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reduction in C-BT deliveries from Lake Granby to Horsetooth and consequently lower 
Horsetooth contents in March and the following months on average.  C-BT deliveries to 
Carter Lake would not be affected by the additional tunnel outage in March because Carter 
Lake storage targets are met before deliveries are made to Horsetooth Reservoir.   

Occasionally, Horsetooth Reservoir contents under the Proposed Action would be lower 
than Existing Conditions (35 to 40 feet) in dry years if C-BT contents in Lake Granby are 
exhausted earlier due to C-BT deliveries to Chimney Hollow Reservoir in previous years; 
however, the chance of a decrease in Horsetooth of more than 10 feet in any given year 
would be only 15 percent (Figure 41).  This would occur due to C-BT deliveries made to 
Chimney Hollow in previous years.  As a result, the amount of C-BT water available for 
delivery to Carter Lake and Horsetooth Reservoir would be less in dry years if C-BT contents 
in Lake Granby are exhausted, and consequently C-BT contents in those reservoirs would be 
less.  C-BT contents in those reservoirs could also be less in a dry year if Adams Tunnel 
capacity is a limiting factor.  Although C-BT contents in Carter Lake and Horsetooth would 
be lower in those years, total C-BT reservoir contents, including C-BT contents in Chimney 
Hollow, would be roughly the same.   

Figure 40.  Horsetooth Reservoir estimated average surface elevation for all 
alternatives. 
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Figure 41.  Horsetooth Reservoir estimated average monthly surface elevation for the 
Proposed Action.   
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Chimney Hollow Reservoir.  Chimney Hollow Reservoir would remain nearly full of 

both C-BT and Windy Gap water (Figure 42).  Fluctuations in the end of month contents 
from full reflect modeled evaporation losses that are assessed at the end of the month and 
deliveries to meet demands, which also occur at the end of the month in the model.  Windy 
Gap contents in Chimney Hollow typically would increase during the runoff season as 
Chimney Hollow fills and would decrease through the remainder of the year as releases are 
made to meet Windy Gap demands.  During dry year sequences, less Windy Gap water 
would be diverted and stored in Chimney Hollow; consequently, C-BT contents would be 
highest in those years.  Figure 43 shows the modeled monthly volume of C-BT and Windy 
Gap water that would be stored in Chimney Hollow Reservoir under the Proposed Action. 
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Figure 42.  Proposed Action Chimney Hollow Reservoir average, wet, and dry year 
daily contents. 
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Figure 43.  End-of-month storage volume of C-BT and Windy Gap water in Chimney 
Hollow Reservoir under the Proposed Action.   
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7.5.2. Ground Water Hydrology and Quality 

7.5.2.1. West Slope Reservoirs 
Although the Proposed Action would result in the largest reduction in the elevation of 

Lake Granby on average of any of the alternatives (occasionally more than 20 feet), the 
existing annual variation in lake level of nearly 90 feet is much greater.  The source of 
ground water to the lake is from topographically higher areas surrounding the lake. 

As discussed in Section 7.2.2, there are not expected to be any measurable effects to 
ground water quality for the Proposed Action or other alternatives. 

7.5.2.2. West Slope Streams 
Changes in flow and the resulting stage changes are considered to be minor with respect 

to potential effects to adjacent ground water levels.  The changes in river stage under the 
Proposed Action would not result in measurable effects to ground water levels. 

As discussed in Section 7.2.2, it is expected that there would be only minor effects to 
alluvial ground water quality along the Colorado River and no effects to ground water quality 
near Willow Creek. 

7.5.2.3. East Slope Reservoirs 
The impoundment of surface water in Chimney Hollow or Dry Creek would not 

negatively affect existing ground water and nearby ground water users.  Ground water use in 
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these areas is limited primarily to domestic wells in fractured bedrock, usually in higher areas 
around the project alternatives.  The bedrock aquifers are recharged by infiltration in areas 
where the bedrock aquifers crop out, usually well above the footprint of the proposed 
impoundment.  It is possible that the proposed impoundment could provide additional 
recharge to fractured aquifers, but this would likely be limited due to the relatively low 
hydraulic conductivity of the bedrock formations.  Any changes in the surface elevation of 
existing reservoirs (Carter Lake and Horsetooth Reservoir) would result in minimal changes 
to nearby ground water levels, as discussed in Section 7.2.1.   

As discussed in Section 7.2.2, there are not expected to be any effects to ground water 
quality at the proposed or existing reservoir locations for the Proposed Action. 

7.5.2.4. East Slope Streams 
Because the average monthly stage change in the Big Thompson River between Lake 

Estes and the Hansen Feeder Canal under No Action would be no more than 0.05 foot (Table 
E-1), effects to alluvial or bedrock ground water would be negligible.  For the other East 
Slope streams affected by changing return flows from Participants’ WWTPs, because stage 
changes are expected to be small, increases in alluvial ground water levels would likely be 
unmeasurable.  As discussed in Section 7.2.2, it is expected that ground water quality would 
not be affected near the foothill streams (North St. Vrain Creek, St. Vrain Creek at Lyons, 
and Big Thompson River below Lake Estes to the Hansen Feeder Canal).  For the other East 
Slope streams, there may be minor changes in alluvial ground water quality near the streams.   

7.5.3. Stream Morphology and Sedimentation 
7.5.3.1. West Slope Streams 

Colorado River.  Evaluation and modeling of the effects to the Colorado River for the 
1981 Windy Gap Project EIS showed that with a proposed average withdrawal of 56,000 AF 
per year of water at Windy Gap Reservoir, no significant increases in sediment transport or 
the rate of sediment deposition would occur downstream of the diversion (Ward and 
Eckhardt 1981).  Ward and Eckhardt’s study (1981) is still relevant despite its early 
publication because the predicted decreases in streamflow under the Proposed Action would 
be less than those evaluated in the original EIS, and  the sediment transport rate of the river 
far exceeds the sediment supply even at higher diversion rates used in the previous study.  In 
addition, there have been no substantial changes in the watershed condition that have 
accelerated sediment delivery, and Windy Gap Reservoir now captures a portion of the 
sediment from the Upper Colorado and Fraser River basins.  Although the number of 
pumping days and daily pumping rates evaluated in the original Windy Gap EIS were 
different than what was estimated for the present evaluation, the average annual diversion 
was greater in the earlier study than would occur under the Proposed Action (46,100 AF), the 
No Action alternative (43,600 AF per year), or any of the other action alternatives (48,100 
AF to 48,500 AF).  As discussed in Section 7.4.3.1, the previous study concluded that the 
required flushing flow of 450 cfs below Windy Gap would be sufficient to transport fine 
sediments (Ward 1981).  Under the Proposed Action there would be 93 days of flushing 
flows greater than 450 cfs in wet years compared to 103 days under Existing Conditions and 
94 days under No Action (Table 23).  In an average year, flows greater than 450 cfs would 
occur for 36 days, compared to 45 days under Existing Conditions and 38 days under No 
Action.   
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Flow duration curves, derived from daily flow changes, provide a comparison of the 
percentage change in flows at different rates between Existing Conditions and the Proposed 
Action for the USGS gages located at Hot Sulphur Springs and near Kremmling (Figure B-1 
and Figure B-2).  By comparing the flow duration curves, the maximum difference between 
Existing Conditions and the alternatives for a given exceedance percentage can be 
determined.  Because the average morphologic characteristics of a channel are formed when 
a stream flows at its bankfull discharge (1½- to 2-year peak flow) (Rosgen 1996), differences 
shown on the flow duration curves between Existing Conditions and the alternatives that are 
lower than the bankfull discharge would have minimal effects on channel morphology.  At 
Hot Sulphur Springs, the 2-year peak discharge was estimated to be 923 cfs under Existing 
Conditions.  Under Existing Conditions, this flow would be exceeded about 3.3 percent of 
the time (percent of days in study period).  At the gage near Kremmling, the 2-year peak 
discharge was estimated to be 2,850 cfs under Existing Conditions.  Under Existing 
Conditions, this flow would be exceeded about 3 percent of the time.   

Under the Proposed Action, the 2-year peak discharge at the Hot Sulphur Springs gage 
would be exceeded about 3 percent of the time, or 1 percent less than under Existing 
Conditions.  The 2-year peak discharge at the gage near Kremmling would be exceeded only 
slightly less than 3 percent of the time (less than a 1 percent change from Existing 
Conditions).  The slight reduction in the percentage of time that 2-year peak discharge would 
be reached at the two gage sites below the Windy Gap diversion is unlikely to significantly 
affect stream morphology or change sediment transport or deposition.   

As discussed in Section 6.6, another method to evaluate stream channel morphology is to 
compare changes in the range of channel maintenance flows (Schmidt and Potyondy 2004).  
This analysis has been completed using daily flows for Existing Conditions and the 
alternatives.  At Hot Sulphur Springs, under Existing Conditions, the lower limit of channel 
maintenance flows (80 percent of the 1.5-year peak flow) of at least 510 cfs occurred for 23 
days on average (in years when such flows occurred), with a 62 percent chance of occurrence 
in any given year (Table D-19).  Under the Proposed Action, flows of at least 510 cfs 
occurred for 19 days on average (in years when such flows occurred), with a 53 percent 
chance of occurrence in any given year.  The upper limit of channel maintenance flows is 
defined as the 25-year flow; such a flow (6,520 cfs) occurred once under Existing Conditions 
(in years when such flows occurred), but would not occur under the Proposed Action.  Ten-
year flows or greater (4,600 cfs or more) occurred under Existing Conditions for 4 days on 
average (in years when such flows occurred) and under the Proposed Action for 5.3 days on 
average (in years when such flows occurred), with a 13 percent chance of occurrence in any 
given year under Existing Conditions and a 6 percent chance of occurrence under the 
Proposed Action.  In general, channel maintenance flows would occur about 1 percent less 
frequently under the Proposed Action than Existing Conditions, but the duration of such 
flows in a year when channel maintenance flows occur could be slightly longer.  The 
differences in channel maintenance flows between Existing Conditions and the Proposed 
Action alternative are minor and are not expected to alter channel morphology or sediment 
movement at Hot Sulphur Springs.   

For the section of the Colorado River below Lake Granby where river flows have been 
dominated by releases from Lake Granby, releases from Lake Granby would continue to 
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meet the needs of water rights users as well as the bypass flow requirement.  The frequency, 
timing and magnitude of spills from Lake Granby would change under the Proposed Action, 
as discussed in Section 7.5.1.1 under “Lake Granby Spills.”  For example, spills occurring 
for 3 months in May through July would not occur under the Proposed Action, but spills 
occurring for two months in June and July would occur more frequently (Table D-11).   

The magnitude, timing and frequency of channel maintenance flows in the Colorado 
River below Lake Granby would change as a result of changes in spills.  When spills are not 
occurring, the flow of the river below Lake Granby is controlled by bypass flows; it is 
difficult, therefore, to define a range of channel maintenance flows based on peak flow 
events.  A comparison of modeled spill events is provided in Table D-4.  Under the Proposed 
Action, there would be 7 less spill events compared to Existing Conditions, but flows of 510 
cfs or more (within the range of channel maintenance flows at Hot Sulphur Springs) would 
continue to occur for periods of 1 to 4 months.  Flows over 2,500 cfs would occur during 17 
percent of all years, compared to 28 percent of all years under Existing Conditions.  These 
differences are not expected to alter channel morphology or sediment movement in the 
Colorado River below Lake Granby.  The range in streamflows under the Proposed Action 
would continue to provide flows sufficient to maintain channel capacity, provide periodic 
scouring, and transport sediment.   

Willow Creek.  The flow duration curve for Willow Creek provides a comparison 
between Existing Conditions and this alternative for the USGS gage located below Willow 
Creek Reservoir (Figure B-3).  The 2-year peak discharge was estimated to be 80 cfs.  Under 
Existing Conditions, this flow would be exceeded about 5 percent of the time.  Under the 
Proposed Action, the 2-year peak discharge would be exceeded slightly less than under 
Existing Conditions (less than a 1 percent change); therefore, it is unlikely that there would 
be measurable effects to stream morphology or changes in sediment transport or deposition.   

7.5.3.2. East Slope Streams 
Big Thompson River.  The largest estimated flow increases to the Big Thompson River 

below Lake Estes would occur in May through July, but would be less than 9 percent of the 
monthly average flow of the river (Table D-8).  By the mouth of the Big Thompson Canyon 
streamflows reach a maximum increase of 7 percent on average (Table D-10).  It is not 
expected that these flow increases (a maximum of 18 cfs in July) would measurably alter 
stream morphology or sediment transport and deposition given that spring and summer high 
flows in the Big Thompson River exceed 500 cfs.   

Streams that Receive Windy Gap Return Flows.  The predicted streamflow increases for 
the East Slope stream segments that receive Windy Gap return flows (Big Dry Creek, Coal 
Creek, St. Vrain Creek, and the Big Thompson River) are unlikely to substantially alter 
stream morphology and sedimentation because the increased flows would be small compared 
to the spring and early summer flows that these channels have the capacity for.  In addition, 
as described in Section 6.6, streams on the East Slope have not experienced natural 
streamflow conditions for more than 100 years, and are not in equilibrium with respect to 
channel forming and channel moving processes, erosion, or sediment loading, movement and 
deposition.  Given the magnitude of the average monthly flow increases (less than 9 cfs), it 
would be difficult to measurably differentiate changes to stream morphology and 
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sedimentation due to changes in Participants’ WWTP return flows from the many other 
ongoing actions influencing East Slope streamflow conditions.   

7.6. Alternative 3 (Chimney Hollow Reservoir with Jasper 
East Reservoir) 

This alternative is a combination of storage at the Chimney Hollow site (approximately 
70,000 AF) on the East Slope and storage at the Jasper East site (approximately 20,000 AF) 
on the West Slope.  These reservoirs would operate jointly to firm Windy Gap diversions.  
The general goal for filling and releasing from Chimney Hollow, Jasper East and Lake 
Granby would be to convey Windy Gap water to the East Slope as soon as possible.  This 
would minimize Windy Gap spills from Lake Granby and maximize space available in Jasper 
East for Windy Gap diversions when Lake Granby and the Adams Tunnel are full.  Windy 
Gap diversions would first be delivered to Chimney Hollow and would be limited by 
available space in Chimney Hollow and the Adams Tunnel.  If Chimney Hollow Reservoir or 
the Adams Tunnel are full, Windy Gap diversions would be delivered to Jasper East until full 
and then to Lake Granby if space is available.  Windy Gap deliveries to Participants would 
be made first from Lake Granby via instantaneous delivery, then Jasper East either directly or 
via instantaneous delivery, and last from Chimney Hollow Reservoir.   

7.6.1. Surface Water Hydrology 
7.6.1.1. C-BT and Windy Gap Project Operations and Diversions 

Adams Tunnel Diversions.  Average annual Adams Tunnel deliveries would be 
approximately 243,000 AF under Existing Conditions and 254,000 AF under No Action 
versus 261,000 AF under Chimney Hollow and Jasper East (Table 18).  Deliveries through 
the Adams Tunnel under Alternative 3 would be higher than Existing Conditions and No 
Action because of additional Windy Gap diversions to Chimney Hollow and deliveries to 
meet Windy Gap demands.  C-BT water delivered through the Adams Tunnel would be 
about 600 AF less than Existing Conditions and 400 AF less than No Action due primarily to 
reintroduction shrink which is allocated to East Slope C-BT reservoirs and slightly reduces 
the amount of C-BT water brought through the tunnel.  Differences in average monthly 
tunnel deliveries would be greatest in March due to maintenance (described in Section 
7.5.1.1) and during the Windy Gap diversion season from May through August, with the 
exception of June (Table D-2).  Windy Gap water would be delivered to the East Slope to the 
extent available capacity exists in the tunnel.  Under Alternative 3, deliveries through the 
tunnel would be greater in May, July and August primarily due to additional Windy Gap 
diversions to Chimney Hollow.  Deliveries from September through January would be 
greater due to additional Windy Gap deliveries from the West Slope to meet demands.  
Differences in tunnel deliveries would be minimal in February, April, and June because C-
BT operations typically require the full tunnel capacity in those months.  For example, there 
would be no difference in tunnel deliveries in June because the tunnel would typically be at 
capacity in combination with C-BT diversions from the Big Thompson River through 
Olympus Tunnel.  In almost every June, the Olympus Tunnel, which includes Adams Tunnel 
deliveries and C-BT diversions from the Big Thompson River, would be full due to C-BT 
operations.  As a result, there would be minimal capacity available for Windy Gap operations 
in June and; therefore, almost no difference among the alternatives in that month.   
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Dry year average annual Adams tunnel deliveries would be approximately 314,000 AF 
under Existing Conditions and 316,000 AF under No Action versus 320,000 AF under 
Alternative 3 (Table 19).  Similar to average conditions, monthly differences in Adams 
Tunnel deliveries in dry years would be a function of differences in Windy Gap deliveries to 
meet demands and diversions to Chimney Hollow.   

Wet year average annual Adams tunnel deliveries would be approximately 181,000 AF 
for Existing Conditions and 197,000 AF under No Action versus 206,000 AF under 
Alternative 3 (Table 20).  Differences in Adams Tunnel deliveries among alternatives would 
primarily be a function of differences in Windy Gap deliveries and diversions to East Slope 
firming storage.  With higher Windy Gap demands, more Windy Gap water would be 
delivered instantaneously to meet demands, which is reflected as C-BT deliveries through the 
tunnel to replace releases from Carter Lake and Horsetooth Reservoir.  In addition, in wet 
years delivery of C-BT water through the tunnel would be about 3,900 AF less than Existing 
Conditions (Table 20). 

Windy Gap Diversions.  Under Alternative 3, Windy Gap diversions would first be 
delivered to Chimney Hollow, limited by available space in Adams Tunnel.  If the Adams 
Tunnel is full, Windy Gap diversions would be delivered to Jasper East and then to Lake 
Granby to the extent space is available.  This configuration minimizes Windy Gap spills from 
Lake Granby and maximizes space available in Jasper East for Windy Gap diversions when 
Lake Granby and the Adams Tunnel are full. 

Average annual Windy Gap diversions would be approximately 36,500 AF under 
Existing Conditions and 43,600 AF under No Action versus 48,100 AF under Chimney 
Hollow and Jasper East (Table 18).  Average monthly differences between Existing 
Conditions and Alternative 3 would be greatest in June and July, which coincides with 
months that Lake Granby is typically full in wet years.  Under Existing Conditions, Windy 
Gap would not divert when Lake Granby is full; however, under Alternative 3, Windy Gap 
would divert when Lake Granby is full as long as there is space in Jasper East Reservoir or 
space in the Adams Tunnel for delivery to Chimney Hollow or Jasper East reservoirs.  
Average annual Windy Gap diversions under Alternative 3 would be about 2,000 AF higher 
than the Proposed Action due primarily to differences in diversions in wet years in July and 
August and spills from Lake Granby.  In wet years, Chimney Hollow would typically fill by 
the end of June or July under the Proposed Action, whereas Chimney Hollow and Jasper East 
would typically not fill until the end of July or August under Alternative 3, primarily due to 
tunnel capacity constraints.   

In dry years, there would be no difference in Windy Gap diversions among the 
alternatives (Table 19).  In dry years, Windy Gap diversions would be limited by the 
physically and legally available supply in the Colorado River, which does not vary among 
alternatives.  Available space in Lake Granby and the firming project reservoirs would not be 
limiting factors in dry years.   

During wet years, Windy Gap diversions would be about 78,900 AF under Alternative 3 
compared to 38,500 AF for Existing Conditions, and 63,400 AF for the No Action 
Alternative (Table 20).  Wet year average Windy Gap diversions under Alternative 3 would 
be considerably higher than both Existing Conditions and No Action in May and June.  Wet 
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year Windy Gap diversions in May and June would often be limited by available space in 
Lake Granby under Existing Conditions and No Action, whereas additional Windy Gap can 
be diverted to Jasper East under Alternative 3 in those months.  In wet years, monthly 
differences between Existing Conditions and Alternative 3 would be greatest in July and 
August (Table D-3).  In wet years, Lake Granby would generally fill by the end of July under 
Existing Conditions; therefore, Windy Gap diversions under Existing Conditions would be 
minimal in July.  Similarly, Lake Granby would be full in August in wet years under Existing 
Conditions; therefore, wet year average Windy Gap diversions would be zero in August.  
However, with Alternative 3, Windy Gap would divert in July and August even if Lake 
Granby filled and if there was space in the Adams Tunnel for delivery to Chimney Hollow or 
water could be delivered to Jasper East Reservoir.   

Willow Creek Feeder Canal Diversions.  See Section 7.5.1.1 for a discussion of WCFC 
diversions and differences among the alternatives.  The average annual WCFC diversion 
under Alternative 3 would be about 2,200 AF greater than Existing Conditions, about 800 AF 
more than No Action, and about 400 AF less than under Alternative 2 (Table 18). 

Lake Granby Spills.  Average annual Lake Granby spills would be approximately 30,700 
AF for Alternative 3, compared to 38,700 AF under Existing Conditions, and 35,400 AF 
under the No Action Alternative (Table D-1).  There would be no dry year spills, and wet 
year spills would be about 13,000 AF less than Existing Conditions and 7,000 AF less than 
the No Action alternative.  Table D-11 shows that the frequency and magnitude of spills 
would differ between Existing Conditions and Alternative 3.  For example, under Alternative 
3, no spill of 1 month duration would occur in July or August, but 2-month spills occurring in 
June through July would occur more often than under Existing Conditions.   

C-BT Diversions from the Big Thompson River.  Average annual Big Thompson River 
diversions would be approximately 27,000 AF under this alternative, which is about 1,000 
AF less than Existing Conditions and about 600 AF less than the No Action alternative 
(Table 18).  There would be a slight reduction in C-BT diversions due to a reduction in 
available capacity in the Olympus Tunnel and differences in Carter Lake and Horsetooth 
Reservoir contents.   

7.6.1.2. West Slope Streams 
Colorado River below Lake Granby.  Section 7.5.1.2 describes in detail how the flow of 

the Colorado River below Lake Granby would change under the alternatives due to changes 
in spills.  Table D-1 provides average monthly spills and Table D-12 provides average 
monthly river flows below Lake Granby; however, it must be recognized that during spill 
periods (usually May through August, but also infrequently in September and October) the 
range of flows is and would be widely variable.  Windy Gap spills from Lake Granby under 
Alternative 3 would be less than Existing Conditions and No Action; consequently, average 
monthly flows of the river below Lake Granby would be lower.  Table D-11 provides the 
modeled Granby Reservoir spill periods, average spill and maximum spill for Existing 
Conditions and all of the alternatives.  The model shows spills occurring for as short as a 
month (June, July, or August) and up to as long as 4 months (May through August), with the 
most frequent spills occurring for 2 months in June through July under Existing Conditions 
and Alternative 3.  The spill periods and estimated flow of the river at the gage near Granby 
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would be altered under Alternative 3.  For example, 3 month spills from May through July 
and 1 month spills in July or August would not occur under Alternative 3.   

Table 14 provides the range and percent occurrence of flow increases and decreases that 
would occur under Alternative 3 during May through August, the period when most Windy 
Gap diversions would occur.  About 85 percent of the time during those months, no changes 
in the flow of the Colorado River near Granby would occur.  About 10 percent of the time, 
flow decreases of greater than 10 cfs would occur.   

Colorado River above the Windy Gap Diversion.  The annual decrease in Colorado River 
flow above the Windy Gap Diversion under Alternative 3 would be 5 percent in average and 
wet years (Table D-13).  There would be no change in flow in dry years.  The largest 
monthly average flow decrease would be 10 percent in July of an average year and 14 
percent decrease in August of a wet year.  Flow decreases would occur under Alternative 3 
from May through August and October (Figure 31).   

Colorado River below the Windy Gap Diversion.  Colorado River streamflow below the 
Windy Gap diversion would decrease annually by about 14 percent compared to Existing 
Conditions (Table D-14) and by about 6 percent compared to the No Action Alternative.  The 
largest average flow reduction under Alternative 3 in the Colorado River below Windy Gap 
would be a 28 percent reduction in average and wet years in July (Table D-14).  Flow 
decreases would occur under Alternative 3 from May through August and October (Figure 
32).  There would be no changes to streamflows in dry years.  On average, there would be a 
16 percent reduction (2 inches) in river stage in average years and an 18 percent reduction 
(5.5 inches) in river stage in wet years (Table E-2) in July.  See Section 7.5.1.2 for additional 
discussion of flow in the Colorado River below the Windy Gap diversion and differences 
between the alternatives.   

Table 14 shows that no changes in daily flows at the Hot Sulphur Springs gage would 
occur about 68 percent of the time during the May through August period when most Windy 
Gap diversions occur.  Daily flow decreases of 1 to 100 cfs would occur about 10 percent of 
the time between May through August, while larger daily flow decreases would occur about 
21 percent of the time during that period. 

Farther downstream, average annual flow reductions would be smaller, with a 9 percent 
decrease in Colorado River flow below Williams Fork River (Table D-17) and a 3 percent 
reduction at the top of Gore Canyon at the Kremmling gage in average years (Table D-18).  
The largest monthly average decrease in flow at the Kremmling gage would be a 7 percent 
reduction in June of average years and a 10 percent reduction in July and August of wet 
years.  Flow decreases would occur under Alternative 3 from May through September 
(Figure 33).  The average monthly stage changes at this location would be less than 4 
percent, or 3 inches in average years and 5.4 inches in wet years in July (Table E-3).  

At the USGS gage near Kremmling, average daily flows would not change about 68 
percent of the time between May and August, the period when most Windy Gap diversions 
occur (Table 14).  Daily flow decreases of 1 to 100 cfs would occur about 10 percent of the 
time during these months and daily flow decreases greater than 100 cfs would occur about 21 
percent of the time between May and August.   
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Willow Creek.  Average annual streamflow in Willow Creek would decrease about 12 
percent from Existing Conditions and about 5 percent compared to the No Action alternative 
(Table D-15).  Section 7.5.1.2 provides details on why the flow would decrease.  The largest 
average flow reduction in Willow Creek at the confluence with the Colorado River under this 
alternative would occur in July; this would be a 32 percent reduction in average years (32 to 
22 cfs) and a 34 percent reduction in wet years (112 to 75 cfs) (Table D-15).  Flow decreases 
would occur under Alternative 3 from May through August and October (Figure 34).  There 
would be no changes in flow in dry years.   

7.6.1.3. West Slope Reservoirs 
Lake Granby.  Average differences in Lake Granby storage between Alternative 3 and 

Existing Conditions range from about 15,000 AF in March to about 23,000 AF in June 
(Table F-7).  Lake Granby contents would be similar for Existing Conditions, No Action, and 
Alternative 3 during wet year sequences, when Lake Granby would fill and spill.  Differences 
in Lake Granby contents would be greatest during average and dry year sequences.  During 
these years, Windy Gap diversions would not be limited by C-BT contents in Lake Granby; 
therefore, differences among the alternatives due to Windy Gap storage in Lake Granby and 
Windy Gap demands, deliveries, and shrink payments would be greatest.  In those years, 
Windy Gap water would more often be stored in Chimney Hollow and Jasper East Reservoirs 
rather than Lake Granby under Alternative 3.  The reasons for differences in Lake Granby 
end of month contents between Existing Conditions, No Action, and the Proposed Action, 
which are described in Section 7.5.1.3, also generally apply for Alternative 3. 

The largest change in the average monthly volume of Lake Granby that would occur 
under this alternative would be a 6 percent reduction in average years, a 5 percent reduction 
in dry years and a 9 percent reduction in wet years (Table F-7).  The maximum monthly 
average lake elevation change would be a reduction of 4 feet in average years, 3 feet in dry 
years and 5 feet in wet years (Table F-8).   

Differences in Lake Granby contents for Existing Conditions and Alternative 3 would be 
greatest during dry year sequences.  During these years, Windy Gap diversions would not be 
limited by C-BT contents in Lake Granby; therefore, differences in Lake Granby contents 
would be due primarily to Windy Gap demands and deliveries and shrink payments.  
Differences in Lake Granby contents and surface elevations would be greatest (up to 5 feet) 
during dry year sequences; the chance of a decrease in the lake level of 3 feet or more in any 
given year would be only 10 percent.  During these years, Windy Gap diversions would not 
be limited by available storage capacity in Lake Granby; therefore, differences would be 
greater due to Windy Gap storage in Lake Granby, Windy Gap demands and deliveries, and 
shrink payments.   

The amount of C-BT and Windy Gap water stored in Lake Granby would change under 
Alternative 3 compared to Existing Conditions (Figure 27 and Figure 44).   
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Figure 44.  End-of-month storage volume of C-BT and Windy Gap water in Lake 
Granby under Alternative 3.   
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Jasper East Reservoir.  There would be considerable fluctuation in Jasper East contents 
from year to year (Figure 45).  In general, Jasper East would fill during the Windy Gap 
diversion season and then empty prior to the following diversion season as releases are made 
to meet Windy Gap demands.  Releasing Windy Gap water from Jasper East to meet 
demands prior to releasing from Chimney Hollow would maximize the space available in 
Jasper East for Windy Gap diversions when Lake Granby and the Adams Tunnel are full.  
Operating Jasper East in this manner would maximize Windy Gap firm yield.  

Jasper East Reservoir would not fill in dry year sequences because Windy Gap diversions 
would be limited by the physically and legally available supply.  However, in most average 
and wet years, Jasper East would fill as long as there are sufficient supplies after Windy Gap 
diversions to Chimney Hollow occur.  
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Figure 45.  Alternative 3—Jasper East Reservoir average, wet, and dry year daily 
contents. 
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7.6.1.4. East Slope Streams 
Streams that Receive Windy Gap Return Flows.  Under Alternative 3, more Windy Gap 

water would be delivered to the East Slope than under Existing Conditions and, as a result, 
there are additional return flows to East Slope streams attributable to indoor and outdoor use 
of Windy Gap water.  Section 7.5.1.2 describes the potential changes to flows in various East 
Slope streams, which would be similar for all action alternatives.   

Big Thompson River from Lake Estes to Canyon Mouth.  Under Alternative 3, average 
monthly flows in the Big Thompson River from below Lake Estes to the Hansen Feeder 
Canal would increase slightly from April to July (Table D-8) due to a reduction in C-BT 
diversions from the Big Thompson River.  The largest average change would be a 4 percent 
increase in May in an average year and a 6 percent increase in July during a dry year.  There 
would be no change during wet years.  The maximum monthly average change in river stage 
would occur during dry years in July, but would be less than an inch (Table E-1).   

7.6.1.5. East Slope Reservoirs 
Carter Lake.  Average monthly differences in Carter Lake contents between Existing 

Conditions, No Action and Alternative 3 would be small, ranging from essentially 0 AF to 
1,400 AF (Table F-1).  Average monthly contents in Carter Lake would be generally less 
under No Action and Alternative 3 during the summer months.  This would be due primarily 
to differences in C-BT deliveries from Carter Lake to meet Windy Gap demands 
(instantaneous deliveries).  Windy Gap demands would be met first with instantaneous 
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deliveries from Carter Lake and Horsetooth Reservoir under Existing Conditions, No Action 
and Alternative 3.  Differences in instantaneous deliveries among these scenarios would be 
due to differences in the amount of Windy Gap water available in Lake Granby for exchange 
to C-BT and differences in monthly Windy Gap demands.  

Average monthly contents under Alternative 3 would be slightly higher than both 
Existing Conditions and No Action during the winter months.  More often there would be 
less Windy Gap water in Lake Granby in the winter months under Alternative 3 than under 
Existing Conditions and No Action; therefore, Windy Gap deliveries would more often be 
made from Chimney Hollow or Jasper East in these months, as opposed to via instantaneous 
delivery from Carter Lake or Horsetooth Reservoir.  Because there are less instantaneous 
deliveries from Carter Lake during the winter months under Alternative 3, Carter Lake 
contents would be higher on average in those months.  

The largest change in the average monthly volume of Carter Lake that would occur under 
this alternative would be a 1 percent reduction in average and dry years and a 3 percent 
reduction in wet years (Table F-1).  The maximum monthly average lake elevation change 
would be 1 foot decrease in average and dry years and a 2 foot decrease in wet years (Table 
F-2).   

Horsetooth Reservoir.  Differences in average monthly Horsetooth Reservoir contents 
between Existing Conditions and Alternative 3 would be up to 2,600 AF lower from March 
through December and up to 300 AF higher in February (Table F-4).  Differences in monthly 
contents would be due in part to differences in instantaneous C-BT deliveries from 
Horsetooth Reservoir to meet Windy Gap demands, as described above for Carter Lake.  
Another key difference relates to Adams Tunnel maintenance operations in March.  Average 
Adams Tunnel deliveries under Alternative 3 would be approximately 3,700 AF less than 
Existing Conditions in March because of the additional tunnel outage anticipated that month.  
This would cause a reduction in C-BT deliveries from Lake Granby to Horsetooth and 
consequently lower Horsetooth Reservoir contents in March and the following months.  
There would also be differences in Horsetooth Reservoir contents due to differences in C-BT 
deliveries to Horsetooth Reservoir.  C-BT deliveries to Horsetooth Reservoir would vary 
among alternatives due to differences in available capacity in the Adams Tunnel and C-BT 
contents in Lake Granby.   

Average monthly contents in Horsetooth Reservoir under Alternative 3 would be higher 
than both Existing Conditions and No Action in winter months, particularly during wet years.  
There would typically be less Windy Gap water in Lake Granby in the winter months under 
Alternative 3; therefore, Windy Gap deliveries would be made from Chimney Hollow or 
Jasper East in those months, as opposed to via instantaneous delivery from Horsetooth 
Reservoir under Existing Conditions and No Action.  Because there are less instantaneous 
deliveries from Horsetooth Reservoir during the winter months under Alternative 3, 
Horsetooth Reservoir contents would be higher on average in those months. 

The largest change in the monthly average volume of Horsetooth Reservoir that would 
occur under Alternative 3 would be a 2 percent reduction in average years, a 3 percent 
reduction in dry years, and a 1 percent change in wet years (Table F-4).  The maximum 
monthly average lake elevation change would be a reduction of 2 feet in average and dry 
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years and a 1 foot reduction in wet years (Figure 40; Table F-4).  A comparison of average 
surface elevations in Horsetooth Reservoir for Alternative 3 and other alternatives is shown 
in Figure 40. 

Chimney Hollow Reservoir.  Chimney Hollow contents would increase during the runoff 
season as Chimney Hollow fills and decrease through the remainder of the year as releases 
are made to meet Windy Gap demands (Figure 46).  Chimney Hollow would fill during 
periods of two or more consecutive wet years.  The reservoir contents appear much higher for 
much of the year during dry years because, during the model period, the years preceding dry 
years were generally wetter that the years preceding wet or average years.  Therefore, the 
reservoir contents would be higher carried over from a wet year, but would drop throughout 
the year.  Chimney Hollow contents would be lowest following consecutive dry years.   

Figure 46.  Alternative 3—Chimney Hollow Reservoir average, wet, and dry year daily 
contents. 
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7.6.2. Ground Water Hydrology and Quality 
7.6.2.1. West Slope Reservoirs 

Alternative 3 would result in small decreases in Lake Granby surface water elevations.  
The existing variation in lake level is nearly 90 feet.  It is probable that much of the ground 
water adjacent to the lake is from topographically higher areas surrounding the lake rather 
than from Lake Granby.  The lake elevation change associated with Alternative 3 is 
considered to be minor with respect to potential effects to ground water and the existing 
range in reservoir levels.  The changes in reservoir stage would not result in measurable 
effects to ground water.   



WINDY GAP FIRMING PROJECT 
WATER RESOURCES TECHNICAL REPORT 

 
 

 135 

Although the level of Jasper East Reservoir would vary considerably, ground water in the 
underlying bedrock is recharged in areas of higher elevation and would not be expected to be 
affected by water storage in Jasper East Reservoir.   

As discussed in Section 7.2.2, it is expected that there would not be any measurable 
effects to ground water quality under Alternative 3. 

7.6.2.2. West Slope Streams 
Changes in flow and the resulting stage changes are considered to be minor with respect 

to potential effects to adjacent ground water levels.  The changes in river stage would not 
result in measurable effects to ground water. 

As discussed in Section 7.2.2, it is expected that there would be only minor effects to 
alluvial ground water quality along the Colorado River and no effects to ground water quality 
along Willow Creek. 

7.6.2.3. East Slope Reservoirs 
The impoundment of surface water at Chimney Hollow would not have negative effects 

to existing ground water and nearby ground water users.  Ground water use in the area is 
limited primarily to domestic wells in fractured bedrock, usually in higher areas around the 
reservoir site.  Currently, the bedrock aquifers are recharged by infiltration in areas where the 
bedrock aquifers crop out, usually well above the footprint of the proposed impoundment.  It 
is possible that the Chimney Hollow Reservoir could provide additional recharge to fractured 
aquifers, but this would likely be limited due to the relatively low hydraulic conductivity of 
the bedrock formations.   

The changes in storage and surface elevations of Carter Lake and Horsetooth Reservoir 
would result in minor effects to nearby ground water levels, as discussed in Section 7.2.1.   

As discussed in Section 7.2.2, it is expected that there would not be any effects to ground 
water quality for Alternative 3. 

7.6.2.4. East Slope Streams 
Because the average monthly stage change in the Big Thompson River between Lake 

Estes and the Hansen Feeder Canal under No Action would be no more than 0.02 foot (Table 
E-1), effects to alluvial or bedrock ground water would be negligible.  For the other East 
Slope streams affected by changing return flows from Participants’ WWTPs, because stage 
changes are expected to be small, increases in alluvial ground water levels would likely be 
unmeasurable.  As discussed in Section 7.2.2, it is expected that ground water quality would 
not be affected near the foothill streams.  For the other East Slope streams on the plains, there 
may be minor changes to alluvial ground water quality near the streams.   

7.6.3. Stream Morphology and Sedimentation 
The effects to stream morphology and sediment transport and deposition would be very 

similar under all of the action alternatives because Colorado River diversions are about the 
same.  See Sections 7.4.3 and 7.5.3 for a discussion of effects to stream morphology and 
sedimentation.   

Channel maintenance flows in the Colorado River near Granby and at Hot Sulphur 
Springs for Existing Conditions and the alternatives are provided in Tables D-4 and D-19.  
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The differences in channel maintenance flows between Existing Conditions and Alternative 3 
are minor and are not expected to alter channel morphology or sediment movement in the 
Colorado River.   

7.7. Alternative 4 (Chimney Hollow Reservoir with 
Rockwell/Mueller Creek Reservoir) 

This alternative is a combination of storage at the Chimney Hollow site (approximately 
70,000 AF) on the East Slope and storage at the Rockwell/Mueller Creek site (approximately 
20,000 AF) on the West Slope.  These reservoirs would operate jointly to firm Windy Gap 
diversions.  The general goal for filling and releasing from Chimney Hollow, 
Rockwell/Mueller Creek and Lake Granby would be to convey Windy Gap water to the East 
Slope as soon as possible.  This would minimize Windy Gap spills from Lake Granby and 
maximize space available in Rockwell/Mueller Creek for Windy Gap diversions when Lake 
Granby and the Adams Tunnel are full.  Windy Gap diversions would first be delivered to 
Chimney Hollow, limited by available space in Chimney Hollow and the Adams Tunnel.  If 
Chimney Hollow Reservoir or the Adams Tunnel were full, Windy Gap diversions would be 
delivered to Rockwell/Mueller Creek until full and then Lake Granby if space was available.  
Deliveries to Participants would be made first from Lake Granby via instantaneous delivery, 
then Rockwell/Mueller Creek either directly or via instantaneous delivery, and last from 
Chimney Hollow Reservoir.  

7.7.1. Surface Water Hydrology 
There would be no difference between Alternative 4 and Alternative 3 in terms of project 

operations, facility sizes and conveyance limitations.  The only difference between these 
alternatives would be the evaporation losses experienced at Rockwell/Mueller Creek 
Reservoir versus Jasper East Reservoir.  Rockwell/Mueller Creek would be a more efficient 
site in terms of storage versus surface area, with less evaporative losses.  However, the 
difference in evaporative losses between these two reservoir sites would be small, resulting in 
almost no difference in streamflows, reservoir contents, and diversions between these 
alternatives.  Windy Gap diversions would be slightly higher under Alternative 3 than 
Alternative 4 to compensate for the additional evaporative losses experienced at Jasper East.  
Jasper East contents would also be slightly less than Rockwell/Mueller Creek on average due 
to additional evaporative losses.  However, these differences would typically not be carried 
forward from year to year because Jasper East and Rockwell/Mueller Creek would typically 
be filled and emptied each year (Figure 47).  The model simulation output for Alternatives 3 
and 4 are essentially the same.  Table 18, Table 19, and Table 20 provide a summary 
comparison of changes in stream flow for average, dry, and wet years for Alternative 4 and 
the other alternatives.  The reasons for differences in model output between Existing 
Conditions, No Action and Alternative 3, which are summarized in Section 7.6.1, also apply 
to Alternative 4.  Effects to stream flows, stream stages and reservoir volumes and levels 
would be virtually identical to Alternative 3 (Table 14; Appendices D, E, and F).  Average 
daily contents for Chimney Hollow Reservoir would be the same as for Alternative 3 (Figure 
46).   
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Figure 47.  Alternative 4—Rockwell/Mueller Creek Reservoir average, wet, and dry 
year daily contents. 
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7.7.2. Ground Water Hydrology and Quality  
7.7.2.1. West Slope Reservoirs 

Changes in storage in Lake Granby and the resulting stage changes are considered to be 
minor with respect to potential effects to ground water.  The changes in reservoir stage would 
not result in measurable effects to ground water.   

Depending on the actual seepage losses from the Rockwell/Mueller Creek Reservoir 
impoundment, areas downstream of the Rockwell/Mueller site could be impacted negatively 
by increased ground water levels.  Seepage from the impoundment could raise ground water 
levels sufficiently to affect vegetation and existing structures.  Well records from this area 
indicate that most, if not all, wells located in this area produce water from deeper formations 
rather than shallow deposits, such as alluvium.  Seepage losses from the impoundment would 
likely not impact the deeper aquifers. 

As discussed in Section 7.2.2, there would likely not be any negative effects to ground 
water quality at Lake Granby or the Rockwell/Mueller Creek site.   

7.7.2.2. West Slope Streams 
Effects to ground water near the West Slope Streams would be the same as discussed in 

Sections 7.2 and 7.6.2.2. 

7.7.2.3. East Slope Reservoirs 
The effects to ground water would be the same as discussed in Sections 7.2 and 7.6.2.3. 



WINDY GAP FIRMING PROJECT 
WATER RESOURCES TECHNICAL REPORT 

 
 

 138 

7.7.2.4. East Slope Streams 
The effects to ground water would be the same as discussed in Sections 7.2 and 7.6.2.3. 

7.7.3. Stream Morphology and Sedimentation 
The effects to stream morphology and sediment transport and deposition would be very 

similar under all of the action alternatives.  See Sections 7.4.3 and 7.5.3 for a discussion of 
effects to stream morphology and sedimentation.   

7.8. Alternative 5 (Dry Creek Reservoir with Rockwell/Mueller 
Creek Reservoir) 

This alternative is a combination of storage at the Dry Creek site (approximately 60,000 
AF) on the East Slope and storage at the Rockwell/Mueller Creek site (approximately 30,000 
AF) on the West Slope.  These reservoirs would operate jointly to firm Windy Gap 
diversions.  The general goal for filling and releasing from Dry Creek, Rockwell/Mueller 
Creek and Lake Granby would be to convey Windy Gap water to the East Slope as soon as 
possible.  This would minimize Windy Gap spills from Lake Granby and maximize space 
available in Rockwell/Mueller Creek Reservoir for Windy Gap diversions when Lake 
Granby and the Adams Tunnel are full.  Windy Gap diversions would first be delivered to 
Dry Creek, limited by available space in Adams Tunnel.  If the Adams Tunnel is full, Windy 
Gap diversions would be delivered to Rockwell/Mueller Creek until full and then Lake 
Granby if space is available.  Deliveries to Participants would be made first from Lake 
Granby via instantaneous delivery, then Rockwell/Mueller Creek either directly or via 
instantaneous delivery, and last from Dry Creek.  

7.8.1. Surface Water Hydrology 
There are no differences between Alternative 5 and Alternative 3 in terms of overall 

project operations and conveyance limitations.  However, the capacity of Dry Creek 
Reservoir would be 10,000 AF less than Chimney Hollow Reservoir and the capacity of 
Rockwell/Mueller Creek Reservoir would be 10,000 AF more than Jasper East Reservoir.  
Figure 48 and Figure 49 show average daily contents for Dry Creek and Rockwell/Mueller 
Creek Reservoirs, respectively.  As a result, there would be differences in evaporative losses 
experienced at the sites.  Rockwell/Mueller Creek is a more efficient site in terms of storage 
versus surface area and as a result evaporative losses would be less at Rockwell/Mueller 
Creek than Jasper East at similar storage contents.  Chimney Hollow and Dry Creek would 
have similar area-capacity relationships; therefore, differences in evaporative losses would be 
minimal at similar contents.  However, there would be differences in evaporative losses when 
additional water is stored in Rockwell/Mueller Creek under Alternative 5 versus in Chimney 
Hollow under Alternative 3.  

Annual Windy Gap diversions under Alternative 5 would be about 1 percent higher on 
average than Alternative 3 because there would be more West Slope firming storage 
available for Windy Gap diversions in situations when the Adams Tunnel and Lake Granby 
are full (Table 18).  An additional 10,000 AF of storage at Rockwell/Mueller Creek would 
enable Windy Gap to divert more water when Lake Granby and the Adams Tunnel are full in 
comparison with Alternatives 3 and 4.  When Windy Gap diversions are not limited by 
firming storage capacity and available capacity in the Adams Tunnel, total Windy Gap 
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diversions would be the same for alternatives 3, 4, and 5.  The only difference would be the 
division of Windy Gap water among East Slope and West Slope storage.   

The differences in evaporative losses and Windy Gap diversions between Alternative 3 
and Alternative 5 would be small, resulting in almost no difference in simulation output 
between these alternatives.  The model simulation output for these two alternatives was 
essentially the same; therefore, the reasons for differences in model output between Existing 
Conditions, No Action and Alternative 3, which are summarized in Sections 7.4.1 and 7.6.1, 
also apply to Alternative 5.  Table 18, Table 19, and Table 20 provide a summary 
comparison of changes in stream flow for average, dry, and wet years for Alternative 5 and 
the other alternatives.  Effects to stream flows, stream stages, and reservoir volumes and 
levels are very similar to Alternative 3 and Alternative 4.   

Dry Creek Reservoir contents would increase during the runoff season as the reservoir 
fills and decrease through the remainder of the year as releases are made to meet Windy Gap 
demands (Figure 48).  Dry Creek would fill during periods of 2 or more consecutive wet 
years.  The reservoir contents appear much higher for much of the year during dry years 
because, during the model period, the years preceding dry years were generally wetter than 
the years preceding wet or average years.  Therefore, the reservoir contents would be higher 
carried over from a wet year, but would drop throughout the year.  Dry Creek Reservoir 
contents would be lowest following consecutive dry years.   

Figure 48.  Alternative 5—Dry Creek Reservoir average, wet, and dry year daily 
contents. 
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Figure 49.  Alternative 5—Rockwell/Mueller Creek Reservoir average, wet, and dry 
year daily contents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

7.8.2. Ground Water Hydrology and Quality 
7.8.2.1. East Slope and West Slope Streams 

Effects to ground water would be the same as discussed in Sections 7.2 and 0. 

7.8.2.2. East Slope and West Slope Reservoirs 
The impoundment of surface water in Dry Creek Reservoir, Carter Lake and Horsetooth 

Reservoir would not have negative effects to existing ground water and nearby ground water 
users.  Effects to ground water would be the same as discussed in Sections 7.2 and 7.7.2.1.   

7.8.3. Stream Morphology and Sedimentation 
The effects to stream morphology and sediment transport and deposition would be very 

similar under all of the action alternatives.  See Section 7.6.3 for a discussion of effects to 
stream morphology and sedimentation.   

7.9. Windy Gap Firming Project Participant and Non-
Participant Demands, Firm, and Average Yields 

A summary of annual Participant and non-Participant demands and yields for Existing 
Conditions and all alternatives are shown in Table 25 (which includes the Middle Park Water 
Conservancy District) and Table 26.  Table 27 shows MPWCD’s demands and yields.  The 
yield for the action alternatives would be similar because the storage volumes would be the 
same.  Firm yield is defined as the yield that can be provided by the WGFP each year of the 
study period without any shortages.  Alternative 5 would have the highest firm yield of 
26,200 AF per year for the Participants and Alternatives 3 and 4 would have the lowest firm 
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yield at 25,420 AF per year for the Participants.  The No Action alternative would have a 
firm yield of about 7,200 AF per year due to the additional storage at Ralph Price Reservoir.  
The firm yield under Existing Conditions is zero.  Tables showing the monthly demand, firm 
yield and average yield for WGFP Participants, non-Participants and the Middle Park 
Conservancy District are provided in Appendix C.   

Windy Gap demands under No Action are higher than under Existing Conditions and the 
Action alternatives because Participants would try to maximize their use of Windy Gap water 
when it is available as their demands increase in the future.  Under the Action alternatives, 
the Participants’ demands reflect the amount of Windy Gap water that could be delivered 
each year without any shortage.  In other words, the Participants would operate the Windy 
Gap Project to provide firm yield with storage on-line.  While Windy Gap demands would be 
higher under No Action, average Windy Gap deliveries under this scenario would be less 
than the Action alternatives.  Average deliveries would be less because C-BT storage space 
would be unavailable for Windy Gap in wet years (Windy Gap water would typically be 
spilled in those years and deliveries would be considerably less than the demand). 

The demand for Windy Gap unit holders not in the Firming Project would increase in the 
future for all alternatives and as a result, the average yield to non-participants would increase 
(Table 26).  Windy Gap yield for non-participants would increase slightly compared to the 
No Action alternative under each of the action alternatives because more storage for non-
participant water would be available in Lake Granby and non-participant water in Lake 
Granby would not spill as soon, so they would be able to deliver more water.  The firm yield 
to non-participants would remain zero under all alternatives.   

Table 25.  Windy Gap Participant demand, average yield, and firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 20,825 11,372 0 
Alternative 1 
No Action 

36,665 21,936 1,229 

Alternative 2 
Chimney Hollow 

26,130 29,010 26,559 

Alternative 3 
Chimney Hollow 
w/Jasper East 

29,130 28,259 25,849 

Alternative 4 
Chimney Hollow and 
Rockwell 

28,420 28,284 25,849 

Alternative 5 
Dry Creek and Rockwell 

29,200 29,071 26,629 

 

Table 26.  Windy Gap Non-Participant demands, average yield, and firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 220 140 0 
Alternative 1 
No Action 

4,100 2,190 0 
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Condition/Alternative Demand Average Yield Firm Yield 
Alternative 2 
Chimney Hollow 

4,100 2,300 0 

Alternative 3 
Chimney Hollow 
w/Jasper East 

4,100 2,320 0 

Alternative 4 
Chimney Hollow and 
Rockwell 

4,100 2,320 0 

Alternative 5 
Dry Creek and Rockwell 

4,100 2,330 0 

 

Storage of 3,000 AF was included in Alternatives 2 through 5 for firming MPWCD’s 
Windy Gap water.  Under Existing Conditions, MPWCD can only store their Windy Gap 
water in Lake Granby; therefore, MPWCD’s firm yield is zero.  Under the No Action 
alternative, the firm yield for the MPWCD would remain zero, but average yield would 
increase because of an increase in demand.  Under the action alternatives, the firm annual 
yield would be 429 AF, which closely reflects the minimum amount of Windy Gap water 
pumped during the study period less the shrink payment.  The average MPWCD yield for 
each of the action alternatives would be close to 3,000 AF.  

Table 27.  MPWCD demands, average yield, and firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 145 102 0 
Alternative 1 
No Action 

3,000 2,026 0 

Alternative 2 
Chimney Hollow 

3,000 2,880 429 

Alternative 3 
Chimney Hollow 
w/Jasper East 

3,000 2,839 429 

Alternative 4 
Chimney Hollow and 
Rockwell 

3,000 2,864 429 

Alternative 5 
Dry Creek and Rockwell 

3,000 2,871 429 

 

8.0 CUMULATIVE EFFECTS 
8.1. Introduction 

Cumulative effects result from the incremental effect of an alternative action when added 
to other past, present, and reasonably foreseeable future actions.  Cumulative effects can 
result from individually minor, but collectively significant actions taking place over a time 
period.  Potential future actions were identified through public and agency scoping, input 
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from cooperating agencies and local agencies, and available data on known projects or 
actions under consideration.  Actions that meet all of the following criteria were considered 
reasonably foreseeable and were included in the cumulative effects analysis: 

• The action would occur within the same geographic area where effects from the 
alternative WGFP actions are expected to occur. 

• The action would affect the same environmental resources as the WGFP 
alternatives, and measurably contribute to the total resource impact. 

• There is reasonable certainty as to the likelihood of the action occurring; the 
action is not speculative. 

• There is sufficient information available to define the action and conduct a 
meaningful analysis. 

Several potential future actions were considered reasonably foreseeable and were not 
included in the hydrologic analysis.  Potential future actions that did not meet the criteria for 
reasonably foreseeable actions included projects such as construction of Wolcott or Sulphur 
Gulch reservoirs for storage and release of 10,825 AF for endangered fish in the lower 
Colorado River.  Although these actions are not currently considered reasonably foreseeable, 
they could occur at some point in the future; however, based on the best available 
information, these actions did not meet the criteria for reasonably foreseeable actions.  The 
Windy Gap Firming Project Alternatives Report provides a discussion of the actions 
reviewed, but not considered reasonably foreseeable (ERO 2005b).  The assumptions used 
for future changes in water releases from Williams Fork Reservoir and Wolford Mountain 
Reservoir for endangered species are discussed below under reasonably foreseeable actions.  

This section of the report evaluates the potential cumulative effects to water resources 
associated with alternative actions in addition to identified reasonably foreseeable actions 
that are expected to occur in the future.  Changes in surface water hydrology, ground water 
hydrology and water quality, and stream morphology and sedimentation are discussed for the 
alternatives in a similar format and sequence as the direct environmental effects in Section 
7.0.  The estimated firm yield to Windy Gap Firming Project Participants and non-
Participants with reasonably foreseeable actions in place are also summarized. 

8.2. Reasonably Foreseeable Actions 
Several reasonably foreseeable actions are anticipated to occur in the future regardless of 

the implementation of any of the WGFP action alternatives or the No Action alternative.  
Reasonably foreseeable actions were divided into water-based actions that would affect 
portions of the Colorado River where Windy Gap diversions would occur, and land-based 
actions that include ground disturbances or other activities near potential WGFP facilities.  
Water- and land-based reasonably foreseeable actions are defined below.   

8.2.1. Water-Based Reasonably Foreseeable Actions 
DW Moffat Collection System Project.  The Moffat Collection System Project is 

currently proposed by DW to develop 18,000 AF/year of new, firm annual yield to the 
Moffat Treatment Plant to meet future raw water demands on the East Slope.  The supplies to 
meet Denver Water’s additional future demand of 18,000 AF/year would come from its 
entire integrated system, which includes Moffat System, the South Platte River, and Blue 



WINDY GAP FIRMING PROJECT 
WATER RESOURCES TECHNICAL REPORT 

 
 

 144 

River supplies.  Denver Water would draw on their additional storage in the Moffat System 
to meet their demands, in combination with releases from their South System.  As a result, 
Denver Water’s Moffat Tunnel diversions would increase by approximately 9,000 to 10,000 
AF/year on average, while additional diversions from South Boulder Creek, the South Platte 
River, and Blue River would increase by about 8,000 to 9,000 AF/year on average, 
depending on the alternative. 

This project is anticipated to result in additional diversions from the upper Fraser River 
and Williams Fork River basins.  DW’s proposed additional Fraser River diversions would 
be located upstream of the Windy Gap Project diversion site on the Colorado River and 
would directly affect the availability of water for the WGFP.  Because a Proposed Action has 
not been identified for the Moffat Collection System Project, a scenario for hydrologic 
modeling was considered that maximizes DW’s future diversions from the Fraser River 
basin.  DW provided output from its Platte and Colorado Simulations Model (PACSM) run 
that includes DW’s total system demand at approximately 393,000 AF/year, which would be 
full use of its existing system, plus 18,000 AF of new firm yield generated by the Moffat 
Collection System Project.  DW’s current demand is 285,000 AF/year; therefore, an increase 
in demand of 108,000 AF/year was considered for the cumulative effects analysis.  DW 
provided monthly transbasin diversion data generated from their model, PACSM, for the 
Roberts Tunnel, Gumlick Tunnel, and Moffat Tunnel under a demand of 393,000 AF/year.  
These diversions were placed as a demand (boundary condition) in the WGFP model at these 
structures, respectively.  DW separated the Williams Fork River (via Jones Pass Tunnel) 
yield to the Moffat Tunnel from the Fraser River basin yield to the Moffat Tunnel.  
Accordingly, in the WGFP Model, the Moffat Tunnel node demand is set to DW’s modeled 
Fraser River basin yield.  This demand is “fed” by diversions at four collection sites (Jim 
Creek, Vasquez Creek, St. Louis Creek, and Ranch Creek).  Jones Pass Tunnel is modeled as 
an exporting diversion structure, with demand set to DW’s modeled Williams Fork River 
basin yield.  DW’s modeling period ends in 1991, so Moffat Tunnel and Jones Pass demand 
had to be estimated for the last 5 years of the WGFP study period (see memo, Extension of 
the Denver Water Diversion Data Set from 1991 through 1996, Boyle, June 2005). 

Urban Growth in Grand and Summit Counties.  The population in Grand and Summit 
Counties is expected to more than double over the next 25 years, from a year-round 
population of about 39,000 in 2005 to about 79,000 in 2030 (ERO 2005a).  Most growth in 
Grand County is likely to occur in the Fraser River basin upstream of the Windy Gap Project 
diversion site on the Colorado River.  Future increases in water use in Summit County would 
occur primarily in the Blue River basin, a tributary to the Colorado River downstream of 
Windy Gap’s point of diversion.  Increased water use and wastewater discharges are 
expected to result in changes in streamflow and water quality and contribute to cumulative 
effects.  Urban growth in Grand and Summit Counties was based on build-out municipal and 
industrial demands of 16,168 AF for Grand County and 17,940 AF for Summit County as 
identified in the Upper Colorado River Basin Study (Hydrosphere 2003).  Year 2000 water 
demand in Grand County was about 3,100 AF and in Summit County was about 7,700 AF.  
Table 4-1 of the WGFP Modeling Report Addendum (Boyle 2006a) summarizes the build-
out demands for major water providers in Grand and Summit counties.  Nodes were added to 
the CDSS future conditions model along the Fraser River, Blue River, and Colorado River 
mainstem to reflect indoor, outdoor, and snowmaking build-out diversions, depletions, and 
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return flows.  Average monthly build-out diversions were incorporated as demands at the 
outdoor and snowmaking use nodes.  Average monthly build-out depletions (diversions less 
return flows) were incorporated as demands at the indoor use nodes since return flows at 
WWTPs were assumed to occur within the same month the diversion occurred.  The monthly 
distributions of the build-out demands, efficiencies, and locations and timing of snow making 
and outdoor use return flows were based on data obtained from Denver Water for the UPCO 
Study.  Build-out diversions were modeled as senior diversions to reflect the maximum 
amount of depletion that could occur as a result of this growth. 

Reduction of Excel Energy’s Shoshone Power Plant Call.  DW and Excel Energy have 
negotiated an agreement to periodically invoke a relaxation of the junior Shoshone call for 
hydropower generation on the Colorado River.3  The agreement to relax the call could result 
in a one-turbine call of 704 cfs, which would be managed in such a way to avoid a Cameo 
Call by the Grand Valley Water users4.  The Shoshone call could be increased above 704 cfs 
as needed to keep the Cameo water rights satisfied.  The Shoshone call relaxation could be 
invoked if, in March, DW predicts its total system storage to be at or below 80 percent on 
July 1 that year, and the March 1 Natural Resources Conservation Service (NRCS) forecast 
for Colorado River flows at Kremmling or Dotsero are at or below 85 percent of average.  
The Shoshone call relaxation could be invoked between March 14 and May 20.  DW would 
make available 15 percent of the “net water” stored or diverted by DW by virtue of the call 
relaxation for Excel Energy.  Net water is water stored less water subsequently spilled after 
filling.  In addition, DW would make available 10 percent of the net water stored or diverted 
by DW by virtue of the call relaxation to West Slope entities.  The West Slope beneficiaries 
and the timing and amount of deliveries are not specified, but would be determined by DW 
and the CRWCD.  There is currently no requirement that others that benefit from the 
Shoshone reduction provide water to the West Slope and Xcel.  The term of this agreement is 
from January 1, 2007 through February 28, 2032. 

Changes in Releases from Williams Fork and Wolford Mountain Reservoirs to Meet 
USFWS Flow Recommendations for Endangered Fish in the 15-Mile Reach.  The 
Programmatic Biological Opinion for the recovery of endangered fish includes a provision 
for East Slope and West Slope water users to split equally the delivery of 10,825 AF of 
permanent water to the 15-Mile Reach of the Colorado River east of Grand Junction.  An 
agreement that extends through July 1, 2009 between the City and County of Denver, the 
CWCB, and the USFWS exists for the interim provision of water to the 15-Mile Reach of the 
Colorado River for East Slope water users.  A similar agreement exists between the 
CRWCD, CWCB, and the USFWS for West Slope water users.  These agreements provide 
for the total release of 10,825 AF of water annually from both Williams Fork and Wolford 
Mountain Reservoirs (5,412.5 AF from each reservoir) to meet USFWS flow 

                                                 
3 The Shoshone Hydro Plant owned by Excel Energy, is a large senior water right on the Colorado River 8 
miles east of Glenwood Springs.  At flows less than 1,408 cfs, it is the most senior water right on the River and 
can “call” water downstream from junior water rights upstream, including the Moffat Tunnel, C-BT Project, 
Windy Gap, and other water rights.  
4 The Cameo Call is a senior water right owned by five entities near Grand Junction.  The water is used 
primarily for irrigation and power.   
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recommendations for the 15-Mile Reach.  These contracts expire in 2009 and 2010, 
respectively, and both DW and the CRWCD have said they do not plan to continue making 
these releases from Williams Fork and Wolford Mountain Reservoirs in the future.  The 
source and location of future water releases of 10,825 AF/year has not been determined.  For 
the purposes of this analysis, it was assumed that the releases would be made from a 
reservoir located downstream of Kremmling and outside the study area considered for the 
cumulative effects analysis.  

Wolford Mountain Reservoir Contract Demand.  The CRWCD projects that the demand 
for contract water out of Wolford Mountain Reservoir will increase in the future.  Currently 
there is about 8,750 AF/year of available contract water in Wolford Mountain Reservoir 
(Colorado Springs has a lease for contract water from Wolford Mountain Reservoir which 
reduces the firm yield of the contract pool from 10,000 AF/year to 8,750 AF/year).  The 
CRWCD indicates that the full 8,750 AF/year would likely be contracted for by 2030.  In 
addition, MPWCD has 3,000 AF/year of water from Wolford Mountain Reservoir, of which 
613 AF/year is owed to DW under the Clinton Reservoir Agreement.  The CRWCD 
indicated that the remaining 2,387 AF/year would likely be contracted for by 2030.  
Therefore, the total additional future demand for contract water from Wolford Mountain 
Reservoir is assumed to be 11,137 AF/year by 2030. 

Expiration of DW’s Contract with Big Lake Ditch in 2013.  The Big Lake Ditch is a 
senior irrigation right in the Williams Fork basin that diverts below DW’s Williams Fork 
collection system and above Williams Fork Reservoir.  Big Lake Ditch diversions are 
currently delivered for irrigation above Williams Fork Reservoir and for use in the Reeder 
Creek drainage, which is a tributary of the Colorado River.  Return flows associated with 
irrigation in the Reeder Creek drainage return to the Colorado River between the confluence 
with the Williams Fork River and the confluence with the Blue River.  

In 1963, DW entered into a contract with Bethel Hereford Ranch Inc., which owned and 
operated the Big Lake Ditch, whereby DW purchased the Ranch’s water rights.  Bethel 
Hereford was granted a 40-year lease to continue its operation under the condition that the 
Big Lake Ditch water rights are not called if needed by DW.  The 1963 agreement was 
superseded by a 1998 agreement, which extended the operation of the Big Lake Ditch 
through 2013, and provided more detail on the conditions under which DW would need the 
water.  The 1998 agreement expires November 1, 2013 and DW does not plan to extend the 
existing contract.  After the contract expires in 2013, the Big Lake Ditch can no longer divert 
water under the enlargement decree for 111 cfs for irrigation in the Reeder Creek drainage.  
As a result, future Big Lake Ditch water right diversions to the Reeder Creek basin would be 
abandoned, which would allow DW to capture additional water from the Williams Fork and 
store the water in Williams Fork Reservoir during all years that its Williams Fork Reservoir 
water rights are in priority. 

8.2.2. Land-Based Reasonably Foreseeable Actions 
Land Development.  A variety of new land developments are expected to occur in the 

vicinity of the potential reservoir sites in Larimer, Grand, and Boulder counties.  This 
includes residential and commercial developments on the West Slope; on the East Slope, this 
includes residential development, a quarry, and a new reservoir. 
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Larimer County Open Space.  Larimer County Parks and Open Lands acquired about 
1,850 acres of land adjacent to the proposed Chimney Hollow Reservoir site.  The County 
intends to manage this property for recreation use regardless of whether Chimney Hollow 
Reservoir is constructed. 

Urban Growth in the Northern Front Range.  Continued population growth and 
development is expected to occur in the Northern Front Range, Colorado communities served 
by many of the Firming Project Participants. 

8.3. Methods for Cumulative Effects Analysis 
The analysis of cumulative effects to water resources was conducted in the same manner 

as the direct effects analysis described in Section 7.0.  The future conditions BESTSM and 
CDSS Model developed for the cumulative effects analysis were used to simulate the 
potential effects of the alternatives in combination with other past, present, and reasonably 
foreseeable future actions.  Future conditions model parameters related to past, present, and 
reasonably foreseeable actions are described in the Windy Gap Firming Project Modeling 
Report (Boyle 2003) and Addendum (Boyle 2006a).   

Hydrologic output from the model includes Existing Conditions, which reflects current 
demands, diversions, operations, facilities and projects and administration of the Colorado 
River.  This includes past actions such as operation of the C-BT Project, Moffat Collection 
System, and other actions as described in Section 6.1.  The cumulative effects model output 
for the No Action alternative includes the addition of the reasonably foreseeable actions to 
past actions as a basis for comparison with the action alternatives in the future.  Because of 
the similarity in the effects of Alternatives 3, 4, and 5, which each include a combination of 
East Slope and West Slope reservoirs, the cumulative effects analysis used the results of 
Alternative 5 (Dry Creek Reservoir and Rockwell/Mueller Creek Reservoir) as representative 
of these three alternatives.  Thus, the cumulative hydrologic effect of Existing Conditions 
and future No Action are compared to the Proposed Action and Alternative 5. 

All of the reasonably foreseeable water-based actions described above are represented in 
the WGFP Future Conditions Model except for the reduction of Excel Energy’s Shoshone 
Power Plant Call and the location of future releases of 10,825 AF/year to meet the flow 
recommendation for endangered fish in the 15-Mile reach.  The effects of a Shoshone Power 
Plant Call reduction are discussed in Section 8.4.2.6.  The current release of the 10,825 
AF/year (5,412.5 AF/year from both Williams Fork Reservoir and Wolford Mountain 
Reservoir) was excluded from the model, and it was assumed that this water would be 
released downstream on the Colorado River below the study area of the WGFP.  Land-based 
reasonably foreseeable actions do not directly affect modeling or the analysis of water 
resources and are not discussed. 

The year 2030 was used as the time period for the assessment of cumulative effects 
because it is projected that the full demand for Windy Gap Firming Project water would 
occur by then.  In addition, the identified reasonably foreseeable actions are expected to be in 
place by 2030.  A possible exception is the timing on the future water demand for Grand and 
Summit Counties.  The best available information indicates a build-out water demand of 
34,108 AF per year for Grand and Summit Counties, which could potentially occur before or 
after year 2030 (Hydrosphere 2003). 
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8.4. Surface Water Hydrology 
8.4.1. Facilities and Stream Segments Affected by Windy Gap 

Operations 
Streams affected by Windy Gap operation include the Colorado River below Lake 

Granby, Willow Creek, St. Vrain Creek, Big Thompson River, and other East Slope streams 
that receive Windy Gap return flows, as described in Section 7.1.1.  Windy Gap operations 
also affect Adams Tunnel diversions, WCFC diversions, C-BT Reservoir contents, Lake 
Granby spills and C-BT diversions from the Big Thompson River.  As with the direct effects 
analysis, there would be no change in C-BT Project demand or deliveries for any of the 
alternatives under Cumulative Effects (Table 15).  

8.4.2. Facilities and Stream Segments Affected by Reasonably 
Foreseeable Actions 

Identified reasonably foreseeable actions include those activities that potentially have 
overlapping or incremental effects with the WGFP.  This primarily includes the Colorado 
River downstream of the Windy Gap diversion, which is located below the confluence with 
the Fraser River.  However, reasonably foreseeable actions in the Fraser River basin and 
upper Colorado River upstream of the Windy Gap diversion affect the amount of water 
available for diversion by the WGFP.   

The five major tributaries that discharge into the Colorado River from the confluence of 
Willow Creek and the Colorado River downstream to Kremmling include Fraser River, 
Williams Fork River, Troublesome Creek, Muddy Creek, and Blue River.  While there would 
be no change in tributary flow as a result of the WGFP alternatives, there would be 
streamflow changes that would occur due to reasonably foreseeable future actions.  
Reasonably foreseeable actions that affect tributary flow to the Colorado River are discussed 
below.  Future Conditions include hydrologic conditions with the implementation of all 
reasonably foreseeable actions. 

Tables provided in Appendix I list the average monthly and annual changes in 
streamflow that would occur at various locations in the Colorado River from below Lake 
Granby to the top of Gore Canyon.  Information is provided for Existing Conditions and each 
of the alternatives for average, dry, and wet years.  Table 28 provides the range of modeled 
daily flow changes that would occur at the three long-term USGS flow gages (near Granby, 
at Hot Sulphur Springs and near Kremmling) in May through August, the months during 
which most Windy Gap diversions would occur.  Table 28 also provides the percentage of 
days in May through August that various ranges of flow changes would occur.  There would 
be some days under all of the alternatives at all three locations when flows would increase 
due to changes in timing of spills from Lake Granby and below Windy Gap Reservoir, and 
also because downstream demands would increase in the future, meaning that Windy Gap 
would have to bypass more water to satisfy senior downstream water rights and bypass or 
instream flow requirements.  There would be no change in daily flows at the gage near 
Granby between about 77 percent and 79 percent of the time during May through August, 
between about 6 percent and 7 percent of the time at Hot Sulphur Springs, and about 1 
percent of the time at the gage near Kremmling.  Flow increases would occur at Hot Sulphur 
Springs about 25 percent of the time in May through August and about 13 to 14 percent of 
the time near Kremmling.   
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Table 28.  Range and percent occurrence of daily flow changes under the Alternatives 
(compared to Existing Conditions), May through August, Cumulative Effects.   
Colorado River near Granby   

  
Percentage of Days in May through August That  

Flow Changes Occur 
Daily Flow Changes (cfs) No Action Proposed Action Alternative 5 

+1 to +211 3.6% - - 

+1 to +142 - 7.8% - 

+1 to +117 - - 3.8% 
0  78.65% 76.7% 77.3% 
-1 to -10  7.2% 1.5% 4.9% 
-11 to -100  4% 4.4% 5.2% 
-101 to -200  3% 3.65% 3.5% 
-201 to -300  1.1% 1.6% 1.4% 
-301 to -500  0.85% 1.5% 1.7% 
-501 to -1,000 1% 1.7% 1.25% 
-1,001 to -1,966 0.6% - - 
-1,001 to -2,453 - - 0.95% 

-1,001 to -2,884 - 1.05% - 

   

Colorado River at Hot Sulphur Springs   

  
Percentage of Days in May through August  

That Flow Changes Occur 
Daily Flow Changes (cfs) No Action Proposed Action Alternative 5 

+1 to +159 24.9% 24.2% 23% 
0 cfs 6.6% 7.25% 7.4% 
-1 to -10 20.4% 20.7% 19.9% 
-11 to -100  26.4% 25.6% 24.2% 
-101 to -200  7.95% 5.5% 7.2% 
-201 to -300  4.4% 3.5% 4.2% 
-301 to -500  4.65% 5.9% 6.3% 
501 to 1,000  3% 4.3% 5% 
1,001 to 2,027  1.7% - - 
1,001 to 2,319 - - 2.7% 

1,001 to 2,977  - 3% - 
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Colorado River near Kremmling   

  
Percentage of Days in May through August Flow 

That Changes Occur 
Daily Flow Changes (cfs) No Action Proposed Action Alternative 5 

+1 to +197 14.5% 13.3% 13.35% 
0  1.3% 1.30% 1.3% 
-1 to -10  1.8% 1.6% 1.6% 
-11 to -100  25.9% 27.10% 26.7% 
-101 to -200  16.6% 15.5% 14.75% 
-201 to -300  7.4% 7.45% 8.45% 
-301 to -500  11.2% 11.5% 11% 
-501 to -1,000  14.7% 13.6% 14% 
-1,001 to -2,916  6.6% - - 
-1,001 to -3,375  - - 8.8% 

-1,001 to -3,465  - 8.6% - 
 

8.4.2.1. Fraser River 
Average annual flows in the Fraser River at the mouth would be approximately 91,000 

AF under Existing Conditions and 79,700 AF under Future Conditions for all alternatives 
(Table 30).  The reduction in flow in the Fraser River under Future Conditions would be due 
primarily to DW’s additional transbasin diversions through Moffat Tunnel and urban growth 
in Grand County.  Both of these reasonably foreseeable actions result in additional diversions 
and depletions from the Fraser River basin5.  DW’s average annual demand for Fraser River 
deliveries through the Moffat Tunnel and depletions associated with urban growth in the 
Fraser River basin would increase by about 9,300 AF and 1,600 AF, respectively, under 
Future Conditions compared to Existing Conditions.  Reductions in flows would be greatest 
in June and July in average and wet years when DW’s increased diversions through the 
Moffat Tunnel would be greatest.  Other diversions in the Fraser River basin that are affected 
by reasonably foreseeable actions reduce average annual flows at the mouth of the Fraser 
River by about 400 AF.  Thus, the total reduction in average annual flows at the mouth of the 
Fraser River under Future Conditions would be about 11,300 AF.   

                                                 
5 The proposed Moffat Collection System EIS alternatives would generate an additional 18,000 AF/year of new 
firm yield.  The supplies to meet Denver Water’s additional future demand of 18,000 AF/year would come from 
its entire integrated system, which includes Moffat System, South Platte River and Blue River supplies.  Denver 
Water would draw on their additional storage in the Moffat System to meet their demands, in combination with 
releases from their South System.  As a result, Denver Water’s Moffat Tunnel diversions would increase by 
approximately 9,000 to 10,000 AF/year on average, while additional diversions from South Boulder Creek, the 
South Platte River and Blue River would increase by about 8,000 to 9,000 AF/year on average depending on the 
alternative. 
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8.4.2.2. Williams Fork River 
Average annual flows in the Williams Fork River at the mouth would be approximately 

90,100 AF under Existing Conditions and 95,300 AF under Future Conditions for all 
alternatives (Table 30).  Changes in the quantity and timing of flows in the Williams Fork 
River would be primarily due to the combined effects of the following reasonably 
foreseeable actions. 

1) Releases of 5,412.5 AF/year would no longer be made from Williams Fork Reservoir 
for endangered fish in the 15-Mile Reach.  These releases are typically made in the fall when 
flows drop below the USFWS flow recommendations.  This future action would change 
Williams Fork Reservoir operations, including the timing and quantity of reservoir storage 
and releases.  Flows in the Williams Fork River would be affected by these changes in 
reservoir operations.  Because fish flow releases from Williams Fork Reservoir would not be 
made under Future Conditions, flows in the Williams Fork River would be less by a 
commensurate amount in the fall compared to Existing Conditions.  

DW’s additional transbasin diversions from the Fraser, Williams Fork, and Blue Rivers 
would result in increased exchange releases from Williams Fork Reservoir to cover DW’s 
out of priority depletions and increased substitution releases to cover DW’s out of priority 
storage in Dillon Reservoir when Green Mountain Reservoir does not fill.  The net effect of 
additional exchange releases and reductions in fish flow releases would be offset by a 
corresponding change in the amount of water stored in Williams Fork on average.  As a 
result, changes in Williams Fork Reservoir operations (storage and releases) would affect the 
timing of flows below the reservoir but there would be little change in the annual quantity of 
flow on average due to these future actions.   

2) DW’s future growth and implementation of the Moffat Collection System Project 
would result in additional transbasin diversions from the Williams Fork River basin.  DW’s 
average annual demand for Williams Fork River diversions through Gumlick Tunnel would 
increase by about 2,000 AF under Future Conditions versus Existing Conditions.  

3) In the future, the Big Lake Ditch can no longer divert under the enlargement decree 
for 111 cfs for irrigation in the Reeder Creek drainage after the expiration of the DW’s Big 
Lake Ditch contract.  Under Existing Conditions, a significant portion of the water diverted 
under the Big Lake Ditch was delivered for irrigation in the Reeder Creek drainage.  Big 
Lake Ditch return flows in the Reeder Creek drainage return to the Colorado River below the 
confluence with the Williams Fork River.  Under Future Conditions, Big Lake Ditch 
diversions would decrease, deliveries to the Reeder Creek drainage would be curtailed, and 
all Big Lake Ditch return flows would accrue to the Williams Fork River.  The change in Big 
Lake Ditch diversions and return flows in the future would result in approximately 8,800 
AF/year less depletion and a corresponding increase in flows on average in the Williams 
Fork River basin versus Existing Conditions. 

The combined effect of the future actions described above would increase average annual 
flows at the mouth of Williams Fork River by approximately 5,300 AF compared to Existing 
Conditions.  On average, changes in flows at the mouth would be greatest from June through 
October when differences in Big Lake Ditch depletions and return flows, DW diversions, and 
Williams Fork Reservoir operations would be greatest.  Changes in flow under Future 
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Conditions would be primarily due to the reduction in Big Lake Ditch depletions and returns 
flows out of the Williams Fork River basin and the increase in DW’s transbasin diversions.  
While changes in Williams Fork Reservoir operations would affect the timing of flows in the 
river, there would be relatively little impact on the average annual quantity of flow.  
Williams Fork Reservoir operations would be affected primarily by the elimination of fish 
flow releases, increased exchange releases to cover DW’s out of priority diversions, and 
increased substitution releases to cover DW’s out of priority storage in Dillon Reservoir 
when Green Mountain Reservoir does not fill.  

8.4.2.3. Troublesome Creek 
Flows in Troublesome Creek at the confluence with the Colorado River would be the 

same for all alternatives under both Existing and Future Conditions (Table 30).  Some 
diversions on Troublesome Creek would be affected by calls on the mainstem of the 
Colorado River; therefore, there would be very small changes in the flow of Troublesome 
Creek between Existing Conditions and the alternatives.   

8.4.2.4. Muddy Creek 
Flows in Muddy Creek are influenced by Wolford Mountain Reservoir operations.  

Wolford Mountain Reservoir’s primary operations include releases to cover DW’s and 
Colorado Springs’ substitution requirements for out-of-priority diversions when Green 
Mountain Reservoir does not fill, releases to cover contract demands, and releases for 
endangered fish flow requirements.  The following reasonably foreseeable actions would 
have the greatest affect on Wolford Mountain Reservoir operations: 

1) Releases of 5,412.5 AF/year will no longer be made from Wolford Mountain 
Reservoir for endangered fish in the 15-Mile Reach.  These releases are typically made in the 
fall when flows drop below the USFWS flow recommendations.  This future action would 
change Wolford Mountain Reservoir operations, including the timing and quantity of 
reservoir storage and releases.  Flows in Muddy Creek would be affected by these changes in 
reservoir operations.  Because fish flow releases would be not made under Future Conditions, 
flows in Muddy Creek would be less by a commensurate amount in the fall.  However, less 
water would be stored during the runoff season to replace these releases, so flows during 
runoff would increase on average below the reservoir due to differences in the amounts 
stored and the timing and quantity of spills.  

2) The future demand for contract water from Wolford Mountain Reservoir is 
anticipated to increase to about 11,100 AF/year by 2030, as previously described (Boyle 
2006a).  Releases from Wolford Mountain Reservoir would be required to cover future 
monthly depletions if the depletions are out of priority.  The specific entities that would 
contract for this water in the future and the locations of the depletions have not been 
identified.  Thus, the model was configured so that Wolford Mountain Reservoir would 
release to cover monthly contract depletions during the winter months (September through 
March) and in summer months of dry years.  In addition, releases would be made in several 
average years depending on whether the Shoshone Power Plant rights were estimated to be 
calling.  Of the total future contract demand, the average annual modeled release from 
Wolford Mountain Reservoir to meet this demand would be about 7,325 AF/year.  This 
future action would change Wolford Mountain Reservoir operations, including the timing 
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and quantity of reservoir storage and releases.  Flows in Muddy Creek would be affected by 
these changes in reservoir operations under Future Conditions.  Because releases for contract 
demands increase under Future Conditions, flows in Muddy Creek would increase on 
average by a commensurate amount primarily during winter months and in summer months 
of dry years versus Existing Conditions.  However, more water would be stored during the 
runoff season to replace these releases, so flows during runoff decrease on average below the 
reservoir compared to Existing Conditions.  

3) Wolford Mountain Reservoir’s substitution releases for DW and Colorado Springs 
would be also affected by reasonably foreseeable actions that reduce flows in the Blue River 
and Colorado River and increase the call on the Colorado River.  The amount of water 
diverted out of priority by DW and Colorado Springs in relation to Green Mountain 
Reservoir increases under Future Conditions.  As a result, substitution releases from Wolford 
Mountain would increase in the future in dry years compared to Existing Conditions.   

The future actions described above combine to have the following affect on flows in 
Muddy Creek.  Average annual flows in Muddy Creek at the mouth would be approximately 
65,500 AF under both Existing Conditions and Future Conditions for all alternatives (Table 
30).  Both average and wet year annual flows in Muddy Creek at the mouth would be the 
same under Existing Conditions and Future Conditions because increased Wolford Mountain 
Reservoir releases under Future Conditions would be offset by an increase in the amount of 
water stored and reduction in spills on average.  This has the effect of changing the timing of 
flows below the reservoir but not the quantity of flow on an average annual basis.  Under 
Future Conditions, flows at the mouth generally would increase on average from August 
through March.  In these months, additional reservoir releases to meet increased contract 
demands and substitution requirements would exceed the reduction in releases to meet fish 
flow requirements on average.  Flows at the mouth would generally decrease on average 
during the runoff season under Future Conditions when more water would be stored to 
replace releases and spills would be reduced.   

Average annual dry year flows in Muddy Creek at the mouth increase under Future 
Conditions versus Existing Conditions.  Reservoir releases would increase under Future 
Conditions because additional releases to meet contract demands and substitution 
requirements exceed the reduction in releases to meet fish flow requirements.  There would 
not be a corresponding increase in the amount stored to offset additional releases because 
Wolford Mountain Reservoir is more often limited by the available supply in dry years and 
generally stores similar amounts under both Existing and Future Conditions.  Therefore, in 
dry years, flow additions due to increased reservoir releases would not be offset by flow 
reductions due to additional storage under Future Conditions.  

8.4.2.5. Blue River 
Average annual flows in the Blue River at the mouth would be approximately 313,600 

AF under Existing Conditions and 258,700 AF under Future Conditions for all alternatives 
(Table 30).  The reduction in flow in the Blue River under Future Conditions would be due 
primarily to DW’s additional transbasin diversions through Roberts Tunnel and increased 
depletions due to urban growth in the Blue River basin.  DW’s average annual delivery 
through the Roberts Tunnel and depletions associated with urban growth in Summit County 
increase by about 54,000 AF and 3,000 AF, respectively, under Future Conditions compared 
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to Existing Conditions.  Reductions in flow would be greatest in May, June, and July in 
average and wet years when DW’s increased diversions through Roberts Tunnel would be 
greatest.  Additional diversions in Summit County due to growth in outdoor and snowmaking 
demands results in both additional depletions and changes in return flows.  For example, 
additional snowmaking diversions decrease flows in winter months but increase flows in the 
summer months due to return flows.  Therefore, the change in flows at the mouth of the Blue 
River would be a combination of the effect of additional diversions and return flows. 

There would also be effects on other diversions in the Blue River basin and Dillon 
Reservoir and Green Mountain Reservoir operations due to reasonably foreseeable actions.  
Changes in diversions affect the timing and quantity of depletions and return flows.  Changes 
in reservoir releases, the amounts stored, and spills, also affects the timing and quantity of 
flows at the mouth of the Blue River.  The net effect would be an average annual reduction in 
flow of about 55,000 AF at the mouth of the Blue River. 

8.4.2.6. Colorado River 
As described in Section 8.2, the Shoshone call reduction would result in hydrologic 

changes in the Colorado River and other locations if implemented during dry years.  The 
following sections describe the potential frequency and magnitude of hydrologic effects 
when the call reduction is in place. 

Frequency of the Shoshone Call Reduction 
The triggers to invoke that permit a relaxation of the Shoshone call are based on forecasts 

of Denver Water’s total system storage and the March 1 NRCS forecast for Colorado River 
flows at Kremmling or Dotsero.  Historical Denver Water (DW) reservoir contents and 
streamflow forecast data were relied on to evaluate how often the call relaxation would have 
potentially been invoked from 1947 through 2002.  Because historical forecasts of DW’s July 
1 reservoir contents are lacking, DW’s historical July 1 reservoir contents were reviewed for 
the period from 1947 through 2002.  Historical reservoir contents provide a reasonable 
indication of whether the first trigger condition would have been met.  DW’s total system 
storage was less than 80 percent on July 1 in the following eleven years: 1951, 1954, 1955, 
1956, 1957, 1963, 1964, 1965, 1977, 1978, and 2002.  While DW’s total system storage was 
less than 80 percent on July 1 in 1957 and 1965, it was over 90 percent later in July and 
August in both of those years.  Both 1957 and 1965 were relatively wet years, however, 
flows were above average primarily after the March through May period affected by the call 
relaxation.  Without historical forecast data, it is difficult to predict whether the Shoshone 
call relaxation would have been invoked in years like 1957 through 1965.  

The second trigger condition that must be met to invoke permit the call relaxation 
involves NRCS forecast data for Colorado River flows at Kremmling or Dotsero.  
Streamflow forecasts for the Colorado River at Kremmling are not yet made by the NRCS.  
Streamflow forecasts for the Colorado River at Dotsero exist for the period from 1969 
through 2005.  Since Dotsero forecast data does not exist prior to 1969, the evaluation of 
whether the Shoshone call would have been invoked during the period from 1947 through 
1968 only considered DW’s historical storage contents.  From 1969 through 2005, there were 
only three years that Denver’s total system storage on July 1 was less than 80 percent: 1977, 
1978 and 2002.  Of those years, only 1977 and 2002 had March forecasts that were less than 
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85 percent or average.  Therefore, it is unlikely that the call relaxation would have been 
invoked in 1978.  

Based on historical July 1 storage contents in DW’s reservoirs and available streamflow 
forecast data for the Colorado River at Dotsero, the Shoshone call relaxation may have been 
invoked in about 8 to 10 years during the period 1947 through 2002, or roughly 1 out of 
every 6 to 7 years.  Since 2002, the Shoshone call was relaxed from March 14 through May 
20 inclusive in 2003 in accordance with a March 21, 2003 agreement between Denver and 
the River District.  The agreement to relax the call in 2003 was not based on the triggers 
specified in the current potential agreement.  In addition, the Shoshone Power Plant was not 
in a position to call for water from March 10 through July 12 inclusive in 2004 because the 
plant was down for maintenance.  

Hydrologic Effects of the Shoshone Call Reduction 
The relaxation of the Shoshone call would allow diverters that would otherwise be called 

out to divert water in-priority even if they are junior to the Shoshone Power Plant water 
rights.  Because more diversions would be made in-priority, releases from reservoirs such as 
Green Mountain, Wolford Mountain, and Williams Fork Reservoir for exchange or 
substitution purposes would also be less.  Increased in-priority diversions and reduced 
reservoir releases for exchange and/or substitution would decrease flows in the Upper 
Colorado River basin during the relaxation period.  Colorado River flows at Dotsero would 
not be affected outside of the relaxation period. 

The magnitude and timing of flow reductions attributable to a Shoshone call relaxation 
could vary widely from year to year and would depend on many factors including 
streamflows, storage contents, project operations, and bypass/instream flow requirements.  
Therefore, it is difficult to quantify potential hydrologic effects associated with a call 
reduction.  Data from 2003 and 2004 have been relied on to characterize the magnitude of 
hydrologic effects that have occurred historically due to a Shoshone call relaxation.  While 
there was no formal call relaxation in 2004, the Shoshone Power Plant was down for 
maintenance and therefore was not in a position to call for water from March 10 through July 
12.  Table 29 summarizes the gains to key upstream entities due to the relaxation of the 
Shoshone call in 2003 and 2004 from March 14 through May 20 inclusive, as quantified by 
DW and reviewed by the Bureau of Reclamation, the River District, and others. 

Table 29.  Historical gains from Shoshone Call Relaxation March 14 through May 20 
inclusive. 

Project/Water Rights 2003 Gains1,2 (AF) 2004 Gains1 (AF) 
Continental Hoosier Project (1929 and 1948 Rights) 1 212 
Green Mountain Reservoir 6,415 6,190 
Wolford Mountain Reservoir 2,036 5,708 
Moffat Tunnel 388 1,124 
Williams Fork Reservoir (1935 Right) 1,350 5,869 
Roberts Tunnel 974 6,833 
Dillon Reservoir 2,027 315 
Windy Gap 7,850 0 
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Project/Water Rights 2003 Gains1,2 (AF) 2004 Gains1 (AF) 
Homestake 193 590 
Total 21,234 26,841 
1 Gains were calculated as if the Shoshone calls were 1,300 and 1,500 cfs, respectively, as opposed to 1,250 cfs 
and 1,408 cfs, therefore, gains are overestimated slightly.  
2 Meadow Creek Reservoir gained 432 AF in 2003 due to the Shoshone call relaxation.  Gains in 2004 were not 
quantified. 
 

The key projects/water rights that benefited from a reduction of the Shoshone call in 2003 
and 2004 included the Continental-Hoosier Project, Green Mountain Reservoir, Wolford 
Mountain Reservoir, DW (Moffat Tunnel, Williams Fork Reservoir, Roberts Tunnel, and 
Dillon Reservoir), Windy Gap, and the Homestake Project.  An explanation of the water 
gains to these projects is provided below.   

Continental Hoosier Project.  By relaxing the Shoshone call, the Continental Hoosier 
Project, which diverts water from the Blue River above Dillon Reservoir, was able to divert 
more water under their 1929 right (Table 29).  The Continental Hoosier Project also diverted 
more water in-priority under their 1948 right, which is junior to Green Mountain Reservoir.  
This water would have been diverted regardless of the Shoshone call relaxation, however, 
there was no need to make substitution releases from Wolford Mountain Reservoir because 
Green Mountain Reservoir filled.  Both 2003 and 2004 would have been substitution years 
had it not been for the Shoshone call relaxation.  The reaches of river affected by these 
benefits are the Blue River, in relation to the 1929 water right, and Muddy Creek below 
Wolford Mountain Reservoir, and the Colorado River below the confluence of Muddy Creek, 
in relation to reduced substitution releases.  

Green Mountain Reservoir.  Green Mountain Reservoir, which diverts water to storage 
from the Blue River, was able to divert more water to storage in March and April in both 
2003 and 2004 as a result of the Shoshone call relaxation (Table 29).  The reach of river 
affected by these additional diversions is the Blue River below Green Mountain Reservoir 
and the Colorado River below the confluence of the Blue River.  The Shoshone call 
relaxation could also benefit the Green Mountain Reservoir Historic User’s Pool (HUP) and 
contract pool by reducing releases required to cover out-of-priority depletions.  

Wolford Mountain Reservoir.  Wolford Mountain Reservoir, which diverts water to 
storage from Muddy Creek, benefited from a reduction of the Shoshone call in both 2003 and 
2004 because more water was stored in priority (Table 29).  In addition, 2003 and 2004 
would have been substitution years had it not been for the Shoshone call reduction.  DW and 
Colorado Springs (Continental Hoosier Project) rely on Wolford Mountain Reservoir to 
replace (substitute) what is owed Green Mountain Reservoir if it does not fill.  See the next 
section, for a discussion of DW’s substitution releases out of Williams Fork Reservoir.  With 
a call reduction, Green Mountain Reservoir is in priority to store more inflow below Dillon 
Reservoir; therefore, the call reduction can reduce the amount owed by DW and the 
Continental Hoosier Project.  A reduction in substitution releases would reduce flows below 
Wolford Mountain Reservoir primarily in the fall when these releases are typically made.  
Had 2003 and 2004 been substitution years the benefits to DW and the Continental Hoosier 
Project shown in Table 29 would have been less and substitution releases would have been 
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required.  The reaches of river affected by additional storage at Wolford Mountain Reservoir 
and reduced substitution releases is Muddy Creek below the reservoir and the Colorado River 
below the confluence with Muddy Creek.  Differences in substitution releases would not 
change flows in the Colorado River below the confluence with the Blue River.   

DW (Moffat Tunnel, Williams Fork Reservoir, Roberts Tunnel Dillon Reservoir).  
DW diverted more water in-priority from the Fraser River and Williams Fork River basins 
through the Moffat Tunnel as a result of the Shoshone call relaxation in 2003 and 2004 
(Table 29).  Note, that this water would have been diverted regardless of the Shoshone call, 
however, DW did not have to make exchange releases from Williams Fork Reservoir.  In a 
similar manner, DW diverted more water in-priority from the Blue River at Roberts Tunnel 
and Dillon Reservoir.  Again, this water would have been diverted regardless of the 
Shoshone call, however, DW did not have to made exchange releases from Williams Fork 
Reservoir.  The reach of river affected by reduced exchange releases from Williams Fork 
Reservoir is the Williams Fork River below Williams Fork Reservoir and the Colorado River 
below the confluence with the Williams Fork River. 

Williams Fork Reservoir, which diverts water to storage from the Williams Fork River, 
also benefited from a reduction of the Shoshone call in both 2003 and 2004 (Table 29).  
Williams Fork Reservoir stored more water in priority and had to release less to exchange 
against DW’s out-of-priority diversions (described above).  In addition, 2003 and 2004 
would have been substitution years had it not been for the Shoshone call relaxation.  DW 
relies on Williams Fork Reservoir to replace (substitute) what is owed Green Mountain 
Reservoir if it does not fill.  With a call reduction, Green Mountain Reservoir is in priority to 
store more inflow below Dillon Reservoir; therefore, the call reduction can reduce the 
amount owed by DW.  A reduction in substitution releases would reduce flows below 
Williams Fork Reservoir primarily in the fall when these releases are typically made.  Had 
2003 and 2004 been substitution years the benefits to DW shown in Table 29 would have 
been less and substitution releases would have been required.  The reach of river affected by 
increased diversions to storage and reduced substitution releases from Williams Fork 
Reservoir is the Williams Fork River below Williams Fork Reservoir and the Colorado River 
below the confluence with the Williams Fork River.  Differences in substitution releases 
would not change flows in the Colorado River below the confluence with the Blue River.   

Windy Gap.  By relaxing the Shoshone call in 2003, the Windy Gap Project diverted 
additional water from the Colorado River from mid-April through mid-May (Table 29).  The 
reach of river affected by these diversions is the Colorado River below Windy Gap.  The 
Windy Gap Project did not benefit from the call reduction in 2004 because there were other 
factors that constrained diversions, namely downstream instream flow requirements.  It is 
likely that 2004 is more typical of future Windy Gap benefits during call reductions.  
Although March 1 forecasts for storage and runoff were low in 2003, late-season snow 
increased runoff significantly.  This resulted in a significant quantity of water available for 
Windy Gap pumping and DW storage contents greater than 80 percent on July 1.  The supply 
available to Windy Gap was higher in 2003 than it would likely be in most years the call is 
relaxed.  

Homestake Project.  The Homestake Project diverted water primarily in mid to late 
April due to a reduction in the Shoshone call in both 2003 and 2004 (Table 29).  Additional 
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diversions by the Homestake Project affect the Eagle River and the Colorado River below the 
confluence with the Eagle River.  

DW Deliveries to West Slope Entities.  The current agreement provides that DW will 
make available to West Slope entities 10 percent of the net water stored or diverted by DW 
as a result of the call reduction.  The agreement does not specify the beneficiaries nor does it 
define how water will be provided by DW (i.e., reservoir releases, increased bypasses, etc.).  
As such, the potential hydrologic effects of these deliveries are difficult to characterize.  In 
2003, DW provided water to Grand County through augmentation of flows in the Fraser 
River, achieved by bypasses that were in addition to bypass flows required of DW.  In 
addition, water was dedicated to the MPWCD from DW’s account at Wolford Mountain 
Reservoir and to the Clinton Ditch and Reservoir Company from DW’s account in Clinton 
Reservoir.  

Summary 
The triggers to invoke that permit a relaxation of the Shoshone call are based on forecasts 

of DW’s total system storage and the March 1 NRCS forecast for Colorado River flows at 
Kremmling or Dotsero.  Based on historical July 1 storage contents in DW’s reservoirs and 
available streamflow forecast data for the Colorado River at Dotsero, the Shoshone call 
relaxation may have been invoked in about 8 to 10 years during the period 1947 through 
2002, or roughly 1 out of every 6 to 7 years.  

The key projects/water rights that would benefit from a Shoshone call relaxation include 
the Continental-Hoosier Project, Green Mountain Reservoir, Wolford Mountain Reservoir, 
DW (Moffat Tunnel, Williams Fork Reservoir, Roberts Tunnel, and Dillon Reservoir), 
Windy Gap, and the Homestake Project.  These projects/facilities would be able to divert 
more water in-priority even if they are junior to the Shoshone Power Plant water rights.  
Because more diversions would be made in-priority, releases from reservoirs such as Green 
Mountain, Wolford Mountain, and Williams Fork Reservoir for exchange or substitution 
purposes would be less.  Increased in-priority diversions and reduced reservoir releases for 
exchange and/or substitution would decrease flows in the Upper Colorado River basin 
primarily in the Williams Fork River, Muddy Creek, the Blue River, and the Colorado River 
mainstem below the Windy Gap diversion during the relaxation period.  There would be no 
change in Colorado River flows at Dotsero outside of the relaxation period.  The only 
changes in flows outside of the relaxation period would be due to differences in substitution 
releases from Wolford Mountain and Williams Fork Reservoirs.  However, differences in 
substitution releases would not change flows in the Colorado River below the confluence 
with the Blue River.  Flows in the Fraser River basin during the relaxation period would 
likely not be affected because DW diverts regardless of the Shoshone call and exchanges 
with releases from Williams Fork Reservoir to cover out-of-priority diversions.  Flows in the 
Fraser River basin could potentially be higher outside of the relaxation period if DW 
increases bypasses in a manner similar to 2003 as part of the 10 percent water owed to West 
Slope entities. 

The magnitude and timing of flow reductions attributable to a Shoshone call relaxation 
could vary widely from year to year.  In 2003 and 2004 the flow reductions due to a 
relaxation of the Shoshone call totaled 21,234 AF and 26,841 AF, respectively. 
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8.4.3. Comparison of Model Simulation Output 
A summary comparing average annual flows and diversions at key locations on the West 

Slope for Existing Conditions, No Action, the Proposed Action, and Dry Creek and 
Rockwell/Mueller Creek Reservoirs (Alternative 5), which is representative of Alternatives 3 
and 4, is provided in Table 30.  As with the direct effect analysis, average values for each of 
the alternatives were modeled for the 47-year study period (1950 to 1996).  In addition, dry 
and wet year averages, which are defined as the average of the five wettest (1957, 1983, 
1984, 1986, and 1995) and five driest years (1954, 1966, 1977, 1981, and 1989) in the study 
period are shown in Table 31 and Table 32, respectively. 

The average monthly streamflow, stream stage, and reservoir content for each of the 
alternatives under cumulative effects are presented in Appendices G, H, and I for key C-BT 
and WGFP reservoirs and affected stream segments.  

In general, the reason for the differences in streamflow, reservoir content, diversions, and 
operations between Existing Conditions, No Action, and the action alternatives under Future 
Conditions are similar to those discussed in detail for direct effects in Section 7.0.  Sections 
8.5 to 8.7 summarize modeling results for No Action, the Proposed Action, and Alternative 
5.  The primary reasons for differences in C-BT and Windy Gap Project operations and 
diversions and streamflow changes as a result of the reasonably foreseeable actions would be 
similar for all of the alternatives, as described below. 

8.4.3.1. Adams Tunnel Diversions 
Adams Tunnel diversions would be less for all of the alternatives under Future 

Conditions compared to direct effects because of the reduction in Windy Gap diversions as a 
result of reasonably foreseeable actions.  C-BT deliveries through the Adams Tunnel in the 
future would be the same as Existing Conditions because C-BT storage, demands, and 
deliveries would be the same. 

8.4.3.2. Windy Gap Diversions 
Windy Gap diversions would generally be less in the future under all of the alternatives 

for the following reasons.  

1) The amount of water available for diversion at Windy Gap would decrease under 
Future Conditions because the Fraser River inflow to the Colorado River would decrease (on 
average).  DW’s increased demand and the Moffat Collection System Project results in 
additional diversions from the upper Fraser River basin.  In addition, urban growth in Grand 
County results in increased water use and diversions in the Fraser River basin.  DW’s and 
Grand County’s increased diversions and depletions in the Fraser River basin occur upstream 
of the Windy Gap Project diversion site on the Colorado River and are senior in priority to 
Windy Gap; therefore, these future actions directly reduce the amount of water available for 
diversion at Windy Gap.  About 82 percent of the future average annual flow reduction of 
11,300 AF in Fraser River flows would be due to DW’s demand for Fraser River diversions 
through the Moffat Tunnel.  The remainder would be from additional Grand County water 
use and other diversions that would affect the quantity and timing of flows in the Fraser 
River. 
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Additional diversions in Grand County due to growth in outdoor and snowmaking 
demands would result in both additional depletions and changes in return flows.  For 
example, additional snowmaking diversions would decrease flows in winter months but 
increase flows in the summer months due to return flows.  Therefore, the change in flows 
available at Windy Gap would be a combination of the effect of additional diversions and 
changes in return flows.   

2) The amount of water available for diversion at Windy Gap also would change due to 
differences in Lake Granby spills and WCFC diversions under Future Conditions.  However, 
typically differences in spills and WCFC diversions would occur in wet years when Windy 
Gap diversions are often constrained by other factors (decree limitations and available space 
in the C-BT system and the firming project reservoirs), as opposed to the physical supply at 
Windy Gap.   

3) The amount of water legally available for diversion at Windy Gap would decrease 
under Future Conditions.  The flow regime in the Colorado River downstream of Windy Gap 
and the call on the river that controls how much is legally available for diversion at Windy 
Gap would be affected by the reasonably foreseeable future actions.  In average and wet 
years, Windy Gap diversions are typically controlled by the 90-cfs minimum downstream 
flow requirement.  In dry years, the amount Windy Gap must bypass to satisfy downstream 
senior rights is often controlled by the Shoshone Power Plant water rights.  The reasonably 
foreseeable actions could at times change the call on the Colorado River downstream of 
Windy Gap; in this case, the amount of water legally available to Windy Gap would change.  
The largest effect from foreseeable actions would be DW’s additional diversions through 
Roberts Tunnel and depletions associated with urban growth in Summit County; these 
actions would substantially reduce the amount of Blue River inflow to the Colorado River, 
which is upstream of the Shoshone Power Plant diversion.  As a result, the amount of flow at 
the Shoshone Power Plant would decrease under Future Conditions.  If changes in the flow 
regime affect the ability to meet the demand at Shoshone under Future Conditions, the 
amount of water that Windy Gap must bypass could change.  The flow that Windy Gap must 
bypass to satisfy downstream senior rights would be higher on average because the flow 
available to meet the Shoshone call would decrease under Future Conditions. 

4) Differences in available capacity in Lake Granby and the Adams Tunnel between 
Existing Conditions and Future Conditions would affect Windy Gap diversions.  For 
example, at times when Windy Gap diversions are limited by available capacity in Lake 
Granby or the Adams Tunnel under Existing Conditions, Windy Gap diversions could 
increase under Future Conditions if available capacity is no longer a constraint and there is 
sufficient water available to divert.   

8.4.3.3. Willow Creek Feeder Canal Diversions 
The C-BT Project diverts water from Willow Creek for delivery to Lake Granby via the 

WCFC.  When space in Lake Granby is not a limiting factor on the amount of water that can 
be diverted from Willow Creek, there would be no difference in WCFC diversions among the 
alternatives.  When space in Lake Granby is a limiting factor and Lake Granby fills with both 
Windy Gap and C-BT water, Windy Gap water in Lake Granby would be exchanged with C-
BT water, as opposed to pumping from Willow Creek to spill Windy Gap water.  This is 
considered a “paper spill” of Windy Gap water.  
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WCFC diversions would be higher under Future Conditions because there can be more 
physical space available in Lake Granby for diversions from Willow Creek in wet years prior 
to spills.  Windy Gap diversions would be less on average under Future Conditions; 
therefore, Windy Gap contents in Lake Granby would often be lower in wet years prior to 
spills.  Under Future Conditions, there would be more opportunity to physically pump water 
from Willow Creek, as opposed to exchanging against Windy Gap water in wet years.   

There would also be minor differences in WCFC diversions between Existing and Future 
Conditions due to differences in Lake Granby C-BT contents.  For each alternative, there 
would be differences in C-BT contents in Lake Granby due to Windy Gap operations, such as 
shrink payments to the C-BT Project, demands and deliveries, and spills.  When water is 
diverted from Willow Creek to fill Granby, the amount diverted depends on both C-BT and 
Windy Gap contents in Granby. 

There would be essentially no difference in dry year WCFC diversions between Existing 
Conditions and Future Conditions.  Average annual dry year WCFC diversions would be the 
same for all alternatives under both Existing and Future Conditions.  The reasonably 
foreseeable actions do not affect the supply available to the WCFC and diversions would not 
be limited by available capacity in Lake Granby in dry years.   

8.4.3.4. Lake Granby Spills 
C-BT storage in Lake Granby takes precedence over Windy Gap storage.  When Lake 

Granby fills, the first water spilled would be Participant and Non-Participant Windy Gap 
water in proportion to the amounts in each account.  The MPWCD account would spill next, 
and finally the C-BT account would spill, if necessary.  Lake Granby spills would decrease in 
the future primarily because less Windy Gap water would be pumped and, therefore, Windy 
Gap spills would be less.  Lake Granby generally only spills in wet years; hence, dry year 
and average spills would be zero for all alternatives under both Existing and Future 
Conditions.  There also would be a difference in C-BT spills from Lake Granby under Future 
Conditions due to changes in Windy Gap operations; however, the change in C-BT spills 
would be less than Windy Gap spills.  

8.4.3.5. C-BT Diversions from the Big Thompson River 
The C-BT Project diverts water under its junior direct flow water rights from the Big 

Thompson River at the Olympus and Dille Tunnels for storage in Carter Lake and Horsetooth 
Reservoir.  The C-BT Project also diverts water from the Big Thompson River for power 
generation.  These power diversions are typically referred to as “skim diversions” because 
the water is returned to the Big Thompson River at the Big Thompson Power Plant.  C-BT 
diversions from the Big Thompson River to storage in Carter Lake and Horsetooth Reservoir 
take precedence over C-BT diversions from the West Slope to storage and skim diversions.   

For each alternative, there would be differences in C-BT diversions and reservoir 
contents between Existing and Future Conditions due to Windy Gap operations, such as 
shrink payments, demands and deliveries, and spills.  However, these differences would have 
a relatively minor impact on C-BT diversions from the Big Thompson River.  Differences in 
Big Thompson River diversions between Existing and Future Conditions would be due 
primarily to differences in skim diversions.  Skim diversions are modeled as the last C-BT 
operation to occur each month; therefore, differences in skim diversions could occur when 
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available capacity in the Olympus Tunnel is limiting.  C-BT deliveries from Lake Granby 
and the Big Thompson River to storage in Carter Lake and Horsetooth Reservoir also affect 
the available capacity in the Olympus Tunnel.  To the degree that there would be differences 
in Carter Lake and Horsetooth contents between alternatives, C-BT deliveries to these 
reservoirs to meet storage targets could vary, which causes differences in skim diversions if 
available capacity in Olympus Tunnel is limiting. 

8.4.3.6. Colorado River below Lake Granby 
Flows in the Colorado River below Lake Granby are a function of bypass flow 

requirements and spills from Lake Granby.  In years that Lake Granby is not spilling, the 
flows in the Colorado River below Lake Granby would equal the bypass flow requirements.  
Bypass flow requirements can be reduced based on forecasted inflows to Shadow 
Mountain/Grand Lake and Lake Granby (see Section 3.2.4.1 of the WGFP Modeling Report 
for more detail).  However, any reduction in bypass flow requirements would be the same 
under Existing Conditions and Future Conditions among the alternatives.  In dry years, there 
would be no differences in flows below Lake Granby between Existing and Future 
Conditions among the alternatives because Lake Granby does not spill in dry years.   

Windy Gap pumping and, consequently, storage in Lake Granby, would be less under 
Future Conditions for all alternatives versus Existing Conditions.  As a result, Windy Gap 
spills under Future Conditions would be reduced.  C-BT spills also would change under 
Future Conditions because of differences in Windy Gap operations.  In particular, Windy 
Gap shrink payments to the C-BT Project would be less under Future Conditions because 
Windy Gap pumping and deliveries would be less, which reduces Windy Gap diversion, 
carryover, and reintroduction shrink payments to the C-BT Project.  However, the differences 
in C-BT spills and their effect on flows below Lake Granby would be less in comparison 
with Windy Gap spills.  

8.4.3.7. Colorado River above the Windy Gap Diversion 
Flows in the Colorado River above Windy Gap reflect the outflow from Lake Granby, 

tributary inflows from Willow Creek and the Fraser River, Colorado River mainstem 
irrigation diversions, and ungaged gains/losses to the river including irrigation return flows 
and ground water.  The majority of the reduction in flow in the Colorado River above Windy 
Gap in the future would be due to reasonably foreseeable actions that reduce flows in the 
Fraser River basin (additional DW and Grand County demands). 

8.4.3.8. Colorado River below Windy Gap Diversion 
Flows in the Colorado River below Windy Gap at Hot Sulphur Springs and above the 

confluence with the Williams Fork River reflect the outflow from Lake Granby, tributary 
inflows from Willow Creek and the Fraser River, Colorado River irrigation diversions, 
Windy Gap diversions, and ungaged gains/losses to the river.  Flows in the Colorado River 
below the confluence with the Williams Fork River reflect the additional inflow from the 
Williams Fork River and the associated changes in timing and quantity of due future actions 
described in Section 8.4.2.2.  Below the confluence with the Williams Fork River to above 
the confluence with Troublesome Creek, streamflow would be affected by a reduction in 
return flows to the Colorado River from the Big Lake Ditch.  Under Existing Conditions, 
return flows associated with Big Lake Ditch diversions into the Reeder Creek basin accrue to 
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the Colorado River below the confluence with the Williams Fork River.  In the future, these 
return flows would no longer occur and as a result the gain in this reach decreases under 
Future Conditions.  

Flows in the Colorado River above the confluence with the Blue River include the 
tributary inflow from Troublesome Creek and Muddy Creek.  Flows below Kremmling 
include the tributary inflow from the Blue River.  Changes in the timing of streamflows in 
Muddy Creek would occur as a result of eliminating releases for endangered fish, changes in 
substitution releases and future contract releases from Wolford Mountain Reservoir (see 
Section 8.4.2.3).  Changes in future Blue River inflow to the Colorado River as a result of 
increased water demand would reduce streamflow in the Colorado River.   

8.4.3.9. Willow Creek 
Differences in flows in Willow Creek below Willow Creek Reservoir and the WCFC 

would be a function of differences in WCFC diversions.  Reasonably foreseeable actions do 
not directly affect Willow Creek flow, but changes in Windy Gap diversions as result of 
future actions would affect WCFC diversions, and hence, Willow Creek flows.  Paper spills 
of Windy Gap water from Willow Creek Reservoir would decrease in the future primarily 
because less Windy Gap water would be pumped and, therefore, Windy Gap contents in Lake 
Granby would often be less when Lake Granby fills.  With less Windy Gap water in Lake 
Granby when spills occur, paper spills of Windy Gap water from Willow Creek Reservoir 
would be less. 
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Table 30.  Cumulative Effects—Comparison of average annual year flows (1950-1996) and diversions at key locations (AF).   
Existing 

Conditions Alt 1.⎯No Action Alt. 2⎯Chimney Hollow w/ Pre-positioning Alt .5⎯Dry Creek w/ Rockwell Creek 
Location Node 

Avg. Annual 
Flow 

Avg. Annual 
Flow Difference Percent Diff. Avg. Annual 

Flow Difference Percent Diff. Avg. Annual 
Flow Difference Percent Diff. 

Adams Tunnel diversions 514634 243,179 251,943 8,764 4% 259,583 16,404 7% 258,933 15,755 6% 

Lake Granby Spills 514620 38,707 31,896 -6,812 -18% 26,142 -12,566 -32% 27,890 -10,817 -28% 

Colorado River below Lake Granby 09019500 59,385 52,976 -6,409 -11% 47,880 -11,505 -19% 49,403 -9,981 -17% 

Willow Creek Feeder diversions 510958 36,172 37,828 1,656 5% 39,010 2,837 8% 38,586 2,414 7% 

Willow Creek at the Confluence with the Colorado River 510546 18,294 16,685 -1,609 -9% 15,516 -2,777 -15% 15,939 -2,354 -13% 

Fraser River at the confluence with the Colorado River 510876 91,025 79,725 -11,300 -12% 79,729 -11,296 -12% 79,714 -11,311 -12% 

Colorado River above Windy Gap diversion 514700 187,889 168,544 -19,345 -10% 162,279 -25,611 -14% 164,211 -23,679 -13% 

Windy Gap diversions 514700 36,532 38,973 2,441 7% 40,791 4,259 12% 42,991 6,459 18% 

Colorado River below Windy Gap 514700 151,358 129,571 -21,787 -14% 121,488 -29,870 -20% 121,220 -30,138 -20% 

Colorado River at Hot Sulphur Springs 09034500 156,475 134,095 -22,380 -14% 126,006 -30,469 -19% 125,738 -30,737 -20% 

Colorado River above the confluence with the Williams Fork 
River 51_ADC008 154,031 131,649 -22,382 -15% 123,559 -30,472 -20% 123,291 -30,740 -20% 

Williams Fork River at the confluence with the Colorado 
River 09038500 90,083 95,345 5,262 6% 95,346 5,263 6% 95,346 5,263 6% 

Colorado River below the confluence with the Williams Fork 
River 512037 246,931 229,807 -17,124 -7% 221,718 -25,213 -10% 221,450 -25,481 -10% 

Colorado River above the confluence with Troublesome Creek 51_ADC011 252,443 227,567 -24,876 -10% 219,479 -32,964 -13% 219,210 -33,233 -13% 

Troublesome Creek at the confluence with the Colorado River 500526 52,396 52,425 29 0% 52,425 29 0% 52,425 29 0% 

Colorado River above the confluence with the Blue River 512036 379,050 354,135 -24,915 -7% 346,048 -33,002 -9% 345,781 -33,270 -9% 

Blue River at the confluence with the Colorado River 36_ADC019 313,612 258,663 -54,949 -18% 258,677 -54,935 -18% 258,678 -54,933 -18% 

Colorado River near Kremmling 09058000 701,801 621,912 -79,889 -11% 613,838 -87,963 -13% 613,572 -88,229 -13% 

Colorado River above Pumphouse 50_ADC020 696,777 616,888 -79,889 -11% 608,814 -87,963 -13% 608,548 -88,229 -13% 

Muddy Creek at confluence with the Colorado River 09041500 65,522 65,502 -20 0% 65,503 -19 0% 65,504 -18 0% 

C-BT Diversions from the Big Thompson River NA 27,990 27,638 -352 -1% 25,154 -2,836 -10% 26,934 -1,056 -4% 

Big Thompson River below Lake Estes 06735500 66,701 67,118 417 1% 69,684 2,983 4% 67,809 1,108 2% 

Big Thompson River at the Canyon Gage 06738000 89,367 89,718 352 0% 92,203 2,836 3% 90,422 1,056 1% 

Note: A positive difference denotes an increase in flow. 
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Table 31.  Cumulative Effects—Comparison of average annual dry year flows (1954, 1966, 1977, 1981, 1989) and diversions at key locations 
(AF). 

Existing 
Conditions Alt. 1⎯No Action Alt 2.⎯Chimney Hollow w/ Pre-positioning Alt. 5⎯Dry Creek w/ Rockwell Creek 

Location Node 
Avg. Annual 

Flow 
Avg. Annual 

Flow Difference Percent Diff. Avg. Annual 
Flow Difference Percent Diff. Avg. Annual 

Flow Difference Percent Diff. 

Adams Tunnel diversions 514634 314,187 314,886 699 0% 331,654 17,468 6% 324,347 10,160 3% 

Lake Granby  Spills 514620 0 0 0 0% 0 0 0% 0 0 0% 

Colorado River below Lake Granby 09019500 21,946 21,946 0 0% 21,946 0 0% 21,946 0 0% 

Willow Creek Feeder diversions 510958 22,200 22,190 -10 0% 22,190 -10 0% 22,190 -10 0% 

Willow Creek at the Confluence with the Colorado River 510546 3,962 3,962 0 0% 3,962 0 0% 3,962 0 0% 

Fraser River at the confluence with the Colorado River 510876 35,432 30,879 -4,553 -13% 30,787 -4,645 -13% 30,787 -4,645 -13% 

Colorado River above Windy Gap diversion 514700 74,938 70,377 -4,561 -6% 70,284 -4,654 -6% 70,284 -4,654 -6% 

Windy Gap diversions 514700 7,804 3,860 -3,944 -51% 3,860 -3,944 -51% 3,860 -3,944 -51% 

Colorado River below Windy Gap 514700 67,134 66,517 -617 -1% 66,424 -710 -1% 66,424 -710 -1% 

Colorado River at Hot Sulphur Springs 09034500 70,656 69,494 -1,162 -2% 69,402 -1,254 -2% 69,402 -1,254 -2% 

Colorado River above the confluence with the Williams Fork 
River 51_ADC008 67,380 66,187 -1,194 -2% 66,094 -1,286 -2% 66,094 -1,286 -2% 

Williams Fork River at the confluence with the Colorado 
River 09038500 77,202 80,600 3,398 4% 80,659 3,456 4% 80,659 3,456 4% 

Colorado River below the confluence with the Williams Fork 
River 512037 147,416 149,639 2,223 2% 149,605 2,188 1% 149,605 2,188 1% 

Colorado River above the confluence with Troublesome Creek 51_ADC011 149,898 143,765 -6,133 -4% 143,730 -6,168 -4% 143,730 -6,168 -4% 

Troublesome Creek at the confluence with the Colorado River 500526 27,418 27,494 77 0% 27,494 77 0% 27,494 77 0% 

Colorado River above the confluence with the Blue River 512036 229,222 226,876 -2,346 -1% 226,593 -2,629 -1% 226,593 -2,629 -1% 

Blue River at the confluence with the Colorado River 36_ADC019 213,141 193,013 -20,128 -9% 192,944 -20,198 -9% 192,943 -20,198 -9% 

Colorado River near Kremmling 09058000 450,286 427,728 -22,558 -5% 427,376 -22,911 -5% 427,375 -22,911 -5% 

Colorado River above Pumphouse 50_ADC020 445,113 422,555 -22,558 -5% 422,202 -22,911 -5% 422,202 -22,911 -5% 

Muddy Creek at confluence with the Colorado River 09041500 42,760 46,396 3,636 9% 46,147 3,387 8% 46,147 3,387 8% 

C-BT Diversions from the Big Thompson River NA 551 687 136 25% 0 -551 -100% 0 -551 -100% 

Big Thompson River below Lake Estes 06735500 53,535 53,399 -136 0% 54,086 551 1% 54,086 551 1% 

Big Thompson River at the Canyon Gage 06738000 67,160 67,024 -136 0% 67,711 551 1% 67,711 551 1% 

Note: A positive difference denotes an increase in flow. 
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Table 32.  Cumulative Effects—Comparison of average annual wet year flows (1957, 1983, 1984, 1986, 1995) and diversions at key locations 
(AF). 

Existing 
Conditions Alt 1.⎯No Action Alt. 2⎯Chimney Hollow w/ Pre-positioning Alt. 5⎯Dry Creek w/ Rockwell Creek 

Location Node 
Avg. Annual 

Flow 
Avg. Annual 

Flow Difference Percent Diff. Avg. Annual 
Flow Difference Percent Diff. Avg. Annual 

Flow Difference Percent Diff. 

Adams Tunnel diversions 514634 180,787 195,934 15,147 8% 189,327 8,540 5% 199,666 18,879 10% 

Lake Granby  Spills 514620 129,094 115,508 -13,586 -11% 110,794 -18,301 -14% 111,191 -17,904 -14% 

Colorado River below Lake Granby 09019500 144,383 132,303 -12,080 -8% 128,133 -16,250 -11% 128,342 -16,040 -11% 

Willow Creek Feeder diversions 510958 33,685 39,707 6,022 18% 40,417 6,732 20% 40,317 6,632 20% 

Willow Creek at the Confluence with the Colorado River 510546 52,778 46,756 -6,022 -11% 46,046 -6,732 -13% 46,146 -6,632 -13% 

Fraser River at the confluence with the Colorado River 510876 178,477 156,645 -21,832 -12% 156,715 -21,762 -12% 156,501 -21,976 -12% 

Colorado River above Windy Gap diversion 514700 403,835 363,899 -39,935 -10% 359,091 -44,744 -11% 359,185 -44,650 -11% 

Windy Gap diversions 514700 38,512 62,118 23,606 61% 69,417 30,905 80% 71,699 33,186 86% 

Colorado River below Windy Gap 514700 365,323 301,782 -63,541 -17% 289,674 -75,649 -21% 287,486 -77,836 -21% 

Colorado River at Hot Sulphur Springs 09034500 369,677 305,471 -64,206 -17% 293,363 -76,314 -21% 291,175 -78,501 -21% 

Colorado River above the confluence with the Williams Fork 
River 51_ADC008 369,268 305,065 -64,204 -17% 292,957 -76,311 -21% 290,769 -78,499 -21% 

Williams Fork River at the confluence with the Colorado 
River 09038500 138,018 145,540 7,522 5% 145,541 7,522 5% 145,541 7,522 5% 

Colorado River below the confluence with the Williams Fork 
River 512037 509,758 453,068 -56,691 -11% 440,960 -68,798 -13% 438,772 -70,986 -14% 

Colorado River above the confluence with Troublesome Creek 51_ADC011 519,392 455,774 -63,618 -12% 443,667 -75,725 -15% 441,479 -77,913 -15% 

Troublesome Creek at the confluence with the Colorado River 500526 92,324 92,325 1 0% 92,325 1 0% 92,325 1 0% 

Colorado River above the confluence with the Blue River 512036 706,315 642,668 -63,646 -9% 630,562 -75,752 -11% 628,373 -77,941 -11% 

Blue River at the confluence with the Colorado River 36_ADC019 493,554 412,397 -81,157 -16% 412,284 -81,271 -16% 412,393 -81,161 -16% 

Colorado River near Kremmling 09058000 1,217,038 1,072,235 -144,803 -12% 1,060,014 -157,024 -13% 1,057,934 -159,104 -13% 

Colorado River above Pumphouse 50_ADC020 1,212,435 1,067,632 -144,803 -12% 1,055,411 -157,024 -13% 1,053,331 -159,104 -13% 

Muddy Creek at confluence with the Colorado River 09041500 86,980 86,999 19 0% 86,999 20 0% 86,998 19 0% 

C-BT Diversions from the Big Thompson River NA 67,946 68,058 112 0% 66,763 -1,182 -2% 67,915 -30 0% 

Big Thompson River below Lake Estes 06735500 72,849 72,874 25 0% 74,701 1,851 3% 72,874 25 0% 

Big Thompson River at the Canyon Gage 06738000 108,593 108,480 -112 0% 109,775 1,182 1% 108,623 30 0% 

Note: A positive difference denotes an increase in flow. 
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8.5. Alternative 1—No Action, Enlarge Ralph Price 
Reservoir 

Under the No Action alternative, all Participants would maximize delivery of Windy 
Gap water according to their demand, water rights, available storage in Lake Granby, and 
existing Adams Tunnel conveyance constraints.  The City of Longmont would expand 
the storage capacity of Ralph Price Reservoir by 13,000 AF.  The total annual Windy 
Gap demand, including Windy Gap Participants, non-Participants, and the MPWCD, 
would be about 40,745 AF under No Action, compared to 21,047 AF under Existing 
Conditions (Appendix H). 

8.5.1. Surface Water Hydrology 
8.5.1.1. C-BT and Windy Gap Project Operations and 

Diversions 
Adams Tunnel Diversions.  Adams Tunnel diversions of C-BT and Windy Gap water 

to the East Slope would be about 243,000 AF under Existing Conditions compared to 
about 252,000 AF under No Action (Table 30).  C-BT deliveries would not change under 
No Action, so the changes in Adams Tunnel deliveries would be from higher Windy Gap 
demands and deliveries to Ralph Price Reservoir.  Dry year average annual Adams 
Tunnel deliveries would be about 314,000 AF under Existing Conditions compared to 
about 315,000 AF under No Action (Table 31).  The difference would be less than 1,000 
AF on average because little to no Windy Gap water would be available in Lake Granby 
for delivery in dry years.  In wet years, Adams Tunnel deliveries would be about 181,000 
AF compared to 196,000 AF for No Action (Table 32). 

Windy Gap Diversions.  Windy Gap annual diversions would increase from about 
36,500 AF on average under Existing Conditions to about 39,000 AF under No Action 
(Table 30).  In dry years, Windy Gap diversions would be about 4,000 AF less than 
Existing Conditions because there would be less water available for diversion with 
increased diversion by the Moffat Collection System Project, additional water use in 
Grand County, and a decrease in the amount of water legally available for diversion in 
the future (Table 31).  In wet years, Windy Gap diversions would increase about 24,000 
AF under No Action compared to Existing Conditions (Table 32). 

Willow Creek Feeder Canal Diversions.  WCFC diversions would increase on 
average from about 36,200 AF under Exiting Conditions to about 37,800 AF under No 
Action (Table 30).  There would be virtually no change in WCFC diversions from 
Existing Conditions in dry years (Table 31), and about an 18 percent increase during wet 
years (Table 32). 

Lake Granby Spills.  Average annual spills would be about 38,700 AF under Existing 
Conditions compared to about 31,900 AF under No Action (Table 30).  There would be 
no difference in dry year spills between Existing Conditions and No Action (Table 31).  
The primary decrease in spills would occur during wet years when Lake Granby fills and 
spills.  Spills would decrease about 11 percent under No Action compared to Existing 
Conditions in wet years (Table 32).  The majority of the difference in spills would occur 
from a reduction in spills in August of wet years (Table I-1).   
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C-BT Diversions from Big Thompson River.  C-BT annual diversions from the Big 
Thompson River would be 27,900 AF under Existing Conditions and would decrease less 
than 1 percent on average under No Action (Table 30).  In dry years, there would be a 
small annual increase (136 AF) in diversion under No Action on average (Table 31) in 
comparison with Existing Conditions.  There would be no change in wet years (Table 
32). 

8.5.1.2. West Slope Streams 
Colorado River below Lake Granby.  Spills from Lake Granby would decrease under 

Future Conditions.  Colorado River streamflow below Lake Granby would decrease from 
about 59,385 AF under Existing Conditions to 53,000 AF on average under No Action 
(Table 30).  In dry years, when there would be no spills from Lake Granby, the flow of 
the Colorado River below Lake Granby would not change under No Action (Table 31).  
Streamflow below Lake Granby is primarily related to wet year spills, which would 
decrease about 12,100 AF under No Action compared to Existing Conditions (Table 32).  
For the No Action alternative, the flow of the Colorado River below Lake Granby would 
be about 2,400 AF lower in average years and 4,300 AF lower in wet years due to the 
effects of reasonably foreseeable actions on Windy Gap and C-BT operations.   

Table I-11 provides the modeled Granby Reservoir spill periods, average spill and 
maximum spill for Existing Conditions and the alternatives with Cumulative Effects.  
The model shows spills occurring for as short as a month (June, July or August) and up to 
as long as 4 months (May through August), with the most frequent spills occurring in 
June through July (13 percent of the 47 year model period) under Existing Conditions and 
No Action.  The spill periods are very similar between Existing Conditions and No 
Action, but the estimated flow of the river at the gage near Granby would be reduced 
during some of the spill periods.   

Table 28 provides the changes in daily flows that would occur with Cumulative 
Effects in the Colorado River at the USGS gage near Granby during May through 
August, the period when most Windy Gap diversions would occur.  Under No Action, 
flow increases of up to 211 cfs would occur 3.5 percent of the time during these months 
due to changes in the timing of spills from Lake Granby.  No changes in daily flow would 
occur about 79 percent of the time between May and August.  Daily flow decreases of 1 
to 100 cfs would occur about 11 percent of the time and daily flow decreases greater than 
100 cfs would occur 6.2 percent of the time during May through August. 

Colorado River above the Windy Gap Diversion.  Average annual streamflow in the 
Colorado River above the Windy Gap diversion would decrease from about 187,900 AF 
under Existing Conditions to about 168,500 AF under No Action (Table 30).  Although 
Colorado River streamflow would decrease in all months, the greatest decrease in 
average streamflow (14 to 15 percent) would occur from June to August (Table I-13, 
Figure 51).  The majority (58 percent) of the streamflow reduction would be from 
additional Moffat Collection System diversions from the Fraser River basin and 
additional upstream Grand County water use.  Changes in Lake Granby spills and Willow 
Creek streamflow as a result of the Windy Gap No Action alternative would account for 
the remainder of the change.   
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In dry years, reasonably foreseeable future actions would result in about a 4,600 AF 
decrease in Colorado River flow above Windy Gap Reservoir (Table 31).  Windy Gap 
operations under No Action would not affect dry year streamflow at this location.   

In wet years, Colorado River flows above Windy Gap decrease about 39,900 AF on 
average under No Action compared to Existing Conditions (Table 32).  The majority of 
the reduced flow in wet years would be attributable to reasonably foreseeable future 
actions and the remainder would be from implementation of the No Action alternative.  
The greatest decrease in average streamflow (19 percent) would occur in August (Table 
I-13).   

Colorado River below the Windy Gap Diversion to the Top of Gore Canyon.  
Colorado River flow below the Windy Gap diversion would decrease on average from 
about 151,400 AF under Existing Conditions to about 129,600 AF under No Action 
(Table 30).  About 52 percent of the flow reduction would be from reasonably 
foreseeable actions and the remainder due to Windy Gap diversions, primarily from June 
through August.  Streamflow decreases would occur in all months except April, with the 
majority of the changes from Windy Gap diversions occurring from June to August and 
the effect in other months primarily from reasonably foreseeable actions (Table I-14, 
Figure 52).  In average years, the largest average monthly reduction in flow would occur 
in July (26 percent, a reduction of 125 cfs).  In dry years, streamflow would decrease 
about 600 AF under No Action with all of the change attributable to reasonably 
foreseeable actions (Table 31).  In wet years, Colorado River flow would decrease about 
63,500 AF under No Action compared to Existing Conditions (Table 32).  In wet years, 
the largest average monthly reduction in flow would occur in August (37 percent, a 
reduction of 170 cfs).   

At Hot Sulphur Springs, the largest average monthly flow reduction would occur in 
July in average flow years (26 percent, a reduction of 130 cfs) and in August in wet years 
(37 percent, a reduction of 175 cfs) (Table I-16).  Under No Action, daily flows would 
increase as much as 159 cfs about 26 percent of the time in May through August, the 
period when most Windy Gap diversions occur (Table 28).  No changes in daily flows 
would occur about 7 percent of the time during this period under No Action, and daily 
flow decreases of 1 to 100 cfs would occur about 46 percent of the time in May through 
August.  Flow decreases of greater than 100 cfs would occur about 21 percent of the time 
in May through August.   

Average annual streamflow in the Colorado River below the confluence with the 
Williams Fork River would decrease from about 246,900 AF under Existing Conditions 
to about 229,800 AF under No Action (Table 30).  About 39 percent of the decrease in 
flow would be from reasonable foreseeable actions and the remainder from Windy Gap 
diversions.  The largest average monthly flow reduction would occur in July in average 
years (19 percent, a reduction of 140 cfs) and in August (25 percent, a reduction of 160 
cfs) in wet years (Table I-17).   

Colorado River average annual streamflow at the Kremmling gage downstream of the 
confluence with the Blue River and Muddy Creek would decrease from about 701,801 
AF under Existing Conditions to about 621,900 AF under No Action (Table 30).  
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Average monthly streamflow reductions range from no change in February and March to 
a 25 percent decrease (a flow reduction of 440 cfs) in July (Table I-18; Figure 53).  
Reductions in Blue River streamflow primarily from DW’s additional transbasin 
diversions, as well as increased urban growth in the Blue River basin, changes in the 
operation of Wolford Mountain and Williams Fork Reservoirs, and other upstream 
reasonably foreseeable actions, would account for about 87 percent of the reduction in 
flows.  Windy Gap Project diversions and operations would account for the remainder of 
the flow change.  During dry years, all of the 22,600 AF decrease in annual flows would 
be the result of reasonably foreseeable actions (Table 31).  In wet years, average annual 
Colorado River streamflow would decrease from about 1,217,000 AF under Existing 
Conditions to about 1,072,200 AF under No Action (Table 32).  The largest average 
monthly flow reduction in a wet year would occur in July (17 percent, a reduction of 795 
cfs).   

At the USGS gage near Kremmling, daily flows during May through August, when 
most Windy Gap diversions occur, would increase by as much as 197 cfs about 14 
percent of the time under No Action (Table 28).  Daily flow decreases of 1 to 100 cfs 
would occur about 28 percent of the time May through August, and daily flow decreases 
greater than 100 cfs would occur about 57 percent of the time during those months. 

Willow Creek.  Average annual Willow Creek streamflow would decrease 9 percent 
from about 18,300 AF under Existing Conditions to about 16,700 AF under No Action 
(Table 30).  Differences in streamflow in Willow Creek are a function of changes in 
WCFC diversions as a result of operation of the Windy Gap Project.  There would be no 
change in Willow Creek flows in dry years (Table 31) and a decrease of 11 percent in wet 
years (Table 31).  The largest average monthly flow reduction in an average year would 
be 29 percent in July (32 cfs to 23 cfs) (Table I-15; Figure 54).  The largest average 
monthly flow reduction in a wet year would be 34 percent in July (112 to 75 cfs).   

8.5.1.3. West Slope Reservoirs 
Lake Granby.  Average monthly contents in Lake Granby under the No Action would 

range from about 19,500 AF less in August to about 23,500 AF less in May compared to 
Existing Conditions (Table K-7).  These changes would result in lake levels about 3 to 4 
feet lower than Existing Conditions (Table K-8).  The largest change in storage would 
occur from March to May, with up to 7 percent decrease in average monthly storage in 
average and dry years and 10 percent in wet years.  In dry years, Lake Granby elevations 
would be about 3 to 4 feet lower than Existing Conditions and in wet years No Action 
would range from 1 to 6 feet lower.   

Differences in Lake Granby contents and surface elevations would be greatest (up to 
23 feet) during dry year sequences; the chance of a decrease in the lake level of 10 feet or 
more would be 21 percent.   

8.5.1.4. East Slope Streams 
North St. Vrain Creek and St. Vrain Creek.  Under the No Action alternative, the 

flow of North St. Vrain Creek, as well as St. Vrain Creek in the approximately one mile 
stretch from the confluence of the North and South forks to the St. Vrain Supply Canal 
would change due to exchanges of Windy Gap water to storage in Ralph Price Reservoir 
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and Windy Gap releases from Ralph Price Reservoir to meet Longmont’s demands 
(Table 33).  Changes in flows in these reaches would be slightly smaller with reasonably 
foreseeable future actions because there would be less Windy Gap water available for the 
City of Longmont to divert to storage in Ralph Price Reservoir.   

Table 33.  Cumulative Effects⎯Average monthly change in flow of North St. Vrain 
Creek below Ralph Price Reservoir and St. Vrain Creek above St. Vrain Supply 
Canal. 

N. St. Vrain between Ralph 
Price Reservoir and 
Longmont Reservoir 

N. St. Vrain below 
Longmont Reservoir 

St. Vrain at Lyons  
(USGS gage) 

Month 
Exist. 
Cond. 
(cfs) 

No 
Action 

(cfs) 

% 
Change 

Exist. 
Cond. 
(cfs) 

No 
Action 

(cfs) 

% 
Change 

Exist. 
Cond. 
(cfs) 

No 
Action 

(cfs) 

% 
Change

January 24 28 16% 13 13 0% 14 14 0%
February 23 27 15% 13 13 0% 13 13 0%
March 24 27 14% 12 12 0% 20 20 -0%
April 46 48 4% 29 29 0% 91 91 0%
May 155 141 -9% 133 118 -11% 297 282 -5%
June 274 275 0% 250 250 0% 528 528 0%
July 179 137 -23% 147 109 -25% 296 259 -13%
August 89 87 -2% 59 59 0% 135 135 0%
September 42 60 43% 19 32 65% 67 79 19%
October 26 43 64% 8 14 81% 39 45 16%
November 23 27 17% 13 13 0% 24 24 0%
December 23 27 17% 13 13 0% 17 17 -0%

Note:  North St. Vrain Creek flows below Ralph Price and Longmont Reservoirs derived using City of Longmont 
release records from 1999-2005 and Colorado Division of Water Resource diversion records for 1999-2004.   
 

Big Thompson River.  Under No Action and given reasonably foreseeable future 
actions, flows in the Big Thompson River below Lake Estes would not change during 
most months, but would increase by 1 percent in June and July in average years (Table I-
8) and decrease by 1 percent in April, due primarily to changes in C-BT diversions for 
power generation.  The flow in the Big Thompson River at the mouth of the canyon 
would increase by 1 percent in June and July (Table I-10).  There would be no change in 
river stage (Table J-1).   

Streams that Receive Windy Gap Return Flows.  Maximum increases in East Slope 
streams due to increased return flows from Participants’ WWTPs would be higher under 
No Action than Existing Conditions and other alternatives because the demand for Windy 
Gap water and, therefore, the maximum delivery, would be greater under No Action 
(Boyle 2006d).  However, average return flows would be less under No Action than 
under Alternatives 2 through 5 because average deliveries would be less.  Table 34 
compares the average and maximum flow increases attributable to additional Windy Gap 
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return flows under the No Action alternative to the average and maximum monthly flows 
at the nearest USGS gage.  No adjustments were made to gage flows to account for 
gains/losses that may occur between the gages and WWTPs.  Except for distributed 
returns from rural customers, there would likely be no net change in streamflow from 
November to March between the No Action alternative and Existing Conditions because 
either Participants do not intend to use their Windy Gap supplies in those months, 
reusable effluent is stored for use later in summer months, or return flows are used to 
offset depletions or augment return flow obligations.  Impacts to East Slope streams 
below Participants’ WWTPs would be less considering reasonably foreseeable future 
actions because less Windy Gap water would be diverted and available to the 
Participants.  In Coal Creek and St. Vrain Creek, return flows would increase at more 
than one location; the return flows for these creeks have not been added together in Table 
34.   

Table 34.  Cumulative Effects⎯East Slope streamflow increases under No Action. 
Apr May Jun Jul Aug Sep Oct 

Stream Segment Flow Condition1 
cfs 

Existing average flow 13.3 28.9 51.1 41.5 38.5 23.6 10.1 

Existing maximum flow 19 40.5 73.2 86.5 49 40.3 16.2 

Average flow increase 1.3 2.3 2.7 3.3 3.3 2.7 1.3 

Big Dry Creek above 
Broomfield WWTP 
(USGS gage 06720820, 
adjusted for average 
historical Broomfield 
WWTP effluent, 1995-
2004) 

Maximum flow increase 3.5 5.9 7.0 8.5 8.5 7.0 3.4 

Existing average flow 12.3 13.1 7 2.8 4.1 2.1 2.6 

Existing maximum flow 36 35 13 4.3 15 3.1 3.8 

Average flow increases above gage 0.7 1.4 1.1 0.8 0.6 0.5 0.4 

Maximum flow increase above 
gage  

1.7 1.7 1.7 1.7 1.7 1.7 1.7 

Average flow increases below gage 1.4 2.8 2.1 1.6 1.1 1.0 0.7 

Coal Creek below 
Superior, above 
Louisville, Lafayette 
and Erie WWTPs 
(USGS gage 06730400) 

Maximum flow increase below 
gage 

3.3 3.3 3.4 3.3 3.3 3.4 3.2 

Existing average flow 76 234 348 175 148 101 68 

Existing maximum flow 259 1155 1227 485 185 152 159 

Average flow increase 2.1 0.8 0.8 10.5 10.0 9.5 8.3 

St. Vrain Creek below 
Longmont WWTP 
(USGS gage 06725450) 

Maximum flow increase 3.0 0.8 0.9 11.0 11.0 11.3 10.8 

Existing average flow 178 472 627 313 231 184 160 

Existing maximum flow 622 2362 2316 972 653 292 398 

Average flow increase 0.3 0.7 0.7 0.8 0.8 0.6 0.3 

St. Vrain Creek below 
LTWD WWTP (USGS 
gage 06731000) 

Maximum flow increase 0.8 1.3 1.5 1.8 1.8 1.5 0.7 
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Apr May Jun Jul Aug Sep Oct 
Stream Segment Flow Condition1 

cfs 

Existing average flow 41 251 296 129 84 37 28 

Existing maximum flow 292 2078 1493 418 153 84 66 

Average flow increase 0 1.4 1.1 1.9 3.1 3.4 2.2 

Big Thompson River 
below Loveland 
WWTP (USGS gage 
06741510) 

Maximum flow increase 0 1.6 1.6 3.2 6.4 9.8 9.4 
1Existing average and maximum flow are at stream gage locations.  Average and maximum flow increases are at 
Participants’ WWTPS and dispersed return flow locations from outdoor use. 

8.5.1.5. East Slope Reservoirs 
Carter Lake.  Average monthly storage in Carter Lake would decrease less than 1 

percent or 1 foot from Existing Conditions under No Action (Table K-1).  The greatest 
change would be about a 1,200 AF decrease in storage in June and July.  In dry years, the 
change would be close to zero and in wet years, the greatest decrease in Carter Lake 
elevations would be about 2 feet in August and September.  In average years, under No 
Action there would be less than a 1 percent or 1-foot difference in Carter Lake elevations 
compared to Existing Conditions or No Action (Table K-2).  In wet years, monthly Carter 
Lake elevations would be from 1 to 2 feet lower than Existing Conditions. 

In dry years when C-BT contents in Lake Granby are exhausted, Carter Lake contents 
under No Action would be lower than Existing Conditions.  The decrease is predicted to 
be as much as 8 feet; however, the chance of a decrease in the elevation of Carter Lake 
equal or exceeding 5 feet in any given year would be only 13 percent.   

Horsetooth Reservoir.  Average monthly changes in Horsetooth Reservoir content 
under No Action would decrease about 40 AF to 600 AF compared to Existing 
Conditions (Table K-4).  The greatest decrease would be a 1 percent reduction in 
September.  In dry years, Horsetooth Reservoir content would increase less than 1 
percent from December to June and decrease less than 1 percent from July to November.  
In wet years, Horsetooth Reservoir content would decrease less than 2 percent, with the 
greatest percent change in November.  Changes in average monthly reservoir elevation 
would be less than about 0.3 feet in average and wet years and less than 1 foot in wet 
years (Table K-5). 

Occasionally, Horsetooth Reservoir contents under No Action would be lower than 
Existing Conditions (4 feet) in dry years; the chance of a decrease in Horsetooth of 4 feet 
in any given year would be 2 percent.   

Ralph Price Reservoir.  The additional 13,000 AF of storage available in Ralph Price 
Reservoir under No Action would fluctuate with exchanges of Windy Gap water storage 
and Windy Gap releases to meet Longmont’s demands (Figure 50).  Figure 50 does not 
include fluctuation of the existing storage account of 16,200 AF.  The amount of water 
stored in Ralph Price Reservoir would be slightly less under future conditions because 
there would be less Windy Gap water available for Longmont to store in the reservoir.   
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Figure 50.  No Action Alternative⎯Ralph Price Reservoir average, wet, and dry 
year daily contents for 13,000 AF of new storage under cumulative effects.   
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8.5.2. Ground Water Hydrology and Quality  
8.5.2.1. West Slope Reservoirs 

The existing range in annual variation in the level of Lake Granby (nearly 90 feet) is 
much greater than the maximum 23 foot change that would occur under the No Action 
alternative.  Water levels in some shallow wells near the lake may be connected to lake 
levels; however, it is probable that much of the ground water adjacent to the lake is from 
topographically higher areas surrounding the lake rather than from Lake Granby.  
Because predicted surface water quality changes to these reservoirs as a result of the 
WGFP are predicted to be minor, it is expected that there would not be any effect to 
ground water quality. 

8.5.2.2. West Slope Streams 
The maximum monthly stage change in an average year in the Colorado River below 

Windy Gap would be a decrease of about 2 inches under No Action (Table J-2).  The 
maximum monthly stage change in the Colorado River near Kremmling would be almost 
a foot (Table J-3).  Stage data is not available for Willow Creek, but the maximum 
monthly flow change in an average year would be a decrease of 9 cfs (Table I-15).  
Changes in flow and the resulting stage changes are considered to be minor with respect 
to potential effects to adjacent ground water levels.  As discussed in Section 7.2.2, and 
because predicted water quality changes to these streams as a result of the WGFP are 
predicted to be small, it is expected that there would be only minor effects to alluvial 
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ground water quality along the Colorado River and no effects to ground water quality 
near Willow Creek.   

8.5.2.3. East Slope Reservoirs 
The maximum predicted decrease in the elevation of Carter Lake is 8 feet.  The 

maximum predicted decrease in the elevation of Horsetooth Reservoir would be 2 feet.  
Potential effects to ground water levels near Carter Lake, Horsetooth Reservoir and 
Ralph Price Reservoir would be expected to be minor for the reasons discussed in Section 
7.2.1.  As discussed in Section 7.2.2, and because predicted water quality changes to 
these reservoirs as a result of the WGFP are predicted to be minor, it is expected that 
there would not be any effects to ground water quality. 

8.5.2.4. East Slope Streams 
Because the average monthly stage change in the Big Thompson River between Lake 

Estes and the Hansen Feeder Canal under No Action would be only 0.01 foot (Table J-1), 
effects to alluvial or bedrock ground water would be negligible.  For the other East Slope 
streams affected by changing return flows from Participants’ WWTPs, because stage 
changes are expected to be small, increases in alluvial ground water levels would likely 
be unmeasurable.  As discussed in Section 7.2.2, it is expected that ground water quality 
would not be affected near the foothill streams (North St. Vrain Creek, St. Vrain Creek at 
Lyons and Big Thompson River below Lake Estes to the Hansen Feeder Canal).  For the 
other East Slope streams, there may be minor changes to alluvial ground water quality 
near the streams.   

8.5.3. Stream Morphology and Sedimentation 
8.5.3.1. West Slope Streams 

Colorado River.  At Hot Sulphur Springs, the 2-year peak discharge was estimated to 
be 1,240 cfs under Existing Conditions (Figure G-1).  Under Existing Conditions, this 
flow would be exceeded about 3 percent of the time (percentage of days during the study 
period).  At the gage near Kremmling, the 2-year peak discharge was estimated to be 
2,850 cfs under Existing Conditions (Figure G-2).  Under Existing Conditions, this flow 
would be exceeded about 5 percent of the time.   

Under No Action, the 2-year peak discharge at the Hot Sulphur Springs gage would 
be exceeded about 2.5 percent of the time, or 0.5 percent less than under Existing 
Conditions.  The 2-year peak discharge at the gage near Kremmling would be exceeded 3 
percent of the time (a 2 percent difference from Existing Conditions).  The slight 
reduction in the percentage of time that the 2-year peak discharge would be exceeded at 
the two gage sites below the Windy Gap diversion is unlikely to significantly affect 
stream morphology or change sediment transport or deposition.   

An examination of changes in channel maintenance flows is another way to look at 
potential effects to stream morphology.  At Hot Sulphur Springs, the lower limit of 
channel maintenance flows, defined as 80 percent of the 1.5-year peak flow, was 
calculated to be 510 cfs.  Under Existing Conditions, a flow of at least 510 cfs occurred 
for 23 days on average (in years when such flows occurred), with a 62 percent chance of 
occurrence in any given year (Table I-19).  Under No Action, flows of at least 510 cfs 
occurred for 21 days on average (in years when such flows occurred), with a 49 percent 
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chance of occurrence in any given year.  The upper limit of channel maintenance flows is 
defined as the 25-year peak flow; such a flow occurred once in July under Existing 
Conditions and under the No Action alternative (in years when such flows occurred).  
Ten-year peak flows or greater (4,600 cfs or more) occurred under Existing Conditions 
for 4 days on average and under No Action for 8 days on average (in years when such 
flows occurred) with an 13 percent chance of occurrence in any given year under Existing 
Conditions and 4 percent chance of occurrence in any given year under No Action.  In 
general, the chance of channel maintenance flows occurring in a given year would be 
about 1 percent less under No Action than Existing Conditions, but the duration of such 
flows when they occur would be slightly longer.  The differences in channel maintenance 
flows between Existing Conditions and No Action are minor and are not expected to 
measurably alter channel morphology or sediment movement at Hot Sulphur Springs.  
The range in streamflows under No Action would continue to provide flows sufficient to 
maintain channel capacity, provide periodic scouring, and transport sediment   

The magnitude, timing and frequency of channel maintenance flows in the Colorado 
River below Lake Granby would change as a result of changes in spills.  When spills are 
not occurring, the flow of the river below Lake Granby is controlled by bypass flows; it is 
difficult, therefore, to define a range of channel maintenance flows based on peak flow 
events.  A comparison of modeled spill events is provided in Table I-4.  Under No 
Action, there would be 4 less spill events, but flows of 510 cfs or more (within the range 
of channel maintenance flows at Hot Sulphur Springs) would continue to occur for 
periods of 1 to 4 months.  Flows over 2,500 cfs would occur during 13 percent of all 
years, compared to 19 percent of all years under Existing Conditions.  These differences 
are not expected to alter channel morphology or sediment movement in the Colorado 
River below Lake Granby.  The range in streamflows under No Action would continue to 
provide flows sufficient to maintain channel capacity, provide periodic scouring, and 
transport sediment.   

Willow Creek.  The flow duration curve for Willow Creek provides a comparison 
between Existing Conditions and No Action for the USGS gage located below Willow 
Creek Reservoir (Figure G-3).  The 2-year peak discharge was estimated to be 80 cfs 
under Existing Conditions.  Under Existing Conditions, this flow would be exceeded 
about 6 percent of the time.  Under the No Action alternative, the 2-year peak discharge 
would be exceeded about 5 percent of the time (a 1 percent change); therefore, it is 
unlikely that there would be a significant affect to stream morphology or change in 
sediment transport or deposition.   

8.5.3.2. East Slope Streams 
St. Vrain Creek.  Under the No Action alternative, streamflows in the reach of North 

St. Vrain Creek and St. Vrain Creek between Ralph Price Reservoir and the St. Vrain 
Supply Canal would change due to exchanges of Windy Gap water to storage in Ralph 
Price Reservoir and releases from Ralph Price Reservoir to meet Longmont’s future 
Windy Gap demands.  The flow changes that would occur in North St. Vrain Creek are 
unlikely to alter the morphology of the stream and affect sediment movement because the 
North St. Vrain Creek channel, like many foothill creeks, has a channel that is stabilized 
by bedrock or boulders.  The boulders and other large sediment tend to move only during 
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flood events.  In addition, the largest percent flow changes that would occur in September 
and October (less than 20 cfs) are much less than the high flows that typically occur 
during the spring and summer months each year.   

Big Thompson River.  Under the No Action alternative, flow increases in the Big 
Thompson River from Lake Estes to the Hansen Feeder Canal would occur in June and 
July, but would be 1 percent or less of average existing monthly flows (Table I-8 and 
Table I-9).  This minor change in flow is well within the historical range of flows and is 
unlikely to affect stream morphology or sedimentation.   

Streams that Receive Windy Gap Return Flows.  The predicted streamflow increases 
for the East Slope stream segments that receive Windy Gap return flows (Big Dry Creek, 
Coal Creek, St. Vrain Creek, and Big Thompson River) are unlikely to substantially alter 
stream morphology and sedimentation because the increased flows would be small 
compared to the spring and early summer flows that these channels have the capacity for.  
In addition, as described in Section 6.6, streams on the East Slope have not experienced 
natural streamflow conditions for more than 100 years, and are not in equilibrium with 
respect to channel forming and channel moving processes, erosion, or sediment loading, 
movement and deposition.  Given the magnitude of the flow increases (less than 9 cfs), it 
would be difficult to measurably differentiate changes to stream morphology and 
sedimentation due to changes in Participants’ WWTP return flows from the many other 
ongoing actions influencing East Slope streamflow conditions.   

8.6. Alternative 2—Chimney Hollow Reservoir with 
Prepositioning (Proposed Action) 

Chimney Hollow with prepositioning includes approximately 90,000 AF of storage at 
the Chimney Hollow site on the East Slope.  This alternative includes prepositioning, 
which is a method of operation intended to facilitate delivery of Windy Gap water to the 
East Slope.  Prepositioning involves the use of available Adams Tunnel capacity to 
deliver C-BT water to Chimney Hollow to occupy storage space that is not occupied by 
Windy Gap water.  Delivery of C-BT water to Chimney Hollow in this manner would 
maintain Chimney Hollow essentially full at all times.  Delivery of C-BT water from 
Lake Granby into Chimney Hollow would create space for Windy Gap water in Lake 
Granby.  When Windy Gap water is diverted into Lake Granby, the C-BT water in 
Chimney Hollow would be exchanged for a like amount of Windy Gap water in Lake 
Granby.  This operation would relieve the need to deliver Windy Gap water through 
Adams Tunnel to Chimney Hollow during the diversion season because this operation 
would be accomplished via an exchange instead.  

8.6.1. Surface Water Hydrology 
8.6.1.1. C-BT and Windy Gap Project Operations and 

Diversions 
Adams Tunnel Diversions.  Adams Tunnel diversions to the East Slope under the 

Proposed Action would be about 259,600 AF per year on average compared to about 
243,000 AF under Existing Conditions and 252,000 AF under No Action (Table 30).  
Thus, Adams Tunnel deliveries for the Proposed Action would be about 7 percent greater 
than Existing Conditions or about 3 percent greater than No Action.  The increased 
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Adams Tunnel diversions under the Proposed Action reflect additional C-BT deliveries to 
Chimney Hollow Reservoir.  Dry year Adams Tunnel deliveries of about 331,700 AF 
would be about 17,500 AF greater than under Existing Conditions and No Action (Table 
31).  Wet year Adams Tunnel deliveries would be about 5 percent greater (189,300 AF) 
under the Proposed Action, compared to Existing Conditions (180,800 AF) and 3 percent 
less than No Action (195,900 AF) (Table 32). 

Windy Gap Diversions.  Windy Gap annual diversions would increase about 12 
percent (40,800 AF) on average under the Proposed Action compared to Existing 
Conditions (36,500 AF) and would be about 4 percent greater than No Action (39,000 
AF) (Table 30).  In dry years, Windy Gap diversions for the Proposed Action and No 
Action would be about 3,900 AF, which would be about 3,900 AF less than Existing 
Conditions (Table 31).  In wet years, Windy diversions would be about 69,400 AF under 
the Proposed Action compared to 38,500 AF under Existing Conditions and 62,100 AF 
under No Action (Table 32). 

Willow Creek Feeder Canal Diversions.  Average annual WCFC diversions would 
be approximately 36,200 AF under Existing Conditions and 37,800 AF under No Action 
compared to 39,000 AF under the Proposed Action (Table 30).  WCFC diversions in dry 
years of about 22,200 AF would be the same for all alternatives and Existing Conditions 
(Table 31).  In wet years WCFC diversions under the Proposed Action would be about 
40,400 AF compared to 33,700 AF under Existing Conditions and 39,700 AF under No 
Action (Table 32). 

Lake Granby Spills.  Average annual Lake Granby spills under Existing Conditions 
of 38,700 AF would decrease to 26,100 AF under the Proposed Action and 31,900 AF 
under No Action (Table 30).  There would be no spills in dry years under Existing 
Conditions or for any of the alternatives (Table 31).  In wet years, which are the only 
years when Lake Granby actually spills, the Proposed Action would result in an annual 
spill of 110,800 AF compared to 129,100 AF under Existing Conditions and 115,500 AF 
under No Action (Table 32).  

C-BT Diversions from Big Thompson River.  Average annual C-BT diversions from 
the Big Thompson River under Existing Conditions would be about 28,000 AF compared 
to 25,200 AF under the Proposed Action and 27,600 AF under No Action (Table 30).  
There would be a small decrease in Big Thompson River diversions in dry years between 
Existing Conditions and the Proposed Action, although they would increase slightly (136 
AF) under No Action (Table 31).  In wet years, Big Thompson River diversions decrease 
about 2 percent under the Proposed Action to 66,800 AF compared to Existing Condition 
diversions of 67,900 AF (Table 32).  Under No Action, Big Thompson River diversions 
would be about the same as Existing Conditions (68,100 AF). 

8.6.1.2. West Slope Streams 
Colorado River below Lake Granby.  Average annual Colorado River streamflow 

below Lake Granby would be about 47,900 AF under the Proposed Action compared to 
59,400 AF under Existing Conditions and 53,000 AF under No Action (Table 30).  The 
greatest change in spills would occur between June and September (Table I-14).  There 
would be no change from Existing Conditions in dry year flows under the Proposed 
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Action or No Action because there would be no Lake Granby spills (Table 31).  In wet 
years, annual flow on the Colorado River below Lake Granby would average about 
128,100 AF under the Proposed Action compared to about 144,400 AF under Existing 
Conditions and 132,300 AF under No Action (Table 32).   

In years when Lake Granby is not spilling, releases to the Colorado River below Lake 
Granby would continue to equal the bypass flow requirements.  In wet years when total 
combined C-BT contents in Lake Granby and Chimney Hollow Reservoir reaches 
539,568 AF, which is the physical capacity of Lake Granby, C-BT water would be spilled 
from Lake Granby.  This would prevent the C-BT Project from storing more water in 
Lake Granby than it could without prepositioning.   

Table I-11 provides the modeled Granby Reservoir spill periods, average spill and 
maximum spill for Existing Conditions and the alternatives under Cumulative Effects.  
The model shows spills occurring for as short as a month (June, July or August) and up to 
as long as 4 months (May through August), with the most frequent spills occurring for 2 
months in June through July under Existing Conditions and the Proposed Action.  The 
spill periods and estimated flow of the river at the gage near Granby would be altered 
under the Proposed Action.  For example, 2 month spills from June through July would 
be very similar to Existing Conditions, but 3 month spills from May through July would 
not occur under the Proposed Action.   

Table 28 provides the changes in daily flows that would occur with Cumulative 
Effects in the Colorado River at the USGS gage near Granby during May through 
August, the period when most Windy Gap diversions would occur.  Under the Proposed 
Action, flow increases of up to 142 cfs would occur 7.6 percent of the time during these 
months due to changes in the timing of spills from Lake Granby.  No changes in daily 
flow would occur 77.5 percent of the time between May and August.  Daily flow 
decreases of 1 to 100 cfs would occur about 6 percent of the time, and daily flow 
decreases greater than 100 cfs would occur about 9 percent of the time during May 
through August. 

Colorado River above the Windy Gap Diversion.  Average annual streamflow on the 
Colorado River above Windy Gap and below the Fraser River would be about 162,300 
AF under the Proposed Action compared to about 187,900 AF under Existing Conditions 
and 168,500 AF under the No Action alternative (Table 30).  The greatest average 
monthly decrease in streamflow of 21 percent would occur in June, with the greatest 
change in the summer months (Table I-13; Figure 51).  About 44 percent of the 
streamflow reduction from Existing Conditions at this location would be related to 
reasonably foreseeable actions upstream on the Fraser River, including the Moffat 
Collection System Project and additional municipal Grand County water use.  The 
remainder of the change would occur because of the change in Lake Granby spills and 
Willow Creek flows associated with the WGFP.   

In dry years, Colorado River streamflow above the Windy Gap diversion would be 
about the same as No Action and would be about 6 percent less than under Existing 
Conditions because of reasonably foreseeable actions (Table 31).  In wet years, average 
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annual streamflow would be 359,900 AF under the Proposed Action compared to about 
403,800 AF under Existing Conditions and 363,900 AF under No Action (Table 32). 

Figure 51.  Average daily flows with reasonably foreseeable actions, Colorado River 
above Windy Gap. 
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Colorado River below the Windy Gap Diversion to the Top of Gore Canyon.  
Colorado River average annual streamflow below the Windy Gap diversion would be 
about 121,500 AF under the Proposed Action compared to 151,400 AF under Existing 
Conditions and 129,600 under No Action (Table 30).  Reduced flows under the Proposed 
Action would occur primarily from May to August and range from an average monthly 
flow reduction of 20 to 27 percent from Existing Conditions (Table I-14; Figure 52).  
Average annual streamflow would be about 6 percent less than No Action.  Reasonably 
foreseeable future actions would account for about 38 percent of the change in 
streamflow from Existing Conditions and the remainder from Windy Gap diversions.  In 
dry years, the average annual change in flow below Windy Gap Reservoir would be 
about 1 percent less compared to Existing Conditions (Table 31).  In wet years, Colorado 
River streamflow below the Windy Gap diversion would be about 289,700 AF under the 
Proposed Action compared to about 365,300 AF under Existing Conditions and 301,800 
AF under No Action (Table 32).  The greatest average percent change in flow during wet 
years would occur in August with a 37 percent reduction (Table I-14). 

Under the Proposed Action, daily flows would increase at Hot Sulphur Springs by as 
much as 159 cfs about 26 percent of the time in May through August, the period when 
most Windy Gap diversions occur (Table 28).  No changes in daily flows would occur 
about 8 percent of the time during this period under No Action, and daily flow decreases 
of 1 to 100 cfs would occur about 45 percent of the time in May through August.  Flow 
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decreases of greater than 100 cfs would occur about 22 percent of the time in May 
through August.  

Figure 52.  Average daily flows with reasonably foreseeable actions, Colorado River 
below Windy Gap. 
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Colorado River average annual streamflow below the confluence with the Williams 
Fork River would be about 221,700 AF under the Proposed Action compared to 246,900 
AF under Existing Conditions and 229,800 AF under Existing Conditions (Table 30).  
Average annual flow reductions under the Proposed Action would be about 10 percent 
less than Existing Conditions and about 3 percent less than No Action (Table I-17).  
About 26 percent of the change in Colorado River streamflow below the Williams Fork 
River would be the result of reasonably foreseeable actions including the elimination of 
endangered fish flow releases from Williams Fork Reservoir and changes in the operation 
of the Big Lake Ditch in the Williams Fork River basin.  Windy Gap diversions would 
account for the remainder of the change in streamflow. 

Colorado River average annual streamflow near Kremmling below the Blue River 
and Muddy Creek confluence would be about 613,800 AF under the Proposed Action 
compared to about 701,800 AF under Existing Conditions and 621,900 AF under No 
Action (Table 30).  The average annual reduction in Colorado River streamflow near 
Kremmling under the Proposed Action would be about 13 percent less than Existing 
Conditions and about 2 percent less than No Action (Table I-18; Figure 53).  The greatest 
change would occur from May to July with about a 17 to 25 percent reduction in average 
monthly flow compared to Existing Conditions.  About 79 percent of the reductions in 
flows near Kremmling would be related to reasonably foreseeable actions, including 
changes in Blue River flows from DW’s future increases in demand and additional 
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Summit County water use and the elimination of flow releases for endangered fish and 
additional contract deliveries from Wolford Mountain Reservoir and other upstream 
reasonably foreseeable actions.  In dry years, both the Proposed Action and No Action 
would result in annual flows about 5 percent less than Existing Conditions (Table 31).  In 
wet years, Colorado River streamflow near Kremmling would be about 1,060,000 AF 
under the Proposed Action compared to about 1,217,000 AF under Existing Conditions 
and 1,072,000 AF under No Action (Table 32).  Wet year average annual flow reductions 
under the Proposed Action would be about 13 percent less than Existing Conditions and 
about 1 percent less than No Action (Table I-18). 

At the USGS gage near Kremmling, daily flows during May through August, when 
most Windy Gap diversions occur, would increase by as much as 197 cfs during about 13 
percent of the time under the Proposed Action (Table 28).  Daily flow decreases of 1 to 
100 cfs would occur about 29 about of the time during May through August, and daily 
flow decreases greater than 100 cfs would occur about 57 percent of the time during 
those months. 

Figure 53.  Average daily flows with reasonably foreseeable actions, Colorado River 
near Kremmling. 
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Willow Creek.  Average annual Willow Creek streamflow would be about 15,500 AF 
under the Proposed Action compared to 18,300 AF under Existing Conditions and 16,700 
AF under No Action (Table 30).  Changes in Willow Creek flows would be related to 
increased WCFC diversions that reduce streamflow below Willow Creek Reservoir under 
the Proposed Action.  In dry years, there would be no change in Willow Creek flows for 
the Proposed Action (Table 31).  In wet years, Willow Creek streamflow would be about 
46,000 AF under the Proposed Action compared to about 52,800 AF under Existing 
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Conditions and 46,800 AF under No Action (Table 32).  The largest average monthly 
flow reduction in an average year would be 36 percent in July (32 cfs to 20 cfs) (Table I-
15; Figure 54).  The largest average monthly flow reduction in a wet year would be 34 
percent in July (112 to 75 cfs).   

Figure 54.  Average daily flows with reasonably foreseeable actions, Willow Creek 
at confluence with Colorado River. 
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8.6.1.3. West Slope Reservoirs 
Lake Granby.  Average monthly contents in Lake Granby would range from about 

41,100 AF to 55,300 AF lower under the Proposed Action than Existing Conditions and 
21,300 AF to 32,500 AF lower than No Action (Table K-7).  These changes represent a 
3-to 9-foot average monthly decrease in Lake Granby elevations from Existing 
Conditions or about 3 to 5 feet less than lake elevations under No Action (Table K-8).  
The largest change from Existing Conditions occurs from January to May.  In dry years, 
Lake Granby elevations would range from 5 to 10 feet lower than Existing Conditions 
and about 3 feet less than No Action (Table K-8).  In wet years, the Proposed Action 
would result in Lake Granby elevations 2 to 11 feet less than Existing Conditions and 1 to 
6 feet less than No Action.  Reasonably foreseeable actions indirectly affect Lake Granby 
storage by reducing Windy Gap diversions.  Average end-of-month contents in Lake 
Granby would be less under Future Conditions because Windy Gap diversions would be 
less, which results in lower Windy Gap contents and lower C-BT contents in Lake 
Granby because shrink payments would be less. 

Differences in Lake Granby contents and surface elevations would be greatest under 
the Proposed Action (up to 33 feet during dry year sequences; the chance of a decrease in 
the lake level of more than 10 feet in any given year would be 40 percent (Figure 55).  
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During these years, Windy Gap diversions would not be limited by available storage 
capacity in Lake Granby; therefore, differences would be greater due to C-BT deliveries 
to Chimney Hollow, Windy Gap storage in Lake Granby, Windy Gap demands and 
deliveries, and shrink payments.  

Figure 55.  Lake Granby estimated average monthly surface elevation for the 
Proposed Action with reasonably foreseeable actions. 
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8.6.1.4. East Slope Streams  
Big Thompson River.  Under the Proposed Action and given reasonably foreseeable 

future actions, flows in the Big Thompson River below Lake Estes would increase in 
April through November (Table I-8), with the biggest increases occurring in May (8 
percent) and July (9 percent), due primarily to a decrease in C-BT diversions for power 
generation.  The flow in the Big Thompson River at the mouth of the canyon would 
increase in April through October, with biggest increase occurring in May (6 percent) and 
July (7 percent) (Table I-10).  The maximum change in river stage would be 0.04 feet, 
occurring in May and July (Table J-1).   

Streams that Receive Windy Gap Return Flows.  Windy Gap return flows would 
increase with additional Windy Gap diversions.  Table 35 provides the maximum 
predicted changes in flows to the affected streams compared to the average and 
maximum monthly flows at the nearest USGS gage.  The maximum yield would also be 
equivalent to the firm yield and average yield under the action alternatives.  No 
adjustments were made to gage flows to account for gains/losses that may occur between 
the gages and WWTPs.  Except for distributed returns from rural customers, there would 
likely be no net change in streamflow from November to March between the No Action 
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alternative and Existing Conditions because either Participants do not intend to use their 
Windy Gap supplies in those months, reusable effluent is stored for use later in summer 
months, or return flows are used to offset depletions or augment return flow obligations.  
In Coal Creek and St. Vrain Creek, return flows would increase at more than one 
location; the return flows for these creeks have not been added together in Table 35.   

Table 35.  Cumulative Effects⎯East Slope streamflow increases under the Proposed 
Action and Alternative 5. 

Apr May Jun Jul Aug Sep Oct 
Stream Segment Flow Condition(1) 

cfs 

Existing average flow 13.3 28.9 51.1 41.5 38.5 23.6 10.1 

Existing maximum flow 19 40.5 73.2 86.5 49 40.3 16.2 

Big Dry Creek 
above Broomfield 
WWTP (USGS gage 
06720820, adjusted 
for average 
historical 
Broomfield WWTP 
effluent, 1995-2004) 

Maximum flow increase 3.1 5.3 6.3 7.6 7.6 6.3 3.0 

Existing average flow 12.3 13.1 7 2.8 4.1 2.1 2.6 

Existing maximum flow 36 35 13 4.3 15 3.1 3.8 

Maximum flow increase above 
gage  

1.3 1.3 1.3 1.3 1.3 1.3 1.3 

Coal Creek below 
Superior, above 
Louisville, Lafayette 
and Erie WWTPs 
(USGS gage 
06730400) Maximum flow increase below 

gage 
2.8 3 3.2 3.3 3.3 3.2 2.7 

Existing average flow 76 234 348 175 148 101 68 

Existing maximum flow 259 1155 1227 485 185 152 159 

St. Vrain Creek 
below Longmont 
WWTP (USGS gage 
06725450) Maximum flow increase 1.6 0.5 0.5 5.9 5.9 6.1 5.8 

Existing average flow 178 472 627 313 231 184 160 

Existing maximum flow 622 2362 2316 972 653 292 398 

St. Vrain Creek 
below LTWD 
WWTP (USGS gage 
06731000) Maximum flow increase 0.7 1.1 1.3 1.6 1.6 1.3 0.6 

Existing average flow 41 251 296 129 84 37 28 

Existing maximum flow 292 2078 1493 418 153 84 66 

Big Thompson 
River below 
Loveland WWTP 
(USGS gage 
06741510) 

Maximum flow increase 0 0.8 0.8 1.6 3.1 4.8 4.6 

(1) Existing average and maximum flow are at stream gage locations.  Maximum flow increases are at Participants’ 
WWTPS and dispersed return flow locations from outdoor use. 

 
8.6.1.5. East Slope Reservoirs 

Carter Lake.  Carter Lake contents are a function of C-BT operations (deliveries from 
Lake Granby and the Big Thompson River to Carter Lake to meet storage targets and 
releases to meet C-BT demands) except for instantaneous C-BT deliveries to meet Windy 
Gap demands.  Average monthly storage in Carter Lake would be about 1 percent less 
from March to July and in October under the Proposed Action compared to Existing 
Conditions (Table K-1).  Changes would be less than 1 percent in other months.  There 
would be less than a 1 percent difference between the Proposed Action and No Action.  
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In average or dry years, the Proposed Action would have less than a 1 percent or 1-foot 
difference in Carter Lake elevations compared to Existing Conditions or No Action 
(Table K-2).  In wet years, the Proposed Action would result in monthly Carter Lake 
elevations from 2 feet lower to 1 foot higher than Existing Conditions and less than a 1-
foot difference with No Action. 

Occasionally, in dry years when C-BT contents in Lake Granby are exhausted, Carter 
Lake contents under the Proposed Action would be much lower than Existing Conditions 
and No Action.  The decrease is predicted to be as much as 29 feet; however, the chance 
of a decrease in the elevation of Carter Lake equal or exceeding 10 feet in any given year 
would be less than 10 percent (Figure 56).  C-BT contents in Lake Granby would be 
exhausted earlier in dry year sequences due to C-BT deliveries to Chimney Hollow in 
previous years.  As a result, the amount of C-BT water available for delivery to Carter 
Lake and Horsetooth Reservoir would be less, and consequently C-BT contents in those 
reservoirs would be less.  Limited Adams Tunnel capacity in dry years may also result in 
lower C-BT contents in those reservoirs under the Proposed Action. 

Figure 56.  Carter Lake estimated average monthly surface elevation for the 
Proposed Alternative with reasonably foreseeable actions. 
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Horsetooth Reservoir.  Average monthly Horsetooth Reservoir content under the 
Proposed Action would range from a decrease of about 2,200 AF in January to a decrease 
of about 9,200 AF in April compared to Existing Conditions (Table K-4).  These changes 
represent a 1 to 6 foot decrease Horsetooth Reservoir water levels compared to both 
Existing Conditions and No Action (Table K-5).  In dry years, the Proposed Action 
would result in Horsetooth Reservoir monthly average elevations about 1 to 7 feet lower 
than Existing Conditions and No Action.  In wet years, although reservoir volume 
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remains higher than average, the Proposed Action would result in average monthly water 
elevations up to about 6 feet lower in April than Existing Conditions and No Action. 

Occasionally, in dry years, Horsetooth Reservoir contents under the Proposed Action 
would be lower than Existing Conditions (35 to 40 feet) if C-BT contents in Lake Granby 
are exhausted earlier due to C-BT deliveries to Chimney Hollow Reservoir in previous 
years; however, the chance of a decrease in Horsetooth of more than 10 feet in any given 
year would be less than 10 percent (Figure 57).  This would occur when C-BT deliveries 
are made to Chimney Hollow in previous years.  As a result, the amount of C-BT water 
in Lake Granby available for delivery to Carter Lake and Horsetooth Reservoir would be 
less in those years, and consequently C-BT contents in those reservoirs would be less.  
Limited Adams Tunnel capacity in dry years may also result in lower C-BT contents in 
those reservoirs under the Proposed Action.  Although C-BT contents in Carter Lake and 
Horsetooth would be lower in those years, total C-BT reservoir contents, including C-BT 
contents in Chimney Hollow, would be roughly the same.   

Figure 57.  Horsetooth Reservoir estimated average monthly surface elevation for 
the Proposed Alternative with reasonably foreseeable actions. 
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8.6.2. Ground Water Hydrology and Quality  
8.6.2.1. West Slope Streams 

The existing annual variation in the level of Lake Granby of up to nearly 90 feet is 
much greater than the maximum 33 foot change that would occur under the Proposed 
Action alternative compared to Existing Conditions.  Water levels in some shallow wells 
near the lake may be connected to lake levels; however, it is probable that much of the 
ground water adjacent to the lake is from topographically higher areas surrounding the 
lake rather than from Lake Granby.  Because predicted water quality changes to these 
reservoirs as a result of the WGFP are predicted to be minor, it is expected that there 
would be no effects to ground water quality. 
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8.6.2.2. West Slope Streams 
The maximum monthly stage change in an average year in the Colorado River below 

Windy Gap would be a decrease of about 4 inches under the Proposed Action (Table J-2) 
compared to Existing Conditions.  The maximum monthly stage change in the Colorado 
River near Kremmling would be 1 foot (Table J-3) compared to Existing Conditions.  
Stage data is not available for Willow Creek, but the maximum monthly flow change in 
an average year would be a decrease of 11 cfs (Table I-15) compared to Existing 
Conditions.  Changes in flow and the resulting stage changes are considered to be minor 
with respect to potential effects to adjacent ground water levels.  The changes in river 
stage under the Proposed Action would not result in measurable effects to ground water 
levels.  As discussed in Section 7.2.2, and because predicted water quality changes to 
these streams as a result of the WGFP are predicted to be small, it is expected that there 
would be only minor effects to alluvial ground water quality along the Colorado River 
and no effects to ground water quality near Willow Creek.   

8.6.2.3. East Slope Reservoirs 
The maximum predicted decrease in the elevation of Carter Lake is 29 feet compared 

to Existing Conditions.  The maximum predicted decrease in the elevation of Horsetooth 
Reservoir is 35 to 40 feet compared to Existing Conditions.  Potential effects to ground 
water levels near Carter Lake and Horsetooth Reservoir would be expected to be minor 
for the reasons discussed in Section 7.2.1.  As discussed in Section 7.2.2, and because 
water quality changes to these reservoirs as a result of the WGFP are predicted to be 
minor, it is expected that there would not be any effects to ground water quality. 

8.6.2.4. East Slope Streams 
Because the average monthly stage change in the Big Thompson River between Lake 

Estes and the Hansen Feeder Canal under the Proposed Action would be less than an inch 
(Table J-1) compared to Existing Conditions, effects to alluvial or bedrock ground water 
would be negligible.  For the other East Slope streams affected by changing return flows 
from Participants’ WWTPs, because stage changes are expected to be small, increases in 
alluvial ground water levels would likely be unmeasurable.  As discussed in Section 
7.2.2, it is expected that ground water quality would not be affected near the foothill 
streams (North St. Vrain Creek, St. Vrain Creek at Lyons and Big Thompson River 
below Lake Estes to the Hansen Feeder Canal).  For the other East Slope streams, there 
may be minor changes to alluvial ground water quality near the streams.   

8.6.3. Stream Morphology and Sedimentation 
8.6.3.1. West Slope Streams 

Colorado River.  Flow duration curves provide a comparison of the percentage 
change in flows at different rates between Existing Conditions and the Proposed Action 
for the USGS gages located at Hot Sulphur Springs and near Kremmling (Figure G-1 and 
Figure G-2).  At Hot Sulphur Springs, the 2-year peak discharge was estimated to be 
1,240 cfs under Existing Conditions.  Under Existing Conditions, this flow would be 
exceeded about 3 percent of the time (percent of days in study period).  At the gage near 
Kremmling, the 2-year peak discharge was estimated to be 2,850 cfs under Existing 
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Conditions.  Under Existing Conditions, this flow would be exceeded about 5 percent of 
the time.   

Under the Proposed Action, the 2-year peak discharge at the Hot Sulphur Springs 
gage would be exceeded about 2.5 percent of the time, or 0.5 percent less than under 
Existing Conditions.  The 2-year peak discharge at the gage near Kremmling would be 
exceeded 3 percent of the time (a 2 percent change from Existing Conditions).  The slight 
reduction in the percentage of time that 2-year peak discharge would be reached at the 
two gage sites below the Windy Gap diversion is unlikely to significantly affect stream 
morphology or change sediment transport or deposition.   

The range of channel maintenance flows would also change under the Proposed 
Action.  At Hot Sulphur Springs, under Existing Conditions, the lower limit of channel 
maintenance flows (80 percent of the 1.5-year peak flow) of at least 510 cfs occurred for 
23 days on average (in years when such flows occurred), with a 62 percent chance of 
occurrence in any given year (Table I-19).  Under the Proposed Action, flows of at least 
510 cfs occurred for 21 days on average (in years when such flows occurred), with a 47 
percent chance of occurrence in any given year.  The upper limit of channel maintenance 
flows is defined as the 25-year flow; such a flow (6,520 cfs) occurred once under 
Existing Conditions, but would not occur under the Proposed Action.  Ten-year flows or 
greater (4,600 cfs or more) occurred under Existing Conditions for 4 days on average and 
under the Proposed Action for 8 days on average (in years when such flows occurred), 
with a 13 percent chance of occurrence in any given year under Existing Conditions and a 
4 percent chance of occurrence under the Proposed Action.  In general, the chance of 
channel maintenance flows occurring in a given year would be about 1 percent less under 
the Proposed Action than Existing Conditions, but the duration of such flows in a year 
when channel maintenance flows occur would be slightly longer.  The differences in 
channel maintenance flows between Existing Conditions and the Proposed Action 
alternative are minor and are not expected to measurably alter channel morphology or 
sediment movement at Hot Sulphur Springs.  The range in streamflows under the 
Proposed Action would continue to provide flows sufficient to maintain channel capacity, 
provide periodic scouring, and transport sediment. 

For the section of the Colorado River below Lake Granby where river flows have 
been dominated by releases from Lake Granby, releases from Lake Granby would 
continue to meet the needs of water rights users as well as the bypass flow requirement.  
The frequency, timing and magnitude of spills from Lake Granby would change under 
the Proposed Action, as discussed in Section 7.5.1.1 under “Lake Granby Spills.”  For 
example, spills occurring for 3 months in May through July would not occur under the 
Proposed Action, and spills occurring in July would occur less frequently (Table I-11).   

The magnitude, timing and frequency of channel maintenance flows in the Colorado 
River below Lake Granby would change as a result of changes in spills.  When spills are 
not occurring, the flow of the river below Lake Granby is controlled by bypass flows; it is 
difficult, therefore, to define a range of channel maintenance flows based on peak flow 
events.  A comparison of modeled spill events is provided in Table I-4.  Under the 
Proposed Action, there would be 7 less spill events compared to Existing Conditions, but 
flows of 500 cfs or more (within the range of channel maintenance flows at Hot Sulphur 
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Springs) would continue to occur for periods of 1 to 4 months.  Flows over 2,500 cfs 
would occur during 11 percent of all years, compared to 19 percent of all years under 
Existing Conditions.  These differences are not expected to alter channel morphology or 
sediment movement in the Colorado River below Lake Granby.  The range in 
streamflows under No Action would continue to provide flows sufficient to maintain 
channel capacity, provide periodic scouring, and transport sediment.   

Willow Creek.  The flow duration curve for Willow Creek provides a comparison 
between Existing Conditions and this alternative for the USGS gage located below 
Willow Creek Reservoir (Figure B-3).  The 2-year peak discharge was estimated to be 80 
cfs.  Under Existing Conditions, this flow would be exceeded about 6 percent of the time.  
Under the Proposed Action, the 2-year peak discharge would be exceeded slightly less 
than under Existing Conditions (a 1 percent change); therefore, it is unlikely that there 
would be measurable effects to stream morphology or changes in sediment transport or 
deposition.   

8.6.3.2. East Slope Streams 
Big Thompson River.  The largest estimated flow increases to the Big Thompson 

River below Lake Estes would occur in May through July, but would be less than 10 
percent of the monthly average flow of the river during those months (Table I-8).  By the 
mouth of the Big Thompson Canyon the maximum streamflow increase (7 percent) 
would occur in July of an average year (Table I-10).  It is not expected that these flow 
increases (a maximum of 18 cfs in July) would measurably alter stream morphology or 
sediment transport and deposition given that spring and summer high flows in the Big 
Thompson River exceed 500 cfs.   

Streams that Receive Windy Gap Return Flows.  The predicted streamflow increases 
for the East Slope stream segments that receive Windy Gap return flows (Big Dry Creek, 
Coal Creek, St. Vrain Creek, and the Big Thompson River) are unlikely to substantially 
alter stream morphology and sedimentation because the increased flows would be small 
compared to the spring and early summer flows that these channels have the capacity for.  
In addition, as described in Section 6.6, streams on the East Slope have not experienced 
natural streamflow conditions for more than 100 years, and are not in equilibrium with 
respect to channel forming and channel moving processes, erosion, or sediment loading, 
movement and deposition.  Given the magnitude of the average monthly flow increases 
(less than 9 cfs), it would be difficult to measurably differentiate changes to stream 
morphology and sedimentation due to changes in Participants’ WWTP return flows from 
the many other ongoing actions influencing East Slope streamflow conditions.   

8.7. Alternative 5—Dry Creek Reservoir with 
Rockwell/Mueller Creek Reservoir 

The cumulative effects discussion for Alternatives 3, 4, and 5 were combined because 
of the similarity in the results for alternatives that operate with both an East Slope and 
West Slope storage component.  The results presented in this section are for Alternative 
5.  Alternative 5 includes 30,000 AF storage in Rockwell/Mueller Reservoir on the West 
Slope, compared to 20,000 AF of storage in Jasper East under Alternative 3 or 20,000 AF 
of storage in Rockwell/Mueller in Alternative 4.  More storage on the West Slope and 
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less storage on the East Slope under Alternative 5 results in slightly greater Windy Gap 
diversions and other hydrologic changes; thus, the hydrologic effects of Alternatives 3 
and 4 would generally be similar, but slightly less. 

8.7.1. Surface Water Hydrology 
8.7.1.1. C-BT and Windy Gap Project Operations and 

Diversions 
Adams Tunnel Diversions.  Adams Tunnel diversions under Alternative 5 would be 

258,900 AF compared to about 243,200 AF under Existing Conditions and 251,900 AF 
under No Action (Table 30).  Thus, Adams Tunnel deliveries for Alternative 5 would be 
about 6 percent greater than Existing Conditions or about 2 percent greater than No 
Action.  Dry year Adams Tunnel diversions would be about 3 percent greater (324,300 
AF) than Existing Conditions and No Action (314,900 AF) (Table 31).  In wet years, 
Adams Tunnel deliveries under Alternative 5 (199,700 AF) would be about 10 percent 
greater than Existing Conditions (180,800 AF) and about 2 percent greater than No 
Action (199,900 AF) (Table 32). 

Windy Gap Diversions.  Windy Gap average annual diversions would increase about 
18 percent (43,000 AF) under Alternative 5 compared to Existing Conditions (36,500 
AF) and would be about 11 percent greater than No Action (39,000 AF) (Table 30).  Dry 
year diversions under Alternative 5 would be about 3,900 AF, the same as No Action and 
less than Existing Conditions (7,800 AF) (Table 31).  In wet years, Alternative 5 would 
divert about 71,700 AF compared to 38,500 AF under Existing Conditions and 62,100 
AF under No Action (Table 32). 

Willow Creek Feeder Canal Diversions.  Average annual WCFC diversions under 
Alternative 5 would be about 38,600 AF compared to 36,200 AF under Existing 
Conditions and 37,800 AF under No Action (Table 30).  There would be no difference in 
WCFC diversions in dry years between Alternative 5 or any of the alternatives and 
Existing Conditions (Table 31).  In wet years, WCFC diversions under Alternative 5 
would be about 40,300 AF compared to 33,700 AF under Existing Conditions and 39,700 
AF under No Action (Table 32). 

Lake Granby Spills.  Although Lake Granby spills only occur in wet years, average 
annual Lake Granby spills decrease from 38,700 AF under Existing Conditions and 
31,900 AF under No Action to 27,900 AF under Alternative 5 (Table 30).  There would 
be no dry year spills under Alternative 5, Existing Conditions, or any on the alternatives 
(Table 31).  In wet years, Alternative 5 would result in an average annual spill about 14 
percent lower (111,200 AF) than Existing Conditions (129,100 AF) and about 3 percent 
less than No Action (115,500 AF) (Table 32). 

C-BT Diversions from Big Thompson River.  Average annual C-BT diversions from 
the Big Thompson River under Alternative 5 would be about 26,900 AF compared to 
28,000 AF under Existing Conditions and 27,600 AF under No Action (Table 30).  There 
would be no change in Big Thompson River diversions in dry years and less than a 1 
percent change in wet years compared to Existing Conditions (Table 31 and Table 32).   
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8.7.1.2. West Slope Streams 
Colorado River below Lake Granby.  Average annual Colorado River streamflow 

below Lake Granby would be about 49,400 AF under Alternative 5 compared to 59,400 
AF under Existing Conditions and 53,000 AF under No Action (Table 30).  There would 
be no change from Existing Conditions in dry years (Table 31).  In wet years, annual 
streamflow under Alternative 5 would be 128,300 AF compared to 144,400 AF under 
Existing Conditions and 132,300 AF under No Action (Table 32).   

Table I-11 provides the modeled Granby Reservoir spill periods, average spill and 
maximum spill for Existing Conditions and the alternatives with cumulative effects.  The 
model shows spills occurring for as short as a month (June, July or August) and up to as 
long as 4 months (May through August), with the most frequent spills occurring for 2 
months in June through July under Existing Conditions and Alternative 5.  The spill 
periods and estimated flow of the river at the gage near Granby would be altered under 
Alternative 5.  For example, 4-month spills from May through August would be very 
similar to Existing Conditions, but 3-month spills from May through July and 1-month 
spills in July or August would not occur under Alternative 5.   

Table 28 provides the changes in daily flows that would occur with Cumulative 
Effects in the Colorado River at the USGS gage near Granby during May through 
August, the period when most Windy Gap diversions would occur.  Under Alternative 5, 
flow increases of up to 117 cfs would occur about 3.7 percent of the time during these 
months due to changes in the timing of spills from Lake Granby.  No changes in daily 
flow would occur about 78 percent of the time between May and August.  Daily flow 
decreases of 1 to 100 cfs would occur about 10 percent of the time and daily flow 
decreases greater than 100 cfs would occur about 9 percent of the time during May 
through August.   

Colorado River above the Windy Gap Diversion.  Colorado River average annual 
streamflow above the Windy Gap diversion and below the Fraser River under Alternative 
5 would be about 13 percent less (164,200 AF) than Existing Conditions (187,900 AF) 
and 3 percent less than No Action (168,500 AF) under No Action (Table 30).  About 48 
percent of the streamflow reduction from Existing Conditions would be related to 
reasonably foreseeable actions upstream.  Although Colorado River streamflow would 
decrease in all months, the greatest decrease in average streamflow (16 to 18 percent) 
would occur from June to August (Table I-13; Figure 51).  In dry years, Colorado River 
streamflow above Windy Gap would be about 6 percent less than Existing Condition and 
about the same as No Action (Table 31 and Table 32).  In wet years, the greatest decrease 
in average monthly streamflow (25 percent) would occur in August (Table I-13).   

Colorado River below the Windy Gap Diversion to the Top of Gore Canyon.  
Average annual streamflow below the Windy Gap diversion would be about 121,200 AF 
under Alternative 5 compared to about 151,400 AF under Existing Conditions and 
129,600 AF under No Action (Table 30).  The greatest monthly changes in streamflow 
would occur from May to August, with up to a 30 percent decrease in July flows (Table I-
14; Figure 52).  About 38 percent of the change in flow from Existing Conditions would 
be related to reasonably foreseeable actions and the remainder from Windy Gap Project 
diversions..  In dry years, Alternative 5 would result in a less than 1 percent decrease in 
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streamflow below the Windy Gap diversion compared to Existing Conditions and would 
be about the same as No Action (Table 31).  In wet years, streamflow below Windy Gap 
would be about 21 percent less under Alternative 5 (287,500 AF) than Existing 
Conditions (365,300 AF) and 5 percent less than No Action (301,800 AF) (Table 32).  
The greatest average monthly change in wet years would be 34 percent decrease in 
August (Table I-14). 

Under Alternative 5, daily flows at Hot Sulphur Springs would increase as much as 
159 cfs about 24 percent of the time in May through August, the period when most 
Windy Gap diversions occur (Table 28).  No changes in daily flows would occur about 8 
percent of the time during this period under this alternative, and daily flow decreases of 1 
to 100 cfs would occur about 43 percent of the time in May through August.  Flow 
decreases of greater than 100 cfs would occur about 25 percent of the time in May 
through August. 

The average annual Colorado River streamflow below the confluence with the 
Williams Fork River would be 221,450 AF under Alternative 5 compared to about 
246,900 AF under Existing Conditions and 229,800 AF under No Action (Table 30).  
Average annual flow reductions under Alternative 5 would be about 10 percent less than 
Existing Conditions and about 3 percent less than No Action (Table I-17).  About 26 
percent of the change in Colorado River streamflow below the Williams Fork River 
would be the result of reasonably foreseeable actions including the elimination of 
endangered fish flow releases from Williams Fork Reservoir and changes in the operation 
of the Big Lake Ditch in the Williams Fork River basin.  Windy Gap diversions would 
account for the remainder of the change in streamflow. 

Colorado River average annual streamflow near Kremmling below the Blue River 
and Muddy Creek confluence would be about 613,600 AF under Alternative 5 compared 
to about 701,800 AF under Existing Conditions and 621,900 AF under No Action (Table 
30).  The average annual reduction in Colorado River streamflow near Kremmling under 
Alternative 5 would be about 13 percent less than Existing Conditions and about 2 
percent less than No Action.  The greatest change would occur from May to July with 
about a 17 to 26 percent reduction in average monthly flow compared to Existing 
Conditions (Table I-18; Figure 53).  About 79 percent of the reduction in flow near 
Kremmling would be related to reasonably foreseeable actions and the remainder would 
be from the Windy Gap Project.  In dry years, Alternative 5 would result in average 
annual flows of about 5 percent less than Existing Conditions and about the same as No 
Action (Table 31).  In wet years, average annual Colorado River streamflow near 
Kremmling would be about 13 percent lower under Alternative 5 (1,057,900 AF) 
compared to 1,217,000 AF under Existing Conditions and about 1 percent lower than No 
Action (1,072,200 AF) (Table 31). 

At the USGS gage near Kremmling, daily flows during May through August, when 
most Windy Gap diversions occur, would increase by as much as 197 cfs about 13 
percent of the time under Alternative 5 (Table 28).  Daily flow decreases of 1 to 100 cfs 
would occur 28.5 percent of the time during May through August, and daily flow 
decreases greater than 100 cfs would occur about 57 percent of the time during those 
months. 
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Willow Creek.  Average annual Willow Creek streamflow would be about 15,900 AF 
under Alternative 5 compared to about 18,300 AF under Existing Conditions and 16,700 
AF under No Action (Table 31).  There would be no change in Willow Creek streamflow 
in dry years under Alternative 5 and wet year flows would be about 13 percent less than 
Existing Conditions and less than 2 percent lower than No Action (Table 31 and Table 
32).  The largest average monthly flow reduction in an average year would be 36 percent 
in July (32 to 20 cfs) (Table I-15; Figure 54).  The largest average monthly flow 
reduction in a wet year would be 34 percent in July (112 to 75 cfs).   

8.7.1.3. West Slope Reservoirs 
Lake Granby.  Average monthly content in Lake Granby would range from about 

21,200 AF lower in April to 31,000 AF lower in June under Alternative 5 compared to 
Existing Conditions (Table K-7).  Compared to No Action, Lake Granby storage under 
Alternative 5 would range from about 8,700 AF lower in August to about 1,700 AF 
higher in April.  These changes under Alternative 5 represent a 4- to 5-foot average 
monthly decrease in reservoir elevations change from Existing Conditions or about 0 to 2 
feet lower compared to No Action (Table K-8).  In dry years, Lake Granby elevations 
would range from about 3 to 4 feet lower than Existing Conditions and 0 to 1 foot lower 
than No Action.  In wet years, Alternative 5 would result in Lake Granby elevations from 
2 to 6 feet lower than Existing Conditions and 0 to 1 foot lower than No Action. 

Differences in Lake Granby contents and surface elevations would be greatest (up to 
23 feet) during dry year sequences; the chance of a decrease in the lake level of 10 feet or 
more would be 34 percent. 

8.7.1.4. East Slope Streams  
Big Thompson River.  Under Alternative 5 and given reasonably foreseeable future 

actions, flows in the Big Thompson River below Lake Estes would increase in April 
through August and November (Table I-8), with the biggest increases occurring in May 
(4 percent), due primarily to a decrease in C-BT diversions for power generation.  The 
flow in the Big Thompson River at the mouth of the canyon would increase in April 
through October, with biggest increase occurring in May (3 percent) (Table I-10).  The 
maximum change in river stage would be 0.02 feet, occurring in May (Table J-1).   

Streams that Receive Windy Gap Return Flows.  Windy Gap return flows would 
increase with additional Windy Gap diversions.  Table 35 provides the maximum 
predicted changes in flows to the affected streams compared to the average and 
maximum monthly flows at the nearest USGS gage.  No adjustments were made to gage 
flows to account for gains/losses that may occur between the gages and WWTPs.  Except 
for distributed returns from rural customers, there would be no net change in streamflow 
from November to March between the No Action alternative and Existing Conditions 
because either Participants do not intend to use their Windy Gap supplies in those 
months, reusable effluent is stored for use later in summer months, or return flows are 
used to offset depletions or augment return flow obligations.   

8.7.1.5. East Slope Reservoirs 
Carter Lake.  Average monthly storage in Carter Lake would be less than 1 percent  

or 1-foot lower under Alternative 5 than Existing Conditions and No Action, primarily 
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from May to August (Table K-1 and Table K-2).  In dry years, reservoir volume would 
change less than 1 percent compared to Existing Conditions and No Action.  In wet years, 
Alternative 5 would result in average monthly Carter Lake water levels generally less 
than 1 percent lower than Existing Conditions except in August, which would average 2 
percent lower and September, which would average 3 percent lower.  Alternative 5 would 
not vary more than 1 percent from Carter Lake storage under No Action. 

Occasionally n dry years when C-BT contents in Lake Granby are exhausted earlier 
or available capacity in Adams Tunnel is limited, Carter Lake contents under Alternative 
5 would be lower than Existing Conditions.  The decrease is predicted to be as much as 6 
feet; however, the chance of a decrease in the elevation of Carter Lake equal or exceeding 
5 feet in any given year would be only 13 percent.   

Horsetooth Reservoir.  Average monthly Horsetooth Reservoir content under 
Alternative 5 would range from a decrease of about 3,600 AF in April to an increase of 
about 100 AF in February compared to Existing Conditions and No Action (Table K-4).  
This is equivalent to a decrease in reservoir elevation of about 2 feet or less (Table K-5).  
In dry years, the greatest difference between Alternative 5 and Existing Conditions/No 
Action would be about a 4-foot decrease in average monthly elevations from May to July.  
In wet years, Alternative 5 average monthly elevations in Horsetooth would be less than 
2 feet lower than Existing Conditions and No Action.   

Occasionally in dry years, Horsetooth Reservoir contents under Alternative 5 would 
be lower than Existing Conditions (6 feet) if C-BT contents in Lake Granby are 
exhausted earlier or available capacity in Adams Tunnel is limited; the chance of a 
decrease in Horsetooth of 5 to 6 feet in any given year would be only 15 percent. 

8.7.2. Ground Water Hydrology and Quality  
8.7.2.1. West Slope Streams 

The existing annual variation in the level of Lake Granby of up to nearly 90 feet is 
much greater than the maximum 23-foot change that would occur under the Alternative 5 
compared with Existing Conditions.  Water levels in some shallow wells near the lake 
may be connected to lake levels; however, it is probable that much of the ground water 
adjacent to the lake is from topographically higher areas surrounding the lake rather than 
from Lake Granby.  Because water quality changes to these reservoirs as a result of the 
WGFP are predicted to be minor, it is expected that there would be no effects to ground 
water quality. 

8.7.2.2. West Slope Streams 
The maximum monthly stage change in an average year in the Colorado River below 

Windy Gap would be a decrease of about 3.5 inches under Alternative 5 (Table J-2) 
compared with Existing Conditions.  The maximum monthly stage decrease in the 
Colorado River near Kremmling would be 1 foot (Table J-3) compared with Existing 
Conditions.  Stage data is not available for Willow Creek, but the maximum monthly 
flow change in an average year would be a decrease of 12 cfs (Table I-15) compared with 
Existing Conditions.  Changes in flows and stream stages in the Colorado River and in 
Willow Creek are considered to be negligible with respect to potential effects to ground 
water connected to these streams (primarily alluvial ground water) because there would 



WINDY GAP FIRMING PROJECT 
WATER RESOURCES TECHNICAL REPORT 

 
 

 196 

not be measurable effects to ground water levels.  As discussed in Section 7.2.2, and 
because predicted water quality changes to these streams as a result of the WGFP are 
predicted to be small, it is expected that there would be only minor effects to alluvial 
ground water quality along the Colorado River and no effects to ground water quality 
near Willow Creek.   

8.7.2.3. East Slope Reservoirs 
The maximum predicted decrease in the elevation of Carter Lake is 6 feet compared 

with Existing Conditions.  The maximum predicted decrease in the elevation of 
Horsetooth Reservoir is 6 feet.  Potential effects to ground water levels near Carter Lake 
and Horsetooth Reservoir would be expected to be minor for the reasons discussed in 
Section 7.2.1.  As discussed in Section 7.2.2, and because water quality changes to these 
reservoirs as a result of the WGFP are predicted to be minor, it is expected that there 
would not be any effects to ground water quality. 

8.7.2.4. East Slope Streams 
Because the average monthly stage change in the Big Thompson River between Lake 

Estes and the Hansen Feeder Canal under Alternative 5 would be only 0.02 foot (Table J-
1), effects to alluvial or bedrock ground water would be negligible.  For the other East 
Slope streams affected by changing return flows from Participants’ WWTPs, because 
stage changes are expected to be small, increases in alluvial ground water levels would 
likely be no more than a few inches.  As discussed in Section 7.2.2, it is expected that 
ground water quality would not be affected near the foothill streams (North St. Vrain 
Creek, St. Vrain Creek at Lyons and Big Thompson River below Lake Estes to the 
Hansen Feeder Canal).  For the other East Slope streams, there may be minor changes to 
alluvial ground water quality near the streams.   

8.7.3. Stream Morphology and Sedimentation 
8.7.3.1. West Slope Streams 

Colorado River.  Flow duration curves provide a comparison of the percentage 
change in flows at different rates between Existing Conditions and the Proposed Action 
for the USGS gages located at Hot Sulphur Springs and near Kremmling (Figure G-1 and 
Figure G-2).  At Hot Sulphur Springs, the 2-year peak discharge was estimated to be 
1,240 cfs under Existing Conditions.  Under Existing Conditions, this flow would be 
exceeded about 3 percent of the time (percent of days in study period).  At the gage near 
Kremmling, the 2-year peak discharge was estimated to be 2,850 cfs under Existing 
Conditions.  Under Existing Conditions, this flow would be exceeded about 5 percent of 
the time.   

Under Alternative 5, the 2-year peak discharge at the Hot Sulphur Springs gage 
would be exceeded about 2.5 percent of the time, or 0.5 percent less than under Existing 
Conditions.  The 2-year peak discharge at the gage near Kremmling would be exceeded 3 
percent of the time (a 2 percent change from Existing Conditions).  The slight reduction 
in the percentage of time that 2-year peak discharge would be reached at the two gage 
sites below the Windy Gap diversion is unlikely to significantly affect stream 
morphology or change sediment transport or deposition.   
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At Hot Sulphur Springs, under Existing Conditions, the lower limit of channel 
maintenance flows (80 percent of the 1.5-year peak flow) of at least 510 cfs occurred for 
23 days on average (in years when such flows occurred), with a 62 percent chance of 
occurrence in any given year (Table I-19).  Under Alternative 5, flows of at least 510 cfs 
occurred for 19 days on average (in years when such flows occurred), with a 47 percent 
chance of occurrence in any given year.  The upper limit of channel maintenance flows is 
defined as the 25-year flow; such a flow (6,520 cfs) occurred once under Existing 
Conditions (in years when such flows occurred), but would not occur under Alternative 5.  
Ten-year flows or greater (4,600 cfs or more) occurred under Existing Conditions for 4 
days on average and under Alternative 5 for 7.5 days on average (in years when such 
flows occurred), with a 13 percent chance of occurrence in any given year under Existing 
Conditions and a 4 percent chance of occurrence under Alternative 5.  In general, the 
chance of channel maintenance flows occurring in a particular year would be about 1 
percent less under Alternative 5 than Existing Conditions, but the duration of such flows 
in a year when channel maintenance flows occur could be slightly longer.  The 
differences in channel maintenance flows between Existing Conditions and the Proposed 
Action alternative are minor and are not expected to alter channel morphology or 
sediment movement at Hot Sulphur Springs.   

The magnitude, timing and frequency of channel maintenance flows in the Colorado 
River below Lake Granby would change as a result of changes in spills.  When spills are 
not occurring, the flow of the river below Lake Granby is controlled by bypass flows; it is 
difficult, therefore, to define a range of channel maintenance flows based on peak flow 
events.  A comparison of modeled spill events is provided in Table I-4.  Under 
Alternative 5, there would be 7 less spill events compared to Existing Conditions, but 
flows of 500 cfs or more (within the range of channel maintenance flows at Hot Sulphur 
Springs) would continue to occur for periods of 1 to 4 months.  Flows over 2,500 cfs 
would occur during 11 percent of all years, compared to 19 percent of all years under 
Existing Conditions.  These differences are not expected to alter channel morphology or 
sediment movement in the Colorado River below Lake Granby.  The range in 
streamflows under No Action would continue to provide flows sufficient to maintain 
channel capacity, provide periodic scouring, and transport sediment.   

Willow Creek.  The flow duration curve for Willow Creek provides a comparison 
between Existing Conditions and this alternative for the USGS gage located below 
Willow Creek Reservoir (Figure G-3).  The 2-year peak discharge was estimated to be 80 
cfs.  Under Existing Conditions, this flow would be exceeded about 6 percent of the time.  
Under Alternative 5, the 2-year peak discharge would be exceeded slightly less than 
under Existing Conditions (a 1 percent change); therefore, it is unlikely that there would 
be measurable effects to stream morphology or changes in sediment transport or 
deposition.   

8.7.3.2. East Slope Streams 
Big Thompson River.  The largest estimated flow increases to the Big Thompson 

River below Lake Estes would occur in May, but would be only a 7 cfs (4 percent) 
increase (Table I-8).  By the mouth of the Big Thompson Canyon the maximum 
streamflow increase (3 percent) would occur in May of an average year (Table I-10).  It is 
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not expected that these flow increases would measurably alter stream morphology or 
sediment transport and deposition given that spring and summer high flows in the Big 
Thompson River exceed 500 cfs.   

Streams that Receive Windy Gap Return Flows.  The predicted streamflow increases 
for the East Slope stream segments that receive Windy Gap return flows (Big Dry Creek, 
Coal Creek, St. Vrain Creek, and the Big Thompson River) are unlikely to substantially 
alter stream morphology and sedimentation because the increased flows would be small 
compared to the spring and early summer flows that these channels have the capacity for.  
In addition, as described in Section 6.6, streams on the East Slope have not experienced 
natural streamflow conditions for more than 100 years, and are not in equilibrium with 
respect to channel forming and channel moving processes, erosion, or sediment loading, 
movement and deposition.  Given the magnitude of the average monthly flow increases 
(less than 9 cfs), it would be difficult to measurably differentiate changes to stream 
morphology and sedimentation due to changes in Participants’ WWTP return flows from 
the many other ongoing actions influencing East Slope streamflow conditions.   

8.8. Windy Gap Firming Project Participant and Non-
Participant Demands, Firm and Average Yields 

A summary of annual Participant and non-Participant demands and yields for 
Existing Conditions, No Action, Proposed Action, and Alternative 5 are shown in Table 
36 (which includes the Middle Park Water Conservancy District) and Table 37.  The 
yield for the action alternatives would be similar because the storage volumes would be 
the same.  The Proposed Action would have a slightly higher firm yield of 23,616 AF 
than Alternative 5 (23,583 AF).  Alternatives 3 and 4 would have similar firm yields.  
The No Action alternative would have a firm yield of about 5,198 AF because of the 
additional storage at Ralph Price Reservoir and higher demand in the future.  The firm 
yield under Existing Conditions is zero.  Tables showing the monthly demand, firm yield, 
and average yield for WGFP Participants, non-Participants, and the Middle Park 
Conservancy District are provided in Appendix H.   

Windy Gap demands under No Action are higher than under Existing Conditions and 
the Action alternatives because Participants would try to maximize their use of Windy 
Gap water when it is available as their demands increase in the future.  Under the Action 
alternatives, the Participants’ demands reflect the amount of Windy Gap water that could 
be delivered each year without any shortage.  In other words, the Participants would 
operate the Windy Gap Project to provide firm yield with storage on line.  While Windy 
Gap demands would be higher under No Action, average Windy Gap deliveries would be 
less than the action alternatives.   

The demand for Windy Gap unit holders not in the Firming Project would increase in 
the future for all alternatives and as a result, the average yield to non-Participants would 
increase (Table 37).  Windy Gap yield for non-Participants under the action alternatives 
would increase slightly compared to No Action because more storage for non-Participant 
water would be available in Lake Granby and non-Participant water in Lake Granby 
would not spill as soon, so the non-Participants would be able to deliver more water.  The 
firm yield to non-Participants would remain zero under all alternatives.  
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Table 36.  Cumulative Effects⎯Windy Gap Participant demand, average yield, and 
firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 20,680 11,270 0 
No Action (Alt 1) 33,645 18,149 579 
Proposed Action (Alt 2) 23,616 23,616 23,616 
Alternative 5 
Dry Creek and Rockwell 

23,583 23,583 23,583 

 

Table 37.  Cumulative Effects⎯Windy Gap Non-Participant demand, average yield, 
and firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 220 140 0 
No Action (Alt 1) 4,100 1,990 0 
Proposed Action (Alt 2) 4,100 2,050 0 
Alternative 5 
Dry Creek and Rockwell 

4,100 2,070 0 

 

Storage of 3,000 AF was included in Alternatives 2 through 5 for firming Middle 
Park Water Conservancy District’s (MPWCD) Windy Gap water.  Under Existing 
Conditions, MPWCD can only store their Windy Gap water in Lake Granby; therefore, 
MPWCD’s firm yield is zero.  Under the No Action alternative, the firm yield for the 
MPWCD would remain zero, but average yield increases because of an increase in 
demand.  Under the action alternatives, the firm annual yield would be 429 AF, which 
closely reflects the minimum amount of Windy Gap water pumped during the study 
period less the shrink payment (Table 38).  The average yield for each of the action 
alternatives would be close to 3,000 AF.   

Table 38.  Cumulative Effects⎯MPWCD demands, average yield, and firm yield. 
Condition/Alternative Demand Average Yield Firm Yield 

Existing Conditions 147 105 0 
No Action (Alt 1) 3,000 1,922 0 
Proposed Action (Alt 2) 3,000 2,759 429 
Alternative 5 
Dry Creek and Rockwell 

3,000 2,757 429 
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10.0 GLOSSARY 
acre-foot: A volume of water equal to 
one foot in depth covering an area of one 
acre.  Also 43,560 cubic feet, or 325,851 
gallons.  Used to measure stored water 
quantities.  

aggradation: The raising of stream beds 
or floodplains by deposition of sediment 
eroded and transported from upstream. 

alluvial ground water: Ground water 
that is hydrologically part of a surface 
stream that is present in permeable soil 
material, usually small rock and gravel.  

alluvium: Sediment deposited by 
streams.   

appropriation: The right to take water 
from a stream, tributary, or aquifer for 
beneficial use at a specified rate of flow, 
either for immediate use or to store for 
later use.  Usually evidenced by a water 
court decree.  Must be adjudicated to 
establish seniority of right. 

aquifer: An underground deposit of sand, 
gravel, or rock through which water can 
pass or is stored.  Aquifers supply the 
water for wells and springs.  In an 
unconfined aquifer, the upper surface of 
the saturated aquifer is a changing water 
table under atmospheric pressure.  In a 

confined (artisan) aquifer the water is 
maintained under pressure by nonporous 
rocks surrounding it.  

augmentation plan: A court-approved 
plan that allows a water user to divert 
water out of priority so long as adequate 
replacement is made to the affected 
stream system preventing injury to the 
water rights of senior users.  

augmentation: Replacing the quantity of 
water depleted from the stream system 
caused by an out-of-priority diversion. 

bedrock: Continuous solid rock that 
outcrops at the surface locally, but 
generally is overlain by unconsolidated 
material (such as alluvium).   

call: The exercise of a senior water right 
holder of “calling” for his or her water 
rights, requiring upstream junior water 
right holders to allow water to flow to the 
senior right holder.  

conservancy district: Established by 
decree of a court under the Water 
Conservancy District Act of 1937.  A 
conservancy district can obtain rights-of- 
way for works; contract with the United 
States or otherwise provide for the 
construction of facilities; assume 
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contractual or bonded indebtedness; 
administer, operate, and maintain 
physical works; have authority to 
conserve, control, allocate, and distribute 
water supplies; and have contracting and 
limited taxing authority to derive the 
revenues necessary to accomplish its 
purposes.  There are currently 46 
conservancy districts in Colorado.  

conservation: Obtaining the benefits of 
water more efficiently.  

consumptive use: Any use of water that 
permanently removes water from the 
natural stream system.  

Continental Divide: An imaginary 
boundary line that runs north-south along 
the crest of the Rocky Mountains, 
separating river and drainages that flow 
into the Atlantic Ocean or Gulf of 
Mexico from those that flow into the 
Pacific Ocean. 

cubic feet per second (cfs): A rate of 
water flow at a given point, amounting to 
a volume of one cubic foot for each 
second of time.  Equal to 7.48 gallons per 
second, 448.8 gallons per minute, or 
1.984 acre-feet per day.  

decree: A court decision about a water 
right that is then administered by 
Colorado’s Water Resources Department.  

degradation: Any lowering of a 
streambed, such as from scouring of 
sediments.   

demand management: Reduced water 
use, accomplished either through 
temporary measures such as restrictions 
during a drought, or through long-term 
conservation programs.  These programs 
include replacement of inefficient 
fixtures with more efficient fixtures such 
as 1.6 gallon toilets, installation and 
maintenance of landscapes that have low 
water requirements, or changes in 

customer attitudes that lead to reduction 
in water use.  

direct flow (also direct right): Water 
diverted from a river or stream for use 
without interruption between diversion 
and use except for incidental purposes, 
such as settling or filtration.  

diversion: The removal of water from its 
natural course or location, or controlling 
water in its natural course or location by 
means of a ditch, canal, flume, reservoir, 
bypass, pipeline, conduit, well, pump or 
other device.  

domestic use water: Water used by 
people for personal needs, home, and 
business.  (From an individual well.) 
Also may refer to water use in restrooms 
in commercial and business buildings. 

drought: A long period of below average 
precipitation.  

effluent: Water discharged after use, as 
in water leaving a wastewater treatment 
plant; an outflowing branch of a stream 
or lake.  

effluent exchange: The practice of using 
wastewater effluent from transbasin 
water, non-tributary water sources, or 
other sources without causing injury to 
other water rights as a replacement 
source of water for diversion of water 
farther upstream that would otherwise 
have been out of priority.  

ephemeral stream: An intermittent 
stream that flows only in direct and 
immediate response to precipitation, and 
has no prolonged flow from ground water 
sources. 

evapotranspiration (ET): The total 
moisture loss from an area controlled by 
climatic conditions and plant processes. 

exchange: A process by which water, 
under certain conditions, may be diverted 
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out of priority at one point by replacing it 
with a like amount of water at another 
point.  

firm annual yield: The yearly amount of 
water that can be dependably supplied 
from the raw water sources of a given 
water supply system.  

floodplain: That portion of a stream 
valley, adjacent to its channel, that is 
built of sediments deposited by the 
stream and is covered with water when 
the stream overflows its banks during 
floods.   

gallons per capita per day (gpcd): A 
term generally used to approximate the 
average amount of drinking or treated 
water used per day, per person, in a 
year’s time.  

ground water: Water found below the 
earth’s surface.  For different types of 
groundwater and the laws that pertain to 
them see 

historic use: The documented diversion 
and consumptive use of water over a 
period of years.   

hydraulic conductivity: The rate of flow 
of water through a cross-section of an 
aquifer under a unit hydraulic gradient 
(units are gpd/ft2, ft/sec or m/sec). 

hydrogeology: The study of the geology, 
movement and chemistry of subsurface 
water (ground water).   

instream flows: Water flowing in its 
natural stream bed, such as water 
required for maintaining flowing streams, 
or for fish. 

instream use: Any use of water that does 
not require a diversion. 

intermittent stream: A stream that 
carries water only part of the time, 
generally in response to periods of heavy 

runoff from snowmelt or precipitation 
events. 

perennial stream: A stream that flows 
from source to mouth throughout the 
year.   

junior water right: Water rights that are 
more recent than older or more senior 
rights.  

nonpoint source: Pollution discharged 
over a wide land area, not from one 
specific location.  Runoff from city 
streets, parking lots, home lawns, 
agricultural land, individual septic 
systems and construction sites that finds 
its way into lakes and streams constitutes 
an important source of water pollutants.  

Period of record: The historical period 
for which streamflow records exist. 

point of diversion: A specifically named 
place where water is removed from a 
body of water. 

potable: Water that is considered safe for 
domestic consumption; drinkable.  

prepositioning: Under the Proposed 
Action, prepositioning involves the 
storage of Colorado-Big Thompson 
Project water  in Chimney Hollow 
Reservoir.  Windy Gap water pumped 
into Lake Granby would then be 
exchanged for C-BT water stored in 
Chimney Hollow.  Windy Gap water 
stored in Chimney Hollow would be 
delivered and allocated to the WGFP 
Participants. 

prior appropriation doctrine: A legal 
concept in which the first person to 
appropriate water and apply it to a 
beneficial use has the first right to use 
that amount of water from that source.  
Each successive appropriator may only 
take a share of the water remaining after 
all senior water rights are satisfied.  This 
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is the historical basis for Colorado water 
law and is sometimes known as the 
Colorado Doctrine or the principle of 
“first in time, first in right.”  

priority: The right of an earlier 
appropriator to divert from a natural 
stream in preference to a later 
appropriator.  

priority date: The date of establishment 
of a water right.  The rights established 
by application have the application date 
as the date of priority.  

raw water: Untreated water.  

recharge: The addition of water to 
groundwater. 

reservoir: An impoundment of collected 
water controlled by a dam (raw water) or 
storage tank (potable water).  

return flows: Unconsumed water that 
returns to its source –surface or 
groundwater – after use.  

reuse: To use water again; to intercept 
for subsequent beneficial use either 
directly or by exchange water that would 
otherwise return to the stream system.  

riparian: Relating to the bank of a 
natural watercourse (as a river) or 
sometimes of a lake or a tidewater. 

river basin: The land area surrounding 
one river from its headwaters to its 
mouth. 

runoff: Water that flows on the earth’s 
surface to streams, rivers, lakes and 
oceans.  

sedimentation:  The act or process of 
depositing sediment from water. 

senior water right: Water rights that are 
staked the earliest with the water court.  

spill: Water release from a reservoir for 
operational reasons or  because it is full. 

stream morphology: The study of the 
form and structure of a stream, including 
its channel, banks, floodplain and 
drainage area. 

supply management: Methods by which 
a utility maximizes use of available raw 
water.  

surface water: Water present on the 
earth’s surface.  

sustainability: A decision-making 
concept describing development that 
meets current needs without 
compromising the ability of future 
generations to meet their needs.  

system loss: An amount of water, 
expressed as a percentage, lost from a 
water storage or distribution system due 
to leaks, evaporation, seepage and 
unauthorized use.  

transbasin diversion: The conveyance 
of water from its natural drainage basin 
into another basin for beneficial use.  

transpiration: The process by which 
plants remove soil moisture by losing 
water vapor through their leaves. 

tributary: A stream or river that flows 
into a larger one.  

turbidity: A cloudy condition in water 
due to suspended silt or organic matter.  

water and sanitation districts: A special 
taxing district formed by the residents of 
the district for the combined purpose of 
providing potable water and sanitary 
wastewater services.  

water court: A special division of the 
district court with a district judge (called 
the water judge) that deals with water 
matters. 

water right: A property right to make 
beneficial use of a particular amount of 
water with a specified priority date. 
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watershed: The area of land that catches 
rain and snow that drains or seeps into a 
marsh, stream, river, lake or ground 

water.  The highest ground, such as 
mountains or ridges, forms boundaries 
between watersheds. 

 

Terms taken from the Colorado Waterwise Council, Dictionary of Water Words 
(Great Basin Research, Natural Resources Information Group 2002) and The Dictionary 
of Geological Terms (Bates and Jackson 1984). 

 

 




