Project A: Streamflow, Water Quality, and Sediment
Transport and Budgeting in the Colorado River Ecosystem

Project A collects the physical data that directly link dam operations to all
resources in the downstream Colorado River; data inform 10 LTEMP goals

Element 1: Stream gaging
— Stage
— Discharge
Element 2: Water quality
— Water temperature
— Salinity (specific conductance)
— Turbidity
— Dissolved Oxygen
Element 3: Sediment transport and budgeting
— Suspended- and bed-sediment data
— Sediment loads (silt and clay loads and sand loads)
— User-interactive sand budgets in 6 reaches from Lees Ferry to Lake Mead

All elements
— Database and website (currently UNSUPPORTED)
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Major risk to GCDAMP remains
unresolved

* Despite adequate GCDAMP funding, Project A’s
database and website have not had stable
Computer Science support since 2019

e >30 million dollars of GCDAMP funding since
1990s for data that mostly exist only in this
database and are available only through this
website

 Database and website are breaking down

* Risk is loss of ability to relate resource changes to
dam operations, inability to plan and evaluate
HFEs, and loss of pre-dam and early syn-dam
context (1921-1990s data are only available
through website)
“
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Only minimal QW data have been
processed since June 2023

We have still not backfilled Project A’s water-quality specialist (Nick
Voichick retired last June)

Only water temperature and specific conductance at Lees Ferry and
water temperature in three tributaries are QA/QCed and posted at:
https://www.gcmrc.gov/discharge_gw_sediment/

Good news is on the
horizon, though...
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Flows at Lees Ferry and sand export
past Diamond Creek during FY 2023
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~1.5 million metric tons
of sand export during HFE

~1.5 million metric tons
of sand export

~580,000 metric tons
of sand export \\ / \
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High “balancing” flows that bracketed the HFE exported
~2.1 million metric tons of sand to the Lake Mead Delta
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Data from USGS (2024a) {52 5
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 Evaluation of LTEMP sand management
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Basics of sand management

Sand supply is <5% of natural

Keep dam releases low for RECLAMATION

Managing Water in the West

part to much of the year to

accumulate sand
Colorado River Ecosystem

Sediment Augmentation
_ _ _ Appraisal Engineering Report
Episodic short-duration

artificial floods (HFEs) to Randle and others (2007)
rebuild sandbars

Avoid sustained high releases (e.g., equalization) that greatly
exceed the sand supply and result in widespread erosion




Channel Eddy
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Figure modified from Hazel and others (USGS-PP, 2022)

~30-50% of the sand stored in sandbars is relict “pre-dam” sand (Chapman and
others, GSA Bulletin, 2020)

Stratigraphic and ground-penetrating-radar data indicate pre-dam sand at depth in
at least some sandbars (Barnhardt and others, USGS-OFR, 2001)
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Downward spiral has likely occurred in long-term sand mass balance...
and reflected in at least some of the sandbars

>28 million metric tons of sand eroded since 1963, mostly during 3—4 periods of high dam
releases (Topping and others, JGR, 2021)

~12 million metric tons eroded in late 1990s alone (6 from Marble and 6 from Grand)
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High-elevation

sandbar volume
WN = O =N W

Sand Mass Balance
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Sustainable management of sand under the LTEMP sediment goal
thus requires neutral to positive trends in both the sand mass
balance (i.e., the bank account) and the high-elevation sandbar

volume (i.e., your expenditures) over decades

Scenario 1
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Metrics Example: The Bank Account
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Lower Marble Canyon if high-
elevation sandbar volume is positive
during this period.
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whether high-elevation sandbar
volume is positive during this period.

Deposition—p»

)
e
L
Qo
=
[0]
£
| =
S
E
(%))
<
(]
=
2
<
= |
E
= |
(&)

—— Erosion

Sediment year

Data from Topping and others (JGR, 2021); USGS (2024a) DY b

science for a changing world



SAND MANAGEMENT FLOW CHART

START

Follow LTEMP flow protocols
(including HFEs)

Is sand being eroded from the segment

| basis? Reduce dam releases to accumulate sand
on an annual basis?

or add sand via Randle and others (2007)
Data used to make decision

=SAND MASS BALANCE Key references = NUMEROUS

Is the volume of high-elevation sand
increasing in segment on an annual basis?

YES STAY THE COURSE
Management possibly suceeding

Upper Marble Canyon
West-Central Grand Canyon

Data used to make decision
= ANNUAL SANDBAR

SURVEYS
Remote-sensing and

channel-mapping data

can also inform here %USGS
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NO (from previous page)

Is sufficient high-elevation sand deposition YES
occuring at most sandbars in segment during HFEs?
Data used to make decision

= REMOTE CAMERAS

Reduce dam releases between HFEs to
accumulate more sand or add sand
via Randle and others (2007)

Key references = NUMEROUS
Eastern Grand Canyon?

Lower Marble Canyon
Nno East-Central Grand Canyon

Does 3 indicate that the bed sand is relatively fine?
Data used to make decision
= SUSPENDED-SEDIMENT
MEASUREMENTS

Increase HFE magnitude or duration
Key reference = Topping and others (2019)

High-elevation sandbar depositon rate is inversely
related to bed-sand grain size (net high-elevation
sandbar erosion has been observed during HFEs
when sand is too coarse). If bed sand is sufficiently
fine for net high-elevation sand deposition, HFE
magnitude or duration is too low.

Reduce dam releases between HFEs to
accumulate FINER sand or add FINER sand
via Randle and others (2007)

Key references = NUMEROUS

= USGS
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ZUSGS

Monitoring and Research Center

Grand Canyon Reaches

HFE-Protocol/LTEMP Period
Upper Marble Canyon
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HFE-Protocol/LTEMP Period
East-Central Grand Canyon
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Mean high-elevation normalized sand volume is unchanged between 1990 and 2023

High-elevation sand at half of the 12 long-term sandbar monitoring sites in Marble
Canyon defines a downward spiral between 1990 and 2023

High-elevation sand at almost half of these sites defines an upward spiral
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Conclusions

* High risk to GCDAMP of catastrophic data loss and inability to plan HFEs until
computer-science support to Project A’s database gets restored

 LTEMP sand management seems to be “working” in two segments (Upper Marble
Canyon and West-Central Grand Canyon)

 LTEMP sand management may require adjustment in two segments (Lower Marble
Canyon and East-Central Grand Canyon) by increasing HFE magnitude/duration or
by reducing dam releases between HFEs

T e % g N : USGS Home

Contact USGS

atir ‘and Events.

Grand Canyon Monitoring and Research Center

About GEMRC | | Science Activities | | Library and Publications
Grand Canyon Reaches

ble Canyon
ra.Lee Ferry, AZ to Colorado River

entral Grand Canyon

n Grand Canyon and the Lake
Delta

= USGS
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Conclusions continued

 As with the mass balance in Eastern Grand Canyon (Topping and others, JGR, 2021), sandbar
response in this segment during HFEs seems to be driven largely by LCR activity

* Because the LCR cannot be easily controlled, LTEMP sand management in the Eastern Grand
Canyon segment may also require a reduction in dam releases between HFEs

e Evaluation of only the time series of mean sandbar volume can be misleading because of the
variation in response among sandbars (this is why we need to examine sandbar response in
more than one way)

~ hai - . W % USGS Home
".{ = Contact USGS
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