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PRJ5.10
November 22, 1999
MEMORANDUM
To: Technical Work Group

From: Barry Gold, Acting Chief
Subject: Documents for review ai the December 7, 1999, TWG Meeting
Attached to this memo please find the following documents:

1. "Response to Comments" table.

2. Attachment 1 - Revised Current Knowledge for Biological Resources

3. Attachment 2 - Revised Summary Budget from page 117 of the FY 2001 Work Plan
4. Revised Table 2.1

5. Revised Table 2.2 ' ‘

6. New Figure 2.1 showing the schedule of PEPs in FY 2000 and FY 2001

These documents have been prepared to respond to the comments that you provided GCMRC on
the DRAFT (10/22/99) GCMRC FY 2001 Monitoring and Research Work Plan. We are
scheduled to review these documents at the TWG meeting on December 7, 1999, beginning at
2:30 p.m.

We plan to go through the "Response to Comments" table one comment at a time focusing on
those comments where one or more TWG members still have questions after reading the
response. We will refer to the associated documents (items 2 - 6 above) as needed during this
discussion. Once we have reviewed the responses, GCMRC will modify the DRAFT FY 2001
Work Plan for mailing to the AMWG.

We appreciate your comments and your help in improving the clarity and substance of the Work
Plan.
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Attachment 1

Current Knowledge - Biological Resources

Terrestrial Biological Resources - Since 1998 work associated with terrestrial biological

resources have represented data collection efforts in support of eventual long-term
monitoring programs. As with sediment resources. the emphasis for biological projects
was in moving toward long-term monitoring while transitioning from EIS related efforts
associated with these resources. This transition has included attempts to maintain
continuity among data sets that were collected prior to 1996. Little emphasis has been
put on research associated with terrestrial biological resources. Current contracts are
separated into vegetation (Kearslev. NAU). avifauna (Spence. GCRA), and Kanab
ambersnail (Meretsky. SWCA). The following is information provided from these

monitoring projects.

Monitoring vegetation change along the Colorado River mainstem - Dr. Michael Kearsley

of Northern Arizona University has been invoived in measuring vegetation change along
the Colorado River corridor since 1993. Data collection efforts have changed from a
focus on detailed compositional change that takes place on microhabitat scale (Stevens
and Ayers 1996) to characterizing change at the community or plant associated level. His
work over the last two years has been to evaluate and incorporate structural components
of vegetation. in addition to identifying changes in the species composition of plant
communities. These structural components provide an index of vertical complexity, a
variable that etfects bird distribution and abundance. Measurements have also been done
along shorelines to determine the relative availability of vegetated shoreline, a shoreline
habitat utilized by young fish (Converse et al. 1998). Preliminary results of this research
have identified factors affecting availabilty of shoreline habitat to include discharge,
magnitude of fluctuations, and time of year. Other results of this monitoring effort
indicate that some community constituents have changed very little (e.g., tamarisk) in

their representation and extent. while others are increasing in abundance (arrowweed).
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These trends suggest that growth rates ot arroweed may have implications associated with

campable area over the long-term.

Monitoring avifauna abundance and distribution aiong the Colorado River mainstem —

Dr. John Spence of the Glen Canyon National Recreation Area has been in charge of
overseeing a project to monitor bird distribution and abundance along the Colorado River
corridor. Included in this project is the monitoring of the endangered southwestern
willow flycatcher. The project has determined that abundance and di\}ersity changes in
the avifaunal community along the Colorado River corridor is associated with vegetation
densities and distance from the dam. Structurally complex vegetation patches like those
found from river mile 42 to Cardenas and in the western Grand Canyon support more
birds and more species of birds. Glen Canyon is also an area of waterfowl diversity,
likely associated with the relatively rich benthic community and lower velocity waters
found in this reach. The next year will be spent synthesizing the bird data and evaluating

it to provide recommendations for long-term monitoring that can be integrated with

habitat data.

Monitoring of Kanab ambersnail populations and habitat at Vaseys Paradise — Dr. Vicky

Meretsky through SWCA Inc.. has been the lead biologist involved with developing
population estimates for the Kanab ambersnail (KAS) located at Vaseys Paradise in
Grand Canyon. Both available habitat and snail numbers are determined for each trip
throughout the year. Trips are conducted on a quarterly basis that coincide with the life
history of the snail. Monitoring of the habitat indicate that primary habitat composed of
Nasturtium is highly variable in terms of area covered. This plant species is an annual
and its area cover is influenced by local climate effects. A warm winter may result in
greater growth earlier in the season, while a summer storm event may result in scour of
local patches. The variability in habitat is less likely to be observed with Mimulus
(monkey flower) the other major plant species associated with KAS. This plantis a
perennial species and the variability in area cover should be less than that of Masturtium.

Population estimates for KAS between vears has not been shown to be significantly

(9]



different. However. the confidence intervals around these estimates are great. due to
overwintering mortality that can result in high inter-annual variability. The life-history of
KAS is characterized by starting with a small number of over-wintering adults.
Population size increases throughout the season from recruitment. An associated KAS
genetics project (Keim. Northern Arizona University) has provided preliminary
indications that the KAS at Vaseys paradise is genetically distinct from Utah populations
also identified as KAS. What this distinction means in taxonomic terms is yet

undetermined.

Aquatic Biological Resources - Since 1998 work associated with aquatic biological

resources have represented data coilection etforts in support of eventual long-term
monitoring programs. As with terrestrial biological resources. the emphasis for
biological projects is moving toward long-term monitoring while transitioning from EIS
related efforts associated with these resources. This transition has included attempts to
maintain continuity among data sets that were collected prior to 1996. There has been a
bit more emphasis put on research associated with aquatic resources when.compared to
terrestrial resource etforts to develop information that will be used in developing the
long-term monitoring program. Current contracts are separated into aquatic foodbase
(Blinn. NAU). Lees Ferry Trout (Persons AGFD), and Native Fish Monitoring (Gorman

US FWS). The following is information provided from these monitoring projects.

Monitoring the Aquatic Foodbase in the mainstem Colorado River and its tributaries —

Dr. Dean Blinn of Northern Arizona University has been studying aquatic biology of the
Colorado River since the 1980°s. Efforts since 1998 have focused on monitoring the
productivity in the mainstem as influenced by dam operations and understanding the
relationship and influence of tributary productivity on the mainstem. Results of these
data collection efforts indicate that reducing fluctuations benefits productivity.
Productivity is increased because areas available to colonize are stabilized. What is not
known is if combinations of stability and short-term disturbance optimize productivity.

Productivity increased following the 1996 BHBF. the subsequent tlows in the summer of

(V3]
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1996 and in Spring/summer 1997 that were high and relatively steady compared to
operations in previous years and may have been a contributing factor in the measured
productivity. Tributary collections show that these streams are a source for benthic
colonizers in the mainstem, but current mainstem conditions (constant cold temperatures)
preclude their expansion into the mainstem. Some organisms found in tributaries need a
range of temperatures as a growth cue. These cues are not available in the mainstem.
Both of these pieces of information are important for managers trying to optimize
mainstem productivity. Productivity might be limited by temperature (degree days) and
other physical parameters, or by habitat instability (amount of fluctuations) or a

combination of the two.

Monitoring the Lees Ferrv Trout Fisherv — Mr. Bill Persons ot the Arizona Game and

Fish Department has been overseeing the contract responsible for determining the effects
of dam operations on rainbow trout in the Glen Canyon Reach. This contract has
included a the collation of stocking and catch data since the 1960°s and an examination of
the effects of minimum flows on trout populations. Their analysis concludes that
fluctuations conducted during the 1990 research tlows caused a decline in the trout
population in the Lees Ferry reach. Higher minimum and more stable releases appear to
support greater standing stocks of trout than do lower minimum releases and releases
with greater variability. These data support the tindings associated with the aquatic
foodbase. The full effect of stable releases is not tully realized for up to three years:
densities of fish >304 mm declined until 1993. Small fish are more affected by physical
factors, suggesting that recruitment is affected by operations. Larger sized fish are more
affected by biological factors (e.g. food availability) which may account for the lag in
response to steadier releases by fish > 304 mm. Stock assessments for the Lees Ferry
fishery suggest that the larger fish are food limited. The trout fishery is considered self-

sustaining and stocking currently is being suspended in this fishery.

Monitoring of Native and other Fish in the mainstem Colorado River and its tributaries —

Dr. Owen Gorman formerly of the U.S. Fish and Wildlife Service has been the principle



investigator responsible tor native tish monitoring in the mainstem since 1998. Work in
this project has included mainstem data collection and tributary data collection. The
emphasis has been on evaluating recruitment in the tributaries. primarily the Little
Colorado River, and characterizing relative abundance of species in the mainstem. The
intensity of sampling in the mainstem may not have equaled historic levels. but gear-
types are comparable. Data from these monitoring trips indicate that rainbow trout is the
most common fish. followed by speckled dace and humpback chub in the mainstem. The
addition of mini-hoopnet to the sampling regime has resulted in the capture of an
increased number of smaller humpback chub in the mainstem. This result suggests that
either gear types are biased against this size fish. that recruitment and survivorship has
increased in this size class. or that new habitats are being sampled that were previously
not sampled. The latter is not a likely explanation for this data. Included in this contract
was research associated with juvenile growth and temperature. Preliminary results
indicate that young fish provided unlimited food that are in 12°C water do not grow over
a 6 month time period and loose body mass over time. Fish in 18°C and 24°C tanks
showed changes in growth rates after the first month with those fish in the warmest water
growing the greatest. These data have direct application for TCD operations. A question
that this study indicates needs to be addressed is if the small but now older tish are moved

from the 12°C tanks to warmer tanks will they respond in a similar fashion to temperature

Increases.

Native Fish Svntheses - Additional synthesis and modeling work on native fish has been

conducted by SWCA (data integration report), Duncan Patten (compilation of GCES
Phase II aquatic biology studies) and Walters et al. (modeling abundance trends in native
fish). Population estimates for Humpback chub in the LCR have been published by
Douglas for 1991 - 93 and additional estimates for 1993 - 95 are in press. [n addition.
modeling work by Walters et al.. in preparation. suggests that populations of humpback
chub in the LCR are stable or possibly declining slightly over the period 1991 - 96. The
work of SWCA highlights the importance of life history parameters on the survival of

humpback chub and points to the potential of predator-prey interactions in addition to
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temperature as a key tactor etfecting humpback chub abundance and distribution in the
mainstem. The reviews of GCES phase [I humpback chub monitoring and research
activities by Brunkow (in Patten) will be useful in designing the long-term monitoring

program for native tish.



ATTACHMENT 2

SUMMARY BUDGET
GCMRC Program and Operating Costs
AMP Fundin
A. Bureau Support SErviCes........ooeviririiiiiiiiriceee e 125,000
B. Operations. Personnel. Contract Services..........c...c..c.ove..... 1,969.000'
C. Physical Resources Science.........ccocoovivveiviiieicceiceccce, 950.000
D. Biological Resources Science
L. SCIENCE ACHUVILIES ...oooieeieiieiiiiieeieieeee et 1,180,000
e PEP e 100,000
E. Socio-cultural Resources Science
1. Science ACHVILIES .....cccocceiiiiiiiiiiiiiiiececeecee e 275,000
. PEP e 55,000
i11. Public Outreach ........ccocoeeiviiiinioieeeeeeee e 35,000
F. Information Technoiogies Program....................ccccoeve........320.000
G. Remote Monitoring Technology ..........ccocoeivveiiiiciicicceeee. 400.000
H. Independent Review Panels
i.  RFPs. unsolicited & in-house. and technical reports ............. 95,000
Ho SAB s 80,000
[.  Unsolicited Proposals
1. General .....cooiiiiiiic e 70,000
e THDBAL oo 50,0002
J. AMWG/TWG REQUESTS ..., 60.000°
K. In-House Research.........cocoocovimiiiiiiiiiiiccccee e, 20,000
[. Logistics
L. River LO@IStICS ..oooiiiiiiiiiiii e 475.000
1. Equipment. supplies. and maintenance...............c..cccccooveennnnnn. 85.000
ii. Helicopter support & Emergency Evacuations ...................... 36,000
1v. NPS Permitting ......ccooviiiiiiiiiiiiicceee e 34.000
TOTAL ...ciiieinernnincencnsonccssssssosases 6.434,000
Other Funding Sources
O&M -- Integrated water quality program (IWQP)..........c.occvvvnee. 300.000
Sec. 8 -- TCD Related ACHVItIES .....c.ocvievieiiiiiiicciicee e 310,000

Revised page 117 (11/22/99)

' Salaries for GCMRC staff working on [WQP activities in Lake Powell are being charged to the [WQP -
O&M account.

* $50,000 in funds from the cultural resources program has been moved into this category specifically to
support unsolicited tribal proposals.

* $10.000 in funds from the cultural resources program have been added to the money set aside to address
AMWG/TWG requests.



Table 2.1. Summary table of FY200! Project titles and associated Management Objectives and Information Needs.

| FROEST MANAGEMENT OB."CTIVE INFORMATION VEED
TERRESTRIAL ECOSYSTEM ACTIVITIES
1
‘Monitoring TERR MO 11: Protect. restore. and enhance | TERR IN 11.2 Determine species
avifauna survival ot native and special status species population characteristics to detect
(federal. tribal. and state designations ). Ensure departures from natural range of
NEW RFP IN that the required habitat for these species is variation.
SUMMER 2000 | preserved.

AVI MO 13: Protect, restore, and enhance
survival of native and special status avifauna.

TERR IN 11.3 Determine changes,
declines in special status species and
characterize ecosystem changes to
benefit species.

AVI IN 13.2 Determine impacts of
dam operations under approved
operating criteria on avifauna food
chain associations

Monitoring Kanab
ambersnali and
habitat at Vaseys
Paradise

NEW RFP IN
SUMMER 2000
OR
MAINTAINED
INTERNALLY

.AS MO 14: Sustain ¢ .ulations of Kanao
nbersnail wherever they currently exist within
tne Colorado River ecosystem.

| KAS IN 14.1

Determine specific
habitat characteristics required by the
KAS. (T&C 3--p.4!)

KAS IN 14.2 Determine special flow
impacts on Kanab ambersnail to assure
that the level of incidental take is not
exceeded. (I. T. - p.40)

KAS IN 14.3 Complete a census of
the population and characterize the
habitat. Once habitat requirements are
determined. other potential habitat sites
within the Grand Canyon corridor wiil
be surveved to determine species
presence and recovery potential.
‘Conservation Recommendation 5--
p-43)

KAS IN 14.4 Survey 7AS habitat
before and after any flow greater than
25,000 cfs to determine popuiation and
its species response tc Jisturbance and
ability to recover. (T&C 4, p.42; and
RPM)

KAS IN 14.5 Determine Kanab
Ambersnail life history schedule for
populations in the Colorado River
ecosystem. (Conservation
Recommendation 5)




. Ongoing research

on terrestrial
trophic linkages

ONGOING

TERR MO 11: Protect. restore. and enhance
survival of native and special status species
(federal. tribal. and state designations). Ensure
that the required habitat for these species is
preserved

AVI MO 13: Protect. restore. and enhance
survival of native and special status avifauna.

TERR IN 11.1 Define and specify

. ecology of native faunal components,

especially threatened and endangered
species: including evolutionary and
environmental changes, natural range
of variation. linkages,
interdependencies, and requirements

AVIIN 13.1 Define and evaluate
food chain associations,
interdependencies. requirements, etc.
for native avifauna, including the
Peregrine Falcon, Southwestern
Willow Flycatcher, and other special
status species (e.g., Yellow-billed
Cuckoo).

AVIN 13.2 Determine impacts of
dam operations under approved
operating criteria on avifauna food
chain associations.

Evaluation of
cultural resource
monitoring and
mitigation
strategies

NEW RFP IN
2000

CULT MO 1: Conserve in situ all the
downstream cultural resources and take into
account Native American cultural resource
concerns in the Colorado River ecosystem.

CULT MO 2: If in situ conservation is not

possible, design mitigative strategies that
integrate the full consideration of the values of
all concerned tribes with a scientific approach

CULT IN [.1 Monitor cultural sites
potentially impacted by Glen Canyon
Dam operations to determine present
condition and rate of change to assess:
types of degradation. threats; rates of
degradation; define immediacy of
threars to resources: protection
methodologies; protection, monitoring
and research costs.

CULT IN 2.1 Characterize through
scientific study and data development
all assumed historical and current
values. including scientific values, of
resources 1o tribal nations and to the
general public.

Development of
historic contexts
to evaluate the
significance of

! cultural resource

data
NEW RFP IN
2000

CULT MO 4: Maintain and integrate all
appropriate cultural data recovered from
monitoring, remedial, and mitigative action and
incorporate these data into the evolving research
designs and mitigative strategies for
understanding the human occupation and use of
the Colorado River ecosystem.

CULT IN 4.1 Develop evolving
research designs and/or other methods
including synthesis of existing
available data and GIS for
understanding human occupation and
use.

J



AQUATIC ECOSYSTEM ACTIVITIES

Ongoing
monitoring phyto-
benthic
community and
evaluating its
quality for
utilization

ONGOING
WITH
REVISIONS
NAU (BLINN &
SHANNON)

AFB MO 1: Maintain and enhance the aquatic
food base in the Colorado River ecosystem to
support desired populations of native and non-
native fish. At a minimum, maintain
continuously inundated areas for Cladophora
and aquatic inverteorates at or above 5,000 cfs
discharge ievels from Glen Canyon Dam.

AFBIN 1.1 Determine status and
trends in aquatic tood base species
composition and population structure,
density and distribution and the
influence of ecologically significant
processes.

AFB IN 1.2 Determine the effects of
past, present, and future dam
operations under the approved
operations criteria on the aquatic food
base species composition, population
structure, density, and distribution in
the Colorado River ecosystem.

AFB IN 1.3 Determine the aquatic
tood base species composition,
population structure, density, and
distribution required to maintain
desired populations of native and non-
native fish in the Colorado River
ecosystem.

HBC IN 3/4.7 Determine origins of
fish food resources, energy pathways.
and nutrient sources important to their
production, and the effects of Glen
Canyon Dam operations on these
resources. (RPM 1.C.vi) Evaluate
linkages between the aquatic food base
and the health and sustainability of j
HBC populations. !

Ongoing
monitoring of
status and trends
of fish community

ONGOING
WITH
REVISIONS

HBC MO :: Maintain or enhance levels of

| recruitment of HBC in the mainstem as indexed
i by size trequency distributions and presence and

strength of year-classes. (Focused at young-of-
year and juveniie fish, and should include a fish
health assessment.)

FMS MO 8: Achieve healthy, self-sustaining
popuilations of tlannelmouth sucker, bluehead
sucker. and speckled dace in the Colorado River
ecosystem, with special emphasis on
flannelmouth sucker in Glen Canyon based upon
the capability ot the habitat to support those
fishes.

'

|

HBC IN 3/4.1 Determine adult HBC |
populations and evaluate life history |
schedules, population health. and

reproductive success. (Fall 97 RPM 1)

HBC IN 3/4.2 Determine levels of
recruitment of humpback chub in the
mainstem and the LCR.

FMS IN 8.2 Determine population
dynamics, distribution. and other life
history traits of native fish species.

FMS IN 8.3 Determine historic and |
current character and structure of native
fish populations.




i Monitoring the

status and trends
of the Lees Ferry
Trout Fishery

' NEW RFP IN

SPRING 2000

TROUT MO 2: In the Colorado River
downstream ot Glen Canyon Dam to the
confluence of the Paria river, sutficient
ecological conditions (such as habitat. foodbase
and temperature) should be maintained. which in
conjunction with management by Arizona Game
and Fish will produce a heaithy self-sustaining
population of at least 100.000 Age I+ rainbow
trout that achieve 18 inches in iength by Age III
with a mean annual relative weight (Wr) of at
least 0.90.

 TROUT IN 2.2

Determine trends in

. rainbow trout population size,
! character and structure in Glen Canyon.

TROUT IN 2.3 Evaluate harvested and
tield sampled rainbow trout to
determine the contribution of naturally
reproduced fish to the population in
Glen Canyon.

Integrated Water

Quality
Monttoring

ONGOING
WITH

COOPERATION
BETWEEN
GCMRC AND
USGS

(WRD AZ

| DISTRICT)

LP WQ MO 1: Prevent impacts that adversely
affect the water quality (physical, chemical,
biological) of Lake Powell due to dam
operations and ensure that fully informed
AMWG decisions are possible both now and in

i the future.
REVISION AND |

WATER MO 2: (water resources) Maintain
water quality at levels appropriate to support
physical. biotic. and human resource needs...

i stratification and advective flows and

LP-LIMNO IN 1.1 Determine the
effect of current dam operations (under
approved operating criteria) on '
reservoir water quality, including but
not limited to the tollowing:

(a) Determine near dam hydrogen .
sulfide levels (and other hazardous |
chemical constituents) within the
hypolimnion occurring under current
dam operating criteria.

(b) Determine the dvnamics of lake
their effects on chemical constituents

(c) Determine/quantify the dynamics
of major cations, anions, and nitrate/
phosphate ratios resuiting from dam
operations

(d) Determine the effects of dam
operations (under approved operating
criteria) on the physical/chemical
dynamics of Lake Powell side channelis
and embayments

LP-BIO IN 1.1 Determine the impacts
of dam operations and resulting water
quality on primary and secondary
productivity of Lake Powell, including:

¢ algae (phytoplankton, periphyton)
¢ Macrophytes

e Zooplankton

i
WATER IN 2.1 Monitor water quality, |
composition, temperature (a more

comprehensive list of the INs that are

Table 1 of the IWQP plan (Vernieu and

! Hueftle 1999)

|
addressed by the IWQP can be seen in ‘




Ongoing research ! HBC MO 6: Establish a second spawning HBC IN 6.1 Develop criteria for

associated with " aggregation of HBC downstream ot Glen defining self-sustaining populations of
population Canyon Dam (RPM 4). HBC.

genetics of HBC

in Colorado River HBC I 2 Assess feasibility of
ecosystem : establi: :g a second population of

HBC downstream of Glen Canyon
Dam including other current
aggregations.

Native fish/non- N/NN FISH MO 10: Minimize. to the extent N/NN FISH IN 10.1 Define areas and
native competitive | possible, competitive and predatory interactions | conditions of existing and potential

interactions between native and non-native fishes. interactions
NEW IN N/NN FISH IN 10.4 Determine the
SPRING 2000 ' species composition, relative

abundance, and size class structure of
! non-native fishes in the Colorado River
! ecosystem and important tributaries

Section 5 funded | FMS " 'O 9: Attain riverine conditions, FMS IN 9.2 Quai. Iy to the extent

research including appropriate habitat. that support all possible the effects of spring high

associated with life stages of endangered and native fish species. | steady flows and summer and fall low

experimental steady flows on endangered and native

flows which fish (RPM 1.a).

include

temperature FMS IN 9.4 Assess biotic interactions

control device between native and non-native fishes,

evaluation and particularly those that occur in

assessment. nearshore rearing habitats affected by
dam operations (RPM 1.C.iv).

. NEW IN ,‘
SPRING 2000 HBC MO 5: Remove jeopardy for the HBC in | HBC IN 5.1 Determine a set of

the Colorado River ecosystem (8.0. /994). | possible temperature changes in the
mainstem Colorado River resuiting
! from implementing selective
withdrawal (RPM 1 .B.i).

HBC IN 5.2 Determine the anticipated
effects on HBC and other native
populations which may result from
installing a selective withdrawal
structure for thermal modification in the
mainstem of the Colorado River
downstream of Glen Canyon Dam.
Determine the range of temperatures for
successful larval fish development and
recruitment and the relationship
between larval/juvenile growth and
temperature (RPM 1.B.ii).




New research LP WQ MO 1: Prevent impacts that adversely | LP LIMNO-IN 1.1(e) Quantify/model ‘

associated with | atfect the water quality (physical, chemical.
water quality in | biological) of Lake Poweil due to dam
Lake Powell i operations and ensure that tully informed

" AMWG decisions are possible both now and in
NEW SPRING the future.
2000 AS RFP(?) |

i

the heat budget tor Lake Powell to
determine near-term and long-term
(monthly/weekly and annual
summaries respectively) etfects of a

| selective withdrawal system |

INTEGRATED TERRESTRIAL AND AQUATIC ECOSYSTEM ACTIVITIES

Long-term SED MO 1: (sediment resources) Maintain a
monitoring of long-term balance of river-stored sand to support
fine-grained maintenance flow. BHBF flow and unscheduled

sediment storage flood flows...
throughout the
main channel

NEW RFP IN
SPRING 2000 !

SED MO 2:: Asa minimum for each reach,
maintain the number and average size (area and
thickness) of sandbars and backwaters between
the stages associated with flows ot 8,000 and
45.000 cfs that existed during the 1990/91

research flows.

| stream sediment deposits. !

© SED IN [.4 Measure and model i
' sediment contributions from ail

SED IN 1.1 Define historicai and
current levelis of river stored sediment.

SED IN 1.2 Define minimum levels of
river stored sediments necessary to
maintain sandbars. backwaters and in-

SED IN 1.3 Develop procedures to
monitor and predict impacts of
alternative operating criteria (flow
regimes) on river stored sediment, and
impacts in select reaches

contributing sources. including
tributary and high terrace sources.

SED IN 1.5 (sediment) Evaluate the
geology/geomorphology within Glen
Canyon to: (1) determine historical
changes in size and extent of beaches.
sandbars and backwaters. (2) quantify
sediment (size class and quantity) input
from side channels. (3) understand bed
morphology dynamics. (4) evaluate
high terrace erosion and contribution to
river sediment.

SED IN 2.4 Evaluation ot flow regime
(under the approved operating criteria)
impacts on terrace and cultural
resources

SED IN 2.6 Determine implications of
dam operating criteria on beach and
sandbar and backwater character and
structure, including suitability of

i camping beaches.




SED MO 4: Maintain system dynamics and
disturbance by redistributing sand stored in the
river channel and eddies to areas inundated by
river flows up to 45,000 cfs in as many years as
possible when BHBF hydrologic and resource
criteria are met.

REC MO 2: Maintain flows (under approved
operating criteria) and sediment processes that
create an adequate quantity, distribution and
variety of beaches for camping, as long as such
flows are consistent with management of natural
recreation and cultural resource values (other
natural resource values).

AFB MO 1: Maintain and enhance the aquatic
food base in the Colorado River ecosystem to
support desired populations of native and non-
native fish. Ata minimum. maintain
continuously inundated areas for Cladophora
and aquatic invertebrates at or above 5,000 cfs
discharge levels from Glen Canyon Dam.

TROUT MO 2: In the Colorado River
downstream ot Glen Canyon Dam to the
confluence of the Paria river. sufficient
ecological conditions (such as habitat. food base
and temperature) should be maintained, which in
conjunction with management by Arizona Game
and Fish will produce a heaithy seif-sustaining
population of at least 100,000 Age I+ rainbow
trout that achieve 18 inches in length by Age 1l
with a mean annual relative weight (Wr) of at
least 0.90.

HBC MO 4: Maintain or enhance levels of
recruitment of HBC in the mainstem as indexed
by size frequency distributions and presence and
strength of vear-classes. (Forused at young-of-
year and juveniie tish, and should inciude a fish
health assessment.)

|
|
|
i

- SED IN 4.1 Define character and

SED IN 2.7 Quantify the extent and ‘
location of existing sandbars, beaches !
and backwaters along the Colorado
River corridor

structure of all beaches and backwaters
in svstem after 1996 test flows

REC IN 2.2 Evaluate impacts of
operating criteria on establishing and
maintaining adequate beaches and
distribution of other resources, quality,
character and structure.

REC IN 2.3 Develop methodology to
evaluate distribution. quantity and
quality changes in all campable
beaches through time

AFB IN 1.3 Determine the aquatic
food base species composition,
popuiation structure. density, and
distribution required to maintain
desired populations of native and non-
native fish in the Colorado River
ecosystem.

TROUT IN 2.4 Determine the
availability and quality ot spawning
substrates in the Glen Canyon reach,:
necessary to sustain the rainbow trout
fishery. ;

HBC IN 3/4.5 Determine the effects of
mainstem hydrology on the number of
nearshore rearing habitats,
environmentai conditions in these
habitats. and their successful utilization
by HBC. (RPM 1.C.iii)




CULT MO 1: Conserve in situ all the
downstream cultural resources and take into
account Native American cultural resource
concemns in the Colorado River ecosystem.

Jg HBC IN 3/4.8 Determine effects on

- physical habitat used by young fishes,
i food base, and direct etfect on larval,

i juvenile. and adult native and non-
native fishes of 1996 BHBF. Develop
methods to detect changes in numbers
of HBC or their habitat from 1996
BHBF. (1996 BHBF HBC RPM 3)

CULTIN 1.4 Preservation,
stabilization and/or documentation of
cultural resources as impacted by
sediment resources associated with
alternative operating criteria

CULT IN 1.5 Preservation,
stabilization of flood terraces holding
cultural resources

: CULT IN 1.6 Evaluate flood terrace
stability necessary to maintain cultural
resources and terraces at pre-dam
conditions

Long-term
Streamflow and
fine sediment
transport in the
main channel
Colorado, Paria
and Little
Colorado Rivers

ONGOING
WITH
REVISION
THROUGH
SOLE SOURCE
TO USGS
(WRD AZ
DISTRICT)

WATER MO 1: ...Operate GCD in a manner
fully consistent with the ROD and subject to the
“Law of the River”...

WATER MO 2: Maintain water quality at
levels appropriate to support physical, biotic,
and human resource needs of various
ecosystems downstream of Glen Canyon Dam as
mandated by the Grand Canyon Protection-Act
and incorporated into the Record of Decision.

SED MO 1: Maintain a long-term balance of

river-stored sand to support maintenance flow
(in years of low reservoir storage),
beach/habitat-building flow (in years of high
reservoir storage), and unscheduled flood flows.
Maintain system dynamics and disturbance by
annually (in years which Lake Powell water
storage is low) redistributing sand stored in the
river channel and eddies to areas inundated by
river flows between 20.000 cfs and maximum
power plant capacity.

WATER IN 1.1 Annually collect and
report GCD flow release information.

WATER IN 2.1 Characterize’
sandbar/backwater baselines and
character and structure in 1990/1991

WATER IN 2.2 Working with various
resource agencies and specialists. select
most appropriate tlow levelis/regimes
under the approved operating criteria
to determine baseline for comparisons
for all resources.

SED IN 1.2 Define minimal levels of
river stored sediments necessary to
maintain long term sandbar, backwater,
instream sediment deposits

SED IN 1.3 Develop procedures to
monitor and predict impacts of
alternative operating criteria (flow
regimes) on river stored sediment, and
impacts in seiect reaches

SED IN 1.4 Measure and model
sediment contributions from all
contributing sources, including
tributary and high terrace sources




SED MO 4: Maintain system dynamics and
disturbance by redistributing sand stored in the
river channel and eddies to areas inundated by
river flows up to 45.000 cts in as many years as
possible when BHBF hyarologic and resource
criteria are met

REC MO 4: Maintain flows (under approved
operating criteria) and habitat suitable for
quality cold water fishery opportunities in Glen
Canyon.

SED IN 1.5 Evaluate the

. geology/geomorphology within Glen
“anyon to: (1) determine historical
changes in size and extent of beaches.
sandbcrs and backwaters. (2) quantify
sediment (size class and quantity) input
from side channels, (3) understand bed
morphology dynamics, (4) evaluate
high terrace erosion and contribution to
river sediment.

SED IN 4.2 Develop methodologies to
define future flow regimes under
approved operating criteria to
maximize benetit to sediment and
backwater character and structure

SED IN 4.3 Develop an assessment of
dam operations under approved

" operating criteria impacts on range of
variation in sediment and other
resources within Colorado River

© ecosystem and the ass.ciated processes
that created these ranges

REC IN 4.1 Determine flow regimes
(under approved operating criteria)
necessary to maintain fish populations
of 100,000 adult Trout (age class II
plus)

Long-term
monitoring of
coarse-sediment
inputs. storage and
impacts to
physical habitats

NEW RFP IN
SPRING 2000

REC MO 1: Provide quality recreation

. experiences consistent with other resource

objectives.

SED MO 1: Maintain a long-term balance of
river-stored sand to support maintenance flow
(in years of low reservoir storage),
beach/habitat-building flow (in vears of high
reservoir storage), and unscheduled flood flows.
Maintain system dynamics and disturbance by
annuaily (in years which Lake Powell water
storage is low) redistr:buting sand stored in the
river channel and eddies to areas inundated by
river flows between 20.000 cfs and maximum
power plant capacity.

AFB MO 1: Maintain and enhance the aquatic
food base in the Colorado River ecosystem to
support desired populations of native and non-
native fish. Ata minimum, maintain
continuously inundated areas for Cladophora
and aquatic invertebrates at or above 5,000 cfs
discharge levels from Glen Canyon Dam.

REC IN 1.1 Determine criteria and
aspects that are important to or detrract
from recreational experience.

SED IN 1.4 Measure and model
sediment contributions from all
contributing sources. inciuding
tributary and high terrace sources

AFB IN 1.3 Determine the aquatic
food base species composition,
population structure. density, and
distribution required to maintain
desired populations of native and non-
native fish in the Colorado River
ecosystem.




TROUT MO 2: In the Colorado River
downstream ot Glen Canyon Dam to the
confluence of the Paria river, sufficient
ecological conditions (such as habitat, food base
and temperature) should be maintained. which in
conjunction with management by Arizona Game
and Fish wiil produce a healthy seif-sustaining
population of at least 100,000 Age [I+ rainbow
trout that achieve i8 inches in length by Age Il
with a mean annual relative weight (Wr) of at
least 0.90.

FMS MO 8: Achieve heaithy, self-sustaining
populations of flannelmouth sucker, bluehead
sucker, and speckled dace in the Colorado River
ecosystem, with special emphasis on
flannelmouth sucker in Glen Canyon based upon
the capability of the habitat to support those
fishes.

TERR MO 11: Protect. restore. and enhance
survival of native and special status species
(federal, tribal, and state designations). Ensure
that the required habitat for these species is
preserved.

VEG MO 16: Maintain, enhance or restore
vegetative communities made up of diverse
groups ot native riparian and upland species
with special emphasis on preservation of unique
plant communities and special status species at
different stages ot succession and at different
elevations above the water line.

TROUT IN 2.4 Determine the
availability and quality of spawning
substrates in the Glen Canyon reach.
necessary to sustain the rainbow trout
fishery.

FMS IN 8.4 Determine historic and
current ecosystem requirements
(habitat, spacing, food source,
interdependencies, etc.) of native fish
species.

TERRIN 114 I[dentify and
characterize riparian wildlife habitat
types along the river corridor

VEG IN 16.]1 Determine distribution
and abundance of native and non-native
riparian and upland vegetation,
including federal-, state- and tribal-
listed sensitive species, old high water
zone, new high water zone, and
nearshore marshes

Modeling reach-
averaged sandbar

| evolution in

response to
discharge and
sediment
conditions

NEW RFP FOR
SPRING 2000

SED MO 1: Maintain a long-term baiance of
river-stored sand to support maintenance tlow
(in years of low reservoir storage),
beach/habitat-building flow (in years of high
reservoir storage), and unscheduled flood flows.
Maintain system dynamics and disturbance by
annually (in years which Lake Powell water
storage is low) redistributing sand stored in the
river channel and eddies to areas inundated by
river flows between 20.000 cfs and maximum
power plant capacity.

i

. SED IN 1.3 Deveiop procedures to

SED IN 1.2 Define minimal levels of
river stored sediments necessary to
maintain long term sandbar. backwater.
instream sediment deposits

monitor and predict impacts of
alternative operating criteria (flow
regimes) on river stored sediment, and
impacts in select reaches

SED IN 1.5 Evaluate the geology/
geomorphology within Glen Canyon to:
(1) determine historical changes in size
and extent of beaches. sandbars and
backwaters, (2) quantify sediment (size
class and quantity) input from side
channels. (3) understand bed [
morphology dynamics, (4) evaluate |
high terrace erosion and contribution to
river sediment.




SED MO 2: As a minimum for each reach,
maintain the number and average size (area and
thickness) of sandbars and backwaters between
the stages associated with flows of 8.000 and
45,000 cfs that existed during the 1990/91
research tlows.

SED MO 4: Maintain system dynamics and
disturbance by redistributing sand stored in the
river channel and eddies to areas inundated by
river flows up to 45.000 cfs in as many vears as
possible wnen BHBF hydrologic and resource
criteria are met..

SED IN 2.4 Evaluation of flow regime
(under the approved operating criteria)
impacts on terrace and cultural
resources

SED IN 4.2 Develop methodologies to

define future flow regimes under

: approved operating criteria to

maximize benefit to sediment and
backwater character and structure

SED IN 4.3 Develop an assessment of
dam operations under approved
operating criteria impacts on range of
variation in sediment and other
resources within Colora.uo River
ecosystem and the associated processes
that created these ranges

Develc~ment of
one-di - :nsional
fine seaiment
routing model
along the main
channel

NEW RFP FOR
SPRING 2000

' SED MO I: Maintain a long-term balance of
' river-stored sand to support maintenance tlow

i (in vears of low reservoir storage), beach/

habitat-building tlow (in years of high reservoir
storage), and unscheduled flood flows. Maintain
system dynamics and disturbance by annually
(in vears which Lake Powell water storage is
low) redistributing sand stored in the river
channel and eddies to areas inundated by river
flows between 20.000 cfs and maximum power
plant capacity.

i
.
i
1

SED IN 1.2 Define minimai levels of
river stored sediments necessary to
maintain long term sandbar, backwater,
instream sediment deposits

SED IN 1.3 Develop procedures to
monitor and predict impacts of
alternative operating criteria (flow
regimes) on river stored sediment, and
impacts in select reaches

SED IN 1.5 Evaluate the
geology/geomorphology within Glen
Canyon to: (1) determine historical
changes in size and extent of beaches,
sandbars and backwaters, (2) quantify
sediment (size class and quantity) input
from side channels. (3) understand bed
morphology dynamics. (4) evaluate
high terrace erosion and contribution to
river sediment




Advance
conceptual
modeling of
coarse-grained
sediments related
to evolving
physical habitats
and aquatic
processes

ONGOING
WITH
REVISION
THROUGH
ECOMENTRIC
RESEARCH
(KORMAN
ET.AL.)

' SED MO I: Maintain a long-term balance of

river-stored sand to support maintenance flow
(in years of low reservoir storage),
beach/habitat-building flow (in years of high
reservoir storage), and unscheduled flood flows.
Maintain system dynamics and disturbance by
annually (in years which Lake Powell water
storage is low) redistributing sand stored in the
river channel and eddies to areas inundated by
river flows between 20,000 cfs and maximum
power plant capacity.

SED MO 4: Maintain system dynamics and
disturbance by redistributing sand stored in the
river channel and eddies to areas inundated by
river flows up to 45.000 cfs in as many vears as
possible when BHBF hydrologic and resource
criteria are met.

REC MO 2: Maintain flows (under approved
operating criteria) and sediment processes that
create an adequate quantity, distribution and
variety of beaches for camping, as long as such
flows are consistent with management of natural
recreation and cultural resource values (other
natural resource values).

SED IN 1.4 Measure and model
sediment contributions from all
contributing sources. including
tributary and high terrace sources.

SED IN 1.5 Evaluate the
geology/geomorphology within Glen
Canyon to: (1) determine historical
changes in size and extent of beaches.
sandbars and backwaters. (2) quantify
sediment (size class and quantity) input
from side channels, (3) understand bed
morphology dynamics, (4) evaluate
high terrace erosion and contribution to
river sediment.

SED IN 4.3 Develop an assessment of

| dam operations under approved

operating criteria impacts on range of
variation in sediment and other
resources within Colorado River
ecosystem and the associated processes
that created these ranges

REC IN 2.1 Determine adequate beach
quantity, quality, distribution, character
and structure for camping throughout
system.

REC IN 2.2 Evaluate impacts of
operating criteria on establishing and
maintaining adequate beaches and
distribution of other resources, quality,
character and structure.

Evaluating
ground-based and
airborne remote
sensing
technologies

GIS MO 1: Creation of GIS base coverages in
support of integrated monitoring etforts.

GIS IN 1.1 Develop a comprehensive
GIS base map for topography, geology
and soils for the Colorado River
ecosystem

IT/GIS
development

GIS MO 1: Creation of GIS base coverages in
support of integrated monitoring efforts

GIS IN 1.1 Develop a comprehensive
GIS base map for topography, geology
and soils for the Colorado River
ecosystem

(§9]
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