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Challenges in 
Complex Site 
Management

• Financial

• Regulatory

• Stakeholder/Societal

• Technical
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Lessons-Learned in Complex Site Management

• Financial
 Cleanup projects are frequently planned with the assumption that substantially greater 

funds will be available in the future

 Reluctance to invest a little money now to save a lot of money in the future

 Resources are limited and must be carefully allocated based on an understanding of 
actual risks 

 Perceptions of risk rather than the value to society that actually can result from cleanup

• Regulatory
 Consensus on the nature and magnitude of the problems to be addressed

 Set priorities based on protection of human health and the environment

 Requirements must consider technical ability to meet them
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Lessons-Learned in Complex Site Management

• Stakeholder/Societal
 Requires active participation among states, tribal governments, and local communities 

to address the
Address perceived and actual risk of remediation actions

• Environmental impacts, worker health and safety

Common understanding of value or benefit of the outcomes from cleanup 

 Changes in stakeholder representatives during process 

• Technical
 Characterization and CSMs

Not definitive! ‘Living documents’
• Acceptable level of risk to proceed but need to continue to refine with new knowledge

Only as good as the data they are based on 

 Environmental heterogeneities

 New and different information will arise and prior decisions may need to be changed
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Management and Decision Making for Complex 
Sites

http://rmcs-1.itrcweb.org  National Research Council 
2013
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Guidance

New Efforts

• American Nuclear Society: Remedy 
Selection and Implementation for 
Radionuclides in the Subsurface

• International Atomic Energy Agency: 
Definition of Environmental 
Remediation End States

EPA Superfund Task Force 
Recommendation #3: Broaden 
the Use of Adaptive Management

DOE Scientific Opportunities for 
Monitoring at Environmental 
Remediation Sites

Interstate Technology and 
Regulatory Council (ITRC) 
Remediation Management
of Complex Sites
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Remediation 
Management of 
Complex Sites: 
Adaptive Site 
Management
• Needed when site 

complexities render 
remediation uncertain and a 
stepwise approach is needed

• Capitalizes on information 
gained along the way
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Objectives-Driven Process

• Detailed objectives change over the course of characterization, 
remediation, and closure at a site

• Site information is gained over time through characterization, 
remediation, and monitoring – need to consider feedback

• Consider the overall site objectives and site end state that will provide 
technical defensibility for necessary decisions in the remediation process

 May change as information is gained over time

 Some overall objective questions

• What controls contaminant movement?

• What controls remediation success?

• What controls human health and environmental risk?



Legacy Contamination

Hanford Site

Manufacture Fuel Elements

Irradiate Fuel Elements

Chemical Separations

Plutonium Finishing
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Large-Scale Facies Segments:
Ringold sediments / Hanford sediments

Reactive Facies:
redox minerals, 
natural organic matter,
microbes, carbonate

Hydrologic Elements:
water table decline, hydraulic gradient,
flow heterogeneity

Contaminant flux and
VZ inventory

Co-contaminant flux and
VZ inventory

Reactive Facies:
redox minerals, natural organic matter,
microbes, carbonate, minerals 
impacted by disposal chemistry

Contaminant disposal
inventory and chemistry

water and co-contaminant disposal
inventory and chemistry

VZ Hydrology Factors

Plume flux 
and inventory

INPUT

SOURCE FLUX

PLUME BEHAVIOR

Discharge Zone Processes:
natural organic matter,

biotic processes

recharge

Water Chemistry
organic carbon

Hanford Subsurface Environment



Source Term Considerations

Acidic Discharge Alkaline 
Discharge
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Attenuation and Source Flux

Source
and

Natural Attenuation

Flux to 
Groundwater

Resulting
Plume

Source Source
Flux 

Natural Attenuation 
Capacity 

MNA in Groundwater

Source Source
Flux 

Natural Attenuation 
Capacity 

MNA for Vadose Zone/ Groundwater 
Systems

Vadose Zone
Natural Attenuation 

Adapted from Dresel et al. 2011
Truex and Carroll 2013
Truex et. al 2015a
Oostrom et al., 2016 12



Remedy Assessment

• Evaluate Threat to Groundwater
• Vadose zone contaminants are not a direct exposure 

threat.  They are a potential risk to groundwater but must 
transport through the vadose zone to impact 
groundwater

• Monitored Natural Attenuation
• Transport of contaminants in the vadose zone is 

significantly attenuated by hydraulic processes and 
dispersion in addition to potential geochemical 
attenuation  

• MNA can be a significant part of the remedy

• Enhance Natural Processes
• When MNA is only part of the remedy, the MNA analysis 

can identify enhancements to attenuation processes that 
reduce flux to groundwater

Uranium solubility reactions limit mass of 
mobile uranium
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300A Example

Dynamic Groundwater Flow and Infrastructure

14



Hanford 300 Area in 1962
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300A Example

Dynamic Groundwater Flow and Infrastructure

• North & South Process Pond 
Inventory 
37,000 kg to 65,000 kg of 
uranium

• 1944-1954: Effluents from 
REDOX 
and PUREX process 
development 

• 1978-1986: N-reactor fuels 
fabrication wastes

• Enriched, natural, and 
depleted uranium

• Aluminum, phosphate



Persistent Uranium Plume

DecemberJune
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300 Area, View to the South 
(March 2007)
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Groundwater Cleanup Goals

• Groundwater cleanup is driven by three factors 
• Mitigate risk to human health from exposure to or consumption of 

contaminated groundwater, 

• Mitigate risk to the environment where the contaminated groundwater 
discharges in the riparian (shoreline) and hyporheic (river bed) zones, 
and 

• Restoration of the contaminated groundwater to its highest beneficial 
use - drinking water standards - within a time frame that is reasonable 
given the particular circumstances of the site.” EPA - 40 CFR 
300.430(a)(1)(iii)(F).
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300A Example

Source Zone and Key River Interactions



Current Exposure at the Columbia River from 
Hanford-Derived Contaminants to Humans and 
Other Biota is Localized 

Hyporheic Zone - Contaminated groundwater upwells into the gravel bed of the river

Riparian Zone - Seeps containing a mixture of river water and groundwater 
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In-Situ Remediation Options

• Redox manipulation
• Passive Fe barrier

• Soluble reductive agent

• Biological amendment

• Potential negative effects:

• Oxidation “rebound”
• The reductive capacity of the barrier will 

become exhausted

• Re-oxidation of reduced uranium solids

• Redox front collapses, possibly 
resulting in rapid release of UO2

2+

• Phosphate Remediation
• Precipitation of insoluble uranyl 

phosphate minerals under dilute 
uranium concentrations, < 10-6 M

• Uranyl phosphate minerals are stable 
over a wide range of geochemical 
conditions

• Re-oxidation is not a concern

• Active maintenance not necessary

• Non-hazardous to workers

• Non-toxic and causes no damage to soil

• Relatively inexpensive
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Final Remedy Hypotheses

• After evaluating 32 technologies, sequestration of U  continues to be 
the most viable alternative

• Recognized engineering challenges in the subsurface delivery system due to 
geologic heterogeneities

• Phased approach to implementation

• GW will reach DWS in 10-12 years, if the U source is addressed

• Primary source of U is the PRZ

• The best method for delivering phosphate to the PRZ appears to be a 
combination of surface infiltration and direct injection into the PRZ

22



Source Term Remediation Challenges

23



24

• Primary source zone

• Phased treatment 
approach to gain field 
knowledge before treating 
full area

• Obtain field data for 
uranium mobility reduction 
by phosphate

• Obtain field data on 
remediation systems

Source Area 
Treatment Zone

DOE 2016
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• Phosphate amendment 
delivery by infiltration from the 
surface

• Phosphate precipitates over 
time and infiltration did not 
quickly move amendment to 
the targeted zone in most 
places

• Electrical resistivity 
tomography provided real-
time images to track 
amendment movement

Stage A 
Implementation
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Stage B Implementation

DOE 2016
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Stage B Implementation
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Conclusions

Remediation Management Challenges

• Many sites have complexities that lead to remediation challenges 

• Evaluate remediation progress and factors that affect transition to more 
passive approaches

• Performance monitoring
• Rebound study

• Design performance monitoring based on remedy decision needs and exit 
strategy

• Active remediation needs to be monitored and managed to 
• meet performance objectives 
• with an exit strategy in mind (e.g., transition to passive remediation)

• New guidance provides approaches for addressing technology, management, 
monitoring challenges



Questions?


