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LTEMP Resource and Goal
« Archaeological and Cultural Resources

- Maintain the integrity of potentially affected NRHP-eligible or listed
historic properties in place, where possible, with preservation methods
employed on a site-specific basis.



Hereford and others, 1993

The majority of river corridor archaeological sites
in Grand Canyon are on river sand reworked by
water and wind.
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Aeolian dunes
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East and others, 2016

Aeolian sediment veneer
on colluvial slope

Stratigraphy near Palisades Creek, Colorado
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The geomorphic condition of archaeological
sites is affected by how Colorado River sand is
transferred among landforms in Grand Canyon
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Many archaeological sites are degraded by gully
erosion, but windblown river sand can help provide
a protective cover to preserve sites in place




Grand Canyon geomorphic site classification
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Grand Canyon geomorphic site classification

Aeolian
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» > 350 River Corridor
sites being monitored

» Classifications are
efficient, with site
visits and remote
observations

w
@
-
]
]
-]
-]
-]
&
-

-
]

Mumbar

» Observed changes
provide clues to site
condition

East and others, 2016

...but classification is qualitative and
must be evaluated against quantitative
data




Vegetation changes since river regulation

Unpublished results, do not cite



Supplementing site classification monitoring
with topographic site monitoring

“— Since 2006, GCMRC has
LTS monitored a sample of sites with
ground-based terrestrial lidar

Lidar relie map
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Summarize the last 8 years of monitoring in
a new report (Caster and others, in press):

2014 Survey

2014 HFE
2016 Survey

2013 Survey
2016 HFE

2010 Survey
2012 HFE
2013 HFE

2017 Survey

2018 Survey
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» survey at 23 archaeological sites

10000
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» spanning four HFEs
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Caster and others (in press) report presents both new and previously
published data placed within the established monitoring framework:

» Geomorphic classification: Large number of sites
» Ground-based survey: Sub-sample of classified sites

» Survey time interval: Variable based on geomorphic context, NPS
management priorities, and HFE protocol

. . T trial Lidar Monitoring of the Effects of
» Weather observations: Sub-sample of sites Glen Canyon Dam Operafions on the
Greater gully impacts Geomorphic Condition of Archaeological

Sites in Grand Canyon National Park 2010-
2018
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Greater sand availability
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Caster and others (in press) report:

» Several monitoring locations were repeatedly surveyed between 2010 & 2018
» DEMs-of-Difference (DODs) to measure topographic change

» Synthesis of previously published data between 2010 and 2016

» New results for change detection after 2016
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Analyze changes in sediment storage by geomorphic process
mechanism within the archaeological site...
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...and within individual features in the archaeological site

Volumetric Changes by Mechanism

Spatial Area (m?) Volume (m3) Percent imbalance

subdivision Erosion Deposition Total Erosion Deposition
Feature 1 0.48 0.84 132 0.04 0.07
Feature 1 + Buffer 0.60 141 2.01 0.05 0.10
Feature 2 0.00 0.00 0.00 0.00 @.00
Feature 2 + Buffer 0.00 0.00 0.00 0.00 0.00
Feature 3 0.00 0.24 4 0.00 0.02
Feature 3 + Buffer 0.00 0.26 26 0.00 0.11
Feature 5 0.03 0.00 04 0.00 0.00
Feature 5 + Buffer 0.77 0.85 62 0.05 0.06
Feature 6 .36 0.00 0.00 , 0.00 0.00
Feature 6 + Buffer 0.02 0.37 0.23 60 0.02 0.01
Mech Feature 7 2.55 0.00 0.08 0.00 0.00
Aeolian Feature 7 + Buffer 230 0.00 0.72 0.00 0.05
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Caster et al. (in press) monitoring results are consistent with our
previously published results of how HFEs affect aeolian
dunefields that contain archaeological sites.

“Sankey et al., 2018. The response of source-bordering aeolian dunefields to
sediment supply changes: controlled floods of the Colorado River in Grand
Canyon, Arizona, USA. Aeolian Research 32, 154-169”

Sediment storage increases cumulatively when HFEs are conducted
consistently on an annual basis.

HFEs do not directly inundate most of the dunefields that contain
archaeological sites, however, HFEs resupply the dunefields with sand by
rebuilding upwind sandbars

Aeolian dunefields that contain archaeological sites were resupplied with
windblown sand from HFE deposits in half of the instances monitored after
the 2012, 2013, 2014, and 2016 HFEs

Frequency of sediment resupply by HFEs is analogous to resupply of
sandbars by HFEs

Sediment storage decreased with 1-year hiatus from HFE in 2015.
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Adding to our sample size

» Since 2016 we have added
new archaeological site
monitoring locations

(white boxes)

J6°30°0"N

IATION

Monitoring location with multiple terrestrial lidar surveys

Monitoring location with a single terrestrial lidar survey

By expanding our sample size we can:
» More accurately link geomorphic
L . classification with topographic change
P Y > Make more robust inferences about
changes to site condition

60
Meters
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Evaluating changes to geomorphic site classifications

» Changes within the geomorphic classifications can be assess to predict

future results within all surveyed areas

» Aeolian classification changes from 1996 to 2014

» Drainage classification changes from 2000 to 2016

Aeolian Type

Increase

Decrease

Drainage Type

Increase | Decrease

Unpublished results, do not cite

No Change §

No Change =
Site condition has not
changed

Decrease = Decreased
erosion potential; less
degraded site condition

Increase = Increased
erosion potential; more
degraded site condition




Evaluating changes to geomorphic site classifications

» Of the newly surveyed archaeological sites, more than half changed in
either aeolian classification (1996-2014) and drainage classification
(2000-2016)

Drainage Type

Increase | Decrease

No Change §

Increase

Decrease

Aeolian Type

No Change =
Site condition has not
changed

Unpublished results, do not cite



Evaluating changes to geomorphic site classifications

Drainage Type

Increase Decrease No Change

Increase

Decrease = Decreased
erosion potential; less
degraded site condition

Decrease |UNINN 1) INNNURN

Aeolian Type

=
o
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Evaluating changes to geomorphic site classifications
» Some sites are predicted to be in a more degraded state

Drainage Type

Increase | Decrease

No Change §

Increase = Increased
erosion potential; more
degraded site condition
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Vegetation removal experiments

In April, 2019 the NPS implemented
experimental vegetation removal
treatments on several sandbars in
Grand Canyon to increase the
supply of HFE sediment via aeolian
processes to dunefields that host
archaeological sites

GCMRC is monitoring the outcome
of the vegetation treatments relative
to future HFEs




Vegetation removal experiments

LTEMP vegetation removal treatment conducted April, 2019
by NPS with Ancestral Lands Conservation Corps tribal crews



Vegetation removal experiments

5 areas selected based
on:
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. NPS management
priorities
« Sandbars
« Campsites
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data
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Vegetation removal experiments

Area 1

fr "‘r-
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Lidar survey e 24 K T Lidar survey . :
prior to Py o after to
removal iy MY removal
(2017) T N (2019)
Unpublished results do not cite

Vegetation canopy height




Vegetation removal experiments

Height above ground
7823359

7.345440

6.867520 -
6.389600
5.911680
5433760
4.955840 -
4.477920 1

4.000000 4

d Area where NPS removed vegetation in
| April 2019, 2 weeks prior to lidar data
collection

3.512500
3.025000
2.537500
2.050000

1.562500

egetation canopy height

1.075000

0.587500
0.100000
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Vegetation removal experiments

6300000

2017 LidarSurvey OnS sl = 2019 Lidar Survey
(before vegetation P a0 (after vegetation
removal treatment) _ 2| removal treatment)
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0.587500
0.100000
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Vegetation removal experiments

1 week prior to 2 weeks after removal
removal

2 months after 3 months after
SGS
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6 months after
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Vegetation removal
experiments

1 week prior to 2 weeks after removal 1 month after removal
removal

- 2months after 3 months after 6 months after

Unpublished results, do not cite



Implications and Future Work

 In April, 2020 the NPS will revisit the sites and conduct maintenance and
additional experimental vegetation removal treatments to increase aeolian
sediment supply to several dunefields that host archaeological sites

 GCMRC will monitor the outcome of the treatments relative to future HFEs
in ongoing monitoring of the geomorphic condition of archaeological sites
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