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1. Model Stress Periods
The ESPA model uses a 6-month stress period.  This is a significant limitation, because the model stress period is too short to allow calibration of the model to declines in river reach gains and spring flow that is occurring in the middle of the irrigation season, especially during July and August.  The model needs to include monthly stress periods to properly represent reach gains during the summer.  Monthly July-August reach gain data needs to be included as an important calibration parameter.  The data such as precipitation and diversions are available on a monthly basis, and some of these data have already been assembled on a monthly basis.  Estimating quantities such as crop irrigation requirements on a monthly basis is readily done and widely used.  Shortening the stress periods would greatly enhance the ability of the model to examine flows during crucial time periods. 

2. Update the Model to Current Conditions
The model needs to be updated to 2006 to allow estimation of the aquifer response throughout and after the recent drought.  Actual data should be used to the extent possible.  This extension, when combined with a shortened stress period, will allow evaluation of the monthly aquifer stress during drought periods.  

3. Expand the Model to Include Pre-1980 Conditions
The model would benefit from simulation of a period prior to 1980 to allow for a better simulation of long-term trends in aquifer conditions, as well as improving starting heads for the simulation of more-recent periods.  We suggest using the period from 1950 to current day to recalibrate the model.  We understand that most of the data needed to evaluate pre-1980 conditions is available or can be obtained, albeit that some of the data may have less precision than the data after 1980.

4. Focus on River Reaches with Specific Flow Depletion Problems
We understand that model calibration has been problematic at some of the river reaches.  More attention is needed to evaluate the model calibration in these reaches.  Listed below are some suggestions for techniques that may improve calibration:

· There may be a better way to represent some of the stream reaches in the model for areas where calibration has been difficult.  One option is to allow the stream stage to change over time either as a user specified stage or calculated as a function of stream flow.  Although stream stage in the Snake River does not change dramatically over time, the stream-aquifer interaction changes in the model requires the aquifer to change since the river remains unchanged.  Give the size and high transmissivity of the aquifer, stage changes of a few feet may be significant. 

· The American Falls reservoir reach representation may need to be refined.  The reservoir is currently represented using the river package, but due to its size effectively acts as a constant head boundary in the model.  The stage in the reservoir changes by approximately 50 feet through the year, yet observations near the reservoir does not show dramatic fluctuations.  This suggests that the reservoir may have limited hydraulic connection with the aquifer, and discharges from springs are primarily responsible for the reach gains observed.  If the stage in the reservoir is varied with time, the springs will likely have to be explicitly represented and the reservoir-aquifer conductance lowered or treated as perched.

5. Evaluate and Improve the Ability of the Model to Predict Flow Depletion at Specific Springs Below Milner
The model is able to simulate the reach-by-reach spring flow conditions below Milner, but is unable to replicate the flow response at some of the larger springs with recorded declines in flow.  Further refinement is needed below Milner prior to understand the flow response at specific springs from various aquifer management alternatives.  Two suggestions are listed below:

· The treatment of springs could be refined to include multiple drains to represent multiple springs within a model cell.  For example, the model currently uses a single drain to represent all springs in a model cell.  This makes the behavior inherently linear since the discharge is represented as a single head difference times conductance.  In reality, each model cell may contain numerous springs with discharge locations (potentially) varying across a large vertical range.  This makes the cumulative spring discharge behavior nonlinear because the springs at higher elevations will see larger flow declines than springs at lower elevations for the same head decline in the aquifer.   Since an analysis of spring flows at individual springs may be desired, whatever refinements can address those spring flows more directly would be advantageous.

· The model grid in the reach below Milner is too coarse for representation of individual springs.  We recommend uniformly decreasing the grid size throughout the domain and/or using a telescoped grid or MODFLOW-LGR (Local Grid Refinement) or some other technique that reduces the grid-size in the southwestern domain where spring flow is a significant concern.  Our tests of the model indicate that the model grid could be reduced without significantly expanding model run times.

6. River Reach Gains

· River Reach gains will need to be calculated on a monthly basis.  The reach gain calculations should be completed in a transparent manner using a spreadsheet or another similar tool where the calculations can be reviewed and checked.  The input and output data for the reach gains needs to be documented. 
7. Model Water Budget
· The current model as-is requires use of a customized “Aquifer Recharge Tool”.  Many aspects of the methodology used to calculate aquifer recharge that is incorporated into the Aquifer Recharge Tool are sparsely documented.  The process used to develop some of the input data for the Recharge Tool is sparsely documented.  The process used to develop ESPAM.exe input data sets, the process used to calibrate the model and calculations that are built into READINP.exe should be documented.  IDWR should consider simplifying ESPAM.exe so that some of the more complex GIS raster files are handled in a separate program so that the Recharge Tool Process does not run so slowly.

· The model water budget process developed as part of the model calibration seems to involve balancing of aquifer recharge with aquifer discharge.  If our understanding is correct
, this process forces the aquifer recharge to match discharge because it asserts that there is no change in storage.  This situation is at odds with the actual monitoring data for the aquifer that shows that aquifer storage is declining.  The calculated aquifer recharge should not be balanced with aquifer discharge.  Rather, recharge should be calculated as a parameter independent of discharge over a long-term period such as from 1950 to current day, and the model should be used to calculate discharge.  The calibration procedure should involve adjustments of recharge and aquifer parameters so that measured discharge matches observed (calculated) discharge.

· It would be useful to provide a more detailed water budget for the model that provides information on pumping, canal leakage, underflow, recharge from applied surface water, etc. for major sub-regions of the model and over time.  It would also be useful to similarly provide explicit details of the “on farm” budget, such as total amount pumped or diverted, spray losses, irrigation efficiencies, etc.  that go into the calculations of quantities such as net recharge.  Not only would this be very useful in understanding the model and how it operates, but it would also aid the process of explaining the model to various stakeholder groups and evaluating different management options.

8. Model Calibration Procedure
· The model starting heads need to be carefully selected to be representative of the actual starting head conditions at the beginning of a transient simulation.  Moving the transient model calibration period to before 1980 (we have suggested using 1950 as the starting period for model calibration) will help in this regard.  The model starting heads should result from a model-derived solution of initial conditions and be representative of the actual heads observed during the start of the transient calibration period.  The model calibration should then be completed using actual heads and reach gains.
· After the model is converted to a monthly time step- the monthly reach gains during the summer irrigation season need to be given particular attention in the model calibration.  The model needs to be proven to be able to replicate the absolute monthly reach gain declines during July to September.

· The model calibration should not be done purely to aquifer properties, but should allow adjustment of parameters such as aquifer recharge within defined ranges.  For example, it is easy to construct an example that demonstrates that in order to best match a head observation, the transmissivity may have to be increased by many orders of magnitude whereas an equally good match could be obtained by adjusting recharge by a small amount.  It is prudent to allow the calibration procedure to make reasonable adjustments to recharge parameters which may have a large degree of uncertainty.  Appropriate procedures should be included to permit the inclusion of such parameters in the calibration procedure- and this can be achieved by allowing minor modifications to the preprocessing programs.  An additional advantage of this approach is that you explicitly quantify the relative sensitivity of the results to the different inputs.

9. Documentation of Uncertainty
The current modeling documentation does not adequately address the question of uncertainty.  More information and attention needs to be paid on uncertainty associated with the water budget and corresponding results that will occur from various model results associated with changes in water budget.
10. Time for Revisions
The above-suggested revisions can be accomplished within a 6- to 9- month time period.  It may be expedient to use resources available within the committee to provide a timely work product.  
�	 We have attempted to gain clarification of the process used to develop the aquifer recharge datasets through discussions with IWRRI staff.  We appreciate that IWRRI staff have provided the opportunity for these discussions.  Additional discussion is needed so that we may obtain a more-complete understanding of the process used to develop the aquifer recharge input.





