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BABBITT SIGNS PERMANENT COLORADO RIVER PROTECTION;
RELEASES SCIENTIFIC REPORT ON GRAND CANYON FLOOD
Revised Glen Canyon Dam Operations Will Permanently Protect River;

ellite Broa Footage and Photos of River Changes Available

(it 1441417
Secretary of the Interior Bruce Babbitt today signed a historic measure in Phoenix to
change operation of Glen Canyon Dam to protect the Colorado River flowing through the
Grand Canyon. In addition, Babbitt released a scientific analysis of the experimental flood of
. March which showed that the flood has been successful in restoring key aspects of the river as
it flows through the canyon.

"In signing this document, we begin a new chapter in the fabled history of the Grand
Canyon and Glen Canyon Dam,” Babbitt said. "We have now provided protection to the
Colorado River by setting revised Glen Canyon Dam operations. This marks a sea-change in
the way we view the operation of large dams. We have shown they can be operated for
environmental purposes as well as water capture and power generation.

"Ninety years ago, Theodore Roosevelt provided protection for the Grand Canyon.
But 60 years aftcr that, Glen Canyon Dam was built, with detrimental environmental
consequences for the river and canyon we are only now beginning to undcrstand. Today, we
begin a new era of river protection in which science can help minimize the environmental
repercussions of large dams,” Babbitt said.

“We also have the first detailed scientific analysis of the controlled flood. The results
show significant improvement in the size and number of the river’s beaches, creation of
backwater habitat for endangered species, and no adverse impact to the trout fishery, Indian
cultural sires, and other resources,” Babbitt said. “The wealth of knowledge we have gained
from this experiment will continue to be examined. The final results are due by the end of the
year. Clearly, this has been an amazing experiment.”
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Until today, each Secretary of the Interior had broad authority and discretion to change
Glen Canyon Dam operation. The Record of Decision regarding Glen Canyon Dam signed by
Babbitt today establishes dam operation criteria that protect the Colorado River and Grand
Canyon consistent with the 1992 Grand Canyon Protection Act and in accordance with the
preferred alternative of the 1995 Environmental Impact Statement.

Secretary Babbitt noted that prior to the construction of Glen Canyon Dam, the Colorado
River was a sediment-ladcn, seasonally variable river which fluctuated according to the seasons,
rainfall, and inflows from side canyons. However, the construction of the dam altered the natural
dynamics of the Colorado River, with resulting impacts to Glen and Grand canyons. In 1982, as
these impacts became suspected, Glen Canyon Environmental Statement program was set up to
gauge the changes to the river and canyon caused by the dam. In 1988, the GCES determined that
the dam was causing significant impacts, and in 1989 an Environmental Impact Study was
ordered. From 1990 1o 1991, various flows were tested to determine their impact on the
downstream environment as well as costs of hydroelectric power foregone. In November 1991,
interim operations of the dam were put into effect which limited maximum and minimum flows
and daily flow flucruations to protect downstream resources.

The Grand Canyon Protection Act, passed by Congress in October of 1992, directed the
Secretary of the Interior “to operate Glen Canyon Dam . . . in such a2 manner as to protect,
mitigate adverse impacts to, and improve the values for which Grand Canyon National Park and
Glen Canyon National Recreational Area were established . . .7 A draft EIS was filed with the
Environmental Protection Agency in 1994, which evaluated nine alternatives and presented a
preferred alternative for operation of Glen Canyon Dam. Seven public hearings were held in four
Western states and Washington, D.C. More than 33,000 cards and letters were received as
public comment. In 1995, the final EIS was filed with EPA, again recommending a changed
operation of the dam. '

“This is a decision based on the science, allowing us to protect the river and still operate
very efficient hydroelectric power generation and water capture,” Babbirt said.

The flood experiment of March 1996 which Secretary Babbitt personally observed was
conducted in accordance with the EIS process. Following four initial days of steady flows at
8,000 cubic feet per second, the flows on March 26, 1996, were increased to 45,000 cfs for a
seven-day period to test the ability of a managed high flow, or flood, to rebuild critical beaches
along the Colorado River and restore backwater habitats critical to endangered fish. The flows
also fit within the intent of the Grand Canyon Protection Act of 1992, which provides for
operation of Glen Canyon Dam for environmental purposes in Glen and Grand canyons in
addition to traditional water and power generation benefits.

Scientists conducting the flood experiment expected the high flows to redeposit sediment
from the bottom of the river on the banks above the normal high water mark which has been
limited to 20,000 cfs since August 1991, thus rebuilding the beaches. These beaches are vital to
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the establishment of native vegetation, which increases insect populations which in turn provides
a strong food base for native fish and birds species. Increased beaches provide for greater
recreational value and protection of the cultural resources. Also, it was hoped that the flows
would serve to scour the backwaters that have silted in and restore critical habitat for the
humpback chub, an endangered fish, and native fish species.

Secretary Babbitt today released a summary of 34 separate draft scientific studies
analyzing the flood. Among the primary conclusions:

* Sand bar volumes along the river in the Grand Canyon increased by an average of
53% causing high sand banks. However, it was noted that the actual lateral area of the
beaches increased by only S to 7 percent.

»The flood created 82 new sand campsites along the river and destroyed 3.
Campsites have been defined as areas which can accommodate up to 20 people.

* Erosion of sand deposited by the flood is already occurring. The natural erosion
process appears to take place at a rate of approximately 7% per year. Seasonal flooding
used to rebuild natural beaches, but now periodic controlled flooding may be necessary to

. retain their viability.

* Fully four-fifths of the sand deposition took place in the first 48 hours. This finding
could suggest future shorter high flows may be sufficient for ecological restoration, lowering
costs in foregone power generation.

* Several major rapids on the river, including Lava Falls and Badger Rapids, were
carved and widened by the flood. This is what the river used to do naturally. For example,
Lava Falls has become increasingly constricted, but was widened as a result debris flow
from flood.

* New backwater habitats for endangered fish species were created, increasing by
about 20% however, due to large summer water releases, about 20,000 cfs during the
summer as a result of a high snowpack runoff, these new areas were often not usable by
native and endangered fish species.

* No decreases in non-native fish species, in particular those in the trout fishery, were
caused by the flood.

* No negative impacts were observed on endangered bird species, including the
Southwestern willow flycatcher and the peregrine falcon.

* Nutrients in the form of organic matter were flushed into the river, causing a surge
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of productivity vital to native fish, plant species, and aquatic insects. For example, native
willows have shown growth increases this past summer.

* Native American cultural artifacts and sites in the canyon were not harmed; the
National Park Service reports that some sites are actually better protected today by
deposition of sand.

«This entire effort proves the value of a cooperative, integrative approach to dealing with
complex environmental problems,” Babbitt said. “The inclusion of all stakeholders has resulted
in a process and document which will serve to guide furure operations of the dam and become a
template for other river systems. All of these groups deserve our thanks. Today we have
established a bold and innovative example of how science and management should be linked
together 1o provide options for the future.” :

Those involved in the Glen Canyon effort include the Bureau of Reclamation, U.S. Fish &
Wildlife Service, U.S. Geological Survey, National Park Service, Burcau of Indian Affairs,
Western Area Power Administration, Arizona Gamc and Fish Department, Hopi Tribe, Hualapai
Tribe, Navajo Nation, Pueblo of Zuni, San Juan Southern Paiute Tribe, Southern Paiute
Consortium, American Rivers, America Outdoors, Arizona Flycasters, Environmental Defense
Fund, Grand Canyon River Guides, Grand Canyon Trust, Sierra Club Southwest Office, Trout
Unlimited, the Colorado River Energy Distributors Association and the many power usets it
represents, Upper Colorado River Commission, and the Seven Colorado River Basin States of
Wyoming, Utah, Colorado, New Mexico, Nevada, Arizona, and California.
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FLOODS IN THE GRAND CANYON: THE FIRST STEP TOWARDS UNDERSTANDING
CRITICAL ECOSYSTEM PROCESSES BELOW GLEN CANYON DAM, AZ

GLEN CANYON ENVIRONMENTAL STUDIES
FLAGSTAFF, AZ
dwegner(@gces.uc.usbr.gov
http://phantom.uc.usbr.gov

On March 26, 1996 the Department of the Interior and the Bureau of Reclamation embarked on a bold
and innovative experiment to restore critical ecosystem processes in the Colorado River through the
Grand Canyon. A controlled high flow of 1,274m’/s was released for seven days from Glen Canyon
Dam to simulate 2 flood through the Grand Canyon. The experiment was designed to test our
understanding of how flow regulates sediment erosion, transport and redeposition in the Grand Canyon
and to further examine how the manipulation of flow might be used in a program to restore ecosystem
features of the river that are dependent on basic geomorphic processes. The primary objective of the
controlled flood was to mobilize the sediments from the bottom of the Colorado River channel and to
redeposit them in the eddies and near-shore areas along the river corridor. Secondary objectives
included restoration and rejuvenation of near-shore habitats for native fish, avifauna and insects. Priorto
the controlled flood, scientists developed specific hypotheses for testing and identification of consistent
and replicable sampling techniques and locations. The Glen Canyon Environmental Studies program
coordinated the multi-agency cffort including the research plan, logistics, geographic control system and
bathymetric mapping to ensure consistency of data and integration into the GCES/Geographic
Information Systemn programs. Results show that the concept of controlled releases from dams is a
feasible option for restoring critical ecosystem functions and habitats. Application of the scientific
expertise gained through the GCES program to other river systems and impacted ecosystems will
provide another valuable tool for the management of dams and controlled rivers.

KEY FINDINGS IN RESOURCE/STUDY AREAS

Over thirty specific studies were initiated as part of the Beach Habitat Building Flow program. All
studies were designed to be linked together for evaluation of ecosystem change and response. Following
are key initial findings in selected resource areas.

PHYSICAL SYSTEM
Changes in Sand nd ing Beache
* Comparison of topographic and bathymetric surveys collected at 34 Colorado River sandbars

before and after the flood showed that the sand bars had gained a significant amount of sediment
following 7 days of constant 1,274m?/s. Sand bar volumes increased by an average of 53%. Sand was
replenished to high elevation portions of bars where the most significant erosion had occurred during
interim flows. Bar deposition, however, was accompanied by only a slight increase in planimetric area
from 5% to 7%. These results indicatc that although sand was successfully redistributed to higher
elevation on bars, the areal extent of the bars was only slightly increased. (NAU)

* At Kwagunt Bar (Mile 55.5), 68,000 m? of sand were eroded from the channel and the eddy of
which no morc than 4,700 m3 contributed to bar building. Thus, no more than 7% of the sediment
moved in that large eddy complex contributed to bar building. (NAU)

* Sand in recent flood deposits are decreasing. During the interim flows sand deposits decreased
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in size by an average of 7% per year. Rates of erosion are dictated by the amount of fluctuation and the '
base flow conditions. (NAU)

* Evolution of sand bar topography during the flood was faster than anticipated. Sand deposits,
especially in the lateral separation eddies, aggraded and degraded by as much as 4 meters within less

than 24 hours. (USGS)

* Subaqueous mass failures of steep portions of sand bars appeared to occur in the 10 eddies
studied. (USGS)

Mainstem Sediment Transport

* A significant part of the total sediment erosion occurs during the rising limb of the hydrograph
when sediment-transport capacity is increasing.

* Recent and massive scour during the beach habitat building flow was probably caused by
unexpected rapid changes in eddy circulation. (U SGS and GCES) '

& In most eddies that were examined, deposits at the eddy separation and reattachment points grew
and was eroded from the channel and along the outer margin of the eddy. (USGS)

* Changes in sand storage at a particular location arc dependent upon local channel geometry and
sand supply. (USGS)

* Sand was scoured from the deepest part of the channel and eddies and deposits were substantially
rebuilt along the channcl margins. (USGS and GCES)

* Sand transport rates initially were increased by a factor of ten then dropped off rapidly to the
levels predicted by the sediment rating curves. The large pulse of sand in suspension contributed to the
rapid deposition rates observed during the early parts of the flood. .

#  Reach averaged velocity during the flood was 1.8 m/s and ranged from 1.5 to 2.1 m/s. (USGS)

* Time-concentration curves of tracer dye were symmctrical indicating a normal distribution.
Zones of stagnant water along the bed or banks are not significant in the Grand Canyon as they are in
most other streams. (USGS) '

* There was a net deposition of 0.5 to 2 m of sand at the eddy reattachment points. The middles of
the eddies were generally scoured. (USU)
* Discharge rating models and sediment-transport and bed-evolution models are being tested with

data collected during the flood and revised to improve the predictive capability for redistribution of sand
by dam releases. (USGS)

Changes to Rapids
* Since the last dam release of magnitude similar to the 1996 controlled flood occurred in 1986, 25

debris fans were aggraded by debris flows. Significant changes occurred at Lava Falls and Crystal
Rapids, increasing the navigational severity of the two largest rapids in Grand Canyon. (USGS)

* Most of the debris fan reworking occurred during the rising hydrograph, particularly between
1,000 to 1,300 m’/s.

* The Lava Falls constriction widened from 34% to 42% and the aggraded area was reduced by
23%. The reworking at Lava Falls made the left run more serious but more steep (reduced by 0.6m).
(USGS) , -

* Of 16 aggraded debris fans expected to be reworked during the controlled flood, 8 decreased
10% or more in size. Four debris fans had 1,900 m3 or more eroded by the controlled flood. Velocities
through rapids either remained the same or, in the case of Lava Falls Rapid decreased by 50% as a result
of the controlled flood. Both Lava Falls and Crystal Rapids became significantly easier for navigation
as did most of the rapids involved. (USGS)

* As the interval between debris flows and reworking floods grows longer, aggraded debris fans
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are more difficult to rework because smaller dam releases cause particle suturing and interlocking.
Debris fans should be reworked no more than 5 years after the debris flow if flood discharges are similar
to the 1996 controlled flood. (USGS)

* In general, debris fans where stream power in the Colorado River is highest, changed more than
other debris fans adjacent to riffles. (USGS)

Camping Beaches

* Large riverside sand deposits located above daily river fluctuations are used as campsites in

Grand Canyon National Park. (GCES)

* Immediately after the flood a visual assessment was completed on known campsites. 50%
incroased in size, 39% remained the same and 12% were smaller. (GCES)

* 53 surveyed sites, beaches increased in area by an average of 57% over their pre-flood area.
The flood created 82 campsites and destroyed 3. (GCES)

* Post-flood deposits cover a smaller area than do pre-flood deposits but their high elevation parts

are much thicker and more extensive. (USU and NAU)

Backwater Habitats

* New backwater habitats were created due to changes in shape and extent of reattachment bars.
(USU)

* Backwaters are dependent on the degree to which reatiachment bars are created, the amount of
deposition in the channel, and the volume of water that flows through a river system. (GCES)

* The flood scoured out return flow channels with sand floored channels and concomitantly
rejuvenated those backwater habitats. (GCES)

* Backwater numbers increased by 20% immediately after the test flows and subsequently declined

in numbers during the high releases during the summer of water year 1996. (GCES)

BIOLOGICAL SYSTEM
Geochemistry .
* Flooding results in the biogeochemical rejuvenation of Colorado River ecosystems through the
burial and accelerated decomposition of organic material. (NAU)
* The flood buried living and detrital organic matter under 0.2 to 0.95 m of sand. At the measured
sites, groundwater showed an increase in ammonium and non-purgeable organic carbon with decreases
in dissolved oxygen. This is representative of increasing rates of microbial respiration in the beaches
and a cycling of dissolved carbon from the beaches into the mainstem river. (NAU and GCES)
* The diel amplitudes of oxygen and pH cycles were decrcased by 75% in the Lees Ferry reach due
to scouring of the photosynthetic biomass by the flood. (USGS)
* The pH and dissolved oxygen in the Glen Canyon reach are controlled by photosynthesis and
respiration. (USGS) '

Fisheries

* No significant decreases in densities of non-native fishes resulted from the flood. Most non-
native fish moved to submerged riparian vegetation and tributary mouth cover during the flood. (AGF
and BioWest) '

* Habitat selection was noted during the flood; juvenile humpback chub remained along the talus
shorelines, speckled dace moved from riffles to debris fans, and fathead minnows moved from
backwaters to tributary mouths. (AGF and BioWest)

* Radiotelemetry and netting studies indicated that many large native adult fish moved to low
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velocity vortices in large recirculation zones below large debris fans during the flood. (AGF, BioWest)
* No immediate negative impacts on the distribution, condition, densities, and health of the non-
native trout fishery have been observed as a direct result of the flood. (AGF)

* The Cladophora food base was reduced in size during the flood. A composite shifting of the
food base is occurring with Chara and Potomogeton taking over more of the Lees Ferry reach. A lag
impact is occurring and monitoring will continue to evaluate the extent and significance to the overall
foodbase (NAU) '

* Densities of Gammarus were reduced by 65-70% at some sites in the Glen Canyon reach but
were unchanged at others. Gammarus densities remained low in depositional environments for four
months after the flood but returned to pre-flood levels on cobble bars. (AGF)

* Biomass of epilithon was unaffected by the flood, but densities of chlorophyll a were reduced.
Standing stock of submerged aquatic macrophytes was severely impacted. (AGF)

Riparian Vegetation and Resources
* The population of many herbaceous species, especially annuals, are significantly reduced in the

flooded areas. (NAU)

* Perennial herbaceous wetland species have recovered since the flood, especially Typha,
Phragmites, and Carex. (NAU)

* With the exception of a small amount of damage from abrasion, the flood had a slightly positive
effect on the woody perennial species, cspecially Salix. (NAU)

* Limited germination of tamarisk has occurred at the study sites. (NAU)

Endangered Species

* No direct impact occurred to the southwestern willow flycatcher nesting habitat as a result of the
flood, however there has been a minor loss in the amount of understory vegetation. Continued
monitoring is necessary to evaluate the significance to the species. (GCES and NPS)

* 31.5% of the primary Kanab Ambersnail habitat in the flood zone remained after the event. It
was severely damaged by high velocity, debris laden flows. (GCES, NPS and FWS)

* Monthly Kanab Ambersnail population surveys for the study habitat patches revealed that the
populations in the lower Vaseys Paradise site reached or exceeded the 1995 population levels by July
1996. This is due to the warm spring weather, and extended reproductive season. Vegetation in the
impacted zone is recovering slowly. (GCES, NPS and FWS)

* Perumyscus spp. may be important predators on Kanab Ambersnails. (GCES, NPS and FWS)
* No impact was seen on the Peregrine Falcon populations

* A substantial loss of marsh vegetation associated with southwestern willow flycatcher nest sites
occurred, approximately 36% reduction. Since some southwest willow flycatcher feeding occurs in
marshes the importance of this impact continues to be evaluated.

Cultural Resources

* At three of the four study sites, sediments were deposited in the mouths of arroyos. At the fourth
site, Lees Ferry, deposition did not occur because of lack of sediment, however the site did not sustain
erosion. (Hopi) .

* No impact was identified to the Hualapai Nation sacred tree at River Mile 209. (Hualapai)

* No dircct impacts have been noted for any cultural sites along the river corridor as a result of the
flood.

* Riparian resources in the lower Grand Canyon of importance to the Hualapai Nation were
slightly reduced due to bank calving, inundation and burial of vegetation. The significance of the
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impacts remain to be analyzed. (GCES)
* At the Charles H. Spencer Steamboat, a net gain of sediment occurred, resulting in stabilization
of the site.

Data Management

* The data collected during the controlled flood are being incorporated into the GCES Geographic
Information System. The archiving of the data will result in 2 long-term data set for future monitoring
and evaluation. (GCES)

* The hydrographic information is being integrated into the STARS model and the productivity
model to provide for predictive tools for the future. (GCES)

SUMMARY

The forces controlling ecosystem response to periodic disturbance continue to be important elements in
understanding impacts of dam operation. Our understanding of species composition, diversity,
dynamics and stability of the Colorado River ecosystem through the Grand Canyon has taken a
significant step forward with the controlled flood from Glen Canyon Dam. In the short time since the
flood we have learned that the interactions among species depends on landscape and ecosystem level
physical processes and that they may be as important as the anthropogenic impacts. Periodic controlled
flooding is important if we are to maintain the dynamic nature of the Colorado River ecosystem through
the Grand Canyon. Many elements of our understanding of the Colorado River were substantiated.
Because there were unexpected results, as scientists prepare to publish results and present them at
scientific meeting it is clear that new knowledye is certain. This work can stand as a good example of
rigorous science in the service of management. Planning of more frequent habitat maintenance flows, at
or near powerplant capacity, requires completion of analysis and synthesis of information derived from
this experimental flow.

The flooding has initiated a complex sequence of adjustments extending over a prolonged period of time
with the lotic biotic community. Spatial, temporal and taxonomic variability of the lotic system are
important considerations in developing paradigms of regulated flood releases.

The immediate short term impacts related to the flood are beginning to tell a story = a story that
revolves around the relationships between flow and ecosystems. What is reported here is only part
of the story. The short-term responses arc precursors of what is-to follow. The true value of the flood
and the importance as a tool for long-term management of the dam and the Colorado River ecosystem
will only be realized if the monitoring continues on the critical resources. The investment made in
these studies will be squandered if only the short-term results are used to make decisions. The long-
term response of the ecosystem must be evaluated if the value of the flood is to be realized.

DLW October 2, 1996
Revised October 6, 1996






