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VZ Monitoring Technologies

Quantities to Measure

~» Moisture change
— Neutron Probes

— Time Domalin Reflectometry [TDR]

— Thermocouple PSyChrometer

— Electromagnetic Induction [EMI]

— Electrical Resistivity Tomography [ERT]
— Fiber optic cable

— Flux measurements with SP
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Moisture Sampling Methods

e Suction Lysimeter

e Absorbent Pads

e Sodium lodide Gamma Detector
e Basin Lysimeter

* Associated Chemical Analyses

-
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Trends in developing technologies

* More volume mtegratmg
e Better sensntlvrty

° Better remote sensing [less intrusive]
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Active Soil Gas Measurements




High Resolution Resistivity
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BC Cribs and Trenches HRR Data

Geophysical Survey
PNNL/FLUOR
BC Cribs
Hanford. WA
Date: June 2005
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Review of Geophysical Techniques to Define the Spatial Distribution of Subsurface
Properties or Contaminants

Use Relative
Technology Characterization Target Platform State of Development Cost DataSource
Surface ground penetrating radar | DNAPL, LNAPL, Surface Commercial — widely Medium http://vadose.pnl.gov/; http:/fate.clu-
(GPR) hydrocarbons, conductive available in.org/gpr_main.asp;
inorganic plumes 1.+ Sisson and Lu Site http://costperformance.org/monitoring/#38;
2.+ Clastic Dike Site Knight 2001; Olhoeft 1992; Sneddon et al.
2002; Guy et al. 2000
Cross-borehole radar Conductive inorganic Borehole | Commercial — limited Mediumto | Majer et al. 2001
tomography plumes 1.+ Sisson and Lu Site High
Seismic reflection amplitude vs. DNAPL Surface Emerging — research Medium http://www.clu-
offset (AVO) 1.» 200 West CT plume in.org/conf/tio/geophysical_121201/chp_3.pdf;
: 2.+ Savannah River Site
Time domain electromagnetics Conductive inorganic Surface Commercial — widely Low http://www.usace.army.mil/inet/usace-docs/eng-
(TDEM) plumes available manuals/em1110-1-1802/c-4.pdf; McNeill 1994
Terrain conductivity (a Conductive inorganic Surface Commercial - widely Low http://www.usace.army.mil/inet/usace-docs/eng-
frequency domain plumes available manuals/em1110-1-1802/c-4.pdf; McNeill 1990
electromagnetics [FDEM] -
method) v
DC resistivity soundings and Moisture/conductive Surface Commercial - widely Low to http://www.hydrogeophysics.com;
profiling plumes available Medium http://vadose.pnl.gov (Barnett et al. 2002);

http://www.epareachit.org
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Technology Characterization Target | Use Platform State of Development Relative Cost DataSource
3D resistivity imaging (including high resolution Moisture/conductive Surface and Commercial — widely Medium to High - http://vadose.pnl.gov;
resistivity [HRR] and HRR-steel casing resistivity | plumes borehole available $200K - 50 acres Ward and Gee 2000;
technology) : 1.e Mock Tank (223-E) (60 m depth) Barnett et al. 2002

2.+ Sisson and Lu Site
3.+ BC cribs and trenches
Electrical resistivity tomography (ERT) Moisture/conductive Borehole Commercial — widely Medium to High http://vadose.pnl.gov;
plumes available Ward and Gee 2000;
1.« Mock Tank (223-E) Barnett et al. 2002
Electrical impedance tomography Moisture/conductive Borehole Emerging —research Medium to High http://vadose.pnl.gov;
plumes 1.» Mock Tank (223-E) Ramirez et. al. 1998
Complex resistivity (including spectral induced Organic contaminants Surface Emerging — deployed Medium to High Morgan and Lesmes
polarization) and inorganic and/or cross- | l.» A-14 Qutfall at SRS . 2004; Brown et. al.
contaminants borehole 2.+ Hill Air Force Base 2003; EPA 1998;
Versteeg 1997
Equipotential and mise-a-la-masse Moisture/Conductive Surface and Commercial — widely Medium to High http://www.clu-
Plumes and Organic borehole available in.org/programs/21m?2/s
Contaminants 1.» Mock Tank (223-E) potlight/080304.pdf;
2.+ Sisson and Lu Site Barnett et al. 2002
Self natential Metallic conctitnents Surface or Commereial — limited Medinm - Can he Versteeo 1007
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A/D boards
High Voltage Board

Location for controller
and custom board

Upper Sensor Module End Cap

(Brass Tube)
Support Spacers
Lower Sensor Module End Cap

Tc-99 Sensor Module

Key:
E — Sensor module enclosure
1 — Sensor module end cap
2 — Light tight, EMF shield

3 — Lead shielding

4 — Tc-99 sensing PMT
B

— Sensor cell
Anti-coincidence PMT




Remote Chromium Sensor at 100-D




Enhanced Access Penetrometer System (EAPS
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Future Monitoring

e Beneath TSDs (lysimeters, tubes, etc.)
(during operations)

e Liquid retention ponds (mass balance '
approaches) |

o Caps and barriers (integrity, survey
- methods, etc.) (after closure)

e Protection and monitoring for rapidly
decaying constituents

e Continued characterization
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Probabilistic
Transport

Probability
Distribution of

Model

F N

A\ 4

Characterization
of Site (all
relevant areas)
Probabilistic

A 4

. Testing & Data
Gathering Program
[Optimal]

Remediation

v

chemicals in
time & space

|

Risk assessment with
_ . Uncertainties ___
Other affects: political [ Reports
regulational, cte
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Uncertainties
Low Enough

Remediation

o o cs R
Cost Decision Submit Reports
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|dentified Technology Needs
Relative to Contaminant Migration

Characterization Issues

Transport Issues

Risk Issues

Monitoring Issues

Cost Issues (Better Remediation Technologies)
Dissemination Issues |
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Monitoring Issues

ol

e Optimization strategies for monitoring
* Unsaturated zone monitoring (better
methodology).
— What types of monitoring

— Types of instrumentation, detection
methods, etc.

. Momtorlng in Iong -term stewardshlp




( Example: Hydrcolmage, A User- (
friendly Hydrogeophysical
Characterization Software Package

Integrates continuous geophysical data
with limited borehole data to estimate
hydrogeological parameters of interest in
the subsurface was developed. The
software package can be used to
significantly enhance site conceptual
models and improve design and operation
of remediation systems.
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Geophysical Inversion | Geostatistical Data Analysis | P‘gﬁeghysi@é%,ﬁudef Development | Bayesian Integration |
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Computational Environments ‘
for Integration of Geophysics
and Reservoir Simulation

T=E STATE URIVERSTTY OF NEY ERSEY

Ot \
GHId I RUTGERS

R . UA“UESII!

‘ ‘ I An overview of the NSF/ITR projects:
The Data Intense Challenge: The Instrumented Qil Field of the Future (2001-2005)

. -Data Driven Simulation of the Subsurface: Optimization and Uncertainty Estimation (2004-2007)




The Instrumented Oil Field

Data

Driven Driven




DDDAS: Integration of Data, Models, and IT

Reduction of
uncertainty

Remote sensing

CS tools

Monitorin
g Numerical algorithms

Data assimilation




Production Forecasting
Well Management

Reservoir
Performance

Multiple Realizations

Reservoir Monitoring
Field Implementation




Multiphysics

Multialgorithmic

Models Simulation

Multiscale

Optirization

Optimal Well

Optimal Scheduling

Seismic data
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History Matching Data Management
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Two More Examples

» Collaboration between INEL and PNNL:
End goal is to be able to click on a location
or well and bring up geophysical (surface
and borehole), as well as grain size
‘distributions and estimated hydraulic
properties etc.

 SAIC’s automated knowledge
management and production integration
system. |
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Future Development Efforts for

~Analysis of Contaminant Migration

Better characterization of chromium source in D-Area

Mapping of top of basalt for better flow direction determination
Analyze abiotic degradation potential for carbon tetrachloride
Develop fingerprinting methods for isotope source identification
Develop better characterization methods

Develop better conceptual model of the Hanford Site (Simulations)
Develop better data retrieval and analysis methods

‘Continue developing instrumentation and monitoring technology

Reduce price of instrumentation and deployment of monitoring
technology

Increase reliability of instrumentation and monitoring technology
Allow current designs to incorporate future technology

Directions in future technologies deployment (redundancy,
developing standards, less intrusive)

Integrate Modeling and Monitoring to provide long-term control of

contaminants




U.S. Locations of Sites

@ Sites storing spent nuclear
fuel, high-level radioactive
waste, and/or surplus plutonium
destined for geologic disposition.

Symbols do not
reflect precise locations

001980C_012e i




Coupling Monitoring
Programs to Modeling

Thomas J. Nicholson', Ralph Cady' and Jacob Philip"

~ James Shepherd? and Jon Peckenpaugh®

'Office of Nuclear Regulatory Research
“Office of Nuclear Material Safety and Safeguards
3Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission

‘Contact: TIN@NRC.GOV or (301) 415-6268




Objectives in Monitoring and Modeling

Monitoring and Model Interface

~e_(Generic Technical Issues

Opportunities to Build Confidence in I\/Iodeling

References




Wg Objectives in Monitoring and Modeling

A,
7
* o 4 k¥

v Characterize system

v Demonstrate understanding of the system
v' Confirm site and engineered system behavior

v Demonstrate compliance

v" Design remediation for non-compliance



C C C

Objectives in Monitoring and Modeling

Why monitor and model?

Characterize natural and
engineered systems:

v" Collect information to identify
significant Features, Events and Processes

v Develop and evaluate site conceptual models

v Guide data collection including monitoring, sampling and
geophysical surveys




Conceptual Model of a Complex Site
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B Objectives of Monitoring and Modeling

v Confirm behavior is within envelope of expected
performance

> of engineered structure, systems and components
> of natural systems

Site-Specific Model

> will probably not be simplified (abstracted) version used in PA
» may include state variables not in abstracted version
» state variables are potential Performance Indicators




v’ Assure compliance
> with regulatory requirements

> with proposed site-specific criteria (e.g., NEI voluntary guidelines
such as H-3 concentrations and specified volume release
notifications)

Model is useful to:

| the system being-monitored
> infer from point monitoring data to: |
<+ compliance boundary or
<+ other receptor location

» Decisions on whether and how to remediate non-compliant
excursions

* monitoring and modeling during remediation to evaluate
efficacy




~ Monitoring and Model Interface

WHAT:

Performance .
Indicators DATA;?ASE

+
site and facility (PI)
characterization tect:inlologies
.L and issues

ANALYSIS:

site conceptual model

HOW:
Monitoring

. Devices
MONITORING: (MD)
A Data

Collection
and Analysis

site modeling (PA)

WHERE & WHEN:
Monitoring
Points
(MP)

FEEDBACK to inform:

« Site conceptual model

+ Performance Assessment

+ Choice of Pis, MDs, and MPs
. Stopplng rules

after AES, 2006




* Modeling to assess monitoring data-quality objectives
(DQO’s)

> Required quality constraints may be beyond
current-sensor-technology

> Stopping values?

* Couple monitoring to conceptual model and site
performance assessment (PA) by:

> Assessing monitored conditions to confirm that
performance is within the envelope of the model

* lIdentify alternative conceptual flow and tranSport
models
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Hierarchy of Conceptual Flow Models
Models to simulate flow in soils, sediments,
unsaturated fractured rock (after Altman et al., 1996)
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o What to monitor and model is defined by the site-
specific PI's which are derived from:

v' regulatory compliance criteria
v’ performance assessment predictions
v’ need to quantify system behavior and
to detect changes affecting radionuclide transport

(e.g., water contents, hydraulic gradients, flow velocities,
contaminant concentrations and fluxes)




o Where to moniior is defined by the FEP’s scales, system
interfaces, and receptors’ points of exposure:

v" facility structures, systems and components (e.g.,

telltails, concrete curtain walls, drains and sumps)

v dynamic interface between facility and surrounding
environment

v’ surrounding environmental zone (e.g., pumping wells,
springs, and discharge to surface-water bodies)




> When to monitor is defined by the system behavior

(i.e., event and processes’ timescales) and PA model
assumptions to be tested:

identify timescales for events and processes of:

v facility release events
v’ dynamic processes in interface zone (e.g., percolation)

v' environmental processes (e.g., unsaturated-saturated
zone processes, surface- and ground-water interaction)
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* How to monitor relates to the ability to properly select,
and capabilities of monitoring systems and instrumentation.

 EPA, NGWA, SSSA, ASTM and USGS guidance exists

* Innovative technologies such as fiber optics and
geophysical methods evolve from performance and model
analysis criteria (e.g., geochemical indicators and GIS-
based indicators)




Can monitoring strategies be improved by considering

uncertainties in parameters, conceptual models, and
scenarios?

maximize probability of detecting contaminants while
minimizing the number of monitoring wells

since model probability is conditioned on observations,
monitoring strategies should be designed to obtain
observations that improve estimates of model uncertainty

consider conceptual uncertainty initially in monitoring design

identify important monitoring locations and data as input to
PA modeils for parameter estimation, model calibration and
uncertainty analyses

16




Advanced Environmental Solutions, A Strategy for Ground-Water Monitoring of NRC-
Licensed Facilities and Sites, Lexington, SC, 2006

Chien, C.C. et al., Barrier Systems for Environmental Contaminant Containment and

Treatment,-GRG-Taylor-and-Francis-Group;-Boca-Raton;FL;;-2006

EPA, Performance Monitoring of MNA Remedies for VOCs in Ground Water,
EPA/600/R-04/027, Cincinnati, OH, 2004

Meyer, P. et al., Combined Estimation of Hydrogeologic Conceptual Model and
Parameter Uncertainty, NUREG/CR-6843, U.S. Nuclear Regulatory Commission,
Washington, DC, March 2004

EPA National Air and Radiation Environmental Laboratory Web site
http://www.epa.gov/narel for Environmental Radiation Data Reports




Performance Monitoring and
Sustainability of Engineered Covers
- for Uranium Mill Tailings

ACNW WG Meeting on Integrating Monitoring and Models
To Enhance Confidence in Model Results

September 19-20, 2006

W Jody Waugh

S.M. Stoller Corporation*
Office of Legacy Management
U.S. Department of Energy
Grand Junction, Colorado

*Work performed under DOE contract no. DE-AC01-02GJ79491.
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“ Berkeley

DOE Office of Legacy Management (LLM) Sites

LM Will Have Responsibility for 72 Sites by the End of FY 2006
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€ CERCLA/RCRA

Site Category
— Requires only records-related activities

Category Il — Requires routine inspection and
maintenance and records-related activities
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—Site Transfer to LM:
Cover Stewardship Questions

> How was the cover designed and constructed?
How is it supposed to work?

>~ What and how do we monitor to show that it is
working?

What types of maintenance are required (and at
what cost) to keep it working as designed?

What are the risks if its not working as
designed?

Could we design sustainable repairs or
renovations if needed?

> Can we expect the cover to continue working for
200 to 1000 years?




Lakeview Case Study

LM Will Have Responsibility for 72 Sites by the End of FY 2006
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—Site Transfer to LM:
Cover Stewardship Questions

< How was the cover designed and
constructed?

How is it supposed to work?

What and how do we monitor to show that it is working?

What types of maintenance are required (and at what cost)
io keep it working as designed?

What are the risks if its not working as designed?

Could we design sustainable repairs or renovations if
needed?

Can we expect the cover to continue working for 200 io
1000 years?




How was the cover designed and
constructed?

Lakeview, OR
Precip. ~ 380 cm/yr




— Site Transfer to LM:
Cover Stewardship Questions

How was the cover desighed and consiructed?

How is it supposed to work?

What and_how_do_we_monitor to-show-that it-is-working?

What types of maintenance are required (and at what cost)
to keep it working as designed?

What are the risks if its not working as designed?

Could we design sustainable repairs or renovations if
needed?

Can we expecti the cover to continue working for 200 io
1000 years?




—How is'it supposed to work?
(Design Standards)

Permeability (40 CFR 264.301, 40 CFR 192)
o Satisfy ground water protection standards
¢ <1x107 cm s maximum Kg,; and flux rate (target)

Longevity (40 CFR 192)
© 1000 years to the extent reasonably achievable
~ At least 200 years




—Site Transfer-to-LM:
Cover Stewardship Questions

O

How was the cover designhed and constructed?

How is it supposed to work?

What and how do_we monitor to_.show

that it is working?

What types of maintenance are required (and at what cost)
to keep it working as designed?

What are the risks if its not working as designed?

Could we design sustainable repairs or renovations if
needed?

Can we expect the cover to coniinue working for 200 to
1000 years?



_ What and how do_we monitor
to show that it is working?

Routine cover monitoring not required by NRC!

Ground Water Monitoring
o—MonitorPOC-wells-every-5-years
o Demonstrate compliance with GW protection standards
o Measure of the performance of the disposal cell

Annual Visual Inspections

o Identify changes or new conditions that may impact
long-term performance of disposal cells

o Determine need for maintenance, follow-up
investigations, or corrective actions




—Follow-up Investigation
(non-routine monitoring)

Objective:

Identify changes or new conditions that may
impactﬁlong-term—performance—of~disposal—celI’s

Observations / Issues:

o Encroachment by Deep-Rooted Shrubs

» Effects on cover permeability, radon flux,
bio-uptake




C

Thin soil over rock
created habitat for
deep-rooted shrubs

Sagebrush and rabbitbrush

encroachment on top slope




sa7Burrell, PA
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Compacted
Soil Layer
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____Shrub Encroachment:
Follow-up Investigations

Root Intrusion: Are roots penetrating the
compacted soil layer (CSL)?

Permeability: Has root intrusion increased the
saturated hydraulic conductivity (Ksat)?

|

Percolation: Has greater permeability caused
significant movement of rainwater into tailings?
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Permeability

Objective

Measure root intrusion effects on saturated
hydraulic conductivity (K__,) of the CSL

Tests

~ Measure K with air-entry permeameters (DBSA)
& Compare CSL K,
— with and without roots

— top slope and side slope

— upper and lower CSL




K. Measurement:
Air-Entry Permeameters (AEP)

S~

LAK&’IE&J
SSZR

Manual AEP on
side slope top slope




B Upper CSL
[0 Lower CSL

n=3

Top Slope Top Slope Side Slope
With Roots Without Roots




K. Results:
Comparison with Other Sites




Permeability

Likely causes of preferential flow in CSLs

Soil structure in CSL developing faster than expected
Plant roots and burrowing/tunneling animals
Freeze-thaw cracking and desiccation

)

Test dye at structural planes




Percolation
Water Flux Meters (PNNL wicking lysimeters)

Down-gradient locations on cover topslope

COVER: TOP OF DISPOSAL CELL daold

RIPRAP AND SOIL

COVER: SIDE SLOPE ‘ (ROCK-SOIL MATRIX)
(F:“l,:gl(\)':' THICK) _ (1 FOOT THICK)
ROCK FILTER BARRIER _
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{

SAND

BARRIER (1.5 FOOT THICK) AND CLAY SOIL
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EVAPORATION POND
AND TAILINGS
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SURFACE '\ _ — —
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Flux meters installed
just below CSL in top slope
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Lakeview: Water Flux Meter Results

Totals (mm)
Precipitation 413
Percolation

WFM1 861
WFM2 570

WFM3 1557
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Monticello, Utah, Superfund Site
(Alternative Cover)
LM Will Have Responsibility for 72 Sites by the End of FY 2006
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—— Monticello-Alternative-Cover Design:— —
ET / Capillary Barrier

Vegetation (ET)

Gravel Admixture
in Upper 20 cm

Topsaoil

Growth Medium and
Frost Protection
(Fine-Grained Soil)

Animal Intrusion Layer
(Cobbles Filled w/ Soil)

Fine-Grained Soil
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Geotextile Separator

Capillary Barrier
(Coarse Sand)




Embedded Lysimeter Instrumentation
(3-hectare lysimeter)

Drainage and
Runoff:

dey N1
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Drainage collection

system - Water content TDR

A - Water potential HDU
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—Site Transfer to- LM:
Cover Stewardship Questions

How was the cover designed and constructed?
iHow is it supposed to work?
What and how do we monitor to show that it is working?

> What types of maintenance are required
(and at what cost) to keep it working as
~ designed?

What are the risks if its not working as designed?"

Could we design sustainable repairs or
renovations if needed?

Can we expect the cover to continue working for 200 to
71000 years?




——Could we design-sustainable repairsor
renovations if needed?

Lakeview: LTS&M Vegetation
Shrub encroachment may be Management Options:
the solution, not the problem! A CAontr_o,ﬁmam_gmwth__

o Let them grow

o Facilitate beneficial
ecological succession
(cover renovation)

Without intervention,
Mother Nature will
eventually transform low-
permeability covers into
ET-type covers.




— Site Transfer-to-LM:

Cover Stewardship Questions

How was the cover designed and constructed?
How is it supposed to work?
What and how do we monitor to show that it is working?

What types of maintenance are required (and at what cost)
to keep it working as designed?

What are the risks if its not working as
designed?

Could we design sustainable repairs or renovations if
needed?

> Can we expect the cover to continue
working for 200 to 1000 years?




_ Long-Term Performance Evaluation Tools

Role of Natural Analogs

¢ Tangible clues about future
environmental conditions and effects
on cover performance

¢ Basis for designing covers that
mimic favorable natural settings

¢ Basis of hypotheses and
treatments for short-term
field studies (e.g. lysimeters)

A w4 ¢ Basis for inferring future
 Numerical AN M\ cnvironmental scenarios
. AR A for input to models
Natural Analogs




RiSk-BaSEd Develop and Screen Scenarios
Performance TR
Modeling Process

Scenario 1 cenario 2 Scenario

Select e Select Reject

Natural Analog Data Develop Models
— Develop scenarios for Climate

Evapotranspiration

modeling future performance Source Term

Vadose Zone

— Estimate parameter ranges Bt
. uman Exposure | |
and uncertainty

Estimate Parameter Ranges and Uncertainty

Demonstration A

FRAMES (PNNL) Climate Change L

— Probabilistic modeling platform [Rtsiaiiitatd S

—Links cover water flux, source- g
term release, vadose-zone

transport, saturated-zone Interpret Results
transport, & exposure pathways
Risk/Perfor mance

— Uncertainty/sensitivity analyses Bl
used to identify important e
monitoring parameters (Cliff Ho, SNL)

ITERATION
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_Lakeview Leaf Area Index (LA
Chronosequence




__Lakeview Soil Analog:
Permeability

| (borrow source)

Air-entry permeameter
measurements of Ksa:in lake
sediment soil profiles

Ksat 1.6 x 10-5cm/s
8.2 x105cm/s
2.9 x 104cm/s




akeview Climate Change:
Wet and Dry Ecology Analogs

e

s "°~

WL wad

7 —.g.x

»
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g 1

Lakeview Conifer Site, OR Guano Basin Site, NV
Soil: Drews loam Soil: Spangenburg loam

Vegetation: Mixed conifer Vegetation: Big sagebrush
LAI: 1.62 LAI: 0.43




Addressing Focus Questions:

Summary

o Routine monitoring and modeling of cover performance are not
required by NRC for DOE LM uranium mill tailings.
o Limited non-routine soil hydrology and ecology monitoring:
— Older covers not performing as designed (modeled)
— Monticello ET cover is performing as designed

— Data not used for model improvement

Recommendations

» Monitor and model ecological and hydrological performance of
covers as early warning of ground water non-compliance

o~ Use ecology and soil analog site data to develop scenarios for
modeling long-term cover performance

o FRAMES improvements:

— Use Richard’s Equation model of unsaturated flow in cover

— Link soil water balance with vegetation dynamics model
(e.g. TerreSIM)

o Long-term instrumentation monitoring of covers not feasible




Yy Monitoring and Modeling of ET
~—  Covers

Glendon W. Gee
Sept. 20, 2006

Pacific Northwest

National Laboratqry
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» ET Cover Concepts |
» ET Monitoring and Modeling Needs
» Indirect Measurements

- »Direct Measurements

- »Modeling Issues

~»Summary

Battelle

Pacific Northwest National Laboratory
U.S. Department of Cnergy 2




= ____ET Cover Concepts

» Evapotranspiration (ET) limits water intrusion
» Virtually All Covers are ET covers (i.e.,vegetated)

» Multilayer ET Covers (RCRA, Hanford, etc.)
e Provides Redundant Protection
- e Long-Term Performance Considered in Desugn
- e Cost’ Typlcally High (more engineering)
> S|mple ET Covers (monofill soil with vegetation)
e Water Infiltration Control

e Biotic Dynamics and Intrusion Issues
e Erosion and Long-Term Issues

- Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 3




AEp.roach to ET Water Balance

b Dralnage IS Es’umated from Mass Balance of Water
Inputs/Losses from Soil Volume

» Model Inputs (with associated uncertainties)
Include:
e Precipitation
) Evaporatlve Demand (Climate and Surface)
e Runoff Potential (Surface Characterlstlcs)
e Water Storage (Soil Hydraulic Properties)

Pacific Northwest National Laboratory

Battelle U.S. Departiment of Energy 4




Precipitation Input

ET Losses
0
l ¥ & |

Recharge Gain
(Drainage)

ET Cover

. /\ \ Water Storage Zorg

+AS = Sgage Change

Annual Water Balance

P= 200 +20 mm
ET=197 20 mm
AS =0 20 mm
D= 3+60mm

Drainage (<3 mm/yr or > 30 mm/yr?)

\j

T

e ——
——
—

water table




P Cover Monitoring Requirements

P Surface Inspections
e €rosion
e subsidence
e isolation, biotic intrusion, and plant cover

- »Ground Water
= -e=tp=gradientwells (2) - water chemistry
o down-gradient wells (3) — water chemistry
» Vadose Zone — Water Balance

e water intrusion limits (1 to 3 mm/yr or less)
m water content |
m water potential
m water flux (indirect or direct measurements)

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 6



Soil Water Monitoring

i« Pore- Water
Vacuum Sampler

Heat Dissipation
Unit (HDU)- Water
Potential Sensor

Tensiometer (Advanced)

Water Content Sensor (FDR)

Pacific Northwest National Laboratory

Baﬁe"e U.S. Department of Energy 7



_.._._Drainage Monitoring

- Drainage Flux Estimates (Indirect)
e Assumes that drainage can be estimated from water
content or water potential measurements and an
~estimate of the unsaturated hydraulic conductivity
m Drainage Flux = -K(0) [Ay/AZ]
- K(8) = unsaturated hydraulic conductivity

- AqJ/Az - water potential gradient |
-y =1f(8) through the soil water retention characteristic

m K(0) typically uncertain by more than an order of magnitude
= Water content can be used to estimate water potential
m More uncertainties in monitoring water contents or potentials

Pacific Northwest National Laboratory
Battelle U.S. Department of Energy 8




» Controlled soil volume
» Direct measure of drainage

Hanford Barrier (1.5 m of Silt
Loam over layers of coarse
materials--capillary barrier)

i VTl At

Pacific Northwest National Laboratory
U.S. Department of Energy 9




® ®
Direct Monitoring

Lysimeter Test Pad —ACAP Sites

Monitoring Stations

Drainage
Line

Pacific Northwest National Laboratory
Baﬂe“e U.5. Department of Energy 10



ACAP Runofleralnage Collection

e o P &
MM%

bl < 10m
Manfole ~——p. 44—t ¢—4—<—<« /

] Cover Materials:
{ Variable Depth

Electronic measurement B Interim Cover: Varlable Depth
of runoff and drainage i

Surface flow
diversion

"2 A

1} Hl Ill”ll'”"u TN

Geosynthetic

3 to 5% slope Root Barrier

60-mil HDPE liner

Geocomposite Drainage Layer

French drain, [I]

sump pump

acific Northwest National Laboratory
Battelle U.S. Department of Energy 11




Automatic-Drainage Collection
Resolution of <0.01 mm




> Modeling Requirements for Landfill
- Covers

"» Modeling Requirements (Minimum)
e Precipitation (and weather station records)
e Soil Hydraulic Properties
e Plant Leaf and Root Dynamics
» Simplest models use default parameters based on
general characteristics- soil, plant, weather records
» Complex models require detailed on-site data.

e Precipitation, wind speed, solar radiation, temperature,
humidity, soil hydraulic properties, leaf area, rooting
density and depth and plant phenology, etc.

Pacific Northwest National Laboratory
Batteltte ... . . U.S. Department of Energy 13



__ET Model Complexity

»Simple
e HELP (EPA Cover Design Code)
e STEWB-Modified KIM (NRC, Infiltration Code)

» Intermediate
e EPIC (ARS Crop Productivity Code)

>Cemplex
e UNSAT- H (PNNL 1D Richards Based)
e HYDRUS-1, 2D
e STOMP-2, 3D

» [Note: All ET models are limited by uncertainties in
plant parameters and dynamics]

Pacific Northwest National Laboratory
Battelle U.S. Department of Energy 14




Hill Air Force Base Lysimeter
(Example of ET Cover after 10 years)

Hanford Barrier Lysimeter Hill AFB — 480 mm/yr
At Hill Air Force Base, UT. Hanford — 180 mm/yr
Zero Drainage after 10 yrs

= show how properly designed
== ET covers can work effectively

S .

Pacific Northwest National Laboratory
Ba"e"e U.S. Department of Energy 15




H|II Alr Force Base Momtormg and
" Modeling Results

'>Water Balance Models (HELP, EPIC and UNSAT-
H) adequately descrlbed results from the Hill AFB
tests.

» Snowmelt caused LANL-type capillary barriers to
drain at rates exceeding 50 mm/yr (water storage
“capacity of soil layer inadequate).

~» Snowmelt captured in Hanford Barrier due to
iIncreased storage capacity of silt loam soil.
Models show Hanford ET barrier effective under
elevated precipitation conditions. Plant dynamics
predictable at Hill Air Force Base (10 year test).

Pacific Northwest National Laboratory
Battelle U.S. Department of Energy 16
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Measured and Modeled Drainage at a
Landfill in Sacramento, CA

Year Precip. Measured Modeled
(mm) Drainage (mm) | Drainage (mm)
2000 650 0 0
2001 410 0 0
2002 430 100 0
2003 490 0 0
2004 400 110 0
2005 420 95 0

Batielle

Pacific Northwest National Laboratory
S T yyarbiment ¢ [ nNoro,




- Summary |

—» Monitoring of-an ET Cover for long-term |
performance will be a challenge
» Erosion Control — observable, repairable
» Biointrusion Control- likely repairable
- »Water Intrusion — the greatest challenge —
drainage control will be site and design specific.
Time dependence of the plant (biotic) system will

continue to be difficult to quantify. Redundancy in
control should not be ignored.

Pacific Northwest National Laboratory
Battelle U.S. Department of Energy 19



—» Water-intrusion (drainage) monitoring
¢ Indirect methods are too imprecise:
m Water content sensing (TDR, Nprobes, electrical) is not flux

m Water potential sensing (tensiometers, HDUs) is not flux
m Water balance modeling (HELP, UNSATH, EPIC) uncertain

e Direct methods are required:

m Test-pad lysimeters are generally reliable to test minimal drainage
rates of less than a few mm/yr, for extended times (>10 yrs).

» ET (Water Balance) Modeling

e Plant dynamics are the largest uncertainty and plague all
current models, from the simplest to the most complex.
Plant parameters unfortunately cannot be readily
engineered and have no safety factors built into them.

Pacific Northwest National Laboratory
Batielle U.S. Department of Energy 20





