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INTRODUCTION

On October 1, 2012, Rocky Mountain Environmental Associates, Inc. (RMEA) prepared a
document titled “Technical Report on ESPAM2.0 Modeling Issues” (Report). It was
submitted to IDWR in behalf of Fremont Madison Irrigation District as an expert report
in the Rangen case. Subsequently, Idaho Department of Water Resources (IDWR)
discovered a mistake in the input data to ESPAM2.0. IDRW has since withdrawn
ESPAM2.0 and replaced with ESPAM2.1, which was calibrated after correcting the
mistake.

This document is supplementary to the original Report. It has two purposes:

1. It presents comparisons between ESPAM2.0 and ESPAM2.1, to show that the
modeling results in the Report are not substantially affected by the differences
induced by correcting the mistake;

2. It presents an additional illustration supporting an assertion on page C6 of
Appendix C of the original Report.

Comparisons Between ESPAM2.0 and ESPAM2.1

Dr. Allan Wylie of Idaho Department of Water Resources presented a slide presentation
entitled "ESPAM2.0 — E121025A001" at the Eastern Snake Hydrologic Modeling
Committee (ESHMC) meeting on November 9, 2012.} Figure 1 shows the comparison
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of ESPAM2.0, ESPAM2.1 and target data for the Ashton to Rexburg reach, which is the
reach nearest Fremont Madison Irrigation District. Figure 2 shows the comparison for
the Rangen reach, which includes the Rangen diversion among others. In the figures,
ESPAM2.1 is referenced as E121025A001. The blue line represents the target data, the
green line represents ESPAM2.0, and the red line represents ESPAM2.1. Where the red
line is not visible, it is obscured by the green ESPAM2.0 line.
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Figure 1. ESPAM2.0 and ESPAM2.1, Ashton to Rexburg, from Dr. Allan Wylie's
presentatlon slide 4.
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Figure 2. ESPAM2.0

These figures and the other slides in Dr. Wylie's presentation indicate that the
differences between ESPAM2.0 and ESPAM2.1 representations are small relative to the
ESPAM2.0 results relied upon in the Report. It is my professional judgment that
ESPAM2.0 modeling in the Report is adequately representative of expected ESPAM2.1
results, for the context of the Report.

Additional Illustration
The Report asserts on page C6 of Appendix C that that “Demonstrating the ability to
respond to this large, diffuse, distant flux does not at all guarantee that the model can

correctly respond to a small, concentrated, nearby stress.” Figure 3 below illustrates a
hypothetical geometric arrangement of two springs (1 and 2), two wells (B and C) and
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a distant large area that also affects the springs (A). The single most important feature
of the hypothetical aquifer is that there is a region of low-permeability materials
between Well C and Spring 1, or alternately, that there are preferential flow pathways
between the vicinity of Well B and Spring 1, and between the vicinity of Well C and
Spring 2.

The analysis assumes that distant region A includes irrigation, wells, springs, water
bodies, recharge sources and other features not explicitly represented in the Figure.
Figure 4 shows the time series of the hydraulic signal from the combined hydraulic
effects in region A, while Figure 5 shows the time series of pumping at the two wells.
Accompanying file “Supplemental_Figures.xls” contains all the calculations underlying
the figures and the example.

Figure 3. Geometry of the hypothetical aquifer, springs and wells.
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Figure 4. Time series of hypothetical net effect from region A.
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Figure 5. Hypothetical time series of well pumping.

Equation 1 is the hypothetical true expression of the relationships between net effect
from region A, the pumping at the two wells, and the discharge at Spring 1.2

Q1=0.33A-095B-0.01C+0 (1)

2 For simplicity, temporal delays are omitted from the illustration.
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where Q1 = Discharge at Spring 1, cubic feet per second

A = netrecharge in region A, 1000 acre feet per year
B = pumping at well B, cubic feet per second
C = pumping at well C, cubic feet per second

The steady-state response function for Well B is 0.95, indicating that 95% of
curtailment at well B would benefit Spring 1. However, the steady-state response
function for Well C is only 0.01, or one percent.

Figure 2 illustrates the geometry that would of necessity be represented if the distance
between the wells and the springs were smaller than the inter-pilot-point distance. It
differs from Figure 1 in omitting the low-permeability region, or alternately, in omitting
the preferential flow pathways. The entire region containing the wells and springs
would be considered a uniform porous medium, perhaps with a smooth gradation of
aquifer properties across the region.

Figure 6. Model representation of the hypothetical aquifer.

Equation 2 is a calibrated equation compatible with the representation of Figure 6; the
relative effects of Well B and Well C are constrained by distances and a uniform
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representation of aquifer properties. All parameters are manually calibrated to minimize
the sum of differences between estimated (i.e. produced by the estimated parameters
in Equation 2) and observed (i.e. produced by the correct parameters in Equation 1)
values, with an attempt to visually match the seasonal amplitude. The coefficient for
parameter A was purposely made different from the actual to represent practical
limitations of modeling and to illustrate that calibration can often overcome such
imprecision with compensation elsewhere.

Q1=02A-05B-0.2C+13.7 (2)
The response function for Well B is 0.50 and the response function for Well C is 0.20.

Figure 7 shows the calibration results. Visually, the fit is arguably better than the actual
ESPAM2.1 results illustrated in Figure 1 and Figure 2. The calibration statistics are also
reasonable; the mean error is less than one percent of the spring discharge and the
root mean square error is approximately four percent. Nevertheless, the calibrated
response functions differ greatly; the calibrated steady-state response fraction for Well
B is approximately half the “true” value, while the calibrated response fraction for Well
C is twenty times the “true” value.

This means that this illustrative model is capable of correctly reproducing results when
both Well B and Well C are operating in their customary fashion, but it is not capable of
correctly representing the isolated effects of either well.
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.Figjre 7 ;l):pothetical taTibration mafch. “Spring 1” sH-oWs tgresults of Equation 1,
while “Estimate” represents the results of manually-fitted Equation 2.
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This result is consistent with characteristics that the illustration shares with ESPAM2.1:

1. The hydrologic features near the springs share temporal characteristics of
discharge or recharge (i.e. the temporal water-use pattern of Well B is similar to
that of Well C) during the calibration period;

2. An important influence on spring discharge propagates from a distant, broad
region;

3. Alocal geological feature exists at a finer spatial scale than can be represented
with the available distribution of pilot points.

The illustration demonstrates that a good calibration to good local data can still fail to
produce an accurate representation of response functions to single springs. While we
cannot assert that this occurs in all cases within the ESPAM2.1 model, we have no
available tools to demonstrate that it does ot occur in any particular case or location.
We only know that the conceptual model of a uniform porous medium with gradual
gradation in properties is consistent with an expectation of a broad, uniform seepage
face and inconsistent with the observation of large, individual springs separated by
expanses of dry canyon wall.

Given the tools, data and resources available, representation as a uniform porous
medium was a defensible modeling choice. However, that choice should temper
expectations of the spatial scale of applicability of modeling estimates.

CONCLUSION

This supplement offers two important conclusions. First, the differences between
ESPAM2.0 and ESPAM2.1 do not appear to substantially change the model results relied
upon in the Report. Second, an illustration provides clarification and support of the
statement in the Report that “Demonstrating the ability to respond to this large, diffuse,
distant flux does not at all guarantee that the model can correctly respond to a small,
concentrated, nearby stress.”
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