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EXECUTIVE SUMMARY 
 
 
The purpose of Technical Memorandum No. 9 is to present the results from the investigation of 
Alternative 5b, Expanded Coordinated Reservoir Operations: Shoshone Power Plant.  As presented 
in the Phase 1 analysis (Colorado Water Conservation Board, September 2000), this alternative 
focused on the feasibility of: 
 

• Removing the Shoshone priority call (1/7/1902 for 1,250 cfs and 5/15/1929 for 158 
cfs). 

 
• Using the additional water stored in upstream reservoirs as a result of removing the 

Shoshone priority call to offset any reduced storage in these nine reservoirs from 
making the 20,000 acre-feet release. 

 
Discussion of this alternative in the Phase 1 investigation (Colorado Water Conservation Board, 
September 2000) indicated that this alternative could not be implemented as a selective call.  
Therefore, this investigation of Alternative 5a has focused on evaluating: 

 
• The quantity of increased storage in eight reservoirs upstream from Shoshone (Dillon, 

Granby, Green Mountain, Homestake, Williams Fork, Willow Creek, Wolford 
Mountain and Vega) that would result from removing the Shoshone priority call for 
both water rights.  

 
• The reduced storage in these eight reservoirs and the effects on other west slope 

facilities from removing the Shoshone priority call and making the 20,000 acre-feet 
release to the 15-Mile Reach in the nine years during the study period when this release 
could be required. 

 
• The estimated cost of foregone power generation at the Shoshone Power Plant as a 

result of:  (1) removal of the Shoshone call and (2) removal of the Shoshone call and 
making the 20,000 acre-feet release. 

 
Increased storage in the eight reservoirs as a result of removing the Shoshone priority call for the 
1974-91 study period is presented in Table ES-1. Table ES-1 presents the increase in storage, 
compared to the C1 base case scenario, from removing the Shoshone priority call.   Data in Table 
ES-1 indicate a general increase in storage for the eight reservoirs with the exception of Willow 
Creek and Vega Reservoirs. 
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Table ES-1.  Summary of Increased Reservoir Storage with 
Removal of Shoshone Priority Call 

Reservoir Ave. Monthly Increase in Storage1 

(acre-feet) 
Dillon 2,667 

Granby 2,879 
Green Mountain 5,162 

Homestake 11,471 
Williams Fork 4,974 
Willow Creek -61 

Wolford 1,640 
Vega -14 

1average of monthly storage, 1974-1991 

 
Data in Table ES-2 indicate the increases in reservoir storage, compared to the C1 base case 
scenario, resulting from removal of the Shoshone call and release of 20,000 acre-feet to the 15-
Mile Reach in those eight years when this release could have been required during the 1974-91 
study period.  Responsibility for making the 20,000 acre-feet release was prorated among five 
reservoirs (Dillon, Granby, Green Mountain, Williams Fork and Wolford Mountain) on the basis 
of increased storage accrued to each reservoir as a result of removing the Shoshone priority call.  
Releases toward the 20,000 acre-feet target were not made from Homestake because of uncertainty 
concerning the adequacy of how StateMod and the C1 data set were modeling Homestake and the 
correctness of results involving this reservoir.   No releases toward the 20,000 acre-feet target were 
specified for Willow Creek and Vega Reservoirs because of the absence of any increased storage 
accrued to these reservoirs from removal of the Shoshone priority call.   
 

Table ES-2.  Summary of Changes  in Reservoir Storage from 
Removal of the Shoshone Call and Making 20,000 Acre-Feet 
Release to 15-Mile Reach¹ 

Reservoir Ave. Monthly Change in 
Storage²(acre-feet) 

Dillon 2,703 
Granby 2,445 

Green Mountain 5,109 
Homestake³ 11,471 

Williams Fork 4,902 
Willow Creek³ -61 

Wolford 1,439 
Vega³ -14 

¹ Reservoir Releases (acre-feet/year): Dillon, 3080; Granby, 3324; Gr. Mtn., 5960; Williams 
Fork, 5743; Wolford Mtn., 1894 
²average of differences between annual peak storage values, 1974-1991. 
³No releases toward the 20,000 acre-feet target were required from Homestake, Willow 
Creek and Vega Reservoirs. 
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Specific results from the StateMod/C1 analysis of Alternative 5b include: 
 

• Dillon Reservoir.  Average monthly storage in Dillon Reservoir was increased by 
2,667 acre-feet during the 1974-91 study period by eliminating the Shoshone priority 
call.  Eliminating the Shoshone priority call resulted in increased or equivalent storage 
in Dillon Reservoir as compared to the C1 base case in every year except for temporary 
periods during June 1977 through June 1978, and June 1981 through June 1982.  
During these periods drawdown in Dillon Reservoir was greater than the C1 base case.  
Comparison of storage in Williams Fork Reservoir with Dillon Reservoir for these 
periods indicate that this period of increased storage in Dillon resulted from the 
exchange of water to Dillon from Williams Fork during June 1977 to June 1978 and 
June 1981 to June 1982. 

 
Average monthly storage in Dillon Reservoir was increased by 2,703 acre-feet during 
the 1974-1991 study period by eliminating the Shoshone priority call and making a 
release of 3,080 acre-feet from Dillon towards the 20,000 acre-feet target release to the 
15-Mile Reach. Eliminating the Shoshone priority call and making the proportionate 
release resulted in increased or equivalent storage in Dillon Reservoir as compared to 
the C1 base case in every year except for temporary periods during June 1977 through 
June 1978 and June 1981 through June 1982.  During these periods drawdown in Dillon 
Reservoir was greater with elimination of the Shoshone priority call and making the 
proportionate release as compared to the base case.  The reason for this apparent 
anomaly involves the exchange with Williams Fork, as described above. 

 
• Granby Reservoir. Average monthly storage in Granby Reservoir was increased by 

2,879 acre-feet over the 1974-91 study period by eliminating the Shoshone priority call.  
Storage in Granby Reservoir with elimination of the Shoshone priority call was equal 
to, or greater than storage in the C1 base case in all years during the 1974-91 study 
period except for June 1981 through June 1983.  During these periods, storage in 
Granby Reservoir for the C1 baseline scenario slightly exceeded the scenario in which 
the Shoshone priority call was eliminated. Brown and Caldwell believes the reason for 
this apparent anomaly involves how StateMod models the exchange between Green 
Mountain and Granby Reservoirs.  

 
Storage in Granby Reservoir as a result of eliminating the Shoshone priority call and 
making Granby Reservoir's proportionate share of the 20,000 acre-feet release for the 
15-Mile Reach (3,324 acre-feet) was increased by an annual average of 2,445 acre feet. 
Eliminating the Shoshone priority call and making the proportionate release resulted in 
increased or equivalent storage in Granby Reservoir as compared to the C1 base case in 
every year except for a period from January 1981 through March 1983.  During this 
period, drawdown in Granby Reservoir was greater with elimination of the Shoshone 
priority call and making the proportionate release as compared to the C1 base case.  
The reason for this apparent anomaly is likely the same as described in the previous 
scenario above. 
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• Green Mountain Reservoir. Average monthly storage in Green Mountain Reservoir 
was increased by 5,162 acre-feet over the 1974-91 study period by eliminating the 
Shoshone priority call as compared to the C1 baseline scenario. Storage in Green 
Mountain Reservoir as a result of eliminating the Shoshone priority call was equivalent 
to, or greater than, storage in the C1 base case in all years of the study period.  

 
Average monthly storage in Green Mountain Reservoir was increased by 5,109 acre-
feet over the 1974-91 study period by eliminating the Shoshone priority call and 
making Green Mountain Reservoir's proportionate share of the 20,000 acre-feet release 
to the 15-Mile Reach (5,960 acre-feet) as compared to the C1 baseline scenario. 
Storage in Green Mountain Reservoir as a result of eliminating the Shoshone priority 
call and making the 5,960 acre-feet release was equivalent to, or greater than, storage in 
the C1 base case in all years of the study period.  
 
Eliminating the Shoshone priority call increased total power revenues from Green 
Mountain Reservoir for the 1974-91 study period by approximately $923,000 for an 
annual average increase of approximately $54,000 as compared to the C1 baseline 
scenario. 
 
Eliminating the Shoshone priority call and making the 5,960 acre-feet proportionate 
release to the 15-Mile Reach increased total power revenues from Green Mountain 
Reservoir for the 1974-91 study period by approximately $1.2 million for an annual 
average of approximately $71,000 as compared to the C1 baseline scenario. 

 
• Homestake Reservoir.  Average monthly storage in Homestake Reservoir was 

increased by 11,741 acre-feet over the 1974-91 study period by eliminating the 
Shoshone priority call. Storage in Homestake Reservoir as a result of eliminating the 
Shoshone priority call was equivalent to, or greater than, storage in the C1 base case 
with the Shoshone priority call in all years of the study period.  
 
Review of estimated storage in Homestake Reservoir for the study period indicates 
apparently eroneous behavior of Homestake Reservoir during the 1980s, a wetter than 
average period. Brown and Caldwell believes this erroneous behavior of Homestake 
Reservoir is due to the inadequacies in the modeling of Homestake Reservoir by 
StateMod and the C1 data set.  Brown and Caldwell does not believe that this problem 
with modeling Homestake Reservoir has biased the results of this analysis, other than 
those for Homestake Reservoir.  

 
Because of the suspected modeling problem, Homestake Reservoir was not required to 
make a proportionate share of the 20,000 acre-feet release to the 15-Mile Reach.  
Consequently, average monthly storage in Homestake Reservoir was not affected by 
making the 20,000 acre-feet release. 

 
• Williams Fork Reservoir.  Average monthly storage in Williams Fork Reservoir was 

increased by 4,974 acre-feet over the 1974-91 study period by eliminating the 
Shoshone priority call as compared to the C1 baseline scenario.  Storage in Williams 
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Fork Reservoir as a result of eliminating the Shoshone priority call was greater than, or 
equivalent, to storage in the C1 base run in all years of the study period. 

 
Average monthly storage in Williams Fork Reservoir was increased by 4,902 acre-feet 
over the 1974-91 study period by eliminating the Shoshone priority call and making 
Williams Forks Reservoir’s proportionate share of the 20,000 acre-feet release (5,743 
acre-feet) as compared to the C1 baseline scenario.  Storage in Williams Fork Reservoir 
as a result of eliminating the Shoshone priority call and making the proportionate 
release was greater than, or equivalent, to storage in the C1 base run in all years of the 
study period. 

 
• Willow Creek Reservoir.  Average monthly storage in Willow Creek Reservoir was 

decreased by 61 acre-feet over the 1974-91 study period as a result of eliminating the 
Shoshone priority call. During the spring and early summer runoff periods for ten years 
of the 17-year study period, storage under the C1 base was temporarily higher than 
storage with elimination of the Shoshone call.  In each of these ten years, however, 
storage in the C1 base case returned, in a few months, to the same level of storage as 
the alternative eliminating the Shoshone call. 

 
Because there was no increase in Willow Creek Reservoir storage as a result of 
removing the Shoshone priority call, Willow Creek Reservoir was not required to make 
a proportionate share of the 20,000 acre-feet release to the 15-Mile Reach.  
Consequently, average monthly storage in Willow Creek Reservoir was not affected by 
making the 20,000 acre-feet release. 

 
• Wolford Mountain Reservoir. Average monthly storage in Wolford Mountain 

Reservoir was increased by 1,640 acre-feet over the 1974-91 study period by 
eliminating the Shoshone priority call as compared to the C1 baseline scenario. Storage 
with removal of the Shoshone call was higher in all years as compared to the C1 
baseline scenario except for a brief period in 1978-79 when storage under the C1 
baseline scenario was slightly greater. 

 
Average monthly storage in Wolford Mountain Reservoir was increased by 1,439 acre-
feet over the 1974-91 study period by eliminating the Shoshone priority call and 
making Wolford Mountain Reservoir's proportionate share of the 20,000 acre-feet 
release (1,894 acre-feet) as compared to the C1 baseline scenario.  Storage in Wolford 
Mountain Reservoir as a result of eliminating the Shoshone priority call and making the 
proportionate release was greater than, or equivalent to, storage in the C1 base run in all 
years of the study period with the exception of brief periods in 1975, 1978 and 1991, 
when storage under the C1 baseline scenario was slightly greater. 

 
• Vega Reservoir. Storage in Vega Reservoir was essentially unaffected by elimination 

of the Shoshone priority call. Average monthly storage in Vega Reservoir was 
decreased by 14 acre-feet over the 1974-91 study period by eliminating the Shoshone 
priority call. 
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Because there was no increase in Vega Reservoir storage as a result of removing the 
Shoshone priority call, Vega Reservoir was not required to make a proportionate share 
of the 20,000 acre-feet release to the 15-Mile Reach.  Consequently, average monthly 
storage in Vega Reservoir was not affected by making the 20,000 acre-feet release. 

 
• Shoshone power production. Elimination of the Shoshone priority call decreased the 

value of Shoshone power production by approximately $1.976 million for the entire 
1974-91 study period, or approximately $116,000 per year. 

 
Making the 20,000 acre-feet release to the 15-Mile Reach had little effect on 
hydropower production at Shoshone as compared to the previous scenario without the 
20,000 acre-feet release. Making the 20,000 acre-feet release and removing the 
Shoshone priority call resulted in a reduction of Shoshone hydropower production by 
approximately $1.970 over the study period with an annual average reduction of 
approximately  $116,000. 

  
• Orchard Mesa power plant. Eliminating the Shoshone priority call and making the 

20,000 acre-feet release to the 15-Mile Reach did not increase the frequency or duration 
of periods with less than 800 cfs flow at the point of diversion for the Orchard Mesa 
Power Plant.  Therefore, power production at the Orchard Mesa Power Plant should be 
unaffected by the Alternative 5b operations policy. 

 
• Check Case Settlement.   Comparison of flows at the head of the 15-Mile Reach 

indicated only a few small changes in flows as a result of eliminating the Shoshone 
priority call and making the 20,000 acre-feet release.  Settlement of Case No. 91 CW 
247 focuses on the irrigation season when the Alternative 5b operations policy will 
make releases of the 20,000 acre-feet.  Consequently, implementation of the Alternative 
5b operations policy should not affect the Check Case settlement 

 
• Channel Capacity Constraints.  Results produced herein and in previous Technical 

Memoranda (CWCB, October 2001a, d) indicate that the additional releases and/or 
bypasses of diversions to storage could be made from each of the reservoirs without 
violating channel flow constraints on: (1) the Blue River or Colorado River 
downstream from Green Mountain Reservoir and (2) on the Frying Pan River or 
Roaring Fork River downstream from Ruedi Reservoir 

 
The following conclusions and recommendations are based on the results of the analysis herein: 
 

1. Alternative 5b, Expanded Coordinated Reservoir Operations, Shoshone Power Plant, 
can provide the 20,000 acre-feet to the 15-Mile Reach during the eight years in which 
this release would be required for the 1974-91 study period.  

 
2. Storage in west slope reservoirs from making the 20,000 acre-feet release to the 15-

Mile Reach during the eight years in which this release would be required was only 
slightly reduced as a result of removing the Shoshone priority call.  The average annual 
storage reduction for the five participating reservoirs (Dillon, Granby, Green Mountain, 
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Williams Fork and Wolford Mountain) from making the 20,000 acre-feet release was 
724 acre-feet or approximately 150 acre-feet per reservoir.  In contrast, the average 
annual increased storage resulting from removal of the Shoshone priority call is 17,322 
acre-feet or an average of approximately 3,500 acre-feet for each of the five 
participating reservoirs.  The relatively small decrease in average annual storage from 
making the 20,000 acre-feet release to the 15-Mile Reach indicates that the 
participating reservoirs are replacing the water released by filling under their refill 
rights and are not depending on the increased storage from elimination of the Shoshone 
priority call for replacement purposes.  

 
3. The average annual estimated cost of foregone power generation at Shoshone Power 

Plant as a result of removing the Shoshone call is approximately $116,000 per year.  
This would be partially offset by an average annual increase in Green Mountain 
Reservoir power revenue of approximately $54,000 per year.   

 
The average annual estimated cost of foregone power generation at Shoshone Power 
Plant as a result of removing the Shoshone call and making the 20,000 acre-feet release 
to the 15-Mile Reach is approximately $116,000 per year.  This would be partially 
offset by an average annual increase in Green Mountain Reservoir power revenue of 
approximately $71,000 per year. 

 
4. Effects of this alternative on west slope facilities, operation of these facilities and 

flexibility of these facilities do not appear to constitute a fatal flaw. The calculated 
effects of Alternative 5b on west slope facilities, however, should be reviewed by water 
users, State officials and Federal officials to determine the acceptability, or 
unacceptability, of these effects on the yields, operation and flexibility for individual 
reservoirs and other water management structures. 

 
5. The analysis of the effects of these alternatives and scenarios was limited to west slope 

facilities and systems because east slope facilities and systems are not included in the 
existing version of StateMod and the C1 data set.  Consequently, further consideration 
of Alternative 5b should include analysis of these alternatives by concerned east slope 
entities using their own models, data sets and calculation procedures. 

 
6. It is recommended that Alternative 5b be given further consideration as a potential 

source of supply for the 20,000 acre-feet to the 15-Mile Reach. 
 

7. This further consideration should include sensitivity analysis of the performance of 
these alternatives with an additional 60,000 to 120,000 acre-feet of future depletions to 
the Colorado River. 

 
8. Removal of the Shoshone priority call was done in a non-selective manner to avoid the 

selective call issue.  Even with general elimination of the Shoshone priority call, the 
five participating reservoirs (Dillon, Granby, Green Mountain, Williams Fork and 
Wolford Mountain) had increased storage in almost all months throughout the study 
period as a result of eliminating the Shoshone priority call. 
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9. Alternative 5b could provide an initial model for development of the Insurance Pool 

alternative (Alternative 6a). This alternative should reduce the risk to individual 
facilities by: (1) spreading responsibility for making the 20,000 acre-feet release among 
five reservoirs and (2) providing additional storage to these reservoirs by eliminating 
the Shoshone call.  Therefore, rather than providing one insurance pool, Alternative 5b 
would produce five insurance pools to partially mitigate the risk. 
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INTRODUCTION AND PURPOSE 

 
The Phase 1 investigation (CWCB, September 2000) recommended that Alternative 5b, Expanded 
Coordinated Reservoir Operations, Shoshone Power Plant, should be investigated in Phase 2 
despite concerns expressed in the Phase 1 report concerning selective removal of a senior priority 
call.  As originally presented in the Phase 1 investigation, Alternative 5b would involve: 

• All or a portion of the Shoshone Power Plant priority call would be selectively removed 
for one, or possibly a few reservoirs. 

• This action would reduce the requirements for participating upstream junior reservoirs 
to release water, or bypass diversions to storage, to satisfy the senior call. 

• This action would subsequently preserve storage in the participating upstream 
reservoirs. 

• The water stored against the Shoshone priority call could be subsequently used to offset 
the 20,000 acre-feet release to the 15-Mile Reach. 

 
In order to avoid the selective call issue, an initial set of calculations was completed to determine 
how much storage would be preserved in upstream reservoirs by a non-selective removal of the 
Shoshone call.  It was then determined whether the storage preserved in these reservoirs would 
offer sufficient replacement of the 20,000 acre-feet release to warrant further consideration of this 
alternative. After completion of these initial model runs, the feasibility of making the 20,000 acre-
feet release to the 15-Mile Reach, together with removing the Shoshone priority call, was 
investigated.  
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ANALYSIS PROCEDURES AND ASSUMPTIONS 

 
 
GENERAL 
 
The following general procedures, tools, and assumptions were employed in the analysis of 
Alternative 5b: 
 
1. The StateMod surface water model and C1 dataset were used for baseline hydrology for the 

period 1975-1991, using a monthly timestep. 
 
2. The baseline conditions were the StateMod C1 Scenario, with the RIPRAP projects and 

without the 60,000 acre-feet or 120,000 acre-feet of new depletions, as detailed in Appendix D 
of the PBO.  The components of RIPRAP flows incorporated in C1 are detailed in Section 
2.3.3, Baseline Conditions of Phase 1 Coordinated Facilities Water Availability Study for the 
Endangered Fishes of the Upper Colorado River (CWCB, 2000).  These components of 
RIPRAP flows include: 

 
q 5,000 acre-feet per year from Ruedi Reservoir, 

q An additional 5,000 acre-feet in 4 out of 5 years from Ruedi Reservoir, 

q 10,825 acre-feet per year from Ruedi Reservoir under long-term lease, 

q 10,825 acre-feet per year on a permanent basis divided equally between east slope and west 
slope water users (presently Williams Fork and Wolford Mountain Reservoirs), 

q 6,000 acre-feet per year from Wolford Mountain Reservoir, and 

q Up to 28,400 acre-feet per year of water resulting from construction of improved water 
management features for the Grand Valley Water Management Project were incorporated 
on the C1 dataset but not modeled. 

 
3. CROP and 120,000 acre-feet of future depletions were not included in the baseline hydrology.  

The Phase 1 report states:  "At the conclusion of investigating each of the alternatives to be 
analyzed in Phase 2, the alternative will be subjected to necessary and appropriate sensitivity 
analysis to determine if feasibility of the alternative is affected by including the 120,000 acre-
feet per year of future depletions in the baseline hydrology."  Consequently, if the CWCB and 
the Executive Committee review the analysis and any revisions made by the consultant and 
determine that the methodology and calculations employed in the analysis of Alternative 5b are 
acceptable, the necessary sensitivity analysis will be completed.  
 
CROP is a voluntary program, the participation in which is determined on a yearly basis.  
Individual participation in CROP is dependent on conditions that are present each year, 
including snowpack, forecasted streamflows, and reservoir storage levels, among others.  
CFOPS is perceived to be a firmer commitment, once made, as part of the Biological Opinion.  
CFOPS will likely be expected to operate each year that flow in the stream in the 15-Mile 
Reach is within the target range during the spring run-off.  There is no guarantee that CROP 
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will actually provide water every year.  Therefore, CFOPS should have priority over CROP 
when in competition for the same acre-foot of supply. 

 
4. Electric power purchase and sales prices were obtained from the Western Area Power 

Administration (WAPA) for estimating the value of power generation foregone at Green 
Mountain Reservoir as a result of this alternative (Personal communication from John Gierard, 
WAPA, to Leo Eisel and Bruce Rindahl, January 23, 2001).  The sales prices were used in 
evaluating foregone power generation at both Shoshone and Green Mountain Power Plants.  
The Executive Committee requested at the April 6, 2001 meeting that the consultant submit the 
power rate schedules employed in the analysis to WAPA and to Excel Energy for comment 
concerning the appropriateness of these rate schedules for use in the analysis and specifically 
concerning the cost of replacement power.  The consultant is still awaiting a response to our 
May 2001 request to WAPA and Excel Energy concerning this matter. 

 
5. Maintenance schedules for hydropower generation facilities at Green Mountain and Ruedi 

Reservoirs and the Shoshone Power Plant are not incorporated into StateMod and the C1 data 
set. The normal procedure for Green Mountain is two outages (one for each unit) of 4.5 weeks 
each.  Typically one of the outages is in January and the other in March. The units are not 
normally worked on at the same time thus maintaining capacity to deliver through at least one 
unit.  Ruedi Reservoir hydropower facilities are generally maintained during a period of 
approximately two weeks sometime during the year.  There is no set schedule for when this 
two weeks will occur during the year (personal communication with Phillip Harris, High 
Country Engineering, September 12, 2001). A typical maintenance schedule for Shoshone 
Power Plant will have Unit A out for January and Unit B out for February.  The C1 baseline 
scenario, however, assumes that power generation facilities are always available at full 
capacity and does not acknowledge these periods of downtime for maintenance.   

 
In the analysis herein, the total kilowatt-hours of power generation are calculated for the C1 
base case scenario and compared to the calculated total kilowatt-hours generated with the 
alternative scenario.  Therefore, the two scenarios should be affected equally by the C1 
dataset’s lack of simulation of the hydropower maintenance periods.  

 
The effects of not specifically considering these maintenance periods is to: (1) slightly 
overestimate the foregone revenue from hydropower generation for those alternatives which 
decrease water supply availability and (2) slightly overestimate the additional power generated 
by those alternatives that increase water availability for hydropower generation.  Brown and 
Caldwell does not believe this omission by the C1 data sets creates a significant bias in the 
results which would affect conclusions from this investigation. 

 
 A similar situation exists with respect to frequency of calls from Shoshone.  The frequency of 

calls from Shoshone is determined for both the C1 base run scenario and for the alternative 
under investigation.  Therefore these two scenarios should be affected equally by the C1 
dataset’s lack of simulation of the hydropower maintenance periods. 

 
6. There are three categories of reservoir fill for Green Mountain Reservoir:  

• The physical fill, 
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• A reservoir fill according to the criteria of the Division 5 Engineer which requires that 
the allowable fill under a first fill right cannot exceed the difference between:  (a) 
storage on a reservoir's Start of Fill Date (usually April 1- 15) and (b) the maximum 
decreed storage amount under the reservoir's first fill right, and 

• A reservoir fill according to the criteria of the Blue River Decree. 
 
The 20,000 acre-feet release to the 15-Mile Reach will count against the first fill right of a 
reservoir because under Water Division 5 policy, the allowable fill under a first fill right cannot 
exceed the difference between a reservoir's Start of Fil1 Date storage and the maximum 
decreed storage amount under the first fill right (personal communication with Alan 
Martellaro, July 2001). This limitation does not apply to a refill right where water can be 
diverted under a reservoir's refill priority up to the decreed amount of the refill right. StateMod 
and the C1 data set correctly handle this situation. 
 
Power releases made under the direct flow power right are not debited against the "paper fill" 
of Green Mountain reservoir by the Division 5 Engineer.  StateMod and the C1 data set are 
currently not modeling this situation accordingly.  StateMod and the C1 data set are debiting 
such power releases made under the direct flow power right against Green Mountain 
Reservoir's first fill right.  
 
Power releases made under the direct flow power right are debited in the accounting against the 
"paper fill" specified in the Blue River Decree, which defines the fill obligations of Dillon 
Reservoir in relationship to Green Mountain Reservoir.  Based on the results of the analysis 
described later in the report, however, StateMod and the C1 data set are not correctly modeling 
the exchange among Williams Fork Reservoir, Wolford Mountain Reservoir and Dillon 
Reservoir.  Consequently, it is uncertain whether the fill obligations of Dillon Reservoir in 
relationship to Green Mountain Reservoir under the Blue River Decree are being handled 
correctly. 

 
7. The June 19, 2001 Municipal Recreation Agreement Between the United States, the Town of 

Palisade, the City of Grand Junction, and the City of Fruita allows for a release of HUP Surplus 
Water to be made from Green Mountain Reservoir for municipal recreational purposes if: 

• HUP Surplus  Water is not needed to generate power at the Grand Valley Power Plant, 

• Target flows for recovery of the endangered fishes in the 15-Mile Reach, as specified in 
USFWS (May 1955, p. 65),  are not being met, and  

• Sufficient HUP Surplus water exists to make the release. 
 

Releases of Green Mountain Reservoir HUP water for municipal recreational purposes 
generally begin in approximately mid-August and can continue into the fall.  StateMod and the 
C1 data set do not explicitly model releases of HUP Surplus water under the Municipal 
Recreational Agreement and there is no demand specified at a node for the Municipal 
Recreational water. 
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SPECIFIC PROCEDURES 
 
The following specific procedures were employed. 
 

1. The Shoshone priority calls (1/7/1902 for 1,250 cfs and 5/15/1929 for 158 cfs) were eliminated 
from StateMod and the C1 data set and the resulting effects on reservoir storage calculated. 
 

2. The allocation of responsibility for releasing a total of 20,000 acre-feet among the reservoirs for 
meeting the 20,000 acre-feet target release was based on the average annual increase in storage in a 
particular reservoir resulting from elimination of the Shoshone Power Plant priority call divided by 
the total increased average annual reservoir storage resulting from removal of the Shoshone Power 
Plant priority call.  The following reservoirs were included in this calculation: Dillon, Granby, 
Green Mountain, Williams Fork, and Wolford Mountain Reservoirs.  Homestake Reservoir was 
not included because StateMod is apparently not correctly modeling Homestake Reservoir.  
Willow Creek and Vega Reservoirs were not included because these reservoirs did not have 
increased yield resulting from elimination of the Shoshone priority call.   Responsibility for making 
the 20,000 acre-feet release was assigned, for purposes of this alternative, proportionally on the 
basis of increased storage resulting from elimination of the Shoshone priority call. 
 

3. StateMod and the C1 data set were then used to estimate: (1) the feasibility of making the 20,000 
acre-feet release and (2) the potential to replace water released from storage for the 20,000 acre-
feet release either from filling under reservoir refill rights and/or increased reservoir storage 
resulting from eliminating the Shoshone priority call.  
 
 
USE OF STATEMOD 
 
The C1 scenario was modified by adding full reservoir targets in Green Mountain Reservoir for the 
months of September and October.  This prevented surplus water hydropower releases until after 
the irrigation season.  In addition, monthly demands of 20,000 acre-feet were added to diversion ID 
#952001 corresponding to the projected 20,000 acre-feet releases to enhance the spring runoff in 
the 15-Mile Reach in 1975, 1978, 1979, 1980, 1982, 1985, 1986 and 1991.  Finally, any water 
rights were eliminated from that diversion to prevent the right from simply taking credit for water 
in the stream when available.  The Ruedi Reservoir refill right was incorrectly given a priority 
number of  99999.99 in the C1 run.  The correct priority number of 47869 was used in the revised 
baseline.  These changes constitute the revised C1 baseline scenario. 
 
For Alternative 5b, the baseline scenario was modified by adding eight additional diversion nodes 
in the river system immediately downstream of the head of the 15-Mile Reach.  Each diversion 
point then had a demand added corresponding to each respective release from the eight identified 
reservoirs.  A new operation rule was added to each of the modeled reservoirs to allow a release to 
their respective demand.  These changes released an additional 20,000 acre-feet of water in the 
appropriate ratio from each of the modeled reservoirs in those years when it would be required. 
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Several spreadsheets were then developed to allow side by side comparison of every aspect of the 
analysis in the two StateMod runs including reservoir storage, diversions, streamflows and 
operating releases. 
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RESULTS 

 
 
EFFECTS ON RESERVOIR STORAGE 
 
 
Dillon Reservoir 
 
Average monthly storage in Dillon Reservoir was increased by approximately 2,667 acre-feet as a 
result of eliminating the Shoshone priority call as compared to storage under the C1 baseline 
scenario.  Dillon Reservoir storage with elimination of the Shoshone priority call was higher than, 
or equivalent to, storage under the C1 baseline scenario throughout the study period with the 
exception of two periods:  (1) approximately June 1977 to June 1978 and (2) approximately June 
1981 to June 1982 (see Figure 1).  Comparison of Figure 1, storage in Dillon Reservoir, with 
Figure 5, storage in Williams Fork Reservoir, for these two periods indicates that Williams Fork 
Reservoir had substantial increases in storage with the Alternative 5b elimination of the Shoshone 
call as compared to the C1 baseline scenario.  Comparison of these two figures suggests that the 
cause of the decreased storage in Dillon in the Alternative 5b scenario resulted from how StateMod 
handles the Williams Fork to Dillon exchange.  Brown and Caldwell has concluded that this 
anomaly is not sufficient to discredit the StateMod and C1 data set results for this alternative. 
 
Average monthly storage in Dillon Reservoir was increased by 2,703 acre-feet during the 1974-
1991 study period by eliminating the Shoshone priority call and making a release of 3,080 acre-feet 
from Dillon towards the 20,000 acre-feet release to the 15-Mile Reach as compared to the C1 
baseline scenario. Eliminating the Shoshone priority call and making the proportionate release 
resulted in increased or equivalent storage in Dillon Reservoir as compared to the C1 base case in 
every year except for temporary periods during approximately June 1977 through June 1978 and 
June 1981 through June 1982 when drawdown in Dillon Reservoir was greater with elimination of 
the Shoshone priority call and making the proportionate release (see Figure 9).  The reason for this 
apparent anomaly is the same as in the previous scenario when the Shoshone call was removed and 
the 2,703 acre-feet release was not made. 
 
 
Granby Reservoir 
 
Average monthly storage in Granby Reservoir was increased by 2,879 acre-feet over the 1974-91 
study period by eliminating the Shoshone priority call.  Storage in Granby Reservoir with 
elimination of the Shoshone priority call was equal to, or greater than, storage in the C1 base case 
in all years during the 1974-91 study period except for approximately March 1982 through April 
1983 when storage in Granby Reservoir for the C1 baseline scenario slightly exceeded the scenario 
in which the Shoshone priority call was eliminated (see Figure 2). Brown and Caldwell believes 
the reason for this apparent anomaly involves how StateMod models the exchange between Green 
Mountain and Granby Reservoirs. Brown and Caldwell does not believe this apparent anomaly has 
biased results from this investigation. 
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Storage in Granby Reservoir was increased by an annual average of 2,445 acre feet as compared to 
the C1 baseline case as a result of eliminating the Shoshone priority call and making Granby 
Reservoir's proportionate share of the 20,000 acre-feet release for the 15-Mile Reach (3,324 acre-
feet). Eliminating the Shoshone priority call and making the proportionate release resulted in 
increased or equivalent storage in Granby Reservoir as compared to the C1 base case in every year 
except for a period from approximately January 1981 through March 1983 when drawdown in 
Dillon Reservoir was greater with elimination of the Shoshone priority call and making the 
proportionate release (see Figure 10).  The reason for this apparent anomaly is likely the same as in 
the previous scenario when the Shoshone call was removed and the 3,324 acre-feet release was not 
made. 
 
 
Green Mountain Reservoir 
 
Average monthly storage in Green Mountain Reservoir with elimination of the Shoshone priority 
call was increased by 5,162 acre-feet as compared to storage under the C1 baseline scenario for the 
study period.  Storage in Green Mountain Reservoir with elimination of the Shoshone priority call 
was higher than, or equal to, storage under the C1 baseline scenario throughout the study period 
(see Figure 4). 
 
Average monthly storage in Green Mountain Reservoir was increased by 5,109 acre-feet over the 
1974-91 study period by eliminating the Shoshone priority call and making Green Mountain 
Reservoir's proportionate share of the 20,000 acre-feet release to the 15-Mile Reach (5,960 acre-
feet) as compared to the C1 baseline scenario. Storage in Green Mountain Reservoir as a result 
of eliminating the Shoshone priority call and making the 5,960 acre-feet release was equivalent 
to, or greater than, storage in the C1 base case in all years of the study period (see Figure 11). 
 
 
Homestake Reservoir  
 
Average monthly storage in Homestake Reservoir with elimination of the Shoshone priority call 
was increased by 11,471 acre-feet as compared to storage under the C1 Scenario for the study 
period.  Storage in Homestake Reservoir with elimination of the Shoshone priority call was higher 
than, or equal to, storage under the C1 baseline scenario throughout the study period (see Figure 4). 
Review of estimated storage in Homestake Reservoir for the study period indicates inexplicable 
behavior of Homestake Reservoir storage during the 1980s in the C1 baseline scenario.  Figure 4 
indicates a continuous decrease in reservoir storage in the C1 baseline scenario for the period from 
approximately June 1978 through June 1985, which was a wetter than average period.  Based on 
this inexplicable reservoir behavior, the C1 data set used in modeling of Homestake Reservoir is 
suspect.  Brown and Caldwell has concluded that the modeling problems involving Homestake 
Reservoir have only biased the Homestake Reservoir results and the modeling results for the other 
reservoirs have not been affected. 
 
Because of the suspected modeling problem, Homestake Reservoir was not required to make a 
proportionate share of the 20,000 acre-feet release to the 15-Mile Reach.  Consequently, average 
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monthly storage in Homestake Reservoir was not affected by making the 20,000 acre-feet release 
(see Figure 12). 
 
 
Ruedi Reservoir 
 
Storage in Ruedi Reservoir was unaffected by Alternative 5b because it is located on a downstream 
tributary from the Shoshone Power Plant. 
 
 
Williams Fork Reservoir 
 
Average monthly storage in Williams Fork Reservoir with elimination of the Shoshone priority call 
was increased by 4,974 acre-feet as compared to storage under the C1 baseline scenario for the 
study period. Storage in Williams Fork Reservoir with elimination of the Shoshone priority call 
was higher than, or equal to, storage under the C1 baseline scenario throughout the study period 
(see Figure 5).  As discussed above, the substantial increase in Williams Fork Reservoir storage 
under the elimination of the Shoshone priority call scenario during June 1977 through June 1979 
and June 1981 through June 1982 likely resulted from the exchange with Dillon Reservoir. 
 
Average monthly storage in Williams Fork Reservoir was increased by 4,902 acre-feet over the 
1974-91 study period by eliminating the Shoshone priority call and making Williams Fork 
Reservoir's proportionate share of the 20,000 acre-feet release (5,743 acre-feet) as compared to the 
C1 baseline scenario.  Storage in Williams Fork Reservoir as a result of eliminating the Shoshone 
priority call and making the proportionate release was greater than, or equivalent to, storage in the 
C1 base run in all years of the study period (see Figure 13). 
 
 
Willow Creek Reservoir 
 
Average monthly storage in Willow Creek Reservoir with elimination of the Shoshone priority call 
was decreased by 61 acre-feet as compared to storage under the C1 baseline scenario for the study 
period. During the spring and early summer runoff periods of ten years during the study period, 
storage under the C1 base case with the Shoshone priority call was temporarily higher than storage 
with elimination of the Shoshone call (see Figure 6).  In each of these ten years, however, storage  
in the C1 base case returned to the same level as in the alternative eliminating the Shoshone call.  
Brown and Caldwell believes this apparent anomaly may result from how StateMod is handling 
exchanges among reservoirs with intervening senior priority calls.  The present configuration of 
StateMod, however, does not permit determination of the calling water right for a specific period 
and, consequently, Brown and Caldwell has not been able to determine with certainty the reason 
for the apparent anomaly in Willow Creek Reservoir storage.  Brown and Caldwell does not 
believe this anomaly is biasing the overall results of the Alternative 5b investigation. 
 
Because there was no increase in Willow Creek Reservoir storage as a result of removing the 
Shoshone priority call, Willow Creek Reservoir was not required to make a proportionate share 
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of the 20,000 acre-feet release to the 15-Mile Reach.  Consequently, average monthly storage in 
Willow Creek Reservoir was not affected by making the 20,000 acre-feet release (see Figure 14). 
 
 
Wolford Mountain Reservoir 
 
Average monthly storage in Wolford Mountain Reservoir with elimination of the Shoshone 
priority call was increased by 1,640 acre-feet as compared to storage under the C1 baseline 
scenario for the study period.  Storage in Wolford Mountain Reservoir with elimination of the 
Shoshone priority call was higher than, or equal to, storage under the C1 baseline scenario 
throughout the study period, with the exception of 1978 when the storage under the C1 baseline 
scenario was slightly higher (see Figure 7).  
 
Average monthly storage in Wolford Mountain Reservoir was increased by 1,439 acre-feet over 
the 1974-91 study period by eliminating the Shoshone priority call and making Wolford Mountain 
Reservoir’s proportionate share of the 20,000 acre-feet release (1,894 acre-feet) as compared to the 
C1 baseline scenario.  Storage in Wolford Mountain Reservoir as a result of eliminating the 
Shoshone priority call and making the proportionate release was greater than, or equivalent to, 
storage in the C1 base run in all years of the study period, with the exception of brief periods in 
1975, 1978 and 1991 when storage under the C1 baseline scenario was slightly greater (see Figure 
15) 
 
 
Vega Reservoir 
 
Storage in Vega Reservoir was unaffected by imposition of the Alternative 5b operating rule (see 
Figure 8). Average monthly storage in Vega Reservoir with elimination of the Shoshone priority 
call was decreased by 14 acre-feet as compared to storage under the C1 Scenario for the study 
period.  
 
Because there was no increase in Vega Reservoir storage as a result of removing the Shoshone 
priority call, Vega Reservoir was not required to make a proportionate share of the 20,000 acre-feet 
release to the 15-Mile Reach.  Consequently, average monthly storage in Vega Reservoir was not 
affected by making the 20,000 acre-feet release (see Figure 16). 
 
 
EFFECTS ON POWER GENERATION 
 
 
Green Mountain Reservoir Power Plant 
 
As indicated in Table 1, Green Mountain Reservoir Power Plant would produce slightly more 
power with elimination of the Shoshone priority call during the 1974-91 study period as compared 
to the C1 baseline scenario.  Total power revenues would have increased by approximately  
$923,000 for the 1974-915 study period or an average of approximately $54,000 per year. 
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Eliminating the Shoshone priority call and making the 5,960 acre-feet proportionate release from 
Green Mountain Reservoir to the 15-Mile Reach increased total power revenues from Green 
Mountain Reservoir for the 1974-91 study period by approximately $1.2 million, or an annual 
average of approximately $71,000 as compared to the C1 baseline scenario (see Table 4). 
 
 
Shoshone Power Plant 
 
Table 2 indicates the total decrease in power revenue from Shoshone Power Plant for the 1974-91 
study period with elimination of the Shoshone priority call is $1.976 million, or approximately 
$116,000 per year. 
 
Making the 20,000 acre-feet release to the 15-Mile Reach had little effect on hydropower 
production at Shoshone. With making the 20,000 acre-feet release and removing the Shoshone 
priority call, Shoshone hydropower production was reduced by approximately $1.970 million over 
the study period with an annual average reduction of approximately  $116,000.   
 
 
Orchard Mesa Power Plant 
 
Flow data at the head of the 15-Mile Reach  (Node No. 952001) were analyzed to determine if the 
frequency and/or duration of flow periods with 800 cfs or less had been changed under this 
alternative.  This node is at the point where return flows from the Orchard Mesa Power Plant return 
to the Colorado River.  The maximum reduction in monthly flow between the C1 baseline scenario 
and the Alternative 5b scenario (elimination of the Shoshone priority call and making the 20,000 
acre-feet release to the 15-Mile Reach) was 13 cfs.  Therefore, it was concluded that the 
Alternative 5b operations policy with elimination of the Shoshone priority call did not increase the 
frequency or duration of periods with less than 800 cfs flow at the point of diversion for the 
Orchard Mesa Power Plant.  Therefore, power production at the Orchard Mesa Power Plant should 
be unaffected by the Alternative 5b operations policy. 
 
 
OTHER EFFECTS 
 
 
Check Case Settlement 
 
Comparison of flows at the head of the 15-Mile Reach indicated only a few small changes in flows 
as a result of eliminating the Shoshone priority call and making the 20,000 acre-feet release.  
Settlement of Case No 91 CW 247 focuses on the irrigation season when the Alternative 5a  
operations policy will make releases of the 20,000 acre-feet.  Consequently, implementation of the 
Alternative 5a operations policy should not affect the Check Case settlement 
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Channel Capacity Constraints 
 
Results produced herein, together with the results from previous investigations of alternatives with 
respect to channel capacity constraints (Colorado Water Conservation Board, 2001a, b, c and d) 
indicate that the additional releases and/or bypasses of diversions to storage could be made from 
each of the reservoirs without violating channel flow constraints on: (1) the Blue River or Colorado 
River downstream from Green Mountain Reservoir and (2) on the Frying Pan River downstream 
from Ruedi Reservoir. 
 
 
 
 
 
 
 
 
 
. 
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CONCLUSIONS AND RECOMMENDATIONS 

 
 
The following conclusions and recommendations are based on the above results and analysis: 
 

1. Alternative 5b, Expanded Coordinated Reservoir Operations, Shoshone Power Plant, 
can provide the 20,000 acre-feet to the 15-Mile Reach during the eight years in which 
this release could be required for the 1974-91 study period.  

 
2. Storage in west slope reservoirs from making the 20,000 acre-feet release to the 15-

Mile Reach during the eight years in which this release could be required was only 
slightly reduced as a result of removing the Shoshone priority call.  The average annual 
total storage reduction for the five participating reservoirs  (Dillon, Granby, Green 
Mountain, Williams Fork and Wolford Mountain) from making the 20,000 acre-feet 
release was 724 acre-feet, or approximately 150 acre-feet per reservoir.  In contrast, the 
average annual increased storage resulting from removal of the Shoshone priority call 
was 17,322 acre-feet or an average of approximately 3,500 acre-feet for each of the five 
participating reservoirs.  The relatively small decrease in average annual storage from 
making the 20,000 acre-feet release to the 15-Mile Reach indicates that the 
participating reservoirs are replacing the water released for the 15-Mile Reach by filling 
under their refill rights and are not depending on the increased storage from elimination 
of the Shoshone priority call for replacement purposes. 

 
3. The average annual estimated cost of foregone power generation at Shoshone Power 

Plant as a result of removing the Shoshone call is approximately $116,000 per year.  
This would be partially offset by an average annual increase in Green Mountain 
Reservoir power revenue of approximately $54,000 per year.   

 
The average annual estimated cost of foregone power generation at Shoshone Power 
Plant as a result of removing the Shoshone call and making the 20,000 acre-feet release 
to the 15-Mile Reach is also approximately $116,000 per year.  This would be partially 
offset by an average annual increase in Green Mountain Reservoir power revenue of 
approximately $71,000  per year. 

 
4. Effects of this alternative on west slope facilities, operation of these facilities and 

flexibility of these facilities do not appear to constitute a fatal flaw. The calculated 
effects of Alternative 5b on west slope facilities, however, should be reviewed by water 
users, State officials and Federal officials to determine the acceptability, or 
unacceptability of these effects on the yields, operation and flexibility of operation for 
individual reservoirs and other water management structures. 

 
5. The analysis of the effects of these alternatives and scenarios was limited to west slope 

facilities and systems because east slope facilities and systems are not included in the 
existing version of StateMod and the C1 data set.  Consequently, further consideration 
of Alternative 5b should include analysis of these alternatives by concerned east slope 
entities using their own models, data sets and calculation procedures. 
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6. It is recommended that Alternative 5b be given further consideration as a potential 

source of supply for the 20,000 acre-feet to the 15-Mile Reach. 
 

7. This further consideration should include sensitivity analysis of the performance of 
these alternatives with an additional 60,000 to 120,000 acre-feet of future depletions to 
the Colorado River. 

 
8. Removal of the Shoshone priority call was done in a non-selective manner to avoid the 

selective call issue.  Even with general elimination of the Shoshone priority call, the 
five participating reservoirs (Dillon, Granby, Green Mountain, Williams Fork and 
Wolford Mountain) had increased storage in almost all months throughout the study 
period as a result of eliminating the Shoshone priority call. 

 
9. Alternative 5b could provide an initial model for development of the Insurance Pool 

alternative (Alternative 6a). This alternative should reduce the risk to individual 
facilities by: (1) spreading responsibility for making the 20,000 acre-feet release among 
five reservoirs and (2) providing additional storage to these reservoirs by eliminating 
the Shoshone call.  Therefore, rather than providing one insurance pool, Alternative 5b 
would produce five insurance pools to partially mitigate the risk. 
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Reservoir Prorated 20,000 AF Release (acre-feet)
Dillon 3080

Granby 3324
Green Mountain 5960

Homestake 0
Williams Fork 5743
Willow Creek 0

Wolford 1894
Vega 0

1average of monthly storage, 1974-1991

Table 1.  Proportionate Share of 20,000 acre-feet Release Based on Increase 
in Storage Due to Removal of Shoshone Call
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