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Glen Canyon Dam Adaptive Management Work Group 
Agenda Item Information 

August 29-30, 2007 
 

Agenda Item  
GCMRC Completed Science Projects and Reports 

Action Requested 
√ Information item only; we will answer questions but no action is requested. 

Presenters 
Ted Melis, Deputy Chief, Grand Canyon Monitoring and Research Center:  Sediment Conservation 

Fact Sheet and Sediment Mass Balance update (10 minutes) 
Helen Fairley, Cultural Program Manager, Grand Canyon Monitoring and Research Center:  Aeolian 

transport and protection of archeological sites (10 minutes) 
Barbara Ralston, Biologist, Grand Canyon Monitoring and Research Center:  Experimental Flows 

report. (10 minutes) 
Andy Makinster, Arizona Game and Fish Department:  Rainbow trout population, 2006 summary 

report (10 minutes) 

Previous Action Taken  
√ By AMWG:   Authorization of projects through approval of budgets and workplans. 

Relevant Science 
The relevant science will be presented during this agenda item. 

Background Information  
Presenters will provide updates to the AMWG on the following items: 

 The state of the sand mass balance by reach between October 1, 2006, and August 1, 
2007.  Attachment 4 gives additional information on BHBFs and sand conservation. 

 Aeolian transport and protection of archeological sites.  See Attachments 2 and 3 for more 
information. 

 Experimental flows.  See Attachment 1 for background information. 
 Rainbow trout population, 2006 summary.   

 
With regard to the last bullet point, an update will be provided on the status of the Lees Ferry 
rainbow trout population as described in the 2006 summary report by the Arizona and Fish 
Department.  The Arizona Game and Fish Department has managed and monitored the Lees 
Ferry rainbow trout population since 1981.  Trout were annually stocked until 1998 when more 
stable Record of Decision flows allowed natural recruitment.  Natural recruitment exceeded 
previous stocking efforts to the point where over-recruitment likely produced high densities of 
small fish.  Individual fish growth, condition, and overall spawning and recruitment declined 
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during this period.  Recent monitoring, however, suggests the fishery is recovering with lower 
densities of fish and increased health and spawning activity compared to previous 2-3 years.   
 
Please see the following attachments for background information: 
 
 Attachment 1:  “Comparisons of water quality and biological variables from Colorado River 

shoreline habitats in Grand Canyon under steady and fluctuating discharges from Glen 
Canyon Dam” (abstract) 

 Attachment 2:  Publications resulting from the 2003-2006 Aeolian Project 
 Attachment 3:  “The Role of Aeolian Sand in the Preservation of Archeological Site, Colorado 

River Corridor, Grand Canyon” 
 Attachment 4:  USGS Fact Sheet 2007-3020, “Research furthers conservation of Grand 

Canyon sandbars.” 
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Attachment 1 
 

Comparisons of water quality and biological variables from Colorado River 
shoreline habitats in Grand Canyon, Arizona under steady and fluctuating 

discharges from Glen Canyon Dam  
By Barbara E. Ralston, Matthew V. Loretta, and Theodore A. Kennedy 

Abstract 
Glen Canyon Dam operations are known to affect mainstem Colorado River temperature and shoreline habitat for 
native fish.  Options for ameliorating the impacts that operations have on young native fish include changing release 
volumes and/or changing the daily range of releases.  Long-term alterations of operations that may produce a 
measurable biological response can be costly, particularly if the treatment involves reduced power generation.  In 
September and October 2005, a series of two-week releases occurred that alternated between daily fluctuations that 
varied by 76 m³· s-¹ and steady releases.  The purpose of these short-term experiments was to study the effect of 
daily operations on water quality parameters and associated biotic constituents (phytoplankton, macroinvertebrates, 
and fishes) of associated shoreline habitats.  Our results indicate that measured biological and physical parameters 
were, in general, unaffected by flow treatments.  However, results should be interpreted cautiously as time within 
and between treatments was likely insufficient to affect measured parameters.  These results lead to the 
recommendation that studies like this may be more amenable to laboratory experiments first and then applied to a 
large-scale setting, preferably for longer duration. 
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Attachment 2 
 

Publications resulting from the 2003-2006 Aeolian Project 
 
Draut, A.E., and Rubin, D.M., The role of aeolian sediment in the preservation of archaeological 
sites in the Colorado River corridor, Grand Canyon, Arizona: U.S. Geological Survey Professional 
Paper, in press. 
 
Draut, A.E., and Rubin, D.M., The role of aeolian sediment in the preservation of archaeological 
sites, Colorado River corridor, Grand Canyon, Arizona, in Van Riper, C., and Sogge, M., (eds.), 
Integrating science and management on the Colorado Plateau: University of Arizona Press, in press. 
 
Draut, A.E., Rubin, D.M., Dierker, J.L., Fairley, H.C., Griffiths, R.E., Hazel, J.E. Jr., Hunter, R.E., 
Kohl, K., Leap, L.M., Nials, F.L., Topping, D.J., and Yeatts, M., Application of sedimentary-
structure interpretation to geoarchaeological studies in the Colorado River corridor, Grand Canyon, 
Arizona, USA: Geomorphology, in press. 
 
Draut, A.E., and Rubin, D.M., 2007, The role of aeolian sediment in the preservation of 
archaeological sites in the Colorado River corridor, Grand Canyon, Arizona-Final report on research 
activities, 2003-2006: U.S. Geological Survey Open-File Report 2007-1001, 
http://pubs.usgs.gov/of/2007/1001/ 
 
Draut, A.E., and Rubin, D.M., 2006, Measurements of wind, aeolian sand transport, and 
precipitation in the Colorado River corridor, Grand Canyon, Arizona-January 2005 to January 2006: 
U.S. Geological Survey Open-File Report 2006-1188, 88 pages, 
http://pubs.usgs.gov/of/2006/1188/ 
 
Draut, A.E., and Rubin, D.M., 2005, Measurements of wind, aeolian sand transport, and 
precipitation in the Colorado River corridor, Grand Canyon, Arizona-November 2003 to December 
2004: U.S. Geological Survey Open-File Report 2005-1309, 70 pages, 
http://pubs.usgs.gov/of/2005/1309/ 
 
Draut, A.E., Rubin, D.M., Dierker, J.L., Fairley, H.C., Griffiths, R.E., Hazel, J.E. Jr., Hunter, R.E., 
Kohl, K., Leap, L.M., Nials, F.L., Topping, D.J., and Yeatts, M, 2005, Sedimentology and 
stratigraphy of the Palisades, Lower Comanche, and Arroyo Grande areas of the Colorado River 
corridor, Grand Canyon, Arizona: U.S. Geological Survey Scientific Investigations Report 2005-
5072, 68 pages, http://pubs.usgs.gov/sir/2005/5072/ 
 
Abstracts: 
Draut, A.E., and Rubin, D.M., 2005, Investigating effects of the November 2004 high-flow release 
from Glen Canyon Dam on aeolian sand-transport rates in the Colorado River corridor, Grand 
Canyon, Arizona: EOS, Transactions of American Geophysical Union Fall Meeting Supp. 86 (52), 
Abstract H53D-0495. 
 
Draut, A.E., and Rubin, D.M., 2005, Investigating effects of the November 2004 high-flow release 
from Glen Canyon Dam on aeolian sand-transport rates in the Colorado River corridor, Grand 
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Canyon, Arizona, at Integrating science and management on the Colorado Plateau: Northern 
Arizona University and U.S. Geological Survey, Flagstaff, Arizona, November 7-10, 2005. 
 
Draut, A.E., and Rubin, D.M., 2005, Investigating effects of the November 2004 high-flow release 
from Glen Canyon Dam on aeolian sand-transport rates in the Colorado River corridor, Grand 
Canyon, Arizona: Grand Canyon Monitoring and Research Center Science Symposium, Tempe, 
Arizona, October 25-27, 2005. 
 
Draut, A.E., Rubin, D.M., and Melis, T. S., 2005, The role of aeolian sediment transport in the 
preservation of archaeological sites, Grand Canyon-developing criteria for evaluating dam impact, 
Presented at symposium "Factors and processes responsible for the formation and subsequent 
alteration of Holocene river terraces in Glen and Grand Canyons: recent applications of geomorphic 
science", February 8-10, 2005, Flagstaff, Arizona. 
 
Draut, A.E., Rubin, D.M., Fairley, H.C., and Melis, T.S., 2004, Predictive tools for evaluating aeolian 
sediment redistribution after experimental floods: monitoring studies in the Colorado River corridor, 
Grand Canyon, Arizona: EOS, Transactions of American Geophysical Union Fall Meeting Supp. 85 
(47), Abstract H53B-1246. 
 
Draut, A.E., Rubin, D.M., Dierker, J.L., Fairley, H.C., Hunter, R.E., Leap, L.M., Nials, F.L., 
Topping, D.J., and Yeatts, M., 2004, Sedimentology and stratigraphy of three archaeologically 
significant areas of the Colorado River corridor, Grand Canyon, Arizona: Geological Society of 
America Abstracts with Programs 36 (5), 514. 
 
Draut, A.E., Rubin, D.M., Balsom, J.R., and Melis, T.M., 2003, The role of eolian sediment transport 
in the preservation of archaeological features: a new research initiative in Grand Canyon National 
Park: Glen Canyon Adaptive Management Program, The Colorado River-An Ecosystem Science 
Symposium, Tucson, Arizona, October 28-30, 2003. 
--  
Dr. Amy E. Draut 
Research Geologist 
US Geological Survey 
Phone: 831-427-4733 
Fax: 831-427-4748 
adraut@usgs.gov 
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Grand Canyon National Park (fig. 1) 
lies approximately 25 km (15 mi) down-
river from Glen Canyon Dam, which was 
built on the Colorado River just south of 
the Arizona-Utah border in Glen Canyon 
National Recreation Area (fig. 2). Before 
the dam began to regulate the Colorado 
River in 1963, the river carried such large 
quantities of red sediment, for which the 
Southwest is famous, that the Spanish 
named the river the Rio Colorado, or “red 
river.” Today, the Colorado River usu-
ally runs clear below Glen Canyon Dam 
because the dam nearly eliminates the 
main-channel sand supply (Topping and 
others, 2000b; Wright and others, 2005). 
The daily and seasonal flows of the river 
were also altered by the dam (Topping and 
others, 2003). These changes have dis-
rupted the sedimentary processes that cre-
ate and maintain Grand Canyon sandbars. 
Throughout Grand Canyon, sandbars cre-
ate habitat for native plants and animals, 
supply camping beaches for river runners 
and hikers, and provide sediment needed 
to protect archaeological resources from 
weathering and erosion (Rubin and others, 
2002; Wright and others, 2005).

Maintenance of sandbars in the Colo-
rado River ecosystem, the river corridor 
that stretches from the dam to the west-
ern boundary of Grand Canyon National 
Park, is a goal of the Glen Canyon Dam 
Adaptive Management Program (U.S. 
Department of the Interior, 1995; Patten 
and others, 2001). The program is a feder-
ally authorized initiative to ensure that the 
mandates of the Grand Canyon Protection 
Act of 1992 are met through advances in 
information and resource management. 
The U.S. Geological Survey’s Grand Can-
yon Monitoring and Research Center has 
responsibility for scientific monitoring and 
research efforts for the program. Extensive 
research and monitoring during the past 
decade have resulted in the identification 
of possible alternatives for operating Glen 
Canyon Dam that hold new potential for 
the conservation of sand resources.

Sand in Grand Canyon
Tributaries to the Colorado River 

below Glen Canyon Dam, such as 
the Paria and Little Colorado Rivers, 
provide the only new inputs of sediment 
that can be used to maintain sandbars 
in the Colorado River ecosystem in the 
postdam era (fig. 3). Smaller tributaries 
are also responsible for debris-fan eddy 
complexes, the ecosystem’s dominant 
landforms (Schmidt and Graf, 1990; 
Schmidt and Rubin, 1995). A debris fan 
is a triangular landform that is created 
when a tributary deposits gravel-sized 
and larger particles at its intersection 

with the Colorado River during seasonal 
floods. Debris fans create large recircula-
tion zones in the river, or eddies, where 
sandbars form. 

Research and monitoring have 
resulted in a better understanding of how 
sandbars and sand resources are affected 
by the operation of Glen Canyon Dam. 
For example, high-flow releases from the 
dam that simulate mild natural floods can 
modify or maintain debris fans, which 
control the location and regulate the size 
of sandbars (Webb and Griffiths, 2001). 

Perhaps the single most important 
finding in the last decade is that rela-
tions between the discharge of water 

Figure 1. Sandbars in Grand Canyon create habitat for native plants and animals, supply camp-
ing beaches for river runners and hikers, and provide sediment needed to protect archaeological 
resources from weathering and erosion. Photograph © 2005 Geoff Gourley; used with permission.



from the dam and sand transport change 
over time in the Colorado River (Rubin 
and others, 1998; Topping and others, 
1999, 2000a; Rubin and Topping, 2001). 
Sand on the riverbed becomes finer when 
tributaries add fine sediment to the river 
and coarser when higher releases from the 
dam wash finer sand downstream. These 
changes in the grain size of sand affect the 
rate at which sand is transported down-
stream. As a result of dam operations and 
decreased sand supply, the Colorado River 
now typically transports more sand down-
stream than tributaries supply on a sea-
sonal to annual basis (Topping and others, 
2000b; Rubin and others, 2002; Wright 
and others, 2005). This sediment deficit 
has resulted in progressive erosion of 
channel and sandbar deposits from Marble 
and Grand Canyons since 1963 (Schmidt 
and others, 2004). This erosion of channel 
and sandbar deposits has continued despite 
constraints placed on  releases from the 
dam by the 1996 Record of Decision 
(Rubin and others, 2002; Schmidt and oth-
ers, 2004; Wright and others, 2005). 

A second important finding is 
that during the high-flow releases in 
1996 and 2000, the primary sources 
of sand for building high-elevation 
sandbars were the low-elevation parts 
of the same sandbars (Andrews and 
others, 1999; Schmidt, 1999; Hazel 
and others, 2006) and not sand that had 

accumulated on the riverbed, as had 
been hypothesized. During these two 
experiments, conducted when the Colo-
rado River was relatively sand depleted 
(Hazel and others, 2006), the erosion of 
low-elevation sandbars actually resulted 
in a net reduction in overall sandbar size. 

Maintenance of sandbar size requires 
high-flow releases from the dam to flush 
sand from the riverbed up onto sandbars 
(Schmidt and others, 1999). Recent 
research has shown, however, that 
tributary-supplied sand does not accu-
mulate on the riverbed over multiyear 
periods under typical dam conditions 
(Topping and others, 2000b; Rubin and 
others, 2002; Wright and others, 2005). 
Because sand does not accumulate on the 
riverbed, there is generally insufficient 
sand available to be transferred from the 
riverbed to sandbars. This finding holds 
true even when the quantity of sand 
supplied by tributaries is above average, 
which was the case during the late 1990s. 
Additionally, the lower elevation parts of 
these eroded sandbars and the adjacent 
riverbed never fully recovered their former 
sand volume following the scouring that 
occurred during the 1996 high-flow release 
(Schmidt and others, 2004). 

These results indicate that high-flow 
releases conducted under sand-depleted 
conditions, such as those that existed in 
1996, will not successfully sustain sandbar 
area and volume. As understanding 
improved following the 1996 and 2000 
experiments, scientists and managers 
focused on the need to strategically 
time high-flow releases to take advan-
tage of episodic tributary floods that 
supply new sand to the Colorado River 
downstream from the dam. 

The Importance of Tributary Floods 
In November 2004, a high-flow 

release was timed to follow tributary 
floods for the first time on the Colorado 
River (fig. 4). This experiment resulted in 
an increase in sandbar total area and vol-
ume in the upper half of Marble Canyon 
(Topping and others, 2006). Further down-
stream, where sand was less abundant, a 
net transfer of sand out of eddies occurred 
that was similar to that observed during 
the 1996 and 2000 experiments (Hazel and 
others, 2006; Topping and others, 2006). 
Scientists also confirmed that substantial 
increases in total eddy-sandbar area and 
volume are only possible during high-flow 
releases that follow large tributary floods 

Figure 2. The Colorado River ecosystem encompasses the Colorado River corridor from Glen 
Canyon Dam to the western part of Grand Canyon National Park, where the river empties into Lake 
Mead. The maintenance of sand resources in the Colorado River ecosystem is a primary goal of the 
Glen Canyon Dam Adaptive Management Program.

Figure 3. The Colorado River several 
miles downstream from its confluence 
with the Paria River during a flood. Paria 
floods dramatically affect sediment and 
organic loads in the Colorado River (USGS 
photograph by Theodore Kennedy).



that enrich sand supplies in the main 
channel of the Colorado River (Rubin and 
others, 2002; Topping and others, 2006). 
However, more sand will be required than 
was available during the 2004 experiment 
(800,000 to 1,000,000 metric tons) to 
achieve increases in total sandbar area 
and volume throughout all of Marble and 
Grand Canyons in the future (Topping and 
others, 2006).

Preserving Archaeological Sites 

Many archaeological sites found 
near the Colorado River are buried by 
windborne sand that helps to preserve 
these sites over time. Sandbars created 
by the 2004 experiment increased the 
windborne transport of sand toward 
some of these archaeological sites in 
Grand Canyon (Draut and others, 2005; 
Draut and Rubin, 2006). Increased sand 
carried by the wind from restored sand-
bars may reduce erosion and increase 
the preservation potential at some 
archaeological sites. 

Managing Sand in the Future
Recent findings suggest that it 

may be necessary to make more sand 
available for maintaining and restoring 
sandbars than is now provided by typical 
tributary flood events. One possibility 
is augmenting the sand available from 
tributaries with sand trapped behind Glen 
Canyon Dam (Randle and others, 2007). 
Alternatively, the sand supply might be 
indirectly increased through the use of 
short-duration high flows following each 
average to large tributary input of sand; 
this approach would move new sand from 
the riverbed to sandbars before it can be 
carried downstream (Topping and others, 
2006). The effectiveness of this strategy 
rests on minimizing sand export and 
sandbar erosion during periods between 
high flows; however, export and erosion 
rates are strongly dependent on power-
plant release volume and daily release 
patterns (Wright and others, 2005). 
Another possibility is constraining dam 
releases following tributary sand inputs 
for a period of time until a high-flow 
release can be carried out; however, 
constraining daily operations may not 
be possible during extended periods of 
above-average runoff into Lake Powell or 
when the reservoir is near capacity.

By Theodore S. Melis, David J. Top-
ping, David M. Rubin, and Scott A. Wright
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“Throughout Grand Canyon, sandbars create 
habitat for native plants and animals, supply 
camping beaches for river runners and 
hikers, and provide sediment needed to 
protect archaeological resources from 
weathering and erosion.”

Research Furthers Conservation of 
Grand Canyon Sandbars

USGS Fact Sheet #2007-3020

Value of Sediment Resources
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Sandbars Support both Aquatic, Terrestrial Habitats and 
Recreational Campsites



“Tributaries to the Colorado River below Glen 
Canyon Dam, such as the Paria and Little 
Colorado Rivers, provide the only new inputs 
of sediment that can be used to maintain 
sandbars in the Colorado River ecosystem in 
the post-dam era.”

Research Furthers Conservation of 
Grand Canyon Sandbars

USGS Fact Sheet #2007-3020

Limited Sand Supply
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Tributary Sand + BHBFs Can Rebuild the
Eroded Sandbars and Enhance Habitats



“This sediment deficit has resulted in progressive 
erosion of channel and sandbar deposits from Marble 
and Grand Canyons since 1963. This erosion of 
channel and sandbar deposits has continued despite 
constraints placed on releases from the dam by the 
1996 Record of Decision.”

Research Furthers Conservation of 
Grand Canyon Sandbars
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Critical Finding
Synthesis of Historical Data



“A second important finding is that during the 
high-flow releases in 1996 and 2000, the 
primary sources of sand for building high-
elevation sandbars were the low-elevation 
parts of the same sandbars and not sand that 
had accumulated on the riverbed, as had 
been hypothesized.”

Research Furthers Conservation of Grand 
Canyon Sandbars
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Critical Finding
Value of Experimental Learning



“Extensive research and monitoring during the 
past decade have resulted in the identification 
of possible alternatives for operating Glen 
Canyon Dam that hold new potential for the 
conservation of sand resources.”

Research Furthers Conservation of 
Grand Canyon Sandbars
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Science Support for GCDAMP



“Sand on the riverbed becomes finer when 
tributaries add fine sediment to the river and 
coarser when higher releases from the dam 
wash finer sand downstream. These changes 
in the grain size of sand affect the rate at 
which sand is transported downstream.”

Research Furthers Conservation of 
Grand Canyon Sandbars
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Challenge = Shifting Rating Curves



“In November 2004, a high-flow release was 
timed to follow tributary floods for the first 
time on the Colorado River. This experiment 
resulted in an increase in sandbar total area 
and volume in the upper half of Marble 
Canyon.”
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2004 BHBF Test Results



“Further downstream, where sand was less 
abundant, a net transfer of sand out of eddies 
occurred that was similar to that observed 
during the 1996 and 2000 experiments.”
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Complex 2004 Response



• For the BHBF strategy to be viable, BHBFs 
must be conducted under sand enriched 
conditions, such as exist now 

• Under moderate and higher release years, 
the sand export from the CRE typically 
exceeds the available tributary sand supply 
downstream from the dam

• Under 8.23 MAF releases & above average 
sand inputs significant quantities of sand are 
retained for longer periods of time

USGS Fact Sheet #2007-3020
“Take Home Points”



• BHBFs – are the only operational means of 
transferring sand from lower elevations of the 
channel to higher shoreline locations: without 
sand-enriched floods, beaches erode

• Under average annual sand inputs from the 
tributaries, there will not be enough new sand 
available to rebuild sandbars throughout the 
CRE from a single BHBF - multiple BHBFs
may be needed to build bars incrementally 
through time

USGS Fact Sheet #2007-3020
“Take Home Points”



More sand supply can be achieved in 3 ways:

A) Release enriched BHBFs more frequently 
(hypothesis to be tested)

B) Further constrain dam releases over longer 
periods of time, perhaps years (known)

C) Sediment augmentation from upstream 
sources - Lake Powell (known)

USGS Fact Sheet #2007-3020
“Take Home Points”



GCMRC web site
Under “Products”

Thank You For Your Attention!

“Research Furthers Conservation of 
Grand Canyon Sandbars”

A New USGS Fact Sheet #2007-3020

Available at:
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