
UCWET commissioned an effort to better understand how the Windy Gap Firming Project 

(WGFP) and Gross Reservoir Expansion Project (GREP, aka Moffat Firming) will impact 

streamflows in Grand County under a range of future climate conditions, and produce 

information regarding local water availability to support environmental streamflow targets.   

The original analyses used to approve the WGFP and GREP remain problematic in that 

they do not contemplate changes to streamflow expected from Climate Change in the way 

that other state-level planning models have.  Due to this shortcoming, it is difficult for local 

stakeholders to reasonably and accurately assess the range of probable future conditions 

on Grand County streams resulting from cumulative impacts of projects and climate 

change.



● Reduction of river and stream flows are most obvious and noticeable.  They are a result 

of lower precipitation and water diversions to the eastern slope.  

● Therefore, to get a better understanding of the drought impact on the environment and 

needs for the consumers, we need to review all these factors and their quantitative 

relationships.

● It all starts with the climate and the water diversions out of the watershed.  The following 

slides document these relationships.



● This map illustrates the northern portion of the Upper Colorado River watershed.

● Point out key water diversion structures: (1) Grand Ditch (1890-1915 construction; 

still in operation with 1/3 of Kawuneeche watershed water diverted); (2) Colorado-

Big Thompson Project inclusive of Lake Granby (1941-1950), Adams Tunnel (1940-

1944), Windy Gap Pipeline (1981-1985).

● First Trans Mountain Diversion (TMD) water volumes to eastern slope in 1947 

through the 13.1 mi Adams Tunnel.

● First water pumping from the Colorado River at Windy Gap through the 6 mi pipeline 

to Lake Granby occurred in 1985.

● Grand Lake weather station with records starting in 1940 to present – Records 

available through CSU Climate Center website.

● Key to this presentation is the yearly trans mountain diversion (TMD) volume 

through Adams Tunnel and the precipitation and temperature records for the 

watershed



● Map illustrates the southern portion of the Upper Colorado River watershed which 

includes the Fraser River watershed and the Williams Fork River watershed.

● The Blue River - Green Mtn Reservoir is part of the overall Colorado- Big 

Thompson Project and water conservation strategy of the Colorado River.

● The key main TMD structure is the Moffat Collection System operated by Denver 

Water and consisting of 34 miles of canal, pipes and tunnel systems transferring 

water to the 6.2 mi Moffat Tunnel and the eastern slope.   Gross diversion volume 

measurements taken from tunnel east portal gauge #



● This graph reflects the temperature history or the watershed from 1940 thru 2025 

and includes data from the two foremention weather stations. . 

https://climate.colostate.edu/data_access_new.html

● The Grand Lake station (#534496) has the longest history (1940-2025) whereas the 

Fraser station (#53116) initiated records in 1990.

● A major world “Climate Regime Shift” has occurred in the mid 1970’s and reflects 

the well documented 1976–77 Pacific Decadal Oscillation (PDO) Shift.  The PDO 

abruptly flipped from a cool to a warm phase, altering North Pacific sea-surface 

temperatures and storm-track behavior.

● Since the mid 1970s, the temperature trend is steadily increasing with an average 

increase of 3 degrees since 1976.

● The current year (2026) is projected to be the hottest average temperature on 

record.

● Grand County is currently in an “Exceptional Drought” condition

https://climate.colostate.edu/data_access_new.html


● This graph reflects the precipitation history or the watershed from 1940 thru 2025 

and includes data from the two foremention weather stations. 

https://climate.colostate.edu/data_access_new.html

● The Grand Lake station has the longest history (1940-2025) whereas the Fraser 

station initiated records in 1990.

● The precipitation and temperature are inversely related.  The precipitation history 

also demonstrates the “Climatic Regime Shift”.

● Note that there as been a decrease of annual precipitation of approximately 36 

percent since the 1976.  This factor will be reflected in the water diversion history 

and Colorado River flow to be shown in subsequent slides.

● This year (2026) is well on the verge of breaking all highest temperature and lowest 

precipitation on record.

https://climate.colostate.edu/data_access_new.html


● This column bar graph illustrates the water diversion history through the Moffat Tunnel 

(#0604655) and operated by Denver Water. 

https://dwr.state.co.us/Tools/Structures/0604655

● Diversions were initiated in 1936 and steadily increased with the various related 

expansion initatives until the mid 1970s and the time of the climatic regime shift.  Gross 

water diversion volumes through the tunnel has been measured at east portal of tunnel 

via gage #09022500.

● Since 1976, the average decreasing trend of diversions has coincided with the decrease 

with the precipitation trend of an average of approximately 36 percent.

● The fluctuation of diversion volumes are dramatic (as much as 42% mid 1980s) and is a 

result of changes in precipitation and lacking the reservoir buffer that the Adams Tunnel 

and Granby Reservoir offers to maintain stability.   Water stablilty for the Denver Water 

consumer is provided by the Gross Reservoir on the eastern slope.

● This diversion and precipitation relationship reflects the legal water rights and stream 

flow reduction that Denver Water must respect.  The Environmental Impact Statement 

(EIS) of 2014 clearly states that the water flow of the Fraser River will be maintained at 

approximately 50 percent of the natural flow.  Therefore, over several years, 

precipitation, diversion volumes and streamflows are all proportionate. (2026 diversions 

exceeded this threshold)

https://dwr.state.co.us/Tools/Structures/0604655


● This slide illustrates the water diversion history through the Adams Tunnel (#0404634) 

and operated by Northern Water and initiated in 1947. Yearly records were obtain from 

the U.S. Bureau of Reclamation from 1947-2025 and was requested through the 

Freedom of Information Act (FOIA).  Colorado Division of Water Resources (DWR) 

maintains records from 1994-2025 https://dwr.state.co.us/Tools/Structures/0404634

(Relatively small discrepancies exists between the two overlapping data sets 1994-2025 

with an overall average difference of 0.4%)

● This chart shows the diversion volumes from 1993 thru 2025 and averages 

approximately 231,000 ac-ft/year at a relative constant volume.  Volumes were 

measured from gage (#00177957) on the eastern outflow of the tunnel. Note that the 

Adams Tunnel diversions from 1993-2025 is approximately 4.5 times that of the Moffat 

diversions.

● The Granby Reservoir offers relative stability in TMD volumes for the Northern Water 

customers. 

▪ Many major TMD projects continued to have paper rights to water supplies that they 

could not fully utilize due to the inability to store the full amount of allocated diversions.  

In the recent time period, a series of efforts to ‘firm up’ these rights resulted in the Windy 

Gap Firming Project (WGFP) and Gross Reservoir Expansion Project (GREP), 

which is also referred to variously as the ‘Moffat Firming Project’ or the Moffat 

Collection System Project.

https://dwr.state.co.us/Tools/Structures/0404634
https://dwr.state.co.us/Tools/Structures/0404634


▪ East Slope municipalities received successful approval for the WGFP and GREP in 2017 

and 2020 respectively, signaling a contemporary round of additional TMD diversions and 

anticipated further depletions of Grand County stream flows.  Construction of the 

necessary storage infrastructure to initiate diversion is not yet complete, and both projects 

face ongoing legal and design/logistical challenges.

▪ When these storage projects are complete, the impact on Grand County streams will 

begin to move from the hypothetical/projected realm to the real world where they can be 

directly measured and observed over time.



● Streamflow records are necessary to assess the total balance of the total hydrologic 

system. 

● Unfortunately, many of the streams have inadequate or discontinuous streamgage 

records. Winter below-ice flow records are commonly not available (except for sections 

of the Colorado River that never freeze). Discontinuities also occur due to lack of 

available funding needed to maintain specific streamgages in operation.

● To make sense of these discontinuous data and better assess seasonal and yearly 

fluctuations, UCWET commissioned a study by Lotic Hydrologic, LLC.  



▪ This slide depicts two key streamflow guages on the Colorado River.

▪ Combining records from thes closely-located streamgages below Windy Gap 

(#09034250) and near Hot Sulphur Springs (#09034500 ) which span the longest and 

continuous records within the watershed from 1905 thru 2025. 

▪ The combined streamflow record is a powerful tool for understanding the cumulative 

impacts of completing multiple TMD projects over time in the Colorado and Fraser 

headwaters.

▪ Note the streamgages indicate the relative river flow level status of May 21 this year 

(2026), with below normal readings on the Colorado River and is a result of the 

exceptional drought conditions. 



● Annual stream yields in the extended Windy Gap Record show distinct impacts from the 

major expansion of TMD projects between the 1930s and mid-1950s.  

● This column bar graph represents the streamflow history of the Colorado River through 

those two streamgages between 1905 thru 2025 (Hot Sulphur Springs streamgage 

#09034500 and Windy Gap streamgage #09034250):  

https://dashboard.waterdata.usgs.gov/app/nwd/en/?aoi=default

● The color of bar (red, green and blue) indicates three relative hydrologic year types 

(statistically determined) – dry, typical or wet conditions – within the Pre TMD and Post 

TMD periods.

● Pre Trans Mountain Diversion (TMD) water volumes before 1936 (Moffat) are shown to 

have an average annual flow rate of 584K ac-ft/yr.

● Post TMD starting in 1936 (Moffat) and 1947 (Adams), the average annual flow rate 

drops significantly to 189.5K ac-ft/yr, a dramatic reduction or 67.5 percent of natural flow 

pre TMD

▪ Hydrologic year types (wet, dry, average) were classified (binned) at the 10th, 50th, and 

90th percentile non-exceedance annual yield thresholds from the 1904-1935 period as 

baseline. This period represents the pre-TMD hydrology of the Colorado Headwaters, 

although in addition to TMDs and expansion of local in-basin consumptive uses, climate 

change has already shifted hydrology to some degree since then as well.  

https://dashboard.waterdata.usgs.gov/app/nwd/en/?aoi=default


● Northwest Colorado Council of Governments (NWCCOG) recently produced a study that 

assessed the impact of TMDs on annual and monthly streamflows in headwaters 

communities across western Colorado.

● The table on this slide indicates the percentage of streamflow reduction for different 

months of the year under five different hydrological conditions (statistically determined) –

- drought, dry, average, wet, flood – at three locations in Grand County.

● For the Colorado River flow presented on the previous slide, the average annual post 

TMD flow is 67.5 percent and correspond to Average/Typical to Dry categories shown on 

the cental portion of the table.

● The Colorado River has experienced the greatest impact of flow reduction when 

compared to the Williams Fork River (Top table) and the Fraser River (Bottom table)



● This graphical display composites historical surface water flows out of the Upper 

Colorado river watershed in Grand County. This includes the natural flow of the 

Colorado River (green), and the Moffat Tunnel (red) and Adams Tunnel (blue) 

diversions.

● The Moffat diversion accounts for 8.8 percent reduction and the Adams diversion volume 

accounts for 37.1 percent reduction of the natural Colorado River pre TMD flow.

● The total yearly volumes of these three outflows do not equal the pre TMD average flow 

volume.

● The discrepancy is attributed primarily to long-term declining precipitation and 

secondarily to other minor diversions (red and white pattern) equaling 21.6 precent 

reduction.



● Environmental flow targets correspond to stream flows needed to maintain healthy 

streams, including for recreational fishing.

● Yearly flow reductions on the Colorado and Fraser rivers have already had major 

impacts, that have been mitigated to some extent by occasional reservoir releases of 

flow when stream flows get too low risking major fish die-offs.  The timing and range of 

low and high flows are also important factors that affect the life cycles of fish and other 

aquatic species.

● Given that the natural flow volumes are greatly reduced, seasonal variations of flow 

become much more critical for aquatic life sustainability (including trout and other fish).

● Coupled with lower flow volumes, associated increases in stream temperatures also 

become significant concerns. Trout and other fish die when temperatures become too 

high.



● Instream flow (ISF) water rights correspond to minimum stream flows established by a 

mix of scientific observations and policy and management considerations.   Ignored are 

the needed variability in, and timing of, stream flows that are required to ensure healthy 

aquatic ecosystems, including trout and their prey. This variability and timing are 

important to (a) periodically regenerate stream habitats and rework sediment beds, and 

(b) to provide flow cues to aquatic species that are essential to timing reproduction and 

other ecological and life-cycle processes.

● PHABSIM flow targets offer a potential improvement on  ISF targets because they 

consider not only minimum flows but also flow variability and optimum flows needed for 

specific fish species (esp. brown, rainbow, and brook trout).



● Comparing typical monthly average streamflows under current and future conditions at 

different locations in the watershed and under different hydrological conditions allows us 

to characterize environmental flow shortages in several different ways.

● The plot here reflects conditions on the Fraser River below Vasquez Creek. The plot 

displays the current statistically-expected monthly flows under dry year conditions (blue 

curve) and the monthly ISF minimum flow target (bottom black dashed line). Also shown 

are the PHABSIM optimum flow target (upper solid green horizontal line) and the 

PHABSIM monthly minimum flows target (dotted green curve).

● Under typical dry-year conditions (not drought-year conditions as observed so far in 

2026), statistically expected monthly flows remain above the ISF target curve – but are 

fully below  the PHABSIM optimum flow target and also almost always below the 

PHABSIM minimum monthly flow targets. 

The duration of a gap can be assessed as the number of days when flows are lower than 

one or more of the identified environmental flow targets (e.g. ISF water rights). The 

magnitude of the gap can be expressed as an average daily flow difference between the 

assessed flow and the environmental flow target or, by integrating over time, can be 

expressed as a total water volume deficit.

ISF thresholds set by CWCB are determined first by a scientific methodology, and then 

modified based on social and legal constraints that may exist for water availability on a 



reach.  In that regard, it is important to understand that many ISF targets in Grand County 

and elsewhere in the state may reflect a socially-constrained reality more so than an 

objectively-defined flow threshold for aquatic life.  Comparatively, the PHABSIM fishery 

habitat flow ranges identified in the GCSMP reflect only a scientific methodology, without 

other social or legal constraints.   

As in the example above, ISF streamflow thresholds in Grand County may frequently be 

much lower than ecological flow targets identified by PHABSIM or other methods; reflective 

of the fact that many were established only around 1990, long after TMD impacts and local 

consumptive use impacts had become permanent. Many ISF targets may be more reflective 

of the status-quo for what unappropriated water was still available in the stream at the end of 

the 1980s, or what compromises and negotiations surrounding past and future TMD project 

operations might allow, rather than what the R2C method alone suggest as an appropriate 

streamflow.



● Shifts in climate toward a hotter and drier future are expected to increase the frequency, 

duration and intensity of environmental flow shortages at many locations across the 

Colorado headwaters region.

● An increase in the frequency of dry years will place additional pressure on aquatic 

ecosystems by raising stream temperatures and reducing the quality and availability of 

aquatic habitat across a longer period of time each season, and perhaps across longer 

reaches of streams.

● A decrease in the frequency of wet years will alter patterns of sediment movement and 

storage along streambeds in a manner that will impact the way that channels maintain 

instream habitat quality and interact with and help maintain riparian habitats. 



● Reduction in surface water flows has many other direct and indirect consequences for 

the local environment and the economy – and for human health and human water use.



● Lower stream flows result in lower water quality.   Many streams in Grand County show 

significant water quality impairments.

● The interaction of surface and groundwater is a continuous and dynamic process.  

Groundwater with long residency time acquires naturally occurring chemical elements 

such as arsenic and metals that can harm human health when present at high enough 

concentrations.

● Groundwater flows into streams and is essential to maintaining base flows for stream. 

However, without sufficient surface waters for dilution, stream water quality can be 

reduced or become harmful due to the chemical elements present in groundwater.

● Additionally, low stream flows or stagnant streams generally become overly warm for 

aquatic health. 

● More extreme flows, greater runoff of rain and snow melt, and reduced opportunities for 

groundwater recharge and storage of water in wetlands – due for example by increasing 

paved surfaces and drying out wetlands –- brings another set of problems.  High run-off 

tends to entrain excess sediment, harmful bacteria and excess nutrients into streams 

thereby affecting aquatic life and also affecting the cost of water treatment for human 

use.  Drying out or destruction of wetlands – which interact and exchange water with 

streams and groundwater – also reduces the opportunity to naturally improve and control 

water quality in streams and in groundwater.  Reduced or dried out wetlands also 

increases the risk of catastrophically spreading wildfire, potentially impacting human 



infrastructure.  Wetlands also serve as a natural storage and treatment areas for eroded 

sediments (including after wildfires) and generally act as “natural sponges” that can 

absorb floods during excess high flows or release water to streams during dry or drought 

periods. 



The water stresses listed here impact human living environments and ecosystem health in 

the Upper Colorado Watershed. These stresses are at the heart of UCWET efforts to 

improve water availability and quality and to advance environmental flow restoration in the 

Colorado River headwaters. 



This slide lists some of already experienced, as well as current and future, human society 

consequences in the Colorado River headwaters of the water stresses previously 

mentioned. 



● Listed here are a few of the current projects and initiatives that UCWET is leading or 

shaping to improve water availability, water quality, ecosystem health, and human living 

environments in the Colorado River headwaters.  Community engagement and 

education are essential components of all UCWET projects and initiatives. 

● All UCWET projects seek to improve accounting of water stocks, flows, condition (e.g., 

quality), transfers, and uses.  UCWET strives to improve natural water storage (e.g. 

groundwater, wetlands, wet meadows) in Grand County and to decrease need for gray 

infrastructure when possible.  Through this, UCWET aims to improve water availability 

and quality in Grand County for both human and ecosytem needs.

2022 CDPHE North Fork water quality study:  

https://ucwet.org/projects#3664706f-be3f-4b1c-8523-1ed8fd4c575a

2027… In preparation…Fraser watershed groundwater and stream temperature 

study (with Colorado School of Mines): 

https://ucwet.org/your-watershed#60156673-b629-4c70-b56a-75f5b599fbc3
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▪ Colorado Division of Water Resources:  https://dwr.state.co.us/Tools/

▪ Colorado Department of Health & Environment: https://cdphe.colorado.gov/

▪ CSU Colorado Climate Center: https://climate.colostate.edu/

▪ Denver Water: https://www.denverwater.org/

▪ Environmental Protection Agency: https://epa.gov/

▪ Lotic Hydrological: https://www.lotichydrological.com/

▪ Northern Water: https://www.northernwater.org/

▪ Northwest Colorado Council of Governments: https://www.nwccog.org/

▪ USGS Streamgage Data :  

https://dashboard.waterdata.usgs.gov/app/nwd/en/?aoi=default

https://dwr.state.co.us/Tools/
https://cdphe.colorado.gov/
https://climate.colostate.edu/
https://www.denverwater.org/
https://epa.gov/
https://www.lotichydrological.com/
https://www.northernwater.org/
https://www.nwccog.org/
https://dashboard.waterdata.usgs.gov/app/nwd/en/?aoi=default
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