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On September 28, 2021, the Glen Canyon Planning/Implementation Team (PI Team) finalized its
recommendation regarding a potential fall High Flow Experiment (HFE) at Glen Canyon Dam in
November 2021 (Attachment - Final Recommendation Regarding a Fall 2021 High Flow
Experiment at Glen Canyon Dam, November 2021). While the PI Team reached consensus in its
opposition to a 192-hour extended duration fall HFE, members were divided in the assessment of
a shorter 60-hour fall HFE. The recommendation was developed and evaluated within the
adaptive management framework and provisions of the 2016 Record of Decision for the Glen
Canyon Dam Long Term Experimental and Management Plan Final Environmental Impact
Statement (LTEMP ROD) concerning annual planning for flow-based experiments.
In accordance with the LTEMP, the Department may make the decision to conduct flow-based
experiments (e.g., High Flow Experiments, Bug Flows, Trout Management Flows, and Low
Summer Flows) at Glen Canyon Dam if it is determined that there are no unacceptable adverse
impacts on other resource conditions. LTEMP states that “Prior to implementation of any
experiment, the relative effects of the experiment on the following resource areas will be
evaluated and considered: (1) water quality and water delivery, (2) humpback chub, (3)
sediment, (4) riparian ecosystems, (5) historic properties and traditional cultural properties, (6)
Tribal concerns, (7) hydropower production and WAPA’s assessment of the status of the Basin
Fund, (8) the rainbow trout fishery, (9) recreation, and (10) other resources.” Water Year 2021
was the fourth full year of implementing the process for annual experimental planning under the
LTEMP ROD. For future experimental planning, the Department welcomes input from each
Leadership Team member as to whether the current process or another process should be used to
satisfy the coordination and communication requirements under the LTEMP ROD.

Traditionally Associated Tribes shall be notified at least 30 days in advance of planned
experimental flows. On September 20, 2021, notification of the possible fall HFE and offer for
consultation was emailed to the Tribes and Parties to the LTEMP National Historic Preservation
Act Section 106 Programmatic Agreement (LTEMP PA). No requests for consultation regarding
the potential fall HFE were received.
The LTEMP ROD specifies the representation requirements for planning experiments at Glen
Canyon Dam and is based on past successful planning and implementation of flow-based
experiments. The PI Team includes technical representatives from the Bureau of Reclamation
(Reclamation), the National Park Service (NPS), the U.S. Fish and Wildlife Service (FWS), the
Bureau of Indian Affairs (BIA), the U.S. Geological Survey’s (USGS) Grand Canyon
Monitoring and Research Center (GCMRC), Western Area Power Administration (WAPA), the
Arizona Game and Fish Department (AZGFD), the seven Colorado River Basin States (States),
and the Upper Colorado River Commission (UCRC). The Glen Canyon Leadership Team
(Leadership Team) is made up of decision makers from these same agencies and states along
with the UCRC.
The Leadership Team has reviewed and considered the PI Team’s recommendation, including
the assessment of key resources that may be impacted or affected by a 60-hour fall HFE. The
Leadership Team met via webinar on September 29, 2021 and, consistent with the PI Team’s
recommendation, members were divided in their assessment of a 60-hour fall HFE.
The 2021 water year was an historically difficult year for the Western states, including tribes,
fisheries, wildlife, farmers, ranchers, and communities. The Colorado River Basin is
experiencing its 22nd year of drought and many years of low-runoff conditions. Following two
extremely dry periods of runoff in 2020 (54% of average annual inflow) and 2021 (33% of
average annual inflow), the two reservoirs (Lake Mead and Lake Powell) are at their lowest
levels since they were originally filled. The Colorado River Drought Contingency Plan
Authorization Act (P.L. 116-14) directs Interior to “operate Colorado River reservoirs”
according to Drought Contingency Plan agreements, including the Drought Response Operations
Agreement (DROA), which establishes an objective for Glen Canyon Dam operations to
minimize the risk of falling below a “Target Elevation” of 3525 feet (ft). The potential effect of
a HFE on the Target Elevation is an appropriate consideration when determining whether to
conduct a HFE.
As a response to the hydrologic conditions and the need to protect critical levels at Lake Powell
as part of the DROA, Reclamation began releasing water from upper reservoirs to Lake Powell
in July under the Emergency Action provisions of DROA. These releases from upper reservoirs
are to help reduce the risk of Lake Powell going below the DROA-identified Target Elevation of
3525 ft. These DROA actions will continue through the calendar year. While these actions have
helped to reduce the risk for next year, it is likely that additional actions may or will be needed to
protect critical levels.
The sediment triggers outlined by LTEMP ROD have been met to consider a 2021 fall HFE.
Advocates for the 2021 fall HFE are concerned that the ability to implement HFEs in the future
may be limited, should drought conditions continue. They also cite the much-needed sediment
2

resource benefits from a fall HFE given that it has been three years since the most recent HFE
(fall 2018) was triggered and implemented. Implementation of a fall HFE would not impact the
annual release volume from Lake Powell, which is set at 7.48 maf in WY 2022. Due to
relatively low winter flows, sandbar increases would be retained through winter such that the 60hour fall HFE would result in a net 20% increase to sandbar size in April 2022 relative to
October 2021.
The majority of Leadership Team members indicated that one or more of the following concerns
amount to unacceptable adverse impacts on resource areas as identified for consideration by the
LTEMP ROD.
Implementation of a 60-hour fall HFE would temporarily reduce Lake Powell reservoir elevation
by approximately 2 feet, which reduction is contrary to the objective of an approximately 3 feet
of elevation increase made possible due to additional releases from upper basin initial units
(Flaming Gorge, Navajo, and Aspinall) currently being implemented under the DROA. As a
result, Leadership Team members have indicated that implementation of a fall HFE in November
2021 may result in reduced support for future drought response operations—which releases will
likely be necessary to avoid the water elevation dropping below 3,525 at Lake Powell. Further,
under most probable hydrology a 60-hour fall HFE is projected to result in up to 15 additional
days below 3,525 ft and an annual minimum elevation 0.7 ft lower than if no HFE were to be
implemented. While these impacts to reservoir elevation could be mitigated by reallocation
(reducing) releases in December, January, and February rather than March, April, and May,
doing so would result in a greater direct cost to the Basin Fund for purchase power. The current
condition and projections for the Basin Fund have elicited unprecedent actions by WAPA and
Reclamation including deferred maintenance, a proposed rate increase, elimination of certain
firm supply provisions in contracts, and a one-time pursuit of appropriations for environmental
program base funding. The proposed HFE would worsen the condition of the Basin fund; direct
costs to the Basin Fund are estimated at $1.30M for March, April, May reallocation and at
$3.04M for December, January, February reallocation. The majority of Leadership Team
members indicated that one or more of these concerns amount to unacceptable adverse impacts.
Based on the concerns expressed by both the Leadership Team and the PI Team, the
determination of unacceptable adverse impacts, and the lack of consensus to implement a 60hour fall HFE, I concur with the determination of unacceptable adverse impacts and I have
decided not to conduct a fall HFE in November 2021. We will continue to work with our
partners in future HFEs and in the protection of the Grand Canyon and our most important
resources.
I am grateful to both the Leadership and the Planning/Implementation Teams for their dedication
and commitment to the process for annual experimental planning and for your continued support
of the Glen Canyon Dam Adaptive Management Program.
For the hearing impaired please call the Federal Relay System at (800) 877-8339 (TTY).
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Attachment - Final Recommendation Regarding a Fall 2021 High Flow Experiment (HFE) at
Glen Canyon Dam, November 2021
cc: Camille Calimlim Touton, Deputy Commissioner
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September 28, 2021
To:

Glen Canyon Leadership Team for Implementation of Experiments under the Long Term
Experimental and Management Plan (LTEMP)

From: Glen Canyon Dam Technical Implementation / Planning team
Re:

I.

Final Recommendation Regarding a Fall 2021 High Flow Experiment (HFE) at Glen
Canyon Dam, November 2021
Recommendation Summary

Based on the LTEMP Record of Decision (ROD), the Glen Canyon Dam technical
implementation/planning team (PI Team) has worked over the past several weeks to evaluate
existing information and data in determining this recommendation regarding a HFE at Glen
Canyon Dam. The PI Team’s recommendation regarding implementation of a fall 2021 HFE is
based on a careful assessment of resources and best available science.
By consensus, the PI Team is opposed to recommending that the Department
implement a 192-hour extended duration HFE in fall 2021.
Technical representatives were divided in the assessment of a shorter duration 60hour HFE, having evaluated the alternative for its ability to reduce negative
resource impacts while still providing sufficient benefit to the sediment resource in
terms of learning and effectiveness. The majority of representatives on the PI Team
are opposed to recommending that the Department implement a 60-hour HFE this
fall, several members support recommending that the Department implement a 60hour duration HFE this fall, and two members have abstained from making a
recommendation.
Purpose of the Recommendation Memo
The purpose of this memorandum is to transmit a recommendation to the Glen Canyon
Leadership Team and to the Department in accordance with the LTEMP ROD. The PI Team
includes technical representatives from the National Park Service (NPS), U.S. Fish and Wildlife
Service (FWS), Bureau of Indian Affairs (BIA), U.S. Geological Survey (USGS) Grand Canyon
Monitoring and Research Center (GCMRC), Bureau of Reclamation, Western Area Power
Administration (WAPA), Arizona Game and Fish Department (AGFD), seven Colorado River
Basin States (States), and the Upper Colorado River Commission (UCRC).
The PI Team has worked over the past several weeks to evaluate existing data and coordinate the
potential implementation of an HFE. The PI Team evaluated the latest data from agency experts,
and considered multiple issues in making its recommendation, as summarized below. The PI
Team arrived at this recommendation after several weeks of PI Team conference calls, and after
receiving feedback from Adaptive Management Program stakeholders. The Secretary of the
Interior and/or her Designee will consider the recommendation of the PI Team, but retains sole
discretion to decide how best to accomplish operations and experiments in any given year
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pursuant to the 2016 LTEMP ROD and other binding obligations for Glen Canyon Dam. The PI
Team incorporated the most current science and data and considered multiple issues with agency
experts, as summarized below, in making this final recommendation.
192-hour Extended Duration Fall HFE
The PI Team arrived at this recommendation after several weeks of PI Team conference calls,
and after receiving feedback from Adaptive Management Program stakeholders. By consensus,
the PI Team is opposed to recommending that the Department implement a 192-hour
extended duration HFE in fall 2021. The PI Team identified the following resource concerns
associated with a 192-hour extended duration fall HFE: challenges and risks associated with
reallocating a large volume of water (415 kaf) while meeting hourly, daily and monthly
operating objectives identified in the LTEMP ROD and consistent with a 7.48 maf annual release
pattern; uncertainties and risks associated with exacerbating low reservoir elevations (e.g.
additional days below 3,525 ft, lower annual minimum); the strain on the already low status for
the Basin Fund as projected by WAPA; and potential impacts to non-native fish, including
increased brown trout immigration to Lees Ferry and increased risk of fish entrainment at lower
reservoir elevations. PI Team members highlighted uncertainties regarding Glen Canyon Dam’s
ability to reliably and effectively deliver water and generate power when pool elevation drops
below 3,525 ft. Further, a highly anticipated spring HFE, if triggered, would be prohibited from
occurring in the same water year as an extended duration HFE.
60-hour Fall HFE
Technical representatives were divided in the assessment of a shorter duration 60-hour
HFE, having evaluated the alternative for its ability to reduce negative resource impacts
while still providing sufficient benefit to the sediment resource in terms of learning and
effectiveness. The majority of representatives on the PI Team are opposed to
recommending that the Department implement a 60-hour HFE this fall, several members
support recommending that the Department implement a 60-hour duration HFE this fall,
and two members (WAPA and AGFD) have abstained from making a recommendation.
PI Team representatives opposed to a 60-hour HFE include all seven Basin States (AZDWR,
CA, CO, NM, UT, WY, NV), UCRC, and Reclamation. Those opposed to implementing a
shorter duration HFE this fall indicated that the reduced duration did not sufficiently address all
unacceptable adverse impacts to resources identified above (low pool elevation, Basin Fund
status). They also expressed concern that potential benefits to the sediment resource would not
outweigh potential adverse impacts. PI Team members again highlighted uncertainties regarding
Glen Canyon Dam’s ability to reliably and effectively deliver water and generate power when
pool elevation drops below 3,525 ft.
Those that support or that do not oppose implementation of a 60-hour HFE include BIA, NPS,
USGS, and USFWS. PI Team members in favor of an HFE cited the much-needed sediment
resource benefits from a fall HFE and included this option as a potential compromise for the
Leadership Team to consider that addresses both concerns expressed while still providing
benefits to sediment (predicted +30% sandbar size in November 2021 relative to October 2021).
They also noted that, in LTEMP, fall HFEs were predicted to be conducted frequently (~3 out of
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every 4 years) and it has been three years since the most recent HFE (fall 2018) was triggered
and implemented, such that this HFE would rebuild some of the beaches that were lost during
this time. GMCRC noted that sandbar benefits from a 60-hour HFE would likely be greater in
Marble Canyon, but would result in sandbar deposition throughout Marble Canyon and Grand
Canyon. It was noted that maintaining camping beaches is important for the LTEMP sediment
resource goal. Also noted is the potential for improved legacy of sandbar increases resulting
from a fall HFE (predicted +20% sandbar size in April 2022 relative to October 2021) due to
relatively low winter flows consistent with the 7.48 maf annual release pattern planned for Lake
Powell in Water Year (WY) 2022. The GCMRC highlighted the learning value of implementing
an HFE in November 2021 in that it would contribute to addressing, 1) the long-term question
about the cumulative effect of multiple HFEs over the 20-year period of the LTEMP, and 2)
questions about the potential combined effects of HFEs and riparian vegetation management for
sand storage in aeolian dunefields covering archaeological sites. Although the best available
science indicates a fall HFE may result in small benefits to undesired non-native species, these
effects were highly uncertain (see rainbow trout section below) or the marginal impact was
expected to be small (see brown trout section). Thus, expert opinion among fishery biologists
was that a 60 hour fall HFE would not substantively increase risk to endangered and native fishes
in Grand Canyon above the existing level of risk.
Scope of Assessment
Flow Experiments at Glen Canyon Dam are an important feature of the LTEMP ROD that will
help determine specific dam operations that could be implemented to improve conditions,
continue to meet the Grand Canyon Protection Act’s (GCPA) requirements, and to minimize
adverse impacts on the downstream natural, recreational, and cultural resources. Per the LTEMP
ROD, the PI Team is charged with seeking a consensus technical recommendation regarding the
assessment of resources at and below Glen Canyon Dam (see Section III for list of resources).
Water management activities occurring elsewhere within the Colorado River Basin may be
relevant to the Department’s decision of whether to implement flow experiments, but are being
addressed separately outside the scope of this technical assessment. For example, water
managers, including many PI Team members, are concurrently working to evaluate the potential
effects of drought on water resources throughout the Basin, including evaluations of options to
minimize the risk of Lake Powell falling below the “Target Elevation” of 3,525 ft. under the
Drought Response Operations Agreement. The LTEMP process for evaluating potential flow
experiments requires assessment of the effects on resources, and provides an offramp in the
event of unacceptable adverse impacts. If implemented, flow experiments cannot change the
annual release volume from Glen Canyon Dam. The PI Team appreciates the opportunity to
provide this report and anticipates that the Leadership Team may wish to address considerations
that were outside of the scope of this technical assessment.
II.

Introduction

The purpose of HFEs conducted in the context of the LTEMP ROD is to determine if sandbar
building during HFEs exceeds sandbar erosion during periods between HFEs, such that sandbar
size can be increased or maintained over the 20-year period of the LTEMP. This study supports
the LTEMP Resource Goal for the sediment resource to “Increase and retain fine sediment
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volume, area, and distribution in the Glen, Marble, and Grand Canyon reaches above the
elevation of the average base flow for ecological, cultural, and recreational purposes” (DOI
2016b). Table 4 in Appendix B of the LTEMP ROD summarizes implementation criteria for
LTEMP experiments, and an excerpt of the criteria for fall HFEs is provided below (Table 1).
Table 1. LTEMP Implementation Criteria for Fall High Flow Experiments

a Triggers will be modified as needed during the 20-year LTEMP period in an adaptive manner through processes
including ESA consultation and based on the best available science utilizing the experimental framework for each
alternative.
b Annual determination by the DOI. Any implementation will consider resource condition assessments and resource
concerns using the annual processes described in Sections 1.3 and 1.4.
c Suspension of experiment if the DOI determines effects cannot be mitigated.
Source: 2016 LTEMP ROD, Appendix B, Table 4 – Implementation Criteria for Experimental Treatments of
Alternative D

To date, five HFEs have been conducted under sand-enriched conditions since the HFE Protocol
was initiated in 2012. Those HFEs occurred in November each year in 2012, 2013, 2014, 2016,
and 2018. In each case, sandbar building results were consistent with the results from previous
HFEs (Grams, 2019). All HFEs resulted in substantial deposition at all sandbar types (see
Mueller and others, 2018 for description of sandbar types), with some evidence of cumulative
gains in sandbar volume over multiple HFEs. While observations demonstrate that HFEs benefit
campsites and cause temporary increases in campsite area, vegetation encroachment continues to
cause progressive declines in campsite areas at some locations.
III.

LTEMP Process for Implementing Experiments

The 2016 LTEMP ROD provides the framework for implementing flow-based experiments at
Glen Canyon Dam when resource conditions warrant. The purpose of LTEMP experiments is to
learn, through adaptive management, how to better protect, mitigate adverse effects to, and
improve resources downstream of Glen Canyon Dam, while complying with relevant laws.
Ongoing research and monitoring through the Glen Canyon Dam Adaptive Management
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Program ensures the best science and data are available for making decisions related to flow
experiments.
Under the LTEMP, the Department may conduct flow-based experiments (HFEs, Bug Flows,
Trout Management Flows, and Low Summer Flows) at Glen Canyon Dam when resource
conditions warrant and if it is determined that there will not be unacceptable adverse impacts on
other resources.
Prior to implementation of any experiment, the relative effects of the experiment on the
following resource areas will be evaluated and considered: (1) water quality and water
delivery, (2) humpback chub, (3) sediment, (4) riparian ecosystems, (5) historic
properties and traditional cultural properties, (6) Tribal concerns, (7) hydropower
production and WAPA’s assessment of the status of the Basin Fund, (8) the rainbow trout
fishery, (9) recreation, and (10) other resources.
--P. B-8, Implementation Process for Experiments Under Alternative D, 2016 LTEMP ROD

The process for recommending experiments under the LTEMP, which has been used for past
experiments and has been followed here, involves outreach to GCDAMP partners through
regular meetings and additional notification to Tribes inviting consultation. The process also
involves coordination with the PI Team to plan for the possible experiment, evaluate the status of
resources, and make the technical recommendation of whether to conduct an experiment. The PI
Team presents its recommendation to the Leadership Team, which makes a recommendation to
The Department. The Secretary’s Designee to the Adaptive Management Work Group (AMWG)
is the chair of the Leadership Team and may make the decision for the Department regarding the
experiment, as delegated by the Secretary of the Interior.
LTEMP HFE Protocol
As described in the LTEMP ROD, HFEs are experimental in nature and are designed to achieve
a better understanding of whether, how, and when to incorporate high releases into future dam
operations in a manner that maintains or improves beaches, sandbars, and associated habitat. The
LTEMP HFE Protocol establishes a decision-making framework consisting of three components:
(1) planning and budgeting, (2) modeling, and (3) decision and implementation.
Under the LTEMP, HFE releases are restricted to limited periods of the year when the highest
volumes of sediment are most likely available for building sandbars. Sediment-triggered HFEs
may be implemented in spring (March or April) or fall (October or November; Figure 1). Fall
extended-duration HFEs range from greater than 96 hr to 250 hr. Spring and fall HFEs that are
not extended-duration range from less than 1 hr to 96 hr. Proactive HFEs may be implemented in
spring or early summer (April, May or June), and have a duration range up to 24 hr. HFE
magnitudes range from 31,500 cfs to 45,000 cfs. The frequency of HFEs is determined by
tributary sediment inputs, annual release volumes, resource conditions, and decision of the
Department. Extended-duration fall HFEs are limited to a frequency of 4 times total in the 20year LTEMP period.
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Figure 1. Average monthly sand load from the Paria River (1923-2010) and Little Colorado
River (1987-2010) showing the fall and spring HFE accounting periods and implementation
windows (DOI 2016a).
HFE Sand Budget Model
The LTEMP HFE Protocol uses predictive models to make recommendations for the magnitude
and duration of potential HFEs using real-time measurements and models of sand inflow from
the Paria River and forecasted hydrologic data to determine whether suitable sediment and
hydrology conditions exist for a high-flow experimental release.
A sand transport/budget model (Wright et al. 2010) was used to predict the mass of sand that
would be transported by an HFE and to estimate if a potential HFE would transport more or less
sand than had been delivered from the Paria River to the Colorado River during the fall
accounting period (July 1 to November 30). Only HFE durations that resulted in a “positive sand
balance” were considered. Output of the modeling runs provides the initial recommendation for
the magnitude and duration of the HFE. However, because modeling only considers a simple
range of possible HFE peak magnitudes and durations, the Protocol includes a review of the
model output that may modify the recommended HFE to benefit relevant resources.
In addition to reviewing the sand budget model output, the PI Team assessed the status of the
LTEMP resources and the potential effect of an HFE on these resources in making the
recommendation described here.
IV.

Hydrograph Alternatives

HFE Sand Budget Model Results
Throughout the summer and fall, and in accordance with the Protocol, Reclamation regularly
updated its modeling estimates based on cumulative sediment inputs to determine the largest
HFE that resulted in a positive sand balance in Marble Canyon. The modeled HFE shape was
based on past years’ input from scientists at GCMRC and designed to meet the twin objectives of
providing the greatest resource benefit and developing scientific information that will help better
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inform future decision making. Hydrology inputs were provided as hourly Glen Canyon Dam
releases (historic and future) for the accounting period (July 1 – November 30).
The final September 27, 2021 model results predicted there was sufficient sediment for
implementation of a 192-hr extended duration HFE—the longest duration allowed for the first
implementation of an extended duration HFE–under the LTEMP HFE Protocol. The final
cumulative sand load estimates for the lower and upper bounds were, respectively, 982,000 and
1,471,000 metric tons. This model run used the conservative lower bound estimate for Paria
River sand input and estimated 136,000 metric tons would remain on November 30, 2021
following a 192-hour extended duration HFE and at the end of the accounting period.
Hydrograph Alternatives
In response to resource impact concerns, the PI Team proposed two hydrograph alternatives that
had potential to reduce negative impacts while still meeting objectives for sediment benefits and
learning (Figure 3). These alternatives reduced the duration of the experiment (see Table 2,
Table 3).
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Figure 2. Sand Budget Model Results for Fall 2021 Accounting Window, 192-hour
Extended Duration HFE

Figure 3. November 2021 Schedule of Releases for Alternative Fall HFE Hydrographs
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Table 2. Summary of Water Releases, Pool Elevation, and Basin Fund Impacts for
Alternative Fall HFE Hydrographs
Water Release
Fall HFE
Hydrograph
Alternatives

Pool Elevation2

WY 2022
November
Number of
Bypass
End of November
Minimum
(ft) Relative Impact to
Total Release
Additional Days
Basin Fund
Volume (kaf)
Elevation (ft)
Difference from
Volume (kaf)
below 3525 ft
No Action

No HFE

500

0

3540.70

0

60-hr HFE

634

82

3538.85

15

60-hr HFE

634

82

3538.85

0

96-hr HFE

710

126

3537.79

20

96-hr HFE

710

126

3537.79

0

192-hr HFE

915

245

3534.92

34

(MAM)3
(DJF)3

(MAM)
(DJF)

(MAM)

3518.58
-3517.89
(0.69)
-3517.50
(1.08)
3518.59
0.01
3515.42
(3.16)

$0
$(1.30M)
$(3.04M)
$(1.94M)
$(4.66M)
$(3.70M)

1 – Peak capacity for all alternatives is 33,900 cfs.
2 – Assumes most probable hydrology as indicated in the September 24 Month Study.
3 – Refers to the months in which less water would be released in order to balance a November HFE: March, April, May (MAM) or December,
January, February (DJF).

Table 3. Summary of Learning and Effectiveness for Alternative Fall HFE Hydrographs
Fall HFE
Hydrograph
Alternatives

Learning Relative to Hypotheses
(ranked most to least)

Effectiveness Relative to Objective
(ranked most to least)

Sediment
Benefit1

No HFE

4 – Very Low2

4 – None

0

60-hr HFE
(MAM)
96-hr HFE
(MAM)
96-hr HFE
(DJF)

3 – Moderate (short duration is not consistent w/
3 - Moderate (reduced peak/low
LTEMP experimental design; contributes to
duration will build sandbars, but will
Western Grand Canyon sediment study)2
likely be limited in downstream reaches)
2 – Moderate/High (regular HFEs are a critical
2 - Moderate/high (reduced peak/long
part of the LTEMP experimental design;
duration expected to build sandbars
contributes to western Grand Canyon sediment
throughout most of Marble and Grand
study)2
Canyon)
See above2

See above

60%

70%

See above

1 - High (regular HFEs are a critical part of the
LTEMP experimental design; learning associated 1 - High (extended duration hypothesized
192-hr HFE
with the extended duration is high despite low
to result in greater sandbar building in
105%
(MAM)
peak discharge, because this represents first
downstream reaches)
extended duration HFE)
1 – Sediment benefit is described as "bar building relative to a base HFE of 96-hours at 44,000 cfs”
2 – The unique conditions of high sediment input and low winter flows will be valuable to inform sediment accounting window
discussions under all scenarios. Low winter flows will allow substantial sand retention in Marble Canyon through at least June
30, 2022.
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Experimental Design and Description - 60-Hour Duration
Potential 60-hour HFE Hydrograph:
• Ramp-up from base releases at 4,000 cfs/hr at approximately 7:00 am on Monday,
November 1, 2021 (all times Mountain Standard Time) until reaching powerplant
capacity (~18,900 cfs)
• Open first bypass tube at 10:00 am on November 1
• Ramp-up from powerplant capacity to full bypass (~33,900 cfs) at one full bypass tube
(~3,750 cfs) per hour in 4 hrs
• Stay at peak release (~33,900 cfs) for 60 hrs
• Ramp-down from peak release to base releases at beginning at half bypass of 1,875 cfs/hr
until reaching powerplant capacity and then decreasing at 2,500 cfs/hr
These recommendations result in the following release schedule at Glen Canyon Dam (also,
Figure 4):
• Begin ramp-up from 6,500 cfs at 7:00 am on November 1 (Monday)
• Reach powerplant capacity at approximately 10:00 am on November 1
• Open bypass tubes at approximately 10:00 am on November 1
• Reach full bypass at 2:00 pm on November 1
• Begin ramp-down from bypass at 2:00 am on November 4 (Thursday)
• Complete HFE (back to 9,000 cfs) at 1:00 pm on November 4 (Thursday)

Figure 4. November 2021 Glen Canyon Dam hourly releases for Potential 60-hr HFE
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V.

Monitoring Plan

GCMRC developed a science plan for the LTEMP that describes a program of monitoring and
research activities that support ongoing information needs associated with implementation of the
LTEMP and associated experiments like HFEs (VanderKooi et al. 2017). This approach relies on
water quality, sediment, aquatic biology, and other resource monitoring and research projects
funded in the GCDAMP Fiscal Year (FY) 2021-2023 TWP (Reclamation and GCMRC TWP,
U.S. Department of the Interior, 2020). These projects will inform the effect of future HFEs on
the downstream resources of Glen, Marble, and Grand Canyons. Projects from the TWP specific
to monitoring HFEs are further discussed below.
Project A, Streamflow, Water Quality, and Sediment Transport and Budgeting in the Colorado
River Ecosystem, and Project B, Sandbar and Sediment Storage Monitoring and Research, are
essential components to implementation of the HFE Protocol under LTEMP because the protocol
calls for high flow releases from Glen Canyon Dam whenever a specified minimum amount of
fine sediment delivered from the Paria River is exceeded. Under Project A, the measurements
needed to trigger HFEs are collected. Project B supports the direct measurements of the volume
of fine sediment, especially sand, that is stored on the bed of the Colorado River, in its eddies, or
at higher elevation along the river’s banks; these measurements allow assessment of the
effectiveness of the HFE Protocol. A substantial accomplishment of these programs in previous
work plans was the development of web-based interfaces to serve sediment transport and water
quality data, calculate fine sediment mass balances (see
https://www.gcmrc.gov/discharge_qw_sediment/), and to serve photographs of approximately 50
sandbars located from Lees Ferry to Diamond Creek (see https://www.usgs.gov/apps/sandbar/).
The latter data allow stakeholders to evaluate the effects of controlled floods implemented under
the HFE Protocol.
As described in the HFE Protocol EA (U.S. Department of the Interior 2011) and the LTEMP
FEIS (U.S. Department of the Interior 2016a), the potential HFE planned for fall 2021 would not
be an isolated event, but a component of a longer-term experiment to restore and maintain
sandbars with multiple high flows over a period of several years. The monitoring data that are
needed to assess the outcome of this multi-year experiment include annual sandbar monitoring at
selected long-term monitoring sites, periodic monitoring of changes in sand storage in the river
channel, and measurements of sandbar size at more than 1,000 sites based on aerial photographs
that are collected periodically. These activities are described in detail in the Reclamation and
GCMRC TWP (U.S. Department of the Interior 2020). It is also important, however, to evaluate
the sandbar building response of each high flow to assess whether the sandbar building
objectives are being achieved incrementally. This evaluation will be based on sites that are
monitored by remotely deployed digital cameras and repeat topographic surveys of sites that will
occur in fall 2022.
GCMRC scientists have installed digital cameras that capture 5 images every day at 43 sandbar
monitoring sites throughout Marble and Grand Canyons between Lees Ferry and Diamond
Creek. The images acquired by these cameras will be used to evaluate both the magnitude and
spatial distribution of sandbar building caused by the HFE (Grams et al. 2018). They will also be
used to assess the rate of post-HFE sandbar erosion. Because the remote cameras are monitoring
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the same sites that are monitored by the annual surveys and the same sites that were monitored
during the previous high flows, it will be possible to evaluate sandbar-building effectiveness of
the planned HFE relative to the previous HFEs.
Project D will continue monitoring for changes in sediment storage in dunefields covering
archaeological sites. An HFE has not occurred since the NPS LTEMP vegetation management
project was implemented to open up sandbar campsites and increase aeolian transport to
archaeological sites. Thus, we have data for scenarios 1-3 but not #4 below:
o
1) Year(s) without vegetation removal and without HFE,
o
2) Year(s) without vegetation removal but with HFE,
o
3) Year(s) with vegetation removal but without HFE,
o
4) Year with vegetation removal and HFE.
An HFE implemented in 2021 would provide GCRMC and NPS the opportunity under their
collaborative LTEMP vegetation management project to address a critical uncertainty (i.e.,
scenario #4 above) about the potential combined effects of HFEs and riparian vegetation
management.
GCMRC will also collect data on water quality (including nutrients), native and nonnative fishes,
aquatic invertebrates, riparian plants, and other resources, as described in the Reclamation and
GCMRC TWP (DOI 2020). Project N, Hydropower Monitoring and Research, is focused on
conducting monitoring and research of proposed experiments in the LTEMP ROD and consider
impacts on hydropower and energy as part of the experimental design. Project G, Humpback
Chub Population Dynamics throughout the Colorado River ecosystem, continues long-term
monitoring in Grand Canyon and will provide information about potential response of
Humpback chub to a fall HFE.
GCMRC will also collect additional data in support of project O.2, which is a study of channel
response to flow pulses in the western Grand Canyon. The HFE will provide the opportunity to
measure bed response to the larger 33,900 cfs HFE than was measured in the 2021 spring
disturbance flow. The required data are repeat measurements of channel bathymetry and bank
topography for 3-km long study reach. The objectives and budget are described in Project B.6.5
in the GCDAMP FY 2021-2023 TWP.
VI.

Assessment of Resources

In coordination with the GCMRC, the PI Team completed an assessment of key resources that
may be impacted or affected by an HFE. This assessment is based on the current condition of
resources and on findings and observations from fall HFEs conducted in 2012, 2013, 2014, 2016,
and 2018. Key resources were evaluated relative to the timing, duration, and magnitude of the
potential fall 2021 HFE using the best available science: November 1, 2021 start date, 60-hour
duration, and 33,900 cfs peak magnitude. This section summarizes the assessment of resources
and expected effects of the potential HFE.
Archaeological and Cultural Resources
Reclamation and NPS (DOI 2016b) determined that HFEs, as identified in the LTEMP, could,
through multiple experiments, potentially affect historic properties and the effect would be
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adverse per 36 CFR 800.5(2)(iv). The agencies also found that adverse effects to sacred sites
could result from the HFEs, primarily from limitation of access of tribes to sacred sites during
the period of HFE releases. Reclamation, as lead federal agency for National Historic
Preservation Act section 106 compliance, completed the LTEMP Programmatic Agreement (PA,
Reclamation 2017) with affected tribes and other parties to address these effects. Effects of HFEs
to cultural resources are primarily from erosion and redistribution of sediment. Inundation can
adversely affect sites through erosion, but deposition may help protect sites by providing sources
of sand that can bury historic properties via aeolian transport (Reclamation 2011, DOI 2016b,
East et al. 2016). HFEs also may affect access of tribes to historic properties and alter visitation
patterns to historic properties (Reclamation 2011, DOI 2016b).
The PA incorporates, by reference and specified in Appendix D, a commitment to the
stipulations identified in previous compliance agreements, most notably the Memorandum of
Agreement for the 2012 High Flow Experiment. Reclamation, as lead federal agency, notified
Tribes and consulting parties on September 20, 2021 identifying the potential for a fall HFE in
2021, in conformance with the stipulations in the PA (and previous MOA).
GCMRC monitoring has shown that recent HFEs have eroded terraces that contain
archaeological sites in Glen Canyon National Recreation Area (GLCA; East et al. 2016). HFEs
also rebuild or maintain sandbars that provide sand to resupply aeolian dunefields containing
archaeological sites throughout Marble and Grand Canyons (Sankey et al. 2018). Aeolian
dunefields were resupplied with sand from HFE deposits in half of the instances monitored after
the 2012, 2013, 2014, and 2016 HFEs (Sankey et al. 2018). There is also evidence for
cumulative effects of sediment resupply of dunefields when annual HFEs are conducted
consistently in consecutive years (Sankey et al. 2018). No adverse effects to historic properties
were identified from the 2012, 2013, or 2014 HFEs. Results from monitoring following the 2016
and 2018 HFE showed that several archaeological sites have transitioned from net-erosion to netdeposition dominated topographic changes in association with the higher frequency of HFEs
during the time period of the current HFE protocol. Additionally, the NPS LTEMP vegetation
management project was implemented beginning in 2019 to open up sandbar campsites and
increase aeolian transport to archaeological sites. An HFE has not occurred since the vegetation
management experiments were implemented. Thus, questions about the potential combined
effects of HFEs and riparian vegetation management for sand storage in aeolian dunefields
covering archaeological sites have not yet been addressed. A fall HFE in 2021 would not pose
risks to archaeological and cultural resources that were not previously analyzed in the
LTEMP.
Natural Processes (Aquatic Food Base)
Flood disturbance is a critical natural process in streams and rivers (Poff and others 1997). By
disrupting ecosystem structure and altering the availability of substrates and resources, flood
disturbance can help maintain native biological diversity (Carlisle and others 2017). Disturbance
magnitude, for example the extent of drying at low flow or the proportion of the bed that is
mobilized at high flows, can influence ecosystem outcomes by determining the extent of biomass
loss and the quantity of newly scoured habitat patches available for recolonization by fastgrowing algae and aquatic insects. Disturbance frequency and timing (e.g., spring vs. fall) can
also influence the rate and trajectory of ecosystem recovery from disturbance. The life cycles of
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many species of native algae, insects and fish are directly tied to flood disturbances, and
alterations to river flood regimes can adversely affect ecosystem health. In fact, a national
synthesis of flow and biological data from over 700 streams and rivers in the lower 48 states
found that intact and healthy communities of native aquatic invertebrates and fish were most
often present where flood disturbance still occurred, and where flood timing was seasonally
appropriate (i.e., similar to the natural condition; Carlisle and others 2017). Although the
Colorado River in Grand Canyon could not be included in this 2017 synthesis owing to the
absence of pre-dam ecological data, the mechanisms linking periodic flow disturbance to stream
ecosystem health were evaluated in a wide variety of streams and regions. It is therefore
reasonable to predict that similar mechanisms linking appropriately timed flow disturbance to
ecosystem health also operate in the Colorado River.
The pre-dam Colorado River was characterized by spring snow-melt floods that often exceeded
100,000 ft3/s and typically peaked in late June, followed by flash flood flows during the summer
monsoon season, and extensive low base flows from the fall through early spring (Topping and
others 2003). This seasonally variable flow regime was an important driver of natural processes
in the Colorado River, and the unique fish species that evolved here were adapted to frequent
flow disturbances. For example, the small eyes and tiny embedded scales that are common to
several native fish are thought to be adaptations to the sediment laden floods that scoured the
Grand Canyon annually. In the pre-dam river, turbidity was always high (Voichick and others
2016), suggesting that algae growth was likely restricted to the river’s edge or shallow cobble
habitats; detritus and leaf litter are thought to have been primary sources of energy fueling food
webs (Blinn and Cole 1991).
Regulation of the Colorado River by Glen Canyon Dam in 1963 eliminated the annual spring
high flow disturbances, it substantially increased base flow thereby eliminating periods of low
flows, and hourly variation in discharge increased substantially owing to hydropower production
(Topping and others 2003, Kennedy and others 2016). In addition to changing the river’s flow
regime, Glen Canyon Dam also changed other aspects of the physical template, particularly
temperature, sediment, and nutrient regimes (Dibble and others 2021, Topping and others 2000,
Yackulic and others 2018). These changes to the physical template led to dramatic changes in the
natural processes that sustain river food webs. For example, Colorado River food webs are now
primarily built upon algae production owing to clear water (Stevens and others 1997, Cross and
others 2013). Many types of aquatic insects have been extirpated from Grand Canyon owing to
multiple stressors including cold water temperatures and hourly fluctuations in discharge that
leads to acute mortality of aquatic insect eggs laid along constantly changing shorelines
(Kennedy and others 2016). Three species of native fish have also been extirpated from Grand
Canyon owing to cold water, predation by non-native fish, and dams that block migration routes
(Minckley 1991).
Meanwhile, many species of non-native invertebrates (e.g., Gammarus lacustris, New Zealand
mud snails, quagga mussels) and fish (e.g., rainbow trout, brown trout) have become established
throughout the Grand Canyon segment because they are well-suited to this new physical
template and altered flow regimes. Predation by non-native fish species is a constant and
potentially growing threat to many native fish species that remain in Grand Canyon.
Additionally, simplified food webs that are inherently unstable and overall low food base
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production arising from nutrient limitation have been shown to limit native and desired nonnative fish populations in some reaches and years (Cross and others 2013, Korman and others
2021). In spite of these changes to the ecosystem and the natural processes that support food
webs, native fish populations in Grand Canyon have been relatively stable over the past two
decades compared to other segments of the Colorado River (Yackulic and others 2014, Healy
and others 2020, Dibble and others 2021).
The LTEMP seeks to enhance key resources through experimentation and management of both
flow and non-flow actions. High Flow Experiments are the principal type of flow disturbance
evaluated as part of LTEMP. Because the annual snowmelt flood of the Colorado River was in
spring and early summer, it has long been hypothesized that spring HFEs would be more likely
to benefit natural processes of the river compared to fall HFEs (Kennedy and Ralston, 2011).
Consistent with these predictions, monitoring of fall HFEs in 2012, 2013, 2014, 2016, and 2018
indicate these flow disturbances have neutral-to-negative effects on algae production, aquatic
insect abundance and diversity, and other natural processes (Kennedy and Muehlbauer 2019).
Unfortunately, these tools for monitoring natural processes were not in place in 2008 the last
time a spring HFE was tested, so the role of spring HFEs in enhancing natural processes remains
unclear. Nonetheless, monitoring of natural processes occurred in March 2021 during the spring
disturbance flow test at Glen Canyon Dam, and future analysis of these monitoring data may
help shed light on whether flow disturbance in spring benefits natural processes. A 2021 fall
HFE would not pose unacceptable risks to natural processes that were not previously
considered or analyzed in the LTEMP.
Humpback chub
The adult humpback chub population in the Little Colorado River aggregation is currently above
the Tier-1 threshold of 9,000 adults identified in the Biological Opinion for the LTEMP
(GCMRC unpublished data, USFWS unpublished data). Past HFEs have had no measurable
direct effects, positive or negative, on humpback chub or other native fish. Their populations in
the Little Colorado River aggregation remained relatively stable over the decade from 20092019, a period that included HFEs in 2012, 2013, 2014, and 2016 and increased water
temperatures (Kennedy and Ralston 2011, GCMRC unpublished data). However, populations are
now declining in the Little Colorado River aggregation and are expected to continue to decline
over the next few years. The three-year average (2018-2020) of large sub-adult humpback chub
in the Colorado River mainstem from river mile 63.45 to 65.2 (juvenile chub monitoring reach)
was estimated at 600 fish, which is below the 810 fish required to prevent initiation of a Tier 1
fish management action trigger. Fish biologists are working to identify factors that may have led
to poor recruitment, assess the current outlook for humpback chub populations in the Grand
Canyon, and evaluate early intervention actions that can be taken to reverse the decline.
HFEs may indirectly affect humpback chub through increases in rainbow trout or brown trout
populations, which are discussed below in those respective sections. Based on provisional
unpublished data, humpback chub were not directly affected by the 2012, 2013, 2014, 2016, or
2018 HFEs, with adult populations appearing stable over the period of these HFEs and juvenile
populations fluctuating in response to variable recruitment in the Little Colorado River. For
example, there was poor production of juveniles this year in the Little Colorado River in
agreement with past findings that in years lacking winter/spring runoff humpback chub
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recruitment is depressed (Van Haverbeke et al. 2013). Based on the current population status
of humpback chub and the unclear relationship of fall HFEs to humpback chub, a fall 2021
HFE does not pose unacceptable risks to humpback chub that were not previously
considered in the LTEMP.
Hydropower and Energy
WAPA has firm electric power contracts and will continue to meet these contract obligations
either with generation from Colorado River Storage Project powerplants or from purchases from
the wholesale electrical market. Low-volume releases from Glen Canyon Dam both pre- and
post-HFE requires extra electrical purchases to meet WAPA’s contract obligations. Conversely,
during the HFE, high volume releases from Glen Canyon Dam requires the energy be sold to the
open market. WAPA estimated the financial cost of implementing a 2021 fall HFE is between
$1.30 million and $4.66 million, depending on duration and which months water is moved from
to provide volume for the HFE (see Table 4). For comparison with past HFEs, WAPA
determined the costs at $1.1 million for 2012, $2.6 million for 2013, $2.1 million for 2014, $1.2
million for 2016, and $1.3 million for 2018.
Table 4. WAPA’s Estimate of the Impact of Fall HFE Alternatives on the Basin Fund
Fall HFE
Hydrograph
Alternatives

November
Bypass
Total Release
Volume (kaf)
Volume (kaf)

No HFE

500

0

60-hr HFE

634

82

60-hr HFE

634

82

96-hr HFE

710

126

96-hr HFE

710

126

192-hr HFE

915

245

Months water
moved from for
HFE

Volume moved Relative Impact to
Basin Fund
(1000’s AF)

--

--

Mar
Apr
May
Dec
Jan
Feb
Mar
Apr
May
Dec
Jan
Feb
Mar
Apr
May

46
44
44
44
46
44
72
69
69
69
72
69
141
137
137

$0
$(1.30M)
$(3.04M)
$(1.94M)
$(4.66M)
$(3.70M)

Water releases from Glen Canyon Dam during the HFE may be affected by disturbances of the
electrical system. Responses to these disturbances are required by Reclamation and WAPA
under law, contracts, and other agreements. Regulation and contingency reserves are the two
types of assistance provided by the CRSP system for electrical disturbances, and both are
managed by WAPA’s Western Area Colorado-Missouri (WACM) Balancing Authority.
Regulation is used to respond to frequency deviations on the electrical system. Glen Canyon
Dam is the only CRSP powerplant capable of the immediate responses required for regulation
and can increase or decrease releases by as much as ±1,280 cfs (40 mw) for up to 1 hour and 59
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minutes. WAPA would move reserves to an alternate CRSP unit for a fall 2021 HFE after
determining this will not likely result in additional cost.
WAPA estimates that the balance of the Upper Colorado River Basin Fund (Basin Fund) will be
about $87 million at the end of fiscal year 2021. This is considerably below WAPA’s target for
an end of year balance. WAPA further projects significant reductions in the Basin Fund balance
over the next two years primarily due to reduced reservoir levels (hydraulic head), low annual
releases from Glen Canyon Dam (7.48 maf in water years 2022 and 2023) and increases in
purchase power prices and amount. Without significant mitigation efforts, the Basin Fund would
not be able to sustain the project. Mitigation actions in progress to reduce impacts to the Basin
Fund include deferrals of O&M expenses and capital projects, and a new public process for a
potential rate adjustment aimed at avoiding a cost recovery charge and avoiding significant
projected purchase power costs in the near future. Regardless of a possible new rate, WAPA
intends to determine the cost of HFEs and other experiments at Glen Canyon Dam as has been
done in the past and will account for them as a constructive return. Given the extraordinary
measures taking place to maintain the Basin Fund by deferring millions of dollars in
expenditures, and a proposed new two-year rate, WAPA is very concerned with actions that
would further exacerbate the Basin Fund balance. Therefore, the current status of the Basin
Fund is not at a level sufficient to support implementation of a Fall 2021 HFE without
considerable risk of adverse impacts.
Other Native Fishes
A small reproducing population of endangered razorback sucker occurs downstream in Lake
Mead, and recent monitoring data indicate that razorback sucker occupy and spawn in western
Grand Canyon (Kegerries et al. 2017). In 2012, a single adult was captured near Spencer Canyon
(Bunch et al. 2012) and several other sonic-tagged individuals were detected in the same relative
area (Kegerries et al. 2017). Razorback suckers have been captured in small numbers in this
same area in subsequent years including two adults, one untagged and one sonic tagged, in 2013,
one sonic-tagged adult in 2016, and one untagged adult in 2018 (AGFD unpublished data).
Razorback sucker larvae were captured as far upstream as river mile 127.3 in 2019; however,
numbers of larvae found during standardized monitoring have steadily declined since 2014 from
462 to 0 in 2020 and 2021 (Kegerries et al. 2021, S. Platania, ASIR, Inc., personal
communication).
Regardless of declines in observed larvae, changes in flows due to a fall HFE are unlikely to
have a substantial effect to razorback suckers, since life stages that might be sensitive to higher
flows (e.g., spawning adults, larval fish) are not present in the fall months. In recent years, native
fish have increased in abundance (or remained stable) and distribution in western Grand Canyon,
with large numbers of juvenile humpback chub and flannelmouth sucker present (Kegerries et al.
2021, Van Haverbeke et al. 2017, Rogowski et al. 2018).
Invasive salmonids in Marble Canyon may benefit from a fall HFE through reduced turbidity
after the HFE and enhanced growth and survival (Korman and others 2021), which could lead to
indirect effects on native fishes through predation. Nonetheless, this potential indirect effect
depends on factors driving turbidity that are less certain, such as additional tributary sediment
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inputs. Thus, no unacceptable negative response would be expected among native fishes to a
fall HFE this year, based on current monitoring results and previous HFEs.
Recreational Experience
The majority of recreational users along the river in both GLCA and GRCA access the river by
boat. Upriver trips from Lees Ferry are primarily related to day use activities such as angling,
motorized and non-motorized watercraft, and camping. GLCA has seen a significant increase in
non-motorized watercraft (kayaks, canoes, paddleboards) since 2019 and the commercial
outfitters that use motorized watercraft to transport these boaters upstream (i.e., backhaul
services) have also increased significantly during the fall months. Recreational use is now
throughout the week with higher numbers on the weekends as opposed to previously. If a HFE is
implemented, press, website, and social media posts as well as direct contacts with the
commercial operators will need to occur to inform the potential recreationists. Day use visitors
also use Paria Beach for picnicking and shoreline recreation but most use in this area is during
the summer and early fall, with limited use in the colder, late fall into winter months.
Consequently, little to no impact to shoreline users would be anticipated from the HFE.
Both commercial and private angling trips for rainbow trout and now for brown trout under the
Incentivized Harvest program also occur on all days of the week and may be increasing in early
November as brown trout start appearing in and around their fall spawning beds. During the
peak flow of the HFE, there would be a direct impact to fishing as it would produce flows large
enough to impede fishing activity and may also affect foraging behavior of trout immediately
following the HFE, reducing catch rates.
White-water boating in Grand Canyon is a year-round recreational experience, and all Grand
Canyon river users with permits for use of the river during the HFE could be affected by
changing flow patterns. Effects would primarily be related to safety considerations, covered in
Section VII of this report. Day raft trips from Glen Canyon Dam to Lees Ferry, conducted under
contract by Wilderness River Adventures (WRA), cannot operate during HFEs because flow into
the Colorado River uses the bypass tubes at Glen Canyon Dam near the launch point for these
trips. This commercial operator would be notified of the HFE dates and may be closing their
limited 2021 operations around the time of the HFE.
Impacts to recreational experiences associated with the HFE would be both short- and long term
in GRCA. Although the HFE is proposed to take place on the first day when only noncommercial launches are permitted, there would be many commercial rowing trips on the water
from launches during the two weeks prior to the HFE (403 people on a total of 35 river trips).
Some private trips may choose to cancel rather than be on the water during the high flows. Both
commercial and private trips may alter their itineraries to avoid rafting if they are near rapids,
which become more dangerous at high flows. The stage elevation changes (5 – 10 feet
depending on the camp, per Magirl’s models) at the start and end of the flows may create
problems in camp and make some campable areas unusable. Medium- to long term impacts to
recreational experience would be expected to be minimal as flows of this magnitude are unlikely
to alter the rapids. The HFE should benefit recreational users through improvements to
campable area and vegetation in the near shore habitat.
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Sediment
During the period between the last HFE in November 2018 and July 1, 2021, roughly ½ million
metric tons of sand have been eroded from Marble and Grand canyons. Large magnitudes of
sand erosion occurred in Upper Marble Canyon, Eastern Grand Canyon, and East-Central Grand
Canyon, with sand deposition occurring in Lower Marble Canyon and West-Central Grand
Canyon. The changes in sand mass were as follows: Upper Marble Canyon (RM 0–30) 580,000 ±130,000 metric tons; Lower Marble Canyon (RM 30-61) +120,000 ±110,000 metric
tons; Eastern Grand Canyon (RM 61–87) -310,000 ±260,000 metric tons; East-Central Grand
Canyon (RM 87–166) -200,000 ±240,000 metric tons; West-Central Grand Canyon (RM 166–
225) +450,000 ±230,000 metric tons. Importantly, whereas the sand eroded from Upper Marble
Canyon, Eastern Grand Canyon, and East-Central Grand Canyon likely came, in part, from highelevation sandbars, the sand that was deposited in Lower Marble Canyon and West-Central
Grand Canyon was deposited at lower elevations in the channel and eddies but not in high
elevation sandbars. The most recent sandbar monitoring data show erosion of sandbar since the
fall 2018 HFE and photographic evidence from summer 2021 shows extensive gully erosion at
many sandbars in Marble Canyon and Grand Canyon caused by summer 2021 thunderstorms.
See discussion in Section IV for current sediment conditions relative to the HFE Protocol. Five
HFEs have been conducted under sand-enriched conditions since the HFE Protocol was initiated
in 2012. Those HFEs occurred in November of 2012, 2013, 2014, 2016, and 2018. In each case,
sandbar building results were generally consistent with the results from previous sand-enriched
HFEs as described by Schmidt and Grams (2011). All prior HFEs resulted in substantial
deposition at all sandbar types (see Mueller et al. 2018 for description of sandbar types) followed
by erosion of about half the new deposits within six months. Response immediately after the
2018 HFE based on digital camera images of sandbars from Lees Ferry to Diamond Creek
indicated that there was a substantial gain (deposition) for 28 sandbars (66% of sites), no
substantial change for nine sandbars (22% of sites), and substantial loss (erosion) for five
sandbars (12% of sites) (Grams 2019). The HFE deposits typically begin eroding immediately
following each HFE and the bulk of the newly deposited sand persists for approximately six to
12 months. Annual topographic surveys of sandbars were conducted between September 29 and
October 16, 2020. Data from these surveys indicate there has been some net increase in the size
of reattachment sandbars since the beginning of the HFE protocol in 2012. The size of other
types (Mueller et al. 2018) of sandbars has fluctuated, with no significant net increase or
decrease. Thus, repeated HFEs under the protocol have caused some cumulative increases in the
size of some sandbars. Deposition of sand during HFEs has caused temporary increases in
campsite area; however, there has been a net long-term decline in campsite area caused mostly
by vegetation encroachment (Hadley et al. 2018a, Hadley et al. 2018b). Anecdotal reports from
river guides indicate that hillslope runoff from summer rainstorms has caused substantial erosion
at many sandbars during summer 2021. These eroded sandbars will not rebuild without an HFE.
Sandbars provide sand to resupply dunefields via aeolian transport throughout Marble and Grand
Canyons (Sankey et al. 2018). Aeolian dunefields were resupplied with sand from HFE deposits
in half of the instances monitored after the 2012, 2013, 2014, and 2016 HFEs (Sankey et al.
2018). There is also evidence for cumulative effects of sediment resupply of dunefields when
annual HFEs are conducted consistently in consecutive years (Sankey et al. 2018). In 2019,
under the LTEMP vegetation management project, NPS began experimentally removing riparian
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vegetation that creates a barrier for aeolian transport of sand from sandbar campsites to dunefield
archaeological sites. An HFE has not occurred since the vegetation management experiments
were implemented. Thus, questions about the potential combined effects of HFEs and riparian
vegetation management for sand storage in aeolian dunefields covering archaeological sites have
not yet been addressed.
The aggregate sand mass-balance conditions since inception of the HFE Protocol (i.e., for the
period between July 1, 2012, and September 1, 2021) for the different segments of the Colorado
River in Marble Canyon (from
https://www.gcmrc.gov/discharge_qw_sediment/reaches/GCDAMP) are:
•

Upper Marble Canyon: +1.90 million metric tons (the range of this measurement is
between -0.88 and +4.60 million metric tons)

•

Lower Marble Canyon: +1.20 million metric tons (the range of this measurement is
between +0.30 and +2.20 million metric tons)

Thus, there was likely more sand in the Colorado River corridor in Marble Canyon on September
1, 2021, than on July 1, 2012, when the HFE Protocol was first implemented. The potential fall
HFE does not pose risks to the sediment conditions that were not previously analyzed in the
LTEMP and will benefit most sediment resources.
Tribal Resources
All resources in the canyon are of importance to Tribes, thus all resources are tribal resources. As
such, careful consideration of the potential effects of an HFE on all resources has been
considered. In addition, the taking of life in the canyon is a serious concern expressed by Tribal
partners. The potential HFE would not be expected to directly or indirectly result in increased
taking of life in the canyon, either during the experiment or in the future as a result of the
experiment. The potential experiment would not be expected to cause unacceptable adverse
impacts to tribal resources.
Rainbow Trout Fishery
The NPS Comprehensive Fisheries Management Plan completed in cooperation and coordination
with AGFD (NPS 2013), and the AGFD Management Plan establish objectives for the rainbow
trout fishery at Lees Ferry. Two of those objectives are to maintain angler catch rates of ≥ 1
rainbow trout per hour, and fish condition ≥ 1 in the summer. After a population crash of
rainbow trout in the winter of 2015-2016, the population started rebounding with increased
young of the year production in 2017-2018, however that did not result in an increase of
catchable fish, and overall abundance has been decreasing since 2018.
Overall, angler catch rates for rainbow trout have decreased from 2018 to 2020. Results from
2020 creel surveys for boat anglers was 0.639 fish/hr (CI 0.588, 0.689), and preliminary data
from 2021 (January - August) revealed a similar result of 0.584 fish/hr [0.520, 0.648]. In 2020,
walk-in anglers had a catch per unit effort of 0.251fish/hr [0.191, 0.310], and preliminary data
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for 2021 was estimated as 0.297 fish/hr [0.0615, 0.419]. These values are below the targeted
minimum catch rate of one fish/hr identified within AGFD’s Management Plan.
Fish condition of rainbow trout has been shown to be negatively correlated with abundance.
There is a limited food base in Glen Canyon for sub-adult and adult fish, and as fish abundance
increases, food becomes limiting and fish condition begins to decline. In 2020 and 2021, the
relative condition of rainbow trout accessible to anglers (> 6 inches) was greater than one
indicating healthy fish (AGFD unpublished data).
The Natal Origins and Trout Recruitment and Growth Dynamics projects led by GCMRC to
more closely examine rainbow trout have provided data to assess the effect of fall HFEs on
rainbow trout abundance and vital rates in Lees Ferry and at the Little Colorado River (LCR).
Analysis of data from fall HFEs conducted in 2004, 2012, 2013, 2014, 2016, and 2018 indicate
there are no large, consistent effects of fall HFEs on the rainbow trout fishery in Lees Ferry.
Rainbow trout growth has been high in years both with and without HFEs. Additionally,
modeling indicates other factors besides HFEs, including fish density/competition and reservoir
effects on nutrient dynamics and food base production are more important determinants of the
health and abundance of the rainbow trout population in Lees Ferry (Korman et al. 2020).
Further, there is no direct link between fall HFEs and emigration of rainbow trout out of Lees
Ferry. As such, a fall 2021 HFE would not be expected to have negative impacts on the
rainbow trout fishery aside from the temporary and direct effect of the HFE on angling
access that are described in the recreation section.
Downstream near the LCR, fall HFEs may temporarily lead to higher growth, survival, and
reproduction of rainbow trout owing to a period of relatively low turbidity after the HFE that
benefits these visual sight-feeding fish (Korman et al. 2020). Conducting an HFE in fall 2021
may lead to slightly lower turbidity at the LCR over the winter compared to no-HFE, however
the marginal effect of conducting an HFE on overwinter turbidity is somewhat uncertain owing
to the absence of a quantitative model of turbidity and the unknown amount of moisture this
winter. Analysis of historic turbidity data demonstrates that tributary flooding has an overriding
influence on turbidity over the winter (Voichick and Topping 2014). But in the absence of any
tributary flooding over the winter, conducting an HFE in fall 2021 could lead to small increases
in water clarity (less turbid water) compared to if no-HFE were conducted. Analysis of historic
turbidity data indicate marginal increase in water clarity without conducting an HFE would be
very small. However, rainbow trout growth and predation rates decline exponentially as a
function of turbidity. Therefore, because the relation between turbidity and rainbow trout growth
is exponential, even small increases in water clarity associated with no-HFE, when compounded
over several months, could have a significant effect on rainbow trout predation at the LCR.
Maintaining elevated turbidity in Marble Canyon has been discussed as a potentially useful
strategy for limiting rainbow trout populations and associated predation on native fish since at
least 2011 (Runge and others 2011).
If conducting an HFE in fall 2021 does in fact lead to clearer water conditions around the LCR
confluence area, then prior research demonstrates this would lead to improved feeding efficiency
and predation by rainbow trout, and lower juvenile humpback chub survival rates until the next
major turbidity flooding event resets and increases turbidity in Marble Canyon (Korman et al.
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2020, Yackulic et al. 2018). In 2020 rainbow trout abundance around the LCR was ~700
(Yackulic personal communication). Although abundance estimates for 2021 are not yet
available, catch rates have been slightly higher than 2020, suggesting rainbow trout abundance is
now >700. For comparison, rainbow trout abundance at the LCR ranged from around 1500-2000
during 2012-2014, followed by near-zero abundance by 2017 owing to systemwide declines in
rainbow trout. Thus, abundance of rainbow trout at the LCR confluence has been increasing
since around 2017 but they remain below the abundance estimates seen during 2012-2014.
Nonnative Invasive Species - Green Sunfish
New cohorts of young nonnative green sunfish were observed by NPS staff in the Upper Slough
within Glen Canyon in August of 2021. Due to this successful reproduction, NPS believes there
is a need to remove green sunfish in the slough prior to an HFE. This removal effort is likely to
eliminate most individuals and reduce the risk of downstream dispersal to critical endangered
fish habitat downstream. Similar to previous removal efforts, most green sunfish removed and
the few individuals that may remain will be new cohorts less than 40 mm TL. As done during the
past two Octobers, NPS will pump out the 1/3-acre Upper Slough on October 6th-8th until only
approximately 1,000 gallons of water remains. NPS will then electrofish and collect as many of
the green sunfish as possible. These will be removed alive, quarantined for up to 14 days in one
or more holding tanks, and then released into Lake Powell near the Wahweap Marina which is
approximately 4 miles upstream of the dam. The release will be completed under an AGFD
permit and will follow a Hazard Analysis and Critical Control Point (HAACP) plan to ensure no
New Zealand mudsnails or other river invasives are released into Lake Powell. No adult or
juvenile green sunfish were captured in the much larger Lower Slough in March or July of
2021 indicating that treatment of the main slough is unnecessary this year. Based on these
planned actions and findings, green sunfish do not represent a resource concern within the Glen
Canyon Reach that would prevent a fall 2021 HFE.
Within Grand Canyon, individual green sunfish were detected in several locations in 2021.
Green sunfish identified in Kanab Creek in June were not detected again during monitoring in
September in Kanab Creek which may have been due to a large tributary flood in July. Five were
found while seining in a large backwater near RM 243 during July, but none were found in
August in the same backwater. Four green sunfish were captured in the mainstem between RM
157-175 in 2021. No changes to the status of green sunfish in GRCA are expected related to the
fall HFE. No unacceptable risk to native fishes in Grand Canyon is expected, assuming
green sunfish are removed from the Upper Slough in Glen Canyon prior to a fall HFE.
Nonnative Invasive Species- Brown Trout
Brown trout are a highly piscivorous species known to prey on humpback chub and other native
species (Yard et al. 2011). Monitoring of juvenile humpback chub suggests that increased
rainbow trout abundances (and perhaps brown trout abundances) are associated with lower
juvenile chub survival rates (Yackulic et al. 2018); however, this effect is uncertain and may be
weak relative to other drivers of humpback chub dynamics (e.g., temperature, juvenile
recruitment, food availability). Nonetheless, brown trout can have a population-level impact on
native fish in Grand Canyon (Healy and others 2020). Coinciding with suppression of brown
trout in a primary area for reproduction (Bright Angel Creek; Healy and others 2020), brown
trout catches at the Little Colorado River confluence have generally been low since
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implementation of the HFE protocol in 2012 (GCMRC unpublished data). In contrast to
observations near the Little Colorado River, brown trout abundance has increased in Glen
Canyon in recent years and is a cause for concern. This species is known to be a fall-spawner
that has successfully spawned and recruited in Glen Canyon since implementation of the HFE
protocol in 2012 (Runge et al. 2018).
The model of Lees Ferry brown trout populations developed for the 2018 Brown Trout report
(Runge and others 2018) and subsequent updates suggest that high immigration of adult brown
trout into the Lees Ferry reach has occurred concurrent with some, but not all, fall HFEs (i.e.,
2014 and 2018 fall HFEs are associated with immigration of ~1000 medium-large brown trout
into Lees Ferry, while HFEs in 2012, 2013, and 2016 are not associated with high immigration;
Yackulic, 2021). Further, high immigration of adult brown trout into Lees Ferry has never
occurred in the absence of a fall HFE. A separate model of brown trout movement developed
using individually tagged brown trout throughout Marble and Grand Canyon also suggests that
movement probability of brown trout to Lees Ferry is greater during intervals that include fall
HFEs (Schelly and others 2021). Of 39 brown trout implanted with sonic tags in Glen Canyon,
three fish were found to make temporary downstream movements – one of which was detected in
the vicinity of the LCR, and then returned to Glen Canyon within ~5 days (NPS unpublished
data). In addition, brown trout favor food items (Gammarus and mud snails) that have shown
increases during the period where regular testing of fall HFEs has occurred (Kennedy and others
2019). Although fall HFEs have been linked to increased immigration of adult brown trout into
Lees Ferry and potential food base changes that may also favor brown trout, there is not strong
evidence linking fall HFEs to increased brown trout recruitment in Lees Ferry; specifically, years
with the largest recruitment of new juvenile brown trout in Lees Ferry are not associated with fall
HFEs (i.e., two of the highest years of brown trout recruitment are in fall of 2016 and fall of
2020, but no fall HFE occurred in the year prior). Increases in adult numbers due to immigration
may lead to increased brown trout production. Nonetheless, a leading hypothesis suggests the
number of rainbow trout spawners may influence brown trout recruitment through interference
spawning. Since rainbow trout catch rates in 2021 are among the lowest observed in Glen
Canyon since monitoring began, brown trout population growth may continue with or without a
fall HFE in 2021.
Given increases in the estimated brown trout population, GLCA implemented an Incentivized
Harvest program targeting brown trout in November of 2019. Nearly 480 larger sized (6” to 25”)
brown trout have been harvested under this program to-date. GLCA has increased incentives this
fall starting in August 2021, and is evaluating increases again in December and running through
January 2022 to try and increase fishing pressure and harvest rates during the fall/winter
spawning period when brown trout are most susceptible to angling. GLCA increased incentives
last November of 2020 as well. The HFE may impact fishing in early November during the
event, but fishing would return to normal after the HFE.
Although a November 2021 HFE may trigger additional immigration of adult brown trout
into Lees Ferry, brown trout populations in Lees Ferry are large enough at this point that
additional immigration arising from a 60-hour fall HFE is not anticipated to substantively
increase the risk to endangered and native fishes that are downstream in Grand Canyon
above the existing level of risk. Nonetheless, GLCA will increase incentives to anglers to
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increase harvest of brown trout with the intent of offsetting the arrival of new adult brown
trout that might immigrate into the reach during the fall.
Nonnative Invasive Species - Other Fishes
Other nonnative fish species observed in recent years in Glen Canyon that could threaten
humpback chub and other native fishes if they became more abundant and widespread in the
Colorado River downstream of Glen Canyon Dam include smallmouth bass, striped bass, and
walleye. From 2017 to 2019 one smallmouth bass was captured each year below Glen Canyon
Dam, while in recent years (2020-2021) no smallmouth bass were captured. Two smallmouth
bass were caught in 2013 and one each in 2011 and 2010 (AGFD unpublished data). Striped bass
have been periodically captured in Glen Canyon since the early 1980s. More recent captures of
striped bass by GCMRC in Glen Canyon include one caught in each 2020 and 2016; two in
2019; and three in 2015. In August of 2018, five striped bass were observed in the slough
(GCMRC unpublished data). Small numbers of walleye have been captured annually in Glen
Canyon, from 2006 to 2019 AGFD has captured an average of three (range 0 to 8) each year
(AGFD unpublished data, GCMRC unpublished data), primarily downstream of Glen Canyon
Dam, with none captured in 2020 or in 2021. There is no evidence that detection of these nonnative species in recent years is related to past HFEs.
If the current drought continues and reservoir levels continue to decline, there will be an
increased risk of fish entrainment through Glen Canyon Dam and increased river temperatures
conducive to warm water invasive fishes. At reservoir elevations below 3,516 ft, surface levels
are less than 46 ft away from the penstock centerline and fish entrainment risk increases, as past
monitoring has revealed that the majority of pelagic fish are located in the top 46 ft of the water
column (U.S. Department of the Interior, 2012). In spring 2022, non-native fish will be in closer
proximity to the penstocks than previous years when reservoir elevations were typically at least
50 feet higher. The elevated level of entrainment risk associated with low lake levels exists
whether an HFE is conducted or not, but an HFE with a March, April, and May reallocation
could somewhat exacerbate the risk by increasing the number of days spent near elevations
where non-native fish entrainment is predicted to increase non-linearly (i.e., days around 3,516
ft). Reallocating the additional water released during a fall HFE to December, January, and
February is not projected to increase the number of days below 3,525 ft under the most probable
hydrology (see Table 2).
Riparian Vegetation
There is no evidence that the potential HFE would significantly impact riparian vegetation
resources. The primary impact would be to extend the active channel upslope, which is the zone
of daily inundation, for the duration of the HFE. This may slightly extend the suitable habitat for
obligate wetland herbaceous species that respond positively to inundation, though longer-lived
perennial species are unlikely to respond significantly to this short-term increase in inundation
(Butterfield et al. 2018). Nonetheless, possible impacts of HFEs will be assessed through
statistical modeling of changes in riparian vegetation composition based on 2018 vegetation
surveys and hydrological variables, specifically inundation duration and elevation above base
flows, calculated from the hydrograph and sandbar exceedance equations. These results will be
available for discussion at the upcoming Annual Reporting Meeting. Future work to assess
physiological responses of plants to HFEs will be conducted in the GCMRC FY21-23 TWP.
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Water Delivery - Monthly, Daily, and Hourly Releases
The recommended HFE would result in changes to the weekly release prior to and after the HFE
and the monthly volume distribution during Water Year (WY) 2022. Neither the tier
determination nor the annual release volume as outlined in the 2007 Interim Guidelines for
Lower Basin Shortages and Coordinated Operations for Lakes Powell and Mead (Reclamation
2007) will be impacted by a potential HFE. Reclamation determined the annual release volume
for water year 2022 will be 7.48 million acre feet (maf) under all scenarios in accordance with
the 2007 Interim Guidelines process and the August 2021 24-Month Study January 1, 2022
elevation projection.
The best estimate for total release from Glen Canyon Dam for an HFE in November 2021 is
33,900 cfs (18,900 cfs through the powerplant and 15,000 cfs of bypass). This estimate is based
on the most recent unit testing completed in August 2021, a maintenance assumption that six of
the eight units at Glen Canyon Powerplant would be available in November 2021, and an
approximately 100% gate opening on the available six units. In addition, this estimate assumes
that 40 megawatts (MW) (approximately 1,280 cfs) of system regulation will be maintained at
Glen Canyon.
The release volume required in November for the potential 60-hour HFE is 634,000 acre-feet.
The September 24-Month Study projected 500,000 acre feet release volume in November,
therefore it is necessary to reallocate 134,000 acre-feet from March, April and May later in
WY2022 into November. The November total volume for a 60-hour HFE is 634,000 acre-feet
and bypass volume is 82,000 acre-feet. WAPA and Reclamation would coordinate on the
scheduled reallocation of monthly release volumes with the goal of protecting minimum monthly
thresholds for daily release fluctuations whenever practicable as described in the LTEMP as well
as maximizing the economic value of hydropower. The September 24-Month Study most
probable annual release for water year 2022 under Interim Guidelines is projected to be 7.48
maf, with all months projected to be above the minimum monthly thresholds regardless of the
HFE release.
The LTEMP maximum ramp rates (4,000 cfs per hour when increasing and 2,500 cfs per hour
when ramping down) would be adhered to throughout the experiment, as would the maximum
daily fluctuations (9 times the monthly release volume in May and June; and 10 times the
monthly release volume in July and August). Hourly releases for the days prior to and after the
potential HFE in November are anticipated to fluctuate between 6,500 to 9,000 cfs and complies
with the daily fluctuating range not to exceed 8,000 cfs outlined in the LTEMP. In addition,
minimum releases of 5,000 cfs during the nighttime and 8,000 cfs during the daytime would be
maintained.
Water Quality
A fall 2021 HFE does not pose unacceptable risks to water quality in the Colorado River
and an HFE may help mitigate poor water quality (high temperature, low dissolved
oxygen) depending on when lake turnover occurs. The bypass tubes withdraw water from
deeper in the reservoir than the penstocks. As such, releasing water from the bypass tubes during
an HFE temporarily cools water temperatures, increases dissolved oxygen concentrations, and
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increases concentrations of dissolved nutrients. During an HFE, water temperatures in the Glen
Canyon reach can be around 1-2°C colder compared to normal operations when the bypass tubes
are not in operation. However, turnover in Lake Powell reservoir can occur from mid-October to
November. Thus, depending on when lake turnover occurs, an HFE could mitigate undesired
effects of warm water temperatures and low dissolved oxygen conditions. Notably, during an
HFE, dissolved oxygen concentrations in the Glen Canyon reach are 100% saturated (no oxygen
deficit), because the bypass tubes effectively aerate the water. Biologically available phosphorus
concentrations have been increasing in the last year and are currently ~0.003 to 0.008 mg/L; this
represents a moderate value relative to historical values. By releasing water from lower in the
reservoir using the bypass tubes, an HFE would temporarily increase phosphorus concentrations;
phosphorus concentrations are higher near the bypass tube elevation compared to the penstock
elevation. For example, the 2018 HFE increased Glen Canyon’s biologically available
phosphorus concentration by ~ 0.001 mg/L from 0.003 to 0.004 mg/L. However, this effect of
elevated phosphorus would be short-duration, and an HFE is unlikely to cause any long-term
changes in phosphorus concentrations or loading to the Colorado River. Effects to downstream
resources of an HFE arising from changes in phosphorus would therefore be negligible.
VII.

Safety Considerations

Recreational Safety
As identified in the LTEMP HFE Protocol, potential effects on public health and safety could
occur in conjunction with an HFE, primarily impacting recreational anglers and boaters. All
daily fluctuations, minimum flows and maximum flows associated with any potential HFE are
within the range experienced by recreational users in the past. Reclamation and NPS continue to
work together to ensure that safety measures are implemented, including restricting access to the
river immediately below the dam during potential HFEs, and, as noted below, providing public
notice about the timing of the HFE implementation. NPS Boating Safety Rules always apply to
all boaters using the river.
Reclamation and NPS coordinate to address safety and security issues related to HFEs.
Additionally, the three park service units affected, GLCA, Grand Canyon National Park (GRCA)
and Lake Mead National Recreation Area (LAKE) will work together to collaboratively plan
necessary actions for a potential HFE. NPS units work to maximize continuity of efforts and
resources, particularly in those areas where responsibilities are shared, specifically Lees Ferry
and Pearce Ferry. Each park has clearly designated responsible parties and staffing needs and
actions that need to occur prior to and during an HFE. The parks have coordinated
communications plans, medical plans and resource capabilities for search and rescue responses.
The three park units maintain frequent communication and information sharing leading up to and
during any implemented HFE.
In preparation for an HFE, GRCA, GLCA, and LAKE identify and communicate with all
commercial operations on the river, as well as permitted Colorado River trip permit holders that
have the potential to be impacted by the HFE while rafting the Colorado River within each
respective park unit. Planning is implemented to provide alternative trip dates for trips
potentially affected by an HFE. All permit holders are directed to access up-to-date information
provided by Reclamation, NPS, and the USGS/GCMRC websites. Additionally, all backcountry
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hikers who access the Colorado River as part of their backcountry hike are alerted to potential
campsite inundation areas.
Prior to an HFE, GLCA communicates with the holders of commercial use authorizations for
commercial services (raft trips, back-haul services, fishing guides, etc.) on the Colorado River
within GLCA to provide information on the time and duration of the HFE. During past HFEs,
relatively few recreational boaters traveled upstream from Lees Ferry as the event was occurring.
Information about a pending HFE and safety considerations are provided to recreational users at
Lees Ferry in coordination with the PI Team Communications group. Information is also
provided via public media, the GLCA website and on-site NPS staff. A fact sheet explaining
potential impacts to park visitors is distributed to potentially affected visitors. Notifications are
provided at Lees Ferry and Phantom Ranch and the fact sheet is available at these locations, as
well as the GRCA Backcountry Information Center and primary visitor center.
Research and Monitoring Safety
In addition, safety considerations regarding sampling efforts by GCMRC have been incorporated
into planning to ensure that safety of field staff is an overarching priority. GCMRC crews are
deployed to locations in the days before the high flow release and will be supported by motorized
rafts, and boats and cableways. They take critical measurements of discharge, suspended
sediment transport, and organic drift. There is a lag between the time that water is released from
the dam and the time that water arrives at a particular downstream location (often referred to as
“travel time”). GCMRC crews deployed during the experimental flows would be made aware of
the timing of the experimental flows. The range of flows for the potential HFE are within the
range GCMRC and contracted boat operators have experienced in the past.
At sites downstream from the Paria River (river mile [RM] 1), work can only be safely
conducted during daylight hours. This is especially the case on the first day of an HFE when the
water surface typically is covered with woody debris that potentially can clog props of outboard
engines or snag equipment suspended from cableways. Likewise, large logs that float just below
the water surface can pose a threat to the safety of sampling staff. To address these issues, all
field measurements by GCMRC personnel would be done during daylight hours in order to
maximize the safety of field personnel.
VIII. Communications Plan
The potential HFE presents an opportunity to share with the public the purpose of the LTEMP
flow-based experiments and anticipated benefits to resources downstream of Glen Canyon Dam.
The communications plan for a fall 2021 HFE would consist of communications product
development and media coordination; no public or media events at Glen Canyon Dam would be
planned.
Prior to HFE implementation, Reclamation’s Upper Colorado Basin Region Public Affairs
Office, in coordination with NPS, USGS, WAPA, and the Department, would develop a
communications plan. In the instance of an event, an initial media advisory is sent to alert media
representatives and the public of the HFE, including its purpose and expected start and finish
dates. A more detailed news release for publication on or near the HFE dates may be prepared
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for distribution by the Department. Social media outlets are also used to communicate with the
public leading up to and during the experiment, including to share imagery of the HFE. If
determined necessary, newsworthy and prudent by the communication team, the same
methodology may be used if a determination not to conduct an HFE is made.
IX. Monitoring and Coordination During Experiment Implementation
If a fall 2021 HFE is implemented, members of the PI Team would continue to meet regularly
prior to, during, and following implementation of the experiment. Ongoing communication
occurs through the regularly scheduled monthly Glen Canyon Dam operations coordination calls
and through additional coordination calls, as needed. Scientists conducting field surveys during
the experiment and agency technical experts report on data collected and preliminary results to
the Department and the GCDAMP at regularly scheduled meetings. Glen Canyon Dam
operations may be adjusted in the event of unexpected impacts from the HFE and/or in the event
of an emergency.
X. Post Experiment-Reporting and Planning for Future Experiments
The PI Team would coordinate to report initial findings at the 2021 GCDAMP Annual Reporting
Meeting, scheduled for January 2022 in Phoenix, AZ.
•

Monitoring of sediment transport and sandbar responses to an HFE would include
measuring sediment transport at several sites in Marble and Grand Canyons as well as the
volume of fine sediment, especially sand, that is stored on the bed of the Colorado River,
in its eddies, or at higher elevation along the river’s banks as described in Section V.
GCMRC will also collect data on water quality (including nutrients), native and
nonnative fishes, aquatic invertebrates, riparian plants, and other resources as described
in the Reclamation and GCMRC TWP (DOI 2020). GCMRC will use the information
from these studies to evaluate the effects of HFEs on downstream resources in Glen,
Marble, and Grand Canyons and to help in the design of future experiments.

•

The 7.48 maf releases will lead to lower sand export compared to typical 8.23 maf release
patterns. Based on a recent Journal of Geophysical Research article by Topping and
others (2021) and analyses from the sand routing model used to trigger HFEs, if an HFE
does not occur this November, it is likely that roughly 1.2 million metric tons (~90%) of
this year’s Paria River sand inputs would be retained somewhere in Marble Canyon until
at least June 30, 2022.

•

The PI Team would meet in early 2022 to review the implementation and results of all
2021 experimental activities, and to begin coordination on the evaluation of resources
and potential experiments that may be conducted in 2022.

•

In addition, the PI Team would report ongoing findings at meetings of the GCDAMP
Technical Work Group (TWG) and Adaptive Management Work Group (AMWG).
Reclamation has a commitment to provide an annual monitoring report to the FWS
Arizona Ecological Services Office (AESO) in compliance with the 2016 Biological
Opinion; this report will also include a summary of the effects of any flow experiments
conducted under the LTEMP ROD. Reclamation would use the monitoring information
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and feedback from AESO and GCDAMP stakeholders to inform monitoring for future
experiments, and to design and implement any measures necessary to address any
adverse effects that may occur due to these flows.
•

In accordance with the LTEMP, the Department may make the decision to conduct future
flow-based experiments (High Flow Experiments, Bug Flows, Trout Management Flows,
and Low Summer Flows) at Glen Canyon Dam if it is determined that there are no
unacceptable adverse impacts on other resource conditions. Information and data from
this or other experiments will be considered in future recommendations and decisions.

XI. Consultation
Reclamation and GCMRC provided much of the information in this report that was available at
the time in the GCMRC 2020 Annual Report. Newer not yet published information was reported
to the Adaptive Management Program Partners at the GCDAMP Annual Reporting Meeting on
January 20-22, 2021 as well as to the AMWG at its August 18-19, 2021 meeting. Notification of
the potential for a 2021 fall HFE was communicated to GCDAMP stakeholders on August 19,
2021, shortly after the sediment trigger was met. A follow-up informational webinar was held on
September 21, 2021 with GCDAMP stakeholders as an opportunity to ask questions and provide
feedback. Representatives from the Basin States participated in the development of this
recommendation. Based on feedback and discussion at the GCDAMP webinar, the
recommendation and report were finalized without major changes. Reclamation and GCMRC
will present the findings and recommendation of this report to the TWG on October 13, 2021.
On September 20, 2021, the required 30-day advance notification and offer for consultation were
sent electronically to the Tribes and Parties to the LTEMP cultural Programmatic Agreement
regarding the potential for a High Flow Experiment beginning November 1, 2021. As of
September 24, 2021, Reclamation has not received any requests for consultation on the potential
experiment. A follow-up notification will be sent electronically to the Programmatic Agreement
signatories, including Tribes, following the Department’s decision regarding the potential High
Flow Experiment.
XII. Conclusion
Determining whether to recommend an HFE required coordination and effective communication
among the technical staff of multiple agencies. The PI Team relied heavily on and would like to
acknowledge the contributions of staff from GCMRC, Reclamation, and WAPA in making this
recommendation.
The PI Team has thoroughly evaluated the issues discussed above and has taken into
consideration the information and analyses included in the LTEMP FEIS and ROD. The PI
Team’s recommendation regarding implementation of a fall 2021 HFE is based on a careful
assessment of resources and best available science. By consensus, the PI Team is opposed to
recommending that the Department implement a 192-hour extended duration HFE in fall
2021. Technical representatives were divided in the assessment of a shorter duration 60hour HFE.

29

References Cited
Blinn, D.W., and Cole, G.A., 1991. Algal and invertebrate biota in the Colorado River:
comparison of pre-and post-dam conditions. Colorado River ecology and dam management.
National Academy Press, Washington, DC, p102-123.
Bunch, A.J., Osterhoudt, R.C., Anderson, M.C., and Stewart, W.T. 2012. Colorado River Fish
Monitoring in Grand Canyon, Arizona— 2012 Annual Report. Final report prepared by Arizona
Game and Fish Department for Grand Canyon Monitoring and Research Center, Flagstaff,
Arizona.
Burnham, K.P., and Anderson, D.R. 2002 Model selection and multimodel inference: a practical
information-theoretic approach. New York, New York, Springer-Verlag.
Butterfield, B.J., Palmquist, E.C., and Ralston, B.E.. 2018, Hydrological regime and climate
interactively shape riparian vegetation composition along the Colorado River, Grand Canyon:
Journal of Applied Vegetation Science: 2018:1-12.Dietze, M.C., 2017, Ecological forecasting:
Princeton, New Jersey, USA, Princeton University Press, 288 p.
Carlisle, D.M., Grantham, T.E., Eng, K. and Wolock, D.M., 2017. Biological relevance of
streamflow metrics: regional and national perspectives. Freshwater Science, 36(4), pp.927-940.
Cross, W.F., Baxter, C.V., Rosi-Marshall, E.J., Hall Jr, R.O., Kennedy, T.A., Donner, K.C., ... &
Yard, M.D., 2013. Food‐web dynamics in a large river discontinuum. Ecological Monographs,
83(3), pp.311-337.
Dibble, K.L., C.B. Yackulic, T.A. Kennedy, K.R. Bestgen, and J.C. Schmidt., 2021, Water
storage decisions will determine the distribution and persistence of imperiled river
fishes. Ecological Applications 31, no. 2 (2021): e02279.
East, A.E., Collins, B.D., Sankey, J.B., Corbett, S.C., Fairley, H.C., and Caster, J., 2016,
Conditions and processes affecting sand resources at archeological sites in the Colorado River
corridor below Glen Canyon Dam, Arizona: U.S. Geological Survey Professional Paper 1825,
104 p., http://dx.doi.org/10.3133/pp1825.
Grams, P. E., Tusso, R. B., & Buscombe, D. (2018). Automated Remote Cameras for Monitoring
Alluvial Sandbars on the Colorado River in Grand Canyon, Arizona. U.S. Geological Survey
Open-File Report 2018-1019, 61. https://doi.org/10.3133/ofr20181019
Grams, P.E., 2019, Sandbar deposition caused by high-flow experiments on the Colorado River
downstream from Glen Canyon Dam—November 2012-November 2018, in High-flow
experiments assessment extended abstracts—Glen Canyon Dam Adaptive Management Program
Annual Reporting Meeting presentations, March 12-13, 2019, Phoenix, Ariz.: U.S. Geological
Survey, Grand Canyon Monitoring and Research Center, p. 12-22,
https://www.usbr.gov/uc/progact/amp/amwg/2019-03-06-amwg-meeting/20190301HFE_Extended_Abstracts-Combined_FINAL.pdf.
30

Hadley, D. R., Grams, P. E., & Kaplinski, M. A. 2018a. Quantifying geomorphic and vegetation
change at sandbar campsites in response to flow regulation and controlled floods, Grand Canyon
National Park , Arizona. River Research and Applications, (June), 1–11.
https://doi.org/10.1002/rra.3349
Hadley, D. R., Grams, P. E., Kaplinski, M. A., Hazel, J.E., J., & Parnell, R. A. 2018b.
Geomorphology and vegetation change at Colorado River campsites, Marble and Grand
Canyons, Arizona. U.S. Geological Survey Scientific Investigations Report 2017–5096, 64.
https://doi.org/10.3133/sir20175096
Healy, B. D., R. C. Schelly, C. B. Yackulic, E. C. O. Smith, and P. Budy. 2020. Remarkable
response of native fishes to invasive trout suppression varies with trout density, temperature, and
annual hydrology. Canadian Journal of Fisheries and Aquatic Sciences 77, pp.1446–1462.
Kegerries, R. B., B. C. Albrecht, E.I. Gilbert, W. H. Brandenburg, A.L. Barkalow, M.C.
McKinstry, H.E. Mohn, B.D. Healy, J.R. Stolberg, E.C. Omana Smith, C.B. Nelson, and R.J.
Rogers. 2017a. Occurrence and Reproduction by Razorback Sucker (Xyrauchen texanus) in the
Grand Canyon, Arizona. The Southwestern Naturalist 62(3): 227–232.
Kegerries, R.B., R.J. Rogers, B. Albrecht, S.L. Wood, M.J. Chavez, S.P. Platania, M. McKinstry,
K. Pedersen, B. Healy, J. Stolberg, and E. Omana Smith. 2021. Razorback Sucker Xyrauchen
texanus research and monitoring in the Colorado River inflow area of Lake Mead and the lower
Grand Canyon, Arizona and Nevada. Report prepared by BIO-WEST, Inc., for the US
Bureau of Reclamation, Upper Colorado Region, Salt Lake City.
Kennedy, T. A., and B. E. Ralston. 2011. Biological responses to high-flow experiments at Glen
Canyon Dam. Effects of three high-flow experiments on the Colorado River ecosystem
downstream from Glen Canyon Dam, Arizona. US Geological Survey Circular, 1366(147), pp.
93-125.
Kennedy, T.A., Muehlbauer, J.D., Yackulic, C.B., Lytle, D.A., Miller, S.W., Dibble, K.L.,
Kortenhoeven, E.W., Metcalfe, A.N., and Baxter, C.V. 2016, Flow management for hydropower
extirpates aquatic insects, undermining river food webs: BioScience, v. 66, no. 7, p. 561-575,
http://dx.doi.org/10.1093/biosci/biw059.
Kennedy, T.A., and J.D. Muehlbauer, 2019, Big flood, small flood, spring flood, fall flood: HFE
timing affects food base response. Presentation at 2019 Annual Reporting Meeting and HFE
workshop, Phoenix, AZ. https://www.usbr.gov/uc/progact/amp/twg/2019-03-14-twgmeeting/20190314BigFloodSmallFloodSpringFloodFallFloodHFETimingAffectsFoodBaseResponse-Presentation508-UCRO.pdf
Korman, J., and Campana, S.E. 2009. Effects of hydropeaking on nearshore habitat use and
growth of age-0 rainbow trout in a large regulated river. Transactions of the American Fisheries
Society, v. 138, no. 1, p. 76-87, http://dx.doi.org/10.1577/T08-026.1.
31

Korman, J., Kaplinski, M., and Buszowski, J. 2006. Effects of air and mainstem water
temperatures, hydraulic isolation, and fluctuating flows from the Glen Canyon Dam on the water
temperatures in shoreline environments of the Colorado River in Grand Canyon: Flagstaff,
Arizona, Ecometric Research Inc., Northern Arizona University, and Namtek Inc., submitted to
U.S. Geological Survey, Grand Canyon Monitoring and Research Center, cooperative agreement
no. 04WRAG00006, modification 1, 52 p.
Korman, J., Walters, C., Martell, S.J.D., Pine, W.E., III, and Dutterer, A. 2011. Effects of flow
fluctuations on habitat use and survival of age-0 rainbow trout (Oncorhynchus mykiss) in a large,
regulated river: Canadian Journal of Fisheries and Aquatic Sciences, v. 68, no. 6, p. 1097-1109,
http://dx.doi.org/10.1139/f2011-045.
Korman, J., Yard, M., Walters, C.J., and Coggins, L.G. 2009. Effects of fish size, habitat, flow,
and density on capture probabilities of age-0 rainbow trout estimated from electrofishing at
discrete sites in a large river. Transactions of the American Fisheries Society, v. 138, no. 1, p.
58-75, http://dx.doi.org/10.1577/T08-025.1.
Mueller, E. R., Grams, P. E., Hazel, J. E., & Schmidt, J. C. 2018. Variability in eddy sandbar
dynamics during two decades of controlled flooding of the Colorado River in the Grand Canyon.
Sedimentary Geology, 363, 181–199. https://doi.org/10.1016/j.sedgeo.2017.11.007
Robinson, A.T., Clarkson, R.W., and Forrest, R.E. 1998. Dispersal of larval fishes in a regulated
river tributary. Transactions of the American Fisheries Society, v. 127, no. 5, p. 772-786,
https://doi.org/10.1577/1548-8659(1998)127<0772:DOLFIA>2.0.CO;2.
Poff, N.L., Allan, J.D., Bain, M.B., Karr, J.R., Prestegaard, K.L., Richter, B.D., Sparks, R.E. and
Stromberg, J.C., 1997. The natural flow regime. BioScience, 47(11), pp.769-784.
Rogowski, D.L, R.J. Osterhoudt, H.E. Mohn, and J.K. Boyer. 2018. Humpback chub (Gila
cypha) range expansion in the Western Grand Canyon. Western North American Naturalist 78:
26-38.
Robinson, A.T., Clarkson, R.W., and Forrest, R.E. 1998. Dispersal of larval fishes in a regulated
river tributary. Transactions of the American Fisheries Society, v. 127, no. 5, p. 772-786,
https://doi.org/10.1577/1548-8659(1998)127<0772:DOLFIA>2.0.CO;2.
Ross, R., and Grams, P.E. 2013. Nearshore thermal gradients of the Colorado River near the
Little Colorado River confluence, Grand Canyon National Park, Arizona. U.S. Geological
Survey Open-File Report 2013-1013, 65 p., http://pubs.usgs.gov/of/2013/1013/.
Runge, M.C., Bean, Ellen, Smith, D.R., and Kokos, Sonja, 2011, Non-native fish control below
Glen Canyon Dam—Report from a structured decision-making project: U.S. Geological Survey
Open-File Report 2011–1012, 74 p., at https://pubs.usgs.gov/of/2011/1012/.
Runge, M.C., Yackulic, C.B., Bair, L.S., Kennedy, T.A., Valdez, R.A., Ellsworth, C., Kershner
J.L., Rogers, R.S., Trammell, M.A., and Young, K.L. 2018. Brown trout in the Lees Ferry reach

32

of the Colorado River—Evaluation of causal hypotheses and potential interventions. U.S.
Geological Survey Open-File Report 2018–1069, 83 p., https://doi.org/10.3133/ofr20181069.
Sabo, J.L., and Post, D.M. 2008. Quantifying periodic, stochastic, and catastrophic
environmental variation. Ecological Monographs, v. 78, no. 1, p. 19–40.
Sankey, J.B., Caster, J., Kasprak, A. and East, A.E. 2018. The response of source-bordering
aeolian dunefields to sediment-supply changes 2. Controlled floods of the Colorado River in
Grand Canyon, Arizona, USA. Aeolian research, 32, pp.154-169.
https://doi.org/10.1016/j.aeolia.2018.02.004
Schmidt, J. C. and Grams, P. E. 2011. The high flows--physical science results. In T. S. Melis
(Ed.), Effects of three high-flow experiments on the Colorado River ecosystem downstream from
Glen Canyon Dam, Arizona, U.S. Geological Survey Circular 1366 (pp. 53–91). Retrieved from
https://pubs.usgs.gov/circ/1366/
Stevens, L.E., Shannon, J.P., and Blinn, D.W., 1997. Colorado River benthic ecology in Grand
Canyon, Arizona, USA: dam, tributary and geomorphological influences. Regulated Rivers:
Research & Management 13(2), pp.129-149.
Topping, D.J., Rubin, D.M., Nelson, J.M., Kinzel III, P.J. and Corson, I.C., 2000. Colorado
River sediment transport: 2. Systematic Bed‐elevation and grain‐size effects of sand supply
limitation. Water Resources Research, 36(2), pp.543-570.
Topping, D. J., Schmidt, J. C., & Vierra, L. E., 2003. Computation and analysis of the
instantaneous-discharge record for the Colorado River at Lees Ferry, Arizona: May 8, 1921,
through September 30, 2000. USGS Professional Paper 1677.
Topping, D. J., Grams, P. E., Griffiths, R. E., Dean, D. J., Wright, S. A., & Unema, J. A., 2021.
Self‐limitation of sand storage in a bedrock‐canyon river arising from the interaction of flow and
grain size. Journal of Geophysical Research: Earth Surface, 126(5), e2020JF005565.
U.S. Department of the Interior. 2011. Environmental assessment—Development and
implementation of a protocol for high-flow experimental releases from Glen Canyon Dam,
Arizona, 2011 through 2020: Salt Lake City, Utah, Bureau of Reclamation, Upper Colorado
Region, 176 p. plus appendices, http://www.usbr.gov/uc/envdocs/ea/gc/HFEProtocol/HFEEA.
pdf.
U.S. Department of Interior. 2016a. Glen Canyon Dam Long-term Experimental and
Management Plan final Environmental Impact Statement (LTEMP FEIS): U.S. Department
of the Interior, Bureau of Reclamation, Upper Colorado Region, National Park Service,
Intermountain Region, 8 chapters plus 17 appendices,
http://ltempeis.anl.gov/documents/final-eis/.
U.S. Department of Interior. 2016b. Record of Decision for the Glen Canyon Dam Long-term
Experimental and Management Plan final Environmental Impact Statement (LTEMP ROD):
Salt Lake City, Utah, U.S. Department of the Interior, Bureau of Reclamation, Upper
33

Colorado Region, National Park Service, Intermountain Region, 196 p.,
http://ltempeis.anl.gov/documents/docs/LTEMP_ROD.pdf.
U.S. Department of the Interior. 2020. Glen Canyon Dam Adaptive Management Program
Triennial Budget and Work Plan—Fiscal Years 2021-2023—December 22, 2020 final signed by
the Secretary of the Dept. of Interior: Flagstaff, Ariz., U.S. Geological Survey, Grand Canyon
Monitoring and Research Center and Salt Lake City, Utah, Bureau of Reclamation, Upper
Colorado Region, 384 p.
VanderKooi, S.P., Kennedy, T.A., Topping, D.J., Grams, P.E., Ward, D.L., Fairley, H.C., Bair,
L.S., Yackulic, C.B., Schmidt, J.C., and Sankey, J.B. 2017. Scientific monitoring plan in support
of the selected alternative of the Glen Canyon Dam Long-Term Experimental and Management
Plan: U.S. Geological Survey, Grand Canyon Monitoring and Research Center, U.S. Geological
Survey Open-File Report 2017-1006, 18 p., https://doi.org/10.3133/ofr2017100
Van Haverbeke, D.R, D.M. Stone, M.J. Dodrill, K.L. Young, and M.J. Pillow. 2017. Population
expansion of humpback chub in western Grand Canyon and hypothesized mechanisms. The
Southwestern Naturalist 62: 285-292.
Voichick, N., & Topping, D. J. 2014. Extending the turbidity record–making additional use of
continuous data from turbidity, acoustic-Doppler, and laser diffraction instruments and
suspended-sediment samples in the Colorado River in Grand Canyon. US Geological Survey
Scientific Investigations Report, 5097, 31.
Voichick, N., Kennedy, T.A., Topping, D.J., Griffiths, R.E., and Fry, K.L., 2016, Water clarity
of the Colorado River—Implications for food webs and fish communities: U.S. Geological
Survey Fact Sheet 2016–5053, 4 p., http://dx.doi.org/10.3133/fs20163053
Ward, D.L. 2015. Green Sunfish Lepomis cyanellus; Risk Assessment for the Colorado River
ecosystem. Memorandum submitted to Katrina Grantz, Bureau of Reclamation, Upper Colorado
Region, Salt Lake City.
Yackulic, C. B., Yard, M.D., Korman, J., & Van Haverbeke, D.R., 2014. A quantitative life
history of endangered humpback chub that spawn in the Little Colorado River: variation in
movement, growth, and survival. Ecology and Evolution, 4(7), pp.1006-1018.
Yackulic, C.B., Dibble, K., and Deemer, B., 2018. Temperature and nutrients as aquatic
ecosystem drivers in the CRe. Glen Canyon Dam Adaptive Management Work Group, Annual
Reporting Meeting https://www.usbr.gov/uc/progact/amp/twg/2018-01-25-twgmeeting/AR11.pdf

34

