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References Geographic Scope Endangered Fish Recovery 

Upper Colorado Lower Basin MSCP 
River Endangered 

Fish Recovery 
Program 

San Juan River 
Basin Recovery 

Implementation 
Program 

Lower Colorado 
River Multi-Species 
Conservation 
Program 

Glen Canyon Dam 
Adaptive Management 

Program 

• 
Programs 

• GCDAMP 
• 

https://www.coloradoriverrecovery.org/
https://www.coloradoriverrecovery.org/
https://www.coloradoriverrecovery.org/
https://www.usbr.gov/uc/progact/amp/index.html
https://www.usbr.gov/uc/progact/amp/index.html
https://www.lcrmscp.gov/
https://www.lcrmscp.gov/


  History – Glen Canyon Dam 

• Construction authorized  in  
1956, completed  in 1964 

• Total cost  - $245M  (Adjusted for inflation  ~$2.4B) 
• Included construction  of the Glen  Canyon  Bridge,  later 

transferred to AZ 
• First bucket of  concrete  –  1960 
• Last bucket of concrete  –  1963 
• Hydroelectric power first  generated  in  1964 

• Lake Powell first  filled  in 1980 
• Last full in  1999 

• Flooding  in 1983  led to 
damage of the concrete lined  
spillway tunnels 



3,521 



  
   
   

   

       

Background 

• 1956 – Colorado River Storage Project Act 
• 1964 - Glen Canyon Dam completed 
• 1968 – Colorado River Basin Project Act 
• 1982 – Glen Canyon Environmental Studies (GCES) 

began 
• 1992 - Grand Canyon Protection Act of 1992 
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References 
• How  It’s  Made: The  Glen Canyon Dam 
• “Bridge to  the  Future”  –  Interior 

https://www.youtube.com/watch?v=c5mZGi0v5Fs
https://www.youtube.com/watch?v=c5mZGi0v5Fs
https://www.youtube.com/watch?v=Cvz-3K45eIs
https://www.youtube.com/watch?v=Cvz-3K45eIs
https://www.youtube.com/watch?v=Cvz-3K45eIs
https://www.youtube.com/watch?v=Cvz-3K45eIs
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Grand Canyon Protection Act (1992) 
• REQUIRES the operation of Glen Canyon Dam in a manner to (SEC 

1802): 

• Protect, mitigate adverse impacts to, and improve the values for which 
the Grand Canyon National Park and Glen Canyon National Recreation 
Area were established including natural and cultural resources and 
visitor use. 

• Operations must remain in compliance with and subject to federal laws 
and requirements (Colorado River Storage Project Act – 1956, Colorado 
River Basin Project Act -1968) 

• REQUIRED Glen Canyon Dam Environmental Impact Statement (SEC 
1804) 

• REQUIRES long-term scientific monitoring and research (SEC 1805) 

• REQUIRES the Secretary of Interior consult with certain stakeholders 
on the operation of Glen Canyon Dam (SEC 1805) 

Reference: Public Law 102-575 

https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
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Grand Canyon Protection Act (1992) 

Reference: Public Law 102-575 

https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
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Grand Canyon Protection Act (1992) 
Funding 

• Section 1807:   Authorizes  the Secretary  to use funds  generated from  the sale  of electric  
power to finance activities.  Funds will  be treated as having been repaid to the Treasury.  

• Section 1808:   Authorizes use  of appropriations. 

• Hydropower Funding:   1997-2018, 2020-2021. 

• Appropriated Funding:   2019, 2022-2026 and beyond.  
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Grand Canyon Protection Act 
Federal Advisory 

Committee 

Adaptive Management 
Work Group 

Secretary’s Designee 

Technical Work Group 

Ad Hoc Groups 

Provides compliance with 
GCPA Section 1804 and 

1805 (Stakeholder 
Consultation) 

Compliance and 
Management 

National Environmental 
Policy Act - LTEMP 

Endangered Species Act 

National Historic 
Preservation Act 

Budget, Logistics, 
Coordination 

Provides compliance with GCPA 
Section 1802, 1804, 1805, 1808 

USGS Grand Canyon 
Monitoring and 
Research Center 

Created in 1995 and 
institutionalized in 2000 

by Water and Science 

Provides compliance with 
GCPA Section 1805 

(Long-term Monitoring) 

Independent Science 
Advisors 

Under contract with 
Reclamation 

The Secretary retains final decision-making authority 
9 
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Glen Canyon Dam 
Adaptive Management Program (AMP) 

• Initiated following 1996 Record of Decision (ROD) on
Operation of Glen Canyon Dam

(1995 EIS) 

References 
• 1996 ROD on Operation of GCD
• 2016 ROD on the LTEMP
• Adaptive Management Tech Guide – Interior

https://www.usbr.gov/uc/envdocs/rod/Oct1996_OperationGCD_ROD.pdf
https://www.usbr.gov/uc/envdocs/rod/Oct1996_OperationGCD_ROD.pdf
https://ltempeis.anl.gov/documents/docs/LTEMP_ROD.pdf
https://ltempeis.anl.gov/documents/docs/LTEMP_ROD.pdf
https://www.doi.gov/sites/doi.gov/files/uploads/TechGuide-WebOptimized-2.pdf
https://www.doi.gov/sites/doi.gov/files/uploads/TechGuide-WebOptimized-2.pdf
https://www.doi.gov/sites/doi.gov/files/uploads/TechGuide-WebOptimized-2.pdf
https://www.doi.gov/sites/doi.gov/files/uploads/TechGuide-WebOptimized-2.pdf


 

 Compliance and Management 

• “Law of the River”
o Colorado River Compact  of 1922
o 2007  Interim Guidelines  (annual releases)

• Other Statutory Obligations
o Grand Canyon Protection Act  (GCPA, 1992):  Consultation, Research,          

        Monitoring 

o National Environmental Policy Act (NEPA, 1969):   LTEMP FEIS  and  ROD 

o Endangered Species Act (ESA,  1973):    LTEMP Biological Opinion 

o National Historic Preservation  Act (NHPA, 1966): LTEMP  Programmatic A greement 
                                  and  Historic P reservation  Plan 

11 

https://www.usbr.gov/uc/rm/crsp/index.html#law
https://www.usbr.gov/lc/region/pao/pdfiles/crcompct.pdf
https://www.usbr.gov/lc/region/pao/pdfiles/crcompct.pdf
https://www.usbr.gov/lc/region/programs/strategies/RecordofDecision.pdf
https://www.usbr.gov/lc/region/programs/strategies/RecordofDecision.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://www.congress.gov/102/statute/STATUTE-106/STATUTE-106-Pg4600.pdf
https://ceq.doe.gov/
https://ceq.doe.gov/
https://ltempeis.anl.gov/documents/final-eis/
https://ltempeis.anl.gov/documents/docs/LTEMP_ROD.pdf
https://epw.senate.gov/esa73.pdf
https://epw.senate.gov/esa73.pdf
https://www.fws.gov/southwest/es/arizona/Documents/Biol_Opin/120059_LTEMP%20BiOp_11-25-16.pdf
https://www.nps.gov/subjects/historicpreservation/national-historic-preservation-act.htm
https://www.nps.gov/subjects/historicpreservation/national-historic-preservation-act.htm
http://gcdamp.com/images_gcdamp_com/d/da/2017_LTEMP_Final_PA.pdf
http://gcdamp.com/images_gcdamp_com/8/86/2018_LTEMP_HPP.pdf


  
 

Glen Canyon Dam
Long-Term Experimental
and Management Plan (LTEMP) 

• 2016 - LTEMP is a  framework  for 
adaptively managing Glen Canyon 
Dam  (20 years) 

• Sub annual operations 
• Monthly patterns 
• Minimum flows 
• Max (non-experimental) flows 
• Daily range 
• Ramp rates 

• Experimental Flows 

• Planning  and Implementation Process 

• Continuation of GCDAMP 

• Protection,  Mitigation,  and  
Monitoring of cultural  resources 

• Endangered Species  Act  Compliance  
(LTEMP BO) 

18 
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Resource Goals of LTEMP 

1. Archeological and cultural
2. Tribal resources
3. ESA listed species
4. Sediment
5. Hydropower and energy
6. Nonnative invasive species
7. Other native fish
8. Rainbow trout fishery
9. Recreational Experience
10. Riparian vegetation
11. Natural processes



 Potential LTEMP Flow Experiments 

• Sediment (High  Flow  Experiments) 
• Spring HFE  
• Fall  HFE 

• Aquatic Resource 
• Bug Flows 
• Trout  Management  Flows 
• Low  summer  flows  (2nd  ten  years  of 

LTEMP) 

• LTEMP SEIS 
• Smallmouth  Bass  Flows 
• HFE  protocol revision 

14 
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Secretary of the 
Interior 

Secretary’s 
Designee 

Adaptive 
Management 
Work Group 

Technical 
Work Group 

USGS Grand Canyon 
Monitoring and 
Research Center 

Independent 
Science 

Advisors 

Formally Chartered 
Federal Advisory 
Committee 

Adaptive Management 
Work Group 



  Federal Advisory Committee Act (FACA) 
• FACA  - is any committee,  board,  council,  or group established 

or utilized  by  the President  or a federal agency  to obtain 
advice  or recommendations.

• FACA committees must  operate  transparently: open
meetings, public  involvement, charters,  and  accessible 
records.

• Types include  statutory (mandated  by law), presidential, 
and discretionary  (authorized but  created at agency 
discretion).

• AMWG is  a discretionary  FACA committee.

• AMWG is  authorized  by  the Grand Canyon Protection  Act, 
but its formation  and  structure  were  left to the  Secretary 
of  the  Interior,  making it discretionary under  FACA.

16 
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Adaptive Management Work Group 

• Primary purpose: make recommendations to the Secretary 
of the Interior on operation of Glen Canyon Dam and other 
research and management actions to protect resources 
downstream of Glen Canyon Dam 

• Fulfills the consultation requirements of 
Grand Canyon Protection Act 

• Forum for cooperative integration of 
diverse viewpoints 

• Includes subcommittee & ad hoc groups 

• Charter renewed every 2 years 



  AMWG Charter 
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AMWG Membership 
References 

• Member  Status &  Nominations 

Federal Agencies 
Bureau of Indian Affairs 
Bureau of Reclamation 
National Park Service 

Fish  and Wildlife Service 
Western  Area  Power Administration 

Tribes 
Hopi Tribe 

Hualapai Tribe 
Navajo Nation 

Southern Paiute consortium 
Pueblo  of Zuni 

San Juan Southern Paiute 

19

State Agencies 
Arizona 

California 
Colorado 

New Mexico 
Nevada 

Utah  
Wyoming 

Arizona Game and Fish 

Federal  Power Contractors 
Colorado River Energy  Distributors Association 
Utah Association of Municipal  Power  Systems 

  

 

Recreation Interests 
Trout Unlimited/Fly Fishers International 

Grand Canyon River Guides 

Environmental Interests 
Grand Canyon Wildlands Council 

American Rivers 

https://www.usbr.gov/uc/progact/amp/amwg.html
https://www.usbr.gov/uc/progact/amp/amwg.html
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USGS Grand Canyon Monitoring and 
Research Center (GCMRC) 

*1995 EIS

• Provides the research and monitoring necessary for AMP
and AMWG to make informed recommendations to the
Secretary

• Fulfills research and monitoring requirements of GCPA
(SEC 1805 Long-Term Monitoring)
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Independent Review Panel 
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Grand Canyon Protection Act 
Federal Advisory 

Committee 

Adaptive Management 
Work Group 

Compliance and 
Management 

Technical Work Group 

National Environmental 
Policy Act - LTEMP 

Endangered Species Act 

National Historic 
Preservation Act 

Secretary’s Designee 

Ad Hoc Groups 

Created in 1995 and 
institutionalized in 2000 

by Water and Science 

Provides compliance with 
GCPA Section 1805 

(Long-term Monitoring) 

Provides compliance with Budget, Logistics, 
Coordination GCPA Section 1804 and 

1805 (Stakeholder 

USGS Grand Canyon 
Monitoring and 
Research Center 

Independent Science 
Advisors 

Under contract with 
Reclamation 

Consultation) Provides compliance with GCPA 
Section 1802, 1804, 1805, 1808 

The Secretary retains final decision-making authority 
24 



Questions 



Current Issues 



  

High Flow Experiments 

27 

Glen Canyon Dam Experimental High Flow 2012 

https://www.youtube.com/watch?v=p5AvmNxBWK4


How  the HFE Protocol  works 

  

 
   

  
 

  
 

https://www.gcmrc.gov/discharge_qw_sediment

Sediment sampling on 
Colorado River 

Acoustic sensor for 
continuous data on Colorado 
River (calibrated by 
conventional samples) 

Sand export during HFE less 
than inputs before HFE 

Eroded sandbar before HFE 

HFE inundates sandbar 

Sandbar following HFE 

  https://www.gcmrc.gov/discharge_qw_sediment; Grams et al. (2024); www.usgs.gov/apps/sandbar/ 

Paria River 
during flood 

https://www.gcmrc.gov/discharge_qw_sediment


      
   

Historical HFEs 

Grams, Paul E., et al. "Implementation of controlled floods for sediment management 
on the Colorado River in Grand Canyon under aridification." River Research and 
Applications 41.2 (2025): 334-348. 
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Modified from Bureau of Reclamation

Background and Summary of Actions 
LOWER POWELL WATER ELEVATIONS 
PASS THROUGH INVASIVE FISH 

3700 ft 

3546 ft 

Full Pool 

Current Elevation 

2023 Elevation 

Minimum Power Pool 3490 ft 

3370 ft 

3520 ft 

Dead Pool 

With Powell lower (<3570’) 
warmwater non-natives are passing 
through the dam. 

The river is now warmer (16C->20C) 
and native fish are now threatened 
by smallmouth bass and several 
species of warmwater non-natives 



  The Invasion Curve from DOI Invasive Species Strategic 
Plan (2021-2025) 

32 



       AMWG – INVASIVE FISH SPECIES STRATEGIC PLAN (2023) 

• Short-term
• Increased monitoring
• Mechanical/Chemical

Removal
• Mid-term

• Flow options at Glen 
Canyon Dam

• Slough Modification
• Long-term (non-
operational)

• Fish exclusion
• Temperature Control Device



 

 

  

• Cool Mix 
• Cool Mix with Flow Spike 
• Cold Shock 
• Cold Shock with Flow Spike 
• Non-Bypass 
• Common to all Alternatives – 
HFE Protocol 



 Planning and Implementation 



  

  
   

   
 

      

    
   

Smallmouth Bass Flows 2024 

• 15.5 C down to River Mile 61 
• 133 days of bypass (7/9-11/18) 
• Avoided bypass during peak hydropower

demand hours 
• 29 days temps exceed 15.5 C (14 occurred after 

cool mix started) 
• Estimated hydropower cost = ~$18.9 million 
• No Young of year smallmouth bass observed 

36 



2025 Sm allmouth Bass Flow  Timeline 

• MARCH-APRIL:   Technical team  met  weekly 
• Considered a  range of flow  options 
• GCMRC developed  screening tool 

• MAY:   PI  leadership  team  recommended  (92%  support)  “cool mix” with  RM30 
as  the target  location  ending no later  than  October  20. 

• JULY  3,2025 - DOI  Decision  to Implement 

37 



    

Completed project 

Photo Credit: Jake Ohlson, NPS Photo Credit: Jake Ohlson, NPS 



Slough 
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  Planning and Implementation for HFEs 

Resource Considerations 

1. Archeological and cultural 
2. Tribal resources 
3. ESA  listed species 
4. Sediment 
5. Hydropower  and energy 
6. Nonnative invasive species 
7. Other  native fish 
8. Rainbow  trout  fishery 
9. Recreational Experience 
10. Riparian  vegetation 
11. Natural processes 

Maintenance Schedule 

40 





   

  

 

 
  

 

 

    

    

    

    

    

    

   

   

                  

              

 

Forecast modeled cost estimates of SMB flows 

Number of Purchased 
“ Week” Dates 

Days (MW) 

1 Tue Jul 9 - Sat Jul 13 5          13,701     1,031,806     624,550

2 Sun Jul 14 - Fri Jul 19 6          18,855     1,224,129     822,112

3 Sat Jul 20 - Fri Jul 26 7          20,698     1,325,943     899,064

4 Sat Jul 27 - Fri Aug 2 7          24,171     1,675,267  1,076,833

5 Sat Aug 3 - Fri Aug 9 7          21,038     1,584,859     971,140

6 Sat Aug 10 - Wed Aug 14 5          15,300     1,076,115     696,585

7 Thu Aug 15 - Fri Aug 23 9          35,329     2,522,482  1,613,214 

8 Sat Aug 24 - Fri Aug 30 7          25,894     1,953,219  1,195,615 

Est. Total through week 4: 77,425 $ 5,257,144 $ 3,422,560 

Est. Total through Week 8: 174,985 $ 12,393,819 $ 7,899,115 

*Argus Forward Curve (FWD Curve) based on the Palo Verde Index 
# Preliminary MCG Values are weighted average of prescheduled and real-time energy transaction prices 

Optimized Bypass 
Estimated Costs 

Argus Forward 

Curve* 

($) 

Median of 

Price Vectors 

($) 

Post-hoc 

Analysis 

MCG Weighted 

Avg hourly# 

($) 

       794,926 

       912,171 

    1,033,776 

    1,285,250 

    1,099,109 

       765,375 

$ 4,026,123 

Initial estimates do not cite, draft only 
42 
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Basin  Fund Status and  
Projection 

• Oct  1,  2023 Basin  Fund Balance:  $203M
• Includes  $85 of  BIL  funds  from FY22/23 that  

needs to be returned  (likely  prior  to 2032). 
• Projected September  30,  2024  balance:  $170M 

• Includes  projected SMB  experiment  through  Sep  
30. 

• FY25 Basin  Fund Requirements:
• GCD  Experiments (SMB/HFE/other) 
• Capital Expenditures in FY25 (WAPA  and  BOR):  

$48M 
• Unexpected  requirements

• Phase  Shifting  Transformers: $20-$30M  - must replace pair. 
• Not included  in FY25  capital expenditure number  above 



  

  
 

  
 

  

    
  

 
 

  

     
    

  
 

  

Potential fall 2024 or spring 2025 HFE 

Start Date Max 
Penstock 

Release (cfs) 

Max ROW 
Release (cfs) 

HFE 
Magnitude 

(cfs) 

Duration 
(hrs) 

Modeled 
sandbar 
increase* 

11/11/2024 26,900 13,500 40,400 60 19% 
5/12/2025 26,900 13,500 40,400 48 14% 

Cu
m

ul
at

iv
e 

Sa
nd

 L
oa

d 
(m

et
ric

 to
ns

) 

*Estimated sandbar size on 6/30/2025 relative to no HFE based on empirical 
model for 9 long-term monitoring sites (Mueller and Grams, 2021). 

• Paria River has supplied 
~680,000 metric tons of sand 
between 7/12024 and 
9/13/2024 

• Enough to trigger HFE in fall 
2024 or spring 2025 

• Both options result in sandbar 
building 

• Best “bang for buck” for sandbars is 
60-hr fall HFE at 40,400 cfs 

• Other resources will be considered 
when evaluating whether to 
recommend implementation in fall 
2024 or spring 2025 

44 



  Potential fall 2024 or spring 2025 HFE 
Modeled potential  fall 2024  HFE 
• 40,400 cfs  (max available) 
• 60-hr duration supported by  

current  sand supply (assumes  
no  additional inputs between 
now and November) 

Modeled potential  spring 2025  
HFE 
• 40,400 cfs  (max available) 
• 48-hr duration supported by  

current  sand supply (assumes  
no  additional inputs between 
now and next June) 

45 



  
  
   

 

GCDAMP Accomplishments 
• Tribal workshop at Grand Canyon 
• FY25-27 Triennial Work Plan 
• Proposal to update the HFE protocol 
• Nonnative Fish Strategic Plan 
• Rapid Response Charter 
• LTEMP SEIS/ROD 

46 
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Last snowmelt flood 

Glen Canyon 
Dam 
completed 

1983 86 
unplanned floods 

Experimental floods (HFEs) 

Restricted powerplant operations Unrestricted powerplant operations 

https://www.gcmrc.gov/discharge_qw_sediment; https://www.usbr.gov/rsvrWater/HistoricalApp.html 

https://www.gcmrc.gov/discharge_qw_sediment
https://www.usbr.gov/rsvrWater/HistoricalApp.html




Glen  Canyon Dam 

• 2nd  largest reservoir  in  the U.S. 
• 24 million  acre-feet 

• 4th  tallest dam 
• Structure: 710  feet 

• 12 largest hydropower  facility 
• 8  generator units 
• Nameplate: 1,320 MW 

• Current capacity ~800 MW 

• Full pool = 3,700  ft 



 

 

   

   

April 30, 2023 

Sandbar response to HFEs 

April 24, 2023 Sandbar volume change, 2012 to 2023 

Period with 5 
fall HFEs 

Period with 1 
spring HFE 

Period with 
no HFEs 

Hazel et al. (2022) Grams et al. (2024); www.usgs.gov/apps/sandbar/ 

www.usgs.gov/apps/sandbar


 The Grand Canyon Smallmouth Bass Issue 

51 
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