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Project J: 2013-2014
Overview questions

" Do cultural sites erode or change faster orin a
significantly different manner than they would if dam
operations were different?

" How effective are HFEs at supplying aeolian sand to
upland landscapes and archaeological sites?
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Project J: 2013-2014 Research questions

At landscape scale

" What number and proportion of archaeological sites
potentially receive windblown sand from HFES?

" Role of aeolian sand in limiting gully erosion?
At site scale

" At sites that receive HFE sand, does aeolian
deposition sufficiently outpace erosion by rainfall and
gullying? How well does HFE sand preserve sites?

" How do conditions in Glen Canyon compare with
those in Marble-Grand Canyon?



What number and proportion of sites
potentially receive windblown sand from HFEs?

/-part classification system

Evaluated 358 river-corridor
arch sites, RM 0-240

Types 1-4 have river-derived
sediments as substrate

Ranking means decreasing
potential for aeolian sand
supply from recent fluvial
sandbars

Modern evaluation from field
data, 3 earlier time steps from
aerial imagery

L
éUSGS Preliminary results, do not
cite (East et al., in prep.)




What number and proportion of
sites currently have potential
to receive windblown sand
from HFES?
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Preliminary results, do not cite (East et al., in prep.)



Site classifications are dynamic

Types 1-4:river- 1 (flood sediment deposition adjacent and upwind)

derived sand 2a (vegetation barrier)
integral to site 2b (topographic _barrleg ) _
2¢c I oth vegetation and topographic barriers)

context - : H
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Preliminary results, do not cite (East et al., in prep.)




What number and proportion of sites currently have
potential to receive windblown sand from HFES?

Takeaway points:

m 230 sites are Types 1-3 (65%) and
are currently downwind of HFE
shorelines (45k and less), so are
potentially influenced by sandbars
from flows of that magnitude

® 31 sites are currently Type 1 and
have greatest potential of getting
windblown HFE sand

" Classes are dynamic over time:

e.g., from 1973-2014, total of Type 1
sites decreased from 98 to 31

Preliminary results, do not cite (East et al., in prep.)



Role of windblown sand in [imiting gully erosion

" In active sand deposits, gullies occupy much less proportion of
the area and are more likely to terminate (Sankey and Draut,
2014), so are more likely to anneal instead of becoming
progressively larger

" HFE sand sources mean greater aeolian sand activity in dune
filelds immediately downwind of sandbars (Draut, 2012)

" So, HFEs can reduce gully extent in areas with upwind sandbars
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Site-specific observations in Grand Canyon

" At Type 1 “best case scenario” sites in Grand Canyon
that receive HFE sand

" Does aeolian deposition sufficiently outpace erosion
by rainfall and gullying?

" How well does HFE sand preserve sites?



Observations at Type 1 sites in Grand Canyon

Site C:05:0031 - Gullies formed in monsoon season 2013
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Observations at Type 1 sites in Grand Canyon

Site C:05:0031 - Gullies that formed in monsoon season 2013 partially annealed during
the spring 2014 windy season.
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Preliminary results, do not cite (J. Caster)
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Observations at Type 1 sites in Grand Canyon
Topographic changes: AZ:C:05:0031

2010-2013

EXPLANATION
[ Archeological site boundary
[ survey area boundary
Focused change detection areas

:] Gully flow path

Reworking of fluvial-sourced sand
Favorable depositional wind trajectory
Formation of two gullies in 2013
2010-2013

 20% of area changed w/ -3 cm ave. change depth

2013-2014

* 14% of area changed w/ 0 cm ave. change depth

between surfaces,
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Observations at Type 1 sites in Grand Canyon
Topographic changes: AZ:C:13:0321

« Reworking of fluvial-sourced sand
« Favorable depositional wind trajectory
e« 2010-2013
» 40% of area changed w/ -3 cm ave.
change depth (+4 cm in arch. site)
« 2013-2014
o 23% of area changed w/ -1 cm ave.
change depth

&! .4 USGS PRELIMINARY RESULTS — DO NOT
CITE (Collins et al., in prep.)
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Observations at Type 1 sites in Grand Canyon

2010-2013
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EXPLANATION

A__A Archeological site boundary
EXPLANATION (teeth point into site)
_A__A Archeological site boundary I:l 2014 Survey area boundary
(teeth point into site) TS

1 I 2013 Survey area boundary
Survey area boundary -

L
] uly flow path ] culy flow path

Aeolian reworking of (originally) fluvial-sourced sands
Some gullying, but partially annealed

Connectivity between river and arch. site over 100+ meters
2010-2013: 6% of area changed w/ +3 cm ave. change depth
2013-2014: 8% of area changed w/ -1 cm ave. change depth

PRELIMINARY RESULTS — DO NOT CITE (Collins et al., in prep.)



Site-specific observations in Glen Canyon

Sequential terrestrial lidar

" High resolution change maps
" September 2012 — November 2013
" Brackets 2012 HFE

| I

Imagery from Google Earth (May, 2013)



1996 HFE (Stationary Cameras)

Before

> e Photos and interpretation
s USGS courtesy of NPS — Mark

Anderson and Thann Baker



Glen Canyon

Topographic changes: AZ:C:02:0032

Ave. change
depth =-11 cm

Most (81%) of
surface change in
archaeological site
from bank erosion

~ 11 m3 of bank
erosion in site (~
20 m?3 within
surveyed area)

PRELIMINARY
RESULTS —
DO NOT CITE
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EXPLANATION
Archeological site boundary
Survey area boundary
Cut-bank boundary

Gully flow path

in centimeters




Glen Canyon
Topographic changes: AZ:C:02:0032

2012 HFE.

in centimeters
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11/19/2012; 23,200.cfs ‘ :
Rise and fall of water level leads to gravitational
terrace bank instability and erosion

&USGS Change From September 2012 to November 2013

PRELIMINARY RESULTS — DO NOT CITE (Collins et al., in prep.)
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