4. IMPLICATIONS FOR AN INTEGRATED CONCEPTUAL MODEL
OF aquifer flow and transport in THE INEEL SUBREGION

The preceding discussion of subregional and facility-scale conceptual models of flow and transport identifies those features of conceptual-model components that are critical to the subregional migration of INEEL-derived contaminants. The following sections summarize the range and maturity of hypotheses associated with these components.

4.1 Geohydrologic Framework

Several components of the geohydrologic framework within the INEEL subregion provide alternative hypotheses that warrant further investigation. These components include the geometry of the SRPA, structural orientation of geohydrologic units, and other structural/volcanic features.

4.1.1 Aquifer Geometry

The USGS conceptual model groups the complex basalt stratigraphy of the ESRP into three hydrogeologic units: 1) unit 1 consists of many thin, fractured basalt flows and interbedded sediments that lie below the water table in the central part of the INEEL subregion and range in thickness from 0 to perhaps as much as 300 ft; 2) unit 2 underlies unit 1 and consists of thick, dense basalt flows and interbedded sediments. Unit 2 rises above the water table in the southwestern part of the INEEL subregion; and 3) unit 3, consisting of slightly altered basalts interbedded with sediments of intermediate age, is saturated throughout the INEEL subregion and represents the thickest part of the aquifer. The base of unit 3 may exceed 2,500 ft bls in the eastern part of the subregion and more than 4,000 ft in the southwestern part, based on electrical resistivity and borehole data.

The initial WAG-10 conceptual model uses hydrogeologic units similar to those of the USGS. An upper fractured basalt is equivalent to the USGS unit 1. Composite layer 7 is equivalent to USGS unit 2. Composite layer 7 intersects the water table south of the INEEL. The WAG-10 model uses two interpretations of aquifer thickness based on temperature, geophysical, and borehole data. The “thick” aquifer interpretation includes a north-trending zone exceeding 1,300 ft in thickness. The thin aquifer interpretation assumes that the aquifer gradually thickens toward the center of the plain from a thickness of 328 ft or less along the northwest to a maximum of 1,300 ft. Other layers, including the HI interbed, are being considered for inclusion in subsequent revisions to the WAG-10 conceptual model.

The thickness of the aquifer used in most WAG modeling efforts is 250 ft. This thickness is typical of the upper geohydrologic unit in the two subregional conceptual models.

4.1.2 Structural Orientation of Geohydrologic Units

The USGS conceptual model hypothesizes that the intersection of Unit 2 with the water table south of the INEEL forces groundwater flow paths and contaminants to move downward. This hypothesis is based on limited data and requires additional information about geology, chemistry, vertical gradient profiles, and head distribution in that area.

The WAG-10 conceptual model is in agreement concerning the probable intersection of the inferred low-permeability basalts south of the INEEL; however, this intersection is not hypothesized to force downward flow. Again, this divergence of hypotheses is based on limited data.

The individual WAGs are sufficiently distant from the probable intersection of inferred low‑permeability basalts with the water table south of the INEEL. Facility-specific conceptual models generally are restricted to the upper geohydrologic unit of the subregional conceptual models.

4.1.3 Other Structural/Volcanic Features
The USGS conceptualizes that large-scale fractures in rift zones perpendicular to the axis of the ESRP may result in anisotropy over broad areas. The largest range of hydraulic conductivity occurs in volcanic rift zones with many aligned vents and fissures. Volcanic features related to individual dike systems within these rift zones are approximated in the subsurface by vent corridors. Vent corridors at and near the INEEL generally are perpendicular to groundwater flow and average about 1 to 2 mi in width and 5 to 15 mi in length. Forty-five vent corridors are inferred to be beneath the INEEL and adjacent areas. Features associated with these vent corridors may provide localized, preferential pathways for groundwater flow or may even impede flow.

The WAG 10 conceptual model observes that northwest-oriented major faults and rift zones are perpendicular to the ESRP axis and may locally influence the direction of groundwater flow, creating local anisotropy. The effect of vent corridors on facility-scale flow and contaminant transport has not been evaluated.

4.2 Bulk Hydraulic Properties

The subregional and facility-scale conceptual models of flow and transport agree that the SRPA is characterized by a large range in hydraulic conductivity. This range is attributed to the complex stratigraphic sequence, heterogeneities in distributions of fractures and sedimentary interbeds, and the effect of the many vent corridors across the subregion. These heterogeneities may affect horizontal dispersion of contaminants. The subregional conceptual models all infer a correlation between the increases in the cumulative thickness of sedimentary interbeds associated with the Big Lost Trough and low aquifer transmissivity. This correlation may affect the subregional distribution and migration of contaminants.

The USGS conceptual model notes that the hydraulic conductivity of the SRPA at and near the INEEL ranges from about 1.0 ( 10-2 to 3.2 ( 104 ft/day. This six-order of magnitude range of hydraulic conductivity was estimated from single-well tests in 114 wells, and is attributed mainly to the physical characteristics and distribution of basalt flows and dikes. Bulk hydraulic conductivity of the fractured basalt of unit 1 ranges from about 0.01 to 32,000 ft/day. Estimates greater than 100 ft/day are principally associated with interflow zones of thin flows. Smaller estimates probably are associated with localized dikes or dike swarms. Estimates of the bulk hydraulic conductivity for dense basalt of unit 2 at the INEEL range from about 0.01 to 800 ft/day. The average hydraulic conductivity of unit-3 basalts probably is about one order of magnitude smaller than that of younger basalts. The present USGS conceptual model suggests that water in the upper part of the aquifer generally moves horizontally at the INEEL and that vertical flow is impeded by the horizontal and subhorizontal layering of basalt.

WAG-10 researchers use the same data set for aquifer transmissivity as USGS researchers. However, distributions of hydraulic conductivity are not presented in the current version of the WAG-10 conceptual model. Average values for each unit at the subregional scale have not been estimated because of heterogeneity (even at the large scale) and because of the potential to assign misleading mean property values.

Transmissivities and hydraulic conductivity estimates used by individual WAGs were obtained from the same data sets used by subregional researchers. These estimates are consistent with the six-order range of magnitude of hydraulic conductivity. The WAG-3 vadose zone models assume that the ratio of vertical to horizontal permeability is 1 to 300. Similarly, the WAG-3 aquifer model assumes that horizontal flow dominates because of the layered nature of the basalt aquifer.

In the current USGS subregional conceptual model, the effective porosity of fractured basalt is estimated to range from 5 to 25%. The porosity of dense basalt probably is at the lower end of this range.
The storage coefficient used in numerical analyses for individual WAGs is less than the storage coefficient assumed in subregional conceptual models. Effective porosity of the SRPA beneath TAN was estimated, through model calibration to the tritium plume and through inverse modeling of pumping test results, to be about 3%, approximately half of what has been estimated during a similar, large-scale characterization effort at the INEEL. The effective porosity used by WAG 3 was estimated using inverse modeling techniques and contaminant distribution data as 3 to 5%. Wag-7 modelers have used estimates of effective porosity ranging from 1 to 5%.
4.3 Sources of Recharge and Discharge

Subregional underflow estimates are consistent largely because they are indirectly calculated using similar gradient and aquifer property information. Outflow estimates south of the INEEL are based on limited head information. Flow across the base of the aquifer is acknowledged by subregional researchers to be relatively small. This potential source of recharge/discharge probably does not affect subregional or WAG-specific flow and contaminant transport.

The USGS conceptual model estimates that areal recharge from precipitation is 0.02 to 0.04 ft/year with a maximum recharge contribution of about 70 ft3/s over the entire subregion. The net effect of recharge from precipitation is probably very small when compared to other sources of inflow and is a less important consideration than more concentrated sources such as streamflow infiltration. The WAG-10 conceptual model uses similar estimates for areal recharge and suggests that direct precipitation on the plain locally recharges the aquifer to a limited degree, particularly when snow melts rapidly in the spring.

Large volumes of water have been recharged historically to the SRPA in response to episodic runoff from the Big Lost River drainage basin. Recharge has occurred along the channel of the Big Lost River and in the INEEL spreading areas near sources of INEEL-derived contaminants. This source of large episodic recharge has locally affected hydrologic conditions in the vadose zone and aquifer. However, the effect of this recharge on contaminant transport is not well understood. The USGS tracer test conducted in the INEEL spreading areas in 1999 demonstrated that rapid, lateral flow can occur in the vadose zone in response to episodic recharge. Subregional and WAG-specific studies (in proximity to episodic effects of streamflow recharge) recognize that more information is required to adequately assess the effects of episodic recharge on flow and contaminant migration.

Wastewater disposal from INEEL facilities does not noticeably impact subregional flow, but does affect the subregional distribution of conservative contaminants. At the facility scale, pumpage withdrawals have locally affected horizontal and vertical distributions of contaminants in the SRPA.

Geochemistry

Geochemical data indicate that preferential flow may occur in the SRPA at the INEEL. These preferential flow paths are not easily identified with existing head information. The vertical distribution of contaminants in the aquifer is dependent on vertical permeability. Although most of the contaminant inventory in the aquifer is implied by subregional conceptual models to remain in the upper, more permeable sections, this implication is based on limited data. Additional geochemical data are needed to better characterize preferential flow and deep circulation of flow and contaminants.

4.4 Contaminant Characteristics

Although the hydrologic characteristics of the INEEL system will largely control the fate of contaminants in terms of their final location and concentration, the source of contaminants and contaminant entry into the aqueous system are not well understood. The vast majority of work conducted at the INEEL over the last 5 decades has been related to the geology and hydrology of the natural system, as reflected in this report. Relatively little study has been conducted to describe the specific contaminant‑water-rock interactions that are known to occur. WAG-specific studies, with a few exceptions, rely on generalized knowledge of chemical behavior. Little site-specific data regarding contaminant chemical forms, mechanisms of release, and chemical speciation, adsorption, complexation, etc. has been incorporated into INEEL conceptual models.

Recent efforts to collect leachate from the RWMC SDA are of particular interest because virtually no empirical data regarding the flux of contaminants into the transport system and their chemical makeup are available. Analysis of leachate, as it becomes available, is expected to make a significant contribution to the understanding of the release of contaminants from buried sources.

Besides governing the flux of contaminants from their original waste forms into the aqueous system, geochemical reactions also control the concentration of contaminants as a solution propagates through the unsaturated and saturated matrices. The current INEEL conceptual models use an equilibrium, reversible distribution coefficient to emulate the various geochemical factors affecting retardation in the transport codes. Use of distribution coefficients, or Kds, is widely accepted as a defensible method to simplify transport calculations. However, where significant temporal and spatial heterogeneities in a geochemical environment exist, the use of Kds becomes problematic.

The question of whether to use an isotherm approach (linear or non-linear) or to use a surface complexation theory in a geochemical reactive transport code remains unresolved. To date, WAG‑specific simulations have relied on the linear isotherm approach using a limited set of site-specific data. Although the results are generally considered conservative for purposes of risk assessment, a number of investigators have suggested that long-term evaluations be conducted to provide a basis for more representative geochemical modeling. As discussed previously, several researchers recommended a course of action to incorporate geochemistry into INEEL fate and transport models with both short-term and long-term research activities. These types of recommendations need to be further evaluated as part of the INEEL conceptual model development.

4.5 Summary

Many of the conceptual model features that are key to understanding groundwater flow and contaminant transport are associated with the geologic framework of the SRPA. These key features include:

· Structural orientation of geohydrologic units

· Heterogeneities in the distribution of hydraulic properties

· Stratigraphic and structural controls of vertical/horizontal ratios of permeability

· Thickness of the SRPA

· Distribution of sediments related to the Big Lost Trough

· Controls over preferential flow

· Vertical distribution of contaminants in the aquifer.

Another key feature is the effect of episodic recharge on the distribution of contaminants in the aquifer and in the vadose zone.

Finally, conceptual model features are associated with the source term and its uncertainties in the availability and release of contaminants to the subsurface. Additional information needed to adequately define key features of the subregional conceptual model of flow and contaminant transport will include carefully designed research activities, deep-drilling programs, and numerical analyses using existing data.
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