
1

Sedimentation of Lake Powell Tributary Canyons, 1959-2017
Preliminary Results and Ongoing/Future Work

Alan Kasprak and John C. Schmidt

Center for Colorado River Studies
Quinney College of Natural Resources, Utah State University
Research Briefing 12/20/2019



2

Executive Summary
• Understanding the volume of accumulated sediment 

present in the inundated mouths of tributary canyons of 
Lake Powell is an essential first step for estimation of 
whether, and over what time period, sediment deposits 
may be evacuated.

• We analyzed topographic and bathymetric data from 
1959 (prior to the construction of Glen Canyon Dam), 
1986, and 2017 to estimate the total thickness and annual 
accumulation rate of sediment in 27 selected tributary 
canyons of Lake Powell.

• Sedimentation rates in these tributary canyons varied 
widely, from no measurable sediment accumulation, to 
more than 2 feet per year of sediment deposition over the 
58 year analysis period.

• We additionally computed unit stream power, a proxy 
for sediment transport potential, for 23 selected tributary 
canyons to estimate relative sediment remobilization 
timescales. We hypothesize that Aztec Canyon, and other 
canyons with little accumulated sediment and high unit 
stream power, have the potential to quickly evacuate 
sediment in the event of sustained reservoir drawdown. 

• Future work will focus on developing a physical 
framework for understanding why sedimentation rates 
vary notably between individual tributary canyons, along 
with integrating soon-to-be-published airborne lidar data 
to extend sediment accumulation rate estimates to areas 
currently above the water surface of Lake Powell.

Background
Glen Canyon Dam, completed in 1963, impounds the Col-
orado River and creates Lake Powell, the second largest 
reservoir in the United States. Operated primarily for water 
storage as part of the Colorado River Storage Project, the 
reservoir filled for the first time in June 1980, inundating 
nearly 190 miles of the Colorado River upstream, along with 
the downstream portions of the San Juan, Dirty Devil, and 
Escalante rivers, and numerous other tributary canyons. Thus, 
all of Glen Canyon upstream from the dam was inundated, as 
well as Narrow Canyon and the downstream part of Cataract 
Canyon. Reservoir storage fluctuated thereafter, but began de-
creasing around 2000. By 2005, the reservoir was at its low-
est storage volume since it had filled. Although the reservoir 
subsequently partially filled again, it was 89 feet below full 
pool elevation in December 2019, and the reservoir’s storage 
contents were 53% of total capacity.
Since the reservoir was created, all fine sediment once 
transported downstream through Glen Canyon to the Grand 

Canyon has been deposited as deltas near where each in-
flowing river or stream enters Lake Powell, including the 
lower reaches of each tributary side canyon. Because these 
tributaries were once unique parts of Glen Canyon, valued 
as spectacular slot canyons, hidden springs and alcoves, and 
sites of biological productivity since first described by John 
Wesley Powell, there is considerable interest in whether, and 
over what period of time, these side canyons might evacuate 
or remobilize the delta sediment found there. These topics 
span questions that have long interested geomorphologists, 
including whether these deltas will eventually erode to their 
pre-dam bed levels, or whether some accumulated sediments 
may never be eroded away. 
An initial step in addressing these questions is to measure the 
thickness of fine sediment that has accumulated in tributary 
canyons since the closure of Glen Canyon Dam in  1963. This 
vignette presents the initial results of such an analysis and de-
scribes ongoing and future research efforts.
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Data
To compute the thickness of accumulated sediment in tribu-
tary canyons of Lake Powell, we used topographic maps and 
bathymetric surveys collected in 1959, 1986, and 2017:

• Pre-Dam (1959) Topography: originally computed via 
photogrammetric methods from overlapping aerial photo-
graphs collected in 1958-59 by the Bureau of Reclamation 
prior to the construction of Glen Canyon Dam, topograph-
ic data were digitized and compiled into a seamless 2-m 
resolution digital elevation model in 2019 by scientists at 
the USGS Grand Canyon Monitoring and Research Center 
and the Utah Water Science Center. These data extend 
from Glen Canyon Dam to a location on the mainstem 
Colorado river approximately 35 miles upstream from 
Hite marina. Data are available for download at https://
www.sciencebase.gov/catalog/item/5c79a462e4b0fe48cb-
5144dc

• 1986 Bathymetry: These data were collected between 
April and September 1986 by the Bureau of Reclamation 
using singlebeam sonar. Surveys were made when Lake 
Powell was near capacity.  Survey data are individual tran-
sect lines across the reservoir and in 30 tributary canyons; 
surveys of the tributaries begin at the mouth of each trib-
utary and proceed several miles up-canyon, depending on 

water depth sufficient for sonar surveying at the time of 
those measurements. For information on the field meth-
ods and the survey data, see Ferrari (1986): https://www.
usbr.gov/tsc/techreferences/reservoir/1986%20Lake%20
Powell%20Survey.pdf

• 2017 Bathymetry: These data are available as a continu-
ous 2-m resolution digital elevation model for Lake Pow-
ell, spanning the entire reservoir between Glen Canyon 
Dam and Hite and including tributary canyons, many of 
which were also surveyed in 1986. Boat-based data col-
lection was completed by the USGS Woods Hole Coast-
al and Marine Science Center. Surveys were collected 
over a 331 km2 area using a multibeam sonar between 
October and November 2017. Data can be obtained at: 
https://www.sciencebase.gov/catalog/item/5b900656e4b-
0702d0e807395

Methods
To compute the thickness of accumulated sediment since 
completion of the dam, we delineated tributary canyon cen-
terlines using ESRI’s ArcMap software. For the continuous 
digital elevation model datasets, analysis points were delin-
eated every 10 m along these centerlines, and the elevation 
values of the underlying topographic data (i.e., 1959 data) 
or bathymetric data (i.e., 2017 data)  were queried to extract 

https://www.sciencebase.gov/catalog/item/5c79a462e4b0fe48cb5144dc
https://www.sciencebase.gov/catalog/item/5c79a462e4b0fe48cb5144dc
https://www.sciencebase.gov/catalog/item/5c79a462e4b0fe48cb5144dc
https://www.usbr.gov/tsc/techreferences/reservoir/1986%20Lake%20Powell%20Survey.pdf
https://www.usbr.gov/tsc/techreferences/reservoir/1986%20Lake%20Powell%20Survey.pdf
https://www.usbr.gov/tsc/techreferences/reservoir/1986%20Lake%20Powell%20Survey.pdf
https://www.sciencebase.gov/catalog/item/5b900656e4b0702d0e807395
https://www.sciencebase.gov/catalog/item/5b900656e4b0702d0e807395
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a bed elevation for each point along the channel centerline. 
For any of these points, the difference between the 1959 bed 
elevation and the 2017 bed elevation provides the thickness 
of accumulated sediment during the 58 years between the 
collection of those two datasets. An average annual sedi-
ment accumulation rate during this period was computed by 
dividing the sediment thickness by the period of accumula-
tion.
For the 1986 data, which were not available as transects 
within a geographic information system, the plots within the 
Ferrari (1986) report were digitized, and point elevation val-
ues along each transect were interpolated at 10-m spacing to 
match those extracted from the 1959 and 2017 datasets. We 
computed the sedimentation rates for the periods 1959–1986 
and 1986–2017, obtaining average annual sedimentation 
rates by dividing the sediment accumulation thickness by 
the 27- and 29-year periods, respectively. As an example, 
Figure 1 shows transect lines computed for Hansen Canyon 
using the 1959, 1986, and 2017 survey data.

Results
A map of average annual sediment accumulation rates for 
27 tributary canyons are shown for the period 1959–2017 
in Figure 2. Sediment accumulation rates during the entire 
period of analysis, as well as the sub-periods 1959–1986 and 
1986–2017 are shown in Table 1. Our results demonstrate 
sediment accumulation rates in tributary mouths vary greatly 
from place to place. These rates range from a minimum accu-
mulation rate of 0.2 ft/year in Knowles Canyon to 2.5 ft/year 
in the Dirty Devil River delta. Three tributary canyons (Lake 
Canyon, Dangling Rope Canyon, and Warm Creek) appear 
not to have accumulated any appreciable amount of sediment 
during the post-dam period. 
On average, sediment accumulation rates averaged 0.6 ft/
year during the 58-year period between 1959 and 2017 across 
all 27 analyzed tributary canyons. Accumulation rates were 
identical (0.6 ft/year) during the two sub-periods between 
1959-1986 and 1986-2017.

Figure 1. Example of 
profile lines derived 
from Hansen Canyon, 
a river-right tributary 
located approximately 
100 miles upstream 
from Glen Canyon 
Dam.
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Figure 2. Average annual 
sedimentation rates in 
tributary canyons within the 
upstream portion of Lake 
Powell from 1959 – 2017. 
Blue areas show extent of 
bathymetry data obtained via 
multibeam sonar surveys in 
2017.

Figure 3. Average annual 
sedimentation rates in 
tributary canyons within 
the middle portion of Lake 
Powell from 1959 – 2017. 
Blue areas show extent of 
bathymetry data obtained via 
multibeam sonar surveys in 
2017.
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Figure 4. Average annual 
sedimentation rates in 
tributary canyons within the 
downstream portion of Lake 
Powell from 1959 – 2017. 
Blue areas show extent of 
bathymetry data obtained 
via multibeam sonar 
surveys in 2017. 

Table 1. Sediment accumulation rates for analyzed 
tributary canyons in Lake Powell between 1959 and 
2017. A value of “NA” implies that topographic or 
bathymetric data did not exist for the time period in 
being examined. 
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Ongoing and Future Work
The estimation of sediment accumulation depths and rates 
within tributary canyons of Lake Powell is an important first 
step in understanding system-scale sediment remobilization 
during the reservoir’s 21st century recession. In effect, the 
relative thickness of sediment accumulated within individual 
tributary canyons provides an initial estimate of the potential 
recovery timescale at each of these locations; that is, the more 
sediment which has accumulated, the longer we might expect 
for the evacuation to take of that sediment, and the return of 
each tributary channel to its pre-dam bed elevation. 
While useful in a first-order approximation, the actual sedi-
ment evacuation time of individual tributary canyons depends 
largely on the frequency and magnitude of tributary flash 
flooding that occurs in the upstream watershed. For example, 
a tributary canyon that experiences frequent large magnitude 
floods can be expected to evacuate sediment more rapidly 
than one that rarely generates sufficient flow to mobilize 
accumulated sediment. To estimate the potential for sedi-
ment evacuation from each tributary stream, we are currently 
computing unit stream power for 23 individual tributary 
channels within Lake Powell. Unit stream power is a function 
of several variables:

• Channel slope, or gradient; measured from 2017 multi-
beam bathymetry data where available;

• Channel width; measured from 2018 aerial photographs 
at the mouth of each tributary canyon; and,

• A characteristic discharge.
In a simple sense, channels with higher unit stream power, 
whether due to their gradient, flood magnitude, or width, are 
hypothesized to evacuate stored sediment more rapidly. The 
plot below shows each of 23 analyzed tributary channels’ unit 
stream power plotted against the annual sediment accumula-
tion rate from 1959-2017. Figure 5 provides a simple forecast 
of how rapidly each tributary might be expected to evacuate 
stored sediment. Those tributaries with high stream power 
and little accumulated sediment can be expected to remobi-
lize that sediment quickly, whereas tributaries with a great 
deal of stored sediment and relatively low stream power will 
take longer to evacuate accumulated sediment.

In addition to this ongoing work, we plan to investigate 
the mechanisms leading to the variable sedimentation rates 
within individual tributary canyons. Put simply, why is it that 
some canyons exhibited virtually no sediment accumulation 
during the post-dam period, whereas others accumulated 

Figure 5. Scatter plot 
showing the unit stream 
power of 23 Lake Powell 
tributary streams plotted 
against the average annual 
sediment accumulation rate 
of those streams for the 
period 1959-2017. Plot is 
divided into quadrants of 
hypothesized recovery time 
(i.e., the speed with which 
each tributary is anticipated 
to evacuate stored sedi-
ment). Only those tributar-
ies where 2017 bathymetry 
data are available (i.e., 
channel gradient could be 
computed) are shown.
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more than a foot per year of sediment? We anticipate that 
accumulation rates are largely a function of flow frequency 
(or whether there have been floods at all) and basin-scale geo-
logic erodibility, and as such, we will evaluate differences in 
precipitation patterns/intensity and watershed geology, among 
other geological and meteorological factors, to determine 
whether conclusions regarding the drivers of sediment accu-
mulation rates can be drawn. This will result in a classifica-
tion framework for Lake Powell’s tributary canyons based 
on their propensity to accumulate sediment during periods of 
inundation. 

Such an understanding, even in a conceptual nature, will be 
useful should Lake Powell water levels rise again, because 
we will be able to generate predictions of accumulated sedi-
ment based on weather patterns and inundation time, even in 
the absence of direct bathymetric survey data.

We also note that our analysis is limited to the common 
extent of all three datasets used here. Because Lake Powell 
was notably lower in 2017 as compared to the 1986 survey, 
we cannot compute sediment accumulation rates for the full 
extent of the 1986 transects, because multibeam sonar data 
from 2017 do not extend as far up tributary canyons, and thus 
we do not have modern-day elevation with which to compare 
the 1986 transects. 

We anticipate public release of airborne lidar data collected 
in 2017 by the USGS and Bureau of Reclamation, which 
characterizes the topography of exposed surfaces and can be 
merged seamlessly with the bathymetric data for inundated 
regions. These additional data will allow us to extend our 
estimates of sediment accumulation thicknesses and rates to 
match the extent of the 1959 and 1986 datasets. These lidar 
data are anticipated to be released in early 2020.
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