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EXECUTIVE SUMMARY 
The goal of this report is to determine whether further development of alternatives is possible to 
improve water clarity in Grand Lake, Colorado as part of the Colorado Big Thompson Project 
(C-BT Project) west slope collection system, in response to a proposed State water clarity 
standard to take effect in 2015.  Grand Lake, Colorado’s largest natural lake, lies within the 
headwaters of the Colorado River, in the Rocky Mountains, one mile from western border of 
Rocky Mountain National Park.  Grand Lake, Shadow Mountain Reservoir, and Granby 
Reservoir, often referred to as the “Three Lakes” system, are located on the western slope of the 
continental divide in north central Colorado. See Figure ES 1.  

Figure ES 1.  Vicinity map. 

Colorado-Big Thompson Project (C-BT Project) 
The C-BT Project is owned by the Bureau of Reclamation and operated jointly by Reclamation 
and the Northern Colorado Water Conservancy District (Northern Water).    The C-BT Project is 
a system of diversions, canals, tunnels, pump stations, powerplants, and reservoirs designed to 
collect west slope water from the headwaters of the Colorado River and divert it to northern 
Colorado’s east slope communities and agricultural lands. See Figure ES-2 for an overview 
schematic of C-BT Project facilities. The Three Lakes are an integral component to the C-BT 
Project as they comprise a portion of the west slope conveyance system, moving water to the east 
slope via the Adams Tunnel. The average annual Adams Tunnel diversion over the last 30 years 
(water years 1982-2011) has been approximately 230,000 acre-feet.  Approximately 20 percent 
of this total is directly diverted from the native inflow to Grand Lake and Shadow Mountain 
Reservoir.  The remaining 80 percent must be pumped from Granby Reservoir to Shadow 
Mountain Reservoir via the Farr Pumping Plant and then routed to the Adams Tunnel through 
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Grand Lake.  Water diverted through the Adams Tunnel and from the Big Thompson River is 
routed through a series of powerplants on the east slope, generating an annual average of 
760,000 Megawatt-hours of power (Reclamation 2011a). 
 
The C-BT Project was authorized in 1937 by the 75th Congress and constructed by Reclamation 
between 1938 and 1956. Authorizing legislation for the C-BT Project was described in Senate 
Document 80 (SD 80). According to SD 80, the C-BT Project contemplated the diversion of 
surplus waters from the headwaters of the Colorado River to lands in northeastern Colorado 
greatly in need of supplemental irrigation water.  It also makes reference to Grand Lake in the 
Manner of Operation section.  SD 80 is appended to this report.  
 
Water Clarity 
The first documented clarity measurement in Grand Lake was taken in September of 1941 using 
a single Secchi disk1 depth and measuring 9.2 meters.  This was prior to C-BT Project pumping. 
In 1953, following C-BT Project pumping, the greatest Secchi disk depth recording made in 
1953 was 4.6 meters and was based on several measurements.  Both the 1941 and 1953 
measurements were made by Pennak (1955). Since the mid-1950s Secchi disk depths generally 
ranged from 1.2 through 5.8 meters (Hydros 2011).  Secchi disk depths measurements taken in 
2007-2009 show a range of values in Grand Lake from 1.4 meters to 4.9 meters with a seasonal 
trend toward degradation between July and late August/early September (Hydros 2011).  
In 2008, the Colorado Water Quality Control Commission (Commission) elected to adopt water 
clarity standards for Grand Lake.  Two standards were established.  The first is a narrative clarity 
standard requiring “the highest level of clarity attainable, consistent with the exercise of 
established water rights and the protection of aquatic life.”  The second is a numerical clarity 
standard of 4 meter Secchi disk depth that will be assessed by comparing the 85th percentile of 
available Secchi depth data collected during the months of July, August and September to the 4 
meter clarity standard.  Fifteen percent of the Secchi depth measurements may have Secchi 
depths shallower than 4 meters.  The numerical standard has an effective date of January 1, 2015 
to allow for assessment of data and to evaluate standard attainability.  Clean Water Act Section 
313 requires Federal agencies with jurisdiction over property or facilities, or engaged in activities 
that may result in water pollution, to comply with State and local water pollution control 
regulations and authorities to the same extent as any non-governmental entity. 
 

 

                                                 
1 The Secchi disk is a circular disk used to measure water transparency in oceans and lakes. The disc is mounted on a pole or line, and lowered 
slowly down in the water. The average of the depths at which the pattern on the disk disappears upon lowering and reappears upon raising is 
taken as a measure of the transparency of the water.  
 

http://en.wikipedia.org/wiki/Transparency_(optics)
http://en.wikipedia.org/wiki/Ocean
http://en.wikipedia.org/wiki/Lake
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Grand Lake 

Figure ES 2. Colorado-Big Thompson Overview (Source: Reclamation, Eastern Colorado Area Office). 
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Alternatives, Options, and Solutions Deferred for Future Consideration and Not Evaluated 
Further in this Report 
The problems and opportunities identified indicate that mixing of water from Granby and 
Shadow Mountain Reservoirs with Grand Lake is contributing to reduced clarity in Grand Lake.  
Stop-pump tests provided insight into several possible opportunities for improving clarity.  
Dramatic or sudden changes in flow rates also affect clarity.   
 
Many ideas are considered for inclusion in this report.  Through stakeholder input and input from 
the external peer review panel, some of these proposed solutions are not evaluated further in this 
report in order to focus effort on alternatives that appeared to have the highest likelihood of 
meeting the goal of this report.  However, this does not preclude analysis of these as alternatives 
into the future.  
 
The alternatives that are evaluated in this report generally fall into several categories: (1) alter 
the timing of diversions through Grand Lake and the Adams Tunnel (‘Stop and Modify Pumping 
Alternatives’), (2) Bypass Grand Lake and connect directly into the Adams Tunnel with a 
pipeline or tunnel (‘Bypass Alternatives’), and (3) options to enhance alternatives including 
watershed improvements and several other structural modifications described in the body of this 
report.  Specific alternatives assessed in this report include: 
 
Alternative I:  Stop pumping at Farr Pumping Plant in July, August and September (Stop Pump 
Alternative).  Alternative I proposes to cease pumping at Farr Pumping Plant and maintain a 
positive flow from Grand Lake to Shadow Mountain Reservoir between July and September of 
each and every year.  This alternative eliminates the introduction of Granby and Shadow 
Mountain Reservoir water into Grand Lake and restores the natural down-gradient flow from the 
North and East Inlet to Grand Lake into Shadow Mountain Reservoir and further down-gradient 
to Granby Reservoir during the clarity standard’s July to September 4-meter Secchi depth 
requirement.  Alternative I eliminates almost all operational flexibility that has historically been 
used to optimize power generation within the Project.  As a result, this alternative is expected to 
have negative impacts to power generation.  
 
This alternative could potentially create a change in water levels in Grand Lake and Shadow 
Mountain Reservoir due to the reliance on natural hydrology.  In order to maintain water levels, 
an outlet control structure or cutoff wall between Grand Lake and Shadow Mountain Reservoir 
may be required.  Because the outlet control structure or cut-off wall could impact boating access 
between lakes, a boat lock is included in the analysis. 
 
Alternative II:  Modify pumping at Farr Pumping Plant in July, August and September (Modify 
Pump Alternative).  Alternative II proposes to produce steady low flows through Shadow 
Mountain Reservoir and Grand Lake during July, August and September, to minimize the 
transport of low quality water into Grand Lake. This alternative attempts to maintain constant 
flow through Shadow Mountain Reservoir to prevent stratification (and associated internal 
loading/undesired algae growth) in the reservoir during the hot summer months.  This alternative 
maintains some operational flexibility to optimize power generation within the Project.  
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This alternative targets a steady diversion of approximately 250 cfs through Adams Tunnel in 
July through September.   This alternative would not create a change in water levels in Grand 
Lake and Shadow Mountain Reservoir.  No outlet control structure or cutoff wall between Grand 
Lake and Shadow Mountain Reservoir would be required.   
  
Alternative III:  Bypass Grand Lake with a buried pipeline and pump flows directly to Adams 
Tunnel (Bypass Grand Lake Alternative). Alternative III proposes to bypass flows around Grand 
Lake by piping water from the northeast shoreline of Shadow Mountain Reservoir and 
connecting directly to Adams Tunnel.  See Figure ES-3.  Water would be pumped from Farr 
Pumping Plant into Shadow Mountain Reservoir via the existing Granby Pump Canal, and then 
pumped via a new pump station at the northeast end of Shadow Mountain Reservoir through a 
new pipeline connected to Adams Tunnel.  This alternative eliminates the introduction of Granby 
and Shadow Mountain Reservoir water into Grand Lake, and restores the natural down-gradient 
flow from the North and East Inlet to Grand Lake into Shadow Mountain Reservoir and further 
down-gradient to Granby Reservoir.   
 
This alternative also utilizes the available regulating storage capacity in Shadow Mountain 
Reservoir to: 1) continue to operate Farr Pumping Plant per current conditions (particularly 
during off-peak power times); and 2) provide operational flexibility at the new pump station to 
divert water during on-peak power times. This alternative could potentially create a slight 
increase in the fluctuation of water levels in Grand Lake and Shadow Mountain Reservoir, 
greater than the current 1-foot maximum fluctuation.  In order to maintain Grand Lake within the 
range of desired surface water elevations, an outlet control or cut-off wall may be required to 
allow Shadow Mountain Reservoir to decrease to levels below Grand Lake.  Because an outlet 
control or cut-off wall could impact boating access between lakes, a boat lock is included in the 
analysis.  
 
Alternative IV:  Bypass Grand Lake and Shadow Mountain Reservoir with a buried pipeline and 
pump flows directly to Adams Tunnel (Bypass Grand Lake and Shadow Mountain Reservoir 
Alternative).  Alternative IV proposes to bypass flows around both Shadow Mountain Reservoir 
and Grand Lake by piping water from the Granby Pump Canal and connecting directly to Adams 
Tunnel.  See Figure ES-4. Water would be pumped from the Farr Pumping Plant into the Granby 
Pump Canal and from the Granby Pump Canal through a pipeline connected to Adams Tunnel.  
This alternative eliminates the introduction of Granby and Shadow Mountain Reservoir water 
into Grand Lake, and restores the natural down-gradient flow from the North and East Inlet to 
Grand Lake into Shadow Mountain Reservoir and further down-gradient to Granby Reservoir.   
 
This alternative could potentially create a change in water levels in Grand Lake and Shadow 
Mountain Reservoir due to the reliance on natural hydrology.  In order to maintain water levels, 
an outlet control structure or cutoff wall between Grand Lake and Shadow Mountain Reservoir 
may be required.  Because the outlet control structure or cut-off wall could impact boating access 
between lakes, a boat lock is included in the analysis.   
 
Several options are assessed in this report and worth additional consideration in combination 
with the four alternatives identified above to support clarity management. It does not appear that 
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options alone are sufficiently robust in managing factors affecting clarity to warrant evaluation 
as stand-alone alternatives, but further consideration may be warranted to confirm that 
preliminary assessment.  Options A-C are described below.  
 
Option A proposes changes to Shadow Mountain Reservoir to reduce the degradation of water 
quality that currently occurs as water is transferred to Grand Lake.  Option A has several 
potential variations, including deepening and narrowing of Shadow Mountain Reservoir or 
removal of Shadow Mountain Reservoir dam.   
 
Option B is watershed improvements including but, not limited to: additional land use 
regulations and stormwater runoff control, further replacement of septic systems, and other best 
management practices.  Note that land use restrictions are in place, but there are still unregulated 
activities occurring within the developed areas of the watershed, including directly adjacent to 
Shadow Mountain Reservoir, Granby Reservoir, and Grand Lake.  Also, natural geology 
contributes nutrient loading to tributaries from undeveloped portions of the watershed to both 
Granby and Shadow Mountain Reservoirs, which is naturally-occurring nutrient loading and 
difficult to control.    
 
Option C proposes to capture water from Grand Lake and divert directly into the Adams Tunnel 
similarly as it does under conditions today, except that the direct diversions would be in concert 
with one of three Alternatives.  Option C combined with Alternative I under normal (non-
maintenance) operations and under optimal hydrologic conditions, would allow a portion of the 
native inflows into Adams Tunnel to improve water quality of the diverted water while still 
maintaining sufficient flows from the East and North Inlets to flow naturally down-gradient to 
maintain water clarity in Grand Lake and water quality in Shadow Mountain Reservoir. 
 
Option C could also be combined with Alternatives III and IV by modifying the Adams Tunnel 
inlet connection to allow for some direct diversion of Grand Lake water to mix with water being 
piped from Shadow Mountain Reservoir or the Granby Pump Canal in order to dilute and 
improve the quality of water being diverted to the east slope.  Here again this would be 
conducted under normal (non-maintenance) operations and under optimal hydrologic conditions, 
that would allow a portion of the native inflows into Adams Tunnel to improve water quality of 
the diverted water.  Flows from the East and North Inlets would continue to flow naturally down-
gradient to maintain water clarity in Grand Lake and water quality in Shadow Mountain 
Reservoir. 
 
Option C, combined with these alternatives, also provides operational redundancy in the case of 
outages to the proposed pumping plants or pipelines and operational redundancy for normal 
maintenance during months other than the three regulatory months of July, August and 
September.   
 
Prior to further consideration of Option C, additional analysis is required to: (1) assess impacts of 
the alternatives on the quality of diverted water, (2) assess the trade-off between the quality of 
diverted water versus the water quality in the Three Lakes and specifically clarity in Grand Lake, 
and (3) weigh the benefits of the quality of diverted water. 
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In addition to the Alternatives and Options considered in this report, there are solutions deferred 
for future consideration and not evaluated further in this report that merit further consideration.  
These are presented in Chapter 3.  In order to focus effort for this report on alternatives that 
appeared to have the highest likelihood of meeting the goal of this report, these solutions were 
not evaluated in this report.  However, that does not preclude analysis of these as alternatives 
into the future. 
 
Potential Effects and Comparison of Alternative 
Alternative considered in this report are analyzed to determine their potential effects and are 
summarized in the following tables. Benefits of each alternative are assessed for their ability to 
improve water clarity in Grand Lake; potential impacts on water quality in Shadow Mountain 
and Granby Reservoirs; potential impacts to sediment transport into Grand Lake; impacts on the 
quality of water diverted to the east slope; and impacts on power generation.  Alternatives are 
rated for providing the noted benefits with a “+” if it is likely to provide a positive benefit; “0” if 
it is likely to produce little benefit or is neutral, balancing positive and negative impacts; and “-” 
if the alternative is likely a poor benefit or could possibly worsen conditions.  Some ratings also 
include a ‘-/0’ to indicate weak negative and ‘+/0’ to indicate weak positive.  See table ES-1 
 
Each alternative is also assessed for its ability to meet the four tests of viability for acceptance, 
effectiveness, constructability and completeness.  A rating of good, fair or poor is assigned to 
each alternative, along with a brief discussion and for each test of viability.  See Table ES-2.   
 
 

Table ES-1.  Alternatives benefits rating. 
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Water clarity in Grand Lake  +/0 -/0 + + 
Water quality in Shadow Mountain Reservoir -/0 0 0 -/0 
Water quality  in Granby Reservoir -/0 0 0 -/0 
Particulate matter and sediment transport into Grand Lake +/0 +/0 + + 
Water quality of diverted water -/0 0  - - 
Power Generation -/0 0 0 0 

+ positive benefit, 0/+ weak positive, 0 no change, fair or neutral benefit 
-/0 weak negative benefit - negative benefit 
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Table ES-2. Summary of viability. 

Viability 

Alternatives 

I. Stop Pumping II. Modify 
Pumping 

III.  Bypass Grand 
Lake 

IV.  Bypass Grand 
Lake and Shadow 

Mountain 
Reservoir 

Acceptability         

Publically supported today? 

good                                
likely to be 
perceived as 

proactive 

fair                                 
might be 

perceived as 
proactive 

good to fair                              
supported by some 

but construction 
may be met with 

resistance 

good to fair                              
supported by some 

but construction 
may be met with 

resistance 

Publically supported in the 
future? 

fair                                    
likely to be 
perceived as 
failure when 
clarity is not 

achieved 

fair                                   
likely to be 
perceived as 
failure when 
clarity is not 

achieved 

good                               
post-construction 
will be perceived 

as yielding 
consistent results  

good                               
post-construction 
will be perceived 

as yielding 
consistent results  

Overall Acceptability Rating good to fair fair good to slightly fair good to slightly fair 
Effectiveness         

Meet proposed State 
standards for Secchi depth? 

fair to good                              
some uncertainty 
due to changes in 

residence time 

fair to poor                               
likely to improve 
clarity but may 
not meet stds  

good                                 
will maintain a 

consistent clarity, 
reflective of natural 

hydrology, with 
relatively high 
probability of 

meeting clarity stds  

good                                  
will maintain a 

consistent clarity, 
reflective of natural 

hydrology, with 
relatively high 
probability of 

meeting clarity stds  

Maintain current water 
quality conditions in the 
Three Lakes? 

fair to poor                                
stop pumping 
may slightly  

impact SMR* 
and GR* water 
quality during 
the three no 

pumping months, 
but will have 

positive impacts 
in GL* 

fair                                
steady pumping 
periods likely to 
be minor on all 

three water 
bodies 

good to fair                  
deliveries through 
SMR remains per 
current operations 
so unlikely to alter 

water quality of 
SMR and GR.  GL 
water quality will 

improve 

fair to poor                                      
GL water quality 

will improve; 
bypass of SMR 
could negatively 

impact water 
quality in SMR and 
GR; unknowns and 

uncertainty with  
alternative.  

Affect the quality of diverted 
water? 

fair                                 
increases in 

pumping in Oct-
June may 

diminish quality 
of diverted water  

good                                 
unlikely to result 

in notable 
changes from 

current 
conditions  

fair to poor                                  
alters location of 
mixing, thus may 

diminish quality of 
diverted water  

fair to poor                                  
alters location of 
mixing, thus may 

to diminish quality 
of diverted water  
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Viability 

Alternatives 

I. Stop Pumping II. Modify 
Pumping 

III.  Bypass Grand 
Lake 

IV.  Bypass Grand 
Lake and Shadow 

Mountain 
Reservoir 

Maintain the yield to CBT? 

fair                                    
may require 

additional east 
slope storage; 
further study 

required   

good                                  
no additional 

east slope 
storage required 

good                                  
provides flexibility 

to divert on 
demand  

good                                  
provides flexibility 

to divert on 
demand  

Overall Effectiveness Rating  fair to  poor fair to poor good to slightly fair good to fair 
Efficiency         

Constructability 

fair to good                              
additional 

storage might be 
required   

good                                  
no construction 

required 

fair                              
relatively large 

scale project but 
physically possible 

using one of 
several viable 

variations 

fair                                    
large scale project 

but physically 
possible using one 
of several viable 

variations 

Extent of permitting required 
to comply with existing laws, 
regulations 

good                                          
minimal NEPA 
and  permitting 

required                            

good                                          
minimal NEPA 
and  permitting 

required                            

fair                                          
NEPA and 
extensive 

permitting required                            

fair                                          
NEPA and 
extensive 

permitting required                            

Overall Efficiency Rating fair fair good to fair good to fair 
Completeness         

Completeness 

good to fair                                 
some uncertainty 
in ability to meet 

clarity stds  

poor                                 
difficult to 

consistently meet 
clarity stds  

good                                
likely to meet 
clarity stds; 

flexibility to divert 
on demand; 

uncertainty with 
quality of diverted 

water  

good to fair                                 
likely to meet 
clarity stds; 

flexibility to divert 
on demand; 

uncertainty with 
quality of diverted 

water  

Overall Completeness Rating poor to fair poor good  good to fair 
*SMR=Shadow Mountain Reservoir, GR=Granby Reservoir, GL=Grand Lake 
 
Findings 
The results of this report suggest that further development of alternatives is possible relative to 
improving water clarity in Grand Lake, Colorado as part of the Colorado Big Thompson Project 
(C-BT Project) west slope collection system in response to a proposed State water clarity 
standard to take effect in 2015.  Of the alternatives selected for consideration in this report, it 
appears that Alternatives I, III, and IV should be included for further refinement and 
consideration.  A combination of Alternatives I and II should also be included for further 
refinement and consideration. In addition, the Solutions Deferred for Future Consideration and 
Not Evaluated Further in This Report and Further Options listed in Chapter 3 should be included 
for consideration as stand-alone alternatives or for combination with other alternatives.  Finally, 
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due to the findings in this report, a comprehensive consideration of any new alternatives should 
be included, especially as new information is gained.  During future development of alternatives, 
there should be an effort to minimize redirected impacts. 

Next Steps   
A technical review should be prepared to identify the requirements for advancing the project.  
Some of the more detailed analyses needed to support alternatives evaluation are listed below, 
although the list in not exhaustive.   
 

1. Assess C-BT Project operations and evaluate in detail, operations at Farr Pumping Plant, 
diversions for power generation, and capacity of the East Slope facilities including dry, 
average and wet year diversions and daily diurnal flow data. Analysis should include 
Reclamation, and Northern Water operational considerations and requirements for power 
customers coordinated with Western Area Power Administration (Western). 

2. Prepare a fully integrated short-term and long-term power analysis that incorporates 
Reclamation’s detailed operations of pumping plants and power plants for the C-BT Project, 
Windy Gap and Windy Gap Firming Projects, and operations of Western.   

3. Analyze east slope C-BT Project operations conducted by Reclamation and Northern Water 
including, estimated costs of alternative implementation and recommendations for 
improvements to existing C-BT Project features and operations  as required to accommodate 
alternative implementation. 

4. Evaluate water level impacts to Shadow Mountain Reservoir and Grand Lake and any 
required changes that may arise due to C-BT Project operations.  Assess the need for a cutoff 
wall/boat locks associated with Alternatives I, III and IV. 

5. Assess the water quality monitoring program and prepare recommendations to ensure a 
meaningful baseline is established and that an effective monitoring system is in place to 
evaluate water quality changes associated with future with-project implementation.   

6. Expand water quality monitoring for other constituents based on targeted analysis of existing 
monitoring and pending regulatory standards, e.g., chlorophyll a in Grand Lake and 
dissolved oxygen (DO) and chlorophyll a in Shadow Mountain Reservoir.  

7. Assess impacts of alternatives on water quality in Shadow Mountain and Granby Reservoirs 
using the three lakes water quality model, other relevant modeling tools, studies, or 
monitoring.  

8. Consider the merits of further aquatic weed control in Shadow Mountain Reservoir in 
consultation with the U.S. Forest Service and Colorado Division of Parks and Recreation.  
Removal of aquatic weeds could potential change nutrient levels and increase algal 
production.   

9. Expand water quality analysis to include Granby Reservoir, including long-term water 
quality trends associated with pumping from Willow Creek, Windy Gap Project and the 
future Windy Gap Firming Project. 

10. Investigate existing water quality of diverted water and forecast impacts of potential 
alternatives on other C-BT Project facilities. 
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11. Investigate construction related issues including:     

a. Easement acquisition for pump station and pipe 
b. Rock or geologic concerns with the feasibility for construction 
c. Utility conflicts 
d. Elevation profiles for pipeline construction 
e. The lowering of lake and reservoir elevations for construction purposes 
f. Connection to the Adams Tunnel headworks 
g. Capacity of backup power from the C-BT Project eastern slope generation for the new 

pump station. 

12. Conduct thorough analysis of costs. 

13. Assess capacity of backup power from the C-BT Project eastern slope generation for the new 
pump station.  

14. Conduct analysis to determine appropriate repayment source(s) for potential alternatives 
developed for future consideration. 

 
The Technical Review will consider existing information and identify additional data 
requirements, next steps, critical paths tasks and schedules necessary to reach the thirty percent 
engineering design level, , including both physical and operational evaluations. These activities 
might include, but are not limited to the following.   
 

o Collection of additional data; 
o Additional data analysis; 
o Limited engineering design or analysis tasks; 
o Evaluation of any existing cost estimation data with regard to a common basis, method, 

and accuracy level 
o Plans for next step cost estimation 
o Statutory and legal process and notice requirements  
o Environmental and cultural resources  

 

 

• Technically feasible pre-construction work schedule alternatives; 
• Technically feasible construction schedule alternatives; 
•  Required environmental compliance documentation, including but not limited to; 

o National Environmental Policy Act (NEPA); 
o Fish and Wildlife Coordination Act; 
o Endangered Species Act; 
o National Historical Preservation Act. 
o Clean Water Act 
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Figure ES 3. Alternative III: Bypass Grand Lake. 
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Figure ES 4. Alternative IV: Bypass Grand Lake and Shadow Mountain Reservoir. 
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1 INTRODUCTION 
 
1.1 Report Goal 
The goal of this Preliminary Development Alternatives Report (report) is to determine whether 
further development of alternatives is possible to improve water clarity in Grand Lake, Colorado 
as part of the Colorado Big Thompson Project (C-BT Project) west slope collection system in 
response to a proposed State water clarity standard to take effect in 2015.   
 
Specifically this report documents findings from each of the following steps: 
 
• Outline the Colorado-Big Thompson Project (C-BT Project, Senate Document 80 [SD 80]) 

and its relationship to this report (Chapter 1, Section 1.5) 
• Summarize water quality problems (Chapter 2) 
• Formulate alternatives (Chapter 3) 
• Prepare technical evaluation (Chapter 4) 
• Compare Alternatives (Chapter 5)  
• Present findings (Chapter 6) 
 
This report is being prepared to identify problems and needs; identify whether or not there is at 
least one alternative or an array of alternatives that address the problem; and recommend next 
steps for further consideration and action.  The analyses for this report relied on existing 
information and are based on the minimum information needed to evaluate alternatives and 
develop recommendations. Extensive baseline water quality monitoring and modeling in the 
Three Lakes area is being conducted by Reclamation and Northern Colorado Water Conservancy 
District (Northern Water). The Grand County Water Information Network (GCWIN), funded by 
Northern Water, Reclamation, and Grand County is also monitoring water clarity. 
 
1.2 Participants and Coordination 
In 2010, Northern Water, Grand County and Reclamation officials signed an agreement to 
cooperatively fund this report.  This report is being conducted under the direction of 
Reclamation’s Eastern Colorado Area Office, with support from a study team comprised of 
representatives from Grand County, Colorado, and Northern Water . Reclamation’s Technical 
Services Center and Great Plains Region staff participated in technical reviews of the report 
encompassing water quality modeling, planning, and engineering. In addition, Reclamation 
retained an external peer review panel of experts specializing in water quality and environmental 
engineering. Two meetings were conducted with all the stakeholders and the external peer 
review panel.  The first was on November 28, 2011, with the purpose of developing conceptual 
alternatives.  Following this November 28 meeting the alternatives were assessed and a report 
prepared for review by the stakeholders and peer review panel.  On February 9, 2012, the second 
meeting was held to review the report and provide comments and feedback. This report 
incorporates technical, stakeholder and peer review panel comments and feedback. On June 28, 
2012, a comment resolution meeting was held with all stakeholders and on July 11, 2012 the peer 
review panel submitted their final review comments (Review Panel, 2012), which is appended, 
with follow-up discussions for clarification (McCutchan 2012).  Reclamation conducted a final 
review session and incorporated comments as appropriate.   
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1.3 Study Area 
Grand Lake, Colorado’s largest natural lake is located in Grand County, Colorado, on the west 
slope of the continental divide as shown on Figure 1.1.  Grand Lake lies within the headwaters of 
the Colorado River, in the Rocky Mountains.  The Study area comprises three bodies of water, 
and is often referred to as the Three Lakes system.  These water bodies include Grand Lake, 
Shadow Mountain Reservoir, and Granby Reservoir, both man-made reservoirs constructed as 
part of the C-BT Project.   
 

Figure 1.1. Vicinity map. 

 
There are seven major natural drainages tributary to the Three Lakes system: North and East 
Inlets, directly tributary to Grand Lake; North Fork of the Colorado River, tributary to Shadow 
Mountain Reservoir; and Columbine Creek, Roaring Fork, Arapaho Creek and Stillwater Creek, 
tributary to Granby Reservoir.  In addition, there are two pumped tributaries, which include 
water from the Willow Creek watershed and the Colorado/Fraser watershed (Figure 1.2). 
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Figure 1.2.  Three Lakes area map (Source: Grand County).
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1.4 Setting 
The Three Lakes area lies within the high elevation, mountain environment of the Rocky 
Mountains, on the western slope of the continental divide.  The majority of the watershed is 
undeveloped, public lands, dominated by lodgepole pine, aspen, spruce and fir.  The area is 
surrounded by the Arapahoe National Forest, Arapahoe National Recreation Area, Indian Peaks 
Wilderness Area, Rocky Mountain National Park, unincorporated Grand County and the Town 
of Grand Lake, Colorado.  Grand Lake, Colorado lies within one mile of Rocky Mountain 
National Park’s western park entrance. 
 
As of 2002, approximately 18% of the County’s 12,500 people reside in the watershed 
surrounding the Three Lakes (Hydrosphere 2003).  Based upon 2010 census figures, the 
population in the Three Lakes drainage is 2,359 full time residents.  There are 4,300 homes in the 
areas, with roughly 1,140 of those occupied, indicating a vacancy or second home-ownership 
rate of 74% (US Census and Town of Grand Lake). Summer recreation in the region includes 
camping, hiking, mountain biking, boating, wildlife viewing, water skiing, swimming and 
fishing.  Winter activities include skiing, ice-fishing and snowmobiling. Average visitors to 
Rocky Mountain National Park (2001-2010) totaled 3,059,929. Of those, 548,805 entered the 
park through Grand Lake access points (RMNP visitation records available online). 
 
1.5 Colorado-Big Thompson Project Background  
The C-BT Project is a system of diversions, canals, tunnels, pump stations, hydropower plants, 
and reservoirs designed to collect west slope mountain water from the headwaters of the 
Colorado River and divert it to Colorado’s east slope communities and agricultural industries. 
The C-BT Project is owned by Reclamation and operated jointly by Reclamation and Northern 
Water.  Northern Water also manages the water for use in irrigation and municipal/industry in 
east slope communities (Reclamation 2011a).  
 
On July 5, 1938, Reclamation and Northern Water executed a contract for the construction and 
operation, maintenance, and replacement (OM&R) of the C-BT Project.  This contract, as 
amended and supplemented, allocates the multipurpose OM&R costs to be repaid 50% by 
Northern Water and 50% by Reclamation through the power customers.   
 
Grand Lake was integrated into the original design of the C-BT Project water collection and 
conveyance system.  Water collected from the surrounding watershed is routed into Grand Lake 
through both gravity flow and pumped systems.  From Grand Lake, water is diverted to the east 
slope via the Adams Tunnel.  The Adams Tunnel inlet is located along the east shoreline of 
Grand Lake.  The Adams Tunnel is 13 miles long and runs under the continental divide to the 
east slope.  The east portal of the Adams Tunnel discharges flows to a system of diversions, 
canals, tunnels, pump stations, hydropower plants and reservoirs. Water diverted through the 
Adams Tunnel and from the Big Thompson River are routed through a series of powerplants on 
the east slope, generating an annual average of 760,000 Megawatt-hours of power (Reclamation 
2011a).  A plan view layout and pumping schematic are included in the Appendix. 
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1.6 Windy Gap Project 
The C-BT Project facilities are also used to convey water for the nonfederal Windy Gap Project 
if and when excess capacity is available.  Reclamation holds a conveyance contract for the 
Windy Gap Project with the Municipal Subdistrict of Northern Water (Subdistrict), which is 
composed of multiple entities, including cities of Boulder, Estes Park, Fort Collins, Greeley, 
Longmont, and Loveland.  The Windy Gap Project was completed in 1985 and consists of a 
diversion dam on the Colorado River, a 445-acre-foot reservoir, a pumping plant, and a six-mile 
pipeline to Granby Reservoir. The Windy Gap Project is downstream of the Three Lakes area.   
Water is pumped to Granby Reservoir and stored before it is delivered to Windy Gap water users 
on the east slope via the C-BT Project facilities by routing the water from Granby Reservoir 
through Shadow Mountain Reservoir, Grand Lake and Adams Tunnel, and other east slope 
facilities.  
 
The Windy Gap Firming Project is a proposed project (2012) designed to firm existing water 
rights by improving delivery and storage of water associated with the original Windy Gap 
Project.  The Windy Gap Firming Project will continue to utilize the C-BT Project facilities if 
and when excess capacity is available in conjunction with the construction of a new east slope 
reservoir called Chimney Hollow Reservoir.  The Windy Gap Firming Project would divert 
additional water from the Colorado River to Granby Reservoir and beyond to the east slope.    
The Windy Gap Firming Project, combined with C-BT and Windy Gap Project flows, is 
projected to deliver approximately 262,000 acre-feet per year through the Adams Tunnel under 
the preferred Alternative 2 (Chimney Hollow with prepositioning) (Reclamation 2011c). Figure 
1.3 presents an overview of the C-BT System.  Figure 1.4 presents an overview of the Windy 
Gap system.  
 
1.7 Arapahoe National Recreation Area 
In 1978, the 95th congress authorized the creation of the Arapahoe National Recreation Area.  
The Arapahoe National Recreation Area covers 35,235 acres within the Arapaho and Roosevelt 
National Forests and the C-BT Project Area.  Within the authorization, Congress notes that it is 
in the nation’s interest to create the Arapahoe National Recreation Area …so as to preserve and 
protect the natural scenic, historic, pastoral, and wildlife resources of the area and to enhance the 
recreational opportunities provided.  Further, the Secretary [of Agriculture] was directed to 
administer the Arapahoe National Recreation Area in such a manner as will best provide for, 
among other things, the management of water quality in the recreation area consistent with the 
development of needed water supply and waste-water system, including the control of aquatic 
vegetation in the streams, lakes and reservoirs within the recreation area.  (Public Law No. 95-
450). 
 
Prior to the creation of Arapahoe National Recreation Area, the Shadow Mountain National 
Recreation Area existed, predominately covering what is now the Arapahoe National Recreation 
Area.  In 1955, Reclamation transferred lands to the Department of Agriculture, U.S. Forest 
Service for protection of Shadow Mountain and Granby Reservoirs for recreation except as 
required by Reclamation for operation of said reservoirs.  Reclamation retained control of the 
flow, water surface elevation and utilization of the water for its purposes as well as all dams, 
pumping plants, canals, power lines and other features appurtenant to the water control project, 

http://www.northernwater.org/WaterProjects/LakeGranby.aspx
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including such lands adjacent to these features as are required by Reclamation for administration, 
operation and maintenance purposes.  Reclamation also retained the right to settle any 
controversy between the recreation uses and the project. However, both agencies agreed to work 
closely on land use changes and project modifications, and if this cannot be agreed upon, the 
issue goes to the Secretary of Agriculture (USDOT 1955). 
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Figure 1.3.  Colorado-Big Thompson Overview (Source: Reclamation, Eastern Colorado Area Office). 
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Figure 1.4.  Windy Gap System (Source: Northern Water).
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2 Problems and Needs: Summary of Water Quality Issues 
 
2.1 Water Quality Standards  
Under the Clean Water Act (CWA) administered by the U.S. Environmental Protection Agency 
(EPA), states have primary responsibility for the development and use (including restoration, 
preservation, and enhancement) of land and water resources (CWA Section 101(b)).  The 
Colorado Department of Public Health and Environment (CDPHE), Water Quality Control 
Department (WQCD) is the agency responsible for maintaining, restoring and improving the 
quality of Colorado’s waters.  The Colorado Water Quality Control Commission (Commission) 
develops the water quality standards and regulations.  Clean Water Act Section 313 requires 
Federal agencies with jurisdiction over property or facilities, or engaged in activities that may 
result in the discharge of runoff or pollutants, to comply with State and local water pollution 
control regulations and authorities to the same extent as any non-governmental entity.   
 
There are several state water quality standards that are relevant to factors affecting water clarity.   
Clarity refers to the absence of light reducing factors that affect water transparency. Particulates 
and dissolved components that include inorganic and organic constituents such as nutrients 
(nitrogen and phosphorus), algae (chlorophyll a), and detrital (plant) material can all affect water 
transparency, reducing water clarity. The state of Colorado has established clarity standards, 
nutrient criteria, and dissolved oxygen limits.   
 
In an April 26, 2012 meeting between Northern Water and Colorado Division of Water 
Resources staff, compliance issues related to clarity and nutrients were discussed. Should the 
clarity standard not be met, the state would likely develop total maximum daily load (TMDL) for 
nutrients, chlorophyll, and dissolved oxygen with a focus on point source control and non-point 
source best management practices and incentive programs.  The timeframe for developing a 
TMDL would likely extend into 2016 to 2020 (ECAO File Memorandum, Personal 
Communication, Harger, 2012).  Specific state standards related to clarity, nutrient criteria, 
dissolved oxygen, and other regulated constituents are discussed in the following sections. 
 
2.1.1 Clarity 
In 2008, the Commission elected to adopt water clarity standards for Grand Lake.  Two 
standards were established.  The first standard is a narrative clarity standard currently in effect 
requiring “the highest level of clarity attainable, consistent with the exercise of established water 
rights and the protection of aquatic life.” This standard was the first such standard adopted in 
Colorado pursuant to Basic Standards Section 31.13(3), which states “In special cases where 
protection of beneficial uses requires standards not provided by the classification above, special 
standards may be assigned after full public notice and hearings.”  Improvement of clarity in 
Grand Lake was expected to improve the quality of recreational uses of this unique resource 
(CDPHE, 2012a).  In establishing the narrative standard, the Commission intended that 
attainability of the proposed numerical standard be judged over an approximately 20-year 
implementation period to see whether or not clarity could be attained by any recognized control 
techniques that are environmentally, economically, and socially acceptable (CDPHE, 2012b).  
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The second standard is a proposed seasonal numerical clarity standard of 4 meter Secchi depth 
effective January 1, 2015.  Attainment of the 4 meter Secchi disk depth standard will be assessed 
by comparing the 85th percentile of available Secchi  depth data collected during the months of 
July through September to the 4 meter standard. The 85-percent compliance goal means that 15 
percent of the measurements in the compliance period may have Secchi disk depth shallower 
than 4 meters.  When the samples are collected in different locations or by different agencies on 
the same day, the Secchi disk depth value used for compliance determination is the average of 
those samples (CDPHE, 2012b).    
 
The numerical clarity standard has an effective date of January 1, 2015 to allow for assessment 
of data and to evaluate standard attainability.  The WQCC recognized that Section 25-8-104, 
C.R.S. states in part that “Nothing in this article [the Colorado Water Quality Control Act] shall 
be construed, enforced, or applied so as to cause or result in material injury to water rights”.  
 
2.1.2  Nutrients 
At hearings in March 2012, the Commission proposed interim numeric nutrient criteria for 
protection of Colorado’s cold and warm water lakes and reservoirs and for the protection of 
aquatic life and recreation. More stringent criteria have recently been adopted for chlorophyll a 
(a measure of algal abundance) in lakes and reservoirs classified as Direct Use Water Supplies 
(DUWS). The Three Lakes water bodies are classified as cold water lakes and the 
implementation of future alternatives to mitigate clarity impacts may affect whether an 
individual water body is classified as a DUWS.  Likewise Grand Lake is already a direct 
connection to Adams Tunnel and by definition a Direct Use Water Supply (with or without 
clarity considerations).  The C-BT Project east slope reservoirs, Carter Lake and Horsetooth 
Reservoir are already subject to the more stringent DUWS criteria. The proposed criteria are 
listed in Table 2.1 and may be adopted as interim standards in specific water bodies, including 
those contemplated in this analysis, between May 31, 2017 and May 31, 2022.  After May 31, 
2022, the interim values can be adopted in any segment through the basin hearings process.   
 
2.2 Dissolved Oxygen 
Section 303(d) of the Federal Clean Water Act requires that states identify all waters where 
required pollution controls are not sufficient to attain or maintain applicable water quality 
standards, and establish priorities for development of total maximum daily loads (TMDLs) based 
on the severity of the pollution and the sensitivity of the uses to be made of the waters. Shadow 
Mountain Reservoir is currently listed on Colorado’s 2010 303(d) list for dissolved oxygen.  
Factors contributing to low dissolved oxygen concentrations in Shadow Mountain Reservoir 
include the low dissolved oxygen water pumped from the hypolimnion of Granby Reservoir via 
the Farr Pumping Plant.  Coupled with a long hydraulic residence time in Shadow Mountain 
Reservoir, further oxygen depletion occurs as algae and other aquatic organisms deplete 
available oxygen supplies.  
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Table 2.1.  Colorado Nutrient Criteria–Draft Final Nutrient Interim Values (Reg. 31.17). 

COLD WATER WARM WATER 

Water 
Body 

Total 
Phosphorus 

(mgL) 

Total 
Nitrogen 
(mg/L) 

Chlorophyll 
Total 

Phosphorus 
(mg/L) 

Total 
Nitrogen 
(mg/L) 

Chlorophyll 

Rivers & 
Streams 0.111 1.251 1502,3 

mg/m2 0.171 2.011 1502,3 
mg/m2 

Lakes & 
Reservoirs 
(Aquatic 
Life & 

Recreation 
Uses) 

0.0252 0.4262 82 𝑢𝑔/𝐿 0.0832 0.9102 202  𝑢𝑔/𝐿 

Direct Use 
Water 
Supply 

Lakes & 
Reservoirs 

 
NA 

 
NA 

 
54 𝑢𝑔/𝐿 

 
NA 

 
NA 

 
54 𝑢𝑔/𝐿 

1Annual median; 1-in-5 year exceedence frequency, aquatic life use 
2July 1 – Sept 30 average in mixed layer (median of multiple depths); 1-in-5 year exceedence frequency, for lakes & reservoirs 
>25 acres 
3July 1 – Sept 30 maximum attached algae, not to exceed.  Recreational use. 
4March 1 – November 30 average chlorophyll in mixed layer (median of multiple depths; 1-in-5 year exceedence frequency 
 
2.2.1 Other Constituents  
Granby Reservoir is currently listed on Colorado’s 2010 303(d) list for mercury in fish tissues 
impairing aquatic life cold water class 1 uses.  The potential sources of mercury in Granby 
Reservoir are not explicitly identified.  TMDL development is recommended to address further 
mercury loading in Granby Reservoir.  Colorado’s Water Quality Control Act does not include 
enforcement provisions related to nonpoint sources for constituents such as biological nutrients, 
biological material, rock, sand, or agricultural waste.  However, Clean Water Act Section 101(g) 
encourages federal agencies to work with State and local agencies to develop comprehensive 
solutions to nonpoint source problems.      
  
2.3 Water Quality Issues in the Three Lakes 
Water quality issues have been discussed in several previous technical reports with recent focus 
on changes to water clarity in Grand Lake during various water operations scenarios, including 
pumping cessation.  During the past several years, operational modifications were conducted 
during late summer (as described in Section 2.5.3) where water conveyance from Granby 
Reservoir ceased or was reduced to a low and steady flow, and sampling in Shadow Mountain 
Reservoir and Grand Lake was more intensive. A general summary of water quality issues and 
factors affecting water quality are summarized from these reports and include the following: 

Water Quality Issues: 
• Decreased clarity pre/post C-BT Project; 
• Algal productivity in Shadow Mountain Reservoir and Grand Lake 
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• Sedimentation (delta) in Shadow Mountain Reservoir and Grand Lake 
• Aquatic weeds growth in Shadow Mountain Reservoir 
• Low dissolved oxygen levels in Shadow Mountain Reservoir 
• Taste and odor problems in east slope drinking water 
• Compliance with proposed clarity standard for Grand Lake 
• Compliance with nutrient criteria in the Three Lakes 
• Presence and transport of non-algal organic particulate matter and inorganic particulates in 

pumped flows (McCutchan 2010). 
 
Water Quality Drivers: 
• Nutrient loading into the Three Lakes (Granby Reservoir, Shadow Mountain Reservoir, 

Grand Lake) from natural and anthropogenic sources; 
• Human development in the watershed; 
• Hydraulic residence time; 
• Water management/operation of the C-BT system 
• Stormwater 
• Climate variables 
• Particulate matter 
• Sediment loading from the North Fork of the Colorado River 
• Particulate matter transport in Shadow Mountain and Grand Lake, including higher 

temperature of pumped flows (J. Anthony) 
• Break down and re-suspension of aquatic weeds in Shadow Mountain Reservoir 
• Internal loading 
 
2.4 Summary of Pertinent Available Data and Studies 
Water quality and quantity data sources referenced frequently in this report are listed in Table 
2.2, and includes original source and date of publication. A full listing is included in the 
Appendix.  Some of these reports are a synthesis of multiple years of information.  The water 
quality issues were identified through monitoring efforts over time and many of the issues vary 
in magnitude and intensity from year to year.   
 
Water quality observations have been recorded from Grand Lake prior to construction of the C-
BT Project (Pennak 1955). Among several of the water quality characteristics described at that 
time was water clarity (e.g., Secchi disk depth) that was measured at deepest points in a series of 
high-elevation Colorado lakes. Results from this original work include a historical Grand Lake 
Secchi disk measurement and plankton community characteristics and have been used as a 
reference point for comparison with post-C-BT Project pumping conditions in Grand Lake. The 
historical Secchi disk depth measured by Pennak (1955) in September of 1941 was a single 
observation of 9.2 meters. Following C-BT Project pumping operations, the greatest Secchi disk 
depth recording made in 1953 was 4.6 meters and was based on several measurements by Pennak 
(1955). Subsequent monitoring efforts in the Three Lakes have focused on systematically 
characterizing changes in water quality.  The majority of Secchi disk depth measurements began 
in the early 2000s. 
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Table 2.2.  Data sources. 

 
As shown in the Appendix, the Three Lakes have been the subject of numerous studies and 
reports over the years. However, most reports focused on short periods of records or on specific 
issues. It is only recently that more intensive and long-term monitoring efforts were undertaken 
and comprehensive reports prepared to inform water quality dynamics in the system.  
 
An in-depth analysis of 2005 through 2007 data collected by Reclamation was performed by 
Lieberman (2008) and further extended the analysis of previous water quality and clarity 
conditions in the Three Lakes. Recent analysis of changes in water clarity and factors related to 
these changes can be found in Hydros (2011) and include data collected by Northern Water from 
2007 through 2010. 2011 data collected by GCWIN and Northern Water were also reviewed to 
supplement this report although the data had not been formally analyzed at the time of writing. 
 
In addition to published reports used to analyze water quality and clarity conditions (Table 2.3), 
a separate table containing a summary of available data was prepared and included in the 
Appendix. The tables provide greater detail about water quality results including range of 
concentrations (where applicable), seasonality, and depth at which samples were collected. 
Observations contained within this table provided a historical perspective in comparison to 
current conditions.  
 
Current knowledge about the Three Lakes water quality conditions relies on monitoring at 
various stations throughout the reservoirs, streams, lake, and canals associated with these water 
bodies. Station locations were established to monitor effects on water quality associated with the 
movement of water within the Three Lakes system. Data collected from these stations (Figure 
2.1) helped describe changes in water chemistry dynamics occurring during changes in water 
operations. The data set with observations for Secchi depth extends from to 1941 through the 
present (Figure 2.2). 
 
 
 
 
 

Data Type Period of Record Data Sources 

Secchi Depth  1941-2011 CDPHE, CU, Northern Water, EPA, 
GCWIN, Reclamation, USGS 

Nutrients 2007-2010 Northern Water  
Streamflow/Operations 1991-2011 Reclamation 
Connecting Channel 2010 USGS 
Aquatic Weeds 2010 Northern Water/Dave Sisneros 
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Table 2.3.  Water quality and clarity reports. 

Report Title Author Year 
Comparative Limnology of Eight Colorado Mountain 
Lakes Robert Pennak, CU 1955 

An Assessment of Information on Water Quality in 
Lake Granby, Shadow Mountain Reservoir and Grand 
Lake 

William Lewis, Jr, CU 1992 

Water Quality and Trend Analysis of Colorado-Big 
Thompson System Reservoirs and Related 
Conveyances, 1969 through 2000 

USGS 2003 

Northern Water 2007 Water Quality Report Esther Vincent, Northern 
Water 2008 

Report of Refined Analysis on Grand Lake Water 
Clarity 

Mark Coleman, Coleman 
Ecological 2008 

2010 Shadow Mountain Reservoir Aquatic Weed 
Ground Truthing Survey David Sisneros 2010 

Factors Controlling Transparency in Grand Lake, 
Colorado James McCutchan, CU 2010 

Physical, Chemical, and Biological Attributes of 
Western and Eastern Slope Reservoir, Lake, and 
Flowing Water Sites on Colorado-Big Thompson 
Project, 2005-2007:  Lake Granby, Grand Lake, 
Shadow Mountain Reservoir, Horsetooth Reservoir, 
Carter Lake 

Davine Leiberman 2008 

Operational and Water Quality Summary Report for 
Grand Lake and Shadow Mountain Reservoir 

Jean Marie Boyer and 
Christine Hawley, Hydros 
Consultants 

2011 
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Figure 2.1.   Location of Shadow Mountain Reservoir and Grand Lake Drainage surface 

water-sampling stations. 
 
2.5 Factors Impacting Clarity 
Between 1941 and 2010 the full range of Secchi depth measurements, taken both with and 
without a view scope (pvc tube with glass on one end, which eliminates surface reflection), 
extended from 1.2 meters through 9.2 meters.  Figure 2.2 illustrates this and includes red lines to 
delineate boundaries of the measurements (only one reading of 9.2 meters was observed outside 
of this range).   Recent data generated by GCWIN from observations in 2011 (taken with view 
scope) show a range of 1.11 meters (June 8, 2011) through 7.56 meters (August 24, 2011).  Note 
that in 2011, abnormally high runoff and resultant high flows occurred. The 7.56-meter readings 
in August occurred during a time with no pumping at Farr Pumping Plant and no diversions at 
Adams Tunnel and water flowed from Grand Lake to Shadow Mountain Reservoir (GCWIN 
2011 Secchi Report). Secchi depth was reduced to less than three meters once pumping began 
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and diversions through Adams Tunnel resumed in early September of 2011. See Section 2.5.3 for 
additional discussion on operational modifications.  

 

 
Figure 2.2. Historical Secchi-Disk Depth Measurements for Grand Lake (various locations 

and without view scope) (Source: Hydros, 2012). 
 

Factors that affect water clarity in Grand Lake have been presented in McCutchan (2010) and 
Hydros (2011). Those light-attenuating factors identified as having greater influence on 
diminishing water clarity to having least influence in Grand Lake were determined to be, in the 
following order:   

• Non-algal organic particles 
• Algal particles 
• Inorganic particles (suspended sediment) 

Characteristics for each type of factor that attenuate light in the water column include the beam 
attenuation coefficient, spectral absorption coefficient, and the spectral scattering coefficient 
(Arst et al. 1997).  Overall, an effective way to relate light-attenuating factors that diminish water 
clarity in Grand Lake can be conceptualized in Figure 2.3. Factors influencing water clarity are 
either directly influencing light attenuation or are influencing other factors that affect light 
attenuation (indirect effects; e.g., algae). Additional studies are underway to determine the 
composition of particulates. 



Preliminary Development Alternatives Report 
Colorado-Big Thompson Project, West Slope Collection System 

Grand County, Colorado 
 

2.9 

 

 
 

Algae: Algal biomass is typically described as chlorophyll a. Chlorophyll a absorbs strongly and usually scatters strongly. 
Often the scattering is higher than absorption and the scattering is dependent on cell size (small algae are much more efficient 
at scattering). Algae typically grows within the water body, depending on light, temperature, and nutrient concentrations 
although algae can also be transported from one water body to another via flow (e.g. through the connecting channel between 
Grand Lake and Shadow Mountain Reservoir).  

Non-Algal Organic Particulates (Detritus): Detritus is non-living particulate matter and includes fragments of dead organisms. 
A potentially important source of detritus for the Three Lakes is dead and decomposing aquatic macrophytes from shallow 
Shadow Mountain Reservoir. Detritus typically absorbs strongly and scatters strongly.  

Inorganic Particulates: Inorganic particulates (inorganic suspended solids) are of mineral origin and include sand-, silt – and 
clay-sized particles. Sources include inflowing water, shoreline erosion, and re-suspension from the bottom of the 
lake/reservoir. Re-suspension may be particularly important in Shadow Mountain Reservoir due to its shallow depth and often, 
large flow rates. Inorganic suspended solids absorb weakly and scatter intensely.  

 
Figure 2.3.  Light-attenuating constituents in water (Source: Hydros 2011). 

 
McCutchan (2010) reported that non-algal particles account for a greater portion of light 
attenuation in Grand Lake compared to other components that scatter and absorb light like algal 
matter and dissolved organic matter. Source for non-algal micro-particles may be derived from 
aquatic macrophytes that occur near the shallow, northern end of Shadow Mountain Reservoir 
(Sisneros 2010).  The U.S. Forest Service manually cuts and harvests the heavy growth of 
aquatic plants in Shadow Mountain Reservoir, which may also contribute plant fragments  that 
are not removed from the reservoir.  
 

Lieberman (2008) concluded that water clarity is affected by Shadow Mountain Reservoir water 
conveyance and detectable by the mid-Grand Lake station extending to the Adams Tunnel 
station. Conversely the influence of natural water flowing into Grand Lake is reflected in high 
(improved) Secchi disk depth readings (GCWIN 2011). 
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2.6 Hydrodynamics of the Three Lakes 
2.6.1 Overview 
The Three Lakes System is comprised of Granby Reservoir, Shadow Mountain Reservoir and 
Grand Lake.  Granby Reservoir collects and stores the waters of its direct tributaries and also 
receives and stores pumped water from Willow Creek and Windy Gap Reservoirs. Willow Creek 
Reservoir is located approximately three miles to the west of Granby Reservoir and Windy Gap 
Reservoir is located about 6 miles, downstream and southwest of Granby Reservoir.  Shadow 
Mountain Reservoir, constructed as part of the C-BT Project, collects and stores water from its 
tributaries and also serves to help convey flows to Grand Lake. Shadow Mountain Reservoir and 
Grand Lake are operated with relatively constant water levels.  Physical characteristics of the 
Three Lakes are described in Table 2.4.  Figure 2.4 provides a schematic of the C-BT Project. 

Table 2.4.  Three Lakes physical characteristics1. 

Metric Grand Lake Shadow Mountain 
Reservoir Granby Reservoir 

Volume, acre-feet 68,621 17,354 539,758 
Surface Area, acres 507 1,852 7,256 
Mean Depth, feet 135 9.4 74 
Shoreline, miles 3.82 8 40 

Sources:  1 AMEC 2008, 2Estimated from aerial mapping 

The system is generally described as follows: During the spring runoff period when natural 
inflow to Grand Lake exceeds the Adams Tunnel diversion, flows move from Grand Lake to 
Shadow Mountain Reservoir and from Shadow Mountain Reservoir to Granby Reservoir and 
from Granby Reservoir to the Colorado River.  However, when the Adams Tunnel diversions 
exceed the natural inflow to Grand Lake, water must be pumped from Granby Reservoir.  
Water from Granby Reservoir is pumped by the Farr Pumping Plant into the Granby Pump 
Canal, which then flows 1.8 miles to the north into Shadow Mountain Reservoir.  Once in, 
Shadow Mountain Reservoir water continues north and into Grand Lake.  Once in Grand Lake, 
water is combined with flows from the East and North Inlets, and is diverted by gravity flow to 
the Adams Tunnel. Once in Adams Tunnel water flows 13 miles and discharges at the eastern 
portal.  From the eastern portal, water descends about 2,800 feet through a series of diversions 
and power stations.  The diverted west slope water is used for power generation, often 
augmented by east slope flows from the Big Thompson River.  The Three Lakes hydrologic 
elements including system gains and losses are conceptually represented on Figure 2.5. 
 
A detailed description of the C-BT Project is provided on the Reclamation web site at 
www.usbr.gov/projects. Schematics of the system, also provided by Reclamation, are presented 
in the Appendix. 
 

http://www.usbr/


Preliminary Development Alternatives Report 
Colorado-Big Thompson Project, West Slope Collection System 

Grand County, Colorado 
 

2.11 

 
 

 

Figure 2.4.  C-BT project schematic (Source: Reclamation, Eastern Area Office).
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Figure 2.5.  Three Lakes Hydrologic Elements (Source: Reclamation 2011c). 

 
2.6.2 Current Conditions in the Three Lakes 
Nutrient loading and movement of water into and between the reservoirs and lakes was analyzed by 
Hydros (2011) and partitioned by source for flows and nutrients including total phosphorus and total 
nitrogen. The following information summarizes some of the information and conclusions.  Note that 
Windy Gap Firming Project nutrient mitigation requires a minimum 1:1 reduction in total phosphorus 
and total nitrogen loadings to the Three Lakes to be accomplished through point and non-point source 
reduction measures (Reclamation 2011c). 
 

 Flows 2.6.2.1
Total inflows and outflows for Granby Reservoir, Shadow Mountain Reservoir and Grand Lake are 
summarized by Hydros (2011) and shown in Tables 2.5 through 2.7 for 2007-2010.  Based on these 
four years of data, there was an average of approximately 207,000 acre-feet of water pumped from 
Granby Reservoir to Shadow Mountain Reservoir, 199,000 acre-feet of water moved from Shadow 
Mountain Reservoir to Grand Lake and 247,000 acre-feet of water diverted through Adams Tunnel.  
The average inflow from the East and North Inlets for the period 2007-2010 was 92,000 acre-feet. 
The precipitation values were computed based on rainfall records at weather station Grand Lake 6 
SSW and the surface area of the water body (when full).   
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Table 2.5.  Grand Lake inflows, outflow, and residence time (2007-2010) (Source: Hydros 2011). 

 2007 2008 2009 2010 

Inflows 
(AF/yr) 

North Inlet 46,460 61,554 59,357 51,490 

East Inlet 32,652 39,376 41,799 33,376 

From SMR 224,626 206,064 193,605 171,838 

Gains 12,289 9,740 20,200 18,701 

Precipitation 579 592 515 611 

Total 316,606 317,326 315,476 276,016 

Outflows 
(AF/yr) 

To SMR 47,853 24,043 73,162 68,430 

Adams Tunnel 262,643 285,822 236,628 202,320 

Evap and Losses 6,124 7,471 5,655 5,292 

Total 316,620 317,336 315,445 276,042 

Hydraulic 
Residence 

Time 
(days) 

Average Annual Based on 
Total Volume* 78 78 79 90 

Average July-September 
Based on Epilimnetic 

Volume** 
5 5 6 4 

*Average Total Volume for 2010 = 67,882 AF 
**Average Epilimnetic Volume for 2010 = 4,407 AF 
 
 
Table 2.6.  Shadow Mountain Reservoir inflows, outflow and residence time (2007-2010) (Source: 

Hydros 2011). 
 2007 2008 2009 2010 

Inflows 
(AF/yr) 

North Fork 28,545 52,335 52,079 50,954 

From Grand 47,853 24,043 73,162 68,430 

From Granby 233,796 213,336 200,118 182,014 

Gains 19,687 15,604 32,360 29,959 

Precipitation 1,536 1,571 1,367 1,622 

Total 331,417 306,889 359,086 332,979 

Outflows 
(AF/yr) 

To Grand 224,626 206,064 193,605 171,838 

To Granby 95,786 87,431 155,187 151,345 

Evap and Losses 11,084 13,275 10,349 9,822 

Total 331,496 306,770 359,141 333,005 

Hydraulic 
Residence 

Time (days) 

Average Annual Based 
on Total Volume* 19 20 17 18 

Average July-September 
Based on Total Volume* 19 21 23 16 

*Average Total Volume for 2010 = 16,830 AF 
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Table 2.7.  Granby Resource inflows, outflow, and residence time (2007-2010) (Source: Hydros 

2011). 
 2007 2008 2009 2010 

Inflows 
(AF/yr) 

Arapaho 49,252 57,988 61,837 52,176 

Stillwater 8,239 9,616 8,719 8,255 

Roaring Fork 12,952 19,030 14,148 15,539 

Columbine 8,808 13,282 9,888 10,468 

Windy Gap 40,992 33,523 26,368 6,758 

Willow Creek 39,348 57,709 57,078 45,201 

Gains 2,689 3,994 2,971 3,214 

From SMR 95,786 87,431 155,187 151,345 

Precipitation 8,284 8,477 7,377 8,750 

Total 266,350 291,050 343,573 301,706 

Outflows 
(AF/yr) 

To SMR 233,796 213,336 200,118 182,014 

To CO River 32,542 29,829 33,006 36,331 

Evap and Losses 30,677 23,115 39,007 34,996 

Total 297,015 266,280 272,131 253,341 

Annual 
Hydraulic 
Residence 
Time (yr) 

 440 496 543 650 

*Average Total Volume for 2010 = 451,082 AF 
 

Monitoring information continues to be generated in each of the reservoirs and lake and is 
periodically synthesized (Hydros 2011) to determine if additional and more recent data are able to 
illuminate some of the dynamics and factors affecting water clarity. A synthesis completed by 
Lieberman (2008) examined electronically available data supplied by Northern Water and identified 
several data gaps. One of the data gaps identified, at that time, was the lack of information regarding 
hydraulic residence time (HRT) in each of the reservoirs and lake. This was also stated earlier by 
Lewis (1992) and related to source and time of travel for nutrients and phytoplankton between the 
reservoirs and lake. Transfer of phytoplankton from Shadow Mountain Reservoir to Grand Lake was 
inferred through comparison of algal densities and community structure (similar in both reservoir and 
lake following transfer during pumping).  Prior to the beginning of resuming pumping after spring 
runoff (usually August), the natural flowing waters (North and East Inlets) have a greater influence 
on Grand Lake in the spring with contribution of low nutrient concentrations and cooler water than 
waters pumped through Shadow Mountain Reservoir during the summer pumping season.  More 
recently, as data collection efforts in the Three Lakes have intensified, annual HRT was determined 
by Hydros (2011) and is shown in Tables 2.5 through 2.7. 
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 Total Phosphorus 2.6.2.2
Total phosphorus (TP) load for Granby Reservoir, Shadow Mountain Reservoir and Grand Lake and 
TP concentrations for tributaries and pumped inflows are summarized by Hydros (2011) and shown 
in Tables 2.8 and 2.9 for 2007-2010.  TP transferred from Granby Reservoir into Shadow Mountain 
Reservoir was consistently higher than the TP load transferred to Grand Lake. Hydros (2011) report 
and 2007-2010 data indicate the following:  
 

• Shadow Mountain Reservoir, the smallest water body by volume, receives a disproportionate 
amount of total phosphorus. 

• TP load into Grand Lake is higher than it would be under more natural conditions (from East 
and North Inlets) by a factor of four to seven depending on the year. 

• Stormwater contributions are significant for Shadow Mountain and Granby Reservoir 
• Internal loading is significant for both Shadow Mountain and Granby Reservoir 
• Based on average values from the four years, the highest TP load coming into the Three Lakes 

system is Willow Creek pipeline, followed by the North Fork of the Colorado River, Windy 
Gap pipeline, and Stillwater Creek. 

• The highest concentrations of TP coming into the Three Lakes system occur at Stillwater 
Creek, Windy Gap pipeline, Willow Creek pipeline, and North Fork of the Colorado River. 

•  
The average TP loading into Granby Reservoir during 2007-2010 was higher (15,812 kg/yr.) than in 
Shadow Mountain Reservoir (10,873 kg/yr.) or in Grand Lake (5,529 kg/yr.).  Based on averages, 
71% of the TP loading into Grand Lake is from Shadow Mountain Reservoir. The average annual 
volume-weighted TP concentrations for tributaries and pumped inflows are shown in Table 2.9.   
 
The Total Phosphorus loading to Granby Reservoir is one of the sources for low dissolved oxygen 
concentrations in the hypolimnion.  The hypolimnetic phosphorus released in a low dissolved oxygen 
environment is available for conveyance to Shadow Mountain Reservoir if near the intake of the Farr 
Pumping Plant. 
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Table 2.8.  Total phosphorus loads (kg/yr) by water body (2007-2010) (Source: Hydros, 2011). 

Water Body Source 2007 2008 2009 2010 

Grand Lake North Inlet 510 1,141 831 652 
 East Inlet 266 496 451 402 
 From SMR 4,314 4,377 3,869 3,148 
 Gains 65 104 160 145 
 Precipitation 29 30 26 31 
 Stormwater 166 118 137 58 
 Internal Load 147 147 147 147 
 Total 5,497 6,413 5,621 4,583 

Shadow Mtn Reservoir North Fork 778 4,792 1,294 1,611 
 From Grand 421 400 852 795 
 From Granby 4,966 6,055 5,982 4,747 
 Gains 104 167 256 232 
 Precipitation 78 79 69 82 
 Stormwater 1,659 1,175 1,521 2,074 
 Internal Load 1,328 661 656 656 
 Total 9,334 13,329 10,630 10,197 

Granby Reservoir Arapaho 391 669 626 505 
 Stillwater 1,034 1,579 1,641 1,065 
 Roaring Fork 113 259 144 167 
 Columbine 77 190 103 115 
 Windy Gap 2,696 3,535 1,897 150 
 Willow Creek 1,168 2,934 2,699 1,945 
 Gains 16 45 23 26 
 From SMR 1,317 3,637 2,702 2,954 
 Precipitation 419 429 373 442 
 Stormwater 4,147 2,938 3,802 5,184 
 Internal Load 2,079 2,118 2,306 2,589 
 Total 13,457 18,333 16,316 15,142 
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Table 2.9.   Annual volume-weighted total phosphorus concentrations for tributaries and pumped 
inflows (ug/L) (2007-2010) (Source: Hydros, 2011). 
Inflow 2007 2008 2009 2010 

North Inlet 9 15 11 10 

East Inlet 7 10 9 10 

North Fork 22 74 20 26 

Arapaho 6 9 8 8 

Stillwater 102 133 153 105 

Roaring Fork 7 11 8 9 

Columbine 7 12 8 9 

Windy Gap 53 85 58 18 

Willow Creek 21 41 38 35 

 
 Total Nitrogen 2.6.2.3

Total nitrogen (TN) load for Granby Reservoir, Shadow Mountain Reservoir and Grand Lake and TN 
concentrations for tributaries and pumped inflows are summarized by Hydros (2011) and shown in 
Tables 2.10 and 2.11 for 2007-2010.  Hydros (2011) report and 2007-2010 data indicate the 
following:  

• Shadow Mountain Reservoir, the smallest water body by volume, receives a disproportionate 
amount of total nitrogen. 

• TN load into Grand Lake is higher than it would be under more natural conditions (from East 
and North Inlets) by a factor of four to six depending on the year. 

• Stormwater contributions are significant for Shadow Mountain and Granby Reservoir 
• Based on average values from the four years, the highest TN load coming into the Three 

Lakes system is Windy Gap pipeline, followed by the North Fork of the Colorado River, 
Willow Creek pipeline, and Stillwater Creek. 

• The highest concentrations of TN coming into the Three Lakes system occur at Stillwater 
Creek, Windy Gap pipeline, North Fork of the Colorado River, and North Inlet. 

The average TN loading into Granby Reservoir during 2007-2010 was higher (190,730 kg/yr.) than in 
Shadow Mountain Reservoir (123,871 kg/yr.) or in Grand Lake (119,816 kg/yr.).  Based on averages, 
60 percent of the TN loading into Grand Lake is from Shadow Mountain Reservoir. The average 
annual volume-weighted TN concentration for tributaries and pumped flows are shown in Table 2.11. 
 
Total Nitrogen load transferred from Granby Reservoir to Shadow Mountain Reservoir was on 
average of 122,999 kg/yr during 2007 – 2009 (Hydros 2011). Water entering Shadow Mountain 
Reservoir from Granby Reservoir may have some effect on increasing water clarity, but only 
temporarily (McCutchan 2010). Hydros (2011) indicated that regardless of the Farr Pumping Plant 
pumping rate during the summer, algal growth appears to reach a summer maximum and then slowly 
diminishes toward September of each year. 
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Table 2.10.  Total nitrogen loads (kg/yr) by water body (2007-2010) (Source: Hydros, 2011). 

Water Body Source 2007 2008 2009 2010 

Grand Lake North Inlet 13,215 19,355 17,519 14,695 

 East Inlet 7,848 10,444 12,678 10,612 

 From SMR 83,713 76,060 66,355 60,539 

 Gains 2,752 2,401 3,746 4,277 

 Precipitation 523 535 466 552 

 Stormwater 12,960 9,180 11,465 12,053 

 Internal Load 6,624 6,234 6,233 6,231 

 Total 127,635 124,209 118,462 108,959 

Shadow Mtn Reservoir North Fork 7,796 20,068 17,848 16,018 

 From Grand 14,025 8,108 25,276 24,208 

 From Granby 75,760 71,496 62,762 55,748 

 Gains 4,409 3,847 6,000 6,851 

 Precipitation 1,387 1,420 1,236 1,465 

 Stormwater 17,626 12,485 16,157 22,032 

 Internal Load 962 165 164 164 

 Total 121,965 117,589 129,443 126,486 

Granby Reservoir Arapaho 11,359 13,274 11,886 12,020 

 Stillwater 4,449 6,566 5,799 4,446 

 Roaring Fork 2,986 5,585 3,035 3,315 

 Columbine 2,081 4,124 2,194 2,290 

 Windy Gap 18,917 29,172 14,789 2,905 

 Willow Creek 9,526 18,248 14,280 12,318 

 Gains 574 1,122 588 630 

 From SMR 31,085 36,813 58,390 59,286 

 Precipitation 7,485 7,660 6,665 7,906 

 Stormwater 61,690 43,697 56,549 77,112 

 Internal Load 27,611 18,879 20,435 23,180 

 Total 177,763 185,140 194,610 205,408 
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Table 2.11.  Annual volume-weighted total nitrogen concentrations for tributaries and pumped 
inflows (ug/L) (2007-2010) (Source: Hydros, 2011). 
Inflow 2007 2008 2009 2010 

North Inlet 231 255 239 231 

East Inlet 195 215 246 258 

North Fork 221 311 278 255 

Arapaho 187 186 156 187 

Stillwater 438 554 539 437 

Roaring Fork 187 238 174 173 

Columbine 192 252 180 177 

Windy Gap 374 705 455 349 

Willow Creek 196 256 203 221 

 
 

 Chlorophyll-a 2.6.2.4
Buirgy (2008) examined several parameters relating to Secchi disk depth measurements and found 
chlorophyll-a as a strong correlate (R² = 0.73) with clarity. Similarly, Coleman (2008) analyzed 
several variables for correlates that would explain changes in water clarity. Water clarity in Grand 
Lake was a function of time of year and chlorophyll-a concentration. Coleman further states that 
chlorophyll-a is also a function of nutrient availability, so it would not be used solely as an indicator 
as the only correlate with water clarity. Hydros (2011) notes seasonal flucuations in chlorophyll a 
that correspond to a decrease in clarity from roughly mid-July through mid-August, and corresponds 
with the timing of an increase in chlorophyll-a in the connecting channel between Shadow Mountain 
Reservoir and Grand Lake (Figure 2.6). Examination of Secchi disk depth by Coleman (2008) 
measured from between 1969 and 2007 showed no apparent trends over time. However, water 
moving from Grand Lake to Shadow Mountain Reservoir did not have high chlorophyll-a 
concentrations, but water in the reverse direction to Grand Lake had resulted in substantially higher 
chlorophyll-a increases at times despite influence for time of year. 
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Figure 2.6.  Chlorophyll a as a Function of Flow Rate at the Connecting Channel between Grand 
Lake and Shadow Mountain Reservoir (2010) (Source: Hydros 2011). 

 
 

 Turbidity 2.6.2.5
Turbidity is lower (improved water clarity) whenever water flows from Grand Lake to Shadow 
Mountain Reservoir (Figure 2.7).  

Figure 2.7.  Turbidity as a Function of Flow rate from SMR to Grand Lake (Source: Hydros, 2011). 
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2.6.3 Operational Modifications 
In 2008-2011, Reclamation, Grand County, and Northern Water cooperatively altered summer C-BT 
Project operations to look at potential effects to clarity.  Modifications and resulting Secchi disk 
depths (taken with view scope) varied from year to year and are described as follows: 

• 2008: no water was pumped from Granby Reservoir to Shadow Mountain Reservoir for two 
weeks in late summer.  Initially planned for four weeks, the stop pump experiment was shortened 
to two weeks due to east slope reservoir water level concerns (Reclamation 2011b). The variety 
of operational, hydrologic and environmental conditions that occurred in 2008 improved water 
clarity with Secchi disk depths from 2.2 to 3.5 m during the stop pump period (Hydros 2011). 

• 2009: no water was pumped from Granby Reservoir to Shadow Mountain Reservoir for two 
weeks in late summer (Reclamation 2011b).  The variety of operational, hydrologic and 
environmental conditions that occurred in 2009 improved water clarity with Secchi disk depths 
from 3.2 to 3.4 m during the stop pump period (Hydros 2011). 

• 2010: a constant flow of water was maintained by daily pumping in an attempt to keep Shadow 
Mountain Reservoir from becoming stratified by minimizing the detention time of the water.  
This experiment lasted eight weeks while Reclamation balanced effects on power production, 
meeting water customer demands, and maintaining necessary reservoir elevations (Reclamation 
2011b).  Hydros (2011) notes that in August clarity degraded and then improved with plots 
showing a range generally between 1.6 and 4.8 meters during July, August and September. 

• 2011: no water was pumped from Granby Reservoir to Shadow Mountain Reservoir for June, July 
and August with pumping restarting on or about September 7th.  Diversions through Adams 
Tunnel varied all summer from almost no flow during July and August to near capacity in June 
and September (GCWIN).  This extended period of no pumping and no diversions was possible 
due to the unusually high snow pack and runoff from the 2010-2011 winter period coupled with 
low east slope demands for water and power.  Secchi disk depths in July and August were at or 
greater than 4 meters with maximum values measured in August of 7.56 meters.  In September, 
when pumping resumed, Secchi disk depths dropped to approximately 2 to 3 meters.  

Secchi disk depths versus flows for 2008-2011 are shown on Figures 2.8 through 2.11. 
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Figure 2.8.  Grand Lake Secchi-Depth Data During 2008 Stop-Pump Period (All Locations, View 
Scope). Stop-pump period is shaded.  Inflow and Farr Pumping are also indicated 
(Source: Hydros 2011). 

 
 

Figure 2.9.  Grand Lake Secchi-depth data during 2009 Stop-pump period (All Locations, View 
Scope) Stop-pump period is shaded.  Inflow and Farr Pumping are also indicated 

 (Source: Hydros 2011). 
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Figure 2.10.  Grand Lake Secchi Depth and flow from Shadow Mountain Reservoir to Grand Lake, 
2010 (Source: Hydros 2011). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.11.   Grand Lake Secchi Depth and Flow from Shadow Mountain Reservoir to Grand Lake, 
2011(Source:  Hydros 2012). 
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Hydros (2011) aggregated Secchi disk depth data from multiple locations and dates (July through 
October 2009) in Shadow Mountain Reservoir and Grand Lake and related the results to pumping 
rates for this time period. In general, quiescent periods where no pumping has occurred, followed by 
slow and then high pumping rates transfer water from Shadow Mountain Reservoir to Grand Lake 
resulting in diminished water clarity in Grand Lake. Regardless of the specific elements entrained and 
suspended in the water column from Shadow Mountain Reservoir, the receiving water in Grand Lake 
will lose some of the light penetrating capacity (reduced clarity) for a period of time.  Specifically: 

• The variety of operational, hydrologic and environmental conditions that occurred in 2007-2010 
improved water clarity in Grand Lake (with Secchi disk depths of 2.2 m to 3.5 m in 2008 and 
from 3.2 to 3.4 m in 2009) but did not result in meeting the proposed numeric clarity standard of 
4 m.  In 2011 when pumping was halted in July and August the water clarity reached and 
exceeded 4 m, however, it did not result in meeting the proposed numeric clarity standard for all 
three months because pumping and diversions resumed on September 7th. 

• Shadow Mountain Reservoir water clarity improved during one stop-pump period in 2008 but 
declined during the 2009 test.  Thus the amount and quality of inflow during the stop-pump test 
may have impacted Shadow Mountain Reservoir water clarity. 

• Shadow Mountain Reservoir spatial patterns in the Secchi data set suggest a gradient of 
increasing clarity where there is inflow.  That is, clarity is improved near Granby Pump canal 
during pumping and near Grand Lake inflow when natural flows exceed diversions in Adams 
Tunnel.  This is likely a clarity dilution effect of clearer water flowing in; however re-suspension 
of sediment material or other particulate matter may also be occurring.  

• Declining clarity during the summer in Shadow Mountain Reservoir seems to occur regardless of 
pumping rates, likely reflecting algal growth in the warm season, which is then diminished later 
in the season.    
 

Aerial photographs taken before and after pumping resumed are shown on Figure 2.12. 
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Figure 2.12. Looking at Grand Lake and the connecting canal to Shadow Mountain Reservoir. 
Picture Photo on left was taken 30 August 2011. Picture Photo on right taken 8 
September 2011. Both photos taken by Byron Hetzler.  Delta formation can be 
observed in both photos (Source: GCWIN). 

 
2.7 Summary and Recommendations for Improving Water Clarity in Grand Lake 
Water clarity in Grand Lake and Shadow Mountain Reservoir is predominately a function of non-
algal organic particulate matter, algae particles, inorganic suspended solids, and dissolved organic 
matter.  Factors affecting the concentrations of these constituents include hydrology, operations, 
weather and quality of inflowing water.  Water clarity in Grand Lake responds to changes in C-BT 
Project pumping operations.  The conveyance of water from Shadow Mountain Reservoir to Grand 
Lake appears to be related to detected declines in water clarity. To improve water clarity in Grand 
Lake between July and September, Hydros (2011) suggests the following: 

 
1. Minimize the inflow of water with poor water quality into the lake. 
2. Develop management strategies to improve water quality of inflow such as: 

a. Decrease water pumped at the Farr Pumping Plant  
b. Improve water quality of Shadow Mountain Reservoir 
c. By passing the flow from Shadow Maintain Reservoir around Grand Lake 

Hydros (2011) notes that improving water quality in Shadow Mountain Reservoir will be difficult 
due to shallow conditions, sources of nutrients and weather conditions.  Further, Reclamation noted 
that decreasing pumping at Farr Pumping Plant is not possible with future demands.  Therefore, for 
the purposes of this report, the primary focus on the alternatives, as developed further in Chapter 4, 
will be to 1) minimize the inflow of poor quality water into Grand Lake, and 2) bypassing flow 
around Grand Lake.  
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2.8 Uncertainties related to Water Clarity  
The proposed numeric standard of 4-meter Secchi depth for clarity was adopted by the Commission 
with a delayed effective date of 2015 and with the understanding that if a more appropriate standard 
was developed by 2014, the proposed numeric standard could be reevaluated.  One of the 
uncertainties in predicting effects to water clarity from future pumping operations is the unknown 
contribution from internal nutrient loading in Shadow Mountain Reservoir and the impacts of ‘first 
flush’ when the pumps are on. In addition, the sources and relative contributions of organic and 
inorganic particles affecting light attenuation in the water column of Shadow Mountain Reservoir and 
Grand Lake have not been evaluated for tributaries and internal loading mobilization from Granby 
Reservoir to Shadow Mountain Reservoir during Farr Pumping Plant pumping activity. The re-
suspension and transfer of inorganic and organic particles has yet to be investigated and the quantity 
of material that can be entrained by different pumping rates will affect predictions and preclude 
detecting small, incremental changes in water clarity. 
 
Other uncertainties include the following: 

• Source of non-algal organic particles 
• Importance of macrophytes to clarity 
• Role of phosphorus and nitrogen 
• Relative importance of watershed control for nutrients 
• Implications of increased hydraulic residence time  
 

Finally, an uncertainty exists as to the attainable level of clarity.  Isolating Grand Lake or diverting C-
BT Project water around Grand Lake will improve clarity; however, there remains some uncertainty 
of achieving the proposed numeric clarity standard consistently over the long-term in a highly 
variable hydroclimatic environment. 
 
2.8.1 Three Lakes Water-Quality Model 
The Three Lakes Water-Quality Model was developed and used as part of the Windy Gap Firming 
Project to estimate potential impacts of the project to the water quality of Grand Lake, Shadow 
Mountain Reservoir, and Granby Reservoir. The Three Lakes Water-Quality Model is a dynamic, 
mechanistic water-quality model that simulates flow and water-quality of the Three Lakes System 
and the constituents associated with the eutrophication process. Grand Lake and Granby Reservoir 
are simulated as three-layer systems to account for reservoir stratification. Shadow Mountain 
Reservoir is represented as a one-layer, well-mixed reservoir due to its shallow depth (Reclamation 
2011c).  Further water quality modeling using the Three Lakes Water-Quality Model to evaluate 
some if not all of the alternatives identified for future consideration is warranted.  This is discussed 
further in Chapter 4, Technical Evaluation.  
 
2.9 Other Environmental Factors and Ongoing Projects 
2.9.1 Grand River Ditch 
The Grand River Ditch is a trans-basin diversion canal, constructed in the late 1800s, and located in 
the northwest corner of the Rocky Mountain National Park.  In 2003, the ditch breached its banks 
generating 47,600 cubic yards (RMNP 2011) of mud and debris, which flowed and deposited into 
Lulu Creek and the headwaters of the North Fork of the Colorado River, filling the existing streams 
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and wetlands.  Although the breach site is located 22 river miles upstream of the North Fork 
confluence with Shadow Mountain Reservoir, ditch breach materials may have reached Shadow 
Mountain Reservoir. Ditch restoration and mitigation for impacted streams and wetlands are in the 
planning stages.  This issue is not explicitly addressed further in this report, but it may be useful to 
revisit in future studies.  
 
2.9.2 Fisheries 
The Windy Gap Firming Project Final Environmental Impact Statement (FEIS) (Reclamation 2011c) 
was reviewed for relevant information regarding the fisheries resources in the Three Lakes.  Grand 
Lake provides recreational fishing for rainbow trout, brown trout, kokanee, and lake trout.  Natural 
reproduction of lake trout is self-sustaining at a level to support a fishery.  Populations of brown trout 
are at least partially maintained by natural reproduction in streams feeding into the lake.  Other game 
fish populations are augmented through a stocking program conducted by Colorado Department of 
Parks and Wildlife. 
 
Improving clarity in Grand Lake, particularly improvements to the fine particle matter in suspension, 
could be a benefit as trout are sight-feeders, and their ability to find food would be improved with 
improved clarity (Tetra Tech et al., 2010).  However, overall the potential impacts to the fisheries 
relative to improvements have not yet been assessed in previous studies and will therefore be deferred 
to future detailed studies. 
 
2.9.3 Zebra/Quagga Mussels 
Monitoring and inspections for Zebra and Quagga Mussels are currently on-going at the water bodies 
of the Three Lakes system.  Adults have not been detected.  However, if adults become established, 
future negative impacts of mussel proliferation could include disruptions to the local ecosystem and 
physical obstructions limiting the water delivery capacity of intake structures at the Adams Tunnel, 
Farr Pumping Plant, and Granby Pump Canal as well as to any infrastructure constructed as a result 
of improvements for water clarity.  The impacts to clarity are uncertain as mussels are filter feeders 
that can improve clarity but, mussels are also correlated with a greater occurrence of blue-green algae 
blooms that could worsen clarity.  
 
As there is insufficient data to ascertain whether or not an adult mussel population may develop in the 
Three Lakes system, no further consideration of this issue will be addressed in this report.  If future 
conditions indicate otherwise, these concerns and issues could be reassessed in future studies.  
 
2.9.4 10825 Water 
10825 Water refers to a proposal for the release of water from the Upper Colorado River Basin for 
use in support of the Endangered Fish Recovery Program.  Contracting actions for the proposed 
releases are not in place, but the proposal call for approximately 5,400 acre-feet of water to be 
released from Granby Reservoir and conveyed downstream for the benefit of Upper Colorado 
Endangered Fish.  Required water would be secured through the curtailment of irrigation on two 
ranches diverting from the Red Top Valley Ditch (Grand River 2009).  The Red Top Valley Ditch 
diverts from the North Fork of the Colorado River. The impacts on water quality relative to the Three 
Lakes area was analyzed in the 10825 EA and found no effects to reservoir water quality. According 
to the March 2012, Water Resources Assessment of Proposed 10825 Alternative, Stillwater Creek 
streamflow is expected to increase during the irrigation season to a maximum monthly flow of 295% 
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of average in a dry year (Grand River 2012).  For the purposes of this report, it is assumed that 
implementation of 10825 water will impact all alternatives relatively equally and not have a notable 
influence on the selection or evaluation of the alternatives. If future conditions indicate otherwise, 
this issue could be reassessed in future studies. 
 
2.9.5 Mountain Pine Beetle 
Since the 1980s, Colorado, including Grand County, has experienced a Mountain Pine Beetle 
outbreak.  As a result, lodgepole pine populations have seriously declined. Mortality estimates vary 
from as low as 20% to as high as 90%, depending on forest composition and structure.  Recent 
studies of over 200 watersheds in Colorado by McCutchan and Lewis (2012), including locations in 
the watersheds of Grand Lake and Shadow Mountain Reservoir, found that the effects of beetle kill 
on water quality are generally very small (not statistically significant after other factors have been 
considered).  Further, McCutchan and Lewis (2012) indicate that other researchers have reached 
similar conclusions regarding effects of beetle kill on water quality. While the issue is important in 
terms of overall forest health and pre-fire mitigation, no further considerations are addressed in this 
report relative to the Mountain Pine Beetle outbreak and effects on water clarity.  If future conditions 
indicate otherwise, this issue could be reassessed in future studies. 
 
2.9.6 Existing Watershed and Best Management Practices  
A number of programs, studies, and operations have been completed and best management practices 
(BMPs) are being implemented with the goal of improving the water quality of non-point sources 
tributary to the Three Lakes.  This includes efforts by Reclamation to consider the effects of limited 
pumping on Grand Lake clarity and using draw-downs in Shadow Mountain Reservoir to control 
nuisance aquatic plants; proposals by Northern Water related to the Windy Gap Firming Project to 
offset nutrient loading to the Three Lakes; programs by Grand County related to the effects of 
watershed development including storm water controls and land use regulations, zoning, and 
programs by the Town of Grand Lake related to land use and storm water control;  Three Lakes 
Water and Sanitation District (District) residential and business connections to a centralized 
wastewater treatment facility that discharges treated effluent into a tributary of the Colorado River, 
below Granby Dam; the National Park Service, Rocky Mountain National Park  improvements for the 
Grand Ditch (previously mentioned); US Forest Service watershed protection activities; and ongoing 
major data/scientific studies funded by Reclamation, Northern Water, and Grand County with input 
from Stakeholders. 
 
A comprehensive list of ongoing efforts was provided by Reclamation (Harger 2011) and is included 
in the Appendix.  The extent of impacts these projects will have to Grand Lake water clarity is not 
well understood and outside of the scope of this report. However, it is likely that these efforts will 
provide some improvement to water quality in all Three Lakes water bodies for years to come. 
 
2.9.7 Climate Change 
The States of Colorado’s 2008 report on climate change suggests that there are no consistent trends 
identified in the precipitation patterns to allow for projections of mean annual precipitation.  However 
runoff patterns do suggest a reduction in snowpack, reduced snowmelt runoff and earlier peak runoff 
conditions, (Ray J.R et al. 2008) all of which could impact watershed yield and reservoir operations 
of the C-BT Project. Specific potential impacts that might affect any of the alternatives evaluated in 
this report include: 
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• Changes in reservoir management and timing of diversions,  
• Reduction in water supply available to the water users junior to C-BT Project, 
• Water quality degradation due to reduced dilution and warmer tributary waters, 
• Higher demand for power, and 
• Changes in water quality of runoff due to watershed habitat shifts. 
 
There are many uncertainties associated with predicting impacts of climate change making it difficult 
to quantify impacts. However, the above noted trends do indicate a need to track and monitor for 
worsening water quality conditions in the Three Lakes area as a result of reduced water supply, 
increasing water temperatures and decreasing water quality of surface-water runoff.  Due to 
limitations of this preliminary report, no further assessment of climate change in addressed.  
However, it is important to continue to consider and acknowledge these factors as evaluation of the 
alternatives to improve water quality continue into the next phases of detailed analysis.   
 
2.10 Summary of Problems and Needs  
During the initial public kickoff meeting (July 28, 2011) and two stakeholder and peer review 
meetings, (November 28, 2011 and February 9, 2012) the problems and needs related to water clarity 
and quality were summarized and discussed relative to the general objectives of this report.  This is 
summarized in Table 2.12.  Some of these problems and needs are not considered further, due to 
limitations inherent to an initial type of study such as this, and due to the uncertainty regarding the 
relationship to clarity in Grand Lake and are so noted. 
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Table 2.12.  Summary of problems and needs. 

 
Problem 

 

 
Related Grand Lake Clarity Problem Needs  

1 

Mixing of water from Shadow 
Mountain and Granby Reservoirs in 
Grand Lake reduces clarity in 
Grand Lake. 
 

The mixing of lower quality water from Shadow 
Mountain and Granby Reservoir reduces clarity.  
Stop pump tests indicate an improvement in 
clarity when water is not moved from Shadow 
Mountain Reservoir through Grand Lake. 

Specific water quality issues in Granby 
Reservoir will be deferred for further 
evaluation.  Consider methods to reduce or 
eliminate mixing of Shadow Mountain and 
Granby Reservoir in Grand Lake 

2 

Water quality in Granby is 
generally good but, not well 
understood, including the impacts 
of nutrient loads from natural and 
pumped sources and internal 
loading. 

Granby water is pumped into Shadow Mountain 
Reservoir which contributes to increased nutrient 
loading in Shadow Mountain Reservoir, and 
subsequently in Grand Lake. 

Specific water quality issues in Granby 
Reservoir will be deferred for further 
evaluation.  Consider methods to reduce or 
eliminate mixing of Granby Reservoir, 
with the Shadow Mountain Reservoir 
and/or Grand Lake.   

3 

Water quality and clarity in Shadow 
Mountain Reservoir are not 
completely understood, including 
the impacts of nutrient loads from 
natural and pumped sources, 
internal loading and hydrodynamics 
of C-BT Project system. 

As documented by Hydros (2011) there is a 
gradient in Shadow Mountain Reservoir clarity 
between where the inflows come in and the 
opposite end of the reservoir, regardless of 
which way the water is flowing.  The magnitude 
and pattern of this gradient may be caused by 
several possible factors, including flow rates, 
Granby water quality, and re-suspension of 
sediments from the bottom of Shadow Mountain 
Reservoir.   

Specific water quality and clarity issues in 
Shadow Mountain are recommended for 
further evaluation.  Consider methods to 
reduce or eliminate mixing of Shadow 
Mountain Reservoir in Grand Lake Water 
and also the potential impacts of the 
alternatives on these conditions.   

4 

Algae blooms in Shadow Mountain 
Reservoir are occurring, likely a 
combination of many factors 
including internal/external loading, 
shallow depths, residence time and 
elevated water temperatures.  

Algae blooms in Shadow Mountain Reservoir 
are likely introducing lower quality water into 
Grand Lake, reducing Grand Lake clarity and 
quality of water.   

Consider methods to reduce or eliminate 
mixing of Shadow Mountain Reservoir in 
Grand Lake, and methods to decrease algal 
productivity in Shadow Mountain 
Reservoir and sediment transports. 
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Problem 

 

 
Related Grand Lake Clarity Problem Needs  

5 
Low DO in Shadow Mountain 
Reservoir; 303(d) list. 
 

Direct impacts on clarity in Grand Lake are not 
known.   However, anoxic conditions in Shadow 
Mountain Reservoir are likely to increase 
nutrients which can be moved into Grand Lake. 
 

DO issues in Shadow Mountain are 
recommended for further evaluation.  
Consider whether this is appropriate for the 
other C-BT west slope water bodies also. 

6 

The transport of fine particulate 
matter into Grand Lake is 
decreasing clarity. 

The source of fine particulate matter is not well 
understood, although it is likely a mixture of 
non-algal organic and inorganic particles.  
Particulate matter transport can be minimized 
with reduced transfer of flow from Shadow 
Mountain Reservoir. 

Specific water quality and clarity issues in 
Shadow Mountain are recommended for 
further evaluation.  Consider methods to 
reduce or eliminate mixing of Shadow 
Mountain and Granby Reservoir in Grand 
Lake. 
 

7 

Aquatic Plant community in 
Shadow Mountain Reservoir 
impacts recreation and water 
quality. 
 

Macrophyte impact on clarity in Grand Lake is 
not fully understood.    

Specific issues in Shadow Mountain are 
recommended for further evaluation. 

8 

The reoperation of Red Top Ditch 
for 10825 water needs to be 
understood, particularly as it 
pertains to impacts on water quality 
in the Three Lakes System. 

The impacts of Red Top Ditch on water quality 
in Shadow Mountain Reservoir and Granby 
Reservoir have been analyzed in the 10825 
EA.  Red Top Ditch operations were found to 
have no effect on reservoir water 
quality.    Grand Lake was outside the scope of 
the EA and not analyzed for direct effects, 
however, it can be concluded that if there are no 
effects to Shadow Mountain or Granby 
Reservoirs water quality, there would be no 
effects to Grand Lake water quality. 
 

If future conditions indicate otherwise, this 
issue could be reassessed in future studies. 
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Problem 

 

 
Related Grand Lake Clarity Problem Needs  

9 

Nutrient loading are relatively high 
from several of the Tributaries to 
Granby and Shadow Mountain 
Reservoirs, as well as from the 
pumped sources (Windy Gap and 
Willow Creek). 

Control of many anthropogenic impacts on the 
Three Lakes, outside of pumped sources, is 
being addressed in ongoing efforts by local and 
non-governmental agencies.  However, direct 
impacts of watershed contributions, pumped 
sources, and internal processes’ contribution to 
Grand Lake clarity require further analysis. 

Specific water quality and clarity issues in 
Shadow Mountain, Grand Lake, and 
Granby related to nutrient loading are 
recommended for further evaluation. 
Identify watershed issues that may directly 
impact clarity in Grand Lake; however, 
these most likely will require evaluation. 
Some of these watershed issues are 
identified under item 15, ‘other sources.’ 

10 

Particulate matter contributions as 
part of the total loading needs to be 
better understood. 

Particulate matter was identified as the most 
important driver for decreased clarity in Grand 
Lake in McCutchan (2010). Current C-BT 
Project pumping operations transfer particulate 
matter from Shadow Mountain Reservoir to 
Grand Lake.  

The sources and characterization of 
particulate matter in Grand Lake is 
currently being studied, however, specific 
water quality and clarity issues in Shadow 
Mountain, Grand Lake, and Granby related 
to particulate matters are recommended for 
further evaluation.  Much remains to be 
learned about transport mechanisms and 
the nature and source of the particulate 
matter that contributes to clarity issues. 

11 

A delta in Shadow Mountain 
Reservoir  has been forming due to 
sediment inputs from the North 
Fork of the Colorado River 

Re-suspension of these sediments may be related 
to sediment inputs to Grand Lake that contribute 
to decreased clarity 

A characterization study of particulate 
matter in Grand Lake and Shadow 
Mountain Reservoir is underway and will 
need to be reviewed in the Feasibility 
Study. Additional investigations of 
sediment sources may be needed. 

12 

Non-compliance with nutrient 
criteria is expected in the Three 
Lakes, in particular in Shadow 
Mountain and Grand Lake. 

Nutrient enrichment contributes to algal 
productivity, which itself is related to decreases 
in clarity. 

Consider nutrient control strategies and 
alternatives. 
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Problem 

 

 
Related Grand Lake Clarity Problem Needs  

13 
Total organic carbon (TOC) levels 
in the Three Lakes impact east 
slope drinking water treatment 

Algal productivity can be related to TOC levels 
and decreased clarity. 

This issue needs to be considered in the 
Feasibility study for potential impacts 
related to the alternatives. 

14 

Cyanobacteria in the Three Lakes 
could occur during algae blooms 
and present a human health 
concern. 

Cyanobacteria is related to algal productivity, 
which is itself related to clarity. 

Consider nutrient control strategies and 
alternatives. 

15 

Other issues as noted in Chapter 2 
include: 

o Grand River Ditch  
o Fisheries  
o Zebra and Quagga Mussels 
o 10825 Water  
o Watershed Improvements 

(local BMP. Mtn Pine 
Beetle)  

o Climate change 

The relevancy of each of these issues to this 
report is described in previous sections of 
Chapter 2.  Watershed Improvements include a 
wide range of improvements or modifications 
that may provide improved water quality 
conditions.  Some of these potentially could 
improve clarity in Grand Lake. 

Address several specific watershed 
improvements.  See Chapters 4-6.  Other 
issues will require further evaluation. 
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3 ALTERNATIVES FORMULATION  

3.1 Preliminary Formulation 
This report was initiated in July 2011.  Reclamation and a study group comprised of 
representatives from Grand County and Northern Water along with an external peer review panel 
of water quality experts have been involved.  Available data and ongoing studies are reviewed; 
and initial problems, needs, and preliminary alternatives are identified for this report. The 
remainder of the report presents and discusses this information.   
 
3.1.1 Problems and Needs 
The problems and needs identified in Chapter 2, many of which are identified for further 
evaluation, appear to indicate that mixing of water from Granby and Shadow Mountain 
Reservoirs with Grand Lake contributes to reduced clarity in Grand Lake.  Dramatic or sudden 
changes in flow rates also affect clarity.  Stop-pump tests provide insight into several 
opportunities for improving clarity, discussed in Chapter 2.     
 
3.1.2 Constraints 
There are a number of constraints that require consideration for the development of alternatives.  
Many of these are related to the physical operations of C-BT Project and are discussed in detail 
in Chapter 4, Technical Evaluation.  In general constraints include: 
 

1. Maintain overall yield of the C-BT Project including contracted and reasonably foreseeable 
contracted water transported using C-BT Project infrastructure.   

2. The capacity to pump at Farr Pumping Plant, divert water at Adams Tunnel, and store water 
on both east and west slopes have limitations affecting formulation and evaluation of 
alternatives.   

3. Current operations typically result in water levels that fluctuate approximately one foot at 
Grand Lake. 

4. Scheduling of Adams Tunnel diversions and pumping from Farr Pumping Plant should, 
where possible, be considered in conjunction with power generation requirements (minimum 
flows, timing of power demands) and maximizing power generation to the extent possible.  

5. Scheduled annual maintenance of east slope C-BT Project facilities typically requires a 6 to 8 
week period of no diversions through the Adams Tunnel. Unscheduled maintenance typically 
results in an additional two weeks annually of limited Adams Tunnel diversions. 

6. Avoid or minimize degradation to water quality in other water bodies of the C-BT Project.  

7. Avoid or minimize impacts to boating and recreation. 

8. Comply with current water quality criteria and consider impacts of potential proposed water 
quality criteria.   

9. Comply with Government Performance and Results Act criteria, which regulates powerplant 
generating unit availability.  Currently the requirement is 85% of Reclamation powerplant 
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peak is available from 7:00 am to 7:00 pm, Monday through Friday, June 1 through August 
31. 

3.2 Alternatives Identification 
During the alternatives development workshop and subsequent stakeholder group review 
meetings, a number of ideas were suggested.  These are presented below as an array of possible 
solutions, some of which are combined to form alternatives for further analysis in this report.  
Some of these possible solutions are not considered further in this report, due to limitations on 
currently available information, but could be included in future detailed studies. Also, there are 
likely other solutions that exist that would need to be identified and considered further in the 
future. 
 
The array of possible solutions is assembled into three primary categories.  The first category is 
solutions that propose operational modifications to pumping at Farr Pumping Plant and 
diversion at Adams Tunnel.  These  consider either no pumping during the three regulated 
summer months (July, August and September), or operations which generate a steady constant 
flow to minimize sudden changes in loading and/or minimize the amount of time water is held in 
Shadow Mountain Reservoir.  The second category is physical or structural solutions that bypass 
Grand Lake and/or Shadow Mountain Reservoir with a pipeline to convey flows directly into the 
Adams tunnel thereby eliminating the mixing of water from Granby Reservoir and Shadow 
Mountain Reservoir with Grand Lake.  The remaining potential solutions fall into a 
miscellaneous category and cover a broad range of approaches.   An array of possible solutions 
as categorized in the three primary categories is summarized in Table 3.1.  
 
 

Table 3.1 Array of possible solutions considered in this effort. 

Array of Possible Solutions 
Operational 

• Stop pumping at Farr Pumping Plant and no diversions through Adams Tunnel in July, 
August and September.  

• Modify pumping at Farr Pumping Plant and diversions at Adams Tunnel to operate 
continuously at low and steady rates.  

• Operate Farr Pumping Plant and divert at Adams Tunnel continuously at high and steady 
rates after spring runoff. 

 
Bypass 

• Bypass Grand Lake with a buried pipeline and pump flows directly to Adams Tunnel.  
• Bypass Grand Lake with a submerged pipeline and pump flows directly to Adams 

Tunnel.  
• Bypass Grand Lake with a removable (seasonal) boating course and submerged funnel 

shaped curtain deflectors to reduce mixing in the top four feet of Grand Lake. 
• Bypass Grand Lake with a tunnel from Shadow Mountain Reservoir to Adams Tunnel. 
• Bypass Grand Lake and Shadow Mountain Reservoir with a buried pipeline and pump 

flows directly to Adams Tunnel. 
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Array of Possible Solutions 
• Bypass Grand Lake and Shadow Mountain Reservoir with a tunnel directly to Adams 

Tunnel. 
• Bypass Grand Lake with a floating pipe and pump flows directly to Adams Tunnel. 

Miscellaneous 
• Modify Shadow Mountain Reservoir by removing the dam, or deepen and narrow 

Shadow Mountain Reservoir to improve its water quality. 
• Oxygenate Shadow Mountain Reservoir to improve DO. 
• Change position/elevation of intakes at Farr Pumping Plant intake, relative to lake layers 

and seasonal stratification to improve quality of water pumped and transferred to Shadow 
Mountain Reservoir. 

• Implement watershed improvements (such as sediment controls and BMPs) to reduce 
watershed influences on nutrients and other particulate matter loading.  

• Allow for partial diversion of Grand Lake water to mix with and dilute diverted water 
with cleaner water from Grand Lake. 

 
3.2.1 Solutions Deferred for Future Consideration and Not Evaluated Further in this 
 Report 
Through stakeholder input and input from the external peer review panel, some of these 
proposed solutions were not evaluated further in this report in order to focus effort on 
alternatives that appeared to have the highest likelihood of meeting the goal of this report (Table 
3.1).  However, this does not preclude analysis of these as alternatives in the future. The deferred 
solutions include the following: 
 
• Operate Farr Pumping Plant and divert at Adams Tunnel continuously at high and steady 

rates after spring runoff.   The goal of this solution is to provide a flush through Shadow 
Mountain Reservoir and Grand Lake thereby cleaning the system of clarity reducing 
constituents.  However, the general consensus from the stakeholders and expert panel was 
that this solution may not be effective in improving clarity, and could possibly worsen water 
quality in all three water bodies.  

• B-pass Grand Lake with a floating pipeline and pump flows directly to Adams Tunnel. This 
solution may have unresolvable conflicts with the recreational activities and would likely be 
difficult to construct and maintain. 
Bypass Grand Lake with a removable (seasonal) boating course and submerged funnel 
shaped curtain deflectors to reduce mixing in the top four feet of Grand Lake. This solution 
may have unresolvable conflicts with the recreational activities, would reduce but not 
eliminate the mixing of Granby and Shadow Mountain Reservoir with Grand Lake Water, 
and would likely be difficult to construct and maintain. 

• Bypass Grand Lake with a submerged pipeline and pump flows directly to Adams Tunnel. 
Conceptually the logistics for a submerged pipeline through the center of Grand Lake 
appears to be possible; however, based on discussions with pipe manufacturers, there would 
be several challenges. First, the external pressure on the pipeline at 240 to 250 foot depths 
requires the pipeline be full at all times to prevent collapse, and would be problematic for 
maintenance.  Secondly manufacturers recommend a maximum pipe deflection of 10%.  The 
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lakes natural shoreline slopes exceed this limit.  And last, anchors are required to limit the 
lateral movement of the pipeline which would be difficult to install in this deep lake. 

• Oxygenate Shadow Mountain Reservoir to improve DO.  This solution has merit in terms of 
improving water quality in Shadow Mountain Reservoir. However, the direct correlation with 
Grand Lake is not clear and should be assessed further at a later time. 

• Change position/elevation of intake at Farr Pumping Plant intake, relative to lake layers and 
seasonal stratification, to improve quality of water pumped and transferred to Shadow 
Mountain Reservoir.  This solution may have merit in terms of improving water quality in 
Shadow Mountain Reservoir, and hence clarity in Grand Lake. However, at this time, there is 
insufficient existing data and information to further assess this solution. 

3.2.2 Further Options 
Three of the miscellaneous solutions that warrant further consideration in this report are 
identified as options and are listed below. These options, however, would need further 
consideration to assess if they could fully address clarity issues on their own.  These options, in 
combination with an alternative, may enhance the alternative or further improve water quality in 
the Three Lakes system. Further discussion and recommendations are provided in the Technical 
Evaluation in Chapter 5.  The options include the following: 

 Option A:  Modify Shadow Mountain Reservoir by removing the dam or deepening and 
narrowing Shadow Mountain Reservoir to improve its water quality.   

 Option B:  Implement watershed improvements (such as sediment controls and BMPs) to 
reduce watershed influences on nutrient, sediment, and other particulate matter loading. This 
could include consideration of additional water treatment and upgrades to existing treatment. 

 Option C:  Under conditions where clarity standards are being met, allow for partial 
diversion of Grand Lake water to mix with and dilute diverted water with cleaner water from 
Grand Lake.  This may require modifications to the Adams Tunnel inlet if Option C is 
combined with Alternatives III or IV. 

 
3.2.3 Identification of Alternatives 
The remaining solutions comprise the alternatives retained for further assessment in Chapters 4, 
5, and 6, due to appearing to have the highest likelihood of meeting the goal of this report.  Some 
refinement and combining of the various solutions are made to stream line the technical 
evaluation as noted below.   

Many of these potential solutions could be developed as alternatives in various combinations 
with or without use of the options and if viable, advanced to future detailed studies.  Some 
alternatives and options with further analysis might warrant elimination.  However, the goal of 
this report is to determine whether further development of alternatives is possible.  Therefore, the 
following four alternatives were formulated for further analyses is this report:  
 

 Alternative I: Stop pumping at Farr Pumping Plant and stop diversions through the Adams 
Tunnel in July, August and September. 

 Alternative II: Modify pumping at Farr Pumping Plant to allow continuous diversion 
through the Adams Tunnel at low and steady rates.  
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 Alternative III: Bypass Grand Lake with a pipeline and pump flows directly from Shadow 
Mountain Reservoir to Adams Tunnel. Evaluate buried pipeline and tunnel configurations. 

 Alternative IV: Bypass Grand Lake and Shadow Mountain Reservoir with a pipeline and 
pump flows directly to Adams Tunnel.  Evaluate buried pipeline and tunnel configurations. 

 
Prior to implementing further detailed studies, additional alternatives and options could be 
identified and included for further analysis if so indicated by future studies, changes in 
conditions, additional information, and public and stakeholder input.   
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4 ALTERNATIVES: TECHNICAL EVALUATION  

The purpose of this Chapter is to describe the alternatives and options, and to present a 
conceptual technical evaluation of each.  C-BT operations and associated power generation 
program summaries are provided for introduction and then each alternative is investigated in 
detail under the following criteria. Evaluation of other topics are beyond the scope of this report, 
but are identified in the Next Steps section with each evaluation.  Evaluation of each alternative 
is generally presented for the following: 

1. Operations assessment to evaluate water deliveries to the east slope, 
2. Construction and logistical issues for implementation, 
3. Real estate considerations, 
4. Power impacts at pumping plants  
5. Potential impacts to power generation, 
6. Cost discussion, and  
7. Data gaps. 

 
4.1 Operations Overview 
The C-BT system consists of 10 reservoirs, 18 dams and dikes, a thirteen mile tunnel (Adams 
Tunnel), and 6 power plants, all components of a very complex system with complex operations 
that are further challenged by changing hydrologic conditions and limited capacities of many of 
the system components.   Some of the more important aspects of C-BT Project operations are 
described below.   
1. On a daily basis Reclamation schedules the amount and timing of water that will be diverted 

through the Adams Tunnel.  Factors considered in scheduling Adams Tunnel diversions 
include available east slope water, east slope water demands, storage conditions in C-BT 
Project reservoirs, power demands, maintenance issues, and flooding concerns. The water 
diversion order is provided to Northern Water, which in turn, schedules how much and when 
to pump at the Farr Pumping Plant.   

2. Under current operations, when the required Adams Tunnel diversions exceed the natural 
inflow to Grand Lake, water must be pumped from Granby Reservoir.  Water is drawn 
through the Granby Reservoir intake structure and pumped through the Farr Pumping Plant 
up to the Granby Pump Canal.  The pumping rates and timing employed are a function of 
Granby Reservoir elevation (affecting the pumping head), and the capacity of the Granby 
Pump Canal (a maximum of 1,100 cubic feet per second (cfs)).  To minimize pumping costs, 
the Farr Pumping Plant typically operates at night, during the non-peak power periods.  The 
Farr Pumping Plant has the option to run one, two or three pumps simultaneously to meet 
diversion demands and reservoir and lake level requirements within the desired time frame.  
Note that when Adams Tunnel diversions are less than the natural inflow to Grand Lake then 
no pumping at Farr Pumping Plant is required.  In this case it is possible to divert through 
Adams Tunnel and have sufficient flows to move down-gradient from north to south. Data 
provided by Reclamation for 1991 to 2011 indicates that down-gradient flows typically occur 
most years during spring runoff lasting several weeks to several months.  
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3. From Farr Pumping Plant, water is pumped approximately 125 vertical feet to the Granby 
Pump Canal, where it flows north for 1.8 miles until it reaches Shadow Mountain Reservoir.  
Water is conveyed through Shadow Mountain Reservoir an additional three miles into Grand 
Lake and diverted into Adams Tunnel. Shadow Mountain Reservoir stores and attenuates 
flows being diverted through the Granby Pump Canal.  For example 1,100 cfs delivered for 
12 hours via the Granby Pump Canal, is stored and attenuated in Shadow Mountain 
Reservoir resulting in a 550 cfs delivery over 24 hours through the Adams Tunnel.   

4. Adams Tunnel is a 9’ 9”diameter, 13-mile long tunnel with a capacity of 550 cfs conveying 
water under the continental divide to the east slope.  Water is discharged from the tunnel and 
directed through a series of power plants, tunnels, canals, and reservoirs to various east slope 
delivery points. 

5. Scheduled maintenance for the east slope facilities typically requires 6 to 8 weeks and is 
usually performed in mid-October to mid-December, whereby reduced flows, or in some 
cases no flows, are diverted through Adams Tunnel.  

6. Requirements for power generation affecting flows through the Adams Tunnel vary 
depending on natural flows available on the east slope.  However, one of the more relevant 
and restrictive power generation requirements is at Mary’s Lake Powerplant.  Here, the plant 
is fed by the East Portal Reservoir which essentially has no attenuating storage capabilities.  
Thus, Mary’s Lake powerplant operates directly from the flow rates discharged through the 
Adams Tunnel.  To generate power, flows must be at or above 250 cfs and the powerplant 
should not be subject to frequent on and off cycling.  

7. During the spring months, when runoff is available on the east slope, it is preferable to 
reduce Adams Tunnel diversions to allow diversion of native east slope water under the C-
BT Project’s water rights when in priority, or to utilize the east slope water for power 
generation when the water rights are not in priority.   

In order to evaluate the ability of the Project to meet east slope delivery requirements under the 
non-structural alternatives, a simple monthly spreadsheet model using a 47-year analysis period 
(Water Years 1950-1996) was developed. The model is intended to provide an initial evaluation 
of whether the existing C-BT Project infrastructure along with the additional facilities proposed 
in the preferred alternative, Alternative 2: Chimney Hollow with pre-positioning of the Windy 
Gap Firming Project EIS, are sufficient to maintain the yield of the C-BT Project and contracts 
that use C-BT Project infrastructure to divert water from the west slope to the east slope 
(Reclamation 2011c).  The major components and assumptions are described below (and more 
fully described with calculations in the Appendix): 
 

1. The model uses the same 47-year analysis period (Water Years 1950-1996) as that used in 
the Windy Gap Firming Project (WGFP) Environmental Impact Statement (EIS). 

2. The model uses the same C-BT Project demands as those used in the WGFP EIS model.  
Under that model’s assumptions, the average annual C-BT Project demand is 234,556 af/year 
and ranges from 159,000 to 306,000 af/year. 

3. The model uses the same Windy Gap Project deliveries as those used in the WGFP EIS 
model for the Preferred Alternative with cumulative effects.  Under those conditions, the 
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average annual east slope Windy Gap Project deliveries is 25,664 af/year and ranges from 
24,000 to 28,000 af/year. 

4. On the west slope, the Three-Lakes system is conceptualized as one large reservoir that is not 
supply limited.  This assumption implies: 

a. The Three-Lakes system has sufficient storage capacity and/or inflow to meet all desired 
Adams Tunnel diversion requirements. 

b. The Farr Pumping Plant can be operated in a manner consistent with those diversion 
requirements. 

c. The combination of Adams Tunnel diversions and Granby Reservoir capacity is 
sufficient to keep from spilling inflow to the Three-Lakes system that would result in a 
loss of C-BT Project yield or that of contracts that use the C-BT Project infrastructure. 

5. To insure maximum utilization of the east slope C-BT Project water rights, diversion of Big 
Thompson River water to storage is considered as the first supply for meeting east slope 
reservoir storage needs. 

6. In order to insure sufficient water supplies are available on the East Slope, diversions of west 
slope water through the Adams Tunnel are always maximized to the extent possible. 

7. Diversion of Big Thompson River water for power generation is given lowest priority for 
available Olympus Tunnel capacity.  However, the diversion is maximized by utilizing all 
remaining tunnel capacity after consideration of diversion of Big Thompson River water to 
C-BT Project storage and Adams Tunnel diversions. 

8. Horsetooth Reservoir, Carter Lake, and the proposed Windy Gap Firming Project east slope 
storage facilities are conceptualized as one large storage reservoir with an active capacity of 
326,000 af (Horsetooth Reservoir 136,000 af; Carter Lake 100,000 af; Chimney Hollow 
90,000 af). 

9. East slope reservoir evaporation is computed from average monthly evaporation rates used in 
the Bureau of Reclamation’s monthly operations planning model. 

10. Seepage from the east slope C-BT Project system is estimated to be 200 af/month. 

11. East slope demands, both C-BT Project and Windy Gap, are all considered to be delivered 
from the conceptualized large east slope reservoir.  

Note that given the complexity of the C-BT Project operations, a detailed technical evaluation 
will be required to fully understand and determine impacts of a given alternative on the C-BT 
Project operations for delivery of water and power generation.  This is a task that should be 
implemented in a future more detailed modeling study and should include consideration of future 
impacts related to climate change.  
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4.2 Power Overview  
The C-BT Project makes use of the water for power generation. The following excerpt is from 
Reclamation’s web site which describes the power plant profile located on the east slope.  Figure 
2.4 is a graphic representation of the same.  

Emerging from Alva B. Adams Tunnel into the East Portal Reservoir, the water flows across 
Aspen Creek Valley in a siphon and then under Rams Horn Mountain through a tunnel. At 
this point, it enters a steel penstock and falls 205 feet to Marys Lake Powerplant. This 
powerplant is located on the west shore of Marys Lake, which provides afterbay and forebay 
capacity for reregulating the flow. Between Marys Lake and Estes Powerplant, on the shore 
of Lake Estes, the water is conveyed by Prospect Mountain Conduit and Prospect Mountain 
Tunnel. 
Lake Estes, below Estes Powerplant, is formed by Olympus Dam constructed across the Big 
Thompson River. The afterbay storage in Lake Estes and the forebay storage in Marys Lake 
enable the Estes Powerplant to meet daily variations in energy demand. 
Water from Lake Estes and some Big Thompson River floodwaters are conveyed by Olympus 
Siphon and Tunnel and Pole Hill Tunnel and Canal to a penstock through which the water 
drops 815 feet to Pole Hill Powerplant. It is then routed through Pole Hill Powerplant 
afterbay, Rattlesnake Tunnel, Pinewood Lake, and Bald Mountain Pressure Tunnel, and 
dropped 1,055 feet through two penstocks to Flatiron Powerplant. This powerplant 
discharges into Flatiron Reservoir, which regulates the water for release to the foothills 
storage and distribution system. The afterbay storage in Flatiron Reservoir and the forebay 
storage in Pinewood Lake enable Flatiron Powerplant to meet daily power loads. 
Southward, the Flatiron reversible pump lifts water from Flatiron Reservoir, a maximum of 
297 feet and delivers it through Carter Lake Pressure Conduit and Tunnel to Carter Lake. 
When the flow is reversed, the unit acts as a turbine-generator and produces electric energy.  

 

Gross power generation averages 760 million kilowatt-hours of which 70 million kilowatt-hours 
are used by C-BT Project pumps and 690 million kilowatt-hours are marketed to customers in 
northern Colorado, eastern Wyoming, and western Nebraska (Reclamation 2011a).  For the 
purposes of this report, a quantitative estimate of the monthly impacts of the alternatives on 
power generation is provided and incorporates the basic assumption that all Alternatives will 
divert the same volume of water.  However, a more detailed evaluation of power generation 
impacts would be required to adequately address daily power generation and timing of 
prospective alternatives.   
 
4.3 Alternative I:  Stop Pumping  
4.3.1 Alternative description 
The goal of this alternative is to eliminate flow from Shadow Mountain Reservoir to Grand Lake 
during July, August and September, minimizing the transport of low quality water into Grand 
Lake.  This alternative ceases pumping from Farr Pumping Plant and ceases diversions through 
the Adams Tunnel every year during the months of July, August and September.  Surface water 
elevations in Grand Lake and Shadow Mountain Reservoir would need to be managed in 
accordance with SD 80.  
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4.3.2 Operations  
Operations are evaluated for the ‘Stop Pump’ Alternative using the simple operational model 
described in Section 4.1. The goal of the analysis is to determine whether sufficient system 
capacity exists to implement this alternative. The parameters used in the model for this 
alternative are described below and the calculations are presented in the Appendix. 
 
1. No pumping at Farr Pumping Plant and no Adams Tunnel diversions from July through 

September.   

2. With the exception of no diversion periods described in parameter #4 below, Adams Tunnel 
diversions are maintained at the maximum rate from October through June and only limited 
by the maximum east slope aggregate storage. 

3. The 6 to 8 week scheduled maintenance period for east slope facilities is moved from its 
traditional fall time frame to the July through September period to coincide with the no 
Adams Tunnel diversion time period. This requires a modification to Reclamation’s current 
powerplant unit availability performance criteria.  

4. Unscheduled maintenance will impact diversions through the Adams Tunnel, and is modeled 
as 1.5 days per month.   

The analysis of the ‘Stop Pump’ alternative indicates that, under the assumed conditions noted 
above, there is sufficient system capacity to implement this alternative and preserve the yield of 
the C-BT Project including contracted and reasonably foreseeable contracted water transported 
using C-BT Project infrastructure.  The analysis indicates that east slope reservoir storage would 
be severely strained in a series of high demand years similar to water years 1974-1977, leaving 
only 17,000 af of active storage before storage levels could be recovered.  However, with the 
exception of the 1974-1977 period, active storage was consistently maintained above 70,000 af.  
These storage levels are based upon the assumption that no Adams Tunnel diversions were 
allowed between July and September.  However, if some Adams Tunnel diversions were allowed 
during this time, as suggested by combining this alternative with Option C (see chapter 4.7.3), 
storage levels might not be as severely strained,  It should be noted that under this alternative 
east slope reservoir storage is maintained higher in early spring than under future conditions 
without water clarity considerations.  As a result, there is less diversion of Big Thompson River 
water to storage in some wetter years.  A more detailed analysis of the assumed conditions for 
both east and west slope operations should be conducted to confirm the alternatives’ ability to 
meet C-BT Project yield including existing contract and reasonably foreseeable contracted water 
transported using C-BT Project infrastructure. 
 
4.3.3 Construction and Logistical Issues 
The ‘Stop Pump’ alternative is not expected to require new facilities on the west slope. The 
operations analysis also indicates that no additional east slope facilities over and above the 
proposed Chimney Hollow Reservoir would be required.  However, it should be noted that east 
slope operations are very complex and this complexity may impede the ability to optimize the 
east slope storage as assumed in the operations analysis.  As a result, this alternative may require 
some additional east slope storage to keep from adversely affecting yield through a sequence of 
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years similar to the 1974-1977 period mentioned above. However, the detailed analysis of east 
slope operations necessary to evaluate this risk is beyond the scope of this report.   
 
Shadow Mountain Reservoir and Grand Lake may need grade control structures to maintain 
water levels during the three no-pumping months if the natural hydrology is insufficient to 
maintain water levels. 
 
4.3.4 Pumping Requirements at Farr Pumping Plant 
Under this alternative pumping requirements at Farr Pumping Plant are impacted through an 
increase in total volume of water that must be pumped and by an increase in on-peak pumping.  
This represents a loss in power revenue. Due to no Adams Tunnel diversions occurring between 
July and September, the natural inflow to Grand Lake and Shadow Mountain Reservoir is 
bypassed to Granby Reservoir and must be pumped at a later date.  Further, to the extent 
possible, the pumping at Farr Pumping Plant is timed to occur during times of off-peak power 
demands. However, under this alternative Farr Pumping Plant would have to operate more 
frequently during the peak power demand times between 7am and 11pm to compensate for the 
lack of Adams Tunnel diversions between July and September and to accommodate the 
additional volume of water that was bypassed to Granby during that period. 
 
This alternative also requires additional pumping at the Flatiron Pumping Plant which pumps 
water from Flatiron Reservoir to Carter Lake on the east slope.  Demands along the Big 
Thompson River are normally met by direct diversion from the west slope through the Adams 
Tunnel.  However, with little or no Adams Tunnel diversions between July and September, the 
demands must be met from Carter Lake during this period.  An equivalent volume of water must 
then be pumped back up to Carter Lake at a later date.   This represents a loss in power revenue 
because the cost to pump into Carter Lake is greater than revenue from Flatiron Unit #3 
generation for the same volume of water. 
  
4.3.5 Potential Impacts to Power Generation 
The results of the operation analysis are used to analyze the potential impact of this alternative to 
power generation and are summarized in Table 4.1.   Under this alternative there will be a shift in 
power generation away from the high power demand months of July, August, and September to 
the remainder of the year. Based upon monthly and on-peak/off-peak prices for power this shift 
in the timing of power generation could result in a loss of power revenue.     
 
4.3.6 Costs 
In this report costs are discussed qualitatively.  Significant effort will be required to make 
reliable estimates later in project evaluation and development.  Because no new facilities or 
structures, other than those planned for the Windy Gap Firming Project, are necessary to 
implement this alternative, the primary cost is expected to be loss of power revenue and 
additional pumping costs.  Due to the simplified analysis methodology employed in the 
operations analysis, this alternative’s additional pumping costs could not be estimated.  However 
it is expected to be much less than the loss of power revenue. 
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Table 4.1.  Estimated monthly distribution of total East Slope power generation, Alternative I. 

Month 

Alternative I: Stop Pump -      
No Adams Tunnel Diversions 

Jul 1 – Sep 30          
 (GWH) 

Without modifications for 
clarity considerations             

(GWH) 

Oct 71.89 38.83 
Nov 69.29 34.44 
Dec 71.51 60.80 
Jan 71.51 60.58 
Feb 63.97 63.73 
Mar 66.47 47.59 
Apr 60.20 38.62 
May 65.35 69.92 
Jun 63.11 68.46 
Jul 20.63 55.89 

Aug 0.85 42.76 
Sep 0.61 43.65 

Total 625.38 625.27 
 
 

 

4.3.7 Data Gaps 
Additional data gaps and studies that might be required should this alternative be selected for 
additional consideration include:  

1. Detailed daily analysis of both east slope and west slope operations to better assess impacts 
to water deliveries, pumping requirements, power generation (including black start and 
spinning reserve requirements), and the potential need for additional east slope storage, 

2. A detailed routing and operations assessment including contributions from other tributaries 
including the North Fork of the Colorado River,  

3. A water quality assessment and/or water quality modeling of the alternative and the impacts 
to the Three Lakes as outlined in Chapter 2, and 

4. Consideration of water quality impacts to east slope reservoirs. 

4.4 Alternative II:   Modify Pumping  
4.4.1 Alternative Description 
The goal of this alternative is to produce steady low flows through Shadow Mountain Reservoir 
and Grand Lake during July, August and September, to minimize the transport of lower quality 
water into Grand Lake while also allowing for some diversion of water during this time period.  
This alternative also seeks to minimize the possible re-suspension of material in Shadow 
Mountain Reservoir This alternative targets a steady diversion of approximately 250 cfs through 
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Adams Tunnel in July through September.  Surface water elevations in Grand Lake and Shadow 
Mountain Reservoir would need to be managed in accordance with SD 80. 
 
4.4.2 Operations  
1. Operations are evaluated for the ‘Modify Pumping’ Alternative using the simple operational 

model described in Section 4.1. The goal of the analysis is to determine whether sufficient 
capacity exists to implement this alternative. The parameters used in the model for this 
alternative is described below and the calculations are presented in the Appendix.  To 
simplify the analysis of this alternative, the Adams Tunnel diversions are maintained at 250 
cfs from July through September each and every year.  Actual operations may deviate from 
this operation based upon hydrologic conditions and the desire to maintain low steady low 
flows through Shadow Mountain Reservoir. 

2. With the exception of no diversion periods described in parameters #4 and #5 below, Adams 
Tunnel diversions are maintained at the maximum rate from October through May and only 
limited by the maximum east slope aggregate storage and diversion of east slope water to 
storage. 

3. Adams Tunnel diversions are limited to 370 cfs in June to allow for larger diversions of Big 
Thompson River water for power generation.  The analysis indicates that this diversion 
limitation could be tolerated while maintaining sufficient system capacity to meet demands.  
However, if actual hydrologic conditions warrant, this limitation could be removed to 
maintain necessary system capacity.  

4. Six weeks of no Adams Tunnel diversions from November through mid-December are 
assumed to accommodate scheduled maintenance of east slope facilities. 

5. Unscheduled maintenance will impact diversions through the Adams Tunnel, and is modeled 
as 1.5 days per month.   

The analysis of the ‘Modify Pumping’ alternative indicates that, under the assumed conditions 
noted above, there is sufficient system capacity to implement this alternative and preserve the 
yield of the C-BT Project including contracted and reasonably foreseeable contracted water 
transported using C-BT Project infrastructure.  The analysis indicates that east slope reservoir 
storage would be reduced to approximately 17,000 af of active capacity in a series of high 
demand years similar to water years 1974-1977, before storage levels could be recovered.  
However, with the exception of the 1974-1977 period, active storage was consistently 
maintained above 70,000 af.  This level of available active east slope reservoir storage combined 
with the ability to increase the Adams Tunnel diversions in June if necessary should provide 
sufficient operational flexibility to negate the need for any additional east slope reservoir storage.  
However, a more detailed analysis of the assumed conditions should be performed to verify this 
conclusion. 
 
4.4.3 Construction and Logistical Issues 
This ‘Modify Pump’ alternative is not expected to require new facilities on the east or west 
slopes. It should be noted that east slope operations are very complex and this complexity may 
impede the ability to optimize the east slope storage.  As a result, this alternative may require 
some additional east slope storage to keep from adversely affecting yield through a sequence of 
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years similar to the 1974-1977 period mentioned above. However, the detailed analysis of east 
slope operations necessary to evaluate this risk is beyond the scope of this report.   
 
4.4.4 Pumping Requirements 
Under this alternative pumping requirements at Farr Pumping Plant are impacted through an 
increase in total volume of water that must be pumped and by an increase in on-peak pumping.  
This represents a loss in power revenue.  Because some water is diverted through the Adams 
Tunnel during the July through September period, the impacts to Farr Pumping Plant pumping 
requirements are less than that of the ‘Stop Pump’ alternative.  Due to reduced Adams Tunnel 
diversions occurring between July and September a portion of the natural inflow to Grand Lake 
and Shadow Mountain Reservoir is bypassed to Granby Reservoir during this period and must be 
pumped at a later date.  Further, to the extent possible, the pumping at Farr Pumping Plant is 
timed to occur during times of off-peak power demands. Under this alternative Farr Pumping 
Plant would operate within its current operational rules, but would have to operate more 
frequently during the peak power demand times between 7am and 11pm to compensate for the 
reduced Adams Tunnel diversions between July and September and to accommodate the 
additional volume of water that was bypassed to Granby during that period. 

This alternative also requires some additional pumping at the Flatiron Pumping Plant which 
pumps water from Flatiron Reservoir to Carter Lake on the east slope.  Demands along the Big 
Thompson River are normally met by direct diversion from the west slope through the Adams 
Tunnel.  However, with reduced Adams Tunnel diversions between July and September, Big 
Thompson River demands in excess of 250 cfs must be met from Carter Lake during this period.  
An equivalent volume of water must then be pumped back up to Carter Lake at a later date.  This 
represents a loss in power revenue because the cost to pump into Carter Lake is greater than the 
revenue from Flatiron Unit #3 generation for the same volume of water. 

4.4.5 Potential Impacts to Power Generation 
The results of the operation analysis are used to analyze the potential impact of this alternative to 
power generation and are summarized in Table 4.2.  While total power generation increases 
under this alternative, there is a shift in power generation away from the high power demand 
months of July, August, and September to the remainder of the year. Based upon monthly and 
on-peak/off-peak prices for power generation, the combined effect of the increased generation 
and shift in the timing of power could result in some loss of power revenue.   
 

 Costs 4.4.5.1
In this report costs are discussed qualitatively.  Significant effort will be required to make 
reliable estimates later in project evaluation and development.  Because no new facilities or 
structures, other than those planned for the Windy Gap Firming Project, are necessary to 
implement this alternative, the primary cost is expected to be loss of power revenue and 
additional pumping costs.   
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Table 4.2.  Estimated monthly distribution of total East Slope power generation, Alternative II. 

Month 

Alternative II: Modify Pumping  
250 cfs Adams Tunnel 

Diversions Jul 1 – Sep 30      
   (GWH) 

Without modifications for 
clarity considerations             

(GWH) 

Oct 71.89 38.83 
Nov 0.00 34.44 
Dec 38.77 60.80 
Jan 71.51 60.58 
Feb 64.74 63.73 
Mar 70.04 47.59 
Apr 66.49 38.62 
May 69.17 69.92 
Jun 59.40 68.46 
Jul 49.25 55.89 

Aug 39.76 42.76 
Sep 35.81 43.65 

Total 636.83 625.27 
 
 

 

4.4.6 Data Gaps 
Additional data gaps and studies that might be required should this alternative be selected for 
additional consideration include:  
 

1. Detailed daily analysis of both east slope and west slope operations to better assess impacts 
to water deliveries, pumping requirements, power generation (including black start and 
spinning reserve requirements),  

2. A detailed routing and operations assessment including contributions from other tributaries 
including the North Fork of the Colorado River, 

3. A water quality assessment and/or water quality modeling of the alternative and the impacts 
to the Three Lakes as outlined in Chapter 2, and 

4. Consideration of water quality impacts to east slope reservoirs. 

4.5 Alternative III:  Bypass Grand Lake 
4.5.1 Alternative Description 
The goal of this alternative is to eliminate the mixing of Granby Reservoir and Shadow 
Mountain Reservoir water with water in Grand Lake.  Water would be pumped around or 
through Grand Lake and piped directly into the Adams Tunnel.  This scenario restores the natural 
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down-gradient flow from the North and East Inlet to Grand Lake into Shadow Mountain 
Reservoir and further down gradient to Granby Reservoir. 

Deliveries for this alternative would be pumped from Farr Pumping Plant into Shadow Mountain 
Reservoir via the existing Granby Pump Canal, and then pumped via a new pump station at the 
north end of Shadow Mountain Reservoir through a new pipeline connected directly to the 
Adams Tunnel.  

This scenario utilizes the available regulating storage capacity in Shadow Mountain Reservoir to 
1) continue to operate Farr Pumping Plant per current conditions (particularly during off-peak 
power times) and 2) provide operational flexibility at the new pump station to divert water 
during peak power times. This alternative could potentially create a slight increase in the 
fluctuation of water levels in Shadow Mountain Reservoir.  In order to maintain water levels, an 
outlet control structure would be required, or a cutoff wall between Grand Lake and Shadow 
Mountain Reservoir and possibly, a boat lock.  

Four variations are evaluated for this alternative to assess an array of possible pipeline 
alignments to convey the flow of water to the Adams Tunnel.  The potential pipeline alignments 
include: (1) piping through the existing Town streets of Grand Lake, (2) an alignment along 
either the north or south shore of Grand Lake, (3) a roadway alignment along the roads and 
private property on the south side of Grand Lake, and finally, (4) a tunnel on the south side of 
Grand Lake on Arapahoe National Recreation Area and private properties. Several of the 
pipeline alignments involve varying elevation differences along the pipeline alignment.  
Increased elevation differences result in higher friction losses which require higher horsepower 
at the new pump station.  To minimize horsepower requirements for the new pump station a 
number of the alternative variations include two-8’ diameters pipelines.  The remaining 
variations were evaluated using a single 10’ diameter pipeline. This array of alternative 
variations is depicted on Exhibit 1. 

4.5.2 Operations  
In this alternative the Shadow Mountain Pump Station would run at rates requested by 
Reclamation in its’ diversion orders. Farr Pumping Plant would operate as necessary to meet the 
diversion order, minimize on-peak pumping, and maintain desired reservoir elevations in 
Shadow Mountain Reservoir.  Shadow Mountain Reservoir would provide some regulating 
capacity because in most instances it would be necessary to run the new Shadow Mountain 
Reservoir pump station at a lower rate than Farr Pumping Plant and for a longer time period.  For 
example, if Farr Pumping Plant ran for 12 hours at 1100 cfs, then the Shadow Mountain 
Reservoir pump station could pump for 24 hours at 550 cfs.   Operations scenarios are not 
modeled for this alternative since there are no restrictions on when and how much flow can be 
moved through the pumping stations and tunnel, except as restricted by the capacity of the 
infrastructure.  Under these assumed conditions it is envisioned that the diversion requirements 
of the C-BT Project and contracts that use C-BT Project infrastructure to divert water from the 
west slope to the east slope are feasible by matching pumping rates of the new pumping station 
with the diversion requirements needed through Adams Tunnel. A minor loss of storage would 
occur by eliminating flows currently regulated by storage at Grand Lake. 
  
This alternative will use the Farr Pumping Plant in a manner similar to present operations, with 
water being pumped up to 1,100 cfs during the off-peak hours.  Shadow Mountain Reservoir will 
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continue to provide attenuation, however, there may be slightly more variability in lake level 
fluctuation estimated at less than 6 inches to help compensate for the loss of Grand Lake 
regulating capacity.  This might affect boat docks and boat houses along the shores of Shadow 
Mountain Reservoir and could potentially require an outlet control structure or cutoff wall to 
ensure separation of water with Grand Lake is maintained.  This alternative will require 
additional evaluation such as a hydraulic routing analysis through Shadow Mountain Reservoir.   
 
4.5.3 Construction and Logistical Issues 
The infrastructure for all of the above variations includes a pumping station along the 
northeastern part of Shadow Mountain Reservoir, an inlet located in the deeper portion of the 
Shadow Mountain Reservoir, and a pipeline that would connect the pump station to the Adams 
Tunnel. Two power sources would be required.  

The land based alignments have higher elevation head requirements compared to the shoreline 
alignments which increase the horsepower requirements for the proposed pump station.  Thus the 
inclusion of two-8 foot diameter pipelines and one-10 foot diameter pipeline for the different 
alignments.  

Each of the variations will require further review should any of the variations be advanced for 
further assessment in more detailed future studies.   Constraints could include: 
 

1. Easement acquisition for the pipeline and pump station, 

2. Utility conflicts and temporary disruption of roadways and utilities in town streets,  

3. Approvals to temporarily lower Grand Lake for installation of the shoreline alignments, 

4. Temporary disruption during construction due to drawdown of Grand Lake operations, boat 
docks and recreation for the shoreline alignments, 

5. Rock and excavation concerns for the road and shore line alignments, and 

6. Temporary drawdown of Grand Lake and Shadow Mountain Reservoir during construction, 
and  

7. Temporary diversion of flows to Adams Tunnel during construction. 

4.5.4 Real Estate Requirements 
The Shadow Mountain Reservoir pump station would be located along the north or northeastern 
edge of Shadow Mountain Reservoir.  The exact location would be selected as part of future 
studies; however, it is likely that the pump station would be located within the Arapahoe 
National Recreation Area property.  Electrical and other utility easements will be required as 
well as rights-of-way and other easements.  Pipeline installation will also be required along the 
canal between Shadow Mountain Reservoir and Grand Lake.  Assessor’s records indicate 
property along the canal is controlled by a local homeowners association which should be 
verified with future studies.  Land acquisition may be required for short sections of pipeline and, 
should alignment variation 1 be selected (alignments in Town streets), easements will be 
required for installation within the road rights-of-ways.  Actual ownership and conditions of use 
may require further investigation. 
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Easements south of Grand Lake would be required for the tunnel alignment and is generally on 
Arapahoe National Recreation Area property.  Arapahoe National Recreation Area property is 
administered by the U.S. Forest Service with the contingency that C-BT Project related 
management be conducted by Reclamation.  Specifically, as set out in Memorandum of 
Understanding (MOU) 0-07-70-L1126, operations areas are defined.  Coordination with the U.S. 
Forest Service would be necessary to amend the MOU for additional features.   

Easements for the Grand Lake shoreline pipeline alignment would be required; however 
ownership below normal water level of Grand Lake is not well defined.  Additional property 
ownership research is required, depending on which alternative and variation(s) are considered in 
future studies. 
 
4.5.5 Pumping Requirements at Farr Pumping Plant  
Because a quantitative analysis was not conducted due to the scope of this analysis, no associated 
costs were computed. However a qualitative description is provided.  In this alternative the Farr 
Pumping Plant would operate as it historically has and therefore there would be no power 
impacts attributable to changes at Farr Pumping Plant or the proposed pumping plant.  However, 
additional power will be needed to operate the proposed Shadow Mountain pumping plant.  The 
additional power will be required to pump all west slope diversions through the pipeline to the 
Adams Tunnel that would otherwise have been routed through Grand Lake by gravity.   
 

4.5.6 Potential Impacts to Power Generation 
Power generation impacts are difficult to predict given the high variability in flows from year to 
year and the complexity of the system.  From a qualitative standpoint, this alternative is likely to 
have a relatively minor impact to power generation given the ability to divert on demand, 
without restrictions to pumping.    
 
4.5.7 Costs 
In this report costs are discussed qualitatively.  Significant effort will be required to make 
reliable estimates later in project evaluation and development.  The cost of this alternative 
includes a new pump station located along the north and east shoreline of Shadow Mountain 
Reservoir, and a new pipeline from the pump station to Adams Tunnel.   Costs also include a 
concrete cutoff wall and boat lock system at the Shadow-Grand Lake canal; design, construction 
and operational and maintenance costs for the new pumping station in Shadow Mountain 
Reservoir; and power costs for the new pump station. There are no additional power costs for 
Farr Pumping Plant as it is anticipated that all the pumping can occur as they would under future 
conditions without modifications for water clarity considerations.   
 
4.5.8 Data Gaps 
Additional data gaps and studies that might be required should this alternative be selected for 
additional consideration include:  

1. Detailed evaluation of operations for both delivery of water and impacts to power generation, 

2. Detailed evaluation of impacts to water surface elevations of both Grand Lake and Shadow 
Mountain, including routing of flows, and timing of operations at the new pump station,   
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3. A detailed routing and operations assessment including contributions from other tributaries 
including the North Fork of the Colorado River,  

4. Water quality assessment and/or water quality modeling of the alternative and the impacts to 
the Three Lakes as outlined in Chapter 2, and  

5. Consideration of water quality impacts to east slope reservoirs due to reduction of the mixing 
of high quality Grand Lake water with reduced quality Shadow Mountain Reservoir and 
Granby Reservoir water. 

4.6 Alternative IV: Bypass Shadow Mountain Reservoir and Grand Lake 
4.6.1 Alternative Description 
This alternative eliminates the introduction of Granby and Shadow Mountain Reservoir water 
into Grand Lake, and restores the natural down-gradient flow from the North and East Inlet to 
Grand Lake into Shadow Mountain Reservoir and further down gradient to Granby Reservoir.  
This is accomplished by pumping Granby water from Farr Pumping Plant to the Granby Pump 
Canal and from a new pump station in the Granby Pump Canal piped directly to the Adams 
Tunnel.   

Diversions for this alternative would be pumped from Farr Pumping Plant into the Granby Pump 
Canal and then pumped via a new pumping station located in the Granby Pump Canal near its 
confluence with Shadow Mountain Reservoir or along the south end of Shadow Mountain 
Reservoir through a new pipeline connected directly to the Adams Tunnel. Four variations were 
evaluated for this alternative to assess a spectrum of possible alignments to convey the flows to 
the Adams Tunnel.   Due to the elevation head differences variations, two pipeline sizes are 
considered and include a single 10’ diameter or two-8’ diameters pipelines to minimize 
horsepower requirements for the new pump station.   

This alternative could potentially change water levels in Grand Lake and Shadow Mountain 
Reservoir due to the reliance on natural hydrology.  In order to maintain water levels, an outlet 
control structure would be required, or a cutoff wall between Grand Lake Shadow Mountain 
Reservoir and potentially a boat lock.  Both water level control elements are included in the 
analysis.   

Four variations to this alternative are reviewed for a variety of conditions that will affect the 
feasibility and constructability of the overall alternative. The four variations include: (1) a 
pipeline along the northwestern shore of Shadow Mountain Reservoir and Grand Lake, (2) a 
pipeline along the west shore line of Shadow Mountain Reservoir and east shoreline of Grand 
Lake, (3) a pipeline along the east shore lines of Shadow Mountain Reservoir and Grand Lake, 
and (4) a tunnel constructed directly to the Adams Tunnel. 

The shoreline alignments assume the pipeline is installed approximately 20 feet from shoreline, 
submerged and buried with 3 to 5 feet of cover.  Some of the different pipeline alignments 
involve varying elevation differences along the pipeline alignment.  Large elevation differences 
have higher friction losses resulting in higher horsepower requirements at the new pump station.  
Thus to minimize horsepower requirements for the new pump station some of the variations 
include two-8 foot diameter pipes and others, one-10 foot diameter pipe.  The alternative is 
depicted on Exhibit 2. 
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4.6.2 Operations  
In this alternative the Granby Pump Station must run parallel with the Farr Pumping Plant 
matching each other in rate and length of time to pump due to the lack of regulating capacity in 
Granby Pump Canal.  Operations scenarios are not conducted for this alternative since there are 
no restrictions on when flow can be moved through the pump stations and Adams Tunnel, except 
as restricted by the capacity of the infrastructure.  Under these assumed conditions it is 
envisioned that the diversion requirements of the C-BT Project and contracts that use C-BT 
Project infrastructure to divert water from the west slope to the east slope are feasible by 
matching pumping rates of the new pump station with the diversion requirements needed through 
Adams Tunnel.  
 
This alternative eliminates storage that is currently provided in Shadow Mountain Reservoir and 
Grand Lake. Approximately 4,700 acre-feet of regulating capacity will be lost with this 
alternative.  This loss of regulating storage will change operations at Farr Pumping Plant such 
that pumping rates will be reduced to a maximum of 550 cfs, and requires pumps to operate 
continuously in order to maintain a continuous flow through Mary’s Lake Powerplant.   

This alternative could potentially result in slightly more variability in lake level fluctuation due 
to the natural hydrology.  This may require an outlet control structure or cutoff wall to maintain 
water levels and to ensure separation of Shadow Mountain Reservoir water with Grand Lake.  
This will require further evaluation including a hydraulic routing analysis through Shadow 
Mountain Reservoir.   
 
4.6.3 Construction and Logistical Issues 
The infrastructure for all of the variations for this alternative includes a pump station in the 
Granby Pump Canal, a lake inlet located in the deeper portion of the Shadow Mountain 
Reservoir and a pipeline that would connect the pumping station to the Adams Tunnel. Two 
power sources would be required.  
 
Some alignments may have higher elevation head requirements which increase the horsepower 
requirements for the proposed pump station. Thus the inclusion of two-8 foot diameter pipelines 
and a single 10’ diameter pipeline.   
 
Each of the variations have challenges and constraints and will need further review should this 
alternative be advance for further assessment.  Constraints could include: 

1. Easement acquisition for the pipeline and pump station, 

2. Utility conflicts and temporary disruption of roadways and utilities in town streets,  

3. Approvals to temporarily lower Shadow Mountain Reservoir and Grand Lake for installation 
of the shoreline alignments, 

4. Temporary disruption during construction due to drawdown of Shadow Mountain Reservoir 
and Grand Lake operations, boat docks and recreation for the shoreline alignments, 

5. Rock and excavation concerns for the road and shore line alignments,  

6. Temporary drawdown of Grand Lake and Shadow Mountain Reservoir during construction, 
and 
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7. Temporary diversion of flows to Adams Tunnel during construction. 

4.6.4 Real Estate Considerations 
The Granby Pump Canal pumping station would likely be placed on property already owned or 
leased by Northern Water or within the Arapahoe National Recreation Area similarly to the Farr 
Pumping Plant. The exact location would be selected as part of future detailed studies and the 
environmental compliance process.    Electrical and other utility easements will be required as 
well as rights-of-way and/or easements.  The pipeline alignments along the Grand Lake shoreline 
could be similar as described in Alternative III.  The pipeline alignments along Shadow 
Mountain Reservoir would also be placed approximately 20 feet away from the shoreline, buried 
below the lake bed with at least three to five feet of cover for frost protection. Shadow Mountain 
Reservoir is within Arapahoe National Recreation Area property. 
 
Pipeline installation will also be required along the canal between Shadow Mountain Reservoir 
and Grand Lake.  Assessor’s records indicate the property along the canal is controlled by a local 
homeowners association which needs to be verified. 
 
Easements south of Grand Lake would be required for the tunnel alignment variation and are 
generally on Rocky Mountain Nation Park and Arapahoe National Recreation Area property.  
Arapahoe National Recreational Area property is administered by the U.S. Forest Service with 
the contingency that C-BT Project related management is conducted by Reclamation.  
Specifically, as set out in Memorandum of Understanding (MOU) 0-07-70-L1126, operations 
areas are defined.  Coordination with the U.S. Forest Service would be necessary to amend the 
MOU for additional features.  Easement acquisition for the tunnel would also be required form 
the National Park Service.   
 
Easements for the shoreline pipeline alignment would be required; however, ownership below 
normal water level of Grand Lake is not well defined.  Further land ownership research is 
required, depending on which variation is being considered in future studies. 
 
4.6.5 Pumping Requirements  
Under this alternative pumping requirements at Farr Pumping Plant are impacted through an 
increase in total volume of water that must be pumped and by an increase in on-peak pumping.  
This represents a loss in power revenue. Under this alternative the natural inflow to Grand Lake 
and Shadow Mountain Reservoir is bypassed to Granby Reservoir and must be pumped back up 
to the new pumping station.  Further, due to the lack of regulating capacity in Granby Pump 
Canal, Farr Pumping Plant would have to operate continuously in order to maintain a continuous 
flow through Mary’s Lake Powerplant, requiring significantly more on-peak pumping than under 
future conditions without considerations for water clarity.  Additional power will also be needed 
to operate the proposed Shadow Mountain pumping plant at the confluence with the Granby 
Pump Canal.  The additional power will be required to pump all west slope diversions through 
the pipeline to the Adams Tunnel that would otherwise have been routed through Grand Lake by 
gravity. 
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4.6.6 Potential Impacts to Power Generation 
Power generation impacts are difficult to predict given the high variability in flows from year to 
year and the complexity of the system.  From a qualitative standpoint, this alternative is likely to 
have a relatively minor impact to power generation given the ability to divert on demand, 
without restrictions to pumping. 
 
4.6.7 Costs 
In this report costs are discussed qualitatively.  Significant effort will be required to make 
reliable estimates later in project evaluation and development.  The cost of this alternative 
includes a new pumping station located in the Granby Pump Canal, and new pipeline from the 
pumping station to Adams Tunnel.   Costs include an outlet control structure or cutoff wall and 
boat lock system at the canal between Shadow Mountain Reservoir and Grand Lake; design, 
construction, and operational and maintenance costs for the new pumping station in the Granby 
Pump Canal; power costs for the new pumping station; and increased power costs anticipated for 
Farr Pumping Plant as a result of pumping a greater annual volume and during peak demand 
times..   
 
4.6.8 Data Gaps 
Additional data gaps and studies that might be required should this alternative be selected for 
additional consideration include:  

1. Detailed evaluation of operations for both delivery of water and impacts to power generation 
and Farr Pumping Plant pumping requirements,  

2. Detailed evaluation, of impacts to water surface elevations of both Grand Lake and Shadow 
Mountain, including routing of flows, and timing of operations at the new pump station,    

3. A detailed routing and operations assessment including contributions from other tributaries 
including the North Fork of the Colorado River,   

4. A water quality assessment and/or water quality modeling of the alternative and the impacts 
to the Three Lakes as outlined in Chapter 2, and 

5. Consideration of water quality impacts to east slope reservoirs due to reduction of the mixing 
of high quality Grand Lake water with reduced quality Shadow Mountain Reservoir and 
Granby Reservoir water. 

 
4.7 Options to Enhance Alternative 
Several options presented below could possibly improve water clarity in concert with some of 
the alternatives.  It does not appear that options alone are sufficiently robust in managing factors 
affecting clarity to warrant evaluation as stand-alone alternatives, but further consideration may 
be warranted to confirm that preliminary assessment. Additional combinations of alternatives 
and variations, options, and further modifications are possible with further detailed modeling and 
analysis and stakeholder and public input. 
 
4.7.1 Option A:  Modify Shadow Mountain Reservoir 
Several variations of this option could be implemented.  One is to reconfigure Shadow Mountain 
Reservoir into a deeper, narrower lake to reduce water quality degradation currently occurring in 
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this shallow reservoir.  The first variation of reconfiguring the reservoir would likely be a 
sizeable undertaking. Earthwork requirements alone could make this unfeasible.  Further it is 
likely to be met with a great deal of resistance from local citizens and property owners and State 
and Federal agencies due to impacts to recreation, property values, and fisheries. 
 
A second variation of this option is to remove the dam and allow the river to return to its pre     
C-BT Project configuration.  The second variation is slightly more feasible in terms of 
implementation, but also would likely encounter a great deal of resistance from local citizens and 
property owners as well as State and Federal agencies due to impacts to recreation, property 
values, and fisheries.  This variation would also likely require Congressional approval, as 
Shadow Mountain Dam and Reservoir are features of the C-BT Project.  Removal of Shadow 
Mountain Reservoir dam would also require the implementation of Alternative IV (Bypass 
Shadow Mountain and Grand Lake), since it would eliminate the ability to utilize Shadow 
Mountain Reservoir as a conveyance to either Grand Lake or a new Shadow Mountain pumping 
plant (for Alternative III).   
 
Future detailed analyses could consider adding one or more options to formulated alternatives to 
further enhance the potential to meet the proposed clarity standard.  For example, Alternative IV 
- Bypass Grand Lake and Shadow Mountain could be combined with Option A as noted above 
and adding the potential solution of using a selective intake at the Farr Pumping Plant pumping 
plant that selectively draws from various elevations within Granby Reservoir to improve water 
quality impacts caused by water drawn from Shadow Mountain Reservoir, eliminate the need to 
manage aquatic vegetation in Shadow Mountain Reservoir.  Data and consideration gaps for 
Option A include: 

1. Assess the effects of Option A (either variation) relative to impacts to water quality and 
whether water clarity issues would be improved in Grand Lake,  

2. Impacts of lost regulating capacity on C-BT Project operations and effects on boat docks and 
boat houses along the shores of Shadow Mountain Reservoir, 

3. An assessment of property and recreational impacts, and  

4. Consideration of water quality impacts to east slope reservoirs. 

 
4.7.2 Option B: Watershed Improvements 
As outlined in Section 2.8.6 past and current implementation of best management practices 
(BMPs) in the Three Lakes watershed are occurring, including land use regulations for new 
development and stormwater runoff control; the replacement of septic systems with centralized 
treatment; watershed protection efforts in the Rocky Mountain National Park and Forest Service; 
and various studies and analyses to investigate the impacts of the C-BT Project on water quality 
and clarity.  Best management practices and good land use planning are important to the health 
of a watershed and should continue to be pursued in concert with the recommendations of this 
report.   

As discussed in Chapter 2, nutrient loading into Granby Reservoir and Shadow Mountain 
Reservoir is generally occurring from stormwater via direct runoff and tributary inflows to both 
Shadow Mountain Reservoir and Granby Reservoir, including two pumped sources: Windy Gap 
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and Willow Creek. Given the largely undeveloped nature of the watershed surrounding both 
reservoirs, it is likely that much of the nutrient loading is from natural sources and difficult to 
control or reduce.  However, there are also watershed impacts related to the concentrated 
development and related anthropogenic sources directly adjacent to Shadow Mountain Reservoir, 
Granby Reservoir, and Grand Lake.  Therefore, the role of watershed nutrient contributions and, 
further, the ability to control and improve the water quality related impacts warrant further 
investigation.   

Several specific investigations are suggested: 

1. Further evaluation of watershed management opportunities using the Three Lakes Nutrient 
Study, 

2. Investigate Stillwater Creek’s influence at the Farr Pumping Plant intake due to the 
depositing of nutrients near the intake, 

3. Assess the conversion of Red Top Ditch for 10825 water for impacts to the North Fork 
Colorado River and particulate matter loading and water quality impacts in the Three Lakes, 
and  

4. Monitor the Grand River Ditch restoration, to ensure sediments are contained near the 
restoration site.  

Data gaps for Option B will vary widely with each investigation.  Detailed study objectives, 
outcomes and goals for each will dictate the specific data gaps of each. 
 
4.7.3 Option C:  Modify Adams Tunnel Inlet 
Option C proposes to capture water from Grand Lake and divert directly into the Adams Tunnel 
similarly as it does under conditions today except that the direct diversions would be in concert 
with one of three Alternatives.  Option C combined with Alternative I under normal (non-
maintenance) operations and under optimal hydrologic conditions, would allow a portion of the 
native inflows into Adams Tunnel to improve water quality of the diverted water while still 
maintaining sufficient flows from the East and North Inlets to flow naturally down-gradient to 
maintain water clarity in Grand Lake and water quality in Shadow Mountain Reservoir. 
 
Option C could also be combined with Alternatives III and IV by modifying the Adams Tunnel 
inlet connection to allow for some direct diversion of Grand Lake water to mix with water being 
piped from Shadow Mountain Reservoir or the Granby Pump Canal in order to dilute and 
improve the quality of water being diverted to the east slope.  Here again this would be 
conducted under normal (non-maintenance) operations and under optimal hydrologic conditions, 
that would allow a pre-determined portion of the native inflows into Adams Tunnel to improve 
water quality of the diverted water while still maintaining sufficient flows from the East and 
North Inlets to flow naturally down-gradient to maintain water clarity in Grand Lake and water 
quality in Shadow Mountain Reservoir. 
 
Option C, combined with these alternatives, also provides operational redundancy in the case of 
outages to the proposed pumping plants or pipelines and operational redundancy for normal 
maintenance during months other than the three regulatory months of July, August and 
September.   
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Prior to further consideration of Option C, additional analysis is required to: (1) assess impacts of 
the alternatives on the quality of diverted water, (2) assess the trade-off between the quality of 
diverted water versus the water quality in the Three Lakes and specifically clarity in Grand 
Lakes, and (3) weigh the benefits of the quality of diverted water. 
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5 POTENTIAL EFFECTS AND COMPARISON OF ALTERNATIVES 

This section describes the potential effects of alternatives compared with current/existing 
conditions.  

 

5.1 Benefits Analysis 
The alternatives are assessed for the following factors: 

• Water clarity in Grand Lake   
• Water quality in Shadow Mountain Reservoir 
• Water quality in Granby Reservoir 
• Particulate matter transport into Grand Lake 
• Water quality of diverted water 

• Power generation 
Each alternative is rated with a “+” if it is likely to provide a positive benefit; “0” if it is likely to 
produce little benefit or is neutral, balancing positive and negative impacts; and “-” if the 
alternative is likely a poor benefit or could possibly worsen conditions.  Some ratings also 
include a ‘-/0’ to indicate weak negative and ‘+/0’ to indicate weak positive.  Note that 
alternative performance is difficult to predict and ratings rely on existing data and analyses and 
professional judgment. A summary is provided in Table 5.1 followed by a detailed description of 
each rating. 
 

Table 5.1. Alternatives benefits rating. 
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Water clarity in Grand Lake  +/0 -/0 + + 
Water quality in Shadow Mountain Reservoir -/0 0 0 -/0 
Water quality  in Granby Reservoir -/0 0 0 -/0 
Particulate matter and sediment transport into Grand Lake +/0 +/0 + + 
Water quality of diverted water -/0 0  - - 
Power Generation -/0 0 0 0 

+ positive benefit, 0/+ weak positive, 0 no change, fair or neutral benefit 
-/0 weak negative benefit - negative benefit 
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5.1.1 Water Clarity in Grand Lake 
Due to the variety of factors discussed in Chapter 2, Grand Lake water clarity is diminished in 
the summer months.  Farr Pumping Plant operations today are based on many factors including 
east slope water demands, storage conditions in C-BT Project reservoirs, power demands, 
maintenance operations, and flooding concerns.  Therefore, C-BT Project diversions change 
from day to day and the effects on water clarity in Grand Lake are not well understood except 
that when pumping occurs during the summer, water clarity is reduced. Prolonged pumping may 
also increase nutrients and biochemical oxygen demand (BOD) in Grand Lake, until sufficient 
Shadow Mountain Reservoir water is flushed through the system and better quality water 
transferred from Granby Reservoir moves into Grand Lake (typically occurring in early fall). 
Based on insight from the stop pumping operations and the current water quality data, if there 
were no modifications made for water clarity considerations, water clarity in Grand Lake is not 
likely to meet the proposed State standard for a Secchi disk depth of 4 meters from July through 
September.   
 
The dilution of Shadow Mountain Reservoir water by tributaries, Granby Reservoir pumped 
flows, and Grand Lake determines the longevity of favorable water clarity conditions. Current 
concerns for increased oxygen demand and nutrient loading, and algal “seeding” in Shadow 
Mountain Reservoir from pumped water will continue to result in negative effects to Grand 
Lake. C-BT Project stop-pump operations indicate that Alternative I could improve clarity 
relatively quickly (days or weeks).   However,  the increased nutrient loading during October-
June period combined with a longer residence time in Grand Lake during July-September (stop 
pump period) brings some uncertainty at this point with current information whether Alternative 
I will consistently meet the proposed clarity standard of 4 meters (Review Panel 2012). 
Therefore Alternative I is rated as a weak positive.  
 
Alternative II, ‘Modify Pumping’ is rated as a weak negative as it may  improve water clarity in 
Grand Lake, but because the mixing of water sources remains during July, August and 
September, this alternative may not reliably meet the proposed clarity standard.   
 
Alternatives promoting elimination of water transfer between Shadow Mountain Reservoir and 
Grand Lake (Alternatives III and IV Bypass Grand Lake and Bypass Shadow Mountain 
Reservoir and Grand Lake, respectively) will likely improve water clarity in Grand Lake.  They 
will both be consistently effective and sustainable in meeting the clarity standard because they 
permanently separate C-BT Project water from Grand Lake and cause less influence from non-
algal particulate matter.   It should be noted that this isolation may result in a longer residence 
time which, in turn may cause algal biomass processes to be the dominate factor controlling 
clarity (Review Panel 2012).  
 
5.1.2 Water Quality in Shadow Mountain Reservoir 
Water quality in the relatively shallow Shadow Mountain Reservoir is distinctly different from 
that in Grand Lake. Part of the reason for these differences is the bathymetry that affects the 
internal physical and chemical dynamics in Shadow Mountain Reservoir. These dynamics are 
influenced by input of water from Granby Reservoir introduced by the Farr Pumping Plant, 
contribution of spring runoff from tributaries, surrounding watershed conditions, and land 
development. Assimilation of particles, composition of the particle load (e.g., organic/inorganic), 
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and transferability of these particles are the focus for determining effective management options 
that will improve water clarity in both Shadow Mountain Reservoir and Grand Lake. 
 
Hydraulic residence time of water pumped from the Farr Pumping Plant into Shadow Mountain 
Reservoir mediates algal growth and community density during July through September. 
Alterations in C-BT Project pumping operations or re-direction of water transfer to circumvent 
flow through Shadow Mountain Reservoir are possible solutions for restricting entry of Shadow 
Mountain Reservoir water to Grand Lake. Alterations in C-BT Project pumping operations (as 
proposed in Alternatives I and II) are not likely to improve conditions for long periods of time, 
when compared to a future without water clarity considerations. Under Alternative I the flow 
through Shadow Mountain Reservoir is limited to the natural flows emerging from Grand Lake 
and the North Fork during July through September.  There is a possible benefit to Shadow 
Mountain Reservoir water quality that may be realized from the introduction of “clearer” (colder, 
higher quality, lower conductivity, lower nutrients) Grand Lake water, but is uncertain that this 
would entirely offset the negative impacts of reduced flow and/or increases in residence 
time. Given these factors Alternatives I is rated as a weak negative.  Alternative II, modify 
pumping is not likely to worsen or improve conditions in Shadow Mountain Reservoir.  
 
Alternative III proposes to pump from the northeast end of Shadow Mountain Reservoir near the 
location of the connecting channel where flows now move into Grand Lake.  Alternative III aims 
to move the same amount of water at the same rate through Shadow Mountain Reservoir as 
would be desired to support the C-BT Project and contractual commitments.  While Shadow 
Mountain Reservoir water quality may deteriorate under future conditions due to other 
considerations, Alternative III itself is not likely worsening or improving the water quality in 
Shadow Mountain Reservoir when compared to current or future conditions without water clarity 
considerations.  Alternative IV bypasses both Shadow Mountain Reservoir and Grand Lake, 
altering the flow through Shadow Mountain Reservoir.  This may deteriorate water quality as the 
flow through Shadow Mountain Reservoir is dramatically reduced to that of the natural flows 
emerging from Grand Lake and the North Fork.  There is a possible benefit to Shadow Mountain 
Reservoir water quality that may be realized from the introduction of “clearer” (colder, higher 
quality, lower conductivity, lower nutrients) Grand Lake water, but is uncertain that this would 
entirely offset the negative impacts.  Given these factors, this alternative is rated with a weak 
negative.  Additional studies are warranted to evaluate water quality impacts. 
 
5.1.3 Water Quality in Granby Reservoir 
Granby Reservoir has the water quality characteristics typical of a natural lake due to its 
bathymetric characteristics and timing of reservoir turnover.  A distinct hypolimnion with low 
dissolved oxygen concentrations develops later in the season (usually October) and is 
characterized by the occurrence of nutrients and soluble iron and manganese originating from 
metals associated with surrounding soils. The dissolved iron and manganese have little or no 
effect on water quality when transferred to Shadow Mountain Reservoir and the relatively 
“clean” colder water from Granby Reservoir serves in diluting the receiving waters of Shadow 
Mountain Reservoir. 
 
Impacts from the alternatives proposed to improve Grand Lake clarity, which may impact 
Shadow Mountain Reservoir water quality, could potentially impact Granby Reservoir given the 
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direct tributary connection, although to a lesser extent than Shadow Mountain Reservoir given 
the size and depth differences.  As the magnitude of impact is unknown, but the trends are 
expected to be similar, the same ratings assigned to Shadow Mountain Reservoir are also applied 
to Granby Reservoir.   
 
Future water quality conditions may also be influenced by increased delivery of water from 
Windy Gap Reservoir, as proposed in the Windy Gap Firming Project.  Currently, water quality 
in Granby Reservoir does not appear to be affected by water quality impacts from Windy Gap 
and Willow Creek.  It is not known whether water quality in Granby Reservoir will change as the 
Windy Gap Firming Project is fully implemented and inflows increased.  Conclusions from the 
Final EIS for Windy Gap Firming Project indicate mitigation actions for the Firming Project are 
expected to maintain a nutrient-neutral status.   
 
5.1.4 Particulate Matter and Sediment Transport into Grand Lake 
Particulate matter can be broken down between inorganic and organic particles. Organic particles 
can be further separated between algal cells and non-algal detritus. Non-algal particulate matter 
was identified as the most important driver for decreased clarity in Grand Lake by McCutchan 
(2010). The sources and characterization of particulate matter in Shadow Mountain and Grand 
Lake is of great interest and is currently the subject of a two-year study. It is suspected that 
fragmentation of aquatic weeds in Shadow Mountain may play a role, however other factors may 
be at work and remain to be identified. Current C-BT Project pumping operations transfer 
particulate matter from Shadow Mountain Reservoir to Grand Lake, however much remains to 
be learned about transport mechanisms and the nature and source of the particulate matter that 
contributes to clarity issues.  
 
Generally speaking, a clarity gradient can be observed from the inflow point to the opposite end 
of Shadow Mountain Reservoir, regardless of the inflow source as explained in the Hydros report 
(2011). That is, when Granby Reservoir water or Grand Lake water, both of which have higher 
clarity then Shadow Mountain Reservoir, flow into Shadow Mountain Reservoir, a clarity 
gradient is created, going from high clarity on the inflow side to low clarity on the outflow side. 
This gradient may be created or exasperated by the re-suspension of material in Shadow 
Mountain Reservoir as flows move through the reservoir. 
 
Additionally, sedimentation in Shadow Mountain Reservoir and Grand Lake have been an issue 
of concern for many years. Sediment loading from the North Fork of the Colorado River has 
resulted in the formation of a delta in Shadow Mountain. A delta has also formed in Grand Lake 
as result of settlement of the larger sediment particles (see figure 2.12). It is unknown at this time 
whether the Grand Lake delta is actively growing or has been stable over the years. 
 
Changes in pumping operations, as proposed in Alternative I, would be expected to improve 
particulate matter transport of material during the three proposed regulatory months for water 
clarity (July, August, and September).  However, as evidenced by the stop pumping operations in 
2007-2010, once pumping resumes particulate matter influx will also resume and in some cases 
be temporarily higher than under steady pumping.  Thus Alternative I is rated as a weak positive 
given that it will improve particulate matter transport during the regulatory months but likely the 
overall particulate matter transport of all materials will not be altered over the long run.   
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Alternative II, modify pumping is intended to provide a steady, but relatively low flow, through 
Shadow Mountain Reservoir and Grand Lake.  Thus it is possible that some of the larger 
particulates will not be transported during the three regulatory months.  However, as evidenced 
by the stop pumping operations in 2007-2010, once pumping increases, particulate matter influx 
will also resume and in some cases be temporarily higher than under steady pumping.  Thus 
Alternative II is also rated as a weak positive given that, although it may improve particulate 
matter transport during the regulatory months, the overall particulate matter transport of all 
materials will likely not be altered over the long run.   
 
Alternatives III and IV, where reservoir waters are no longer pumped into Grand Lake, will 
improve (reduce) particulate matter transport into Grand Lake.     
 

5.1.5 Quality of Diverted Water 
Under current operations, the water diverted through Adams Tunnel is mixed with inflows from 
the native North and East Inlets thus likely providing a higher quality of water then might be 
obtained if diverted directly from Granby or Shadow Mountain Reservoirs.  Alternatives I and II 
both modify pumping operations and allow mixing at the Adams Tunnel inlet.  However, 
Alternative I may have a slightly negative impact on the diverted water quality even with the 
positive effects of mixing at the Adams Tunnel inlet.  Under Alternative I, nutrient loading is 
expected to increase during October-June when pumping would be occurring.  This increased 
nutrient loading combined with a longer residence time in Grand Lake during the July-
September stop pump may create conditions that will degrade the quality of Grand Lake water 
that is diverted (Review Panel 2012).  Alternative II is unlikely to have a notable impact on the 
diverted water quality as the mixing will remain at the Adams Tunnel inlet and Grand Lake 
residence time will not be affected. .  Thus, Alternative I is rated a weak negative and Alternative 
II is rated neutral for maintaining the quality of diverted water.  Alternatives III and IV bypass 
Grand Lake and connect directly to the Adams Tunnel.  Under both of these alternatives, water 
would be pumped directly from Shadow Mountain Reservoir or the Granby Pump Canal into the 
Adams Tunnel, which means there would be a change in dilution of the diverted water. Under 
both Alternatives III and IV Grand Lake will flow into Shadow Mountain and Granby Reservoirs 
but the effects of the dilution of this clean water will likely be reduced as the water moves into 
and through Shadow Mountain Reservoir to the proposed pumping station locations. Under these 
alternatives, it is likely that there would be an adverse impact to diverted water and east slope 
water quality. Therefore Alternative III and IV are rated as negative.  More information and 
analyses need to be developed on the impacts of these alternatives on diverted water and east 
slope water quality.     
 
5.1.6 Power Generation 
Alternatives are rated as discussed in Chapter 4, based on the likelihood of a relatively minor 
impact to power generation  (Alternatives II, III and IV) versus a relatively significant impact to 
power generation (Alternatives I).  As compared to the structural alternatives (III and IV) and 
compared to future conditions without water clarity considerations, there is essentially no change 
in total power generation (Table 5.2 and Figure 5.1).  However, under Alternative I there is a 
shift in power generation away from the high energy demand months of July, August, and 
September, to the lower energy demand months.    
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Table 5.2.  Estimated monthly distribution of total East Slope power generation. 

Month 

Without Water 
Clarity 

Considerations 
(GWH) 

Alternative I: 
Stop Pump -      
No Adams 

Tunnel 
Diversions Jul 1 

- Sep 30          
(GWH) 

Alternative II: 
Modify Pumping 
- 250 cfs Adams 

Tunnel 
Diversions Jul 1 

- Sep 30        
(GWH) 

Alternative III: 
Structural 
Bypass of 

Grand Lake             
(GWH) 

Alternative 
IV: Structural 

Bypass of 
Grand Lake 
and Shadow 

Mountain        
(GWH) 

Oct 38.83 71.89 71.89 38.83 38.83 
Nov 34.44 69.29 0.00 34.44 34.44 
Dec 60.80 71.51 38.77 60.80 60.80 
Jan 60.58 71.51 71.51 60.58 60.58 
Feb 63.73 63.97 64.74 63.73 63.73 
Mar 47.59 66.47 70.04 47.59 47.59 
Apr 38.62 60.20 66.49 38.62 38.62 
May 69.92 65.35 69.17 69.92 69.92 
Jun 68.46 63.11 59.40 68.46 68.46 
Jul 55.89 20.63 49.25 55.89 55.89 

Aug 42.76 0.85 39.76 42.76 42.76 
Sep 43.65 0.61 35.81 43.65 43.65 

Total 625.27 625.38 636.83 625.27 625.27 
 

 
Figure 5.1.  Estimated monthly distribution of total East Slope power generation. 
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5.2  Test of Viability 
This section provides an evaluation of the alternatives using Acceptability, Effectiveness, and 
Constructability criteria described in the Economic and Environmental Principles and Guidelines 
for Water and Related Land Resources Implementation Studies (P&G) (U.S. Water Resources 
Council 1983) to test viability.  The P&G also suggests a discussion on Efficiency, however, for 
the purposes of this report and evaluation the Efficiency discussion only includes 1) 
constructability and 2) permitting and regulatory compliance considerations.  Project cost are not 
considered here because the goal of this report is to determine whether further development of 
alternatives is possible. Costs are discussed qualitatively in this report.  Significant effort will be 
required to make reliable estimates, which will be done later in project evaluation and 
development.  Identification of funding sources is also outside the scope of this report. For the 
purposes of this ‘test of viability’ the following definitions apply: 

 

1. Acceptability: the workability and viability of the alternative with regard to acceptance by 
Federal, State and local interests and the public, and compatibility with existing laws, 
regulations, and public policies,  

2. Effectiveness: the extent to which alternatives would contribute to achieving meeting State 
standards, 

3. Efficiency: the extent to which alternatives are physical possibility to be constructed and 
achieve permitting and regulatory compliance, and 

4. Completeness: the extent to which alternatives provide and account for all necessary 
investment or other actions necessary, including Actions by other Federal and non-Federal 
entities. 

Each alternative is assessed as good, fair or poor relative to its ability to meet the four tests of 
viability.  As previously noted with the benefits analysis, alternative performance is difficult to 
predict and these assessment rely on existing data and analyses and professional judgment.  Each 
assessment summarized and annotated in Table 5.3 and discussed in detail following the table. 
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Table 5.3.  Summary of viability. 

Viability 

Alternatives 

I. Stop Pumping II. Modify 
Pumping 

III.  Bypass Grand 
Lake 

IV.  Bypass Grand 
Lake and Shadow 

Mountain 
Reservoir 

Acceptability         

Publically supported today? 

good                                
likely to be 
perceived as 

proactive 

fair                                 
might be 

perceived as 
proactive 

good to fair                              
supported by some 

but construction 
may be met with 

resistance 

good to fair                              
supported by some 

but construction 
may be met with 

resistance 

Publically supported in the 
future? 

fair                                    
likely to be 
perceived as 
failure when 
clarity is not 

achieved 

fair                                   
likely to be 
perceived as 
failure when 
clarity is not 

achieved 

good                               
post-construction 
will be perceived 

as yielding 
consistent results  

good                               
post-construction 
will be perceived 

as yielding 
consistent results  

Overall Acceptability Rating good to fair fair good to slightly fair good to slightly fair 
Effectiveness         

Meet proposed State 
standards for Secchi depth? 

fair to good                              
some uncertainty 
due to changes in 

residence time 

fair to poor                               
likely to improve 
clarity but may 
not meet stds  

good                                 
will maintain a 

consistent clarity, 
reflective of natural 

hydrology, with 
relatively high 
probability of 

meeting clarity stds  

good                                  
will maintain a 

consistent clarity, 
reflective of natural 

hydrology, with 
relatively high 
probability of 

meeting clarity stds  

Maintain current water 
quality conditions in the 
Three Lakes? 

fair to poor                                
stop pumping 
may slightly  

impact SMR* 
and GR* water 
quality during 
the three no 

pumping months, 
but will have 

positive impacts 
in GL* 

fair                                
steady pumping 
periods likely to 
be minor on all 

three water 
bodies 

good to fair                  
deliveries through 
SMR remains per 
current operations 
so unlikely to alter 

water quality of 
SMR and GR.  GL 
water quality will 

improve 

fair to poor                                      
GL water quality 

will improve; 
bypass of SMR 
could negatively 

impact water 
quality in SMR and 
GR; unknowns and 

uncertainty with 
alternative.  

Affect the quality of diverted 
water? 

fair                                 
increases in 

pumping in Oct-
June may 

diminish quality 
of diverted water  

good                                 
unlikely to result 

in notable 
changes from 

current 
conditions  

fair to poor                                  
alters location of 
mixing, thus may 

diminish quality of 
diverted water  

fair to poor                                  
alters location of 
mixing, thus may 

to diminish quality 
of diverted water  
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Viability 

Alternatives 

I. Stop Pumping II. Modify 
Pumping 

III.  Bypass 
Lake 

Grand 
IV.  Bypass Grand 
Lake and Shadow 

Mountain 
Reservoir 

Maintain the yield to CBT? 

fair                   
may require 

additional east 
slope storage; 
further study 

required   

good             
no additional 

east slope 
storage required 

good                   
provides flexibility 

to divert on 
demand  

good                   
provides flexibility 

to divert on 
demand  

Overall Effectiveness Rating  fair to  poor fair to poor good to slightly fair good to fair 
Efficiency 

Constructability 

  

fair to good        
additional 

storage might be 
required   

  

good             
no construction 

required 

  
fair                   

relatively large 
scale project but 

physically possible 
using one of 

several viable 
variations 

  

fair                   
large scale project 

but physically 
possible using one 
of several viable 

variations 

Extent of permitting required 
to comply with existing laws, 
regulations 

good             
minimal NEPA 
and  permitting 

required             

good             
minimal NEPA 
and  permitting 

required             

fair                   
NEPA and 
extensive 

permitting required             

fair                   
NEPA and 
extensive 

permitting required             

Overall Efficiency Rating fair fair good to fair good to fair 
Completeness 

Completeness 

  

good to fair        
some uncertainty 
in ability to meet 

clarity stds  

  

poor             
difficult to 

consistently meet 
clarity stds  

  
good                   

likely to meet 
clarity stds; 

flexibility to divert 
on demand; 

uncertainty with 
quality of diverted 

water  

  
good to fair              

likely to meet 
clarity stds; 

flexibility to divert 
on demand; 

uncertainty with 
quality of diverted 

water  

Overall Completeness Rating poor to fair poor good  good to fair 

                 
                                                   

                                           

                            

                             

               

                             

               

                       

               

                       

               

                                             

                                

*SMR=Shadow Mountain Reservoir, GR=Granby Reservoir, GL=Grand Lake 
 
 
5.2.1 Acceptability 
There is a great deal of local interest in Grand Lake clarity issues in addition to other local 
Project operations, such as with the C-BT Project and the Subdistrict’s Windy Gap Project. 
There is also a great deal of concern for water quality in Shadow Mountain Reservoir, citing 
worsening conditions based on shallow reservoir depths that create a ‘petri-like’ environment.  
Thus, it is likely that the public will support any of the proposed alternatives, now and in the 
future, although it is also possible that Alternative II will lose support over the years as the lack 
of consistency and dependability in maintaining clarity becomes evident.  There may also be 
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some resistance to construction of the structural alternatives (Alternatives III and IV) from the 
public, which is reflected in a ‘good to fair’ rating for public support today.     
 
In terms of acceptance related to adherence to existing laws, regulations, and policies, the goals 
of this report are, in part, to promote adherence to existing and proposed state water quality 
standards.  The Clean Water Act requires federal agencies to comply with state and local 
regulatory standards and this report seeks to inform Reclamation concerning whether viable 
alternatives exist.  The narrative and numeric clarity standards were developed by the state of 
Colorado as delegated under the Clean Water Act.  Evaluation factors used to evaluate 
alternative performance specifically include the ability to meet existing and proposed regulatory 
standards as outlined in the Effectiveness and Efficiency categories.     
 

5.2.2 Effectiveness 
This rating assesses the extent to which alternatives contribute to meeting State standards for 
clarity, ability to maintain existing water quality conditions in the Three Lakes and the ability to 
maintain C-BT Project deliveries. 
 

 Will the alternatives meet proposed State standards for clarity?  5.2.2.1
Past C-BT Project pumping experimenting with slow and steady transfer rates showed mixed 
results when attempting to achieve the proposed State clarity standard of a 4 meter Secchi disk 
depth.  The active transfer of water appears to affect water clarity in Grand Lake. A “slug” of 
water appears to move through with a short duration of reduced water clarity.  Water clarity 
eventually improves as Granby water is ultimately transferred, but operational changes do not 
appear likely to reliably meet the proposed 4 m Secchi disk depth clarity standard.  Constant 
monitoring of water clarity would be required to provide data to more finely adjust operations at 
the Farr Pumping Plant.  Adjustments to the pumping rate would be required to optimize 
maximum water clarity potential at any time during the day.  It is not clear whether current 
pumps could accommodate such a fine-tuning of water transfers in response to clarity concerns. 
There would also be a time delay between monitoring water quality conditions and response of 
pumping operations.  Thus, water clarity may still experience some oscillation between 
acceptable conditions and exceedence of the proposed water clarity standard. Clarity standards 
are most likely to be met with the bypass alternatives (III and IV) and are rated as ‘good.’  
Alternative I is rated fair to good, because the increased nutrient loading during October-June 
period combined with a longer residence time in Grand Lake during July-September (stop pump 
period) brings some uncertainty at this point with current information whether  Alternative I will 
consistently meet the proposed clarity standard of 4 meters (Review Panel 2012).  Alternative II, 
modify pumping, is rated as fair to poor given the likelihood that the proposed numeric clarity 
standard will not be met on a frequent basis due to the mixing of water sources during July, 
August and September.  
 

 Will the alternatives maintain water quality conditions in the Three 5.2.2.2
Lakes? 

Water quality impacts to the Three Lakes are discussed in detail in Section 5.1. In summary, 
Alternative I will likely improve water quality in Grand Lake but may slightly decrease the water 
quality in Shadow Mountain and Granby Reservoir during the stop-pump periods as flow 
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through Shadow Mountain is reduced to that of the natural flows emerging from Grand Lake and 
the North Fork.  Therefore Alternative I is rated a ‘fair to poor’.  Alternative II, modify pumping 
is not likely to worsen or improve conditions in all three water bodies, compared to current 
and/or future without water clarity considerations and is rated as ‘fair’.  Alternative III is not 
worsening or improving the water quality in Shadow Mountain and Granby Reservoir when 
compared to current and/or a future without water clarity considerations conditions, and Grand 
Lake water quality will improve.  Therefore Alternative III is rated good to fair’.  Alternative IV, 
however, bypasses both Shadow Mountain Reservoir and Grand Lake, altering the flow through 
Shadow Mountain Reservoir.  This may deteriorate water quality in Shadow Mountain and 
Granby Reservoirs as the flow through the reservoirs is dramatically reduced to that of the 
natural flows emerging from Grand Lake and the North Fork.  There is a possible benefit to 
Shadow Mountain Reservoir water quality that may be realized from the introduction of 
“clearer” (colder, higher quality, lower conductivity, lower nutrient) Grand Lake water, but is 
unlikely that this would entirely offset the negative impacts.  Therefore, this alternative is rated 
fair to poor. 
 

 Will the alternatives affect the quality of diverted water? 5.2.2.3
As discussed in Chapter 5.1, the water currently being diverted through Adams Tunnel is mixed 
with inflows from the native North and East Inlets at the Adams Tunnel inlet providing a higher 
quality of water then might be obtained if diverted directly from Granby or Shadow Mountain 
Reservoirs.  Alternatives I and II both modify pumping operations and allow mixing at the 
Adams Tunnel inlet.  However, Alternative I may have a slightly negative impact on the diverted 
water quality even with the positive effects of mixing at the Adams Tunnel inlet.  Under 
Alternative I, nutrient loading is expected to increase during October-June when pumping would 
be occurring.  This increased nutrient loading combined with a longer residence time in Grand 
Lake during the July-September stop pump may create conditions that will degrade the quality of 
Grand Lake water that is diverted (Review Panel 2012).  Alternative II is unlikely to have a 
notable impact on the diverted water quality as the mixing will remain at the Adams Tunnel inlet 
and Grand Lake residence time will not be affected.  Thus, Alternative I is rated as fair and 
Alternative II is rated good for maintaining the quality of diverted water.  Alternatives III and IV 
will result in the passage of water from Grand Lake through Shadow Mountain Reservoir to the 
proposed pump stations (northeast corner for Alternative III or Granby Pump Canal in 
Alternative IV), changing the point of mixing from the Adams Tunnel inlet to the location of the 
proposed pump stations.  As the clean Grand Lake water moves through Shadow Mountain 
Reservoir to the proposed pumping station the water quality may degrade.  Under these 
alternatives, it is likely that there would be reduction in the quality of diverted water, thus 
resulting in a rating of fair to poor. 
 

 Will the alternatives maintain the C-BT Project yield?  5.2.2.4
Review of the alternatives indicate that Alternatives I, II, III and IV will likely meet the criteria 
of preserving C-BT Project yield including contracted and reasonably foreseeable contracted 
water transported using C-BT Project infrastructure.  However, Alternative I is rated as fair given 
that east slope operations are very complex and this complexity may impede the ability to 
optimize the east slope storage.  As a result, Alternative I may require some additional east slope 



Preliminary Development Alternatives Report 
Colorado-Big Thompson Project, West Slope Collection System 

Grand County, Colorado 
 

5.12 

storage to keep from adversely affecting yield through a sequence of years similar to the 1974-
1977 period mentioned above.     
 
5.2.3 Efficiency 
This rating assesses the extent to which alternatives would be the most cost effective means of 
achieving the objects, including consideration of issues regarding constructability and permitting.  
The cost effectiveness of the projects will be calculated after project cost estimates are 
completed. 
 

 Constructability 5.2.3.1
This criteria evaluates the physical possibility as to whether an alternative could be constructed.  
A brief overview of the constructability issues for each alternative is listed below.   

 
Alternatives I and II, based upon the assumptions made in the operational analysis, does not 

require new facilities on either the west or east slopes.  It should be noted that east slope 
operations are very complex and this complexity may impede the ability to optimize the 
east slope storage.  As a result, Alternative I may require some additional east slope 
storage to keep from adversely affecting yield through a sequence of years similar to the 
1974-1977 period mentioned above and thus is rated ‘fair to good’. However, the detailed 
analysis of east slope operations necessary to evaluate this risk is beyond the scope of this 
report.   

Alternatives III and IV each include a new pump station and pipeline that would connect the 
pump station directly to the Adams Tunnel. Several variations for each alternative are 
considered all of which appear physically possible including overland, off-shore and 
tunnel alignments.  Each of the variations will need further review including easement 
acquisition, utility conflicts resolution and temporary disruption of C-BT Project 
operations to lower water body contents to accommodate construction and are both rated 
as ‘fair’. 
 

 Permitting and Regulatory Issues 5.2.3.2
The following is a list of potential permitting and regulatory compliance issues that might be 
required for implementation of any of the proposed alternatives.  These permits and regulatory 
compliance issues must be further defined in future detailed analyses.     
 

• NEPA compliance will be required to evaluate potential impacts on the human environment 
associated with the construction and/or placement of new structures that would serve as a 
conduit for water transfer within or around Grand Lake. Construction activities and habitat 
alterations, especially in the aquatic environment, will require notification of appropriate 
government regulatory and natural resource agencies who manage the land and recreation on 
and around the water bodies. Environmental resources that could be impacted by 
development of structures required through completion of Alternatives include: water 
quality, fish habitat, and direct take of fish (e.g., impact to fish populations).  NEPA 
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compliance activities would typically be performed in conjunction with more detailed 
engineering analyses.  

• Water quality regulation is overseen by the CDPHE and will require assurances for 
protection of water quality under Section 401 Certification under the federal CWA. In the 
event that dredge and fill materials are produced that may impact the aquatic environment, 
the U.S. Army Corps of Engineers requires a Section 404 Permit as authorized under the 
federal CWA. Both the State Section 401 Certification and the federal Section 404 Permit 
will be integrated as these regulations are related, but will involve different levels of 
government under the established regulatory process. 

• Fisheries issues that arise from Alternatives implementation would be addressed by the 
Colorado Parks and Wildlife. If any changes to the aquatic environment could result in 
habitat loss or destruction affecting threatened and endangered species the U.S. Fish and 
Wildlife Service will require Endangered Species Act consultation and compliance. The 
Colorado Parks and Wildlife requires, under state law, that fish and wildlife mitigation plans 
be prepared and reviewed by the agency in any water transfer project (Memo, from Monahan 
2010). A review of situations in which water resources (and by association, fisheries) may be 
impacted by proposed construction, operation or maintenance of water diversion is further 
discussed in this Memo and whether a project will be required to develop such a plan. 

• A 1041 permit from Grand County will be required to identify, designate, and regulate areas 
and activities of state interest through their local permitting process.  

• Easements or Use Authorizations for improvements may be required from private 
landowners, National Park Service, and United States Forest Service. 

• All alternatives would need to consider future water quality standards for Direct Use Water 
Supplies (DUWS).  Alternatives III and IV would require more extensive NEPA compliance 
and permitting.  

5.2.4 Completeness 
Completeness is rated as the extent to which an alternative provides and accounts for all of the 
necessary components and project features.  This criteria creates an overall rating that reflects the 
relative importance of the previous ratings.  For instance, if an alternative rates ‘good’ in several 
categories, but is not likely to maintain C-BT deliveries, this criteria represents only a partial 
response to achieving the proposed clarity standard and will likely result in a  completeness 
rating of poor.  Each alternative is discussed below. 
 

 Alternative I: Stop Pumping  5.2.4.1
The act of ‘stop pumping’ resulted in Secchi disk depths in excess of 4 meters in 2011.  The 
operational analysis indicates that this alternative should be retained for further consideration.  
There are uncertainties to the impacts on Shadow Mountain Reservoir water levels and water 
quality given the reduction in flows to those generated naturally from the North Fork and North 
and East Inlets.  Thus, this alternative is rated as good to fair for overall completeness. 
 

 Alternative II: Modify Pumping 5.2.4.2
Pumping operations, which includes a broad range of pumped flows and durations, conducted 
over the last few years resulted in improved water clarity in Grand Lake, although none of the 
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operations would have met the proposed clarity standards. The operational analysis indicates that 
Alternative II would meet delivery requirements, however given the results of previous 
operational efforts and minimum improvements to clarity, Alternative II is rated as poor in the 
overall completeness category.   
 
A combination of Alternatives I and II may also be possible, which considers a broader range of 
operational scenarios.  Pumping operations for a given year would be identified and selected on 
an annual basis, dependent on the projected characteristics of the upcoming year and would 
include consideration of the hydrologic year, the amount of storage available within the C-BT 
Project system, and anticipated water and power demands.  The menu of operational flexibilities 
would be developed and evaluated in conjunction with water quality modeling.  The decision to 
implement a particular operation would be based on the ability to meet C-BT Project yield 
objectives including water and power demands, and the complexities of implementation.  
 

 Alternatives III: Bypass Grand Lake 5.2.4.3
This alternative is likely to meet the State clarity standard.  However, this alternative diverts 
directly from Shadow Mountain Reservoir via the Adams Tunnel and may exacerbate water 
quality in east slope reservoirs as dilution and mixing with Grand Lake waters is diminished. 
This alternative offers flexibility in operations for diversions as needed for the purposes of water 
delivery and power generation, independent of concerns for variable project demands, variable 
hydrology and unscheduled facility outages.  Shadow Mountain Pump Station requires little 
operation head and will therefore be relatively inexpensive to operate.  Water quality modeling is 
needed to clarify the unknown impacts on water quality diverted to the east slope.  The results of 
such modeling may indicate the need to modify this alternative by implementing Option C, a 
modified Adams Tunnel inlet, or other mitigating options related to water quality. Thus, this 
alternative is rated as good for ‘completeness’. 
 

 Alternatives IV: Bypass Grand Lake and Shadow Mountain 5.2.4.4
Reservoir 

This alternative is likely to meet the State clarity standard.   However, this alternative diverts 
directly from Granby Pump Canal via the Adams Tunnel and may also have the potential to 
exacerbate water quality in east slope reservoirs as dilution and mixing with Grand Lake waters 
is diminished and from uncertain effects in the Granby pump canal. This is a relatively expensive 
alternative compared to others due the distance of a constructed bypass. There will be impacts to 
Farr Pumping Plant operations; particularly that flow attenuation is eliminated in Shadow 
Mountain Reservoir which in turn requires that Farr Pumping Plant (and the new Granby Pump 
Canal Pump Station) must operate at or less then the capacity of Adams Tunnel.  Furthermore 
there are uncertainties to the impacts on Shadow Mountain Reservoir water levels and water 
quality given the reduction in flows to those generated naturally from the North Fork and North 
and East Inlets.  In consideration of these factors, this alternative is rated as good to fair for 
‘completeness’. 
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6 FINDINGS  

6.1 Summary  
The results of this report suggest that further development of alternatives is possible relative to 
improving water clarity in Grand Lake, Colorado as part of the Colorado Big Thompson Project 
(C-BT Project) west slope collection system in response to a proposed State water clarity 
standard to take effect in 2015.     

Of the alternatives selected for consideration in this report, it appears that Alternatives I, III, and 
IV should be included for further refinement and consideration.  A combination of Alternatives I 
and II should also be included for further refinement and consideration. In addition, the Solutions 
Deferred for Future Consideration and Not Evaluated Further in This Report and Further 
Options listed in Chapter 3 should be included for consideration as stand-alone alternatives or for 
combination with other alternatives.  Finally, due to the findings in this report, a comprehensive 
consideration of any new alternatives should be included, especially as new information is 
gained.   

During future development and consideration of alternatives, to the extent possible there should 
be an effort to minimize redirected impacts and/or mitigation of those impacts.  Topics for 
consideration include but are not limited to water quality impacts in other C-BT water bodies, 
power generation, revenue, or cost impacts 
 
6.2 Alternatives and Options Considered in This Report  
From the analysis included in this report, Alternatives I, III, and IV have the highest likelihood, 
especially when combined with Options and/or additional mitigations, of improving Grand Lake 
clarity without adverse effects to water quality in C-BT Project water bodies or adverse yield 
effects on the diversion of water from the west to east slope via the C-BT Project infrastructure, 
including contracted and reasonably foreseeable contracted water.   
 
2011 C-BT Project operations, which included no pumping or diversions for the months of July 
and August, demonstrated that water clarity of 4 meters was achievable  when water from 
Shadow Mountain and Granby Reservoir were not mixed with Grand Lake water. Although the 
actual clarity standard was not met in 2011, it was an unusual year due to the large snowpack and 
high runoff volume and was revealing in terms of what can be achieved given today’s watershed 
conditions but without C-BT Project water in Grand Lake.   
 
The ‘Bypass’ and ‘Stop Pump’ alternatives appear to be viable to move to the next level of 
consideration.  Alternative I provides reduced operational flexibility.  However, this alternative 
ranks high in overall net benefits.  Therefore, it is recommended that Alternative I be advanced 
to further analysis.  Alternatives III and IV offer overall flexibility in operations for diversions as 
needed for the purposes of water delivery and power generation, independent of concerns for 
variable project demands, variable hydrology and unscheduled facility outages. Therefore, it is 
recommended that both Alternatives III and IV also be advanced for more advanced engineering 
analysis.   
In addition to the above recommendation, a third ‘Modify Operations’ Alternative that combines 
the ’Stop Pumping’ (Alternative I) and ‘Modify Pumping’ (Alternative II) alternatives could be 
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considered in future detailed analyses.  This combined alternative would allow additional 
operational flexibility and reduce the power generation impact of the stand-alone ‘Stop Pump’ 
alternative. As alternatives that propose to change C-BT Project operations are highly dependent 
on snowpack, timing of runoff, water demand, and reservoir conditions on the east slope, it is 
likely that annual operation scenarios would vary from year to year.   For example, in 2011, 
during the no-pumping and diversion time period, improved clarity was achieved. This was 
largely due to the high runoff year, the large amount of water stored on the east slope, decreased 
water demand due to abundant early summer precipitation, and low power generation needs. In 
moderate runoff years, it may be likely that steady ‘modified’ pumping could be employed with 
some success.  Yearly forecasts of runoff are already considered in annual planning for C-BT 
Project operations. Thus, given the anticipated type of runoff year, one of the above methods 
would be selected for implementation early in the season and included with the annual operations 
plan for a given year, subject to mid-season adjustments as water availability and demand 
become more certain.  Note that this combined alternative will likely improve water clarity but 
may not reliably meet the proposed numeric clarity standards.  Further assessment would be 
required to determine its ability to meet the standard. 
 
Several options are presented and worth advancing for more analysis.  Note that one variation of 
Option A (Shadow Mountain Reservoir modifications), which proposes to remove the Shadow 
Mountain Dam, would require the implementation of Alternative IV as it relies on the 
conveyance of water from the Granby Pump Canal to Adams Tunnel via a pipeline.  Any 
proposal to remove Shadow Mountain Dam and Reservoir may also require Congressional 
approval. Option B (Watershed Improvements) includes a variety of improvements that warrant 
further analysis and are worth advancing to a greater level of development.  By consensus of the 
expert review panel, Option B (Watershed Improvements) is not a stand-alone alternative, but 
proposed watershed improvements will enhance any of the alternatives (Review Panel, 2012),   
Finally Option C (modify Adams Tunnel inlet) may also have merit, however, further analysis is 
required to 1) assess the impacts of the alternatives on the quality of diverted water, and 2) assess 
the tradeoff between the quality of water diverted to the east slope versus the water quality in the 
Three Lakes and specifically clarity in Grand Lake.   
 
6.3 Risk and Uncertainty 
6.3.1 Water Clarity and Quality 
Risks and uncertainties related to attaining proposed future water clarity and nutrient standards 
based on the data and studies review is presented in Chapter 2.  The proposed numeric standard 
of 4-meter Secchi depth for clarity was adopted with a delayed effective date of 2015 by the 
Commission with the understanding that if a more appropriate standard was developed by 2014 it 
could be reevaluated.  There are potential long term water quality impacts related to internal 
loading, watershed sources and pumped sources on the Three Lakes which, in combination with 
any of the alternatives, including future conditions without water clarity considerations, could 
result in degraded water quality, including the quality of water diverted through Adams Tunnel 
to the east slope. 
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6.3.2 Shadow Mountain Reservoir  
Shadow Mountain Reservoir is a component facility of the C-BT Project, built to facilitate the 
movement of water to the Adams Tunnel.  Due to its bathymetry, Shadow Mountain Reservoir is 
subject to different water quality issues that are deserving of additional consideration.  Future 
monitoring and ongoing studies should be interfaced and integrated as needed with this effort to 
address clarity including the need to evaluate the water quality characteristics of diverted water 
(C-BT Project water at Adams Tunnel) compared to the water quality under with-project 
conditions as suggested in Alternatives III and IV and as modified by Options A and C.  It is 
possible that future options and alternatives may also be identified as our understanding of water 
quality conditions in Shadow Mountain Reservoir increases. 
 
6.3.3 Attainability of Water Clarity 
2011 was an unusual year with unusually high snow pack and summer rain, thereby producing 
conditions that 1) resulted in no diversions of C-BT Project water flows through Grand Lake for 
several months, and 2) provided significant runoff from the pristine watersheds of the North and 
East Inlet which may have resulted in unusually high quality water in Grand Lake.  The 
uncertainty lies in estimating whether the proposed water clarity standard is attainable under 
similar stop-pump or bypass conditions during dry and normal runoff conditions.   However, 
2011 stop-pump operations did provide some insight in terms of response in clarity to changes in 
operations and informs on what can possibly be achieved given current watershed conditions, but 
without C-BT Project water in Grand Lake.   It should be noted that the clarity standard was not 
met in 2011 when Secchi depth was reduced to less than three meters once pumping began and 
diversions through Adams Tunnel resumed on September 7, 2011. 
 
6.3.4 Nutrient Standards 
Alternatives III and IV would connect the Adams Tunnel directly to either Shadow Mountain 
Reservoir or Granby Reservoir, resulting in these reservoirs becoming classified, by definition, 
as Direct Use Water Supply (DUWS).  This classification could subject the reservoir to more 
stringent nutrient standards recently adopted by the Colorado Water Quality Control 
Commission.   Likewise Grand Lake is already a direct connection to Adams Tunnel and by 
definition a Direct Use Water Supply (with or without clarity considerations).  Grand Lake will 
also likely not meet the DUWS nutrient standard in all years, so this may be problematic with or 
without action taken for clarity.  
 
Nutrient standards and other emerging regulatory criteria should also be considered in further 
detailed analysis of alternatives and their impacts to other features of the C-BT Project and 
related facilities.   
 
6.3.5 Water Rights 
Water rights issues associated with Alternatives III and IV (Bypass Alternatives) may change the 
diversions and storage and will likely require review by legal counsel for opinions concerning 
impacts to existing water rights. As recognized in the clarity standard, “Nothing in this article 
[the Colorado Water Quality Control Act] shall be construed, enforced, or applied so as to cause 
or result in material injury to water rights.” 
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6.3.6 East Slope Operations 
East slope operations are very complex and require further assessment.   Potential for east slope 
facility improvements could be considered to help facilitate individual alternatives and could 
include pump upgrades, changes in diversion operations etc., all of which require careful 
assessment by Reclamation, Western Area Power Administration (Western), and Northern 
Water.   
 
6.3.7 Watershed Improvements and Geologic Considerations 
As discussed in Chapter 2, nutrient loading into the Three Lakes is generally occurring from 
storm water (via direct runoff), several tributaries and two pumped sources.  Given the largely 
undeveloped nature of these watersheds surrounding both reservoirs, it is likely that much of the 
nutrient loading is natural in origin and therefore difficult to control or reduce. The role of 
watershed nutrient contributions and, further, the ability to control and improve the water quality 
related impacts warrant further investigation.   
 
6.3.8 Granby Reservoir 
Water quality information from Granby Reservoir is currently limited and due to its bathymetry, 
water quality impacts from changes in nutrient loads are not readily discernible.  While 
mitigation of two of the point sources with relatively high nutrient loading, Windy Gap and 
Willow Creek, is already proposed, the long term impacts are uncertain. Thus a review of mass 
loading of pollutants to Granby Reservoir may be warranted to investigate factors that may 
reduce water clarity that could be passed along to Shadow Mountain Reservoir and the Adams 
Tunnel during pumping operations.  
 
6.3.9 Climate Change 
As discussed in Chapter 2, there are many uncertainties associated with predicting impacts of 
climate change making it difficult to quantify impacts.  Due to limitations of this preliminary 
report, no further assessment of climate change in addressed.  However, it is important to 
continue to consider and acknowledge these factors as further consideration of the alternatives to 
improve water quality continue into the next phases of detailed analysis.   
 
 
6.3.10 Funding Sources 
In future steps of project evaluation and development, effort will be required to formulate 
reliable costs estimates of the alternatives.  The funding source(s) needed are uncertain at this 
time as is the likelihood of success of procuring the funding from those source(s).   
 
6.4 Next Steps 
 
A technical review should be prepared to identify the requirements for advancing the project.  
The Technical Review will consider existing information and identify additional data 
requirements, next steps, critical paths tasks and schedules necessary to reach the thirty percent 
engineering design level, including both physical and operational evaluations. These activities 
might include, but are not limited to the following: (1) purpose and scope, (2) consideration of 
this report, (3) develop a work breakdown structure, (4) provide scopes of work for task and 
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activities to be accomplished including the deliverables furnished, (5) describe responsibility 
assignments to accomplish the work, (6) provide a schedule, (7) recommend what design level of 
cost estimate to prepare next, (8) provide a Quality Management Plan, (9) outline the procedures 
and criteria to be used, and (10) provide an Involvement Plan.   
 
Some of the more detailed analyses needed to support alternatives evaluation are listed below, 
although the list in not exhaustive.   
 

1. Assess C-BT Project operations and evaluate in detail, operations at Farr Pumping Plant, 
diversions for power generation, and capacity of the East Slope facilities including dry, 
average and wet year diversions and daily diurnal flow data. Analysis should include 
Reclamation and Northern Water’s operational considerations and requirements for power 
customers coordinated with Western. 

2. Prepare a fully integrated short-term and long-term power analysis that incorporates 
Reclamation’s detailed operations of pumping plants and power plants for the C-BT Project, 
and includes the Windy Gap and Windy Gap Firming Projects and operations of Northern 
Water, the Subdistrict and Western.   

3. Analyze east slope C-BT Project operations conducted by Reclamation and Northern Water 
including, estimated costs of alternative implementation and recommendations for 
improvements to existing C-BT Project features and operations  as required to accommodate 
alternative implementation. 

4. Evaluate water level impacts to Shadow Mountain Reservoir and Grand Lake and any 
required changes that may arise due to C-BT Project operations.  Assess the need for a cutoff 
wall/boat locks associated with Alternatives I, III and IV. 

5. Assess the water quality monitoring program and prepare recommendations to ensure a 
meaningful baseline is established and that an effective monitoring system is in place to 
evaluate water quality changes associated with future with-project implementation.   

6. Expand water quality monitoring for other constituents based on targeted analysis of existing 
monitoring and pending regulatory standards, e.g., chlorophyll a in Grand Lake and 
dissolved oxygen (DO) and chlorophyll a in Shadow Mountain Reservoir.  

7. Assess impacts of alternatives on water quality in Shadow Mountain and Granby Reservoirs 
using the Three Lakes water quality model, and other relevant modeling tools, studies, or 
monitoring.  

8. Consider the merits of further aquatic weed control in Shadow Mountain Reservoir in 
consultation with the U.S. Forest Service and Colorado Division of Parks and Recreation.  
Removal of aquatic weeds could potential change nutrient levels and increase algal 
production.   

9. Expand water quality analysis to include Granby Reservoir, including long-term water 
quality trends associated with pumping from Willow Creek, Windy Gap Project and the 
future Windy Gap Firming Project. 
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10. Investigate existing water quality of diverted water and forecast impacts of potential 
alternatives on other C-BT Project facilities. 

11. Investigate construction related issues including:     

a. Easement acquisition for pump station and pipe 
b. Rock or geologic concerns with the feasibility for construction 
c. Utility conflicts 
d. Elevation profiles for pipeline construction 
e. The lowering of lake and reservoir elevations for construction purposes 
f. Connection to the Adams Tunnel headworks 
 

 
 
 
 
 

12. Assess capacity of backup power from the C-BT Project eastern slope generation for the new 
pump station.  

13. Conduct thorough analysis of costs. 

14. Conduct analysis to determine appropriate repayment source(s) for potential alternatives 
developed for future consideration. 

 
A Technical Review should identify the next specific activities, likely to be accomplished in 
multiple steps, which need to be accomplished to bring the Grand Lake Clarity Project to 30-
percent engineering design level, including both physical and operational evaluations. These 
activities might include, but are not limited to the following.   

o Collection of additional data; 
o Additional data analysis; 
o Limited engineering design or analysis tasks; 
o Evaluation of existing cost estimation data with regard to a common basis, method, and 

accuracy level 
o Plans for next step cost estimation 
o Statutory and legal process and notice requirements  
o Environmental and cultural resources  

• Technically feasible pre-construction work schedule alternatives; 
• Technically feasible construction schedule alternatives; 
•  Required environmental compliance documentation, including but not limited to; 

o National Environmental Policy Act (NEPA); 
o Fish and Wildlife Coordination Act; 
o Endangered Species Act; 
o National Historical Preservation Act. 
o Clean Water Act 
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LETTER OF TRANSMITTAL 

FEBRUARY 3, 1937. 
From Senior Engineer Porter J. Preston. 
To Chief Engineer. 
Subject: Colorado-Big Thompson project. 

1. Transmitted herewith is a synopsis of the report of plan of 
developn1ent and cost estimate of .the Colorado-Big Thompson 
project. 

2. The plans and designs upon which the estin1ates a.re based arQ 
shown in the full report to· follow this synopsis. 

3. The detail estimates have been worked out in tho Denver office 
under the following divisions: 

Canals: H. R. ~fcBimey. 
Reservoirs: K. B. Keener. 
Power: L. N. McClellan. 
Hydraulics: E. B. Debler. 

4. The field work W88 done under the supervision of~!. E. Bunger. 
5. The economic study was carried on by R. L. Parshall, senior 

irrigation engineer, Bureau of Agricultural Engineering, United States 
J)epartnlent of Agriculture. This study is later proposed to be issued 
as a separate document. 

PoRTER J. PRESTON. 

Revised synopsis of report submitted June 11, 1937. 
'f' 





LETTERS OF SUBMITTAL 

JUNE 11, 1937. 
lion. liAROLT> L. IcKES, 

Secretary of the Interior. 
I\f y DEAR Mn. SBCHETARY: There is attached heroto the portion or 

tho report on the ColorudoNBig Thompson project in Colorado covering 
tho principles nnd stipul:ttions governing the construc.tion anJ opcrn
t ion of suid project for the protection of the rights and interests 
depr.ndent on the Colorndo River in Colorndo. 

'l'he provisions contnined therein have been considered by the 
N orthcrn Coloru.do \V nter Users' Associn.tion, ·representing the irri
gn t ion n nd other interests on the eastern slope in Colorado, and \Ve 
rcRJWctfully subrnit that they are satisfactory and meet the approval 
of Hnid nssocintion. 

\Vo usk that ackno,vledgmeut be made of this communication. 
l{e:-;pectfully yours, 

N onTnF:nN CoLoRADo WATER UsEns' AssociATION, 
CnAs. liANSEN, T)res1'dent. 
~~ os.J<;s JiJ. SMITH, ·vice ]"'resident. 
THoMAS A. NIXON, Attorney. 

JUNE 11, 10:37. 
lion. liAnOLD L. IcKES, 

Secretary of the 'Interior. 
l\[ Y DEAR ~~1 n. SECHE'rARY: 'l'herff iR n tta.ched hereto the portion of 

the repor·t on the Colorado-Big 'fhotnpson project in Colorado cover
ing t.h·, prinoiples nnd stipulations governing the construetion and 
oporn t1on of suid project for the proteetion of the rights and interests 
dependent on the Colorndo River in Colorado. 

'l'he provisions contuined therein hnve been considered by the West
<1t'n Slope Protective Association, rellrcsenting the irrigntion nnd other 
interests on the western slope in Co orado, and 've respectfully submit 
thnt they nre snt,isfaetory and meet the approval of said association. 

\Vo usk thut nekno\\·ledgtnent be made of this con1n1unieation. 
Hespeetfully yours, 

'!'HE WEsTERN SLoPE PnoTECTIVE AssociATION, 
SILMON SMITH, Secretary. · 
CLIF!I'OHD I-I. 8'l'ONE, Director. 
A. c. SUDAN, 

Special Representatit·e of Grand County. 
Vll 





SYNOPSIS OF REPORT, COLORADO;.BIG THOMPSON 
PROJECT 

OUTLINE OP CONSTRUCTION AND OPERATING CONDITIONS 

The Colorado-Big Thompson project in Colorado contemplates the 
diversion of surplus waters from the headwaters of t.l1e Colorado River 
on the Pacific or western slope to lands in northeastern Colorado on 
the Atlantic or eastern slope greatly in need of supplemental irrigation 
water. 

To accomplish this diversion, the following features are required: 

- ON COLORADO RIVEB 

(1) Storage on the Blue River in what is called Green Mountain 
Reservoir located about 16 miles southeast of Kremmling Colo., 1 
where the Blue enters the Colorado River. This reservoir IS to be 
used to replace water diverted to the eastern slope that would be 
required by prior rights along the Colorado River. 

(2) A hydroelectric plant below the Green Mountain Dam to 
utilize the flow of the Blue River and water stored in the reservoir for 
the generation of electrical energy. 

(3) A storage reservoir located on the Colorado River about 6 
miles northeast of Granby, Colo., to be known as Granby R~servoir. 
This reservoir will store the flow of the Colorado at this poin as well 
as water diverted lrom Willow Creekba. tributary of the Color do and 
Strawberry and Meadow Creeks, tri utaries of the Fraser R er. 

(4) A diversion dam located about one-half mile below the junction 
of the North li~ork and Grand Lake outlet and about 3 miles south of 
the village of Grand Lake. This dam will create a lake known as 
Shadow Mountain Lake which will have the same elevation as Grand 
Lake and will aid in suppl~ ·the transmountain diversion tunnel 
with water pumped from Granby Reservoir. This lako together with 
Orand Lake is to be kept at nearly constant level. 

(5) An electrically driven pumping plant on the shore of Granby 
Reservoir, where water will be _pumped into a canal feeding Shadow 
Mountain and Grand Lakes. ~he length of the canal is 4~ miles. 

(6) An outlet channel at the east end of Grand Lake connecting 
the lake with the portal of a transmountain diversion tunnel and 
provided with control features that will regulate the level of Grand 
Lake within a fluctuating range of 1 foot. 

(7) A transmountain diversion tunnel under the Continental 
Divide 13.1 miles in length extending from Grand Lake to a point in 
Wind River about 5 miles southwest of Estes Park village. 

ON EASTERN SLOPB 

(8) A conduit 5.3 miles in le11gth extendin~ from diversion tunnel 
outlet to penstock of a power plant on the Btg Thompson River just 
below Estes Park village. This conduit will be made up of buried 

1 
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pipe, siphons, tunnnls, nnd opr.n rnnnl. It will he entirely concenJed 
through tho nren nuthorizcd to be taken into H.ocky n~tountuin 
N u tionnl Pnrk. 

(U) 'I'he wnRto rock fron1 the tunnel is to be terraced and landscaped 
nnd nil structures eonnr.ctcd wit.h the tunnel will be constructed to 
blend into their nnturnl surroundings. 

(1 0) A power plnnt known as power plant no. 1 constructed a.long 
the Big 'l'hotnpson Hiver just below the villuge of Estes Park utilizing 
the western slope water. 

(11) Four ndditional power plants do""n the Big Thontpson Canyon 
to utilize nil nvnilnble full and also all water available for power in 
tho Big 1'honlpson Hivcr in addition to the western slope water 
diverted. 

(12) A diversion dnm on Rig Thompson River about 12 miles "'est 
of LovPlnnd to divPrt tho wnter by n1euns of a canttl 9 tniles in length 
to n stornge reservoir known ns Carter Luke. 

( 1 a) Curter Lnke lteservoir located 8 tniles northwest of Berthoud, 
Colo., to store wntcr brought over during winter 1nontJ1s. \Vater is 
rel<~n~rd front this reservoir through n 4-mile canal into the Big 
'l'hontpson IUvor nnd through a 9-tnilo canal into the St. Vrain }{iver 
for irrign tion purposes. 

(14) A ~iphon ueross tho Rig Thompson River, 9 miles west of Love
Jnnd, Colo., and n cunni 10 1niles in length to convey wnter frotn tho 
fourth power plnnt to u storage reservoir, located about 5 n1iles west of 
Fort Collius, known as lforsetooth Reservoir. 

( 1!)) A cunul frorn II orsctooth l{eservoir to the Cacho La Poudre 
I\iver nnd e'xtondrd north to a pun1ping plant which lift~~ water high 
enough to serve the North Poudre Canal. 

(1 0) A storngo reservoir nenr the mouth of Buckhorn Creek to be 
known ns Arkins Hescrvoir, supplied from a canal diverting fron1 the 
Big 'l'hoznpson Hivor just helo\v the lnst power plant. .lt. is to be 
used to nid in bnlnncing t,he dctnands for power and irrigntion, n.lso 
storing excess water avuiluhle in the Big 'rhontpson ]{.ivcr. \Vntcr 
will ho released frorn tho reservoir for supplen1ental irriguJjion in the 
Sout.h Plntto tu·cu.. 

( 17) 'l'runsrnission Jino~ connecting the Valntont st.en.n1 plant of the 
Puhlie S<'rvieo Co. wit.h all tlH~ hydroelectric plants eontmnp.lnted, nlso 
conneeting wit.h t.ho trnnsn1ount.nin tunnel portuls nnd the Orunby 
nnd N ort.h Poudrn J>ttntping {>lnut.H. 'l'he line connecting power plunt 
no. 1 nnd Grnnhy JHUnf>ing pant will run enst, and south of the outside 
boundnl'irs of the Hoe "Y ~1ountnin N u.tional Park, crossing the Con .. 
tinent.nll)ivido nt Buchu.nan Puss. 

In ordPr to eurry out tho construction, operation, and maintennnee 
of tho zu·oject us outlined ab'")ve, it will be necessary to contply with 
the following rcquirmncnts as agreed to by representatives of the 
onstern nnd western slopes in Colorado an<i here n1ade as a part of 
this report. 

1\IANNER OF OPERATION OF PROJECT FACILITIES AND AUXILIARY 
FEATURES 

The construction and operation of this pro_jeet will change the r(lgi
men of t.he Colorado River below the Granby Reservoir. The 
projeet r.ontcrnph~f<1H t.he nu1.xirnum eonRorvation and use of the w·aters 
of the Colorado Hivor, and involves all of the construetion features 
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heretofore listed. In addition thereto certain supplemental construc
tion will be necessary. 'l'his will be for the primary purpose of pro~ 
serving insofar as possible the rights and interests dependent on this 
water, whirh exist on both slopes of the Continental Divide in Colo
rado. The project, therefore, must be operated in such a rnanner as 
to most nearly effect the following primary purposes: 

1. To preserve the vested and future rights in irrigation. 
2. To preserve the fishing and recreational facilities and the ·scenic 

attractions of Grand Lake, the Colorado River, and the Rocky 
Mountain National Park. 

3. To preserve the present Aurface elevations of the water in Grand 
Lake and to prevent a variation in these elevations greater than their 
norn1a.l fluctuation. 

4. To so conserve and make use of these ·waters for irrigation, 
power, industrial development, and other purposes, as to create the 
greatest. benefits. 

5. To maintain conditions of river flow for the benefit of domestic 
, ~nd sanitary uses of this water. 

In order to accomplish these purposes the proJect should be operated 
by an unprejudiced agency in a fair and efllc1ent rnanner, equitable 
to all parties having interests therein, and in confonnity with the 
following particular stipulations: 

... (a) 'l'he Green Mountain Reservoir, or similar facilities, shall be 
<.~onstructed and n1aintained on the Colorado River above the present 
site of the diversion dan1 of the Shoshone power plant, above Glen
wood Springs, Colo., with a capacity of 152,000 acre-feet of wnter, 
with a reasonable expectancy that it will fill annually. Of said capac
ity, 52,000 acre-feet of water stored therein shall be availnhle as re
placement in western Colorado, of the water which would bo usable 
there if not wit,hheld or diverted by said project; 100,000 acre-feet 
shall be used for power purposes; and all of said stored waters shn.ll 
be released under the conditions and limitations hereinnfter sot forth. 

(b) Whenever the flow in the Colorado River at the present site of 
said Shoshone diversion dan1 is loss than 1,250 cubic feet per second, 
there shall, upon den1and of the authorized irrigation division engineer 
or other State authority having charge of the distribution of the wattH'S 
of this streaxn, be released front suid reservoir as a part of snid 52,000 
acre-feet, the an1ount necessa-ry with other waters available, to fill tlw 
vested appropriations of water up to the amount coneurrently being 
diverted or withheld from such vested appropriations by the projeet 
for diversion to the eastern slope. 

(e) Said 100,000 acre-feot shall be stored primarily for po,,·er pur
poses, and the \Vater released shall be available, without chnrge, to 
supply existing irrigation and dornestic appropriations of water, -in
cluding the Grand Valley reclaunation project, to supply all losses 
chargeable in the delivery of said 52,000 acre-feet of water, and for 
future use for domestic purposes and in the irrigation of lands there-

, after to be brought under cultivation in western Colorado. It shall 
be released .within the period -from April 15 to October 15 of ench 
yenr as required to supply a sufficient quantity to main'tain the speci
fied flow of 1,250 cubic feet per second of water at the present site 
of said Shoshone diversion dam, provided this amount is not supplied 
from the 52,000 acre-feet heretofore specified. \Vater not required 
for the above purposes shall also be available for disposal to agencies 
for tho development of the shale oil or other industries. 
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(d) The cost of construction nnd perpetual operation and main
t<\ttnnce of said reservoir or reservoirs shall he a charge against the 
project and shl\ll be paid from revenues collected from this project 
ns rnny bo provided in coutrncts between the Secretary of the Interior 
and t·h~ henefirinrirs of the projP.ct. in (\nstern Colorado, and any 
ot.Ju~r cont.rncting pnrties. 

(P) J 11 the event snid reservoir or reservoirs are not maintained 
with n rnpncity of 52,000 acre-feet, the· Secretary of the Interio·r 
Hhould withhold tho diversion of water from the western to the 
f'IISt.crn slopo of Colorado until sueh storn~e capacity is made available. 

(j) Tho Serretary of the Interior shall nave the option to require the 
t.rnnsfer to the United States of any nn<l all rights initiated or ncquired 
by tho upproprin tion or use ~f wu tor through t.he works of the P!oject 
in ('Us tern Colorado, n t any tune: Promded, however, That the title so 
t.nken shnll be su bjeet to a beneficial usc of such water as- may be pro
vided in the ropnyrucnt contract or eon tracts; and the rights to store 
"ntPr to tho extent. of said 152,000 acre-feet shall be initiated, n.cquired, 
nnd held by tlw npproprinte authorities for use in western Colorado, • 
for· rt'plucmncnt of wntcr diverted to the eastern slope, and for other 
purpose's contcn1plnted for this {>rojcct. 

(g) The Secretnry of the Intertor shnll operate this froject in accord
u nee with the following stipulations as to priorities o water use as be· 
twoen the pnrtim, clnhuing or using project water and \vi thin the limits 
of his logulu.uthorit.y. Suid 52,000 ncre-feet of replacement storage in 
Green J\'tountuin or other resorvoirs·shall be considered to have a date 
of priol'it.y for t.lw·storngo nnd use of replacement water earlier than 
Uwt of tlio priorities for the water divt~rtcd or stored for delivery to the 
enstprn Rlopo. 'l'he 100,000 ncrH-feot of storage in said reservoir sha.ll 
be cow~id<~rcd to hnve tho snrno date of priority of appropriation as that 
for water diverted or stored for transmountain diversion. 

(It) Said Groen 1\tlountnin Reservoir, or such other rt.~placement reser
voirs ns provided in pnrngruph (a) herHin, as are planned as a part of 
the projcet, shull be constructed at tho stune time as the other parts of 
tho project und shnll bo cotnpleted before any water is diverted to the 
('ngtern slope of tho Continental Divide hy n1eans of said project. 

(i) lnnHnntch as the St.nte of Colorado has ratified the Colorado 
lUvcr Con1pnct, nnd innRtnuch as the construction of this project is to 
,he urHl~t·t,nkon by the United Stat()s, the project, its opera.t1on, mainte
nnnec, und us<~ tnuRt be subject to the provisions of said Colorado Itiver 
Cornpnet of Novernber 24, 1922 (42 Stat. 111), and of se~tion 13 of the 
Boulder Cunyon Proj<~ct Act, dn.ted December 21, 1928 (45 Stat. 1057-
1064). Not\vit.hstnnding the rclntive priorities specified in paragraph 
(!/) hcr(lin, if nn ohlignt.ion is croutcd under said compact to augment 
the supply of wnter frorn tho St.nte of Colorado to satisfy the provisions 
of snid corn pact, -the diver~ion for the benefit of the easwm slope shall 
he diRcont.inued in advnnce of any western slope appropriations. 

(j) An ndequate systmn, as determined by the Secretary of the In· 
tenor, shull be provided for the irrigation of the lands in the vicinity 
of Krenunling, now irrigntcd by either natural or artificial means, and 
the instullntion n1nde therefor shall be a part of this project. The 
rights to the use o~ water for the irrigation of these lands shall be con
sidered to hn ve a date of priority earlier than that of the ri~hts to the 
usc of wuter to bo diverted through the works of this proJect to the 
eastern slope. 1,his system shall be designed and built in a manner 
requiring the least possible continuing annual expense for open.tioa 
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and maintenance but the cost thereof shall not exceed $300,000; and 
said system shall be provided and in operation before any water is 
stored for transmountain diversion. In addition, the Secre~ shall 
protect, add to, or improve the source of supplr of domestic waters 
-for the municipalities of Kremmling and Hot SUlphur Springs in the 
mann&r and to the extent which he may determine to be necessary to 
provide a source of supply not less than that now available for these 
municipalities. The cost of these features shall be included in the 
total project cost. 

(k) To compensate Grand County for the loss of to.xes through the 
transfer of property to the United States for the .construction of this 
project, $100,000 shall be paid to said Grand County. This payment 
shall be made in 10 annual installments of $10,000 each, commencing 
upon the date when 10 percent of the total property in Grand County 
required for said project has been removed from taxation. 

(l) The project, and all of its features shall be operated in a manner 
determined by the Secretary of the Interior as necessary to provide 
the water to preserve at all times that section of the Colorado River 
between the reservoir to be constructed near Granby and the mouth 
of the Fraser River as a live stream, and also to insure an adequate 
supply for irrigation, for sanitary purposes, for the preservation of 
scenic attractions, and for the ·preservation of fish life. The deter
mination of the need for and the amount and times of release of water 
from Granby Reservoir to accomplish these purposes shall be made 
by the -Secretary of the Interior, whose findinfPJ shall be final. 

In order to facilitate compliance with the stipulation in paragraphs 
(j), (k), and (l) hereof a representative may be selected and designated 
by the interests dependent thereon in Grand County, Colo., and when 
so designated he will be recognized as the official spokesman of said 
interests in all matters dealing with project operations affecting Grand 

CoTuhnty. . . 1 d . . d • th t• I t• h e pnnmp es an proVIstons expresse m ese s 1pu a tons ave 
been approved by the ~r estern Colorado Protective Association, 
representing interests in west.ern Colorado, and the Northern Colorado 
W a.ter Users Association u.s evidenced by the letters hereto attached. 

SUMMARY 

The Colorado-Big Thompson project comprises 615.,000 acres of 
irrigated lands, out of apprpximately 800,000 acres. lying under the 
canal systems in the nprthern and northeastern port1ons of Colorado. 

The water supply for the area is to he derived from a portion of 782 
square miles of drainage area above Hot Sulphur Springs lying 'vest 
of the Continental.Divide in Grand County, Colorado, and varying 
in elevation from 8,050 to 14,000 feet. 

HISTORY 

The first irrigation in northeastern Colort.tdo occurred about 1860 
where the early settlers plowed out small ditches with sufficient grade 
u.nd longth to irrigate a few acres of land in the first bottom-i. e 
lands u..ot far above the high-water line of the streams and adjacent to 
then1. 

The first irrigation of the higher or second bench lands along the 
Cache La Poudre River was by the Old Union Colony, of Greeley, in 
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1870. This colony was organized by Horace Greeley, then editor of 
tbe New York Tribune, who will be ren1embercd here espcciuJly for his 
advice to ea.sten1 young men to "Go west and grow up ·with the 
country." 

This colony irrigated about 12,000 acres under their first project nnd 
it was a success from tho start, due in a largo measure to the fnct thnt 
they were people <.,j considerable Inonns and were then able to finunce 
thcrnselves over the· period required to bring raw prairie land into 
profitable cultivation. · 

This colony was soon followed by others along the Poudre n t Fort 
Collins, on the Big 'fhornpson, at Loveland und the St. \'ruin near 
Longmont. 

'l'lie diffieultios experienced by these colonist8 in dist.rihuting the 
water betwe(~n thmn led to the creation of Colorndo's irrip:n tion laws 
which have been copied by most, of the irrigation States of t.hn \Vest. 

'!'his irriguted areu of s1x hundred t.o eight hundred thousnnd ueres 
wns developed by means of individunl initiative und by sn1ull scule 
<~ooperutivc enterprises. 'fodny th('re are 6,400 irrigutcd farrus, served 
by 124 canals and ditches and 60 storage reservoirs. 

IRRIGATION USE 

In the enrly days irrign tion in this area was confined to growing crops 
to supply locnl needs, the lack of t.ransportntion contributing to high 
prices for t.lw hon1e-grown production und prohibiting shippiug to dis~ 
tant points. 'l'he crops grown were uutinly the gruins und hny fo1 
local constnnption, w1th sorue vegetubles. Such irrigation corre .. 
sponded with tlw run-off of the strr.tuus. 

As ruining developed in the Stn te, l)enver and other towns grow· 
into cities, unci after these cities were connected to the ~~nst by rnilrouds 
the rnurkets dcrnundeil a n1oro diver~ified ugriculture to supply their 
need~. 'l'hus a grud ual dent and developed for late water whieh t.he 
strctuns could not supply. , . 

'l'his chnngo crcnted a need for sto1ing the flood waters for lnte irri
gntion. Front 1800 to 1910 was a period of reservoir construction, 
during which storage was provided for all the nvuilnble water supply of 
the st.renn1s over und above the direct irrif.$ntion req uirmnent.s for the 
area horo under discussion. 1'1 neh of tlus devolopn1ent took plu<~o 
during n decade of n1ore than normal run-off on the eastern slope u nd 
also during a period expanding the agricultural area· throughout the 
\Vest. 

Atternpt.R to Inaintnin the area· under cultivntion with the depleted 
run-offs during the past 10 yenrs hn.vc spread the water supply to such 
an extent that much acreage hns hnd an insuflicicnt ·water Httpply to 
produce full crops or crops producing the higher values. f Atteritpts 
have h<'en n1ude to supplernent tho individunl fnrrn wnter supply by 
the developnwnt of the underground sources by ptunping front nunler
ous wells throughout the region. '!'his is lowering the wnter tnble and 
already is nifectin~ the wuter supply of the lower South Platte Valley 
which reed ves its urigu tion supply lnrgely frotn return wn ters. 

NEf;D OF SUPJ'LEMENTAL W.A'l'ER 

tinder such conditions only the oldor. wnter rights haYc any assur
ance of an udt,quate wntcr supply, nnd 1n tho dryer yenrs the owners 
of junior rights are forced to confine their farnung to crops that can 
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be rnn t.urcd hy the early flood flow or that require a minim urn an1ount 
of wnt<~r. ln yeurs when the supply is not correct.ly cstinutted con
~idN·n hlo loss results·. ()r·dinarily the crops raised in this and other 
irrigntcd a.rcns clo not compete with those grown under rainfall condi
tions, but a shortage of \Vater always leads to the raising of more of 
the co1npcting crops. Such crops also cut the income of the irrigation 
fnrn10r below whnt he can earn with the higher typE-, noncornpetitive 
('.fO{>~. 

()n fully three-fourths of tho 615,000 acres in thi:~ n.rea the \\'ttt.cr 
supply is inudcqtHttn, in spite of every cfTort to conserve, store flood 
wu tPr, or otJwrwise add to the wnter supply that hns been within the 
linnneinl nhility of the fur1ner. This inndcquacy is due not only ton 
developtnont probably too large for the period when run-oft' of tho 
st.r·cnnls wns much higher than at presont, but to the fnct thnt the last 
I 0 ,Ycnrs hnve seen a very nutrkcd decrease in t.he strcurn flow. 1 t ntust 
he (llllphusizcd thnt the additionnl water supply here conterupluted is 
to he used for a supplernental supply and not to create n lnrge new 
additional irrigated nerenge. 

'I' hero hns heon expended in this aroa to da to for various types of 
irTignt.ion \\'Orks, including ncnrly $750,000 for ptunping pJnnts, 1nost 
of w_hich hn vo been instullcd in t.he lns,t I 0 yenrs, nhout $35,000,000 
ug-ninst ,,·hich there is nn outstanding indebtedness of only $1,510,650. 
Thmw pcoplo, ho\\r(~vcr, have nbout rcaehed their limit ns individuals 
nnd mutual irrigation companies to provide for thcrnselves a supple
rncntal wnter stlpply so badly needed to make their present ·water 
supply secure and are obliged to seek Government aid to bring this 
nbout 

1 t has been conceded. by a majority of the irrigation interests in 
this section of the State that the water supply in 1926 was ample for 
uJl their present acreage now irrigated. ln order, therefore, to deter-· 
111ine the nortnn.l shortage in acre-feet ove1 a period of years n conlpnr
ison of the supply in these years with that of 1 U26 wns nutde and· the 
difl'ercnce obtuined. These difl'erences are set up in the follon·ing 
tnble: 

T A nJ,E 1.-Sh.owt'ng water dt'atrict&, acreage irrigated, deficiencit3 1925 to 193/i with 
tentatitJe allocation of total .'ill pplemelltalttupply 

Tentative alloC1\tlon ot supplemental Dftlerence, . Slll\llly 1920, 
ll·YCM 

1926 Average average Water district A roo Colorado. Moffat Total diversion, ell \'Orslun, required Pre.~nt no. irrlguted Big and Jones supple-acn.l-fect 1025-36 supple· seepage Tbomp- Pnss mental meutnry return, son tuum~l supply, water In nero-project water acre-acre-feet feet water return feet 

{1) (2) (3) (7) (1~) (16) (17) (18) (19) 

roo, ooo a.-------------·\. ____________ ._ 2l:l, 640 398,000 132,000 104,000 49,1100 163, llOO . ~----··--68,408 235,000 163,000 72,000 «. 100 ......... ,. .... 21,000 65,100 
81,806 11:1,000 94,000 HI,~)() 38,800 18, liOO '"· ... ·-----·---- 67,300 

6113, ()(}() . -- j i; 000-u2, :m4 I.·---··--·-·-· 467,1Xl0 ~.ooo 81,400 83,000 176,400 ., :n, sw "'··-----·- ......... 170,000 164,000 16,000 6,000 4, 600 6,100 l4.fl00 
fi I .. ___ .. _. _ ... 121,289 613,000 383,000 130,000 3&,700 14,600 37,400 88,600 

TotaL .. 616,436 2, 224,000 1, &49, 000 6i6, 000 310,000 30,000 214,600 6M,@ 
. 
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It will be noted from column no. 15 that the total average shortage 
in this project area which comprises water districts 3, 4, 5, 1, 2, and 
H4 is 57 5,000 acre-feet. Column uo. 16 is a tentative allocation of 
th~ proposed supplemental supply to the various districts. Colun1n 
no. 18 1s the estiinated usable return flow that would arise from the 
nddi tion of 31 0,('00 acre-feet of new water to this area. Colun1n no. 
1 U is the total usable supplen1cntal supply amounting to 554,520 
l('re-fcet, an amount within 5 percent of the 10-year average shortuge. 
The sale or rental of supplemental water, when available, in the 
Poudre Valley hns averaged $4.50 per acre-foot over a period of years. 
In cxtrcrno enses it has sold as high as $0 per acre-foot. 

'I' he deficiency in water supply for the period 1 H25 to 1934, inclusive, 
r~\fleeted a direet economic loss in crop produetion of approximately 
$4~,a55,ooo. -

'l'ho following shows the approximate annual loss in value of crops 
because of inndeq unte water supply: 

Hugar beets-------·-------------~---------------------------- $1,900,000 
1\l falfa •• ___ ~ ......... __ • ___ ...... ___________________ .... ___ ............. _...... 948, 000 
H 1 n nil gra l n ________ .. ___ .. ____ ..... ________ ..... ____ • _ ...... _ ...... _ .... _ ... .. ... .. .. 4 70, 000 
flt •a IIR _ • _ ..... _____ .. ___ .. __ ... - __ .. _ .... _ -- - ..... -- ... ---- ........... -- ... - ........... -.. 302, 000 
(_~Ol'U.- .. - .. - .......... - ...... ---- ..... - .. ---- _-- ... -.- ..... - ....... - .. -- ..... - .... - .. -........... l'ot n toes. ____ • ________ • ________ ... _ .• ______ • _________ .. ___ .. _ .. _..... 228, 000 425, OCO 

AU othl'r crops-------------------------------------------....... '444, 000 

Totlll_ ........................................................................................ 4, 700,000 

This average annual direct crop loss is about 19 percent of the 
$24t800,000 estirnated cost of the Colorado-Big 'l'hoznpson irrigation 
pro~eet. 

'l he crop loss in 1934, due to shortage of water, as compared to 
1926, ufter variation in price and acreage factors had been accounted 
fori nrnounted to $12,400,000, or just one-half the cost of the project. 

''he losses here given art' the farm losses and do not include the 
losses that are due to processing, transporting, or handling of that 
quantity of production, which would add several million dolla.rs to 
tho loss of the cou1n1Un1ty as a whole. 

The effect of such inadequate water suppl.Y for the period 1925-35 
is shown graphically on drawing no. 1 followmg. 

SUPPLEMENTAL WATER SUPPLY 

In 1029 the State engineers of Colorado, in cooperation with the 
Platte Valley \Vater Conservation League and the United States 
Arn1y engineers, made a coznprebensive study of the water resources 
of t.ho South Plutte Basin 1n northeastern Colorado. This study 
included the Cneho L~ Poudre River in water district no. 3, the Big 
'l'hornpson Hiver in water district no. 4, and the St. Vrain River in 
district no 5.. The investigators detennincd the excess wnter avail
nble ou these streurns above present normal denlo,nds and u.lso above 
tho normal demands on the South Platte River proper below where 
these streams enter. 

'l'he investigat<>rs also determined t.he location, capacity, and cost 
ui the n1ost fensible reservoir sites for the storage of this excess water. 

The results are shown in tho following table nnd have been brought 
up to dut,(~ by using the· san1e demands for irrigation as set up in the 
rcpot•t u.nd using the water-supply records furnished by the State 
cngi11cor's office. 
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8treftm 

ExceMsup-
plf, avail· 
a >lefor 
stomge, ~ 
average, 
Jg18-36 

Capacit7 
proposed 
resP.rvolr 

~by Army 
engineers 

AnrRge 
annual 

yields ut 
reservoirs 

Total res· 
ervolr costs 

Cost !.>er 
R<'rA· oot 
cnpoolt)' 

Co$t per 
arre-foot 

yield 

Acrt·ftd Acrt·fttt 
Cache La Poudre ••••••••••••••••• 30,000 62.000 26,li00 $2,747,000 172 $147 
Rfg Thompson ..................... 16,000 32,700 ll,300 2, 006,000 61 178 
St. Vrain ........................... 16,000 30,000 a,ooo 2, 186,000 TJ 1M 

li.,rom the fore~oing table it is evident that there is not suffident 
excess water avutlable that originates in this area to supply tb.e de
rnnnds for supplemon tal water, and the cost of making use c,f what is 
available is prohibitive. It will be shown, however, that 16,000 acre
feet of this surplus is available for storage in the Colorado-Big 'rhotap
son project reservoirs on the eastern slope with no additional cost. 

The water users in northeastern Colorado have now exhausted 
every possible source of obtaining supplemental water or aHgmenting 
t.heir J?resent supply either by storage, transmountain divot'Sion withhi 
their Individual cooperative means, and by pumping. :Fortunately, 
however, there exists a surplus of water on the headwaters of the 
Colorado River west of this area and separated from it by the Conti
nental Divid~. 

In the spring Df \935, $i5o,ooo was allocated to the Bureau of 
Reclamation to make surveys and prepare plans and cost estimates 
for bringing water from the headwaters of the Colorado River into the 
area in northeastern Colorado in need of supplemental water. 

In August 1935 the Bureau of RecJamation started surveys for the 
project and previously there had been started a land classification to 
determine the irrigated and arable land in the Colorado River Basin 
in Colorado in order to arrive at the approximate amount of water 
now used in the area and how much might be used when full develop
ment has been made. Both surveys have been completed, insofar as 
this P,roject is involved, and the following is the result of the land 
class1fica tion. 

LAND CLASSIFICATION-COLORADO RIVER AREA 

Since the quantity of water available for diversion from the head
waters of Colorado River"'Ulight be limited now by the water rights 
of lands already irrigated, or might in tha future limit in turn the 
development of lands in the Colorado Basin within the State, all the 
land on Colorado River and its tributaries above th~ Colorado .. Utah 
line, except the Gunnison River area, has been classified to. show the 
location and extent of irrigated lands and of lands capable of irriga
tion. 

This classification was undertaken in all areas covered by former 
reports, supplemented by_ ]ocal information as to possible projects 
and by reconnaissance. Fot localities with no records of water sup
ply it was assumed to exist unless the contrary was obvious, and 
doubtful areas were included rather than excluded from the classifi
cation. The land was measured 'by plane-table survey except some 
small isolated areas which were estimated. · 

Land that had custotnarily boon irrigated was so classed, no mat
ter how inadequate the supply. Land capable of irrigation was 



10 COUHL\VO-HIO 'l'HOllP:-30N PU.OJECT 

tested nccording to a set of standards which fairly represent the 
experience on t.his area and others as to what constitutes arable land. 
\Vhero pumping for irrigntion was involved land was classified up to 
200 feet abo'!e the source of suppl.Y. 

The result of tho survey of the urigated and arable land appears in 
tho following table. 

It should be stated, that, as will be shown under the discussion of 
water supply which follows, tho present irrigated area above the Utah 
Stnto line d~ws not Iirnit. t.he diversion pos..qible nt the location chosen. 
It is nlso t.ruc thnt tho diversion when in operation, and replacing the 
~unlnwr flow of. Coloru~lo. Hiv('r in tho Inanncr contemplated by the 
>r·ojeet p)nn, w1ll not hnut t.hc future development of all the arable 
fund on Colorudo 1Uvcr und its tributaries above Gunnison River. 

Colorado Rir1cr drai1wyc-allnnison r:ccepterl-Colorado (land classification according 
to .~trcams) · 

Stream name Irrigated Arable Total 

('olorncto Rh·er: .Acre• Acrt8 Acru 
I. 'l'o Ornnhy Dnm .••.........•.............••..•••••••••.•••.• 2, 600 1, 100 3, 700 
2. Ornnhv Hnm to Hot Sulphur Springs .....•...••••••••••••••• 1, 300 aoo 1, 650 
3. llot litilphtlr ~prln~s to Kromrullng ........••..•......•••.••• 3,200 1, 200 4, 400 
4. Krfllllrnlln~ to Oltlll\\'ood l;prinl(:-~ .........••.•••••.•.•.•••.••• 1,100 260 1, aoo 
IS, Olonwood ~prln~~ to l'ullsatlo ............................... . 7,000 2,600 9, roo 
&. l'nll:-ude to Stalo lluo ......................................... . 70,600 32,800 103,400 

----- ----- ------
Total. ...•.•..•••••••••••••..............................•.•.. Sli,HOO 38,210 124,010 

Trlhutnrles: 
\\'lllow Gret~k •••••••••••••••••••••••••......•.....•••••••••••••• 800 120 980 
J<'rnsor H 1\·E'r. .................................................. . 7, l(X) 6.')() 7, 760 
South 1-'ork Colomtlo Hlver .................................... . 610 30 640 
Hnmll stroarns • ................................................ . 2,:!00 4,000 e. 300 
Wllllnrus ~·ork Hl\'t•r ..••..•..................••.....•..•••••••. 3,fl00 10,000 14, (J()() 
'I' roll hJOSOilltl C rt>tlk •••••••••••••••••••.•••.••••••••••••••••••••• 4, 200 7, 200 11,400 

4, 900 10,000 -~,•,::~'Ui ,~~~~~:~: : ~::::::::::::: ~: ~:::::::: ~ .-: ~:::::: ~:::::::::::: "· 100 8,-100 3, J(Y,) 11,600 
Hrnl\ll stroarns '· .••••••••.........••..•...•..••••••.•••••.••••••• 610 610 1,180 
Hht-ephorn < !rNJk .••••••••.•.••.••...••.••.••••••••••••••••••••• 1, 200 60 1,200 

700 60 840 ~;~~~fa ~!~kk·::. ·.::: ::::::::::::::::::::::::::::::::::::::::::::: 6, 700 9,300 1&, 000 
<'nhln Cretlk tlrel\ ••••••••••••••••••••••••••••••••••••••••••••••• 6, 700 2,600 8,300 
CRtnrnount CnotJk ............................................. . 1,000 10 1,010 
Rwrt't wntt1r Cn•ok ru-ea .••••••••.••.•••••••••••••••.•••...•.••••• J, 100 380 1, 480 
F.n.: le Jtl \'er ..........•••••••••.•....•••••..••••••.••••.•....•... 16,400 6,000 21, fOO 
Arnall strenlltlll ....•.•••••••••••..•••••••••••••••••••••••••••••• o:10 00 990 
Ht)arlng Fork Hlver ........................................... . 33, )()() 9,400 42,600 
Otunoltl Orl'(lk ••.•••••••••••••.•....•••••••••••••••••••••••••••• 2,100 . •...•.. i30' 2, too 
J~lk Cr~k .......•.......•••••••......•••...•••••••••.•..••••••. 3,000 a, 130 
Dh·hle nnrl Mnrn Croob ...................................... . 13, 700 9,100 22,000 
Rlne Crook ..•. _ .•.•••••••••••••••.•••••••••••••••••••••••.••••• 11, too 3,200 14,300 
Pruuchuto Crook ..••••••••••••••.•.•••••••.•••••••••••.••••••••• 1, 700 370 2,070 
HoRn Cr0«1k •..••••••••••••.•••••••••••••••••••••••.••••••••••••• 6,600 3,300 8,900 
Plnttulll Creek •••••••••••••••..•..•••••••••••••••••••••••••••••• 2-4,000 7,000 81,000 
Sn1aJI stroorns • •••••••••••••••••••••••••••••••••••••••.••••••••. 10,200 3,000 13,~ 

Orand totaL ••.•••••••••••••••••••••••••••••••••••••••••••• -••• 2~.300 122,830 879, 130 

r Ahove Hot sulphur Rprlng~. 
• Botweeu Hot Hulphur Spring~ and Krt'mrnlloc. 
• Bctwoon Kremmling and Olenwoorl Hprlngs. 
• lletween Glenwood SI>rln&s nnd l)allsade. 

WATER SUPPLY 

The stream flow records at the different stations in the Colorado 
Hiver Bnsin show the an1ount of ~'ater passing the stations after all 
present irrigation has taken place above, so there is no need for any 
further adjustrnent of strenrn flow to take care of ·water oonswned 
in this irrign tion. 

It is asHutued that all nrnhle lands as shown will be irrigated some 
time in the future, notwithstnnding the (act that quite a percentage 
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is so located that it 'vould never be feasible to irrignto. It is also 
further assumed that reservoirs would be built on the tributaries to 
conserve a portion of the Hood flows to mn.ke tho irrigntion of thesA 
arable lands possible. 

With the above assumptions it has been .found that in a year like 
193.1, with the run-off onl.v 40 percent of the average for a 31-year 
pertod, and the lowest year of record, the Colorado-Big Thompson 
project would only have to supply approximately 53,000 acr(}-{eet 
to replace water diverted by the proposed project that could have 
been used by the Colorado River water users for power and irrigation, 
provided the project was in operation at that time. 

The average run-off of the Colorado for the years of record are: 
Hot Sulphur 31 years, 523,000 acre·feet; Glenwood Springs, including 1 
Roaring Fork, .3,413 000 1 acre-feet, F"'ruita, 6,300,000 acre-leet. These 
amounts are exclusive of supply consumed in present irrigation of 
Colorado River Basin lands. 

The following is the estimated amount of \Vater available for diver
sion from the drainage area above the Colorado-Big Thompson collec
tion system at 8,260 feet elevation. 

YIELD OF GRANBY RESERVOl.R 

Stream-flow records available on the Colorado River near the 
Granby Dam site for the years 1908-11 and 1935-·36, and on "Villow 
Creek for the years of 1935 and 1936, were supplemented by estitnntes 
based on available stream-flow reeords on the Colorado River at Hot 
Sulphur Sprin~s and Glenwood Springs to cover tho 37 -year period, 
1900 to 1936, Inclusive. 

· ~ A capacity of 4.~2,000 acre-feet was selected as the best capacity 
for the Granby l{eservoir, considering cost and use. Of this capacity, 
20,000 acre-feet \vere set aside for dead storage to reduce pumping 
lifts for waters delivered to Shadow Mountain Reservoir. A further 
objective is to keep to the lowest practicable area the exposure of 
reservoir bed when storage is exhausted. This leaves an active 
capacity of 462,000 acre-feet. · 

Reservoir operating studies are based on the follo,ving conditions: 
(a) Recorded (or estimated) past flows of Colorado River at 

Shadow Mo.untain and Granby Dams reduced by 27 percent prior to 
1906, and 13 percent thereafter, of the flow of the North lt"'ork at Grand 
Lake to allow for increasing diversions by the Grand ltiver ditch. 

(h) Willow Creek diverted to reservoir to the extent of 90 percent 
of the flow of Willow Creek and other streams intercepted by the 
diversion canal from May to October, inclusive, of each year. , 

(c) Strawberry, Meadow, and Walden Hollow Croeks also diverted 
whenever practicable. The flow of these streams, togethor with some 
additional waters cepturable from Willow Creek at times, are expected 
to offset evaporation and seepage losses in excess of present losses from 
the Granby and Shadow Mouut.ain Reservoir sites. 

(d) No releases from Granby Dam for any reason. 
(c) Transtnountain tunnel to be operated at full Ctlpncity from 

October 1 until March 31 following, Wtth operations thereafter gaged 
to fit run-off conditions so as to avoid spills and yet concentrate flo·ws 
in the period of July 15 to September 15, for the purposes of best 

S. UoCI,, 75-1, vol. li'J----IH 
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diRt.rihution in po'\\~('r production and to minin1izc reregu1ating storage 
rcquirAmcnts on thn eastern slope. The contputations assumed 
infallible forecnsts of run-off. 

(j) A rniuirnurn storage holdoo.Over of 100,000 acre-feet on SepfA,tuber 
30 of ~ncb y('ar to nssure dependahlo power production in winter. 

Cndor these eonditions, a yield of 320,000 acre-feet of pritnary 
water is secured as follows: 

Unit I ,000 ac*fut 

Inflow to Onnby 
He..wvolr 

Run-ot"f )'em (Oetotlflr to Reptember) ----:----1 
Tunnel 
diver· A pills 

C'olorl\do Willow at on 
Hlver Crook 

I 890--1900 •• ----------- _ •••••••••• _.--- -- ••••• - ----- •• 242.8 62.4 320.0 -----···-- -----·---2ttl. 9 ll3.4 1000-1001 .• ····-------------- ------------------------ i~:? ~::::::::: ------firg 1001·-:l.-. ------------.- .... ----- .. ------------------ 164.9 34.7 
:n:z. o 4M.8 IQ02 3. ···-··---·------·- --.-----. ------------------- 170. H ... ------- 49. 2 
2!~l. 5 61. 2 1 iKJ3·. 4 • - •• ---- •• -- - • - . - - - - - - - - - - - - . - -- ------ --------- 304. 7 ---------- 16.3 

10()1-fl ••••••••. --·-- ... -- ----- ---·. ··- --------------- :n-17. 9 64.9 310.2 ··-···-·-- Q.S 
2P2. 4 MJ.7 1~1~ 6.-------------------··------------·----------- 320.0 ---------- ----------

l {K Mi -7 ••••••••••••••••••••......• - • - .• " • - •• - • - ----.- . :l~l. 0 78.3 320. 0 ----· ----- ----------
H~Oi- 8. ·········---···---- ... - .•.. -------·--·-------- 11.10. 6 25.6 320.0 -----.:.---- ----------
1\M~-9- •••••• ---------- , ____ - •.. - ••• - ------------- ·-- a~.s 91.6 3:1). 0 --- ···---- ------·---
1909-10.-. -· -------- --·- -- ...•. - --------------------- 200.1 32.6 320. () ---------- ----------2tS. 6 [l:l.6 1\110·11 •• ·-· ---.----------" -- ---------.-------------- 320. 0 ---------- ----------
1 Y I 1-- 12 .•....•.•.. -----. - - - . -- . - -- - · --- - ·- ·----- ·-- ·- :![,0 .• 7il.3 320. 0 ---------- ----------uu :.!·-t a .... ___ . ______ . _ .. _ .. __ .. __ . ___ ..•. _. _- ...... . 2lf1. 4 40.3 320. 0 ---------- ----------
1\113··14 .• ·-------------·-.-- .. -·---·---- ·--- .. ------- :m. o 8.'i. 1 320.0 ---------- ----------
19J4 .. JIL •••• ------ ••• • • • • . • . . . . . --- •• -· ---.--------- ~na. 2 4:J.8 320. 0 ---------- ----------
1916-16 .•.•.•.•••..................•......••.....•••• 2HI. o 47.8 320.0 ---------- ----------
191~·17 •. ·----- ---------·. ----- .. - ···------·--------- 348.3 79.7 1Y17-18 •••••••••.•••.••. _. __________________________ _ 320.0 ---------- ----------32'1. 9 81.2 3!16. 4 18. 7 ----------
19ll"-19.-. -- •• - .• ---.------.-- ··- •. -- -------------- ·-. 1Ml.6 36.4 321.0 ---------- ----------
1~10-~ ... ------- ·--- -----.---.- --·-. -----------·--- :lOt. 2 78.4 345.6 ------·--- • ---------347.9 IU:JI) .. 21 •• ------·------·-···-···-- --· -------·--·-···-· ~.7 368.6 70.0 ----------
192 I · 2'1 . •••••••••••••••••• _ ••• _ •••• -.••••.. - • - ••• _ ••• H~.8 39.6 320.0 ---------· ----------
I ~2"l- :l3 .•• --.- •••••..•••.. _ ..•• ---.-.-- •• - ••• ---- •••. z~o. 3 60.2 320.0 ---------- ----------
11123-24. - . ---.- •• -.----- •• -- -. -- . -- •. - - -- ------- • ---- Zli2. 2 54.4 320.0 ---------- ----------
IQ24-21L. ···-----. -----····- .. _ ..••. ___ .....••••••••• 202.6 30.7 320. 0 ---------- ----------
11~25-2f\ ••. - ----------- .• --- •• - ...... - •· - ••...• -------- :l·lf\.. 70.0 320.0 ---------- ------·--. 
Hl2ti '17 •.. ---·-------·--· .. _ ................... -------·- '!7fl. 0 M.8 320.0 ---------. ----------. 

6). 9 33R. :i __ ..,. _______ . ---------1 \117 2'4 ••• -.-- • --. -- •• ---- • --. - - -. -- . ---------------. :117.6 
1\l:ll-1 :.!\f. - • -.-------.-. • . - . -- - ... - •• ------.--.----. '..'\H.l 61.2 358.3 ---------. ------·---
I U'lH- :iO .•• _ .•••••• _ •• _ _ . . . _ ..• _- ••... - -- .•••••••• 247.4 42.9 320. 0 ---------- ----------Ha:•o a 1 ... _ •.• _. __ . _ .. _ . _. __ . _ .. -..... -- -- .. -... ---- . 171. [I 36.6 320. () ---------- ---------
I 931-3 2 •.•••.••••• _ •••• __ • _ ••. _ ••.•.••••••• _ •.•.. ___ • 243.0 48.0 :!:..HI. 0 ••••••••.••••••••••• 
HlJ 2-·33 •••• - ••• - - ••••.•. - - .••.• - • - - - -. - --- -- -- -- - - -- - zm. o M.ll 
1 u:\:t -:1 • • _ • ____ • _ •. _ • _ •. _ ••• _ • _______ .. _________ • ___ • __ 3:XJ. 0 ---------- ----------

1~.\J 26.2 1n:H-ar. ...••. _. __ .. _ .. __ ... __ . ___ . __________ . _______ _ 320.0 ---------- ----------2iXI. 2 41.8 252. !i ---------- 67.5 
IU:If,·36 .•••• _ ••..•• ________ • ____ •• __ -~-·---- ••••••••. :.!1!1. 7 63.~ 310. 0 ---------- 10.0 

·-~-- ----1---1---·1----
A \'torngt'l. ________ • ----------------------------- 203.6 M .• 318.7 2.6 6.6 

.. --------------------------------
Operating results <:nnnot be expeeted to result so favorably. The 

operating eonditio11~ enunwruted intply superhun1nn nbility to fore
cu!it st.rennt flow. ()ecnsionul releases \\~ill be required fro1n Grnnby 
l{escrvoir althoug-h foHHOJl in urnount. Intt~rruptious in tunnel opera
tion cnnnot nlwuys Ln nrrangcd so as to lose no wntcr. 

In view of these conditions, it is ('Oncluded that the firm yield of 
tunnel water from tho ({runby nnd Shado\V Mountain Reservoirs 
should be tnken flS aoo,ooo acre-foot annually. Shortages of 5 per
cent runy he expceted on n11 averagn of once every 5 years and short
ages of 25 JH~rcen t 111 u v be expected on an average of orH~e every 20 
years. Seeondary wnter nu1y be expected to be available in some 
years in u.Jnounts up to 60,000 acre-feet. 



lJnder constructed canals. _____ ---- .. _-----_--- ....... -----_ ...... ___ --___ 
Pumping unit of Grand Valley project, for which canal capacit.y hns 

been provided_. __________ . ____________________ - ____ - _______ .... _ _ 

13, 800 

10, 000 
Lands on Mack Jl~lat, no present provision for water service____________ 9, 000 
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RFFECT OJ' THE PROPOSED TRANSMOUNTAIN DIVERSION ON FUTURE 

WESTMRN SLOPE DEVELOPMENT 

~lost of the diverted water is derived fron1 the spring floods, when 
there is an excess of water over all present and future requiretnent." 
along the Colorado River in the State. To permit full use of the 
inflow to the Granby Reservoir, Ranch Creek Reservoir may be con
structed near Tabernash to store water locally surplus. The waters 
there conserved would in part be utilized to replace t.he wnters with
held at Granby Dan1, but the greater part of the conserved water 
\\'otlld be used to augment irri~ation supplies down to Hot Sulphur 
Springs and to maintnin a satiSfactory stream flow in this locality 
for recreational purposes. ~· 

\Vith the region above Hot Sulphur Springs taken care of by the 
Runch Creek Reservoir, the critical points along the Colorado River, 
from the standpoint of prese!lt and future use of wa.ter, are at Glen
wood Springs, where the Shoshone power plant of the Public Service 
(~o. uses present strean1-flows up to 1,250 second-feet, and near Pali
~.ndcs at the .head of the Gran4 yall~y, where the Gover1uncnt h!gh
hne canal dtverts water for ungat1on and po\\rer purposes. The 
present irriguted area along the Colorado River between Palisades 
nnd the Colorado-Utah Stute line is 70,600 acres. 

The additional arable aren in this region, not now irrigated, is as 
follows: --

Acru 

Total .... ------··---- .. --------------------------------------- 32, 800 
Maximum irrigation demand- 1t the head of the Grand Valley for 

the present irrigated area and for the additional area of 23,800 acres 
for ·which provision has been made in the constructed canals, is esti
Inntcd as 1, 700 second-feet, and tllis amount is being demanded in the 
pending adjudication proceeding. 

WHh maximum irrigation demands there is a full water supply for 
the (Jrchard Mesa putnping plant and for the Grand Valley power 
plant. In the nonurigation season the controlling requirement is 
for power with a total demand of 800 second-feet for power and for 
domestic needs under the higher canals. With the new area of 9,000 
ncres developed, the future demands are then estimated as 1,800 
second-feet in the months of May to August, inclusive, tapering off 
uniforn1ly to 806 second-feet on Aprill and on November 30. 

In determination of the effect of the Colorado-Big Thompson 
transmountain diversion on the western slope, the pMt stream flows 
at Glenwood Springs and at the head of the Grand Valley were first 
depleted to show the resulting stream flows with the following develop
menta: 

(a) Full irrigation development of 276,000 acres of irrigated and 
arable lands along the Colorado River and tributaries above Palisades 
(the present irrigated area is 186,000 acres). 

(b) Full development- of Moffat Tunnel diversion from Fraser 
River and tributaries, Jones Pass diversion from Williams River, 
and Independence Pass diversion from the Roaring Fork, including 
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replaccn1eut storage so that these project,s may divert all flows 
intcrceptible. · 

From the reconstructed flows, thus con1putcd, there \vas subtracted 
the water ..estimated to be \vithht:'ln nt. t.he (irnnby ]{cscrvoir site. 
The reductions in stream flow at (}lenwood Springs nnd at f,he head 
of the (irand Y alley, during those periods of <~nch yettr ·when the 
resulting streom flows would bo less thun the future denwnds n hove 
described, then represents the effect of the project on the ·western 
slope if no rcplaceincnt stornge wore provided. These cotnfutntions 
were 1nade for the yenrs 1 U26 to 1936, inclusiYe, at Glen woo< Sprinbl'S, 
and for the entirn period of record, 1902 to 1036, inrlusiYe, at the head 
of the ({rand Vnlley, \\Tith the following results: 

Y-.r 

Shortages at Glenwood Sprtnp Shortnges at ht'IH1 of Orand Valley - (Mre-Ceet) (ncn~!eet) 

F.nd ot Nov. 1 to I nood flood Defore flood:.\ fter floo1l 
season, sen.son or Total season season Total 

Oct. following in sprJng • to Oct. 31 
311 year J 

-
6,000 39,000 45,000 1002---·-------------.--.--.-. ~·) ------------

Jg()3 _______ -. -·- ••••• ---- •• - ••• ~!~ f) ...... ~--- ........ -.. 3,000 12, IXIO 15,000 
(C) (•) 1 VOf. ------ - - -- •• - • - - •• - - • - •••• ?\one 2,000 2,000 
(1) ----·----·-· 

~~----·------ ................ None H,OOO 14,000 
(I) r> -"'" -----·----

190ft •••••••• ~.·----·-- •• ------ •) ..................... None Ncme None 
HKl7 ••••••••••••••••• _ ••••••••• (1) l':one None None r) C) -··--------· 1908 ••••••••. -- .•••••.••• -.-- •• None li, (I()() 6,000 .. ------··--· C) 1909 ••••••••••••• ····-- ---- •• -· (t) None None None ·------------
1910 ••••••••••••• -· --····-· ---- (C) t .................. l':ono 12,000 12,000 
1~11. •••••••••.•...••.••••••.•• (•) (:~ ... .................... None 1,000 1,000 
1~12 ••••••••••••• -----······· •• (C) Nono None None -*----------C) lQ13 ..•••••••..•• -. -······--·-· (') _, ................ None 7,000 7 000 
1e1f •.••••••••...•.•.•••••••••• t C) (f) None None None ·-··-·-··--· .._ ...... _ .... _____ 1e1ll .•••••••••••••.•.•..•••••.• (') (') None 9, IXIO 9,000 
181ft •••••••••••..••• - ••••••••• (C) None None None .. ... ---------· 1917 .•••••••..••...•••••••••••• .. ................ None None None ~:~ 
1918 •••••••••••• ··--·- ••••• - .•• 1) None l,(}(X) 1,000 --·---------__ .. _________ 
l9Ut ••••..•••.•••.•••••....... c No no 7,000 7,000 
Iea:). •••••••••••••••••••.•••••• • m ....................... 2, 000 None 2000 
1921. ••••• - ••• - •• - •• - ---- •••••• • None None None --------·----1922 .••••••.•••••••••••••••••.• • ............... ___ .... None Nono None 
1923 .••••••••••••••••••••••••.• • .. ................ - None None None 
19:14-•••• - ••••• - ••••••• - ••• - - •• • !l! .................. None "000 4,000 
1825 .•••••••••••• ---.-.- ••• ---. •) (C) None None None 

18, ()()() 10, ()()() ·····a?;ixJil-192e •••• - •• -----•••• - •••• -.---. None 2000 2 000 
1~27 •.• -••••••.. - .• -•• - •• - •••• - 7, {)()() 32,000 39,000 None None 1'!one 
1928 ............................ 10. om 18,000 28, ()()(} Nouo None None 
1929 ••••• ·-- •• ------ •• ---.- •••• None 20,000 20,000 None None None 
1930 ............................ 12.000 14,000 26, ()()() None r\one None 
1931 ••••••••• ........ - •••••• -.-. :i7,000 16,()()() 63,000 1,000 27, ()()() 28,000 
1932 •••••••• - ....... - •• - •••••• -- 14,000 24,000 38,000 Nono :~. IXlO 3,000 
1~-------. -· .................. ZJ, (K)() 21, ()()() 44,000 6,000 Ir1,000 20,000 
1934 •••••••• ····-. --- •••••••••• 31,()()() 17,000 48,000 Nouo :b\,000 28,000 
~~- ............... -- .. -------. ~1,000 16,000 35,000 2,000 11,000 13,000 

·-· 
J Encroachment on lrrigtltlon suppllee. 
I Encroaclunont on winter power waters. 
• These shortages occur In )'l.'ars of late run-otf \Vhen Irrigation requirement! rbe fnater than stream fiow. 

Wtnter ftows are alwaya adequate Nov. 1 to Apr. 1. 
• .No' oomputed. 

DIVERSION PLAN AND STRUCTURES 

REPLACEMENT 

fn orde-r to protect the water users in the Colorndo River 13asin 
a~ainst, nny depletion of their wn tcr supply by diversions through the 
Contuu~nt.al D1vide tunnel to nortlH'ustcril C~o]orado, a storage reser .. 
voir is plunned on the Blue River about 16 n1ilcs southeast of Kremm. 
ling, Colo. This reservoir is to be known as the Green Mountain. 
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The dam site is located in theE" of sec. 15, T. 2 S., R. 80 W., sixth 

principal meridian, near the head of a box canyon, between Green and 
Little Green Mountains, caused by the river cutting_ through a por
phyry sill. The foundation bedrock c_qnsists of sedimentary rocks, 
either Dakota sandstone .or Morrison shales, and the intrusive por-
phyry.. . . 1 . . . f d d h The Irrigation out et capacity Is 1 000 cubic eet per secon , an 1 t e 
power outlet capacity is 1,500 cubtc feet per second. The spillway 
cap_acity is 25,000 cubic feet per second. 

The reservoir will flood 2,100 acres of land and will have a capacity 
of 152,000 acre-feet. 

From the water-supply studies it was found, assuming that fUll 
development had taken place in the Colorado River Basin and that the 
Big Thompson project had been in operation the last 35 years, that in 
the year 19~1, the lowest year of dep~ndable run-off record, the 
Colorado Bnsm users above Glenwood Spnngs would have been shorted 
37,000 acre-feet for irrigation use and the Public Service Co. would 
have been shorted 16,000 acre-feet at their power plant at Shoshone 
during t.he nonirrigation season, or a total shorta~e of 53,000 acre-feet. 
Accordinglv, 50,000 acre-feet of Green Mountam storage have been 
allocnted tO replucement purposes for which the water users in north
eastern Colorado will pay $1,500,000. The remaining 100,000 acre-feet 
are allocated to power and will be paid for out of power revenues. 

Since the average shortage for both power and irrigation for the 
last 10 years, the lowest 10 years of run-off record is 36,000 acre-feet. 
'l'here \Vould be t.he 16,000 acre-feet difference, and a portion of the 
100,000 acre-feet let out for power that could be used by the Colorado 
Basin users to supply shortages that might occur in their irrigation 
use in years of extreme low run-off, these shortages not being caused 
by the transmountain diversion. 

The total estimated cost of the dam and reservoir is $3,776,032, 
$2,276,032 of which will be paid for from power revenues.\ 

GRANBY RESERVOIR AND STORAGE 

The storage of Colorado River waters for the project is to be made 
in \vhat is known as Granby Reservoir which is located in -Tps. 2 and 
3 N., Rs. 75 and 76 '\V., sixth principal meridian, in Grand County, 
Colorado. The reservoir basm occupies the valleys of Stillwater 
Creek, the south fork or Arapaho Creek, and the main Colorado River. 

Tho. dnmsite is located about 4 miles northeast of the town of 
Granby, Colo., in the NE~ of sec. 11, T. 2 N., R. 76 W., in Grand 
County, Colo. It is located at the head of a. short canyon which the 
river has cut through pre-Cambrian rocks forming a spur of the main 
Rocky ~~fountain n1ass. At. the damsite the cany-on at river-bottom 
level is 200 feet wide, while at elevation 8,275 it Is 720 feet in width. 

The darn is to be a combination earth and rockfill structure with a 
maximum height of 223 feet. The outlet capacity is 300 cubio feet 
per second and the spillws.y capacity is 12,000 cubic feet per second. 

With the high-water line at elevation 8,275 feet the reservoir has a 
caE_acity of 482,860 o.cre·feet, and will flood an area of 6,943 acres. 

This reservoir will not only intercept the flow of the Colorado at 
that point, but the flow of Willow Creek will be intercepted near 
Dexter, Colo., and brought into the reservoir through a canal of 1,000 
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cubic fret per second rapacity. '\\'illow· Creek enters the Colorado· 
about 2 tnilos below Grnnby Dam. 

It is estimated that Willow Creek will supfly a.n average of about 
60,000 ncre-feet. per yenr, and that the tota estimated cost of this 
diversion is $733,20:J. 

The storage in (Jrnnby Reservoir ~·ill also be augmented by the 
flow of ~Ieadow nnd Strnwhcrry Creeks, tributaries of Frnser River 
which enters the Colorado ubout, 5 n1iles belo\\' the dam. The canal 
intercept.ing these two creeks will ha.ve a capacity of 500 cubic feet 
per second, and it iH estin1uterl they will produce an _average of 12,000 
acre-feet a year. 1'he tot.ul est.irnntrd cost of this diversion is $133,000. 

If water supply records kept, in the future Hhow there is sufficient 
wn.ter supply left in the Frnser lUver below the City of Denver's 
diversion, a cannl could be tukrn out of it just below the mouth of 
St. Louis Creek nenr the town of Frnser, Colo., and extend fron1 there 
to Grunby Reservoir, intercepting Hanch, Men dow, nnd Strnwberry 
Creeks on t.he wny. A sn1all reguln ting reservoir should be built on 
Ranch Cret~k abovt~ where the Cann.l intercepts it. 

NORTH FORK DIV J<~HSION DAM AND SHADOW MOUNTAIN LAKE 

In order to divert. the wat.er of the North Fork of the Colorado 
into Grund Lake and thence to the channel extending from it to the 
west portal of the Continental Div.;.cle tunnel, it is pln.nned to construct 
a concrete overflow dnrn 35 feet in height, above stretuned, across the 
North Fork about- one-half n1ile Lelow its junction with the Grand 
Lnke outlet. __ 

The dan1 site pro/>er is located in the N\VX of sec. 19, T. 3 N ., 
R. 75 \V., und is n g adal n1oru.in cut through by the river. 

The water· bnck(~d · u/> by t.his dan1 will form a lake called Shado'v 
Mountain, the nurne o a nenrby Inountain, which will have a surface 
a.rea of 1,356 acres. Tho <'levn tion of this lake will be the same as 
Grand Lake and connected with it by n1eans of the present outlet. 

NORTH JI'OUK DIVloJHSION DAM 

The dam proper is a concreto grnvi ty overflow spillway section, 90 
feet long, with crest elevation at 8~370. This spillway is designed for 
Jnaxirnuru dischurge of 1,800 cuhie- feet per second. On each side of 
the overflow section is a concrete gruvity section eontaining three auto
matic siphon spill\\·uys on euch side. 'l'he totul spillway capacity is 
9,400 cubic fe(~t per second. 

The total estimated cost is $483,928. 

GHANBY PUMPING PLANT 

As stated before, the water surface elevntion of Granby Reservoir 
is 8,275 and the \\·ntcr surface of Shadow Mountain and Grand Lakes 
is 8,369. In order to get the water stored in Granby Reservoir into · 
Shadow ~fountain Lnke and available for delivery through the Con
tinental Divide tunnel, a pun1ping plant is located on the north shore 
of Granby Reservoir about one-half mile above the junction of the 
South Fork with the Colorado. A _granite spur juts out into the res
ervoir site at that point making it 1deal for the mtake tunnels and a 
abaft for the pump. 
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The proposed pumping plRnt will contain three n1otor-drivcn ver
tical-shaft pumping units having a total capacity of 900 eubic feet 
per second with full reservoir and 550 cubic second-feet at low ws.ter. 
J\t normal water surface the capacity will be 870 cubic feet per second. 

Each pump will be driven by a 6,500-horsepower synchronous 
motor. 

Power will be delivered to the plant from a 69,000-volt transmission 
line extending from po,ver plant no. 1 just below Estes Park, around 
the Rocky Mountain N at1onal Park and crossing the Continental 
Divide at Buchanan Pass about 5 mifes south of the park boundary. 

The water from the pumps empties into a canal of 900 cubic second
feet capacity and runs by gravity into Shadow Mountain Lake. It is 
planned to operate this canal all winter when temperatures get as low 
as 40° below zero. The latent heat in the water and the friction heat 
absorbed from the pumps will prevent this water. from freezing and 
will keep quite an area open after the water reaches Shadow Moun
tain Lake. 

The total estimated cost of the pumping plant is $1,250,000. 
The total estimated cost of the pump canal is $417,553. 

CONTINENTAL DIVIDE TUNNEL 

The west tunnel portal is connected with Orand Lake by means of a 
channel constructed 67.5 feet in width and 15 feet in depth. At the 
lake end of this channel a permanent concrete barrier or weir will be 
placed with a crest elevation at 8,368 which would be the minimum 
elevation to which the water in Grand Lake could be drawn. Since 
the barrier is so constructed that it requires the water to be 1 foot in 
depth over it to supply the normal capacity of the tunnel, the normal 
elevation of Grand and Shadow Mountain Lakes would be 8,3t'9 feet. 

The present maximum fluctu1.tion of Grand Lake is about 4 feet, 
or from an elevation of 8,368 in winter to 8,372 feet during the peak 
run-off from melting snow. The automatic control gates at the 
North Fork Diversion Dam and at tunnel inlet will so control the 
elevation of the water surface in Grand Lake that it would never 
fluctuate more than 1 foot. 

The Continental Divide tunnel exte.nds from the easterly end of 
Orand Lake to Wind River, southwest of Estes Park, with an azimuth 

-of 242° 20' 30", and length of 69,023 feet; It is to be horseshoe shape 
9.5 feet in diameter and lined throughout with a 9-inch concrete lining. 

It will be located entirely in pre-Cambrian rock consisting·of the 
Longs Peak and related granites· and the gneisses and schists of the 
Idaho Springs formation. The granites are strong massive rocks. 
Gneisses predominate over schists and only a small proportion have 
prominent and continuous cleavage planes. The proportion of granite 
to ~neiss and schist is approximately 4 to 1. 

From a detailed geological survey of the tunnel and comparing it 
with conditions actually encountered in the :rvloffat Railroad tunnel, 
which was built under the Continental Divide for the Denver & Salt 
Lake Railroad, and about 25 n1iles due south of this one, it was esti
mated there would be only 400 feet of bnd ground and 5,200 feet of 
ground needing support. However, for purposes of estimate, it- was 
figured there 'vould be 6,900 feet of bad ground and 17,500 feet of 
ground needing support. 

The total estimated cost. is $7 ,2.71,371. -· 
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POWEH CONDUIT NO. 1 

Pow~r conduit no. 1 extends front the cast portal of the Contin
ental J)h·ide tunnel in 'Vind Hiver to the penstoek of power plant 
no. I on tho nort lwnst. slope of Prospect ~:Iountain. . 

Both ends of the Cont.inentnll)ividc tunnel nrc l'tithout the national
park houndnri<'s hut the nrNl nnst of tho east_ portal is authorized by 
Congress to be tnlHm int throug-h t.hat t\rea. The 'vnter \viii be taken 
through a dos('d coJHltut, eonsisting of a 10-foot reinforced concrete 
pipe eon1pletely buried. The tot.ul length of power conduit is 5.36 
nnles, of "·hieh 1 .86 tnilcs is dosed eonduit, 1.1 H miles is concrete 
lined tunnel, o.ns tnilH is siphon, nnd the rflmainder is open canal. 

Tho totn.] csthuntcd cost of power conduit no. 1 is $1,101,000. 

POWER PI.~.\NT NO. 1 

Power plant no. 1 will be lo~ated on the soitth bank of the Big 
'l'honq>son River about one-hnJf 1niJe enst of Estes Park. It will con
tnin two 15,000 kilovolt-nrnpnre genPrnt.ing units "rith auxiliaries. 
Eueh unit. will eonsist. of n vPrtieal-shn.ft,, single-runner, spiral-casing 
t.ypo hvdrnulie turbinE~ operating- under an effcetive bend of 705 feet 
dinwt ~·.~nneet.ed t.o a 15,000 kilovolt-arnpcrc water-\vhecl type gencr
ntor. A cornp]eto d(lsc·ription with l~ost cstin1ate will be found in 
Power nnd Ptnnpin~~ ~tlnlmnJ)'. 

llnti] thero hns developed a suffieirnt tnnrket for power to justify the 
const.nJCt.ion of power plnnts nos. 2 nnd 3, the wnter will be turned into 
tlw Bi~ 'l'hon1pson nt. power plnnt no. 1 nnd r.nrried by that strentn to a 
diversaon darn lo(~ntod in SJ•;}4 srr.. 1, 'J'. 5 N.,ll. 71 \V., about n1idwny 
bnt.weon the J>resent diversion dnrn and power plant for the town of 
LoveJnnd, Co o. 

POWY.~R CANAL NO. 4 

Fron1 this diversion dnn1 tho water will be carried in a canal of 750 
cubie sneond-foot enpneity on Uw south side of the strenrn a distance of 
4.03 tniJns ton point. just nbove the rnouth of tho Big Thotnpson Can
von. At this point u. portion of the water will drop direct into the 
l~ig ThonlJHH>Il Hiver to supply tho supplernentnl water demands of 
t.hnt stretun nnd n port.ion wdl be siphoned ncross to elevation 5 450 1
to Rupply tht' cnnnl going to the Poudro IUver, which will bo described 
Iuter. i 1owor plnnts nos. 4 and 4-A will he constructed at this point 
to tnke advant.nge of a full of !)50 feet into the 'l'hornpson and 358 feet 
to the Poudrc CunuL when t.lw power Inarket justifies. 

CAH1'gH LAKE SUPPLY CANAL 

About. 3.07 Inilos hPiow the diversion dnm mentioned above, a cnnal 
of 300 eubic feot per sflcond tnkos off toward the south and supplies 
Carter Lake. 

'I' his cunni is 8. 78 tn ilos in length, of w bich 7,040 feet is tunnel! ,878 
feet siphon, und the r·l'nudndor is open canol 

The <~tinu1ted cost of this supply cnnal is $710,629. 

CAH'I'~.~H LAKE RESF;UVOIR 

T~·i~ site is locnt~d in 'fA. 4 nt!d ~ N., R. 70 Vv., of sixt.h principal 
JdHrHhnn, ubout 1 nu)c nor-th nnd 1 n11les west of Berthoud, Colo. -

Tlw rm;en'oir wil.l <><~eupy a vnlley about 2~ n1ilcs Ion~ and from 
oue·half to l mtlc w1de. 'fhc nortlu~n1 portion of the area 1s a natural 
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basin called Carter Lnko. This lake dried up during the last 5 
drought yenrs, for thr. first t.itne within the Inon1ory of the white settlers. 

Tho proposed n1uxjnllllll wnter surfnce in the reservoir is nt elevation 
5, 760 with a capn.eity of Ill ,963 acrc-fPct. 'I'ho nrea of high water line 
is 1,150 acres. }i,or t.his \Vater surfucc three du.tns will be required. 
Darn no. 1 is locn.ted nt tho nnturnl outlet of the vnlley and will con
tn_in the outlet works for tho reservoir; the other t\vo dntns will occupy 
snddles. 'I'hcse dtuns nre enrth and rock fill; the n1ain datn is 243 feet 
high, and the saddles 43 n.nd 48, rcspcct.ively. 

The capttcity of the outlet to St. Vrnin supply canal is 300 cubic 
feet per second, the ou t.lot to the Big 'fhompson has a. capacity of 
1,000 cubic f<~et per seeond. 

The total estinw.ted cost of tho reservoir is $1,822,202. 

ST. VRAIN FEJ<jDER CANAL 

A canal of 300 cubic feet per second cnpncity will extend from the 
sma.ll outlet of Carter Ln.ko to the St. Vrn.in, reaching the St. Vrain 
high enough to supply all ditehes. 

The length of t.his eanal is 9.76 zniles with ~~,445 feet in tunnel, 1,575 
feet of siphons, n.nd t.he rr.rnninder open cnnnl. 

The estimated cost of the St. Vrain feeder is $368,951. 

BIG THOMPSON FEEDER 

About one-half mile below Carter Lake Dam a canal will be taken 
out of the draw leading from tho dan1, and will run into Cottonwood 
Creek, a tributary of the Big Thon1pson. This canal will have a 
capacity of 1,000 cubic feet per second and be 5.37 n1iles in length. 

The cost is estimated at $155,246. 

HORSETOOTH SUPPLY CANAL 

This canal starts at the end of a siphon across the Big Thompson 
frozn power conduit no. 4. This water will pass through power 
plnnt no. 4-A when constructed. The canal starts at elevation 5,450 
with a capacity of 250 cubic feet per second. The structures, how
ever, are designed for a capacity of 400 cubic feet per second on the 
theory that some time in the future it might be necessary to increase 
the capncity of the canal to that amount. The length of this canal 
is 9.88 miles, of which 12,863 feet is tunnel, 3,296 feet is siphons, and 
the remainder open canaL .. 

The elevation of 5,450 was chosen because it not only puts the 
water above all present diversions on the Poudre River, but it afforded 
the n1ost direct and economical route. 

1'he esthnated cost of this feeder is $1,208,391. 

BORBETOOTH RESERVOIR 

The pr'oposed Horsetooth Reservoir will occupy a valley 6 miles 
lonjg and from one-quarter to three-q uartcrs n1iles wide, extending in 
a north-south direction, formed by t.hc erosion of soft rod beds of 
Lykens formation between harder ridges of Lyons on the west and 
Dakota sandstone on the east. There nrc three natural outlets to 
the east through the Dakota hogback, namely, Soldier, Dixou, and 
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Spring Cnnyon~ which arc the sites of three proposed da1ns of the 
sun1e na1nes. ·rhu fourth proposed dtun, llorsetooth, will cross the 
valley at the north end on a low saddle scpuruti~_g the valley from 
drninn.ge to the north into the Poudre River. The outlet will be 
through theJ 1-forsctooth Dan1 saddle. There are no outlets through 
the other dnms. 'l'hc proposed water surface is at 5,400 feet in eleva
tion which gives a cupae1ty of 96,756 acre-feet. The area flooded 
will be 1,51 a acrc.~s. The outlet cu.pnci ~y was designed for 1,200 
cubic feet per second with r(lservoir full. This lar~e capacity is 
necessary as the irrigation use requires that tho entire amount of 
~upplcincntal water be delivered at a rate that would supply it in 
60 dnys. 

The advantages of a rcscrvoi'r nt this point are: It is high enou1h 
to supply nil users from the nutin Cnehe Ln ~>oudre J{iver and is 
locatcJ eloHn to it. It tnkes the plnce of 6 miles of cannl through 
rough eountry und allows u cannl of 250 cubic second-feet to be 
construe ted fro In the Big 1'hon1pson instead of one for 1,000 cubic 
feet per second. 

The estitnated cost of the reservoir is $3,625,021. 

POUDRE FEEDER CANAL 

From t.he out.let of IIorsetooth Reservoir a canal of 1,000 cubic 
Accond-feet. capacity "'ill extend north to Lewstone Creek, a tributary 
of the Poudrc. The wnter will run down this creek to the Poudre 
abovo all the diversions exeept the Poudre Valley. 

POUDHE VALLEY FEJ<~DJ<;R CANAl.~ 

A canal will extend from Lowstone Creek to the Poudre Valley 
Cnnal about 1 n1Ho bP.low its hendgate, crossing tho Poudro River in 
u. siphon. 'I'his cannl will htlvo tl. capacity of 400 euhic feet per 
second to tnke c.af() of tho supplemental demands of the Poudre 
Valley Cann.l and nlso tho detnands of the North Poudre irrigation 
district: 'I'he totul length of the two canals is 5.48 nules. 

'l'he cost of the Poudre Feeder and Poudre Valley Canals is esti-
lnutod at $632,843.46. -

NORTH POUDRE FEEDER CANAL 

It is planned to enlarge the Poudre Valley Cannl for a distance of 
3.58 tniles (rorn the point the supply canal enters to the location of 
the purnping plnnt. for the North Poudre district. 'I' his will enlarge 
t.ho ennnl frorn n enpaeit.y of 500 to 750 cubic feet per second and the 
estin1ated cost is $11,436. 

NORTH POUDHE PUMPING PLANT 

This pun1ping plant, constructed on the banks of the Poudre Valley 
Cunal, will consist of two 75 cubic second-feet capacity vertical syn
chronous n1otor driven single stuge pwups, operating against an 
effective hend of 187 feet. 

The esthnuted cost is $200,000. 



COLORADO-BIG THOMPSON PROJECT 21 
NORTH POUDRE FEEDER CANAL 

This canal of 150 cubic second-feet capaci~ty t'xtends from the 
pressure outlets of the pumping plant to the North Poudre Canal, 
a distance of 9.98 miles. 

The estimated cost is $128,889. 

ARKINS RESERVOIR 

This reservoir is located on Buckhorn Creek, a tributary of the 
Big Thompson, in Tps. 5 and 6 N. R. 70 \V., sixth principal meridian, 
and about 8 miles northwest of Loveland, Colo. The object of this 
reservoir is to provide storage for Colorado River waters brought over 
in the wintertime and to be used to supply supplemental water on the 
lo\\'er South Platte in water districts 1, 2, and 04. It will also serve 
in connection with the use of the 16,000 acre-feet of floodwater now 
nva.ilable on the_ Big Thompson. 

The bringing of more of the supplemental water over in the winter
time aids materially in the !!_roduction of a maximum amount of 
power out of the waters of the Bit1~ompson River. For that reason 
the entire cost of the inlet to Ar · Reservoir and one-half the cost 
of the reservoir itself is assessed against power and paid for out of 
power revenues from ~:t no. 1. · 

The capacity of Ar · Reservoir is 50,000 acre-feet with a high 
water line at 5,275 feet elevation and floods 929 acres of land. 

The dam site occupies a notch cut through the Dttkota sandstone 
ridge by Buckhorn creek. 

The main dam is an earth- and rock-fill structure 155 feet in height 
with an outlet capacity of 650 cubic feet· per second and a spillway of 
10,000 cubic second feet capacity. _ 

There is n. saddle dam, in addition to the main dam of earth- and 
rock-fill construction, 50 feet maximum height, built across a snddle 
at the southern extremity of the reservoir. 

The total estin1ated cost of the reservoir and dam is $1,740,737. 
The Hstimated cost of the Arkins Reservoir inlet is $351,488. . 
This inlet diverts from the Big Thompson River just below the dam 

of the Handy Canal and follows around the north side of the river a 
distance of 2.33. miles to Arkins Reservoir. 

ROCKY MOUNTAIN NATIONAL PARK 

Every effort has been: made in the survey· and design of this project 
to not disturb the natural beauties of the Rocky Mountain National 
Park and its surrounding areas. The Continental Divide twwel was 
lengthened 1.6 miles in order that its extremities should fall outside 
tho boundaries of the park. The conduit leading from the east portal 
of the tunnel to power plant no. 1 is to be buried and the surface 
Ju.ndscaped through the area authorized by Congress to be added to 
the park. The waste from the east portal of the tunnel placed in this 
nrou is to be terraced and planted with evergreen trees. The waste 
fron1 the west portal is to be used to fill up some low areas and render 
the area suitable for the building of summer homes. 

'fhe approach to the Western Gateway of the Rocky ~fountain 
N ationaJ Park will be along the shores of Shadow Mountain Lake with 
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it" fluctun t ion of only 1 foot. instotul of the __ swtunpy nrrn thu t now 
breods n1o~quitong nnd exposes tntu.l flnts in low water. 

The bill uuthori1dug the creution of tho Hocky .:\fountnin Nntionnl 
Park reserved the rig-ht for t.he Burr.uu of HedHinnt.ion to sHn,;ey uud 
construet un in·igution project within tho boundaries of the purk. 

OPERATION OF THE SYSTEM 

IRIUGATION PROJECT OPJ<;H.ATIONS 

The sy!o\tern is plunncd and it h~ anticipated that it will hr. opcrntc(l 
in a Inanner to huve the water nvuilnblo in Curter Lnkc, lforsct.ooth 
and Arkins l{cservoirs availnblo hy July 1, to t.ho full enpaeity of 
those reservoirs, 256,000 acre-feet. The usual dmnnnd for supple
nlcntal wntcr hegins July 1 to 15 nnd extends to Scptc1nber 15 to 30. 
'I'he outlets of the reservoirs are plnnned to deliver the wuter fro1n 
the reservoirs in 00 to 75 dnys, including the wutor that nu1st pass 
through thern for direct deliver~ that n1ny be in the way of being 
trnnsferred fro1n the Colorado l{n·or Basin to the eastern slope during 
t.lw period of irrigntion a.pplication. The bnlnnce of the 310,000 
uere-feet, or 54-000 acre-feet, will be available for direct irrigation 
uso us hrou~ht over during the above period or to son1e extent Inay be 
J't'q u in'd prior to tl ulv 1. 

'I'ho run-off of the .. waters of the Colorado River here· contemplnted 
to hn used willlnrg<'l.V he secured from the melting sno,vs during ~~ ny, 
,hlne, and early July nnd stored in the Granby 1\cservoir. l)uring 
the fnll of t.hnt ·ycnr, winter nnd spring of the follo\ving your, the \vnt.cr 
will be t.rnnsferred froJn the Granby H.cservoir through the Continontnl 
lJivide tuntwl nt a uniforrn rate and restored in the Curter Lake, 
lforsctooth, nnd Arkins HesnrvoirB. This ·will permit a flo\v that is 
well suited to the dnvelopJn<'nt of finn power through the five po\ver 
plunts thut will event.unlly be const.ruct.cu along the Big Thompson 
n~ shown on the n1np of the gmw.rul layout. 

Grun hy Hescrvoir will net us a hold-over reservoir to carry the 
wuter frotn yeu.rs of excessive run-off to years of subnonnal flow. 

POWER PHOJECT OPERATION 

'Vater will be cnrried through tho Continental Divide tunnel at 8 
unifonn flow for the generation of po\ver at the several po\\ror plants, 
t'Xeept thu.t the qunntity will be reduced during the sun1n1er season 
when son1e wnter fro1n the Big 'l'hon1pson is avuilablo for power 
plll'poscs in po\\'er plnnts nos. 2, 3, 4, and 4-A. At this period there 
w.ll .be little or no de1nnnd for power for pun1ping at the Granby 
purnping plunt, ·which \Vill pern1it the cutting do\vn of the quantity of 
wutbr to tuke cure of the coinmerciul power lon.d. 

It is plunned to construct the Granby pun1ping plant and tho 
Grnuby JHllll\> euunl 150 percent of the cnpncity of tho Contincntnl 
l)ivide tunnc . 'l'his will pennit the operation of the pumping pluut 
nt full cupneity wit.h off-pcnk power, and rcdueo the n.n1ount of 
punt ping with flrtn power. 'I' he varying dischurgo of the putnp diteh 
duru1g the 24-hour period will be equalized by the Shadow ~1ountnin 
und Grand Lukes, so that 8 uniform discharge \vill be n1uintuined 
through the Con tin en tal Divide tunnel. The range in height of 
\\'ater surfu.,~e in Shadow Mountain and Grand Lake to eq.ualize this 
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flow will not <'Xrced t\vo-tonths of a foot, nnd \\rill be greatest in tho 
\\·inter n.nd <'nrly spring months. 

1'hcre is nn nYeruge of 1 G,OOO ucre·feet of surplus wnter on the Big 
T'hompson nvnilnhle for storage in the systen1 mainly in ~[a.y and 
,June. In order to t.uke this \VU tcr into the reservoirs it ·will be neces
sury to reserve capacity in the thrc<~ reservoirs on the enstern slope 
nnt.il to,vnrd the btt.ter part of June. The sno·wfall, the n1ain source 
of this \va ter supply, \vill be known well in advance so that operntions 
of the severn I purts of tho systrn1, including the production of power 
at the severn! po~¥er plants, can bo adjusted to tnke care of this water 
und hold buck an equal amount in Grnnby Reservoir. 

TENTATIVE PROJECT -FINANCIAL SET-UPS 

This proposed development consist~ of two projects: first, the irriga
tion project, nnd second, the power project. 

It. is plnnned that those fea.tures of the development that are used 
1nninly for irrigation nre grouped under the irrigation project set-up, 
while t.hoso used entirely, or nrc n1udo of a greater capacity because of 
pfnver dovelopn1ent, are groupetl in \vhole or in part in the power proj
t.let set-up. 

IRIUGATION PROJECT 

The following major features with their appurtenant structures are 
given \\'ith tho estitnn ted field costs including 10 percent for enbrineering 
nnd 15 pcreeut for contingencies. The full cnpacity of Arkins Reser
voir is necessary to develop a lnrgcr portion of finn power than would 
othonvi~H) be possible without it. At the s~une tune, a reservoir of 
hulf its capacity or additional cnpncity in Horsetooth or Cnrter Lake 
Hesorvoirs would be necossnr,r to provide capacity to deliver the irri
gation water .as needed. It Is, therefore, deoxned equitable to divide 
the cost of this reservoir equally hot ween the irrigation and power 
projeets. 

rl'ho Green 1viountain Reservoir, with a capacity of 152,000 acre .. 
f~ot, is larger than is nceessary to fu·rnish replacement for a like amount 
of \vntor diverted by t.he project above Granby Dam at a tune when 
it woul(l be required for irrigution, present and future, and to furnish 
the Shoshone power plnnt 1,250 second-feet or such lesser dmount 
thn t t.hey would be entitled to receive if the proposed project was not 
operatin~. Frorn studies tnnde, it appears that 50,000 acre-feet will 
bo suflictent to rcplnce all the wu.ter that the proposed project will 
take at a tin1e when required for use lower down in the stream within 
tho St.ate. 'l'hercfore 52,000 acre-feet of the Green 1v1ountain l\eser
voir cn.pncity is allocated for replncetnent (including evaporation losses) 
nnd ehurged to the irrigation project. 'l'he balance of the capacity or 
100,000 acre-feet is allocate~ to tho power project and is to be paid for 
out of power revenues. 

'I'Iw following is a summnry of the irrigation project costs: 

Estimated cost chargeflble to irrigation jeatur~ 

\Yillow Creek feeder canaL~ ________________ ------·-_----_---·-
Gran by Reservoir ___________ .. _______________________________ _ 
nranby pumping plant _______________________________________ _ 
Grn.nby pump canaL _____________________ - ______ .. ____________ • 
X orth Fork diver~ion rlntn _______________________________ .. - ___ _ 
Continental Divide tunucl ___ -- __ .. __ ----- ----- _ --- _______ -·----

$733,203 
2,813,703 
1, 250,000 

417, 553 
483,928 

7, 271, 371 
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Estima It'd c'Oift dt a rt/('fl IJ/c to irrlya t ion I f'O I 11 rt'---Cou tIn \lf>d 

Carter Lake HU J>l)ly cnunL ____________________________________ _ $710, 629 llorsetooth Rupply cnuaL ________________ .. _ .. _________________ • _ 1, 208,391 
St. Vrf\in (N•dnr canal_--~-------------------------··----------- 368,951 
Big Thompson fct!drr <!anaL ______________________________ .. __ .... 155, 246 
Poudrc feeder canal. ______ - ____ .. _________ . _________________ .. _ .. 632,843 
Poudre Valley fct'dcr canal. ...... -------------------------------- 11' 436 
1'\orth J>oudre feeder cnual.----------------------------------- 12S, 889 
North Poudre JHimping plant __ -------------------------------- 200,000 
}I orsetooth RcRf'rvoir ___________________________________ .. ____ _ 3,625,021 Ark ins Itescrvoir ___ - _______ - __ -· __ .. __________________________ _ 1, 859, 323 
Carter Lake lteservoir ____ - .. __________________________ .. ______ _ 1, 925, 253 
Green l\1ountain Reservoir (52,000 acrc-fP<'t replnecment.) (100,000 

acre-feet for power) __________ . _. ___ .. _ _ _ _ _ _ _ _ _ ____________ _ 3,776,032 
Improvement of Colorn<L.l H.iver uhove Kremmlin~ to uut.intain fif'h

ing and to adjust u·.•! prrs£'nt irrigatioJI sysh•ru to the altered conditionR ___ • _________ ~ __________________________________ _ 300,000 

Lees the following items wntativcly chnrtz;cahle to power: 27, 871, 772 
One-hnlf cost of Ark ins H.t•sPrvoir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $H2H, 661 
Portion of cost of Green :Mouutuin Hescrvoir for 

100,000 acre-feet •• ----------------------·---- 2, 276,032 

--·-3, 205, 693 

Cost of irrigation features ___ ·---------------------------------Say _________________________________________________________ 24, oG6, 079 24,800,000 

REPAYMENT 

Twent.y-four million eight hundred thousnnd dollars upon 310,000 
aern-feet nt $80 per acre-foot. 

'l'wo dollnrs per acre-foot on 40-ycar repayinent basis. 
In t.lw nbove repayment is predicntcd upon the contracts to bo 

made upon a basis of 310,000 nere-feet.. Beside the 320,000 acre-feet 
availabln from the Colorndo Hivcr tlrninnge there is an average of 
16,000 aere-foet availnblo for storage on the Big Thompson, making 
336,000 nero-feet in all, leaving 26,000 aerc-feet for losses on the 
eastern t;lope nnd for the uncertain, heretofore mentioned in operations 
on the western slope. · 

The power costs are shown under the heading "Power and pun1ping 
systmn." 
· Tho construction of power plant no. 1 as shown in the power set-up 

is a necessary developtnent in order to secure power for pun1ping 
purposes at the Grnnby pun1ping plant. 

POWER AND PUMPING SYSTEMS 

The ultimate power and pumping system is proposed to consist 
of the major ptunping plnnt at Granby, power plant no. 1 near the 
t.own of Estes Park power plant no. 2 near Drake post office, power 
pln.nt no. 3 at Ce(In.r Cove, power plants nos. 4 and 4-A ncar the 
ruouth of the Big 'l'ho1npson Canyon, and power plant no. 5 at the 
Green ~Iountuin Reservoir. If conditions justify, there n1ay also 
be a purnping plant on the Poudre River ncar the point where the 
propo~ed PouJre supply canul crosses the river. Power plant no. 5, 
Granby pumping plant, and power plant no. 1, would be intercon
nected by a s1nglc circuit 69,000-volt transmission line. Power p-ants 
nos. 1 to 4 Af inclusive, would be interconnected by two 115,0QO ... volt 
transmission ines and these same lines would extend to one or more 
load centers where the power could be disposed of commercially. 
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The buildings for the power. and pu·rnping plants would be of 

reinforced concrete construction of suit.abl~ size to house tho mnchin":', 
ery and provide space for such fncilitics as would be required for 
efficient and econon1ical operation. For scenic ren.sons, special cn.re· 
would be taken in ·the architectural design of the buildings to make 
them blend in with the beauties of the surrounding territory so as 
to be both as inconspicuous as possible and also as artistic as feasibln 
without undue expenditure. An artist's sketch of one of these 
buildings is included \\'ith the report. 

Following is a tabulation <~overing the essential data for each of 
the power and pumping plants: 

Power plant. 
.. 

Turhfnf· Etfectlve Power avafl· Sf7.e of <>ach Installed Plant dee1JI18t10D rapal'ity In Number head in ablo In horse· unit In horse- powt>r In cubie feet of units reet power power kilowatt11 per second 

- --
3(), (lOO No. 1-··--·--·--·----- 704 650 38,800 2 20,000 

No.2 ............. ------ 1,195 650 6S,800 2 34,000 60,000 
No. 3. --····· ............ 328 6.'10 18,000 2 9,lKlO 13, tiOO 
No.4 ..................... MO 400 22,000 1 22,000 16, {X)l) 

No. 4-.A ................. 381 2.'i0 Q,il()() 1 9,500 7,000 
225 1,WO 33,800 2 17,000 2fl, 000 No.6---······--·-···-

Total Installed 
power In k.Uo- _________ .. ____ watts •••• _____ _______ ............ .................. ··---------- --···- 142, 5()1) .............. 

--

Pumping planta 

Pump ca- Capacity of Rating of Power re-Plant aesJcnatlon Head in paclty ln eaeh pump Numher each motor quirt>1lln root cubic teet fn cubic f1'('t oC pumps In horse- kilowatts )X'r second por se<.'Ond power 

Granby ................ 130 870 200 3 6,600 16, 000 
Poudre ................. 187 160 76 2 2,00> a, <X 10 

Total tnatalled 
tum pine, 

lowatts ....... 18,00 ·---···-·--- -----···----·- --------···--· ·------··-.. - ------·-··-- ..... 

.. 
POWER PLANT NO. 1 

Power plant no. 1 will be located on the south bnnk of the Big 
Thompson River about one-half mile east of the village of Estes 
Park and will contain two 15,000 kilovolt-ampere generating units 
with auxiliaries. Each unit will consist of a vertical-shaft, singl<~
runner, spiral casing type hydraulic turbine operating under an 
effective head of approximately. 705 feet and direct connected to u. 
15,000 kilovolt-ampere water-wheel type generator with direct 
connected exciter and pilot exciter. Water would he supplied to each 
turbine through a steel penstock approximately 5,000 feet long, V.ritlt 
synchronous bypasses provided so that the flow through the penstock 
can be discharged either through the turbines or the bypasses into 
tho Big Thompson River. The bypasses will be mechanically con .. 
nected to the turbine gate operating mechanism so t.hat rapid govern
ing of the units under varying load conditions can he effected without 
creating excessive water hammer. Trashracks with shut-off gates for 
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NH'h JH'tlstcwk will lw providPd in tlw for·f'hny Rtru<'ture. The hend
gn tPs will lw eon t roll('d front the power plnn t. A spillwny ·will be 
providPd to <'nrc for the flow when tho hcndgntcs nre closed and the 
prnstcwks inoperative. 'l'lH' J>lnnt will bo ec\uipped with nil ncccssnry 
nuxili;H·ips, irwluding n trnve ing crane for 1andling tho large pieces 
of Pquipnwnt.. A srnnll nuwhine shop will be provided for nutking 
nlinor repnin;. An outdoor type suhstntion \\'tth self-cooled trnns
fornH'fH will bP JH'OYid('d for si£'ppin!-{ tho voltnge up to ()9,000 for 
trnnsntission t'o tho Urnnhy pttntplng plant, nnd to 115,000 volts for 
trunHIHi~sioll to c·orntnPt'('inl nutrkets. 'l'he suhstntion structure will 
he of tho eon \'f'll t ionu I st ruetund stocl typo \vit.h high vol tuge oil 
<'ir<"uit hrrnkers, lightning nJTPstPI'!-1 nnd nceessnry nuxilinriPs. The 
<"ontrol of thu oil <"irf'uit hr('ITl\Prs will be fron1 the n1nin power plnnt~ 
switchboard. OpPrutor·s' qunr·tPr!4, n wnr·ohouse, nnd u lnrgo 1naehine 
shop for genernl project rnpnirs will he provided in the vicinity of the 
power plun t. -

PO\VEH. PJ .. A!\T NO. 2 

Po wei' pln nt .. _ no. 2 will be loented n bout ono-hnlf 1nilc nort.lnn\st of 
J)rnko, on thn south bunk of tho north fork of tho 'l'hon1pson lUvor 
just. nbovo its junction with t.lw Big 'l~hntnpson. 'l'ho plnnt \vill 
con t n.in two 2;) ,000-k ilo vol t-nillJH'l'O g-onernting units of tho hori
zon t u I shn ft typo. 'l'lu' not lH'nd will ho u pproxin1nh\ly 1,105 feet. 
Eneh unit will c·onsist. of n <loublo overhung i1npulsc \\·heel' hydrnulic 
turhino with t.lw g"<'JH'l'H tor· rnount.ed in tho center, bet wHen the t.wo 
runrwrs. A dirc•c·t <'onnPct.<\d ('Xeit.er nnd pilot excitor will be n1ounted 
ut orw Pnd. 'rut<•r will bo delivProd to tho turbines through two 
f't Pol pPil~ t ocks n hou t. 4, 150 f <wt long. F:neh pcnstoek \Viii lw pro
vided with two hrnnc~hos to tho tur·hine nor.zlcs and cnch branch \viii 
lw pro,·idPd wit.h It synehronouH bypnss nrrangcd ~o that tho flo\v 
tlu·ough tho p<'nst.(H'k enn bo dischnrgcd through e1thor tho nozzles 
of t.lw hypnsst·s to tht' ri vcr. 'l'he bypnsscs \viii be xnechunicnlly 
eonrw<~tod to tho t.urbino nor.r.lo opernting n1cchnnisn1 so t.hnt rapid 
gov<~rning enn ho <~fl'oetod under varying lond conditions without 
<'xet~ssi vo wn tor hn.rnnwr·. 'l'ho lwn.d-gn,to structure \vill be provid<~d 
with trnsh rucks nnd sliding gnh's nt tho end of the penstcwks nnd u. 
spillwuy to enro for tho flow whnn tho gnt<'s nro dosed. 'I'hn plnnt 
will hP c·otnplPto with nll neeessnry nuxilinrios for st.ntion service 
n~quirt'lll<'nts nnd with tt ernno for hnnclling tho ntnehinory. A struc
turnl sto<~l outdoor typo substation \\'ill be pl'ovi<l<'d with self-cooled 
transfornt'ers for st<'pping t.ho voltugo to 115,000 volts, nnd \\~ith 
outdoor typo oil cireui t. brenkors, lig-h t.n i ng urrcstPrs, n nd other 
IH'<'Pssn ry nu xilin riPs. 'l'ho opornt.ion of tho su bstn t ion will be handled 
fro111 tlw nw in swi teh honrd of tho pOW('I' plnnt. Qunrters for the 
{llH'l'H tors will he providPd ndjneent. to tho pcnn~r plnnt. 

POWI<~H PLANT NO. 8 

Power pln n t. no. a wi 11 he lo<'n t.Pd nhou t. one-half rnile east of the 
Lov(\Innd powr.r-diY('I"!-'ion durn on tho north hunk of t.hH Big Thomp
son Hivcr. 'l'he plnnt. will <'ontnin two 6,500 kilovolt-an1pere gen
ernt.ing uni t.s, rn.eh ('On~ist ing of n vertien I h~rd raulic turbine direct 
eonnect.cd t'o n gNwr·n tor· wit.h nw in ex<·i ter n nd pilot nxriter. The 
('ffc(•t.ive lu•nd will hP n pproxirnn tPl.Y :~2S feet. -:\\rater frotn the 
heud-gnte str1l<'t.Un' will be delivPred to the turbines through steel 
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pen stocks about 650 feet long. Each pen stock will be provided with 
a synchronous bypass arranged so that the flow through the pen stock 
can be discharged either through the turbines or the bypasses to the 
Big Thoxn{>son River, nnd to allow rapid governing of the units with .. 
out excess1ve water-hnmmer. The head-gate stntcture ·will be pro
vided \\rith trash racks and sliding gates at the head of the pen stocks 
and a SJ?illway to care for the flow when the gn. tes are closed. The 
plant wlll be cornplete ·\\ritlt all necessary au:xilinries for station-senrice 
operation, and With a erane for handling equipment. The plant will 
be provided with a structural-steel outdoor-type substation similar to 
that proposed for plant no. 2. 

POWER PLANTS NOB. 4 AND 4-A 

Power plant no. 4 will be located about 2 miles east of Cedar Cove 
on the south bank of the Big Thompson River, while power plant no. 
4-A will be l.ocated a short distance upstrea~ from plant no. ~~ and 
at an elevation about 175 feet above tho nver. The capacity of 
plttnt no. 4 "ill be 16,000 kilovolt-amperes and of plant no 4-A, 7,000 
kilovolt-amperes. One unit only will be provided at each plant and 
"rill consist of a vertical.;.shaft, single-runner, spiral-casing typo turbine 
direct connected to a vertical water wheel generator Wlth direct 
eonnected n1ain and pilot exciters. Plant no. 4 will have an effective 
head of about 550 feet, and plant no. 4-A, 380 feet. Plant no. 4 will 
reeeive its water through a single steel penstock about 1,960 feet long, 
and plant no. 4-A, through a similar pipe a~out 1,400 feet long. 
Each plant will be provided. with synchronous bypasses sin1ilar to 
those in plants nos. 1 and 3. Plant no. 4 will discharge directly into 
the Big Thompson River. Plant no. 4-A will be siphoned under the 
river through a pressure tunnel to the proposed Poudre supply canal, 
but will have provisions so the.t if so desired, the water ntay be dis
charged directly into the Big Thompson River. The headgate struc
ture will be provided with traBhracks, sliding gates, and spillways 
sinular to those in plants nos. 1, 2, and 8. A single outdoor structural 
steel t,Ype switchyard will be provid~d for the two plants. The equip
Jnent. 1n this substation will be sinillar to that for plants nos. 1, 2, and 
~3. Plant no. 4-A will be remotely controlled from plant no. 4, so 
that the two plants can be operated with one set of operators. The 
plant will be complete with auxiliaries and crttnes simihtr to that in 
other plants. Quarters for the operators will be provided in the 
vicinity of the plants. 

POWER PLANT NO. 5 

Power plant no. 5 will be located about 12% miles southeast of 
Kremmling, on the east bank of t.he Blue River, immediately down
stream from the dam forming the proposed Green ~fountain Reser
voir. The plant will contain two 13,000 kilovolt-ampere generating 
units Q.'f the vertical hydraulic-turbine driven typ_e, ·with direct con
nected generator with main and pilot exciters. The plant will have 
a varying head depending upon reservoir water surface but it is ex
pected that the average head will be about 225 feet. The trashrack 
and intake structure will be located immediately upstream from the 
dam and a single steel penstock installed in the twmel will conduct 
the water to the power plant. Each turbine will be provided with a 

S. Docs., 70-1, \'ol. lG---!;~ 
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pres~ure regulator or relief valve to limit the water hammer under 
snddPn ehnngt~ of lond conditions. The plant will be crimplete with 
necessary n uxilinries for station service, a. small machine shop for 
n1inor re.pnirs, nnd a crane .for handling equipment. An outdoor 
struet.ural steel substn.t.ion will be proYided 'complete with equipment 
for stepping the voltngo up to 09,000 volts for transmission n.nd with 
oil cireuit brenkers nnd other necessary auxiliaries for the control and 
protection of the lines nn<l <~quiprnent. The oil circuit breakers will 
be controlled frotn the nulin switchboard of the power plant. Quarters 
for operators will be constructed in the vicinity of the powor plant. 

GRANBY PUMPING PLANT 

The Granby pumpin? plunt '\\rill be located approximately 6. miles 
south.of the vjlluge of Grand Lake on the north shore of the proposed 
Grn.nhy Reservoir. The plant will contain three motor-driven verti ... 

-cuJ-shaft pun1ping units having a total capacity of 900 laecond-feet at 
full reservoir, and 550 second-feet at low water. The totnl capacity 
at the norn1al water surface will be approximately 870 second-feet. 
'l'he motors ·will be of the s~nchronous type and arranged for semi .. 
n1agnet.ic oporution. 'l'hat 1s, the operator will be required only to 
dose the n1nin switch to the unit in order to place it in-operation, and 
to open the stune switeh to discontinue opcru.tion. The motors will 
be equipped ·with direct connected exciters. The ·water from the 
(iran by Reservoir \Vill be delivered to the putnps through tunnels about 
155 feet long. A ehannel in the reservoir will convey the. water to 
tho n1outh of the intake tunnels in extreme low water. \Vater from 
each pun1p will be disehnrged through about 175 feet of tunnel, and 
105 feet of steel pipe to the canal at elevation ap.Proxhnately 8,381. 

--This cnnal, \Vhich will be approxi1nately 4 miles m length, will dis
charge into the proposed Shadow Mountain Lake. The center line of 
each pun1p and propeller will be at approximately elevation 8,145, with 
the base of tho rnotor driving the pump 135 feet above, or u.t elevation 
8,280. Vorticn.l shnfts in the rock between the underground pump 
roorn and tho motor room on the surface will accon1n1odate the shafts 
conneeting tho pumps to the rnotors. Each purnp will have a capac
ity of 290 seeond-feet \Vhen operating under .a total dynamie head of 
130 feet nnd will be driven by a 6,500-horsepower synchronous rnotor. 

Tho ent.rnnces to tho intnke tunnels will be provided with trashrack 
and stop-log structures, nnd sliding ~ates will be installed at the intake 
and dischaq~e of eneh ptunp. The 1ntnko gates will be located in the 
gnllcry adjo1ni ng th<~ pun1p roorn and ·will be hydraulically operat£~d. 
The disehargo gn tes vnll bo loeated at the head of the canal and will be 
of a typo whieh \\rill close nuton1atically in the event power service ia 
interrupted, so as to prevent water in the canal from runnin~ ha<'k 

-·-down through tho pn1np. 
The ptnnping plnnt wtll be complete with a.uxiliary pumping unite 

for unwutering the intake and <hscharge tunnels and the drain~ge 
sun1p. It will also he eornplete with all other necessary station auxili
aries, ineluding tt crnno for handling the equipment. A small machine 

_ shop_ __ ~~i!.l be provided for making n1inor repairs. Quarters for the 
operators will be provided in the vicinity of the plant. 

Power will be delivered to the plant from a 69,0QQ .. volt transmission 
JJne, through nn outdoor structural steel type substation containing 
self-cooled transformers, together with all necessary protective appa-
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ratus and auxiliaries. The oreration of the substation will be handled 
from the main switchboard o the pumping plant. 

POUDRJD PUMPING PLANT 

The Poudre pumping platit will be located on the Poudre Valley 
Canal at a point about 3 miles below the crossing of the proposed 
Poudre supply canal. It is proposed to have a capacity of 150 second
feet, composed of two 75-second-foot vertical svnchronous-nlotor
drive.n single-stage_pump~, operating against an effective head of 187 
feet. The plant will be complete with all necessary auxiliaries, includ
ing a crane for handling the equipment. An outdoor substation will 
be provided for stepping the voltage down from -transmission voltage 
to motor voltage. Due to the relatively short periods of operation, 
it is not probable that it will be necessary to construct operator's 
quarters at this plant. 

TRANSMISSION SYSTEM 

The transmission system will consist of a single 69,000 .. volt circuit 
connecting power plant no. 5 with the Granby pumping plant and 
power plant no. 1. Power plants nos. 1 to 4-A, inclusive, will bH 
connected by two 115,000-volt lines and two 115,000-volt lines will 
continue to market. li""or the purpose of this report only, and to 
include a sufficient amount in the cost estimates for any probable 
transmission set-up, this market has been assumed as the valmout 
stea.m plant of the Public Service Co. of Colorndo. Power plant no. 4 
will be connected with the Poudre pumping plant by one 34,500-vol t 
trnnsmission line. The nutnber of lines and mileage involved in each 
are as shown in the following tabulation: 

Num- Num-
From- To- ber of her of Voltage ___________ , ____________ , Uoes ___ miles ------

Pov.·er plnnt no.~--··-················· Ka l{ose ............................... . 1 38 69,000 
Oranhy pumping plant................. Orand Lake ••••••••••••••••••••••••••• 1 10 60,000 

I>o ........................•..•.•••.. Po\\·er plant no. ! .................... . 
Powor plant no. L----·--·-·--·-······· Power plant no. 2 ..................... . 

1 
2 

36 69,000 
12 llli, 000 

Power plnnt no. 2 .••••••••••.•••••••••• Power plan~ no. 3 ..................... . 
Power Jllnnt llil, 3...................... Power plant no. of ••••••••••••••••••••• 

2 
2 

3 115,000 
of II~, 000 

Power ('laut no. 4 .•.•••••••••••.••••••• Valntont. .•......••.••••••••••••.••••. 2 Z7 116,000 
Do .. _ .•••.•. _....................... Poullre pumping plant ................ . 1 18 34,600 

'l'ho line to the Poudre pumping plant would be a wood-pole-line 
'vith pin-type insulators. All other lines would be of the wood-role, 
H-frrune type, with suspension insulators, and combining all o the 
n1ost rnodern fen tures for continuity of service, ease of nutintenance, 
und long life. The line fron1 power plant no. 1 to the Granby pumping 
plnnt \vill probn bly require special construction to give added strength 
111 the mountainous region near the Continental Divide. · 

In order to provide power for construction, it is proposed that one 
of the first fcntures of the project would be to build one of the permn
rwnt 115,000-volt circuits front the Valmont plant to plant no. 1, 
the pcrrnnncnt 09,000-volt lines from plant no. 1 to Granby puntping 
plnnt ttnd from Ka Rose to the Green Mountain dam site nnd an ex
tension ft·onl the Granby Pumping Plant to the west portal of the pro-
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posed t unn(\1. I nitin Jly this r.n f. ire linn \vould be operated n t flO ,000 
volts, n nd under su<~h opPrn tion would hr. ncleq un t e for n II non t Pill

plated <'onstruetion activities. In eonne<'tion \vith supplying ('011-

Ht.ru<'tic•ll pnwpr it \Vould nlso he n~c(lssn r.v to instn 11 n !~\1 hst n t ion n t 
the Vuhnunt st(1 flTll plnnt to stt~p voltngr. up to 69,000 volts for trnns
rnission. Pr(llitninury st.udirs indicn tc thn t it would he n d visn hlP to 
rnn ke this su bst.n tion of npproxirnn t(lly 5,000 kilovolt-tun JWT'~ en pn<'i ty. 

The pst.inlntPd cost of instnlling the fneilitirs to pl'ovidc eonstruc
tion powPr flre ns indien tPd in the foll(nving tu buln tion: 

. From- 1-. To-. . _:' !-l'c~:·.,~~~ 
\'nlmont. .. ... ... .. .••••..•••••••.. l'owcr plnnt no. 2. .................... :il $11. itO $2:.'!1, !iOO 
l'owt'r plunt nn. :! .................. l'owpr plant no. I . . ................. I~ ·1. 101 ·l!l.~ltlO 
l'owN plnnt no. 1. .................. <lrnuhy flllll'Jlllll! plant............... :w :1.1a:n l:..lll,f11lll 
Orunhy JllllllJlill!! plant. ........... liraud L·lkto..... . .................... 10 a. '2110 a:!,OI'II 
Ka Ho~.. ............. Power plunt no .• '>..................... :{li a. IiilO 12\1, !it}') '----- ... ' _______ \ ____ ---- ..... 

Totnl transml~~loullnos .............................................. , ~~~ ~~------···1 5t19,UOO 

~:uhstntlon Ill Vulmont .................................... -------·--·······--·----·-----------·--· ~111, :100 
'J'ot!~l to SUJlply J)(IW<~r (or eomt.ru!'tlou ............................................................ 031. ~00 

Tho trnn~tnission systr.In ns provided ·to furnish const.rur.tion power 
would he ntlcq un t.o for t.rnns1ni~sion of pow<'l' t.o nut.rkt't s fron1 power 
plnn t no. 1 or pow<'r plant no. 5 if oi tlwr \\'('1'0 built indi ,. id un lly, but. 
the ndditionnJ eo1nplete systen1 woutd probnhly he eonstruet.o(f when 
t,wo OJ' lnor·e pin n t.s ttre construeted. 'I' he ndd i tionnl cost.~ of t.he lines 
involved in t.his eonstruetion nre showu in the following tnhulation: 
-------------------------· 

. Cost 

From-- 'l'o- !\flies .,..,--I
--------------------
Powt>r plniit no. !............................ Powt•r plant no. 2 ......... .. 12 

~-~~~-~~~~e-
ft. 100 

_:rot~~-
$to. ~011 

l'owt•r plant 110. 2 ............................ 
I' owN plnnt 1111. 4 ......................... _.. 

\·:dll ont ................... . 
l'oudro Jllllllplng plant._ ... . 

31 
IS 

6, i'f>!J 
1, !'\(){) 

2:!ll,:itl0 
:J2,400 

'J'(ll•ll nrld If Inn a) cost or [INiltnllCIIlt 
trull'\JIII!'~ion :;y . .;lont. ...... _. __ ..... _ ...__________________ _; 

•••••••• _ •••••• ___ • __ • _ •• _ ... _____________ 6 .. ____-·-----·--___ ___:.
311,100 

. __ _ 
In nddition to the transntis~ion linns requir{'d for f.he disposnl of 

pownr, it rnny he ncccssnrv t.hnt the ()overnnH'nt n.lso eonstruct n 
Huhstation nt t.ho point of i>owor disposn.l. As n. tnnrkot survey lHu; 
not been eondtwtod to establish the points at vrhieh this power enn hn 
disposed of, or thn qunntit.ies involved at each point of disposnl, it is 
nssunwd for the purpose of this report. thu.t tho sub:-;tntions ·will n.ver
nge in eost. $10 per kilo\vntt_of eapaeitv. AHsUiuing thttt, provision is 
n1ndo to dispose of n pcn.k enpneit.y o( 140,000 kilowntts, this \Vill in
volve an Rdditional cxpendit.urn of $1,400,000. 

POWI<~R OUTPU'l' 

\Vater supply studi(ls indicnto t.hn.t \dt.h p<nvor plnnt. no. 1 only 
eonstrueted, thoro is nvailnble, above nll rcquirmncnts for />un1ping 
purposl's, a eonstn.nt power output at 100 pereent load aetor of 
120,000,000 kilowatt-hours por year. Since tho pun1ping plant capac-



COLORADO-BIG THOMPSON PROJECT 31 
lty proposed is sufficient to allow ptunping to be done in 16 hours of 
each dA.y it will be possib~e to handle peak conuncrcia.l power require
nlcnts without undue it1terference. 'Vith this in mind, it has been 
nssun1cd for the purpose of this report that a market can be found 
"'hieh has a load factor such that 60 percent of this power or 72,000,000 
kilo\vo.tt-hours per year can be absorbed as firm energy. 'r.be balance 
of this energy, or 48,000,000 kilowatt-hours per year, plus about 
40,000,000 kilowatt-hours additional, which is available during vari
ous parts of the year, is classed as secondary energy. 

Since the Valn1ont stearn plnnt of the Public Service Co. of Colorado 
has nn instnJJcd capacity of 75,000 kilo·watts, it appears that the 
88,000,000 kilo,vatt-hours of secondary energy could be absorbed as a 
fuel saving n1easure if the price docs not exceed fuel costs. Allowing 
10 pcrccnL for line losses, this is equivalent to an average load of about 
9,000 kilo\vatts. 

FINANCIAL OPERATION OF POWER SYSTEM 

It is contemplated that the initial power development would.consist 
of t.he construction of po\ver plant no. 1 only, together with such trnns ... 
1nission lines and substations as are required to supply power to the 
Grnnby pumping plant and to commercial markets. The estimated 
eo.nstruction cost of the strictly power features, as well as items which 
it is expected thnt po,ver revenues will repay, is given below. 

It is nssurned that 5 rnills P.er kilowatt-hour can be secured for firm 
nncrgy and 1.8 mills per kllowatt-hour for secondary energy _with 
delivery nt the market. In each case 10 percent loss is allowed for 
tnt nsniission. The following gives the financial set-up for power plant 
no. 1, operation costs and returns. 

'Yhilo for the purpose of this report the allocation of construction 
eost to irrigation and power has been made on the basis set out below, 
it. is understood that this allocation is not thereby fixed, and the same 
nuly he changed as further information may warrant until such time 
ns t.he contract for repayment of the cost of the irrigution features has 
tn ken finnl form. 

Power plant no. 1 construction costs 
Power plant no. 1 near Estes Park ____________________ .. ____ _-;_ ___ $1,778,000 
Conduit from east portal continental divide tunnel to power plant 

no. 1----------------------------------------------------- 1,101,000 
Transmif'sion lines connecting power plant no. 1 with Granby pump-

ing plant plu.nt-witb ____________________________________________________ Valmont and line to North Poudre pumping _ 
440,000 

Commercial substation (30,000 kilowatts)----------------------- 300,000 
Headquartcrs at power plant no. 1 for operation of power system __ _ 100, 000 

Subtotal ______ ... _________ ,.. _______ ...... __ ....... _ .. _____ .... _ ... _ ..... _ 3,719,000 
Interest during construction, 3 percenL----------------:-------- ----112, 000 

Total repayable in 50 years with interest_________________ 3, 831, 000 

One-half cost of Arkina Reservoir _________________________ ~----- 929, 661 
l)ortion of cost Green Mountain Reservoir, for 100,000 acre-feet 

allocated to power ____________ .......... ____ --------- __ --_ .......... ---- 2, 276, 032 

Payable on 40-year oasis without interest__________________ 3, 205, 693 

Total cost power plant no. 1 including other items that are 
required to be accomplished wi!h the initial development..... 7, 036, 698 
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.Annual revenuu from power plant no. 1 

From Rale of 6fi,OOO,OOO kilowatt·hours firm power, at $0.005______ $325,000 
From snle of 79,000,000 kilowatt-hours secondp-:; ;~ower, at. $0.0018_ 142, 000 
li'r01n rental of water for powt~r developmeP.t to privately owned 
plau~------------------------------------~---------------------2~000 

GroSB annuallncomc _____________________ ~-------------- 487, 000 

.Annual operation and maintenance plua retiremerlt of 
principal 

Brou~ht forward ____________________________________________ _ 
$487,000 

==== 
3.8S7 percent, on $3,831,000, interest and retirement of investment ou 

hMi!i of 50 vears ______________ - ____ -- ___ -- _ - _---- __ - - __ ---- _ 148, 000 
ltcpaymcnt of $3,205,6H3 on basis of 40 years without interest .. ____ _ 80, 000 
OJwrution f\nd mnintmuuJCe of power plant _________ - .. _ .. ________ .. 30,000 
Operat.ion and nminttmnnce Granby pumping plant ______________ _ 27, 000 
Operation and mnint.enance of transmission lines ____ ------------- 13,800 
Operation aud mnintenance conduit, tunnel, and canals __________ _ 15, 000 
DPprecin.tion, 1.5 pt:rccnt, on $3,831,000 ________________________ _ 57, 000 
(~neral expense _________ .. _- __ .. _ ... _ ..... _ ........................................ _ ......... ·-_ 18, 200 

Total annual costs ................................................................ --_ .. __ .......... __ _ 395, 000 

Annual surplus during 40 years repayment period of the non-
in tcrcst-bcaring obligation ____ ............ __ .... __________ ........ 92, 000 

FULL POWER DEVELOPMENT 

The rcsult.s of this study indicate that the initial instullation pro
posed is sufliei~nt from a financial standpoint to return all ncef:l:-;snry 
eo!; f.~ of oporu tton nnd repuynu~nts. 

There nrc five- nddit.ionnl plants that can be developed in the future 
in a rnnnrwr thnt will keep pnco with tho power rcquirmnents of the 
S<lct.ion thnt, rnny he Rerved n.nd not have a lnrge unearning investtncnt 
tied up for sorne yen.rs. 

'I'ho following is an est.imnte of the cost of the udditionnl po,ver 
plunt.s t.hn.t, nwy be constructed in the future, but are not a part~ of 
t.ho initinl dt'velopment. 
Pownr plant no.!)-------·---------------·-------------------- $1,190,000 
Grcm1 Mountain-1\a RoRe transmission line______________________ 1:30,000 
OpPrn.tors' qun.rtertL------------------------------------------ .. 00,000 
Substation (20,000 kilowat.ts)---------------------------------- 200,000 

Suhtotn.L ___________ -- ________ ----------------- ... ___ --- _ 1, fi80, 000 
Intt~rcBt during conHtruction, 3 percent-------------------------- 47,400 

I, 627, 400 
The above plant., together with plnnt no. 1, wilJ produce: 113,000,000 kilowatt

hours firm power anuunlly; 92,000,000 kilowatt-hours secondary power annually. 

The following nre the eonst.ruction costs of developing power plu.nts 
nos. 2, 3, 4, nnd 4-- A with nppurtcnnnt. structures: 
Power plnnt no. 2----------------~--------------------------- $2,32!), 000 
Power plant no. a ____ ,._-------------------------------------- (if)5,000 
Power plnnt. no. 4 ___ ----------------------------------------- 7HO,OOO Power plant no. 4 ··A_ .. ________ .. ______________________________ _ 420,000 Power cn.nnl 110. 2 ______________ .. _______ .. ___________________ .. _ 2, 444,000 
J><>'"er canal no. 3 ___ ... ________________ .. ________________ .. __ .. _ .. _ 493,000 Po"hcr canal no. 3--A ______________________________ : __________ _ 113, 000 

1
} o\\·cr canal no. 4- - .... ---------------------------------------- 1,194,000 
Operators' quarters ____ ----_---- __ -- __ ......... _ .... ------------------- 150,000 
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Substatlona (90,000 kilowatt hours)----------------------------- $900, 000 
Additional transmiasion lines ___ ---- ______ • ___________ - _____ ---- 311, 000 

SubtoUU----------------------------------------------- 9, 775,000 
Interest during construction, 3 percent.----- ___ -- __ - __ --- ____ --- 293, 250 

Total repayable in 50 years with in tercst _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10, 068, 250 
Arkina Canal feeder, payable in 40 years without interest__________ 351,000 

Total power plants nos. 2, 3, 4, and 4-A------------------- 10,419,250 
Total power plant no. 5--------------------------------------- 1, 627,400 

Total second-stage development_ _____________________ ---- 12, 046, 650 
Primary development plant no. 1.------------------------------ 7, 036,693 

Cost of full power development_ __________________________ 19,083,243 

The total salable output of the full development is estirnated as 
follows, exclusive of that used for pumping: 

Kilowatt-hour• 
Firm power, annually ________________________________ .., ________ 300,000,000 
Secondary power, annually ______ ------------ _____ ------ _______ 1 200, 000, 000 

1 Out ot an avallable production or 387,000,000 kUowatt-hours secondary power. 

CONCLUSIONS 

(1) There is a large area (615,000 acres) of irrigated land in north
eastern Colorado, the major portion of wbich has an inadequate water 

supplyT. bl e ·bm· . h . b (2) he feast storage poss1 ties With . t e avada le wnter 
supply in the drainage area has been exhausted. 

(3) '!'here is at least an available water supply of a10,000 acre-feet 
on the upper drainage area of the Colorado R1ver thntcnn be diverted 
to supplement the present water supply on the eastern slope. 

(4) That the diversion of this quantity of \\'ater from the Colorado 
River watershed will not interfere with or encroach upon t.he present 
or future irrigation along the Colorado River and tributaries within 
the State, with the protection provided in the Green Mountain 
Reservoir. 

(5) That the plan for the project here laid out appears entirely 
feasible from a construction point of view. 

(6) That the cost of construction estimated at $2 per acre-foot per 
annum over the repayment period of 40 _years is less than storage 
water is now com-manding and that it will increase the crop values 
five or more tim~s this annual cost, showing its economic 'Yorth. . 

(7) That the _power developments that may be n1ade 1n the s1x 
power plants will produce a large quantity of cheap hydroelectric 
power that will materially benefit Colorado. 

(8) That the revenues from th~ commercta.l power generated at 
power plant no. 1 will pay for the power features as set up under the 
mitial power development, in addition to the power required for 
pumping at Granby pumping plant, and in lieu of the irrigation 
features used in power development, tbe operation of the system to a 
point where the water leaves the tailrace of the lower power plants 
can bt taken care of by the ~wer development. · 

(9) That the cost of the Irrigation feature of the project is within 
the ability of the water users to pay. 

0 
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Grand Lake Clarity Appraisal Study  
Alternatives Work Session 
11/28/2011, 9:00am – 3:00pm 
Attendees 
Jeff Drager, Esther Vincent, Northern Colorado Water Conservancy District; Robert Plotnikoff, Peggy 
Bailey, Tetra Tech; Valda Terauds, Ron Thomasson, Laura Wheatley, US Bureau of Reclamation; Lurline 
Underbrink Curran, Katherine Morris, Grand County; James McCutchan, William Lewis, University of 
Colorado; Geoffrey Schladow, University of California 

 
In general, presentation content is supplied in paragraph form, and comments from discussion are 
identified with bullet points. 
 
Introductions/Overview/Purpose of meeting – Peggy Bailey 
Scope of Work states the purpose of this appraisal study is to “…study alternatives to improve Grand 
Lake water clarity without adverse water quality effects on the Three Lakes or adverse yield on the CBT 
project while remaining consistent with the primary project purposes outlined in Senate Document 80.” 

 The Reclamation purpose of an appraisal study is to see if there is a Reclamation interest in and 
a viable alternative to the problem, in this case improving clarity in Grand Lake 

 Senate Document 80 was discussed; 5 primary purposes for C‐BT Project include delivery of 
water, protection of the scenic attraction of Grand Lake, RMNP and the Colorado River, and 
power generation 

 Guiding documents are the Reclamation Act of 1902, Senate Document 80, and the proposed 
State of Colorado clarity standard for Grand Lake 

 Purpose of the day’s meeting: discuss problem definition and present and refine alternatives 
identified to date, develop additional alternatives if appropriate, and discuss pros and cons of 
each 

 
Summary of Water Quality Data Review—Robert Plotnikoff 
In the absence of a time‐step analysis of flow, which would be ideal, Tetra Tech conducted a review of 
the literature and data available on Grand Lake and the surrounding area. 
 
Review of Chlorophyll a, Total Phosphorus, and Secchi values from water year 2009 and a “stop pump” 
experiment as described by Dr. McCutchan in 2010. Discussion:  

 State of Colorado proposing 5 mg/l chlorophyll‐a standard for water supply 

 Granby Reservoir and Shadow Mountain Reservoir (SMR) will likely be out of compliance; the 
Town of Estes Park is able to source water directly from the Adams Tunnel (though not all the 
time) which may lead to Grand Lake falling into the “high quality water supply” category; it’s 
unclear how SMR will be classified 

 8 mg/l chlorophyll‐a will be the standard for cold water and recreation 

 Dr. Schladow asked for clarification of seemingly contradictory statements between Dr. Lewis 
and Katherine about what improves clarity. Discussion followed that steady pumping did clear 
Grand Lake once Granby Reservoir water was moved through SMR, but that the best recorded 
clarity prior to the 2011 stop‐pump period typically occurred in November, when temperatures 
were cool/cold and diversions stopped for annual maintenance of the Adams Tunnel. 

 
High Phosphorus (P) coming from Granby Reservoir (total P load from Granby Pump Canal is >50%) is 
likely the fuel for biological activity in SMR and Grand Lake. This is supported by the high total 
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phosphorus and soluble reactive phosphorus values shown in Lieberman 2008. The subsequent decline 
in total phosphorus shown in Dr. McCutchan’s graph is accounted for with biological activity, which 
illustrates how P is a non‐conservative parameter. When the pumps turn on, P at GL‐mid increases. 
Discussion: 

 Dr. Lewis commented that Granby Reservoir has 15 micrograms per liter (ug/L) of total P in the 
hypolimnion, which is 2‐3 times what we’d see in unaffected waters. He is of the opinion that 
with high continuous pumping it might be possible to achieve higher clarity but probably would 
take until October, and high pumping is not possible until tributary flow declines. 

 Esther pointed out that high total P coming from Stillwater might be a contributor. The source of 
this P may be geological in origin. 

 Background or baseline nutrient levels were discussed; Katherine commented that the Roaring 
Fork is considered to be the cleanest of the 13 tributaries (number includes pumped flows) to 
Granby Reservoir. 

 Lurline suggested Tetra Tech check on the Grand Ditch EIS as the 2003 breach and proposed 
restoration, particularly of the Lulu City wetland, could be a source of nutrients and sediment. 

 
Rob explained that Tetra Tech team member Harry Gibbons is concerned that there might be a 
threshold of sediment loading to SMR that, once triggered, could cause a dramatic release of sediment 
based nutrient loading that could lead to a harmful algae bloom (HAB).  

 Dr. Lewis cautioned against forgetting about nitrogen as he believes that the system is nitrogen 
limited during the season. Pumping reduces residence time, depressing production, but supplies 
2‐3 times regular P, and sustains nitrogen suppression. 

 Esther discussed potential internal loading from SMR due to anoxic events (below 2ug/L). Low 
DO water coming from Granby (around 5ug/L) and the fact that SMR is on the 303(d) list for low 
DO was also explained. 

 Nutrient loading from beetle kill was discussed and Dr. Lewis mentioned that a new study is due 
out soon that will say that watershed changes are not as dramatic as once thought, except in 
areas where heavy logging exacerbates soil disturbance leading to increased sediment yield. 

 
Tetra Tech’s conclusions are 1) best scenario for Grand Lake water quality is to simulate natural 
hydrology into Grand Lake (flowing from GL to SMR), 2) abate total phosphorus loading from the North 
Fork of the Colorado River during runoff, and 3) secondary water quality benefits could occur within 
SMR with dilution from Grand Lake. Discussion: 

 Dr. Lewis supports modeling of Grand Lake clarity without influence of C‐BT.   He also stated that 
management interventions are only likely to control human influences affecting clarity.  
Regional watershed influences are less likely to be addressed successfully by management 
intervention. 

 Dr. Schladow questioned if point number two would be valid considering Dr. Lewis’ statement 
that there can be some perfectly natural sources of phosphorus in a watershed that eliminate 
gains from BMP efforts . 

 Lurline explained that whatever the cause, the aesthetic attraction of Grand Lake is protected in 
Senate Document 80. She also explained to the group that an EIS is underway for restoration of 
the Grand Ditch Breach of 2003, which has already impacted the 3 Lakes and is likely to do so 
again as restoration efforts are undertaken. 

 Dr. McCutchan explained that per his study, non‐algal particulates is the major driver controlling 
clarity in Grand Lake, not chlorophyll‐a. The particulates originate in SMR, therefore the focus 
needs to be on SMR rather than on Grand Lake. He suggested that the source of these 
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particulates may be senescing aquatic plant material, but that more work needs to be done to 
determine the source. In addition to providing decomposing material, he hypothesized that 
aquatic plants also provide substrate for suspended particles during quiescent periods, that are 
then mobilized when pumping resumes. Dr. McCutchan commented that concentrations of both 
non‐algal organic matter and inorganic particulates are higher in the pump canal than in East 
Inlet, North Inlet, or the North Fork; non‐organic matter was only slightly higher in the pump 
canal, but inorganic particulates were much higher in the pump canal than in East Inlet or North 
Inlet and about twice as high in the pump canal as in the North Fork.  He wondered if canal 
lining might help with this. Non‐algal organic particulates were slightly more abundant in the 
North Fork than in East Inlet or North Inlet, and inorganic particles were more than twice as high 
in the North Fork as in East Inlet or North Inlet.  Thus, the North Fork and the pump canal were 
both higher in non‐algal particles (organic and inorganic) than the major native sources to Grand 
Lake. 

 Dr. Lewis explained that their invert microscope work (which resolves at 1 um) is showing there 
are two classes of non‐algal particles; one at 1‐3 um, and another in the 25‐35 um range. This 
work is supporting Dr. McCutchan’s conclusions about non‐algal particulate matter.   The 
smaller size class of particles is more likely to affect transparency as the specific gravity of these 
particulates is close that of water.  If reduced clarity does not involve a change in color, 
particulates are likely the cause; whereas if there is change in color, then algal sources are likely. 

 Dr. Lewis suggested that non‐algal contributions need to be controlled if transparency is goal 
with a focus on SMR since that is the problem.   Dr. Lewis also suggested that once Granby water 
reaches Grand Lake (after SMR water is flushed through) with periods of higher pumping, clarity 
in Grand Lake improves (typically in late October/November timeframe). 

 Dr. McCutchan explained that inorganic is twice the concentration on North Fork of the  

 Jeff noted the delta on SMR, and also asked if velocity from canal is the issue or could it be from 
boats? 

 
Overview of Possible Alternatives—Peggy Bailey 
Goals: 
Primary Water Quality Objectives/Constraints 

 Attainment of chlorophyll‐a standard 

 Meet or exceed 4 meter clarity standard measured July –September 
Secondary water quality benefits 

 Improve clarity and weed(?) conditions in SMR 

 Improve WQ in GR 

 Improve WQ downstream 
(Discussion: We discussed how the goals are to not adversely impact wq in the rest of the 
system, but a goal is not necessarily to improve the WQ but that it would be an added benefit. 
The emphasis should be placed on not negatively impacting.) 

Logistics (Reclamation sees these as evaluation standards, not guidelines) 

 Implementable 

 Acceptable by general public 

 Constraints include 
1) Delivery of water to meet east slope demands 
2) Maintain flexibility of delivery of (226,000 AFY on average; 310,000 AFY decreed) to 

accommodate maintenance  
3) Optimize power generation during peak demands 
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4) Minimize power requirements of any reoperation 
5) Capacity limitations of canal and Adams tunnel 
6) System storage 
7) Grand Lake allowable seasonal elevation variances 

Reclamation clarified that optimization means finding the best set of new operating conditions to meet 
multiple objectives. 
 
The difference was explained between Principles and Standards (new, not yet adopted), which allow for 
sustainable environmental choices, and the 1983 Principles and Guidelines (currently applicable), in 
which choices are economically driven. According to the Principles and Guidelines the Appraisal and 
Feasibility studies should determine the net benefits of the proposed action(s). 
 
Alternative 1:  
Non‐operational improvements including implementation of BMPs, reduction of nutrient loading from 
the North Fork, and redirection of Stillwater outflow away from Farr intake. Not a stand‐alone solution. 
Discussion: 

 Dr. Lewis suggested that it is too expensive to implement BMPs and generally they don’t work.  
He commented that even without CBT, GL would not be totally pristine. 

 Dr. Lewis suggested septic systems and storm water BMPs be considered around GL.  Katherine 
noted that all but 2 homes around Grand Lake are now on sewer and the City has street 
sweeping operations twice weekly in summer (not HEPA) in place, plus ultra‐swirl treatment 
(2009) for stormwater discharges. In the greater 3 Lakes watershed, 85% of homes are 
connected to sewer. Dr Lewis explained that septic systems away from the Three Lakes could 
have a significant impact. The 300+ existing systems within the Three Lakes San District were 
also mentioned. 

 Dr. Schladow noted that at Tahoe removing septic did not improve conditions but control of 
runoff from urbanized areas seems to make a difference. 

 Valda expressed the USBR area manager wants a comprehensive and long‐term fix to the 
problem.  

 Lurline also pointed out that WWTPs should not be burdened with paying for improvements in 
Grand Lake water quality. 

 
Alternative 2: 
 Pump from pump canal directly into Adams Tunnel 
  2A: pipe follows west (SMR) & north (GL) shores 
  2B: pipe through middle of SMR & GL 
  2C: pipe follows east shore (SMR) and south (GL) road 
 
Issues surrounding this alternative included:  how to maintain Grand Lake elevations per SD80; if not 
naturally maintained, who would provide the water.  Water operations and power issues included a lack 
of re‐regulation ability; pumps would cycle on and off with this alternative.  Adams Tunnel requires the 
ability to fine‐tune flows to avoid power losses.  Variable pumps were discussed, but would add 
significant cost and operational complexity.  
 
Proposed routing around GL would have issues with private access and easements. Subsurface 
construction would likely not be feasible; challenges to the south include national park, wilderness 
areas, rock substrate and 10’ wide roadways.  Around SMR, the shoreline access would be an easier 
installation.  The 2B alternative could have boating issues depending on the depth to which the pipe is 
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installed.  Ice, potential for structural collapse if pipe is not kept filled, etc. were other issues identified 
for consideration. 
 
Alternative 3: 
Pump from pump canal into Grand Lake 
 
This alternative was not considered in great detail as it was not viewed as a reasonable option.  It does 
keep SMR circulating and maintains regulating capacity.  SMR may need to increase re‐regulation 
capacity.  This alternative also preserves head (decreases power requirements).  May affect boat traffic 
between lakes (lock structure).  Sediment, DO and particulate issues remain for SMR, but could be 
addressed through bubbling or other treatment measures.  This alternative could also affect water rights 
decrees relative to storage and points of diversion and could re‐open the Blue River decree.  East slope 
water quality effects (water quality impacts to Horsetooth and Carter) were also of concern.  Pump 
canal profiles would be needed to address pumping and cost of power issues. 
 
 
Alternative 4:  
Pump from SMR into Adams Tunnel 
  4A: Pipe follows roads in Grand Lake 
  4B: Pipe follows north shore 
  4C: Pipe goes through center of lake 
  4D: Pipe follows south road  
 
Discussion: 

 Private property and narrow roads will present a challenge to layout.  Jerico road (south of 
Grand Lake) is terribly narrow and full of springs. Digging there raises a whole host of concerns. 

 RMNP wilderness designation will make it difficult to secure approval for a tunnel.  

 Ron voiced concern about the lack of re‐regulation ability with alternative 2.  

 Esther voiced concerns about alternatives that would result in a degradation of the quality of 
water diverted to the east slope. 

 Alternative 4‐Need to consider boat traffic  

 Some of these alternatives have potential impacts on water rights 

 Alternative 4 – add gravity intake at Adams to pull water from GL during spring runoff‐should 
help with overall quality of water being diverted. 

 It is possible that fluctuation of SMR surface elevation can be changed, but 1’ for Grand Lake 
would require a change to SD 80. 

 Lurline noted that USFS had to do a categorical exclusion for lowering SMR for weed control 
work. 

 There was discussion on whether alternative 2 versus alternative 4 would lead to better water 
quality in SMR and on the east slope.  

 Pre‐positioning water through fall and winter storage concerns were also identified. 
 
Alternative 5:  
Modify pumping operations at Farr—no pumping in summer 
 
Discussion: 

 Not practicable; CBT delivery problems would occur in the average year. 
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 Could overlap with maintenance outages. 

 Could affect peak power abilities – WAPA issues 

 May require additional storage at Chimney Hollow. 

 So far the 2 week stop pump tests have shown 50/50 chance that SMR water quality will 
degrade during a stop pump. While water quality was great in 2011, this being an exceptional 
water supply year, SMR water quality during the extended diversion‐stop can’t readily be 
considered as illustrative of possible future conditions.  

 
Alternative 6: 
Modify pumping operations at Farr—steady low pumping rates in summer months 
 
Discussion: 

 Ron explained that there are limited intervals available for pumping rates due to Pumps at Farr 

 Expect ~200 cfs through SMR may be needed to attain a Secchi depth, but 250 cfs is needed to 
support Mary’s Power Plant. 

 
Alternative 7: 
Alum treatment 
 
Discussion: 

 Lurline expressed concern that this would be unacceptable to community. 

 Dr. Lewis dismissed this option as impractical for this system. 

 Not expected to affect particulates 

 Macrophyte issues may get worse 

 Phosphorus inactivation would occur only in the water column 

 Does not address nitrogen 
 
The group proceeded to review a table entitled “Draft Alternatives Formulation Brainstorming” that 
Northern Water created detailing 13 concepts for consideration. These included pipelines, removal of 
Shadow Mountain Dam, BMPs, Shadow Mountain Dredging, oxygenation of SMR, Alum treatments, 
alterations to the connecting channel, operational changes, and oxygenation of pumped water. 
 
There was some discussion about the Shadow Mountain removal option and how it is the only 
alternative that addresses all water quality issues in the system. Ron expressed that there are some 
water rights considerations with this alternative related to the Blue River decree that would be 
problematic, having to do with the direct use water rights associated with CBT and the possible loss of 
these due to a change of diversion point. Lurline expressed some concerns about how the homeowners 
around the reservoir would respond to this alternative and anticipated there would be some significant 
push back 
The group also discussed the possibility of dredging Shadow Mountain Reservoir and the potential costs 
and there was consensus that this was not a viable option.  
 
Watershed management and BMPs were also presented both regarding nutrient control and sediment 
control and Esther explained that the Three Lakes Nutrient Study Technical Committee is doing 
modeling and monitoring that would support both. 
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Two alternatives were added to the list that was presented: 1) a multi level intake tower at Farr that 
would allow to draw water from where the water quality was best for intended uses; 2)an upgrade and 
review of existing septic systems in the area – there was discussion about how significantly septic 
systems can impact watersheds, even in areas that don’t have much groundwater. It was also 
mentioned that there are still over 300 active septic systems in the watershed. 
 
Discussion of Implementation—Jim Lenzotti 
 
Although no costs were developed for the various alternatives, it was estimated that all the structural 
alternatives would cost about 50‐90 million dollars. 
 
Discussion points regarding all alternatives discussed: 

 Dr. Lewis suggested that alternatives 1 & 4 provide the most reliable combination of strategies.   
The combination is most likely to improve water quality in Grand Lake.  He also indicated that an 
analysis should consider Grand Lake conditions in the absence of the C‐BT project, but with 
added development and associated nutrient sources 

 Dr. Lewis also indicated that large volume water movement between Granby Reservoir and 
Grand Lake helps water quality issues in the 3‐Lakes once SMR water is flushed through. 

 Also consider new development planned above Windy Gap – golf course, nutrient loads.  
Discussion suggested that septic tank inputs would be much greater than golf course impacts 
regarding additional nutrient loads.  

 Occasional high nitrogen spikes, with chlorophyll a spikes later have occurred in the system – 
sources unknown.  

 Ammonia inputs from Arapahoe Creek – wetlands contributions may also be contributing 

 Tahoe experience suggests that 80% of clarity issues were associated with urban uses – 
specifically atmospheric deposition of inorganic particulates.  BMPs that were effective included 
street sweeping in winter; artificial wetlands, drainage/stormwater improvements.  Multi‐
spectral imaging was used to detect nitrogen plumes with trace back to septic systems.  
Significance of atmospheric deposition near Grand Lake not clear, possible sources: wood‐
burning stoves, wind‐swept sediments, snowmobiles, other recreational activities. 

 The economics of power production over the life of each project should be considered. 
 
 

 
Develop Methods and Evaluate Alternatives—All 
Reviewed rating matrix and alternative selection—TT will revise per discussion 

 The 1983 P&Gs should provide the foundation for the preliminary analysis, but added ecosystem 
benefits should also be considered, not just the economic to avoid prematurely excluding 
alternatives with wider benefits.  Included in the environmental and social acceptability should 
be consideration of recreational impacts, adjacent park lands, and game species effects. 

 Valda suggested Tetra Tech incorporate language from SOW (no adverse effects vs ”will 
improve”). Also suggested that rather than ratings from 1‐10, a question simply have a minus, 
zero or a plus rating.  In the absence of detailed analysis, this type of rating system simply 
suggests that an alternative could be beneficial (+), neutral (0) or negative (‐) in its impact. 

 Lurline asked if we will have a chance to discuss the alternatives for social and environment 
acceptability. The general consensus is that these will be reviewed with the draft report.  Peggy 
suggested a separate meeting with the County and TT. 
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 It was also agreed that rather than attempting to rate costs, they will simply be listed. 
 
Reclamation Interest, Authority and Regulatory Compliance—Valda Terauds 
 
The analysis of federal interest should include a discussion of applicable federal law, policy, guidance, 
and regulatory compliance issues.  Senate Document 80 provides the overview of authorized project 
purposes and operational guidance for the C‐BT project. 
 
Schedule 
Draft out week of January 19th and review comments back out on February 2nd  
Next meeting Feb. 9th 9:00 at Tetra Tech, Golden 
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make their way into the Colorado River 

and possibly into Lake Granby. Economic 

impacts due to removal of recreational 

facility and associated fishery, and 

impact on Lake front properties. Trade 

off: green project, restoration of 

headwaters of Colorado River, 

restoration of wildlife habitat and 

wetland. Water quality impacts on 

Colorado River and Granby Reservoir due 

to possible erosion of sediments.

 Mechanism for maintaining 

Grand Lake water level? Cut 

off wall/grade wall to prevent 

migration of sediments from 

reservoir to Colorado River 

after removal of dam. 

Perform stabilization of delta 

to minimize migration of 

sediments throught bank‐

cutting as original streambed 

is restored.

NEPA, SD80 

compliance, 

404+401 permits, 

RMNP authorization

4 Sedimentation 

Control (Land Use 

Planning and Erosion 

Control)

Reduce both 

sediment and 

nutrient inputs to 

the Three Lakes 

system

P P P P P modeling to estimate possible water 

quality impacts (sensitivity analysis); 

sediment transport model. Identify 

sources.

Possible issue with sediment disposal 

associated with BMPs (could trigger 

CERCLA depending on quality of 

sediments). Impacts to recreaction if 

reduced ATV opportunities in watershed. 

dependent upon type of 

BMPs implemented

Implementation 

authority (Grand 

County, Town of Gd 

Lake, RMNP, USFS?), 

voluntary BMPs, 

control regulations, 

CERCLA

5 Nutrient Source 

Control

Reduce nutrient 

inputs to the Three 

Lakes System

P P P modeling to estimate water quality 

impacts (sensitivity analysis). Identify 

controllable sources. 

dependent upon identified sources. dependent upon type of 

BMPs implemented

Implementation 

authority (Grand 

County, Town of Gd 

Lake, RMNP, USFS?), 

voluntary BMPs, 

control regulations

Legal, Regulatory 

and Institutional 

Considerations

Structural Considerations

Appraisal Study – DRAFT Alternatives Formulation Brainstorming

Alternative Description Objective ISSUES ADDRESSED Data Gaps/Follow Up Studies Possible Impacts
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12/23/2011

Grand Lake

Clarity

Shadow 

Mountain 

Algae 

Blooms +

cyanotoxins

Shadow 

Mountain 

DO Std

Transport 

of 

sediments

Shadow 

Mountain 

Delta

Grand 

Lake 

Delta

Shadow 

Mountain 

Internal 

Loading

Shadow 

Mountain 

Weeds

East 

Slope 

T&O

Legal, Regulatory 

and Institutional 

Considerations

Structural ConsiderationsAlternative Description Objective ISSUES ADDRESSED Data Gaps/Follow Up Studies Possible Impacts

6 Shadow Mountain 

Dredging

Deepen Shadow 

Mountain Reservoir 

to prevent dymictic 

conditions and allow 

stable stratification 

to occur throughout 

the summer

P P X P ? timing X modeling to estimate possible water 

quality impacts to Shadow Mountain Res,  

Grand Lake and Granby Res. Determine 

how deep is deep enough. Circulation 

study and sediment transport model.

disposal of dredged material (possible 

hazardous waste depending on chemical 

characteristics). Release of nutrients 

from disturbed bottom sediments.

NEPA, CERCLA, 

401+404 permits

7 Oxygenation  of 

Shadow Mountain 

Reservoir through 

mixing

Prevent continuous 

stratification/mixing 

of Shadow Mountain 

Reservoir that causes 

anoxic conditions 

and nutrient releases 

from sediments that 

support algae 

blooms

? P X X modeling to estimate possible water 

quality impacts to Shadow Mountain Res,  

Grand Lake and Granby Res, circulation 

study.

NEPA, USFS Permit

8 Oxygenation of 

Shadow Mountain 

Reservoir through 

oxygen diffusers 

systems

inject oxygen into 

the water column to 

prevent anoxic 

conditions

? P X X modeling to estimate possible water 

quality impacts to Shadow Mountain Res, 

Grand Lake and Granby Res, circulation 

study.

NEPA, USFS Permit
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12/23/2011

Grand Lake

Clarity

Shadow 

Mountain 

Algae 

Blooms +

cyanotoxins

Shadow 

Mountain 

DO Std

Transport 

of 

sediments

Shadow 

Mountain 

Delta

Grand 

Lake 

Delta

Shadow 

Mountain 

Internal 

Loading

Shadow 

Mountain 

Weeds

East 

Slope 

T&O

Legal, Regulatory 

and Institutional 

Considerations

Structural ConsiderationsAlternative Description Objective ISSUES ADDRESSED Data Gaps/Follow Up Studies Possible Impacts

9 Alum treatments of 

Shadow Mountain 

Reservoir 

Prevent nutrient 

releases from 

sediments that 

support algae 

blooms

P  X   modeling to estimate possible water 

quality impacts to Shadow Mountain Res,  

Grand Lake and Granby Res

impacts associated with chemical 

treatment (?), aquatic life(?), public 

perception. Possible increase in aquatic 

weeds due to increased clarity. More 

weeds, might add more organic matter 

to the cycle and worsen algae blooms. 

Alum does not address Nitrogen supply 

and system is P‐N co‐limited. Might 

worsen blue green blooms, cyanotoxins 

and T&O problems.

NEPA, USFS Permit

10 Widening and Lining 

of Shadow Mountain 

Reservoir Channel

prevent migration of 

sediment from 

Shadow Mountain to 

Grand Lake 

(assuming 

suspension of 

sediments in the 

channel is a cause of 

turbidity)

P X X? sediment transport study ‐ need to 

determine where sediments are coming 

from (North Fork, SM bottom, channel?), 

turbidity study, water quality modeling to 

assess changes in water quality in Grand 

Lake. Sedimen sampling in channel to 

obtain size distribution. Need to 

understand whether thin colloidal 

material is moving back and forth on 

both sides of the channel depending on 

current

NEPA, 401+404 

permits

11 Operational changes interrupt pumping in 

July and August 

P P   assess water quality impacts of such 

operation using the water quality model 

(operational modeling); assess probability 

of implementation of such scenarios 

yield, power interferences, East Slope 

recreation, water supply reliability, 

increase vulnerability of system to supply 

interruptions, ability to move water 

through

Power interferences, 

rescheduling of 

maintenance work. 

WAPA

12 Operational changes continuously move 

water to keep 

Shadow Mountain 

residence time 

below 50 days while 

minimizing pumping 

to Grand Lake

P P ?  assess water quality impacts of such 

operation using the water quality model 

(operational modeling); assess probability 

of implementation of such scenarios 

Power interferences, 

rescheduling of 

maintenance work, 

WAPA

13 Oxygenation by 

Granby Farr or in 

Granby Pump Canal

Remedy DO levels to 

meet the 6mg/L 

standard in Shadow 

Mountain when Farr 

is pumping.

X NEPA, USFS Permit,  

401+404 permits
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Grand Lake Appraisal Study

Report of the External Review Panel on Proposed Scope of Work for the Appraisal Study

The three member External Review Panel met with representatives of the Northern

District (Northern Colorado Water Conservancy District), Grand County, TetraTech and the

Bureau of Reclamation on November 28, 2011, in order to hear presentations about and discuss

the proposed scope of work for an appraisal study on Grand Lake relevant to CBT operations.

The meeting was coordinated by Tetra Tech and Atkins Corporation. Tetra Tech personnel

made presentations based on the material provided by Grand County and the Northern District.

The discussion, which lasted between 9:00am – 3:00pm, was wide ranging and substantive. The

present report is intended to satisfy the responsibility of the three external reviewers for

comments on the scope of work as presented at the meeting on 28 November.

1. Constraints, Objectives, and Goals

The Review Panel understands that the scope of work for the appraisal study is in part

defined by certain constraints, objectives, and goals that are fixed at the outset. The most

formal constraints are derived from Senate Bill 80, which reflects the vested interests of

Western Slope residents and of Eastern Slope water users as well as a general desire to

maintain overall efficiency in use of Colorado water resources. Specific constraints of

interest to the scope of work include the following: (1) avoid impairment of water quality in

the Three Lakes (Grand Lake, Shadow Mountain Reservoir, Granby Reservoir), (2) insure

full water availability (indexed to design capacity) to East Slope water users. In addition, the

scope of work must take into account a general desire to maximize hydropower production

and minimize energy use for the CBT Project.
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The component of Senate Bill 80 that relates to the status of Grand Lake is not clearly

defined. Scenic attractions and limits on water level variation are specified in the Bill, but

language of the Bill would seem also to apply to other considerations, including water

quality. The scope of work for appraisal focuses on improvement of water quality for Grand

Lake as a major goal, and can be based in part on the Colorado standard for Grand Lake

transparency (4 m Secchi depth for more than 85% of measurement dates, July through

September of any given year) as a numerical objective, although the feasibility of attaining

this objective has not yet been established. The Review Panel believes that use of this

objective is reasonable; its attainability is part of the scope of work.

The Review Panel suggests adding a second goal to the scope of work. The State of

Colorado has proposed nutrient standards that will be presented to the Colorado Water

Quality Control Commission as required by the USEPA on some future date. The nutrient

standards relate to maximum allowable concentrations of phosphorus, nitrogen, and

chlorophyll in waters of the State. The nitrogen and phosphorus standards as currently

proposed would be easily attainable by Grand Lake in its present state. The standard for

chlorophyll a, however, might or might not be consistent with the current status of Grand

Lake. The proposed standard calls for no more than 5 g/L of chlorophyll a (growing season

mean) in water supply lakes and reservoirs, which would include Grand Lake in its current

capacity as a water source used for domestic purposes. Even though this numeric value has

not been adopted by the Commission and could be changed, the Review Panel believes that it

is a good guideline or goal as part of the scope of work.

The Review Panel believes that any change in operation of the CBT Project that might

improve water clarity in Grand Lake will likely have some effect on energy consumption or
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energy production by the CBT Project. The Panel believes that the study should be

conducted with the understanding that changes in energy efficiency either in production or

consumption can occur, but must be minimized by thoughtful design of any specific

operational change.

2. Water Quality Evaluation

Water quality monitoring has been under way for a number of years. In addition, several

types of studies have been conducted on water quality as it relates specifically to clarity of

Grand Lake, and the construction and calibration of a water quality model has been approved

under direction from the Northern District. A question relevant to the scope of work is

whether additional extended studies involving field work should be undertaken or whether

there is sufficient information at hand to proceed with identification and refinement of

alternatives and for a decision to be made by the US Bureau of Reclamation about its

involvement in the development of alternatives.

The Panel believes that the information at hand provides a substantial basis for

consideration of alternatives, and that the weighing of alternatives is a proper activity for the

appraisal study. In addition, the Panel believes that the weighing of alternatives, as outlined

in the meeting on November 28, will assist the USBR in deciding what its role will be in

pursuing one or more alternatives that would provide substantial improvements in Grand

Lake water quality. If the USBR decides to proceed with a feasibility study plan, additional

field studies of water quality may be appropriate, but the Panel does not believe that

additional field studies are necessary to move forward with the appraisal process.

3. Nutrients

Phosphorus and nitrogen are essential elements for suspended algae and other aquatic
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plants. In many lakes, the maximum abundance of suspended algae (phytoplankton) is

determined by concentrations of nitrogen and phosphorus. The nutrient that is exhausted first

(P or N) determines the maximum amount of biomass in any given case. The likelihood of

phosphorus or nitrogen limitation is approximately equal across lakes globally (1,2).

The proposed scope of work focuses on analysis of phosphorus concentrations in Grand

Lake and in waters reaching Grand Lake through CBT operations. Phosphorus content of

Grand Lake is augmented by phosphorus from both Lake Granby and Shadow Mountain

Reservoir. Bioassays show, however, that Grand Lake is generally nitrogen limited (3).

Therefore, the appraisal study needs to consider nitrogen availability in the various water

sources that affect Grand Lake. Consideration of phosphorus need not be eliminated, but

exclusive emphasis on phosphorus could be misleading with respect to predicted capacity of

lake waters to support phytoplankton.

In addition to the external nutrient loads provided by the source waters, consideration of

internal nutrient loads should also be an important part of the proposed scope. This relates to

the release of both phosphorus and nitrogen from the sediments of the various water bodies.

The release rates are strongly tied to the hypolimnetic dissolved oxygen concentration, which

is likely to vary with changed operations, future hydrology, winter ice cover, and other

factors.

The transparency component of the appraisal study appears to be focusing almost

exclusively on suspended algae (phytoplankton). Phytoplankton do absorb light efficiently

and therefore contribute to loss of water clarity if it becomes abundant. They also may

change water color and impair water use. Because high Secchi depths are a goal for Grand

Lake, the lake must maintain very low abundances of algae, consistent with chlorophyll
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concentrations below 5 g/L. Thus, considerable attention to the potential of Grand Lake

water to grow algae is a proper part of the appraisal study.

Clarity of Grand Lake and in the water entering Grand Lake is also affected by dissolved

organic carbon (DOC) and by nonalgal particles. The appraisal study needs to take these two

additional factors into account as part of its study of clarity in Grand Lake and prediction of

clarity under future conditions with altered operations. According to the 2009 Transparency

Study (4), the influence of DOC in Grand Lake, either in its original condition or in its

current condition, is very low in proportion to other influences (e.g., 15% of light

absorbance). Therefore, further detailed consideration of DOC is not required, but it must

remain on the list of factors that contribute to reduced clarity.

Very important are nonalgal particles, as shown by the 2009 study and confirmed by a

reanalysis of the 2009 data by J. M. Boyer. The data show that the absorbance of light in

Grand Lake and Shadow Mountain Reservoir could not be accounted for by chlorophyll plus

DOC. A large amount of absorbance that was measured for these waters was due to a third

factor, which is nonalgal particles. Although there were variations from month to month in

the relative contribution of nonalgal particles to total absorbance of light in Grand Lake and

Shadow Mountain Reservoir, nonalgal particles were approximately twice as important as

algae in reducing the clarity of Grand Lake and Shadow Mountain Reservoir. Thus, both

algae and nonalgal particles were important and neither can be ignored.

The Panel believes that nonalgal particles should be brought into the discussion of current

and future water clarity for Grand Lake. Data collected as part of the 2009 transparency

study are relevant to such a discussion. Just as the relative importance of nonalgal particles

varied during the 2009 transparency study, concentrations of total suspended solids and
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chlorophyll a have varied across years. In some years, algal particles may have had a greater

role in light attenuation than in 2009, and in other years algal particles may have been less

important than in 2009. Nonetheless, the Panel believes that nonalgal particles are generally

important as a factor controlling transparency and must be considered.

4. Alternatives

A full array of alternatives has been proposed as part of the appraisal study. The Panel

believes that the alternatives cover all of the significant possibilities that need to be

considered. Although there is no harm in studying all of the alternatives prior to making

decisions, the Panel believes that the alternatives fall into three groups. Group one is for

alternatives 2 (pump from Canal to Tunnel) and 4 (pump from SMR to Tunnel), either of

which would lead to substantial improvements in the clarity of Grand Lake. For either of

these alternatives, the exclusive water source for Grand Lake would be water derived from

the Grand Lake watershed and not water in transit from other watersheds. While substantial

improvement in transparency is expected to occur with either of these alternatives, it is still

not clear whether there is sufficient nutrient loading from the watershed of Grand Lake

(developed areas) to cause phytoplankton to be more abundant than desirable. Thus, pursuit

of either one of these alternatives should be accompanied by consideration of nutrient

sources in the Grand Lake watershed. These nutrient sources are currently trivial because of

the large volume of water from points outside the watershed that passes through the lake. If

the lake is hydrologically isolated, however, the effect of these nutrient sources will be

magnified by changes in water-residence time. The effect may be significant or insignificant,

which can only be determined by loading estimates. These alternatives effectively return

Grand Lake to behaving hydrologically like a natural lake. This would most likely result in
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water level changes in excess of 1 foot, as prescribed in Senate Bill 80, although not

necessarily greater than the natural range of about 4 feet. Whether this is permissible or

whether limited flow exchange with SMR is maintained needs to be considered.

A second group of alternatives consists of all alternatives except for 2 and 4 plus alum

treatment (alternative 7). This second group of alternatives involves passage of at least some

water derived from Shadow Mountain Reservoir or Lake Granby through Grand Lake. The

alternatives seek to capture advantages that might come from temporal changes in the

amount of water flowing from these sources. The Panel believes that none of these

alternatives can be relied upon to sustain substantial increased clarity of Grand Lake because

the water sources outside of Grand Lake have potential to increase nutrient concentrations,

introduce phytoplankton into Grand Lake, or bring nonalgal particles to Grand Lake.

The third group of alternatives consists of a single alternative, which is alum treatment of

Shadow Mountain Reservoir. This alternative is flawed in that it does not deal with the issue

of nonalgal particles, which account about for two-thirds of the impairment of transparency

in Grand Lake. It is also not a viable option because of very likely extensive opposition to

chemical treatment of water on a continuing basis and the ongoing costs of such treatments.

The alternatives analysis will show, in the opinion of the Panel, that the US Bureau of

Reclamation can reach a sound determination that at least one alternative (either 2 or 4,

possibly in combination with one or more other alternatives) is viable as a means of

improving the clarity of Grand Lake through changes in operations.

5. Downstream Users

The Northern District has expressed the opinion that downstream users will be
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questioning any alteration of water sources because of possible changes in water quality.

Therefore, the appraisal study should include explicit consideration of data collection that

will be useful in answering concerns that come from water users as alternatives are

considered, leading to changes in water management. Specifically, monitoring of the output

of water through the Adams Tunnel under current conditions must be well documented from

the perspective of water treatment plant operators. Relevant factors include those that might

directly affect water treatment (DOC, geosmin) or alter the potential of water supply

reservoirs downstream to produce algae or organic matter (POC, chlorophyll, nitrogen,

phosphorus).

6. Potential for Continued Use of Grand Lake

The Bureau of Reclamation staff has pointed out that it might be possible to continue to

use some Grand Lake water even with alternatives 2 and 4, given that some water must be

released from Grand Lake during or following runoff in order to maintain an appropriate

water level. This is a proper element to be added to the scope of work, and might ease some

of the concerns of downstream water users. The technical challenge is to predict an amount

of water that could be released without threat to the water level restrictions or other aesthetic

qualities inherent in Senate Bill 80.

For alternatives 2 and 4, which involve pumping water past Grand Lake to the Adams

Tunnel, some form of operational redundancy is desirable so that East Slope water deliveries

could be ensured during rare and unanticipated events, even when natural inflows to Grand

Lake are insufficient to meet demands. Maintaining the option to pump water through Grand

Lake, as with current operations, would provide such redundancy. If such an option is

considered as a part of alternatives 2 or 4, however, the Panel believes that it would be
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necessary to specify the conditions under which pumping through Grand Lake could occur

and also to specify the anticipated effects on water quality in Grand Lake.

7. Management of Shadow Mountain Reservoir

Shadow Mountain Reservoir will be a significant supply for CBT under alternatives 2

and 4 and under other alternatives as well. The reservoir could benefit from artifical

destratification sufficient to reduce the tendency for density stratification or aeration, in that

it might suppress algal growth and prevent oxygen depletion in deep water. Aeration of the

Granby Pump Canal also may be a possibility. These possibilities should be explored as a

means of reducing concerns for downstream water users.

8. Watershed Management Upstream of Grand Lake

The scope of work currently includes some topics that relate to watershed management

for nutrients and sediment transport outside the Grand Lake watershed. The Panel believes

that most of the nutrients and particles reaching Shadow Mountain Reservoir are from natural

sources, and that significant change in the hypolimnetic conditions of Lake Granby are

unlikely to occur through any watershed management program. Therefore, these activities

should be of low priority and should not be developed to the point of becoming a distraction

from alternatives 2 and 4 or other alternatives that may be considered viable for improvement

of water quality in Grand Lake.
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Comprehensive list of stakeholder projects and best management practices (BMPs) being 
implemented to address water quality in the Three Lakes system near Grand Lake, Colorado. 
 
Source: Harger, L.T., 2012  
 

Date:  November 14, 2011 
Attachment A 

 
Bureau of Reclamation 
Grand Lake Clarity Operations:  From 2008-2011, operational experiments were performed 
annually that focus on Adams Tunnel diversions, with limited pumping from Granby to Shadow 
Mountain Reservoir, in an effort to observe effects to Grand Lake clarity.  These operational 
experiments are commonly referred to as “stop pump periods”.  The operational experiments 
involve extensive coordination between the Municipal Subdistrict of Northern Colorado Water 
Conservancy District (Northern Water), Western Area Power Administration (WAPA), and 
Grand County.  Results from 2008-2010 will be presented in an “Annual Operations and Water 
Quality Summary Report for Grand Lake and Shadow Mountain Reservoir” expected by 
December 2011. 
 
Shadow Mountain Reservoir Drawdown:  In 2006, Shadow Mountain Reservoir water level 
was lowered in an effort to control nuisance aquatic plants affecting aesthetics, recreation, and 
water quality.  The drawdown action was successful in temporarily controlling aquatic weeds in 
Shadow Mountain Reservoir.  However, vegetation remnants may have contributed to observed 
degraded clarity in Grand Lake afterwards when the reservoir refilled and water moved into 
Grand Lake.  The drawdown action involved coordination with Northern, Grand County 
(County), WAPA, Colorado Division of Wildlife, U.S. Forest Service, Greater Grand Lake 
Shoreline Association, and the Three Lakes Watershed Association.  Previous drawdowns were 
done in 1990 as well as 1991, another drawdown action is proposed for 2013 or 2014. 
 
Munipical Subdistrict of the Northern Colorado Water Conservancy District 
Windy Gap Firming Project (WGFP):  If the preferred alternative is selected and implemented 
to offset nutrient loading to the Three Lakes, Northern Water would fund improvements to the 
Fraser Sanitation District wastewater treatment plant (WWTP), implement nonpoint source 
BMPs in the Colorado River basin, and adopt other measures as needed to offset WGFP 
impacts.  Such measures would seek to avoid adverse impacts to water quality in the Three 
Lakes reservoirs and provide a year-round benefit to water quality in the Colorado River, Fraser 
River and Willow Creek. 
Proposed point source reductions:  

• Improvements to Fraser Sanitation District WWTP, located just north of the Town of 
Fraser, upstream of the WGFP diversion. 

Proposed nonpoint source reductions: 
• Improving agricultural practices and reduced fertilizer application for E-Diamond H 

Ranch and C-Lazy-U Ranch in the Willow Creek watershed, which is tributary to the 
Colorado River above Windy Gap Reservoir. 
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Grand County, Colorado 
1.  Initiated an inspection program of all newly constructed septic systems in subdivisions and 
assessed a water quality impact fee used to address water quality issues throughout Grand 
County. 
2.  If a septic system fails, the County requires connection to the Three Lakes Sanitation District 
main line regardless of the distance.   
3.  Funded a construction site inspection program and a staff person dedicated to water resource 
issues. 
4.  Adopted land use regulations that are protective of water quality, including the following 
specific provisions: 

• All new development must provide for erosion control during construction and 
incorporate final site stabilization with native vegetation. 

• Stormwater detention basins or sedimentation facilities are required for all new 
subdivisions, re-divisions, planned development, or other proposed construction, public 
or private, per the Grand County Storm Drainage Design and Technical Criteria Manual 
(first adopted in 1998 and last updated in 2006). 

• Post development peak flows cannot exceed predevelopment rates. 
• No development is allowed within 30 feet of waterbodies. 
• New subdivisions, Planned Unit Developments or other large developments are referred 

to Northwest Colorado Council of Governments (NWCCOG)  to determine if they are in 
compliance with water quality performance standards contained in the Regional Water 
Quality Management Plan. 

• Regulations provide for the protection of water quality from impacts of new or 
expansions of existing wastewater treatment and municipal drinking water facilities. 

5.  Using advanced treatment for nutrient removal in the Fraser area so the effluent that is 
discharged to the Fraser River is improved. Therefore, the quality of water pumped to the Three 
Lakes system via Windy Gap is also improved.. 
 
Town of Grand Lake 
1.  All construction projects involving ground disturbance (including municipal, commercial, and 
residential projects) in the Town are required to have sediment and erosion control, if 
applicable.   
2.  Implemented additional stormwater water quality control measures. 
3.  Installed Aqua Swirl stormwater treatment system in 2009 that blocks solid sediments and 
filters dissolved metals from stormwater that enters Grand Lake. 
4.  Utilizes a street sweeper two times a week, except in winter months.  The sweepings are 
recycled and used as a low-grade fill material.  The material is not used on projects near Grand 
Lake, streams or other waterbodies.  
5.  Headwaters Marina at Grand Lake was recently awarded the “Green Marina” designation 
from the State.  This designation recognizes efforts to manage pollutants going into the water 
from marina operations.   
6.  Currently updating Zoning and Land Use Development Regulations to help protect water 
quality.  Including, working on Shoreline Regulations (which include a 5’ non-disturbance zone 
and a 30’ water quality setback from all natural and manmade lakes, rivers, streams, wetlands, 
etc.). 



3 
 

Three Lakes Water and Sanitation District (District) 
1.  Completed 2010 septic system survey to provide locations of all septic tanks within the 
District. 
2.  Requires homes within 400 feet of the District’s main sanitary sewerline to connect, reducing 
the amount of individual septic systems.  
3.  Spent $500,000 on infrastructure upgrades to prevent leakage. 
 
National Park Service, Rocky Mountain National Park 
The Grand Ditch Breach restoration will strive to improve water quality in the project area and 
downstream throughout the Kawuneeche Valley (empties into Shadow Mountain Reservoir). 
Though not finalized, the Grand Ditch Breach Draft EIS proposes mitigation measures that will 
be implemented during the construction phase to reduce sediment transport downstream. 
 
US Forest Service 
Watershed protection activities including three culvert replacement projects in the Three Lakes 
area. 

• Eliminates erosion, provides continuity of suspended load, prevents diversion onto the 
road, and reduces plugging from debris/sediment slugs. 
 

B) Major Data/Scientific Studies funded by Reclamation, Northern, and Grand County with 
input from Stakeholders 
 

• Ongoing Water Quality Monitoring:  Baseline C-BT Project water quality monitoring, 
algae toxin, meteorology, atmospheric deposition.     

• Three Lakes Secchi Study:  Ongoing study that supports weekly clarity measurements 
(Secchi Disk) from May to October in Grand Lake and Shadow Mountain Reservoir with 
increased sampling to three times per week from mid August to Mid September. The 
study includes 14 sampling sites in Grand Lake, three in Shadow Mountain Reservoir and 
one reference site at Columbine Lake. The reference site serves to measure clarity at a 
natural body of water not connected to the Colorado Big-Thompson project. 

• Annual Operations and Water Quality Summary Report for Grand Lake and 
Shadow Mountain Reservoir:  Report documenting CB-T project operations and non-
structural factors potentially affecting water quality and clarity in the Three Lakes system 
on an annual basis.  2007-2010 data was combined and analyzed into a single 2010 
report.  A final 2010 report is expected by December 2011.  

• Water Quality Endpoints Study:  The Colorado Water Quality Control Commission 
(WQCC) adopted a Secchi depth numerical clarity 4-meter standard for Grand Lake with 
an effective date of 2015, unless a more appropriate standard has not been adopted.  In an 
effort to develop a recommendation of an attainable and scientifically defensible level of 
clarity to the WQCC.  This study, guided by an associated workgroup, was formed as an 
offshoot of the existing nutrient and clarity stakeholder workgroups.   

• Three Lakes Model:  The numerical water quality model was developed with input from 
multiple clarity stakeholders and will be used to optimize water quality/clarity in Three 
Lakes system within the limits of C-BT Project operation using monitoring and 
operational data input.  The model is complete and modeling runs are expected to 
commence in January 2012.  2011 water quality and operational data is expected to be 
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run through the model by May-June 2012. Where available, model results will be used to 
inform ongoing and future operations and planning studies. 

• Colorado-Big Thompson Project West Slope Collection System Appraisal Study 
(Appraisal Study):  Reclamation is working together with Grand County, Northern 
Water and their consultant in preparing the Appraisal Study.  The Appraisal Study is a 
preliminary investigation using existing data to identify viable alternatives that meet 
current and projected needs or satisfy problems in the Three Lakes system and if there is 
a federal interest.  The Appraisal Study kickoff meeting was held July 28, 2011 and the 
Appraisal Study Alternatives meeting is scheduled for November 28, 2011.  The 
Appraisal Study will be peer reviewed by internal and external reviewers with a draft 
Appraisal Study report expected in the winter of 2012 and a final Appraisal Study report 
expected to be available in the summer of 2012.   
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Colorado Big Thompson Project Operations Analysis 
To determine whether the Alternatives can maintain the yield of the CBT Project and contracts 
that use the CBT Project infrastructure, it is necessary to analyze the operations of each 
Alternative.  Under a future without water clarity considerations condition, C-BT Project 
operations are anticipated to be similar to those described in the Windy Gap Firming Project EIS 
for the Preferred Alternative with cumulative effects (WGFP EIS Alternative 2, Chimney 
Hollow with pre-positioning).  Under the two structural alternatives for addressing the Grand 
Lake water clarity issue (Alternatives III and IV of this report) it is assumed that C-BT Project 
operations would also be similar to those under the Preferred Alternative. 
 
In order to evaluate the ability of the Project to meet east slope delivery requirements under the 
non-structural alternatives (Alternatives I & II), a simple monthly spreadsheet model was 
developed.  A schematic of the model is provided as Figure A-1 and the major components and 
assumptions are described below: 
 

1. The model uses the same 47-year analysis period (Water Years 1950-1996) as that 
used in the WGFP EIS. 

2. The model uses the same CBT Project demands as those used in the WGFP EIS.  
Under that model’s assumptions, the average annual CBT Project demand is 234,556 
af/year. 

3. The model uses the same Windy Gap Project demands as those used in the WGFP 
EIS for the Preferred Alternative with cumulative effects.  Under those conditions, the 
average annual east slope Windy Gap Project demands are 25,664 af/year. 

4. On the west slope, the 3-Lakes system is conceptualized as one large reservoir that is 
not supply limited.  This assumption implies: 

a. The 3-Lakes system has sufficient storage capacity and/or inflow to meet all 
desired Adams Tunnel diversion requirements. 

b. The Farr can be operated in a manner consistent with those diversion 
requirements. 

c. The combination of Adams Tunnel diversions and Granby Reservoir capacity 
is sufficient to keep from spilling inflow to the 3-Lakes system that would 
result in a loss of CBT Project yield or that of contracts that use the CBT 
Project infrastructure. 

5. To insure maximum utilization of the east slope CBT Project water rights, diversion 
of Big Thompson River water to storage is considered as the first supply for meeting 
east slope reservoir storage needs.  The monthly amount diverted is the lesser of: 

a. The amount of Big Thompson River water available for diversion under the 
CBT Project’s east slope water rights.  The monthly amounts used in these 
calculations are those computed as being diverted in the WGFP EIS for all 
cumulative effects model runs. 

b. The maximum Olympus Tunnel capacity of 550 cfs for the month. 
c. The amount of available east slope storage capacity (after consideration of 

that month’s east slope demands, reservoir evaporation, and seepage). 
6. In order to insure sufficient water supplies are available on the East Slope, diversions 

of west slope water through the Adams Tunnel are always maximized to the extent 



possible.  For every month of the study period the diversions are computed as the 
lesser of: 

a. The amount described in the alternative during July through September (i.e. 0 
cfs for Alt I and 250 cfs for Alt II). 

b. The maximum Adams Tunnel capacity of 550 cfs for the month, limited by 
that month’s estimated maintenance outage duration. 

c. The amount of available east slope storage capacity (after consideration of 
that month’s east slope demands, reservoir evaporation, and seepage) minus 
the amount of Big Thompson River water diverted at Olympus Dam for 
storage in the East Slope reservoirs. 

7. Diversion of Big Thompson River water for power generation is given lowest priority 
for available Olympus Tunnel capacity.  However, the diversion is maximized by 
utilizing all remaining tunnel capacity after consideration of diversion of Big 
Thompson River water to CBT Project storage and Adams Tunnel diversions.  The 
diversion of Big Thompson River water for power generation is computed as the 
lesser of: 

a. The amount of Big Thompson River water available for diversion.  The 
monthly amounts were determined as the difference between the historic 
inflow to Lake Estes and the minimum required release from Olympus Dam.  
The amount available is then further reduced by the amount of Big Thompson 
River water diverted to storage under the CBT Project’s east slope water 
rights as computed in #5 above. 

b. 550 cfs minus diversion of Big Thompson River water to CBT Project storage 
and Adams Tunnel diversions 

8. Horsetooth Reservoir, Carter Lake, and the proposed Windy Gap Firming Project east 
slope storage facility are conceptualized as one large storage reservoir with an active 
capacity of 326,000 af (Horsetooth Reservoir 136,000 af; Carter Lake 100,000 af; 
Chimney Hollow 90,000 af). 

9. East slope reservoir evaporation is computed from average monthly evaporation rates 
used in the Bureau of Reclamation’s monthly operations planning model. 

10. Seepage from the CBT Project system is estimated to be 200 af/month. 
11. East slope demands, both CBT Project and Windy Gap, are all considered to be 

delivered from the conceptualized large east slope reservoir.  The monthly CBT 
Project and Windy Gap delivery amounts were obtained from the WGFP EIS for the 
Preferred Alternative with cumulative effects model run as described in #2 and #3 
above. 

12. The end of month content for the one large east slope reservoir is computed as the 
greater of: 

a. The minimum allowable reservoir storage (i.e. dead pool or 0 af of active 
capacity) 

b. The previous end of month content plus Adams Tunnel diversions (#6) plus 
diversion of Big Thompson River water to storage under the CBT Project east 
slope water rights (#5) minus evaporation (#9) minus seepage (#10) minus 
deliveries of CBT Project water and Windy Gap east slope (#11) 



13. If the content for the one large east slope reservoir is insufficient to meet demands, 
the demands are shorted to the extent necessary.  This situation did not occur in the 
modeling for Alternatives I and II. 

14. These conceptualized operations imply the ability to operate the east slope facilities to 
optimize east slope storage and water delivery (i.e. the ability to properly position 
water in all east slope reservoirs to meet all delivery requirements).  

 

The monthly operations calculations are provided in the tables below for both Alternative I and 
Alternative II. 

  



FIGURE A-1 :  Schematic of Operations Model 
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Alternative 1 - Windy Gap Future Conditions - CBT Existing/Future Demands, WGFP Deliveries (Cumulative Effects Deliveries), Chimney 
Hollow in Operation 

   
                
                East Slope Storage 

   
Evaporation Rates 

 
Seepage 

      

Initial 
Content 

(af) 

Min 
Content 

(af) 

Max 
Content 

(af) 
   

Month Month 
Evap     

(ft/mon) 
 

Month Month 
Seepage    

(af/month) 
Horsetooth 
Reservoir   74105 18000 154000 

   
Jan 1 0.06 

 
Jan 1 200 

Carter Lake   53895 12000 112000 
   

Feb 2 0.08 
 

Feb 2 200 
Chimney Hollow   0 0 90000 

   
Mar 3 0.07 

 
Mar 3 200 

Additional Storage   0 0 0 
   

Apr 4 0.16 
 

Apr 4 200 
Total East Slope Storage 128000 30000 356000 

   
May 5 0.16 

 
May 5 200 

         
Jun 6 0.29 

 
Jun 6 200 

         
Jul 7 0.35 

 
Jul 7 200 

         
Aug 8 0.33 

 
Aug 8 200 

         
Sep 9 0.23 

 
Sep 9 200 

         
Oct 10 0.14 

 
Oct 10 200 

         
Nov 11 0.07 

 
Nov 11 200 

         
Dec 12 0.06 

 
Dec 12 200 

                
                Maximum Adams Tunnel Availability 

  
Maximum Olympus Tunnel Availability 

Month Month Input 
Flow  
(cfs) 

Volume 
(af) 

Days / 
Month 

Equivalent 
days/Mon
th 

  
Month Month Input 

Flow  
(cfs) 

Volum
e (af) 

Days / 
Month 

Equivalent 
days/Mont
h 

Jan 1 95% 523 32127 31 29.45 
  

Jan 1 95% 523 32127 31 29.45 
Feb 2 95% 523 29018 28 26.6 

  
Feb 2 95% 523 29018 28 26.6 

Mar 3 95% 523 32127 31 29.45 
  

Mar 3 95% 523 32127 31 29.45 
Apr 4 95% 523 31091 30 28.5 

  
Apr 4 95% 523 31091 30 28.5 

May 5 95% 523 32127 31 29.45 
  

May 5 95% 523 32127 31 29.45 
Jun 6 95% 523 31091 30 28.5 

  
Jun 6 95% 523 31091 30 28.5 

Jul 7 0% 0 0 31 0 
  

Jul 7 95% 523 32127 31 29.45 
Aug 8 0% 0 0 31 0 

  
Aug 8 0% 0 0 31 0 

Sep 9 0% 0 0 30 0 
  

Sep 9 0% 0 0 30 0 
Oct 10 95% 523 32127 31 29.45 

  
Oct 10 95% 523 32127 31 29.45 

Nov 11 95% 523 31091 30 28.5 
  

Nov 11 95% 523 31091 30 28.5 
Dec 12 95% 523 32127 31 29.45 

  
Dec 12 95% 523 32127 31 29.45 

              
  

              
Total       282927   259 

  
        315054   289 



 

  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Sep-49             128000                             

Oct-49 0 0 0 32127 0 32127 136969 480 6844 5933 6593 137 388 589 1672 22 22678 22678 0 19507 2671 

Nov-49 0 0 0 31091 0 31091 160242 349 2260 869 1997 73 600 212 1440 18 7469 7469 0 5199 2270 

Dec-49 0 0 0 32127 0 32127 184587 334 2311 789 2000 75 600 212 1443 18 7448 7448 0 5175 2273 

Jan-50 0 0 0 32127 0 32127 208695 343 2769 685 1901 73 600 212 1419 18 7677 7677 0 5428 2249 

Feb-50 0 0 0 29018 0 29018 230216 401 2487 641 1661 66 600 212 1413 16 7095 7095 0 4854 2241 

Mar-50 0 0 0 32127 0 32127 254190 384 2639 799 1995 73 600 212 1434 18 7770 7770 0 5506 2264 

Apr-50 0 0 0 31091 0 31091 272399 639 4490 2855 3457 73 388 0 963 17 12243 12243 0 10875 1368 

May-50 0 0 1958 32127 0 32127 277249 654 10153 4060 10358 115 388 98 1426 25 26623 26623 0 24686 1937 

Jun-50 0 0 22962 31091 0 31091 278154 1039 10591 3441 12704 160 388 98 1729 37 29147 29147 0 26895 2252 

Jul-50 0 0 6414 0 6414 6414 221322 1215 21925 6846 23797 224 388 196 2196 44 55616 55616 0 52792 2824 

Aug-50 0 0 0 0 0 0 165036 1083 21561 7733 23069 208 388 393 1815 37 55204 55204 0 52571 2633 

Sep-50 0 0 0 0 0 0 128743 744 12005 6998 13662 187 388 589 1690 31 35550 35550 0 32852 2698 

Oct-50 0 0 0 32127 0 32127 140514 494 5921 5275 5873 122 388 589 1672 22 19862 19862 0 17191 2671 

Nov-50 0 0 0 31091 0 31091 164365 350 1980 769 1806 65 600 212 1440 18 6890 6890 0 4620 2270 

Dec-50 0 0 0 32127 0 32127 189284 336 2033 692 1808 67 600 212 1443 18 6872 6872 0 4599 2273 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Jan-51 0 0 0 32127 0 32127 213999 344 2434 600 1720 65 600 212 1419 18 7068 7068 0 4819 2249 

Feb-51 0 0 0 29018 0 29018 236063 403 2186 562 1503 59 600 212 1413 16 6551 6551 0 4310 2241 

Mar-51 0 0 0 32127 0 32127 260648 386 2321 700 1806 65 600 212 1434 18 7156 7156 0 4892 2264 

Apr-51 0 0 369 31091 0 31091 280113 644 3912 2531 3106 65 388 0 963 17 10982 10982 0 9614 1368 

May-51 0 0 11858 32127 0 32127 287899 659 8825 3633 9185 103 388 98 1426 25 23683 23683 0 21746 1937 

Jun-51 0 0 30962 31091 0 31091 291974 1051 9189 3113 11268 143 388 98 1729 37 25964 25964 0 23712 2252 

Jul-51 0 0 22514 0 22514 22514 241479 1234 19079 6128 20996 199 388 196 2231 44 49261 49261 0 46402 2859 

Aug-51 0 0 7507 0 0 0 191541 1113 18788 6872 20346 185 388 393 1815 37 48824 48824 0 46191 2633 

Sep-51 0 0 881 0 0 0 159164 777 10442 6209 12087 166 388 589 1690 31 31601 31601 0 28903 2698 

Oct-51 0 0 0 32127 0 32127 175188 520 4568 3286 4987 72 388 589 1672 22 15584 15584 0 12913 2671 

Nov-51 0 0 0 31091 0 31091 199517 364 1368 1259 1443 58 600 212 1440 18 6397 6397 0 4127 2270 

Dec-51 0 0 0 32127 0 32127 224775 347 2137 616 1436 59 600 212 1443 18 6522 6522 0 4249 2273 

Jan-52 0 0 0 32127 0 32127 249218 356 3066 516 1440 58 600 212 1419 18 7329 7329 0 5080 2249 

Feb-52 0 0 0 29018 0 29018 270456 418 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-52 0 0 0 32127 0 32127 295601 398 2197 602 1465 58 600 212 1434 18 6585 6585 0 4321 2264 

Apr-52 0 0 2069 31091 0 31091 313722 668 4101 2225 4552 55 388 0 963 17 12301 12301 0 10933 1368 

May-52 10928 10928 3430 21199 0 32127 328589 684 5197 2813 6548 82 388 98 1426 25 16577 16577 0 14640 1937 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Jun-52 12179 12179 29183 18912 0 31091 341417 1098 5682 2358 6753 120 388 98 1729 37 17165 17165 0 14913 2252 

Jul-52 0 0 11214 0 11214 11214 304684 1305 14197 3219 15832 144 388 196 1408 44 35428 35428 0 33392 2036 

Aug-52 0 0 3407 0 0 0 250391 1202 19336 8039 23318 209 388 393 1408 0 53091 53091 0 50902 2189 

Sep-52 0 0 681 0 0 0 220088 847 9010 7104 10776 182 388 589 1408 0 29456 29456 0 27071 2385 

Oct-52 0 0 0 32127 0 32127 231238 566 6844 4498 6573 111 388 589 1408 0 20411 20411 0 18026 2385 

Nov-52 0 0 0 31091 0 31091 254607 386 2260 804 1997 73 600 212 1390 0 7336 7336 0 5134 2202 

Dec-52 0 0 0 32127 0 32127 279071 365 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-53 0 0 0 32127 0 32127 303203 371 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-53 0 0 0 29018 0 29018 324728 437 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-53 0 0 0 32127 0 32127 348733 414 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-53 0 0 0 19793 0 19793 356000 706 4490 2607 3405 70 388 0 861 0 11820 11820 0 10571 1249 

May-53 0 0 2658 25421 2658 28079 356000 714 10153 3480 9161 106 388 98 1321 0 24708 24708 0 22901 1807 

Jun-53 0 0 28562 29840 1251 31091 356000 1141 10591 3897 11826 170 388 98 1729 0 28700 28700 0 26485 2215 

Jul-53 0 0 9114 0 9114 9114 303949 1336 21925 8762 17227 259 388 196 1914 44 50715 50715 0 48173 2542 

Aug-53 0 0 3707 0 0 0 255234 1211 21561 7336 16221 197 388 393 1408 0 47504 47504 0 45315 2189 

Sep-53 0 0 0 0 0 0 220611 854 12005 7434 11753 191 388 589 1408 0 33768 33768 0 31383 2385 

Oct-53 0 0 0 32127 0 32127 226663 568 8690 6271 8008 154 388 589 1408 0 25508 25508 0 23123 2385 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Nov-53 0 0 0 31091 0 31091 248891 385 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-53 0 0 0 32127 0 32127 272225 363 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-54 0 0 0 32127 0 32127 295142 370 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-54 0 0 0 29018 0 29018 315581 435 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-54 0 0 0 32127 0 32127 338363 412 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-54 0 0 0 31091 0 31091 354223 700 5846 3194 4157 84 388 0 861 0 14530 14530 0 13281 1249 

May-54 0 0 3658 32127 0 32127 351509 714 12997 7050 12706 172 388 98 717 0 34128 34128 0 32925 1203 

Jun-54 0 0 3962 31091 0 31091 344221 1139 13560 6663 15576 237 388 98 717 0 37240 37240 0 36037 1203 

Jul-54 0 0 1314 0 1314 1314 275589 1323 27787 7855 29407 267 388 196 1408 0 67309 67309 0 65317 1992 

Aug-54 0 0 0 0 0 0 208050 1175 27108 8314 28524 230 388 393 1408 0 66364 66364 0 64175 2189 

Sep-54 0 0 0 0 0 0 165799 804 15132 6915 16815 200 388 589 1408 0 41446 41446 0 39061 2385 

Oct-54 0 0 0 32127 0 32127 174343 528 6670 6958 6872 170 388 589 1408 0 23055 23055 0 20670 2385 

Nov-54 0 0 0 31091 0 31091 196593 365 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-54 0 0 0 32127 0 32127 219942 347 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-55 0 0 0 32127 0 32127 242875 354 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-55 0 0 0 29018 0 29018 263333 416 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-55 0 0 0 32127 0 32127 286131 395 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 
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Apr-55 0 0 0 31091 0 31091 301979 663 5373 3194 4680 84 388 0 861 0 14579 14579 0 13330 1249 

May-55 0 0 2658 32127 0 32127 288514 677 22279 5791 15163 152 388 98 1046 0 44916 44916 0 43384 1532 

Jun-55 0 0 12562 31091 0 31091 284678 1068 12525 3719 16222 190 388 98 717 0 33859 33859 0 32656 1203 

Jul-55 0 0 5814 0 5814 5814 217238 1228 24760 9494 29678 287 388 196 1408 0 66211 66211 0 64219 1992 

Aug-55 0 0 1607 0 0 0 155450 1080 24841 7978 25468 233 388 393 1408 0 60709 60709 0 58520 2189 

Sep-55 0 0 0 0 0 0 110679 733 15022 9293 17110 228 388 589 1408 0 44038 44038 0 41653 2385 

Oct-55 0 0 0 32127 0 32127 123271 476 4605 5798 6134 138 388 589 1408 0 19059 19059 0 16674 2385 

Nov-55 0 0 0 31091 0 31091 147328 341 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-55 0 0 0 32127 0 32127 172394 330 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 

Jan-56 0 0 0 32127 0 32127 197166 338 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-56 0 0 0 29018 0 29018 219276 396 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-56 0 0 0 32127 0 32127 243954 380 2321 676 1806 65 600 212 1390 0 7070 7070 0 4868 2202 

Apr-56 0 0 69 31091 0 31091 264175 631 3676 2170 2963 62 388 0 963 17 10239 10239 0 8871 1368 

May-56 0 0 16058 32127 0 32127 273256 648 9072 2768 8529 93 388 98 1426 25 22399 22399 0 20462 1937 

Jun-56 0 0 23162 31091 0 31091 277942 1033 8194 3287 11499 139 388 98 1729 37 25372 25372 0 23120 2252 

Jul-56 0 0 4014 0 4014 4014 223357 1211 19577 8074 22653 212 388 196 2231 44 53375 53375 0 50516 2859 

Aug-56 0 0 807 0 0 0 178333 1083 18471 5633 17030 175 388 393 1815 37 43941 43941 0 41308 2633 
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Sep-56 0 0 0 0 0 0 140805 759 13428 6425 14054 164 388 589 1690 31 36769 36769 0 34071 2698 

Oct-56 0 0 0 32127 0 32127 152466 506 3531 7058 6814 144 388 589 1414 22 19960 19960 0 17547 2413 

Nov-56 0 0 0 31091 0 31091 176985 354 1368 1148 1443 58 600 212 1390 0 6218 6218 0 4016 2202 

Dec-56 0 0 0 32127 0 32127 202381 340 2137 557 1436 59 600 212 1390 0 6391 6391 0 4189 2202 

Jan-57 0 0 0 32127 0 32127 226882 349 3066 512 1440 58 600 212 1390 0 7278 7278 0 5076 2202 

Feb-57 0 0 0 29018 0 29018 248168 409 3321 483 1266 52 600 212 1390 0 7323 7323 0 5121 2202 

Mar-57 0 0 0 32127 0 32127 273402 391 2197 581 1465 58 600 212 1390 0 6502 6502 0 4300 2202 

Apr-57 0 0 69 31091 0 31091 292185 652 3899 2024 4429 55 388 0 861 0 11656 11656 0 10407 1249 

May-57 5351 5351 1807 26776 0 32127 310142 668 3096 2426 5986 82 388 98 1426 0 13502 13502 0 11590 1912 

Jun-57 25991 25991 15571 5100 0 31091 324976 1070 4441 2152 6223 120 388 98 1729 37 15187 15187 0 12935 2252 

Jul-57 3366 3366 34348 0 28761 32127 297109 1277 11217 3495 12214 172 388 196 2231 44 29957 29957 0 27098 2859 

Aug-57 0 0 8107 0 0 0 243839 1186 21134 5124 23061 149 388 393 1797 37 52083 52083 0 49468 2615 

Sep-57 0 0 981 0 0 0 203517 841 15640 6961 14041 141 388 589 1690 31 39481 39481 0 36783 2698 

Oct-57 0 0 0 32127 0 32127 212000 559 6252 6984 7020 159 388 589 1672 22 23086 23086 0 20415 2671 

Nov-57 0 0 0 31091 0 31091 233802 379 2699 1472 2380 88 600 212 1440 18 8910 8910 0 6640 2270 

Dec-57 0 0 0 32127 0 32127 256411 359 3505 906 2385 91 600 212 1443 18 9161 9161 0 6888 2273 

Jan-58 0 0 0 32127 0 32127 277684 366 5040 848 2263 88 600 212 1419 18 10488 10488 0 8239 2249 
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Feb-58 0 0 0 29018 0 29018 295708 429 5470 799 1976 80 600 212 1413 16 10565 10565 0 8324 2241 

Mar-58 0 0 0 32127 0 32127 318157 407 3585 962 2372 88 600 212 1434 18 9271 9271 0 7007 2264 

Apr-58 0 0 0 31091 0 31091 333448 686 6661 3114 3886 84 388 0 963 17 15114 15114 0 13746 1368 

May-58 17673 17673 4785 14454 0 32127 343366 700 5536 3639 10272 125 388 98 1426 25 21509 21509 0 19572 1937 

Jun-58 9525 9525 13237 21566 0 31091 343752 1117 9752 4378 14009 208 388 98 717 37 29587 29587 0 28347 1240 

Jul-58 0 0 2914 0 2914 2914 279586 1316 24506 9824 26225 303 388 196 1408 0 62850 62850 0 60858 1992 

Aug-58 0 0 0 0 0 0 202930 1178 35609 10475 26946 258 388 393 1408 0 75478 75478 0 73289 2189 

Sep-58 0 0 0 0 0 0 147253 804 18074 7374 26834 206 388 589 1408 0 54873 54873 0 52488 2385 

Oct-58 0 0 0 32127 0 32127 155824 514 5283 7689 7508 177 388 589 1408 0 23041 23041 0 20656 2385 

Nov-58 0 0 0 31091 0 31091 179223 356 2260 804 1997 73 600 212 1390 0 7336 7336 0 5134 2202 

Dec-58 0 0 0 32127 0 32127 203711 341 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-59 0 0 0 32127 0 32127 227864 349 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-59 0 0 0 29018 0 29018 249417 409 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-59 0 0 0 32127 0 32127 273446 390 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-59 0 0 0 31091 0 31091 292446 653 4221 2607 3292 70 388 0 861 0 11439 11439 0 10190 1249 

May-59 3156 3156 702 28971 0 32127 301597 668 7352 3331 9610 104 388 98 1426 0 22308 22308 0 20396 1912 

Jun-59 1828 1828 25734 29263 0 31091 303509 1067 10786 2924 11997 152 388 98 1729 37 28112 28112 0 25860 2252 
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Jul-59 0 0 7214 0 7214 7214 249037 1255 21041 6826 22843 216 388 196 1663 44 53217 53217 0 50926 2291 

Aug-59 0 0 1507 0 0 0 189059 1128 25401 8299 22751 210 388 393 1408 0 58849 58849 0 56660 2189 

Sep-59 0 0 0 0 0 0 149407 779 14337 6339 15638 175 388 589 1408 0 38873 38873 0 36488 2385 

Oct-59 0 0 0 32127 0 32127 160861 514 5559 5517 6568 131 388 589 1408 0 20160 20160 0 17775 2385 

Nov-59 0 0 0 31091 0 31091 184828 359 1980 712 1806 65 600 212 1390 0 6765 6765 0 4563 2202 

Dec-59 0 0 0 32127 0 32127 209881 343 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 

Jan-60 0 0 0 32127 0 32127 234640 351 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-60 0 0 0 29018 0 29018 256734 412 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-60 0 0 0 32127 0 32127 281375 393 2321 700 1806 65 600 212 1390 0 7094 7094 0 4892 2202 

Apr-60 0 0 1569 31091 0 31091 301442 658 3676 2314 2963 62 388 0 963 0 10366 10366 0 9015 1351 

May-60 635 635 5723 31492 0 32127 312822 674 6374 3136 8529 96 388 98 1426 25 20072 20072 0 18135 1937 

Jun-60 1207 1207 25355 29884 0 31091 318743 1080 8041 2948 10707 143 388 98 1729 37 24090 24090 0 21838 2252 

Jul-60 0 0 8914 0 8914 8914 271369 1275 17628 5324 20103 185 388 196 2231 44 46099 46099 0 43240 2859 

Aug-60 0 0 0 0 0 0 214720 1157 23038 7945 21681 194 388 393 1815 37 55492 55492 0 52859 2633 

Sep-60 0 0 0 0 0 0 179226 809 12797 6707 12311 171 388 589 1690 31 34685 34685 0 31987 2698 

Oct-60 0 0 0 32127 0 32127 194698 537 3335 4991 5006 115 388 589 1672 22 16118 16118 0 13447 2671 

Nov-60 0 0 0 31091 0 31091 219131 371 1368 1148 1443 58 600 212 1440 18 6286 6286 0 4016 2270 
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Dec-60 0 0 0 32127 0 32127 244443 353 2137 557 1436 59 600 212 1443 18 6462 6462 0 4189 2273 

Jan-61 0 0 0 32127 0 32127 268883 362 3066 512 1440 58 600 212 1419 18 7325 7325 0 5076 2249 

Feb-61 0 0 0 29018 0 29018 290114 425 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-61 0 0 0 32127 0 32127 315273 404 2197 581 1465 58 600 212 1434 18 6564 6564 0 4300 2264 

Apr-61 0 0 0 31091 0 31091 333907 682 3899 2024 4429 55 388 0 963 17 11775 11775 0 10407 1368 

May-61 4885 4885 3273 27242 0 32127 351809 698 3096 2426 5986 82 388 98 1426 25 13527 13527 0 11590 1937 

Jun-61 23700 20283 6062 0 6062 26345 356000 1123 4345 2152 6223 120 388 98 1607 37 14969 14969 0 12839 2130 

Jul-61 0 0 8314 0 8314 8314 319028 1323 13052 4324 16094 186 388 196 1408 0 35649 35649 0 33657 1992 

Aug-61 0 0 1907 0 0 0 261310 1221 23509 7135 23500 163 388 393 1408 0 56496 56496 0 54307 2189 

Sep-61 0 0 4781 0 0 0 228694 862 11346 6354 11529 141 388 589 1408 0 31755 31755 0 29370 2385 

Oct-61 0 0 0 32127 0 32127 244071 574 5026 3317 5363 85 388 589 1408 0 16176 16176 0 13791 2385 

Nov-61 0 0 0 31091 0 31091 267800 390 2120 680 1902 69 600 212 1390 0 6972 6972 0 4770 2202 

Dec-61 0 0 0 32127 0 32127 292545 368 2172 666 1904 71 600 212 1390 0 7015 7015 0 4813 2202 

Jan-62 0 0 0 32127 0 32127 316976 375 2601 638 1810 69 600 212 1390 0 7321 7321 0 5119 2202 

Feb-62 0 0 0 29018 0 29018 338768 442 2336 602 1582 62 600 212 1390 0 6784 6784 0 4582 2202 

Mar-62 0 0 0 25025 0 25025 356000 418 2480 724 1900 69 600 212 1390 0 7375 7375 0 5173 2202 

Apr-62 0 0 3869 11510 3869 15378 356000 711 3948 2306 3127 66 388 0 963 0 10799 10799 0 9448 1351 
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May-62 0 0 8658 24721 7406 32127 356000 713 8553 3785 10329 112 388 98 717 25 24008 24008 0 22780 1228 

Jun-62 1733 1733 20729 23369 5989 31091 356000 1138 8295 2812 11509 145 388 98 717 0 23964 23964 0 22761 1203 

Jul-62 0 0 16014 0 16014 16014 297319 1332 21433 9601 24061 261 388 196 1408 0 57349 57349 0 55357 1992 

Aug-62 0 0 1707 0 0 0 243273 1200 21379 7413 21665 200 388 393 1408 0 52846 52846 0 50657 2189 

Sep-62 0 0 0 0 0 0 207118 841 13737 6824 12195 174 388 589 1408 0 35315 35315 0 32930 2385 

Oct-62 0 0 0 32127 0 32127 213758 560 6807 7322 8233 181 388 589 1408 0 24927 24927 0 22542 2385 

Nov-62 0 0 0 31091 0 31091 236096 380 2820 883 2380 88 600 212 1390 0 8373 8373 0 6171 2202 

Dec-62 0 0 0 32127 0 32127 259433 359 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-63 0 0 0 32127 0 32127 282354 366 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-63 0 0 0 29018 0 29018 302798 430 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-63 0 0 0 32127 0 32127 325618 408 3275 962 2372 88 600 212 1390 0 8900 8900 0 6698 2202 

Apr-63 0 0 0 31091 0 31091 340156 691 6516 3324 4682 92 388 0 861 0 15862 15862 0 14613 1249 

May-63 0 0 7958 32127 0 32127 320335 705 18106 9661 22104 169 388 98 717 0 51243 51243 0 50040 1203 

Jun-63 0 0 14762 31091 0 31091 314378 1105 15261 4603 14674 202 388 98 717 0 35943 35943 0 34740 1203 

Jul-63 0 0 3914 0 3914 3914 248834 1280 27416 6564 28033 260 388 196 1408 0 64264 64264 0 62272 1992 

Aug-63 0 0 3607 0 0 0 192405 1135 23818 7284 21762 241 388 393 1408 0 55293 55293 0 53104 2189 

Sep-63 0 0 2181 0 0 0 152106 782 13583 7643 15706 199 388 589 1408 0 39517 39517 0 37132 2385 
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Oct-63 0 0 0 32127 0 32127 156951 516 6899 7908 9413 161 388 589 1408 0 26766 26766 0 24381 2385 

Nov-63 0 0 0 31091 0 31091 179778 358 2540 895 2189 81 600 212 1390 0 7906 7906 0 5704 2202 

Dec-63 0 0 0 32127 0 32127 203700 341 2590 797 2192 83 600 212 1390 0 7864 7864 0 5662 2202 

Jan-64 0 0 0 32127 0 32127 227245 349 3104 764 2082 80 600 212 1390 0 8233 8233 0 6031 2202 

Feb-64 0 0 0 29018 0 29018 248254 409 2787 720 1818 73 600 212 1390 0 7600 7600 0 5398 2202 

Mar-64 0 0 0 32127 0 32127 271670 390 2957 898 2184 81 600 212 1390 0 8321 8321 0 6119 2202 

Apr-64 0 0 0 31091 0 31091 289534 652 4786 2900 3563 77 388 0 861 0 12576 12576 0 11327 1249 

May-64 0 0 5858 32127 0 32127 282584 667 15897 4481 15990 129 388 98 1426 0 38410 38410 0 36498 1912 

Jun-64 0 0 13362 31091 0 31091 281752 1054 12564 3361 13117 171 388 98 1134 37 30870 30870 0 29213 1657 

Jul-64 0 0 8814 0 8814 8814 219926 1224 23291 7690 27380 249 388 196 1408 0 60601 60601 0 58609 1992 

Aug-64 0 0 0 0 0 0 162458 1082 23093 8771 22098 234 388 393 1408 0 56386 56386 0 54197 2189 

Sep-64 0 0 0 0 0 0 125594 742 13326 7357 12854 202 388 589 1408 0 36123 36123 0 33738 2385 

Oct-64 0 0 0 32127 0 32127 140510 491 3878 5069 5275 112 388 589 1408 0 16719 16719 0 14334 2385 

Nov-64 0 0 0 31091 0 31091 165057 349 1700 621 1615 58 600 212 1390 0 6195 6195 0 3993 2202 

Dec-64 0 0 0 32127 0 32127 190683 336 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-65 0 0 0 32127 0 32127 216056 345 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-65 0 0 0 29018 0 29018 238703 404 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 



  
  

 Alternative I – Stop Pump 
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Mar-65 0 0 0 32127 0 32127 263963 386 2002 602 1617 58 600 212 1390 0 6481 6481 0 4279 2202 

Apr-65 0 0 469 31091 0 31091 285136 645 3150 2182 2633 59 388 0 861 0 9272 9272 0 8023 1249 

May-65 0 0 5058 32127 0 32127 291125 662 12822 3155 7495 92 388 98 1426 0 25477 25477 0 23565 1912 

Jun-65 11952 11952 30610 19139 0 31091 299895 1061 7111 2473 9302 122 388 98 1729 37 21260 21260 0 19008 2252 

Jul-65 1177 1177 26237 0 26237 27414 266577 1243 10568 4456 15212 158 388 196 2231 44 33252 33252 0 30393 2859 

Aug-65 0 0 8507 0 0 0 218794 1140 18353 6168 19325 164 388 393 1815 37 46643 46643 0 44010 2633 

Sep-65 0 0 2281 0 0 0 186132 809 9725 6431 12842 156 388 589 1690 31 31852 31852 0 29154 2698 

Oct-65 0 0 0 32127 0 32127 195826 541 6570 5606 6906 140 388 589 1672 22 21893 21893 0 19222 2671 

Nov-65 0 0 0 31091 0 31091 218103 373 2820 883 2380 88 600 212 1440 18 8441 8441 0 6171 2270 

Dec-65 0 0 0 32127 0 32127 241375 354 2868 884 2385 91 600 212 1443 18 8501 8501 0 6228 2273 

Jan-66 0 0 0 32127 0 32127 264254 361 3440 848 2263 88 600 212 1419 18 8887 8887 0 6638 2249 

Feb-66 0 0 0 29018 0 29018 284665 424 3088 799 1976 80 600 212 1413 16 8183 8183 0 5942 2241 

Mar-66 0 0 0 32127 0 32127 307429 402 3275 962 2372 88 600 212 1434 18 8962 8962 0 6698 2264 

Apr-66 0 0 0 31091 0 31091 324186 678 5324 2993 3886 84 388 0 963 17 13655 13655 0 12287 1368 

May-66 0 0 4358 32127 0 32127 319701 692 13290 4618 15932 143 388 98 1426 25 35920 35920 0 33983 1937 

Jun-66 0 0 7762 31091 0 31091 305477 1099 16977 4374 20628 195 388 98 1519 37 44216 44216 0 42174 2042 

Jul-66 0 0 3414 0 3414 3414 231417 1268 28732 11646 30127 295 388 196 1408 0 72792 72792 0 70800 1992 
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Aug-66 0 0 107 0 0 0 164480 1108 27018 10531 25796 294 388 393 1408 0 65830 65830 0 63641 2189 

Sep-66 0 0 0 0 0 0 129082 747 13358 6797 11917 192 388 589 1408 0 34650 34650 0 32265 2385 

Oct-66 0 0 0 32127 0 32127 139947 495 4479 7006 6742 155 388 589 1408 0 20768 20768 0 18383 2385 

Nov-66 0 0 0 31091 0 31091 163996 350 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-66 0 0 0 32127 0 32127 189056 335 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 

Jan-67 0 0 0 32127 0 32127 213822 344 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-67 0 0 0 29018 0 29018 235925 403 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-67 0 0 0 32127 0 32127 260597 386 2321 676 1806 65 600 212 1390 0 7070 7070 0 4868 2202 

Apr-67 0 0 0 31091 0 31091 280715 643 3830 2170 2917 62 388 0 963 0 10330 10330 0 8979 1351 

May-67 0 0 3358 32127 0 32127 292487 660 7125 2768 7774 93 388 98 1426 25 19696 19696 0 17759 1937 

Jun-67 3779 3779 17183 27312 0 31091 298015 1054 9530 2559 10032 135 388 98 1729 37 24508 24508 0 22256 2252 

Jul-67 11482 11482 2532 0 2532 14014 274272 1244 13540 3768 13670 168 388 196 2206 44 33980 33980 0 31146 2834 

Aug-67 0 0 7 0 0 0 209575 1156 23074 9378 28700 201 388 393 1408 0 63542 63542 0 61353 2189 

Sep-67 0 0 1581 0 0 0 171492 803 15194 6506 13028 168 388 589 1408 0 37280 37280 0 34895 2385 

Oct-67 0 0 0 32127 0 32127 183545 533 6117 6116 4785 139 388 589 1408 0 19542 19542 0 17157 2385 

Nov-67 0 0 0 31091 0 31091 208136 368 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 

Dec-67 0 0 0 32127 0 32127 233748 350 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 
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Jan-68 0 0 0 32127 0 32127 259107 358 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-68 0 0 0 29018 0 29018 281736 421 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-68 0 0 0 32127 0 32127 307004 400 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-68 0 0 0 31091 0 31091 328483 676 3141 1897 2594 55 388 0 861 0 8935 8935 0 7686 1249 

May-68 58 58 0 32069 0 32127 342370 693 6694 2547 6552 83 388 98 1185 0 17547 17547 0 15876 1671 

Jun-68 2191 2191 24671 28900 0 31091 351363 1118 7084 2391 9343 120 388 98 1556 0 20980 20980 0 18938 2042 

Jul-68 0 0 8414 0 8414 8414 303701 1323 16539 5488 22013 180 388 196 1536 0 46339 46339 0 44219 2120 

Aug-68 0 0 2007 0 0 0 264040 1204 14967 5158 15971 148 388 393 1432 0 38457 38457 0 36244 2213 

Sep-68 0 0 0 0 0 0 232096 857 11317 6420 10828 138 388 589 1408 0 31087 31087 0 28702 2385 

Oct-68 0 0 0 32127 0 32127 245014 576 4884 5462 5773 129 388 589 1408 0 18633 18633 0 16248 2385 

Nov-68 0 0 0 31091 0 31091 268912 390 1701 1229 1605 65 600 212 1390 0 6802 6802 0 4600 2202 

Dec-68 0 0 0 32127 0 32127 293680 368 2479 644 1599 67 600 212 1390 0 6991 6991 0 4789 2202 

Jan-69 0 0 0 32127 0 32127 317405 375 3560 596 1604 65 600 212 1390 0 8027 8027 0 5825 2202 

Feb-69 0 0 0 29018 0 29018 337889 443 3858 562 1410 59 600 212 1390 0 8091 8091 0 5889 2202 

Mar-69 0 0 0 25646 0 25646 356000 419 2544 676 1629 65 600 212 1390 0 7116 7116 0 4914 2202 

Apr-69 0 0 69 14515 69 14583 356000 711 4906 2472 5012 62 388 0 963 0 13803 13803 0 12452 1351 

May-69 8937 8937 9021 6207 9021 24165 356000 714 3755 2812 5831 95 388 98 1426 25 14430 14430 0 12493 1937 



  
  

 Alternative I – Stop Pump 
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Jun-69 20523 18676 7939 0 7939 26615 356000 1130 6466 2403 6290 135 388 98 1729 37 17546 17546 0 15294 2252 

Jul-69 840 840 13774 0 13774 14614 312500 1328 18499 4485 16981 188 388 196 2231 44 43012 43012 0 40153 2859 

Aug-69 0 0 907 0 0 0 240597 1219 25327 10254 32262 226 388 393 1797 37 70684 70684 0 68069 2615 

Sep-69 0 0 281 0 0 0 209751 841 9998 5654 11508 147 388 589 1690 31 30005 30005 0 27307 2698 

Oct-69 0 0 0 32127 0 32127 222678 559 3297 6688 5830 154 388 589 1672 22 18640 18640 0 15969 2671 

Nov-69 0 0 0 31091 0 31091 247039 381 1368 1210 1443 58 600 212 1440 18 6349 6349 0 4079 2270 

Dec-69 0 0 0 32127 0 32127 272342 362 2137 557 1436 59 600 212 1443 18 6462 6462 0 4189 2273 

Jan-70 0 0 0 32127 0 32127 296775 369 3066 512 1440 58 600 212 1419 18 7325 7325 0 5076 2249 

Feb-70 0 0 0 29018 0 29018 317996 435 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-70 0 0 0 32127 0 32127 343125 413 2197 602 1465 58 600 212 1434 18 6585 6585 0 4321 2264 

Apr-70 0 0 0 25836 0 25836 356000 702 4299 2148 4390 55 388 0 963 17 12259 12259 0 10891 1368 

May-70 572 572 11886 12967 11886 25425 356000 714 3096 2622 5088 82 388 98 1426 25 12825 12825 0 10888 1937 

Jun-70 21618 14608 8944 0 8944 23552 356000 1128 4345 2210 5565 120 388 98 717 37 13480 13480 0 12240 1240 

Jul-70 626 626 15188 0 15188 15814 320281 1323 13253 3517 16104 155 388 196 1408 0 35021 35021 0 33029 1992 

Aug-70 0 0 2507 0 0 0 258978 1224 25460 6438 25833 160 388 393 1408 0 60080 60080 0 57891 2189 

Sep-70 0 0 1481 0 0 0 230896 862 9207 5534 9956 138 388 589 1408 0 27221 27221 0 24836 2385 

Oct-70 0 0 0 32127 0 32127 247986 574 3295 4406 4277 99 388 589 1408 0 14463 14463 0 12078 2385 
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Nov-70 0 0 0 31091 0 31091 272406 390 1368 1210 1443 58 600 212 1390 0 6281 6281 0 4079 2202 

Dec-70 0 0 0 32127 0 32127 297773 369 2137 557 1436 59 600 212 1390 0 6391 6391 0 4189 2202 

Jan-71 0 0 0 32127 0 32127 322246 376 3066 512 1440 58 600 212 1390 0 7278 7278 0 5076 2202 

Feb-71 0 0 0 29018 0 29018 343497 444 3321 483 1266 52 600 212 1390 0 7323 7323 0 5121 2202 

Mar-71 0 0 0 19447 0 19447 356000 420 2197 602 1465 58 600 212 1390 0 6523 6523 0 4321 2202 

Apr-71 0 0 769 12715 769 13484 356000 711 4061 2148 4390 55 388 0 963 0 12004 12004 0 10653 1351 

May-71 5921 5921 37 7651 37 13609 356000 713 3130 2622 5088 82 388 98 1426 25 12859 12859 0 10922 1937 

Jun-71 15985 14859 20077 0 16232 31091 356000 1128 4438 2210 5723 120 388 98 717 37 13731 13731 0 12491 1240 

Jul-71 0 0 14314 0 14314 14314 310745 1324 17945 6781 16992 222 388 196 1408 0 43932 43932 0 41940 1992 

Aug-71 0 0 1807 0 0 0 251478 1216 21622 6434 27649 158 388 393 1408 0 58051 58051 0 55862 2189 

Sep-71 0 0 1781 0 0 0 226278 850 8467 4721 8649 127 388 589 1408 0 24349 24349 0 21964 2385 

Oct-71 0 0 0 32127 0 32127 236096 570 6475 6991 5726 163 388 589 1408 0 21740 21740 0 19355 2385 

Nov-71 0 0 0 31091 0 31091 259547 388 2260 720 1997 73 600 212 1390 0 7252 7252 0 5050 2202 

Dec-71 0 0 0 32127 0 32127 284010 366 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-72 0 0 0 32127 0 32127 308140 372 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-72 0 0 0 29018 0 29018 329663 439 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-72 0 0 0 32127 0 32127 353695 416 2639 771 1995 73 600 212 1390 0 7680 7680 0 5478 2202 
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Apr-72 0 0 0 14640 0 14640 356000 710 4580 2486 3240 71 388 0 861 0 11625 11625 0 10376 1249 

May-72 0 0 5658 23996 5658 29654 356000 714 9408 3425 8432 105 388 98 1426 0 23283 23283 0 21371 1912 

Jun-72 0 0 23162 29577 1514 31091 356000 1140 10495 3200 13346 156 388 98 717 37 28437 28437 0 27197 1240 

Jul-72 0 0 3714 0 3714 3714 291801 1336 23886 7840 28924 221 388 196 1408 0 62863 62863 0 60871 1992 

Aug-72 0 0 0 0 0 0 233735 1195 24861 7684 21932 204 388 393 1408 0 56871 56871 0 54682 2189 

Sep-72 0 0 2181 0 0 0 202898 832 8734 6664 12038 184 388 589 1408 0 30004 30004 0 27619 2385 

Oct-72 0 0 0 32127 0 32127 212782 554 6250 6032 6895 128 388 589 1408 0 21690 21690 0 19305 2385 

Nov-72 0 0 0 31091 0 31091 236618 379 1701 1302 1605 65 600 212 1390 0 6875 6875 0 4673 2202 

Dec-72 0 0 0 32127 0 32127 261395 359 2479 644 1599 67 600 212 1390 0 6991 6991 0 4789 2202 

Jan-73 0 0 0 32127 0 32127 285128 367 3560 596 1604 65 600 212 1390 0 8027 8027 0 5825 2202 

Feb-73 0 0 0 29018 0 29018 305624 431 3858 562 1410 59 600 212 1390 0 8091 8091 0 5889 2202 

Mar-73 0 0 0 32127 0 32127 330202 409 2544 700 1629 65 600 212 1390 0 7140 7140 0 4938 2202 

Apr-73 0 0 0 31091 0 31091 346955 693 4881 2441 5012 62 388 0 861 0 13645 13645 0 12396 1249 

May-73 8477 8477 0 15762 0 24239 356000 708 3724 2957 5774 93 388 98 1426 25 14486 14486 0 12549 1937 

Jun-73 12194 12194 16768 4442 14455 31091 356000 1130 5373 2468 6290 135 388 98 717 37 15506 15506 0 14266 1240 

Jul-73 0 0 18914 0 18914 18914 315062 1326 15992 4949 16481 198 388 196 1408 0 39612 39612 0 37620 1992 

Aug-73 0 0 3207 0 0 0 247353 1220 26724 7813 29562 201 388 393 1408 0 66489 66489 0 64300 2189 
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Sep-73 0 0 0 0 0 0 212637 850 10889 6784 13642 165 388 589 1408 0 33866 33866 0 31481 2385 

Oct-73 0 0 0 32127 0 32127 222091 562 6589 5511 7494 133 388 589 1408 0 22112 22112 0 19727 2385 

Nov-73 0 0 0 31091 0 31091 244322 383 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-73 0 0 0 32127 0 32127 267657 362 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-74 0 0 0 32127 0 32127 290575 368 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-74 0 0 0 29018 0 29018 311016 433 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-74 0 0 0 32127 0 32127 333799 410 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-74 0 0 0 31091 0 31091 350085 697 5528 3194 3952 84 388 0 963 0 14108 14108 0 12757 1351 

May-74 517 517 9041 31610 0 32127 351761 711 10810 4685 12168 140 388 98 1426 25 29740 29740 0 27803 1937 

Jun-74 3373 3373 16989 27718 0 31091 349762 1136 11521 3662 15343 187 388 98 717 37 31953 31953 0 30713 1240 

Jul-74 0 0 9414 0 9414 9414 274217 1328 32300 8893 30629 276 388 196 1535 0 74217 74217 0 72098 2119 

Aug-74 0 0 0 0 0 0 199443 1178 30771 10099 30278 260 388 393 1408 0 73596 73596 0 71407 2189 

Sep-74 0 0 0 0 0 0 156534 797 13751 10384 15328 264 388 589 1408 0 42112 42112 0 39727 2385 

Oct-74 0 0 0 32127 0 32127 162988 520 10662 5465 6520 123 388 589 1408 0 25154 25154 0 22769 2385 

Nov-74 0 0 0 31091 0 31091 186356 361 2260 829 1997 73 600 212 1390 0 7361 7361 0 5159 2202 

Dec-74 0 0 0 32127 0 32127 210842 343 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-75 0 0 0 32127 0 32127 234993 351 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 
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Feb-75 0 0 0 29018 0 29018 256543 412 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-75 0 0 0 32127 0 32127 280569 393 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-75 0 0 0 31091 0 31091 299308 658 4477 2607 3292 70 388 0 861 0 11695 11695 0 10446 1249 

May-75 440 440 2618 31687 0 32127 304394 674 10788 3947 9608 112 388 98 1426 0 26368 26368 0 24456 1912 

Jun-75 11702 11702 12460 19389 0 31091 307823 1076 9300 2886 11996 151 388 98 1729 37 26586 26586 0 24334 2252 

Jul-75 0 0 23214 0 23214 23214 259644 1260 17750 5403 20708 199 388 196 2231 44 46920 46920 0 44061 2859 

Aug-75 0 0 3207 0 0 0 196323 1141 23840 8732 26759 216 388 393 1815 37 62180 62180 0 59547 2633 

Sep-75 0 0 0 0 0 0 157116 787 11621 9115 14754 231 388 589 1690 31 38419 38419 0 35721 2698 

Oct-75 0 0 0 32127 0 32127 160325 519 12769 5595 7227 138 388 589 1672 22 28400 28400 0 25729 2671 

Nov-75 0 0 0 31091 0 31091 182526 361 2820 987 2380 88 600 212 1424 18 8529 8529 0 6275 2254 

Dec-75 0 0 0 32127 0 32127 205014 342 2868 1751 2385 91 600 212 1390 0 9297 9297 0 7095 2202 

Jan-76 0 0 0 32127 0 32127 227951 350 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-76 0 0 0 29018 0 29018 248415 410 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-76 0 0 0 32127 0 32127 271218 390 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-76 0 0 0 31091 0 31091 287456 652 5710 3206 3952 84 388 0 861 0 14201 14201 0 12952 1249 

May-76 0 0 3458 32127 0 32127 290856 666 9869 4593 11767 136 388 98 1209 0 28061 28061 0 26366 1695 

Jun-76 0 0 14262 31091 0 31091 282010 1056 15345 4654 17311 200 388 98 883 0 38880 38880 0 37511 1369 
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Jul-76 0 0 7114 0 7114 7114 210796 1229 29330 7974 30131 259 388 196 1707 0 69985 69985 0 67694 2291 

Aug-76 0 0 707 0 0 0 145938 1074 25627 8033 27700 235 388 393 1408 0 63784 63784 0 61595 2189 

Sep-76 0 0 281 0 0 0 101328 721 12603 11505 17104 292 388 589 1408 0 43889 43889 0 41504 2385 

Oct-76 0 0 0 32127 0 32127 105918 463 11737 5836 6981 135 388 589 1408 0 27074 27074 0 24689 2385 

Nov-76 0 0 0 31091 0 31091 128302 334 2820 883 2380 88 600 212 1390 0 8373 8373 0 6171 2202 

Dec-76 0 0 0 32127 0 32127 151677 322 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-77 0 0 0 32127 0 32127 174632 332 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-77 0 0 0 29018 0 29018 195120 387 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-77 0 0 0 32127 0 32127 217976 371 3275 962 2372 88 600 212 1390 0 8900 8900 0 6698 2202 

Apr-77 0 0 0 31091 0 31091 234479 611 5705 2987 3952 84 388 0 861 0 13977 13977 0 12728 1249 

May-77 0 0 1858 32127 0 32127 231672 627 12600 6578 13772 154 388 98 717 0 34307 34307 0 33104 1203 

Jun-77 0 0 7962 31091 0 31091 215228 980 18254 6311 20574 212 388 98 717 0 46554 46554 0 45351 1203 

Jul-77 0 0 0 0 0 0 147142 1121 26784 8272 29654 265 388 196 1408 0 66966 66966 0 64974 1992 

Aug-77 0 0 0 0 0 0 88988 951 22276 7441 25052 243 388 393 1408 0 57202 57202 0 55013 2189 

Sep-77 0 0 0 0 0 0 47475 616 13915 9140 15208 250 388 589 1408 0 40898 40898 0 38513 2385 

Oct-77 0 0 0 32127 0 32127 61729 379 4410 5785 4794 121 388 589 1408 0 17494 17494 0 15109 2385 

Nov-77 0 0 0 31091 0 31091 86390 298 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 
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Dec-77 0 0 0 32127 0 32127 112051 301 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-78 0 0 0 32127 0 32127 137455 314 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-78 0 0 0 29018 0 29018 160137 368 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-78 0 0 0 32127 0 32127 185448 356 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-78 0 0 169 31091 0 31091 206581 581 3424 1897 2633 55 388 0 963 17 9376 9376 0 8008 1368 

May-78 0 0 8158 32127 0 32127 220670 602 5504 2464 7449 82 388 98 1426 25 17437 17437 0 15500 1937 

Jun-78 7662 7662 33900 23429 0 31091 230374 953 6449 2311 9302 120 388 98 1729 37 20434 20434 0 18182 2252 

Jul-78 0 0 21114 0 21114 21114 187916 1128 18396 4928 14966 182 388 196 2231 44 41330 41330 0 38471 2859 

Aug-78 0 0 1507 0 0 0 136724 1020 19047 7546 20770 176 388 393 1815 37 50172 50172 0 47539 2633 

Sep-78 0 0 0 0 0 0 107560 703 8377 5086 12171 128 388 589 1690 31 28461 28461 0 25763 2698 

Oct-78 0 0 0 32127 0 32127 120421 468 6741 4209 5076 102 388 589 1672 22 18799 18799 0 16128 2671 

Nov-78 0 0 0 31091 0 31091 144870 340 1700 659 1615 58 600 212 1440 18 6301 6301 0 4031 2270 

Dec-78 0 0 0 32127 0 32127 169883 329 1754 1085 1615 59 600 212 1443 18 6786 6786 0 4513 2273 

Jan-79 0 0 0 32127 0 32127 195216 337 2099 512 1539 58 600 212 1419 18 6456 6456 0 4207 2249 

Feb-79 0 0 0 29018 0 29018 217832 395 1885 483 1345 52 600 212 1413 16 6007 6007 0 3766 2241 

Mar-79 0 0 0 32127 0 32127 243038 379 2002 602 1617 58 600 212 1434 18 6543 6543 0 4279 2264 

Apr-79 0 0 569 31091 0 31091 264236 630 3187 2021 2633 55 388 0 963 17 9263 9263 0 7895 1368 
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May-79 10518 10518 1540 21609 0 32127 278091 647 5497 2660 7449 82 388 98 1426 25 17625 17625 0 15688 1937 

Jun-79 9364 9364 26398 21727 0 31091 287571 1033 6535 2370 9302 120 388 98 1729 37 20578 20578 0 18326 2252 

Jul-79 758 758 18356 0 18356 19114 239400 1222 19610 4635 20450 153 388 196 2231 44 47707 47707 0 44848 2859 

Aug-79 0 0 5207 0 0 0 197579 1111 16015 5378 16542 142 388 393 1815 37 40710 40710 0 38077 2633 

Sep-79 0 0 481 0 0 0 167228 782 7956 8072 10632 209 388 589 1690 31 29569 29569 0 26871 2698 

Oct-79 0 0 0 32127 0 32127 179772 525 4573 5978 5705 132 388 589 1672 22 19059 19059 0 16388 2671 

Nov-79 0 0 0 31091 0 31091 203553 366 1701 1302 1605 65 600 212 1440 18 6943 6943 0 4673 2270 

Dec-79 0 0 0 32127 0 32127 228269 349 2479 644 1599 67 600 212 1443 18 7062 7062 0 4789 2273 

Jan-80 0 0 0 32127 0 32127 251965 357 3560 596 1604 65 600 212 1419 18 8074 8074 0 5825 2249 

Feb-80 0 0 0 29018 0 29018 272434 419 3858 562 1410 59 600 212 1413 16 8130 8130 0 5889 2241 

Mar-80 0 0 0 32127 0 32127 296961 399 2544 700 1629 65 600 212 1434 18 7202 7202 0 4938 2264 

Apr-80 0 0 569 31091 0 31091 313536 669 4918 2441 5058 62 388 0 963 17 13847 13847 0 12479 1368 

May-80 12292 12292 566 19835 0 32127 329405 684 3765 2957 6821 93 388 98 1426 25 15574 15574 0 13637 1937 

Jun-80 27035 27035 18227 4056 0 31091 341931 1096 5555 2468 7057 135 388 98 1729 37 17468 17468 0 15216 2252 

Jul-80 2327 2327 16987 0 16987 19314 298939 1305 20622 4264 16935 177 388 196 1408 24 44014 44014 0 41998 2016 

Aug-80 0 0 1907 0 0 0 235448 1202 24086 6956 28883 176 388 393 1408 0 62290 62290 0 60101 2189 

Sep-80 0 0 81 0 0 0 200273 834 10171 8381 13196 207 388 589 1408 0 34341 34341 0 31956 2385 
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Oct-80 0 0 0 32127 0 32127 203036 553 10904 8004 7332 187 388 589 1408 0 28812 28812 0 26427 2385 

Nov-80 0 0 0 31091 0 31091 224598 378 2820 1661 2380 88 600 212 1390 0 9151 9151 0 6949 2202 

Dec-80 0 0 0 32127 0 32127 247939 356 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-81 0 0 0 32127 0 32127 270863 363 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-81 0 0 0 29018 0 29018 291311 426 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-81 0 0 0 32127 0 32127 314100 404 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-81 0 0 0 31091 0 31091 330585 683 5444 3194 3952 84 388 0 861 0 13922 13922 0 12673 1249 

May-81 0 0 1258 32127 0 32127 334982 697 9863 4051 11790 125 388 98 717 0 27033 27033 0 25830 1203 

Jun-81 0 0 12462 31091 0 31091 327764 1114 14698 4439 16662 194 388 98 717 0 37195 37195 0 35992 1203 

Jul-81 0 0 3714 0 3714 3714 254242 1300 30248 8129 31591 262 388 196 1408 0 72222 72222 0 70230 1992 

Aug-81 0 0 0 0 0 0 188528 1147 24805 9013 28316 245 388 393 1408 0 64567 64567 0 62378 2189 

Sep-81 0 0 0 0 0 0 145339 778 15258 8972 15550 246 388 589 1408 0 42412 42412 0 40027 2385 

Oct-81 0 0 0 32127 0 32127 152419 511 9649 6753 5608 140 388 589 1408 0 24535 24535 0 22150 2385 

Nov-81 0 0 0 31091 0 31091 177021 357 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 

Dec-81 0 0 0 32127 0 32127 202643 340 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-82 0 0 0 32127 0 32127 228013 349 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-82 0 0 0 29018 0 29018 250654 409 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 
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Mar-82 0 0 0 32127 0 32127 275931 391 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-82 0 0 0 31091 0 31091 296727 654 3226 2290 2812 64 388 0 861 0 9641 9641 0 8392 1249 

May-82 0 0 1358 32127 0 32127 307983 670 6141 3373 8676 99 388 98 1426 0 20201 20201 0 18289 1912 

Jun-82 0 0 19762 31091 0 31091 317316 1073 6700 2311 9302 120 388 98 1729 37 20685 20685 0 18433 2252 

Jul-82 0 0 18814 0 18814 18814 274701 1270 14345 5121 18871 150 388 196 2231 44 41346 41346 0 38487 2859 

Aug-82 0 0 5607 0 0 0 233751 1158 16050 4968 15998 143 388 393 1815 37 39793 39793 0 37160 2633 

Sep-82 0 0 3081 0 0 0 204894 825 9470 5201 10819 146 388 589 1408 12 28032 28032 0 25635 2397 

Oct-82 0 0 0 32127 0 32127 217411 556 8129 4724 3716 101 388 589 1408 0 19054 19054 0 16669 2385 

Nov-82 0 0 0 31091 0 31091 242487 382 1035 1066 1280 50 600 212 1390 0 5633 5633 0 3431 2202 

Dec-82 0 0 0 32127 0 32127 268463 360 1794 470 1274 52 600 212 1390 0 5791 5791 0 3589 2202 

Jan-83 0 0 0 32127 0 32127 293693 368 2573 429 1275 50 600 212 1390 0 6529 6529 0 4327 2202 

Feb-83 0 0 0 29018 0 29018 315722 434 2783 404 1121 45 600 212 1390 0 6556 6556 0 4354 2202 

Mar-83 0 0 0 32127 0 32127 341549 412 1849 486 1302 50 600 212 1390 0 5889 5889 0 3687 2202 

Apr-83 0 0 0 25430 0 25430 356000 700 3431 1751 3800 48 388 0 861 0 10279 10279 0 9030 1249 

May-83 3717 3717 0 8791 0 12508 356000 712 2515 2123 5150 71 388 98 1426 25 11796 11796 0 9859 1937 

Jun-83 27743 14337 13919 0 13919 28256 356000 1127 3563 1903 5388 104 388 98 1729 37 13211 13211 0 10959 2252 

Jul-83 13718 13718 21796 0 18409 32127 341219 1321 9431 3724 11839 147 388 196 1408 44 27178 27178 0 25142 2036 
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Aug-83 0 0 9707 0 0 0 293281 1249 15528 5636 23185 150 388 393 1408 0 46689 46689 0 44500 2189 

Sep-83 0 0 881 0 0 0 266580 888 9105 5405 8797 121 388 589 1408 0 25813 25813 0 23428 2385 

Oct-83 0 0 0 32127 0 32127 278716 598 5401 6218 5246 144 388 589 1408 0 19394 19394 0 17009 2385 

Nov-83 0 0 0 31091 0 31091 302604 401 1701 1229 1605 65 600 212 1390 0 6802 6802 0 4600 2202 

Dec-83 0 0 0 32127 0 32127 327356 377 2485 644 1599 67 600 212 1390 0 6997 6997 0 4795 2202 

Jan-84 0 0 0 32127 0 32127 351044 384 3588 596 1604 65 600 212 1390 0 8055 8055 0 5853 2202 

Feb-84 0 0 0 13504 0 13504 356000 455 3860 562 1410 59 600 212 1390 0 8093 8093 0 5891 2202 

Mar-84 0 0 0 7543 0 7543 356000 424 2547 676 1629 65 600 212 1390 0 7119 7119 0 4917 2202 

Apr-84 0 0 0 14042 0 14042 356000 711 4665 2297 5058 62 388 0 861 0 13330 13330 0 12081 1249 

May-84 13549 13549 1309 1708 1309 16566 356000 714 3696 2730 6821 93 388 98 717 0 14543 14543 0 13340 1203 

Jun-84 13806 13806 11256 4383 11256 29445 356000 1130 5792 2870 7057 138 388 98 717 0 17059 17059 0 15856 1203 

Jul-84 0 0 20614 0 20614 20614 299923 1327 23679 8727 20119 232 388 196 1408 0 54750 54750 0 52758 1992 

Aug-84 0 0 6507 0 0 0 244799 1207 20872 4356 26358 142 388 393 1408 0 53917 53917 0 51728 2189 

Sep-84 0 0 2881 0 0 0 212675 842 9383 6344 12997 172 388 589 1408 0 31282 31282 0 28897 2385 

Oct-84 0 0 0 32127 0 32127 226448 561 5484 4698 5112 114 388 589 1408 0 17794 17794 0 15409 2385 

Nov-84 0 0 0 31091 0 31091 250383 384 1986 712 1806 65 600 212 1390 0 6771 6771 0 4569 2202 

Dec-84 0 0 0 32127 0 32127 274779 363 2044 1248 1808 67 600 212 1390 0 7368 7368 0 5166 2202 
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Jan-85 0 0 0 32127 0 32127 299399 370 2444 706 1720 65 600 212 1390 0 7137 7137 0 4935 2202 

Feb-85 0 0 0 29018 0 29018 321465 436 2191 562 1503 59 600 212 1390 0 6517 6517 0 4315 2202 

Mar-85 0 0 0 32127 0 32127 345989 413 2417 700 1806 65 600 212 1390 0 7190 7190 0 4988 2202 

Apr-85 0 0 769 26613 769 27381 356000 704 6867 3133 4468 78 388 0 963 0 15897 15897 0 14546 1351 

May-85 3212 3212 6146 19917 6146 29275 356000 716 9683 3071 7627 95 388 98 1426 25 22413 22413 0 20476 1937 

Jun-85 4099 4099 20363 26992 0 31091 347758 1140 15644 4956 16174 179 388 98 717 37 38193 38193 0 36953 1240 

Jul-85 0 0 7714 0 7714 7714 302609 1332 16993 5104 19551 178 388 196 1408 0 43817 43817 0 41825 1992 

Aug-85 0 0 0 0 0 0 257349 1203 15004 6611 20030 174 388 393 1456 0 44057 44057 0 41820 2237 

Sep-85 0 0 0 0 0 0 230929 851 7373 5748 9900 165 388 589 1408 0 25570 25570 0 23185 2385 

Oct-85 0 0 0 32127 0 32127 248937 573 3726 2920 4443 72 388 589 1408 0 13546 13546 0 11161 2385 

Nov-85 0 0 0 31091 0 31091 273470 391 1735 558 1615 58 600 212 1390 0 6167 6167 0 3965 2202 

Dec-85 0 0 0 32127 0 32127 299056 369 1760 535 1615 59 600 212 1390 0 6172 6172 0 3970 2202 

Jan-86 0 0 0 32127 0 32127 324398 376 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-86 0 0 0 29018 0 29018 346972 444 1917 483 1345 52 600 212 1390 0 6000 6000 0 3798 2202 

Mar-86 0 0 0 16009 0 16009 356000 421 2102 581 1617 58 600 212 1390 0 6560 6560 0 4358 2202 

Apr-86 0 0 1769 13911 1769 15680 356000 711 3132 5890 2719 109 388 0 963 0 13200 13200 0 11849 1351 

May-86 1473 1473 5885 25422 5232 32127 356000 712 12963 3877 7306 99 388 98 1426 25 26183 26183 0 24246 1937 
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Jun-86 18831 18831 19831 3315 8945 31091 356000 1144 6673 2339 10629 120 388 98 717 37 21002 21002 0 19762 1240 

Jul-86 0 0 18314 0 18314 18314 308477 1329 15715 4911 23399 177 388 196 1408 0 46194 46194 0 44202 1992 

Aug-86 0 0 2507 0 0 0 267031 1210 15267 6149 16469 163 388 393 1408 0 40237 40237 0 38048 2189 

Sep-86 0 0 481 0 0 0 244823 861 7812 3909 7119 123 388 589 1408 0 21347 21347 0 18962 2385 

Oct-86 0 0 0 32127 0 32127 261166 583 4437 3253 5044 83 388 589 1408 0 15202 15202 0 12817 2385 

Nov-86 0 0 0 31091 0 31091 285169 395 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-86 0 0 0 32127 0 32127 310184 373 2041 622 1808 67 600 212 1390 0 6740 6740 0 4538 2202 

Jan-87 0 0 0 32127 0 32127 334915 379 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-87 0 0 0 28073 0 28073 356000 448 2213 562 1503 59 600 212 1390 0 6539 6539 0 4337 2202 

Mar-87 0 0 0 7523 0 7523 356000 423 2351 676 1806 65 600 212 1390 0 7100 7100 0 4898 2202 

Apr-87 0 0 1569 15876 1569 17444 356000 711 4571 5418 3756 83 388 0 948 0 15165 15165 0 13829 1336 

May-87 5830 5830 6828 24255 2042 32127 356000 714 13550 5298 8530 139 388 98 1368 0 29371 29371 0 27517 1854 

Jun-87 4923 4923 8839 24923 1245 31091 356000 1145 10748 3102 12492 143 388 98 1729 0 28701 28701 0 26486 2215 

Jul-87 0 0 2614 0 2614 2614 301440 1336 21424 6515 22678 207 388 196 1771 44 53223 53223 0 50824 2399 

Aug-87 0 0 0 0 0 0 258813 1206 14363 5065 19641 163 388 393 1408 0 41421 41421 0 39232 2189 

Sep-87 0 0 0 0 0 0 231326 852 7863 5503 10721 164 388 589 1408 0 26636 26636 0 24251 2385 

Oct-87 0 0 0 32127 0 32127 244944 573 5148 4581 5710 112 388 589 1408 0 17936 17936 0 15551 2385 
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Nov-87 0 0 0 31091 0 31091 268343 390 2310 720 1997 73 600 212 1390 0 7302 7302 0 5100 2202 

Dec-87 0 0 0 32127 0 32127 292762 368 2353 710 2000 75 600 212 1390 0 7340 7340 0 5138 2202 

Jan-88 0 0 0 32127 0 32127 316868 375 2790 680 1901 73 600 212 1390 0 7646 7646 0 5444 2202 

Feb-88 0 0 0 29018 0 29018 338379 442 2496 641 1661 66 600 212 1390 0 7065 7065 0 4863 2202 

Mar-88 0 0 0 25807 0 25807 356000 418 2727 771 1995 73 600 212 1390 0 7768 7768 0 5566 2202 

Apr-88 0 0 469 13717 469 14186 356000 712 5563 2723 3292 76 388 0 963 0 13006 13006 0 11655 1351 

May-88 0 0 7458 30395 1732 32127 356000 715 11776 5777 10086 104 388 98 1426 25 29680 29680 0 27743 1937 

Jun-88 0 0 23462 29981 1110 31091 356000 1143 10314 3327 12794 152 388 98 1729 37 28838 28838 0 26586 2252 

Jul-88 0 0 3814 0 3814 3814 298809 1335 21858 5117 25860 196 388 196 2196 44 55856 55856 0 53032 2824 

Aug-88 0 0 0 0 0 0 241689 1203 19892 9833 23293 267 388 393 1815 37 55918 55918 0 53285 2633 

Sep-88 0 0 0 0 0 0 204803 838 13679 6932 12604 196 388 589 1630 31 36048 36048 0 33410 2638 

Oct-88 0 0 0 32127 0 32127 213093 558 6570 7241 6931 151 388 589 1408 0 23278 23278 0 20893 2385 

Nov-88 0 0 0 31091 0 31091 235086 380 2904 1144 2380 88 600 212 1390 0 8718 8718 0 6516 2202 

Dec-88 0 0 0 32127 0 32127 258351 359 2941 884 2385 91 600 212 1390 0 8503 8503 0 6301 2202 

Jan-89 0 0 0 32127 0 32127 281240 366 3472 848 2263 88 600 212 1390 0 8872 8872 0 6670 2202 

Feb-89 0 0 0 29018 0 29018 301683 430 3089 799 1976 80 600 212 1390 0 8145 8145 0 5943 2202 

Mar-89 0 0 0 32127 0 32127 324070 407 3292 1378 2372 88 600 212 1390 0 9333 9333 0 7131 2202 
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Apr-89 0 0 569 31091 0 31091 337795 690 6657 4079 4493 95 388 0 963 0 16676 16676 0 15325 1351 

May-89 0 0 4058 32127 0 32127 330017 704 17575 6852 12891 185 388 98 1188 25 39202 39202 0 37503 1699 

Jun-89 0 0 11062 31091 0 31091 325775 1117 13386 4844 14454 185 388 98 861 0 34216 34216 0 32869 1347 

Jul-89 0 0 4914 0 4914 4914 247325 1294 30799 8909 35173 282 388 196 1408 0 77155 77155 0 75163 1992 

Aug-89 0 0 1407 0 0 0 191306 1137 24805 6965 20693 231 388 393 1408 0 54883 54883 0 52694 2189 

Sep-89 0 0 0 0 0 0 149117 781 11254 6997 20558 215 388 589 1408 0 41408 41408 0 39023 2385 

Oct-89 0 0 0 32127 0 32127 150177 512 12106 7384 8522 159 388 589 1408 0 30555 30555 0 28170 2385 

Nov-89 0 0 0 31091 0 31091 173788 357 1706 1543 1615 58 600 212 1390 0 7123 7123 0 4921 2202 

Dec-89 0 0 0 32127 0 32127 199397 339 1768 535 1615 59 600 212 1390 0 6180 6180 0 3978 2202 

Jan-90 0 0 0 32127 0 32127 224764 348 2102 512 1539 58 600 212 1390 0 6412 6412 0 4210 2202 

Feb-90 0 0 0 29018 0 29018 247406 407 1886 483 1345 52 600 212 1390 0 5969 5969 0 3767 2202 

Mar-90 0 0 0 32127 0 32127 272681 389 2005 581 1617 58 600 212 1390 0 6463 6463 0 4261 2202 

Apr-90 0 0 2269 31091 0 31091 293953 651 3133 1897 2834 55 388 0 861 0 9167 9167 0 7918 1249 

May-90 489 489 4569 31638 0 32127 304890 668 9656 2464 6632 82 388 98 1202 0 20522 20522 0 18834 1688 

Jun-90 1566 1566 26696 29525 0 31091 314770 1075 6569 2324 9306 120 388 98 1332 0 20137 20137 0 18319 1818 

Jul-90 0 0 9414 0 9414 9414 277639 1265 13347 5724 14646 156 388 196 1408 0 35865 35865 0 33873 1992 

Aug-90 0 0 407 0 0 0 236682 1160 13514 3700 20262 131 388 393 1408 0 39796 39796 0 37607 2189 
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Sep-90 0 0 81 0 0 0 210699 826 7191 5538 9884 161 388 589 1408 0 25158 25158 0 22773 2385 

Oct-90 0 0 0 32127 0 32127 224895 558 5148 4092 5645 103 388 589 1408 0 17373 17373 0 14988 2385 

Nov-90 0 0 0 31091 0 31091 248351 383 2260 720 1997 73 600 212 1390 0 7252 7252 0 5050 2202 

Dec-90 0 0 0 32127 0 32127 272817 363 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-91 0 0 0 32127 0 32127 296950 369 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-91 0 0 0 29018 0 29018 318473 435 2491 641 1661 66 600 212 1390 0 7060 7060 0 4858 2202 

Mar-91 0 0 0 32127 0 32127 342496 412 2652 771 1995 73 600 212 1390 0 7693 7693 0 5491 2202 

Apr-91 0 0 0 26793 0 26793 356000 702 4267 2442 4559 70 388 0 861 0 12587 12587 0 11338 1249 

May-91 0 0 6158 25563 6158 31721 356000 714 10323 3498 9013 104 388 98 1426 0 24850 24850 0 22938 1912 

Jun-91 3421 3421 21641 27670 0 31091 353911 1141 10591 3150 15887 159 388 98 1729 37 32040 32040 0 29788 2252 

Jul-91 0 0 6914 0 6914 6914 280823 1333 27521 9065 32070 276 388 196 2196 44 71755 71755 0 68931 2824 

Aug-91 0 0 1407 0 0 0 235409 1183 19026 6253 16207 189 388 393 1737 37 44231 44231 0 41676 2555 

Sep-91 0 0 181 0 0 0 203032 829 11362 7341 10257 202 388 589 1408 0 31548 31548 0 29163 2385 

Oct-91 0 0 0 32127 0 32127 217820 555 5238 4005 5056 100 388 589 1408 0 16784 16784 0 14399 2385 

Nov-91 0 0 0 31091 0 31091 241370 381 1999 1087 1806 65 600 212 1390 0 7160 7160 0 4958 2202 

Dec-91 0 0 0 32127 0 32127 266383 361 2055 622 1808 67 600 212 1390 0 6754 6754 0 4552 2202 

Jan-92 0 0 0 32127 0 32127 291101 368 2459 596 1720 65 600 212 1390 0 7042 7042 0 4840 2202 
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(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Feb-92 0 0 0 29018 0 29018 313170 433 2190 562 1503 59 600 212 1390 0 6516 6516 0 4314 2202 

Mar-92 0 0 0 32127 0 32127 337808 410 2330 676 1806 65 600 212 1390 0 7079 7079 0 4877 2202 

Apr-92 0 0 1369 29300 1369 30668 356000 699 3939 2170 2921 62 388 0 930 0 10410 10410 0 9092 1318 

May-92 0 0 9658 32127 0 32127 355829 713 15583 5048 8936 106 388 98 1426 0 31586 31586 0 29674 1912 

Jun-92 0 0 12962 24926 6164 31091 356000 1147 7773 3203 10243 137 388 98 1729 37 23608 23608 0 21356 2252 

Jul-92 0 0 4914 0 4914 4914 299061 1331 20730 6204 26353 211 388 196 1482 44 55608 55608 0 53498 2110 

Aug-92 0 0 0 0 0 0 251781 1202 16047 6428 21233 181 388 393 1408 0 46079 46079 0 43890 2189 

Sep-92 0 0 0 0 0 0 226124 846 7473 6648 8120 185 388 589 1408 0 24811 24811 0 22426 2385 

Oct-92 0 0 0 32127 0 32127 243630 569 4320 2787 4489 71 388 589 1408 0 14052 14052 0 11667 2385 

Nov-92 0 0 0 31091 0 31091 267070 389 1734 1654 1615 58 600 212 1390 0 7262 7262 0 5060 2202 

Dec-92 0 0 0 32127 0 32127 292628 368 1755 570 1615 59 600 212 1390 0 6201 6201 0 3999 2202 

Jan-93 0 0 0 32127 0 32127 317971 374 2100 512 1539 58 600 212 1390 0 6410 6410 0 4208 2202 

Feb-93 0 0 0 29018 0 29018 340579 442 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-93 0 0 0 22303 0 22303 356000 419 2005 581 1617 58 600 212 1390 0 6463 6463 0 4261 2202 

Apr-93 0 0 69 9637 69 9705 356000 710 3132 1897 2594 55 388 0 861 0 8926 8926 0 7677 1249 

May-93 0 0 10758 22084 10043 32127 356000 712 8650 3029 7699 82 388 98 1426 0 21372 21372 0 19460 1912 

Jun-93 615 615 26947 21200 9275 31091 356000 1139 7006 2311 8988 120 388 98 1729 37 20677 20677 0 18425 2252 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Jul-93 0 0 15714 0 15714 15714 304819 1329 22057 4927 19839 169 388 196 2231 44 49851 49851 0 46992 2859 

Aug-93 0 0 3607 0 0 0 258705 1212 13106 8157 20799 207 388 393 1815 37 44902 44902 0 42269 2633 

Sep-93 0 0 1281 0 0 0 234337 850 7206 5778 7677 159 388 589 1690 31 23518 23518 0 20820 2698 

Oct-93 0 0 0 32127 0 32127 244370 575 7577 4310 6853 108 388 589 1672 22 21519 21519 0 18848 2671 

Nov-93 0 0 0 31091 0 31091 266424 391 2823 1085 2380 88 600 212 1440 18 8646 8646 0 6376 2270 

Dec-93 0 0 0 32127 0 32127 289681 368 2869 884 2385 91 600 212 1443 18 8502 8502 0 6229 2273 

Jan-94 0 0 0 32127 0 32127 312542 374 3444 848 2263 88 600 212 1419 18 8891 8891 0 6642 2249 

Feb-94 0 0 0 29018 0 29018 332935 441 3089 799 1976 80 600 212 1413 16 8184 8184 0 5943 2241 

Mar-94 0 0 0 32127 0 32127 355677 417 3282 962 2372 88 600 212 1434 18 8969 8969 0 6705 2264 

Apr-94 0 0 1469 14799 1469 16268 356000 712 5438 2987 3886 84 388 0 963 17 13764 13764 0 12396 1368 

May-94 0 0 14058 32127 0 32127 354916 715 14299 5820 10311 129 388 98 1426 25 32497 32497 0 30560 1937 

Jun-94 0 0 17062 31091 0 31091 341663 1145 18737 4625 17392 193 388 98 1729 37 43199 43199 0 40947 2252 

Jul-94 0 0 1514 0 1514 1514 257082 1327 31736 10325 38050 319 388 196 2196 44 83255 83255 0 80431 2824 

Aug-94 0 0 0 0 0 0 194867 1153 22301 8988 27325 265 388 393 1365 37 61062 61062 0 58879 2183 

Sep-94 0 0 0 0 0 0 159655 784 10802 9307 11375 246 388 589 1690 31 34428 34428 0 31730 2698 

Oct-94 0 0 0 32127 0 32127 173616 520 5826 3636 5424 89 388 589 1672 22 17646 17646 0 14975 2671 

Nov-94 0 0 0 31091 0 31091 196887 364 2034 1310 1768 73 600 212 1440 18 7455 7455 0 5185 2270 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Dec-94 0 0 0 32127 0 32127 221004 347 2822 732 1762 75 600 212 1443 18 7664 7664 0 5391 2273 

Jan-95 0 0 0 32127 0 32127 243939 355 4067 680 1769 73 600 212 1419 18 8837 8837 0 6588 2249 

Feb-95 0 0 0 29018 0 29018 263614 417 4425 641 1554 66 600 212 1413 16 8927 8927 0 6686 2241 

Mar-95 0 0 0 32127 0 32127 287546 396 2899 771 1792 73 600 212 1434 18 7799 7799 0 5535 2264 

Apr-95 0 0 0 31091 0 31091 302999 663 5280 2569 5687 70 388 0 963 17 14974 14974 0 13606 1368 

May-95 1380 1380 2278 30747 0 32127 317428 677 4290 3033 7658 104 388 98 1426 25 17022 17022 0 15085 1937 

Jun-95 29907 29907 15355 1184 0 31091 328525 1082 5968 2648 7892 151 388 98 1729 37 18911 18911 0 16659 2252 

Jul-95 18625 18625 13789 0 13502 32127 310313 1285 12530 4087 15867 208 388 196 2231 44 35551 35551 0 32692 2859 

Aug-95 0 0 7607 0 0 0 226990 1208 33542 9865 35835 259 388 393 1797 37 82116 82116 0 79501 2615 

Sep-95 0 0 1981 0 0 0 180757 831 16906 9391 16185 222 388 589 1690 31 45401 45401 0 42703 2698 

Oct-95 0 0 0 32127 0 32127 198301 541 3826 3005 4464 76 388 589 1672 22 14042 14042 0 11371 2671 

Nov-95 0 0 0 31091 0 31091 222790 373 1729 558 1615 58 600 212 1440 18 6229 6229 0 3959 2270 

Dec-95 0 0 0 32127 0 32127 248324 355 1756 535 1615 59 600 212 1443 18 6239 6239 0 3966 2273 

Jan-96 0 0 0 32127 0 32127 273631 363 2099 512 1539 58 600 212 1419 18 6457 6457 0 4208 2249 

Feb-96 0 0 0 29018 0 29018 296213 426 1889 483 1345 52 600 212 1413 16 6010 6010 0 3769 2241 

Mar-96 0 0 0 32127 0 32127 321412 405 2004 581 1617 58 600 212 1434 18 6524 6524 0 4260 2264 

Apr-96 0 0 869 31091 0 31091 342771 686 3132 1897 2594 55 388 0 963 17 9045 9045 0 7677 1368 



  
  

 Alternative I – Stop Pump 
  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 
From 

The Big 
Thomps

on           
(af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompson 
River 

Water 
Available 
for Power 
Generatio

n            
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompson 

River 
Water 

Diverted 
for Power 
Generatio

n            
(af) 

Olympu
s Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seep
age 
and 
East 
Slop

e 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompson
, Little 

Thompson 
and CHFC 

(af) 

Deliver
y from 
Carter 
Lake                
(af) 

Deliver
y above 
Flatiron   

(af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Demand 
Shortag

e (af) 

Total 
CBT 

Deman
d (af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

May-96 0 0 15358 32127 0 32127 348642 703 9231 6224 8031 130 388 98 1426 25 25553 25553 0 23616 1937 

Jun-96 3714 3714 26548 26927 450 31091 356000 1130 7537 3626 8644 150 388 98 1673 37 22152 22152 0 19956 2196 

Jul-96 0 0 11814 0 11814 11814 315485 1330 18661 5310 13051 171 388 196 1408 0 39185 39185 0 37193 1992 

Aug-96 0 0 1707 0 0 0 265330 1224 14548 5692 26351 152 388 393 1408 0 48932 48932 0 46743 2189 

Sep-96 0 0 1881 0 0 0 240103 858 8640 4263 8951 129 388 589 1408 0 24368 24368 0 21983 2385 

                                            

Average 896 848 3168 21717 1253 23818 262813 680 7951 3315 8164 116 476 252 1400 10 21686 21686 0 19546 2139 

Maximum 29907 29907 34348 32127 28761 32127 356000 1336 35609 11646 38050 319 600 589 2231 44 83255 83255 0 80431 2859 

Minimum 0 0 0 0 0 0 47475 298 1035 404 1121 45 388 0 717 0 5633 5633 0 3431 1203 
  



Alternative 2 - Windy Gap Future Conditions - CBT Existing/Future Demands, WGFP Deliveries (Cumulative Effects Deliveries), Chimney Hollow in Operation 

                
                East Slope Storage 

   
Evaporation Rates 

 
Seepage 

      

Initial 
Content 

(af) 

Min 
Content 

(af) 

Max 
Content 

(af) 
   

Month Month 
Evap     

(ft/mon) 
 

Month Month 
Seepage    

(af/month) 
Horsetooth 
Reservoir   74105 18000 154000 

   
Jan 1 0.06 

 
Jan 1 200 

Carter Lake   53895 12000 112000 
   

Feb 2 0.08 
 

Feb 2 200 
Chimney Hollow   0 0 90000 

   
Mar 3 0.07 

 
Mar 3 200 

Additional Storage   0 0 0 
   

Apr 4 0.16 
 

Apr 4 200 
Total East Slope Storage 128000 30000 356000 

   
May 5 0.16 

 
May 5 200 

         
Jun 6 0.29 

 
Jun 6 200 

         
Jul 7 0.35 

 
Jul 7 200 

         
Aug 8 0.33 

 
Aug 8 200 

         
Sep 9 0.23 

 
Sep 9 200 

         
Oct 10 0.14 

 
Oct 10 200 

         
Nov 11 0.07 

 
Nov 11 200 

         
Dec 12 0.06 

 
Dec 12 200 

                
                Maximum Adams Tunnel Availability 

  
Maximum Olympus Tunnel Availability 

Month Month Input 
Flow  
(cfs) 

Volume 
(af) 

Days / 
Month 

Equivalent 
days/Mon
th 

  
Month Month Input 

Flow  
(cfs) 

Volum
e (af) 

Days / 
Month 

Equivalent 
days/Mont
h 

Jan 1 95% 523 32127 31 29.45 
  

Jan 1 95% 523 32127 31 29.45 
Feb 2 95% 523 29018 28 26.60 

  
Feb 2 95% 523 29018 28 26.6 

Mar 3 95% 523 32127 31 29.45 
  

Mar 3 95% 523 32127 31 29.45 
Apr 4 95% 523 31091 30 28.50 

  
Apr 4 95% 523 31091 30 28.5 

May 5 95% 523 32127 31 29.45 
  

May 5 95% 523 32127 31 29.45 
Jun 6 67% 369 21927 30 20.10 

  
Jun 6 95% 523 31091 30 28.5 

Jul 7 45% 250 15372 31 14.09 
  

Jul 7 95% 523 32127 31 29.45 
Aug 8 45% 250 15372 31 14.09 

  
Aug 8 95% 523 32127 31 29.45 

Sep 9 45% 250 14876 30 13.64 
  

Sep 9 95% 523 31091 30 28.5 
Oct 10 95% 523 32127 31 29.45 

  
Oct 10 95% 523 32127 31 29.45 

Nov 11 0% 0 0 30 0.00 
  

Nov 11 0% 0 0 30 0 
Dec 12 50% 275 16909 31 15.50 

  
Dec 12 50% 275 16909 31 15.5 

              
  

              
Total       273074   250 

  
        331963   304 

  



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 

From The 
Big 

Thompso
n (af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompso
n River 
Water 

Available 
for Power 
Generatio

n           
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompso

n River 
Water 

Diverted 
for Power 
Generatio

n           
(af) 

Olympus 
Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seepa
ge 

and 
East 

Slope 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Deliver
y from 
Carter 
Lake                
(af) 

Delivery 
above 

Flatiron   
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Delivery 
from 

Carter 
Lake                
(af) 

Deliver
y 

above 
Flatiro
n   (af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Deman
d 

Shortag
e (af) 

Total 
CBT 

Demand 
(af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Sep-49             128000                             

Oct-49 0 0 0 32127 0 32127 136969 480 6844 5933 6593 137 388 589 1672 22 22678 22678 0 19507 2671 

Nov-49 0 0 0 0 0 0 129151 349 2260 869 1997 73 600 212 1440 18 7469 7469 0 5199 2270 

Dec-49 0 0 0 16909 0 16909 138289 322 2311 789 2000 75 600 212 1443 18 7448 7448 0 5175 2273 

Jan-50 0 0 0 32127 0 32127 162414 326 2769 685 1901 73 600 212 1419 18 7677 7677 0 5428 2249 

Feb-50 0 0 0 29018 0 29018 183956 380 2487 641 1661 66 600 212 1413 16 7095 7095 0 4854 2241 

Mar-50 0 0 0 32127 0 32127 207948 366 2639 799 1995 73 600 212 1434 18 7770 7770 0 5506 2264 

Apr-50 0 0 0 31091 0 31091 226194 602 4490 2855 3457 73 388 0 963 17 12243 12243 0 10875 1368 

May-50 0 0 1958 32127 0 32127 231079 619 10153 4060 10358 115 388 98 1426 25 26623 26623 0 24686 1937 

Jun-50 0 0 22962 21927 9164 31091 222883 976 10591 3441 12704 160 388 98 1729 37 29147 29147 0 26895 2252 

Jul-50 0 0 6414 15372 6414 21786 181516 1123 21925 6846 23797 224 388 196 2196 44 55616 55616 0 52792 2824 

Aug-50 0 0 0 15372 0 15372 140672 1012 21561 7733 23069 208 388 393 1815 37 55204 55204 0 52571 2633 

Sep-50 0 0 0 14876 0 14876 119288 711 12005 6998 13662 187 388 589 1690 31 35550 35550 0 32852 2698 

Oct-50 0 0 0 32127 0 32127 131070 483 5921 5275 5873 122 388 589 1672 22 19862 19862 0 17191 2671 

Nov-50 0 0 0 0 0 0 123834 346 1980 769 1806 65 600 212 1440 18 6890 6890 0 4620 2270 

Dec-50 0 0 0 16909 0 16909 133551 320 2033 692 1808 67 600 212 1443 18 6872 6872 0 4599 2273 

Jan-51 0 0 0 32127 0 32127 158286 324 2434 600 1720 65 600 212 1419 18 7068 7068 0 4819 2249 

Feb-51 0 0 0 29018 0 29018 180375 378 2186 562 1503 59 600 212 1413 16 6551 6551 0 4310 2241 

Mar-51 0 0 0 32127 0 32127 204981 365 2321 700 1806 65 600 212 1434 18 7156 7156 0 4892 2264 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 

From The 
Big 

Thompso
n (af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompso
n River 
Water 

Available 
for Power 
Generatio

n           
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompso

n River 
Water 

Diverted 
for Power 
Generatio

n           
(af) 

Olympus 
Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seepa
ge 

and 
East 

Slope 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Deliver
y from 
Carter 
Lake                
(af) 

Delivery 
above 

Flatiron   
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Delivery 
from 

Carter 
Lake                
(af) 

Deliver
y 

above 
Flatiro
n   (af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Deman
d 

Shortag
e (af) 

Total 
CBT 

Demand 
(af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Apr-51 0 0 369 31091 0 31091 224491 599 3912 2531 3106 65 388 0 963 17 10982 10982 0 9614 1368 

May-51 0 0 11858 32127 0 32127 232318 617 8825 3633 9185 103 388 98 1426 25 23683 23683 0 21746 1937 

Jun-51 0 0 30962 21927 9164 31091 227305 976 9189 3113 11268 143 388 98 1729 37 25964 25964 0 23712 2252 

Jul-51 0 0 22514 15372 16755 32127 192287 1129 19079 6128 20996 199 388 196 2231 44 49261 49261 0 46402 2859 

Aug-51 0 0 7507 15372 7507 22879 157806 1029 18788 6872 20346 185 388 393 1815 37 48824 48824 0 46191 2633 

Sep-51 0 0 881 14876 881 15757 140350 731 10442 6209 12087 166 388 589 1690 31 31601 31601 0 28903 2698 

Oct-51 0 0 0 32127 0 32127 156389 504 4568 3286 4987 72 388 589 1672 22 15584 15584 0 12913 2671 

Nov-51 0 0 0 0 0 0 149636 356 1368 1259 1443 58 600 212 1440 18 6397 6397 0 4127 2270 

Dec-51 0 0 0 16909 0 16909 159693 330 2137 616 1436 59 600 212 1443 18 6522 6522 0 4249 2273 

Jan-52 0 0 0 32127 0 32127 184157 334 3066 516 1440 58 600 212 1419 18 7329 7329 0 5080 2249 

Feb-52 0 0 0 29018 0 29018 205422 391 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-52 0 0 0 32127 0 32127 230589 375 2197 602 1465 58 600 212 1434 18 6585 6585 0 4321 2264 

Apr-52 0 0 2069 31091 0 31091 248759 620 4101 2225 4552 55 388 0 963 17 12301 12301 0 10933 1368 

May-52 10928 10928 3430 21199 0 32127 263673 637 5197 2813 6548 82 388 98 1426 25 16577 16577 0 14640 1937 

Jun-52 12179 12179 29183 9748 9164 31091 267421 1014 5682 2358 6753 120 388 98 1729 37 17165 17165 0 14913 2252 

Jul-52 0 0 11214 15372 11214 26586 246176 1189 14197 3219 15832 144 388 196 1408 44 35428 35428 0 33392 2036 

Aug-52 0 0 3407 15372 3407 18779 207342 1115 19336 8039 23318 209 388 393 1408 0 53091 53091 0 50902 2189 

Sep-52 0 0 681 14876 681 15557 191965 797 9010 7104 10776 182 388 589 1408 0 29456 29456 0 27071 2385 

Oct-52 0 0 0 32127 0 32127 203136 545 6844 4498 6573 111 388 589 1408 0 20411 20411 0 18026 2385 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 

From The 
Big 

Thompso
n (af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompso
n River 
Water 

Available 
for Power 
Generatio

n           
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompso

n River 
Water 

Diverted 
for Power 
Generatio

n           
(af) 

Olympus 
Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seepa
ge 

and 
East 

Slope 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Deliver
y from 
Carter 
Lake                
(af) 

Delivery 
above 

Flatiron   
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Delivery 
from 

Carter 
Lake                
(af) 
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Nov-52 0 0 0 0 0 0 195424 376 2260 804 1997 73 600 212 1390 0 7336 7336 0 5134 2202 

Dec-52 0 0 0 16909 0 16909 204689 347 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-53 0 0 0 32127 0 32127 228841 350 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-53 0 0 0 29018 0 29018 250394 410 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-53 0 0 0 32127 0 32127 274423 391 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-53 0 0 0 31091 0 31091 293040 653 4490 2607 3405 70 388 0 861 0 11820 11820 0 10571 1249 

May-53 0 0 2658 32127 0 32127 299791 669 10153 3480 9161 106 388 98 1321 0 24708 24708 0 22901 1807 

Jun-53 0 0 28562 21927 9164 31091 291950 1069 10591 3897 11826 170 388 98 1729 0 28700 28700 0 26485 2215 

Jul-53 0 0 9114 15372 9114 24486 255370 1237 21925 8762 17227 259 388 196 1914 44 50715 50715 0 48173 2542 

Aug-53 0 0 3707 15372 3707 19079 222098 1140 21561 7336 16221 197 388 393 1408 0 47504 47504 0 45315 2189 

Sep-53 0 0 0 14876 0 14876 202390 816 12005 7434 11753 191 388 589 1408 0 33768 33768 0 31383 2385 

Oct-53 0 0 0 32127 0 32127 208454 555 8690 6271 8008 154 388 589 1408 0 25508 25508 0 23123 2385 

Nov-53 0 0 0 0 0 0 199598 379 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-53 0 0 0 16909 0 16909 207729 348 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-54 0 0 0 32127 0 32127 230665 351 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-54 0 0 0 29018 0 29018 251128 411 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-54 0 0 0 32127 0 32127 273930 391 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-54 0 0 0 31091 0 31091 289836 654 5846 3194 4157 84 388 0 861 0 14530 14530 0 13281 1249 

May-54 0 0 3658 32127 0 32127 287168 668 12997 7050 12706 172 388 98 717 0 34128 34128 0 32925 1203 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           
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Jun-54 0 0 3962 21927 3962 25889 270799 1056 13560 6663 15576 237 388 98 717 0 37240 37240 0 36037 1203 

Jul-54 0 0 1314 15372 1314 16686 217654 1208 27787 7855 29407 267 388 196 1408 0 67309 67309 0 65317 1992 

Aug-54 0 0 0 15372 0 15372 165578 1084 27108 8314 28524 230 388 393 1408 0 66364 66364 0 64175 2189 

Sep-54 0 0 0 14876 0 14876 138259 749 15132 6915 16815 200 388 589 1408 0 41446 41446 0 39061 2385 

Oct-54 0 0 0 32127 0 32127 146826 505 6670 6958 6872 170 388 589 1408 0 23055 23055 0 20670 2385 

Nov-54 0 0 0 0 0 0 137996 353 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-54 0 0 0 16909 0 16909 146148 327 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-55 0 0 0 32127 0 32127 169105 330 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-55 0 0 0 29018 0 29018 189595 384 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-55 0 0 0 32127 0 32127 212419 369 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-55 0 0 0 31091 0 31091 228324 606 5373 3194 4680 84 388 0 861 0 14579 14579 0 13330 1249 

May-55 0 0 2658 32127 0 32127 214913 622 22279 5791 15163 152 388 98 1046 0 44916 44916 0 43384 1532 

Jun-55 0 0 12562 21927 9164 31091 202015 967 12525 3719 16222 190 388 98 717 0 33859 33859 0 32656 1203 

Jul-55 0 0 5814 15372 5814 21186 150087 1089 24760 9494 29678 287 388 196 1408 0 66211 66211 0 64219 1992 

Aug-55 0 0 1607 15372 1607 16979 103795 955 24841 7978 25468 233 388 393 1408 0 60709 60709 0 58520 2189 

Sep-55 0 0 0 14876 0 14876 73985 649 15022 9293 17110 228 388 589 1408 0 44038 44038 0 41653 2385 

Oct-55 0 0 0 32127 0 32127 86628 425 4605 5798 6134 138 388 589 1408 0 19059 19059 0 16674 2385 

Nov-55 0 0 0 0 0 0 79616 319 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-55 0 0 0 16909 0 16909 89498 296 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           
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Jan-56 0 0 0 32127 0 32127 114305 303 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-56 0 0 0 29018 0 29018 136457 354 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-56 0 0 0 32127 0 32127 161168 347 2321 676 1806 65 600 212 1390 0 7070 7070 0 4868 2202 

Apr-56 0 0 69 31091 0 31091 181461 559 3676 2170 2963 62 388 0 963 17 10239 10239 0 8871 1368 

May-56 0 0 16058 32127 0 32127 190610 580 9072 2768 8529 93 388 98 1426 25 22399 22399 0 20462 1937 

Jun-56 0 0 23162 21927 9164 31091 186252 913 8194 3287 11499 139 388 98 1729 37 25372 25372 0 23120 2252 

Jul-56 0 0 4014 15372 4014 19386 147199 1050 19577 8074 22653 212 388 196 2231 44 53375 53375 0 50516 2859 

Aug-56 0 0 807 15372 807 16179 117687 943 18471 5633 17030 175 388 393 1815 37 43941 43941 0 41308 2633 

Sep-56 0 0 0 14876 0 14876 95125 669 13428 6425 14054 164 388 589 1690 31 36769 36769 0 34071 2698 

Oct-56 0 0 0 32127 0 32127 106836 456 3531 7058 6814 144 388 589 1414 22 19960 19960 0 17547 2413 

Nov-56 0 0 0 0 0 0 100287 331 1368 1148 1443 58 600 212 1390 0 6218 6218 0 4016 2202 

Dec-56 0 0 0 16909 0 16909 110497 308 2137 557 1436 59 600 212 1390 0 6391 6391 0 4189 2202 

Jan-57 0 0 0 32127 0 32127 135032 314 3066 512 1440 58 600 212 1390 0 7278 7278 0 5076 2202 

Feb-57 0 0 0 29018 0 29018 156359 367 3321 483 1266 52 600 212 1390 0 7323 7323 0 5121 2202 

Mar-57 0 0 0 32127 0 32127 181629 356 2197 581 1465 58 600 212 1390 0 6502 6502 0 4300 2202 

Apr-57 0 0 69 31091 0 31091 200486 578 3899 2024 4429 55 388 0 861 0 11656 11656 0 10407 1249 

May-57 5351 5351 1807 26776 0 32127 218513 597 3096 2426 5986 82 388 98 1426 0 13502 13502 0 11590 1912 

Jun-57 25991 25991 15571 0 5100 31091 228372 945 4441 2152 6223 120 388 98 1729 37 15187 15187 0 12935 2252 

Jul-57 3366 3366 34348 12006 16755 32127 212667 1120 11217 3495 12214 172 388 196 2231 44 29957 29957 0 27098 2859 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           
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Aug-57 0 0 8107 15372 8107 23479 174901 1054 21134 5124 23061 149 388 393 1797 37 52083 52083 0 49468 2615 

Sep-57 0 0 981 14876 981 15857 149540 756 15640 6961 14041 141 388 589 1690 31 39481 39481 0 36783 2698 

Oct-57 0 0 0 32127 0 32127 158067 515 6252 6984 7020 159 388 589 1672 22 23086 23086 0 20415 2671 

Nov-57 0 0 0 0 0 0 148799 358 2699 1472 2380 88 600 212 1440 18 8910 8910 0 6640 2270 

Dec-57 0 0 0 16909 0 16909 156217 330 3505 906 2385 91 600 212 1443 18 9161 9161 0 6888 2273 

Jan-58 0 0 0 32127 0 32127 177523 333 5040 848 2263 88 600 212 1419 18 10488 10488 0 8239 2249 

Feb-58 0 0 0 29018 0 29018 195587 389 5470 799 1976 80 600 212 1413 16 10565 10565 0 8324 2241 

Mar-58 0 0 0 32127 0 32127 218070 373 3585 962 2372 88 600 212 1434 18 9271 9271 0 7007 2264 

Apr-58 0 0 0 31091 0 31091 233436 611 6661 3114 3886 84 388 0 963 17 15114 15114 0 13746 1368 

May-58 17673 17673 4785 14454 0 32127 243427 627 5536 3639 10272 125 388 98 1426 25 21509 21509 0 19572 1937 

Jun-58 9525 9525 13237 12402 9164 31091 234781 987 9752 4378 14009 208 388 98 717 37 29587 29587 0 28347 1240 

Jul-58 0 0 2914 15372 2914 18286 186159 1143 24506 9824 26225 303 388 196 1408 0 62850 62850 0 60858 1992 

Aug-58 0 0 0 15372 0 15372 125030 1024 35609 10475 26946 258 388 393 1408 0 75478 75478 0 73289 2189 

Sep-58 0 0 0 14876 0 14876 84337 696 18074 7374 26834 206 388 589 1408 0 54873 54873 0 52488 2385 

Oct-58 0 0 0 32127 0 32127 92978 444 5283 7689 7508 177 388 589 1408 0 23041 23041 0 20656 2385 

Nov-58 0 0 0 0 0 0 85319 324 2260 804 1997 73 600 212 1390 0 7336 7336 0 5134 2202 

Dec-58 0 0 0 16909 0 16909 94630 300 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-59 0 0 0 32127 0 32127 118826 306 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-59 0 0 0 29018 0 29018 140431 357 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           
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Mar-59 0 0 0 32127 0 32127 164502 349 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-59 0 0 0 31091 0 31091 183592 563 4221 2607 3292 70 388 0 861 0 11439 11439 0 10190 1249 

May-59 3156 3156 702 28971 0 32127 192829 582 7352 3331 9610 104 388 98 1426 0 22308 22308 0 20396 1912 

Jun-59 1828 1828 25734 20099 9164 31091 185730 914 10786 2924 11997 152 388 98 1729 37 28112 28112 0 25860 2252 

Jul-59 0 0 7214 15372 7214 22586 146832 1054 21041 6826 22843 216 388 196 1663 44 53217 53217 0 50926 2291 

Aug-59 0 0 1507 15372 1507 16879 102410 944 25401 8299 22751 210 388 393 1408 0 58849 58849 0 56660 2189 

Sep-59 0 0 0 14876 0 14876 77767 646 14337 6339 15638 175 388 589 1408 0 38873 38873 0 36488 2385 

Oct-59 0 0 0 32127 0 32127 89303 431 5559 5517 6568 131 388 589 1408 0 20160 20160 0 17775 2385 

Nov-59 0 0 0 0 0 0 82216 321 1980 712 1806 65 600 212 1390 0 6765 6765 0 4563 2202 

Dec-59 0 0 0 16909 0 16909 92096 298 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 

Jan-60 0 0 0 32127 0 32127 116902 304 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-60 0 0 0 29018 0 29018 139052 356 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-60 0 0 0 32127 0 32127 163737 348 2321 700 1806 65 600 212 1390 0 7094 7094 0 4892 2202 

Apr-60 0 0 1569 31091 0 31091 183901 561 3676 2314 2963 62 388 0 963 0 10366 10366 0 9015 1351 

May-60 635 635 5723 31492 0 32127 195374 582 6374 3136 8529 96 388 98 1426 25 20072 20072 0 18135 1937 

Jun-60 1207 1207 25355 20720 9164 31091 192294 917 8041 2948 10707 143 388 98 1729 37 24090 24090 0 21838 2252 

Jul-60 0 0 8914 15372 8914 24286 160504 1062 17628 5324 20103 185 388 196 2231 44 46099 46099 0 43240 2859 

Aug-60 0 0 0 15372 0 15372 119418 966 23038 7945 21681 194 388 393 1815 37 55492 55492 0 52859 2633 

Sep-60 0 0 0 14876 0 14876 98933 676 12797 6707 12311 171 388 589 1690 31 34685 34685 0 31987 2698 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           
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Oct-60 0 0 0 32127 0 32127 114481 461 3335 4991 5006 115 388 589 1672 22 16118 16118 0 13447 2671 

Nov-60 0 0 0 0 0 0 107860 336 1368 1148 1443 58 600 212 1440 18 6286 6286 0 4016 2270 

Dec-60 0 0 0 16909 0 16909 117995 312 2137 557 1436 59 600 212 1443 18 6462 6462 0 4189 2273 

Jan-61 0 0 0 32127 0 32127 142480 317 3066 512 1440 58 600 212 1419 18 7325 7325 0 5076 2249 

Feb-61 0 0 0 29018 0 29018 163764 371 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-61 0 0 0 32127 0 32127 188968 359 2197 581 1465 58 600 212 1434 18 6564 6564 0 4300 2264 

Apr-61 0 0 0 31091 0 31091 207700 585 3899 2024 4429 55 388 0 963 17 11775 11775 0 10407 1368 

May-61 4885 4885 3273 27242 0 32127 225696 603 3096 2426 5986 82 388 98 1426 25 13527 13527 0 11590 1937 

Jun-61 23700 23700 6062 0 6062 29762 233471 956 4345 2152 6223 120 388 98 1607 37 14969 14969 0 12839 2130 

Jul-61 0 0 8314 15372 8314 23686 212065 1129 13052 4324 16094 186 388 196 1408 0 35649 35649 0 33657 1992 

Aug-61 0 0 1907 15372 1907 17279 169885 1056 23509 7135 23500 163 388 393 1408 0 56496 56496 0 54307 2189 

Sep-61 0 0 4781 14876 4781 19657 152255 752 11346 6354 11529 141 388 589 1408 0 31755 31755 0 29370 2385 

Oct-61 0 0 0 32127 0 32127 167692 514 5026 3317 5363 85 388 589 1408 0 16176 16176 0 13791 2385 

Nov-61 0 0 0 0 0 0 160358 361 2120 680 1902 69 600 212 1390 0 6972 6972 0 4770 2202 

Dec-61 0 0 0 16909 0 16909 169918 334 2172 666 1904 71 600 212 1390 0 7015 7015 0 4813 2202 

Jan-62 0 0 0 32127 0 32127 194387 338 2601 638 1810 69 600 212 1390 0 7321 7321 0 5119 2202 

Feb-62 0 0 0 29018 0 29018 216226 395 2336 602 1582 62 600 212 1390 0 6784 6784 0 4582 2202 

Mar-62 0 0 0 32127 0 32127 240600 379 2480 724 1900 69 600 212 1390 0 7375 7375 0 5173 2202 

Apr-62 0 0 3869 31091 0 31091 260264 628 3948 2306 3127 66 388 0 963 0 10799 10799 0 9448 1351 
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May-62 0 0 8658 32127 0 32127 267738 646 8553 3785 10329 112 388 98 717 25 24008 24008 0 22780 1228 

Jun-62 1733 1733 20729 20194 9164 31091 264676 1025 8295 2812 11509 145 388 98 717 0 23964 23964 0 22761 1203 

Jul-62 0 0 16014 15372 16014 31386 221509 1191 21433 9601 24061 261 388 196 1408 0 57349 57349 0 55357 1992 

Aug-62 0 0 1707 15372 1707 17079 182952 1083 21379 7413 21665 200 388 393 1408 0 52846 52846 0 50657 2189 

Sep-62 0 0 0 14876 0 14876 161746 767 13737 6824 12195 174 388 589 1408 0 35315 35315 0 32930 2385 

Oct-62 0 0 0 32127 0 32127 168422 524 6807 7322 8233 181 388 589 1408 0 24927 24927 0 22542 2385 

Nov-62 0 0 0 0 0 0 159687 362 2820 883 2380 88 600 212 1390 0 8373 8373 0 6171 2202 

Dec-62 0 0 0 16909 0 16909 167831 334 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-63 0 0 0 32127 0 32127 190781 337 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-63 0 0 0 29018 0 29018 211261 394 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-63 0 0 0 32127 0 32127 234111 377 3275 962 2372 88 600 212 1390 0 8900 8900 0 6698 2202 

Apr-63 0 0 0 31091 0 31091 248716 624 6516 3324 4682 92 388 0 861 0 15862 15862 0 14613 1249 

May-63 0 0 7958 32127 0 32127 228961 639 18106 9661 22104 169 388 98 717 0 51243 51243 0 50040 1203 

Jun-63 0 0 14762 21927 9164 31091 213963 983 15261 4603 14674 202 388 98 717 0 35943 35943 0 34740 1203 

Jul-63 0 0 3914 15372 3914 19286 163956 1114 27416 6564 28033 260 388 196 1408 0 64264 64264 0 62272 1992 

Aug-63 0 0 3607 15372 3607 18979 123049 985 23818 7284 21762 241 388 393 1408 0 55293 55293 0 53104 2189 

Sep-63 0 0 2181 14876 2181 17057 97726 683 13583 7643 15706 199 388 589 1408 0 39517 39517 0 37132 2385 

Oct-63 0 0 0 32127 0 32127 102627 460 6899 7908 9413 161 388 589 1408 0 26766 26766 0 24381 2385 

Nov-63 0 0 0 0 0 0 94390 330 2540 895 2189 81 600 212 1390 0 7906 7906 0 5704 2202 
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Dec-63 0 0 0 16909 0 16909 103129 306 2590 797 2192 83 600 212 1390 0 7864 7864 0 5662 2202 

Jan-64 0 0 0 32127 0 32127 126714 310 3104 764 2082 80 600 212 1390 0 8233 8233 0 6031 2202 

Feb-64 0 0 0 29018 0 29018 147769 362 2787 720 1818 73 600 212 1390 0 7600 7600 0 5398 2202 

Mar-64 0 0 0 32127 0 32127 171224 352 2957 898 2184 81 600 212 1390 0 8321 8321 0 6119 2202 

Apr-64 0 0 0 31091 0 31091 189170 569 4786 2900 3563 77 388 0 861 0 12576 12576 0 11327 1249 

May-64 0 0 5858 32127 0 32127 182299 588 15897 4481 15990 129 388 98 1426 0 38410 38410 0 36498 1912 

Jun-64 0 0 13362 21927 9164 31091 172448 908 12564 3361 13117 171 388 98 1134 37 30870 30870 0 29213 1657 

Jul-64 0 0 8814 15372 8814 24186 126189 1030 23291 7690 27380 249 388 196 1408 0 60601 60601 0 58609 1992 

Aug-64 0 0 0 15372 0 15372 84275 901 23093 8771 22098 234 388 393 1408 0 56386 56386 0 54197 2189 

Sep-64 0 0 0 14876 0 14876 62422 605 13326 7357 12854 202 388 589 1408 0 36123 36123 0 33738 2385 

Oct-64 0 0 0 32127 0 32127 77426 404 3878 5069 5275 112 388 589 1408 0 16719 16719 0 14334 2385 

Nov-64 0 0 0 0 0 0 70920 311 1700 621 1615 58 600 212 1390 0 6195 6195 0 3993 2202 

Dec-64 0 0 0 16909 0 16909 81374 290 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-65 0 0 0 32127 0 32127 106795 297 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-65 0 0 0 29018 0 29018 129496 349 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-65 0 0 0 32127 0 32127 154799 343 2002 602 1617 58 600 212 1390 0 6481 6481 0 4279 2202 

Apr-65 0 0 469 31091 0 31091 176066 553 3150 2182 2633 59 388 0 861 0 9272 9272 0 8023 1249 

May-65 0 0 5058 32127 0 32127 182142 574 12822 3155 7495 92 388 98 1426 0 25477 25477 0 23565 1912 

Jun-65 11952 11952 30610 9975 9164 31091 181906 904 7111 2473 9302 122 388 98 1729 37 21260 21260 0 19008 2252 
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Jul-65 1177 1177 26237 14195 16755 32127 162986 1039 10568 4456 15212 158 388 196 2231 44 33252 33252 0 30393 2859 

Aug-65 0 0 8507 15372 8507 23879 130754 961 18353 6168 19325 164 388 393 1815 37 46643 46643 0 44010 2633 

Sep-65 0 0 2281 14876 2281 17157 113086 692 9725 6431 12842 156 388 589 1690 31 31852 31852 0 29154 2698 

Oct-65 0 0 0 32127 0 32127 122845 475 6570 5606 6906 140 388 589 1672 22 21893 21893 0 19222 2671 

Nov-65 0 0 0 0 0 0 114063 342 2820 883 2380 88 600 212 1440 18 8441 8441 0 6171 2270 

Dec-65 0 0 0 16909 0 16909 122155 316 2868 884 2385 91 600 212 1443 18 8501 8501 0 6228 2273 

Jan-66 0 0 0 32127 0 32127 145075 320 3440 848 2263 88 600 212 1419 18 8887 8887 0 6638 2249 

Feb-66 0 0 0 29018 0 29018 165538 373 3088 799 1976 80 600 212 1413 16 8183 8183 0 5942 2241 

Mar-66 0 0 0 32127 0 32127 188344 359 3275 962 2372 88 600 212 1434 18 8962 8962 0 6698 2264 

Apr-66 0 0 0 31091 0 31091 205194 586 5324 2993 3886 84 388 0 963 17 13655 13655 0 12287 1368 

May-66 0 0 4358 32127 0 32127 200799 603 13290 4618 15932 143 388 98 1426 25 35920 35920 0 33983 1937 

Jun-66 0 0 7762 21927 7762 29689 177575 935 16977 4374 20628 195 388 98 1519 37 44216 44216 0 42174 2042 

Jul-66 0 0 3414 15372 3414 18786 119108 1046 28732 11646 30127 295 388 196 1408 0 72792 72792 0 70800 1992 

Aug-66 0 0 107 15372 107 15479 67761 889 27018 10531 25796 294 388 393 1408 0 65830 65830 0 63641 2189 

Sep-66 0 0 0 14876 0 14876 47425 562 13358 6797 11917 192 388 589 1408 0 34650 34650 0 32265 2385 

Oct-66 0 0 0 32127 0 32127 58407 378 4479 7006 6742 155 388 589 1408 0 20768 20768 0 18383 2385 

Nov-66 0 0 0 0 0 0 51419 295 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-66 0 0 0 16909 0 16909 61321 275 2033 622 1808 67 600 212 1390 0 6732 6732 0 4530 2202 

Jan-67 0 0 0 32127 0 32127 86148 283 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 
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Feb-67 0 0 0 29018 0 29018 108320 334 2186 562 1503 59 600 212 1390 0 6512 6512 0 4310 2202 

Mar-67 0 0 0 32127 0 32127 133046 331 2321 676 1806 65 600 212 1390 0 7070 7070 0 4868 2202 

Apr-67 0 0 0 31091 0 31091 153276 531 3830 2170 2917 62 388 0 963 0 10330 10330 0 8979 1351 

May-67 0 0 3358 32127 0 32127 165154 554 7125 2768 7774 93 388 98 1426 25 19696 19696 0 17759 1937 

Jun-67 3779 3779 17183 18148 9164 31091 161705 867 9530 2559 10032 135 388 98 1729 37 24508 24508 0 22256 2252 

Jul-67 11482 11482 2532 3890 2532 17904 142094 1003 13540 3768 13670 168 388 196 2206 44 33980 33980 0 31146 2834 

Aug-67 0 0 7 15372 7 15379 92999 925 23074 9378 28700 201 388 393 1408 0 63542 63542 0 61353 2189 

Sep-67 0 0 1581 14876 1581 16457 69970 625 15194 6506 13028 168 388 589 1408 0 37280 37280 0 34895 2385 

Oct-67 0 0 0 32127 0 32127 82138 418 6117 6116 4785 139 388 589 1408 0 19542 19542 0 17157 2385 

Nov-67 0 0 0 0 0 0 75690 316 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 

Dec-67 0 0 0 16909 0 16909 86140 293 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-68 0 0 0 32127 0 32127 111557 300 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-68 0 0 0 29018 0 29018 134255 352 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-68 0 0 0 32127 0 32127 159577 345 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-68 0 0 0 31091 0 31091 181176 557 3141 1897 2594 55 388 0 861 0 8935 8935 0 7686 1249 

May-68 58 58 0 32069 0 32127 195177 579 6694 2547 6552 83 388 98 1185 0 17547 17547 0 15876 1671 

Jun-68 2191 2191 24671 19736 9164 31091 195208 917 7084 2391 9343 120 388 98 1556 0 20980 20980 0 18938 2042 

Jul-68 0 0 8414 15372 8414 23786 163174 1066 16539 5488 22013 180 388 196 1536 0 46339 46339 0 44219 2120 

Aug-68 0 0 2007 15372 2007 17379 139119 970 14967 5158 15971 148 388 393 1432 0 38457 38457 0 36244 2213 
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Sep-68 0 0 0 14876 0 14876 122205 703 11317 6420 10828 138 388 589 1408 0 31087 31087 0 28702 2385 

Oct-68 0 0 0 32127 0 32127 135213 486 4884 5462 5773 129 388 589 1408 0 18633 18633 0 16248 2385 

Nov-68 0 0 0 0 0 0 128063 348 1701 1229 1605 65 600 212 1390 0 6802 6802 0 4600 2202 

Dec-68 0 0 0 16909 0 16909 137659 322 2479 644 1599 67 600 212 1390 0 6991 6991 0 4789 2202 

Jan-69 0 0 0 32127 0 32127 161433 326 3560 596 1604 65 600 212 1390 0 8027 8027 0 5825 2202 

Feb-69 0 0 0 29018 0 29018 181980 381 3858 562 1410 59 600 212 1390 0 8091 8091 0 5889 2202 

Mar-69 0 0 0 32127 0 32127 206625 366 2544 676 1629 65 600 212 1390 0 7116 7116 0 4914 2202 

Apr-69 0 0 69 31091 0 31091 223312 601 4906 2472 5012 62 388 0 963 0 13803 13803 0 12452 1351 

May-69 8937 8937 9021 23190 0 32127 240392 617 3755 2812 5831 95 388 98 1426 25 14430 14430 0 12493 1937 

Jun-69 20523 20523 7939 1404 7939 29866 243793 979 6466 2403 6290 135 388 98 1729 37 17546 17546 0 15294 2252 

Jul-69 840 840 13774 14532 13774 29146 215001 1152 18499 4485 16981 188 388 196 2231 44 43012 43012 0 40153 2859 

Aug-69 0 0 907 15372 907 16279 158621 1068 25327 10254 32262 226 388 393 1797 37 70684 70684 0 68069 2615 

Sep-69 0 0 281 14876 281 15157 142754 738 9998 5654 11508 147 388 589 1690 31 30005 30005 0 27307 2698 

Oct-69 0 0 0 32127 0 32127 155735 506 3297 6688 5830 154 388 589 1672 22 18640 18640 0 15969 2671 

Nov-69 0 0 0 0 0 0 149031 355 1368 1210 1443 58 600 212 1440 18 6349 6349 0 4079 2270 

Dec-69 0 0 0 16909 0 16909 159148 330 2137 557 1436 59 600 212 1443 18 6462 6462 0 4189 2273 

Jan-70 0 0 0 32127 0 32127 183616 334 3066 512 1440 58 600 212 1419 18 7325 7325 0 5076 2249 

Feb-70 0 0 0 29018 0 29018 204881 390 3321 483 1266 52 600 212 1413 16 7362 7362 0 5121 2241 

Mar-70 0 0 0 32127 0 32127 230049 375 2197 602 1465 58 600 212 1434 18 6585 6585 0 4321 2264 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 

Available 
East 

Slope 
Priority 
Water 

From The 
Big 

Thompso
n (af) 

East 
Slope 
Water 

Diverted 
From The 

Big 
Thompso

n At 
Olympus 

Dam         
(af) 

Available 
Big 

Thompso
n River 
Water 

Available 
for Power 
Generatio

n           
(af) 

Adams 
Tunnel 

Diversio
n (af) 

Big 
Thompso

n River 
Water 

Diverted 
for Power 
Generatio

n           
(af) 

Olympus 
Tunnel     

(af) 

East 
Slope 

Storage 
(af) 

Seepa
ge 

and 
East 

Slope 
Evap            
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Deliver
y from 
Carter 
Lake                
(af) 

Delivery 
above 

Flatiron   
(af) 

Delivery 
from 

Horsetoot
h Res 

(includes 
CHSC and 

Dixon 
Feeder) 

(af) 

Delivery 
to Big 

Thompso
n, Little 

Thompso
n and 

CHFC (af) 

Delivery 
from 

Carter 
Lake                
(af) 

Deliver
y 

above 
Flatiro
n   (af) 

Total 
Deman
d (af) 

Total 
Deliver
y   (af) 

Deman
d 

Shortag
e (af) 

Total 
CBT 

Demand 
(af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Apr-70 0 0 0 31091 0 31091 248261 619 4299 2148 4390 55 388 0 963 17 12259 12259 0 10891 1368 

May-70 572 572 11886 31555 0 32127 266926 637 3096 2622 5088 82 388 98 1426 25 12825 12825 0 10888 1937 

Jun-70 21618 21618 8944 309 8944 30871 274360 1014 4345 2210 5565 120 388 98 717 37 13480 13480 0 12240 1240 

Jul-70 626 626 15188 14746 15188 30560 253514 1197 13253 3517 16104 155 388 196 1408 0 35021 35021 0 33029 1992 

Aug-70 0 0 2507 15372 2507 17879 207680 1125 25460 6438 25833 160 388 393 1408 0 60080 60080 0 57891 2189 

Sep-70 0 0 1481 14876 1481 16357 194533 802 9207 5534 9956 138 388 589 1408 0 27221 27221 0 24836 2385 

Oct-70 0 0 0 32127 0 32127 211650 548 3295 4406 4277 99 388 589 1408 0 14463 14463 0 12078 2385 

Nov-70 0 0 0 0 0 0 204992 378 1368 1210 1443 58 600 212 1390 0 6281 6281 0 4079 2202 

Dec-70 0 0 0 16909 0 16909 215161 349 2137 557 1436 59 600 212 1390 0 6391 6391 0 4189 2202 

Jan-71 0 0 0 32127 0 32127 239657 353 3066 512 1440 58 600 212 1390 0 7278 7278 0 5076 2202 

Feb-71 0 0 0 29018 0 29018 260938 414 3321 483 1266 52 600 212 1390 0 7323 7323 0 5121 2202 

Mar-71 0 0 0 32127 0 32127 286147 395 2197 602 1465 58 600 212 1390 0 6523 6523 0 4321 2202 

Apr-71 0 0 769 31091 0 31091 304573 661 4061 2148 4390 55 388 0 963 0 12004 12004 0 10653 1351 

May-71 5921 5921 37 26206 0 32127 323164 677 3130 2622 5088 82 388 98 1426 25 12859 12859 0 10922 1937 

Jun-71 15985 15985 20077 5942 9164 31091 330273 1087 4438 2210 5723 120 388 98 717 37 13731 13731 0 12491 1240 

Jul-71 0 0 14314 15372 14314 29686 300429 1285 17945 6781 16992 222 388 196 1408 0 43932 43932 0 41940 1992 

Aug-71 0 0 1807 15372 1807 17179 256549 1200 21622 6434 27649 158 388 393 1408 0 58051 58051 0 55862 2189 

Sep-71 0 0 1781 14876 1781 16657 246220 856 8467 4721 8649 127 388 589 1408 0 24349 24349 0 21964 2385 

Oct-71 0 0 0 32127 0 32127 256023 584 6475 6991 5726 163 388 589 1408 0 21740 21740 0 19355 2385 
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Nov-71 0 0 0 0 0 0 248376 395 2260 720 1997 73 600 212 1390 0 7252 7252 0 5050 2202 

Dec-71 0 0 0 16909 0 16909 257625 363 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-72 0 0 0 32127 0 32127 281762 366 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-72 0 0 0 29018 0 29018 303294 429 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-72 0 0 0 32127 0 32127 327334 407 2639 771 1995 73 600 212 1390 0 7680 7680 0 5478 2202 

Apr-72 0 0 0 31091 0 31091 346109 692 4580 2486 3240 71 388 0 861 0 11625 11625 0 10376 1249 

May-72 0 0 5658 32127 0 32127 354246 707 9408 3425 8432 105 388 98 1426 0 23283 23283 0 21371 1912 

Jun-72 0 0 23162 21927 9164 31091 346599 1137 10495 3200 13346 156 388 98 717 37 28437 28437 0 27197 1240 

Jul-72 0 0 3714 15372 3714 19086 297786 1322 23886 7840 28924 221 388 196 1408 0 62863 62863 0 60871 1992 

Aug-72 0 0 0 15372 0 15372 255083 1204 24861 7684 21932 204 388 393 1408 0 56871 56871 0 54682 2189 

Sep-72 0 0 2181 14876 2181 17057 239097 857 8734 6664 12038 184 388 589 1408 0 30004 30004 0 27619 2385 

Oct-72 0 0 0 32127 0 32127 248954 580 6250 6032 6895 128 388 589 1408 0 21690 21690 0 19305 2385 

Nov-72 0 0 0 0 0 0 241687 392 1701 1302 1605 65 600 212 1390 0 6875 6875 0 4673 2202 

Dec-72 0 0 0 16909 0 16909 251244 361 2479 644 1599 67 600 212 1390 0 6991 6991 0 4789 2202 

Jan-73 0 0 0 32127 0 32127 274980 364 3560 596 1604 65 600 212 1390 0 8027 8027 0 5825 2202 

Feb-73 0 0 0 29018 0 29018 295480 428 3858 562 1410 59 600 212 1390 0 8091 8091 0 5889 2202 

Mar-73 0 0 0 32127 0 32127 320061 406 2544 700 1629 65 600 212 1390 0 7140 7140 0 4938 2202 

Apr-73 0 0 0 31091 0 31091 336821 686 4881 2441 5012 62 388 0 861 0 13645 13645 0 12396 1249 

May-73 8477 8477 0 23650 0 32127 353762 701 3724 2957 5774 93 388 98 1426 25 14486 14486 0 12549 1937 
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Jun-73 12194 12194 16768 6677 12220 31091 356000 1127 5373 2468 6290 135 388 98 717 37 15506 15506 0 14266 1240 

Jul-73 0 0 18914 15372 16755 32127 330434 1326 15992 4949 16481 198 388 196 1408 0 39612 39612 0 37620 1992 

Aug-73 0 0 3207 15372 3207 18579 278074 1243 26724 7813 29562 201 388 393 1408 0 66489 66489 0 64300 2189 

Sep-73 0 0 0 14876 0 14876 258203 882 10889 6784 13642 165 388 589 1408 0 33866 33866 0 31481 2385 

Oct-73 0 0 0 32127 0 32127 267624 594 6589 5511 7494 133 388 589 1408 0 22112 22112 0 19727 2385 

Nov-73 0 0 0 0 0 0 258749 398 2820 987 2380 88 600 212 1390 0 8477 8477 0 6275 2202 

Dec-73 0 0 0 16909 0 16909 266861 366 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-74 0 0 0 32127 0 32127 289780 368 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-74 0 0 0 29018 0 29018 310221 433 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-74 0 0 0 32127 0 32127 333004 410 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-74 0 0 0 31091 0 31091 349290 696 5528 3194 3952 84 388 0 963 0 14108 14108 0 12757 1351 

May-74 517 517 9041 31610 0 32127 350968 710 10810 4685 12168 140 388 98 1426 25 29740 29740 0 27803 1937 

Jun-74 3373 3373 16989 18554 9164 31091 339806 1135 11521 3662 15343 187 388 98 717 37 31953 31953 0 30713 1240 

Jul-74 0 0 9414 15372 9414 24786 279648 1313 32300 8893 30629 276 388 196 1535 0 74217 74217 0 72098 2119 

Aug-74 0 0 0 15372 0 15372 220238 1186 30771 10099 30278 260 388 393 1408 0 73596 73596 0 71407 2189 

Sep-74 0 0 0 14876 0 14876 192180 821 13751 10384 15328 264 388 589 1408 0 42112 42112 0 39727 2385 

Oct-74 0 0 0 32127 0 32127 198604 549 10662 5465 6520 123 388 589 1408 0 25154 25154 0 22769 2385 

Nov-74 0 0 0 0 0 0 190867 376 2260 829 1997 73 600 212 1390 0 7361 7361 0 5159 2202 

Dec-74 0 0 0 16909 0 16909 200133 345 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 
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Jan-75 0 0 0 32127 0 32127 224288 348 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-75 0 0 0 29018 0 29018 245842 408 2487 641 1661 66 600 212 1390 0 7056 7056 0 4854 2202 

Mar-75 0 0 0 32127 0 32127 269873 389 2639 799 1995 73 600 212 1390 0 7708 7708 0 5506 2202 

Apr-75 0 0 0 31091 0 31091 288619 650 4477 2607 3292 70 388 0 861 0 11695 11695 0 10446 1249 

May-75 440 440 2618 31687 0 32127 293712 666 10788 3947 9608 112 388 98 1426 0 26368 26368 0 24456 1912 

Jun-75 11702 11702 12460 10225 9164 31091 287993 1061 9300 2886 11996 151 388 98 1729 37 26586 26586 0 24334 2252 

Jul-75 0 0 23214 15372 16755 32127 255216 1228 17750 5403 20708 199 388 196 2231 44 46920 46920 0 44061 2859 

Aug-75 0 0 3207 15372 3207 18579 207274 1134 23840 8732 26759 216 388 393 1815 37 62180 62180 0 59547 2633 

Sep-75 0 0 0 14876 0 14876 182930 801 11621 9115 14754 231 388 589 1690 31 38419 38419 0 35721 2698 

Oct-75 0 0 0 32127 0 32127 186118 540 12769 5595 7227 138 388 589 1672 22 28400 28400 0 25729 2671 

Nov-75 0 0 0 0 0 0 177217 372 2820 987 2380 88 600 212 1424 18 8529 8529 0 6275 2254 

Dec-75 0 0 0 16909 0 16909 184489 340 2868 1751 2385 91 600 212 1390 0 9297 9297 0 7095 2202 

Jan-76 0 0 0 32127 0 32127 207433 343 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-76 0 0 0 29018 0 29018 227905 401 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-76 0 0 0 32127 0 32127 250715 383 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-76 0 0 0 31091 0 31091 266968 637 5710 3206 3952 84 388 0 861 0 14201 14201 0 12952 1249 

May-76 0 0 3458 32127 0 32127 270382 652 9869 4593 11767 136 388 98 1209 0 28061 28061 0 26366 1695 

Jun-76 0 0 14262 21927 9164 31091 252399 1030 15345 4654 17311 200 388 98 883 0 38880 38880 0 37511 1369 

Jul-76 0 0 7114 15372 7114 22486 196603 1183 29330 7974 30131 259 388 196 1707 0 69985 69985 0 67694 2291 
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Aug-76 0 0 707 15372 707 16079 147142 1049 25627 8033 27700 235 388 393 1408 0 63784 63784 0 61595 2189 

Sep-76 0 0 281 14876 281 15157 117406 723 12603 11505 17104 292 388 589 1408 0 43889 43889 0 41504 2385 

Oct-76 0 0 0 32127 0 32127 121978 482 11737 5836 6981 135 388 589 1408 0 27074 27074 0 24689 2385 

Nov-76 0 0 0 0 0 0 113262 343 2820 883 2380 88 600 212 1390 0 8373 8373 0 6171 2202 

Dec-76 0 0 0 16909 0 16909 121425 315 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-77 0 0 0 32127 0 32127 144393 319 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-77 0 0 0 29018 0 29018 164895 372 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-77 0 0 0 32127 0 32127 187763 359 3275 962 2372 88 600 212 1390 0 8900 8900 0 6698 2202 

Apr-77 0 0 0 31091 0 31091 204292 585 5705 2987 3952 84 388 0 861 0 13977 13977 0 12728 1249 

May-77 0 0 1858 32127 0 32127 201510 602 12600 6578 13772 154 388 98 717 0 34307 34307 0 33104 1203 

Jun-77 0 0 7962 21927 7962 29889 175947 936 18254 6311 20574 212 388 98 717 0 46554 46554 0 45351 1203 

Jul-77 0 0 0 15372 0 15372 123308 1045 26784 8272 29654 265 388 196 1408 0 66966 66966 0 64974 1992 

Aug-77 0 0 0 15372 0 15372 80581 897 22276 7441 25052 243 388 393 1408 0 57202 57202 0 55013 2189 

Sep-77 0 0 0 14876 0 14876 53964 595 13915 9140 15208 250 388 589 1408 0 40898 40898 0 38513 2385 

Oct-77 0 0 0 32127 0 32127 68207 390 4410 5785 4794 121 388 589 1408 0 17494 17494 0 15109 2385 

Nov-77 0 0 0 0 0 0 61772 304 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 

Dec-77 0 0 0 16909 0 16909 72233 283 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-78 0 0 0 32127 0 32127 97660 291 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-78 0 0 0 29018 0 29018 120367 343 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 
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Mar-78 0 0 0 32127 0 32127 145696 338 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-78 0 0 169 31091 0 31091 166867 544 3424 1897 2633 55 388 0 963 17 9376 9376 0 8008 1368 

May-78 0 0 8158 32127 0 32127 180991 566 5504 2464 7449 82 388 98 1426 25 17437 17437 0 15500 1937 

Jun-78 7662 7662 33900 14265 9164 31091 181594 891 6449 2311 9302 120 388 98 1729 37 20434 20434 0 18182 2252 

Jul-78 0 0 21114 15372 16755 32127 154599 1037 18396 4928 14966 182 388 196 2231 44 41330 41330 0 38471 2859 

Aug-78 0 0 1507 15372 1507 16879 118844 956 19047 7546 20770 176 388 393 1815 37 50172 50172 0 47539 2633 

Sep-78 0 0 0 14876 0 14876 104587 671 8377 5086 12171 128 388 589 1690 31 28461 28461 0 25763 2698 

Oct-78 0 0 0 32127 0 32127 117451 464 6741 4209 5076 102 388 589 1672 22 18799 18799 0 16128 2671 

Nov-78 0 0 0 0 0 0 110812 339 1700 659 1615 58 600 212 1440 18 6301 6301 0 4031 2270 

Dec-78 0 0 0 16909 0 16909 120621 314 1754 1085 1615 59 600 212 1443 18 6786 6786 0 4513 2273 

Jan-79 0 0 0 32127 0 32127 145973 318 2099 512 1539 58 600 212 1419 18 6456 6456 0 4207 2249 

Feb-79 0 0 0 29018 0 29018 168612 372 1885 483 1345 52 600 212 1413 16 6007 6007 0 3766 2241 

Mar-79 0 0 0 32127 0 32127 193837 360 2002 602 1617 58 600 212 1434 18 6543 6543 0 4279 2264 

Apr-79 0 0 569 31091 0 31091 215076 589 3187 2021 2633 55 388 0 963 17 9263 9263 0 7895 1368 

May-79 10518 10518 1540 21609 0 32127 228969 608 5497 2660 7449 82 388 98 1426 25 17625 17625 0 15688 1937 

Jun-79 9364 9364 26398 12563 9164 31091 229353 965 6535 2370 9302 120 388 98 1729 37 20578 20578 0 18326 2252 

Jul-79 758 758 18356 14614 16755 32127 195891 1127 19610 4635 20450 153 388 196 2231 44 47707 47707 0 44848 2859 

Aug-79 0 0 5207 15372 5207 20579 169516 1036 16015 5378 16542 142 388 393 1815 37 40710 40710 0 38077 2633 

Sep-79 0 0 481 14876 481 15357 154079 745 7956 8072 10632 209 388 589 1690 31 29569 29569 0 26871 2698 
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Oct-79 0 0 0 32127 0 32127 166633 514 4573 5978 5705 132 388 589 1672 22 19059 19059 0 16388 2671 

Nov-79 0 0 0 0 0 0 159329 361 1701 1302 1605 65 600 212 1440 18 6943 6943 0 4673 2270 

Dec-79 0 0 0 16909 0 16909 168842 334 2479 644 1599 67 600 212 1443 18 7062 7062 0 4789 2273 

Jan-80 0 0 0 32127 0 32127 192557 337 3560 596 1604 65 600 212 1419 18 8074 8074 0 5825 2249 

Feb-80 0 0 0 29018 0 29018 213051 395 3858 562 1410 59 600 212 1413 16 8130 8130 0 5889 2241 

Mar-80 0 0 0 32127 0 32127 237598 378 2544 700 1629 65 600 212 1434 18 7202 7202 0 4938 2264 

Apr-80 0 0 569 31091 0 31091 254216 626 4918 2441 5058 62 388 0 963 17 13847 13847 0 12479 1368 

May-80 12292 12292 566 19835 0 32127 270127 642 3765 2957 6821 93 388 98 1426 25 15574 15574 0 13637 1937 

Jun-80 27035 27035 18227 0 4056 31091 278675 1019 5555 2468 7057 135 388 98 1729 37 17468 17468 0 15216 2252 

Jul-80 2327 2327 16987 13045 16755 32127 248827 1206 20622 4264 16935 177 388 196 1408 24 44014 44014 0 41998 2016 

Aug-80 0 0 1907 15372 1907 17279 200782 1127 24086 6956 28883 176 388 393 1408 0 62290 62290 0 60101 2189 

Sep-80 0 0 81 14876 81 14957 180524 793 10171 8381 13196 207 388 589 1408 0 34341 34341 0 31956 2385 

Oct-80 0 0 0 32127 0 32127 183302 537 10904 8004 7332 187 388 589 1408 0 28812 28812 0 26427 2385 

Nov-80 0 0 0 0 0 0 173781 370 2820 1661 2380 88 600 212 1390 0 9151 9151 0 6949 2202 

Dec-80 0 0 0 16909 0 16909 181921 339 2868 884 2385 91 600 212 1390 0 8430 8430 0 6228 2202 

Jan-81 0 0 0 32127 0 32127 204866 342 3440 848 2263 88 600 212 1390 0 8840 8840 0 6638 2202 

Feb-81 0 0 0 29018 0 29018 225339 400 3088 799 1976 80 600 212 1390 0 8144 8144 0 5942 2202 

Mar-81 0 0 0 32127 0 32127 248150 382 3275 997 2372 88 600 212 1390 0 8934 8934 0 6732 2202 

Apr-81 0 0 0 31091 0 31091 264683 635 5444 3194 3952 84 388 0 861 0 13922 13922 0 12673 1249 
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May-81 0 0 1258 32127 0 32127 269127 650 9863 4051 11790 125 388 98 717 0 27033 27033 0 25830 1203 

Jun-81 0 0 12462 21927 9164 31091 252831 1029 14698 4439 16662 194 388 98 717 0 37195 37195 0 35992 1203 

Jul-81 0 0 3714 15372 3714 19086 194798 1182 30248 8129 31591 262 388 196 1408 0 72222 72222 0 70230 1992 

Aug-81 0 0 0 15372 0 15372 144556 1047 24805 9013 28316 245 388 393 1408 0 64567 64567 0 62378 2189 

Sep-81 0 0 0 14876 0 14876 116302 719 15258 8972 15550 246 388 589 1408 0 42412 42412 0 40027 2385 

Oct-81 0 0 0 32127 0 32127 123412 482 9649 6753 5608 140 388 589 1408 0 24535 24535 0 22150 2385 

Nov-81 0 0 0 0 0 0 116937 343 1700 558 1615 58 600 212 1390 0 6132 6132 0 3930 2202 

Dec-81 0 0 0 16909 0 16909 127364 317 1754 535 1615 59 600 212 1390 0 6166 6166 0 3964 2202 

Jan-82 0 0 0 32127 0 32127 152760 321 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 

Feb-82 0 0 0 29018 0 29018 175435 375 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-82 0 0 0 32127 0 32127 200740 363 2002 581 1617 58 600 212 1390 0 6460 6460 0 4258 2202 

Apr-82 0 0 0 31091 0 31091 221594 595 3226 2290 2812 64 388 0 861 0 9641 9641 0 8392 1249 

May-82 0 0 1358 32127 0 32127 232907 614 6141 3373 8676 99 388 98 1426 0 20201 20201 0 18289 1912 

Jun-82 0 0 19762 21927 9164 31091 233177 973 6700 2311 9302 120 388 98 1729 37 20685 20685 0 18433 2252 

Jul-82 0 0 18814 15372 16755 32127 206069 1134 14345 5121 18871 150 388 196 2231 44 41346 41346 0 38487 2859 

Aug-82 0 0 5607 15372 5607 20979 180601 1048 16050 4968 15998 143 388 393 1815 37 39793 39793 0 37160 2633 

Sep-82 0 0 3081 14876 3081 17957 166686 759 9470 5201 10819 146 388 589 1408 12 28032 28032 0 25635 2397 

Oct-82 0 0 0 32127 0 32127 179233 525 8129 4724 3716 101 388 589 1408 0 19054 19054 0 16669 2385 

Nov-82 0 0 0 0 0 0 173233 367 1035 1066 1280 50 600 212 1390 0 5633 5633 0 3431 2202 
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Dec-82 0 0 0 16909 0 16909 184012 338 1794 470 1274 52 600 212 1390 0 5791 5791 0 3589 2202 

Jan-83 0 0 0 32127 0 32127 209269 342 2573 429 1275 50 600 212 1390 0 6529 6529 0 4327 2202 

Feb-83 0 0 0 29018 0 29018 231329 401 2783 404 1121 45 600 212 1390 0 6556 6556 0 4354 2202 

Mar-83 0 0 0 32127 0 32127 257184 384 1849 486 1302 50 600 212 1390 0 5889 5889 0 3687 2202 

Apr-83 0 0 0 31091 0 31091 277356 640 3431 1751 3800 48 388 0 861 0 10279 10279 0 9030 1249 

May-83 3717 3717 0 28410 0 32127 297030 657 2515 2123 5150 71 388 98 1426 25 11796 11796 0 9859 1937 

Jun-83 27743 27743 13919 0 3348 31091 310512 1051 3563 1903 5388 104 388 98 1729 37 13211 13211 0 10959 2252 

Jul-83 13718 13718 21796 1654 16755 32127 297454 1252 9431 3724 11839 147 388 196 1408 44 27178 27178 0 25142 2036 

Aug-83 0 0 9707 15372 9707 25079 264953 1184 15528 5636 23185 150 388 393 1408 0 46689 46689 0 44500 2189 

Sep-83 0 0 881 14876 881 15757 253157 859 9105 5405 8797 121 388 589 1408 0 25813 25813 0 23428 2385 

Oct-83 0 0 0 32127 0 32127 265301 590 5401 6218 5246 144 388 589 1408 0 19394 19394 0 17009 2385 

Nov-83 0 0 0 0 0 0 258102 397 1701 1229 1605 65 600 212 1390 0 6802 6802 0 4600 2202 

Dec-83 0 0 0 16909 0 16909 267648 365 2485 644 1599 67 600 212 1390 0 6997 6997 0 4795 2202 

Jan-84 0 0 0 32127 0 32127 291352 368 3588 596 1604 65 600 212 1390 0 8055 8055 0 5853 2202 

Feb-84 0 0 0 29018 0 29018 311844 433 3860 562 1410 59 600 212 1390 0 8093 8093 0 5891 2202 

Mar-84 0 0 0 32127 0 32127 336441 411 2547 676 1629 65 600 212 1390 0 7119 7119 0 4917 2202 

Apr-84 0 0 0 31091 0 31091 353504 698 4665 2297 5058 62 388 0 861 0 13330 13330 0 12081 1249 

May-84 13549 13549 1309 4202 1309 19060 356000 712 3696 2730 6821 93 388 98 717 0 14543 14543 0 13340 1203 

Jun-84 13806 13806 11256 4383 11256 29445 356000 1130 5792 2870 7057 138 388 98 717 0 17059 17059 0 15856 1203 
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Jul-84 0 0 20614 15372 16755 32127 315295 1327 23679 8727 20119 232 388 196 1408 0 54750 54750 0 52758 1992 

Aug-84 0 0 6507 15372 6507 21879 275520 1230 20872 4356 26358 142 388 393 1408 0 53917 53917 0 51728 2189 

Sep-84 0 0 2881 14876 2881 17757 258240 874 9383 6344 12997 172 388 589 1408 0 31282 31282 0 28897 2385 

Oct-84 0 0 0 32127 0 32127 271980 593 5484 4698 5112 114 388 589 1408 0 17794 17794 0 15409 2385 

Nov-84 0 0 0 0 0 0 264810 399 1986 712 1806 65 600 212 1390 0 6771 6771 0 4569 2202 

Dec-84 0 0 0 16909 0 16909 273983 367 2044 1248 1808 67 600 212 1390 0 7368 7368 0 5166 2202 

Jan-85 0 0 0 32127 0 32127 298604 370 2444 706 1720 65 600 212 1390 0 7137 7137 0 4935 2202 

Feb-85 0 0 0 29018 0 29018 320670 435 2191 562 1503 59 600 212 1390 0 6517 6517 0 4315 2202 

Mar-85 0 0 0 32127 0 32127 345194 413 2417 700 1806 65 600 212 1390 0 7190 7190 0 4988 2202 

Apr-85 0 0 769 27407 769 28175 356000 704 6867 3133 4468 78 388 0 963 0 15897 15897 0 14546 1351 

May-85 3212 3212 6146 19917 6146 29275 356000 716 9683 3071 7627 95 388 98 1426 25 22413 22413 0 20476 1937 

Jun-85 4099 4099 20363 17828 9164 31091 338594 1140 15644 4956 16174 179 388 98 717 37 38193 38193 0 36953 1240 

Jul-85 0 0 7714 15372 7714 23086 308830 1318 16993 5104 19551 178 388 196 1408 0 43817 43817 0 41825 1992 

Aug-85 0 0 0 15372 0 15372 278934 1212 15004 6611 20030 174 388 393 1456 0 44057 44057 0 41820 2237 

Sep-85 0 0 0 14876 0 14876 267367 872 7373 5748 9900 165 388 589 1408 0 25570 25570 0 23185 2385 

Oct-85 0 0 0 32127 0 32127 285351 597 3726 2920 4443 72 388 589 1408 0 13546 13546 0 11161 2385 

Nov-85 0 0 0 0 0 0 278782 402 1735 558 1615 58 600 212 1390 0 6167 6167 0 3965 2202 

Dec-85 0 0 0 16909 0 16909 289149 371 1760 535 1615 59 600 212 1390 0 6172 6172 0 3970 2202 

Jan-86 0 0 0 32127 0 32127 314493 374 2099 512 1539 58 600 212 1390 0 6409 6409 0 4207 2202 
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Feb-86 0 0 0 29018 0 29018 337070 441 1917 483 1345 52 600 212 1390 0 6000 6000 0 3798 2202 

Mar-86 0 0 0 25907 0 25907 356000 418 2102 581 1617 58 600 212 1390 0 6560 6560 0 4358 2202 

Apr-86 0 0 1769 13911 1769 15680 356000 711 3132 5890 2719 109 388 0 963 0 13200 13200 0 11849 1351 

May-86 1473 1473 5885 25422 5232 32127 356000 712 12963 3877 7306 99 388 98 1426 25 26183 26183 0 24246 1937 

Jun-86 18831 18831 19831 3096 9164 31091 355781 1144 6673 2339 10629 120 388 98 717 37 21002 21002 0 19762 1240 

Jul-86 0 0 18314 15372 16755 32127 323631 1328 15715 4911 23399 177 388 196 1408 0 46194 46194 0 44202 1992 

Aug-86 0 0 2507 15372 2507 17879 297533 1232 15267 6149 16469 163 388 393 1408 0 40237 40237 0 38048 2189 

Sep-86 0 0 481 14876 481 15357 290171 892 7812 3909 7119 123 388 589 1408 0 21347 21347 0 18962 2385 

Oct-86 0 0 0 32127 0 32127 306485 612 4437 3253 5044 83 388 589 1408 0 15202 15202 0 12817 2385 

Nov-86 0 0 0 0 0 0 299383 410 1980 639 1806 65 600 212 1390 0 6692 6692 0 4490 2202 

Dec-86 0 0 0 16909 0 16909 309176 376 2041 622 1808 67 600 212 1390 0 6740 6740 0 4538 2202 

Jan-87 0 0 0 32127 0 32127 333907 379 2434 596 1720 65 600 212 1390 0 7017 7017 0 4815 2202 

Feb-87 0 0 0 29018 0 29018 355938 448 2213 562 1503 59 600 212 1390 0 6539 6539 0 4337 2202 

Mar-87 0 0 0 7585 0 7585 356000 423 2351 676 1806 65 600 212 1390 0 7100 7100 0 4898 2202 

Apr-87 0 0 1569 15876 1569 17444 356000 711 4571 5418 3756 83 388 0 948 0 15165 15165 0 13829 1336 

May-87 5830 5830 6828 24255 2042 32127 356000 714 13550 5298 8530 139 388 98 1368 0 29371 29371 0 27517 1854 

Jun-87 4923 4923 8839 17004 8839 30766 348082 1145 10748 3102 12492 143 388 98 1729 0 28701 28701 0 26486 2215 

Jul-87 0 0 2614 15372 2614 17986 308906 1324 21424 6515 22678 207 388 196 1771 44 53223 53223 0 50824 2399 

Aug-87 0 0 0 15372 0 15372 281639 1218 14363 5065 19641 163 388 393 1408 0 41421 41421 0 39232 2189 
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Sep-87 0 0 0 14876 0 14876 269005 874 7863 5503 10721 164 388 589 1408 0 26636 26636 0 24251 2385 

Oct-87 0 0 0 32127 0 32127 282598 598 5148 4581 5710 112 388 589 1408 0 17936 17936 0 15551 2385 

Nov-87 0 0 0 0 0 0 274894 402 2310 720 1997 73 600 212 1390 0 7302 7302 0 5100 2202 

Dec-87 0 0 0 16909 0 16909 284093 370 2353 710 2000 75 600 212 1390 0 7340 7340 0 5138 2202 

Jan-88 0 0 0 32127 0 32127 308202 372 2790 680 1901 73 600 212 1390 0 7646 7646 0 5444 2202 

Feb-88 0 0 0 29018 0 29018 329716 439 2496 641 1661 66 600 212 1390 0 7065 7065 0 4863 2202 

Mar-88 0 0 0 32127 0 32127 353659 416 2727 771 1995 73 600 212 1390 0 7768 7768 0 5566 2202 

Apr-88 0 0 469 16056 469 16525 356000 710 5563 2723 3292 76 388 0 963 0 13006 13006 0 11655 1351 

May-88 0 0 7458 30395 1732 32127 356000 715 11776 5777 10086 104 388 98 1426 25 29680 29680 0 27743 1937 

Jun-88 0 0 23462 21927 9164 31091 347947 1143 10314 3327 12794 152 388 98 1729 37 28838 28838 0 26586 2252 

Jul-88 0 0 3814 15372 3814 19186 306139 1323 21858 5117 25860 196 388 196 2196 44 55856 55856 0 53032 2824 

Aug-88 0 0 0 15372 0 15372 264380 1214 19892 9833 23293 267 388 393 1815 37 55918 55918 0 53285 2633 

Sep-88 0 0 0 14876 0 14876 242345 862 13679 6932 12604 196 388 589 1630 31 36048 36048 0 33410 2638 

Oct-88 0 0 0 32127 0 32127 250609 585 6570 7241 6931 151 388 589 1408 0 23278 23278 0 20893 2385 

Nov-88 0 0 0 0 0 0 241498 393 2904 1144 2380 88 600 212 1390 0 8718 8718 0 6516 2202 

Dec-88 0 0 0 16909 0 16909 249542 361 2941 884 2385 91 600 212 1390 0 8503 8503 0 6301 2202 

Jan-89 0 0 0 32127 0 32127 272434 364 3472 848 2263 88 600 212 1390 0 8872 8872 0 6670 2202 

Feb-89 0 0 0 29018 0 29018 292880 427 3089 799 1976 80 600 212 1390 0 8145 8145 0 5943 2202 

Mar-89 0 0 0 32127 0 32127 315270 404 3292 1378 2372 88 600 212 1390 0 9333 9333 0 7131 2202 
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Apr-89 0 0 569 31091 0 31091 329001 684 6657 4079 4493 95 388 0 963 0 16676 16676 0 15325 1351 

May-89 0 0 4058 32127 0 32127 321230 697 17575 6852 12891 185 388 98 1188 25 39202 39202 0 37503 1699 

Jun-89 0 0 11062 21927 9164 31091 307835 1106 13386 4844 14454 185 388 98 861 0 34216 34216 0 32869 1347 

Jul-89 0 0 4914 15372 4914 20286 244786 1266 30799 8909 35173 282 388 196 1408 0 77155 77155 0 75163 1992 

Aug-89 0 0 1407 15372 1407 16779 204142 1132 24805 6965 20693 231 388 393 1408 0 54883 54883 0 52694 2189 

Sep-89 0 0 0 14876 0 14876 176813 798 11254 6997 20558 215 388 589 1408 0 41408 41408 0 39023 2385 

Oct-89 0 0 0 32127 0 32127 177850 534 12106 7384 8522 159 388 589 1408 0 30555 30555 0 28170 2385 

Nov-89 0 0 0 0 0 0 170359 368 1706 1543 1615 58 600 212 1390 0 7123 7123 0 4921 2202 

Dec-89 0 0 0 16909 0 16909 180751 338 1768 535 1615 59 600 212 1390 0 6180 6180 0 3978 2202 

Jan-90 0 0 0 32127 0 32127 206125 341 2102 512 1539 58 600 212 1390 0 6412 6412 0 4210 2202 

Feb-90 0 0 0 29018 0 29018 228774 400 1886 483 1345 52 600 212 1390 0 5969 5969 0 3767 2202 

Mar-90 0 0 0 32127 0 32127 254055 383 2005 581 1617 58 600 212 1390 0 6463 6463 0 4261 2202 

Apr-90 0 0 2269 31091 0 31091 275341 638 3133 1897 2834 55 388 0 861 0 9167 9167 0 7918 1249 

May-90 489 489 4569 31638 0 32127 286291 655 9656 2464 6632 82 388 98 1202 0 20522 20522 0 18834 1688 

Jun-90 1566 1566 26696 20361 9164 31091 287031 1050 6569 2324 9306 120 388 98 1332 0 20137 20137 0 18319 1818 

Jul-90 0 0 9414 15372 9414 24786 265317 1221 13347 5724 14646 156 388 196 1408 0 35865 35865 0 33873 1992 

Aug-90 0 0 407 15372 407 15779 239750 1143 13514 3700 20262 131 388 393 1408 0 39796 39796 0 37607 2189 

Sep-90 0 0 81 14876 81 14957 228638 829 7191 5538 9884 161 388 589 1408 0 25158 25158 0 22773 2385 

Oct-90 0 0 0 32127 0 32127 242822 571 5148 4092 5645 103 388 589 1408 0 17373 17373 0 14988 2385 
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Nov-90 0 0 0 0 0 0 235180 390 2260 720 1997 73 600 212 1390 0 7252 7252 0 5050 2202 

Dec-90 0 0 0 16909 0 16909 244433 359 2311 710 2000 75 600 212 1390 0 7298 7298 0 5096 2202 

Jan-91 0 0 0 32127 0 32127 268573 362 2769 680 1901 73 600 212 1390 0 7625 7625 0 5423 2202 

Feb-91 0 0 0 29018 0 29018 290107 425 2491 641 1661 66 600 212 1390 0 7060 7060 0 4858 2202 

Mar-91 0 0 0 32127 0 32127 314138 403 2652 771 1995 73 600 212 1390 0 7693 7693 0 5491 2202 

Apr-91 0 0 0 31091 0 31091 331960 682 4267 2442 4559 70 388 0 861 0 12587 12587 0 11338 1249 

May-91 0 0 6158 32127 0 32127 338540 697 10323 3498 9013 104 388 98 1426 0 24850 24850 0 22938 1912 

Jun-91 3421 3421 21641 18506 9164 31091 327309 1119 10591 3150 15887 159 388 98 1729 37 32040 32040 0 29788 2252 

Jul-91 0 0 6914 15372 6914 22286 269633 1292 27521 9065 32070 276 388 196 2196 44 71755 71755 0 68931 2824 

Aug-91 0 0 1407 15372 1407 16779 239608 1167 19026 6253 16207 189 388 393 1737 37 44231 44231 0 41676 2555 

Sep-91 0 0 181 14876 181 15057 222102 834 11362 7341 10257 202 388 589 1408 0 31548 31548 0 29163 2385 

Oct-91 0 0 0 32127 0 32127 236876 569 5238 4005 5056 100 388 589 1408 0 16784 16784 0 14399 2385 

Nov-91 0 0 0 0 0 0 229329 388 1999 1087 1806 65 600 212 1390 0 7160 7160 0 4958 2202 

Dec-91 0 0 0 16909 0 16909 239127 357 2055 622 1808 67 600 212 1390 0 6754 6754 0 4552 2202 

Jan-92 0 0 0 32127 0 32127 263852 360 2459 596 1720 65 600 212 1390 0 7042 7042 0 4840 2202 

Feb-92 0 0 0 29018 0 29018 285932 423 2190 562 1503 59 600 212 1390 0 6516 6516 0 4314 2202 

Mar-92 0 0 0 32127 0 32127 310578 402 2330 676 1806 65 600 212 1390 0 7079 7079 0 4877 2202 

Apr-92 0 0 1369 31091 0 31091 330580 679 3939 2170 2921 62 388 0 930 0 10410 10410 0 9092 1318 

May-92 0 0 9658 32127 0 32127 330426 696 15583 5048 8936 106 388 98 1426 0 31586 31586 0 29674 1912 
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d (af) 
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y   (af) 

Deman
d 
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e (af) 

Total 
CBT 

Demand 
(af) 

Total 
East 

Slope 
Windy 

Gap 
Deman
d (af) 

Jun-92 0 0 12962 21927 9164 31091 327631 1116 7773 3203 10243 137 388 98 1729 37 23608 23608 0 21356 2252 

Jul-92 0 0 4914 15372 4914 20286 286107 1288 20730 6204 26353 211 388 196 1482 44 55608 55608 0 53498 2110 

Aug-92 0 0 0 15372 0 15372 254217 1183 16047 6428 21233 181 388 393 1408 0 46079 46079 0 43890 2189 

Sep-92 0 0 0 14876 0 14876 243434 849 7473 6648 8120 185 388 589 1408 0 24811 24811 0 22426 2385 

Oct-92 0 0 0 32127 0 32127 260928 582 4320 2787 4489 71 388 589 1408 0 14052 14052 0 11667 2385 

Nov-92 0 0 0 0 0 0 253271 395 1734 1654 1615 58 600 212 1390 0 7262 7262 0 5060 2202 

Dec-92 0 0 0 16909 0 16909 263615 364 1755 570 1615 59 600 212 1390 0 6201 6201 0 3999 2202 

Jan-93 0 0 0 32127 0 32127 288965 367 2100 512 1539 58 600 212 1390 0 6410 6410 0 4208 2202 

Feb-93 0 0 0 29018 0 29018 311583 432 1885 483 1345 52 600 212 1390 0 5968 5968 0 3766 2202 

Mar-93 0 0 0 32127 0 32127 336838 410 2005 581 1617 58 600 212 1390 0 6463 6463 0 4261 2202 

Apr-93 0 0 69 28786 69 28854 356000 697 3132 1897 2594 55 388 0 861 0 8926 8926 0 7677 1249 

May-93 0 0 10758 22084 10043 32127 356000 712 8650 3029 7699 82 388 98 1426 0 21372 21372 0 19460 1912 

Jun-93 615 615 26947 21200 9275 31091 356000 1139 7006 2311 8988 120 388 98 1729 37 20677 20677 0 18425 2252 

Jul-93 0 0 15714 15372 15714 31086 320191 1329 22057 4927 19839 169 388 196 2231 44 49851 49851 0 46992 2859 

Aug-93 0 0 3607 15372 3607 18979 289426 1235 13106 8157 20799 207 388 393 1815 37 44902 44902 0 42269 2633 

Sep-93 0 0 1281 14876 1281 16157 279903 881 7206 5778 7677 159 388 589 1690 31 23518 23518 0 20820 2698 

Oct-93 0 0 0 32127 0 32127 289907 605 7577 4310 6853 108 388 589 1672 22 21519 21519 0 18848 2671 

Nov-93 0 0 0 0 0 0 280855 406 2823 1085 2380 88 600 212 1440 18 8646 8646 0 6376 2270 

Dec-93 0 0 0 16909 0 16909 288890 372 2869 884 2385 91 600 212 1443 18 8502 8502 0 6229 2273 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 
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(af) 

Available 
Big 

Thompso
n River 
Water 

Available 
for Power 
Generatio

n           
(af) 

Adams 
Tunnel 

Diversio
n (af) 
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d (af) 
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y   (af) 
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d 
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East 

Slope 
Windy 

Gap 
Deman
d (af) 

Jan-94 0 0 0 32127 0 32127 311752 374 3444 848 2263 88 600 212 1419 18 8891 8891 0 6642 2249 

Feb-94 0 0 0 29018 0 29018 332145 441 3089 799 1976 80 600 212 1413 16 8184 8184 0 5943 2241 

Mar-94 0 0 0 32127 0 32127 354887 417 3282 962 2372 88 600 212 1434 18 8969 8969 0 6705 2264 

Apr-94 0 0 1469 15589 1469 17057 356000 712 5438 2987 3886 84 388 0 963 17 13764 13764 0 12396 1368 

May-94 0 0 14058 32127 0 32127 354916 715 14299 5820 10311 129 388 98 1426 25 32497 32497 0 30560 1937 

Jun-94 0 0 17062 21927 9164 31091 332499 1145 18737 4625 17392 193 388 98 1729 37 43199 43199 0 40947 2252 

Jul-94 0 0 1514 15372 1514 16886 263304 1313 31736 10325 38050 319 388 196 2196 44 83255 83255 0 80431 2824 

Aug-94 0 0 0 15372 0 15372 216452 1162 22301 8988 27325 265 388 393 1365 37 61062 61062 0 58879 2183 

Sep-94 0 0 0 14876 0 14876 196090 810 10802 9307 11375 246 388 589 1690 31 34428 34428 0 31730 2698 

Oct-94 0 0 0 32127 0 32127 210022 550 5826 3636 5424 89 388 589 1672 22 17646 17646 0 14975 2671 

Nov-94 0 0 0 0 0 0 202188 378 2034 1310 1768 73 600 212 1440 18 7455 7455 0 5185 2270 

Dec-94 0 0 0 16909 0 16909 211085 349 2822 732 1762 75 600 212 1443 18 7664 7664 0 5391 2273 

Jan-95 0 0 0 32127 0 32127 234023 352 4067 680 1769 73 600 212 1419 18 8837 8837 0 6588 2249 

Feb-95 0 0 0 29018 0 29018 253702 413 4425 641 1554 66 600 212 1413 16 8927 8927 0 6686 2241 

Mar-95 0 0 0 32127 0 32127 277636 393 2899 771 1792 73 600 212 1434 18 7799 7799 0 5535 2264 

Apr-95 0 0 0 31091 0 31091 293097 656 5280 2569 5687 70 388 0 963 17 14974 14974 0 13606 1368 

May-95 1380 1380 2278 30747 0 32127 307533 670 4290 3033 7658 104 388 98 1426 25 17022 17022 0 15085 1937 

Jun-95 29907 29907 15355 0 1184 31091 317459 1069 5968 2648 7892 151 388 98 1729 37 18911 18911 0 16659 2252 

Jul-95 18625 18625 13789 0 13502 32127 299265 1268 12530 4087 15867 208 388 196 2231 44 35551 35551 0 32692 2859 



  

 Alternative II – Modify Pumping  CBT Demand Windy Gap Demand           

Month 
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Aug-95 0 0 7607 15372 7607 22979 231330 1191 33542 9865 35835 259 388 393 1797 37 82116 82116 0 79501 2615 

Sep-95 0 0 1981 14876 1981 16857 199968 836 16906 9391 16185 222 388 589 1690 31 45401 45401 0 42703 2698 

Oct-95 0 0 0 32127 0 32127 217496 557 3826 3005 4464 76 388 589 1672 22 14042 14042 0 11371 2671 

Nov-95 0 0 0 0 0 0 210887 380 1729 558 1615 58 600 212 1440 18 6229 6229 0 3959 2270 

Dec-95 0 0 0 16909 0 16909 221207 351 1756 535 1615 59 600 212 1443 18 6239 6239 0 3966 2273 

Jan-96 0 0 0 32127 0 32127 246523 354 2099 512 1539 58 600 212 1419 18 6457 6457 0 4208 2249 

Feb-96 0 0 0 29018 0 29018 269114 416 1889 483 1345 52 600 212 1413 16 6010 6010 0 3769 2241 

Mar-96 0 0 0 32127 0 32127 294321 396 2004 581 1617 58 600 212 1434 18 6524 6524 0 4260 2264 

Apr-96 0 0 869 31091 0 31091 315700 667 3132 1897 2594 55 388 0 963 17 9045 9045 0 7677 1368 

May-96 0 0 15358 32127 0 32127 321590 684 9231 6224 8031 130 388 98 1426 25 25553 25553 0 23616 1937 

Jun-96 3714 3714 26548 18213 9164 31091 320269 1096 7537 3626 8644 150 388 98 1673 37 22152 22152 0 19956 2196 

Jul-96 0 0 11814 15372 11814 27186 295181 1276 18661 5310 13051 171 388 196 1408 0 39185 39185 0 37193 1992 

Aug-96 0 0 1707 15372 1707 17079 260427 1193 14548 5692 26351 152 388 393 1408 0 48932 48932 0 46743 2189 

Sep-96 0 0 1881 14876 1881 16757 250082 853 8640 4263 8951 129 388 589 1408 0 24368 24368 0 21983 2385 

                                            

Average 896 896 3168 21646 1828 24370 215866 639 7951 3315 8164 116 476 252 1400 10 21686 21686 0 19546 2139 
Maximu
m 29907 29907 34348 32127 16755 32127 356000 1329 35609 11646 38050 319 600 589 2231 44 83255 83255 0 80431 2859 
Minimu
m 0 0 0 0 0 0 47425 275 1035 404 1121 45 388 0 717 0 5633 5633 0 3431 1203 

 



Power Generation Analysis 
To estimate the effect of the Alternatives on CBT Project power generation a power analysis was 
conducted.  The CBT Project includes 5 powerplants on the east slope; Mary’s Lake, Estes, Pole 
Hill, Flatiron, and Big Thompson.  Power is generated at Mary’s Lake and Estes powerplants 
with flows derived from the Adams Tunnel.  Power is generated at Pole Hill and Flatiron 
powerplants with flows derived from Olympus Tunnel.  The flows used for power generation at 
the Big Thompson powerplant is based on complex east slope operations and for this analysis is 
assumed to be the same for each alternative as described below. 
 
The power analysis uses the Adams Tunnel and Olympus Tunnel flows generated in the 
operations analysis to estimate the monthly power generation that would result from the 
implementation of each alternative.   Under the No Action condition, future C-BT Project 
operation, and therefore the power generation, is anticipated to be similar to that described in the 
Windy Gap Firming Project EIS for the Preferred Alternative with cumulative effects (WGFP 
EIS Alternative 2, Chimney Hollow with pre-positioning).  Under the two structural alternatives 
for addressing the Grand Lake water clarity issue (Alternatives III and IV of this report) it is 
assumed that C-BT Project operations would be similar to those of the No Action condition, and 
therefore, the estimated Project generation is assumed to be the same as under the No Action 
condition.  
 
The assumptions used in the analysis are described below: 
 

1. The monthly Big Thompson powerplant power generation was assumed to be the 
same for all Alternatives.  For each Alternative in this report, the Big Thompson 
power generation was assumed to be identical to that for the Windy Gap Firming 
Project EIS Preferred Alternative with cumulative effects model run.  Flows through 
the Big Thompson powerplant are a complex combination of Adams Tunnel flows, 
Big Thompson River diversions at Olympus Dam through the Olympus Tunnel, and 
diversions from the Big Thompson River through Dille Tunnel.   In most situations 
any change in flows through the Adams Tunnel and Olympus Tunnel can be offset by 
modifying the diversions through the Dille Tunnel. 

2. The monthly volume of water run through each powerplant will be done so at rates at 
or above the minimum operating flow rate. 

3. Flows will be routed through Mary’s and Pole Hill powerplants in a manner that 
minimizes the need to bypass flows for maintenance operations. 

4. Maintenance schedules for Mary’s Lake and Pole Hill powerplants are varied for 
Alternatives I and II according to the maintenance criteria of that alternative.  The 
maintenance schedules for Alternatives III and IV are those used in the Windy Gap 
Firming Project EIS for the Preferred Alternative with cumulative effects (WGFP EIS 
Alternative 2, Chimney Hollow with pre-positioning). 

5. With the multiple generating units at Estes and Flatiron powerplants, it is assumed 
that capacity is always available to generate with the flows routed through those 
powerplants. 

6. Due to the unknown connection between the CBT east slope power system and 
Chimney Hollow reservoir and the simplifying assumptions in the operations 
analysis, it was assumed that water routed to Chimney Hollow Reservoir would flow 



through the Flatiron powerplant and be pumped up to Chimney Hollow.  The effect of 
this assumption on power generation differences between alternatives should be 
further investigated in future studies.  

7. Because the generation flows are monthly, no attempt is made to analyze differences 
between on-peak versus off-peak generation. 

8. For Alternatives III and IV, the diversion of Big Thompson River water for power 
generation had to be adjusted to accommodate differing Big Thompson River 
hydrology between the Windy Gap Firming Project EIS model runs and the procedure 
used in the operation analysis of this report to ensure consistency for comparison 
purposes. This adjustment resulted in 3,172 acre-feet of additional Big Thompson 
River water diversion for Alternatives III and IV. 

 

The power computation methodology is described below: 
 

1. For each powerplant the relationship between monthly flow volume and generation 
was obtained from the model used by Reclamation for developing its annual 
operating plans. 

2. Mary’s Lake powerplant generation was determined on a monthly basis from the 
table described in #1 above from the Adams Tunnel flow volume that did not bypass 
the powerplant.  Due to maintenance operations it was possible that some of this 
volume must bypass the powerplant.  The volume of bypass flow was determined by 
subtracting the Adams Tunnel flow from the maintenance adjusted capacity of the 
powerplant.  The maintenance adjusted capacity of the powerplant was computed as 
the percentage of the month that the powerplant was operational by the monthly 
capacity of the powerplant. 

3. Estes powerplant generation was determined on a monthly basis from the table 
described in #1 above from the Adams Tunnel flow volume.  Because Estes 
powerplant has multiple generating units, no reduction in capacity was applied. 

4. Pole Hill powerplant generation was determined on a monthly basis from the table 
described in #1 above from the Olympus Tunnel flow volume that did not bypass the 
powerplant.  Due to maintenance operations it was possible that some of this volume 
must bypass the powerplant.  The volume of bypass flow was determined by 
subtracting the Olympus Tunnel flow from the maintenance adjusted capacity of the 
powerplant.  The maintenance adjusted capacity of the powerplant was computed as 
the percentage of the month that the powerplant was operational by the monthly 
capacity of the powerplant. 

5. Flatiron powerplant generation was determined on a monthly basis from the table 
described in #1 above from the Olympus Tunnel flow volume.  Because Flatiron 
powerplant has multiple generating units, no reduction in capacity was applied. 

6. As described in the assumptions above, the Big Thompson powerplant generation are 
assumed to be the same as those for the Windy Gap Firming Project EIS Preferred 
Alternative with cumulative effects model run. 

7. Total revenue is computed by multiplying the total generation for all powerplants by 
the monthly power rate.  The monthly power rate was provided by WAPA.  
 

  



 

The following tables show the monthly calculations of generation for Mary’s Lake, Estes, and 
Flatiron Powerplants. All values are in GWH.



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1950 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1950 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1950 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1950 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1950 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1950 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1950 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1950 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1950 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1950 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 4.33 16.33 25.27 
1950 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.60 25.27 

1950 9 100 100 100 0 100 100 0.00 2.59 4.21 0.00 6.94 10.37 0.00 11.21 17.64 
1951 10 67 100 100 100 100 100 5.73 5.73 3.20 14.16 14.16 8.20 24.00 24.00 13.81 
1951 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1951 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1951 1 100 100 100 100 100 100 5.73 5.73 4.71 14.16 14.16 11.72 24.00 24.00 19.83 
1951 2 100 100 100 100 100 100 5.20 5.20 5.32 12.81 12.81 13.26 21.71 21.71 22.50 
1951 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1951 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1951 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1951 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1951 7 100 100 0 100 0 100 0.00 0.00 1.74 0.00 7.15 4.49 16.86 24.00 24.46 
1951 8 100 100 50 50 50 100 0.00 2.67 2.08 0.00 7.15 5.53 0.00 17.12 14.71 

1951 9 100 100 100 0 100 100 0.00 2.59 3.11 0.00 6.94 8.02 0.00 11.91 14.11 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1952 10 67 100 100 100 100 100 5.73 5.73 2.52 14.16 14.16 6.62 24.00 24.00 10.76 
1952 11 53 100 100 100 100 0 5.52 0.00 2.19 13.74 0.00 5.78 23.26 0.00 9.41 
1952 12 100 100 100 100 100 50 5.73 2.98 4.57 14.16 7.76 11.36 24.00 12.92 19.21 
1952 1 100 100 100 100 100 100 5.73 5.73 4.60 14.16 14.16 11.50 24.00 24.00 19.40 
1952 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1952 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1952 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1952 5 100 100 100 100 100 100 3.74 3.74 2.90 9.38 9.38 7.59 24.00 24.00 23.07 
1952 6 100 100 100 100 100 100 3.38 1.65 3.65 8.47 4.27 9.12 23.26 23.26 24.48 
1952 7 100 100 0 100 0 100 0.00 0.00 0.73 0.00 7.15 1.82 8.47 19.87 11.72 
1952 8 100 100 50 50 50 100 0.00 2.67 1.81 0.00 7.15 4.68 0.00 14.35 10.58 

1952 9 100 100 100 0 100 100 0.00 2.59 1.65 0.00 6.94 4.27 0.00 11.75 7.42 
1953 10 67 100 100 100 100 100 5.73 5.73 2.57 14.16 14.16 6.86 24.00 24.00 11.10 
1953 11 53 100 100 100 100 0 5.52 0.00 2.19 13.74 0.00 5.77 23.26 0.00 9.41 
1953 12 100 100 100 100 100 50 5.73 2.98 2.82 14.16 7.76 7.43 24.00 12.92 12.17 
1953 1 100 100 100 100 100 100 5.73 5.73 4.58 14.16 14.16 11.40 24.00 24.00 19.26 
1953 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1953 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1953 4 100 53 100 100 100 100 3.56 5.52 3.09 8.82 13.74 7.98 14.90 23.26 13.36 
1953 5 100 100 100 100 100 100 4.54 5.73 6.06 11.21 14.16 14.93 20.96 24.00 25.27 
1953 6 100 100 100 100 100 100 5.28 3.89 5.85 13.14 9.67 14.46 23.26 23.26 24.48 
1953 7 100 100 0 100 0 100 0.00 0.00 1.77 0.00 7.15 4.57 6.18 18.34 14.73 
1953 8 100 100 50 50 50 100 0.00 2.67 1.58 0.00 7.15 4.09 0.00 14.54 9.87 

1953 9 100 100 100 0 100 100 0.00 2.59 2.76 0.00 6.94 7.32 0.00 11.21 11.95 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1954 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1954 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1954 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1954 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1954 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1954 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1954 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1954 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1954 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 19.32 24.48 
1954 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 0.00 12.72 25.27 
1954 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.60 25.27 

1954 9 100 100 100 0 100 100 0.00 2.59 5.34 0.00 6.94 13.30 0.00 11.21 22.56 
1955 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1955 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1955 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1955 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1955 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1955 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1955 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1955 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1955 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1955 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 3.87 15.85 25.27 
1955 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 12.98 25.27 

1955 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1956 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1956 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1956 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1956 1 100 100 100 100 100 100 5.73 5.73 1.99 14.16 14.16 5.22 24.00 24.00 8.67 
1956 2 100 100 100 100 100 100 5.20 5.20 0.39 12.81 12.81 1.03 21.71 21.71 1.62 
1956 3 100 67 100 100 100 100 5.73 5.73 0.31 14.16 14.16 0.83 24.00 24.00 1.34 
1956 4 100 53 100 100 100 100 5.52 5.52 1.26 13.74 13.74 3.29 23.26 23.26 5.31 
1956 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1956 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1956 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 2.71 14.69 25.27 
1956 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 12.26 25.27 

1956 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 
1957 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1957 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1957 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1957 1 100 100 100 100 100 100 5.73 5.73 5.22 14.16 14.16 12.90 24.00 24.00 21.87 
1957 2 100 100 100 100 100 100 5.20 5.20 2.54 12.81 12.81 6.71 21.71 21.71 10.90 
1957 3 100 67 100 100 100 100 5.73 5.73 0.00 14.16 14.16 0.00 24.00 24.00 0.00 
1957 4 100 53 100 100 100 100 5.52 5.52 0.76 13.74 13.74 1.93 23.26 23.26 3.09 
1957 5 100 100 100 100 100 100 4.76 4.76 5.09 11.81 11.81 12.53 24.00 24.00 25.27 
1957 6 100 100 100 100 100 100 0.82 0.00 1.07 2.14 0.00 2.79 23.26 23.26 24.48 
1957 7 100 100 0 100 0 100 0.00 0.00 0.77 0.00 5.60 1.97 24.00 24.00 25.27 
1957 8 100 100 50 50 50 100 0.00 2.67 1.03 0.00 7.15 2.61 0.00 17.58 10.86 

1957 9 100 100 100 0 100 100 0.00 2.59 1.48 0.00 6.94 3.85 0.00 11.99 6.72 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1958 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1958 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1958 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1958 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1958 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1958 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1958 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1958 5 100 100 100 100 100 100 2.55 2.55 1.96 6.73 6.73 5.12 24.00 24.00 25.24 
1958 6 100 100 100 100 100 100 3.81 2.18 4.14 9.53 5.76 10.20 23.26 23.26 24.48 
1958 7 100 100 0 100 0 100 0.00 0.00 2.90 0.00 7.15 7.59 1.94 14.00 14.70 
1958 8 100 100 50 50 50 100 0.00 2.67 4.55 0.00 7.15 11.27 0.00 11.60 19.08 

1958 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 
1959 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1959 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1959 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1959 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1959 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1959 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1959 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1959 5 100 100 100 100 100 100 5.19 5.19 5.43 12.79 12.79 13.53 24.00 24.00 25.27 
1959 6 100 100 100 100 100 100 5.23 3.61 5.48 12.91 8.94 13.65 23.26 23.26 24.48 
1959 7 100 100 0 100 0 100 0.00 0.00 2.25 0.00 7.15 5.90 4.93 16.91 14.98 
1959 8 100 100 50 50 50 100 0.00 2.67 2.59 0.00 7.15 6.94 0.00 12.89 12.46 

1959 9 100 100 100 0 100 100 0.00 2.59 4.28 0.00 6.94 10.54 0.00 11.21 17.90 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1960 10 67 100 100 100 100 100 5.73 5.73 3.26 14.16 14.16 8.29 24.00 24.00 14.01 
1960 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1960 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1960 1 100 100 100 100 100 100 5.73 5.73 4.60 14.16 14.16 11.49 24.00 24.00 19.39 
1960 2 100 100 100 100 100 100 5.20 5.20 5.32 12.81 12.81 13.25 21.71 21.71 22.47 
1960 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1960 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1960 5 100 100 100 100 100 100 5.60 5.60 5.94 13.90 13.90 14.67 24.00 24.00 25.27 
1960 6 100 100 100 100 100 100 5.29 3.67 5.60 13.15 9.19 13.91 23.26 23.26 24.48 
1960 7 100 100 0 100 0 100 0.00 0.00 1.39 0.00 7.15 3.63 6.04 18.20 13.30 
1960 8 100 100 50 50 50 100 0.00 2.67 2.53 0.00 7.15 6.67 0.00 11.60 10.84 

1960 9 100 100 100 0 100 100 0.00 2.59 3.26 0.00 6.94 8.29 0.00 11.21 14.00 
1961 10 67 100 100 100 100 100 5.73 5.73 2.80 14.16 14.16 7.40 24.00 24.00 12.10 
1961 11 53 100 100 100 100 0 5.52 0.00 2.17 13.74 0.00 5.73 23.26 0.00 9.33 
1961 12 100 100 100 100 100 50 5.73 2.98 4.09 14.16 7.76 10.09 24.00 12.92 17.18 
1961 1 100 100 100 100 100 100 5.73 5.73 4.60 14.16 14.16 11.49 24.00 24.00 19.39 
1961 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1961 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1961 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1961 5 100 100 100 100 100 100 4.85 4.85 4.16 12.00 12.00 10.24 24.00 24.00 23.51 
1961 6 100 100 100 100 100 100 0.00 0.00 0.52 0.00 0.00 1.34 19.68 22.23 24.48 
1961 7 100 100 0 100 0 100 0.00 0.00 0.88 0.00 7.15 2.27 5.62 17.75 10.39 
1961 8 100 100 50 50 50 100 0.00 2.67 1.35 0.00 7.15 3.53 0.00 13.22 7.06 

1961 9 100 100 100 0 100 100 0.00 2.59 1.27 0.00 6.94 3.34 0.00 14.83 9.56 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1962 10 67 100 100 100 100 100 5.73 5.73 2.24 14.16 14.16 5.88 24.00 24.00 9.59 
1962 11 53 100 100 100 100 0 5.52 0.00 2.15 13.74 0.00 5.69 23.26 0.00 9.26 
1962 12 100 100 100 100 100 50 5.73 2.98 3.24 14.16 7.76 8.26 24.00 12.92 13.95 
1962 1 100 100 100 100 100 100 5.73 5.73 4.58 14.16 14.16 11.42 24.00 24.00 19.29 
1962 2 100 100 100 100 100 100 5.20 5.20 5.37 12.81 12.81 13.37 21.71 21.71 22.68 
1962 3 100 67 100 100 100 100 4.50 5.73 3.97 11.01 14.16 9.85 18.72 24.00 16.75 
1962 4 100 53 100 100 100 100 2.00 5.52 3.09 5.26 13.74 7.98 11.60 23.26 13.36 
1962 5 100 100 100 100 100 100 4.44 5.73 6.06 10.89 14.16 14.93 24.00 24.00 25.27 
1962 6 100 100 100 100 100 100 4.17 3.62 5.50 10.28 8.98 13.70 23.26 23.26 24.48 
1962 7 100 100 0 100 0 100 0.00 0.00 2.84 0.00 7.15 7.48 12.11 23.47 24.07 
1962 8 100 100 50 50 50 100 0.00 2.67 2.36 0.00 7.15 6.16 0.00 13.06 11.32 

1962 9 100 100 100 0 100 100 0.00 2.59 3.25 0.00 6.94 8.27 0.00 11.21 13.97 
1963 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1963 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1963 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1963 1 100 100 100 100 100 100 5.73 5.73 5.22 14.16 14.16 12.88 24.00 24.00 21.84 
1963 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1963 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1963 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1963 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1963 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1963 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 2.64 14.64 25.27 
1963 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 14.49 25.27 

1963 9 100 100 100 0 100 100 0.00 2.59 5.83 0.00 6.94 14.43 0.00 13.05 24.48 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1964 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1964 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1964 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1964 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1964 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1964 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1964 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1964 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1964 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1964 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 5.97 18.13 25.27 
1964 8 100 100 50 50 50 100 0.00 2.67 2.79 0.00 7.15 7.39 0.00 11.60 12.07 

1964 9 100 100 100 0 100 100 0.00 2.59 4.21 0.00 6.94 10.39 0.00 11.21 17.66 
1965 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1965 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1965 12 100 100 100 100 100 50 5.73 2.98 5.74 14.16 7.76 14.20 24.00 12.92 24.05 
1965 1 100 100 100 100 100 100 5.73 5.73 4.49 14.16 14.16 10.98 24.00 24.00 18.66 
1965 2 100 100 100 100 100 100 5.20 5.20 5.25 12.81 12.81 13.02 21.71 21.71 22.08 
1965 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1965 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1965 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1965 6 100 100 100 100 100 100 3.43 1.70 3.68 8.56 4.39 9.21 23.26 23.26 24.48 
1965 7 100 100 0 100 0 100 0.00 0.00 0.94 0.00 6.60 2.39 20.49 24.00 24.80 
1965 8 100 100 50 50 50 100 0.00 2.67 1.36 0.00 7.15 3.54 0.00 17.90 12.81 

1965 9 100 100 100 0 100 100 0.00 2.59 1.44 0.00 6.94 3.76 0.00 13.13 8.29 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1966 10 67 100 100 100 100 100 5.73 5.73 3.30 14.16 14.16 8.35 24.00 24.00 14.14 
1966 11 53 100 100 100 100 0 5.52 0.00 2.25 13.74 0.00 5.90 23.26 0.00 9.63 
1966 12 100 100 100 100 100 50 5.73 2.98 3.64 14.16 7.76 9.07 24.00 12.92 15.29 
1966 1 100 100 100 100 100 100 5.73 5.73 4.88 14.16 14.16 12.06 24.00 24.00 20.48 
1966 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1966 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1966 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1966 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1966 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 22.18 24.48 
1966 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 2.29 14.35 25.27 
1966 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.68 25.27 

1966 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 
1967 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1967 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1967 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1967 1 100 100 100 100 100 100 5.73 5.73 5.63 14.16 14.16 13.96 24.00 24.00 23.66 
1967 2 100 100 100 100 100 100 5.20 5.20 5.32 12.81 12.81 13.24 21.71 21.71 22.46 
1967 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1967 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1967 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1967 6 100 100 100 100 100 100 4.86 3.23 5.19 12.02 8.24 12.77 23.26 23.26 24.48 
1967 7 100 100 0 100 0 100 0.00 0.00 0.81 0.00 1.66 2.12 10.61 13.72 14.53 
1967 8 100 100 50 50 50 100 0.00 2.67 2.00 0.00 7.15 5.26 0.00 11.60 8.71 

1967 9 100 100 100 0 100 100 0.00 2.59 2.02 0.00 6.94 5.33 0.00 12.51 9.95 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1968 10 67 100 100 100 100 100 5.73 5.73 3.02 14.16 14.16 7.84 24.00 24.00 13.08 
1968 11 53 100 100 100 100 0 5.52 0.00 1.99 13.74 0.00 5.22 23.26 0.00 8.66 
1968 12 100 100 100 100 100 50 5.73 2.98 3.96 14.16 7.76 9.82 24.00 12.92 16.71 
1968 1 100 100 100 100 100 100 5.73 5.73 4.49 14.16 14.16 10.98 24.00 24.00 18.66 
1968 2 100 100 100 100 100 100 5.20 5.20 5.26 12.81 12.81 13.02 21.71 21.71 22.09 
1968 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1968 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1968 5 100 100 100 100 100 100 5.71 5.71 5.75 14.13 14.13 14.21 24.00 24.00 24.13 
1968 6 100 100 100 100 100 100 5.18 3.55 4.67 12.75 8.79 11.65 23.26 23.26 24.48 
1968 7 100 100 0 100 0 100 0.00 0.00 1.77 0.00 7.15 4.57 5.69 17.83 14.33 
1968 8 100 100 50 50 50 100 0.00 2.67 1.14 0.00 7.15 3.01 0.00 13.30 6.26 

1968 9 100 100 100 0 100 100 0.00 2.59 2.46 0.00 6.94 6.41 0.00 11.21 10.45 
1969 10 67 100 100 100 100 100 5.73 5.73 2.99 14.16 14.16 7.79 24.00 24.00 12.97 
1969 11 53 100 100 100 100 0 5.52 0.00 2.16 13.74 0.00 5.72 23.26 0.00 9.31 
1969 12 100 100 100 100 100 50 5.73 2.98 2.69 14.16 7.76 7.18 24.00 12.92 11.66 
1969 1 100 100 100 100 100 100 5.73 5.73 4.57 14.16 14.16 11.33 24.00 24.00 19.16 
1969 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1969 3 100 67 100 100 100 100 4.56 5.73 3.97 11.32 14.16 9.85 19.15 24.00 16.75 
1969 4 100 53 100 100 100 100 2.55 5.52 3.09 6.76 13.74 7.98 11.01 23.26 13.36 
1969 5 100 100 100 100 100 100 1.02 4.14 4.44 2.58 10.20 10.87 18.12 24.00 25.27 
1969 6 100 100 100 100 100 100 0.00 0.00 0.76 0.00 0.00 1.92 19.89 22.31 24.48 
1969 7 100 100 0 100 0 100 0.00 0.00 0.96 0.00 6.77 2.41 11.03 21.80 15.28 
1969 8 100 100 50 50 50 100 0.00 2.67 2.15 0.00 7.15 5.70 0.00 12.35 9.93 

1969 9 100 100 100 0 100 100 0.00 2.59 1.28 0.00 6.94 3.34 0.00 11.43 5.51 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1970 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1970 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1970 12 100 100 100 100 100 50 5.73 2.98 4.19 14.16 7.76 10.32 24.00 12.92 17.56 
1970 1 100 100 100 100 100 100 5.73 5.73 4.60 14.16 14.16 11.50 24.00 24.00 19.39 
1970 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1970 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1970 4 100 53 100 100 100 100 4.58 5.52 3.09 11.42 13.74 7.98 19.29 23.26 13.36 
1970 5 100 100 100 100 100 100 2.29 5.61 5.33 5.99 13.92 13.27 19.00 24.00 25.27 
1970 6 100 100 100 100 100 100 0.00 0.00 1.07 0.00 0.00 2.78 17.64 23.10 24.48 
1970 7 100 100 0 100 0 100 0.00 0.00 0.82 0.00 6.87 2.15 11.95 22.85 15.65 
1970 8 100 100 50 50 50 100 0.00 2.67 1.48 0.00 7.15 3.85 0.00 13.70 8.63 

1970 9 100 100 100 0 100 100 0.00 2.59 1.32 0.00 6.94 3.46 0.00 12.42 6.51 
1971 10 67 100 100 100 100 100 5.73 5.73 1.48 14.16 14.16 3.84 24.00 24.00 6.02 
1971 11 53 100 100 100 100 0 5.52 0.00 2.20 13.74 0.00 5.80 23.26 0.00 9.45 
1971 12 100 100 100 100 100 50 5.73 2.98 2.72 14.16 7.76 7.23 24.00 12.92 11.77 
1971 1 100 100 100 100 100 100 5.73 5.73 4.54 14.16 14.16 11.20 24.00 24.00 18.99 
1971 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1971 3 100 67 100 100 100 100 3.49 5.73 3.97 8.68 14.16 9.85 14.72 24.00 16.75 
1971 4 100 53 100 100 100 100 2.24 5.52 3.09 5.89 13.74 7.98 10.19 23.26 13.36 
1971 5 100 100 100 100 100 100 1.23 4.64 1.81 3.23 11.58 4.67 10.29 24.00 12.56 
1971 6 100 100 100 100 100 100 0.00 0.99 2.95 0.00 2.48 7.70 23.26 23.26 24.48 
1971 7 100 100 0 100 0 100 0.00 0.00 1.39 0.00 7.15 3.63 10.82 22.18 17.05 
1971 8 100 100 50 50 50 100 0.00 2.67 1.48 0.00 7.15 3.85 0.00 13.14 7.86 

1971 9 100 100 100 0 100 100 0.00 2.59 1.16 0.00 6.94 3.04 0.00 12.69 6.14 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1972 10 67 100 100 100 100 100 5.73 5.73 2.71 14.16 14.16 7.22 24.00 24.00 11.74 
1972 11 53 100 100 100 100 0 5.52 0.00 2.17 13.74 0.00 5.74 23.26 0.00 9.35 
1972 12 100 100 100 100 100 50 5.73 2.98 4.11 14.16 7.76 10.12 24.00 12.92 17.24 
1972 1 100 100 100 100 100 100 5.73 5.73 4.63 14.16 14.16 11.56 24.00 24.00 19.51 
1972 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1972 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1972 4 100 53 100 100 100 100 2.56 5.52 3.09 6.82 13.74 7.98 11.05 23.26 13.36 
1972 5 100 100 100 100 100 100 4.30 5.73 6.06 10.60 14.16 14.93 22.16 24.00 25.27 
1972 6 100 100 100 100 100 100 5.26 3.89 5.85 13.03 9.67 14.46 23.26 23.26 24.48 
1972 7 100 100 0 100 0 100 0.00 0.00 3.40 0.00 7.15 8.50 2.50 14.54 17.00 
1972 8 100 100 50 50 50 100 0.00 2.67 2.47 0.00 7.15 6.41 0.00 11.60 10.46 

1972 9 100 100 100 0 100 100 0.00 2.59 3.19 0.00 6.94 8.17 0.00 13.05 15.08 
1973 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1973 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1973 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1973 1 100 100 100 100 100 100 5.73 5.73 5.12 14.16 14.16 12.61 24.00 24.00 21.40 
1973 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1973 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1973 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1973 5 100 100 100 100 100 100 2.75 4.23 2.40 7.30 10.43 6.26 18.17 24.00 16.50 
1973 6 100 100 100 100 100 100 0.74 1.07 3.65 1.88 2.77 9.11 23.26 23.26 24.48 
1973 7 100 100 0 100 0 100 0.00 0.00 1.06 0.00 7.15 2.74 14.44 24.00 19.06 
1973 8 100 100 50 50 50 100 0.00 2.67 1.77 0.00 7.15 4.56 0.00 14.21 10.23 

1973 9 100 100 100 0 100 100 0.00 2.59 1.72 0.00 6.94 4.45 0.00 11.21 6.94 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1974 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1974 11 53 100 100 100 100 0 5.52 0.00 2.80 13.74 0.00 7.41 23.26 0.00 12.12 
1974 12 100 100 100 100 100 50 5.73 2.98 4.92 14.16 7.76 12.15 24.00 12.92 20.63 
1974 1 100 100 100 100 100 100 5.73 5.73 4.87 14.16 14.16 12.03 24.00 24.00 20.43 
1974 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1974 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1974 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1974 5 100 100 100 100 100 100 5.62 5.62 5.96 13.94 13.94 14.72 24.00 24.00 25.27 
1974 6 100 100 100 100 100 100 4.94 3.31 5.24 12.19 8.37 12.94 23.26 23.26 24.48 
1974 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 6.39 18.55 25.27 
1974 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.60 25.27 

1974 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 
1975 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1975 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1975 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1975 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1975 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1975 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1975 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1975 5 100 100 100 100 100 100 5.64 5.64 5.98 13.97 13.97 14.75 24.00 24.00 25.27 
1975 6 100 100 100 100 100 100 3.48 1.75 3.71 8.66 4.51 9.31 23.26 23.26 24.48 
1975 7 100 100 0 100 0 100 0.00 0.00 1.15 0.00 7.15 3.03 17.37 24.00 22.79 
1975 8 100 100 50 50 50 100 0.00 2.67 3.08 0.00 7.15 7.97 0.00 14.21 15.44 

1975 9 100 100 100 0 100 100 0.00 2.59 4.34 0.00 6.94 10.67 0.00 11.21 18.13 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1976 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1976 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1976 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1976 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1976 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1976 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1976 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1976 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1976 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1976 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 4.87 16.84 25.27 
1976 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 12.17 25.27 

1976 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.43 24.48 
1977 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1977 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1977 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1977 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1977 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1977 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1977 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1977 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1977 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 22.32 24.48 
1977 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 0.00 11.60 25.27 
1977 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.60 25.27 

1977 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1978 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1978 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1978 12 100 100 100 100 100 50 5.73 2.98 3.79 14.16 7.76 9.48 24.00 12.92 16.07 
1978 1 100 100 100 100 100 100 5.73 5.73 0.71 14.16 14.16 1.72 24.00 24.00 2.73 
1978 2 100 100 100 100 100 100 5.20 5.20 0.47 12.81 12.81 1.21 21.71 21.71 1.88 
1978 3 100 67 100 100 100 100 5.73 5.73 0.49 14.16 14.16 1.27 24.00 24.00 1.96 
1978 4 100 53 100 100 100 100 5.52 5.52 1.53 13.74 13.74 3.98 23.26 23.26 6.33 
1978 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1978 6 100 100 100 100 100 100 4.19 2.53 4.51 10.31 6.63 11.03 23.26 23.26 24.48 
1978 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 15.79 24.00 25.27 
1978 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 12.89 25.27 

1978 9 100 100 100 0 100 100 0.00 2.59 4.75 0.00 6.94 11.79 0.00 11.21 19.99 
1979 10 67 100 100 100 100 100 5.73 5.73 2.99 14.16 14.16 7.78 24.00 24.00 12.95 
1979 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1979 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1979 1 100 100 100 100 100 100 5.73 5.73 4.53 14.16 14.16 11.16 24.00 24.00 18.92 
1979 2 100 100 100 100 100 100 5.20 5.20 5.26 12.81 12.81 13.04 21.71 21.71 22.11 
1979 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1979 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1979 5 100 100 100 100 100 100 3.82 3.82 3.23 9.54 9.54 8.24 24.00 24.00 22.56 
1979 6 100 100 100 100 100 100 3.85 2.21 3.88 9.59 5.83 9.66 23.26 23.26 24.48 
1979 7 100 100 0 100 0 100 0.00 0.00 0.95 0.00 6.81 2.40 14.56 24.00 18.60 
1979 8 100 100 50 50 50 100 0.00 2.67 1.05 0.00 7.15 2.70 0.00 15.41 8.87 

1979 9 100 100 100 0 100 100 0.00 2.59 2.55 0.00 6.94 6.77 0.00 11.59 11.31 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1980 10 67 100 100 100 100 100 5.73 5.73 3.14 14.16 14.16 8.09 24.00 24.00 13.58 
1980 11 53 100 100 100 100 0 5.52 0.00 2.23 13.74 0.00 5.86 23.26 0.00 9.56 
1980 12 100 100 100 100 100 50 5.73 2.98 2.66 14.16 7.76 7.12 24.00 12.92 11.54 
1980 1 100 100 100 100 100 100 5.73 5.73 4.68 14.16 14.16 11.65 24.00 24.00 19.70 
1980 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1980 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1980 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1980 5 100 100 100 100 100 100 3.57 3.57 0.68 8.83 8.83 1.65 24.00 24.00 12.76 
1980 6 100 100 100 100 100 100 0.71 0.00 0.59 1.72 0.00 1.48 23.26 23.26 24.48 
1980 7 100 100 0 100 0 100 0.00 0.00 0.87 0.00 6.02 2.25 14.66 24.00 18.48 
1980 8 100 100 50 50 50 100 0.00 2.67 1.59 0.00 7.15 4.12 0.00 13.22 8.58 

1980 9 100 100 100 0 100 100 0.00 2.59 1.95 0.00 6.94 5.07 0.00 11.27 8.56 
1981 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1981 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1981 12 100 100 100 100 100 50 5.73 2.98 4.81 14.16 7.76 11.91 24.00 12.92 20.22 
1981 1 100 100 100 100 100 100 5.73 5.73 4.87 14.16 14.16 12.03 24.00 24.00 20.43 
1981 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1981 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1981 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1981 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1981 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1981 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 2.50 14.54 25.27 
1981 8 100 100 50 50 50 100 0.00 2.67 5.61 0.00 7.15 13.93 0.00 11.60 23.59 

1981 9 100 100 100 0 100 100 0.00 2.59 5.29 0.00 6.94 13.15 0.00 11.21 22.31 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1982 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1982 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1982 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1982 1 100 100 100 100 100 100 5.73 5.73 5.39 14.16 14.16 13.42 24.00 24.00 22.76 
1982 2 100 100 100 100 100 100 5.20 5.20 5.25 12.81 12.81 13.02 21.71 21.71 22.08 
1982 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1982 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1982 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1982 6 100 100 100 100 100 100 5.52 3.89 5.33 13.74 9.67 13.27 23.26 23.26 24.48 
1982 7 100 100 0 100 0 100 0.00 0.00 1.17 0.00 7.15 3.08 14.37 24.00 19.54 
1982 8 100 100 50 50 50 100 0.00 2.67 1.19 0.00 7.15 3.12 0.00 15.69 9.84 

1982 9 100 100 100 0 100 100 0.00 2.59 2.51 0.00 6.94 6.55 0.00 13.77 13.15 
1983 10 67 100 100 100 100 100 5.73 5.73 2.55 14.16 14.16 6.75 24.00 24.00 10.95 
1983 11 53 100 100 100 100 0 5.52 0.00 2.14 13.74 0.00 5.67 23.26 0.00 9.23 
1983 12 100 100 100 100 100 50 5.73 2.98 2.66 14.16 7.76 7.13 24.00 12.92 11.56 
1983 1 100 100 100 100 100 100 5.73 5.73 3.68 14.16 14.16 9.20 24.00 24.00 15.53 
1983 2 100 100 100 100 100 100 5.20 5.20 5.34 12.81 12.81 13.31 21.71 21.71 22.57 
1983 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1983 4 100 53 100 100 100 100 4.54 5.52 3.09 11.22 13.74 7.98 19.00 23.26 13.36 
1983 5 100 100 100 100 100 100 1.46 5.08 1.40 3.80 12.51 3.65 9.46 24.00 9.25 
1983 6 100 100 100 100 100 100 0.00 0.00 0.50 0.00 0.00 1.30 21.10 23.26 24.48 
1983 7 100 100 0 100 0 100 0.00 0.00 0.78 0.00 0.00 2.03 24.00 24.00 25.27 
1983 8 100 100 50 50 50 100 0.00 2.67 1.32 0.00 7.15 3.44 0.00 18.76 13.64 

1983 9 100 100 100 0 100 100 0.00 2.59 1.30 0.00 6.94 3.40 0.00 11.91 6.02 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1984 10 67 100 100 100 100 100 5.73 5.73 1.49 14.16 14.16 3.88 24.00 24.00 6.08 
1984 11 53 100 100 100 100 0 5.52 0.00 0.66 13.74 0.00 1.62 23.26 0.00 2.56 
1984 12 100 100 100 100 100 50 5.73 2.98 1.63 14.16 7.76 4.21 24.00 12.92 6.54 
1984 1 100 100 100 100 100 100 5.73 5.73 2.46 14.16 14.16 6.40 24.00 24.00 10.44 
1984 2 100 100 100 100 100 100 2.40 5.20 3.95 6.25 12.81 9.79 10.20 21.71 16.66 
1984 3 100 67 100 100 100 100 1.21 5.73 3.97 3.17 14.16 9.85 5.13 24.00 16.75 
1984 4 100 53 100 100 100 100 2.50 5.52 3.09 6.52 13.74 7.98 10.63 23.26 13.36 
1984 5 100 100 100 100 100 100 0.00 0.72 2.49 0.00 1.78 6.46 12.61 14.53 21.53 
1984 6 100 100 100 100 100 100 0.74 0.74 3.38 1.85 1.85 8.48 22.01 22.01 24.48 
1984 7 100 100 0 100 0 100 0.00 0.00 1.79 0.00 7.15 4.62 15.43 24.00 23.23 
1984 8 100 100 50 50 50 100 0.00 2.67 1.08 0.00 7.15 2.82 0.00 16.40 10.04 

1984 9 100 100 100 0 100 100 0.00 2.59 1.81 0.00 6.94 4.67 0.00 13.61 10.14 
1985 10 67 100 100 100 100 100 5.73 5.73 3.14 14.16 14.16 8.08 24.00 24.00 13.55 
1985 11 53 100 100 100 100 0 5.52 0.00 2.13 13.74 0.00 5.67 23.26 0.00 9.22 
1985 12 100 100 100 100 100 50 5.73 2.98 4.90 14.16 7.76 12.10 24.00 12.92 20.55 
1985 1 100 100 100 100 100 100 5.73 5.73 4.57 14.16 14.16 11.33 24.00 24.00 19.16 
1985 2 100 100 100 100 100 100 5.20 5.20 5.32 12.81 12.81 13.24 21.71 21.71 22.47 
1985 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1985 4 100 53 100 100 100 100 4.72 4.88 3.09 11.75 12.06 7.98 20.47 21.04 13.36 
1985 5 100 100 100 100 100 100 3.58 3.58 5.42 8.87 8.87 13.50 21.89 21.89 25.27 
1985 6 100 100 100 100 100 100 4.80 3.17 5.13 11.90 8.13 12.61 23.26 23.26 24.48 
1985 7 100 100 0 100 0 100 0.00 0.00 2.70 0.00 7.15 7.19 5.23 17.27 17.36 
1985 8 100 100 50 50 50 100 0.00 2.67 1.87 0.00 7.15 4.82 0.00 11.60 8.05 

1985 9 100 100 100 0 100 100 0.00 2.59 2.59 0.00 6.94 6.94 0.00 11.21 11.21 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1986 10 67 100 100 100 100 100 5.73 5.73 2.38 14.16 14.16 6.20 24.00 24.00 10.12 
1986 11 53 100 100 100 100 0 5.52 0.00 2.07 13.74 0.00 5.49 23.26 0.00 8.98 
1986 12 100 100 100 100 100 50 5.73 2.98 4.29 14.16 7.76 10.57 24.00 12.92 17.95 
1986 1 100 100 100 100 100 100 5.73 5.73 4.49 14.16 14.16 10.98 24.00 24.00 18.66 
1986 2 100 100 100 100 100 100 5.20 5.20 5.26 12.81 12.81 13.03 21.71 21.71 22.10 
1986 3 100 67 100 100 100 100 2.80 4.59 3.97 7.40 11.45 9.85 12.11 19.34 16.75 
1986 4 100 53 100 100 100 100 2.48 2.48 3.09 6.46 6.46 7.98 11.84 11.84 13.36 
1986 5 100 100 100 100 100 100 4.54 4.54 5.77 11.21 11.21 14.27 24.00 24.00 25.27 
1986 6 100 100 100 100 100 100 0.56 0.52 2.48 1.43 1.34 6.45 23.26 23.26 24.48 
1986 7 100 100 0 100 0 100 0.00 0.00 1.05 0.00 7.15 2.72 14.02 24.00 18.60 
1986 8 100 100 50 50 50 100 0.00 2.67 1.41 0.00 7.15 3.69 0.00 13.70 8.36 

1986 9 100 100 100 0 100 100 0.00 2.59 1.05 0.00 6.94 2.70 0.00 11.59 4.79 
1987 10 67 100 100 100 100 100 5.73 5.73 1.68 14.16 14.16 4.34 24.00 24.00 6.72 
1987 11 53 100 100 100 100 0 5.52 0.00 2.12 13.74 0.00 5.64 23.26 0.00 9.17 
1987 12 100 100 100 100 100 50 5.73 2.98 3.80 14.16 7.76 9.51 24.00 12.92 16.11 
1987 1 100 100 100 100 100 100 5.73 5.73 4.55 14.16 14.16 11.27 24.00 24.00 19.08 
1987 2 100 100 100 100 100 100 5.01 5.20 5.32 12.34 12.81 13.25 20.96 21.71 22.49 
1987 3 100 67 100 100 100 100 1.20 1.22 3.97 3.16 3.19 9.85 5.11 5.15 16.75 
1987 4 100 53 100 100 100 100 2.78 2.78 3.09 7.35 7.35 7.98 13.36 13.36 13.36 
1987 5 100 100 100 100 100 100 4.35 4.35 5.00 10.70 10.70 12.30 24.00 24.00 25.27 
1987 6 100 100 100 100 100 100 4.48 3.00 4.96 10.97 7.80 12.22 23.26 23.01 24.48 
1987 7 100 100 0 100 0 100 0.00 0.00 2.93 0.00 7.15 7.65 1.73 13.79 14.62 
1987 8 100 100 50 50 50 100 0.00 2.67 1.47 0.00 7.15 3.82 0.00 11.60 5.99 

1987 9 100 100 100 0 100 100 0.00 2.59 2.60 0.00 6.94 7.01 0.00 11.21 11.32 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1988 10 67 100 100 100 100 100 5.73 5.73 2.80 14.16 14.16 7.40 24.00 24.00 12.10 
1988 11 53 100 100 100 100 0 5.52 0.00 2.09 13.74 0.00 5.57 23.26 0.00 9.07 
1988 12 100 100 100 100 100 50 5.73 2.98 5.10 14.16 7.76 12.54 24.00 12.92 21.28 
1988 1 100 100 100 100 100 100 5.73 5.73 4.63 14.16 14.16 11.56 24.00 24.00 19.53 
1988 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1988 3 100 67 100 100 100 100 4.58 5.73 3.97 11.40 14.16 9.85 19.27 24.00 16.75 
1988 4 100 53 100 100 100 100 2.44 2.81 3.09 6.36 7.42 7.98 10.73 12.57 13.36 
1988 5 100 100 100 100 100 100 5.38 5.38 6.06 13.40 13.40 14.93 24.00 24.00 25.27 
1988 6 100 100 100 100 100 100 5.30 3.89 5.85 13.19 9.67 14.46 23.26 23.26 24.48 
1988 7 100 100 0 100 0 100 0.00 0.00 3.69 0.00 7.15 9.25 2.57 14.59 18.48 
1988 8 100 100 50 50 50 100 0.00 2.67 3.01 0.00 7.15 7.83 0.00 11.60 13.06 

1988 9 100 100 100 0 100 100 0.00 2.59 3.37 0.00 6.94 8.45 0.00 11.21 14.39 
1989 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1989 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1989 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1989 1 100 100 100 100 100 100 5.73 5.73 6.00 14.16 14.16 14.80 24.00 24.00 25.05 
1989 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1989 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1989 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1989 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1989 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1989 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 3.25 15.20 25.27 
1989 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 12.80 25.27 

1989 9 100 100 100 0 100 100 0.00 2.59 5.75 0.00 6.94 14.23 0.00 11.21 24.11 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1990 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1990 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1990 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1990 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1990 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1990 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1990 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1990 5 100 100 100 100 100 100 5.63 5.63 5.97 13.96 13.96 14.73 24.00 24.00 25.27 
1990 6 100 100 100 100 100 100 5.25 3.64 5.53 13.01 9.04 13.76 23.26 23.26 24.48 
1990 7 100 100 0 100 0 100 0.00 0.00 1.10 0.00 7.15 2.88 6.39 18.55 12.43 
1990 8 100 100 50 50 50 100 0.00 2.67 0.95 0.00 7.15 2.39 0.00 11.92 4.11 

1990 9 100 100 100 0 100 100 0.00 2.59 2.12 0.00 6.94 5.64 0.00 11.27 9.23 
1991 10 67 100 100 100 100 100 5.73 5.73 2.69 14.16 14.16 7.17 24.00 24.00 11.64 
1991 11 53 100 100 100 100 0 5.52 0.00 2.09 13.74 0.00 5.57 23.26 0.00 9.07 
1991 12 100 100 100 100 100 50 5.73 2.98 2.74 14.16 7.76 7.28 24.00 12.92 11.85 
1991 1 100 100 100 100 100 100 5.73 5.73 3.00 14.16 14.16 7.81 24.00 24.00 13.02 
1991 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1991 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1991 4 100 53 100 100 100 100 4.76 5.52 3.09 11.82 13.74 7.98 20.03 23.26 13.36 
1991 5 100 100 100 100 100 100 4.56 5.73 6.06 11.28 14.16 14.93 23.70 24.00 25.27 
1991 6 100 100 100 100 100 100 4.93 3.30 5.23 12.17 8.35 12.92 23.26 23.26 24.48 
1991 7 100 100 0 100 0 100 0.00 0.00 5.14 0.00 7.15 12.64 4.73 16.70 25.27 
1991 8 100 100 50 50 50 100 0.00 2.67 1.37 0.00 7.15 3.58 0.00 12.80 6.63 

1991 9 100 100 100 0 100 100 0.00 2.59 2.56 0.00 6.94 6.81 0.00 11.35 11.17 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1992 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1992 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1992 12 100 100 100 100 100 50 5.73 2.98 5.84 14.16 7.76 14.46 24.00 12.92 24.47 
1992 1 100 100 100 100 100 100 5.73 5.73 4.56 14.16 14.16 11.28 24.00 24.00 19.10 
1992 2 100 100 100 100 100 100 5.20 5.20 5.32 12.81 12.81 13.25 21.71 21.71 22.48 
1992 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1992 4 100 53 100 100 100 100 5.23 5.52 3.09 12.92 13.74 7.98 22.93 23.26 13.36 
1992 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1992 6 100 100 100 100 100 100 4.49 3.89 5.85 10.97 9.67 14.46 23.26 23.26 24.48 
1992 7 100 100 0 100 0 100 0.00 0.00 2.65 0.00 7.15 7.10 3.25 15.20 15.11 
1992 8 100 100 50 50 50 100 0.00 2.67 1.99 0.00 7.15 5.21 0.00 11.60 8.65 

1992 9 100 100 100 0 100 100 0.00 2.59 2.41 0.00 6.94 6.28 0.00 11.21 10.24 
1993 10 67 100 100 100 100 100 5.73 5.73 2.28 14.16 14.16 5.97 24.00 24.00 9.74 
1993 11 53 100 100 100 100 0 5.52 0.00 2.21 13.74 0.00 5.82 23.26 0.00 9.49 
1993 12 100 100 100 100 100 50 5.73 2.98 4.86 14.16 7.76 12.02 24.00 12.92 20.40 
1993 1 100 100 100 100 100 100 5.73 5.73 4.49 14.16 14.16 10.98 24.00 24.00 18.66 
1993 2 100 100 100 100 100 100 5.20 5.20 5.25 12.81 12.81 13.02 21.71 21.71 22.08 
1993 3 100 67 100 100 100 100 3.96 5.73 3.97 9.82 14.16 9.85 16.71 24.00 16.75 
1993 4 100 53 100 100 100 100 1.63 5.16 3.09 4.22 12.69 7.98 6.59 21.58 13.36 
1993 5 100 100 100 100 100 100 3.92 3.92 6.06 9.73 9.73 14.93 24.00 24.00 25.27 
1993 6 100 100 100 100 100 100 3.74 3.74 5.30 9.38 9.38 13.20 23.26 23.26 24.48 
1993 7 100 100 0 100 0 100 0.00 0.00 1.27 0.00 7.15 3.34 11.87 23.26 17.67 
1993 8 100 100 50 50 50 100 0.00 2.67 2.44 0.00 7.15 6.34 0.00 14.49 13.23 

1993 9 100 100 100 0 100 100 0.00 2.59 2.23 0.00 6.94 5.86 0.00 12.24 10.54 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1994 10 67 100 100 100 100 100 5.73 5.73 3.04 14.16 14.16 7.87 24.00 24.00 13.14 
1994 11 53 100 100 100 100 0 5.52 0.00 2.29 13.74 0.00 5.98 23.26 0.00 9.77 
1994 12 100 100 100 100 100 50 5.73 2.98 3.40 14.16 7.76 8.50 24.00 12.92 14.49 
1994 1 100 100 100 100 100 100 5.73 5.73 4.88 14.16 14.16 12.06 24.00 24.00 20.48 
1994 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1994 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1994 4 100 53 100 100 100 100 2.58 2.72 3.09 6.90 7.24 7.98 12.34 13.05 13.36 
1994 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1994 6 100 100 100 100 100 100 5.52 3.89 5.85 13.74 9.67 14.46 23.26 23.26 24.48 
1994 7 100 100 0 100 0 100 0.00 0.00 6.06 0.00 7.15 14.93 0.00 12.90 25.27 
1994 8 100 100 50 50 50 100 0.00 2.67 6.06 0.00 7.15 14.93 0.00 11.60 25.27 

1994 9 100 100 100 0 100 100 0.00 2.59 5.85 0.00 6.94 14.46 0.00 11.21 24.48 
1995 10 67 100 100 100 100 100 5.73 5.73 3.31 14.16 14.16 8.36 24.00 24.00 14.18 
1995 11 53 100 100 100 100 0 5.52 0.00 3.09 13.74 0.00 7.98 23.26 0.00 13.36 
1995 12 100 100 100 100 100 50 5.73 2.98 6.06 14.16 7.76 14.93 24.00 12.92 25.27 
1995 1 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1995 2 100 100 100 100 100 100 5.20 5.20 5.41 12.81 12.81 13.47 21.71 21.71 22.84 
1995 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1995 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1995 5 100 100 100 100 100 100 5.45 5.45 5.62 13.57 13.57 13.95 24.00 24.00 25.27 
1995 6 100 100 100 100 100 100 0.00 0.00 0.47 0.00 0.00 1.22 23.26 23.26 24.48 
1995 7 100 100 0 100 0 100 0.00 0.00 1.00 0.00 0.00 2.51 24.00 24.00 25.27 
1995 8 100 100 50 50 50 100 0.00 2.67 1.92 0.00 7.15 4.97 0.00 17.19 14.29 

1995 9 100 100 100 0 100 100 0.00 2.59 1.81 0.00 6.94 4.68 0.00 12.87 9.48 



    Alts III & IV Alt I Alt II                   

  
 

Plant Availability Plant Availability Plant Availability Generation at Mary's PP Generation at Estes PP Generation at Pole Hill PP 

WY   Mary's Pole Hill Mary's Pole Hill Mary's Pole Hill                   

Year Month (%) (%) (%) (%) (%) (%) Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 

1996 10 67 100 100 100 100 100 5.73 5.73 2.60 14.16 14.16 7.00 24.00 24.00 11.30 
1996 11 53 100 100 100 100 0 5.52 0.00 2.05 13.74 0.00 5.42 23.26 0.00 8.89 
1996 12 100 100 100 100 100 50 5.73 2.98 3.16 14.16 7.76 8.12 24.00 12.92 13.64 
1996 1 100 100 100 100 100 100 5.73 5.73 4.50 14.16 14.16 11.01 24.00 24.00 18.71 
1996 2 100 100 100 100 100 100 5.20 5.20 5.26 12.81 12.81 13.04 21.71 21.71 22.12 
1996 3 100 67 100 100 100 100 5.73 5.73 3.97 14.16 14.16 9.85 24.00 24.00 16.75 
1996 4 100 53 100 100 100 100 5.52 5.52 3.09 13.74 13.74 7.98 23.26 23.26 13.36 
1996 5 100 100 100 100 100 100 5.73 5.73 6.06 14.16 14.16 14.93 24.00 24.00 25.27 
1996 6 100 100 100 100 100 100 4.79 3.24 5.20 11.87 8.26 12.81 23.26 23.26 24.48 
1996 7 100 100 0 100 0 100 0.00 0.00 1.03 0.00 7.15 2.64 8.95 20.33 13.91 
1996 8 100 100 50 50 50 100 0.00 2.67 1.62 0.00 7.15 4.21 0.00 13.06 8.56 

1996 9 100 100 100 0 100 100 0.00 2.59 2.16 0.00 6.94 5.72 0.00 12.78 10.72 
 

 

 

 

 

  



The following tables provide the monthly power generation calculations for Flatiron and Big Thompson powerplants, and the total 
CBT Project generation and the total revenue based on that generation. 

 

    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1950 10 27.61 27.61 16.59 0.41 0.41 0.41 71.92 71.92 42.86 
1950 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1950 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1950 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1950 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1950 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1950 4 26.77 26.77 15.61 0.18 0.18 0.18 69.47 69.47 40.22 
1950 5 27.61 27.61 29.05 0.26 0.26 0.26 71.77 71.77 75.58 
1950 6 26.77 26.77 28.15 0.26 0.26 0.26 69.55 63.85 73.21 
1950 7 5.16 19.51 29.05 0.60 0.60 0.60 10.09 43.58 75.92 
1950 8 0.00 13.70 29.05 0.60 0.60 0.60 0.60 35.72 75.92 
1950 9 0.00 13.29 21.09 0.53 0.53 0.53 0.53 34.55 53.84 
1951 10 27.61 27.61 16.11 0.33 0.33 0.33 71.83 71.83 41.66 
1951 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1951 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1951 1 27.61 27.61 23.33 0.00 0.00 0.00 71.51 71.51 59.59 
1951 2 25.01 25.01 25.91 0.00 0.00 0.00 64.74 64.74 67.00 
1951 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1951 4 26.77 26.77 15.61 0.16 0.16 0.16 69.45 69.45 40.20 
1951 5 27.61 27.61 29.05 0.24 0.24 0.24 71.74 71.74 75.55 
1951 6 26.77 26.77 28.15 0.24 0.24 0.24 69.53 63.83 73.18 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1951 7 20.16 27.61 28.13 2.73 2.73 2.73 39.75 61.49 61.55 
1951 8 0.00 20.49 17.37 1.17 1.17 1.17 1.17 48.60 40.86 
1951 9 0.00 14.01 16.50 0.60 0.60 0.60 0.60 36.03 42.34 
1952 10 27.61 27.61 12.71 0.19 0.19 0.19 71.69 71.69 32.80 
1952 11 26.77 0.00 11.10 0.00 0.00 0.00 69.29 0.00 28.48 
1952 12 27.61 15.11 22.83 0.00 0.00 0.00 71.51 38.77 57.98 
1952 1 27.61 27.61 23.00 0.00 0.00 0.00 71.51 71.51 58.49 
1952 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1952 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1952 4 26.77 26.77 15.61 0.14 0.14 0.14 69.43 69.43 40.19 
1952 5 27.61 27.61 26.55 0.60 0.60 0.60 65.34 65.34 60.71 
1952 6 26.77 26.77 28.15 0.18 0.18 0.18 62.07 56.14 65.59 
1952 7 9.99 23.35 13.82 2.00 2.00 2.00 20.46 52.37 30.09 
1952 8 0.00 16.80 12.47 1.26 1.26 1.26 1.26 42.23 30.80 
1952 9 0.00 13.85 8.92 0.61 0.61 0.61 0.61 35.73 22.86 
1953 10 27.61 27.61 13.14 0.24 0.24 0.24 71.75 71.75 33.91 
1953 11 26.77 0.00 11.09 0.00 0.00 0.00 69.29 0.00 28.46 
1953 12 27.61 15.11 14.28 0.00 0.00 0.00 71.51 38.77 36.70 
1953 1 27.61 27.61 22.88 0.00 0.00 0.00 71.51 71.51 58.11 
1953 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1953 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1953 4 17.71 26.77 15.61 0.16 0.16 0.16 45.14 69.45 40.20 
1953 5 24.26 27.61 29.05 0.22 0.22 0.22 61.20 71.72 75.54 
1953 6 26.77 26.77 28.15 0.29 0.29 0.29 68.75 63.89 73.24 
1953 7 7.50 21.94 17.41 2.43 2.43 2.43 16.11 49.86 40.91 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1953 8 0.00 17.07 11.68 0.90 0.90 0.90 0.90 42.33 28.11 
1953 9 0.00 13.29 14.05 0.60 0.60 0.60 0.60 34.63 36.68 
1954 10 27.61 27.61 16.59 0.41 0.41 0.41 71.92 71.92 42.86 
1954 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1954 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1954 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1954 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1954 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1954 4 26.77 26.77 15.61 0.19 0.19 0.19 69.48 69.48 40.24 
1954 5 27.61 27.61 29.05 0.60 0.60 0.60 72.11 72.11 75.92 
1954 6 26.77 22.93 28.15 0.60 0.60 0.60 69.89 56.41 73.55 
1954 7 0.00 14.89 29.05 0.64 0.64 0.64 0.64 35.40 75.96 
1954 8 0.00 13.70 29.05 0.68 0.68 0.68 0.68 35.80 76.00 
1954 9 0.00 13.29 25.98 0.50 0.50 0.50 0.50 34.53 67.69 
1955 10 27.61 27.61 16.59 0.50 0.50 0.50 72.01 72.01 42.95 
1955 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1955 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1955 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1955 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1955 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1955 4 26.77 26.77 15.61 0.19 0.19 0.19 69.48 69.48 40.24 
1955 5 27.61 27.61 29.05 0.49 0.49 0.49 71.99 71.99 75.80 
1955 6 26.77 26.77 28.15 0.28 0.28 0.28 69.57 63.87 73.23 
1955 7 4.55 18.97 29.05 0.90 0.90 0.90 9.32 42.86 76.22 
1955 8 0.00 15.18 29.05 0.61 0.61 0.61 0.61 38.59 75.92 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1955 9 0.00 13.29 28.15 0.79 0.79 0.79 0.79 34.82 73.74 
1956 10 27.61 27.61 16.59 0.40 0.40 0.40 71.91 71.91 42.85 
1956 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1956 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1956 1 27.61 27.61 10.21 0.00 0.00 0.00 71.51 71.51 26.10 
1956 2 25.01 25.01 1.92 0.00 0.00 0.00 64.74 64.74 4.96 
1956 3 27.61 27.61 1.64 0.00 0.00 0.00 71.51 71.51 4.13 
1956 4 26.77 26.77 6.48 0.13 0.13 0.13 69.42 69.42 16.48 
1956 5 27.61 27.61 29.05 0.17 0.17 0.17 71.67 71.67 75.49 
1956 6 26.77 26.77 28.15 0.26 0.26 0.26 69.55 63.85 73.20 
1956 7 3.11 17.35 29.05 0.76 0.76 0.76 6.58 39.95 76.08 
1956 8 0.00 14.38 29.05 0.44 0.44 0.44 0.44 36.91 75.76 
1956 9 0.00 13.29 28.15 0.50 0.50 0.50 0.50 34.53 73.45 
1957 10 27.61 27.61 16.59 0.56 0.56 0.56 72.07 72.07 43.01 
1957 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1957 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1957 1 27.61 27.61 25.20 0.00 0.00 0.00 71.51 71.51 65.20 
1957 2 25.01 25.01 12.88 0.00 0.00 0.00 64.74 64.74 33.03 
1957 3 27.61 27.61 0.00 0.00 0.00 0.00 71.51 71.51 0.00 
1957 4 26.77 26.77 3.62 0.13 0.13 0.13 69.42 69.42 9.52 
1957 5 27.61 27.61 29.05 0.15 0.15 0.15 68.33 68.33 72.10 
1957 6 26.77 26.77 28.15 0.16 0.16 0.16 53.16 50.20 56.67 
1957 7 27.61 27.61 29.05 4.00 4.00 4.00 55.62 61.22 61.06 
1957 8 0.00 21.03 12.84 1.72 1.72 1.72 1.72 50.16 29.05 
1957 9 0.00 14.09 8.20 0.70 0.70 0.70 0.70 36.30 20.96 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1958 10 27.61 27.61 16.59 0.50 0.50 0.50 72.01 72.01 42.95 
1958 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1958 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1958 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1958 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1958 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1958 4 26.77 26.77 15.61 0.18 0.18 0.18 69.48 69.48 40.23 
1958 5 27.61 27.61 29.02 0.86 0.86 0.86 61.75 61.75 62.20 
1958 6 26.77 26.77 28.15 0.35 0.35 0.35 63.73 58.33 67.33 
1958 7 2.24 16.36 17.36 1.46 1.46 1.46 5.64 38.97 44.01 
1958 8 0.00 13.70 22.72 0.96 0.96 0.96 0.96 36.08 58.59 
1958 9 0.00 13.29 28.15 0.55 0.55 0.55 0.55 34.57 73.49 
1959 10 27.61 27.61 16.59 0.59 0.59 0.59 72.10 72.10 43.04 
1959 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1959 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1959 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1959 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1959 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1959 4 26.77 26.77 15.61 0.16 0.16 0.16 69.45 69.45 40.20 
1959 5 27.61 27.61 29.05 0.21 0.21 0.21 69.80 69.80 73.50 
1959 6 26.77 26.77 28.15 0.22 0.22 0.22 68.39 62.81 71.99 
1959 7 5.97 20.23 17.86 1.85 1.85 1.85 12.75 46.13 42.83 
1959 8 0.00 15.08 14.60 0.91 0.91 0.91 0.91 38.71 37.50 
1959 9 0.00 13.29 21.39 0.50 0.50 0.50 0.50 34.53 54.61 
1960 10 27.61 27.61 16.37 0.41 0.41 0.41 71.91 71.91 42.34 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1960 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1960 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1960 1 27.61 27.61 22.99 0.00 0.00 0.00 71.51 71.51 58.48 
1960 2 25.01 25.01 25.88 0.00 0.00 0.00 64.74 64.74 66.92 
1960 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1960 4 26.77 26.77 15.61 0.14 0.14 0.14 69.43 69.43 40.19 
1960 5 27.61 27.61 29.05 0.20 0.20 0.20 71.31 71.31 75.14 
1960 6 26.77 26.77 28.15 0.22 0.22 0.22 68.70 63.12 72.37 
1960 7 7.33 21.76 15.54 1.94 1.94 1.94 15.31 49.04 35.79 
1960 8 0.00 13.70 12.81 0.67 0.67 0.67 0.67 35.79 33.54 
1960 9 0.00 13.29 16.36 0.51 0.51 0.51 0.51 34.53 42.42 
1961 10 27.61 27.61 14.20 0.30 0.30 0.30 71.81 71.81 36.81 
1961 11 26.77 0.00 11.00 0.00 0.00 0.00 69.29 0.00 28.22 
1961 12 27.61 15.11 20.57 0.00 0.00 0.00 71.51 38.77 51.92 
1961 1 27.61 27.61 22.99 0.00 0.00 0.00 71.51 71.51 58.48 
1961 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1961 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1961 4 26.77 26.77 15.61 0.12 0.12 0.12 69.41 69.41 40.17 
1961 5 27.61 27.61 27.06 0.50 0.50 0.50 68.96 68.96 65.47 
1961 6 23.21 25.61 28.15 0.90 0.90 0.90 43.78 48.74 55.40 
1961 7 6.85 21.22 12.26 1.61 1.61 1.61 14.08 47.72 27.40 
1961 8 0.00 15.45 8.56 0.90 0.90 0.90 0.90 39.40 21.40 
1961 9 0.00 17.59 11.29 1.24 1.24 1.24 1.24 43.18 26.70 
1962 10 27.61 27.61 11.33 0.60 0.60 0.60 72.11 72.11 29.63 
1962 11 26.77 0.00 10.90 0.00 0.00 0.00 69.29 0.00 28.00 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1962 12 27.61 15.11 16.29 0.00 0.00 0.00 71.51 38.77 41.74 
1962 1 27.61 27.61 22.90 0.00 0.00 0.00 71.51 71.51 58.20 
1962 2 25.01 25.01 26.11 0.00 0.00 0.00 64.74 64.74 67.53 
1962 3 22.42 27.61 20.03 0.00 0.00 0.00 56.65 71.51 50.60 
1962 4 13.70 26.77 15.61 0.14 0.14 0.14 32.70 69.43 40.18 
1962 5 27.61 27.61 29.05 0.24 0.24 0.24 67.19 71.75 75.56 
1962 6 26.77 26.77 28.15 0.21 0.21 0.21 64.71 62.85 72.05 
1962 7 14.21 27.01 27.69 1.84 1.84 1.84 28.17 59.47 63.92 
1962 8 0.00 15.27 13.42 0.90 0.90 0.90 0.90 39.06 34.17 
1962 9 0.00 13.29 16.32 0.52 0.52 0.52 0.52 34.55 42.33 
1963 10 27.61 27.61 16.59 0.50 0.50 0.50 72.01 72.01 42.95 
1963 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1963 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1963 1 27.61 27.61 25.16 0.00 0.00 0.00 71.51 71.51 65.10 
1963 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1963 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1963 4 26.77 26.77 15.61 0.20 0.20 0.20 69.49 69.49 40.24 
1963 5 27.61 27.61 29.05 0.93 0.93 0.93 72.44 72.44 76.25 
1963 6 26.77 26.77 28.15 0.41 0.41 0.41 69.70 64.00 73.36 
1963 7 3.03 17.26 29.05 0.50 0.50 0.50 6.17 39.55 75.82 
1963 8 0.00 16.98 29.05 0.55 0.55 0.55 0.55 41.84 75.87 
1963 9 0.00 15.25 28.15 0.60 0.60 0.60 0.60 38.42 73.51 
1964 10 27.61 27.61 16.59 0.60 0.60 0.60 72.11 72.11 43.05 
1964 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1964 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1964 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1964 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1964 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1964 4 26.77 26.77 15.61 0.17 0.17 0.17 69.47 69.47 40.22 
1964 5 27.61 27.61 29.05 0.29 0.29 0.29 71.79 71.79 75.60 
1964 6 26.77 26.77 28.15 0.25 0.25 0.25 69.55 63.85 73.20 
1964 7 7.25 21.67 29.05 0.63 0.63 0.63 13.86 47.58 75.95 
1964 8 0.00 13.70 14.17 0.76 0.76 0.76 0.76 35.88 37.19 
1964 9 0.00 13.29 21.11 0.56 0.56 0.56 0.56 34.59 53.93 
1965 10 27.61 27.61 16.59 0.32 0.32 0.32 71.83 71.83 42.77 
1965 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1965 12 27.61 15.11 27.67 0.00 0.00 0.00 71.51 38.77 71.66 
1965 1 27.61 27.61 22.35 0.00 0.00 0.00 71.51 71.51 56.48 
1965 2 25.01 25.01 25.44 0.00 0.00 0.00 64.74 64.74 65.79 
1965 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1965 4 26.77 26.77 15.61 0.13 0.13 0.13 69.43 69.43 40.18 
1965 5 27.61 27.61 29.05 0.20 0.20 0.20 71.71 71.71 75.52 
1965 6 26.77 26.77 28.15 0.19 0.19 0.19 62.21 56.31 65.71 
1965 7 23.85 27.61 28.51 4.00 4.00 4.00 48.34 62.21 60.64 
1965 8 0.00 21.39 14.99 1.98 1.98 1.98 1.98 51.10 34.68 
1965 9 0.00 15.34 9.79 0.79 0.79 0.79 0.79 38.78 24.07 
1966 10 27.61 27.61 16.54 0.30 0.30 0.30 71.81 71.81 42.63 
1966 11 26.77 0.00 11.38 0.00 0.00 0.00 69.29 0.00 29.16 
1966 12 27.61 15.11 18.27 0.00 0.00 0.00 71.51 38.77 46.27 
1966 1 27.61 27.61 23.84 0.00 0.00 0.00 71.51 71.51 61.26 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1966 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1966 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1966 4 26.77 26.77 15.61 0.17 0.17 0.17 69.47 69.47 40.22 
1966 5 27.61 27.61 29.05 0.29 0.29 0.29 71.79 71.79 75.60 
1966 6 26.77 25.55 28.15 0.38 0.38 0.38 69.67 61.67 73.32 
1966 7 2.63 16.81 29.05 1.26 1.26 1.26 6.18 39.56 76.58 
1966 8 0.00 13.78 29.05 0.91 0.91 0.91 0.91 36.20 76.23 
1966 9 0.00 13.29 28.15 0.50 0.50 0.50 0.50 34.53 73.45 
1967 10 27.61 27.61 16.59 0.51 0.51 0.51 72.02 72.02 42.96 
1967 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1967 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1967 1 27.61 27.61 27.22 0.00 0.00 0.00 71.51 71.51 70.48 
1967 2 25.01 25.01 25.87 0.00 0.00 0.00 64.74 64.74 66.89 
1967 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1967 4 26.77 26.77 15.61 0.13 0.13 0.13 69.42 69.42 40.17 
1967 5 27.61 27.61 29.05 0.17 0.17 0.17 71.67 71.67 75.49 
1967 6 26.77 26.77 28.15 0.20 0.20 0.20 67.12 61.71 70.80 
1967 7 12.51 16.01 17.05 0.58 0.58 0.58 23.70 31.97 35.08 
1967 8 0.00 13.70 10.26 0.90 0.90 0.90 0.90 36.03 27.14 
1967 9 0.00 14.66 11.77 0.50 0.50 0.50 0.50 37.19 29.57 
1968 10 27.61 27.61 15.29 0.49 0.49 0.49 71.99 71.99 39.72 
1968 11 26.77 0.00 10.21 0.00 0.00 0.00 69.29 0.00 26.08 
1968 12 27.61 15.11 19.97 0.00 0.00 0.00 71.51 38.77 50.46 
1968 1 27.61 27.61 22.35 0.00 0.00 0.00 71.51 71.51 56.48 
1968 2 25.01 25.01 25.44 0.00 0.00 0.00 64.74 64.74 65.81 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1968 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1968 4 26.77 26.77 15.61 0.11 0.11 0.11 69.40 69.40 40.16 
1968 5 27.61 27.61 27.76 0.16 0.16 0.16 71.62 71.62 72.00 
1968 6 26.77 26.77 28.15 0.66 0.66 0.66 68.63 63.04 69.62 
1968 7 6.93 21.31 16.78 1.87 1.87 1.87 14.50 48.16 39.32 
1968 8 0.00 15.54 7.60 0.60 0.60 0.60 0.60 39.27 18.61 
1968 9 0.00 13.29 12.33 0.52 0.52 0.52 0.52 34.55 32.17 
1969 10 27.61 27.61 15.17 0.35 0.35 0.35 71.86 71.86 39.27 
1969 11 26.77 0.00 10.97 0.00 0.00 0.00 69.29 0.00 28.16 
1969 12 27.61 15.11 13.76 0.00 0.00 0.00 71.51 38.77 35.29 
1969 1 27.61 27.61 22.79 0.00 0.00 0.00 71.51 71.51 57.84 
1969 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1969 3 22.79 27.61 20.03 0.00 0.00 0.00 57.83 71.51 50.60 
1969 4 13.02 26.77 15.61 0.15 0.15 0.15 33.50 69.45 40.20 
1969 5 21.65 27.61 29.05 0.19 0.19 0.19 43.56 66.14 69.82 
1969 6 23.37 25.69 28.15 1.25 1.25 1.25 44.51 49.25 56.57 
1969 7 13.05 25.12 18.26 2.63 2.63 2.63 26.71 56.31 39.53 
1969 8 0.00 14.48 11.75 1.15 1.15 1.15 1.15 37.81 30.69 
1969 9 0.00 13.53 6.73 0.46 0.46 0.46 0.46 34.93 17.32 
1970 10 27.61 27.61 16.59 0.50 0.50 0.50 72.01 72.01 42.95 
1970 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1970 12 27.61 15.11 21.00 0.00 0.00 0.00 71.51 38.77 53.07 
1970 1 27.61 27.61 22.99 0.00 0.00 0.00 71.51 71.51 58.48 
1970 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1970 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1970 4 22.90 26.77 15.61 0.13 0.13 0.13 58.32 69.43 40.18 
1970 5 22.65 27.61 29.05 0.51 0.51 0.51 50.44 71.66 73.44 
1970 6 21.10 26.58 28.15 0.68 0.68 0.68 39.41 50.36 57.16 
1970 7 14.05 26.30 18.74 2.78 2.78 2.78 28.78 58.80 40.15 
1970 8 0.00 15.99 10.17 0.90 0.90 0.90 0.90 40.42 25.03 
1970 9 0.00 14.56 7.93 0.60 0.60 0.60 0.60 37.10 19.82 
1971 10 27.61 27.61 7.31 0.35 0.35 0.35 71.86 71.86 19.01 
1971 11 26.77 0.00 11.15 0.00 0.00 0.00 69.29 0.00 28.61 
1971 12 27.61 15.11 13.87 0.00 0.00 0.00 71.51 38.77 35.58 
1971 1 27.61 27.61 22.65 0.00 0.00 0.00 71.51 71.51 57.38 
1971 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1971 3 17.40 27.61 20.03 0.00 0.00 0.00 44.29 71.51 50.60 
1971 4 12.04 26.77 15.61 0.13 0.13 0.13 30.49 69.43 40.18 
1971 5 12.15 27.61 14.71 0.17 0.17 0.17 27.06 68.01 33.91 
1971 6 26.77 26.77 28.15 0.17 0.17 0.17 50.21 53.67 63.45 
1971 7 12.78 25.55 20.41 0.90 0.90 0.90 24.50 55.78 43.38 
1971 8 0.00 15.36 9.36 0.80 0.80 0.80 0.80 39.13 23.34 
1971 9 0.00 14.86 7.46 0.55 0.55 0.55 0.55 37.62 18.34 
1972 10 27.61 27.61 13.84 0.50 0.50 0.50 72.01 72.01 36.01 
1972 11 26.77 0.00 11.02 0.00 0.00 0.00 69.29 0.00 28.28 
1972 12 27.61 15.11 20.64 0.00 0.00 0.00 71.51 38.77 52.12 
1972 1 27.61 27.61 23.08 0.00 0.00 0.00 71.51 71.51 58.78 
1972 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1972 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1972 4 13.08 26.77 15.61 0.15 0.15 0.15 33.65 69.44 40.19 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1972 5 25.52 27.61 29.05 0.21 0.21 0.21 62.79 71.72 75.53 
1972 6 26.77 26.77 28.15 0.24 0.24 0.24 68.57 63.84 73.19 
1972 7 2.87 17.08 20.35 1.33 1.33 1.33 6.70 40.10 50.59 
1972 8 0.00 13.70 12.34 0.60 0.60 0.60 0.60 35.72 32.28 
1972 9 0.00 15.25 18.00 0.80 0.80 0.80 0.80 38.63 45.24 
1973 10 27.61 27.61 16.59 0.47 0.47 0.47 71.97 71.97 42.91 
1973 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1973 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1973 1 27.61 27.61 24.70 0.00 0.00 0.00 71.51 71.51 63.83 
1973 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1973 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1973 4 26.77 26.77 15.61 0.15 0.15 0.15 69.44 69.44 40.20 
1973 5 21.71 27.61 19.70 0.19 0.19 0.19 50.12 66.46 45.05 
1973 6 26.77 26.77 28.15 0.19 0.19 0.19 52.84 54.06 65.59 
1973 7 16.92 27.61 22.71 1.08 1.08 1.08 32.44 59.84 46.65 
1973 8 0.00 16.62 12.08 1.19 1.19 1.19 1.19 41.84 29.82 
1973 9 0.00 13.29 8.44 0.53 0.53 0.53 0.53 34.56 22.07 
1974 10 27.61 27.61 16.59 0.30 0.30 0.30 71.80 71.80 42.74 
1974 11 26.77 0.00 14.22 0.00 0.00 0.00 69.29 0.00 36.55 
1974 12 27.61 15.11 23.97 0.00 0.00 0.00 71.51 38.77 61.66 
1974 1 27.61 27.61 23.80 0.00 0.00 0.00 71.51 71.51 61.12 
1974 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1974 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1974 4 26.77 26.77 15.61 0.19 0.19 0.19 69.48 69.48 40.24 
1974 5 27.61 27.61 29.05 0.29 0.29 0.29 71.48 71.48 75.30 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1974 6 26.77 26.77 28.15 0.28 0.28 0.28 67.44 61.99 71.09 
1974 7 7.77 22.21 29.05 0.84 0.84 0.84 15.00 48.74 76.16 
1974 8 0.00 13.70 29.05 0.90 0.90 0.90 0.90 36.02 76.22 
1974 9 0.00 13.29 28.15 0.90 0.90 0.90 0.90 34.93 73.85 
1975 10 27.61 27.61 16.59 0.34 0.34 0.34 71.85 71.85 42.79 
1975 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1975 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1975 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1975 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1975 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1975 4 26.77 26.77 15.61 0.16 0.16 0.16 69.45 69.45 40.20 
1975 5 27.61 27.61 29.05 0.25 0.25 0.25 71.48 71.48 75.31 
1975 6 26.77 26.77 28.15 0.22 0.22 0.22 62.39 56.51 65.87 
1975 7 20.79 27.61 26.23 4.00 4.00 4.00 42.16 62.77 57.21 
1975 8 0.00 16.62 18.47 1.30 1.30 1.30 1.30 41.95 46.27 
1975 9 0.00 13.29 21.67 0.77 0.77 0.77 0.77 34.80 55.58 
1976 10 27.61 27.61 16.59 0.30 0.30 0.30 71.81 71.81 42.75 
1976 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1976 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1976 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1976 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1976 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1976 4 26.77 26.77 15.61 0.19 0.19 0.19 69.48 69.48 40.24 
1976 5 27.61 27.61 29.05 0.29 0.29 0.29 71.79 71.79 75.61 
1976 6 26.77 26.77 28.15 0.42 0.42 0.42 69.71 64.02 73.37 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1976 7 5.89 20.14 29.05 0.68 0.68 0.68 11.44 44.81 76.00 
1976 8 0.00 14.28 29.05 0.61 0.61 0.61 0.61 36.89 75.93 
1976 9 0.00 13.53 28.15 1.02 1.02 1.02 1.02 35.50 73.97 
1977 10 27.61 27.61 16.59 0.36 0.36 0.36 71.86 71.86 42.80 
1977 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1977 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1977 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1977 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1977 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1977 4 26.77 26.77 15.61 0.17 0.17 0.17 69.46 69.46 40.22 
1977 5 27.61 27.61 29.05 0.54 0.54 0.54 72.04 72.04 75.86 
1977 6 26.77 25.71 28.15 0.60 0.60 0.60 69.89 62.19 73.55 
1977 7 0.00 13.70 29.05 0.73 0.73 0.73 0.73 33.18 76.05 
1977 8 0.00 13.70 29.05 0.58 0.58 0.58 0.58 35.70 75.90 
1977 9 0.00 13.29 28.15 0.72 0.72 0.72 0.72 34.75 73.67 
1978 10 27.61 27.61 16.59 0.45 0.45 0.45 71.96 71.96 42.90 
1978 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1978 12 27.61 15.11 19.21 0.00 0.00 0.00 71.51 38.77 48.55 
1978 1 27.61 27.61 3.14 0.00 0.00 0.00 71.51 71.51 8.30 
1978 2 25.01 25.01 2.18 0.00 0.00 0.00 64.74 64.74 5.74 
1978 3 27.61 27.61 2.26 0.00 0.00 0.00 71.51 71.51 5.98 
1978 4 26.77 26.77 7.69 0.12 0.12 0.12 69.41 69.41 19.65 
1978 5 27.61 27.61 29.05 0.15 0.15 0.15 71.66 71.66 75.47 
1978 6 26.77 26.77 28.15 0.18 0.18 0.18 64.71 59.37 68.35 
1978 7 18.90 27.61 29.05 0.37 0.37 0.37 35.06 59.14 75.69 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1978 8 0.00 15.08 29.05 0.63 0.63 0.63 0.63 38.42 75.95 
1978 9 0.00 13.29 23.44 0.37 0.37 0.37 0.37 34.39 60.34 
1979 10 27.61 27.61 15.14 0.24 0.24 0.24 71.75 71.75 39.09 
1979 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1979 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1979 1 27.61 27.61 22.59 0.00 0.00 0.00 71.51 71.51 57.21 
1979 2 25.01 25.01 25.47 0.00 0.00 0.00 64.74 64.74 65.88 
1979 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1979 4 26.77 26.77 15.61 0.12 0.12 0.12 69.41 69.41 40.17 
1979 5 27.61 27.61 25.98 0.27 0.27 0.27 65.25 65.25 60.27 
1979 6 26.77 26.77 28.15 0.32 0.32 0.32 63.79 58.40 66.49 
1979 7 17.10 27.61 22.27 3.47 3.47 3.47 35.13 61.90 47.68 
1979 8 0.00 18.42 10.44 1.18 1.18 1.18 1.18 44.83 24.24 
1979 9 0.00 13.69 13.41 0.73 0.73 0.73 0.73 35.52 34.76 
1980 10 27.61 27.61 15.85 0.45 0.45 0.45 71.96 71.96 41.11 
1980 11 26.77 0.00 11.29 0.00 0.00 0.00 69.29 0.00 28.94 
1980 12 27.61 15.11 13.64 0.00 0.00 0.00 71.51 38.77 34.97 
1980 1 27.61 27.61 23.23 0.00 0.00 0.00 71.51 71.51 59.25 
1980 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1980 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1980 4 26.77 26.77 15.61 0.15 0.15 0.15 69.44 69.44 40.20 
1980 5 27.61 27.61 14.93 0.19 0.19 0.19 64.20 64.20 30.20 
1980 6 26.77 26.77 28.15 0.49 0.49 0.49 52.95 50.53 55.19 
1980 7 17.28 27.61 22.12 3.04 3.04 3.04 34.98 60.68 46.76 
1980 8 0.00 15.45 10.11 0.85 0.85 0.85 0.85 39.35 25.25 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1980 9 0.00 13.36 10.09 0.68 0.68 0.68 0.68 34.84 26.36 
1981 10 27.61 27.61 16.59 0.60 0.60 0.60 72.10 72.10 43.05 
1981 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1981 12 27.61 15.11 23.62 0.00 0.00 0.00 71.51 38.77 60.55 
1981 1 27.61 27.61 23.80 0.00 0.00 0.00 71.51 71.51 61.12 
1981 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1981 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1981 4 26.77 26.77 15.61 0.19 0.19 0.19 69.48 69.48 40.24 
1981 5 27.61 27.61 29.05 0.25 0.25 0.25 71.76 71.76 75.57 
1981 6 26.77 26.77 28.15 0.39 0.39 0.39 69.68 63.98 73.34 
1981 7 2.87 17.08 29.05 0.71 0.71 0.71 6.08 39.48 76.03 
1981 8 0.00 13.70 27.15 0.79 0.79 0.79 0.79 35.91 71.08 
1981 9 0.00 13.29 25.70 0.70 0.70 0.70 0.70 34.72 67.15 
1982 10 27.61 27.61 16.59 0.51 0.51 0.51 72.02 72.02 42.96 
1982 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1982 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1982 1 27.61 27.61 26.20 0.00 0.00 0.00 71.51 71.51 67.77 
1982 2 25.01 25.01 25.44 0.00 0.00 0.00 64.74 64.74 65.79 
1982 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1982 4 26.77 26.77 15.61 0.14 0.14 0.14 69.43 69.43 40.19 
1982 5 27.61 27.61 29.05 0.22 0.22 0.22 71.72 71.72 75.54 
1982 6 26.77 26.77 28.15 0.50 0.50 0.50 69.79 64.09 71.74 
1982 7 16.83 27.61 23.10 2.00 2.00 2.00 33.20 60.77 48.90 
1982 8 0.00 18.78 11.65 1.07 1.07 1.07 1.07 45.36 26.87 
1982 9 0.00 16.06 15.36 0.64 0.64 0.64 0.64 39.99 38.21 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1983 10 27.61 27.61 12.95 0.45 0.45 0.45 71.96 71.96 33.65 
1983 11 26.77 0.00 10.87 0.00 0.00 0.00 69.29 0.00 27.90 
1983 12 27.61 15.11 13.66 0.00 0.00 0.00 71.51 38.77 35.01 
1983 1 27.61 27.61 18.58 0.00 0.00 0.00 71.51 71.51 47.00 
1983 2 25.01 25.01 26.00 0.00 0.00 0.00 64.74 64.74 67.22 
1983 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1983 4 22.66 26.77 15.61 0.11 0.11 0.11 57.53 69.40 40.16 
1983 5 11.16 27.61 10.90 0.13 0.13 0.13 26.00 69.34 25.33 
1983 6 24.40 26.77 28.15 0.34 0.34 0.34 45.85 50.37 54.77 
1983 7 27.61 27.61 29.05 1.08 1.08 1.08 52.70 52.70 58.22 
1983 8 0.00 22.45 15.92 0.60 0.60 0.60 0.60 51.63 34.91 
1983 9 0.00 14.01 7.31 0.53 0.53 0.53 0.53 35.97 18.57 
1984 10 27.61 27.61 7.37 0.48 0.48 0.48 71.98 71.98 19.31 
1984 11 26.77 0.00 2.95 0.00 0.00 0.00 69.29 0.00 7.79 
1984 12 27.61 15.11 7.97 0.00 0.00 0.00 71.51 38.77 20.35 
1984 1 27.61 27.61 12.32 0.00 0.00 0.00 71.51 71.51 31.63 
1984 2 12.05 25.01 19.91 0.00 0.00 0.00 30.91 64.74 50.31 
1984 3 6.23 27.61 20.03 0.00 0.00 0.00 15.74 71.51 50.60 
1984 4 12.54 26.77 15.61 0.14 0.14 0.14 32.33 69.43 40.19 
1984 5 14.77 17.05 24.83 0.30 0.30 0.30 27.67 34.38 55.60 
1984 6 25.36 25.36 28.15 0.22 0.22 0.22 50.18 50.18 64.72 
1984 7 18.45 27.61 26.74 1.61 1.61 1.61 35.50 60.38 57.99 
1984 8 0.00 19.59 11.87 0.75 0.75 0.75 0.75 46.57 26.55 
1984 9 0.00 15.88 11.99 0.90 0.90 0.90 0.90 39.91 29.52 
1985 10 27.61 27.61 15.82 0.40 0.40 0.40 71.90 71.90 40.98 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1985 11 26.77 0.00 10.85 0.00 0.00 0.00 69.29 0.00 27.88 
1985 12 27.61 15.11 23.90 0.00 0.00 0.00 71.51 38.77 61.44 
1985 1 27.61 27.61 22.80 0.00 0.00 0.00 71.51 71.51 57.86 
1985 2 25.01 25.01 25.88 0.00 0.00 0.00 64.74 64.74 66.90 
1985 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1985 4 23.83 24.34 15.61 0.20 0.20 0.20 60.96 62.52 40.25 
1985 5 25.22 25.22 29.05 0.19 0.19 0.19 59.76 59.76 73.45 
1985 6 26.77 26.77 28.15 0.46 0.46 0.46 67.19 61.79 70.84 
1985 7 6.37 20.68 20.78 0.66 0.66 0.66 12.26 45.76 48.69 
1985 8 0.00 13.70 9.55 0.54 0.54 0.54 0.54 35.66 24.82 
1985 9 0.00 13.29 13.29 0.44 0.44 0.44 0.44 34.46 34.46 
1986 10 27.61 27.61 11.95 0.16 0.16 0.16 71.66 71.66 30.80 
1986 11 26.77 0.00 10.56 0.00 0.00 0.00 69.29 0.00 27.10 
1986 12 27.61 15.11 21.44 0.00 0.00 0.00 71.51 38.77 54.25 
1986 1 27.61 27.61 22.35 0.00 0.00 0.00 71.51 71.51 56.48 
1986 2 25.01 25.01 25.46 0.00 0.00 0.00 64.74 64.74 65.85 
1986 3 14.21 22.94 20.03 0.00 0.00 0.00 36.52 58.32 50.60 
1986 4 13.94 13.94 15.61 0.50 0.50 0.50 35.23 35.23 40.55 
1986 5 27.61 27.61 29.05 0.26 0.26 0.26 67.63 67.63 74.63 
1986 6 26.77 26.77 28.15 0.18 0.18 0.18 52.20 52.07 61.74 
1986 7 16.38 27.61 22.27 0.38 0.38 0.38 30.78 59.14 45.02 
1986 8 0.00 15.99 9.87 0.63 0.63 0.63 0.63 40.15 23.97 
1986 9 0.00 13.69 5.78 0.27 0.27 0.27 0.27 35.07 14.60 
1987 10 27.61 27.61 8.19 0.18 0.18 0.18 71.68 71.68 21.10 
1987 11 26.77 0.00 10.79 0.00 0.00 0.00 69.29 0.00 27.72 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1987 12 27.61 15.11 19.26 0.00 0.00 0.00 71.51 38.77 48.68 
1987 1 27.61 27.61 22.73 0.00 0.00 0.00 71.51 71.51 57.63 
1987 2 24.26 25.01 25.90 0.00 0.00 0.00 62.57 64.74 66.96 
1987 3 6.22 6.27 20.03 0.00 0.00 0.00 15.70 15.83 50.60 
1987 4 15.60 15.60 15.61 0.50 0.50 0.50 39.58 39.58 40.55 
1987 5 27.61 27.61 29.05 0.42 0.42 0.42 67.09 67.09 72.04 
1987 6 26.77 26.49 28.15 0.24 0.24 0.24 65.73 60.54 70.06 
1987 7 2.03 16.09 17.22 0.93 0.93 0.93 4.69 37.96 43.34 
1987 8 0.00 13.70 7.28 0.35 0.35 0.35 0.35 35.47 18.92 
1987 9 0.00 13.29 13.42 0.38 0.38 0.38 0.38 34.40 34.72 
1988 10 27.61 27.61 14.20 0.25 0.25 0.25 71.76 71.76 36.74 
1988 11 26.77 0.00 10.67 0.00 0.00 0.00 69.29 0.00 27.40 
1988 12 27.61 15.11 24.58 0.00 0.00 0.00 71.51 38.77 63.50 
1988 1 27.61 27.61 23.09 0.00 0.00 0.00 71.51 71.51 58.82 
1988 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1988 3 22.88 27.61 20.03 0.00 0.00 0.00 58.13 71.51 50.60 
1988 4 12.67 14.72 15.61 0.16 0.16 0.16 32.36 37.69 40.21 
1988 5 27.61 27.61 29.05 0.50 0.50 0.50 70.89 70.89 75.82 
1988 6 26.77 26.77 28.15 0.26 0.26 0.26 68.78 63.85 73.20 
1988 7 2.95 17.17 22.12 0.82 0.82 0.82 6.34 39.73 54.36 
1988 8 0.00 13.70 15.27 0.90 0.90 0.90 0.90 36.02 40.07 
1988 9 0.00 13.29 16.85 0.50 0.50 0.50 0.50 34.53 43.56 
1989 10 27.61 27.61 16.59 0.51 0.51 0.51 72.02 72.02 42.96 
1989 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1989 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1989 1 27.61 27.61 28.80 0.00 0.00 0.00 71.51 71.51 74.64 
1989 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1989 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1989 4 26.77 26.77 15.61 0.26 0.26 0.26 69.55 69.55 40.31 
1989 5 27.61 27.61 29.05 0.54 0.54 0.54 72.04 72.04 75.86 
1989 6 26.77 26.77 28.15 0.49 0.49 0.49 69.78 64.08 73.43 
1989 7 3.83 18.16 29.05 0.83 0.83 0.83 7.91 41.34 76.15 
1989 8 0.00 14.98 29.05 0.51 0.51 0.51 0.51 38.11 75.82 
1989 9 0.00 13.29 27.74 0.50 0.50 0.50 0.50 34.53 72.33 
1990 10 27.61 27.61 16.59 0.60 0.60 0.60 72.11 72.11 43.05 
1990 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1990 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1990 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1990 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1990 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1990 4 26.77 26.77 15.61 0.11 0.11 0.11 69.40 69.40 40.16 
1990 5 27.61 27.61 29.05 0.15 0.15 0.15 71.35 71.35 75.18 
1990 6 26.77 26.77 28.15 0.18 0.18 0.18 68.48 62.90 72.11 
1990 7 7.77 22.21 14.56 1.98 1.98 1.98 16.14 49.88 32.95 
1990 8 0.00 14.02 4.85 0.23 0.23 0.23 0.23 36.00 12.53 
1990 9 0.00 13.36 10.87 0.40 0.40 0.40 0.40 34.56 28.26 
1991 10 27.61 27.61 13.74 0.22 0.22 0.22 71.72 71.72 35.46 
1991 11 26.77 0.00 10.67 0.00 0.00 0.00 69.29 0.00 27.40 
1991 12 27.61 15.11 13.95 0.00 0.00 0.00 71.51 38.77 35.82 
1991 1 27.61 27.61 15.22 0.00 0.00 0.00 71.51 71.51 39.05 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1991 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1991 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1991 4 23.48 26.77 15.61 0.14 0.14 0.14 60.23 69.43 40.19 
1991 5 27.28 27.61 29.05 0.22 0.22 0.22 67.04 71.73 75.54 
1991 6 26.77 26.77 28.15 0.24 0.24 0.24 67.38 61.93 71.03 
1991 7 5.71 19.96 29.05 1.78 1.78 1.78 12.22 45.59 73.88 
1991 8 0.00 14.98 8.08 0.60 0.60 0.60 0.60 38.20 20.26 
1991 9 0.00 13.45 13.23 0.57 0.57 0.57 0.57 34.88 34.34 
1992 10 27.61 27.61 16.59 0.22 0.22 0.22 71.72 71.72 42.67 
1992 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1992 12 27.61 15.11 28.14 0.00 0.00 0.00 71.51 38.77 72.92 
1992 1 27.61 27.61 22.74 0.00 0.00 0.00 71.51 71.51 57.67 
1992 2 25.01 25.01 25.88 0.00 0.00 0.00 64.74 64.74 66.93 
1992 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1992 4 26.40 26.77 15.61 0.13 0.13 0.13 67.61 69.42 40.17 
1992 5 27.61 27.61 29.05 0.43 0.43 0.43 71.93 71.93 75.75 
1992 6 26.77 26.77 28.15 0.25 0.25 0.25 65.74 63.84 73.20 
1992 7 3.83 18.16 18.04 1.16 1.16 1.16 8.24 41.67 44.05 
1992 8 0.00 13.70 10.20 0.50 0.50 0.50 0.50 35.62 26.55 
1992 9 0.00 13.29 12.10 0.50 0.50 0.50 0.50 34.53 31.53 
1993 10 27.61 27.61 11.52 0.15 0.15 0.15 71.65 71.65 29.66 
1993 11 26.77 0.00 11.20 0.00 0.00 0.00 69.29 0.00 28.72 
1993 12 27.61 15.11 23.77 0.00 0.00 0.00 71.51 38.77 61.05 
1993 1 27.61 27.61 22.35 0.00 0.00 0.00 71.51 71.51 56.48 
1993 2 25.01 25.01 25.44 0.00 0.00 0.00 64.74 64.74 65.79 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1993 3 19.97 27.61 20.03 0.00 0.00 0.00 50.47 71.51 50.60 
1993 4 8.03 24.88 15.61 0.11 0.11 0.11 20.59 64.43 40.16 
1993 5 27.61 27.61 29.05 0.20 0.20 0.20 65.47 65.47 75.52 
1993 6 26.77 26.77 28.15 0.44 0.44 0.44 63.59 63.59 71.58 
1993 7 13.97 26.77 21.13 2.77 2.77 2.77 28.61 59.94 46.17 
1993 8 0.00 16.98 15.46 1.14 1.14 1.14 1.14 42.43 38.60 
1993 9 0.00 14.36 12.43 0.56 0.56 0.56 0.56 36.68 31.62 
1994 10 27.61 27.61 15.36 0.21 0.21 0.21 71.72 71.72 39.62 
1994 11 26.77 0.00 11.56 0.00 0.00 0.00 69.29 0.00 29.60 
1994 12 27.61 15.11 16.99 0.00 0.00 0.00 71.51 38.77 43.38 
1994 1 27.61 27.61 23.84 0.00 0.00 0.00 71.51 71.51 61.27 
1994 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1994 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1994 4 14.47 15.25 15.61 0.17 0.17 0.17 36.46 38.42 40.22 
1994 5 27.61 27.61 29.05 0.50 0.50 0.50 72.01 72.01 75.82 
1994 6 26.77 26.77 28.15 0.43 0.43 0.43 69.72 64.02 73.38 
1994 7 0.00 15.09 29.05 0.95 0.95 0.95 0.95 36.08 76.27 
1994 8 0.00 13.70 29.05 0.75 0.75 0.75 0.75 35.87 76.07 
1994 9 0.00 13.29 28.15 0.76 0.76 0.76 0.76 34.79 73.71 
1995 10 27.61 27.61 16.59 0.19 0.19 0.19 71.69 71.69 42.63 
1995 11 26.77 0.00 15.61 0.00 0.00 0.00 69.29 0.00 40.05 
1995 12 27.61 15.11 29.05 0.00 0.00 0.00 71.51 38.77 75.32 
1995 1 27.61 27.61 29.05 0.00 0.00 0.00 71.51 71.51 75.32 
1995 2 25.01 25.01 26.29 0.00 0.00 0.00 64.74 64.74 68.01 
1995 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 



    Generation at Flatiron PP 
Generation at Big Thompson 

PP Total Generation 
WY                     
Year Month Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV Alt I Alt II Alt III+IV 
1995 4 26.77 26.77 15.61 0.15 0.15 0.15 69.45 69.45 40.20 
1995 5 27.61 27.61 29.05 0.18 0.18 0.18 70.82 70.82 74.08 
1995 6 26.77 26.77 28.15 0.20 0.20 0.20 50.24 50.24 54.53 
1995 7 27.61 27.61 29.05 1.71 1.71 1.71 53.32 53.32 59.55 
1995 8 0.00 20.58 16.74 1.74 1.74 1.74 1.74 49.33 39.66 
1995 9 0.00 15.06 11.19 0.96 0.96 0.96 0.96 38.42 28.13 
1996 10 27.61 27.61 13.40 0.16 0.16 0.16 71.67 71.67 34.46 
1996 11 26.77 0.00 10.46 0.00 0.00 0.00 69.29 0.00 26.82 
1996 12 27.61 15.11 15.92 0.00 0.00 0.00 71.51 38.77 40.83 
1996 1 27.61 27.61 22.41 0.00 0.00 0.00 71.51 71.51 56.64 
1996 2 25.01 25.01 25.48 0.00 0.00 0.00 64.74 64.74 65.91 
1996 3 27.61 27.61 20.03 0.00 0.00 0.00 71.51 71.51 50.60 
1996 4 26.77 26.77 15.61 0.11 0.11 0.11 69.40 69.40 40.16 
1996 5 27.61 27.61 29.05 0.52 0.52 0.52 72.03 72.03 75.84 
1996 6 26.77 26.77 28.15 0.27 0.27 0.27 66.96 61.81 70.91 
1996 7 10.53 23.71 16.25 0.47 0.47 0.47 19.95 51.66 34.30 
1996 8 0.00 15.27 10.09 0.50 0.50 0.50 0.50 38.66 24.98 
1996 9 0.00 14.96 12.66 0.29 0.29 0.29 0.29 37.55 31.55 
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Grand Lake Operations and Management Study: 

Final Report of the External Review Panel on the Draft Preliminary Alternatives Development 

Report for the Colorado-Big Thompson Project West Slope Collection System 

 

On June 28, 2012, the three-member External Review Panel (Review Panel) participated 

in a teleconference with representatives of the Bureau of Reclamation, Grand County, the 

Northern Colorado Water Conservancy District (the Northern District), and TetraTech.  The 

purpose of the teleconference was to discuss the July 2012 Draft Preliminary Alternatives 

Development Report (July Draft), which was prepared by the Eastern Colorado Area Office of 

the Bureau of Reclamation in consultation with Grand County, the Northern District, and 

TetraTech. Grand County, the Northern District, and the three members the Review Panel also 

provided comments on the July Draft.  The purpose of this report is to summarize the final 

comments of the Review Panel, including comments on the four recommended alternatives.   

1. Main conclusions about the draft report 

The primary purpose of the July Draft is to determine whether it is appropriate to 

continue with development of alternatives for improvement of water clarity in Grand Lake, 

Colorado.  Alternatives under consideration are subject to various constraints, including those 

related to water yield and power generation for the Colorado-Big Thompson (C-BT) Project, 

protection of aquatic life, and public acceptance.  In the July Draft, four alternatives are 

recommended for further consideration: Alternative I (no Farr pumping, June – September), 

Alternative II (reduced Farr pumping, July – September; possibly in combination with 

Alternative I), Alternative III (bypass Grand Lake), and Alternative IV (bypass Grand Lake and 

Shadow Mountain Reservoir).  The July Draft also lists potential solutions that are not evaluated 



 2 

now but could be evaluated in the future, including modifications to the recommended 

alternatives (e.g., a floating pipeline) and options that could be used in combination with one of 

the recommended alternatives (e.g., oxygenation of Shadow Mountain Reservoir).  In addition, 

potential solutions that have not yet been considered also could be evaluated in the future.  The 

Review Panel believes that the overall conclusions presented in the July Draft are appropriate. 

Among the potential solutions now under consideration and based on available information, 

Alternative III is most likely to result in attainment of the proposed clarity standard for Grand 

Lake while also allowing for sufficient control over diversions, maintaining power generation, 

and meeting public acceptance.  Alternatives I, II, and IV remain under consideration, but 

Alternatives I and II are less likely than Alternative III to meet the clarity goals for Grand Lake 

and Alternative IV may not offer sufficient operational flexibility due to the loss of storage 

capacity of Shadow Mountain Reservoir.  Alternative IV also poses water quality problems that 

could be avoided with Alternative III (see below). 

2. Additional comments of the review panel 

For each of the alternatives that is considered in the July Draft, there is some uncertainty 

with respect to improvements in clarity, and some of the alternatives could have unwanted 

consequences for water quality in Grand Lake or elsewhere in the C-BT system.  Maintenance of 

high water quality for deliveries to the East Slope is of particular concern, but some of the 

alternatives could have unanticipated effects on water quality in Grand Lake due to interactions 

between nutrient supply and water residence time.  

Alternatives I and II:  Alternatives I and II seek improvements in water clarity of Grand 

Lake through operational changes (no pumping or low rates of pumping, July - September).  

Compared with current operations conditions, these alternatives might produce slight 
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improvements in water clarity of Grand Lake during the summer months, but these alternatives 

may not result in attainment of the proposed clarity standard.  Furthermore, increased water 

residence time during the growing season combined with nutrient enrichment from the reservoirs 

prior to the growing season could lead to more algal biomass during the summer months than 

currently is characteristic of Grand Lake.  In order to meet the requirements for East Slope 

diversions, rates of pumping October – June would be higher than under current operations 

conditions.  Thus, either of these alternatives could have unwanted effects on water quality for 

Grand Lake and diversions to the Adams Tunnel at some times of year. 

Uncertainty in the effects of Alternatives I and II on clarity or other aspects of water 

quality originates partly from complex linkages between abiotic factors (e.g., nutrient 

concentrations, temperature, hydrologic residence time) and growth of phytoplankton in Grand 

Lake.  During the summer months, pumping has been stopped experimentally for periods of a 

few weeks, and in 2011, abnormal hydrologic conditions resulted in no pumping from mid May 

through early September.  Studies of water quality during these experimental stoppages and 

during 2011 have provided some information relevant to expected conditions with low pumping 

or no pumping for the summer months, but conditions during the brief stop-pump experiments 

and during 2011 are not fully analogous to the range of conditions that might occur across 

multiple years under Alternatives I or II.  The effects of Alternatives I or II could be tested 

experimentally, however, through stop-pump or low-pump experiments that extend from July 

through September in multiple years (e.g., including wet and dry years).  Although available 

information suggests that Alternative III is more likely to meet the proposed clarity standard than 

other alternatives under consideration, additional stop-pump experiments could demonstrate the 

viability of Alternatives I and II. 
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Alternatives III and IV:  Alternatives III and IV would allow water from Granby 

Reservoir to bypass Grand Lake (III) or Shadow Mountain Reservoir and Grand Lake (IV) and 

would require diversion of water from the reservoirs to the Adams Tunnel through Grand Lake 

under unusual circumstances (e.g. supply canal failure).   

 Routing of water from Grand Lake:  Routing of water from Grand Lake is important for 

Alternatives III and IV. Some variations on Alternatives III and IV would call for Grand Lake 

water outflow to be mixed with water from one or both reservoirs before being sent to the Adams 

Tunnel (e.g., via the channel between Grand Lake and Shadow Mountain Reservoir). Especially 

for algal biomass, this practice might offset the potential for Grand Lake water to sustain the 

current quality characteristics for water passing through the Adams Tunnel. The addition of 

water from Grand Lake to the two reservoirs probably would not reduce the amount of algal 

biomass through dilution in the blended Grand Lake/reservoir water. For example, residence 

times for water in Shadow Mountain Reservoir would at times allow full algal biomass 

development for the Grand Lake water, which presently does not occur because Grand Lake is 

rapidly flushed during the growing season. In other words, algal biomass in these lakes cannot be 

treated as a conservative characteristic for which calculations can be made easily for quality of 

blended water sources. Blending may cause the present biomass dilution in Grand Lake to 

disappear. 

 The best operational mode for disposition of water from Grand Lake is to ensure is that it 

is a discrete supply when it reaches the Adams Tunnel, i.e., it is not mixed with other water until 

it enters the tunnel. In this way, monitoring of the supply water for the Adams Tunnel will show 

the full benefit of the Grand Lake component of supply. 

 Hydraulic isolation of Grand Lake:  Hydraulic separation of Grand Lake from out of 
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basin water sources is important. Entry of water through the connecting channel or by other 

means from sources outside the Grand Lake watershed could have surprisingly adverse effects 

on Grand Lake even though the quantities of water diverted in this manner might be minor from 

a hydrologic standpoint. When not used for large throughflow volumes, Grand Lake will be more 

sensitive to external nutrient supply than it is at present because its hydraulic residence time will 

be much longer. Residence time is relevant to potential for algal accumulation. Under present 

operations, short hydraulic residence times during the growing season caused by pumping 

suppress algal accumulation by stripping algae from the upper water column. For this reason, 

under present conditions the main contributor to suppression of transparency in Grand Lake is 

non-living particulate matter rather than algae. Separation of Grand Lake from the large 

throughflows of water from Shadow Mountain Reservoir (and Granby) will greatly reduce the 

influence of suspended non-living particulate matter on transparency. At the same time, 

however, the beneficial suppression of algal accumulation caused by rapid water removal from 

the surface of Grand Lake will no longer occur. Grand Lake is more likely to produce algal 

populations that use all of the available nutrients rather than being stripped from the water 

column before they have the opportunity to reach maximum abundance. Therefore, if Grand 

Lake is bypassed (Alternative III or IV), the dominant factor in the future for transparency for 

Grand Lake is likely to be algal biomass rather than non-living suspended particulate matter. In 

this case, the addition of even seemingly small amounts of water richer in nutrients than Grand 

Lake itself must be avoided, because the lake will respond fully to any such additions. Although 

any effect of watershed control of nutrients on algal growth in Granby and Shadow Mountain 

Reservoirs is likely to be small because of natural sources of phosphorus, control of nutrient 

sources within the Grand Lake watershed may have measurable benefits if Grand Lake is 
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bypassed. However, the lake also will need to be shielded from flows that might enter from the 

two reservoirs, unless some temporary and unusual emergency requires that this restriction be 

lifted. 

 Capture of water from North and East Inlets:  Implementation of any operational scheme 

that involves direct capture of water from East Inlet or North Inlet for water en route to the 

Adams Tunnel (e.g. some versions of Alternative IV) may adversely change the water quality 

characteristics of Grand Lake. With its natural supplies intact and no pumping or diversions, the 

Grand Lake water balance will be dominated by flows originating from East Inlet and North 

Inlet. Water quality sampling shows that the water in these two streams is exceptionally free of 

nutrients and suspended solids. Nutrient supplies for these streams are near the minimum of all 

waters in Colorado. Other water will enter Grand Lake directly through much smaller streams or 

through subsurface flow. This water, which comes from low elevation and therefore has more 

contact with soil than the North and East Inlets, likely has higher concentrations of nutrients. The 

distinctions here are small because all of these water sources for Grand Lake are low in nutrients, 

but the higher elevation source likely is significantly lower in nutrients than the lower elevation 

source. In addition, human presence, although not grossly polluting the lake, likely produces 

small amounts of additional nutrients and suspended solids that reach the lake. With a natural 

hydrologic regime these effects will be greatly diminished by the entry of large amounts of water 

from the North and East Inlet. The North and East Inlets provide a large amount of dilution that 

counterbalances slightly richer sources of nutrients or suspended solids that originate naturally or 

from anthropogenic sources at lower elevation. Therefore, direct diversion of the North and East 

Inlet waters is undesirable and could undermine the goal of the clarity improvement project. 

 Potential for improvement in clarity:  The clarity of Grand Lake with successful 
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execution of modified operations that isolate it hydrologically from other water sources and 

allow its natural water sources to remain intact is not entirely certain. An improvement in water 

quality is highly likely, but the lake will be operating under a new regime that involves algal 

populations and non-living suspended solids that are dictated by conditions in the Grand Lake 

watershed rather than by the large volumes of pumped water that now control conditions in the 

lake. Return to transparencies as high as nine meters as measured by Secchi depth, for example, 

cannot be confidently predicted. Nutrient sources in the watershed involving human activity are 

likely small but the relative importance of these sources will be magnified by increased hydraulic 

residence time. At present the local sources are insignificant because they are overwhelmed by 

external sources. In the future, they may be a significant part of the overall nutrient budget of the 

lake, even though they are small in a quantitative sense. If the transparency that ensues from 

hydrologic isolation of Grand Lake is unsatisfactory, analysis of small anthropogenic nutrient 

sources would be the logical first place to seek further improvement. The same would apply to 

suspended solids, which are mobilized by human activities. 

 

William M. Lewis, Jr. 

James H. McCutchan, Jr. 

Geoffrey Schladow 

July 9, 2012 
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