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Slgniticance of fine-sediment
deposits to resource
managgment.
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Distinctive attribute of the e
pre-dam riverscape '

Campsites

Architecture that creates
stagnant flow and backwater
nabitat at some discharges

Substrate for riparian
ecosystem

Deposits contain
archaeological resources or
contribute to stability of those
resources

Transport creates turbidity
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Why tell this story?

mAlthough the general trend of
decreasing sand resources is
known, the of this
change is not known, nor is the
relative proportion of sand
removed from the bed and from
eddies.

mAnN within
which to understand restoration
efforts and i

about managing Glen Canyon
DEINE



The hypothesis of sediment surplus
led to the hope that fine sediment
can be accumulated and managed
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B. Initial Response to Fluctua

m “Greatly reduced flood peaks since
completion of Glen Canyon Dam have
decreased the turbulence generated by
rapids and hence transport capacity to the
extent that an average of more than 1.5 m
of sand has accumulated on the bed of the
Upper Grand Canyon.” (Howard and Dolan,
1981)
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“If eddies are the primary storage site, then
eddies in upstream part of Marble Canyon will
be progressively eliminated in the face of a
long-term and progressive negative sediment
pudget” (Rubin et al. 1994)

= Bed

Estimates of the proportion of the bed covered by
sand
m 75%: post-dam estimate (Howard and Dolan, 1981)

m 33%: post-dam estimate (Smith and Wiele, unpubl.,
~1988)

m 25%: post-dam estimate at Grand Canyon gage
(Topping, based on Anima data)



The Questions

2 |s there evidence for sustained
accumulation of fine sediment on the bed?

m \What has been the system-wide average
loss of sand in eddies?

m Are present management efforts returning
the eddy bars to their pre-dam condition?



Data Sources - Bed

= Discharge measurements at 2 gaging stations

(USGS)

s Grand Canyon gage (1922-present)
m Lower Marble Canyen gage (1983-present)

= Bed surveys at propoesed dam sites (BoR,

GCMRC)
m 6 cress-sections in Marble Canyon (1950-2000)

= Monitoring at crOss-section

m Annual resurvey of 57 cross-sections (1992-1999) (USGS)
= Annual resurveys in 16 pools (1992-2000) (NAU)



Data Sources - Eddy Bars and
Banks

= Matched ground-level
photography (USGS)
79 matches

= Aerial photography (USU)

5 reaches (8-14 kmilong; 15
series 1930s-1997; ~60,000

polygons)
= Resurvey of subaerial and
Subagueous topoegraphy.
(1975-present) (GCMRC,
NAU; et al.)

17 eddy bars (1990-present)
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Scenarios of the likely distribution of sand on main
channel bed and in eddies based on known area of main
channel and of eddies, seasonal fine sediment
accumulation, and likely fluctuations in thickness of

deposits.
Seasonal Equivalent Equivalent thickness, in meters, under three assumptions about
sediment volume, in | the relative proportion of fine sediment stored in eddies and in the
accumulation, cubic main channel and two assumptions about the proportion of the
In metric tons meters’ channel that can store fine sediment?
eddies channel | eddies | channel eddies channel
proportion of [0.9] [0.9] [0.9]
the channel (0.3) (0.3) (0.3)
that can store
fine sediment
relative 0.1 0.9 0.5 0.5 0.9 0.1
proportion
stored in
eddies and the
main channel
1,000000 640,000 0.02 [0.04] 0.08 [0.02] 0.15 [0.00]
(0.13) (0.07) (0.01)
7,000,000 4,460,000 | 0.11 [0.30] 0.57 [0.17] 1.03 [0.03]
(0.91) (0.51) (0.10)
13,000,000 8,280,000 | 0.21 [0.56] 1.06 [0.31] 1.91 [0.06]
(1.69) (0.94) (0.19)

! assumes bulk specific weight of fine sediment is 1570 kg/m?

2 assumes area of eddies is 3.9 x 10° m?, and area of channel is 14.7 x 10° m?




ELEVATION ABOVE AN ARBITRARY DATUM, IN METERS

No progressive change in bed
elevation since GCD.

Short-term changes
associated with changes in
boulder deposits at rapid.
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DISCHARGE, IN CUBIC METERS PER SECOND
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MEAN BED ELEVATION, IN METERS,
ABOVE AN ARBITRARY DATUM

No evidence of bed aggradation at
the lower Marble Canyon gage since
1983. Short-term aggradation when
stage increased by tributary inflow.
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IN CUBIC METERS

80000 r -
70000 " no aggradation in
60000 - - -
: channel pools since

50000 a ]
40000% ‘B 1990
30000 - 7 :
20000 | 'l main channel pools
10000 offshore from eddies (NAL

of | | | | | | | | data)

30000

25000 [
20000 [

15000 [

IN CUBIC METERS

Elynn and Hormewer 10000 |
(2003) surveys 1992-1999 5000 |

didi net show any: fine of

Jan/1/1997 \

| | | | | | |

] ] AN (92] < o O [ee] (o] o —
(o] (o] (o] (o] (o] (o] (o] o o

SEdiment accumuiation & 3 & 3 3 g 8§ & 38
- — — — i - - N N

~ ~ ~ ~ ~ ~ ~ ~ ~

= = = = = = -l -l -«

~ ~ ~ ~ ~ ~ ~ ~ ~

= = = = = = = = =

© © © © © © @ @ ©

= = = =) = = =) = =)



The general pattern of eddy bar
change

... sand e TS
eroded from : -
eddies ...
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1897 1994

Pre-dam/post-dam photo match comparisons:

In post-dam flood zone
2 Increase, 16 decreased, 33 no change (n=51)
In fluctuating flow zone

3 increase, 31 decreased, 24 no change (n=58)



Formative discharges




Changes in the
area of fine-
grained alluvial
deposits
determined by
aerial
photograph
analysis

Eddy deposition zone (EDZ)
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EDZ inventory method: a
conservative metric of
bar change

sComparison of average pre-
dam conditions (1930s,
1950s) te average of
conditions in 1990s (1990,
3/1996, 4/1996)

mchange must exceed 1 se of
measurements
mj.e. erosion if A, .- SE > Agy, + SE

mdeposition if A, .+ SE < Agy, - SE

mchange in the area of all
sand above base flow;
change in sand at the
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Changes in mean bar
size

sComparison of average pre-
dam conditions to average of
conditions in 1990s

mchange in the area of all
sand above base flow;
change in sand at the
elevation of the post-dam
flood zone




AREA, IN SQUARE METERS,
PER RIVER KILOMETER
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Comparison of survey data and conservative
estimates of the average volume of eddy sand in the
pre-dam era indicates 1.8 - 6.2 m of sand has been
eroded away.



The 1990s: post-dam flood zone
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Fluctuating flow zone

——o— 3-Mile area 8-25
—& - 8-Mile area 8-25
— & -16-Mile area 8-25

22-Mile area 8-25
- - +- - 30-Mile area 8-25
—~A- - 32-Mile area 8-25

—@— RM1-40 (n=6)

— 1 — RM40-60 (n=5)
- - -A - - RM60-87 (n=5)

=
« 2

il ‘
I

JAIALMS
I T b VSN SRELE N

——e— 43-Mile area 8-25
—+H5 -45-Mile area 8-25
— & -47-Mile area 8-25

50-Mile area 8-25
- - +- - 51-Mile area 8-25
—- - 55-Mile area 8-25

—&— RM1-40 (n=
— & — RM40-60 (n=
- A - - RMB0-87 (=

)
)
5)




Integrated history:
1984-2005

Marble Canyon
average

Post-dam flood
zone

Fluctuating flow
zone



Thus ...

It is likely that ~50% of the seasonal accumulation of
fine sediment occurred over ~30% of the main
channel bed.

Today, ~10% of the fine sediment is stored on the
main channel bed. Sand is primarily stored in the
eddies.

There is no evidence for multi-year accumulation of
fine sediment on the bed.

All'evidence points to smaller deposits, and decrease Is
not entirely due te tamarisk

Post-dam floed zene area Is ~ 25% less than average
pre-dam; thickness of degradation of eddy bars 1-6 m

Sand s less since 1984; sand Is less than 1990
Sand Is less at low: elevation as well as at high elevation



Quantifying Lane’s (1955) mass balance:

Spost/Spre = (QspostlQSpre)O'5 (Dpost/Dpre)o'75 (Qpre/onst)
St Spre < 1

post’ pre

Shnce S > 1

post’ “~pre
(Schmidt and Wilcock, adapted from Henderson, 1966)
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> Restoration

m\What Is possible?
mAt what cost?

m\\hat Is eur goal?

mrestoration?
rehabilitation? mitigation?

Present Condition
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