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Background & Purpose of the Report 
 

In January 2016, the U.S. Department of the Interior Bureau of Reclamation (Reclamation), Northern Colorado Water 

Conservancy District (Northern Water), Grand County Board of County Commissioners (Grand County), Northwest 

Colorado Council of Governments (NWCCOG), and Colorado River Water Conservation District (River District) entered into 

the Grand Lake Clarity Stakeholders’ Memorandum of Understanding (Clarity MOU) (APPENDIX A).  

In this Clarity MOU, the parties, referred to as the Adaptive Management Committee (AMC), agreed to establish an 

adaptive management process to implement the Grand Lake Clarity narrative standard:  

“The highest level of clarity attainable, consistent with the exercise of established water rights, the protection of 

aquatic life, and protection of water quality throughout the Three Lakes system1.”  

Further, the parties agreed to implement Clarity Goals to guide the adaptive management process.  

“The annual Clarity Goals for Grand Lake from July 1 through September 11 are an average Secchi depth of 

3.8 meters and a minimum Secchi depth of 2.5 meters.” 

The MOU also specifies consideration of water quality indicator thresholds – Grand Lake average Secchi depth less than 

3.8 m, Shadow Mountain Reservoir bottom dissolved oxygen (DO) less than 3 mg/L, and Shadow Mountain Reservoir 

surface pH greater than 8.  The Shadow Mountain Reservoir surface DO indicator, in the form of percent saturation, was 

also established as a water quality indicator threshold, but it was determined to be unhelpful as an indicator, and its use 

was discontinued in 2017. These water quality indicator thresholds serve as a guideline for providing input to Reclamation 

regarding operations. 

The clarity goals and the adaptive management approach were subsequently endorsed by the Water Quality Control 

Commission (WQCC) in April 2016 and the Clarity Goals were adopted as Goal Qualifiers. In the May 9, 2016 Statement 

of Basis and Purpose (APPENDIX B), the WQCC stated that “The Division [Water Quality Control Division] will assess 

consistency with the adopted narrative standard by monitoring whether the Proponents continue to implement the adaptive 

management process described in their Memorandum of Understanding and will review clarity measurements. Evaluation of 

the Clarity Goals will be accomplished by reviewing annual reports and summarizing progress at the Basin Issues Scoping 

Hearing.”  

This report meets the reporting requirements of the Clarity MOU and the WQCC. The purpose of the report is to 

summarize what was learned about Colorado-Big Thompson (CBT) Project operational approaches to meet the Clarity 

Goals and resultant effects on water quality and clarity in Grand Lake. 

 

1 Grand Lake, Shadow Mountain Reservoir, and Granby Reservoir are collectively referred to as the Three Lakes. 
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2022 Adaptive Management Process 
This section describes how the Grand Lake Adaptive Management (GLAM) process was carried out in 2022. 

1. Adaptive Management Committee Representatives 

The AMC comprises representatives of Reclamation, Northern Water, Grand County, NWCCOG, and the River District. A 

list of the representatives that attended the meetings in 2022 is included in APPENDIX C. 

Section V.C. of the Clarity MOU describes the process for developing an operational plan and for the adaptive 

management phase during the July 1 through September 11 period. This process is illustrated in Figure 1, however as is 

explained in section 2, below, certain adaptations were made to the MOU process again in 2022. Section V.C. of the 

Clarity MOU specifies that operational scenarios along with corresponding water quality model runs shall be presented to 

the Adaptive Management Committee. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Adaptive Management Process 

 

2. East Troublesome Fire and 2022 GLAM Process Changes 

On October 14, 2020, the East Troublesome Fire (ETF) ignited in Grand County. The fire burned 193,812 acres of forest 

and shrubland as well as 366 residences in north-central Grand County and the Three Lakes watershed, until it was declared 

contained on November 30, 2020. Some of the watersheds burned in the fire included Willow Creek, Stillwater Creek, North 

Fork Colorado River, and North Inlet (89, 90, 29, and 42% burned, respectively), all of which flow into the Three Lakes. The 

extent of impacts of the fire on water quality and the duration of those impacts are yet unknown and difficult to forecast, 

however research from previous wildfires suggests that impacts will likely be severe and of long duration. In 2021, runoff 

from the fire area impacted water quality in the Three Lakes and the Colorado-Big Thompson system, particularly Willow 

Creek Reservoir. Sediment, debris, nutrients, and other parameters of concern (e.g. manganese) are expected to be found 
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in higher concentrations for many years to come. Subsequent ecosystem changes, such as increased algal and cyanobacteria 

growth, were observed in 2021 and 2022 and are expected to continue. 

Due to these effects from the ETF, the AMC met and agreed to an amended GLAM process in 2021. This amended process 

was altered and adopted in 2022 due to the continued effects from the fire area runoff and consisted of the following 

agreements: 

“• Preseason modeling of the operation scenario to forecast water quality response will not be 

conducted. 

• In lieu of modeling, pre-season data review and discussion between GLAM participants will occur 

regarding 2022 operations. 

• Data collection and analysis will continue per the annual monitoring plan, including additional 

wildfire related monitoring programs. 

• The AMC will meet weekly from July 1 through September 11 to discuss the data and observations 

on clarity. 

• If, during the GLAM season, a specific objective has been identified, and there are 

sufficient data to support an investigative effort, the AMC will explore the use of models and other 

analytical tools to understand the impacts to the Three Lakes system and how the system 

responds to operations. 

• Members of the AMC may provide input to Reclamation to modify the Operation Plan as needed 

during the weekly conference calls. Adaptive Management may include Reclamation making 

changes in the C-BT Project operations or other appropriate measures. Reclamation will evaluate 

any input provided. 

• A summary report of the GLAM season and process shall be produced to document the 2022 

clarity season AMC efforts. 

• A summary report on what the AMC learned about C-BT operational approaches and impacts to 

clarity will be produced and provided to the Commission. 

• These modifications are necessitated by the 2020 East Troublesome Fire for an additional one year period. Nothing 

in this modification alters or supersedes the other terms and conditions set forth in the 2016 MOU.” 

 

The letter is included in Appendix D. 
 

This altered process also spurred a conversation amongst the GLAM entities via shared documents regarding Reclamation’s 

operational planning, the constraints they were facing in 2022, and different modifications they might be able to make. 

Different GLAM entities commented on the original document sent by Reclamation, and Reclamation responded. This 

conversation resulted in a deeper understanding of the operational planning process for all GLAM entities.  
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3. Planning Process 

In accordance with the 2022 Modification, the AMC met online on May 27, 2022 to review the proposed operational plan 

and discuss the anticipated 2022 approach to the season. Prior to this meeting, Reclamation developed an operational 

scenario using its Annual Operational Plan (AOP) model, and in accordance with the 2022 Modification, this plan was 

discussed but was not run through the water quality model. The Kickoff Meeting materials are compiled in Appendix E: 

Kickoff Meeting.   

 
Also in accordance with the 2022 Modification, a subset of the AMC met weekly in June to review data for conditions in 

Grand Lake and Shadow Mountain Reservoir and to make recommendations if necessary regarding optimal timing for the 

start of Farr pumping. Members of the AMC concurred that the pre-season data review and operations coordination was 

helpful and a welcome addition to the process. A record of these meetings is included in Appendix G. 

The AMC began weekly conference calls on July 5, 2022 and continued to meet weekly until September 6, 2022. 

A schedule of all the meetings is included in Appendix F, and weekly meeting materials and notes, and any operational 

changes discussed are compiled in Appendix G. 

The Adaptive Management Committee held a debriefing meeting on October 28, 2022. This meeting focused on discussion 

of possible improvements to the process, lessons learned, and recommendations for following years. Debrief Meeting 

materials are in Appendix H.  

4. 2022 Operational Plan 

Reclamation prepared a document describing system constraints and an operational narrative for presentation and 

discussion in April and at the May 27, 2022 kickoff meeting. Operations to accommodate outages and other constraints 

were simulated in Reclamation’s AOP model. The main points from this document are summarized below.  

Constraints and Guiding Principles  

The narrative presented highlighted the following constraints and guiding principles:  

• The plan needed to meet the primary purposes listed in Senate Document 80:   

“1. To preserve the vested and future rights in irrigation  

2. To preserve the fishing and recreational facilities and the scenic attractions of Grand Lake, the 

Colorado River, and the Rocky Mountain National Park  

3. To preserve the present surface elevations of the water in Grand Lake and to prevent a variation in 

these elevations greater than their normal fluctuation   

4. To so conserve and make use of these waters for irrigation, power, industrial development, and other 

purposes, as to create the greatest benefits  

5. To maintain conditions of river flow for the benefit of domestic and sanitary uses of this water.”   

• The Northern Water Board set a preliminary 50% quota in October 2021 and later allocated an additional 

30% for a total quota of 80%.   



 
 

 2022 Adaptive Management Process  
   

 

Page | 5  
 

• Operations were constrained by the following three Operation and Maintenance (O&M) projects because 

sufficient water needed to be moved to the East Slope prior to these outages in order to safely deliver water out 

of Carter Lake in 2023:  

1. Adams Tunnel East Portal Spillway Outage (September 18 - December19, 2022)  

2. Wye installation to connect Chimney Hollow to C-BT (February 21 - May 16, 2023)  

3. Mary’s Lake Power Plant maintenance  

• Meteorology was predicted to be warmer and drier than average, increasing demands on the C-BT system 

while decreasing the likelihood of East Slope runoff collection.  

Adaptive Management Considerations  

The following adaptive management considerations were included in the planning:  

• Aim to maximize the settling period between post-peak runoff and start of Farr pumping  

• Aim to optimize water temperature to control algal populations which influence clarity in the system  

• Aim to vary flows and storage in Shadow Mountain Reservoir and Grand Lake which can disrupt algal growth 

and influence clarity in the system  

Base Scenario Narrative  

“We try to keep Carter Lake as full as reasonable. We restart it early May and run it for about 3 weeks when Carter 

refills. It then is off through the east slope runoff period until the settling period ends. At that point, it is turned back on and 

run until the East Portal Spillway work in mid-September. It is turned on again at the end of that outage and run until the 

Chimney Hollow Wye outage. At the end of March (the 12-month simulation period), the reservoir has 24.4 kaf of 

available storage space. It is estimated that before the end of the outage, the reservoir will have 30.8 kaf storage space. 

At full-capacity, it is estimated that Carter could fill completely by July 17, 2023. That would require foregoing significant 

east slope runoff-driven hydropower. With water remaining in storage on the west slope that would be, under other 

circumstances, already moved to the east slope, there is an increased likelihood of west slope spill.  It is worth noting, that 

with simulated 2022 hydrology and an average 2023 west slope hydrology, Granby would not spill. “  

 

“Horsetooth Reservoir receives a very low amount of water from Adams Tunnel until late-May. It then accepts east slope 

priority water and some west slope water to achieve a fill on June 25 when priority water ends. It continues to accept west 

slope water from Grand Lake inflow at the rate that Grand Lake inflow exceeds the settling period target flow to Shadow 

Mountain of 50 cfs. Once the settling period ends, Horsetooth accepts all Adams Tunnel diversions in excess of Big 

Thompson Canyon Mouth deliveries and Flatiron Unit 3 pumping supply requirements. Following the East Portal Spillway 

outage, Horsetooth renews this pattern until Flatiron Unit 3 pumping ends again, with some limited reduction in flows during 

January following reduced off-peak hydropower prices on the weekends. Horsetooth fills at Hansen Feeder Canal 

capacity through February when hydropower prices are expected to be very high. In March, flexibility exists for some 

variation in flows to follow hydropower prices and position Horsetooth reservoir at the end of March 2023 where it began 

April 2022.”  
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“Flows from Grand Lake to Shadow Mountain are simulated to run from early June through July 11. Most of this is the result 

of large natural inflows to Grand Lake exceeding Adams Tunnel diversions. However, Adams Tunnel diversions are 

curtailed beginning July 1 to ensure flow to Shadow Mountain. From July 3 through July 10, the rate is fixed at 50 cfs. In 

practice, this will be driven by increasing releases from Shadow Mountain Reservoir to the Colorado River to create a 

gradient conducive to the desired flow direction in the interconnecting channel. This incurs pumping costs later when that 

water is pumped back up from Granby when compared with diverting them immediately through Adams Tunnel.”   

“Beginning July 11, Adams Tunnel diversions will resume at a rate that, when coupled with east slope hydropower 

diversions at Lake Estes, will cause Olympus Tunnel to run at its maximum capacity (550 cfs; Adams Tunnel at 368 cfs in the 

modeled scenario). By July 23, flows are such that a reduction in Adams Tunnel can be made for a weekend, off-peak flow 

reduction. The pattern of weekday on-peak Olympus Tunnel capacity flows and reduced weekend off-peak flows 

continues until mid-August when east slope hydropower water is exhausted. Then, with Adams Tunnel and Olympus Tunnel 

flows being essentially the same, at their conveyance capacity. This weekly pattern continues through September 11.”  

Possible Variations to the Narrative  

The following variations to the base scenario narrative were provided to showcase flexibility in operations and stimulate 

other ideas for other variations:  

• Early termination of the settling period  

• Extension of the settling period by one or two weeks  

• Increased duration of lower Adams Tunnel diversions from weekends to as much as Friday through Monday  
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Grand Lake Clarity & Shadow Mountain Water Quality  
This section describes observed water quality in Shadow Mountain Reservoir and clarity in Grand Lake during the 2022 

Grand Lake Adaptive Management (July 1 - September 11). The monitoring sites for these data are shown in Figure 2. 

Secchi measurements were recorded at all reservoir sites and two buoys equipped with real-time sensors collected data 

every four hours at SM-MID and SM-DAM. Due to an issue with the SM-DAM buoy, data collection at SM-DAM ended on 

August 23. Real-time data collection also occurred at GR-PUMP, CR-SMU, and NI-SP (USGS site), though turbidity was the 

primary constituent of interest at these locations. Farr pump flows were also measured at GR-PUMP. Due to issues with 

data connections, only daily averages of Farr pump flows, rather than 15-minute data, were available for this report.  

Additionally, two regularly scheduled days of Grand Lake Secchi data (July 27 and August 26) were not collected as 

planned due to weather and boat issues. 

 

 Figure 2: Monitoring locations for Grand Lake and Shadow Mountain Reservoir. 

NI-SP 

SM-CHL 
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1. Operations and Water Quality Summary Results 

Operations Summary 

Peak runoff into the Three Lakes in 2022 was reached on June 12 at a daily average of 2,975 cfs (Figure 3). The total 

April through July runoff volume of 203 KAF deviated from the May USBR Most Probable forecast of 187 KAF but was still 

within the bounds of the Northern Water Maximum forecast of 230 KAF. Higher than anticipated runoff combined with 

40,173 af of water pumped from Windy Gap Reservoir brought Granby Reservoir to within 1.5 foot of spill, though no 

spill occurred. Weather during the clarity period was hotter than average with about average precipitation (Figures 4 and 

5).  Regular off-peak pumping operations (Pumping that occurs during off-peak times, as determined by WAPA 

considering the power market. Weekdays are 1/3 off-peak (late night to morning) and 2/3 on-peak from the market's 

perspective, while weekends are fully off-peak) began on July 8 shortly after the beginning of the clarity season (Figure 

6). The decision to start pumping was based on a balance of attempting to maximize a post-peak runoff settling period in 

Grand Lake, keeping the flow direction from Grand Lake to Shadow Mountain Reservoir, utilizing skim water (east slope 

native water diverted for hydropower generation in off-channel power plants, returned to the channel non-consumptively in 

accordance with their water right decrees), and avoiding spill in Granby Reservoir. Before July 8, USBR attempted to 

balance these objectives, but had difficulty maintaining the flow direction from Grand Lake to Shadow Mountain Reservoir 

according to the Chipmunk Lane (SM-CMK) flow gage. However, an unknown amount of uncertainty occurs in the Chipmunk 

Lane flow gauge when there are large changes in Adams Tunnel flows or in Shadow Mountain releases, high winds, or 

relatively large swings in inflows from the North Fork or North or East Inlets, and this makes it difficult to assess when the 

flows may have changed direction. In such instances, a review of conductivity at that location is usually a reliable indicator 

of flow direction since there are conductivity differences between both water bodies (Figure 7). Review of the conductivity 

data confirmed oscillation of flow between Grand Lake and Shadow Mountain Reservoir starting on July 1. When pumping 

began on July 8, water began steadily flowing from Shadow Mountain to Grand Lake and continued for the remainder of 

the GLAM season, with a few short exceptions. There was not a consistent pattern to pumping this season. Pumped flows 

were generally higher during the week (~400-500 cfs) and lower on the weekends, but this varied depending on 

maintenance and operations within the C-BT system and GLAM discussions on water temperature. 

Figure 3: Grand Lake and Shadow Mountain Inflows: North Fork of the Colorado River, North, and East Inlets. 
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Three Lakes 

Three Lakes 

Figure 5: Departure from Normal Temperature (F) 7/1/2022 - 09/30/2022 for Colorado. 

Figure 4: Percent of Normal Precipitation (%) 7/1/2022 - 9/30/2022 for Colorado. 
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Clarity and Water Quality Summary 

Prior to the start of the GLAM season, average Grand Lake Secchi depth declined from 5.0 m to 4.6 m between June 29 

and July 1 (Figures 8 and 9).   This coincided with an increase in the combined North and East Inlet flow from 122 cfs to 

170 cfs between June 29 and June 30. Grand Lake Secchi depth began the season at 4.6 m which was above the 3.8 m 

average goal qualifier and continued to decline from 4.6 m to 4.3 m as flows in the connecting channel oscillated direction. 

Although discussions aimed to maximize the settling period (the time between post-peak runoff and the start of Farr 

pumping) and balance other operational decisions, clarity did not increase during the settling period as it usually does, and 

pumping began on July 8. The daily average pumping rate on July 9, the first full day of pumping, was approximately 

366 cfs.  The average Grand Lake Secchi depth declined sharply with the start of pumping (4.3 m to 3.2 m) and continued 

to decline at a slower pace until mid-August (3.2 m to 2.6 m). The average Grand Lake Secchi depth then slightly improved 

the rest of the season (2.6 m to 2.8 m), synchronizing with Shadow Mountain Reservoir clarity, as is typically observed.  

Figure 6: Farr pumping, Shadow Mountain Channel and Adams Tunnel Flows. 

Figure 7: Turbidity, temperature, conductivity, and discharge at the Shadow Mountain Connecting Channel. 
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Average Secchi depth in Shadow Mountain Reservoir stayed between 2.5 m and 3.6 m during the clarity season (Figure 

10), and both the pH and DO water quality indicators exceeded their thresholds during the clarity season. Typically, Secchi 

depth is highest at SM-DAM and lowest at SM-NOR2. However, between July 22 and August 3, SM-DAM had the lowest 

Secchi depth in Shadow Mountain Reservoir. This degraded clarity at SM-DAM is discussed further later in this section. The 

pH water quality indicator threshold of 8.0 was crossed on July 1at SM-MID and exceeded 8.0 on 58% of days in July, all 

of August, and September through the end of the clarity season (Figure 11a). The pH at SM-MID reached a maximum 

Figure 9: Grand Lake Secchi with Farr Pumping and North and East Inlets flows. 

 

Figure 8: Shadow Mountain and Grand Lake Daily Average Secchi with Farr Pumping and 

Inflows. 
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value of 8.8 on August 20. The pH at SM-DAM also exceeded the 8.0 threshold but was almost always lower than pH at 

SM-MID (Figure 11b). The Shadow Mountain Reservoir bottom DO water quality indicator threshold of 3 mg/L was crossed 

on July 7 and 8 but increased and remained above the threshold with the start of pumping on July 8. Exact dates of 

threshold exceedances are discussed in Section 2. 

 

Other water quality data collected from Shadow Mountain Reservoir included water temperature, surface DO, chlorophyll-

a, phycocyanin fluorescence, turbidity, and conductivity. Water temperature at both SM-DAM and SM-MID was higher 

than past years at the beginning of the season and decreased following the start of pumping operations in July (Figure 

12a-d). Surface DO was similar to past years throughout the season (Figure 13a-d). Bottom DO was low at both SM-DAM 

(minimum=2.5 mg/L) and SM-MID (minimum=3.5 mg/L) sites before pumping operations began, but it increased to levels 

(a) (b) 

Figure 10: Shadow Mountain Secchi with Farr Pumping and North Fork flows. 

Figure 11: 2022 pH values (color) and daily Farr Pump flow (line) at SM-MID (a) and SM-DAM (b). 
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between 6 and 8 mg/L at the start of pumping operations (Figure 13c and d). Chlorophyll a fluorescence at the surface of 

SM-DAM and SM-MID remained below 5 RFU during the clarity season and increased at the bottom of SM-MID during 

September (Figure 14a-d). Phycocyanin remained low at both sites throughout the clarity season (Figure 14e and f). 

Chlorophyll concentrations from grab samples in Shadow Mountain Reservoir remained constant throughout the clarity 

season (Figure 15a). Chlorophyll concentrations from grab samples in Grand Lake increased sharply between mid-July and 

September and began to decrease at the beginning of September (Figure 15b). This increase in Grand Lake chlorophyll-a 

aligned well with the timing of observations of a deep green color in Grand Lake. Although it is well established that 

Shadow Mountain Reservoir water quality impacts water quality in Grand Lake during Farr pumping (Hydros Consulting 

Inc., 2022), the difference in chlorophyll a trends in both water bodies indicates that other factors were also impacting 

water quality in Grand Lake in 2022. Turbidity at both SM-MID and SM-DAM remained below 5 RFU for the season 

(Figure 16a and b) with the exception of a plume observed on Jul 7 which corresponded with a turbidity increase on the 

North Fork Colorado River driven by a precipitation event (Figure 17). Conductivity at both sites increased throughout the 

season as usual as a result of continued pumping, but was higher than past years, with a maximum of 80 µS/cm (Figure 

16c and d). 

 

Figure 12: Buoy temperature data in profile form at SM-MID (a) in profile form at SM-DAM (b), in time series form at SM-MID 
(c) and in time series form at SM-DAM (d). Farr pumping rates are shown in (a) and (b). 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 13: DO data in profile form at SM-MID (a), in profile form at SM-DAM (b), surface time series form at SM-MID (c), 
surface time series form at SM-DAM (d), bottom time series form at SM-MID (e) and bottom time series form at SM-DAM (f). 
Farr pumping rates are shown in (a) and (b). 



 
 

 2022 Adaptive Management Process  
   

 

Page | 15  
 

 

(a) 

(b) 

(c) (d) 

(e) (f) 

Figure 14: Chlorophyll a and phycocyanin data averaged between 0 and 2 m depths in time series form at SM-DAM (a) and 
SM-MID (b). Chlorophyll data in profile form at SM-MID (c) and SM-DAM (d). Phycocyanin data in profile form at SM-MID (e) 
and SM-DAM (f). Farr pumping rates are shown in (c), (d), (e), and (f). 
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(a) 

(b) 

Figure 15: Chlorophyll a concentrations in Shadow Mountain Reservoir (a) and Grand Lake (b). 
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(a) (b) 

(c) (d) 

Figure 16: Turbidity profiles with Farr pumping rates at SM-MID (a) and SM-DAM (b). Conductivity profiles with Farr pumping 
rates at SM-MID (c) and SM-DAM (d). 
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Shadow Mountain Reservoir water temperature continued to play a large role in operations discussions this season as it did 

in 2021. In the 2021 Operational and Water-Quality Summary Report for the Three Lakes, Hydros Consulting presented a 

hypothesis that warmer temperatures would promote cyanobacteria dominance and colder temperatures would promote 

diatom dominance, both of which would degrade clarity. Water temperature continued to guide many operations 

conversations throughout the season since Farr pumping cools water temperatures in Shadow Mountain Reservoir, and the 

AMC attempted to maintain water temperatures in the zone where neither diatoms nor cyanobacteria would come to 

dominate and affect clarity. This involved suggestions of higher pumping on some weekends and less pumping on others. 

Additionally, there were discussions about how pumping at different times of the day and running different pumps at 

different times may maximize the effect of pumping on water temperature.  

Atypical turbidity patterns that may have been due to the ETF were also discussed throughout the season. Typically, Grand 

Lake experiences a settling period between the end of runoff and the start of pumping which improves Grand Lake clarity. 

However, Grand Lake clarity did not improve during the settling period this year.  The North Inlet (42% of watershed 

burned in ETF) was suspected as a source of this decreased clarity, but the USGS North Inlet turbidity data during the 

settling period was determined to be suspect and removed from the record, so the effects of the North Inlet cannot be 

quantified (Figure 18). Another departure from typical clarity observations occurred between July 22 and August 3 when 

clarity in Shadow Mountain Reservoir was lowest at SM-DAM. This trend was discussed during the August 2 weekly 

Figure 17: Provisional North Fork Turbidity time series. 
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meeting, and it was noted that higher turbidity was observed in Granby Reservoir at the site closest to the Granby Pump 

Canal. The source of the higher turbidity observed in Granby Reservoir is unknown but could be due to Stillwater Creek or 

water pumped from Willow Creek Reservoir. Turbidity in the Granby Pump canal increased and decreased throughout this 

time period (Figure 19), but whether or not it brought this higher turbidity water into Shadow Mountain Reservoir needs to 

be investigated. Turbidity in Shadow Mountain Reservoir may also have increased due to turbidity in the North Fork 

Colorado River (Figure 17). The source of the higher turbidity water present throughout the clarity season may be due to 

the ETF and will be investigated in the 2022 Operational and Water-Quality Summary Report for the Three Lakes.  

  

 

 

 

 

 

 

 

2. Goal Qualifier Assessment and Water Quality Indicators 

In 2022, the 3.8 m running average Secchi depth goal qualifier was not met, but the 2.5 m minimum Secchi depth goal 

qualifier was met, as shown in Table 1. The running average Secchi Depth was 3.2 m, and the minimum clarity was 2.6 m. 

Between 2016 and 2022, the average goal qualifier and minimum goal qualifier have been met 43 and 71% of the time, 

respectively (Table 2 and Table 3). Bottom DO in Shadow Mountain Reservoir at the dam site was below the 3 mg/L 

threshold on July 7 and 8 and increased above the threshold when pumping operations started on July 8.  Surface pH in 

Shadow Mountain Reservoir exceeded the water quality indicator of 8.0, beginning July 24 and remained elevated 

(oscillating above and below 8) until September 11, exceeding the threshold for 82% of the season. The pH reached a 

Figure 18: Temperature, DO, and Turbidity time series at North Inlet at Summerland Park (USGS). 

Figure 19: Discharge, temperature, pH, DO, and turbidity time series at GR-Pump. 
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maximum value of 8.8 on August 20. Bottom DO at SM-DAM was less than the Bottom DO indicator at the beginning of the 

season prior to pumping and reached a minimum value of 2.5 mg/L on July 8.  

 

Table 1: Clarity Goal Qualifiers and Water Quality Indicators Summary for the GLAM season (July 1 – September 11) 

 

 

 

 

 

 

 

 

 

 

Table 2: Summary of average Secchi depths since MOU implementation.  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Indicator 

Threshold 

Threshold 

Exceeded? 

Observed 

Value 

Timeframe Indicator 

Threshold Exceeded (2022) 

Grand Lake Clarity 

Average Secchi depth  (m) 
3.8 m Yes 3.2 m 07/20-09/11 

Grand Lake Clarity  

Minimum Secchi depth 

(m) 

2.5 m  No 2.6 m NA 

Shadow Mountain 

Reservoir Surface pH 
8 Yes 8.8 

07/1-07/03, 07/07-07/11, 

07/17-07/21,07/27-09/11 

Shadow Mountain 

Reservoir Bottom DO 

(mg/L) 

3 mg/L Yes 2.5 mg/L 07/07-07/08 

Year Jul-Sep 11 Annual 
Average Secchi 

(viewscope) 

Clarity Goal Actual minus Goal Goal Met? 

2016 3.3 3.8 -0.5 N 

2017 3.9 3.8 0.1 Y 

2018 4.6 3.8 0.8 Y 

2019 4.8 3.8 1.0 Y 

2020 3.0 3.8 -0.8 N 

2021 3.6 3.8 -0.2 N 

2022 3.2 3.8 -0.6 N 

          

      # Years Goal Met 3 

      Total # of Years 7 

      % of Years Goal Met 43% 
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Table 3: Summary of minimum Secchi depths since MOU implementation. 

 

 

 

 

 

 

 

 

 

 

 

Year Jul-Sep 11 Annual 
Minimum Secchi 

(viewscope) 

Clarity Goal Actual minus Goal Goal Met? 

2016 2.4 2.5 -0.08 N 

2017 2.7 2.5 0.22 Y 

2018 3.9 2.5 1.43 Y 

2019 4.0 2.5 1.50 Y 

2020 2.4 2.5 -0.09 N 

2021 2.7 2.5 0.20 Y 

2022 2.6 2.5 0.12 Y 

   # Years Goal Met 5 

   Total # of Years 7 

   % of Years Goal Met 71% 
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Lessons Learned & Recommendations 
1. Changes Implemented to the2022 Weekly Reports and Meetings 

1. In 2022, Farr pumping data was only available as daily averages. Once the 15-minute data becomes available 

again, it will be added into future reports. 

2. Provisional temperature, turbidity, conductivity, and pH from the Shadow Mountain Channel USGS sonde were 

added to the weekly report which already contained discharge, chlorophyll a, and phycocyanin data from the 

same site. 

3. All parameters from the USGS North Inlet at Summerland Park gage were added to the weekly report. 

4. Turbidity was added to the Granby Pump Canal plot. 

5. As was discussed in the 2021 GLAM Debrief Meeting, weekly GLAM meetings were rescheduled to Tuesday 

afternoons at 2:30 to accommodate WAPA’s trading schedule.  

2. 2022 Important Observations 

1. Clarity patterns differed from historical observations. Previously, particles coming into Grand Lake and Shadow 

Mountain Reservoir during snowmelt dominated clarity trends in the first part of the GLAM season while algal growth 

dominated clarity trends in the second part. In 2022, particulates were a persistent source of clarity degradation 

throughout the season. This was observed in the lack of particulate settling between the end of snowmelt runoff and 

the start of Farr pumping as well as in the higher turbidity observed in Granby Reservoir and increases in turbidity 

following storm events. 

2. Similar to previous years, chlorophyll-a increased steeply during the season in Grand Lake, pH in Shadow 

Mountain Reservoir exceeded the indicator threshold for the majority of the GLAM season, and observations of deep 

green water in both water bodies all indicated high algal activity.  

3. Lingering effects of the ETF appear to be continuing to affect water quality, including clarity and chlorophyll a 

concentrations, in Grand Lake. Water temperature and its effect on algal growth and species composition continued 

to be a discussion point when determining operation suggestions during weekly meetings.  

3. Recommendations 

1. Explore the available turbidity and carbon data in the Three Lakes in the 2022 Water Quality and Operations 

report to understand the effects on clarity following runoff and during the Grand Lake clarity season.  

2. Change the phycocyanin scale on the Connecting Channel graph so that phycocyanin trends are more apparent 
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Appendices 
A. Clarity MOU 

B. Statement of Basis and Purpose 

C. Adaptive Management Committee Representatives 

D. 2022 GLAM Season Letter of Agreement 

E. Kickoff Meeting 

F. 2022 Meeting Schedule 

G. Compilation of weekly meeting reports and notes  

H. Debrief Meeting 
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IN REPLY 
REFER TO: 

EC-1310 
WTR-7.00 

E. Jane Tollett 

United States Department of the Interior 

BUREAU OF RECIAMATION 
Eastern Colorado Area Office 

11056 West County RD lBE 
Loveland, Colorado 80537-971 I 

JAN 2 B 2016 

Grand County Board of County Commissioners 
P.O. Box 264 
Hot Sulphur Springs, CO 80451 

Subject: Memorandum of Understanding No. 16-LM-60-2578 - Grand Lake Clarity 
Stakeholders' - Grand Lake - Colorado-Big Thompson Project, Colorado 

Dear Ms. Tollett: 

Enclosed is a fully executed original copy of Memorandum of Understanding (MOU) between 
the Northern Colorado Water Conservancy District, Colorado River Water Conservation District, 
Northwest Colorado Council of Governments, Grand County Board of County Commissioners 
and the Bureau of Reclamation. The MOU establishes an adaptive management process while 
Reclamation conducts a planning and National Environmental Policy Act process to evaluate 
alternatives to improve clarity in Grand Lake as described in the Clarity Supplement. 

Thank you for your cooperation and assistance on this matter. Should you have any questions, 
please contact Laura Harger at (970) 962-4337. 

Enclosure 

cc: Rod Smith 

Sincerely, 

Jacklynn L. Gould 

Jacklynn L. Gould, P .E. 
Area Manager 

Department of Interior, Office of the Solicitor 
Division of Land and Water Resources 
125 South State Street, Suite 6201 
Salt Lake City, UT 84138 (w/o encl) 
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QR\G\NAL 
Memorandum of Understanding No. 16-LM-60-2578 

GRAND LAKE CLARITY STAKEHOLDERS' 
MEMORANDUM OF UNDERSTANDING 

The Parties to this Memorandum of Understanding (MOU) ore the U.S. Department of the 
Interior Bureau of Reclamation (Reclamation), Northern Colorado Water Conservancy 
Dlstrlct (Northern Water), Grand County Boord of Commissioners {Grand County), 
Northwest Colorado Council of Governments (NWCCOG), and Colorado River Water 
Conservation District (River District). For purposes of Sections Ill, VIII, and X of this MOU, 
Grand County, NWCCOG and River District collectively constitute the West Slope. 

I. EXPLANATORY RECITALS 

A. WHEREAS, Grand Lake is Colorado's largest natural lake and port of the 
headwaters to the Colorado River; 

B. WHEREAS, Grand Lake is used as a component of the Colorado-Big Thompson {C­
BT) Project authorized by the United States Congress in 1937; 

C. WHEREAS, a portion of Senate Document No. 80, entitled "Manner of Operation 
of Project Facilities and Auxiliary Features," pages 2-5, states that the C-BT 
Project "must be operated In such a manner as to most nearly effect" the five 
"primary purposes," (Exhibit A) 

D. WHEREAS, the "Manner of Operation of Project Facilities and Auxiliary Features," 
page 3, states "In order to accomplish these purposes the project should be 
operated by an unprejudiced agency In o fair and efficient manner, equitable to 
all parties having interests therein, and in conformity with" twelve "particular 
stlpulations"(Exhibit A}; 

E. WHEREAS, the Parties recognize Reclamation's operating authority for the C-BT 
Project. Reclamation will take Into account individual input of members of the 
Adaptive Management Committee (AMC} and consider operational changes to 
meet the clarity goals. 

F. WHEREAS, water clarity in Grand Lake hos been measured by Secchi disk visibility 
and a study dating back to the 1940s hos documented a single Secchi disk 
visibility measurement of 9.2 meters; 

G. WHEREAS, Grand County, NWCCOG and the River District believe that the scenic 
attraction of Grand Lake Is diminished due to decreased water clarity; 

H. WHEREAS, Reclamation and Northern Water hove entered into a "Supplement of 
Contract Between the United States of America and the Northern Colorado Water 
Conservancy District for Addressing Commitments Associated with Meeting the 
Grand Lake Clarity Standard" dated October 23, 2013 (Clarlty Supplement), 
which establishes a long-term commitment to meet the applicable Grand Lake 
clarity standard (Exhibit B). 
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Memorandum of Understanding No. 16-LM-60-2578 

I. WHEREAS, the proposed Windy Gap Firming Project, which will transport water 
from the Colorado River through the west slope features of the C-BT Project for 
delivery to the front range of Colorado is subject to a permit from Grand County 
memorialized in Grand County Resolution No.2021 PA-1 2-1 (" 201 2 Permit"). 
Condition 7 of the 2012 Permit provides in pertinent port that "the 2012 Permit 
shall not be effective until the Clarity MOU .•. [has) been executed;" 

J. WHEREAS, for the purposes of this MOU, the Three Lakes System includes Grand 
Lake, Shadow Mountain Reservoir, Granby Reservoir, and the Colorado River 
between Shadow Mountain Reservoir and Granby Reservoir. 

K. WHEREAS, the Water Quality Control Commission ("Commission") adopted a 
narrative clarity standard and numeric clarity standard (with a delayed effective 
dote) for Grand Lake in 2008. The Commission amended both standards in 2014. 

l. WHEREAS, the Commission's current clarity standard is: 

"The highest level of clarity attainable, consistent with the exercise of 
established water rights, the protection of aquatic life, and protection of 
water quality throughout the Three Lakes system." 

5 CCR 1002-33, Numeric Standards Table, at p. 13 (June 30, 2015). 

M. WHEREAS, the Commission stated in 2014 that: 

"sufficient effort has not yet been focused on determining on "ottainableH 
level of clarity that is consistent with the constraints identified In the 
narrative standard", and that "the Commission expects and anticipates a 
cooperative effort that will focus on Identifying an attainable and 
protective Grand Lake clarity standard". 

5 CCR 1002-33, Numeric Standards Table, at p. 13 {June 30, 2015). 

N. WHEREAS, the Parties are engaged In a cooperative effort, as set forth below, in 
response to the Commission's direction. 

0. WHEREAS, Grand County does not accept responsibility for payment of any costs 
associated with any action olternative(s) selected under Reclamation's Notional 
Environmental Policy Act (NEPA) process to imptove clarity in Grand Lake as 
described In the Clarity Supplement {Exhibit B). 

II. PURPOSE 

The purpose of this MOU Is to establish an adoptive management process whrle 
Reclamation conducts a planning and NEPA process to evaluate a lternatives to 
improve clarity in Grand Lake as described in the Clarity Supplement (Exhibit B). 
This MOU formalizes and establishes the terms of an effective, cooperative effort 
of the Adoptive Management Committee to Implement the Grand Lake Clarity 
narrative standard {see V.A.). 
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Memorandum of Understanding No. l 6-LM-60-2578 

Ill. TERM 

Active participation in adaptive management will commence no later than April 
l 5, 2016, and shall remain in effect until January l, 2022. This MOU may be 
extended by mutual agreement of Reclamation, Northern Water and the West 
Slope until Reclamation Issues its decision document upon completion of the NEPA 
process described above (at II}. The MOU implements an interim process while 
Reclamation and Northern Water complete their efforts as defined in the Clarity 
Supplement referenced (Exhibit BJ. 

IV. ADAPTIVE MANAGEMENT COMMITTEE 

A. Representation. Each Porty shall be a member of the AMC. 

B. Participation in AMC meetings. Multiple representatives of each Porty may 
attend and participate in the AMC meetings, as it Is expected that the Adaptive 
Management process will rely on multiple areas of expertise. However, each Party 
shall reconcile internal differences and present its unified position to the AMC. The 
Parties' positions may differ. 

C. Stakeholders. Stakeholders In addition to the Parties must be governmental 
officials acting In their official capacities and may include, but are not limited to, 
one representative each from the Western Area Power Administration, U.S. Forest 
Service, Rocky Mountain National Park, Colorado Parks and Wildlife, Town of 
Grand Lake, Larimer County and Northern Water's Municipal Subdistrict. 

V. IMPLEMENTATION 

A. Narrative Standard. This MOU is to implement the WQCC's narrative water 
quality standard: 

"The highest level of clarity attainable, consistent with the exercise of 
established water rights, the protection of aquatic life, and protection of 
water quality throughout the Three Lakes system." 

5 CCR 1002-33, Numeric Standards Table, at p. 13 (June 30, 2015). 

8. Clarity Goals. The annual Clarity Goals for Grand Lake from July 1 through 
September 1 l are an average Secchl depth of 3.8 meters and a minimum Secclll 
depth of 2.5 meters. The Clarity Goals ore Intended to guide the adaptive 
management prqcess established by and Implemented through this MOU. 
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Memorandum of Understanding No. 16-LM-60-2578 

C. Grand Lake Clarity Operational Planning 

1. Preparation of Grand Lake Clarity Operational Plan. On or before 
June 1 of each year, subfect to hydrology, meteorology, and current 
demands, Reclamation witl identify operational scenarios to be 
modeled and evaluated and wilt meet with members of the AMC to 
seek input from individual members on these scenarios. 

a. Reclamation shall present operational scenarios to the members 
of the AMC along with the results from the corresponding water 
quality model runs. 

b. The members of the AMC shall review the scenarios and 
provide individual input and feedback on the operational 
scenarios at the meeting scheduled on or before June 1. 

c. Reclamation shall consider input provided by members of the 
AMC, and shall present a Draft Operational Plan and water 
quality model runs on or before June l 5. 

d. The members of the AMC shall review the Draft Operational 
Plan and members shall Individually provide Input to 
Reclamation. 

e. Reclamation shall announce to the members of the AMC its 
Proposed Final Operatlonal PJan on or before June 21 • 

2. Deliveries and yield. C-BT Project deliverles and yield shall be 
protected. 

3. Water Quality Conditions 

a. Consideration of Water Quality Indicators. When individual 
members of the AMC determine on the basis of monitoring, 
modeling or other analysis that any of the Water Quality 
Indicators relevant to Grand Lake clarity reach or ore expected 
to reach certain thresholds (as described In I, II and ill below), 
such members may provide Input to Reclamation. The status of 
Water Quality Indicators shall be Included in the Weekly 
Summary Forms (as described In Exhibit D). 

i. Grand Lake Secchi depth. The moving overage Secchl 
depth of Index sites (Jul 1 to date) In Grand Lake fs 3.8 
meters or less {Exhibit C). 

Ii. Dissolved Oxygen (DO). DO levels In Shadow Mountain 
Reservoir are 3 mg/L or less at the bottom or DO 
saturation near the surface exceeds 1 00% {Exhibit C), 
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Memorandum of Understanding No. 16-LM-60-2578 

iii. pH. pH In Shadow Mountain Reservoir Is greater than 8 
S.U. near the surface (Exhibit C). 

b. Consideration of Water Quality Standards. The AMC members 
recognize that C-BT Project operations to meet the Clarity 
Goals may Impact the Three Lakes System and may recommend 
efforts to minimize exceedances of the water quality standards 
of the Three Lakes System from July 1 through September 11 . 

c. Shadow Mountain Monitoring. Monitoring will be carried out 
as explained in Exhibit C. Northern Water will make every 
effort to maintain the monitoring buoys in Shadow Mountain 
Reservoir but adjustments may be necessary in the event of an 
equipment failure. In such event, the AMC members shall 
recommend monitoring protocols to collect necessary data in 
support of the AMC process. The Parties recognize that 
Northern Water Is not obligated to replace these buoys If they 
foil. 

The AMC members may adjust the thresholds and selected water 
quality indicators as mutually agreed by the Parties. 

4. Operational Adaptive Management. AMC members shall meet In 
person each year on or before June 1 to discuss the anticipated stream 
flow and hydrologlc forecasts, C-BT Pro!ect Operations, and the 
Northern Water and Municipal Subdistrict delivery obligations. AMC 
members will provide Input to Reclamation for consideration In the 
operational scenarios (see V.C.1.). The AMC wlll schedule weekly 
conference calls during the period of concern for Grand Lake clarity 
(July 1 and to September 11 ), and meet as needed to discuss current 
and foreseeable operational deviations and water quality. During 
these coils, members may discuss potential operational changes that 
could help In meeting Clarity Goals. 

Members of the AMC may provide Input to Reclamation to modify the 
Operational Pion as needed during the weekly conference calls. 
Adaptive Management may include Reclamation making changes In the 
C-BT Project operations or other appropriate measures. Reclamation 
will evaluate any input provided. 

5. Adaptive Management Record. A Record of the discussions held 
during the meetings, Input, decisions and objections made shall be 
maintained and compiled by the AMC. The purposes of the Record 
include, but ore not llmlted to, (1) assisting In the evaluation of C-BT 
Prolect operational approaches to meet the Clarlty Goals, as well as 
effects on Water Quality Indicators (see E.2.a.), and (2) providing 
feedback for Adaptive Management. 
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VI. FUNDING 

Memorandum of Understanding No. 16-LM-60-2578 

a. Meeting Minutes. The AMC shall record minutes of the meetings 
held on or about June 1 and June 1 5. 

b. Weekly Summary Form. A Weekly Summary Form shall be 
prepared by and distributed to the AMC at the weekly 
meetings. The Weekly Summary Form should include a summary 
of water quality data, operational parameters of interest, and 
brief notes on action items and discussion topics from the 
previous meeting. The Information wiH be presented using a 
form template such as presented in Exhibit D. 

c. Comments. Written comments submitted by any Party shall be 
attached to the Weekly Summary Form for that meeting. 

d. Annual Summary. The AMC shall annually prepare a summary 
of whol it learned about C·BT Proiect operational approaches 
to meet the Clarity Goals, as well as effects on water quality, 
which it shall provide to the Water Quality Control Commission. 

A. The Parties' initial contribution shall be the servic::es of their staff members. 

B. If the AMC intends to incur any c::osts ossoc::lated with the Implementation of this 
MOU, the Parties shall agree In advance to a funding mechanism for such cost(s), 
consistent with each Party's applicable legal requirements. 

C. This MOU does not assign or allocate responsibility for funding implementation of 
any measures related to the Adoptive Management process. Without 
acknowledging or admitting such responsibility, the Parties agree to work together 
to address implementation of measures In support of the Adaptive Management 
Process, such as monitoring and reporting costs and securing adequate sources of 
funding therefor. 

1. Any agreement with consultants shall expressly recognize and 
Implement such limitation. 

2. The obligations of Grand County, the River District, NWCCOG and 
Northern Water shall not constitute a general obligation, indebtednes~, 
or multiple fiscal year direct or Indirect debt or other financial 
obligation whatsoever, within the meaning of the Constitution or laws of 
the State of Colorado. 

3. All public funding shall be subject to annual appropriation. 

D. Northern Water has a contractual relationship with the United States as defined 
by its 1938 Repayment Contract and related documents. Nothing herein changes 
Northern Water's obligations as defined by that contract and related documents, 
and Northern Water's commitments under this MOU are separate from Northern 
Water's obligations under that contract and related doc::uments. 
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Memorandum of Understanding No. l 6-LM-60-2570 

VII. WINDY GAP FIRMING PROJECT l 04 l PERMIT 

Grand County hereby acknowledges end confirms that execution of this MOU by 
the Parties satisfies the portion of Condition 7 of the 201 2 Permit that requires 
execution of the "Clarity MOU" before the 201 2 Permit is effective. This MOU 
also replaces the Umbrella Agreement referred to on the list of documents 
attached to the 201 2 Permit. 

VIII. MODIFICATION 

No modification or waiver of this MOU or any covenant condition or provision 
contained herein shall be valid unless approved in writing by Reclamation, 
Northern Water and the West Slope. 

IX. NO WAIVER 

The Parties acknowledge that there are differences of opinion regarding the 
scope of the obligations to protect water clarity In Grand lake created by Senate 
Document 80, the Clarity Supplement, and the Colorado Clarity Standard 
Process. These issues have not been litigated. The Parties agree that In entering 
into this MOU and not litigating or otherwise objecting in any form to the legal 
issues specified above, that this MOU shall never give rise to any claim, defense, 
or theory of acquiescence, bar, merger, issue or claim preclusion, promissory 
estoppel, equitable estoppel, waiver, laches, unclean hands or any other similar 
position or defense concerning any factual and legal position regarding the 
Parties' respective positions regarding Grand Lake clarity and the Parties' 
respective Interpretations of Senate Document No. BO, the 1936 Repayment 
Contract, Reclamation Law, or Colorado law. The Parties further agree that they 
do not intend this MOU to hove the effect of precedent or preclusion on any 
factual or legal issue in any other matter. The Parties expressly reserve their 
rights to assert any legal or factual position or challenge the legal or factual 
position taken by any other party on any other matter. 

X. BINDING AGREEMENT 

This MOU shall be binding upon the Parties, and their respective successors or 
assigns. The Parties' rights and obligations under this MOU may not be assigned 
without the express written consent of Reclamation, Northern Water and the West 
Slope. 

XI. ENTIRE UNDERSTANDING 

This MOU rs the complete integration of all understandings between the Parties. 
No prior or contemporaneous addltion, deletion, or other amendment hereto shall 
have any force or affect whatsoever, unless embodied herein in writing. 
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Memorandum of Understanding No. 16-LM-60-2578 

XII. THIRD PARTIES 

A. This MOU does not create, and the Parties do not fntend to create, In any other 
individual or entity the status of third-party beneficiary, and this MOU shall not be 
construed so a s to create such status. The rights, duties ond obligations documented 
in this MOU shall operate only between the Parties to this MOU, and shall Inure 
solely to the benefit of the Parties to this MOU. 

B. The provisions of this MOU are intended only to assist the Parties in determining or 

performing their obligations under this MOU. 

C. This MOU does not and shall not be deemed to confer upon or grant to any third­
party any right enforceable at law or equity arising out of any term, covenant, or 
condi tion herein or the breach thereof. 

XIII. NO RIGHTS AGAINST THE UNITED ST ATES 

This MOU is not intended to, and does not, create any right or benefit, substantive 
or procedural, enforceable at law or in equity by any party against the United 
States, its departments, agencies, or entitles its officers, employees, or agents, or 
any other person. 

XIV. SEVERABILITY 

~n case one or more of the provisions contained in this MOU, or any application 
hereof, shall be invalid, illegal, or unenforceable In any respect the validity, 
legality and enforceability of the remaining provisions contained in this MOU and 
the application thereof shall not be in any way affected or impaired thereby. 

XV. COMPLIANCE WITH LAWS 

At all times during the performance of this MOU, the Parties shall strictly adhere to 
all appllcoble federal, state and local laws, rules, and regulations that have been 
or may hereafter be established. • 

XVI. SOVEREIGN IMMUNITY 

The Parties do not waive their sovereign immunity by entering into this MOU, and 
each fully retains all immunities and defenses provided by low with respect to any 
octlon based on or occurring as a result of this MOU. - · · - • 

XVII. EFFECT ON OTHER AGREEMENTS 

Nothing in. this MOU affects contracts or other agreements that may exist between 

any combinations of the Pot ties. 
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Memorandum of Understanding No. l 6-LM-60-2578 

XVIII. EFFECTIVE DA TE 

This MOU shall become effective on the dote upon which it hos been signed by the 
lost Porty to sign although a maiorlty of the Parties may agree to implement this 
MOU if the signature of any other Porty(s) Is a mere formality, provided, however, 
this MOU shall not become effective unless and until the W oter Quality Control 
Commission amends the existing numeric clarity standard, 5 CCR 1002-33 (June 
30, 2015), to an average Secchi depth of 3.8 meters and a minimum Secchi depth 
of 2.5 meters from July 1 through September 11, with a delayed effective date of 
January 1, 2022. 

XVIII. WEST SLOPE APPROVALS 

When West Slope approval or consent Is required, the West Slope, shall develop 
o unified position and Grand County, NWCCOG and the River District agree to 
execute any required documents consistent with that position. 

IN WITNESS WHEREOF, the Parties hereto hove signed this MOU effective as of the dote 
and year written above. 

BUREAU OF RECLAMATION 

By: __ ~....,.~~~.__._._"'-~~~~~~ 
Joe 

Date: t { 1.~/t (, 
COLORADO RIVER WATER CONSERVATION 
DISTRICT 

By:__.<l~C~LL~~--
Erle Kuhn, General Manager 

Dote:_ --.i\ {.___~__;,,( l;;=.k ___ _ 

GRAND COUNTY BOARD OF COUNTY 
COMMISSIONERS 

Tollett, Chairman 

NORTHERN COLORADO WATER 
CONSERVANCY DISTRICT 

By: ~e. ) , [,U, Q4 .:.e 
Erle Wilkinson, General Manager 

Date: 0 t /1 tJ/if!,,,(;?I b 
I 

NORTHWEST COLORADO COUNCIL OF 
GOVERNMENTS 

By: ~ ~a f':;ii ::::> 
Karn Stegelmeler, NWCCOG Chair 

Dote: \ - ~\- \ (a 

Date: ~\ 6fl 12O1'<I 

Attest: ~-4 < c7{ ~Q""-(_ 
Saral.~Cl~1Re~ ~ 

Date: I - ;> k - '.) Q I la 
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LIST OF EXHIBITS 

EXHIBIT A: pdf of 5080 
EXHIBIT B: Clarity Supplement 

Memorandum of Understanding No. 16-LM-60-2578 

EXHIBIT C: Secchi, DO and pH monitoring/ Secchl Monitoring Protocol Attached 
EXHIBIT D: Form Template 

' -
' · ~ . . 

. ' 

.. . 
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75th Congress ) 
1st Session) 

EXHIBIT A - SENATE DOCUMENT 80 

SENATE 

COLORADO-BIG THOMPSON PROJECT 

SYNOPSIS OF REPORT 

ON 

COLORADO-BIG THOMPSON PROJECT, PLAN OF 
DEVELOPMENT AND COST ESTIMATE 

PREPARED BY THE BUREAU OF 
RECLAMATION, DEPARTMENT 

OF THE INTERIOR 

PRESENTED BY MR. ADAMS 

JUNE 15, '1937-0RDERED TO BE PRINTED WITHOUT ILLUSTRATIONS 

UNITED STATES 
GOVERNMENT PRINTING OFFICE 

WASHINGTON: 1937 

(Document 
(No. 80 

Retyped for clarity January 23, 1997 
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From Senior Engineer Porlcr J. Prcslun 
To Chief Engineer 

LEITER OF TRANSMilT AL 

Subject: Colorado-Big 11mmpson projecl 

February 1, 1917 

l. Tnmsmiued herewith is a synopsis of lhe reporl of plan of development and cost cslimnte of lhe 
Colorado-Big Thompson project. 

2. The plans and designs upon which the estimates arc based arc shown in the full report to follow this 
synopsis. 

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

Canals: H. R. McBirncy 
Reservoirs: K. B. Keener 
Power: L. N. McClellan 
Hydraulics: E. B. Dehler 

4. The field work was done under the supervision o(M. E. Bunger. 

5. The economic study was carried on by R. L. Parshall, senior irrigation engineer, Bureau o( Agricultural 
Engineering, United States Department of Agriculture. This study is later proposed to be issued as a separate 
document. 

PORTER). PRESTON 

Revised synopsis of report submitted June l l, 1937. 

-1-
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Hon. Harold L. Ickes, 
Secretary of the Interior 

LETfERS OF SURMJIT AL 

June 11, 1917 

My Dear Mr. Secretary: There is mwched hereto the portion of the report on the Colorado-Big 
Thompson project in Colorado covering the principles and stipulations governing the construction and 
operntion of said project for the prntcction of the rights and interests dependent on the Colorado River in 
Colorado. 

The provisions contained therein have hecn considered hy the Northern Colorndo Water Users' 
Association, representing the irrigation and other interests on the eastern slope in Colorado, and we 
respectfully suhmit that they arc satisfactory and meet the approval of said association. 

We ask that acknowledgment be made of this communication. 

Respectfully yours, 

Hon. Harold L. Ickes, 
Secretary of the Interior 

NORTHERN COLORADO WATER USERS' ASSOCIATION, 
CHAS. HANSEN, President 
MOSES E. SMITH, Vice President 
THOMAS A. NIXON, Attorney 

June ll, 1937 

My Dear Mr. Secretary: There is attached hereto the portion of the report on the Colorado-Big 
Thompson project in Colorado covering the principles and stipulations governing the construction and 
operation of said project for the protection of the rights and interests dependent on the Colorado River in 
Colorado. 

The provisions contained therein have been considered by the Western Slope Protective Association, 
representing the irrigation and other interests on the western slope in Colorado, and we respectfully submit 
that they are satisfactory and meet the approval of said association. 

We ask that acknowledgment be made of this communication. 

Respectfully yours, 
THE WESTERN SLOPE PROTECTIVE ASSOCIATION, 
SlLMON SMITH, Secretary 
CLIFFORD H. STONE, Director 
A. C. SUDAN, Special Representative of Grand County 

-ji-
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SYNOPSIS OE REPORT. COLORADO-mo THOMPSON PROJECT 

Outline of Construction and Operating Cond itions 

The Colnrado-13ig Thompson project in Colorado contemplates the diversion of surplus wmers from the 
headwaters of the Colomdo River on the Pacific or western slope to lands in northcnstern Colorndo on the 
Atlantic or eastern slope greatly in need of supplemental irrigntion water. 

To accomplish this diversion, the followin~ features nre required: 

ON COLORADO RIVER 

(I) Stornge on the Blue River in what is called Green Mountain Reservoir located ahout 16 miles 
southeast of Kremmling, Colo., where the Blue enters the Colorado River. This reservoir is to be used co 
replace w,ircr diverce<l to the eastern slope that would be required by prior rights along the Colorado River. 

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

(3) A storage reservoir located on the Colorado River about 6 miles northeast of Granby, Colorado, to he 
known as Granby Reservoir. This reservoir will store the flow of the Colorado at this point as well as water 
diverted from Willow Creek, a tributary of the Colorado and Strawberry and Meadow Creeks, tributaries of 
the Fraser River. 

(4) A diversk>n dam located about one-half mile below the junction of the North Fork and Grand Lake 
outlet and about 3 miles south of the village of Grand Lake. This dam will create a lake known as Shadow 
Mountain L1ke which will have the same elevation as Grand Lake and will aid in supplying the 
transmountain diversion tunnel with water pumped from Granby Reservoir. This lake together with Grand 
Lake is to be kept at nearly constant level. 

(5) An electrically driven pumping plant on the shore of Granby Rese1voir, where water will be pumped 
into a canal feeding Shadow Mountain and Grand Lakes. llle length of the canal is 4112 miles. 

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

(7) A cransmountain diversion tunne1 under the Continental Divide 13.1 miles in length extending from 
Grand Lake to a point in Wind River about 5 miles southwest of Estes Park vilJage. 

ON EASTERN SLOPE 

(8) A conduit 5.3 miles in length extending from diversion tunnel outlet to penstock of a power plant on 
the Big Thompson River just below Estes Park village. This conduit will be made up of buried pipe, siphons, 
tunnels, and open canal. It will be entirely concealed through the area authorized to be taken into Rocky 
Mountain National Park. 
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(9) The waste rock from the tunnel is to be tcrrnccd and landscnpcd and all structures connected with 
lhe ltmncl will be cnnstrucicd lo hlcnd inlo lhcir nalllral surroundings. 

( 10) A power plam known ;is power planl no. l conslrucll.:<l :ilong lhe Big Thompson River just below 
the village of Estes Park utilizing rhe western slope water. 

( 11) Four additional power plants Jown the Big Thompson Canyon to utilize all available fall and also all 
water available for power in the Big ·1110mpson River in aJdilion to the western slope water divcrlcd. 

( 12) A diversion Jam on Big '11mmpson River about 12 miles west of Loveland to divert the water hy 
means of a canal 9 miles in length to a storage reservoir known as Carter Lake. 

(13) Carter Lake Reservoir located 8 miles northwest of Berthoud, Colo., to store water brought over 
during winter months. Water is released from this reservoir through a 4-mile canal into the Big Thompson 
River and through n 9· mile canal into the St. Vrain River for irrigation purposes. 

(14) A siphon across the Big Thompson River, 9 miles west of Loveland, Colorado, and a canal 10 miles 
in length to convey water from the fourth power plant to a storage reservoir, located about 5 miles west of 
Fort Collins, known as Horsctooth Reservoir. 

(15) A cam1l from Horsctooth Reservoir to the Cache la Poudre River and extended north to a pumping 
plant which lifts water high enough to serve the North Poudre Canal. 

(16) A storage reservoir near the mouth of Buckhorn Creek to be known as Arkins Reservoir, supplied 
from a canal diverting from the Big Thompson River just below the last power plant. It is to be used to aid in 
balancing the demands for power and irrigation, also storing excess water available in the Big Thompson 
River. Water will be released from the reservoir for supplemental irrigation in the South Platte area. 

( 17) Transmission lines connecting the Valmont steam plant of the Public Service Co. with all the 
hydroelectric plants contemplated, also connecting with the transmountain tunnel portals and the Granby 
and North Poudre pumping plants. The line connecting power plant no. 1 and Granby pumping plant will run 
east, and south of the outside boundaries of the Rocky Mountain National Park, crossing the Continental 
Divide at Buchanan Pass. 

In order to carry out the construction, operc1tion, and maintenance of the project as outlined above, it 
will be necessary to comply with the following requirements as agreed to by representatives of the eastern and 
western slopes in Colorado and here made as a part of this report. 
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MANNER OF OPERATJON OF PROJECT FACILITJES AND AUXILIARY 
FEA.IURES 

T he construcllon anJ operation of this pmject will change the regimen of the Colorado River below the 
Granhy Reservoir. The project contemplates the maximum conservation and use of the waters of the 
Colnmd<' River, <lllU involves all of the construction features heretofore listed. In addition thereto, certain 
supplemental construction will he necessary. This will he for the primary purpose of preserving insofar as 
possible the rights and interests dependent on this water, which exist on both slopes of the Continental 
Divide in Colorado. The project, therefore, must he operated in such a manner as to most nearly effect the 
following primary purposes; 

1. To preserve the vested and future rights in irrigation. 

2. To preserve the fishing and recreational facilities and the scenic attractions of Grand Lake, the 
Colorado River, and the Rocky Mountain Nntional Park. 

3. To preserve the present surface elevations of the water in Grand L'lke and to prevent n vetria tion in 
these elevations grearer than their normnl fluctuation. 

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

5. To mainrnin conditions of river flow for the benefit of domestic and sanitary uses of this wa~er. 

In order to accomplish these purposes, che project should be operated by an unprejudiced agency in a fair 
and efficient manner, equitable to all parties having interests therein, and in conformity with the following 
particular stipulations: 

(a) The Green Mountain Reservoir, or similar facilities, shaH be constructed and maintained on the 
Colorado River above the present site of the diversion dam of the Shoshone power plant, above Glenwood 
Springs, Colo., with a capacity of 152,000 acre-feet of water, with a reasonable expectancy that it will fill 
annually. Of said capacity, 52,000 acre-feet of water stored therein shall be available as replacement in 
western Colorado, of the water which would be usable there if not withheld or diverted by said project; 
100,000 acre-feet shall be used for power purposes; and all of said stored waters shall be released under the 
conditions and limitations hereinafter set forth. 

(b) Whenever the flow in the Colorado River at the present site of said Shoshone diversion dam is l~s 
than l,250 cubic feet per second, there shall, upon demand of the authorized irrigation division engineer or 
other State authority having charge of the distribution of the waters of this stream, be released from said 
reservoir as a part of said 52,000 acre-feet, the amount necessary with other waters available, to fill the vested 
appropriations of water up to the amount concurrently being diverted or withheld from such vested 
appropriations by the project for diversion to che eastern slope. 

(c) Said 100,000 acre-feet shall be stored primarily for power purposes, and the water released shall be 
available, without charge, to supply existing irrigation and domestic appropriations of water, including the 
Grand Valley reclamation project, to supply all losses chargeable in the delivery of said 52,000 acre-feet of 
water, and for future use for domestic purposes and in the irrigation of lands thereafter to be brought under 
cultivation in western Colorado. le shall be released within the period from April 15 to October 15 of each 
yearns required to supply a sufficient quantity to maintain the specified flow of 1,250 cubic feet per second of 
water at the present site of said Shoshone diversion dam, provided this amount is not supplied from the 
52,000 acre-feet heretofore specified. Water not required for the above purposes shall also be available for 
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disposal to agencies for the devclnpmcnr of the shale oil or other industries. 

(d) TI1e cost of construction nnd perpetual operation and maintenance of i;nid reservoir or reservoirs 
shall he a charge against the project tmd shllll he paid from revenues collected from this project as may be 
provided in contracts between the Secretary of the lmcrior and the hcncflciarics nf the project in eastern 
Colorndo, and any other contracting purties. 

(c) In the event said reservoir or reservoirs arc not maintained with a capacity of 52,000 acre-feet, the 
Secretary of the Interior should withhold the diversion of water from the western to the eastern slope of 
Colora<lo until such storage capacity is made available. 

(f) 111e Secretary of the Interior shall have the option to require the transfer to the United States of any 
and all rights initiated or acquired hy the appropriation or use of water through the works of the project in 
eastern Colorado, at any time: PROVIDED, HOWEVER, that the title so rakcn shall he subject to a 
beneficial use of such water as may be provided in the repayment contract or contracts; and the rights to store 
water to the extent of said 152,000 acre-feet shall he inith1ted, acquired, and held by the appropriate 
uuthoritics for use in western Ollom<lu, for replacement of water diverted to the eastern slope, and for other 
purposes conremplated for rhis project. 

(g) The Secretary of the Interior shall operate this project in accordance with the following stipulations 
us to priorities of water use as between the parcies claiming or using project water and within the limits of his 
legal authority. Said 52,000 acre-feet of replacement storage in Green Mountain or other reservoirs shall be 
considered to have a date of priority for the storage and use of replacement water earlier than that of the 
priorities for the water diverted or stored for delivery to the eastern slope. The 100,000 acre-feet of storage in 
said reservoir shall be considered to have the same date of priority of appropriation as that for water diverced 
or stored for trnnsmountain diversion. 

(h) Said Green Mountain Reservoir, or such other replacement reservoirs as provided in paragraph (a) 
herein, as are planned as a part of the project, shall be constructed at the same time as the other parts of the 
project and shall be completed before any water is diverted to the eastern slope of the Continental Divide by 
means of said project. 

(i) Inasmuch as the State of Colorado has ratified the Colorado River Compact, and inasmuch as the 
construction of this project is to be undertaken by the United States, the project, its operation, maintenance, 
and use must be subject to the provisions of said Colorado River Compact of November 24, 1922 (42 Stat. 
171), and of section 13 of the Boulder Canyon Project Act, dated December 21, 1926 (45 Stat. 1057-1064). 
Notwithstanding the relative priorities specified in paragraph (g) herein, if an obligation is created under said 
compact to augment the supply of water from the State of Colorado to satisfy the provisions of said compact, 
the diversion for the benefit of the eastern slope shall be discontinued in advance of any western slope 
appropriations. 

(j) An adequate system, as determined by the Secretary of the Interior, shall be provided for the 
irrigation of the lands in the vicinity of Kremmling, now irrigated by either natural or artificial means, and the 
installation made therefor shall be a part of this project. The rights to the use of water for the irrigation of 
these lands shall be considered to have a date of priority earlier than that of the rights to the use of water to 
be diverted through the works of this project to the eastern slope. This system shall be designed and built in a 
manner requiring the least possible continuing annual expense for operation and maintenance but the cost 
thereof shall not exceed $300,000; and said system shall be provided and in operation before any water is 
stored for transmountain diversion. In addition, the Secretary shall protect, add to, or improve the source of 
supply of domestic waters for the municipalities of Kremmling and Hot Sulphur Springs in the manner and to 
the extent which he may determine to be necessary to provide a source of supply not less than that now 
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available for these municipnlities. The cost of these features shall he included in the total project cost. 

(k) To compensate Grand County for the loss of taxes through the transfer of propcrcy to the United 
States for the construction of this projecl, $100,000 shall be paid to said Grand County. This puyment shall 
be made in 10 annual installments of $10,000 each, commencing upon the date when 10 percenr of the total 
properly in Grnnd 0.1unty required for said project has been removed from taxation. 

(\) The project and all of its features shall be operated in a manner determined by the Secretary of the 
Interior as necessary to provide the water to preserve at all times that section of the Colorado River between 
the reservoir to he constructed near Granby and Lhe mouth of the Fraser River as a live stream, and also to 
insure an adequate supply for irrigation, for sanitury purposes, for the preservation of scenic attractions, and 
for the preservation fish life. 111c determination of the need for and the amount and times of release of water 
from Granby Reservoir to accomplish these purposes shall he made hy the Secretary of the lnterior, whose 
findings shall be final. 

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

The principles and provisions expressed in these stipulations have been approved by the Western 
Colorado Protective Association, representing interests in western Colorado, and the Northern Colorado 
Water Users Association as evidenced by the letters hereto attached. 

SUMMARY 

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

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

HISTORY 

The first irrigation in northeastern Colorado occurred about 1860 where the early settlers plowed out 
sma11 ditches with sufficient grade and length to irrigate a few acres ofland in the first bottom--ie. lands not 
far above the high-water line of the streams and adjacent to them. 

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

This colony irrigated about 12,000 acres under their first project and it was a success from the start, due 
in a large measure to the fact that they were people of considerable means and were then able to finance 
themselves over the period required to bring raw prairie land into profitable cultivation. 

This colony was soon followed by others along the Poudre at Fort Collins, on the Big Thompson, at 
Loveland, and the St. Vrain near Longmont. 
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The difficulties experienced hy these colonists in distrihuting the water hetween them led tn the crcmion 
of Colorado's irrigalion laws which have been copied hy mosL of Lhc irrigation States of the West. 

This irrigated area u( six hunJreJ to eight hundred thousunJ acres was JevelopeJ by means lif indivklual 
initiative nnd hy small scale cooperative enterprises. Today there nre 6,400 irrigated forms, served hy 124 
canals and ditches and 60 storage reservoirs. 

IRRIGATION USE 

In the early days, irrigation in this area was confined to growing crops to supply local needs, Lhe lack of 
trnnspnrration contributing to high prices for the home-grown production and prohibiting shipping to Jist<mt 
points. The crops grown were mainly the grnins and hay for local consumption, with some vcgetnbles. Such 
irrigation corresponded with the runoff of the streams. 

As mining developed in the Stnte, Denver and other towns grew into cities, and after these cities were 
connected to the East by railroads the markets demanded a more diversified agriculture to supply their needs. 
Thus a gradual demand developed for later water which the streams could not supply. 

This dmnge created a need for storing the flood waters for late irrigation. From 1890 to 1910 was a period 
of reservoir construction, during which storage was provided for all the available water supply of the streams 
over and above the direct irrigation requirements for the area here under discussion. Much of this 
Jcvclopmcnt t<xlk place during a decade of more than normal runoff on the eastern slope and also during a 
period expanding the agricultural area throughout the West. 
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Attempts tn m:1inrnin the area under cultiv;1tion with the depleted runoff.~ during the past 10 years have 
spread the water supply to such an extent that much acreage has hnd an insufficient water supply to produce 
full crops or crops producing the higher values. Attempts have been made to supplement the individual form 
wmer supply hy the development o( the underground sources hy pumping from numerous wells throughout 
the region. This is lowering the water tahle and alrcndy is affecting the water supply of the lower South Platte 
Valley which receives its irrigation supply largely from return waters. 

NEED 01; SUPPLEMENTAL WATER 

Under such conditions only the older water rights have any assurance o( an adequate water supply, and in 
the Jryer years the owners o( junior rights arc forced to confine their forming to crops that can he matured by 
the early flood flow or dml require <l minimum amount of water. Jn years when the supply is not correctly 
estimated considcrahle loss results. Ordinarily the crops raised in this and other irrigated areas do not 
compete wirh those grown under ra infall conditions, but a shortage of water always leads to the raising of 
more of the competing crops. Such crops also cut the income of the irrigation farmer below what he can earn 
with the higher type, noncompetitive crops. 

On folly three-fourths of the 615,000 acres in rM~ area the wmer supply is inadequate, in spite of every 
effort to conserve, store flood water, or otherwise add to the water supply that has been within the financial 
ahility o( the former. This inadcquncy is due not only to a development probably too large for the period when 
runoff of the streams was much higher than at present, but to the facr that the last 10 years have seen a very 
markc<l decrease in the stream flow. It must be emphasized that the additional water supply here 
contemplated is to be used for n supplemental supply and not to create a large new additional irrigated 
acreage. 

There has been expended in this area to date for various types of irrigation works, including nearly 
$750,000 for pumping plants, most of which have been installed in the last 10 years, about $35,000,000 
against which there is an outstanding indebtedness o( only $1,510,650. These people, however, have about 
reached their limit as individuals and mutual irrigation companies to provide for themselves a supplemental 
water supply so badly needed to make their present water supply secure and arc obliged to seek Government 
aid to bring this about. 

It has been conceded by a majority of the irrigation interests in this section of the State that the water 
st1pply in 1926 was ample for all their present acreage now irrigated. In order, therefore, to determine the 
normal shortage in acre-feet over a period of years a comparison of the supply in those years with that of 1926 
was made and the difference obtained. These differences are set up in the following table: 
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Tahle I. ·• Showing water disrricts, acreage irrigated, deficiencies 1925 to 1935 with tentative allocation of 
tolnl supplemental supply 

Tc111n1ivc ullt1'ntinn of 
Differcnn ', supplenw11111l supply 
1926, 

Waccr Awn 1926 dtVl'fSIOll, Awmgc 11-yenr Colorado. Moffot nml Present Tmal 
districr irrii:arcd ncrc·fcct diversion, avcrat,:e Big Jones PAss sccpni:e ~u11p!t•· 

110. 1925-35 rct1uircd 1110mpson cunncl rcrurn oo.:rl!· mcnral 
supplc· project wnrcr focr supply, ncrc· 
mcnrary water return feet 
water in 
ocre-fcer 

(1) (2) (3) (7) (15) (16) (17) (18) (19) 

3 213,640 530,000 398,000 132,000 104,000 .. 49,500 153,500 
4 68,408 235,000 163,000 72,000 44,IOO .. 21,000 65,100 
5 81,806 113,000 94,000 19,000 38,800 .. 18,500 57,300 
I 92,394 663,000 457,000 206,000 81,400 11,000 83,000 175,400 
2 37,899 170,000 154,000 16,000 5,000 4,500 5,100 14.600 

64 .w.m HJ,000 J~J.!m llQ.QQQ ...12..KlQ _woo ..1.1JOO ..DMQQ 

Tocal 615,436 2,224,000 1,649,000 575,000 310,000 30,000 214,500 554,500 

It will be noted from column no. 15 that the total average shortage in this project area which comprises 
water districts .3, 4, 5, 1, 2, and 64 is 575,000 acre-feet. Column no. 16 is a tentative allocation of the 
proposed supplemental supply to the various districts. Column no. 18 is the estimated usable return flow that 
would arise from the addition of 310,000 acre-feet of new water to this area. Column no. 19 is the total usable 
supplemental supply amounting to 554,520 acre-feet, an amount within 5 percent of the l 0-year average 
shortage. The sale or rental of supplemental water, when available, in the Poudre Valley has averaged $4.50 
per acre-foot over a period of years. In extreme cases it has sold as high as $9 per acre-foot. 

The deficiency in water supply for the period 1925 to 1934, inclusive, reflected a direct economic loss in 
crop production of approximately $42,355,000. 

The following shows the approximate annual loss in value of crops because of inadequate water supply: 

Sugar beets ..................................................................................................... . 
Alfalfa ............................................................................................................. . 
Small grain ..................................................................................................... . 
Beans .............................................................................................................. . 
Com ............................................................................................................... . 
Potatoes .......................................................................................................... . 
All other crops ............................................................................................... . 

Total .................................... ...................... .......................... .................... . 

$1,900,000 
948,000 
470,000 
302,000 
228,000 
425,000 
444.000 

$4,700,000 

This average annual direct crop loss is about 19 percent of the $24,800,000 estimated cost of the 
Colorado-Big Thompson irrigation project. 

The crop loss in 1934, due to shortage of water, as compared to 1926, after variation in price and acreage 
factors had been accounted for, amounted to $12,400,000, or just one-half the cost of the project. 
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The losses here given arc the farm losses and do not include the losses that are due to processing, 
uansporLing, or handling of Llrnt quant ity of prodUl:tion, which would add several million dollars to the loss o( 
the community as a whole. 

The cffoct of such inadequate warcr supply for the period 1925· 35 is shown gr;\phically on <lrnwing no. I 
following. 

SUPPLEMENTAL WATER SUPPLY 

In 1929 the State engineers of ColornJo, in cooperation with the Platte Valley Water Conservation 
LcaMuc, <md the United States Army engineers, made •t comprehensive study of the water resources of the 
South Pfarre Basin in northeastern Q )loradn. This study included the Cache la Poudre River in water district 
no. J, rhe Big Thompson River in water district no. 4, and the St. Vrain River in district no. 5. The 
investigators determined the excess water available on these streams above present normal demands and also 
above the nom1al demands on the South Platte River proper below where these streams enter. 

The investigators also determined the locmion, capncity, and cost of the most fensible reservoir sites for 
the storage of this excess water. 

The results arc shown in the foUowing table and have been brought up to date by using the same 
demands for irrigation as set up in the report and using the water.supply records furnished by the State 
engineer's office. 

Scream Excess supply Capacicy Average Total reservoir Cost per Cost per 
available for proposed annual costs acre-foot acre-foot 

storage, reservoir by yields at capacity yield 
average, Anny reservoirs 
1918-35 engineers 

A.F. A.F. 
Cache la Poudre 30,000 52,000 25,500 $2,747,000 $72 $147 
Big Thompson 16,000 32,700 11,300 2,006,000 61 178 
St. Vrain 16,000 30,000 14,000 2,186,000 13 156 

From the foregoing table it is evident that there js not sufficient excess water available that originates in 
this area to supply the demands for supplemental water, and the cost of making use of what is available is 
prohibitive. It wiU be shown, however, that 16,000 acre· feet of this surplus is available for storage in the 
Colorado-Big Thompson project reservoirs on the eastern slope with no additional cost. 

The water users in northeastern Colorado have now exhausted every possible source of obtaining 
supplemental water or augmenting their present supply either by storage, transmountain diversion within 
their individual cooperative means, and by pumping. Fortunately, however, there exists a surplus of water on 
the headwaters o f the Colorado River west of this area and separated from it by the Continental Divide. 

In the spring of 1935, $150,000 was allocated to the Bureau of Reclamation to make surveys and prepare 
plans and cost estimates for bringing water from the headwaters of the Colorado River into the area in 
northeastern Colorado in need of supplemental water. 

In August 1935 the Bureau of Reclamation started surveys for the project and previously there had been 
started a land classification to determine the irrigated and arable land in the Colorado River Basin in 
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Colorn<lo in order to arrive at the approximate amount of wntcr now used in the nrea anc.I how much might he 
used when full development has been made. Both surveys had heen completed, insofar as lhis project is 
invnlved, and the fi.)llowing is the result of the land classification. 

LAND CLASSIFICATION--COLORADO RIVER AREA 

Since the quantily of waler available for diversion from Lhc headwaters of Colorado River might he 
limited now hy the water rights of lan<ls alrea<ly irrigated, or might in the future limit in turn the development 
oflands in the Colorado Basin within Lhc State, all the land on Colorado River and its trihutaries above the 
Colorado-Utah line, except the Gunnison River area, has hccn classified w show the location and extent of 
irrignte<l hmds and of lands capable of irrigation. 

This classification was undertaken in all areas covered by former reports, supplemented by local 
information as to possible projects and by reconnaissance. For localities with no records of water supply it was 
assumed to exist unless the contrary was obvious, and doubtful areas were included rather than excluded 
from the classification. The land was measured by plane-tnble survey except some small isolated areas which 
were cstimarcd. 

L·md that had customarily been irrigated was so classed, no matter how inadequate the supply. Land 
capable of irrigation was tested according to a set of standards which fairly represent the experience on this 
area and others as to what constitutes arable land. Where pumping for irrigation was involved land was 
classified up to 200 feer above rhe source of supply. 

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

It should be stated, that, as will be shown under the discussion of water supply which follows, the present 
irrigated area above the Utah state line docs not limit the diversion possible at the location chosen. It is also 
true that the diversion when in operation, and replacing the summer flow of Colorado River in the manner 
contemplated by the project plan, will not limit the future development of all the arable land on Colorado 
River and its tributaries above Gunnison River. 

Colorado River dr.iinage--Gunnison excepted--Colorado (land classification according to streams) 
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Strca Ill name 

Oilorndn River: 
I. To Gr:mhy Dam 
2. Granhy Dam 1<1 I lot Sulphur Springs 
3. Hot Sulphur Springs to Krcn11nling 
4. Kremmling en Glenwood Springs 
5. Glcnwoml Springs to Palisade 
6. Palism.lc <o S1nte line 

·r·ncal 

Tribut;irics: 
Willow Creek 
Fraser River 
South Fork Colorado River 
Small streams (I ) 
Williams foork River 
Tmuhlesome Creek 
Muddy Creek 
Blue River 
Small streams (2) 
Sheephom Creek 
Piney Creek 
Egeria Creek 
Cabin Creek area 
Catamount Creek 
Sweetwater Creek area 
Eagle River 
Small screams (3) 
Roaring Fork River 
Garfield Creek 
Elk Creek 
Divide and Mam Creeks 
Rifle Creek 
Parachuce Creek 
Roan Creek 
Plateau Creek 
Small streams (4) 

Grand rural 

(1) Above Hot Sulphur Springs 
(2) Between Hot Sulphur Springs and Kremmling 
(3) Between Kremmling and Glenwood Springs 
(4) Between Glenwood Springs and Palisade 

-1 1-

Irrigated 

Acres 
2,600 
1,300 
3,200 
l,IOO 
7,000 

1MQQ 

85,800 

860 
7,100 

610 
2,300 
3,600 
4,200 
4,900 
8,400 

610 
l,200 

790 
5,700 
5,700 
1,000 
1.100 

16,400 
930 

33,100 
2,100 
3,000 

13,700 
ll,100 
l,700 
5,600 

24,000 
-1Q,1QQ 

256,300 

Arn hie Total 

Acres Acres 
1.100 3,700 

350 1,650 
1,200 4,400 

260 1,360 
2,500 9,500 

32.800 !03.400 

38,210 124,010 

120 980 
650 7,750 
30 640 

4,000 6,300 
10,900 14,500 
7,200 11,400 
5,100 10,000 
3,100 l l,500 

570 l,180 
50 l.250 
50 840 

9,300 15,000 
2,600 8,300 

10 1,010 
380 l,480 

5,000 21,400 
60 990 

9,400 42,500 
... 2,100 

130 3,130 
9,100 22,000 
3,200 14,300 

370 2,070 
3,300 8,900 
7,000 31,600 

..l.QQQ _woo 

122,830 379,130 
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WATER SUPPLY 

The stream flow records at the different stations in the Cc)lorado River Basin show the amount of water 
passing the stations after all present irrigation has taken place above, so there is no need for any further 
adjustment of stream flnw ro rake care of wnter consumed in this irrigation. 

It is assumed that all arnhle lands as shown will he irrigated some time in the future, notwithstanding the 
fact that quite a percentage is so located that it would never be feasible to irrigate. It is also further assumed 
that reservoirs would he built on the tributaries to conserve a portion of the flood flows to make the irrigation 
of these amble lands possible. 

With the above ussumptions it has been found thut in a yem like 1931, with the run-off only 40 percent 
of the average for a '31 ·year period, and the lowest year of record, the Colorado-Big Thompson project would 
only have ro supply approximately 53,000 acre-feet to replace water diverted by the proposed project that 
could have been used by the Colorndo River water users for power and irrigation, provided the project was in 
opcrntion at that time. 

TI1c average run-off of the C'..olorndo for the years of record are: Hot Sulphur, 31 years, 523,000 acre-feet; 
Glenwood Springs, including Roaring Fork, 3,413,000 acre-feel, Fruita, 6,300,000 acre-feet. These amounts 
arc exclusive of supply consumed in present irrigation of Colorado River Basin lands. 

The following is the estimated amount of water available for diversion from the drainage area above the 
Colorado-Big Thompson collection system at 8,260 feet elevation. 

YIELD OF GRANBY RESERVOIR 

Stream-flow records available on the Colorado River near the Granby Dam site for the years 1908-11 and 
1935-36, and on Willow Creek for the years of 1935 and 1936, were supplemented by estimates based on 
available stream-flow records on the Colorado River at Hot Sulphur Springs and Glenwood Springs to cover 
the 37-year period, 1900 to 1936, inclusive. 

A capacity of 482,000 acre-feet was selected as the best capacity for the Granby Reservoir, considering 
cost and use. Of this capacity, 20,000 acre-feet were set aside for dead storage to reduce pumping lifts for 
waters delivered to Shadow Mountain Reservoir. A further objective is to keep to the lowest practicable area 
the exposure of reservoir bed when storage is exhausted. This leaves an active capacity of 462,000 acre-feet. 

Reservoir operating studies are based on the following conditions: 

(a) Recorded (or estimated) past flows of Colorado River at Shadow Mountain and Granby Dams 
reduced by 2 7 percent prior to 1906, and 13 percent thereafter, of the flow of the North Fork at Grand Lake 
to allow for increasing diversions by the Grand River ditch. 

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

(c) Strawberry, Meadow, and Walden Hollow Creeks also diverted whenever practicable. The flow of 
these streams, together with some additional waters capturable from Willow Creek at times, are expected to 
offset evaporation and seepage losses in excess of present losses from the Granby and Shadow Mountain 
Reservoir sites. 
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(d) No rclc:iscs from Granby Dam klT :my rc:t'itm. 

(e) Transmountain tunnel m be operated at full capacity from Ocrobcr I until March 31 klllowing, with 
npcr,1rinns thereafter gaged to fit r11n-off condit ions so .is rn avoid spills nnd ycf cnncenrrntc flows in the 
period of j u[y 15 lo Scplcmhcr 15, ll)r lhe purpoi.cs of best <list rilrntion in power production and lo minimize 
rcregu!nting storngc requirements on the casrern slope. The computations nssumecl infollihlc forecasts of run· 
off. 

(0 A minimum storage hold-over of 100,000 ncrc-fcet on September 30 of euch year lo assure 
dependable power production in winter. 

U11ir 1,000 acrc-focr 

Inflow 10 Gmnhy Rl'!ll'rvoir 
Run·off year Tunnel Spills Shurr ages 

(Ocruhcr ro Scptcmhcr) Colmmlu River Willow Creek diversions 

1899-1900 242.8 52.4 320.0 . . 
1900-01 246.9 53.4 320.0 . . 
1901-02 164.9 34.7 255.l . 64.9 
1902-03 222.0 48.B 270.B . 49.2 
1903-04 253.5 51.2 304.7 . 15.3 
1904-05 287.9 64.9 310.2 . 9.B 
1905-06 292.4 58.7 320.0 . . 
1906-07 381.0 78.3 320.0 . . 
1907-08 190.6 25.6 320.0 . . 
1908-09 323.8 91.5 320.0 . . 
1909-10 200.1 32.5 320.0 . . 
1910-11 268.5 53.6 320.0 . . 

' 1911-12 350.4 79.3 320.0 . . 
1912-13 21 5.4 40.3 320.0 . . 
1913-14 371.0 65.1 320.0 . . 
1914-15 223.2 43.8 320.0 . . 
1915-16 249.5 47.B 320.0 . . 
1916-17 348.3 79.7 320.0 . . 
1917-18 322.9 81.2 356.4 18.7 . 
1918-19 189.6 36.4 320.0 . . 
1919-20 361.2 78.4 345.6 . . 
1920-21 347.9 90.7 368.6 70.0 . 
1921-22 196.B 39.5 320.0 . . 
1922-23 280.3 60.2 320.0 . . 
1923-24 262.2 54.4 320.0 . . 
1924-25 202.6 36.7 320.0 . . 
1925-26 346.4 70.0 320.0 . . 
1926-27 275.0 54.8 320.0 . -
1927-28 317.5 61.9 338.3 . . 
1928-29 297.l 61.2 358.3 . . 
1929-30 247.4 42.9 320.0 . . 
1930-31 171.5 36.6 320.0 . . 
193 1-32 243.9 48.0 320.0 . . 
1932-33 239.6 54.5 320.0 . -
1933-34 128.9 26.2 320.0 . . 
1934-35 209.2 41.B 252.5 . 67.5 
1935-36 ll!ll iU llM - JM 

Average 263.6 55.4 318.7 2.5 5.5 
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Operating results cannot be expected to result so favorably. The operating conditioni; enumerated imply 
superhuman ability Lo (on:c[lsl strcum flow. Occasional relcc1ses will be required from Granby Reservoir 
ahhoui.:h small in mnounL Interruptions in tunnel openllion cannot always be arranged so as to lose no water. 

In view of these conditions, it is concluded that the firm yield of runnel water from the Granby am.I 
Shadow Mnuntain Reservoirs should be taken as 300,000 ucre-Ccet annually. Shortages of 5 percent may be 
expected on an ;ivercige of once every 5 years and shortages of 25 percent may be expected on an average of 
once every 20 years. Sccondnry wnter may he expected to be available in some years in amounts up to 50,000 
acre-feet. 

HFECr OF THE PROPOSED TRANSMOUNTAIN DIVERSION ON FUTURE 
WESTERN SLOPE DEVELOPMENT 

Most of the diverted water is derived from the spring floods, when there is an excess 1.1f water over all 
present and future requirements along the Colorado River in the State. To permit full use of the inflow to the 
Granby Reservoir, Ranch Creek Reservoir may be constructed near Tabernash to store water locally surplus. 
The waters there conserved would in pmt he utilized r.o replace the waters withheld at Granhy Dam, hut the 
greater parl o( the conserved water would be used to augment irrigation supplies down to Hot Sulphur 
Springs and lo muimuin a sutisfoctory stream flow in this locality for recreational purposes. 

With the region ahove Hot Sulphur Springs taken care of by the Ranch Creek Reservoir, the critical 
points along the Colorado River, from the standpoint of present and future use of water, arc at Glenwood 
Springs, where the Shoshone power plant of the Public Service Co. uses present stream-flows up to 1,250 
second-feet, and near Palisades at the head of the Grand Valley, where the Government highline canal 
diverts water for irrigtltion und power purposes. The present irrigated area along the Colorado River between 
Palisades and the Colorado-Utah state line is 70,600 acres. 

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

Under constructed canals .............................................................................. . 
Pumping unit of Grand Valley project, for which canal 
capacity has been provided .......................................................................... . 

Lands on Mack Flat, no present provision for water service ....................... .. 

Total ............................................................................................................. . 

Acres 
13,800 

10,000 
9.000 

32,800 

Maximum irrigation demand at the head of the Grand Valley for the present irrigated area and for the 
additional area of 23,800 acres for which provision has been made in the constructed canals, is estimated as 
1, 700 second-feet, and this amount is being demanded in the pending adjudication proceeding. 

With maximum irrigation demands there is a full water supply for the Orchard Mesa pumping plant and 
for the Grand Valley power plant. In the non-irrigation season the controlling requirement is for power with a 
total demand of 800 second-feet for power and for domestic needs under the higher canals. With the new 
area of 9,000 acres developed, the future demands are then estimated as 1,800 second-feet in the months of 
May to August, inclusive, tapering off uniformly to 800 second-feet on April l and November 30. 
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In determinatinn of the effect of the Ollorado· Big Thompson transmountain diversion on the western 
slope, the pa!>l :.t ream llow::. ;1t Glenwood Springs anJ ill the head uf the Grand Valley were first depicted to 
show the resulting stream flows with the following developments: 

(a) Full irrii.:ation development of 2 76,000 acres of irrigated an<l arable lands along the Colorado River 
and trihutancs ahovc Palisades (the prel>ent irrigated an:.1 is 186,000 acres). 

(h) F111l devclopmenr of Moffat Tunnel diversion from Frnscr River and trihutaries, Jones Pnss diversion 
from Williams River, and [ndcpcnJence Puss diversion from the Roaring Fork, including replacement storage 
so that these projects may divert all flows interceptihle. 

From the reconstructed llows, thus computed, there was subtracted the water estimated to he withheld at 
the Granby Reservoir site. The re<luctiuns in stream flow at Glenwood Springs and at the hc;1d of the Grand 
Vullcy, <luring rhose periods of each yt..'1U when the n:sulting stream flows would be less than the future 
demands above described, lhc11 represents the effect of the project on the western slope if no replacement 
storage were provided. These computntions were made for the years 1926 to 1936, inclusive, at Glenwood 
Springs, and for the entire period of record, 1902 ro 1916, inclusive, ar the head of the Grand Valley, with the 
filllowing result~ : 
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Y!.!nr 

IQ02 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
192Z 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 

Shorca~cs ac Glcnw(l<ld Sprin~s 
(am··fol·t) 

End o(flood Nov. I m flooJ 
51.!;'ISOn, 0.:1. 3 I I SC:ISOI\ of 

followini: year 

(4} (4} 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
(4) (4) 
('!) (4) 
(4) (4) 
(4) (4) 

18,000 19,000 
7.000 32,000 

10,000 18,000 
None 20,000 

12,000 14,000 
37,000 16,000 
14.000 24,000 
23,000 21,000 
31,000 17,000 
20,000 15,000 

'Encroachment on irrigation supplies. 
1Encroachment on winter power waters. 
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'focal 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . 

. 
37,000 
39,000 
28,000 
20,000 
26,000 
53,000 
38,000 
44,000 
48,000 
35,000 

Shortages at head o(GranJ Valley 
(ocrt'·fcct) 

Before flood After flood 
SCQSOll in scoson to Oct. Total 
spring1 31 

6,000 39,000 45,000 
3,000 12,000 15,000 
None 2,0QO 2,000 
None 14,000 14.000 
None None None 
None None None 
None 6,000 6,000 
None None None 
None 12,000 12,000 
None l,000 1,000 
None None None 
None 7,000 7,000 
None None None 
None 9,000 9,000 
None None None 
None None None 
None 1,000 J,000 
None 7,000 7.000 
2,000 None 2,000 
None None None 
None None None 
None None None 
None 4.000 4,000 
None None None 
None 2,000 2,000 
None None None 
None None None 
None None None 
None None None 
1,000 27.IJOCJ 28,000 
None 3,IJOCJ 3,000 
5,000 15,IJOCJ 20,000 
None 28,000 28,000 
2,000 11,000 13,000 

3These shortages occur in years oflate run,off when irrigation requirements rise faster than stream 
flow. Winter flows are always adequate Nov. 1 to Apr. 1. 

(4) Not computed. 

DIVERSION PLAN AND STRUCTURES 

REPLACEMENT 

In order to protect the water users in the Colorado River Basin against any depletion of their water supply 
by diversions through the Continental Divide tunnel to northeastern Colorado, a storage reservoir is planned 
on the Blue River about 16 miles southeast of Kremmling, Colo. This reservoir is to be known as the Green 
Mountain. 
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The dam site is located in the E1h o( sec. 15, T. 2 S., R. 80 W., sixth principal meridian, near the head o( 

a hox cunyon, hclwcen Green and Uttle Green Mounwins, caused hy lhc river culling lhrough a porphyry 
sill. The (oumlalion b<.!dn'ICk consisls of scdimcnlary rocks, cilhcr Dakow sandslone or Morrison shales, und 
the intrusive porphyry. 

·111e irrigalion oulleL capacity is 1,000 cuhic feel per second, and the power oulicL cnpacity is l,500 cubic 
foc t per second. The spillway capacity is 25,000 cubic feet per second. 

The reservoir will flood 2, 100 acres of land and will haven capacity o( 152,000 acrc, foet. 

From the watcr,supply sludics it was found, assuming thal full development had taken place i11 the 
Colorado River Basin and that the Big Thompson project had been in operation the last 35 years, that in the 
ye<ir 193 I , the lowest ye<1r o( dependable run, off record, the Colorado Basin users above Glenwood Springs 
would have been shorted 17,000 acre· foct for irrigation use and the Public Service Co. would have been 
shorted 16,000 acre-foct at Lhcir power plant at Shoshone during the non· irrigation season, or a total 
shortage of 53,000 ncrc,foct. Accordingly, 50,000 acre,foct of Green Mountain storage have been allocated co 
replacement purposes for which the water users in northeastern Colorado will pay$ I ,500,000. The remaining 
100,000 acrc· foet arc allocated to power and will be paid for out of power revenues. 

Since the average shortage for both power and irrigation for lhe last IO years, the lowest JO years of run­
off record is 36,000 acrc,fcct. There would be the 16,000 acre·foct difference, and a portion o( the 100,000 
acre-feet let out for power that could be used by the Colorado Basin users ro supply shortages tha t mighr 
occur in their irrigation use in years of extreme low run-off, these shortages not being caused by the 
transmountain diversion. 

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

GRANBY RESERVOIR AND STORAGE 

The storage of Colorado River waters for the project is to be made in what is known as Granby Reservoir 
which is located in Tps. 2 and JN., Rs. 75 and 76 W., sixth principal meridian, in Grand County, Colorado. 
The reservoir basin occupies the valleys o( Stillwater Creek, the south fork or Arapaho Creek, and the main 
Colorado River. 

The dam site is located about 4 miles northeast of the town of Granby, Colo., in the NE% of sec. 11, T. 2 
N., R. 76 W., in Gmnd County, Colo. It is located at the head o( a short canyon which the river has cut 
through pre,Cambrian rocks forming a spur of the main Rocky Mountain mass. At the dam site the canyon at 
river-bottom level is 200 feet wide, while at elevation 8,275 it is 720 feet in width. 

The dam is to be a combination earth and rockflll structure with a maximum height 0(223 feet. The 
outlet capacity is 300 cubic foct per second and the spillway capacity is 12,000 cubic foct per second. 

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

T his reservoir will not only intercept the flow of the Colorado at that point, but the flow of Willow Creek 
will be intercepted near Dexter, Colo., and brought into the reservoir through a canal o( 1,000 cubic fee t per 
second capacity. Willow Creek enters the Colorado about 2 miles below Granby Dam. 
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It is estimateJ that Willow Creek will supply an average of about 60,000 acre-feet per year, and that the 
total estimated cost of this diversion is $733,203. 

The storage in Gr.mhy Reservoir will also he augmented by the flow of Meadow and Strawberry Creeks, 
tributaries of Fraser River which enters the Colorado about 5 miles below the dam. The canal intercepting 
these two creeks will have a capacity of 500 cubic feet per second, and it is estinmted they will produce an 
average of 12,000 ,1cre-fcet <l yenr. The total estimated cost of this diversion is $133,600. 

If water supply records kept in the fut11re show there is sufficient water supply left in the Fraser River 
below the City of Denver's diversion, a canal could be taken out of it just below the mouth of St. Louis Creek 
near the town of Fraser, Colo., and extern.I from there to Granby Reservoir, intercepting Ranch, Meadow, and 
Strawberry Creeks on the way. A small reguluting reservoir should be built on Ranch Creek above where the 
Canal intercepts it. 

NORTH FORK DIVERSION DAM AND SHADOW MOUNTAIN LAKE 

In order to divert the water of the North Fork of the Colorado inco Grand Lake and thence to the 
channel extending from it to the west portal of the Continental Divide tunnel, it is planned to construct a 
concrete ovcrffow dum 35 feet in height, uhove streamed, across the North Fork about one-half mile below its 
junction with the Grand Lake outlet. 

The dam site proper is loc:ned in the NW1/4 of sec. 19, T. 3 N., R. 75 W., and is a glacial moraine cut 
through by the river. 

The water backed up by this dam will form a lake called Shadow Mountain, the name of a nearby 
mountain, which will have a surface area of l,356 acres. The elevation of this lake will be the same as Grand 
Lake and connected with it by means of the present outlet. 

NORTH FORK DIVERSION DAM 

The dam proper is a concrete gravity overflow spillway section, 90 feet long, with crest elevation at 8,370. 
This spillway is designed for maximum discharge of 1,800 cubic feet per second. On each side of the overflow 
section is a concrete gravity section containing three automatic siphon spillways on each side. The total 
spillway capacity is 9,400 cubic feet per second. 

The total estimated cost is $483,928. 

GRANBY PUMPING PLANT 

As stated before, the water surface elevation of Granby Reservoir is 8,275 and the water surface of 
Shadow Mountain and Grand Lakes is 8,369. In order to get the water stored in Granby Reservoir into 
Shadow Mountain lake and available for delivery through the Continental Divide tunnel, a pumping plant is 
located on the north shore of Granby Reservoir about one-half mile above the junction of the South Fork 
with the Colorado. A granite spur juts out into the reservoir site at that point making it ideal for the intake 
tunnels and a shaft for the pump. 

The proposed pumping plant will contain three motor-driven vertical-shaft pumping units having a total 
capacity of900 cubic feet per second with full reservoir and 550 cubic second-feet at low water. At normal 
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water surface the capacity will be 870 cuhic feet per second. 

Ench pump will he driven hy a 6,500-horsepower synchronous motor. 

Power will he delivered to rhe plant from a 69,000-volt transmission line extending from power plant no. 
I jusl hclnw Estes Park, arounJ the Rocky Mountain National Park, and crossing the Contincmal Divide nt 
Buchanan Pass about 5 miles south of the p<1rk hounJary. 

Thc water from the pumps empties into a canal of 900 cubic secnnd-foct capaciry and runs by gravity int<' 
Shadow Mountain Lake. It is planned to operate this canal all winter when temperatures get as low as 40° 
below zero. The latent heat in the water and the friction heat absorbed from the pumps will prevent this 
water from freezing and will keep quite an area open after the water reaches Shudow Mountain Lake. 

The total estimated cost of the pumping plant is $1,2 50,000. 

The wwl estimated cost of the pump canal is $417,553. 

CONTINENTAL DIVIDE TIJNNEL 

The west tunnel portal is connected with Grand Lake by means of a channel constructed 67.5 feet in 
width and 15 feet in depth. At the lake end of this channel a permanent concrete barrier or weir will be 
placed with a crest elevation :u 8,368 which would be the minimum elevation to which che water in Grand 
Lake could be drawn. Since the barrier is so constructed that it requires chc water to be l foot in depth over it 
to supply the normal capacity of the tunnel, the normal elevation of Grand and Shadow Mountain Lakes 
would be 8,369 feet. 

The present maximum fluctuation of Grand Lake is about 4 feet, or from an elevation of8,368 in winter 
co 8,372 feet during the peak run-off from melting snow. The automatic control gates at the North Fork 
Diversion Dam and at tunnel inlet will so control the elevation of the water surface in Grand Lake that it 
would never fluctuate more than 1 foot. 

The Concinental Divide tunnel extends from the easterly end of Grand Lake to Wind River, southwest of 
Estes Park, with an azimuth of242° 20' 30", and length of 69,023 feet. It is to be horseshoe shape 9.5 feet in 
diameter and lined throughout with a 91 inch concrete lining. 

It will be located entirely in pre-Cambrian rock consisting of the Longs Peak and related granites and the 
gneisses and schists of the Idaho Springs formation. The granites arc strong massive rocks. Gneisses 
predominate over schists and only a small proportion have prominent and continuous cleavage planes. The 
proportion of granite to gneiss and schist is approximately 4 to 1. 
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From a detailed geological survey of the tunnel :md comparing it with conditions actually encountered in 
the Moffat Railroad tunnel, which was huilt un<lcr the Cuntincntal Divide for the Denver & Salt Lake 
Rnilrnad, and about 25 miles clue south of this one, it was estimated there would be only 400 feet of bad 
ground and 5,200 foct of ground needing support. However, f<lr purposes nfcstimate, it wns figured there 
would he 6,900 feet of bad ground and I 7,500 feet of gmund needing support. The rota! estimateJ cost is 
$7,271 ,17 1. 

POWER CONDUIT NO. I 

Power conduit no. I cxtenJs from the east portal of the Continental Divide tunnel in Wind River to the 
pcnstock of power plant no. 1 on the northeast slope of Prospect Mountain. 

Both ends of rhe Continental Divide tunnel arc wichour the notional-park boundaries but the urea east of 
the cast portal is authorized hy Congress lo he taken in, through that area. The water will be taken through a 
closed conduit consisting of a I 0-fom reinforced concrete pipe completely buried. The total length of power 
conduit is 5. 36 miles, of which 1.86 miles is closed conduit, 1. I 9 miles is concrete lined tunnel, 0.98 mile is 
siphon, and the remainder is open canal. 

ll1e total estimutcd cost of power comluit no. 1 is $1, l 01,000. 

POWER PLANT NO. I 

Power plant no. l will be located on the south bank of the Big Thompson River about one-half mile east 
of Estes Park. It will contain two 15,000 kilovolt-ampere generating units with auxiliaries. Each unit will 
consist of a vertical-shaft, single-runner, spiral-casing type hydraulic turbine operating under an effective 
head of 705 feet direct connected to a 15,000 kilovolt-ampere water-wheel type generator. A complete 
description with cost estimate will be found in Power and Pumping Summary. 

Until there has developed a sufficient market for power to justify the construction of power plants nos. 2 
and 3, the water will be turned into the Big Thompson at power plant no. 1 and carried by that stream to a 
diversion dam located at SEV.. sec. I, T. 5 N., R. 71 W., about midway between the present diversion dam 
and power plant for the town of Loveland, Colo. 

POWER CANAL NO. 4 

From this diversion dam the water will be carried in a canal of 750 cubic second-feet capacity on the 
south side of the stream a distance of 4.93 miles to a point just above the mouth of the Big Thompson 
Canyon. At this point a portion of the water will drop direct into the Big Thompson River to supply the 
supplemental water demands of that stream and a portion will be siphoned across to elevation 5,450 to supply 
the canal going to the Poudre River, which will be described lacer. Power plants nos. 4 and 4-A will be 
constructed at this point to cake advantage of a fall of 550 feet into the Thompson and 358 feet to the Poudre 
Canal when the power market justifies. 
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CARTER LAKE SUPPLY CANAL 

Ahout 3.07 miles below the d iversion <lam mentioned ahove, a canal of 300 cubic feet per second takes 
off toward the south and supplies Carter Lake. 

This canal is 8. 78 miles in length, of which 7,040 feet is tunnel; 1,878 feet siphon; anJ the remainder is 
open canal. 

The estimated cost of this supply cr1nal is $710,629. 

CARTER LAKE RESERVOIR 

TI1is site is located in Ts. 4 and 5 N., R. 70 W., o( sixth principal meridian, about 1 mile north ~md 7 
miles west of Berthoud, Colo. 

l11e reservoir will occupy a vaHcy about 23/4 miles long and from onc,half to I mile wide. TI1e northern 
portion of the area is a natural basin called Carter Lake. Thi."> lake dried up during the last 5 drought years, f<)r 
the first time within the memory of the white settlers. 

The proposed maximum water surface in the reseTvoir is at elevation 5, 760 with a capacity of 111,963 
acre,fcet. The area of high water line is 1, 150 acres. For this water surface duce dams will be rc4uircd. Dam 
no. 1 is located at the natural outlet of the valley and will contain the outlet works for the reservoir; the other 
two dams will occupy saddles. These dams are earth and rock fill; the main dam is 243 feet high, and the 
saddles 4.3 and 48, respectively. 

The capacity of the outlet to St. Vrain supply canal is 300 cubic feet per second, the outlet to the Big 
Thompson has a capacity of 1,000 cubic feet per second. 

l11e total estimated cost of the reservoir is $1,822,202. 

ST. VRAIN FEEDER CANAL 

A canal of 300 cubic feet per second capacity will extend from the small outlet of Carter Lake to the St. 
Vrain, reaching the St. Vrain high enough to supply all ditches. 

The length of this canal is 9. 76 miles with 3,445 feet in tunnel, 1,575 feet of siphons, and the remainder 
open canal. 

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

BIG THOMPSON FEEDER 

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

The cost is estimated at$ 155,246. 
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HORSETOOTI I SUPPLY CANAL 

This canal starts at the end of a siphon across the Big Thompson from power conduit no. 4. This water 
will pass through power plant no. 4-A when consrrncted. The canal starts at elevation 5,450 with a capaciry 
of 250 cubic feel per i;econJ. The structure:;, however, arc designed fm a cup;tcity of 400 cubic feet per second 
on Lhc theory time some Lime in the future il might be necessary lo increase the capacity of the canal to chm 
amount. 111e length of this canal is 9.88 miles, of which 12,863 feet is tunnel, 3,296 feet is siphons, and the 
remainder open canal. 

The elevation of 5,450 was chosen because it not only pUlli the water above all present diversions on the 
Poudre River, hut it nffi)rdcd the most direct and economical route. 

The estimated cost of this feeder is $1,208, 391. 

HORSETOOTH RESERVOIR 

The proposed I lorsetooth Reservoir will occupy a valley 6 miles long and from one-quarter to three· 
quarters of a mile wide, extending in a north-south direction, formed by the erosion of sofr red beds of Lykens 
formation between harder ridges of Lyons on the west and Dakota sandstone on the east. There are three 
nmural outlets to the cast through the Dakota hogback, namely, Soldier, Dixon, and Spring Canyons, which 
arc the sites t)f thee proposed dams of the same names. The fourth proposed dam, Horsetooth, will cross the 
valley at the north end on a low saddle separating the valley from drainage to the north into the Poudre 
River. The outlet will be through the Horsctooth Dam saddle. There arc no outlets through the other dams. 
The proposed water surface is at 5,400 feet in elevation which gives a capacity of 96,756. The area flooded 
will be 1,513 acres. The outlet capacity was designed for 1,200 cubic feet per second with reservoir full. This 
large capacity is necessary as the irrigation use requires that the entire amount of supplemental water be 
delivered at a rate that would supply it in 60 days. 

The advantages of a reservoir nt this point arc: lt is high enough to supply all users from the main Cache 
la Poudre River and is located close to It. It takes the place of 6 miles of canal through rough country and 
allows a canal of 250 cubic second-feet to be constructed from the Big Thompson instead of one for 1,000 
cubic feet per second. 

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

POUDRE FEEDER CANAL 

From the outlet of Horse tooth Reservoir a canal of 1,000 cubic second-feet capacity will extend north to 
Lewstone Creek, a tributary of the Poudre. The water will run down this creek to the Poudre above all the 
diversions except the Poudre Valley. 

POUDRE VALLEY FEEDER CANAL 

A canal will extend from Lewstone Creek to the Poudre Valley Canal about 1 mile below its headgatc, 
crossing the Poudre River in a siphon. This canal will have a capacity of 400 cubic feet per second to take 
care of the supplemental demands of the Poudre Valley Canal and also the demands of the North Poudre 
irrigation district. The total length of the two canals is 5.48 miles. 
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The cost o( the Poudrc Feeder and Poudre Valley Canals is es timated at $6 32,84 3.46. 

NORTH POUDRE FEEDER CANAL 

lt is planned to cnlurgc the Poudrc Valley Canal for a distance o( 3.58 miles from the point the supply 
canal enters to the localion o( the pumping phml for the North Poudrc district. 111is will enlarge Lhe canill 
from a capaciry of 500 to 750 cuhic foet per second and the estimntcd cost is $ 11,4 36. 

NORTI I POUDRE PUMPING PLANT 

This pumping plant, constructed on the hanks of the Pout.Ire Vnllcy Canal, will consist of two 75 cubic 
scc<.'lnd-foct capacity vcrlical synchronous motor-driven singlc-slagc pumps, opcrnting againsl an effective 
head o( 187 foel. ·nie eslimalcd cost is $200,000 

NORTI I POUDRE FEEDER CANAL 

This canal of 150 cubic second-feer capaciry extends from the pressure outlets of the pumping plant to 
the North Poudre Canal, a Jistnnce of9.98 miles. 

The estimated cost is $128,889. 

ARKINS RESERVOIR 

This reservoir is located on Buckhorn Creek, a tributary of the Big Thompson, in Tps. 5 and 6 N., R. 70 
W ., sixth principal meridian, and about 8 miles northwest of Loveland, Colo. The object of this reservoir is to 
provide storage for Colorado River waters brought over in the wintertime and to be used to supply 
supplemental water on the lower South Platte in water d istricts I, 2, and 64. It will also serve in connection 
with the use of the 16,000 acre-feet of floodwater now available on the Big Thompson. 

The bringing of more of the supplemental water over in the wintertime aids materially in the production 
of a maximum amount of power out of the waters of the Big Thompson River. For that reason the entire cost 
of the inlet to Arkins Reservoir and one-half the cost of the reservoir itself is assessed against power and paid 
for out of power revenues from plant no. 1. 

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

The dam site occupies a notch cut through the Dakota sandstone ridge by Buckhorn Creek. 

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

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

The total estimated cost of the reservoir and dam is $1,740,737. 
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The eslimaled Cllsl of the Arkins Reservoir inlet is $351,41:18. 

This inlet diverts from the Big Thompson River just hclow the dam of the Handy Canal and follows 
around the north side of the river a distance of 2. B miles to Arkins Reservoir. 

ROCKY MOUNTAIN NATIONAL PARK 

Every effort has heen made in the survey and design of rhis project to not disturb rhc natural beauties of 
the Rocky Mountain Natiunal Park and its surrounding an.:as. The Continental Divide runnel was 
lengthened 1.6 miles in order that its extremities should foll outside the boundaries of the park. The conduit 
leading from the eust portal of the runnel to power plant no. I is to he huried and the surface lcmdscaped 
through the area authorized by Congress to he addt:d to the park. The waste from the cast portal of the tunnel 
placed in this area is t~1 be terraced and planted with evergreen trees. The waste from the west portal is to be 
used to fill up some low areas and render the area suitable for the building of summer homes. 

The approach to the Western Gateway of the Rocky Mountain National Park will he along the shores of 
Shadow Mountain Lake with its fluctuation of only 1 foot instead of the swampy area that now breeds 
mosquitos and exposes mud flats in low water. 

The bill authorizing the creation of the Rocky Mountain National Park reserved the right for the Bureau 
of Reclamation to survey and construct an irrigation project within the boundaries of the park. 

OPERA TJON OF THE SYSTEM 

lRRlGATlON PROJECT OPERATIONS 

The system is planned and it is anticipated that it will be operated in a manner to have the water 
available in Carter Lake, Horsetooth and Arkins Reservoirs available by July 1, to the full capacity of those 
reservoirs, 256,000 acre-feet. The usual demand for supplemental water begins July 1 to 15 and extends to 
September 15 to 30. The outlets of the reservoirs are planned to deliver the water from the reservoirs in 60 to 
75 days, including the water that must pass through them for direct delivery that may be in the way of being 
transferred from the Colorado River Basin to the eastern slope during the period of irrigation application. The 
balance of the 310,000 acre-feet, or 54,000 acre-feet, will be available for direct irrigation use as brought over 
during the above period or to some extent may be required prior to July 1. 

The run-off of the waters of the Colorado River here contemplated to be used will largely be secured from 
the melting snows during May, June, and early July and stored in the Granby Reservoir. During the fall of that 
year, winter and spring of the following year, the water will be transferred from the Granby Reservoir through 
the Continental Divide tunnel at a uniform rate and restored in the Carter Lake, Horsetooth, and Arkins 
Reservoirs. This will permit a flow that is well suited to the development of firm power through the five power 
plants that will eventually be constructed along the Big Thompson as shown on the map of the general 
layout. 
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Granhy Reservoir will act as a hold-over reservoir to carry the water from years of excessive run-off to 
years of suhnormal Oow. 

POWER PROJECT OPERATION 

Water will he carried Llmmgh die Continental Divide tunnel at a uniform flow for the gcnerntion of 
power nt the several power plnnts, except thnt the qunntity will be reduced during the summer season when 
some water from the 13ig Thompson is availnhle for power purposes in power plants nus. 2, 1, 4, and 4-A. At 
this period there will he little or no deman<l for powl!r for pumping at the Granby pumping plant, which will 
permit the cutting down of the quantity of water to take care of the commercial power load. 

It is planned to construct the Granby pumping plant and the Granby pump canal 150 percent of the 
capacity of the Contincntul Divide tunnel. This will permit the operation of the pumping plant at full 
capacity with off-peak power, and reduce the amount of pumping with firm power. The varying discharge of 
the pump ditch during the 24-hour period will be equalized by the Shadow Mountain and Grand Lakes, so 
that a uniform discharge will be maintained through the Continental Divide tunnel. 11le range in height of 
w:-1ter surface in Shadow Mountain and Grand Lake to equalize this flow will not exceed two-tenths of a foot, 
and will he greatest in the winter and early spring months. 

There is an avemge of 16,000 acre-feet of surplus water on the Big Thompson available for storage in the 
system mainly in May and June. Jn order to take this water into the reservoirs it will be necessary to reserve 
capacity in the three reservoirs on the eastern slope until coward the latter part of June. The snowfall, the 
main source of this water supply, will be known well in advance so that operations of the several parts of the 
system, including the production of power at the several power plants, can be adjusted to take care of this 
water and hold back an equal amount in Granby Reservoir. 

TENTATIVE PROJECT FINANCIAL SET-UPS 

This proposed development consists of two projects: first, the irrigation project; and second, the power 
project. 

It is planned that those features of the development that are used mainly for irrigation are grouped under 
the irrigation project set-up, while those used entirely, or arc made of a greater capacity because of power 
development, are grouped in whole or in part in the power project set-up. 

IRRIGATION PROJECT 

The foUowing major features with their appurtenant structures are given with the estimated field costs 
including 10 percent for engineering and 15 percent for contingencies. The full capacity of Arkins Reservoir 
is necessary to develop a larger portion of firm power than would otherwise be possible without it. At the 
same time, a reservoir of half its capacity or additional capacity in Horse tooth or Carter Lake Reservoirs 
would be necessary to provide capacity to deliver the irrigation water as needed. It is, therefore, deemed 
equitable to divide the cost of this reservoir equally between the irrigation and power projects. 
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The Green Mountain Rei.ervoir, with a capacity of 152,000 acre-feet, is larger than is necessary to furnish 
replacement for a like amount of wnter <livened hy the project ;1bove Granby Dam at a time when it would he 
required for irrigation, present and future, and to furnish the Shoshone power plant 1,250 second-feet or such 
lesser amount that they would he entitled to receive if the proposed project was not operating. From studies 
made, it appears that 50,000 acrc-foer will he sufficient ro replace all the water that the proposed project will 
take al a time when required for use lower down in the stream within the :.late. Therefore, 52,000 acre-feet of 
the Green Mountain Reservoir cnpacity is alk1eated for replm::emcnt (including evaporation losses) ;ind 
charged to the irrigation project. The balnnce of the capaciry or 100,000 <1cre-fcet is allocated to the power 
project and is to he paid for out of power revenues. 

The following is a summary of the irrigation project costs; 

ESTIMATED COST CHARGEABLE TO fRRIGA TfON FEATURE 

Willow Creek Cccder cannl .................... .. .. ............................................................ . 
Grnnby Reservoir .................................................... ........ .. ................................. .... . 
Granby pun1ping plant ...................................................... ..................................... . 
Granhy pun1p canal ........................................................................................ ........ . 
North Fork diversion dam .................................................................................... .. 
Continental Divide tunnel .................................................................................... . 
Carter Lake supply canal ........ ....................... ................................... .................... .. 
1-forsctooth supply canal .................................. .......... ................... ......................... . 
St. Vrain feeder canal ............... ............................................................ ................ .. 
Big Thompson feeder canal ........ ........................................................................... . 
Poudre feeder canal ............................................................................................... . 
Poudre Valley feeder canal .................................................................................... . 
North Poudre feeder canal ................................................................................... .. 
North Poudre pumping plant ..................... ...... ..................................................... . 
Horse tooth Reservoir ............................................................................................. . 
Arkins Reservoir ............................................. .. ..................................................... . 
Carter Lake Reservoir ............................................................................................ . 
Green Mountain Reservoir (52,000 acre-feet 

replacement) (100,000 acre-feet for power) .................................................. .. 
Improvement of Colorado River above Kremmling to 

maintain fishing and to adjust the present 
irrigation system to the altered conditions ..................................................... . 

Less the following items tentatively chargeable to power: .................................... . 

One-half cost of Arkins Reservoir 
Portion of cost of Green Mountain 
Reservoir for 100,000 acre-feet 

$ 929,661 

2.276.032 

Cost of irrigation features .... .................................... .. .......................................... . 
Say ............. ....................................................................................... $24,800,000 

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

417,553 
483,928 

7,271,371 
710,629 

l,208,391 
368,951 
155,246 
632,843 

11,436 
128,889 
200,000 

3,625,021 
1,859,323 
1,925,253 

3,776,032 

300.000 

27,871,772 

3.205.693 

$24,666,079 
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REPAYMENT 

T wenl y· li.,ur million eight hundred Lhousand dollars upon 310,000 acre-feet at $80 per acre-fool. 

Two dollars per m:rc-f(lot on 40-year repayment basis. 

In the ahovc repayment is predicted upon the contracts to he made upon a basis of 310,000 acre-feet. 
Besides the 'H0,000 acre-feet available from the C'.olorndo River drainage there is an avernge of 16,000 acrc­
fcet avnilahle for storage on the Big Thompson, making '316,000 ncre· feet in all, leaving 26,000 acre-feet for 
losses on the eastern slupe and for the uncertain, heretofore mentiontid in operations on the western slope. 

The power costs arc shown under the heading ~Power and pumping system." 

The construction of power plant no. l as shown in the power set-up is a necessary development in order 
to secure power for pumping purposes at the Granby pumping plant. 

POWER AND PUMPING SYSTEMS 

'I11e ultimate power and pumping system is proposed to consist of the major pumping plant at Granby, 
power plant no. I near the town of Estes Park, power plant no. 2 near Drake post office, power plant no. 3 at 
Cedar Cove, power plants nos. 4 and 4·A near the mouth o( the Big Thompson Canyon, and power plant no. 
5 at the Green Mountain Reservoir. If conditions justify, there may also be a pumping plant on the Poudre 
River neat the point where the proposed Poudre supply canal crosses the river. Power plant 
no. 5,·Granby pumping plant, and power plant no. 1, would be interconnected by a single circuit 69,000-volt 
transmission line. Power plants nos. 1 to 4-A, inclusive, would be interconnected by two 115,000-volt 
transmission lines and these ~me lines would extend to one or more load centers where the power could be 
disposed of commercially. 

The buildings for the power and pumping plants would be of reinforced concrete construction of suitable 
size to house the machinery and provide space for such facilities as would be required for efficient and 
economical operation. For scenic reasons, special care would be taken in the architectural design of the 
buildings to make them blend in with the beauties of the surrounding territory so as to be both as 
inconspicuous as possible and also as artistic as feasible without undue expenditure. An artist's sketch of one 
of these buildings is included with the report. 

Following is a tabulation covering the essential data for each of the power and pumping plants: 
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POWER PLANTS 

Turbine J>nwer Size of cnch unil lnsinllcd 
Effec1ivc cnpacity in ovailuhlc in Numhcror in horsepower power in 

Pl.ml desii:n:11io11 hentl in ft~et cubic feel per lmrscpnwcr units kilnwalls 
second 

No. l 704 550 38,800 2 20,000 30,000 
No. 2 1,195 550 65,800 2 34.000 50,000 
No. 3 388 550 18,000 2 9,000 13,500 
No. 4 550 400 22,000 I 22,000 16,000 
No. 4·A 381 250 9,500 I 9,500 7,000 
No. 5 --12..5. Ll.QQ .ll.aQQ ]. lLQOO lilllQ 

Total insinllcd power 
in kilowotu 142,500 

PUMPING PLANTS 

Pump Capadtyo{ Ra1ing of each Power 
Head in feet capacity in each pump in Number of motor in required in 

Pinnt designation cubic feet per cubic foe 1 per pumps horsepower kilowons 
second second 

Granby 130 870 290 J 6,500 15,000 
Poudre ill llQ ....12 ]. bQQQ -1.QQQ 

Toco! installed 
pumping, kilowatts 18,000 

POWER PLANT NO. 1 

Power plant no. l will be located on the south bank of the Big Thompson River about one-half mile cast 
of the village of Estes Park and will contain two 15,000 kilovolt-ampere generating units with auxiliaries. 
Each unit will consist of a vertical-shaft, single-runner, spiral casing type hydraulic turbine operating under an 
effective head of approximately 705 feet and direct connected to a 15,000 kilovolt-ampere water-wheel type 
generator with direct connected exciter and pilot exciter. Water would be supplied to each turbine through a 
steel pcnstock approximately 5,000 feet long, with synchronous bypasses provided so that the flow through 
the penstock can be discharged either through the turbines or the bypasses into the Big Thompson River. The 
bypasses will be mechanically connected to the turbine gate operating mechanism so that rapid governing of 
the units under varying load conditions can be effected without creating excessive water hammer. Trashracks 
with shut-off gates for each pcnstock will be provided in the forebay structure. The hcadgatcs will be 
controlled from the power plant. A spillway will be provided to care for the flow when the headgates are 
closed and the penstocks inoperative. The plant will be equipped with all necessary auxiliaries, including a 
traveling crane for handling the large pieces of equipment. A small machine shop will be provided for making 
minor repairs. An outdoor type substation with self-cooled transformers will be provided for stepping the 
voltage up to 69,000 for transmission to the Granby pumping plant, and to 115,000 volts for transmission to 
commercial markets. The substation structure will be of the conventional structural steel type with high 
voltage oil circuit breakers, lightning arresters and necessary auxiliaries. The control of the oil circuit breakers 
will be from the main power plant switchboard. Operators' quarters, a warehouse, and a large machine shop 
for general project repairs will be provided in the vicinity of the power plant. 

POWER PLANT NO. 2 
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Pnwcr phml no. 2 will be kx:atc<l ahout nnc·half mile northwest of Drake, on the south hank of the north 
fork nf the Thompson River just ;1lxwe its junction with the Big · l110mpson. The plant will contain lwo 
25,000 kilovolt-ampere generating units of the horizontal shaft type. The net head will he approximately 
I, 195 feet. Each unit will consist of a <louhlc overhung impube wheel hydraulic turbine with the generator 
mounted in lhe center, hetween the two runners. A direct connected exciter and pilot exciter will be 
mounted ;1t one end. Water will be delivered to the turbines through two steel pcnstocks about 4, 150 feet 
long. Each pcnstock will be provided with two hranches to the rurhine nozzles and each branch will be 
provi<le<l with a synchronous bypass arranged so that the tlow through the penstock can be discharged 
through either the nozzles of the bypasses to the river. The bypasses will be mechanically connected to the 
turbine nozzle operating mechanism so that rapid govcming can be effected under varying load conditions 
without excessive w;1ter hammer. The hea<lgate structure will be provided with trashracks and sliding gates i'lt 
the end o( rhe pcnsrocks and u spillway ro care for the flow when the gates arc closed. The plant will be 
complete with all necessary auxiliaries for stacion service requirements and with a crane for handling the 
machinery. A structural steel outdoor type substation will be provided with self-cooled transformers for 
stepping the volwge to 115,000 volts, and with outdoor type oil circuit breakers, lightning arresters, and other 
necessary auxiliaries. The operation of the substation will he handled from the main switchboard of the power 
plnnr. Quarters for rhc operators will he provided adjacent to the power plant. 

POWER PLANT NO. 3 

Power plam no. J will he located about one-half mile east of the Loveland power-diversion dam on the 
north bank of the Big 111ompson River. 111e plant will contain two 6,500 kilovolt-ampere generating units, 
each consisting of a vertical hydraulic turbine direct connect to a generator with main exciter and pilot 
exciter. The effective head will be approximately 328 feet. Water from the hcadgarc structure will be 
delivered to the turbines through steel penstocks about 650 feet long. Each penstock will be provided with a 
synchronous bypass arranged so that the flow through the penstock can be discharged either through the 
turbines or the bypasses to the Big Thompson River, and to allow rapid governing of the units without 
excessive water-hammer. The headgate structure will be provided with trashracks and sliding gates at the 
head of the pcnstocks and a spillway to care for the flow when the gates arc closed. The plant will be 
complete with all necessary auxiliaries for station-service operation, and with a crane for handling equipment. 
The plant will be provided with a structural-sceel outdoor-type substation similar to chat proposed for plant 
no. 2. 

POWER PLANTS NOS. 4 AND 4-A 

Power plant no. 4 will be located about 2 miles easrof Cedar Cove on the south bank of the Big 
Thompson River, while power plant no. 4-A wiJI be located a short distance upstream from plant no. 4, and 
ac an elevation about 175 feet above the river. The capacity of plant no. 4 will be 16,000 kilovolt-amperes 
and of plant no. 4-A, 7,000 kilovolt-amperes. One unit only will be provided at each plant and will consist of 
a vertical-shaft, single-runner, spiral-casing type turbine direct connected to a vertical water wheel generator 
with direct connected main and pilot exciters. Plant no. 4 will have an effective head of about 550 feet, and 
plant no. 4-A, 380 feet. Plant no. 4 will receive its water through a single steel penstock about 1,960 feet 
long, and plane no. 4-A, through a similar pipe about 1,400 feet long. Each plant will be provided with 
synchronous bypasses similar to those in plants nos. 1 and 3. Plant no. 4 will discharge directly into the Big 
Thompson River. Plant no. 4-A will be siphoned under the river through a pressure tunnel to the proposed 
Poudre supply canal, but will have provisions so that if so desired, the water may be discharged directly into 
the Big Thompson River. The headgate structure will be provided with trashracks, sliding gates, and spillways 
similar co chose in plants nos. 1, 2, and 3. A single outdoor structural steel type switchyard will be provided 
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for the two plants. The equipment in rhis subsration will be similar to that for plants nos. I, 2, and l Plant 
no. 4-A will he remotely controlled from plant no. 4, so that the two plants can he operntcd with one set of 
operators. '11te plant will be complete with auxiliaries and cranes similar to that in other plants. Quarters for 
the operators will he provided in the vicinity of the plants. 

POWER PLANT NO. 5 

Power plunt no. 5 will he located ahom 121/:z miles southeast of Kremmling, on the east hank of the Blue 
River, immcJia tcly Jown:.trcam from the dam forming tht: proposed Gruen Mountain Reservoir. The plant 
will contain two 13,000 kilovolt-ampere generating units of the vertical hydraulic-turbine driven type, with 
direct connected generator with muin and pilot exciters. The plant will have a varying head depending upon 
reservoir water surfoce, hut it is expected that the avernge head will be about 22 5 feet. Titc tmshmck and 
inrnkc structure will be located immediately upstream from the dam and a single steel penstock installed in 
the tunnel will conduce the water to the power plant. Each turbine will be provided with a pressure regulator 
or relief valve to limit the water hammer under sudden change of load conditions. The plant will be complete 
with necessary nuxilinries for station service, a small machine shop for minor repairs, and n crane for hnndling 
equipment. An outdoor srrucrur,11 steel substation will be provided complere with equipment for stepping the 
voltage up to 69,000 volts f<>r transmission and with oil circuit breakers and other necessary auxiliaries for the 
control nnc.I protection of the lines and equipment. The oil circuit breakers will be controlled from the main 
switchboard of the power plant. Quarters for operators will be constructed in the vicinity of the power plant. 

GRANBY PUMPlNG PLANT 

The Granby pumping plant will be located approximately 6 miles south of the village of Grand Lake on 
the north shore of the proposed Granby Reservoir. The plant will contain three motor-driven vertical-shaft 
pumping units having a total capacity of900 second-feet at full reservoir, and 550 second-feet at low water. 
The total capacity at the normal water surface will be approximately 870 second-feet. The motors will be of 
the synchronous type and arranged for semi-magnetic operation. That is, the operator will be required only to 
close the main switch to the unit in order to place it in operation, and to open the same switch to discontinue 
operation. The motors will be equipped with direct connected exciters. The water from the Granby Reservoir 
will be delivered to the pumps through tunnels about 155 feet long. A channel in the reservoir will convey 
the water to the mouth of the intake tunnels in extreme low water. Water from each pump will be discharged 
through about 175 feet of tunnel, and 165 feet of steel pipe to the canal at elevation approximately 8,381. 
This canal, which will be approximately 4 miles in length, will discharge into the proposed Shadow Mountain 
Lake. The center line of each pump and propeller will be at approximately elevation 8,145, with the base of 
the motor driving the pump 135 feet above, or at elevation 8,280. Vertical shafts in the rock between the 
underground pump room and the motor room on the surface will accommodate the shafts connecting the 
pumps to the motors. Each pump will have a capacity of 290 second-feet when operating under a total 
dynamic head of 130 feet and will be driven by a 6,500-horsepower synchronous motor. 

The entrances to the intake tunnels will be provided with trashrack and stop-log structures, and sliding 
gates will be installed at the intake and discharge of each pump. The intake gates will be located in the gallery 
adjoining the pump room and will be hydraulically operated. The discharge gates will be located at the head 
of the canal and will be of a type which will close automatically in the event power service is interrupted, so 
as to prevent water in the canal from running back down through the pump. 

The pumping plant will be complete with auxiliary pumping units for unwatering the intake and 
discharge tunnels and the drainage sump. It will also be complete with all other necessary station auxiliaries, 
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includmg a er.me for handling the equipment. A small machine shop will be provided for making minor 
repairs. Quarters for the operators will he provided in the vicinity (lf the plant. 

Power will he delivered to the plant from u 69,0QO, volt transmission line, through an outdoor structurnl 
steel type suhstntinn containing self-cooled transfiirmers, together with all necessary protective apparntus and 
auxiliaries. The operation of the substation will he handled from the main switchboard of rhe pumping plant. 

POUDRE PUMPING PLANT 

The Poudrc pumping plant will he located on the Poudre V;11ley Cuna! at a point about 3 miles below the 
crossing of the proposed Pnudre supply canal. It is proposed to have a capacity of 150 second-feet, composed 
of two 75 second,foot vertical synchronous motnr·driven single·stngc p"mps, operating ngainst an effective 
head of 187 feet. 11,e plant will he complete with ull necessary auxiliaries, including a crane for handling the 
equipment. An outdoor substation will he provided for stepping the voltage down from transmission volrage 
to motor voltage. Due to the relatively short periods of operation, it is not probable that it will be necessary to 
conslrucl operator's quarters at this planL 

TRANSMISSION SYSTEM 

The transmission system will con!list of a single 69,0QO,volt circuit connecting power plant no. 5 with the 
Gmnby pumping planl nn<l power plant no. 1. Power plants nos. 1 to 4,A, inclusive, will be connected by two 
I l5,0001 voh lines and two 115,000-volt lines will continue ro market. For the purpose of this report only, and 
to include a sufficient amount in the cost estimates for any probable transmission set·up, this market has been 
assumed as the Valmont steam plant of the Public Service Co. of Colorado. Power plant no. 4 will be 
connected with the Poudrc pumping plant by one 34,500,volt transmission line. The number of lines and 
mileage involved in each are as shown in the following tabulation: 
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From-- To-- Number of Number of Vdtngc 
lines mill's 

Power pl:mt no. 5 Kn Rosi~ I 36 69,000 
Oranhy pllmpini: plant Ornml IA1ke l 10 69,000 

Do Power plnnt no. I l 36 69,000 
Pow~·r plant no. I Power plant no. 2 2 12 115,000 
Power plnnt no. 2 Power pin nt no. J 2 J 115,000 
Power plnnt no. J Power plnnt no. 4 2 4 115,000 
Power plant no. 4 Valmont 2 27 115,000 

Do Poudrc pumping plant J IB 34,500 

The line to the Pmrdre pumping plant would be a wood-pole line with pin-type insulators. All other lines 
would he of the wood-pole, I I-frame type, with suspension insulators, and combining all of the most modem 
foaturcs for continuity of service, case of maintenance, and long life. The line from power plant no. l to the 
Granby pumping plant will probably require special construction to give added strength in the mountainous 
region near the O:mtinental Divide. 

In order to provide power for construction, it is proposed that one of the first features of the project 
would he to build one of the permanent 115,000-volt circuits from the Valmont plant to plant no. 1, the 
permanent 69,000-volt lines from plant no. 1 to Granby pumping plant and from Ka Rose to the Green 
Mountain dam site, an<l an extension from the Granby pumping plant to the west portal of the proposed 
tunnel. Initially this entire line would be operated at 69,000 volts, and under such operation would be 
adequate for all contemplated construction activities. In connection with supplying construction power it 
would also he necessary to install a substation at the Valmont steam plant to step voltage up to 69,000 volts 
for transmission. Preliminary studies indicate that it would be advisable to make this substation of 
approximately 5,000 kilovolt-ampere capacity. 

The estimated cost of installing the facilities to provide construction power are as indicated in the 
following tabulation: 

Cost 
From-· To·· Miles 

Per mile Totnl 

Valmont Power plant no. 2 34 
Power plane no. 2 Power plant no. 1 12 
Power plane no. I Granby pumping plant 36 
Granby pumping plane Grand Lake 10 
Ka Rose Power plant no. 5 ~ 

Total Transmission lines 126 

Substation at Valmont ......................................................................................... . 
Total to ;upply power for construction .............................................................. .. 

$6,750 
4.100 
3,600 
3,200 

..l2QQ 

$ 61,300 
631,200 

$229,500 
49,200 

129,600 
32,000 

j12.2QQ 

$569,900 
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The transmission system as provided to furnish construction power would be adequate for transmission of 
power to markets from power pl.mt no. I or power plant no. 5 if either were built individually, hut the 
additiorml complclc system would prohahly he constructed when two or more plants arc constructed. The 
additional costs of the lines involved in this construction arc shown in the following tabulation: 

CoM 

forum·· To·· Mile.1 
Per mile Total 

Power phmr no. I Power plonr no. 2 12 $4,100 $ 49,200 
Power plnnr nn. 2 V:iltnont 34 6,750 229,500 
Puwer plnm no. 4 Pu1Klrt· pumpini,: plant .lll ...1JIOO _}Li® 

Total additioniil cost uf 
pcfmiinclll transmission sy'4cm 

64 $3ll,100 

In addition to the transmission lines required for the disposal of power, it may be necessary that the 
government also construct a substation ut the point of power disposal. As a market survey has not been 
conducted to establish the points at which this power can he disposed of, or the quantities involved at each 
point of disposal, it is assumed for the purpose of this report that the substations will average in cost $10 per 
kilowatt of capacity. Assuming that provision is made to dispose of a peak capacity of 140,000 kilowatts, this 
will involve an additional expemliture of $1,4001000. 

POWER OUTPUT 

Water supply studies indicate that with power plant no. 1 only constructed, there is available, above all 
requirements for pumping purposes, a constant power output at 
100 percent load factor of 120,000,000 kilowatt-hours per year. Since the pumping plant capacity proposed is 
sufficient to allow pumping to be done in 16 hours of each day it will be possible to handle peak commercial 
power requfrements without undue interference. With this in mind, it has been assumed for the purpose of 
this report that a market can be found which has a load factor such that 60 percent of this power or 
72,000,000 kilowatt-hours per year can be absorbed as firm energy. The balance of this energy, or 48,000,000 
kilowatt-hours per year, plus about 40,000,000 kilowatt-hours additional, which is available during various 
parts of the year, is classed as secondary energy. 

Since the Valmont steam plant of the Public Service Co. of Colorado has an installed capacity 0(75,000 
kilowatts, it appears that the 88,000,000 kilowatt-hours of secondary energy could be absorbed as a fuel 
saving measure if the price does not exceed fuel costs. Allowing 10 percent for line losses, this is equivalent to 
an average load of about 9,000 kilowatts. 

FINANCIAL OPERATION OF POWER SYSTEM 

It is contemplated that the initial power development would consist of the construction of power plant 
no. 1 only, together with such transmission lines and substations as are required [ O supply power to the 
Granby pumping plant and to commercial markets. The estimated construction cost of the strictly power 
features, as well as items which it is expected that power revenues will repay, is given below. 

It is assumed that 5 mills per kilowatt-hour can be secured for firm energy and 1.8 mills per kilowatt-hour 
for secondary energy with delivery at the market. In each case 10 percent loss is allowed for transmission. The 
following gives the financial set·up for power plant no. 1, operation costs and returns. 
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While fiir the purpose of this report the allocation of construction cost to irrigation and power has heen 
made on the hasis set out hclnw, it is understood that this allocntinn is not thereby fixed, and the same may 
he changed as further inu1rmatinn may warrant until such time as the cnntrnct for repayment of the cost of 
the irri~atinn fonturcs has taken final form. 

Power plant no. 1 construction costs 

Power plant no. 1 near Estes Park ....................................................................... . 
Conduit from cast portal continental divide tunnel ro 

power plant no. 1 ........................................................................................... . 
Transmission lines connecting power plant no. I with 

Grnnhy pumping plant--with Vnlmont line to 
North Poudrc pumping plant ........................................................................ . 

Commercial substation (30,000 kilowatts) ......................................................... . 
Headquarters at power plnnt no. 1 for operation of 

power system ................................................................................................ .. 
fnrercsr during construction, 3 percent ............................................................... . 

Tot<1l repayable in 50 years with interest .............................................. . 

One-half cost of Arkins Reservoir ....................................................................... . 
Portion of cost Green Mountain Reservoir, for 100,000 

acre-feet allocated to power ......................................................................... .. 

Payable on 40-year basis without interest ............................................ .. 

Total cost power plant no. 1 including other items 
that are required to be accomplished with the 
initial development ....................................................................... .. 

Annual revenues from power plant no. 1 

From sale of 65,000,000 kilowatt-hours firm power, at 
$0.005 ................................................................................................................... . 

From sale of 79,000,000 kilowatt,hours secondary power, 
at$0.0018 ............................................................................................................ . 

From rental of water for power development to privately 
owned plants ........................................................................................................ . 

Gross annual income .................................................................................... .. 

$ 1,778,000 

1,101,000 

440,000 
330,000 

100,000 
112.000 

3.831.QQQ 

929,661 

2.276.032 

$3.205.693 

$325,000 

142,000 

20.00Q 

$4§7.000 
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Annual operation and maintenance plus retirement 
of principal 

Brnu~ht fi >rw,1rd .......................................................................................................... . 

3.887 percent, on $3,831,000, mtcresl and retirc ll'K!nl of 
invesuncnt on hasis of 50 years ........................... ................. ............ ................... . 

Repl'yment of$ ~.205,693 on hasis of 40 ycms without 
interest ................... ................ ....................... ...... .......... .... ...... .. .. ....... ......... ............ . 

Opcrntion and maintenance of power plunt ...................................... ........................ . 
Operation nnd mointcnancc Granby pumping plunt. ............... ................................. . 
Operation and nmintennncc of transmission lines ..................................................... . 
Operation and maintenance conduit, tunnel, nnd e<mals ......................................... . 
Depredation, 1.5 percent, on$ 3,831,000 ................................................................. . 
General expense .............................................................................................. ......... .. . 

Total annual costs ................... .. .............. ............................... .............................. . 

Annual surplus during 40 years repayment period of 
the non-interest-bearing obligntion ... ..................... ................................. - .. -

FULL POWER DEVELOPMENT 

$487,000 

148,000 

80,000 
36,000 
27,000 
13,800 
15,000 
57,000 
18.200 

$ 92,000 

The results of this study indicate that the initial installation proposed is sufficient from a financial 
standpoint to return all necessary costs of operation and repayments. 

There are five additionnl plants that can be developed in the future in a manner that wlll keep pace with 
the power requirements of the section that may be served and not have a large unearning investment tied up 
for some yean;. 

The following is an estimate of the cost of the additional power plants that may be constructed in the 
future, but are not a part of the initial development. 

Power plant no. 5 ................................................................................................ .. 
Green Mountain-Ka Rose transmission line ....................................................... . 
Operators' quarters .............................................................................................. . 
Substation (20,000 kilowatts) .......................... .................................................... . 

Subtotal ... ...................................................................................................... . 
Interest during construction, 3 percent ............................................................... . 

$1 1190,000 
130,000 
60,000 

200.QQQ 

1,580,000 
47.400 

l,627,400 

The above plant, together with plant no. l, will produce: 113,000,000 kilowau-hours firm power 
annually; 92,000,000 kilowatt-hours secondary power annually. 
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The following arc the construction costs of developing power plants nos. 2, 3, 4, and 4-A with 
appurtenant structures: 

Power plant no. 2 ..................................................................................••.............. 
Power rlm1t no. 1 ................................................................................................. . 
Power plant tl(l. 4 ................................................................................................. . 
Power plant no. 4-A ............................................................................................. . 
Power ennui no. 2 ................................................................................................. . 
Powercanal no. 1 ................................................................................................. . 
Power cannl no. 3-A ............................................................................................ . 
Power cunt1I no. 4 ................................................................................................. . 
Operators' quarters .............................................................................................. . 
Suhstntions (90,000 kilowatt hours) ................................................................... . 
Addition.ti transmission lines .............................................................................. . 

Subtotal ......................................................................................................... . 
Interest during construction, 3 percent. .............................................................. . 

Total repayable in 50 years with interest ..................................................... .. 
Arkins Canul feeder, pay;iblc in 40 years without interest ................................. . 

Total power plants nos. 2, 3, 4, and 4-A ..................................................... .. 
Totfll power plant no. 5 ....................................................................................... . 

Total second-stage dcvelopn1cnt .................................................................. . 
Primary devc\opn1ent plant no. 1 ....................................................................... .. 

Cost of full power development .................................................................... . 

$2,325,000 
665,000 
760,000 
420,000 

2,444,000 
493,000 
113,000 

l,194,000 
150,000 
900,000 
311.000 

9,775,000 
293.250 

10,068,250 
351.000 

10,419,250 
1.627.400 

12,046,650 
7.036.693 

$19,083,243 

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

Firm power, annually ..................................................................................... . 
Secondary power, annually ........................................................................... .. 

(1) Out of an available production of 387 ,000,000 kilowatt-hours 
secondary power. 

CONCLUSIONS 

Kilowatt-hours 

360,000,000 
(1) 200,000,000 

(1) There is a large area (615,000 acres) of irrigated land in northeastern Colorado, the major portion of 
which has an inadequate water supply. 

(2) The feasible storage possibilities with the available water supply in the drainage area has been 
exhausted. 

(3) There is at least an available water supply of 310,000 acre.feet on the upper drainage area of the 
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O)lorado River thar can he diverted to supplement the presenr water supply on the eastern slope. 

(4) Thm lhe diversion of lhis quanlity of waler from the O llorado River watersheJ will not interfere with 
or encroach upon the present or future irrigation along lhe O)lomdo River ;ind trihulmics within the state, 
with the protection provided in the Green Mountain Reservoir. 

(5) That the plan for the project here laid out appears entirely fcusible from a constructkm point o( view. 

(6) That the cost nf construction estimated at $2 per acre-foot per annum over the repayment period of 
40 years is less than storage water is now commanding and tl\at it will incrcnsc the crop values five or more 
times this annual cost, showing its economic wonh. 

(7) That the power developments that may be made in the six power plants will produce a large quantity 
of cheap hydroelectric power that will materially benefit Colorado. 

(8) That the revenues from the commercial power generated at power plant no. l will pay for the power 
features as set up under che initial power development, in iHldition to the power required for pumping at 
Granhy pumping plant, and in lieu of the irrigation features used in power development, the operation of the 
system ro u point where the water leaves the tailrace of the lower power plants can be taken care of by the 
power devclopmenl. 

(9) Thnt the cost of the irrigation feature of the project is within the ability of the water users to pay. 
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ORIGINAL 
EXHIBIT B - CLARITY SUPPLEMENT 

Contract No. 9-07-70-W0020 
Supplement No. 10 

UNITED STATES 
DEI,ARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

Colorado-Big Thompson Project 
Colorado 

SUPPLEMENT OF CONTRACT BETWEEN THE UNITED STATES OF AMERICA AND 
THE NORTHERN COLORADO WATER CONSERVANCY DISTRICT 

FOR ADDRESSING COMMITMENTS ASSOCIATED WITH 
MEETING THE GRAND LAKE CLARITY STANDARD 

THIS SUPPLEMENT, entered into this z:!J~ day of,¢c..T 2013, pursuant 
generally to the Act of June 17, 1902 (32 Stal 388), and subsequent acts supplementary thereto and 
amendatory thereof collectively known as the Federal Reclamation laws, particularly, but not 
limited to, the Act of August 9, 1937 (50 Stat. 595) between the UNJTED STATES OF AMERICA, 
hereinafter called the "United States," acting through the Secretary of the Interior, represented by 
the "Contracting Officer" executing this Supplemen~ and NORTHERN COLORADO WATER 
CONSERVANCY DISTRICT, hereinafter referred to as "Northern Water," a quasi-municipal 
entity and political subdivision of the State of Colorado, organized and existing under wtd by virtue 
of the laws of the State of Colorado, with its principal place of business in Berthoud, Colorado. 
The United States and Northern Water hereinafter are each sometimes individually called "Party/' 
and sometimes collectively called the "Parties ... 

WITNESSETH THAT: 

The following statements are made in explanation: 

EXPLANATORY RECITALS 

a. WHEREAS, the United States constructed the Colorado-Big Thompson (C-Bn 
Project in the State of Colorado, pursuant to Federal Reclamation Jaws; and 

b. WHEREAS, the Parties executed Contract No. 9-07-70-W0020, on July 5, 1938; it 
has subsequently been amended and supplemented. The original contract along with its 
amendments and supplements are collectively referred to herein as the "1938 Repayment 
Contract"; and 

c. WHEREAS, the Parties have concerns with the clarity of Grand Lake; and 

d. WHEREAS, in 2008, the Colorado Water Quality Control Commission adopted a 
narrative clarity standard and a numerical clarity standard for Grand Lake; and 

e. WHEREAS, the Parties wish to meet the applicable water clarity standard. 

1 
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Contract No. 9-07-70-W0020 
Supplement No. I 0 

NOW THEREFORE, in consideration of the mulual and dependent covenants herein 
contained, it is hereby mutually agreed as follows: 

PURPOSE 

I . The purpose of this Supplement is to describe the Parties' commitment to identify 
and evaluate factors that affect clarity in Grand Lake and to develop a plan in accordance with this 
Supplement to meet the applicable water clarity standards. 

RESPONSIBILITIES 

2. a. There may be a relationship between the reduced clarity in Grand Lake and the 
operation of the C-BT Project as well as other factors. The Parties agree that further study and 
evaluation would be beneficial to better understand this potential relationship. 

b. TI1c Parties will: 1) actively participate in the process of identification, 
development, and evaluation of factors, causes, and actions that affect clarity in Grand Lake; 2) 
collaborate with each other and other appropriate parties and groups ("Stakeholders") to identify, 
develop, and evaluate specific proposed actions to meet applicable water clarity standards in a 
manner that recognizes the relative contributing factors that affect Grand Lake water clarity, in 
order to allow for, as appropriate, recommendations by the Parties for specific actions to meet applicable 
water clarity standards at Grm1d Lake, including participation in further studies designed to identify 
specific factors aff ecling clarity; 3) implement the process and actions defined in Article 4 below as 
appropriate and within legal limitations and funding constraints, with the goal of preserving and 
maximizing overall C-BT Project benefits while meeting applicable clarity standards at Grand 
Lake. 

c. The United States will have the final authority to approve both the Stakeholders 
and the process identified in Article 2.b. above, after consultation with Northern Water, other 
Federal, state, and local authorities, and other entities as the United States deems appropriate. 

PAYMENT RESPONSIBILITY 

3. The responsibility for payment of the cost of implementing measures to meet 
applicable water clarity standards shall be detennined in accordance with Reclamation law. 
The Parties acknowledge that congressional and other authorization may be necessary to 
implement potential solutions. 

2 
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IMPLEMENTATION 

Contract No. 9-07-70-W0020 
Supplement No. I 0 

4. a. Pursuant to the foregoing, if specific actions are identified pursuant to Article 2.b. 
above, the Parties commit to work cooperatively and collaboratively, with each other and with 
other Stakeholders; to evaluate any such specific actions under applicable local, state, and/or 
federally required processes, regulations, policies, and statutes; to cooperate with other 
Stakeholders to identify sources of funding; and to implement any such specific actions to meet the 
goal identified in Article 2.b. above within legal limitations and funding constraints and in a 
manner that recognizes the causes and relative contributing factors that affect Grand Lake water 
clarity. This Supplement does not affect or modify existing authorities, including those regarding 
the allocation of costs. for operation and maintenance of or capital improvements related to the 
C-BT Project. 

b. The United States may take actions to meet the applicable clarity standard, and 
the cost of such actions will be allocated in accordance with Reclamation law. The Parties 
acknowledge that the exact nature and cost of such actions is unknown until the processes outlined 
in Article 2 are compJete. Until a proposed solution is identified, agreed upon, and appropriate 
authorizations, if necessary, are obtained, the Pnrtics reserve all rights, arguments, and defenses 
relative to the proposed solution itself and the aJlocation of costs therein. In the event the Parties 
are unable to reach agreement concerning the specific actions that shouJd he taken to meet the goal 
identified in Artic1c 2.b. above and the United States makes a determination to implement specific 
action(s), the Parties reserve all rights, arguments, and defenses regarding such determination to 
implement specific actions, and this Supplement does not modify, waive, limit. or relinquish any 
right ofNorthem Water to contest the United States' determination to take specific actions in any 
judicial, administrative, or legislative forum. The execution of this Supplement shaJI not be used by 
either Party in any judicial, administrative, or legislative proceeding as an admission to the 
contrary. 

EFFECT ON THE 1938 REPAYMENT CONTRACT 

5. This Supplement is in addition to the 1938 Repayment Contract and, except as 
expressly provided in Articles 2.b. and 4. above, does not modify or amend the 
1938 Repayment Contract. This Supplement shall not be a basis for any direct or indirect 
interpretation or construction of any provision of the 1938 Repayment Contract for any 
purpose. Prior drafts of this Supplement are not relevant to the interpretation of this 
Supplement. 
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Contract No. 9-07-70-W0020 
Supplement No. 10 

STANDARD CONTRACT ARTICLES 

6. The standard contract articles applicable to this Supplement are listed below. The 
full text of these standard articles is attached as Exhibit A and is hereby made a part of this 
Supplement. 

A. Notices 
B. Officials Not to Benefit 
C. Changes in Contractor,s Organizution 
D. Assignments Limited - Successors and Assigns Obligated 
E. Books, Records, and Reports 
F. Rules, Regulations, and Detenninutions 
G. Equal Employment Opportunity (Federally Assisted Construction) 
H. Compliance with Civil Rights Laws and Regulations 

IN WITNESS WHEREOF, The Parties have executed this Supplement the day and year 
written above and agree to the terms, provisions, special conditions, and standard provisions 
expressed or referenced herein. 

UNITED STATES OF AMERICA 

By ,,,---7-_:_~~/ 4 -
Michael J. Ryan 

Regional Director 
Great Plains Region 

Bureau of Reclamation 

NORTHERN COLORADO WATER 
CONSERVANCY DISTRICT 

ay ~u.W~~~== 
Eric W. Wilkinson 

General Manager 
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EXHIBIT A 

Contract No. 9-07-70~ W0020 
Supplement No. 10 

STANDARD CONTRACT ARTICLES 

NOTICES 

A. Any notice, demand, or request authorized or required by this Supplement shall be 
deemed to have been given, on behalf of Northern Water, when mailed, postage prepaid, or 
delivered to the: 

Regional Director 
Great Plains Region 
Bureau of Reclamation 
P.O. Box 36900 
Billings, MT 59107 

and on behalf of the United States, when mailed, postage prepaid, or delivered to the; 

General Manager 
Northern Colorado Water 

Conservancy District 
220 Water A venue 
Berthoud, Colorado 80513 

The designation of the addressee or the address may be changed by notice given in the same 
manner as provided in this Article for other notices. 

OFFICIALS NOT TO BENEFIT 

B. No Member of or Delegate to the Congress, Resident Commissioner, or official of the 
Northern Water shall benefit from this Supplement other than as a water user or landowner in the 
same manner as other water users or landowners. 

CHANGES IN CONTRACTOR'S ORGANIZATION 

C. While this Supplement is in effect, no change may be made in Northern Water's 
organization, by inclusion or exclusion of lands or by any other changes which may affect the 
respective rights, obligations, privileges, and duties of either the United States or Northern Water 
under this Supplement including, but not limited to, dissolution, consolidation, or merger, except 
upon the Contracting Officer's written consent. 
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Contract No. 9-07-70-W0020 
Supplement No. 10 

ASSIGNMENT UMITED- SUCCESSORS AND ASSIGNS OBLIGATED 

D. The provisions of this Supplement shall apply to and bind the successors and assigns of 
the Parties hereto, but no assignment or transfor of this Supplement or any right or interest therein 
by either Party shall be valid until approved in writing by the other Party. 

BOOKS, RECORDS, AND REPORTS 

E. Northern Water shalJ establish and maintain accounts and other books and records 
pertaining to administmtion of the tenns and conditions of this Supplement, including Northern 
Water's financial transactions; water supply data; project operation, maintenance, and replacement 
togs; project land and rights-of-way use agreements; the water users' land-use (crop census), 
land-ownership, land-leasing, and water-use data; and other matters that the Contracting Officer 
may require. Reports shall be furnished to the Contracting Officer in such form and on such date 
or dates as the Contracting Officer may require. Subject to applicable Federal laws and 
regulations, each Party to this Supplement shall have the right during office hours to examine and 
make copies of the other Party's books and records relating to matters covered by this 
Supplement. 

RULES, REGULATIONS, AND DETERMINATIONS 

F. _1. The Parties agree that the delivery of water or the use of Federal facilities pursuant to 
this Supplement is su~jecl to Federal reclamation law, as amended and supplemented, and the 
rules and regulations promuJgated by the Secretary of the Interior under Federal reclamation law. 

2. The Contracting Officer shaJJ have the right to make detcnninations necessary to 
administer this Supplt!ment that are consistent with its provisions, the laws of the United States 
and the State of Colorado, and the rules and regulations promulgated by the Secretary of the 
Interior. Such determinations shall be made in consultation with Northern Water. 

EQUAL EMPLOYMENT OPPORTUNITY 

G. During the perfonnance of this Supplement, Northern Water agrees as follows: 

1. Northern Water will not discriminate against any employee or applicant for 
employment because of race, color, reJigion, sex, disability, or national origin. Northern Water 
will take affinnative action to ensure that applicants are employed, and that employees are treated 
during employment, without regard to their race, color, religion, sex, disability, or national origin. 
Such action shall include, but not be limited to the following: employment, upgrading, demotion, 
or transfer; recruitment or recruitment advertising; layoff or tennination; rates of pay or other 
forms of compensation; and selection for training, including apprenticeship. Northern Water 
agrees to post in conspicuous places, available to employees and applicants for employment, 
notices to be provided by the Contracting Officer setting forth the provisions of this 
nondiscrimination clause. 
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Contract No. 9-07-70-W0020 
Supplement No. 10 

2. Northern Water will, in all solicitations or advertisements for employees placed by or 
on behalf of Northern Water, state that all qualified applicants will receive consideration for 
employment without regard to race, color, religion, sex, disability, or national origin. 

3. Northern Water will send to each labor union or representative of workers with 
which it has a collective bargaining agreement or other contract or understanding, a notice, lo be 
provided by the Contracting Officer, advising the labor union or workers' representative of 
Northern Water's commitments under section 202 of Executive Order 11246 of September 24, 
1965 (EO 11246), and shall post copies of the notice in conspicuous places available to employees 
and applicants for employment. 

4. Northern Water will comply with all provisions ofEO 11246, and of the rules, 
regulations, and relevant orders of the Secretary of Labor. 

5. Northern Water will furnish all infonnation and reports required by EO 11246, and 
by the rules, regulations, and orders of the Secretary of Labor, or pursuant thereto, and will permit 
access to his books, records, and accounts by the Contracting Agency and the Secretary of Labor 
for purposes of investigation to ascertain compliance with such rules, regulations, and orders. 

6. In the event of Northern Water's noncompliance with the nondiscrimination clauses 
of this Supplement or with any of such rules, regulations, or orders, this Supplement may be 
canceled, tenninated or suspended in whole or in part and Northern Water may be declared 
ineligible for further Government contracts in accordance with procedures authorized in 
EO 11246, and such other sanctions may be imposed and remedies invoked as provided in 
EO 11246 or by rule, regulation, or order of the Secretary of Labor, or as otherwise provided by 
law. 

7. Northern Water will include the provisions of paragraphs 1 through 7 in every 
subcontract or purchase order unless exempted by the rules, regulations, or orders of the Secretary 
of Labor issued pursuant to section 204 ofEO 11246, so that such provisions wilt be binding upon 
each subcontractor or vendor. Northern Water will take such action with respect to any 
subcontract or purchase order as may be directed by the Secretary of Labor as a means of 
enforcing such provisions, including sanctions for noncomp1iance: Provided however, that in the 
event Northern Water becomes involved in, or is threatened with, litigation with a subcontractor or 
vendor as a result of such direction, Northern Water may request that the United States enter into 
such litigation to protect the interests of the United States. 

COMPLIANCE WITH CIVIL RIGHTS LAWS AND REGULATIONS 

H. l. Northern Water shall comply with Title VI of the Civil Rights Act of 1964 (Pub. L. 
88·352; 42 U.S.C. § 2000d), the Rehabilitation Act of 1973 (Pub. L. 93-112, Title V, as amended; 
29 U.S.C. § 791, et seq.), the Age Discrimination Act of 1975 {Pub. L. 94-135, Title III; 
42 U.S.C. § 6101, et seq.), Title Ill of the Americans with Disabilities Act of 1990 (Pub. L. 101-
336; 42 U.S.C. § 12181, et seq.), and any other applicable civil rights laws, and with the 
applicable implementing regulations and any guidelines imposed by the U.S. Department of the 
Interior and/or Bureau of Reclamation. 
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Contract No. 9-07-70-W0020 
Supplement No. 10 

2. These statutes prohibit any person in the United States from being excluded from 
participation in, being denied the benefits ot: or being otherwise subjected to discrimination under 
any program or activity receiving finwtcial assistance from the Bureau of Reclamation on the 
grounds ofrace, color, national origin. disability, or age. By executing this Supplement, Northern 
Water agrees to immediately take any measures necessary to implement this obligation, including 
pennitting officials of the United States to inspect premises, programs, and documents. 

3. Northern Water makes this agreement in consideration of and for the purpose of 
obtaining any and all Federal grant~. loans, contracts, property discowits, or other Federal 
financial assistance extended after the date hereof to Northern Water by the Bureau of 
Reclamation, including installment payments after such date on account of arrangements for 
Federal financial assistance which were approved before such date. Northern Water recognizes 
and agrees that such Federal assistance will be extended in reliance on the representations and 
agreements made in this Article and that the United States reserves the right to seek judicial 
enforcement thereof. 

4. Complaints of discrimination against Northern Water shall be investigated by the 
Contracting Officer's Office of Civil Rights 
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November 1 2, 201 5 

EXHIBIT C - WATER QUALITY INDICATORS MONITORING 

SECCHI MONITORING 
For the purpose of the adaptive management process aiming at reaching Grand Lake Clarity goal! as defined in the 

MOU, Secchi data will be collected as follows: 

l . Three Index Sites: GL-WES, GL-MID, GL-ATW (Figure l) 

FIGURE I • GRAND LAKE SECCHI MONITORING INDEX SITES 

2. Sampling frequency 
a. Once a week starting May 1 (or as soon as Ice is off) 

b. Three times o week from July 1 to September l 1 
c. If necessary based on operotlonol plans during Jul l • Sep 11, sampling may be increased to doily 

(Mon-Fri) 
d. Once a week from Sep 12· October 30 

3. During the period of Jul 1 - Sep 11, measurements shall be token at all three sites' on o given day and 

shall be averaged for the purpose of evaluatlng1 
a. Jul-to date overage against the 3.8 m goal (an example Is shown in Figure 2) 

b. Jul-to date minimum against the 2.5 m goal (on example Is shown in Figure 3) 

4. Secchi measurements will be token according to the Secchi Moniloring Protocol lor Grand lake 

(ATTACHMENT I) 
5. Secchi measurements will be taken with a viewKope 

Figures 2 and 3 are presented as examples of how the water quality Information may be compiled. 

1 As described In Attochment 1, two Secchi measurements ore token at each site with a vlewscope. These two 
measurements shall be overoged to produce one value. 

EXHIBIT C • Page I 1 
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DISSOLVED OXYGEN (DO) AND PH MONITORING 
Continuous (every A hour) reol time monitoring of physicol parameters is corried out at two sites In Shodow Mountoin 

Reservoir. The reol time monitoring includes DO concentrotion ond percent soturation, temperoture, pH, specific 

conductance and turbidity. Northern Water will make every effort to maintain these systems but adjustments moy 

hove to be made in the event of an equipment failure. 

MONITORING LOCATIONS 

Station Description La titude Lon git ude Depth .. Sh;ido\'J Mounlilin RP5ervoir ne;ir D;irn '10.2101 -HlS .8fl21 7.fi rn 

Sh;idow Mountain Reservoir Mid Sect ion 40.22 52 · 105 8378 6 7 m 

SAMPLING EQUIPMENT AND MAINTENANCE 

Buoy monitoring systems are currently located at the 
Shadow Mountain dam and middle sites (SM-DAM and 

SM-MID). Each buoy ls equipped with a YSI 6820 multi· 

parameter sonde and is programmed to collect vertical 

profiles of temperature, 0.0., specific conductance, pH 

and turbidity. The buoy systems are deployed ofter ice­

off in the spring and then token out in the foll prior to 

Ice cover. When deployed, profiles will be collected 

every four hours at 0.5-meter increments down through 

the depth of the water column. Data will be logged and 

transferred by telemetry on a real-time basis. 

FREQUENCY 

Profiles will be collected with the buoys at SM-DAM and SM-MID from mid-June until September 11; 
the sampling period may be longer or shorter depending on when the buoys are deployed and 
removed for the season. 

MAP OF SAMPLING LOCATIONS 

locations overlaid on Shadow Mountain Reservoir bathymetry Is shown below. 
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November 1 2, 201 5 

EVALUATION OF WATER QUALITY INDICATORS 

pH and DO will be reviewed using gt aphicol representations such as contour ptots and trme series graphs presented 

rn Figure 4, Figure 5, Figure 6 and Figure 7. Dissolved Oxygen pereent saturation will be reported slmllarly. 

2015 Contour Plot of Dlssolved Oxygen - Shadow Mountain Dam Buoy 

! t ..t 
• Q 

.7 

- 1.D 

DO(mg/11 
• .... o.s 

o .~ - 1.0 
1.0 - 2.0 
2.0 - J.O 
3,o - ~.o 

s.o - 6.0 
6.0 - 7JJ 

• 1.0 - a.o 
• 8.0 - 9.0 
• 9 .0 - 10.0 
• > 10.0 

JIGURE 4 ·DISSOLVED OXYGEN CONTOUR PLOT AT SHADOW MOUNTAIN DAM (2015) 

2015 Contour Plot of pH ·Shadow Moun1aln Mid Buoy 

pH 
• <: 6.5 

6.S - 7.1) 

7JJ. • B.O 
a.o - 9.IJ 
9.0 - 9S 
9.S - 9.6 
9.0 - 9.7 
9:7 - 9.B 
9.B - 9.9 

• 9.9 - 10.0 
. 10 .& - 10.1 
• >HM 

_____ IJ lLLlUUlf uu'...r\-JUuuhfilWJ Farr Pump 

FIGURE 5 . PH CONTOUR PLOT AT SHADOW MOUNTAIN MID (2015) 
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Shadow Mountain Dam Bouy- pH near surface (at t meter) 

2012 ..... .... 2013 

.t::..!N~~~o-~~~I 
0- .................. 0 .............. 0- ...... 0 --1 0-0.0.-0 

2014 - 2015 

FIGURE 6 · SURFACE PH AT SHADOW MOUNTAIN DAM 

Shadow Mountain Dam Buoy - Bottom Dissolved Oxygen (mg/L) 
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FIGURE 1 ·BOTTOM DO AT SHADOW MOUNTAIN DAM 
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November 12, 2015 

EXHIBIT D - GRAND LAKE ADAPTIVE MANAGEMENT WEEKLY SUMMARY FORM 

Meeting Date: XX/ XX/ 2016 
AttendN11 

Northern Water 

Northern Water 

Northern Water 

Northern W ater 

Northern Water . 
Northern W ater 

Grand County 

Grand C01J11ty 

MQW 
Water Qualily lndicatou 
GL avg Sacchi < 3.8 m i 
GL min Secchi < 2.5 m ? 
SM Surface pH > 8 i 
SM Surface 00 (%)> I 00%? 
SM bottom DO < 3 mg/ L i 

Operational pqrqmtltrs 
Adams Tunnel Deliveries (ds) 
Big Thompson Deliveries (cfs) 
Farr Pumping (cfs) 
Shadow Mountain Releases (cfs) 
Upper Colorado Native Flow (ds} 
G ranby Res. Total Storage (af) 
G ranb Res. Outflow cfs 

Cljmate Forecqst (from HUP Report) 

0 
0 

u 
LI 

0 
D 

LI 

u 

Cunent Yes 
0 
0 
0 
0 
0 

Current 

Reclamation 0 
Reclamation 0 
Reclamatlon [I 

Reclamation IJ 

USGS 0 

NWCCOG 0 

CRWCD I I 

WAPA 0 

No Comments 
D 
D 
0 
0 
D 

Forecast 
See graph 
Range 
See graph 
Range 
See graph 
Sea gtaph 
See ra h 

Comments 
Source USBR 
Source NW 
Source USBR 
Source USGS Gage/ NW 
Source NW 
Source NW 
Source NW 

Larimer County 0 
Town of G rand Lake 0 

USFS LI 

RMNP 0 

0 

0 
D 

0 

5 ·day Quaritlta tlve Precipitation Forecast (QPF): Chance for some light showers today, but overa U expect a drying a nd warming 
h'eod through the weekend. 

5 day qpf: httpr//www.wpc.ncep.noaa.gov/qpf/p 1201.glHl 445893642 

7 day qpf:http://www.wpc.ncep.nooa.gov/ qpf / p 1681.grm 44589367 6 

1-5 day minimum tempe rature anomaly forecast: http:/ / www.wpc.ncep.noaa.gov/ medr/ 95Bwbg.glf 

1-5 day maximum tempe rature forecast: http:/ /www.wpc.ncep.noaa.gov/ medr/ 95Awbg.gif 

Preclp forecast that goes into the CBRFC forecast. http:// www.cbrfc.noaa.gov/ rmap/ grld/lndex.flhp 

Actjon !fems Summqry; 
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Ob19rved Flow• 
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Observed Farr Pumping, Shadow Mountain Channel 
and Adams Tunnel Flows (cfs) 

- Farr Pump - SM Channel - Adams Tunnel 

Observed Grand Lake and Shadow Mountain Inflows 
North Fork of the Colorado River, North and East Inlets 

0 --r- -----,. 
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North Fork (cfs) --North+ East Inlets (ds) 
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13. Town of Crested Butte and Coal Creek Watershed Coalition 
14. Public Service Company of Colorado 

33.56 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY AND PURPOSE; APRIL 11, 
2016 RULEMAKING; FINAL ACTION MAY 9, 2016; EFFECTIVE DATE JUNE 30, 2016 

The provisions of C.R.S. 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; and 25-8-402; provide the 
specific statutory authority for adoption of these regulatory amendments.  The Commission also adopted 
in compliance with 24-4-103(4) C.R.S. the following statement of basis and purpose. 

BASIS AND PURPOSE  

While United States Senate Document No 80, does not bind the Commission, the portion entitled 
“Manner of Operation of Project Facilities and Auxiliary Features,” states that the Colorado-Big Thompson 
Project must be operated in such a manner as to most nearly effect the following primary purposes: 

1. To preserve the vested and future rights in irrigation. 

2. To preserve the fishing and recreational facilities and the scenic attractions of Grand 
Lake, the Colorado River, and the Rocky Mountain National Park. 

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

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

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

In 2008, the Commission adopted dual numeric and narrative standards for the protection and 
improvement of water clarity in Grand Lake pursuant to 31.13(3), because of Grand Lake's uniqueness as 
Colorado's largest natural lake. In doing so, the Commission stated that “Improvement of clarity within 
Grand Lake is expected to improve the quality of recreational uses of this unique resource.” In 2008, the 
Commission also adopted a delayed effective date for the numeric standard as an appropriate policy 
choice to encourage cooperative efforts to improve Grand Lake clarity. These efforts have been difficult 
and protracted, but they have also yielded important progress in understanding the factors controlling 
clarity of Grand Lake. In 2014, the effective date was extended for two more years and the parties were 
directed that “the goal of the effort is to develop and propose by January 2016, an attainable and 
protective clarity standard for Grand Lake for consideration by the Commission.” The purpose of this 
hearing was to consider a joint proposal by Grand County, Northwest Colorado Council of Governments, 
Colorado River Water Conservation District, and Northern Colorado Water Conservancy District 
(“Proponents”) to modify the numeric clarity standard for Grand Lake. 

While arguments were raised that the noticed proposal may go beyond the Commission’s authority, the 
Commission did not make that finding. Rather, the Commission adopted a compromise proposal from the 
Division, and supported by the Proponents, the Bureau of Reclamation and other parties, that better 
balances the clarity, the water rights, the recreational fishery, and the water quality in the Three Lakes 
system. In today’s hearing, the Commission deleted the 4-meter standard (which has not yet become 
effective) and adopted the proposed numeric values of 3.8-meter Secchi depth average and 2.5-meter 
Secchi depth daily minimums as Goal Qualifiers to the existing narrative standard. Goal Qualifiers are 
unique to Colorado’s water quality standards framework and are not subject to EPA section 303(c)(2) 
review and approval and federal Clean Water Act standards and, in themselves, do not trigger section 
303(d) assessment and listing. Goal Qualifiers are defined in Regulation #31 as appending to the use 
classification, and have been traditionally used in conjunction with a temporary modification. However, a 
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temporary modification is not appropriate for Grand Lake because there are no permitted discharges 
(now a prerequisite for temporary modifications). The Commission has, in at least two other instances 
(Lower Yampa Segment 3b, Johnson Gulch; and Animas River Segments 3a, 4a and 9), used Goal 
Qualifiers to express a future desired water quality condition, rather than a future use classification goal.  

The existing 4-meter summertime 85th percentile value standard was revised to 3.8-meter average Goal 
Qualifier as a refinement of the estimate of resulting clarity when there has been no pumping for at least 
seven days. The season was also refined to end just after the Labor Day weekend. This is the same 
concept that was the basis for the 2008 action, and achieving this level of clarity would signify protection 
of Grand Lake's clarity. The Commission also added a 2.5-meter daily minimum Goal Qualifier as a floor 
on clarity such that averaging clarity measurements over the entire summer will not mask abrupt 
decreases in clarity. 

In this hearing the Commission reaffirmed its commitment to improved water clarity in Grand Lake. The 
Commission reiterates that improvement in the clarity of Grand Lake is necessary, while noting that a 
single “attainable” level of clarity may not exist. The current and future cooperative efforts should continue 
to focus on a feasible, balanced approach that does not sacrifice water rights, the recreational fishery, or 
water quality in the Three Lakes system. The Commission remains concerned that it may be infeasible or 
impractical to find a single numeric standard that can be implemented uniformly in all years due to the 
fundamental requirement for the CB-T system to operate in a manner which varies year-to-year 
depending on supply of and demand for water. Any future, proposed attainability-based numeric standard 
must address these implementation issues. 

The Goal Qualifiers should be useful to guide the adaptive management process as embodied in the 
Memorandum of Understanding between the Proponents and the Bureau of Reclamation. Over the next 
five years, the Commission expects that the Parties to the MOU will engage in adaptive management that 
will improve clarity, and inform the operational component of the alternatives being considered. The 
adaptive management process will result in regular communication between the Parties to the MOU, 
monitoring of the operational adjustments on clarity, and an evaluation of the relative clarity 
improvements. Exhibit C to the MOU outlines the monitoring protocols. Three monitoring sites are 
identified (GL-WES, GL-MID, GL-ATW) and a sampling schedule is outlined, which states that samples 
will be collected once a week starting May 1 (or as soon as ice is off), 3 times per week from July 1 
through September 11 (may be increased to daily sampling based on operational planning), and once a 
week from September 12 through October 30. From July 1 through September 11, measurements must 
be taken at all three sites, and will be averaged to evaluate whether the Goal Qualifiers are being met. If 
data for at least one of the three sites are missing on any given day, an average for that day will not be 
computed. 

The narrative standard remains in effect and can serve to inform the purpose and need statement for the 
Bureau of Reclamation’s assessment of alternatives. Once the Bureau’s assessment is complete and 
there is a final assessment of the attainability constraints already identified, a proposal for an attainability-
based clarity standard can be considered by the Commission.  

The Division will assess consistency with the adopted narrative standard by monitoring whether the 
Proponents continue to implement the adaptive management process described in their Memorandum of 
Understanding and will review clarity measurements. Evaluation of the Goal Qualifiers will be 
accomplished by reviewing annual reports and summarizing progress at the Basin Issues Scoping 
Hearing.  In addition, as with all standards, the clarity standards (and goals) for Grand Lake are subject to 
periodic review, and the Commission expects to review and revisit this issue in future review cycles. 

PARTIES TO RULEMAKING 

1. Grand County 
2. Northwest Colorado Council of Governments 
3. Colorado River Water Conservation District 
4. Northern Colorado Water Conservancy District 
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5. Larimer County 
6. Mid-West Electric Consumers Association 
7. New Red Top Valley Ditch Company 
8. U. S. Bureau of Reclamation 
9. Environmental Protection Agency 
10. Colorado Parks and Wildlife 
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Representative Entity Title 

Katherine Morris Grand County Water Quality SpecialistManager 

Kayli Foulk Grand County Water Quality Specialist 

Brian Craig Northern Water Associate Water Resources Engineer 

Esther Vincent Northern Water Environmental Services Director 

Matthew Gloe Northern Water Environmental Data Program Manager 

Craig Friar Northern Water Collection Systems Department Manager 

Steve Anderson Northern Water Control Center Department Manager 

Dave Anderson Northern Water Engineering Technician Coordinator 

Maggie Spangler Northern Water Associate Water Quality Engineer 

Juan Pérez-Gutiérrez Northern Water Water Quality Engineer 

Curtis Hartenstine Northern Water Water Quality Manager 

Ashley Bembenek NWCCOG Soil and Water Scientist 

Torie Jarvis NWCCOG Planning Manager 

James VanShaar Reclamation Interdisciplinary Lead, Water Resources Group 

Chris Gnau Reclamation Hydrologist, Eastern Colorado Area Office 

Mike Eytel River District Water Resources Specialist 
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JUNE 2022 MODIFICATION OF  
GRAND LAKE CLARITY STAKEHOLDERS' MEMORANDUM OF UNDERSTANDING 

DATED JANUARY 2016 
 
In January 2016, the US Department of Interior Bureau of Reclamation (Reclamation), Northern Colorado 
Water Conservancy District (Northern Water), Grand County Board of Commissioners (Grand County), 
Northwest Colorado Council of Governments (NWCCOG), and Colorado River Water Conservation District 
(River District), hereinafter collectively referred to as the “Parties,” entered into a Memorandum of 
Understanding, designated No. 16-LM-60-2568 (MOU).  

The MOU established an adaptive management process to improve Grand Lake clarity while Reclamation 
plans and complies with the requirements of the National Environmental Policy Act process to evaluate 
alternatives to improve clarity. The MOU formalized and established the terms of an effective and 
cooperative effort of the Adaptive Management Committee (AMC) to implement the Grand Lake clarity 
narrative standards. The term of the MOU dictated the process to begin no later than April 15, 2016, and 
remain in effect until January 1, 2022, or as otherwise extended.  On December 24, 2021, this document 
was extended by all parties to December 31, 2026. 
 
The MOU established a process to implement the Colorado Water Quality Control Commission’s 
(Commission) narrative standard for clarity (5 CCR 1002-33, Numeric Standards Table, at p. 13, June 30, 
2015) and set Clarity Goals for Grand Lake from July 1 through September 11. The adaptive management 
process of the MOU generally operates as follows:  

• Before June 1 of each year, Reclamation is to identify operational scenarios to be modeled and 
evaluated and will meet with members of the AMC to seek input on those scenarios. The members 
of the AMC will determine the basis of monitoring, modeling or other analysis to determine if the 
relevant water quality indicators reach, or are expected to reach, certain thresholds. The AMC will 
consider the Commission’s relevant water quality standards and may recommend efforts to 
minimize exceedances in the Three Lakes system during July 1 through September 11. Monitoring 
is conducted throughout the Three Lakes system to support the understanding of any potential 
exceedance of the water quality indicators, clarity goals and water quality standards.  

• Members of the AMC will meet before June 1 to discuss the anticipated stream flow and 
hydrologic forecast, Colorado-Big Thompson (C-BT) operations, and the Northern Water and 
Municipal Subdistrict delivery obligations. The AMC will schedule weekly conference calls during 
July 1 through September 11 to discuss current and foreseeable operational deviations and water 
quality. During those calls, the members may discuss potential operational changes that could 
help in meeting clarity goals.  

On October 14, 2020, the East Troublesome Fire (ETF) ignited in Grand County. The fire burned 193,812 
acres of forest and shrubland as well as 366 residences in north-central Grand County and the Three 
Lakes watershed, until it was declared contained on November 30, 2020. Some of the watersheds 
burned in the fire included Willow Creek, Stillwater, North Fork and North Inlet (89, 90, 29, and 42% 
burned, respectively), all of which flow into the Three Lakes. The extent of impacts of the fire on water 
quality and the duration of those impacts are as yet unknown and difficult to forecast, however research 
from previous wildfires suggests that impacts will likely be severe and of long duration. In 2021, runoff 
from the fire area impacted water quality in the Three Lakes and the Colorado-Big Thompson system, 
particularly Willow Creek Reservoir. Sediment, debris, nutrients, and other parameters of concern (e.g. 
manganese) are expected to increase for many years to come. Subsequent ecosystem changes, such as 
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increased algal and cyanobacteria growth, have already occurred. 

Given the anticipated impacts of the fire, the members of the AMC have agreed that operating the MOU 
in the historical manner is not constructive. The change in water quality conditions would limit 
Reclamation’s ability to present varying operational scenarios and would impair the model’s ability to 
forecast water quality conditions per the operational scenarios. Water quality conditions may be so severe 
that operational flexibility will be diminished or eliminated.  

In acknowledgement of these challenges, the Parties have agreed to the following amended process to 
the 2016 MOU only for the 2022 GLAM season: 

• Preseason modeling of the operation scenario to forecast water quality response will not be
conducted.

• In lieu of modeling, pre-season data review and discussion between GLAM participants  will occur
regarding 2022 operations.

• Data collection and analysis will continue per the annual monitoring plan, including additional
wildfire related monitoring programs.

• The AMC will meet weekly from July 1 through September 11 to discuss the data and observations
on clarity.

• If, during the course of the GLAM season, a specific objective has been identified, and there are
sufficient data to support an investigative effort, the AMC will explore the use of models and other
analytical tools to understand the impacts to the Three Lakes system and how the system
responds to operations.

• Members of the AMC may provide input to Reclamation to modify the Operation Plan as needed
during the weekly conference calls.  Adaptive Management may include Reclamation making
changes in the C-BT Project operations or other appropriate measures.  Reclamation will evaluate
any input provided.

• A summary report of the GLAM season and process shall be produced to document the 2022
clarity season AMC efforts.

• A summary report on what the AMC learned about C-BT operational approaches and impacts to
clarity will be produced and provided to the Commission.

• These modifications are necessitated by the 2020 East Troublesome Fire for an additional one
year period. Nothing in this modification alters or supersedes the other terms and conditions set
forth in the 2016 MOU.

Bureau of Reclamation  Northern Colorado Water Conservancy District 

By: By: 
Jeff Rieker, Area Manager Bradley D. Wind, General Manager  

 Date Date 
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Colorado River Water Conservation District   

 
Northwest Colorado Council of Governments  

By:    By:  

Andy Mueller, General Manager      Jon Stavney, Executive Director  

   
Date       Date 

Grand County    

By:   
Kristen Manguso, Chair, Grand County Board of 
County Commissioners   
Date:   
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AGENDA 

Grand Lake Clarity Adaptive Management Kickoff Meeting 2022 

May 27, 2022 9:00 AM – 12:00 PM 
Call in: https://northernwater.zoom.us/j/87963559968?pwd=azJqQUM0VVJ1N0JsV3pmZ0k2MnhUQT09&from=addon 

Meeting ID: 879 6355 9968     Passcode: 108987 

SharePoint: https://northernwater.sharepoint.com/sites/GLClarityWG 

 

 

1 Introduction & Roll Call (5 min) 
    -Break logistics 

 

2 Adaptive Management Kickoff Meeting Ground Rules (5 min) 
Participation (AMC, Stakeholders) 
Agenda Review and Note Taking 

Adaptive Management Committee, 
Northern Water 

3 Adaptive Management Committee Business (5 min) 
2022 Meeting Schedule and Note Taking 

Adaptive Management Committee, 
Northern Water 

4 2022 Monitoring Plan (10 min) 
Summary of 2022 West Slope Data Collection 
GCWIN Updates 
 

Northern Water 

5 Review of operational plan (20 min) Bureau of Reclamation 

6 June Pre-Season Meetings (20 min) Adaptive Management Committee 

7 Opportunities for water quality model improvement (20 min) Adaptive Management Committee 

8 2022 Process and Letter Discussion (20 min) Adaptive Management Committee 

20 min Break (opportunity for stakeholders to confer with their AMC Representatives). Please utilize your own chat 
programs to discuss with your constituents or call back into the Zoom if need be. 

9 Adaptive Management Committee Discussion (45 min) 
 
 

Adaptive Management Committee 

10 All Participant Q&A Session (15 min) All 

11 Grand Lake Clarity Adaptive Management Kick Off Meeting Wrap 
up (15 min) 

All 

 

NOTES:  

 

 

 

 

 

 

 

 

 

 

https://northernwater.zoom.us/j/87963559968?pwd=azJqQUM0VVJ1N0JsV3pmZ0k2MnhUQT09&from=addon
https://northernwater.sharepoint.com/sites/GLClarityWG
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DRAFT Meeting Schedule:  

  

 

 

 

 

 

  

2022 June

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

30 31 01 02 03 04 05

06 07 08 09 10 11 12

13 14 15 16 17 18 19

20 21 22 23 24 25 26

27 28 29 30 01 02 03

04 05

2022 July

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

27 28 29 30 01 02 03

04 05 06 07 08 09 10
2:30 PM Weekly Call

11 12 13 14 15 16 17
2:30 PM Weekly Call

18 19 20 21 22 23 24
2:30 PM Weekly Call

25 26 27 28 29 30 31
2:30 PM Weekly Call

01 02

Notes:

Notes:
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2022 August

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

01 02 03 04 05 06 07
2:30 PM Weekly Call

08 09 10 11 12 13 14
2:30 PM Weekly Call

15 16 17 18 19 20 21
2:30 PM Weekly Call

22 23 24 25 26 27 28
2:30 PM Weekly Call

29 30 31 01 02 03 04
2:30 PM Weekly Call

05 06

2022 September

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

29 30 31 01 02 03 04

05 06 07 08 09 10 11
2:30 Weekly Call

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30 01 02

03 04

Notes:

Notes:
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2022 October

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

26 27 28 29 30 01 02
1 PM: Debriefing session 

and wrap up

03 04 05 06 07 08 09

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30
Draft Annual Report

31 01

2022 November

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

31 01 02 03 04 05 06

07 08 09 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27
Annual Report Comments 

Due

28 29 30 01 02 03 04

05 06
Final Annual Report

Notes:

Notes:
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 06/07/2022 

 

Call In: +1 877 369 0926      Meeting ID: 893 9516 0640 Password: 184101 

 URL: 
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=a
ddon  

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?         
GL min Secchi < 2.5 m ?     
SM Surface pH > 8 ?       
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ?     

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 27.6 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) -  Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 1510 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 1,171 cfs See graph NI:342.5 NF:537.8 EI:290.9 Total: 1,171 cfs 
Granby Res. Total Storage (af) 447795 af   
Granby Res. Outflow (cfs) 68.4 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  
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Grand Lake Adaptive Management Weekly Report  

  



 

06/07/2022    Page 12 of 18 

 

Grand Lake Adaptive Management Weekly Report  

   

   

   



 

06/07/2022    Page 13 of 18 

 

Grand Lake Adaptive Management Weekly Report  

   

   



 

06/07/2022    Page 14 of 18 

 

Grand Lake Adaptive Management Weekly Report  
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 06/14/2022 

 

Call In: +1 877 369 0926      Meeting ID: 893 9516 0640 Password: 184101 

 URL: 
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=a
ddon  

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?         
GL min Secchi < 2.5 m ?     
SM Surface pH > 8 ?       
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ?     

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 28.3 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) -  Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 1890 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 1,171 cfs See graph NI:432 NF:792 EI:440 Total: 1,664 cfs 
Granby Res. Total Storage (af) 486519 af   
Granby Res. Outflow (cfs) 79.9 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 06/21/2022 

 

Call In: +1 877 369 0926      Meeting ID: 893 9516 0640 Password: 184101 

 URL: 
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=a
ddon  

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?         
GL min Secchi < 2.5 m ?     
SM Surface pH > 8 ?       
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ?     

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 22.6 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) -  Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 728 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 696 cfs See graph NI:256 NF:200 EI:240 Total: 696 cfs 
Granby Res. Total Storage (af) 508326 af   
Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 06/28/2022 

 

Call In: +1 877 369 0926      Meeting ID: 893 9516 0640 Password: 184101 

 URL: 
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=a
ddon  

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?         
GL min Secchi < 2.5 m ?     
SM Surface pH > 8 ?       
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ?     

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 79.6 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 0.2 cfs increasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 452 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 401 cfs See graph NI:175 NF:74 EI:152 Total: 401 cfs 
Granby Res. Total Storage (af) 520467 af   
Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
https://northernwater.zoom.us/j/89395160640?pwd=bHlndjBkOUlMU3V4bVBNeU45eExTdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 07/05/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    4.2m  X  
GL min Secchi < 2.5 m ? 3.8 m     X  
SM Surface pH > 8 ?      7.5     X SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 4.3 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 196 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 5.2 cfs constant Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 173 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 302 cfs See graph NI:148 NF:46 EI:108 Total: 302 cfs 
Granby Res. Total Storage (af) 527484 af   
Granby Res. Outflow (cfs) 97.5 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Updates: 

• BOR Placeholder 

• Report updates -next week 
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 07/12/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    4.1m  X  
GL min Secchi < 2.5 m ? 3.6 m     X  
SM Surface pH > 8 ?      7.7     X SM-DAM 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.0 mg/L  X SM-MID 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 404 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 5.2 cfs increasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 54.8 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 201 cfs See graph NI:102.6 NF:24.3 EI:73.9 Total: 201 cfs 
Granby Res. Total Storage (af) 529209 af   
Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Report updates -almost complete 
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 07/19/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.8 m  X  
GL min Secchi < 2.5 m ? 3.2 m     X  
SM Surface pH > 8 ?      7.8     X SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 5.5 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 450 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 12.9 cfs increasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 65.8 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 150 cfs See graph NI:79.3 NF:14 EI:56.6 Total: 150 cfs 
Granby Res. Total Storage (af) 527699 af   
Granby Res. Outflow (cfs) 139 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Pumping operation summary 

• New graphs 

• Graphs with Farr pumping data are currently daily data instead of real-time so 

cycling pump rates are not visible. We are working to reincorporate the real-time 

data.
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 07/26/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.7 m X  Last Week=3.8 
GL min Secchi < 2.5 m ? 3.2 m     X  
SM Surface pH > 8 ?      7.7     X SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 5.9 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 530 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 28.8 cfs decreasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 37.2 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 107 cfs See graph NI:52.4 NF:6.9 EI:47.3 Total: 107 cfs 
Granby Res. Total Storage (af) 523040 af   
Granby Res. Outflow (cfs) 74.6 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Pumping operation summary still being sent out 

• Graphs with Farr pumping data are currently daily data instead of real-time so 

cycling pump rates are not visible. We are working to reincorporate the real-time 

data. 

• NADP precipitation data likely off
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Grand Lake Adaptive Management Weekly Report  

Meeting Date: 08/02/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.6 m X   
GL min Secchi < 2.5 m ? 3.0 m     X  
SM Surface pH > 8 ?      8.0     X SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.0 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 546 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 46.9 cfs increasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 25.3 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 112 cfs See graph NI:40.0 NF:38.6 EI:33.0 Total: 112 cfs 
Granby Res. Total Storage (af) 519326 af   
Granby Res. Outflow (cfs) 75.9 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Grand Lake Secchi not collected on Wednesday due to boat issues 

• Graphs with Farr pumping data are currently daily data instead of real-time so 

cycling pump rates are not visible. We are working to reincorporate the real-time 

data. 

• Investigating outlier precipitation point, currently removed from report



 

08/02/2022    Page 3 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 



 

08/02/2022    Page 4 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 



 

08/02/2022    Page 5 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 

 



 

08/02/2022    Page 6 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 



 

08/02/2022    Page 7 of 20 

 

Grand Lake Adaptive Management Weekly Report  



 

08/02/2022    Page 8 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 



 

08/02/2022    Page 9 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 

 



 

08/02/2022    Page 10 of 20 

 

Grand Lake Adaptive Management Weekly Report  



 

08/02/2022    Page 11 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 



 

08/02/2022    Page 12 of 20 

 

Grand Lake Adaptive Management Weekly Report  

  



 

08/02/2022    Page 13 of 20 

 

Grand Lake Adaptive Management Weekly Report  

   



 

08/02/2022    Page 14 of 20 

 

Grand Lake Adaptive Management Weekly Report  

   

   



 

08/02/2022    Page 15 of 20 

 

Grand Lake Adaptive Management Weekly Report  

   



 

08/02/2022    Page 16 of 20 

 

Grand Lake Adaptive Management Weekly Report  

   



 

08/02/2022    Page 17 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 



 

08/02/2022    Page 18 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

 



 

08/02/2022    Page 19 of 20 

 

Grand Lake Adaptive Management Weekly Report  

  

  



 

08/02/2022    Page 20 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 



 

08/09/2022  

  Page 1 of 20 

 

Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 08/09/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.5 m X   
GL min Secchi < 2.5 m ? 3.0 m     X  
SM Surface pH > 8 ?      8.3 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.0 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 544 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 48.8 cfs Decreasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 44.8 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs) 112 cfs See graph NI:27.4 NF:29.8 EI:21.7 Total: 78.9 cfs 
Granby Res. Total Storage (af) 513848 af   
Granby Res. Outflow (cfs) 75.9 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• GR-PUMP turbidity data now available on GLClarityWG Sharepoint Dashboards 

• Graphs with Farr pumping data are currently daily data instead of real-time so 

cycling pump rates are not visible. We are working to reincorporate the real-time 

data. 

• Investigating outlier precipitation point, currently removed from report
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Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 08/16/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.4 m X  Last Week=3.5m 
GL min Secchi < 2.5 m ? 2.8 m     X  
SM Surface pH > 8 ?      8.1 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.2 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 398 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 66.8 cfs Decreasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 41.7 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs)  162 cfs See graph NI:39.5 NF:75.1 EI:47.4 Total: 162 cfs 
Granby Res. Total Storage (af) 507055 af   
Granby Res. Outflow (cfs) 95.9 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Replaced conductivity with turbidity on GR-PUMP graph 

• Added all parameters for SM-CHL sonde 

• GR-PUMP turbidity data now available on GLClarityWG Sharepoint Dashboards 

• Graphs with Farr pumping data are currently daily data instead of real-time so 

cycling pump rates are not visible. We are working to reincorporate the real-time 

data. 

• Investigating outlier precipitation point, currently removed from report
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Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 08/23/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.3 m X  Last Week=3.4m 
GL min Secchi < 2.5 m ? 2.6 m     X  
SM Surface pH > 8 ?      8.2 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.0 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 528 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 63.9 cfs Increasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 41.7 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs)  162 cfs See graph NI:23.8 NF:34.9 EI:23.2 Total: 81.9 cfs 
Granby Res. Total Storage (af) 500943 af   
Granby Res. Outflow (cfs) 99.1 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Graphs with Farr pumping data are currently daily data instead of real-time so cycling pump rates are not visible. 

We are working to reincorporate the real-time data. 
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Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 08/30/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.3 m X  Last Week=3.3m 
GL min Secchi < 2.5 m ? 2.6 m     X  
SM Surface pH > 8 ?      8.4 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.0 mg/L  X SM-DAM 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 554 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 71.2 cfs Decreasing Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 42.4 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs)  162 cfs See graph NI:24.9 NF:36.8 EI:21.2 Total: 82.9 cfs 
Granby Res. Total Storage (af) 495528 af   
Granby Res. Outflow (cfs) 72.1 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Secchi not collected in Grand Lake on 8/26 due to weather 

• SM-DAM buoy not working between 8/23 and 8/30, no data 

• Graphs with Farr pumping data are currently daily data instead of real-time so cycling pump rates are not visible. 

We are working to reincorporate the real-time data. 
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Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 09/06/2022 

 

Call In: +1 877 853 5247      Meeting ID: 876 7341 5887 Password: 838390 

 URL: 
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?     X  Last Week=3.3m 
GL min Secchi < 2.5 m ?      X  
SM Surface pH > 8 ?      8.1 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.3 mg/L  X SM-MID (SM-DAM not working) 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs) 400 cfs See graph Source USBR 
Big Thompson Deliveries (cfs) 85.1 cfs Constant Source NW 
Farr Pumping (cfs) 0 See graph Source USBR  
Shadow Mountain Releases (cfs) 36.5 cfs  Source USGS Gage 
Upper Colorado Native Flow (cfs)  58.9 cfs See graph NI:17.3 NF:28.6 EI:13.0 Total: 58.9 cfs 
Granby Res. Total Storage (af) 489234 af   
Granby Res. Outflow (cfs) 95.9 cfs NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZqTXJENWtCR3pRdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• BOR Placeholder 

• Currently missing Secchi data from 9/2, Secchi Goal Qualifiers not currently assessed in Water Quality Indicators 

table,  this report will be updated once the data is in 

• Graph on pg 4 not updated 

• SM-DAM buoy not working since 8/23 due to cable damage, no data since 8/23 

• Graphs with Farr pumping data are currently daily data instead of real-time so cycling pump rates are not visible. 

We are working to reincorporate the real-time data. 
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Grand Lake Adaptive Management Weekly Report  

 



Appearance of Water
in Grand Lake and Shadow Mountain

2022

Photographs by 
GCWIN



SMR-DAM
Secchi Disk placed at 2ft or .6m

6-1-2022
8:42 AM
Sunny

6-6-2022
8:40 AM
Partly Cloudy 

6-13-2022
8:25 AM
Sunny

6-20-2022
8:51
Partly Cloudy

6-29-2022
9:09 AM
Sunny



SMR-DAM
Secchi Disk placed at 4ft or 1.2m

6-1-2022
8:43 AM
Sunny 

6-6-2022
8:41 AM
Partly Cloudy 

6-13-2022
8:27 AM
Sunny

6-20-2022
8:51
Partly Cloudy

6-29-2022
9:10 AM
Sunny



SMR-MID
Secchi Disk placed at 2ft or .6m

6-1-2022
9:23 AM 
Sunny 

6-6-2022
9:05 AM
Partly Cloudy 

6-13-2022
8:45 AM
Sunny

6-20-2022
8:41
Partly 
Cloudy

6-29-2022
9:20 AM
Sunny



SMR-MID
Secchi Disk placed at 4ft or 1.2m

6-1-2022
9:24 AM 
Sunny

6-6-2022
9:08 AM
Partly Cloudy 

6-13-2022
8:46 AM
Sunny

6-20-2022
8:45
Partly 
Cloudy

6-29-2022
9:20 AM
Sunny



GL-West
Secchi Disk placed at 2ft or .6m

6-1-2022
10:17 AM
Sunny

6-6-2022
10:00 AM
Partly Cloudy

6-13-2022
9:34 AM 
Sunny

6-20-2022
9:39
Partly Cloudt

6-29-2022
9:56 AM
Sunny



GL-West
Secchi Disk placed at 4ft or 1.2m

6-1-2022
10:19 AM 
Sunny 

6-6-2022
10:01 AM
Partly Cloudy

6-13-2022
9:34 AM
Sunny

6-20-2022
9:39
Partly Cloudy

6-29-2022
9:56 AM
Sunny



GL-MID
Secchi Disk placed at 2ft or .6m

6-1-2022
10:38 AM
Sunny 

6-6-2022
10:27 AM
Partly Cloudy

6-13-2022
9:59 AM
Sunny

6-20-2022
10:01
Partly Cloudy

6-29-2022
10:17 AM
Sunny



GL-MID
Secchi Disk placed at 4ft or 1.2m

6-1-2022
10:38 AM
Sunny 

6-6-2022
10:27 AM
Partly Cloudy

6-13-2022
10:00 AM
Sunny

6-20-22
10:02
Partly Cloudy

6-29-2022
10:18 AM
Sunny



Regular axis   

 

Log axis 

 



Average Goal Qualifier in Context of Past 
Years

Year Jul-Sep 11 Annual 
Average Secchi 

(viewscope)

Clarity Goal Actual minus Goal Goal Met?

2005 2.8 3.8 -1.03 N
2006 3.2 3.8 -0.57 N
2007 2.7 3.8 -1.14 N
2008 2.9 3.8 -0.91 N
2009 3.5 3.8 -0.26 N
2010 3.1 3.8 -0.72 N
2011 5.6 3.8 1.77 Y
2012 2.9 3.8 -0.93 N
2013 3.3 3.8 -0.50 N
2014 4.2 3.8 0.40 Y
2015 4.4 3.8 0.64 Y
2016 3.3 3.8 -0.53 N
2017 3.9 3.8 0.09 Y
2018 4.6 3.8 0.79 Y
2019 4.8 3.8 0.98 Y
2020 3.0 3.8 -0.82 N
2021 3.6 3.8 -0.16 N
2022 3.2 3.8 -0.59 N

# Years Goal Met 6
Total # of Years 18
% of Years Goal Met 33%
% of Years Goal Met in 
last 5 years 60%



Minimum Goal Qualifier in Context of 
Past Years

Year Jul-Sep 11 Annual 
Minimum Secchi 

(viewscope)

Clarity Goal Actual minus Goal Goal Met?

2005 1.9 2.5 -0.65 N
2006 2.5 2.5 0.00 Y
2007 1.5 2.5 -1.03 N
2008 2.3 2.5 -0.17 N
2009 2.2 2.5 -0.33 N
2010 1.8 2.5 -0.73 N
2011 3.5 2.5 1.01 Y
2012 2.1 2.5 -0.37 N
2013 2.3 2.5 -0.21 N
2014 2.5 2.5 0.00 Y
2015 3.6 2.5 1.05 Y
2016 2.4 2.5 -0.08 N
2017 2.7 2.5 0.22 Y
2018 3.9 2.5 1.43 Y
2019 4.0 2.5 1.50 Y
2020 2.4 2.5 -0.09 N
2021 2.7 2.5 0.20 Y
2022 2.6 2.5 0.12 Y

# Years Goal Met 9
Total # of Years 18
% of Years Goal Met 50%
% of Years Goal Met in last 10 years 60%
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Grand Lake Adaptive Management Weekly Report  

 

Meeting Date: 10/28/2022 

 

Call In: +1 877 369 0926      Meeting ID: 871 5485 4214 Password: 367358 

 URL: 
https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&from=ad
don 

Attendees: 

 Northern Water  Grand County  CRWCD 

 Northern Water  Reclamation  CRWCD 

 Northern Water  Reclamation  WAPA 

 Northern Water  Reclamation  Larimer County 

 Northern Water  Reclamation  Larimer County 

 Northern Water  USGS  Town of Grand Lake 

 Northern Water  NWCCOG  TLWA 

 Northern Water  Hydros  GCWIN 

Water Quality Indicators Current Yes No Comments 

GL avg Secchi < 3.8 m ?    3.2 m X   
GL min Secchi < 2.5 m ? 2.6 m     X  
SM Surface pH > 8 ?      8.1 X     SM-MID 
SM Surface DO (%)> 100%? N/A  N/A  
SM bottom DO < 3 mg/L ? 6.3 mg/L  X SM-MID (SM-DAM not working) 

Operational Parameters 
 
Current Forecast  Comments 

Adams Tunnel Deliveries (cfs)  See graph Source USBR 
Big Thompson Deliveries (cfs)  Constant Source NW 
Farr Pumping (cfs)  See graph Source USBR  
Shadow Mountain Releases (cfs)   Source USGS Gage 
Upper Colorado Native Flow (cfs)   See graph NI:17.3 NF:28.6 EI:13.0 Total: 58.9 cfs 
Granby Res. Total Storage (af)    
Granby Res. Outflow (cfs)  NA Source USGS Gage (CO River below Granby) 

    

Climate Forecast  

7 day qpf 

1-5 day minimum temperature anomaly forecast 

1-5 day maximum temperature forecast  

Grand Lake extended Forecast 

Fort Collins/Loveland extended Forecast 

Inflows Forecast 

Granby Inflow 

ACTION ITEMS 

 

 

 

 

https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&from=addon
https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&from=addon
http://waterdata.usgs.gov/co/nwis/uv?cb_00060=on&format=gif_default&site_no=09015000&period=7&begin_date=2016-08-11&end_date=2016-08-18
https://waterdata.usgs.gov/nwis/uv?09019000
http://www.wpc.ncep.noaa.gov/qpf/p168i.gif?1445893676
http://www.wpc.ncep.noaa.gov/medr/95Bwbg.gif
http://www.wpc.ncep.noaa.gov/medr/95Awbg.gif
http://forecast.weather.gov/MapClick.php?CityName=Grand+Lake&state=CO&site=BOU&textField1=40.2512&textField2=-105.821&e=0#.V2mCVPkrLb0
http://forecast.weather.gov/MapClick.php?CityName=Loveland&state=CO&site=BOU&lat=40.4186&lon=-105.072#.V2mCsvkrLb0
http://www.cbrfc.noaa.gov/rmap/wsup/point.php?rfc=cbrfc&id=GBYC2
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Grand Lake Adaptive Management Weekly Report  

Updates: 

• SM-DAM buoy not working since 8/23 due to cable damage, no data since 8/23 

• Graphs with Farr pumping data are currently daily data instead of real-time so cycling pump rates are not visible. 

We are working to reincorporate the real-time data. 
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GLAM Debrief Meeting Agenda 
 

When:  Friday, October 28, 2022, 10:30 AM-11:30 AM 

 URL:  https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&fro

m=addon  

 Meeting ID:   871 5485 4214 

Passcode:    367358  

 

Meeting Objectives:   

1. Discuss the 2022 GLAM season including operational approaches and the resulting effects on water 

quality.   

2. Discuss the 2022 GLAM Annual Summary Report.  The MOU states: The AMC shall annually prepare a 

summary of what it learned about C-BT Project operational approaches to meet the Clarity Goals, as 

well as effects on water quality, which it shall provide to the Water Quality Control Commission.   

3. Discuss considerations for 2023 GLAM Season.  

  

2022 GLAM Season operations and impacts to clarity 25 min   

• Review of 2022 final weekly report-Maggie 

• 2022 in context of past years-Maggie 

• Operational scenarios and adaptive management efforts (BOR)  

• Group discussion 

  

2022 GLAM Annual Report (Northern Water) 15 min  

• Suggestions for 2022 GLAM Annual Report 

  

Considerations for 2022 GLAM (Northern Water) 10 min   

• Maintenance and Operational Forecast for 2023 

• 2023 GLAM Process 

Questions/Wrap Up (Northern Water) 10 Min  

 

 

https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&from=addon
https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFJNGlEOVlpNnVrdz09&from=addon
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