
Technical Memorandum
Approach to Assess Unsaturated Flow and the Potential Use of Groundwater Model to Assess the Effects

of Additional Unsaturated Flow

This technical memorandum describes the proposed approach to assess: (1) potential
changes in unsaturated flow from the tailings impoundments following construction of
the mine spoils repository; and, in the event there is a potentially significant net increase
in unsaturated flow over an appropriate timeframe, (2) the effects to groundwater from
the additional unsaturated flow.

This analysis is proposed to address comments received from the U.S. Nuclear
Regulatory Commission (NRC, September 3, 2014) on the Data Consolidation
Approach prepared by Dwyer and Pre-design Study Report Church Rock Mill Site
(MWH, July 17, 2014).

In their comments, the NRC staff noted that calculations to predict whether
consolidation will cause an increased rate of drainage must be based on current
conditions; and that, if increased drainage rates are identified and quantified, further
evaluations are necessary to determine if constituent concentrations in the groundwater
would exceed applicable groundwater protection standards at the designated points of
compliance.

The proposed approach for assessing potential changes in unsaturated flow from the
tailings impoundments and, if necessary, for assessing the effects to groundwater from
additional unsaturated flow are presented below.

Evaluation of Potential Changes in Unsaturated Flow from the Impoundments
A comparative set of analyses will be performed to evaluate the flow through the tailings
impoundment at the Church Rock mill site. Analysis will be performed to calculate the
flow through the existing tailings impoundment as currently installed. A separate
analysis will then be performed of the same profile (location within the tailings
impoundment footprint) with the addition of the mine spoils repository, including an ET
Cover. The flux through the base of each analyzed profile will be directly compared to
assess the potential increase in the rate of unsaturated flow. Multiple locations within
the tailings footprint, including locations in the borrow pit areas, will be evaluated to
provide a more comprehensive evaluation of the site as a whole.

Each analysis will be composed of a 1-dimensional model of a determined profile using
UNSAT H (refer to Dwyer 2011). In each comparative analysis; the first profile will be
derived from existing conditions with assigned material properties developed during the
recent site investigation. The second profile will be developed from the conceptual
repository layouts (MWH, May 2012).

The modeling will be based on a ten-year period to allow evaluation of the impacts of
settlement, as well as anticipated reduction in surface infiltration due to the repository
configuration and ET cover system. Actual climate data from nearby sources will be
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used to mimic typical climate conditions as well as wet conditions. The ten-year
average will provide a conservative analysis which fully captures the impact of the
additional loading and settlement, as well as reductions in infiltration due to the new
cover system. Comparative values will be used to determine whether the construction

of the mine spoil repository will increase the rate of unsaturated flow at the base of the

tailings by a potentially significant amount.

Evaluation of the Effects of Increased Unsaturated Flow on Groundwater

If the above analysis indicates that construction of the mine spoil repository might
increase the rate of unsaturated flow at the base of the tailings sufficiently to influence

saturated groundwater flow, the groundwater flow model for the Church Rock Site and
Local Area (the flow model; Chester Engineers, June 2014) will be used to simulate
those effects of tailings seepage on groundwater flow in Zone 1 and Zone 3 of the

Upper Gallup Formation. Flow model inputs can be modified to simulate the calculated
fluxes of tailings-derived seepage into these site hydrostratigraphic units. The method
of particle tracking can also be used with the flow model to simulate convective
transport of groundwater from areas of tailings seepage additions. In this way the
timing and pathways of travel can be simulated. This could also be done for a baseline
case without additions of tailings seepage. The net difference between these two
simulations would represent the influence of seepage additions on hydraulic gradients
and groundwater flow velocities.

There are practical limitations to the potential use of the method of particle tracking in
the flow model. For example, particles can't be tracked from or through flow model cells
that are dry. This is consistent with real world constraints on groundwater flow.
However, it does limit the applicability of particle tracking to some potential areas of
tailings seepage, because the alluvium and Zone 3 are predicted (by the flow model and

by direct measurement) to be completely unsaturated under most of the area of tailings
storage. This limitation does not apply to Zone 1, which is predicted to retain some

saturated thickness beneath all of the tailings storage area. The flow model has a cell
rewetting capability. However, cell rewetting may only occur if simulated water levels in

a horizontally adjacent cell or an underlying cell reach a threshold level (an empirically
derived model input). In other words, a dry cell cannot be rewetted by an overlying cell
or by direct recharge (as might be used to simulate the addition of tailing seepage).
While this is a modeling constraint, in this case it does not prohibit the simulation of a

process that might affect areas of existing saturation. For example, based on the
substantial decrease in the water table elevation that has occurred since closure of the
impoundments and observations from the recent investigation, it is not expected that
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additions of tailings seepage into completely unsaturated rock would saturate a
sufficient thickness to induce lateral transport into areas of existing saturation.

This use of the flow model is predicated on estimates of the flux of tailings seepage that
might enter either of the Zone 3 and Zone 1 hydrostratigraphic units. One element of
such estimates is the geographic relationship of these hydrostratigraphic units with the
areas of tailings storage. Figure 1 is a bedrock geologic map showing this relationship.
Figure 1 also shows contours of the estimated elevation of the bedrock surface. In most
of the area of tailings storage a layer of alluvium occupies the space between the top of
bedrock and the base of tailings. If tailings seepage was sufficient to promote saturated
flow in the alluvium (e.g., in amounts greater than what would be expected to be held in
pore space storage), then that seepage would tend to accumulate in the lower areas of
the bedrock surface. Information derived from the MWH field investigation was used in
the estimation of the bedrock elevation contours shown in Figure 1 and the bedrock
geologic map was revised accordingly.

Figure 2 shows for Zone 3 in October 2014, model-predicted areas of dryness
(completely unsaturated) and remaining saturation. Contours of the model-predicted
saturated surface are also shown. These predictions are similar to those based on
measurements of well water levels. Based on the information depicted in Figure 2,
particle tracking in Zone 3 groundwater would be possible in areas of the North Cell and
the former North Pond, but not elsewhere in the area of tailings storage. Figure 3
shows similar information for model predictions in Zone 1. Areas of cell dryness do not
limit particle tracking in areas of Zone 1 beneath the tailings storage area.
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Figure 1
Bedrock geology map showing site features, site-defined hydrostratigraphic units, contiguous

geologic units, and estimated elevation contours of the top of rock



Figure 2
Map showing model-predicted extent of saturation,
and piezometric surface in Zone 3 in October 2014



Figure 3
Map showing model-predicted extent of saturation,
and piezometric surface in Zone 1 in October 2014


