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Ray provided a quick overview of why this meeting was called: namely, to address changes to the Metro Model 2 based on TAC feedback and Barr’s own use of the model.

Lanya noted that she’d reviewed wellhead protection plans on file with the Council for aquifer test data that can be incorporated into the Metro Model 2.

Amal requested maps of hydraulic conductivity zones and corresponding values.

Bill noted that the current model has unreasonable hydraulic conductivity values in some zones, and that the difference in hydraulic conductivity between adjacent zones is unreasonably large. He suggests developing a model that restricts hydraulic conductivity ranges to a group of professionally accepted values. The permeability of each zone might be defined based on a pumping test, for example.

Evan C. asked if horizontal and vertical hydraulic conductivity anisotropy should be defined independently (as was done for the current model) or if horizontal hydraulic conductivity should be defined based on aquifer tests and vertical horizontal hydraulic conductivity calculated using an anisotropy ratio.

Bill noted that we know sand content of the quaternary across the model domain. He suggested developing one or more equations to calculate transmissivity/hydraulic conductivity at pilot points based on sand content. Work done by the MGS might help define the relationship between sand content and aquifer properties.

Amal asked how values should be assigned hydraulic conductivity zones if 1) no aquifer test has been done within that zone or 2) a pump test value within that zone is excessively high or low (outside the accepted range of values for that aquifer). The group suggested using the anomalous pump test value to define the aquifer properties within that zone, but an explanation should be included in the model report (or in the metadata for the hydraulic conductivity zone shapefile). Ray suggested assigning regional values to zones missing pumping data.
Bill noted that the one free parameter he would vary would be in the water balance ( allow PEST to vary the multiplier on recharge. PEST is likely varying lake and river leakage because it is not allowed to vary recharge, leading to unreasonable amounts of water entering or leaving the groundwater system through lakes and rivers. It is important to play with infiltration values in a model designed for water supply purposes. Illustrating the variety of outcomes will inform water supply planning.
Ray responded that changes to lake and river features should focus on larger lakes (in terms of affecting the water balance). 

Amal suggested 1st comparing the elevation of each large lake to the water table elevation predicted by the model some distance away from the lake. If the head difference is more than some defined value then the lake is likely perched and should be removed from the model or redefined with a very low hydraulic conductivity. Randal commented that Big Marine lake is known to be in close connection with groundwater.

Randal expressed concern over large-scale high hydraulic conductivity anisotropy ratios. Locally, high anisotropy ratios are reasonable.  Ray asked the group if anisotropy ratios in the range of 0.1 to 0.01 are acceptable.

Bill asked about using leakance values derived from aquifer tests, and Amal pointed out that there is very little of this data available and none for the quaternary and Prairie du Chien aquifers.

Amal noted that he would be more comfortable with the model if more parameter adjustments were done by hand, not with PEST.  For example, identifying hydraulic conductivity zones that pose a problem, changing values by hand to more reasonable values, then running the model to get a sense of the impact changes have. He suggested that the first change should be to get rid of some lakes.

Randal asked what fraction are problematic. Is it quantity of water entering that’s the problem? “Yes,” say Bill and Amal. 
Randal asked if the DNR has any lake atlas data to review for information about lake-groundwater interaction. Ray suggested that DNR lake elevation and CWI data could be used to estimate interaction. Amal added that model heads could be used in lieu of CWI data.

Randal stated that he needs to see a reasonable comparison between sources and sinks versus hydraulic conductivity values in order to accept the model. The current model constrains the sources through fixing recharge, but hydraulic conductivity was unconstrained and so resulted in unreasonably high or low values. Leaving current inaccuracy in the quaternary will reduce confidence in the model. Amal also noted that the hydraulic conductivity in the quaternary needs to be constrained in some way.

Ray suggested delineating zones of hydraulic conductivity in the quaternary based not only on sand content but also on the understanding that high sand content areas in the Anoka sand plain do not have the same properties as high sand content areas in Dakota County buried bedrock valleys.
Amal suggested linking hydraulic conductivity in the quaternary to the calculated recharge value above it. Ray suggested maintaining the calculated spatial distribution of recharge but adjusting recharge values by orders of magnitude. Bill suggested delineating the quaternary hydraulic conductivity zones using sand content and varying recharge by orders of magnitude.

Amal noted that the model does not account for vadose zone processes.

Ray Multiple scenarios will be run, including use of a single value of recharge and use of zones with different recharge multipliers depending on the quaternary zones.
Due to late arrivals, Ray summarized the problem:

· Constrain lake flux

· Tie sand content maps to physical aquifer properties

· Get more uniform value for the Jordan aquifer, adding pumping test data

· Restrain hydraulic conductivity anisotropy to 10/1, 100/1

Bill asked Bob if he thinks that vertical hydraulic conductivity varies spatially like horizontal hydraulic conductivity – should vertical hydraulic conductivity be allowed to vary or should it be set as a ratio of hydraulic to vertical hydraulic conductivity?

Randal commented on the approximately 500 age data samples that Bob has compiled. This data could be used to constrain hydraulic and vertical hydraulic conductivity.

Bob noted that he wants to see model-generated pathlines to verify against his chemistry data. For example, his data indicate that there is more young water deeper in eastern Hennepin that in western Hennepin county. This may warrant changes to the conceptual model. He also asked if a pathway could be used as a constraint on flux in the model. Ray responded that a gradient can be included as an observation to constrain flow. 

Ray asked if MGS has any information that could be used to refine the sand content maps. Bob responded that tritium contours could be overlaid on the quaternary maps or sand content maps.

Randal noted that age dating is as close as we have to model output control. It’s valuable, even if it is only used as a control to review the models at the end of the project.

Bob requested an examination of SCADA data to define pumping centers and head gradients between different aquifers.

Chris requested inclusion of more FIG data to better represent variation in aquifer properties across the metro area. Ray responded that he could set different allowable ranges of hydraulic conductivity where the FIG is uppermost bedrock versus where it is buried.

Ray asked Jeanette if she knows of any information that can be used to constrain lake conductance. She responded that the DNR uses WATBUD and recommended talking to Zandlo and/or Solstad.

Jeanette requested the inclusion of age data in the model somehow.  Randal agreed and summarized: where water is old, flow is more horizontal; where young, flow is more vertical. Ray responded that leakance maps could help tease that out, and Bill and Bob agreed. Ray also said that the model could be run with average stress and peak stresses.

Bill commented that, after this conversation, he sees only 25 parameters that should be included in the model.  Randal noted the value in comparing an under-parameterized model to an over-parameterized model. Differences between the two indicate if the model is more sensitive to boundary conditions versus parameters. Bill responded that, at the end of the day, he would prefer to see an under-parameterized model with a poorer calibration (as long as residuals are randomly distributed and not systematic).  He feels this would better serve his purpose, which is the same as the Council’s: to predict the relative response of aquifers to population growth or climate change.  With the current model, outside users are left wondering how to start modifying the model – what is safe to change, what is a reasonable new value? A model will fewer parameters would be more straight-forward to adapt to new, local problems.
Jeanette asked for specific recommendations about what baseflow data needs to be collected – where do we need data, how should it be collected, etc.  Randal suggested that the model could be used to support the funding and collection of additional baseflow data, if it could provide evidence of how new data will improve predictive capability.  Bill and Amal suggested using tracer methods for calculating flow. A test section between St. Anthony and Ford Parkway dams may be a good place to begin.
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