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Groundwater FlowGroundwater Flow--CSMCSM

 GW flow occurs primarily along 
former arroyos

 The PB arroyo has the largest y g
drainage area and carries most 
flow

 Flow from the arroyos 
discharges to the floodplain anddischarges to the floodplain and 
ultimately to the Rio Grande

 The American Canal interacts 
with site groundwater 
(gain/loss)(gain/loss)

 Enhanced GW recharge occurs 
along unlined channels and 
ponds and underflow from 
upgradient drainages east of Iupgradient drainages east of I-
10  
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Arsenic in GroundwaterArsenic in Groundwater--CSMCSM

 Category I source areas (Ponds 
1, 5, 6) were significant sources 
of As and enhanced recharge. 
These areas have been 
remediated. 

 Fines Pile and Boneyard may 
continue to act as long-term Boneyard
sources.

 Impacted GW discharges to the 
Rio Grande and the American 
Canal

Boneyard

Canal
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Surface Water FlowSurface Water Flow--CSMCSM

 Stormwater kept onsite by 
perimeter berm. 

 Onsite SW is collected and tested, 
if below TPDES, water is 
discharged at SW-5, otherwise 
stored onsite. 

 Flow from PB arroyo discharges toFlow from PB arroyo discharges to 
the Rio Grande

 Stormwater accumulates in 
detention ponds east of I-10 and 
ephemeral pond where enhancedephemeral pond, where enhanced 
GW recharge occurs.

 American Dam diverts water from 
the Rio Grande to the American 
CanalCanal.

 Flow in the Rio Grande generally 
decreases from October through 
February
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Arsenic in Surface WaterArsenic in Surface Water--CSM CSM 

 Rio Grande 
 SW concentrations exceed As MCL 

(0.01 mg/L) during low flow 
diti t ti t SEP 10conditions starting at SEP-10. 

 As concentrations have recently 
increased (0.13 mg/L Feb-08) due to 
reduced flows.

 Largest concentration increase Largest concentration increase 
occurs between SEP-1 and SEP-10.

 American Canal
 SW concentrations of As 

occasionally exceed MCLoccasionally exceed MCL. 
 As ND since 1/07
 Largest concentration increase 

appears to occur between SEP7 and 
SEP-3 where gaining conditionsSEP 3 where gaining conditions 
occur. 
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GW Remedy ApproachGW Remedy Approach

 Mass flux approach: reduce flux 
of arsenic through arroyosof arsenic through arroyos 
discharging to floodplain

 Keep “clean water clean”: divert 
clean groundwater fromclean groundwater from 
upgradient areas and reduce 
enhanced recharge through 
water management plang p

 Ultimate objective: reduce flux of 
arsenic impacted groundwater 
discharging to the Rio Grandeg g

7



Technical Implementation: GroundwaterTechnical Implementation: Groundwater

 Phased Approach
 Goal: minimize scope/cost of pre-design activities & scope/cost of final 

dremedy 

 Three Phases:
 Phase I: 

• Activities that benefit both paths (data, design & construction)
• Validation of mass-flux based approach

 Phase II:
• Next step in flux reduction techniques (arroyos)

 Phase III:
• Next step in flux reduction techniques (flood plain)
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Phase I ActivitiesPhase I Activities

 Data Review and Collection
 Data gap sampling/comprehensive analysis – In Progress
 Pump testing in key arroyos (Parker Bros, Acid Plant, etc.) 

• Confirm groundwater and mass flux to refine current model – Planned 2011
 Profiling in key locations (bedrock, geotechnical, water quality)

B i d i d d l fi t Pl d 2011• Barrier design and model refinement – Planned 2011
 Survey of All-American Canal

• Relationship with groundwater – Planned 2011

 E l ti Evaluation
 Mass flux approach to plume management
 Plan for water management

 Design and Construction
 Include water management elements with drainage improvements
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Water Mgmt and Drainage ImprovementWater Mgmt and Drainage Improvement
Groundwater

Lined 
Retention 
Basins

Groundwater 
Diversion
Structure

Lined 
DrainageDrainage 
Swales

Fines 

New Cat 
I L dfill

Pile

Drop 
Structures

I Landfill
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Phase II ActivitiesPhase II Activities

 Data Collection
 Groundwater monitoring

• Depth to water, quality, flow rates

 Evaluation
 Effects of water management components

• Changes in groundwater flux and mass flux
 Cost/benefit of passive treatment options

• Including bench testing

 Design and Construction
 PRB for groundwater in Parker Bros arroyo
 Floodplain pilot test (short term)Floodplain pilot test (short term)
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Phase III ActivitiesPhase III Activities

 Data Collection
 Groundwater monitoring

• Depth to water, quality, flow rates

 Evaluation
 Effects of Phase II

• Improvements in contaminant concentration and flux
 Cost/benefit of passive treatment scale up

 Design and ConstructionDesign and Construction
 Scale up

• Additional PRB installation
• More extensive floodplain treatmentp
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In Situ TreatmentIn Situ Treatment

In Situ 
Stabilization

PRBs

In Situ 
Sequestration
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In Situ TreatmentIn Situ Treatment
 Stabilization

 Robust Proven Technology – Plant Area Treatment
(e.g. Anaconda Superfund Site – As from 100 mg/L [EPT] to <2.0 mg/l [TCLP])
 Mixing of amendments

• Binders: physically stable with low permeability
• Reactive materials: form low-solubility / chemically stable productsReactive materials: form low solubility / chemically stable products

 Permeable Reactive Barriers
 Robust Proven Technology – Primary Arroyo Treatment 
(e.g. East Helena PRB – As in GW treated from 20 mg/L to <0.010 mg/L) 
 Placed across GW flow 

• Allows impacted GW to pass through
• Include reactive iron (ZVI) to precipitate and sequester As

 Sequestration
 Robust ‘Polishing’ Technology following PRB if needed – Floodplain
(Patent Pending Proven Chemistry: e g As leachability from 0 3 mg/L to <0 020 mg/l)(Patent Pending – Proven Chemistry: e.g. As leachability from 0.3 mg/L to <0.020 mg/l)
 Injection of dissolved (ferrous) iron

• Proper delivery and distribution
• Chemical conversion to ferric iron
• Rapid sorption and occlusion of As in new iron mineral species

Bench studies will be conducted on site-specific samples 
to optimize treatment technologies
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Proposed GW Field Activities 2011 Work Proposed GW Field Activities 2011 Work 
PlanPlan

Pump Tests

GeophysicalGeophysical 
Surveys

Monitoring 
W ll PRB Pre DesignWells PRB Pre‐Design 

Investigation

15



FINES PILE CSMFINES PILE CSMFINES PILE CSMFINES PILE CSM

GROUNDWATER FLOW
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PB Area MapPB Area Map

Fines Pile
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FINES PILE PLAN VIEW (DRAFT)FINES PILE PLAN VIEW (DRAFT)
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FINES PILE Arsenic in GWFINES PILE Arsenic in GW
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•Arsenic concentrations are elevated beneath the footprint of  the fines pilep p
•Decreasing arsenic concentrations in GW
•Concentrations increase as GW flows under slag pile 
•Seasonal fluctuations indicate concentrations increase during wet periods
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Fines Pile SummaryFines Pile Summary
 Ephemeral pond residual arsenic could be an important source of arsenic 

impacts to groundwater.
 Infiltration through the Fines Pile likely leaching arsenic to groundwater Infiltration through the Fines Pile likely leaching arsenic to groundwater.
 Elevated arsenic soil concentrations observed above the water table. 
 Elevated concentrations also observed below the water table RHBI-1.No 

data available at depth.data available at depth.
 The highest arsenic soil concentrations appear near the transition from 

overlying slag materials to an underlying sand/gravel unit (alluvium).  
 Water table does not reach the bottom of the slag pile.g p
 Elevated arsenic in groundwater observed under most of the Fines Pile and 

ephemeral pond.
 GW concentration elevated upgradient of the Fines pile (~0.4 mg/L)
 Seasonal fluctuations observed in GW concentrations
 TCLP (one sample only) showed no leachable arsenic, however samples 

were only surficial
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B d CSMB d CSMBoneyard CSMBoneyard CSM

GROUNDWATER FLOW
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BONEYARD PILE PLAN VIEW (DRAFT)BONEYARD PILE PLAN VIEW (DRAFT)
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Boneyard Arsenic in GWBoneyard Arsenic in GW
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Boneyard Arsenic in GWBoneyard Arsenic in GW
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Boneyard SummaryBoneyard SummaryBoneyard SummaryBoneyard Summary
 Elevated arsenic soil concentrations above and 

below the water table associated with areas wherebelow the water table associated with areas where 
acid water and sludge were disposed

 Elevated arsenic in surficial slag

 Few soil samples collected from the slag materials Few soil samples collected from the slag materials

 GW concentrations and water levels decreased 
after plant closure
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G h iG h iGeophysicsGeophysics

GROUNDWATER FLOW
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GeophysicsGeophysicsGeophysicsGeophysics
 Conducted five resistivity lines to provide 

d t di f t ti h d b d k funderstanding of stratigraphy and bedrock surface
 Three resistivity lines in lower PB (west of I-10 ) and 

two in upper PB (east of I-10)two in upper PB (east of I 10)
 Lower PB lines identified potential channels within 

alluvium
 Lines east of I-10 could not identify bedrock surface 
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Parker Bros. ArroyoParker Bros. Arroyo-- Survey Transect LocationsSurvey Transect Locations
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Electrical Resistivity SurveyElectrical Resistivity Survey-- LINE ALINE A--A'A'

More conductive 
(less resistive) 

Interpreted top of 
b d k

zones.  
Likely higher 
permeability 
deposits (saturated 
alluvium).   

bedrock
indicated by concave‐up 
erosional feature. 
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C t Fi ld A ti itiC t Fi ld A ti itiCurrent Field ActivitiesCurrent Field Activities

GROUNDWATER FLOW
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Proposed Data Gap BoringsProposed Data Gap BoringsProposed Data Gap BoringsProposed Data Gap Borings
 Provide geotechnical data for landfill design
 Fill data gaps identified for Fines Pile, Boneyard and 

Lower PBA
 Eight borings in Lower PBA to bedrock: verify Eight borings in Lower PBA to bedrock: verify 

geophysics, stratigraphy, collect soil samples, and 
water quality 

 Three borings to bedrock in Fines Pile: stratigraphy 
under pile, collect soil samples, and water quality. 
(Four contingency borings)(Four contingency borings)

 Test pit program for PBA slag quantification
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Parker Bros. Arroyo Parker Bros. Arroyo -- Soil Boring LocationsSoil Boring Locations

Soil Boring Location

Soil Boring Location/ 
Monitoring Well 
Completion
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Fines Pile Fines Pile –– Soil Boring LocationsSoil Boring Locations

Contingency Soil 
Boring Location

Priority Soil 
Boring Locationg
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Boneyard Boneyard –– Soil Boring LocationsSoil Boring Locations

Soil Boring Location

Test Pit Location
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