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Building Blocks 
of the Hinkley 
Groundwater 
Remedy

Whole House 
Replacement Water

Plume Investigation Plume Monitoring

• Assessment 
and Interim 
Treatment

• Planning and Final 
Remedy Selection

• Implement 
Final Solution

Interim Actions Supplementary Environmental 
Program (SEP)

In Situ Reactive Zone 
(IRZ)

Cr6 to Cr3 Reaction Agricultural Treatment Thompson Road 
Hydraulic Controls

Topic of "Background Cr6" Cr6 MCL Adoption by State EIR

Entering 60 Day 
Comment Period

Cr-6 Clean Up Strategy Overall Schedules 

Remedy Selection 
(Final)
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Whole House Replacement Water Program
Decouples Residents from Plume Remediation Activities

Property is Eligible if Within the Affected Area and Well 
has Cr-6 Detects Within last 4 Quarters

Options:

● Ion-Exchange (IX) Unit with an Under-sink Reverse 
Osmosis (RO) 

● Deep Wells

● Property Purchased

Resident Decision-making by mid-October, 2012

All Systems Installed by August 31, 2013 

HOME
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The Whole House Replacement Water System:
Ion Exchange/Reverse Osmosis (IX/RO) Pilot Testing Location and Treatment Systems Components

HOME

Chlorine 
Disinfection Unit

Undersink 
RO Unit

10-micron 
Filter

Ion Exchange 
Vessels

Well Ion Exchange 
System Storage

Chlorine Home / Undersink 
Reverse Osmosis

The Treatment System for Each Home

Pilot Testing Location
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The New Deep Well Alternative, Where Possible, 
Will Draw Water from the Lower Aquifer

Residence 

Water supply wells drawing from 
the Upper Aquifer (~80 to 160 ft) 
will be replaced with a New 
Deeper Well (~190 to 220 ft)

Cr6 Impacted Groundwater
To be managed and treated 
over a 40 year timeframe (via 
FS proposed remedy Alt 4C-2)

Unsaturated Zone
“Vadose Zone”

Upper Aquifer Shallow Zone

Lower Aquifer Confining Clay Layer

Lower Aquifer

Consolidated Bedrock

Cr6

Cr6

Cr6

Cr6

Cr6Cr6
Cr6Cr6

Cr6

Cr6

Cr6

80 ft*

170 ft

190 ft

220 ft

120 ft

140 ft
Brown Clay Layer

Upper Aquifer Lower Zone

Note: Figure is 
an approximate 
idealized 
schematic.

New deep well

Note: Figure is 
an approximate 
idealized 
schematic.

* Depths are 
Approximate.
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IX/RO System or a 
New Deep Well?
Proposed New Deep Well 
Locations Are Primarily in the 
Southeast of the Affected 
Area

¿Un Sistema IX/RO o un 
Nuevo Pozo Más 
Profundo? 

Propuesta de Nuevas 
Localizaciones de Pozos Más
Profundos se Encuentran 
Principalmente en el Sudeste 
de la Zona Afectada

Currently Planned 
Deep Well Area

Potential Future 
Deep Well Area 
(To be Confirmed via 
Planned Investigations)
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Plume Investigation Program

PG&E Continues to Propose and Install Monitoring Wells

Most Cr-6 Impacts are in the Upper Aquifer

Water Board has Just Issued a Draft  Order Requiring that 
Domestic Well Data Should be Considered in Plume 
Contouring

● IRP Manager has Questioned this Approach, at Present 
Time

● Requested a Planning Discussion 

Asking that All Parties Discuss Data Needs

● Grand Objective is to Define the Final Remedy ASAP  

HOME
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HOME

Proposed Further Investigation

Proposed Further Investigation

Plume
Investigation



Plume Investigation Program

HOME
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Plume Monitoring

Groundwater Plume 
Monitoring Occurs on a 
Quarterly Basis 

Hundreds of Dedicated 
Monitoring Wells are 
Used

Wells are Screened at 
Multiple Depths to Obtain 
Vertical Data (in Addition 
to Lateral Measurements)

HOME
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Since IRP Manager 
Involvement in March 
2012, I Have Seen the 
Plume Shape Change:

● Plume was Shown 
Further to North with 
New Well Installation

● Plume Break now 
Depicted at Thompson 
Road Area 
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Why are There Cr6 fluctuations in my Well Samples?

Detection at well

MDL/MRL

3

1Q 2Q 3Q 4Q

3.1(ug/L) – Interim background concentration limit for Cr6

2

1

Cr6 Detection Time Profile

0

Reasons for fluctuations

1.Cr6 has migrated toward 
domestic well (different 
sampling times)

2.Use of different laboratory 
with different method 
detection limit/method 
reporting limit (MDL/MRL)

3.Chain of custody protocol 
was broken

4.Improper sampling 
techniques

5.Contamination of 
laboratory equipment

Detection at well

Why are there 
Cr6 fluctuations 
in my well 
samples?

HOME
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Interim Actions (IAs)

Interim Actions are Pro-Active Steps Being Taken by PG&E to 
Control and Treat the Cr-6 Plume Prior to Final Remedy Decision-
Making by the Water Board

The Hope is that the IAs Match the Finally Selected Remedy

Two Distinct Approaches are Presently Working…

● Hydraulic Controls

Water Injection on West Side of Plume

New Thompson Road Barrier

● Treatment (i.e. Cr6 Destruction) Controls

In-Situ Reactive Zone (IRZ)

Agriculture Treatment System

HOME
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PG&E’s Groundwater Remediation Program: 
The Program is Complex and Has Many Components Which 
PG&E is Working in Parallel

B

Upper Aquifer

Blue Clay

Lower Aquifer 
Plume Extent

Upper Aquifer Plume Extent
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Mountain View Rd

Summerset Rd

Sonoma S
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Upper Aquifer

N

4. Overall Plume Monitoring via “plume specific” monitoring 
wells and domestic private wells

5.  Water Supply: Bottled water program & Whole house water 
supply program (pilot testing & feasibility study stage)

2. Agricultural Treatment Area where Cr6 
ranges from ~3 to 50 ug/l.
“Improvement testing” of 1 & 2 also occurs

1. Underground Cr6 Treatment
area (so called “IRZ area”) where 
Cr6 ranges from 50 to 1,000+ ug/l

3. Water Injection
program for plume lateral 
migration control

B’

Cr6 MCL: 50 ppb
Cr6 max background: 3.1 ppb
Cr6 average background: 1.2 ppb

6. Final Remedy Activities
• Feasibility Study (Remedy Selection FS)
• Environmental Impact Report
• Permitting associated with FS and EIR

MW 62A

Hinkley Elementary School

HOME
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Supplemental Environmental Program (SEP) to 
Deliver Drinking Water to the School

PG&E will Fund and Build a Water Supply System to 
the Hinkley School

Program is Valued at $1.8MM

Design is Ongoing…10% Design by 10-31-2012

Water Will Come from Upgradient of the Plume and 
be Piped to the School

HOME
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Supplemental Environmental Program (SEP) to 
Deliver Drinking Water to the School

HOME

17



In-Situ Reactive Zones (IRZ)

In-Situ Reactive Zone (IRZ) Systems Function Treat 
Groundwater with Elevated Concentrations of Chromium-6

The IRZ Operates at the Southern Part of the Plume Where 
Cr-6 Concentrations are Highest

A Carbon Source (Very Low Concentrations of Ethanol) is 
Carefully Injected into the Aquifer to Enhance the Bio-
Assisted Cr-6 to Cr-3 Reaction

“Process Actions” Decision-making is Aided by an 
Engineering Model

Byproducts include Arsenic, Iron and Manganese (Which 
are Monitored) 

HOME
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In-situ Reactive Zone (IRZ) Treatment System

Unsaturated Zone

Upper Aquifer

Lower Aquifer Confining Clay Layer “Blue Clay”

Lower Aquifer Sedimentary Deposits and Weathered Bedrock

Consolidated Bedrock

Cr+6 – impacted groundwater

Groundwater

Control Room

Pump PumpEthanol 
Tank

Water 
Tank

Injection 
Wells

Core of plume
Cr+6

Cr+6 Cr+6

Cr+6

Cr+6 Ethanol

Fe+3 + Cr+6 Cr+3

Ethanol + ¤ +Cr+6 Cr+3

¤¤
¤

¤
¤

¤

Microbes
Microbes

Microbes

Cr+6

Cr+6

Cr+6

Cr+6
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1. Ethanol is diluted with water and injected into the 
core of the Cr+6Plume

2. Ethanol enhances the biodegradation process in the 
subsurface

3. Cr+6 and Cr+3 conversion occurs though direct 
microbial reduction and for indirect chemical 
reduction by reduced Iron, Sulfur, and other metals

4. Cr+3 is removed from groundwater though 
precipitation of relatively insulated chromium 
hydroxide and iron-chromium hydroxide



The CAC Has Been Learning About PG&E’s 
Groundwater Management and Hydraulic Controls.

10x vertical exaggeration

N

IRZ Area.
“Closed loop 

washing machine.”

Western Injection 
Area.

Water pulled from 
upgradient.

Ag Treatment Area.
Tell the CAC more 
about the barrier 

nature of the systems.

1200

80
110

Net gpm Extracted /  
Injected at Location

ND
0.01 – 3.10
3.10 – 4,100.00

Legend
2011 4th Quarter Cr6 
(ppb) 

2012 Q1 Upper 
Aquifer Cr6 > 
3.1ppb and CrT > 
3.2ppb

Note: All information shown on 
this Figure was derived from 
Google Earth topography and 
groundwater sampling data 
supplied by PG&E to PNL in 
PNL’s role as IRP Manager.

HOME
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Cr6 to Cr3 Reaction

Cr-6 Cr-3
Hexavalent Chromium (Cr-6) Conversion to Trivalent 

Chromium (Cr-3) Occurs in the Presence of a Reducing Agent or 
Reducing Environment

The Reaction is Very Fast, Compared to Times Associated 
with Groundwater Movement

That is, “Establish the Reducing Subsurface Environment, and 
the Cr-6 Will be Immediately Knocked Out of Solution.”

HOME

Click to play video

21



Cr6 Cycle

22
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Agriculture Treatment Units

Agriculture Treatment Units are Used to Treat Lower 
Concentration Cr-6 Impacted Groundwater and 
Provide for Hydraulic Control of the Plume

Controlled Application Occurs at Over 100 acres of 
Pivot Systems

Uses a Center-Pivot Drag Drip Irrigation System at 
~1,400 gallons/minute

Cr-6 is Converted into Cr-3 in the Soil’s Root Zone 

HOME
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Agricultural Water Treatment Process

Unsaturated Zone (Vadose Zone)

Upper Aquifer

Lower Aquifer Confining Clay Layer “Blue Clay”

Lower Aquifer

Consolidated Bedrock

Cr+6 – impacted groundwater

Groundwater

Control Room

Pump

Storage Tank

Extraction Wells

Remediation Process
1.Low concentrated Cr+6 in groundwater is extracted 
from the upper aquifer
2.Cr+6 impacted water is then pumped to a storage 
tank and sent to a drop irrigation system
3.Cr+6 impacted water is converted to Cr+3 in the 
grass/alfalfa “Root Zone.”

Pump

Center Pivot Irrigation

Drip Irrigation System

Root Zone

Grass/Alfalfa
Cr+6 + H2O

Cr+6 Cr+3

How Cr+6 is converted to Cr+3 
in the “Root Zone”

1. Reduction of Cr+6 to Cr+3 
through interaction with electron 
donors in soil and organic matter

2. Uptake and reduction by plant 
roots

3. Adsorption onto colloids and 
organic matter in the root zone. 
Microbial-induced 
(microorganisms or bugs) 
reduction to Cr+3

4. Formation of complexes with 
organic functional groups 
involved in the reduction 
reactions

HOME
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Thompson Road Hydraulic Controls 
This System, with Associated Extensive Monitoring, is Recently 
Operational

Pressure Transducers are Installed at Monitoring Wells along 
Thompson Road which Record Water Levels on 30-minute 
Intervals

A Picket Fence of Hydraulic Control Has Been Established 
Across the “Neck of the Plume.”

● Hydraulic controls are effective in the shallow and deep zone 
of the upper aquifer

● Inward gradients, demonstrating Cr-6 capture, have been 
established

Result: Any Cr-6 Northerly Migration Has Been Stopped

HOME
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The CAC is Learning More About PG&E’s Plume 
Containment-Management Activities.

N

PG&E 
Compressor 

Station

Thompson Road

Hydraulic reversal

General direction of 
groundwater flow in 
upper aquifer

Approximate outline of 
Cr6>3.1 and CrT>3.2.
2011 Q4 at Upper Aquifer

* 20 times vertical exaggeration

HOME
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Successful Hydraulic Containment South of Thompson Road

Note: All information shown on this Figure was 
derived from Google Earth topography and 
groundwater sampling data supplied by PG&E to 
PNL in PNL’s role as IRP Manager.
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MW-86S

Groundwater  Monitoring Well at 
Outer Zone (Higher GW 
Elevation Zone)

MW-55S

Boundary of Hydraulic 
Containment Area

Overall  Groundwater Flow Direction at  
Gorman Area

2011 4th quarter Upper Aquifer 
Cr6 > 3.1 ppb and  CrT > 3.2 ppb 
boundary

Outer Zone DW-03 MW-69S MW-70S PZ-04 MW-79S MW-80S MW-86S

Groundwater Elevation (ft) 2083.5 2081.74 2079.95 2078.18 2079.79 2080.12 2083.39

Inner Zone MW-68S MW-71S MW-71S MW-71S MW-71S MW-72S MW-55S

Groundwater Elevation (ft) 2082.93 2077.21 2077.21 2077.21 2077.21 2078.95 2082.95

Water Elevation Difference (ft) 0.6 4.53 2.74 0.97 2.58 1.27 0.44

Groundwater  Monitoring Well at 
Inner Zone (Lower GW Elevation 
Zone)
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The Topic of “Background Cr6”

The Scientific Literature Strongly Suggests that Background 
Cr-6 Exists in Groundwater in the Mojave Desert (e.g. 
Izbicki, 2008)

In Retrospect, the Prior 2007/08 Hinkley Study Had Errors

PG&E Submitted a New Background Study Work Plan to 
the Water Board in February 2012

Cr6 Data Will be Collected Over Approx. 30, 1x1 mile Grid 
Blocks 

Data from The Background Study Will Help Establish the 
Cleanup Goal(s) for the Final Remedy

HOME
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Issue of Skepticism #2: 
PG&E’s New, Proposed Background Study

Reference: Stantec. Work Plan for Evaluation of
Background Chromium in the Groundwater of the Upper Aquifer in the Hinkley Valley, 
Pacific Gas and Electric Company, Hinkley California. Figure 13. February 22, 2012

PG&E’s Planned Background-Cr6 Sampling Grid 
Locations.
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Metals Naturally Leach from Rocks into 
Groundwater

Lighter area shows where 
minerals have been removed 
(leached) during mechanical 
and/or chemical weathering.

Certain iron rich 
rocks have elevated 

chromium which  
can leach over time.

30 Note: Photograph of basalt lava rock showing weathering rind
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Erosion from 
mountains leaches 

minerals from rocks

N

Native Rock Formation

Eroded Rock Slope

Soil Formation

Mechanical Weathering

Mechanical Weathering and Leaching

Leaching and Chemical Weathering

Transport to Groundwater

How This Could Have 
Happened at Hinkley?

HINKLEY Location of 
Groundwater Plume
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Cr6 MCL Adoption by the State

Cal EPA’s Office of Environmental Health Hazard Assessment 
(OEHHA) finalized a public health goal (PHG) for Cr6 of 
0.02ppb on July 27, 2011.

The PHG is a health-protective level of a contaminant in 
drinking water that CA’s public water systems should strive to 
achieve if technically and economically feasible.

The Cr6 PHG is NOT:
● A boundary line between safe and dangerous levels of Cr6

● A regulatory standard

The Cr6 PHG is one step in the process of setting a Cr6 MCL

CA DPH can set the MCL above the level of the PHG if it finds 
that it is not economically or technically feasible to achieve.

32
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Cr6 MCL Adoption by State

HOME
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Environmental Impact Report (EIR)

Evaluates the Environmental Effects of Each of the 
Remedies Proposed in the Draft Remedy Feasibility 
Study

The EIR Work is being Performed by the Water Board

● Ancillary Information and Data is Provided by PG&E

Draft EIR is Planned for Release on August 20, 2012

A 60-Day Public Comment Period Allows for Input from 
the Community and the IRP Manager 

HOME
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Cr-6 Clean Up Strategy

Prior to Final Remedy Selection, PG&E is Using a 
Combination of Techniques to Treat Cr-6 Impacted 
Groundwater
Cr-6 Concentrations are Highest just North of Compressor 
Station
Concentrations Decrease (quickly) as You Move North up the 
Plume
So….
● Aggressively Knock Out the Cr-6 via a Reactive Technique 

in the South
● Control Groundwater Flow Directions at Plume Mid-Point, 

and
● Capture and Treat the Remaining Cr-6 via the Downstream 

Ag-Units in the North

HOME
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Boundary of Hydraulic 
Containment Area

PG&E’s Hinkley 
Remediation 
Strategy

1. Aggressively Treat Cr-6 at High 
Concentration Areas North of 
Compressor Station (IRZ)

2. Use Ag-Treatment Units 
to Manage Lower Cr-6 
Concentrations

3. Build a Hydraulic Barrier 
(via Extraction) at Thompson 
Road to Cut Off Northerly 
Flow of Cr-6 Impacted 
Groundwater

6. Decouple Residents from 
Cr-6 Impacted Groundwater 
via Home-by-Home 
Treatment Systems

4. Build a Hydraulic Barrier 
(via Injection) on West Side 
of Plume

5. Monitor, with Appropriate 
Accuracy, the Entire Plume

HOME
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Remedy Selection (Final)
The Remedy Feasibility Study (FS) will Select the 
Groundwater Cleanup Approach 
The FS was Initially Submitted to the Water Board on August 
30, 2010
Three Addendums, Incorporating Improvements Have Been 
Submitted
FS Addendum 3 Recommends Alternative 4C-2
● 30 to 40 year Cleanup Time
● Year Round Operation of Ag Units
● Expanded IRZ Treatment Systems
● Meet Interim Targets to Monitor Progress (e.g. Cr-6 Mass 

Removal)
● Adaptive Management Approach…i.e. Flexibility to Expand 

Systems as Monitoring Data Dictates

HOME
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Remedy Selection (Final)

40
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