colonized reactors with indigenous bacteria

e MBfR effluent goal of 6 pg/L perchlorate and 0.5
mg-N/L nitrate

e Tracer Testing

e Varied feed flow rates
e Varied recycle ratios
e Batch Testing

e Operated at optimal conditions for one month
e Full characterization of system performance

e Perturb MBfR system through series of upsets:
e Loss of electron donor - shut off hydrogen
e Power failure - shut off system




Performance Assessment

in



Nitrate Removal
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Perchlorate Removal
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Pathogens & Heterotrophs
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Disinfection By-Product (DBP) Formation

Analyte Average MCL/Performance
Objectlve

HAAS (ug/L)

TTHM (ug/L) 4.8 12 80
THM-EP (ug/L) 15 47 NA
Nitrosamines (pg/L) <0.0019 <0.0019 NA

HAAS — 5 Haloacetic acids (monochloro-, dichloro-, trichloro, monobromo-, and dibromo-acetic acid)

TTHM — Total trihalomethanes (chloroform, bromoform, bromodichloromethane, dibromochloromethane)

THM-FP — THM formation potential
Nitrosamines — NDMA, NDEA, NDPA

Dlith
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Threshold Odor Number (TON)

Threshold Odor Number
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ASU Studies

Biofilm Microbial Ecology
Biofilm Physical/Chemical Characteristics
Biofilm Process Modeling
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Confocal Laser Microscopy Indicated a Health Biofilm
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Controlling Oxygen and Nitrate Flux Limits
Sulfate Reduction
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Key Conclusions

The MBfR is effective and
for treatment of nitrate
and production of drinking
water.

Most perchlorate was
removed and effective
strategies were identified
for process improvement.

The MBfR technology has
been granted condition
acceptance by the
California Department of
Public Health.

ESTCP
Cost and Performance Report

(ER-200541)

Nitrate and Perchlorate Destruction and
Potable Water Production Using Membrane
Biofilm Reduction

January 2014

This document has been cleared for public release; Distribution
Statement A

©OESTCP

ENVIRONMENTAL SECURITY
TECHNOLOGY CERTIFICATION PROGRAM

U.S. Department of Defense

@M. hitp://serdp-estcp.org/Program-Areas/Environmental-Restoration/Contaminated- = 2
Groundwater/Emerging-lssues/ER-200541/ER-200541
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Joint ESTCP — Water Research Foundation National
Survey
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Technical Objectives

* Conduct a nationwide survey on
biological drinking water treatment

— ldentify barriers to acceptance

— |dentify approaches to increasing . ,
acceptance and use b 1,“[

* Responses received from 49 states
— DoD
— Regulators
— Water utilities TEECE N
— Consultants W o WMo
— Academicians

DM
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Survey Findings and Report

Biological treatment is more readily
accepted by consultants and
academicians than by utilities and
regulators.

Actual performance of biological
filters is greater than perceived

Actual operational concerns are less
than perceived

Increased acceptance can be achieved
by:

— Better education
— More full-scale case studies

— Better monitoring and control tools

& ioni QESTOP

Biological Drinking Water
Treatment Perceptions
and Actual Experiences

in North America

Web Report #4129

Subject Area: Water Quality

cbm www.waterrf.org/PublicReportLibrary/4129.pdf
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