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Sandbar monitoring and Goal 7 metrics
(presented in poster session)



Sandbar monitoring and Goal 7 metric for sandbars
(presented in poster session)

Metric 7.1 Sand Supply by River Segment:

Sustainable sand management is possible as long as long-duration high 
releases (equalization flows) are infrequent, and tributary inputs 
continue to occur.

Metric 7.2.1: Sandbar Volume

Net increases in high-elevation sandbars occur during periods with 
frequent HFEs. Decreases occur without HFEs. 

Metric 7.2.2:Sandbar Response to High Flows

Each HFE implemented since 2012 has resulted in deposition at most 
sites. 

Metric 7.3:Silt and Clay retention by River Segment

Relatively turbid conditions (> 30 FNUs) occur more than 10% of the 
time in most years in all segments. A new model has been developed to 
predict changes in turbidity in response to dam operations.



Channel Response to High Flows in Western Grand Canyon 
(presented in poster session)



Channel Response to High Flows in Western Grand Canyon 
(presented in poster session)

Conclusions
• During HFEs, sediment is eroded from scour holes, 

where there is bedrock at river level, and deposited in 
sandbar reaches, where navigability is a concern

• However, in the period following HFEs, the pattern of 
erosion and deposition reverses, indicating a return to 
pre-HFE bed elevations

• Changes in velocity patterns and no evidence of sediment 
accumulation in the reach indicate that hydraulics, not 
sediment supply, control the distribution of sediment in 
the reach. 



Project B:  AMP goals addressed, and information provided

• LTEMP goal: 
– “Increase and retain fine sediment 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.”

• Project B addresses goal by two monitoring efforts and modeling:
– Annual sandbar and campsite monitoring

• Topographic surveys measure the effects of HFEs and other dam operations on sandbars
• Remote time-lapse cameras to assess immediate response to HFEs 

– Periodic channel mapping of long river segments
• Evaluation of LTEMP performance by measurements of sand storage change on the riverbed and large 

sample of sandbars
• Studies of riverbed response to high flows in Western Grand Canyon

– Modeling to predict fine sediment transport and sandbar response (Not funded in FY2025-2027 TWP)  

U.S. Department of the Interior (2016)



Role of sediment and sandbars in Grand Canyon

sand dunes 
(archeological sites) shoreline aquatic habitat beaches, campsites, and 

riparian ecosystem

fundamental part of pre-dam landscape

S. Jansen

P. Grams

D. Topping
A. East

R. Stanton A. Fairley

and major part of post-dam river and reservoir systems 
(navigation, water quality, turbidity)



Change in flow regime and disruption of sand supply have caused changes to 
river morphology and decrease in the size of sandbars and campsites

1952

2003

photo by S. Tharnstrom

photo by K. Frost

Sandbar erosion and vegetation expansion near 
Palisades (RM 66). View is downstream.

2010

1890

photo by R. Stanton

photo by R. Webb

Sandbar erosion near Tapeats Creek (RM 134). 
View is downstream.



Repeat channel mapping for monitoring 
sand storage on the riverbed AND sandbars

Why measure sand storage by 
mapping the riverbed?

• Sandbar replenishment is controlled by:
– Flow (need high flows to build large bars)
– Sand supply (if supply in the channel is low, a net 

loss from eddy sandbars is risked)

• Sand supply is controlled by:
– Dam releases (annual volume and release pattern)
– Inputs from tributaries

Adapted from Hazel and others (2010)



Using sandbar change and sand mass balance to evaluate LTEMP

Four possible sandbar response and sand supply outcomes:
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Channel mapping is only data that includes both high-elevation sand 
(above 8k cfs) and sand in the channel and eddies to reveal which of 
the four scenarios is occurring. 

“total sand storage in 
channel and eddies”
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Repeat channel mapping: Implications for 
high flows and dam management
Repeat measurements during HFEs (diamonds)
• HFEs are “deficit spending” (1996, 2004, and 2008 HFEs)
• Need to mobilize all the sand to build sandbars and a large 

fraction is exported
• The loss is a short-term negative and followed by recovery

Hazel et al., 2010; Schmidt and Grams, 2011; Grams et al. 2019; and Preliminary results. Do not cite.
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Repeat channel mapping: Implications for 
high flows and dam management
Repeat measurements during HFEs (diamonds)
• HFEs are “deficit spending” (1996, 2004, and 2008 HFEs)
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Repeat channel mapping: Implications for 
high flows and dam management
Repeat measurements during HFEs (diamonds)
• HFEs are “deficit spending” (1996, 2004, and 2008 HFEs)
• Need to mobilize all the sand to build sandbars and a large 

fraction is exported
• The loss is a short-term negative and followed by recovery

Repeat measurements over many years (circles)
• Downward spiral: Equalization flows and no HFEs (LMC 2009-12) 
• Deficit spending: Equalization flows and HFEs (EGC 2011-14)
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Repeat channel mapping: Implications for 
high flows and dam management
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Repeat channel mapping: Implications for 
high flows and dam management
Repeat measurements during HFEs (diamonds)
• HFEs are “deficit spending” (1996, 2004, and 2008 HFEs)
• Need to mobilize all the sand to build sandbars and a large 

fraction is exported
• The loss is a short-term negative and followed by recovery

Repeat measurements over many years (circles)
• Downward spiral: Equalization flows and no HFEs (LMC 2009-12)
• Deficit spending: Equalization flows and HFEs (EGC 2011-14)
• Sustainable: No equalization flows and HFEs (UMC 2013-16)

The fundamental sediment-related question for LTEMP:
Where will we be on this plot after 20 years of 
implementation?
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Hazel et al., 2010; Schmidt and Grams, 2011; Grams et al. 2019; and Preliminary results. Do not cite.



How we measure riverbed 
sand storage

• Multibeam sonar surveys of riverbed 
in ~30 mi (50 km) or longer segments

• Ground-based surveys of exposed 
and shallow sandbars

• Map ~70-80% of reach by distance
• Do not map in most rapids or riffles
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April 2011 – Before equalization flows
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Kaplinski et al. (2025a); and Preliminary results. Do not cite.



April 2014 – After equalization flows and two fall HFEs
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Kaplinski et al. (2025b); and Preliminary results. Do not cite.
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2011 to 2014 Erosion – After equalization flows and two fall HFEs
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May 2019 – No equalization flows and three fall HFEs
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Kaplinski et al. (2025); and Preliminary results. Do not cite.



2014 to 2019 Deposition – No equalization flows and three fall HFEs
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May 2021 – Centerline survey of water surface and riverbed 
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Kaplinski et al. (2025a;b); Sartain et al. (2025) and Preliminary results. Do not cite.
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Sartain et al. (2025) and Preliminary results. Do not cite.



Independent and complementary measures of sediment storage change

Project A: Suspended sediment flux

Difference of cumulative suspended-sediment loads 
between stations
• Temporally rich -- may compute budget for any 

time interval
• Difference between two LARGE numbers
• Potential for undetectable bias in measurements
• Uncertainty accumulates over time

Project B: River channel (bed and bank) mapping

May 2016 May 2013

- =
Blue = deposition
Red = erosion

Difference between riverbed maps
• Spatially rich – know where change happens and how much
• Uncertainty and bias are well constrained
• Limited to discrete points in time
• Uncertainty associated with parts of channel and banks not 

measured (we sample 50 to 75% of a segment)
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Repeat channel mapping: Implications for 
high flows and dam management
Repeat measurements during HFEs (diamonds)
• HFEs are “deficit spending” (1996, 2004, and 2008 HFEs)
• Need to mobilize all the sand to build sandbars and a large 

fraction is exported
• The loss is a short-term negative and followed by recovery

Repeat measurements over many years (circles)
• Downward spiral: Equalization flows and no HFEs (LMC 2009-12)
• Deficit spending: Equalization flows and HFEs (EGC 2011-14)
• Sustainable: No equalization flows and HFEs (UMC 2013-16)

The fundamental sediment-related question for LTEMP:
Where will we be on this plot after 20 years of 
implementation?
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Conclusions:  Sandbars and in-channel sediment storage
Sandbar response to HFEs
• When implemented, HFEs under sand-enriched conditions cause increases in sandbar

area and volume
• Sandbars have eroded since 2023 HFE
Changes in sand storage in Marble Canyon and Eastern Grand Canyon
• Joint measurements of riverbed sand storage and sandbar response indicate

“sustainable” sand management has occurred during periods that include multiple HFEs
and “normal” reservoir operations.

• Sustained high releases (equalization and other reservoir balancing flows) cause spatially
extensive scour

• Sand supply change based on measurements of suspended sediment flux closely agree
with measurements of riverbed sand change in most cases

• Cases of weaker agreement indicate there may be important processes occurring in
certain time periods and/or river segments that are not captured in our
measurements.
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