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Overview

e Sandbar response to HFEs implemented under HFE
protocol
 Changes in sandbars over different time scales
— Since start of HFE protocol
— Since 2002
— Since 1990
— Since 1984
— Pre-dam, pre-ROD, and Now
e Sand budget
— Effect of equalization flows
— Effect of HFEs since 2012

 Modeling, Methods for bed texture classification, Sandbar
geochemistry, interactions between bed sediment and
suspended sediment (won’t get to these)

2 USGS



Review of Problem: Sediment budget affected by
disruption of sand supply and change in flow regime
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RM 22 R — Returned to pre-HFE size by February (about same response as 2012)
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RM 22: 2013 HFE - pre-flood
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science for a changing world
Photos at www.gcmrc.gov/sandbar/
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RM 22: 2013 HFE - post-flood
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science for a changing world
Photos at www.gcmrc.gov/sandbar/



RM 22: 2013 HFE — 3 months post-flood
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2014 HFE

e 22 sites (58%)
larger

e 11 sites (29%)
no change

e 5sites (13%)
smaller

sclonce for a changing world Tusso et al. (preliminary data, do not cite
Photos at www.gcmrc.gov/sandbar/ (p y _ )
more photos at poster session



Response to HFE Protocol

e Each of the HFEs in

Changes in Sandbar Size Relative to Pre-HFE Condition

= § & | the past 3 years has

10%: 11%

resulted in sandbar
deposition

— They continue to
erode in following 6
to 12 months

2012 HFE 2013 HFE 2014 HFE

2 USGS

Photos at www.gcmrc.gov/sandbar/ Tusso et al. (preliminary data, do not cite)



Sandbars: 2002-present

2012-2014 HFEs
2004 HFE 2008 HFE

~10 months after
HFEs, bars still larger

than before start of
protocol
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* Increase in volume in both Marble Canyon and Grand Canyon at long-term
monitoring sites
— Deposition by HFEs
— Bars erode following HFEs, but not quite to pre-flood size
 Frequent HFEs = consistently larger bars
 Cumulative effect? No evidence yet that bars will get progressively larger.

e 2013 and 2014 HFEs were smaller than 2012 and earlier.

=~2USGS Hazel et al. (preliminary data, do not cite)
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Sandbars: 2002-present

Cumulative change in sand area between 2002 and 2009
summarized by SDZ beginning at Lee's Ferry
and ending at Diamond Creek (between 8,000 and 45,000 CFS)

e e * Maps of sand area from
remote sensing images
(2002,2005, and 2009) also
show larger sand area in
2009 than 2002

— Increase in wide reaches
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Sandbars: 2002-present

March 1996

20 40 60 80 100

Elapsed time since previous flood in months

Maps of sand area from
remote sensing images
(2002,2005, and 2009) also
show larger sand area in
2009 than 2002

— Increase in wide reaches

— No change in narrow reaches

But...

All images taken at different
intervals following HFEs
— Bar area is predictable based

on elapsed time since most
recent controlled flood

— HFEs have had similar effects
and similar erosion rates since
1996

Ross and Grams (2015)



Sandbars: 1990-present

Ll Ll

e L g o

T G;’ @ <r.oo

= o o 2012-2014 HFEs

16 (o} O o o o
m O d
— o C
o B
N O

abeys sia Aled ueh

Marple canyon: n=12
— @ — Grand canyon' n=18

Median volume Rejative t0 1990 vojume (ms)
(s/ew) wed uokued uald

yvear

30 monitoring sites have data to 1990
— 12 in Marble Canyon
— 18 in Grand Canyon

* Increase in sandbar volume at sites in Grand Canyon
 Marble Canyon bars still less volume than 1990, but larger than

low point of 2001-2003 Hazel et al. (preliminary data, do not cite)
=~ 1 JSGS - (Pretiminary data,



— s — Sandbars: 1984-present

+ c October 1984

Aerial Photography

e High-resolution photogrammetry
applied to aerial photographs from
Yt October 1984 to map sandbar
e topography
 Allows measurement of bar volume for
B comparison with recent
‘ measurements

e Although some bars were much larger
in 1984, they were not all larger

Volume above 8,000 cfs (m3)

— Some are larger now

1985 1990 1995 2000 2005 2010

30Mile Reattachment Bar —_ Some about the same

1991-1995

}— e Which sites require large floods (larger
| than HFEs) to build large sandbars?
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Hazel, Gushue, and Weber
1985 I‘IGEICI 1995 2000 2005 2010 (preliminary data, do not Cite)




Sandbars: pre-dam, pre-ROD, and present
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e Maps of sand area from air photos for operations
study reaches mapped by Schmidt and and
students at Utah State controlled
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 In most reaches, bars larger in 1935 than

in post-dam years
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Sandbars: pre-dam, pre-ROD, and present

RM RM RM RM RM _
-04- |29.3- |42.4- |50.0- |60.1- e Bars smaller in post-dam

periods than pre-dam
period

e Barslargerin period of
HFEs and restricted
powerplant operations
(MLFF) than period
without HFEs and with
unrestricted powerplant
operations (pre-ROD)
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B Pre-dam

Unrestricted powerplant operations; no controlled floods (pre-ROD)
B Restricted powerplant operations and controlled floods (MLFF + HFEs)
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Sand Storage in Lower Marble Canyon: 2009-2012

 Repeat maps of river bed used to track changes in sand storage and
changes in bed texture

e Show where changes in storage occur

% USGS Grams et al. (preliminary data, do not cite)



Sand Storage in Lower Marble Canyon: 2009-2012

fux-based sand budget —

morphologlc-Dased sand buaget =

=and Budget for Lower Marble Canyon 2008-2012

Channel adjacent eddy ¥ o
Net: -230,000
Dep: 120,000

Net: -50,000
_|Dep: 80,000
H{Ero: 120,000

e Sand loss during
equalization flows

— Over short (3-year) period
have similar uncertainty to
flux measurements)

— Over long (10-20 year)
period have much less
uncertainty than flux
measurements

e Most erosion from
channel

— No net loss from eddies

— But there was erosion of
high-elevation (above
8,000 cfs stage) bars

Grams et al. (2015)



Sand Storage in Lower Marble Canyon: 2009-2012

e Sand loss not uniform
throughout Lower Marble
Canyon

e Adjacent reaches can have very
different response

e But we can now begin to define
scales over which response is
consistent

Cummlative downstream change in net sediment storage in

lower Marble Canyon by depositional seting. ¢ See m to be ~ 10 reac h es Of
consistent response

e We can also begin to identify
scales where eddy response and
bar response are linked

— Not at reaches less than ~5km
— Yes at reaches of ~ 7-12 km

Ccoefficient of determination (R?)

— Less at longer reaches

10 15

Reach length (km) Grams et al. (2015)




Cumulative sand mass balance

Hourly discharge (m’/s)

from July 1 (metric tons)
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Summary

e HFEs continue to build sandbars
e Bars continue to erode between HFEs

e Results in larger bars than would occur in
absence of HFEs

 No evidence for “progressive” increases in
sandbar size throughout Marble Canyon

— May occur in Grand Canyon and at some sites in Marble
Canyon

e Trends: 2002 to 2014

— Based on looking at lots of sandbars on air photos, bar
area about the same, but variable depending on when
you’re looking (how long since most recent HFE)

— Based on looking at NAU long-term monitoring sites (45
sites in Marble and Grand Canyons), bar volume larger
now than 2002

a2 USGS



Summary

e Equalization flows cause sand evacuation

— The eddies appear to provide a large buffer
during periods of evacuation
e First three years of HFE protocol has been a
period of low annual release volumes and good
tributary sand supply
— Bar deposition without depleting sand from
storage

— Sand has accumulated in Marble Canyon,
replenishing sand evacuated during 2011
equalization
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