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¥ Dam closes 1963, sand reduced 90 percent, flows are
dramatically compressed (lower highs & higher lows)

W

# GCD hydropower plant operating — 1966 (1,200 MW)
3

# Environmental studies begin in 1972 by NPS

3

# 1976 sandbar study concludes erosion

3

++ GCD spills occur 1983 in response to major ENSO

vl




# Studies aimed at diurnal fluctuations are confounded
- 3

¥ DOI Secretary orders GCD operations EIS - 1989

W

#¥ EIS evaluation of 9 flow alternatives completed — 1995
W

# First “controlled flood” experiment released - 1996
E

# Adaptive management working group est. — 1997
S




 J

¥ Surplus Criteria ROD signed by Secretary — 2000

:

¥ AMP recommends new experiments to DOI — 2002
:

#¥ Integrated experiment for both sand and fishes

3

# Alternative 2-year design recommended to DOI

3

# 2-year experiment implemented (2002-Present

No sediment trigger year-1,




Sand conservation is a
key objective

Periodic release of
controlled floods will
move accumulated sand
to higher shoreline
deposits

L4

Mortality of juvenile
chub is linked to altered
thermal regime (colder)




Sand studies focused almost exclusively on post-dam era
transport data that were highly biased by 1965-1986 high-flows

Intensive studies during anomalous period of consecutive ENSO
events (1990-1995), lead to some biased conclusions

Inflexibility in policy alternatives is magnified by dramatic
natural variability of tributary sand inputs A N
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GCMRC Mission

To provide credible, objective scientific information to the
Adaptive Management Program on the effects of operating
Glen Canyon Dam on the downstream resources of the




The Role of the Science Advisors

Eleven scientists with expertise in different areas. They
are convened 2-4 times per year to review and comment




26 Federal Advisory Committee Members




- process of
“governing with people”
— 1s recognized 1n
all agency decisions

— are made
directly to the Secretary

— target measurable &
achievable objectives

- values placed in legal




Improve aquatic food Protection of tribal
base system-wide cultural resources

Conserve sand and
improve beaches Improved riparian

vegetation




Current
Resource
Status

Phato by J. Sorensen

Increased numbers of exotic fishes (rainbow trout)

Decreased abundance of channel-margin sand bars




Outline: Case Study
on Sand Resources

Current Monitoring & Research Data from Post-Dam

Post-EIS Recommendations from Sediment Experts

Experimental Design for Testing Sand Hypotheses




THE CAMPING BEACH DOWNSTREAM
FROM TAPEATS CREEK

)

1952 (Kent Frost). Everyone 1995. The beach reappeared
would want to camp here now. briefly after the 1996 flood.




Grand Canyon Monitoring and Research Center

Preliminary Estimates of Reach Sand Export
01/01/02 through 07/01/02
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MASS-BALANCE “Efflux”

Lees Ferry to Phantom
Ranch: rm 0-87

-160,000 (+ 20,000)
metric tons lost downstream
(~93,000 m?)

Phantom Ranch to
Diamond Creek: rm 87-226

-99,000 (+ 11,000)

metric tons lost downstream — ;
(~57,000 m?) al USGS

science for a changing world



(Maybe, But Policy Constraints Still Rule Outcomes)

—=— LISST POINT VALUES AT UPPER GAGE

© CROSS-SECTIONALLY INTEGRATED VALUES MEASURED AT
CABLEWAY WITH D-77 BAG SAMPLER

(LISST CONCENTRATIONS) x14.0 mgil = (MEASURED CONCENTRATIONS)
160
\ \ \ \

—
()
I
=
N

[00) - -
o o N

LISST SAND CONCENTRATION (/1)
[0}
3

(/Bw) NOILVYHLINIONOD dNVS A¥M318vo

\\\\\\\O\\\\\\\\\\\\\\\\\\\\\\\
N »
o o

o

0 5 10 15 20
HOURS AFTER START OF TEST

N
(&)}




(Data from Northern Arizona University, Geology Dept.)
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— about 90 percent of the pre-dam sand supply is
now trapped in Lake Powell

— downstream supply of sand is fine-grained +
flood frequency is compressed (loss of both low & high flows)

— about a 25% decrease in sand bars in the

upper third of the system since 1984




MILLION METRIC TONS

Annual Paria River Sand Inputs

May 1924 — Sep. 2002

PARIA RIVER ANNUAL SAND INPUT

—e— COMPUTATION
————————— COMPUTATION +/- 20%

MEDIAN ANNUAL SAND INPUT
(WITH 20% UNCERTAINTY)

1920

1930

1940 1950 1960 1970 1980 1990 2000

CALENDAR YEAR

= USGS

science for a changing world

2010



— put new sand up on banks during
input season, before it gets exported to Lake Mead

following inputs, reduce flows dramatically to retain new
sand until a BHBF can be released (Jan. — May)

— following experimental testing of
above alternatives, results may indicate that supplementing
downstream supplies may be the only means of achieving
restoration and maintenance of sand resources in a




Colorado
River Basin

Glen Canyon Dam is located at
the dividing line between the
Upper and Lower Basins, serving
as an exchange agreement
mechanism that allows the Upper
Basin to deplete water for
consumptive use while making
Compact deliveries to the Lower
Basin.




Colorado River Storage Project
Financing

* Power revenues would not only
repay dam construction costs, but
also subsidize irrigation

development. Power rrigation
« Modification of this power Revenues SUbSldy

economics cycle is viewed as a
threat to the States’ economic/water
development strategies.

* Power revenues have repaid most
of the dam construction costs, but
repayment of the irrigation subsidies




Upper Basin Depletions
(source California Water Board)
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'COMPOSITE POWER RATE COMPONENTS
20.17mills/Kwh(percent of total)

6.22 (30.8%)

8.8 (43.6%)

T 1.67 (8.3%)
1.36 (6.7%)

m IRRIGATION m O&M m ELECTRIC PLANT
=1 REPLACEMENTS m INTEREST = INTEGRATED PROJECTS




Lake Powell - Traditional Controls

Division between Basins of:
Consumptive use yield
Power generation benefit

Accomplished at Lake Powell through:
Minimum annual release (8.23 MAF)
Storage equalization between

Lakes Powell and Mead
Elimination of spills from Lake Powell




Lake Powell Inflow Forecast Error
5/ 95 % Confidence Intervals

Jan Feb Apr May Jun

Forecast error is used as a measure of risk that is considered along with
runoff estimates in determining when a powerplant bypass would be allowed




Forecast Results at Lake Powell

—— Monthly Forecasts - Observed Unreg Inflow

ENSO signals were used in 1997-1998 by Reclamation in making higher than
normal winter releases from Lake Powell, avoiding spills later in the spring. Such
climate information could be used in the future in combination with Paria River

sediment input data as dam releases decisions are made.




Development of Spill Triggering Criteria

Allows ecologically beneficial spills :
 During runoff forecast period of Jan — Jul
* When high likelihood that spills would occur
naturally
* With minimal power loss

Results from new research information :
 Spills should be timed with sediment inputs
(annually and seasonally)
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Testing a New Paradigm

Scientists

Adaptive Management

Ongoing Experimentation




Treatment #1 of Proposed Experimental Flow Design

Scenario 1. GCMRC Recommended Water Year 2002-03 Treatment

|BHBF - 45,000 cfs. or higher | Fluctuating Flows for Maximum Daily Flow
— Sediment Re-working
and Disadvantaging Non:
native Fish Combined
[Tributary Sediment Input | with Removal of Non-

/ native Salmonids in the
/ LCR Reach

- - - - Minimum Daily Flow |

/ ROD Operations - Unknown Hydrology for 2003

3 ™

A
Low Steady Flows to Retain

Sediment. Could be low level
ROD Flows
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Paria River Sand-Input Trigger:

Chances of Major Paria River Floods Nov.-May:

Currently, a January 2004 EHF 1s tied to Summer PPT!




We Were Suppose to Get Higher Recruitment of Natives

with the “preferred alternative” ROD

Instead, We Got . . ..




] Native Fish

[ Channel Catfish
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* Following dam closure in
1963, cold dam release
temperatures have
reduced native fish
abundance and increased
predatory trout. However,
predatory catfish have
decreased.

* Increasing dam release
temperatures have
uncertain outcomes,
including |




Abundance of Age-1 Humpback Chub by Brood Year
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Rainbow Trout Electrofishing Catch Rate

Little Colorado River Reach (RM 56 - 69)
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Brown Trout Electrofishing Catch Rate
Little Colorado River Reach (RM 56 - 69
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» Stable dam releases 1991
— 2002 during trout
spawning periods increased
number and decreased size
and condition of trout.
Probable increase in
predation on HBC.

* Decline in HBC population
coincident with stabilizing of
dam releases and trout
population increase, but
decline could also be tied to

A YieldaaF=1ale --,




Restoration Actions for Protecting Humpback
Chub

non-native fish control e increase non-native

translocate YOY HBC control - monitor

baseline for fish monitor parasites /
parasites and diseases diseases

design habitat / flow
experiments implement flow testing
captive population program

augment 1f necessary




Adaptive Management Progression
since 1994 Biological Opinion

2nd Spawning Aggregation -> Meta-population
Translocation and “grow-out” of HBC
Warming of mainstem through temperature
control device

Stable “natural hydrograph” -> non-native reduction,
flows to target specific HBC requirements

Flow constraints only in minimum release
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Defining Success in Adaptive Management

We should give broader consideration on how we define success,
perhaps developing criteria that can be used by stakeholders to
evaluate progress.

* Resource Protection — Legal requirements require protection of listed species.
Numeric population estimates measure improvement.

» Experimentation — Scope and approach to experimentation are key factors.
Active adaptive management may be occurring in subbasins even
though system-wide experiments are not yet implemented.

Incremental learning may be the only possibility in large, complex

systems where large economic impacts may result from experimentation.

 Stakeholder collaboration — Long-term success depends on successful

collaboration. Collaboration goals and measurements may be  essential to
improvement of stakeholder interactions.




Nearly Continuous “Channel-Cleaning™
Flows combined with Annual Gravel
Injections from Tributaries (albeit, natural)







Short and long-range forecasts are needed to better

ant1c:1pate Paria River sand productlon (days to seasons)




® [earning has apparently already begun (as shown by
the 1997-1998 ENSO scenario), but needs to continue
for effective management of the resources




ENSO conditions appear to force delays in the timing
of accumulated upper basin snow pack/runoff

Despite known teleconnections in the lower CR basin,




ENP warming increases abundance, magnitude and

northward migration of eastern Pacific tropical storms
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Snow pack
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e The path is often narrow, but seldom straight. . .

* Success is ultimately dependant upon cooperation . . .
There are no short cuts to reaching the goal . . .

trust




“The Buddy System”

“Management” Buddy




Actively “cross-attend” each others meetings annually
Communicate frequently about critical science/management
Educate one-another about each others professional ¢




“It’s The Communication Stupid!” c.w.
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I understand your AM needs perfectly (I think?). Let me
tell you about my latest research (which I am sure you will find
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. Managers

o Mo g are from
\\\ Venus

Young professmnals must figure out “what







