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The Individual and Additive Effects of Hydrologic Alteration and

Veqefahon Encroachmenf on Sediment Connectivity in Grand Canyon

Most archaeological sites are situated
above HFE stage throughout Grand Canyon... it

To preserve these sites through river management:
- Option 1: Flood and bury sites with larger, sediment-rich HFEs
- Option 2: Rely on wind to move sediment from sandbars to sites
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The Individual and Additive Effects of Hydrologic Alteration and

Veqefahon Encroachment on Sediment Connectivity in Grand Canyon

= Current HFEs only deposit sediment
Most archaeological sites are situated ~ in sandbars up to ~ ooo ft3/s
above HFE stage throughout Grand Canyon... " P

To preserve these sites through river management:
- Option 1: Flood and bury sites with larger, sediment-rich HFEs i,
- Option 2: Rely on wind to move sediment from sandbars to sites ' N 2 USG
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‘ Current HFEs only deposit sediment
Most archaeological sites are situated . 5 ~45,000 ft3/s
above HFE stage throughout Grand Canyon £ .

To preserve these sites ’rhrd‘Ugh rive

- Option 2: Rely on wind to move sediment from sandbars to sites



Glen Canyon Dam — Completed 1963
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Discharge (ft¥/s)

Colorado River at Lee’s Ferry
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- Spring /Summer Snowmelt Floods

CLOSURE OF GLEN CANYON DAM

- Summer /Fall Low Flows
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- 16 mile river reach of Colorado River in Grand Canyon National Park

- From 45 to 61 miles downstream of Glen Canyon Dam




Mapping Sand Along the Colorado River in Grand Canyon — May, 2009

Total station surveys of exposed sand

Upstream-looking DEM
*preliminary results, do not cite (bICICk dots are ]/] 0 mile inferVG|S) %USGS
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Multibeam Sonar Bed Classification
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*preliminary results, do not cite
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*preliminary results, do not cite

From multibeam and
total station surveys ...but this only gets us to the 45,000 ﬂ'3/S stage.

Historic floods deposited sand up to 210,000 f3/s
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2009 Somd quplng: Ac’rlve Chcmnel cmd Remo’re Uplqnd qupmg

-Achve Chqnnel Sqnd - Remotely Mdpped *preliminary results, do not cite
Upland Sand

From multibeam and From classification

total station surveys in 2009 of 2009 aerial photos
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2009 Somd Mapplng Ac’rlve Chcmnel and Remote ond Manual Uplqnd Mappln

} -

I Remotely Mapped

-Ac'rlve Channel Sand

Upland Sand
From multibeam and From supervised classification
total station surveys of 2009 aerial photos

Mapped every square meter of sand from the channel bed
to historic flood of record (210,000 ft3/s) over 16 mile reach
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Manually Mdlpped
Upland Sand

From field mapping on
river trips

*preliminary results, do not cite ﬁ USGS
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Hydraulic Modeling 8,000 ft3/s

Prepared in cooperation with the
GRAND CANYON MONITORING AND RESEARCH CENTER

Modeling Water-Surface Elevations and Virtual Shorelines 20,000 f‘|'3/s
for the Colorado River in Grand Canyon, Arizona

45,000 ft3/s

210,000 ft3/s

Scientific Investigation Report 2008-5075
...and ten
intermediate
Magirl et al., 2008
flows not
shown here

What area of sand will be exposed for a
given discharge from Glen Canyon Dam?
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For every modeled

inundation extent...

...take the map of
total sand

...and cut out anything
that’s underwater

*preliminary results, do not cite



400,000

Exposed Sand as a Function of Discharge

350,000

300,000 -
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200,000

Exposed Sand

150,000 -

100,000

50,000 -~

I | I
8,000 ft3/s: lowest regularly-occurring flows
in Grand Canyon today

210,000 ft3/s: estimated historic flood
of record in Grand Canyon

N

*preliminary results, do not cite

| | | |
50,000 100,000 150,000 200,000 250,000
Discharge (ft*/s)

= USGS

science for & changing world



2,500,000

2,000,000 ¢

1,000,000

Exposed Sand (m?)

500,000

*preliminary results, do not cite

Exposed Sand as a Function of Discharge
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I I I
*
B More bare sand from 0 — 8,000 fi3/s...
- Than from 8,000 f+3/s to 210,000 13 /s... -
| | | —"Y g
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Exposed Sand as a Function of Discharge

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
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Exposed Sand as a Function of Discharge

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
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We know how much sand is exposed for any discharge

500.000 - ...and we know the discharge every day since 1922
'\‘ We can compute daily exposed sand area for the past 94 years
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*preliminary results, do not cite s
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550,000 |

298,200 m?/day

CLOSURE OF GLEN CANYON DAM

450,000 -
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Hydrologic Alteration reduced exposed sand area by 13.5%
*preliminary results, do not cite s USGS
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Glen Canyon Dam — Completed 1963
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Observations of vegetation encroachment following dam construction

A trend toward:
- Increased vegetation area, particularly along the river

- Correspondingly reduced area of bare sand
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1000 m
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+12% +2% [ERE 3% +1%
Vegetation Encroachment reduced exposed sand area by 20%

aZUSGS i -
*preliminary results, do not cite
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*preliminary results, do not cite é USGS
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x 105 Predam Average: 395,000 m?/day Postdam Average: 289,000 m?/day
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0.5 Hydrologic Alteration + Vegetation Encroachment

have reduced exposed sand by 27 %
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*preliminary results, do not cite é USGS
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What about the Wind?

 science for a changing world

Open-File Report 20141247

Caster, East et al., 2014

= USGS
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What about the Wind?

Open-File Report 2014-1247

Caster, East et al., 2014

*preliminary results, do not cite

Above Threshold

Percent Wind Speed

0.5 - 2 m/s threshold wind speed

mam Wind Record
—— Moving Average
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Day of Year
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0.5 - 2 m/s threshold wind speed

o Wind Record

What about the Wind? Eg —— Moving Average
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*preliminary results, do not cite as

science for & changing world



0.5 - 2 m/s threshold wind speed w=m Wind Record

What about the Wind? Eg —— Moving Average
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15 mmm Pre Dam: 3.0 x 107 m2

The product of wind data and === Post Dam: 2.3 x 107 m2
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sand transport rate
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% USGS *preliminary results, do not cite DE}I’ of Year

science for & changing world

o



Relevance to Glen Canyon Dam Operations

50:000 | | | | | ! ! | |
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Kilometers Downstream from Glen Canyon Dam
Neither sand nor vegetation are uniformly distributed along the river...

- Opportunities for vegetation removal
- Use stage-discharge models to tailor flows for sand exposure

a2 USGS
*preliminary results, do not cite as
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Exposed Sand (m?)

Relevance to Glen Canyon Dam Operations

50,000 | | \ | | T T | |
Nankoweap Delta Area :
—@— Vegetation
40,000 —@— Sand _
o~ N Kwagunt |
£ 30,000 Rapids
©
o
< 20,000 - -
10,000 - -
0
82 83 84 85 86 87 88 89 90 91 92
Kilometers Downstream from Glen Canyon Dam
Neither sand nor vegetation are uniformly distributed along the river...
- Opportunities for vegetation removal
- Use stage-discharge models to tailor flows for sand exposure
2,500,000 . .
A little(r) flow will go a long way...
2,000,000 ¢ . 1
83% of all available sand
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Exposed Sand (m?)

Relevance to Glen Canyon Dam Operations
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Kilometers Downstream from Glen Canyon Dam
Neither sand nor vegetation are uniformly distributed along the river...

- Opportunities for vegetation removal

- Use stage-discharge models to tailor flows for sand exposure
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5 x10° Resource: Exposed Sand for Aeolian Transport
Daily Exposed Sand
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TREND: Generally stabilizing over the last ~15 years

STATUS: Reduced by 27% compared to pre-dam period

science for & changing worl




Funding from Glen Canyon Dam Adaptive Management
Program and National Center for Earth Surface Dynamics 2

Thanks to Kirk Burnett, Laura Cagney, Geoff Chain, Maddie
Friend, Dennis Harris, Joe Hazel, Matt Kaplinski, Rob Ross,
Bob Tusso
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Alternative Flow Regimes 400,000

[effect of discharge regimes on

sand availabilit &
] £ 300,000
5
8.23 maf year, one year analysis %
9 200,000
Q
©
- Not much difference T 100.000
> 7
between each alternative <
scenario
A B C D D E F G
[bug]
...because no alternative Alternative

provides for daily
maximum flows < 8,000
ft3/s, with the exception of
alternative F

aZUSGS
as *preliminary results, do not cite
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Discharges 0 - 40,000 ft3/s

=— Argonne Flow Factor |
\\ —=— USGS Sand Availability

Argonne National Lab — Flow Factor
[influence of discharge on sand availability for
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Flow Factor =
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‘i}[ (-énm_\: / 1
if 8,000 ft*/s < Qumax < 31,500 ft?/s:  1.34 - 0.0000425 * Quax
ff (:).,ma:\' - 3l & /S 0

608888604

Normalized Sand Availability

Maijor Differences: 10,000 20,000 30,000 40,000

: 3
1. Discharges < 8,000 ft3/s are Discharge (ft"/s)
not constant in terms of sand Full Discharge Range

exposure

—=— Argonne Flow Factor

Differences in the importance USGS Sand Availability

of 8,000 f+3/s to 31,500
ft3 /s discharges
Discharges > 31,500 ft3 /s

may matter

Normalized Sand Availability

50,000 100,000 150,000 200,000 250,000

) 3
“ Discharge (ft°/s
% USGS *preliminary results, do not cite g ( )
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