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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 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 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 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.

! Grand Lake, Shadow Mountain Reservoir, and Granby Reservoir are collectively referred to as the Three Lakes.
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2022 Adaptive Management Process

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.

ACTIVE ADAPTIVE MANAGEMENT
Grand Lake Clarity Critical Period Jul-Sep 11

Jun Jul Aug Sep

Operational *weekly *weekly *weekly
Plan meetings meetings meetings

through

Sep 10

-
.
.
=

Jun 21; Final Plan.

2
=D

Jun 1: Scenarios
Presented to AMC

Jun 15: Draft

Plan/Comments
Nov 30, Final Repo

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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2022 Adaptive Management Process

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:

“e 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.

eThese 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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2022 Adaptive Management Process

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:
e 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.”
e The Northern Water Board set a preliminary 50% quota in October 2021 and later allocated an additional
30% for a total quota of 80%.
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2022 Adaptive Management Process

e 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
e 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:
e Aim to maximize the settling period between post-peak runoff and start of Farr pumping
e Aim to optimize water temperature to control algal populations which influence clarity in the system
e 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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2022 Adaptive Management Process

“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:

e Early termination of the settling period

e Extension of the settling period by one or two weeks

e 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.

= © A

)
&

\Uma;

Grand Lake
Golf Course

"=\

Figure 2: Monitoring locations for Grand Lake and Shadow Mountain Reservoir.
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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.
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Figure 3: Grand Lake and Shadow Mountain Inflows: North Fork of the Colorado River, North, and East Inlets.
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Generated 10/10/2022 at HPRCC using provisional date. NOAA Regional Climate Centers

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

|

Generaled 10/10/2022 o HPRCC using arovisicnal dala. NOAY Regional Climate Cenlers

Figure 5: Departure from Normal Temperature (F) 7/1/2022 - 09/30/2022 for Colorado.
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Figure 6: Farr pumping, Shadow Mountain Channel and Adams Tunnel Flows.

Shadow Mountain Channel Turbidity, Temperature, Conductivity, and Discharge

1000 100y

-3

- 750 2
& 500 80 5
S 250 Fa
o 0 6079
D 250 2
8 s00 402
9 750 .
& -1000 20 &
1250 o
-1500 ok

0"’\%0

— Discharge (cfs) — Temperature (Celsius) — Turbidity (NTU) — SpC (uS/cm)

Figure 7: Turbidity, temperature, conductivity, and discharge at the Shadow Mountain Connecting Channel.

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.
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Figure 8: Shadow Mountain and Grand Lake Daily Average Secchi with Farr Pumping and
Inflows.
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Figure 9: Grand Lake Secchi with Farr Pumping and North and East Inlets flows.
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
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Figure 10: Shadow Mountain Secchi with Farr Pumping and North Fork flows.

&
&

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.

(CI) 2022 pH and Farr Pump Flow - Shadow (b) 2022 pH and Farr Pump Flow - Shadow oH
Mountain Mid Buoy Mountain Dam Buoy o
1 1 1
\
-2
s
-3
k2
g
E F4 8
B g
b= =
24 Fea 24 =
@ @ F)
o o I 5|
| g
8 8
g, g, 7
3 O+ E X O
3% 3% |
T [ &
[=] (=]
(= =
2 &
=l T T T T T T € T T T T T T 7 &
T @ o® n & @ om oo KR oMM o© R T o= R - @ @ 8 & » m B2 N o@® @ &
g 8 2 8§ & 3 =2 8 & 8 2 B & 5 b = & = § &% & 2 R & 3 = =
B ° © < o [ [ [ [ @ @ @ @ o -3 Q Q Q Q Q [~ o [ . @ © o
38 & 8 8 & 5 5 5 5 8 8 8 & 3 g g & 4 & & 8 5 B 5 g g &

Figure 11: 2022 pH values (color) and daily Farr Pump flow (line) at SM-MID (a) and SM-DAM (b).

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
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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 uS/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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Farr pumping rates are shown in (a) and (b).
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Figure 14: Chlorophyll a and phycocyanin data averaged between O 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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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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Figure 17: Provisional North Fork Turbidity time series.

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
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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.

North Inlet at Summerland Park
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Figure 18: Temperature, DO, and Turbidity time series at North Inlet at Summerland Park (USGS).
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Figure 19: Discharge, temperature, pH, DO, and turbidity time series at GR-Pump.

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
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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)

07/20-09/11

2,5 m No 2.6/m NA

07/1-07,/03, 07/07-07/11,
8 Yes 8.8 07/17-07/21,07 /27-09/11

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

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

Jul-Sep 11 Annual Clarity Goal Actual minus Goal Goal Met?
Average Secchi

(viewscope)

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 Clarity Goal Actual minus Goal Goal Met?
Minimum Secchi

(viewscope)

2016 2.4 2.5 -0.08 N
2017 2.7 2.5 0.22 Y
2019 4.0 2.5 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

% of Years Goal Met
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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.
Turbidity was added to the Granby Pump Canal plot.

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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Memorandum of Usdarstending No, 16-144-60-2578

XVill. EFFECTIVE DATE

This MOU shall bacome effective on the dote upon which it has been signed by the
tast Party to sign although o majerity of the Porties may agrae 1o implemant this

MOU if the signature of ony other Party(s} Is o mere formality providad, howsvan—

; e o110
' 3 (e
somary-H-2622 (,\“‘\”
XVIll. WEST SLOPE APPROVALS \L%i’k \4
S
When West Slope approval or conssnt Is required, the Wast Slope, shall develop Q..Q/(‘\ 23
o uniffed positien and Grand County, NWCCOG and the River District ogree to 1 A
execule any required documents conslstent with that position, R 5 l(o
’
IN WITNESS WHEREQF, the Partles hereta have signed this MOU effective os of the date , %
and yeor writhen above, k
BUREAU OF RECLAMATION NORYHERN COLORADO WATER
CONSERVANCY DISTRICY
By :i 4 W en W_
Jacklyhn L Gould, Area Manager Erle Wilkinson, General Manager

Date: ‘ 1119-5:[1(- Datex_Qﬁh#@A..

COLORADO RIVER WATER CONSERVATION NORTHWEST COLORADO COUNCIL OF

DISTRICY GOVERNMENTS

Erie Kuhn, General Managar Kam Stegelmelsr, NWCCOG Chalr
SR Y1 /2 ba. A= 21\
GRAND COUNTY BOARD OF COUNTY
COMMISSIONERS

By ; ”i:-ullﬂ-‘

E Tollatt, Chalrmon

Date; "3&[2“‘?

Attest
Sora L Raosens, Clark and Recarder
%”" M 1 w
Date: ). 2% -2pils

MOU Page | @

APPENDIX A -72



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

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

Grand County

Northwest Colorado Council of Governments
Colorado River Water Conservation District
Northern Colorado Water Conservancy District

PONPE
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Larimer County

Mid-West Electric Consumers Association
New Red Top Valley Ditch Company

U. S. Bureau of Reclamation
Environmental Protection Agency

0. Colorado Parks and Wildlife

BHoo~NOowO
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Grand County
Grand County
Northern Water
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Northern Water
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Northern Water
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Northern Water
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Water Quality Specialist

Associate Water Resources Engineer
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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:

e 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.

e 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.

Burea dae.elg‘—i,ma,tlon Nort poderade Water Conservancy District
lkM D M)WLA/
L)IZH)DU 242714275° FCO471B7832F45
Jeff Rieker, Area Manager Bradley D. Wind, General Manager

Date

6/22/2022 Date 6/23/2022
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Andy Mueller, General Manager Jon Stavney, Executive Director

Date 6/20/2022 Date 6/16/2022

Gr‘a nd Wigned by:
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from us.

All notices and disclosures will be sent to you electronically



Unless you tell us otherwise in accordance with the procedures described herein, we will provide
electronically to you through the DocuSign system all required notices, disclosures,
authorizations, acknowledgements, and other documents that are required to be provided or made
available to you during the course of our relationship with you. To reduce the chance of you
inadvertently not receiving any notice or disclosure, we prefer to provide all of the required
notices and disclosures to you by the same method and to the same address that you have given
us. Thus, you can receive all the disclosures and notices electronically or in paper format through
the paper mail delivery system. If you do not agree with this process, please let us know as
described below. Please also see the paragraph immediately above that describes the
consequences of your electing not to receive delivery of the notices and disclosures
electronically from us.

How to contact Northern Colorado Water Conservancy District:

You may contact us to let us know of your changes as to how we may contact you electronically,
to request paper copies of certain information from us, and to withdraw your prior consent to
receive notices and disclosures electronically as follows:

To contact us by email send messages to: generaldelivery@northernwater.org

To advise Northern Colorado Water Conservancy District of your new email address

To let us know of a change in your email address where we should send notices and disclosures
electronically to you, you must send an email message to us

at generaldelivery@northernwater.org and in the body of such request you must state: your
previous email address, your new email address. We do not require any other information from
you to change your email address.

If you created a DocuSign account, you may update it with your new email address through your
account preferences.

To request paper copies from Northern Colorado Water Conservancy District

To request delivery from us of paper copies of the notices and disclosures previously provided
by us to you electronically, you must send us an email to generaldelivery@northernwater.org and
in the body of such request you must state your email address, full name, mailing address, and
telephone number. We will bill you for any fees at that time, if any.

To withdraw your consent with Northern Colorado Water Conservancy District

To inform us that you no longer wish to receive future notices and disclosures in electronic
format you may:



i. decline to sign a document from within your signing session, and on the subsequent page,
select the check-box indicating you wish to withdraw your consent, or you may;

ii. send us an email to generaldelivery@northernwater.org and in the body of such request you
must state your email, full name, mailing address, and telephone number. We do not need any
other information from you to withdraw consent.. The consequences of your withdrawing
consent for online documents will be that transactions may take a longer time to process..

Required hardware and software
The minimum system requirements for using the DocuSign system may change over time. The

current system requirements are found here: https://support.docusign.com/quides/signer-guide-
signing-system-requirements.

Acknowledging your access and consent to receive and sign documents electronically

To confirm to us that you can access this information electronically, which will be similar to
other electronic notices and disclosures that we will provide to you, please confirm that you have
read this ERSD, and (i) that you are able to print on paper or electronically save this ERSD for
your future reference and access; or (ii) that you are able to email this ERSD to an email address
where you will be able to print on paper or save it for your future reference and access. Further,
if you consent to receiving notices and disclosures exclusively in electronic format as described
herein, then select the check-box next to ‘I agree to use electronic records and signatures’ before
clicking ‘CONTINUE’ within the DocuSign system.

By selecting the check-box next to ‘I agree to use electronic records and signatures’, you confirm
that:

e You can access and read this Electronic Record and Signature Disclosure; and

e You can print on paper this Electronic Record and Signature Disclosure, or save or send
this Electronic Record and Disclosure to a location where you can print it, for future
reference and access; and

« Until or unless you notify Northern Colorado Water Conservancy District as described
above, you consent to receive exclusively through electronic means all notices,
disclosures, authorizations, acknowledgements, and other documents that are required to
be provided or made available to you by Northern Colorado Water Conservancy District
during the course of your relationship with Northern Colorado Water Conservancy
District.
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AGENDA

Grand Lake Clarity Adaptive Management Kickoff Meeting 2022
May 27, 2022 9:00 AM - 12:00 PM

Call in:
Meeting ID: 879 6355 9968  Passcode: 108987
SharePoint:
1 Introduction & Roll Call (5 min)
-Break logistics
2 Adaptive Management Kickoff Meeting Ground Rules (5 min) Adaptive Management Committee,
Participation (AMC, Stakeholders) Northern Water
Agenda Review and Note Taking
3 Adaptive Management Committee Business (5 min) Adaptive Management Committee,
2022 Meeting Schedule and Note Taking Northern Water
4 2022 Monitoring Plan (10 min) Northern Water
Summary of 2022 West Slope Data Collection
GCWIN Updates
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 All
up (15 min)
NOTES:

Page | 1


https://northernwater.zoom.us/j/87963559968?pwd=azJqQUM0VVJ1N0JsV3pmZ0k2MnhUQT09&from=addon
https://northernwater.sharepoint.com/sites/GLClarityWG

DRAFT Meeting Schedule:

2022 QLR

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
Notes:
July
01 02 03
04 06 07 08 09 10
11 13 14 15 16 17
18 20 21 22 23 24
25 27 28 29 30 31

Notes:
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August

TUESDAY
01 03 04 05 06 07
08 10 11 12 13 14
15 - 17 18 19 20 21
22 24 25 26 27 28

Notes:
September
01 02 03 04

05 07 08 09 10 11
12 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30

Notes:
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October

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

03 04 05
10 11 12
17 18 19
24 25 26
3] Notes:
November

IIIIIIIIII B

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

01 02
07 08 09
14 15 16
28 29 30

- -



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=bHIndjBkOUIMU3V4bVBNeU45eExTdz09&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 < 2.5m ?
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 aof
Granby Res. Outflow (cfs) 68.4 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

06/07/2022
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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

Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Report

2022 DO and Farr Pump Flow DO 2022 DO and Farr Pump Flow DO
- Shadow Mountain Mid Buoy (mg/L) - Shadow Mountain Dam Buoy (mg/L)
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Grand Lake Adaptive Management Weekly Report

Flow (cfs)

Flow (cfs)

2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C)
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2022 Temperature and Farr Pump Flow
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity 2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU) - Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Provisional Shadow Mountain Connecting Channel -
Flow (cfs) and Chlorophyll (RFU)
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Dissolved Oxygen (mg/L)

Dissolved Oxygen (mg/L)
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Dissolved Oxygen (mg/L)

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Shadow Mountain Mid Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity

100
|

80
|

80
|

Turbidity (NTU)

40

20
|
:}

06-01 00:00 06-02 00:00 06-03 00:00 06-04 00:00 06-05 00:00 06-06 00:00 06-07 00:00
Date

Provisional Data  20Z22-08-07 12:02 - MAG

06/07/2022 Page 16 of 18



Grand Lake Adaptive Management Weekly Report
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=bHIndjBkOUIMU3V4bVBNeU45eExTdz09&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 < 2.5m ?
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 El:440 Total: 1,664 cfs
Granby Res. Total Storage (af) 486519 of
Granby Res. Outflow (cfs) 79.9 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

06/14/2022

Page 1 of 17



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

Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Secchi, Jul-To Date Minimum
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Report

2022 DO and Farr Pump Flow DO 2022 DO and Farr Pump Flow DO
- Shadow Mountain Mid Buoy (mg/L) - Shadow Mountain Dam Buoy (mg/L)
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Grand Lake Adaptive Management Weekly Report

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp

- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (deg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity 2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU) - Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Provisional Shadow Mountain Connecting Channel -
Flow (cfs) and Chlorophyll (RFU)
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Shadow Mountain Mid Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)

701

[=2]
[3,]

Air Temp (Deg F)

> > N N ® DO o DS "o DS ADd S A
o Q N Q ; Q Q N o © Q N o q Q Q
& € & & & & & Qe ¢ ¢ e &
Date
2013-2021 Average (Deg F) — 2022 Air Temp (Deg F)
Precipitation
1.2
31.0
_50.8
=0.6
=04
0.21
0.0 : ; : . . ! , ! ' ! . . . , i
% > N ® ) q ) © 5 Q © Q A & Q A
o Q N o Q S N 0 o Q N o 0 Q N N
& & & & & & & & QY Qe ¢ ¢ e e & ¢
Date
— 2022 NADP Precip (in) — 2022 Summerland Precip (in) 2013-2021 Average (in)

06/14/2022 Page 14 of 17



Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=bHIndjBkOUIMU3V4bVBNeU45eExTdz09&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 < 2.5m ?

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 El:240 Total: 696 cfs

Granby Res. Total Storage (af) 508326 aof

Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

06/21/2022
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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

Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Repo

2022 DO and Farr Pump Flow
- Shadow Mountain Mid Buoy
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Grand Lake Adaptive Management Weekly Report

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Provisional Shadow Mountain Connecting Channel -
Flow (cfs) and Chlorophyll (RFU)
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Shadow Mountain Mid Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters

(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=bHIndjBkOUIMU3V4bVBNeU45eExTdz09&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 < 2.5m ?

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 El:152 Total: 401 cfs

Granby Res. Total Storage (af) 520467 aof

Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

06/28/2022
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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

Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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Grand Lake Adaptive Management Weekly Report

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp

- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity 2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU) - Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Provisional Shadow Mountain Connecting Channel -
Flow (cfs) and Chlorophyll (RFU)
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average) Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy Shadow Mountain Mid Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters

(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
120,000-
’ 400,000
et et
Q [
(1] L]
' I.||-3|I)CI 000
o © 300,000
5 80,000 =
< <
g 2 /
2 2 200,000 —— e ——
R — R
L] K
S 40,000 5
£ £ 100,000
(3] o
o- 0-
T N Y S N S S W S N S SN R N N A - N R, S N S N W S S SN
U R P S KR S SN N Fit s e R S Rt A R LN S R U PR P S g L SR NI R i RN Sl ] R A R R ) At )
FEFEFEFECTET TSSOSO FEEEE T T TS S EFSS SN
Date Date
- 2011 = 2013 - 2015 - 2017 — 2019 - 2021 - 2011 = 2013 - 2015 - 2017 — 2019 - 2021
- 2012 - 2014 — 2016 - 2018 — 2020 = 2022 - 2012 - 2014 — 2016 - 2018 - 2020 = 2022
Cumulative NADP Precip Cumulative Air Temp
by Year, Jun-Sep by Year, Apr-Sep
8
o
] o
E 37’500
ms E
(] [=]
S a
5,000
Hu o
o 2
> E=
= Ky
S S
gz §2,500
3 (&)
O
0 0
S I I I I I N T TP NP, T B PN LY D AN DN DO DO DD O DDA DDA NS
U S A IR LG AR S SR I S A SIS UL T O U U R O L I SR R R A ARSI S
FEFEEFET TIPS S S FEFFFFFFFEF LTI F PP SO
Date Date
= 2013 - 2014 - 2015 - 2016 - 2018 - 2019 - 2020 - 2021 = 2022 - 2012 - 2013 - 2014 - 2015 - 2016 = 2017 - 2018 - 2019 - 2020 - 2021

06/28/2022 Page 17 of 18



Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 < 2.5m ? 3.8m 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 El:108 Total: 302 cfs

Granby Res. Total Storage (af) 527484 aof

Granby Res. Outflow (cfs) 97.5 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

07/05/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder
e Report updates -next week

07/05/2022
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows

— 0 —
u‘21 1 E
) 2 =
3 =
8 = : 3
L 6 ()

D o &) ) A o> N D> ) N D ) , () 2} Q"

> © » N A\ N N v © © n v v o "

A T S S S S S N N U U
Date
— FarrPump — Max Goal — Jul-To Date Avg
Grand Lake Secchi, Jul-To Date Minimum
with Farr Pumping Flows

— 0 —
u‘21 1 E
2-' — 2 —
3 =
3 1 s 8
L 6 ()

D o &) ) A o> N D> ) N D ) , () 2} Q"

> © » N A\ N N v © © n v v o "

A T S S S S S N N U U

Date
— FarrPump = Jul-To Date Min = GL Min Goal

07/05/2022 Page 5 of 19



Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Repo

2022 DO and Farr Pump Flow DO 2022 DO and Farr Pump Flow DO
- Shadow Mountain Mid Buoy (mg/L) - Shadow Mountain Dam Buoy (mg/L)
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Grand Lake Adaptive Management Weekly Report

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity 2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU) - Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Provisional Shadow Mountain Connecting Channel -
Flow (cfs) and Chlorophyll (RFU)
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average) Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Shadow Mountain Mid Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters

(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)

701

[=2]
[3,]

Air Temp (Deg F)
e.
‘y.

& > A b O O D D ® > S A D> S A
o Q N Q ; Q Q N o © Q N o q Q Q
& € & & & & & Qe ¢ ¢ e &
Date
2013-2021 Average (Deg F) — 2022 Air Temp (Deg F)
Precipitation
1.2
81.0-
_50.8-
=0.6-
= 0.4
0.21
0.0 : ; . ! , ! ' ! . . . , i
% > N ® ) q ) © 5 Q © Q A & Q A
v Q N N Q% Q Q N Vv %) QO N V Vv Q N N
& & & & & & & & QY Qe ¢ ¢ e e & ¢
Date
— 2022 NADP Precip (in) — 2022 Summerland Precip (in) 2013-2021 Average (in)

07/05/2022 Page 16 of 19



Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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 < 2.5m ? 3.6m 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 aof

Granby Res. Outflow (cfs) 94.4 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

07/12/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder
e Report updates -almost complete

07/12/2022
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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North Fork of the Colorado River, North and East Inlets
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows

12001 0
71388 g
‘G 200 9 =
— 700 3 =
; 333: e — L)
o 4351 —— 23
= 8 ; 5
o o A S ® o % o o
R R S N A PSP N S UG
Date
— Farr Pump — Max Goal — Jul-To Date Avg
Grand Lake Secchi, Jul-To Date Minimum
with Farr Pumping Flows
12001 0
—1488] L=y
7 L*)
2 4% =i==== 49
] ; 5

& 3 o® A > N 2 N N & N g o ? N
oc,\ da\ da\ da\ da\ AN A\ A\ 61\ 0%\ 0%\ 0%\ 0%\ 0%\ oq\ oq\
Date
— Farr Pump = Jul-To Date Min == GL Min Goal

07/12/2022 Page 5 of 20



Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Repo

2022 DO and Farr Pump Flow DO 2022 DO and Farr Pump Flow DO
- Shadow Mountain Mid Buoy (mg/L) - Shadow Mountain Dam Buoy (mg/L)
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ent Weekly Report

rand Lake Adaptive Manag

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU)
1 30
25
r2
20
r3
o
3
Ed 15
8
°o
g T r4
- 10
S 4
.
2 o &
o
S 4
o~
o T T T T T 6 0
- «© w o™ o el
(=] o — o~ o~ o
< < < < < N
o (=] o o o o
2022 ChlA RFU and Farr Pump Flow - Shadow RFU
Mountain Mid Buoy
' ’ 1 10
4 » 9
-
v a1+ 0' '
7
v o B
i & 5
o
s
g T ’?4 4
o )
T 3 3
S
IR s 2
2~ \/
o
Q7 1
=] T T T T T 6 0
—_ 0 wn o~ o o
o o — o~ o~ o
S < < P ° N
o o o o o o

07/12/2022

Flow (cfs)

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 ? 3.8m X

GL min Secchi<2.5m? 3.2m 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 El:56.6 Total: 150 cfs
Granby Res. Total Storage (af) 527699 aof
Granby Res. Outflow (cfs) 139 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

07/19/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder

e Pumping operation summary

e New graphs

e Graphs with Farr pumping data are currently daily data instead of real-tfime 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

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi
with Farr Pumping and Inflows

Shadow Mountain Secchi
with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag nt Weekly Repo

2022 DO and Farr Pump Flow DO 2022 DO and Farr Pump Flow DO
- Shadow Mountain Mid Buoy (mg/L) - Shadow Mountain Dam Buoy (mg/L)
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rand Lake Adaptive Manag

ent Weekly Repo

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU)
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2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Dam Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

07/19/2022

Chlorophyll @ Concentrations in Shadow Mountain
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average) Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)

Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 ? 37 m X Last Week=3.8

GL min Secchi < 2.5m ? 3.2m 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 El:47.3 Total: 107 cfs

Granby Res. Total Storage (af) 523040 aof

Granby Res. Outflow (cfs) 74.6 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast
Z day gpf

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

07/26/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder

e Pumping operation summary still being sent out

e Graphs with Farr pumping data are currently daily data instead of real-tfime so
cycling pump rates are not visible. We are working to reincorporate the real-time
data.

¢ NADP precipitation data likely off

07/26/2022
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag
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2022 DO and Farr Pump Flow

2022 DO and Farr Pump Flow

- Shadow Mountain Dam Buoy

- Shadow Mountain Mid Buoy

- © Re) -+ N

o N
I

< o T Depth (m) 7

. - 6290
- -ZT-90
§1-90
80-90
10-90
9]

- 0T-£0

FEL-£0

- 90-£0

- e

008 009 O00¥ 00Z
(s42) moly

) © Depth (m) )

- 0T-£0

FEL-£0

- 90-£0

008 009 00¥ 00T O
(s4) mol4

2022 pH and Farr Pump Flow - Shadow

2022 pH and Farr Pump Flow - Shadow

Mountain Dam Buoy

Mountain Mid Buoy

F€L-£0

- 90-£0

- 6290

- TT-90

FS1-90

- 80-90

10-90

008 009 00r 00T
(s) mol4

(o}

r0Z-£0

FEL-£0

- 90-£0

- 6290

- TT-90

- S§1-90

- 80-90

10-90

008 009 00¥ 00T
(s) mol4

(o}

Page 7 of 20

07/26/2022



rand Lake Adaptive Manag

ent Weekly Repo

2022 Temperature and Farr Pump Flow Temp 2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C) - Shadow Mountain Dam Buoy (cdeg C)
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Grand Lake Adaptive Management Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU)
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
& o @ &5 &

~n

0

& S T L T - B o ¢
oT T o P (P 0 PGP T

Date

~ 2013 - 2018 2020 = 2022
= 2014 = 2019 - 2021

P LA S
FAMAN A AN NP AR

Shadow Mountain Dam Buoy
Surface DO (0.5-1.5 m average)

e

My -
My
q\".’u_\'“' ' )

Dissolved Oxygen (mg/L)
£

~

ol

& ST I L e I - T~ I DT I T, TP N

ST T S o P 2 4P 4 o o 0P P o o o P oS
Date

— 2013 - 2018 2020 = 2022
~ 2014 = 2019 - 2021

Page 13 of 20



Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 ? 3.6m X
GL min Secchi < 2.5m ? 3.0m 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 El:33.0 Total: 112 cfs
Granby Res. Total Storage (af) 519326 aof
Granby Res. Outflow (cfs) 75.9 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast
Z day gpf

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

08/02/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

e BOR Placeholder

e Grand Lake Secchi not collected on Wednesday due to boat issues

e Graphs with Farr pumping data are currently daily data instead of real-tfime 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
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn

3500 - 20
. |
3000 I]oll-l]ﬂﬂuﬂﬂ.n Ill][ll]][ll]l] I]I]I]-nﬂu.oﬂﬂ-.ﬂl]ﬂl]ﬂ un"l][l]l]u mu.ﬂﬂ.ﬂﬂuo-..ﬂ-oﬂl I][Ill "H-Ho.ounun.ﬂ-,ﬂn"nol]l]ﬂﬂﬂﬂl]l]ﬂﬂl]ﬂﬂ-ﬂl]ﬂﬂIJI]IL.-I] )
- -10
2500 - 20 o
[ Average Granby Inflow <
--30 &
©
- 2000 - 2022 Granby Inflow - All Sources | | 44 E
= ©
% 1 Temp Departures GL6SSW - 50 £
o
g}
«© =
§ 1500 - ——2006 Analog Year 60 g
=
° L 70 £
L —0o==2022 Virgin Flow above Granby g
[T
1000 - - 80 A
- -90
500 - - -100
- -110
0 4 T -120

6/3 7
9/2 7
9/9 7

41
4/8
415
4/22 -
4129 -

5/6
513"
5/20 -
5/27 -
6/10 -
617 -
6/24 -

711

7/81
715~
7/22 -
7129

8/5
8/12 -
8/19-
8/26 -

08/02/2022 Page 4 of 20



Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag

DO

2022 DO and Farr Pump Flow
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2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Dam Buoy (cdeg C)
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2022 Temperature and Farr Pump Flow
- Shadow Mountain Mid Buoy
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ent Weekly Report

Grand Lake Adaptive Manag

Turbidity

2022 Turbidity and Farr Pump Flow
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Grand Lake Adaptive Management Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow 2022 Phycocyanin RFU and Farr Pump Flow - Shadow
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)

~n

0

& S B 2 T I ¢
ST T S o P S P 0 P P

Date

- 2014 - 2019 — 2021
= 2018 2020 = 2022

P d LA S
AT A AN NP AR

Shadow Mountain Mid Buoy
Surface DO (0.5-1.5 m average)

o [--] (=] N

£

Dissolved Oxygen (mg/L)
N

0

S ~ @ ) Q% o ] iy (s] iy
ST T o8 o o (P o P o o

Date

- 2014 - 2019 — 2021
- 2018 2020 = 2022

P d LA S
AT AN N R

08/02/2022

Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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Grand Lake Adaptive Management Weekly Report

Meeting Date: 08/09/2022

Call In: +1 877 853 5247

Meeting ID: 876 7341 5887 Password: 8383790

URL:
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 ? 3.5m X
GL min Secchi < 2.5 m ? 3.0m 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 El: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
Z day gpf

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

08/09/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

e BOR Placeholder

e GR-PUMP turbidity data now available on GLClarityWG Sharepoint Dashboards

e Graphs with Farr pumping data are currently daily data instead of real-tfime so
cycling pump rates are not visible. We are working to reincorporate the real-time

data.
e Investigating outlier precipitation point, currently removed from report

08/09/2022
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn

3500 - 20
. |
3000 I]oll-l]ﬂﬂuﬂﬂ.n Ill][ll]][ll]l] I]I]I]-nﬂu.oﬂﬂ-.ﬂl]ﬂl]ﬂ un"l][l]l]u mu.ﬂﬂ.ﬂﬂuo-..ﬂ-oﬂl I][Ill "I]-I]o.,unun.ﬂ-,ﬂnl]nol]l]ﬂ[ll]l]l]l]ﬂﬂl]ﬂﬂ-“l]uﬂl]ulle.-ﬂﬂll]l]l]l]l] )
- -10
2500 - 20 o
[ Average Granby Inflow <
--30 &
©
- 2000 - 2022 Granby Inflow - All Sources | | 44 E
= ©
% 1 Temp Departures GL6SSW - 50 £
o
g}
«© =
§ 1500 - ——2006 Analog Year 60 g
=
° L 70 £
L —0o==2022 Virgin Flow above Granby g
[T
1000 - - 80 A
- -90
500 - - -100
- -110
0 -120

9/2 7
9/9 7

08/09/2022 Page 4 of 20



Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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rand Lake Adaptive Manag

2022 Temperature and Farr Pump Flow
- Shadow Mountain Mid Buoy

ent Weekly Repo
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2022 Conductivity and Farr Pump Flow
- Shadow Mountain Dam Buoy

SpC

(uS/em)
1

3
o
b
=
\J T
o
[ 8
o
5]
2
l
~ o
3 O
o %
T
o
IS]
o~
T ‘ T T T T T T =]
N o el il o N~ ©0
q & Q g qQ qQ Q
< < N N N N @
o o o o o o o
2022 Conductivity and Farr Pump Flow SpC
- Shadow Mountain Mid Buoy (uS/em)
1
o
8 |
@
o
8 |
—~©
kel
~ o
x O+
o v
o
o
8
o~
o

06-22
06-29
07-06
07-13
07-20
07-27
08-03
06-01

06-22
06-29
07-06
07-13
07-20

©
2
)
S

06-15

N
q
N
o

80

70

%)

o o (w) yidag N

60

50

40

30

08-03

Page 8 of 20



Grand Lake Adaptive Manag

ent Weekly Report

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Mid Buoy (NTU)
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Flow (cfs)

2022 Turbidity and Farr Pump Flow Turbidity
- Shadow Mountain Dam Buoy (NTU)
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2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Grand Lake Adaptive Management Weekly Report
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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: 8383790

URL:
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 El:47.4 Total: 162 cfs
Granby Res. Total Storage (af) 507055 aof
Granby Res. Outflow (cfs) 95.9 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast
Z day gpf

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

08/16/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

e BOR Placeholder

e Replaced conductivity with turbidity on GR-PUMP graph

e Added all parameters for SM-CHL sonde

e  GR-PUMP turbidity data now available on GLClarityWG Sharepoint Dashboards

e Graphs with Farr pumping data are currently daily data instead of real-tfime so
cycling pump rates are not visible. We are working to reincorporate the real-time
data.

e Investigating outlier precipitation point, currently removed from report

08/16/2022
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Grand Lake Adaptive Management Weekly Report

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C)
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2022 Conductivity and Farr Pump Flow
- Shadow Mountain Mid Buoy
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ent Weekly Report

Grand Lake Adaptive Manag

Turbidity

2022 Turbidity and Farr Pump Flow
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2022 Turbidity and Farr Pump Flow
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Grand Lake Adaptive Manag

ent Weekly Report

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

RFU
Mountain Mid Buoy
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2022 Phycocyanin RFU and Farr Pump Flow - Shadow
Mountain Dam Buoy
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Channel Chlorophyll, Phycocyanin, pH and Discharge
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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 ? 3.3m X Last Week=3.4m

GL min Secchi <2.5m ? 2.6m 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 El:23.2 Total: 81.9 cfs

Granby Res. Total Storage (af) 500943 aof

Granby Res. Outflow (cfs) 99.1 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast

Z day gpf
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

08/23/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

e BOR Placeholder
e Graphs with Farr pumping data are currently daily data instead of real-tfime 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

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Mid Buoy (deg C)

Flow (cfs)
200 400 &00 800

o]

Flow (cfs)
200 400 600 800

0

06-01
06-08
06-15

08/23/2022

20

T
%)

T T
o 5 N
« -
o

T
w

(w) yidag

4 ¢ © ® o & @ o &
o o o — o~ o~ o — —
< < N N N N @ @ ©
o o o o o o o o o
2022 Conductivity and Farr Pump Flow SpC
- Shadow Mountain Mid Buoy (uS/em)

07-27
08-03
08-10
08-17

06-22
06-29
07-06
07-13
07-20

Flow (cfs)

Flow (cfs)
200 400 600 800

ent Weekly Report

2022 Temperature and Farr Pump Flow Temp
- Shadow Mountain Dam Buoy (cdeg C)

400 600 800

200

()

0

20

T ‘ W ‘

P
(] o
Iy <
o o
2022 Conductivity and Farr Pump Flow SpC
- Shadow Mountain Dam Buoy (uS/em)
1
80
2
70
3
60
4
o
<
E 50
5
6 40
30

07-27
08-10
08-17

06-08
06-15
06-22
06-29
07-06
07-13
07-20
08-03

2
)
S

Page 8 of 21



ent Weekly Report

Grand Lake Adaptive Manag

Turbidity

2022 Turbidity and Farr Pump Flow

Turbidity
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Grand Lake Adaptive Manag

RFU

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Mountain Dam Buoy
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Channel Chlorophyll, Phycocyanin, pH and Discharge
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Grand Lake Adaptive Management Weekly Report

2021 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)

~n

0

& ST T3 SP- T - RPR B DO AP LA S
ST T S o P 8P 00 P G P T P P o P S
Date

- 2014 - 2019 — 2021
= 2018 2020 = 2022

Shadow Mountain Mid Buoy
Surface DO (0.5-1.5 m average)

o [--] (=] N

Dissolved Oxygen (mg/L)
-

~

0

N ST T3 SO T PR B DO AP LA S
ST F S o P 8P 00 P G P 0 P P o P S
Date

- 2014 - 2019 — 2021
- 2018 2020 = 2022

08/23/2022

Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)

12/
=10
~
o
E
c 8
L)
o
>
X 6
(o]
-l
$a
©
w
w
a2
ol
S Al R R~ A LR SR B S U N R L
S¥ T o BT BT g 4 G gV 4T o oV o oV o o ot ol o
Date
~ 2013 — 2018 — 2020 = 2022
- 2014 = 2019 - 2021
Shadow Mountain Dam Buoy
Surface DO (0.5-1.5 m average)
127
(1T
W~
S0 ‘"f‘“'“wnl il T'l‘ﬂ”‘l" L‘M A
g W VN
e &
[
o
>
X 6
o]
3 |
2 4 I
o
w
w
a2
ol

& ST DL T - TN - TS T« I I T T T, P .Y
ST T o7 o o P (P G o oGP P o P P oS
Date

— 2013 - 2018 2020 = 2022
~ 2014 = 2019 - 2021

Page 14 of 21



Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)

5 (=] o ~
5 o (3] [=]

Air Temp (Deg F)
3

£y
wn

S P N @ WP & @ W W W P el @ 0o
o“’\ﬂ, O & P o“\q' AN A 6‘\‘" FANIS o“’\\ o“’\% 0“’\“' S &N o
Date

2013-2021 Average (Deg F) — 2022 Air Temp (Deg F)

Precipitation

1.2
1.04

w
%os-
o 0.6
" 04
0.2
0.0

™ ® 9 o o & o A
"\« Q N ‘\ ‘\» \M) "\' ) Q ‘\ "\r r\, Q N N
°<,\ \ o"’\ Qb\ 0»\\ \ 6‘\ °»\\ \ \ Qq,\ Qq,\ oq,\ o“\ °q\ 0.-.:.\
Date
— 2022 NADP Precip (in) — 2022 Summerland Precip (in) 2013-2021 Average (in)

08/23/2022 Page 16 of 21



Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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: 8383790

URL:
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 ? 3.3m X Last Week=3.3m
GL min Secchi <2.5m ? 2.6m 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 El:21.2 Total: 82.9 cfs
Granby Res. Total Storage (af) 495528 aof
Granby Res. Outflow (cfs) 72.1 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast
Z day gpf

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

08/30/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder

e Secchinot collected in Grand Lake on 8/26 due to weather

¢ SM-DAM buoy not working between 8/23 and 8/30, no data

e Graphs with Farr pumping data are currently daily data instead of real-tfime 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

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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ent Weekly Report

Grand Lake Adaptive Manag

Turbidity

2022 Turbidity and Farr Pump Flow

Turbidity

2022 Turbidity and Farr Pump Flow
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ent Weekly Report

Grand Lake Adaptive Manag

RFU

2022 Phycocyanin RFU and Farr Pump Flow - Shadow
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Channel Chlorophyll, Phycocyanin, pH and Discharge
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Grand Lake Adaptive Management Weekly Report

2022 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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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: 8383790

URL:
https://northernwater.zoom.us/j/87673415887?pwd=S09uMzIxTDJvSkZgTXJENWtCR3pRdz09&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 El:13.0 Total: 58.9 cfs
Granby Res. Total Storage (af) 489234 of
Granby Res. Outflow (cfs) 95.9 cfs NA Source USGS Gage (CO River below Granby)

Climate Forecast
Z day gpf

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

09/06/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ BOR Placeholder

e 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

e Graph on pg 4 not updated

¢ SM-DAM buoy not working since 8/23 due to cable damage, no data since 8/23

e Graphs with Farr pumping data are currently daily data instead of real-fime 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

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, Jul-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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ent Weekly Report

Grand Lake Adaptive Manag

Turbidity

2022 Turbidity and Farr Pump Flow

Turbidity
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ent Weekly Report

Grand Lake Adaptive Manag

RFU

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Mountain Dam Buoy
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Channel Chlorophyll, Phycocyanin, pH and Discharge
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Grand Lake Adaptive Management Weekly Report

2022 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
Reservoir
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Shadow Mountain Dam Buoy
Bottom DO (>6.8 m average)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average) Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)

ITurb
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Grand Lake Adaptive Management Weekly Report

Cumulative Farr Pumping
Volume by Year, Jun-Sep
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Appearance of Water
in Grand Lake and Shadow Mountain

2022



SMR-DAM
Secchi Disk placed at 2ft or .6m

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
8:42 AM 8:40 AM 8:25 AM 8:51 9:09 AM
Sunny Partly Cloudy Sunny Partly Cloudy Sunny




SMR-DAM
Secchi Disk placed at 4ft or 1.2m

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
8:43 AM 8:41 AM 8:27 AM 8:51 9:10 AM
Sunny Partly Cloudy Sunny Partly Cloudy Sunny




SMR-MID
Secchi Disk placed at 2ft or .6m

i IR

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
9:23 AM 9:05 AM 8:45 AM 8:41 9:20 AM
Sunny Partly Cloudy Sunny Partly Sunny

Cloudy



SMR-MID
Secchi Disk placed at 4ft or 1.2m

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
9:24 AM 9:08 AM 8:46 AM 8:45 9:20 AM
Sunny Partly Cloudy Sunny Partly Sunny

Cloudy



GL-West
Secchi Disk placed at 2ft or .6m

T T &0

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
10:17 AM 10:00 AM 9:34 AM 9:39 9:56 AM
Sunny Partly Cloudy Sunny Partly Cloudt Sunny




GL-West
Secchi Disk placed at 4ft or 1.2m

. ‘ -

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
10:19 AM 10:01 AM 9:34 AM 9:39 9:56 AM
Sunny Partly Cloudy Sunny Partly Cloudy Sunny




GL-MID
Secchi Disk placed at 2ft or .6m

6-1-2022 6-6-2022 6-13-2022 6-20-2022 6-29-2022
10:38 AM 10:27 AM 9:59 AM 10:01 10:17 AM
Sunny Partly Cloudy Sunny Partly Cloudy Sunny



GL-MID
Secchi Disk placed at 4ft or 1.2m

6-1-2022 6-6-2022 6-13-2022 6-20-22 6-29-2022
10:38 AM 10:27 AM 10:00 AM 10:02 10:18 AM
Sunny Partly Cloudy Sunny Partly Cloudy Sunny




Regular axis

Grand Lake and Shadow Mountain Inflows (cfs)
North Fork of the Colorado River, North and East Inlets
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Log axis
Grand Lake and Shadow Mountain Inflows (cfs)
North Fork of the Colorado River, North and East Inlets
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Average Goal Qualifier in Context of Past
Years

Jul-Sep 11 Seasonal Annual Average Secchi with viewscope

(meters) based on GL-ATW, GL-MID and GL-WES daily mean
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Minimum Goal Qualifier in Context of

Past Years
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Jul-Sep 11 Seasonal Annual Minimum Secchi with viewscope (meters)
based on GL-ATW, GL-MID and GL-WES daily mean
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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=YjhVMEpUTjdtOGFINGIEOVIpNnVrdz09&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 ? 32m X

GL min Secchi <2.5m ? 2.6m 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 El: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

Z day gpf
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

10/28/2022
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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

Grand Lake Adaptive Management Weekly Report

Updates:

¢ SM-DAM buoy not working since 8/23 due to cable damage, no data since 8/23
e Graphs with Farr pumping data are currently daily data instead of real-tfime 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

Farr Pumping, Shadow Mountain Channel and Adams Tunnel Flows
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Grand Lake Adaptive Management Weekly Report

2022 Total Inflow above Granby, Grand Lake-Shadow Mtn
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Grand Lake Adaptive Management Weekly Report

Grand Lake Secchi, July-To Date Average
with Farr Pumping Flows
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain and Grand Lake Daily Avg Secchi Shadow Mountain Secchi
with Farr Pumping and Inflows with Farr Pumping and North Fork flows
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Grand Lake Secchi
with Farr Pumping and North and East Inlets flows
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rand Lake Adaptive Management Weekly Report

Temp
(deg C)

2022 Temperature and Farr Pump Flow
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2022 Temperature and Farr Pump Flow
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Grand Lake Adaptive Management Weekly Report

Turbidity

2022 Turbidity and Farr Pump Flow

Turbidity

2022 Turbidity and Farr Pump Flow
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Grand Lake Adaptive Management Weekly Report

RFU

2022 Phycocyanin RFU and Farr Pump Flow - Shadow

Mountain Dam Buoy
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Channel Chlorophyll, Phycocyanin, pH and Discharge
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Grand Lake Adaptive Management Weekly Report

2022 Shadow Mountain Mid - 0-2m
Avg Phycocyanin and Chl-a
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Grand Lake Adaptive Management Weekly Report

Chlorophyll a Concentrations in Shadow Mountain  Legend
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy
Bottom DO (>6.8 m average)

Dissolved Oxygen (mg/L)
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Grand Lake Adaptive Management Weekly Report

Shadow Mountain Mid Buoy

Shadow Mountain Dam Buoy
Surface pH (0.5-1.5 m average)
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Grand Lake Adaptive Management Weekly Report

Daily Average Temperature at Shadow Mountain Weather Station (Deg F)
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Grand Lake Adaptive Management Weekly Report

Granby Pump Canal Physical Parameters
(YSI Sonde)
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Grand Lake Adaptive Management Weekly Report

North Inlet at Summerland Park
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Grand Lake Adaptive Management Weekly Report

Provisional North Fork Turbidity
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Grand Lake Adaptive Management Weekly Report

Cumulative Adams Tunnel Cumulative Three Lakes Inflow
Volumes by Year, Jun-Sep Volumes by Year, May-Sep
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Cumulative Farr Pumping
Volume by Year, Jun-Sep
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SO

Northern Water

GLAM Debrief Meeting Agenda

When: Friday, October 28, 2022, 10:30 AM-11:30 AM

URL: https://northernwater.zoom.us/j/87154854214?pwd=YjhVMEpUTjdtOGFINGIEOVIpNnVrdz09&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.

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.
Discuss considerations for 2023 GLAM Season.

2022 GLAM Season operations and impacts to clarity 25 min

e Review of 2022 final weekly report-Maggie

e 2022 in context of past years-Maggie

Operational scenarios and adaptive management efforts (BOR)
Group discussion

2022 GLAM Annual Report (Northern Water) 75 min

e Suggestions for 2022 GLAM Annual Report

Considerations for 2022 GLAM (Northern Water) 70 min

e Maintenance and Operational Forecast for 2023
e 2023 GLAM Process

Questions/Wrap Up (Northern Water) 70 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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