U.S. Department of the Interior
U.S. Geological Survey

Effect of HFE fregL
Sandbar De

ency and Dam Releases on
nosition and Erosion

GCDAMP Annual Reporting Meeting

January 24,

Katie Chapman, Northern Arizona University

Paul Grams, Matt Kaplinski U.S. Geological Survey
Southwest Biological Science Center, Grand Canyon
Monitoring and Research Center

2023

This information is preliminary and is subject to revision. It is
being provided to meet the need for timely best science. The
information is provided on the condition that neither the U.S.
Geological Survey nor the U.S. Government shall be held liable
for any damages resulting from the authorized or unauthorized
use of the information.



Acknowledgements

Project B personnel:

Paul Grams, Matt Kaplinski, Katie Chapman, Robert
Tusso, Keith Kohl, Thomas Gushue, Shannon Sartain,
Erica Byerley and Caitlin Andrews

Collaborators and Field Assistants

GCRG, Jeff Behan, David Topping, Erich
Mueller, Sinjin Eberle, Daniel Buscombe,
Robert Ross, Daniel Hamill, David Rubin, Joel
Sankey, Jack Schmidt, Scott Wright, Rod
Parnell, Bryan Cooperrider, Karen Koestner,
Emily Thompson, Daniel Hadley, Ryan
Seumptewa, Geoff Gourley. BJ Boyle, Lydia
Manone, Lauren Tango, John O’Brien, Ella
Spagnuolo, Meggan Dugan, Morgan Barnard,
Jesse Collier. Logistics team: Ann-Marie, Seth
Felder, Dave Foster, Clay Nelson, Lucien
Bucci, and Fritz!



P rOJ ECt B 1 : LTEMP sandbar resource goal: “Increase and retain fine sediment volume, area,

and distribution in the Glen, Marble, and Grand Canyon reaches above the elevation

Sa nd ba I’ mon |t0 ri ng of the average base flow for ecological, cultural, and recreational purposes.”

OBIJECTIVES QUESTION
Measure sandbar response to individual recurring e Can sandbar building during HFEs exceed
HFEs, as well as daily flows between HFEs — sandbar erosion during periods between HFEs,
Monitor the effects of dam operations (HFEs and such that sandbar size can be increased and
otherwise) on overall sand conservation maintained over several years?
Investigate the interactions between dam
operations, sand transport, and eddy sandbar
dynamics /

ASSESSMENT: YES, but HFEs need to occur more frequently than in the last 5 years

* HFEs required for significant, high elevation sand deposition

e Sandbar volume increased and maintained from 2011 to 2018 when dam releases were relatively
low and sand inputs from Paria River average or above and HFEs were implemented.

e Since 2019, sandbar volume has continued to decrease due to 4 years without an HFE



45 Sandbar monitoring sites total; 30+ year dataset

Monitoring Data

e 45 sites currently
monitored

e 32 monitored since 1990

e Data collected annually
in October

e 42 of the sites
instrumented with
remote cameras



Photo Credit: Shannon Sartain

Survey Methods:

- Traditional total station
and surveyors
- only method that can

accurately measure all the
terrain

vegetation
encroachment:
remote methods
like lidar don’t
work

wade in river to measure
down to 8,000 cfs stage

Photo Credit: Lydia Manone

Processing:
- connect all the points
into a faceted surface

(TIN) l

- sample at 1m grid
spacing




Sandbar monitoring data 217 century data

processing and analysis

Topographic
surfaces modeled in
survey software

Data processed
and analyzed in
sql database

Data collection: old
school total station
and survey rod

Data served in

sandbar web
application

www.gcmrc.gov/sandbar OR www.usgs.gov/apps/sandbar



Pre-dam flows, dam operations, high flows, and sandbars

1952 2003

Three major periods of flows and dam operations

e With frequent HFEs, will sandbars increase in size

and abundance?
e Can HFE deposit sandbars serve as long-term

storage of sand?

Pre-dam: Post-dam II:
* Annual floods e Restricted hydropower operations

* Abundant sand
supply * triggered by sand supply from

e Large sandbars Paria River




Mean Normalized Volume (all sites): High Elevation (>8k cfs)
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Behavior differs by site type

Reattachment Bars Other Bar Types

Narrow Undifferentiated

22R 241

Medium Separation

65R 35L
Wide Upper pool

uonel}asan Suisealdu|
YyipIim [guueyd suisealdu|

194L 104R

Mueller and others (2018)



Higher Elevation

All types: decrease in volume without HFEs

Reattachments and Upper pools respond better to HFEs:

larger than in 1990 versus Separation and Undifferentiated
bars: smaller than in 1990

since 2012: All sizes of reattachment and upper pool bars
have more deposition during HFEs, retain sand better
during interim flows

Last 10 years: all three pairs are lower than in 2013 not just
Separation and Undifferentiated bars pulling down the average

>>Potential for increasing long term sand storage? YES

50.6%
38.5%

42.1%
26.7%

Lower Elevation (affected by daily flows):

all: fluctuate more, less predictably than higher elevation
Smaller magnitude long term change than higher elevation
Reattachment and upper pool bars: larger than in 1990 and
2012; more pronounced increase in narrow and medium
reattachment bars

Separation and Undifferentiated: mirrors decrease seen in
high elevations

>>Potential for increasing long term sand storage?
minimal

Preliminary data, subject to change, do not cite



Lower Elevation (8-25k cfs) Volume: 4 Higher Elevation (>25k cfs) Volume §

3/6 8/12
5/5 6/6
4/6 3/7

Preliminary data, subject to change, do not cite



Lower Elevation (8-25k cfs) Volume

3/6

5/5

4/6

8/12

6/6

3/7

Lower Elevation (8-25k cfs) Area

Increase in the area occupied by sand in the 8-25k cfs (lower) elevation range

Preliminary data, subject to change, do not cite




22-Mile (Narrow Reattachment Bar)



22-Mile (Narrow Reattachment Bar)
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22-Mile (Narrow Reattachment Bar)
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22R Oct 2018 (pre HFE)

2018-2022:

High elevation bench:
Deposition by HFE
erosion without HFEs

Low elevation bench
expanding

in e

f.rl ,.

Preliminary data, subject to change, do not cite



RM 29L Silver Grotto: (Undifferentiated)

Preliminary data, subject to change, do not cite



(Undifferentiated), 2012-2015

RM 29L Silver Grotto

before then

after three HFEs in a row
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Upstream high

elevation bench is
maintained

Downstream high

elevation bench is not
built up by successive

Preliminary data, subject to change, do not cite



RM 29 Silver Grotto (Undifferentiated) 2018-2022

2018-2022:
Deposition by 2018,
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- Low elevation sand
gains volume during
HFE

- High elevation bench
eroded by daily flows
(cutbank on
downstream half),
2019-2021

- Gullying erosion
(upstream end)

Preliminary data, subject to change, do not cite



119-Mile: narrow reattachment bar
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RM 119 (Narrow Reat.) 2011 - 2022 2011-2022: HFE deposition,

cutbank erosion, low bench
fluctuation

- Higher elevation bench
builds during HFEs

- Cutbank at downstream
end of bar eroding in
interim flows

119 Mile (wide reattachment bar)
2011-10-12
~3 yr post 2008 HFE

- Low elevation bench grows
in last 4 years since 2018
HFE

- High elevation bench fairly
stable in last 4 years

Preliminary data, subject to change, do not cite



RM 24L (Undifferentiated)



RM 24L (Undifferentiated) 2011-2022

:

2011
-

2011-2022: Gully erosion
and repair

Preliminary data, subject to change, do not cite



Measurement of campsite area

e Define campsite areas by field
survey to create polygons of
campsites

e Campsite Area = flat,
horizontal (ish), no vegetation

e Intersect with topography to
compute area for multiple
elevation bins



2 USGS

d

-15k cfs
-25k cfs

—+ 10
—+ 15

Survey Date

§=
o
=
i)
L
>
o
©
L
=T
V
=
73]
o
£
G
o
o
O
N
©
=
[
=]
=
=
G
v
=

© ¥ N o v ¥ N 9 v % N Q9
o o 9o o o o 9o o o o 9o o

(,W) eauy "WION uesy




Campsite Areas: Marble vs. Grand Canyon

- 10-15k cfs elevation
bin is only bin that
shows a difference

- Distribution of Paria-
introduced sand to
these lowest
elevation areas

Preliminary data, subject to change, do not cite



Vegetation expansion -> shrinking campsites

RM 194 L

RM 24.5L

11/10/2018

RM245L

Vegetation
expansion continues

to occur at many
sites

Major vegetation expansion
at wide reattachment bars in

late 1990’s and early 2000’s
(Hadley and others, 2018)

Preliminary data, subject to change, do not cite



HFEs and NPS Vegetation Removal

11/1/2018 RM 122

11/10/2018
After HFE

10/15/2019

15t veg removal in Summer 2019

10/5/2020

2"d veg removal in Summer 2020

10/4/2021

3"d veg removal in Summer 2021

Preliminary results, subject to review, do not cite

* NPSis conducting vegetation treatment at 3
long-term sandbar monitoring sites

* monitor to see if treatment effects
response to future HFEs, persistence of
campsites




Camp

122R CampS|te Shrinking due to vegetation ‘les
. encroachment
improvement due

to NPS vegetation 2022
removal

Large campsite recreated by NPS /

vegetation removal (2021)

Split up in 2022 due to surface
erosion; no longer flat enough

across entire area /

Even though low bench area and volume above 8k stage elevation is
increasing, much is too low to camp on, inundated by daily flows

Preliminary data, subject to change, do not cite



Summary

- Sand stored above 25,000 cfs stage elevation is key to long term
increases of total stored sand volume

- Deposition during HFEs, erosion during interim flows

- Have lost progress made earlier in HFE protocol due to multi-year
gaps between HFEs

- Lower elevation sand storage volumes increased in last year but are
not reliable as long-term storage

- Vegetation encroachment and erosion -> decreasing camp area
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