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Background & Purpose of the Report

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 Government (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 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 system”.
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 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 Goal Qualifiers will be accomplished by reviewing annual reports and summarizing progress at the Basin
Issues Scoping Hearing.”
The Clarity MOU also requires the preparation of an annual report 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 on
clarity in Grand Lake. The MOU specifies consideration of three water quality indicator thresholds – Grand Lake Secchi
depth at index sites, Shadow Mountain Reservoir dissolved oxygen at the bottom and surface, and pH in Shadow Mountain
Reservoir near the surface.
This report meets the reporting requirements of the Clarity MOU and the Water Quality Control Commission.
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2019 Adaptive Management Process

2019 Adaptive Management Process
This section describes how the Adaptive Management process was carried out in 2019.
1.

Adaptive Management Committee Representatives

The Adaptive Management Committee (AMC) comprises representatives of Reclamation, Northern Water, Grand County,
NWCCOG and the River District. A list of the representatives that attended the meetings in 2019 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 through September 11 period. This process is illustrated in Figure 1.
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Figure 1 - Adaptive Management Process

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.
2.

Planning Process

In accordance with the Clarity MOU, the Adaptive Management Committee met on May 30, 2019, in Grand County, to
review proposed operational scenarios and corresponding water quality model simulations.
Prior to this meeting, Reclamation developed two operational scenarios using its Annual Operational Plan (AOP) model.
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2019 Adaptive Management Process
The results from these AOP model runs were then processed through the Three Lakes CE-QUAL-W2 water quality model by
Reclamation and Northern Water staff.
At the meeting on May 30, 2019, Reclamation presented their operational scenarios and simulated WQ results. Members
of the AMC discussed the operating scenarios and water quality analysis and provided feedback (Operational plans,
meetings notes, comments and materials, and Water Quality modeling results are compiled in Appendix F).
The Adaptive Management Committee subsequently provided comments to Reclamation on the information presented at the
May 30, 2019 meeting. Reclamation refined their operational plans, conducted additional water quality modeling, and
announced its Draft Operational Plan on June 11, 2019. Based on comments to the draft plan provided by the Adaptive
Management Committee, Reclamation announced its narrative Final Operational Plan on June 21, 2019.
The Adaptive Management Committee began weekly conference calls on July 3, 2019 and continued to meet weekly until
September 5, 2019.
The Adaptive Management Committee held a debriefing meeting on October 2, 2019. This meeting focused on discussion
of possible improvements to the process, lessons learned and recommendations for following years.
A schedule of all the meetings is included in Appendix D. Weekly meeting materials, notes and plans are compiled in
Appendix E.
3.

2019 Operational constraints

No major operational or maintenance activities restricted operations of the C-BT Project in 2019. Hydrologically, the
stream flow for the Upper Colorado was forecasted to be average. The forecast indicated a low chance of a spill from
Granby Reservoir. Northern Water and the Municipal Subdistrict worked with the Windy Gap Participants to pump during
the early season, with the goal of pumping and not spilling. The most probable runoff into the C-BT Project collection system
was forecasted to be 244 KAF.
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2019 Operational Plan
Reclamation prepared two proposed Operational Plans for presentation and discussion at the May 30, 2019 kickoff
meeting. All scenarios presented sought to: provide good clarity conditions in Grand Lake, conserve Colorado River water
and avoid unnecessary spill at Granby Dam, meet demands of the Colorado-Big Thompson project, notably on the Big
Thompson River, to generate clean hydropower while capitalizing on east slope skim water, and create the greatest suite
of public benefits from the system. Early season conditions were conducive to operational flexibility. No major operational
outages were planned, a 70% quota was set by the Northern Water Board, and forecasted meteorology showed a threemonth weather outlook of slightly wetter than average weather, with slightly warmer air temperatures than average.
1.

Plan selection

As outlined in the MOU, no specific operational scenario was selected during the May 30 meeting. West Slope
representatives noted that none of the simulated operational scenarios met the 3.8 meter running average MOU goal
qualifier for clarity. It was noted that early season scenario patterns are highly variable and the modeling provides
context for differences between scenarios as related to clarity impacts, not necessarily a predictor of absolute secchi
values.
Oral and written comments and recommendations from Grand County, Northern Water, the River District, and NWCCOG
were taken under advisement by Reclamation. On June 12, 2019 Reclamation released a Draft Operational plan, and
followed up with a Final Operational plan on June 21, 2019 via email to the Adaptive Management Committee. These are
presented in Appendix F. Under this plan, Reclamation intended to operate the C-BT Project during the Clarity Period (July
1 – September 11) in a cyclic diversion scheme at Adam’s Tunnel (300 cfs Sunday to Monday, 500 cfs Tuesday to
Saturday), and to attempt the maintenance of flows from Grand Lake into Shadow Mountain Reservoir as a settling period
beginning in early July and ending no later than July 15. The plan, as outlined by Reclamation is below:

“ - Manage trade-offs between east slope skim hydropower opportunities and the use of remaining Granby Reservoir
storage. This is done by adjusting diversions through Adams Tunnel across flow rates smaller than its capacity during June
and July. An ideal outcome will have Granby Reservoir storage peaking near capacity, and Olympus Tunnel running at or
near capacity for several weeks. Various other considerations may tip the scales away from that ideal.
- A period for Grand Lake settling will be sought beginning in early July. This period is anticipated to end no later than
July 15. Operations will target ongoing flows from Grand Lake to Shadow Mountain at a rate of 40 cfs. Coming on the
heels of large natural inflows, defining the start and end of this period requires consideration of:
o Remaining Granby Storage
o East slope skimming opportunities
o Shadow Mountain total inflows
o Miscellaneous water quality parameters at Shadow Mountain Reservoir, Granby Reservoir and
Grand Lake, which may include secchi, temperature, dissolved oxygen, and chlorophyll observations
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2019 Operational Plan
-Near the end of the settling period, a brief flushing of the Farr Pump Canal may be performed. Pumped water will be
combined with natural inflow to Shadow Mountain and released to the Colorado River and stored in Granby. The timing,
magnitude and duration of this operation has not been determined.
-Following the settling period, Adams Tunnel diversions will resume with daily-averaged flows approximating 500 cfs for
five days of the week (probably Tuesday – Saturday), 300 cfs on Sunday, and 355 cfs on Monday. The actual weekly
pattern may evolve, if maintenance goals associated with reduced Monday flows are not met. Flow rates within any given
day may vary depending on operational considerations, power values, etc. Flows at the various east slope facilities will
vary both within a day and within a week to produce maximum benefit consistent with the Standard Operating Procedures.
-Farr Pumping will occur as needed to support Adams Tunnel diversions. The number of units run, and their start and stop
times will continue to reflect economic efficiencies.”
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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 2019
adaptive management season (Jul 1 - Sep 11).
1.

Summary of clarity and operations relative to clarity

Figure 2 - Grand Lake Jul-To Date Average Secchi and Farr Pump Flows

Figure 3 - Grand Lake Jul-To Date Minimum Secchi and Farr Pump Flows
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Figure 4 - Grand Lake Secchi, Farr Pump Flows and Inflows
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2.

Shadow Mountain Reservoir Water Quality Summary

Figure 5 - Shadow Mountain Dam Buoy – Temperature

Figure 7 - Shadow Mountain Dam Buoy – Dissolved Oxygen

Figure 10 - Shadow Mountain Dam Buoy – pH

Figure 6 - Shadow Mountain Mid Buoy – Temperature

Figure 8 - Shadow Mountain Mid Buoy – Dissolved Oxygen

Figure 9 - Shadow Mountain Mid Buoy – pH
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Figure 11 - Shadow Mountain Dam Buoy – Specific Conductivity

Figure 14 - Shadow Mountain Dam Buoy – Turbidity

Figure 15 - Shadow Mountain Dam Buoy – Blue Green Algae RFU

Figure 12 - Shadow Mountain Mid Buoy – Specific Conductivity

Figure 13 - Shadow Mountain Mid Buoy – Turbidity

Figure 16 - Shadow Mountain Mid Buoy – Blue Green Algae RFU
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Figure 17 - Shadow Mountain Dam Buoy - Chlorophyll A

Figure 18 - Shadow Mountain Mid Buoy – Chlorophyll A

Figure 19 - Shadow Mountain Dam Surface DO (2012-2018)

Figure 20 - Shadow Mountain Mid Surface DO (2012-2018)

Figure 22 - Shadow Mountain Dam Bottom DO (2012-2018)

Figure 21 - Shadow Mountain Mid Bottom DO (2014-2018)

Page | 10

Grand Lake Clarity & Shadow Mountain Water Quality

Figure 24 - Shadow Mountain Dam Surface pH (2014-2018)

Figure 23 - Shadow Mountain Mid Buoy Surface pH (2014-2018)

Figure 25 - Shadow Mountain Dam buoy measurements of Phycocyanin and Chlorophyll-a

Figure 26 - Shadow Mountain Mid buoy measurements of daily average Phycocyanin and Chlorophyll-a
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3.

Water Quality and Operations Summary Discussion

Peak runoff in 2019 was reached on July 1st, with a total seasonal runoff volume of 278 KAF, which was slightly higher
than the 244 KAF predicted in early May. A late June storm event that bolstered snowpack levels accounts for much of this
increase. The increased forecast did create a spill at Granby Reservoir this year.
Following peak runoff and the associated decrease in water clarity typically associated with runoff, clarity began to
improve with a Grand Lake average 1 Secchi depth of 6.0 meters on July 19th. Until this date, flow continued from Grand
Lake to Shadow Mountain Reservoir. Following the runoff peak, clarity in Grand Lake slowly decreased to approximately
4.3 meters by July 26th. During this period, pumping commenced at the Farr Pumping plant on July 19th with a flushing flow
of the Farr Pump canal (three-hour pump, 103 af). Directly following the pumping period, diversions at the Adam’s Tunnel
were increased and flow was reversed in the Shadow Mountain Reservoir connecting channel as water began flowing from
Shadow Mountain Reservoir into Grand Lake. Routine pumping commenced on July 22nd. From early June to mid-July,
Adam’s Tunnel diversions were varied to avoid spill at Granby Reservoir, maximize east slope power skim opportunities,
and to meet demands of the east slope. From July 19 to mid-August, diversions through the Adam’s Tunnel were maintained
near 500 cfs. Towards the end of this period, it was noted that debris on the trash rack of the west portal of the Adam’s
Tunnel was reducing capacity and making it difficult to divert 550 cfs. This resulted in the tunnel diversions being stopped
on August 14 for cleaning of the trash racks. Following this maintenance, diversion cycling of 300/500 cfs at Adam’s Tunnel
began for the remainder of the season.

Figure 27 - Shadow Mountain Reservoir and Grand Lake Average Secchi, Farr Pump Flows and Inflow

1

The average is computed based on the three key sites used for Grand Lake: GL-WES, GL-MID and GL-ATW.
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Figure 28 - Farr Pumping, Shadow Mountain Channel, and Adams Tunnel Flows

For much of July and into early August, Grand Lake clarity stabilized near 4.3 meters. For the remainder of August, Grand
Lake saw improvements to nearly 5 meters of clarity as the Farr pumps were continually cycled. At the end of August
moving into September, clarity decreased to 4 meters through season’s end. The late season period of clarity decline
coincides with warmer temperatures and a change in Farr pumping patterns, suggesting that a combination of these two
factors may have contributed to the observed decline.
Similarly, Shadow Mountain Reservoir showed excellent clarity this year. The delayed runoff and cool spring resulted in
Shadow Mountain Reservoir beginning the season near 3 meters of clarity. Following runoff, the reservoir showed a slight
decrease in clarity at the onset of pumping but continued to show improvement to a maximum clarity of over 4 meters
throughout the summer. Water quality in Shadow Mountain Reservoir remained within acceptable parameters throughout
the season. Indicators of algal productivity, as recorded at the buoy profiler sites, remained very low during the clarity
season despite summer air temperatures being warmer than average and low overall precipitation for the season. Surface
heating and stratification was mitigated due to the cooler spring, late runoff, and cool water from Granby reservoir
brought in by the Farr pumps, perhaps resulting in low algal production. Elevated pH was noted briefly at the end of
August and early September (>8 pH on 9/4 - 9/10), however no actions were taken as clarity was meeting the goal
qualifiers and algal productivity was low.
In previous years we’ve seen degraded water quality in Shadow Mountain Reservoir impact Grand Lake clarity as it moves
through the connecting channel into Grand Lake during pumping operations. By this same mechanism, the excellent water
quality in Shadow Mountain Reservoir contributed highly to the excellent clarity in Grand Lake in 2019. The late peak
runoff provided cool inflows to Grand Lake and Shadow Mountain Reservoir and delayed the need for pumping until late
July. Large volumes of water were moved through Grand Lake, Shadow Mountain Reservoir, and Granby Reservoir this
year due to the elevated runoff volume and high diversions through the Adam’s Tunnel (Figure 29).
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Figure 29 - Cross year comparison of cumulative Adams Tunnel diversions between June and September.

4.

Goal Qualifier Assessment and Water Quality Indicators

The clarity goal qualifier of 3.8 meter running average and 2.5 meter minimum during July 1 through September 11 were
both met in 2019, as shown in Table 1. The average clarity was 4.8 meters, and the minimum clarity was 4.0 meters.
Bottom dissolved oxygen levels in Shadow Mountain Reservoir never dropped below the 3 mg/L threshold during the
clarity period between July 1 and September 11. Surface pH exceeded the adaptive management threshold of 8,
beginning September 4, and remained elevated (oscillating above and below 8) until season’s end.
Table 1 - Clarity Goal Qualifiers and Water Quality Indicators Summary

Indicator
Threshold

Threshold crossed?

Date Indicator Threshold
Exceeded

Grand Lake Clarity Running Average
Jul-To Date (m)

3.8

No (4.8 m)

NA

Grand Lake Clarity Running Minimum
Jul-To Date (m)

2.5

No (4.0 m)

NA

Shadow Mountain Surface pH

8

Yes

09/04-09/10

Shadow Mountain Bottom DO (mg/L)

3

No

NA
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5.

Farr Pump Canal Flush Experiment

During the July 18th weekly meeting, it was noted that the need to turn on Farr Pump and enter routine pumping operations
was approaching. Seeing an opportunity to experiment with operations and potentially gain insights into system dynamics,
a plan to conduct a flushing flow of the Farr Pumping canal was discussed. Various mechanisms of flushing the canal were
discussed including direct pumping of water into Shadow Mountain Reservoir, draining of the pump canal through the
Green Ridge campground by closing the canal radial gate and releasing water directly into the Colorado River, as well as
closing the canal radial gate and draining the canal backward through the Farr Pumping plant into Granby Reservoir.
Based on these discussions between the Adaptive Management Committee, the Bureau of Reclamation, and the Western
Area Power Authority, Reclamation released a plan for flushing the pump canal via a three-hour pump operation to move
water out of the canal and into Shadow Mountain Reservoir. During this operation, representatives from Northern Water
and Grand County Water Information Network planned to be onsite at the pump canal and on Shadow Mountain
Reservoir to observe the operation and collect additional water quality data.
The final plan consisted of reducing releases at Shadow Mountain Reservoir dam to the minimum required for July. After
the releases were reduced, a single pump at Farr pump plant was operated for three hours to flush the canal. The detailed
final plan released by Reclamation can be found in Appendix G.
Prior to this operation, Northern Water’s Field Services staff deployed a water quality sonde at the mouth of the Farr
pump canal, near the radial gates, where it enters into Shadow Mountain Reservoir. This probe measured turbidity data
during the flushing event. On the day of the flush, Farr pump commenced pumping at 9:18 am, and ceased at 12:18 pm.
During these three hours a total of 103 acre-feet of water was pumped. Over the course of the event, photo and video
were captured. Additionally, two on-water locations (Figure 30) near the pump canal had special Secchi and profile data
collected. At both locations, Secchi measurements were collected prior to the start of pumping and near the end of
pumping. Visually it was apparent that the start of pumping mobilized sediment as well as aquatic weeds as they were
observed flowing through the pump canal and into Shadow Mountain Reservoir (Figure 31 and Figure 32). In addition to
onsite photos, satellite imagery from July 19th and 20th were acquired, and show the effects of pumping. In Figure 33,
pumped flows with suspended sediment can be seen entering Shadow Mountain Reservoir, while these are no longer visible
the following day on July 20th after pumping had ceased (Figure 34).
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Figure 30 – Approximate locations of additional data collection sites

Figure 31 - Mouth of the Farr Pump canal where it enters Shadow Mountain Reservoir. Pre-pumping conditions on the left, and
mid-pump conditions on the right. Sediment loading is evident.
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Figure 32 - Sediment entering Shadow Mountain Reservoir during the Farr pump canal flush

Figure 33 - Satellite image from July 19th showing sediment from the Farr pump canal entering Shadow Mountain Reservoir (red
arrow).
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Figure 34 - Satellite image from July 20th no longer showing sediment flowing into Shadow Mountain Reservoir from the Farr
pump canal (red arrow)

Comparing Secchi measurements collected at the special sampling locations (
Table 2), it can be seen that the onset of pumping reduced Secchi measurements between 1.6 to 2.2 meters directly in front
of the canal, showing that sediment and aquatic weed material from the pump canal can have an influence on water
clarity. The mobilization of sediment and particulates was also captured by the water quality sonde deployed by Northern
Water. Figure 35 shows the increased turbidity recorded by the turbidity meter at the mouth of the canal. Note, there are
four high values recorded during this time period that may be the result of weeds and/or debris fouling the sensor during
the operation. However, further inspection of the data shows an elevated turbidity signal ranging from 15-20 NTU. When
inspecting plots, note that Farr pumping rates were recorded as hourly averages, thus the 15-minute data displayed in the
figures is estimated and may not directly align with the sonde turbidity data.
It is theorized that after an initial flushing flow through the canal, subsequent periods of pumping would mobilize fewer fine
particulates than the first flush. To try and understand these dynamics, the water quality sonde placed by Northern Water
for the initial flush was left in place to capture data during subsequent pumping periods. Figure 36 show data from both
the initial flush on July 19th and the next period of pumping that followed on July 22nd. The second round of pumping that
occurred on July 22nd did mobilize some particulates, as recorded by the sonde, however the magnitude and duration of
this mobilization is less than those observed in the initial flush.
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Based on the successful implementation of the Farr Pump canal flushing operation, discussions have progressed into
investigating methods for quantifying and understanding flow dynamics surrounding canal water entering Shadow
Mountain Reservoir. Flow path and tracer studies are being discussed to try and understand how water pumped from
Granby Reservoir into Shadow Mountain Reservoir will behave. Additional bathymetry has also been collected for Shadow
Mountain Reservoir. Information from these types of investigations will help determine if there are opportunities to try and
flush the canal of any potential suspended sediment and weeds while reducing impacts to Shadow Mountain Reservoir and
Grand Lake clarity by directing flushed flows back through the Shadow Mountain Reservoir dam and down the Colorado
River into Granby Reservoir.

Table 2 - Secchi readings at SM-Chan1 and SMR-AwayChan before and during the canal flush operations

Station Name
SMR-Chan1
SMR-Chan1
SMR-AwayChan
SMR-AwayChan

Date/Time
7/19/2019 8:05
7/19/2019 11:13
7/19/2019 8:45
7/19/2019 11:17

Secchi
Depth (m)
2.8
1.2
3.1
0.9

Difference
in Secchi
Depth (m)
1.6
2.2

Figure 35 - Turbidity in the Farr pump canal and pumped flows from the Farr pumping plant during the canal flush on 7/19. Weeds
and debris impacting the sensor may have resulted in the extremely high Turbidity (NTU) spikes. Note, pumping data is reported
as hourly averages, thus 15 minute data is estimated and may not directly align with turbidity data
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Figure 36 – Turbidity in the Farr pump canal and pumped flows from the Farr pumping plant during subsequent pumping on 7/22.
Note, pumping data is reported as hourly averages, thus 15 minute data is estimated and may not directly align with turbidity data
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Lessons Learned & Recommendations
1.

Changes implemented from 2018 recommendations
1.

Annual validation of the 2018 CE-QUAL-W2 model was performed using data collected for model inputs
(meteorology, hydrology, operations), and results were compared to the Grand Lake and Shadow Mountain
Reservoir water quality data.

2.

The modeling process was further streamlined and coordination between Reclamation and Northern Water was
greatly improved. Reclamation and Northern Water met several times and met earlier than previous years
(December) to improve the modeling approach.

3.

Dissolved oxygen percent saturation plots and data were removed from the weekly report.

4.

Cumulative plots of several cross-year parameters were added to the weekly report to provide context with other
years’ conditions. These included cumulative Adam’s Tunnel diversions, inflows, precipitation, air temperatures, and
Farr pumping volumes.

2.

Lessons learned
1.

Based on the results from the Farr pump canal flush, performing annual or routine flushes of the Farr pump canal
may have some water quality benefit as it moves sediment and aquatic weeds out of the canal. Pairing flushing of
sediments with possible weed control measures could benefit water clarity. Flushing may have added benefits as
well for refreshing water supplies at the Farr pumping plant.

2.

It can be valuable to separate out the concepts of pulsed pumping versus pulsed diversions when discussing
operations. One refers to inputs to the Shadow Mountain Reservoir – Grand Lake system, while the other deals
with outputs from the system to the Adam’s Tunnel. While Adam’s Tunnel diversions rely on pumped water from
Farr at times, diversion patterns may be cycled differently than pumping patterns.

3.

Recommendations
1.

Water Quality Model:
a.

Perform annual validation of water quality model whereby the CE-QUAL-W2 model is run using
collected data for model inputs (meteorology, hydrology, operations, inflow water quality and inflow
water temperatures) and the model output is compared to the Grand Lake and Shadow Mountain
Reservoir water quality data collected over the clarity season. System operation and dynamics insights
may be gained from this analysis.

b.

Continue streamlining of the outputs from Northern Water’s operational model to produce inputs directly
into the water quality model. This would allow Northern Water’s team to be less dependent on
Reclamation’s operations modeling team for off-season investigations. Note, Reclamation’s Annual
Operating Plan model would still drive the water quality modeling effort presented in the May meeting.

2.

Weekly Report
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Lessons Learned & Recommendations
a.

The addition of full season North Fork turbidity data plot may be useful in providing further context of
clarity drivers and operations of the Grand Ditch and Red Top Ditch. Inclusion of precipitation on this plot
may be beneficial.

b.
3.

Consider adding additional precipitation stations to the report on top of the current NADP precip plots.

Operations
a.

Further investigation of Farr Pump canal flushing should be performed to quantify and understand flow
dynamics associate with flushing events. Investigation of flow paths within Shadow Mountain Reservoir via
dye tracer or acoustic survey would allow for mapping of flow vectors and allow for study of feasibility
of a “short circuit” style of operation to push low-quality canal water through the Shadow Mountain Dam.
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