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KANSAS v. COLORADO SECOND REPORT

SECTION 1
INTRODUCTION

This is my Second Report on the case. In its May 15,
1995 Opinion, the Court overruled all of the exceptions
that were filed by both states to my first Report. Kansas v.
Colorado 514 U.S. 675, 131 L.Ed.2d 759, 115 S.Ct. 1733
(1995). The case has been bifurcated into a liability and a
remedies phase, and the initial Report dealt only with
questions of liability. Briefly, in that Report, I recom-
mended that the Court find that postcompact well pump-
ing in Colorado had violated Article IV-D of the Arkansas
River Compact, and that Colorado was liable on that
fundamental issue. With respect to the additional Kansas
claims arising from the operation of Trinidad Reservoir
and from the Winter Water Storage Program, I found no
violation of the compact, and recommended that Colo-
rado and the United States should prevail on those issues.
All of these recommendations were affirmed, and the
case was remanded for determination of the unresolved
issues in a manner not inconsistent with the Court’s
Opinion.

While the evidence clearly showed that postcompact
well pumping in Colorado had seriously depleted
Arkansas River flows into Kansas in violation of the
compact, it was not possible in my first Report to quan-
tify the amount of the depletions. Experts for both states
in the trial of the liability phase relied upon complex
hydrologic models from which to estimate depletions, but
their results differed widely. In part, this was due to the



different pumping figures that were used in the respec-
tive models. The states also disagreed over the method of
determining usable flow as required by the compact. It
was necessary to settle these issues before a quantitative
finding on depletions could be made. In my first Report,
therefore, and while not wholly accepting the data from
either state, I recommended that certain adjustments be
made to the pumping data, and I set forth the methodol-
ogy to be used for determining usable flow. These recom-
mendations were approved by the Court, and the models
then had to be rerun in accordance with my Report.

Following the Court’s May 1995 Opinion, therefore,
the remaining issues in the case were:

(a) Quantifying the depletions in Stateline
flow for the period 1950-85. During the liability
phase, evidence was limited to the period from
1950, when the compact became operational, to
1985 which was the last year before the Kansas
complaint was filed.

(b) Quantifying depletions for the period
subsequent to 1985.

(c) Bringing Colorado into current compli-
ance with the provisions of the compact.

(d) Considering a remedy for past deple-
tions.

This Second Report addresses the trial progress on
each of these issues, and offers the Court and the parties
an opportunity to review certain critical decisions before
proceeding further on the issue of damages.



SECTION 1II
RECENT PROCEDURAL HISTORY

Following the Court’s May 15, 1995 Opinion, a status
conference to discuss future proceedings was held in
Denver, Colorado on July 27-28, 1995. As a result of those
proceedings I ordered that the trial on the remedies phase
be resumed on October 30, 1995 to receive evidence on
three subjects: (1) revisions to the Kansas H-I model! in
accordance with my Report, and as affirmed by the
Supreme Court; (2) Stateline depletions to the usable flow
of the Arkansas River caused by postcompact pumping in
Colorado for the period 1950-85, as determined by the
revised H-I model; and (3) the status of efforts by Colo-
rado to comply with the Arkansas River Compact on a
current basis. A copy of the Order dated August 11, 1995
is included as Exhibit 1 in the Appendix.

In that Order I also required Kansas by November 17,
1995 to file a statement of its position with respect to
damages, together with a brief in support thereof. Colo-
rado was given until January 19, 1996 in which to file its
Response, and Kansas until March 6, 1996 to reply. While
the briefing schedule was later modified, these briefs
have been filed and are discussed in Sections XII-XV of
this Report.

Finally, I ordered that another segment of the trial be
scheduled for February 19, 1996 to consider evidence on

1 At the Denver conference, the states had agreed that the
Kansas H-I model would be the methodology used to determine
depletions.



three additional subjects: (1) Stateline depletions as deter-
mined by the H-I model for the additional period of
1986-94;2 (2) Kansas’ response to the Colorado evidence
on its compliance efforts presented during the October 30
segment of the trial; and (3) continued testimony by
Colorado on the status of its program to comply with the
compact.

In view of the United States’ decision not to take an
active role in the remedies phase of the case, the Order
also relieved the United States as of July 31, 1995 of its
obligation to pay 20% of the fees and costs incurred by
the Special Master.

Following a conference call on September 19, 1995 I
issued a Supplemental Order dated September 28, 1995.
This Order dealt with pumping adjustments that were to
be made for declining well efficiencies, and the extent to
which accretions shown by the model should be used to
offset depletions. A copy of this Order is included in the
Appendix as Exhibit 2.

On June 13, 1995 the State of Kansas had filed a
Motion for Injunction and requested an expedited hear-
ing. Counsel agreed upon a briefing schedule, and the
motion was argued as part of the status conference in
Denver on July 27-28, 1995. Kansas sought to have the
State of Colorado enjoined from pumping more than
15,000 acre-feet per compact year [i.e., the amount of
allowable precompact pumping] until Colorado had

2 The year 1994 was the latest year in which complete data
required by the H-I model were available.



guaranteed appropriate Stateline flows under the com-
pact. That motion was denied by Order filed September
19, 1995, a copy of which is included as Exhibit 3 in the
Appendix. Compliance is discussed more fully in Sec-
tions IX-XI of this Report.

By Order of December 7, 1995 the trial schedule set
forth in the August 11 Order was partially amended to
continue the February 19, 1996 segment to March 25,
1996, and to extend the briefing schedule on damages to
January 19, 1996 for Kansas’ opening brief, to May 7 for
the Colorado response, and to July 26 for the Kansas
reply. In addition, another segment of the trial was sched-
uled for June 17, 1996 to consider Kansas’ position on the
Colorado compliance evidence presented during earlier
trial segments, and to receive any other evidence that
Kansas might wish to present in regard to compact com-
pliance.

On February 22, 1996 Kansas filed a Motion to con-
tinue the March 25, 1996 trial segment to June 17, 1996,
thereby combining it with the trial segment already set for
that date. Colorado objected to the Motion, and both states
filed briefs in support of their respective positions. Further
argument was heard by conference call on February 21,
1996, and I denied the Kansas Motion by Order dated
February 22, 1996 for the reasons stated therein. A copy of
that Order is included in the Appendix as Exhibit 4.

Based upon the agreement of the parties, the June 17
trial segment was later continued to June 24, and on my
order was broadened to consider additional proposed
changes to the H-I model for the purpose of determining
1986-94 depletions; to receive rebuttal testimony from



Kansas on the 1986-94 quantification of depletions; and to
hear continued evidence on the Colorado compliance
program. The Kansas response to Colorado’s compliance
efforts was continued to a trial segment beginning Sep-
tember 30, 1996. These modifications were made by Order
filed April 26, 1996.

Due to the unexpected death of Brent E. Spronk, one
of Kansas’ chief expert witnesses, the states agreed that it
would be necessary to postpone the June 24 trial segment.
Accordingly, by Order dated July 10, 1996 the matters
scheduled for June 24 were continued to the trial segment
commencing September 30, 1996. The items heard are
specified in the July 10 Order which is included in the
Appendix as Exhibit 5.

This Second Report was issued in draft form on June
5, 1997. Written comments were received from the states
on July 2, 1997, and oral argument on the draft report was
held on July 16, 1997.

In summary, since the Court’s Opinion in May of
1995, there have been 26 days of trial and argument,
including testimony by 10 witnesses, and the introduc-
tion of 141 exhibits. Depletions to usable Stateline flow
for the period 1950-85 were determined by Stipulation, in
the amount of 328,505 acre-feet. Evidence estimating
depletions for the additional period of 1986-94 is now
complete, and I have found that they amount to 91,565
acre-feet, as discussed in Section VIII of this Report. Data
were not available to consider depletions beyond the end
of 1994. However, once the issues concerning the 1986-94
period have been settled, depletions for 1995, and 1996 if
necessary, may well be agreed upon.



SECTION III
USE OF THE KANSAS H-I MODEL

In the liability phase of the trial, experts for both
states relied upon computer models from which to esti-
mate Stateline depletions. Colorado utilized four inte-
grated models described as its “Water Budget.” The
Kansas “model” also consisted of a family of models,
modules and sub-routines which received input in the
form of certain institutional conditions as well as hydro-
logic data. It became known as the “hydrologic-institu-
tional model,” generally shorthanded to the “H-I model.”
These modeling efforts were structured so differently that
a direct comparison of results was not possible. In my
Report to the Court on the liability phase, I did not
attempt to choose one modeling analysis over the other,
but rather directed that certain data input changes be
made in both. Principally, these changes related to pump-
ing estimates in Colorado, both before and after the com-
pact was signed, and in the method for determining
usable flow. The compact provides that Stateline flows
shall not be “materially depleted in usable quantity or
availability for use . ... ” (Emphasis added) Article IV-D.

During the liability phase, Colorado experts sub-
jected the original version of the Kansas H-I model to
severe criticism, including coding errors that dramatically
changed the predicted outcome of the model. The subse-
quent changes made by Kansas as part of its “replace-
ment case” essentially confirmed the validity of the
Colorado attack. Indeed, the corrections and revisions
made to the original H-I model reduced the predicted



depletions of usable flow by almost one-half.3 Even so,
Colorado experts continued to testify to additional defi-
ciencies in the model structure that were not changed by
the Kansas replacement team.

Against this background, an announcement by Colo-
rado’s counsel during the July, 1995 Denver status confer-
ence came as a major surprise to everyone in the
courtroom. Counsel stated that in view of the time, the
expense, and the difficulty involved in bringing the Colo-
rado water budget into compliance with my Report:

“We have basically shelved that model [i.e., Col-
orado’s own water budget] and are working
with or starting to work with the HI Model.
That’s how we propose to proceed.” RT Vol. 144
at 52.

”"

. . we also believe that making the changes
which you directed to the HIM [i.e., the Kansas
H-I model] will be relatively easy, relatively
inexpensive and quick . . . We have, therefore,
agreed that we will go forward based upon the
Kansas testimony that the HIM is the best model
to be used, and we are willing to use it.” RT Vol.
144 at 62.

Kansas was openly wary of this unexpected shift,
and initially stated that Kansas itself would go ahead to
make the necessary adjustments to the Colorado model,
and “would intend to offer the results of the Colorado

3 The Kansas claim, based upon the original version of the
H-I model, was 917,000 acre-feet. RT Vol. 45 at 124-25. The
comparable figure from the revised H-I model was 496,000 acre-
feet. Kan. Exh. 651, Comparison 4.



model as well.” RT Vol. 144 at 58-59. The next day, how-
ever, Kansas reversed its position. RT Vol. 145 at 5. Kan-
sas recognized that if it were to run the Colorado water
budget with the changes mandated in my report, it would
cause significant delay in quantifying depletions, as well
as in reaching Kansas’ major objective of bringing Colo-
rado into current compact compliance.

The unspoken paradox in this small drama was that
the Colorado water budget seemed likely to show greater
Stateline depletions than the Kansas H-I model. During
the liability phase of the trial, Colorado’s evidence
showed estimated depletions of total Stateline flows for
the period 1950-85 of 582,696 acre-feet. Colo. Exh. 135%, p.
6.1, Column 16; RT Vol. 134 at 13; RT Vol. 117 at 75, 102.
These were depletions to total flow, not to usable flow as
required under the compact. They would have been
somewhat less when reduced to usable flow, but Colo-
rado did not make that analysis. However, the Colorado
depletions were also on the low side because they were
based upon substantially less pumping than the amount
determined in my Report. Colorado used 95,925 acre-feet
as the amount of average annual pumping as compared
to Kansas’ pumping estimate of 150,394 acre-feet. Kan.
Exh. 731; RT Vol. 133 at 53-54.

Thus, while Colorado’s estimated depletions of
582,696 acre-feet cannot be directly compared to the Kan-
sas claim of 489,000 acre-feet (which represented deple-
tions of usable flow), Kansas did make an effort to
compare the two models using similar data. Kansas ran
its own H-I model but used the lower Colorado pumping
figures. The result showed depletions of 395,000 acre-feet
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as compared to the Colorado water budget estimate of
582,696 acre-feet. Kan. Exh. 642; RT Vol. 127 at 93.

- More recently, Colorado’s expert witness, Duane
Helton, testified to several reasons why the Colorado
water budget should not be used to determine future
depletions, concluding that it “overestimated the calcula-
tions of depletions at the state line.” RT Vol. 153 at 19-20,
22. On the other hand, he testified that the H-I model (as
then updated by Colorado) was “reasonable for calculat-
ing depletions during the extended period.” [i.e., 1986-94]
RT Vol. 153 at 22.

Both states, therefore, approached the October 3'0,
1995 trial segment with the intent to rely upon the H-I
model to determine depletions for 1950-85, as well as for
the extended period of 1986-94.



11

SECTION IV
STATELINE DEPLETIONS FOR PERIOD OF 1950-85

The required changes to Kansas” H-I Model for the
1950-85 period were made without significant dispute,
although certain controversies were settled by my Order
of September 28, 1995. Appendix Exhibit 2. Basically
these changes involved modifying the precompact pump-
ing allowance from an average of 11,000 acre-feet annu-
ally to 15,000 acre-feet; adjusting Kansas’ postcompact
pumping figure of 5,810,000 acre-feet in accordance with
Colorado’s evidence on declining pump efficiencies and
nonelectric pumping; and employing the Durbin meth-
odology, using Larson’s coefficients, to determine usable
flow. Jt. Exhs. 174-177. With these revisions, the H-I
model calculated depletions to usable Stateline flow
caused by postcompact pumping in Colorado for the
period 1950-85 in the amount of 328,505 acre-feet. This
result allowed predicted depletions to be offset by accre-
tions shown by the model during the same irrigation
season. Jt. Exh. 178, 179; RT Vol. 146 at 9, 15-18.

At the outset of the October 30, 1995 trial segment,
the States filed a Stipulation as a “compromise between
Kansas and Colorado for the complete and final settle-
ment” of the 1950-85 depletions. The amount is 328,505
acre-feet. A copy of the Stipulation is included in the
Appendix as Exhibit 6.
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SECTION V

UPDATING THE H-I MODEL
FOR THE 1986-94 PERIOD

The states also agreed upon much of the additional
data input to the H-I Model required for the 1986-94
period. Those data included irrigated acreage, trans-
mountain deliveries, ungaged tributary inflow, phre-
atophyte consumption, rainfall and evaporation values
for John Martin Reservoir. Kan. Exh. 773; RT Vol. 152 at
27-29. The new data showed a reduction in the irrigated
acreage in Colorado of approximately 25,000 acres. The
1950-85 acreage figure used in the H-I Model was 313,867;
the 1994 model figure was 288,774. Kan. Exhs. 759, 786;
RT Vol. 150 at 12. This was due mainly to the “dry-up” of
certain lands by the cities of Colorado Springs and
Aurora, and the acquisition of those water rights for
future municipal use. RT Vol. 149 at 163; RT Vol. 150 at
11-13.

A. Pumping Data.

Initially, the states were unable to agree on the
amount of pumping that occurred during the extended
period. The Kansas estimate for total pumping from 1986
through 1994 was 1,360,026 acre-feet. Kan. Exhs. 757, 784.
For modeling purposes, the precompact pumping
allowance would then be deducted. RT Vol. 153 at 12. The
annual average for this period came to 151,114 acre-feet.
In comparison, Colorado’s estimate of total pumping was
1,238,987 acre-feet, with an annual average of 137,665
acre-feet. Kan. Exh. 784.
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In compiling its pumping data, Kansas experts fol-
lowed generally the same approach used in the liability
phase, as approved in my Report. Colorado, on the other
hand, took advantage of the recent data reported under
its new Measurement Rules and assigned individual
power records to individual wells. RT Vol. 150 at 29.
Kansas acknowledged that the Colorado methodology
would produce more accurate estimates if their figures
were “all right.” RT Vol. 150 at 32. After checking the
Colorado data, Kansas agreed to use the Colorado pump-
ing data to determine depletions for 1986-94, but in a
written Stipulation Kansas reserved its rights for future
determinations. A copy of that Stipulation is included in
the Appendix as Exhibit 7.

These pumping data were incorporated by Kansas
into its March 1996 version of the H-I model, showing
Stateline depletions of usable flow (offset by seasonal
accretions) for the period 1986-94 in the total amount of
91,565 acre-feet.# Kan. Exh. 787. Colorado, however, did
not agree with certain of the changes made by Kansas to
the H-I model, and using the earlier version of the model,
Colorado calculated depletions for 1986-94 at 30,700 acre-
feet. Colo. Exh. 1040.

B. Coding Changes to the H-I Model.

In addition to the new data input for the 1986-94
period, Kansas also made certain coding changes to the

4 Using Kansas’ initial pumping estimates, depletions were
estimated by Kansas to be 98,637 acre-feet. RT Vol. 151 at 88.
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model. Kan. Exhs. 756, 773. These included several tech-
nical modifications to better replicate the historical opera-
tions of John Martin Reservoir, and modifications to the
operations of the Rocky Ford and Colorado Canals to
reflect transfers of water rights for municipal use. Colo-
rado was in agreement with most of these revisions, but
strongly opposed the changes which Kansas made to the
model’s maximum farm efficiency. This value defines the
maximum amount of irrigation water available to the
crop, after losses, as a percentage of the water deliveries
to the farm. Losses (i.e., water not used by the crop)
consist of tailwater runoff, on-farm lateral losses, and
deep percolation beyond the root zone of the crop. This
maximum efficiency factor becomes critical in the
model’s calculations of Stateline depletions. As the factor
is lowered, depletions increase, and vice-versa. RT Vol.
152 at 14. A good portion of the trial was devoted to this
subject, which is discussed in detail in Section VI.

C. Calibration of the Updated Kansas Version of
the H-I Model.

Because of the nine years of added data, the changes
in the simulation of John Martin Reservoir operations,
and the reduction in the maximum effective farm effi-
ciency, Kansas experts believed that it was necessary to
recalibrate the model. Kan. Exh. 773; RT Vol. 151 at 74.
Predicted model output was compared with observed
values over the full period from 1950 to 1994, and Kansas
experts testified to the reasonableness of the results. RT
Vol. 151 at 108, 145-46. Calibration was achieved by
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adjustments to these parameters: SEV values (which cal-
culate nonbeneficial consumptive use of water); monthly
Stateline demands with the 1980 Resolution in effect;
WANT factors for several canal systems; and restoration
of canal capacities for the Fort Lyon, Holbrook and Lamar
Canals. Kan. Exh. 773 at 12-13. Kansas experts testified
that all of the changes made in the updated Kansas ver-
sion of the H-I model were needed and improved the
model’s performance; indeed, that the prior version
should no longer be used. RT Vol. 151 at 91, 97-98; RT Vol.
150 at 64; RT Vol. 151 at 135; RT Vol. 152 at 6, 17-18. The
calibration results of the updated Kansas version of the
H-I model are found in Kansas Exhibits 760 and 761, and
discussed by their experts at RT Vol. 151 at 77-83 and RT
151 at 131-140.

Dewayne R. Schroeder, an engineer employed by the
Colorado Division of Water Resources, is Colorado’s
expert on the H-I model. Early in the proceedings, he had
been assigned to the sole task of reviewing and under-
standing the Kansas model, and was one of the first
experts to uncover some of the errors and deficiencies in
the original version of the H-I model. However, even
after the model had been substantially revised by Kansas’
replacement experts, Schroeder continued to voice strong
reservations about its accuracy. Primarily, his concerns
stemmed from certain “restrictive” factors imbedded in
the structure of the model, i.e., the diversion reduction
factors, the reduced canal capacities, and the low WANT
factors. Yet each of these parameters was stoutly
defended by the Kansas experts as being a commonly
used modeling technique, necessary in this case to match
predicted with actual diversions of stream flow.
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Nonetheless, given the decision by both states to use
the H-I model for the 1986-94 period, Mr. Schroeder took
the model version used to stipulate to the 1950-85 deple-
tions, added the nine years of data input agreed upon,
and made a limited number of coding changes. Generally
the coding changes were the same as the Kansas mod-
ifications, but he did not include Kansas’ new farm effi-
ciency factors, or Kansas’ change to the SEV values, or all
of Kansas’ changes affecting the operations of John Mar-
tin Reservoir. Colo. Exh. 1025; RT Vol. 152 at 36, 38. This
version of the H-I model was referred to as the “Colorado
updated H-I model.” RT Vol. 151 at 136-37; RT Vol. 152 at
38. Colorado also undertook calibration studies, the
results of which appear in Colorado Exhibits 1026-36
(including those with an asterisk), and are discussed in
RT Vol. 152 at 39-55.

Model calibration, however, does not necessarily
assure accuracy of the model results. These two updated
and calibrated models produced widely disparate results.
For the period 1986-94 the Kansas updated H-I model,
using Colorado’s pumping figures, calculated depletions
of usable Stateline flow in the total amount of 91,565 acre-
feet. Kan. Exh. 787. The Colorado updated H-I model
calculated 30,700 acre-feet. Colo. Exhs. 1037, 1040; RT Vol.
152 at 57. Calibration is not necessarily “unique.” That is,
it may be achieved by adjusting different model parame-
ters, and depends in part upon judgment and experience.
RT Vol. 151 at 71, 119; RT Vol. 152 at 20.

Mr. Schroeder testified that both models were cali-
brated to “more or less the same extent.” RT Vol. 152 at
44. So far as calibration was concerned, he thought that
each model was “just as good as the other.” Id. at 38. Yet
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he testified that both the Colorado and Kansas versions of
the updated H-I model were “inappropriate and inaccu-
rate as they presently exist.”> RT Vol. 152 at 72. This
rather unusual conclusion stems from his consistent
objections to the use of restrictive factors in the H-I
model, and the fact that both versions of the updated
model included these parameters. As a result, Mr. Schroe-
der testified, “I don’t know what an accurate depletion
[for 1986-94] would be.”6 RT 152 at 110.

D. H-I Model’s Ability to Predict Depletions.

The principal cause of the different depletion esti-
mates for 1986-94 does not depend on which model is
better calibrated. Rather, the spread comes from the dif-
ferent maximum farm efficiency factors used by the two
states, and the consequent change made by Kansas to the
SEV values. RT Vol. 152 at 61, 66. The version of the H-I
model used by Kansas during the liability phase of the
trial had an effective maximum efficiency of 87 percent.
That is to say, the model allowed consumptive use by the
crops to rise to a maximum of 87 percent of the water
delivered to the farm, and thus, under those circum-
stances, restricted tailwater runoff and deep percolation

5 Although he added that the Colorado version was “more
appropriate” because it did not include a “selective” change,
namely, in the maximum farm efficiency factor. RT Vol. 152 at
72-73, 82-83.

6 However, Colorado’s other expert witness, Duane Helton,
testified that the results of the updated Colorado H-I model
were “reasonable” for calculating 1986-94 depletions. RT Vol.
153 at 18-19, 21-22. '
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to 13 percent. Experts for both states at one point or
another during the trial testified that a maximum limit of
87 percent was too high, although Colorado witnesses
maintained that the factor should not be “selectively”
changed. Reducing the efficiency percentage has the
effect in the model of increasing Stateline depletions, and
Colorado argued that if the maximum farm efficiency
factor is lowered, then the restrictive factors in the model
that act to increase depletions must also be addressed.

Colorado, in the water budget model which it used
earlier, employed a maximum farm efficiency factor of 75
percent. RT Vol. 153 at 27. Kansas in its updated H-I
model reduced the effective 87 percent maximum to 65
percent for most canals, with two set at 70 and 75 percent.
Colorado, on the other hand, retained the 87 percent in its
updated version of the H-I model. RT Vol. 153 at 27.
When Mr. Schroeder made a run of the Colorado updated
H-I model using a 75 percent maximum farm efficiency,
the Stateline depletions to usable flow increased to
between 60,000 and 70,000 acre-feet for the 1986-94
period. RT Vol. 152 at 117. This was in contrast to Colo-
rado’s estimate of depletions of 30,700 without such
change. The maximum farm efficiency, however, is not
the only evidence that needs to be considered in the
choice of model results.

The Colorado updated H-I model calculates that over
one million acre-feet of pumping during 1986-94 causes
only 30,700 acre-feet of depletions of usable Stateline
flow. On its face, this model result seems questionable,
even considering the fact that transmountain imports
increased by about 10,000 acre-feet annually over the
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1950-85 average, and that the percentage of return flows
from such deliveries also increased. RT Vol. 153 at 16-18.

For the 1950-85 period, the original Colorado water
budget used in the liability phase calculated the ratio of
depletions of Stateline flow to pumping as 16.9 percent.
For the same period the updated Kansas H-I model was
almost identical, at 16.7 percent. But making the same
comparison for the 1986-94 period, the Kansas updated
H-I model showed depletions as 14.1 percent of pumping
while the Colorado updated H-I model calculated only
6.3 percent. Kan. Exh. 765; RT Vol. 151 at 137-39.

The Colorado updated H-I model retained the use of
87 percent as the maximum farm efficiency. This percent-
age, as opposed to the 75 percent used in the Colorado
water budget, or the 65 to 75 percent range used in the
Kansas updated version of the H-I model, was generally
acknowledged to reduce Stateline depletions.

Mr. Helton recognized that using the 87 percent fac-
tor in the H-I model during the liability phase led to low
estimates of deep percolation, which, in turn, “underesti-
mated depletions at the state line.” RT Vol. 153 at 19. He
thought, however, that other deficiencies in the model
overestimated depletions. And he concluded that “on a
long-term basis, those deficiencies ought to compensate,
and the end result of that ought to be somewhat reason-
able.” Id.

There is also evidence that the Kansas H-I model
used for the 1950-85 period produced a low estimate of
Stateline depletions. Colorado’s new Use Rules that
imposed strict regulations on pumping were protested
and the subject of a trial in the Colorado District Court,
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Water Division 2, at which both Colorado experts, Helton
and Schroeder, testified. The Court in its April 30, 1996
decision upholding the new Rules referred to Helton’s
testimony:

“Helton believes the Colorado Water Budget
Analysis overestimates depletions and that the
model in question [i.e., the H-I model before
being updated for 1986-94] underestimates deple-
tions.” Colo. Exh. 1051, Appendix A at 12,
emphasis added.

Kansas expert Book was also of the opinion that the
depletions shown by the version of the H-I model used
by Kansas during the liability phase of trial were low. RT
Vol. 150 at 64.

Moreover, Mr. Schroeder acknowledged on cross-
examination that if pumping variations were removed,
the Kansas updated H-I model would produce about the
same amount of depletions as the original Colorado
water budget model used during the liability phase. RT
Vol. 152 at 116-17.

There is no way to prove the accuracy of either state’s
modeling efforts, but there are solid indications that the
H-I model as used by Kansas during the liability phase of
the trial, and now used by Colorado for 1986-94, may
well underestimate depletions. The fact that the Colorado
water budget may also have overestimated depletions
does not detract from an apparent need to adjust the H-I
model, which is now being relied upon by both states to
determine depletions for 1986-94. Whether the specific
changes incorporated by Kansas into its updated version
of the H-I model are proper is a separate issue discussed
later in this Report.
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SECTION VI
THE MAXIMUM FARM EFFICIENCY FACTOR

The original version of the H-I model effectively
limited farm irrigation efficiency to 87 percent for all
canal systems. RT Vol. 150 at 48. The effective maximum
farm irrigation efficiency was not reviewed or changed
when the “replacement experts” made their revisions to
the model. RT Vol. 150 at 69-70. The importance of this
technical and seemingly obscure modeling parameter lies
in the fact that Stateline depletions are “extremely sensi-
tive” to the percentage that is applied. RT Vol. 150 at 74.

Kansas’ expert, Dale Book, first became concerned in
October of 1995 about unreasonable estimates of irriga-
tion return flows in the Kansas model. RT Vol. 150 at
64-66. At that time the model had already been used as
the basis for the Stipulation determining the 1950-85
depletions. The Colorado State Engineer was also then
beginning to use the H-I model to check certain presump-
tive stream depletions that were part of Colorado’s new
proposed rules to regulate pumping in Colorado. For
wells used to supplement a canal supply, the new rules
presumed that depletions to the Arkansas River would
equal 30 percent of the amount pumped; for wells that
were the sole source of irrigation water, the presumed
depletions were 50 percent; and for sole source sprinkler
systems, the presumed depletions were 75 percent. Colo.
Exh. 1018, Rule 4.2. Depletions were required to be made
up with replacement water, and relying upon the results
of the H-I model using these percentages, the Colorado
State Engineer believed that Stateline flows would be
fully protected. RT Vol. 150 at 65. Mr. Book, however,
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thought that the presumptive depletions should have
been higher, and he set about “to try to figure out what
was going on.” RT Vol. 150 at 65-66.

The Kansas experts concluded that the 87 percent
effective maximum farm efficiency in the H-I model was
causing it to overestimate the consumption of applied
irrigation water, to underestimate return flows to the
river from tailwater and deep percolation, and thereby to
underestimate depletions at the Stateline. RT Vol. 150 at
53, 64-66. The Kansas experts then implemented a maxi-
mum farm efficiency factor. In due course, after review-
ing available evidence and making trial runs of the model
using figures between 55 and 75 percent, the Kansas
experts selected maximum farm efficiency factors of 65
percent for all of the canal systems except two. Those
were set at 70 percent, and the Stateline pumpers were
assigned 75 percent. RT Vol. 150 at 76-77; Kan. Exh. 776.
In recalibrating the model, the SEV values in the model
which determine the noncrop consumptive use of water
were also adjusted. RT Vol. 150 at 54-55. It is with the
inclusion of these changes that the Kansas updated H-I
model calculates depletions to usable flow for 1986-94 in
the amount of 91,565 acre-feet. RT Vol. 150 at 48; Kan.
Exh. 787.

Colorado did not object, per se, to the use of a maxi-
mum farm efficiency factor. Nor did it attempt to defend
87 percent as being a reasonable maximum farm effi-
ciency in the Arkansas Valley. Indeed, Colorado had used
a factor of 75 percent in its own water budget model. RT
Vol. 150 at 49; RT Vol. 151 at 33, 48-51. Moreover, Colo-
rado experts had testified to the 87 percent figure as one
of the “deficiencies” attributed to the H-I model during
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the liability phase of the trial. RT Vol. 111 at 45-46. RT Vol.
115 at 61; RT Vol. 133 at 101-06. RT Vol. 151 at 102.
Through detailed analyses of the H-I model results with
respect to each canal system, Colorado experts had
uncovered the fact that the effective maximum farm effi-
ciency of 87 percent caused the model under certain
conditions to calculate absolutely no deep percolation for
an entire canal system. (For example, see Colo. Exh. 997
and Kan. Exh. 770, Vol. I for the Colorado Canal; RT Vol.
151 at 24-28.) Kansas initially had not checked the model
results in a similar fashion. RT Vol. 151 at 63; RT Vol. 152
at 9-10.

However, Colorado did object strongly to the change
in the maximum farm efficiency as being “selective,” that
is, a late change that served to increase Stateline deple-
tions while offsetting factors that tended to overestimate
depletions were left intact. RT Vol. 152 at 125. In addition,
the Colorado experts believed that the maximum farm
irrigation efficiency values selected by Kansas for its
updated version of the model were not reasonable for the
Arkansas River Basin. Id. Mr. Schroeder later attempted
to remedy what Colorado perceived as this “selective
change” by removing the so-called restrictive factors
(diversion reduction factors, reduced canal capacities and
low WANT factors) from the H-I model. In Colorado’s
view these restrictive factors tended to cause depletions
to be overestimated. RT Vol. 153 at 19. The results of that
modeling effort are discussed in Section VII
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A. Kansas’ Evidence on Farm Irrigation Efficiency.

To support an appropriate model value for irrigation
efficiency, Kansas engaged a new expert witness, C.
Eugene Franzoy. His qualifications are found in Kansas
Exhibit 785. His experience in agricultural engineering
and irrigation efficiencies is extensive, including testify-
ing as an expert witness in a number of cases. The most
prominent of these cases was the interstate water dispute
in Texas v. New Mexico. Currently he is also working on
another interstate water case, Nebraska v. Wyoming, which
he said was “similar to this case.” RT Vol. 150 at 88. His
experience in performing field evaluations of irrigation
efficiencies ran into the hundreds. RT Vol. 157 at 17-18.

His first field trip through the area was in January,
1996, at a time when no irrigation was occurring. None-
theless, he was able to observe the general topography
and field slopes, the types of soil, the size and configura-
tion of fields irrigated by the various canals, the irriga-
tion methods used, and the presence of any return flow
reuse systems. Kan. Exh. 774. Soil survey maps provided
by the United States Natural Resources Conservation Ser-
vice, formerly the “Soil Conservation Service,” were also
used, together with data on irrigated acreage by canal
service areas and crop distributions. The results of his
initial work are found in Kansas Exhibit 774.

The purpose of his initial work study was to deter-
mine the achievable on-farm efficiencies of farms in the
Arkansas Valley. For purposes of his report, he defined
achievable efficiency as the “maximum on-farm efficiency
achievable for the existing physical conditions, assuming
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a high level of management.” Using this definition, effi-
ciency becomes “a measure of the ability of the soil to
absorb and retain sufficient water for crop use given the
existing intake rate, slope, topography and field length.”
Id. at 3. In more specific terms, the irrigation efficiency is
the percentage of applied water that is consumed by the
crop. RT Vol. 150 at 45. For example, if the farm efficiency
were 65%, it would mean that 65% of the applied irriga-
tion water was consumptively used by the crop, and the
remaining 35% either percolated to groundwater, or ran
off the farm as tailwater. RT Vol. 150 at 111-112.

In Mr. Franzoy’s opinion, achievable efficiencies in
this case were largely determined by the soils and slope
of the fields. However, he felt that “slope was the domi-
nant factor, because the soils are close enough to be the
same.” RT Vol. 150 at 115, 120. Mr. Helton agreed that
slopes were “a controlling factor.” RT Vol. 152 at 130. Of
course, there are also other factors that influence irriga-
tion efficiencies, for example, the type of crop, the depth
of the rooting system, the presence of salts or silt in the
irrigation water, the type of irrigation system, and the
available water supply. RT Vol. 150 at 118-19; Kan. Exh.
774 at 10.

Mr. Franzoy characterized the topography of the
Arkansas River Valley as rolling terrain, sloping toward
the river on both sides and also towards several tributary
drainage areas. Kan. Exh. 774 at 10; Kan. Exh. 801 at 5-6.
The soils were relatively flat in the bottom of the valley
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along the river, but slopes reached 2 percent at the edge
of the irrigated areas.”

Kan. Exh. 774 at 2, 10. The majority of the areas
farmed had slopes exceeding 0.5 percent. Id. at 10. Soil
Conservation Service data confirm Franzoy’s slope esti-
mates. Id., Table 2. Above slopes of 0.5 percent, Franzoy
testified that irrigation efficiencies decrease. Id. at 14; RT
Vol. 159 at 151. In his opinion, irrigation water would be
difficult to control in most of the valley because of slopes
that were greater than 0.5 percent and ran both parallel
and perpendicular to the direction of irrigation. Kan. Exh.
801 at 5. Franzoy’s estimates of the “on-farm” efficiencies
achievable in each of the canal systems are found in
Kansas Exhibit 774.

In April 1996 Mr. Franzoy again toured the valley,
this time when crops were being irrigated. His specific
purpose was to look at tailwater, and the opportunities
for reuse of tailwater within a canal system, and to esti-
mate irrigation efficiency on a system-wide basis as
opposed to individual farms. RT Vol. 156 at 131-32; RT
Vol. 157 at 61. The maximum farm efficiency factor in the
H-I model operates on a canal system as a whole.

As a result of this additional work, Franzoy esti-
mated the reuse of tailwater for each canal system, and
increased his original irrigation efficiencies for seven of
the canals. Kan. Exh. 801, Table 2. He testified that it is
not easy to estimate maximum farm efficiency “on a
ditch-wide” basis, and that more judgment is involved

7 A one percent slope equals a one-foot change in elevation
over 100 feet of distance. RT Vol. 150 at 151.
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than in measuring efficiency on an individual field. RT
Vol. 157 at 62. Even so, in his opinion, a maximum irriga-
tion efficiency of 87 percent was not reasonable, and 75
percent was high. RT Vol. 150 at 136. “You are not going
to hit 75 percent over an entire season . .. ” RT Vol. 159 at
166-67 (Franzoy). Mr. Franzoy’s estimates in Table 1 of
Kansas Exhibit 801 were based on achievable efficiencies
over an irrigation season. RT Vol. 156 at 135; RT Vol. 159
at 148, 166. Mr. Franzoy testified that he reviewed his
conclusions with Brice E. Boesch of the Natural Resources
Conservation Service (formerly the federal Soil Conserva-
tion Service) who also disagreed with 75 percent, and
thought that Franzoy’s figures were “reasonable.” RT Vol.
160 at 22; Kan. Exh. 774 at 12. Mr. Helton also called
Boesch, but only to verify Franzoy’s contact. Helton did
not solicit Boesch’s substantive views. RT Vol. 159 at
19-21.

Mr. Franzoy’s April tour produced a number of pho-
tos showing considerable amounts of tailwater in washes
and drains, and ponded at the lower ends of fields. Kan.
Exh. 801. These pictures did not support the Colorado
‘claim of extensive reuse of tailwater, even in the “water
short ditches.”® However, Mr. Helton pointed out that
April of 1996, at the time of Franzoy’s tour, was unusual
in that water was being released from storage in order to
gain reservoir space for flood control purposes. RT Vol.
158 at 31. The month was not representative of water
short conditions, he said. RT Vol. 159 at 128. For example,

8 The Amity, Colorado, Fort Lyon, Holbrook and Otero
Canals. Colorado emphasized tailwater reuse in these systems
because of their general need for more water.
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he testified that Fort Lyon diverted 22,622 acre-feet in
April contrasted with an average of 12,501 acre-feet for
the 1950-85 period. RT Vol. 159 at 127. Other evidence,
however, indicated that April 1996 was not that unusual.
During the 1986-94 period, Fort Lyon’s April diversions
exceeded the 1996 amount in four of the nine years. Id. at
128-30. Moreover, when Franzoy was there on April
23-24, Fort Lyon was calling for more water under its
1887 second priority, which meant that it was not “getting
all the water it needed.” Kan. Exh. 850; RT Vol. 159 at
32-35.

B. Colorado’s Evidence on Farm Irrigation Effi-

ciency.

Colorado’s evidence on this subject was presented
through two experts: Duane D. Helton and Prof. Robert
E. Walker. Mr. Helton has been a chief expert for Colo-
rado throughout the trial, and his 27 years of experience
along the Arkansas River clearly make him the most
knowledgeable witness about conditions generally in the
Arkansas River Valley. Professor Walker was a new
expert witness who has been in the agricultural engineer-
ing department at California Polytechnic University, San
Luis Obispo, for the last 13 years. RT Vol. 158 at 45. He is
a full professor at that university.? Prof. Walker also has
had personal experience with irrigation in the Arkansas
Valley. He was employed from 1972 to 1976 by Foxley and
Company (a large cattle feeding operation) and was
responsible for the irrigation of about 3500 acres in the

9 His resume appears in Colo. Exh. 1053.
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Colorado Canal system. RT Vol. 158 at 47-48. Prior to that
time, in 1968-72, he worked for the Soil Conservation
Service in Southern California. However, he had never
testified before as an expert witness on irrigation effi-
ciency. Id. at 51.

The primary thrust of Mr. Helton’s testimony was
that Franzoy had failed to give sufficient recognition to
the extensive reuse of tailwater, and the practice of deficit
irrigation in the Arkansas River Valley. Even with the
adjustments that Franzoy made after his April inspection,
Helton believed that the Kansas efficiency percentages
were still low, and that the maximum irrigation efficiency
factor in the H-I model for use during 1986-94 should be
75 percent.

Helton and Prof. Walker also made an inspection tour
of the valley in September 1996. RT Vol. 157 at 125.
Because of the access they enjoyed as Colorado experts to
go on certain Colorado farms, they were able to see
features not visible to Franzoy. They too introduced a
large number of photographs and maps, concentrated
primarily in the Bessemer, Fort Lyon and Amity Canal
Systems. Colo. Exh. 1055, 1056, 1056 B-E. These exhibits
were intended to demonstrate in part the use of tailwater
from one field as irrigation supply to the next lower field.
Sometimes Mr. Helton referred to this as the “multiple
reuse” of tailwater, and sometimes as examples of water
being “successively used.” RT Vol. 157 at 152, 164-65, 182;
RT Vol. 158 at 24; RT Vol. 152 at 126-27; Colo. Exh. 1055,
photo 23 D. The evidence suggested as many as seven
fields where water could be successively used. RT Vol.
157 at 164-65. Later testimony, however, by both Mr.
Franzoy and Prof. Walker, showed that tailwater from one
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field that is used as part of the irrigation supply of a
lower field is essentially consumed in that first reuse. RT
Vol. 159 at 145-47, 149; RT Vol. 158 at 119-22. Franzoy
found references to the “multiple” reuse of tailwater to be
misleading. RT Vol. 159 at 149.

The practice of deficit irrigation was acknowledged
to be prevalent in the Arkansas River Valley. When a full
irrigation supply is not available, farmers tend to under-
irrigate a lower field or portion of a field, and accept the
consequent reduction in crop yield. This is particularly
true of alfalfa, a major crop in the valley, which can
withstand a water shortage and still recover with a full
yield when more water again becomes available. Mr.
Helton cited the practice as another demonstration of
Colorado’s efficient use of a limited water supply. But as
Mr. Franzoy pointed out, the major impact of deficit
irrigation is to reduce tailwater runoff as opposed to a
reduction in deep percolation losses. RT Vol. 159 at
160-61. In that sense, it runs counter to Colorado’s
attempt to establish a high irrigation efficiency based on
tailwater reuse. |

Mr. Helton also pointed to certain engineering
reports and court approved water transfers that he
believed tended to support his 75 percent efficiency fig-
ure. The actual percentages in each of these sources was
lower than 75 percent, but he testified that certain adjust-
ments were required in order to allow a comparable
comparison. With these adjustments, Mr. Helton said that
the following irrigation efficiencies were comparable to
his 75 percent: 68.8 percent for a Colorado Canal transfer,
70 percent for a Rocky Ford Canal transfer, 72 percent for
a proposed transfer in the Keesee Ditch, and 75 percent
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for a transfer in the Fort Lyon Canal. RT Vol. 159 at 53-58,
100, 109-11, 116-17; Jt. Exhs. 79, 80, 156.

Colorado law permits the transfer only of the con-
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