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Dear Mr. Bearzi: 

This letter transmits a draft revision of Section 3, Information Management and Interpretation of the 
Los Alamos National Laboratory Hydrogeologic Workplan (May 22, 1998). This Hydrogeologic 
Workplan revision is submitted in response to your request in a letter dated March 27, 2000 for 
information regarding groundwater modeling. Since the receipt of your letter, the form and content 
of this deliverable were discussed at two meetings. The first of these meetings took place as part of 
the Hydrogeologic Characterization Program Annual Meeting, held March 28-30. On March 30, the 
cognizant managers of Los Alamos National Laboratory, Department of Energy, and New Mexico 
Environment Department concurred that revised work plans would be completed for both the 
information management and modeling activities associated with implementing the Hydrogeologic 
Workplan. 

The second meeting on this subject took place on April 26 with representatives of Los Alamos 
National Laboratory, New Mexico Environment Department Hazardous and Radioactive Materials 
Bureau and Department of Energy Oversight Bureau, and Department of Energy Los Alamos Area 
Office. There was a consensus that this deliverable would be a revision to the existing Section 3 of 
the Hydrogeologic Workplan, rather than two "stand alone" workplans describing information 
management and modeling activities. This revised work plan section is intended to address concerns 
about the interface between data collection and modeling, the scope of modeling activities, and the 
schedule for completing this work. 

As requested in your letter and discussed in the previous meetings, this Section 3 revision is a draft 
for discussion purposes. We look forward to providing an overview of the revisions in this section 
and discussing any concerns or issues you and your staff may have with this draft at your 
convenience. Charlie Nylander will contact you to arrange a date and time for such a meeting. If 
you have any questions or concerns about this process, please contact Charlie Nylander at 665-4681. 
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3.0 INFORMATION MANAGEMENT AND INTERPRETATION 

This chapter ofthe Hydrologic Workplan is a revision of the May 22, 1998 original work plan. It 
provides a more detailed description the plans for archiving and managing new and existing field data, 
and for interpreting those data and other groundwater investigations through various mathematical 
models. The Laboratory understands that there is no substitute for validated field data in support of 
groundwater protection, and will continue to commit resources necessary to obtain, retain, and report 
those data. The Laboratory also recognizes that these data must be interpreted and analyzed in a 
systematic manner to understand the complex subsurface hydrology beneath the Laboratory to the extent 
necessary to ensure lasting protection of the groundwater. The Laboratory will continue to use the most 
appropriate mathematical models to assimilate and interpret field and experimental data, and will invest in 
field and bench-scale measurements as necessary to demonstrate the validity of those models. 

To ensure that sampling and analysis plans are appropriate for the needed data; that analytical data are valid and 
complete; and that validated data are correctly interpreted in the context of a comprehensive site-wide conceptual 
groundwater model, the Laboratory relies on the Groundwater Integration Team (GIT) and the External Advisory 
Group (EAG). The GIT includes earth science specialists from the major groundwater and environmental programs 
at the Laboratory; the EAG includes a similar group of subject-matter experts from outside of the Laboratory. 
Hydrogeologic Characterization Information Management. 

As a complement to the regional and aggregate-specific hydrogeologic characterization program, the May 
22, 1998 Hydrogeologic Workplan also described a series of activities had been identified in the DQO 
Process (See Section 1.3) as being required to better quantify key environmental processes. These 
activities are designed to reduce the uncertainty of hydrological and geochemical parameters that are 
utilized in long-term contaminant migration and risk calculations. All of these activities (described in the 
former Section 3.2) have been incorporated into the characterization program and the results will be 
accessible through the information management system and are being utilized in the modeling activities. 

3.1 Hydrogeologic Characterization Information Management 

Hydrologic and water quality investigations have been conducted at the Laboratory for 50 years. Much of 
the historic data are contained in various publications and reports, many of which are out of print or 
unobtainable. To avoid duplicating earlier work and to maximize the usefulness of both historic and new 
data, interpretation and analysis, the Laboratory is developing and implementing an information and 
management system for groundwater information. Ultimately, a single institutional database will 
incorporate data collected through the monitoring well installation project and subsequent groundwater 
monitoring, as well as subsurface data collected by the ER Project. In the interim, new and existing data 
will be managed in two locations, the Water Quality Database (WQDB) and the Environmental 
Restoration (ER) database (ERDB) being co-developed by the Water Quality and Hydrology Group and 
the ER Project. Because the two organizations are funded independently, and because they have different 
regulatory and administrative requirements and priorities, the WQDB and the ERDB development 
schedules are somewhat different. Nonetheless, the two databases are being developed with the objective 
of an ultimate convergence into a single comprehensive repository for validated or otherwise qualified 
water quality information. 

3.1.1 Water Quality Database 

The WQDB will provide a reliable means of storage and tracking of information related to the 
Hydrogeologic Workplan and overall Groundwater Protection Program. The scope of this project 
includes the following high-level objectives: 

• Develop a centralized database repository for groundwater data. 
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• Develop software applications that support business processes including but not limited to: data entry 
or import, data edit, data stewardship and QA/QC, data retrieval and analysis and report generation. 

• Provide web-based access to groundwater data for users internal and external to the Los Alamos 
National Laboratory (see Figure 3-1). 

Figure 3-2 presents the WQDB Gantt chart which illustrates the efforts that will be required to meet the 
current objectives for the WQDB project. Tasks, milestones, and schedule are estimated based on the 
best information available to date. The following notes apply to the schedule and milestones shown on 
the Gantt Chart (Figure 3-2): 

• Estimates have been provided through January, 2003. Additional system requirements and their 
associated tasks and staffing requirements cannot be reasonably estimated beyond that date at this 
time. This information management plan will be updated regularly. Additional information will be 
added as it becomes available. 

• "WQDB System Maintenance and Administration" represents the background effort required to 
maintain any enterprise information system including but not limited to: user account administration, 
system backups, data import, export and exchange between organizations, bug fixes, and minor 
system enhancements. 

• The system will be developed in an iterative, modular fashion. The modules that are scheduled to be 
in production prior to FY2000 are shown in this chart in summary form. In reality, there will be 
some overlap between each modular effort as project team members perform multiple tasks 
simultaneously. 

• The "Data Migration & Validation" task for each module refers primarily to data collected as a result 
of Hydrogeologic Workplan activities into the WQDB. Additional data will be included in this task 
when the data is readily available for migration & validation. 

• "Legacy Data Migration" tasks represent the effort required to inventory and physically locate legacy 
data sources for each WQDB system module, and to hand enter or programmatically import that data 
into the WQDB. This will include groundwater monitoring and surveillance program data, and 
alluvial and intermediate well data from the ER Project. 

• "GIS/Spatial WQDB User Interface" tasks represent a high-level summary of the effort that will be 
required to create a web-accessible geographic/spatial interface for accessing and analyzing WQDB 
data. This interface would be accessible to users internal and external to LANL. GIS technology is a 
specialty within information systems development. The technology is changing rapidly and for this 
reason, this section of the Gantt chart is based on the best estimates available today. Estimates will 
need revision closer to the start of this effort. 

3.1.2 ER Database 

The ER Project lifecycle schedule was finalized in FY 1999. It contains several thousand discrete 
activities that are prioritized according to a set of criteria established by the ER Project managers, their 
DOE counterparts, and the Adminstrative Authority. Activities related to information management were 
categorized as high priority, and development of the ERDB to relationally store analytical data with its 
correlated field data and physical data was initiated. The high-level objectives of the ERDB are: 

• A comprehensive electronic configuration management system for all information used to support 
risk-based corrective action decisions. 

• An integration of legacy data and newly-acquired data. 
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• A complete integration of analytical data, spatial data, and narrative information. 

• A set of standard data assessment, analysis and visualization tools. 

Among the first activities to be completed in support of the ERDB development is the qualification of 
"legacy" data, data that were collected, analyzed or documented according to unvalidated procedures. 
Parallel activities include development of a relational database architecture that can accommodate the 
multiple forms and types of information used by the ER Project to support risk-based decisions, and (of 
utmost importance) the development of configuration management and control procedures for obtaining, 
retaining and using all data, both old and new. As previously stated, ERDB development is being 
coordinated with WQDB development to ensure the ultimate merging of certain groundwater data into a 
single institutional system. 

The overall ER IIMS (of which the ERDB is a part) will incorporate results of mathematical models 
described in Section 3.3 of this chaper. It will include the data models used as a framework for 
groundwater flow and transport models as well as a description of the flow and transport models 
(assumptions, input, uncertainties, results, etc.) that are used as a basis for risk-based corrective-action 
decisions. 

WQDB System Architecture 

Internal <<<< FIREWALL >>>> External 

FORMS & REPORTS DATA DATA FORMS & REPORTS 
REPOSITORY 

Oracle Application Server 
& Oracle Reports Server Oracle RDBMS 

LANL 
INTERNAL 

USERS 

ER Project 
Data 

REPOSITORY 
Oracle Application Server 

Oracle RDBMS & Oracle Reports Server 
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USERS 

Figure 3-1 Water Quality Database System Architecture 
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3.2 HYDROGEOLOGIC WORK PLAN MODELING TASKS 

In implementing the Hydrogeologic Work Plan, the Laboratory is developing and using numerical models 
to simulate groundwater flow. These groundwater models are used to assimilate and interpret data 
collected through the installation of wells into the regional aquifer to refine the conceptual model 
regarding the basic processes ofthe groundwater system, described in Chapter 2 of this plan. These 
models are calibrated using geologic, hydrologic, hydraulic and geochemical data obtained from the 
regional-aquifer wells (and recovered core). Once calibrated, the models will be used to site and 
prioritize subsequent groundwater wells on the basis of data needed to improve the understanding of the 
groundwater system to the extent necessary to fulfill the objective of producing a site-wide 
characterization of the hydrogeologic setting beneath the Laboratory. Ultimately, the models will also be 
used to make logical decisions related to design of a groundwater monitoring network for institutional 
groundwater protection and the ER Project. 

Two categories of process-level groundwater models are being developed simultaneously- one for 
unsaturated groundwater flow in the vadose zone and another for saturated flow in the regional aquifer. In 
general, the vadose-zone models are being developed by the ER Project to support site-specific 
corrective-action decisions regarding legacy environmental contamination potentially within the 
groundwater. The regional aquifer model is being developed with programmatic funds to support the 
broader, site-wide hydrogeologic setting characterization. The vadose zone and regional aquifer process 
models will be coupled explicitly or through a simplified systems-level model, whichever method is 
appropriate to fully demonstrate the understanding of the hydrogeolgic setting necessary to meet the site
wide characterization objective ofthe Hydrogeologic Workplan. 

Thus, with respect to regional aquifer flow and transport modeling, the site-wide characterization of the 
hydrologic system will be judged sufficient with the provision of a quantitative three-dimensional 
representation of the groundwater flow in the regional aquifer (directions and velocities), and technically 
defensible estimates of the bounds of uncertainty for these results. In addition, representative particle 
pathlines and travel times for conservative tracers will be provided. By comparison, the ER Project may 
utilize the regional aquifer flow and transport model (process model for the saturated zone), in 
conjunction with the process level model for the vadose zone to demonstrate how much water will move 
how far, how fast, and in what direction from a given source to a specified receptor to support site
specific corrective action decisions. 

Figure 3-3 illustrates the interaction between modeling activities used in support of the Laboratory's 
hydrogeologic characterization program. The figure indicates that models are used to support decisions. 
Section 1. 7 describes the decisions that will be resolved in the context of the hydrogeologic 
characterization program. The Hydrogeologic Workplan decisions are related to, but are distinct from, 
the risk-based corrective actions undertaken by the ER Project, where a high-level decision is: 

Can enough contamination from a given source or group of sources be transported by 
groundwater in sufficiently high concentrations to an accessible body of water to result in 
significant risk to human or ecological receptors? 

If data and models cannot demonstrate an acceptably low risk due to contaminants in accessible water, 
then the ER Project continues the corrective action process until they can. The remainder of this section 
discusses the elements of the modeling program supporting the hydrogeologic characterization program. 
It also discusses, in the context of model input or model calibration, planned or potential activities to 
provide data necessary to strengthen aspects of these models. 
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3.2.2 Geologic Data Model 

The geologic data model is a three-dimensional (3-D) interpretation of the geology of the LANL region. 
A data model can be defined as a spatially continuous representation of a set of discrete factual 
measurements. In the case ofthe geologic data model, a limited set of measurements of the position and 
elevation of geologic contacts obtained from drill hole intersections and surface mapping are modeled to 
produce a continuous geologic surface representing the extent and regional variation of a geologic unit. 
The modeling is performed by developing a conceptual model of the geological processes in the region, 
applying geologic expertise, and using numerical procedures with the original measurements serving as 
control points. This process transforms a set of discrete data into a data model (i.e., a 3-D geologic 
surface) with continuity, extent, and regional variation. The final products ofthe geologic data model are 
often summarized as geologic maps, geologic cross-sections, or geologic predictions in areas lacking data. 
A complete representation of the geologic data model consists of numerical grids providing the predicted 
geology at all locations within the LANL region. Typical applications of the geologic data model include: 

• Visualizations (e.g., the hydrogeologic atlas); 
• Predictions (e.g., the geology at depth at any arbitrary location); and 
• Geologic frameworks for performing process-model calculations (e.g., groundwater and contaminant 

transport studies). 

The geologic data model is updated each year as new data are obtained. Each year, predictions are made 
for the expected geology at new drill holes. The geologic data model may be considered complete when 
the predictions at the new drill holes are sufficiently accurate for the purposes ofER and Hydrogeologic 
Characterization studies. 

The geologic data model exists at two scales: the LANL site (site-wide) and the Espanola basin (basin
wide). The two models differ in terms of resolution and in the amount and quality of the data support. 
The site-wide model is approximately 138 sq. miles and is currently developed at grid spacings of 50 and 
100 feet. The basin-wide model is approximately 2500 sq. miles and is developed at grid spacings of 1000 
feet (in state plane coordinates) and 250m (in stereographic coordinates). The two models serve different 
purposes. The basin-wide model is useful for investigating regional scale hydrologic processes, such as 
how ground water moves into and out of the LANL region. The site-wide model is useful for more 
detailed hydrologic studies, such as the movement of contaminants within a particular canyon or mesa 
region of the Laboratory. The basin-scale model is supported by detailed geologic data, including 
available well data, in the vicinity of LANL and by less detailed data elsewhere in the basin. The site
wide and basin-scale models are self-consistent in the vicinity ofLANL, excepting the details of vadose
zone stratigraphy (e.g., numerous subdivisions of the Bandelier Tuff) which are not relevant to the 
saturated zone flow calculations the basin-scale model supports. 

3.2.2.1 Geologic Data Model Input 

There are four primary elements used to construct the geologic data model: the source data, a conceptual 
model of geologic processes, application of geologic expertise, and numerical modeling. The source data 
consist of an extensive database of geologic contacts obtained from published geologic maps, LANL 
geologic fieldwork, and drill hole data. All of these data are converted to digital form and contain 
information on position, elevation, the overlying and underlying units at the contact, the type of 
measurement, and the reference for the measurement. The FY99 database for the site-wide geologic data 
model consists of almost 50,000 data values used to define approximately 30 geologic units. 

All of the data are subject to a qualification process. The data are stored in an Oracle-format database and 
can be accessed by location, unit, original source, and method of collection. The database ensures that all 
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data used in the modeling have a pedigree and that data are not lost or added without a formal procedure. 
The database facilitates comparing different data sources for consistency or systematic bias. The database 
also allows data inputs to be weighted according to uncertainty. Drill-hole data are given the highest level 
of confidence. In addition, the database is organized by fiscal year allowing the data support for any 
given year to be identified and providing a historical record of increasing knowledge of the geologic 
system. 

The modeling process incorporates a conceptual model of the geologic processes controlling the present
day distribution of geologic units. The conceptual model includes the tectonic (e.g., volcanism, faulting, 
etc.) and geomorphologic (e.g., alluvial fans, fossil rivers, etc.) events that influence the extent and 
variability of the geologic units. The conceptual model provides a basis for creating trends and 
characteristic features of the geologic units. For example, the thickness of an ash fall deposit derived 
from the Jemez caldera should be thickest near the source and should thin at increasing distance from the 
ancient volcano. 

Geological expertise is also used in the modeling of geologic data. For example, a part of the conceptual 
model includes a paleo-Rio Grande River that occurred to the west of the present-day Rio Grande River. 
The existence of a paleo-Rio Grande is supported by a variety of geological observations including the 
presence of deeply eroded canyons now filled with volcanic Tuff. Geological expertise is used to recreate 
the paleo-canyon system in the form of a map showing the depth and width of the canyon. This map is 
then used as an input to the geologic modeling process. The resulting geologic data model includes 
regions of significantly thickened volcanic Tuff deposits in the paleo-canyon region. 

Numerical methods are used in the final step of modeling the geologic data to produce a geometric 
surface representing the upper or lower surface of a geologic unit. There are several methods of 
producing this surface. The input data can be transformed into a triangulated surface (triangulated 
irregular network of nodes, TIN) or they can be gridded (a regular, rectangular network of nodes) by a 
variety of algorithms including inverse distance, kriging, nearest neighbor, etc. Early versions of the 
geologic data model were based on TINs. These surfaces accurately represented the source data, but were 
characterized by triangular facets that produced unrealistic, sharp breaks in slope. The current versions of 
the geologic data model are created using an Arc/Info gridding tool called Topogrid. This tool is capable 
of incorporating both point data and contour data. Topogrid creates a surface using an interpolation 
algorithm that is optimized for topographic surfaces. The resulting surface produced by Topogrid is 
forced to honor the data at established control points and contour lines. The surface is represented as a 
regular grid with 50 and 100 foot cells for the site-wide model and I 000 foot and 250 m cells for the 
basin-wide model. 

3.2.2.2 Geologic Data Model Output 

The geologic data models are stored electronically as a community resource at the Facility for 
Information Management Analysis and Display (FIMAD) at LANL. The location of the geologic models 
at FIMAD is intended to facilitate the use of a standardized representation of the site-wide and basin-wide 
geology. The models are organized by fiscal year, allowing users access to the most up-to-date models 
available. The geologic data models are stored at FIMAD in Arc/Info, Stratamodel, and binary grid 
formats. In addition, the Oracle database used as support for the models is available. 

Users can obtain the entire geologic data model from FIMAD. However, a more typical application 
involves a user request with technical assistance provided by the data stewards of the geologic data 
model. For example, a user may be interested in a small region within the modeled area or may be 
interested in only a subset of the modeled units. 
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The geologic data model is also available to the community in other formats including a hydrogeologic 
atlas and the World Wide Web. In addition, it is hoped that the availability of the geologic data model 
will facilitate collaborative research with other LANL institutions, universities, state agencies, stake 
holders, etc. 

The geologic data model provides a link between data collection and process models. For example, the 
groundwater model requires a representation of the geology of the region. The geologic data model 
incorporates the data collection and data analysis to produce a spatially continuous representation of the 
geology suitable for process modeling. Typically, however, the geologic data model is further processed 
in the numerical gridding step prior to incorporation in a process model. This additional step enhances the 
ability to perform calculations within the geologic framework. 

3.2.2.3 Geologic Data Modeling Schedule and Deliverables 

The geologic data model continues to improve each year as new data are acquired, as revised conceptual 
models are developed, and as project needs change. This past year (FY99) the 41

h version of the site-wide 
model and the 2nd version of the basin-wide model were developed. Both of these represented extensive 
modification of the previous year's model, including the addition of new geologic units and the expansion 
of the region of detailed geologic coverage. 

New geologic data are obtained during the course of each year. This includes new drill holes as well as 
new LANL mapping activities and new publications by other organizations (e.g., the USGS). The 
changes that may be expected from the new data range from minor adjustments of existing surfaces to 
significant changes of the conceptual model for a geologic unit. For example, new data from drill hole R-
31 modify the conceptual model for the Totavi Lentil. The existing geologic data model for the Totavi 
Lentil consists ofN-S trending axial troughs with a maximum thickness of 161 feet. The FY99 geologic 
data model predicts that R-31 is located within one ofthese troughs with a thickness of the Totavi Lentil 
of 82 feet. The actual measurement was a surprising 390 feet. The FY99 model correctly predicts the 
existence of the trough, but the conceptual model was such that a thickness in excess of 161 feet was not 
possible. The new data will require not only a modification in the region ofR-31, but it will require a 
revision of the conceptual model for the Totavi Lentil. The R-31 data indicate that the Totavi Lentil may 
be a more significant (i.e. thicker) aquifer unit than was previously understood. 

The conceptual model also evolves as new research is conducted in the LANL and Espanola basin 
regions. This is particularly true for the poorly exposed, deeper geologic units, which have little geologic 
control. New ideas can result in significantly different interpretations of the regional variations ofthese 
units. For example, age dates obtained for the older basalts have modified proposed correlations and 
changed the conceptual model for the distribution and extent of these units. 

Each year, the geologic data model is also improved in response to changing Groundwater Protection and 
ER project needs. For example, recent studies in the vadose zone emphasize a subunit of the upper 
Bandelier Tuff as a significant hydrologic unit. As a consequence, an explicit representation of this unit 
was created for the FY99 site-wide geologic data model. 

3.2.3 Geochemical Model 

Geochemical modeling will be conducted to interpret observed trends in groundwater chemistry, and 
understand and interpret water-rock and water-solute interactions occurring on a molecular scale (e.g., 
adsorption, precipitation, complexation), canyon-specific (mixing reactions), and Pajarito Plateau-wide 
scale (inverse modeling). In the context of hydrogeologic characterization, geochemical modeling 
generally will answer the following questions: 
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Where did the water (and contamination) come from? 
Where is the water (and contamination) going and how does its composition change along the 
groundwater-flow path(s)? 
What are the residence times of chemical constituents (and contamination) dissolved in groundwater? 

The preliminary conceptual model of geochemical processes in the groundwater is illustrated in Figure 3-
4. 

As geochemical data (e.g., basic water chemistry, mineralogical composition) and information are 
collected, analytical geochemical computer codes will be used to test and refine the conceptual model. 
High-precision and accurate analytical data are required to perform meaningful and relevant geochemical 
modeling simulations. Accurate analytical results for filtered (0.45 J.lmeter membranes) water samples are 
input to geochemical modeling. Charge balance errors for water chemical analyses used as model input 
should be less than ± 10 percent for the major cations and anions. Mineralogical characterization is 
essential in performing geochemical modeling simulations quantifying both mineral-solution equilibria 
and adsorption processes. Reactive minerals that may affect solute transport include clay minerals, ferric 
oxyhydroxide, calcium carbonate, and zeolites. Hydrologic characterization will provide important 
information regarding direction of groundwater flow paths and rate(s) of groundwater movement within 
alluvial, perched intermediate systems, and the regional aquifer. This information will serve as input to 
mixing and reaction path calculations to determine source(s) of recharge water and to quantify 
geochemical processes occurring along the flow path(s).Water chemistry data, collected through the ER 
Project, Laboratory surveillance programs, and the DOE Oversight Bureau, will be used as input to 
geochemical models. Multiple hypotheses shall be tested and revised as needed by using analytical 
geochemical models. 

The analytical computer codes that will be used to calculate geochemical reactions in groundwater 
include PHREEQC (PH-REdox-EQuilibrium-Equations) and MINTEQA2 [combination ofthe computer 
codes MINeql (MINEQL) and waTEQuilibrium (WATEQ4)]. PHREEQC was developed by the US 
Geological Survey in 1980 and has been significantly revised in 1995 and in 2000. PHREEQC performs a 
wide variety of aqueous geochemical calculations. These capabilities include speciation, mineral 
saturation index, mixing, evaporation, adsorption, oxidation-reduction, gas phase, solid solution, kinetic, 
and !-dimensional advective transport calculations. 

MINTEQA2 was developed by Pacific Northwest National Laboratory for the US Environmental 
Protection Agency in 1985 and has been recently revised in 1999. MINTEQA2 is a computer program 
that is designed to perform a wide variety of aqueous geochemical calculations. These capabilities include 
speciation, oxidation-reduction, mineral saturation index, and adsorption calculations. 

3.2.4 Groundwater Process Models 

A groundwater process model is defined as a suite of numerical simulations of subsurface flow and 
transport that examine the complex mechanisms of fluid flow and solute advection, dispersion, and 
chemical reaction to reproduce, through iterative model calibration, the available hydrologic, 
geochemical, and contaminant data for a site. In the initial phase of model development, usually started 
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while data needs are still high, we attempt to identify features and processes that, if left uncertain, are 
likely to result vastly different model predictions. Different conceptual models are likely to be explored in 
the early stages of model development. As data become available, models become more specific, and data 
sets from a variety of sources are used in the process of model calibration. When mature, the model 
should be able to reproduce a large, diverse data set and have a demonstrated track record of successful 
prediction of some aspect of the groundwater system, within an acceptable uncertainty range. Once this 
has been accomplished, the model is expected to be suitable for performing predictions of water flux, 
pathlines, and contaminant transport, albeit with uncertainties. These predictions will then be used to 
address the needs of the Hydrogeologic Workplan, primarily through two types of activities: 

As a characterization tool for understanding the groundwater system 
As the quantitative analysis tool for predicting contaminant concentration, transport velocity, and 
transport direction, information needed for risk assessment studies. 

The groundwater process models for the vadose zone and regional aquifer are implemented with the 
Finite Element Heat and Mass (FEHM) flow and transport code, which was developed at the Laboratory 
in support of the Yucca Mountain Project. FEHM is a two- or three-dimensional finite-element/finite
volume code suitable for simulating systems with complex geometries that arise when modeling 
subsurface flow and transport. In the unsaturated zone, the governing equations for flow are based on the 
principles of conservation of water and air, whereas in the regional aquifer, a one-phase system is 
assumed. Darcy's law is assumed to be valid for the momentum of the air and water phases in the 
unsaturated zone and for the water phase in the saturated zone. Contaminant transport and particle 
tracking modules are also available to perform simulations of the movement of natural chemicals present 
in the groundwater as well as contaminants. 
The development of a process model of a groundwater flow and transport and transport typically follows 
a logical progression that includes, at a minimum, the following steps: 

Development of a conceptual model of the flow and transport system; 
Compilation of relevant data and assessment of gaps in the information base; 
Construction of a numerical model from the conceptual model, including the development of a numerical 
grid and parameterization of the hydrologic property data; 
Simulation of flow and transport, and calibration of the model to the existing data; 
Incorporation of new data, and the revisiting of some or all of the previous steps in an iterative fashion, as 
necessary. 

This iterative process should continue until it is decided that the model is sufficient for its intended 
purpose. That purpose may be to synthesize large data sets from a variety of sources to provide a 
characterization and analysis tool. In this instance, the sufficiency of the model is determined by its 
usefulness in siting characterization wells, refining the conceptual model of the site, and predicting flow 
velocities and directions. When a model is used as a predictive tool for contaminant migration velocity 
and concentration, quantitative measures of model sufficiency are possible. In such a case, the results 
would be used in a risk assessment model that determines whether or not the uncertainty in model 
predictions, as determined in sensitivity analyses, is narrow enough (or risk is low enough) that further 
refinement of the model is unnecessary. In either case, the steps listed above are the process we go 
through to develop the model. 

3.2.4.1 Vadose Zone 

All vadose zone models, whether of canyon or mesa areas, operate under the same set of physical 
principles. The fundamental processes affecting water flow and solute transport in unsaturated porous 
media are capillary suction, gravity-driven flow, diffusion and dispersion. The main stratigraphic units 
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present in all vadose zone models on the Pajarito Plateau are the Bandelier Tuff, consisting of the 
Tshirege member, the Cerro Toledo interval, and the Otowi member, including the Guaje Pumice Bed. 
Beneath the Bandelier Tuff, the following geologic units may or may not be present in the vadose zone: 
the Puye formation, the Cerros del Rio basalts, the Tschicoma dacites, and the Santa Fe Group sediments. 
The Bandelier Tuff units are assumed to possess hydrologic properties that correlate to their stratigraphy. 
Many of these units, including the Otowi member, have high enough hydraulic conductivity and few 
enough fractures that the flow process is likely to be percolation through the rock matrix, rather than 
fracture flow. Some of the more welded units, and formations such as the Cerros del Rio basalts, are 
likely to exhibit fracture-dominated flow and transport. The exact sequence of stratigraphic units present 
at any location is a function of geographic location on the Plateau and whether the model consists of mesa 
tops or canyons. On most mesas, the Tshirege member is the first unit encountered, whereas in deep 
canyons such as Los Alamos canyon, the Otowi member or the Cerros del Rio basalt is present beneath 
the alluvium in the canyon bottom. 

The unsaturated-zone flow models are two- or three-dimensional representations of the hydrogeologic 
system at the location being modeled. The stratigraphic geometry used for the vadose zone models is 
derived from the LANL geologic data model described above. The data set is interpolated with the 
Stratagraphic Geocellular Modeling (SGM) Software (Stratamodel, Inc., Copyright 1994) to generate the 
three-dimensional geologic framework model. A two- or three-dimensional numerical grid is then 
generated with the Geomesh/X3D software or other grid generation tools being used at Los Alamos. 

3.2.4.1.1 Vadose Zone Flow and Transport Model Inputs 

In addition to the stratigraphy, other boundary conditions and hydrologic properties comprise the input of 
the vadose zone flow and transport models. Infiltration is a key input boundary condition for any vadose 
zone model, as it controls the subsurface moisture content and pore water velocity. Typically, we assume 
a steady state infiltration flux that represents an average over time, but can augment those models with 
more realistic simulations that use a time-varying input of high infiltration during relatively short periods 
(such as spring snowmelt and runoff or summer storm events) surrounded by long periods of low 
infiltration. The spatial distribution of infiltration is a critical element of these vadose zone models. In 
keeping with the conceptual model for vadose zone hydrology, high infiltration is present in the canyons, 
where surface water channels along the canyon bottoms, and low infiltration occurs on the mesas. Ideally, 
these estimates are based on independent measures that constrain the infiltration rate at a site. The most 
direct measurements for constraining infiltration rate are water budget studies of the surface and shallow 
subsurface systems. For example, the Los Alamos Canyon vadose zone model used a water budget study 
in Los Alamos Canyon as the basis for estimating the infiltration rate. Although the measurements 
represent "hard data" on water flow rate, the determination of infiltration rate in such a manner is 
approximate because the larger terms in the water budget, such as precipitation and ET, are uncertain and 
difficult to measure or estimate. Consequently, when estimating infiltration rate the uncertainty 
multiplies, as we are attempting to subtract two large, uncertain numbers to obtain the parameter of 
interest. Therefore, other data and methods, such as the chloride mass balance method, are used. The Area 
G performance assessment showed that this technique, which requires the determination of concentration 
of natural chemical constituents such as chloride ion, was useful for constraining infiltration rate in a 
mesa setting. Finally, the process of model calibration for the vadose zone provides a further constraint, in 
that the infiltration rate is a parameter that can be varied in the calibration process (see Section 3.3.4.1.2 
below on model outputs and calibration for details). 

The van Genuchten model is used to represent the moisture retention characteristic curves for the vadose
zone model. For most of the Bandelier Tuff units, core data from many samples have been measured and 
statistics have been obtained. Therefore, the parameters for the van Genuchten model (saturated 
permeability, porosity, inverse air entry pressure, etc.) are fairly well characterized for the Bandelier Tuff 
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units but not for the deeper units including the basalts and sedimentary units. In these units, estimates 
have been made based on analogies to other soils and rocks of similar characteristics. For example, 
estimated values for the saturated conductivity and porosity of the Puye Conglomerate are used, and we 
assume that the van Genuchten fitting parameters are similar to those of coarse sand. In addition, the 
model calibration process is employed to constrain the range of possible parameters. Hydrologic property 
data has not been available for the basalts until very recently, but they are modeled as an equivalent 
continuum medium made up of both fractures and matrix material. Since the matrix permeability is likely 
to be too low to transmit fluid at infiltration rates present in the canyons, fracture flow is probably the 
flow mechanism. 

At later stages in the development of the models, transport data are brought in to further constrain the 
range of conditions consistent with the data. In addition to the pore-water chemical analyses mentioned 
above, the concentration and travel distance of Laboratory introduced contaminants are simulated and 
compared for consistency with the measured data. The method for including a contaminant input to a 
model depends on the nature of the data associated with the source. For example, the Los Alamos Canyon 
alluvial aquifer wells have been sampled quarterly for many years, and therefore a direct measurement of 
concentration versus time for contaminants such as tritium are available for the infiltrating fluid. In other 
instances, more approximate bounding estimates must be made. 

3.2.4.1.2 Vadose Zone Flow and Transport Model Outputs and Calibration 

To calibrate a vadose zone model, spatially varying infiltration rates are used to calculate steady-state 
fluid saturation within the simulated region. Calculated water content is then compared to site field data. 
This is probably the most sensitive calibration data set available for vadose zone models. The infiltration 
rate that best produces the best fit to measured moisture content is then used. This approach is best used 
in units for which abundant moisture retention data are available, such as the Otowi member of the 
Bandelier Tuff. For these units, the moisture retention curve is known to an acceptable accuracy, and by 
varying the infiltration rate within the uncertainty range based on outside estimates, the best fit to the 
water content data can be made. For units with a wide range of possible moisture retention curves the 
calibration process is not as reliable. As mentioned earlier, the infiltration rate can be constrained by 
water budget studies and geochemical measurements. Generally, the water budget studies are most 
applicable for canyons, whereas the chloride mass balance or other geochemical indicators are suitable for 
mesas. For the geochemical method, it is assumed that fluid with a known chloride concentration 
becomes concentrated in the soil zone due to ET processes. A simple inverse relationship exists between 
ET rate and concentration, so that measurements of chloride ion concentration can be used to estimate 
infiltration rate. Various estimates for mesa settings on the Plateau have typically ranged from near 0 to 
about 1 mm/y, in contrast to the water budget based estimates for Los Alamos Canyon of 200-1000 
mm/y. This difference gives rise to much higher water contents in wells drilled in the canyons. The 
vadose zone modeling captures this result through calibration to the water content data. 

A secondary calibration target is the travel times and concentrations of contaminants. The data set is not 
nearly as comprehensive as the water content data, so the object of this modeling is to ensure consistency 
of model and data, rather than carry out a formal calibration exercise. To perform these calculations, a 
spatially varying source term concentration or mass flux versus time is input to the model, and 
concentration is simulated from the initial contaminant releases to the time of sampling. Future 
simulations are also performed to provide a forward prediction that can then be checked against data 
collected in existing or future wells. 
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3.2.4.2 Regional Aquifer 

The numerical model of the regional aquifer will characterize the flow direction and velocity of 
groundwater in the saturated zone underlying the Pajarito Plateau. It will serve as the primary mechanism 
by which our conceptual model of saturated flow and transport will be updated and tested as new data 
from the deep wells are collected. The previously stated objective is for this model is to provide estimates 
of the "most probable" flow directions and velocities as well as quantitative measures of the uncertainty 
associated with these estimates. As new data are collected in from the regional aquifer wells, it is 
expected that the uncertainties in modeling estimates will grow smaller, and the predictive value of the 
model will increase. By tracking the reduction of model uncertainty over time, the Laboratory can make 
decisions about the relative value of various types of data collection activities, and demonstrate a 
predictive capability that would be available for contaminant transport simulations in the future. 

The regional aquifer model is a 3-D finite difference model constructed using the FEHM flow and 
transport code. Since it is impossible to characterize flow directions and velocities beneath the site 
without understanding fluxes into and out of the "local" aquifer from the regional flow system, the 
Laboratory has extended the boundaries of the regional aquifer model beyond the Laboratory. To achieve 
the best possible constraints on the total water balance for the model, the Laboratory has selected model 
boundaries that coincide with the nearest real hydrologic boundaries, along the margins of the Espanola 
Basin. A typical disadvantage of "regional" approaches is insufficient grid resolution at the area of 
interest (in this case, the Laboratory). However, by using selective grid refinement to increase resolution 
on the Pajarito Plateau and by taking advantage of high-performance computing facilities at the 
Laboratory, the ability exists to run flow and transport models at the basin scale and still achieve high 
resolution near the site. 

3.2.4.2.1 Regional Aquifer Flow Model Inputs 

The three most important inputs to the regional aquifer flow model are 1) 3-D distribution of permeability 
(K) and storage parameters (S) for aquifer materials, 2) 2-D distribution of fluxes input to the model at 
the water table (recharge), and 3) rates of withdrawals from wells (municipal pumping). Excellent 
records maintained by the Laboratory for all municipal wells within the Los Alamos County, allow the 
specification of the withdrawal rates accurately. Aquifer characteristics (K and S) and recharge rates are 
associated with much more uncertainty. Aquifer characteristics are uncertain both because of sparse data 
and because, strictly speaking, they are estimated (not measured) are consequently subject to interpretive 
errors (such as non-deal behavior during pump tests) and scale dependency. 

In particular, permeability values are difficult to estimate because of heterogeneity and scale effects. 
Heterogeneity is clearly important in the regional aquifer; analysis of permeability data from existing 
wells has demonstrated large variability within single stratigraphic units. As pump tests are conducted in 
new R wells, the Laboratory's ability to characterize this variability will improve. However, it is likely 
that variations also occur on a much finer scale than can be detected using pump-tests in relatively widely 
spaced R- wells. For this reason, the Laboratory is developing a hydrofacies model that will address 
permeability heterogeneity within stratigraphic units, including variations at scales smaller than well 
spacing. Scaling issues are also important to consider. Pump tests and bench-scale tests on core produce 
permeability estimates for small portions of the aquifer, typically smaller than a grid block in a numerical 
model. Upscaling these estimates to larger portions of the aquifer is necessary for predicting site-scale 
flow directions and velocities. The Labortory's approach to this problem is to gather hydraulic 
conductivity estimates at a variety of scales, including bench-scale (core), field scale (pump tests), and 
inverse methods, using groundwater flow models. Inverse techniques are useful for obtaining estimates 
of large-scale, average properties of the aquifer because they rely on water level data gathered at the site-
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scale. Inverse methods are only appropriate, however, if other model sensitivity to other influences on 
hydraulic gradients (e.g. recharge rates) is well understood. 

The Laboratory is using multiple methods to estimate recharge rates. The Laboratory's water budget 
analyses, including detailed analysis of streamflow gains along the Rio Grande, provide reasonable 
bounds on the total amount of water that enters the aquifer at the water table. To distribute this water 
spatially, we use a modified Maxy-Eaken method based on precipitation and elevation data. In the future, 
the Laboratory plans to investigate sensitivity to assumptions about focused recharge beneath canyons by 
incorporating results of a water budget study of Los Alamos Canyon, and results from ongoing studies of 
the vadose zone. 

3.2.4.2.2 Regional Aquifer Flow Model Outputs and Calibration 

The most important outputs from the regional aquifer flow model are 1) 3-D distribution of heads, 2) 
fluxes to the Rio Grande, and 3) pathways and velocities for hypothetical particles within the aquifer. In 
the near future, we will be also be providing a quantitative measure of the uncertainty of model estimates 
of pathways and velocities. This measure will include factors such as parameter uncertainty, model non
uniqueness, and numerical errors. This measure is intended to help stakeholders interpret model results 
and to track the progress of modeling activities. 

During the process of model calibration, the modelers search for parameter combinations (K, S, and 
recharge rates) that maximize the agreement between model predictions (water levels and outflows) and 
available observations. Only parameters that fall within data-defined ranges are allowable. One possible 
outcome of this process is for multiple combinations of parameters to produce equally well-calibrated 
models. This model non-uniqueness, caused by parameter uncertainty, can be used to prioritize data 
collection activities to reduce the critical uncertainties. Another possible outcome is that no combination 
of parameters will produce a reasonable calibration. After eliminating possibilities such as numerical 
errors, grid resolution, etc. this type of calibration result can be used to identify errors in our conceptual 
model, such as incorrect assumptions about fault zones or locations of focused recharge. In practice, most 
calibration results will contain elements of both non-uniqueness and conceptual model error. 

The goal of calibration, therefore, is not to manipulate model parameters and boundary conditions in 
unrealistic ways (if necessary) to force the model output to be perfectly consistent with available data. 
Instead, the goal is to use the predicted/observed comparisons as means to refine the Laboratory's 
conceptual model, and as measures of the adequacy of the characterization of the regional aquifer. In this 
way, the model serves as useful feedback to data collection activities and as one way to quantitatively 
measure of the progress of the aquifer characterization program. 

3.2.4.2.3 Regional Aquifer Transport Modeling 

Another important source of data that can improve our understanding of the regional aquifer is tracers. 
As an additional check on the adequacy of our conceptual model, the Laboratory will perform transport 
simulations for the regional aquifer to compare predicted and observed concentrations of tracers. 
Available tracer data CH, 1 8 0, 14C) are sparse, but collectively may serve as important tests for the 
regional aquifer model performance. To supplement these tracer data, the Laboratory is also developing 
techniques to use reactive solutes (e.g. Cl, Na, HC03), in combination with a petrographic data on aquifer 
mineralogy, as another check on flow model performance. 

In addition to the model parameters mentioned in the sections above, porosity and dispersivity are two 
parameters that are critical to transport simulations. The Laboratory expects one benefit of tracer 
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transport simulations to be improved understanding of porosity and dispersion characteristics of the 
aquifer. 

Currently, the two primary measures of regional model performance are 1) ability to predict observed 
water levels (both historic and present-day) and 2) ability to predict observed aquifer outflows to the Rio 
Grande. Our validation data set includes water levels from over two-hundred wells (basin-wide) and 
approximately thirty wells on or near the site. For transient simulations, we compare predicted and 
observed annual water levels for approximately 30 wells for 50 years of record. To evaluate outflow 
predictions, we use 50+ years of annual streamflow records for gages in the vicinity of LANL. In the 
near future, a third measure of performance will be added: consistency with available tracer data (via 
transport simulations). A fourth area of model performance, consistency of model parameters with 
available data, is guaranteed by our parameterization methodology. All four of these performance 
measures are documented in detail in annual milestone reports. 

3.2.4.2.4 Coupled Systems Model 

The groundwater process models described in the previous subsections are being used to examine the 
detailed physical and chemical aspects of groundwater flow and contaminant transport. The complexity of 
the models makes their use resource-intensive, and their specificity makes them of limited use. In certain 
cases, systems-level models are used, which incorporate in a simplified manner the dominant physical and 
chemical processes understood through multiple process models. The Laboratory is developing a 
groundwater systems model that will couple surface water infiltration with vadose zone and regional 
aquifer flow and transport processes. The model will be an implementation of the GoldSim computer 
program. GoldSim is the latest version of the Repository Integration Program (RIP), which was developed 
by Golder and Associates, Inc. in support of the Yucca Mountain Project. It is a probabilistic program, 
making it a useful tool for incorporating either varying or uncertain input parameters in the conceptual site 
model. GoldSim can also be used to calculate the probability of human-health risks based on contaminant 
transport in groundwater, and is a convenient framework for incorporating uncertainties in conceptual 
exposure models addressing contaminant accessibility. It will be used in this manner to the extent 
appropriate to support risk-based corrective-action decisions for groundwater contamination. 

GoldSim is a 1-D model, which is a significant simplification ofthe 2- and 3-D FEHM models described 
in the previous subsections. GoldSim is calibrated in the same manner as process-level models, using both 
data and process-model output results as benchmarks. Generally speaking, GoldSim requires the same 
input and boundary conditions described for process-level groundwater models. However, these 
parameters are represented as probability distributions rather than discrete (deterministic) values. 
Uncertain events (such as climate change or fault-related hydrologic changes) or alternative conceptual site 
models can be addressed relatively easily using this model. In addition, multiple contaminant sources can 
be integrated, allowing the assessment of cumulative effects. 

The output of GoldSim is similar to the process-level models, but the quantities of interest (such as 
contaminant concentration or arrival time) are represented as a probability distribution of multiple possible 
values with different probabilities of occurrence rather than a single definite value. As indicated in the 
previous paragraph, GoldSim also calculates risk figures-of-merit, again as a probability distribution. The 
ER Project will work with the Administrative Authority to determine acceptable confidence levels before 
using GoldSim to support risk-based corrective-action decisions for groundwater contamination. 
Confidence intervals are required to determine the need for remedial actions, and to evaluate effective 
remediation techniques. It is anticipated that required confidence intervals will be commensurate with the 
risk indicated by data and model results. 
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3.2.4.4 Groundwater Flow and Transport Modeling Schedule and Deliverables 

The modeling activities are expected to evolve over the course of five years from model development to 
model use (predictions). Interconnected process modeling will extend from source to potential receptor. 
Table 3-4 shows the approximate schedule, subject to change, for completing the groundwater flow and 
contaminant transport models used in support of the site-wide hydrologic characterization program. 
Descriptions of milestones for the regional aquifer modeling are provided to enhance the schedule shown 
in Table 3-4. The regional aquifer modeling milestones are directly related to the hydrogeologic 
characterization effort described in this Hydrogeologic Workplan. The schedule for vadose zone 
modeling (Table 3-4) is driven in large part by the ER Project, which is subject to change on an annual 
basis as work is prioritized and ranked. 

Table 3-4: Approximate Schedule for Numerical Modeling Tasks 
Model FY99 .FYOO FYOl FY02 FY03 
Vadose Develop LA Update LA Develop Link canyon and Evaluate models 
Zone Canyon model Canyon model Mortandad MDA models to with new data; 

Canyon model regional model update models as 
Update MDA G Complete MDA L necessary 
model model Evaluate models Evaluate models 

with new data; with new data; Couple 
Complete MDA Initiate TA-16 update models as update models as contaminant 
AB model model necessary necessary transport results 

with to regional-
Determine Develop approach Refine TA-16 Apply canyons aquifer model 
approach for for infiltration model model to priority 
intermediate model aggregates 
saturated zone 
model ApplyMDA 

model to priority 
MD As 

Regional On annual basis: 
Aquifer 1. Recalibrate regional model using new data collected during drilling 

2. Use model/data comparisons to re-evaluate conceptual model 
3. Provide modeling support to well siting decisions 
4. Provide contaminant transport simulations, if requested, to address unexpected issues of concern 
Preliminary Incorporate water Implement probabilistic capabilities; Evaluate future 
steady-state and chemistry data in Determine impact of local recharge on water quality and 
transient model flow calibration; pathways and travel times quantity in 
development develop facies 

Design two-well Evaluate tracer 
regional aquifer 

and calibration model for 
permeability forced-gradient test data; 

heterogeneity 
tracer test incorporate results 

into model 
Coupled Abstract MDA Abstract MDA G Complete Couple abstracted Calculate 
System G process andMDA L sensitivity and regional aquifer cumulative plume 

models to RIP (mesa) process uncertainty model into impacts for 
models into analysis of GoldSim canyon priority aggregates 
GoldSim GoldSim mesa and mesa models using GoldSim 

model 
Complete 

Abstract LA sensitivity and 
Canyon and uncertainty 
Mortandad analysis of 
(canyon) vadose coupled GoldSim 
zone model into model 
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Table 3-4: Approximate Schedule for Numerical Modeling Tasks 
Model FY99 FYOO FYOl FY02 FY03 

GoldSim 

Complete 
sensitivity and 
uncertainty 
analysis of 
GoldSim canyon 
model 

Model FY04 FY05 FY06 
Vadose 
Zone 
Regional Final model update/calibration; 
Aquifer pathway analysis 

Preliminary monitoring well network design 

Coupled 
System 

The regional aquifer modeling milestones for each fiscal year are: 

• FY98- 00: Preliminary data consolidation, model development and calibration. Emphasis on 
regional {low directions and {luxes 

1. Create preliminary numerical simulation model of regional aquifer system, calibrate to historical 
data (predevelopment water levels, fluxes, transient water levels, and available geochemical tracer 
data) 
2. Incorporate new data from drilling program 
3. Provide quantitative representation of conceptual model of flow and transport in the regional 
aquifer so that hypotheses concerning flow directions, recharge, travel times, and aquifer 
heterogeneity can be tested and refined as new data is collected. It is critical that our conceptual 
model be rigorously tested in these early years, so that new data collected is not "forced" into an 
obsolescent/inappropriate conceptual model. 
4. Provide feedback to data collection activities so that top priority is given to those activities that 
will reduce uncertainty in our conceptual and numerical models. 

• FYOl: Implement probabilistic predictive capabilities within regional aquifer model; assess 
relative benefit of future data to reducing model uncertainty. 

1. Complete facies-based model of aquifer permeability within the Puye Formation and Santa Fe 
Group, conditioned to all available permeability data within these units in the regional aquifer. 
Methodology will be developed for rapid integration of new data as they become available. 
2. Using numerous realizations of the facies models, generate probability distributions of key model 
predictions (travel times, flow directions) 
3. Use sensitivity analyses to evaluate relative benefit of potential data collection to reducing 
uncertainty in model predictions. 
4. Design 2-well forced-gradient tracer-test experiment 
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• FY02: Impact of local recharge through canyon bottoms and/or fault zones on groundwater 
quality and flow directions, emphasis on local perturbations o{groundwater flow field 

1. Examine in detail potential effects of fault zones on the Pajarito Plateau on the hydrogeologic 
system, including at minimum data collected near the Pajarito Fault Zone (R-24, R-25) and the 
Rendija Canyon and Guaje Mountain Fault Zones (R2 and R3). 
2. Link output of Canyons Models (Los Alamos Canyon, Mortendad Canyon) to input of regional 
aquifer model through the water table boundary condition. Examine, in detail, effect of local 
recharge on fine-scale flow directions and travel times in the most shallow layers of the regional 
aquifer. 
3. Interpret tracer-test experiment data, incorporate results into regional model. 

• FY03. Evaluation of future water quality and quantity in the regional aquifer, assuming 
various pumping scenarios. 

1. Define zones of capture for each existing water supply well on the Pajarito Plateau 
2. Using historical water level decline data, calibrate transient flow model and predict future water 
level declines under various pumping scenarios. 
3. Using available water chemistry data, assess possible changes in water quality due to pumping in 
the future. 

• FY04/5: Final model update/calibration, pathway and uncertainty analysis, monitoring well 
network design 

1. Incorporate all final data collected during well drilling 
2. Recalibrate model, estimate full 3-D flow field, compare to results of previous years. 
3. Calculate "final" sensitivity analyses to generate confidence intervals for all simulated flow 
directions and velocities. 
4. Support design process for monitoring well network, using model predictions of potential site
wide contaminant migration in the regional aquifer. 

• FY06: Prepare final report, including (at minimum) 

1. A quantitative three-dimensional representation of groundwater flow in the regional aquifer 
(directions and velocities) and illustrate representative particle pathlines and travel times for 
conservative tracers. 
2. Full documentation of all model assumptions and sources of data for model parameterization. 
3. Technically defensible estimates of the bounds of uncertainty that accompany these model results. 

3.3 Annual Groundwater Status Summary Reports 

An annual report will be prepared by the Laboratory summarizing the status of groundwater 
characterization activities. The report will be due to NMED by January 151

h, covering the activities of the 
previous Fiscal Year. The document will focus on two primary topics. 

Results ofthe comprehensive analysis of data from the preceding Fiscal Year's characterization activities 
that add to the understanding of the conceptual and quantitative hydrogeologic framework. 

Based on the results, identification of changes to the conceptual framework (i.e., locations of future wells 
and modeling to be performed) for characterizing the hydrogeologic system underlying the Laboratory. 
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Production of the annual status report will be the responsibility of the Laboratory's Water Quality and 
Hydrology Group (ESH-18), with major contributions from the GIT. The team will summarize key 
hydrogeologic findings and activities of the Environmental Surveillance Program, ER Project, Waste 
Management Program, Seismic Hazards Project, Water Supply Utilities Program, and NEPA related 
activities. 
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