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Executive Summary

Ext.___ 1 _ erreview of i Proposed Hanford Site-Wide Groundwater Model was conducted in
the Fall of 1998. The three-member review panel commented on three specific issues: 1)
adequacy of the conceptual model and its technical capabilities to meet the anticipated uses and
1, 2)possible improvements to the modeling framework / implementation, and 3)
immediate new data needs.

The Panel unanimously agreed that:

1) The concept of developing a broadly applicable : :-wide groundwater model is excellent.
Scientists working for the U.S. Department of Energy—Richland Operations Office have
made signific 1t -ogress and should be commended for their superior efforts in dealing
with voluminous data and complex field conditions, and for their integrated/interdisciplinary
approach to model building.

2) With regard to the issue of model adequacy, the spectrum of anticipated uses and needs is so
broad, ranging from time scales of less than 1 day to thousands of years and spatial scales of
meters to kilometers, that this or any general-use, site-wide model cannot be expected to be
adequate for all potential uses. An initial task should be to specify a narrower, and perhaps
more pragmatic, list of model uses that involve less disparate temporal and spatial scales and
contaminants whose behavior can be adequately characterized by linear sorption and first-
order decay.

3) With regard to improvements in tt modeling framework:

e The existing deterministic modeling effort has not acknowlec :d that the prescribed
processes, physical features, initial and boundary conditions, system stresses, field data,
and model parameter values are not known and cannot be known with certainty.
Consequently, predictions of he: ~ and concentrations in three dimensions over time
will be uncertain as well.

¢ A new modeling framework must be established that accepts t erent uncertainty in
model ct ceptual representations, inputs, and outputs. Given such a framework, the
expected values of heads and concentrations, as well as the  ge (distribution) of
predictions, would be products of the site-wide groundwater model.

e A priority task is to construct a comprehensive list of alternate conceptual model
components and to assess each of their potential impacts on predictive uncertainty.

e Assessment can be initiated with hypothesis testing and sensitivity analysis within the
general framework already established with the existing site-wide model. If uncertainties

due to alternate conceptual models are si; "1 t, then a Monte Carlo analysis is
required to estimate both the expected value ot the prediction and its uncertainty.




4) With regard to improvements in model implementation:

The Panel has identified a series of important improvements to the current site-wide
modeling effort. A few of the __»sts____ficant s are listed below.

o The calibration procedure for the current model is not defensible. Reasons include the
insufficient justification for using a single snapshot of presumed steady-state conditions
in 1979, over-parameterization of zonal transmissivities given an insufficient number of
independent data, potential for incompatibility between pumping-test results and model
representation of the aquifer, 2D model calibration for a 3D model, and use of
interpolated head values.

¢ The existing representation of chemical reactions is limited to first-order decay and linear
sorption. This representation is potentially adequate for some of the prevalent
contaminants found in Hanford groundwater; however, for most of the contaminants of
concern found in the vadose zone, reactive transport needs to be represented. The
decision that must be made at this stage is whether or not the umbrella of the site-wide
groundwater model should cover reactive transport simulation or whether chemical
processes are better handled by specialized local models. If the decision is to delegate
chemical processes to specialized local models, it still may be possible to use hydraulic
boundary condition values from the hydraulic component of the site-wide model. If the
decision is to include ictive chemistry in the site-wide model, then the simulation
framework must be based on a flexible open architecture that embraces complexities such
as transport of multiple species, microbial degradation, and perhaps nonlinear feedback to
the flow model as aquifer or water properties change.

¢ The domain covered by the site-wide groundwater model must be better justified. The
site-wide groundwater model simulates groundwater flow and contaminant transport only
in the unconfined sedimentary aquifer in the Pasco Basin south and west of the Columbia
River. The unconfined aquifer to the north and east of the river and the bedrock basalt
aqui~ are not represented in the site-wide groundwater >del even though the major
discharge area for both aquifers is the region adjacent to the Columbia River.

e Bot y conditions and boundary fluxes should be re-inspected because of some
ince encies with existing information and because of an insufficient conceptual basis
for use of these conditions for applications of the site-wide model at both large and small
scales.

e Spatial variability of recharge should be treated geostatistically to determine expect
values, spatial correlation, and estimated uncertainties.

5) With regard to collection of new data:

e The Panel believes that it is premature to initiate a campaign to collect new data. The
highest priority is to adopt a broader modeling framework that accepts conceptual model
uncertainty. Within this new framework the site-wide model would serve  an important
tool to help guide new data collection efforts. First, the degree of likely impacts of the
various sources of uncertainty can be assessed through analysis of all uncertainties
including those introduced by alternate conceptual models. Second, the worth of new



data for reducing costs and risks can be evaluated. Only then can the issue of additional
data collection be logically addressed.

The integration of the site-wide model with a geographic information system (GIS) is an
excellent me: to preserve the site datafore 1i ““ons at a variety of spatial scales. The
Panel recommends that both data-bases (original field measurements) and information-
bases (interpretations or interpolations) be maintained. For example, details in well Ic =~
found .. the data-base could be used to develop a geostatistical model for scales smalier
than that found in the interpreted hydrogeologic facies information-t .

The Panel recommends that the site-wide groundwater model be thought of as a flexible
and evolving platform for analyzing groundwater flow and contaminant transport. The
model itself must not be stagnant because, as more data are collected, it is likely that the
conceptual model of the groundwater system will change. In addition, new predictive
capabilities undoubtedly will be desired. The 2dopted model framework must be one in
which new concepts can be tested and enhanc 1ents readily included. It must have the
capability of being modified to test alternative conceptual models, reflect the most recent
consensus conceptual model, and address differing concerns regarding water resources
and water quality.







Anticipated Needs and Requirements -- To meet these anticipated uses, the SGM
needs to have the capability to interface with vadose-zone models of flow and
transport; risk assessment models; specialized, high-resolution, local-scale
simulation potentially involving reactive chemical processes, and perhaps more
sophisticated models of surface-water — groundwater interactions (both
hydrologically and chemically). Thus, the SGM must be applicable to different
problems involving a wide-range of processes and complexity. Furthermore, the
SGM must handle disparate spatial scales extending from local facility areas to
regional site-wide, and temporal scales ranging from less than 1 day to 10,000s of
years.

Alternative conceptual models a different constructs of the geometry of the model
domain, number and configuration of hydrogeologic units, hydrologic and chemical
stresses, initial conditions, boundary condition types and values, as well as processes
that control the behavior and response of groun -ater flow and contaminant
transport. Each alternative construct is a conceptual model.

Numerical implementation is the translation of a conceptual model into the input
data for a numerical code, C. .. 96.

A sub-model of the SGM is an application of the C. ... . 96 computer code in which
the spatial discretization is reduced in a sub-region of the area modeled in the SGM to
allow for the more precise definition of hydraulic and contaminant sources and sinks,
and/or to allow for the more accurate solution of the governing equations. The
hydraulic boundary conditions for the sub-model are calculated either explicitly or
implicitly from the SGM. A _ ‘cialized local model is the numerical
implementation of a conceptual model other than that used in the SGM to simulate
groundwater flow and contaminant transport in a sub-region of the area modeled in
the SGM. The hydraulic boundary conditions for a specialized local model are
calculated explicitly from the SGM. An example of a specialized local model would
be a reactive-chemical transport model developed to simulate chromium behavior in
vicinity of a reactive wall.



Review Comments on Questions Posed v PNNL to Panel

Question 1:

Is the conceptual model and technical capabilities embodied in the numerical
implementation of the proposed site-wide groundwater model adequate to meet the
anticipated needs, requirements and uses for the Hanford Site?

Given the broad anticipated needs, requirements, and uses as defined above, the Panel concludes
that the SGM is inadequate at this stage. No single model may be adequate for all of the
anticipated needs and uses.

Que-ti~= 2;

If not, what model refinements/modifications or alternative conceptual models should be
investigated to further improve the conceptual model and its numerical implementation to
meet the anticipated Hanford Site needs, requirements, and uses?

Conceptual Model

The modeling framework for the SGM does not acknowledge that the physical and chemicals
processes, internal 3D structure, flow and solute stress locations and magnitudes, 3D initial
conditions, 3D boundary conditions, field data, and model parameter values are not known and
cannot be known with certainty. Therefore, predictions of heads and concentrations in 3D over
time will be uncertain as well.

The Panel recommends that:

1. The concept of 1 tainty be acknowlec _ d and embraced from the outset. A new
modeling framework should be established that is stochastic rather than purely
deterministic. Both the expected valh  of ; and concentrat as well as the range
(distributi | of predictions should be products of the »del.

2. Each type of application of the SGM will have different requirements depending on the
consequence of uncertainty in predictions.

= v assess the relative importance of uncertainties due to alternative constructs of
processes, features, stresses, ¢ * parameter values, hypothesis testing and sensitivity
analysis can be used to evaluate the likely range of predictions.

* For cases in which the only significant source of uncertainty is the estimated model
par. ter values, then Monte Carlo analysis or first-order analysis of uncertainty on
the parameter values alone can be used to determine the expected value of the
prediction and its uncertainty.




If uncertainties due to alternate constructs are significant, then a full Monte Carlo
analysis is required to estimate the uncertainty of predictions.

Alternative conceptual models should be developed and investigated. Some examples

are:

The effects of larger-scale regional flow on the Hanford Site-Wide Groundwater
! del domain, including flow through the basalt, flow through faults and fractures,
and vertical flow through the lower boundary

Chem’ 1 processes in both the aqueous phase  d between solids and water

The existence of  nobile-domains 1 solute movement via diffusive mass-transfer
(kinetics)

Evapotranspiration (for example, at West Lake and other areas where the water table
is near the land surface or along the river)

The existence of non-aqueous phase liquids
Focused recharge

Boundary conditions and values (e.g., inflows and their consistency with stream flow
measurements, or impermeability of the lower boundary).

The importance of these and other conceptual model features must be evaluated before
assuming that uncertainty in hydraulic conductivity is the only source of uncertainty in
predictions.

Because these are just a few examples, the Panel believes that a priority item is to construct a
comprehensive list of alternative conceptual model ¢ 1ponents and assess each of their potential
impacts on predictive uncertainty. One method of assessment is hypothesis testing within the

fre

:work of the existing SGM. Tools that will aid in this hypothesis testing include water-

balance calculations, particle tracking, and sensitivity analysis. If these tools are inappropriate to
evaluate the impact of any particular source of uncertainty on predictions, then Monte Carlo
analysis is recommended.

Numerical Implementation

The recommended modifications and refinements of the numerical implementation include:

Model calibration

Representation of contaminant chemistry
Boundary conditions

Boundary fluxes

Recharge

Dispersivity (and mixing versus spreading)
Effective porosity versus specific yield
Storage coefficient values

Subscale spatial v___ bility

Representing diffusive mass-transfer










































