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Geomorphic Response to Decreased Sediment Load

It often happens that rivers and streams that are subject to anthropogenic influences experience reduction in
sediment load while the mean flow remains the same. For example, the presence of large dams in rivers
results in deposition of almost all the sediment flowing into the reservoir. This means that the sediment
load in the river or stream reaches immediately downstream of the dam is close to zero. An example of
sediment deposition in and upstream of a reservoir is shown in Figure 7. The large amount of sediment
that deposits in this reservoir leads to a significant reduction in sediment discharge in the reaches
immediately downstream of the dam. Such a decrease results in the clean water discharged from the dam
causing erosion and degradation of the downstream reaches of Cherry Creek.

The effects of creek erosion can result in a river or stream either degrading (i.e. becoming deeper) or
widening. In cases when the river or stream bed consists of erodible material, it will first become deeper
and eventually wider (i.e. in terms of the Rosgen Classification System, the river or stream will first change
into a G-Type stream, and then as the banks fail with time change into a F-Type stream. If the bed material
contains relatively coarse particles the maximum scour depth is often limited when an armor layer forms on
the bed.

Figure 8 illustrates the response of a river immediately downstream of a dam that has trapped the incoming
sediment load. In the case of the Blue River, shown in this figure, the bed material is robust and cannot be
readily scoured by the clean water discharged into it from Dillon Dam immediately upstream. The clean
water therefore attacks the river banks and erode these. The result is a wide, featureless river. The photo
on the right in Figure 8 shows the same river reach after restoration, representing conditions prior to
construction of Dillon Dam. The river is somewhat narrower and contains pools, glides and riffles.

Sediment deposition in the upstream
reaches of Cherry Creek Reservoir leads
to reduced sediment load in the creek
immediately downstream of the dam.

"E. L-a‘l:.'.\'; PN

Figure 7 Sediment deposition in Cherry Creek Reservoir, Denver prevents sediment from passing
through to the downstream creek and reduces sediment load downstream of the dam.



Figure 8 The Blue River, Colorado just downstream of Dillon Dam. The photo on the left shows
river degradation by widening and the photo on the left shows what the river might have looked like
prior to the construction of Dillon Dam. (The photo on the left is the same river, but in a restored
condition).

Figure 9 The North Platte River downstream of Lake McConaughy.

The North Platte River downstream of Lake McConaughy experiences reduction in both water flow and
sediment discharge. The sediment flowing into Lake McConaughy is deposited in the lake and does not
reach the downstream river. Additionally, water is diverted into an irrigation system just downstream of
the dam, further decreasing the water discharge as well. The geomorphic response of the river to these
changes is that it deepens, i.e. it degrades. The river banks in the reach shown in Figure 9 are about 10 ft
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high, and experience regular failure. Therefore, although the initial geomorphic response of the river to the
reduction in sediment load is deepening, it also widens with time due to the failure of river banks.

Geomorphic Response to Increased Sediment Load

The Lane Balance shown in Figure 2 indicates that a river or stream will aggrade if its sediment load
increases while the average flow remains unchanged. Such aggradation can be quite significant if the
increased load is sustained for long periods of time. Significant aggradation will result in a braided river,
which in itself is an unstable system. Figure 10 is an example of a river experiencing a significant,
sustained increase in sediment load without a concurrent increase in water discharge. This river
experienced a ten-fold increase in sediment load for an extended period of time, leading to aggradation that
resulted in about a 40-fold increase in channel width.

SENSITIVITY TO FLOW REGIME CHANGE

The interest of this conference largely lies with flow regime change specifically related to either increasing
or decreasing water discharge. It is therefore relevant to consider which kind of streams are more sensitive
to changes in water discharge. The channel types presented in Figure 1 respond differently to flow regime
change. Stream Types A and B are relatively stable, and is often able to accommodate increases in flow.
Stream Type C is of medium stability, and often responds to increased flow regimes by cutting off
meanders. When this happens severe degradation can follow. Stream Type DA is fairly stable under
normal conditions, but if flow increases significantly, it can experience some instability. Stream Type D is,
by nature, unstable. Increased or decreased flow will lead to additional instability of this stream type.
Stream Type E is the most sensitive to increases in water discharge, especially when the stream type forms
in silty clay substrates. Stream Types F and G represent the response to increased flow regimes,
characterized by severe degradation. Increases in water discharge can result in even further instability of
these two stream types.

REFERENCES

Lane, E.W. (1955). The importance of fluvial morphology in hydraulic engineering, ASCE, Proceedings,
81, paper 745: 1.-17.

Rosgen, D. (1996). Applied River Morphology, Media Companies, Minneapolis, Minnesota.
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Figure 10 Severe aggradation can occur in rivers experiencing significant, sustained increases in
sediment load while the water discharge remains unchanged.
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MIMICKING NATURE: THE RE-OPERATION OF NAVAJO DAM
Patrick J. Page, P.E.!
ABSTRACT

Navajo Dam, one of four initial units of the Colorado River Storage Project (CRSP) Act, has effectively
regulated the flow of the San Juan River to provide water for irrigation, municipal, and industrial uses, as
well as recreational, and fish and wildlife purposes since its completion in 1962. The project continues to
fulfill its principle function which is to allow Upper Basin States to utilize their compact apportionment
under the Colorado River Compact. But with every action, there is a reaction. In this case, native fish
populations and their habitat have been adversely affected or modified in part by the construction and
operation of Navajo Dam. However, over the last decade, criteria and associated patterns for releasing
water from the reservoir have been developed to accommodate endangered fish research and recovery
efforts. The re-operation of the dam is not only expected to benefit the environment; it will also allow
future water development to occur in compliance with applicable laws, compacts, and treaties.

INTRODUCTION

The Colorado River Storage Project (CRSP) Act authorized the Navajo Unit (Navajo Dam and Reservoir)
to regulate the flow of the San Juan River to make it possible for Upper Basin States to consistently use
their Upper Colorado River Basin Compact (Compact) apportionments. The components of the Compact
apportionment for New Mexico and Colorado supported by the Navajo Unit include the San Juan-Chama
Project, the Navajo Indian Irrigation Project (NIIP), portions of the Jicarilla Apache Nation water
settlement, and development of the Animas-La Plata Project as well as numerous smaller water uses, both
existing and proposed. The Navajo Unit provides benefits of river regulation, water supply, flood control,
recreation, fish and wildlife uses, and generation of hydroelectric power.

Historic Operation

After completion of the Navajo Unit in 1962, criteria governing releases of water from the dam focused
primarily on meeting irrigation and other water user demands, providing flood control, maintaining stable
flows in the river below the dam, and providing a recreational pool in Navajo Reservoir. Such operation
reduced the magnitude of peak spring flows and supplemented flows in other seasons (See Figure 1). This
type of operation has, in part, adversely affected native fish populations and their habitat. Other factors
contributing to the adverse impacts include the inundation of approximately 30 miles of the lower San Juan
River by Lake Powell, the introduction of non-native fish, the past removal of native fish to create a
recreational fishery, construction of diversion structures, and instream channel modifications.

Endangered Species Act Consultations

The catalyst for changing reservoir operation criteria came about from formal ESA consultations with the
U.S. Fish & Wildlife Service (Service) on proposed construction of the Animas-La Plata (A-LP) Project.
On May 7, 1990, the Service issued a draft biological opinion concluding that the A-LP Project would
jeopardize the continued existence of the Colorado pikeminnow, and no Reasonable and Prudent
Alternative (RPA) to avoid jeopardy was identified at the time. Subsequent hydrologic investigations
suggested that the flexibility which existed in the operation of Navajo Dam could help offset the negative
impacts of operating the A-LP Project. The Service’s final biological opinion on the A-LP Project
included a Reasonable and Prudent Alternative (RPA) calling for Reclamation to operate Navajo Dam to
mimic the natural hydrograph. Since specifics of how to mimic a natural hydrograph were not described
for the San Juan River, the RPA included a commitment from Reclamation and others to contribute
funding for approximately 7 years of research.

! Chief, Southern Water Management Group, Western Colorado Area Office, Bureau of Reclamation, 835
E. 2" Ave., Durango, CO 81301 ppage@uc.usbr.gov.
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Figure 1 — Effect of Navajo Reservoir Operation on San Juan River Flows

It was recognized in the A-LP Biological Opinion (BO) that while impacts associated with historical water
development use may be exacerbated by the continued development of the waters of the San Juan Basin, a
program was needed whereby all entities that have the potential or opportunity to protect the river
environment are involved. This led to the establishment of the SIRIP, a major cooperative effort among
entities interested in the goals of endangered fish recovery and in proceeding with water development in
the Basin. The SJRIP provides the basis for the recovery of the endangered fishes in the San Juan River.
Through the efforts of this program, current impacts will be reduced and recovery of the species will be
possible. Participation in the program includes federal and state agencies, Indian tribes, and special interest
groups.

DEVELOPMENT OF FLOW RECOMMENDATIONS

After requesting consultation under the ESA on the operation of Navajo Dam, Reclamation committed to
operate the dam in concert with ongoing necessary research to determine the hydrologic conditions
beneficial to endangered fish and to operate the dam in a manner most consistent with endangered fish
recovery for the life of the dam.> The Service concurred with Reclamation’s request that the consultation
process be initiated and the overall consultation period for the operation of the dam be extended while 7
years of research on the needs of the two listed endangered fishes in the San Juan River were conducted.?

2 Memorandum to the Service, July 30, 1991
® Memorandum to Reclamation, August 19, 1991
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Flow Recommendations

Under the direction of the SJIRIP, Navajo Reservoir test releases were conducted and evaluated from 1992-
1998. At the completion of this 7-year research period, the SIRIP completed the Flow Recommendations.
The Flow Recommendations define conditions for mimicking a natural, pre-dam hydrograph in terms of
magnitude, duration, and frequency of flows in the river through the designated critical habitat area (from
Farmington to Lake Powell). Such mimicry is designed to provide the river conditions believed to be
required to develop and maintain favorable habitat for the endangered fish and to also provide the
necessary hydrologic conditions for the various life stages of endangered and other native fishes.

Seasonal high flows create conditions for backwater formation; while low flows help maintain backwaters
which provide important nursery habitat. In addition, seasonal high flows clean cobble bars that are used
for Colorado pikeminnow spawning.*

For the high flow requirement, the Flow Recommendations call for releases of 5,000 cfs (the maximum
controlled release possible from the reservoir) for a specified duration depending upon the available water
supply (see Figure 2). Furthermore, these high releases shall be made to coincide with the historical peak
of the Animas River in order to maximize the benefits of high flows through the critical habitat. Releases
are to be ramped up and ramped down in a manner that also mimics the natural gain and loss of river flows
during spring runoff.

Flow Recommendations
Four Fish Release Hydrographs
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Figure 2 — Navajo Reservoir Spring Peak Release Hydrographs

* Holden, P.B. 1999. Flow recommendations for the San Juan River. San Juan River Basin Recovery
Implementation Program, U.S. Fish and Wildlife Service, Albuquerque, NM. 187 pp.

15



For the low, base flow requirement, the Flow Recommendations call for releases to be adjusted as
necessary to maintain a base flow of between 500 and 1,000 cfs in the critical habitat area.

To increase the availability of water necessary for recommended magnitude and duration of the high spring
flows along with the desire to maintain non-spring base flows in the 500 to 1,000 cfs range, releases as low
as 250 cfs from the reservoir are required.

IMPLEMENTATION OF FLOW RECOMMENDATIONS

Since 1999, Reclamation has operated Navajo Dam in an attempt to meet the Flow Recommendations by
making high spring peak releases when the Operations Decision Tree called for them, followed by low,
non-springtime flows through the critical habitat area. Reclamation was able to operate the dam in this
fashion with only minor variations in the historical range of releases due to the fact that full water
development in the San Juan River Basin has not yet been realized. To fully implement the Flow
Recommendations in the future however, Reclamation will be required to more commonly make releases
outside of the historical normal limits of the dam — specifically, releases as low as 250 cfs would need to be
made to conserve water behind the dam in order to ensure that there was sufficient water for the spring
peak release while still meeting the water supply demands in the basin. These minimum releases would
also help to maintain the target, non-spring base flow between 500 and 1,000 cfs through the critical
habitat area as specified in the Flow Recommendations. Since this minimum allowable release is outside
the historical, normal operational limits, Reclamation embarked on the development of an Environmental
Impact Statement (EIS) in 1999 to comply with the National Environmental Policy Act (NEPA).

Environmental Impact Statement
In 1999, Reclamation issued a Notice of Intent to prepare a draft EIS on the operation of Navajo Dam to
meet the flow recommendations for the endangered fish. The draft EIS contained an evaluation of seven
alternatives, most described in terms of release rates representing minimum and maximum limits. The
range of alternatives developed for the EIS was initially formulated and then evaluated using hydrologic
modeling and taking into account the following:
e Authorized purposes of the Navajo Unit
e Goals of the SIRIP
¢ Flow Recommendations for the San Juan River
e Public scoping meetings and informal public comments
e Coordination with cooperating agencies and interagency consultations
* Flood control procedures for Navajo Dam and Reservoir as established by the U.S. Army Corps
of Engineers
e Authorized and potential American Indian and non-Indian water uses
e Applicable water rights, laws, treaties, interstate compacts, court decrees, Indian trust
responsibilities, and various rules, regulations, policies, and directives

The draft EIS, released in September 2002, contained a preferred alternative that included minimum and
maximum releases from the reservoir of 250 cfs and 5,000 cfs, respectively.

CHALLENGES

The re-operation of Navajo Dam to meet the Flow Recommendations has not come without its set of
challenges. The delay in finalizing the EIS has limited Reclamation fully implementing the complete range
of operating criteria. Also, the re-operation, while beneficial to the endangered fish and their environment,
sometimes conflicts with traditional uses. These operational limits and use conflicts presented an even
greater challenge during the extremely dry years of 2002-2003.

Interim Operation
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Throughout the preparation and development of the EIS (which still has yet to be finalized), Reclamation
has been operating the dam in accordance with the Flow Recommendations, to the extent existing
operational limitations permit — namely minimum allowable releases of 500 cfs. During this time, the area
has experience some of the driest times in recorded history, and as a result, variations in operations were
necessary in order for Reclamation to be able to meet the reservoir’s historic (human demand) purposes
while not catastrophically impacting the environmental resources (namely the endangered fish) that the
SJRIP was charged with recovering. The drought conditions of 2000-2004 along with the operational
limitations that the EIS was addressing and the ever present competing/conflicting water uses in the basin
necessitated the need to develop a water sharing arrangement in order to avoid a chaotic, litigated quagmire
which could have led to severe shortages to uses and significant impacts to environmental resources.

Water Sharing Agreement

With a severely drawn down reservoir as a result of the unprecedented drought of 2002, and a less-than-
average snowpack forecast for the 2002-2003 winter, the San Juan River Basin faced a gloomy 2003 water
year. This uncertain future, and a request from the Navajo Nation, prompted Reclamation and the New
Mexico Interstate Stream Commission to convene a group representing the ten major water users along the
San Juan River in New Mexico to participate in the development of a plan for water use in 2003. Those
participating included:

e Jicarilla Apache Nation *

< Navajo Nation (Navajo Indian Irrigation Project*, and Hogback and Fruitland Irrigation Projects)

e City of Farmington

e Public Service Company of New Mexico — San Juan Generating Station*

e Arizona Public Service Company — Four Corners Power Plant

< BHP Billiton (BHP) (water right holders for the two power plants listed above)

e Hammond Conservancy District — Hammond Irrigation Project*

< Bloomfield Irrigation District — Citizens Ditch

e Farmers Mutual Ditch Company

e Jewett Valley Ditch
(Note: the (*) indicates those entities who are authorized users of Navajo Reservoir storage water. All
other users have direct-flow rights on the San Juan River below Navajo Dam.)

Also involved in the discussions were the U.S. Fish & Wildlife Service (Service), the Bureau of Indian
Affairs (BIA), and the San Juan River Basin Recovery Implementation Program (SJRIP). The uses
represented by the various participants symbolized the competing uses throughout the West that have been
battling over water issues the last few decades - irrigation, municipal, industrial, Tribal, and
environmental. Recreational interests, both in the reservoir and downstream of the dam, were not
represented in the discussions; however, those uses were considered in the development of the
recommendations.

After months of deliberating and negotiating, the group eventually agreed to a plan entitled
“Recommendations for San Juan River Operation and Administration that they submitted to both
Reclamation and the NMISC. The plan was endorsed by the Service and the SJRIP and incorporated by
Reclamation and the NMISC. The recommendations contained unique shortage allocation methods and
creative water marketing concepts.

Water sharing agreements were subsequently developed for the 2004 and 2005 water years. The
agreements resulted in a collaborative solution that avoided litigation among water users, minimized
shortages to users, and prevented catastrophic shortages to the endangered fish.

Environmental Compliance

From 1999 to 2002, Reclamation was able to meet the flow recommendations while still operating Navajo
Dam within the historical release limits (maximum release of 5,000 cfs; minimum release of 500 cfs).
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However, after the extreme dry year of 2002, and with the reservoir elevation reaching all time lows,
Reclamation was forced to step outside the historical operating range in an effort to conserve water in the
reservoir for both human and environmental needs.

Because the EIS was still not completed, Reclamation completed an Environmental Assessment (EA) that
identified a preferred alternative calling for releases as low as 250 cfs in the winter (non-irrigation) months
and developed another EA with a preferred alternative that called for releases as low as 350 cfs during the
summer months when irrigators were diverting water from the river. These “seasonal EA’s” have been
prepared each year since 2003.

Reclamation deemed these “seasonal EA’s” necessary in order to comply with NEPA and an agreement
between Reclamation and the San Juan Flyfishing Federation who had filed suit prior to Reclamation
initiating a winter low flow test designed to study the effects of 250 cfs release from Navajo Reservoir.
The two sides eventually agreed to a Stipulation and Settlement Agreement whereby releases could not be
reduced below 500 cfs permanently without first complying with the provisions of NEPA®. Because The
draft EIS concluded that impacts could occur to the trout fishery below the dam with releases of 250 cfs
during the irrigation season, a Finding of No Significant Impact (FONSI) could not be concluded with that
low of a release during the summer; hence the Summer EA included a preferred alternative with a
minimum allowable release of 350 cfs. (Note: A minimum allowable release of 250 cfs is still identified as
the preferred alternative in the EIS.)

AFFECTS

By restoring a more natural hydrograph to the San Juan River below Navajo Reservoir, the SIRIP Flow
Recommendations, and the associated re-operation of Navajo Dam are expected to provide better
conditions to protect natural biological variability and health®. However, resources that have adapted to
and/or thrived under the historical operational criteria are expected to experience long-term negative
impacts.

One of the primary resources to be impacted by the re-operation of the reservoir will be the trout fishery
below the dam, which has flourished since the construction of the dam. The combination of cold water
releases and stable flows provides near optimum habitat for trout and other coldwater fisheries. As such,
the State of New Mexico has designated the first 4.4 miles as Special Regulation Waters. Impact analyses
conducted for the EIS conclude that reducing minimum releases from 500 cfs to as low as 250 cfs would
result in long-term impacts related to changes to and reduction in physical habitat, fish health, water
quality, and trout food sources.

In recognition of these potential significant impacts to the trout fishery, Reclamation has acknowledged
that some operational flexibility in reservoir releases exists because water committed for present or future
development is not currently being used. This available water would be used to augment a 250 cfs
minimum release, making the minimum release somewhere between 350 cfs and 500 cfs, depending upon
water availability and hydrological conditions. Higher minimum releases would provide recreation,
hydropower, water quality, fish and wildlife, and other benefits. In the long term, as water development
continued operational flexibility would diminish. In drought years, flexibility may not exist at all.

FUTURE OUTLOOK

® San Juan Flyfishing Federation vs. United States of America, Bruce Babbitt, Secretary of Department of
the Interior, No. CIV 95-1476 JP

® Holden, P.B. 1999. Flow recommendations for the San Juan River. San Juan River Basin Recovery
Implementation Program, U.S. Fish and Wildlife Service, Albuquerque, NM. 187 pp.
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Recognizing that the recovery of the endangered fish in the San Juan Basin is not an exact science, the
SJRIP includes a process of “adaptive management,” where the effects of dam operations on endangered
fish and their habitat and downstream resources would be monitored and the results of that monitoring
would form the basis for possible future tests or modifications of dam operations and/or the Flow
Recommendations. Through this process there might be water identified in the system or operations that
could be available at different times or for different uses. This adaptive management is already considered
within the Flow Recommendations, in that they may be adjusted as new information is gained through
monitoring and research. Tri-annual Navajo Unit Operation meetings will also provide a forum for
adaptive management and an opportunity for the public and SJRIP stakeholders to learn about monitoring
results and to express their views about Reclamation’s operation plans for the Navajo Unit.

As mentioned above, since 1999, Reclamation has been “re-operating” Navajo Reservoir in an attempt to
meet the SIRIP Flow Recommendations. Full “re-operation” won’t occur until the EIS is completed and a
ROD is signed. At that time, releases as low as 250 cfs would be possible. Until future water development
occurs, and as hydrological conditions allow, minimum releases could be higher. While this operational
flexibility will delay potential impacts to resources (as a result of the lower-than-historical releases) from
Navajo Dam to the Animas River confluence, for the most part since 1999, the river and its related
resources downstream from Farmington, NM to Lake Powell have been, and will continue to be, subject to
an operational regime that better mimics natural, pre-dam hydrology.

The re-operation of Navajo Dam will allow the reservoir to do what it was built to do — allow the Upper
Basin states of Colorado and New Mexico to utilize their Upper Colorado River Basin apportionment —
though probably not exactly as it was envisioned almost 50 years ago. Still, by operating the reservoir to
meet the Flow Recommendations, water development can continue to proceed to meet future uses in
compliance with federal and state laws, interstate compacts, Supreme Court decrees, and federal trust
responsibilities to the Ute Mountain and Southern Ute Indian Tribes, and the Navajo and Jicarilla Apache
Nations. A variety of interested parties, including federal biologists, water developers, tribes,
environmentalists, water managers, and politicians will be watching closely to see if the re-operation does
what everyone hopes it will.
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RIPARIAN MITIGATION ASSOCIATED WITH THE ANIMAS-LAPLATA PROJECT
Michael Francis®
ABSTRACT

The construction of Ridges Basin Dam and associated project components of the Animas-La Plata (ALP)
Project, and the filling of Lake Nighthorse will result in the permanent loss of 134 acres of wetland/riparian
habitats as agreed upon by the U. S. Bureau of Reclamation (Reclamation) and the Environmental
Protection Agency in 1992. As stated in the 2000 ALP Project Final Supplemental Environmental Impact
Statement, Reclamation will protect, enhance, create or restore 1.5 acres of riparian habitat for each acre of
wetland/riparian habitat negatively affected in Ridges Basin and Basin Creek as a result of actions related
to the ALP Project. Reclamation has initiated the wetland/riparian mitigation and is employing a suite of
techniques to achieve mitigation success in a timely fashion (prior to filling Lake Nighthorse).

1 U.S. Bureau of Reclamation, Western Colorado Area Office, MSFrancis@uc.usbr.gov
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WATER RIGHTS IN COLORADO — IMPLICATIONS FOR RIPARIAN AREAS
Roy Smith*
ABSTRACT

Riparian stewards need to know the basic elements of the “prior appropriation” water rights system used in
Colorado if they are going to use the system to further riparian management goals. Water rights processes
can be used to stop or modify poorly planned water development projects, but water rights processes can’t
readily be used for restoration and rehabilitation purposes. Water rights actions that most frequently affect
riparian values are proposals to change water rights, to build diversions and dams on small stream systems,
and new municipal diversions. The State of Colorado Instream Flow Program can be used to protect flows
that support riparian areas. The author offers examples of how BLM has become involved in water rights
processes to promote riparian values for four streams on the Uncompahgre Plateau.

INTRODUCTION

Good morning. My name is Roy Smith and I’m the statewide water rights and instream flow coordinator
for the Bureau of Land Management in Colorado. I’ve been doing water rights and instream flow work
for almost 14 years, and it has evolved significantly over that time. 1’ve gone from a job where we
primarily focused on obtaining water rights to a job where we focus heavily on collaboration with other
stakeholders to protect water-dependent values, using water rights processes. During those 14 years, I’ve
encountered a lot of people who are interested in protecting water dependent values, and they have often
asked: What do | need to know about water rights in order to further my work?

My talk today is focused on that question from the riparian management perspective. | hope to answer
three questions for riparian stewards in the next 20 minutes: 1. What do riparian stewards need to know
about water rights? 2. Do water rights really make a difference in riparian management? 3. Should
riparian stewards get involved in water rights processes to further their goals?

What do riparian stewards need to know about water rights?

First, | want to make sure that everyone here knows what a water right is and how it works. In the most
basic form, a water right is formal permission and confirmation from the State of Colorado that you may
divert and use water. Divert is a key word because usually you must remove water from the water source
in order to obtain a water right.

To obtain a water right, you submit an application to the Colorado water court system, which has a water
court located in each of major watersheds of the state.  Those courts issue decrees, which contain all the
relevant information about your water right. In turn, those decrees are utilized by the Colorado Division
of Water Resources for administering the water rights. The Division has offices and staffs in all the major
basins of the state, and they are organized along geographic lines that are roughly similar to the water
courts.

In the water court decree, there are six primary elements of the water right: 1. Point of diversion — where
you want to take the water from the stream or other water source, such as a spring 2. Amount of use —
usually expressed in cubic feet per second 3. Type of use — uses recognized by the State of Colorado range
from irrigation use to industrial use, to fish and wildlife use. 4. Place of use — where you want to apply the
water, such as where your irrigated field or fish pond will be located 5. Season of use — this is usually
implied by the type of use. For example, irrigation rights can typical only be exercised during the growing
season, while municipal water rights can be exercised year-round. 6. Priority of use — when you get to
divert water, relative to everyone else who has water rights.

! Water Rights and Instream Flow Coordinator, BLM Colorado

21



Priority is a particularly important concept in the water rights world, because operation of the priority
system can result in a dry stream in some cases. Colorado operates on the “prior appropriation” doctrine,
which means whomever claims the water first in time has the highest priority for usage. The person who
has the most senior, or oldest, priority gets their entire water right supplied before the next priority gets any
water. This is a very different system than the “riparian” systems used by the wetter eastern states, where
every landowner along a stream system gets a proportional share of the water that flows by. 1In a
“riparian” allocation system, water shortages are shared among stream-side land owners. Colorado’s
“prior appropriation system has been operating since the mid-1800’s, and a result almost all the water in
the state is fully spoken for, or “fully appropriated.” There are a few exceptions to this in the Yampa
River and Gunnison River basins. As a rule, it is almost impossible to get a new water right in Colorado
that will receive water any significant length of time, unless it is in a remote location that is not directly
connected to a stream system. This has big consequences for riparian management, because it means that
water usage locations and patterns are pretty firmly established and aren’t easily or quickly changed.

At this point, you’re probably wondering: how does the water rights system take environmental issues into
account? The answer is that the traditional water rights system doesn’t consider environmental issues at
all. Itis a system that was established in the late 1800’s, before words such “riparian” were invented, and
before any state or federal level environmental laws were established.  Under Colorado water law, water
courts are instructed to examine only issues such as whether water is available, whether the proposed use is
feasible, how much water is needed to support the proposed use, and whether the new use would injure
water rights that have been established previously. The water courts also do not have jurisdiction to make
economic determinations. Proposed water uses that produce very marginal or even negative economic
returns are given equal consideration with water uses to support valuable agriculture and industries. The
result is that a lot of water is diverted in Colorado for very low economic returns. It is exactly in these
locations where well-heeled municipalities are looking to buy water rights for their future water supplies.
I would suggest that this is also a location to look for water rights that could be converted to instream uses.

Do water rights really make a difference in riparian management?

You might be concluding by now that from the water rights perspective, streams are just basically water
delivery pipelines, with no regard for what’s happening along those pipelines. That may be true from a
strictly legal perspective, but the people who manage water uses and stream systems do care about what’s
happening along the stream, and they can and do use the water rights system to their advantage.

When you start to think about how to use the water rights system to benefit riparian objectives, you need to
know what types of stream flows are needed by healthy riparian systems. First, riparian systems need a
consistent pattern of stream flows throughout the water year such as high snowmelt runoff flows, followed
by consistent base flows. But they also need variability of flows from day within those larger annual
patterns.  Those annual and daily variations create a range of conditions that are required by various
riparian species, which have variable tolerance to root saturation, oxygen deprivation, and moisture stress
during high temperature periods. Riparian systems also need consistent base flows, because these base
flows recharge and maintain the groundwater systems that supply water to roots of riparian species. And
finally, riparian systems need big, channel forming flows. These flows create new habitat for riparian
species, such as new sandbars, and they also create disturbed area that new plants and species can colonize.

Activities that are authorized by the water rights process can have both negative and positive effects on
flows regimes. Ditch diversions, as we well know, can completely dry up stream channels. They can also
reduce the peak flows that are necessary for creating new disturbances and forming new channels and
sandbars.  However, diversions can also create return flows, which means the water that comes back to
the stream system after the water usage is completed. For agricultural water rights, return can come back
to the stream fairly quickly, or they can come back to the streams months later in the form of groundwater.
This stored groundwater can be absolutely vital to maintaining the health of riparian system for streams
that experience very low flows in the late summer or fall.  The caution here is before condemning a
diversion for its negative effects on riparian, think about the big picture.
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Similarly, dams can have both positive and negative effects on riparian system. If a dam completely
eliminates natural peaks flows, takes a lot of water out of the stream system, and releases insufficient base
flows, the effects can be devastating. However, dams can be enormously helpful in stream systems that are
already highly altered by human activity. Dams can conserve a portion of the spring runoff and release it
to streams for maintenance of baseflow in situations where historic diversions would normally dry up the
stream entirely. The lesson here is to think twice before condemning new storage projects.

Finally, in Colorado, we have lots of water being moved from watershed to watershed, often associated
with municipal or Bureau of Reclamation water projects. The imported water can be detrimental to
riparian values if excessive quantities of it are introduced to stream channels not capable of handling the
additional flow. This results in downcutting, erosion, and a disconnect between the riparian roots and the
groundwater system when the imported flows are shut off. Or, the imported flows can be managed to
closely mimic the natural flow regime and to replace water that is diverted by municipalities, as is done on
Arkansas River. The lesson here is that the importation and exportation of water can be done in ways to
minimize both existing and future impacts.

After 14 years of being involved in hundreds of water rights cases, and looking at lots of impacted streams
on the ground, it has become clear to me that there are certain types of water rights activities that warrant
very close scrutiny. First, BLM manages lots of small streams that flow in the range of 0.5 to 10 cubic
feet per second. A single diversions, if it is too large or it is not managed correctly, can devastate these
systems.  BLM has many small streams where we have almost no riparian expression or fish below
diversions, but we also have systems where the water right holder has agreed to operate his diversion to
leave base flow in the stream. These arrangements are almost always cooperative arrangements, and they
don’t involve working through the water rights system.

Storage systems on small streams can also be devastating to riparian values. Under Colorado water law,
owners of reservoirs are often directed to store during the winter when water demand is lowest. They
completely shut their release valves, resulting in no flow downstream. This can result in drying out the
stored groundwater in the alluvium next to the channel, and the fishery is basically gone. Again, the
approach to addressing these problems for existing structures is via cooperative agreements, and typically
not through water rights processes.

Municipal and industrial diversions bear watching very closely, because with those diversions, the water is
typically 100% gone. The water is usually diverted out of the basin, so no return flows accrue. The water
is also typically diverted continuously and year-round, so base flows in the stream are typically
permanently downward. And finally, the cumulative impact of municipal diversions can be enormous.
Denver and Northern Colorado Water Conservancy District have both proposed new diversions from the
Fraser and Upper Colorado River systems. Grand County residents are pointing out that more than 50%
of the flow of those streams already goes over the hill to the Front Range. Often, an additional diversion
push hydrologic impacts to the point where the stream can no longer support a healthy riparian community.

The lesson here is that Denver and Northern already have the water rights they need to make these new
diversions, so the water rights process isn’t where riparian impacts will be addressed, it will be in other
venues. As with many new water diversions, riparian issues will be dealt with during federal, state, and
local permitting and planning processes. Issues such as mitigation requirements, cooperative
management, and restoration projects can be brought into these venues, but they can’t be brought into the
water rights process. The other lesson is that Northern and Denver both have enormous resources, in terms
of both money and infrastructure. There may be mitigation and creative solutions that can actually help
the riparian systems on the Fraser and the upper Colorado.

Should riparian stewards get involved in water rights processes to further their goals?

So far, I’ve emphasized that water rights processes can’t be used to address many riparian issues,
especially issues concerning restoration and rehabilitation. However, the water rights process can be used
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to stop really bad projects, it can be used to modify poorly planned projects, and it can be used to protect
existing flow regimes. The remainder of this talk focuses on how you can get involved in these processes.

The most basic requirement for entering water court processes is that you have something that could be
injured by a bad water court decision. This usually means that you own water rights or that you own land
needed for the proposed diversion to be built. Occasionally other parties enter water court cases simply to
make the applicant meet their “burden” of proof, but this can be expensive if you end up losing the case
and you are forced to pay the attorney fees of the other side. Another way into the process is through the
myriad of local water districts. These districts often enter into water court cases to protect the interests of
their constituencies. You can make your concerns known to the districts and their attorneys who represent
them, usually by attending board meetings.

There are certain critical issues that arise in water court again and again. They are not directly riparian
issues, but the long-term effects of these issues can impact riparian systems. First, some claims in water
court are speculative. Claims are filed by a land developer, real estate agent, or landowner with the hope
of obtaining a water right that will increase the sale price of their property. They usually have no intention
or plans for ever developing the right, they just want to have the “option” to increase their property value.
Unfortunately, most property buyers have no idea that an undeveloped, junior water right is worth very
little. Another major issue is claims for excessive amounts of water. It isn’t unusual at all for people to
claim enough water for irrigation of rice paddies, or water for irrigation of dozens of acres that can’t
feasibly be irrigated.

| examine applications for changes of water right very closely because the impacts can be enormous.
Often, a very senior water right located near the end of a stream system acts to pull water through that
system to the headgate, instead of being diverted by more junior water rights. If the application is to
change the point of diversion, this protection can evaporate. On the flip side, some very senior rights
dewater streams far up in the headwaters of the stream system in order to convey water by gravity to
agricultural fields.  Applications to move these diversions downstream to service new development,
utilizing pumps and wells to divert, can create enormous riparian benefits.

Unknown to many people outside of the water rights world is that there are thousands of “conditional”
water rights that have been decreed by the water court. The purpose of these rights is to hold a place in
the priority line while the owner goes about developing their water use. Many of these rights have been on
the books more than 50 years. Systems that have had a fairly stable flow regime can suddenly be changed
radically by the development of a conditional water right. That’s why it’s important to insure that the
ultimate development that goes into place is what the original conditional water right intended.

An issue that is paramount for both federal agencies and private landowners is access across lands for
construction of water developments. Under the current legal framework, federal and state lands cannot be
condemned by private water rights holders for the purpose of constructing water projects. However,
private water rights holders can condemn lands of other private landholders in order to construct water
facilities. In this case, a private landowner may have no choice but live with a water facility that
diminishes the flow and associated values of a stream that crosses their own private land. Landowners
who are subject to condemnation are the ones that I’ve seen making very strong arguments in water court
about speculation, waste, and feasibility. The federal agencies sometimes enter water court cases for the
express purpose of informing the court that the proposed water development has not received authorization
to cross federal land, and that current land use plans, regulations, and on-the-ground impacts would not
allow the federal agency to authorize the diversion. The lesson here it to analyze whose lands would be
needed to construct a new diversion, and to know the laws and regulations govern usage of those lands.

For stakeholders who are interested in stream health, one of the most important forums for involvement in
water rights processes is through the Colorado Water Conservation Board. Under state water law, the
CWCB is the only state agency that can appropriate and hold “instream flow” water rights, meaning water
rights to leave water in the stream to support environmental values. These water rights are junior water
rights, but they do preserve the status quo that exists on the date the water right is created. That’s important
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in an environment where so many applications for changes of water rights are being filed. Dan Merriman,
who directs the Instream Flow and Natural Lake Level Program, is following me as a speaker, so | won’t
give a lot of detail about the program.

However, | do want to emphasize what | see as several strengths of the state’s instream flow program.
First, any interested party, including, individuals, interest groups, local government, state agencies, and
federal agencies, can make recommendations to the CWCB for instream flow protection, so it’s a very
inclusive process. The instream flow rights are created in consultation with water users, so any problems
in administering the instream flow are identified up front and resolved before the water right is decreed.
Second, the CWCB acts to protect a specific amount of stream flow for the reaches where they appropriate
water rights based on scientific studies. No one has to guess or judge how much water is needed for the
environment. If new water rights junior to the instream flow cause stream flows to go below the protected
amount, the Division of Water Resources can be brought in to administer the stream to insure the protected
amount stays in the stream. Finally, the CWCB is also authorized to accept donations or leases of senior
rights for the purposes of improving the natural environment. This creates an enormous opportunity for
acquiring those water rights | mentioned that create negative or marginal economic return and dedicating
those rights to instream flow purposes. BLM has been an enthusiastic partner of the CWCB during the
last ten years — we have made more than 90 instream flow recommendations to the CWCB and we’ve also
leased water rights to the program.

I’m going to conclude this presentation with some short examples of how being involved in the water
rights arena has played out for BLM in terms of riparian management. Four watersheds on the east side of
Uncompahgre Plateau near Delta and Montrose provide great examples. These watersheds all have very
similar hydrology, but have very different things happening in the riparian zone. Some of the differences
are attributable to water rights, but some of the differences are attributable to a major land use factor for
BLM, which is current grazing and grazing history.

The first example is Spring Creek, which is a watershed that’s in very good condition. This creek has no
diversions until the creek reaches the floor of the Uncompahgre Valley. The grazing pattern along is creek
is rotational use by a small cattle herd that is moving over a large area of BLM and Forest Service lands
from June 1 through October 15. The riparian zone is considered to be in proper functioning condition.
BLM'’s action on this creek has been to recommend instream flow protection to the CWCB and to continue
the current grazing management.

The second example is Dry Creek, which is located in a watershed where most of the headwaters are
privately owned. One of the forks of the creek is heavily diverted during the irrigation season, but the
operator leaves behind base flows for the fishery and riparian. The other fork of the creek is not diverted.
The watershed is grazed by sheep during the winter, when the riparian community is dormant. ~ Since the
creek is able to maintain baseflows and grazing impacts are minimal, this creek is considered to be in
proper functioning condition.  BLM’s strategy on this creek has been to make an instream flow
recommendation to the CWCB, to encourage continued management of the existing diversion to leave
baseflows in the creek, and to continue the current grazing management.

Roudideau Creek is an entirely different story. This creek has only a few diversions very high in the
watershed, so the hydrology is largely intact. Because of the intact hydrology and the lack of barriers
between this creek and the Gunnison River, the fish love this creek. However, the canyon bottom was used
an historic livestock trailing route for a century. The riparian zone is not functioning, and we have a huge
weed problem. BLM strategy on this creek is to implement a riparian restoration plan with drastically
changed grazing patterns, and to recommend an instream flow water right to the CWCB.

Cottonwood Creek presents yet another combination of grazing and water rights factors. There are
multiple diversions in the middle of the watershed, but they aren’t such big diversions that the whole creek
is dried up during critical fish migration periods, so the fish pile into this creek. Historic grazing practices,
combined with low summer and fall flows, have left the riparian in a non-functioning condition. BLM'’s
strategy on this creek has been to limit grazing to small cattle herds for about 45 days each year during the
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winter. In addition, BLM has denied requests to build additional diversions that would further dewater the
creek. Finally — and you guessed it — BLM has made an instream flow recommendation to the CWCB.
BLM believes that we aren’t going to be able to rehabilitate the riparian condition on this creek without
protected flows, and that the fishery values alone justify protection of the flows.

BLM’s conclusion about riparian values and water rights is that you have to work within the water rights
system to achieve flows that support riparian values, even though that very system doesn’t explicitly
recognize riparian values. For BLM, this often means working with the CWCB, being careful about what
diversions we authorize on public lands, and initiating dialogue with private landowners. In areas that are
mostly private lands, an instream flow water right may not be appropriate, and the best approach may be
cooperative management with willing landowners and water rights holders completely outside of formal
water rights process. BLM has also concluded that solving hydrology and flow problems won’t solve all
of our riparian problems — for example, protected flows alone certainly won’t restore Roubideau Creek.
But we’ve also learned that when creek is dry creek at critical times, the best grazing management in the
world won’t recover the creek either. The job of each land manager is to figure out the right combination
of land management and water rights management to restore, maintain, and enhance the riparian
community.
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COLORADO’S INSTREAM FLOW PROGRAM—HOW IT WORKS
AND WHY IT’S GOOD FOR COLORADO

Dan Merriman®, Anne M. Janicki?

COLORADO’S INSTREAM FLOW PROGRAM

History

In the early 1970’s, the environment was at the forefront of the nation’s agenda and Colorado’s
focus was no different. Colorado mountain streams were being tapped to meet urban water needs, and
federal minimum bypass flow requirements at diversion structures were not protected from diversion past
the point of release. In 1973, the Colorado legislature recognized the need to “correlate the activities of
mankind with some reasonable preservation of the natural environment” and passed Senate Bill 97 creating
the State’s Instream Flow Program. This program, one of the first of its kind, vested the Colorado Water
Conservation Board (CWCB) with exclusive authority to protect streamflow through a reach of stream
rather than just at a point, and to protect levels in natural lakes.  Until this law was passed, all
appropriations of water in Colorado were required to divert water from its natural course in the stream. SB
97 removed the diversion requirement for the CWCB and allowed the Board to appropriate water
“instream”.

In Colorado, diversion and use of water is governed by the Prior Appropriation Doctrine, and to
be enforceable, water rights must be assigned priorities and decreed by the Water Court. Sometimes
referred to as “first in time, first in right”, the Doctrine awards priorities to water rights based on dates of
appropriation. Better priorities are assigned to early claims for water from a stream than to those rights
with later claims. With the exception of instream flow or natural lake level claims by the CWCB, all water
rights claimed in Colorado must demonstrate that water has been diverted, or otherwise captured,
possessed or controlled and applied to a beneficial use in order to be awarded a decree by the Water Court.
An instream flow or natural lake level water right is unique in the system. These rights are “in-channel” or
“in-lake” appropriations of water made exclusively by the CWCB for a specific lake or reach of stream for
the purpose of preserving the natural environment. Once decreed by the water court, these water rights are
assigned a priority, just as any other water right claim, and administered within the State’s water right
priority system.

Since 1973, Colorado has passed additional legislation to clarify and strengthen the program. In
addition to the authorities granted for new appropriations of water rights, the legislature clarified the
CWCB'’s authority to acquire existing, decreed senior water rights on a voluntary basis from willing
owners for instream flow uses. This authority allows the CWCB to improve the natural environment by
adding water to streams or restoring native flows.  Most recently, the legislature clarified the CWCB’s
authority to accept temporary loans or leases of water for instream flows or natural lakes.

Since 1973, Colorado has appropriated instream flow water rights covering over 8,500 miles of
stream and 486 natural lakes. This protection represents approximately 30% of the perennial stream miles
in the state. In addition, the CWCB has completed 21 water acquisition transactions, including acquisitions
to protect critical habitat for endangered species on the Yampa River, to improve the natural environment
of the Blue River downstream from Dillon Reservoir, and to restore native flows to a degraded stream
system near Silverton, Colorado.

! Chief, Stream and Lake Protection Section, Colorado Water Conservation Board
2 Sr. Water Resource Specialist, Stream and Lake Protection Section, Colorado Water Conservation Board
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Key Program Areas

Colorado’s Instream Flow Program is comprised of three key program areas — New
Appropriations, Water Acquisitions and Water Rights Protection. These key program areas represent
the CWCB’s “toolbox” for preserving or improving Colorado’s water-dependent natural environment.

New Appropriations

New appropriations are new, junior water rights claimed by the CWCB to preserve the natural
environment. New appropriations are considered by the CWCB each year and are filed annually with the
Water Court for adjudication.

Water Acquisitions

Under this program area, the CWCB can acquire “water, water rights or interests in water” to
preserve or improve the natural environment, and can acquire by a variety of contractual arrangements
including purchase, bequest, donation, devise, lease, exchange, or any other contractual arrangement.
Water acquisitions allow the CWCB to obtain water rights with a more senior priority date than the CWCB
could obtain with a new junior instream flow appropriation. As a result, the CWCB is able to obtain more
senior priorities for water to preserve or improve the natural environment.

Water acquisitions are considered by the CWCB on an “as-offered” basis. The CWCB cannot
acquire water rights by eminent domain, or force an individual to convey a water right to CWCB for
instream flow purposes. All water acquisitions are voluntary transactions proposed by a water right owner.

Water Rights Protection

Once decreed, it is important to monitor stream flows to ensure the instream flow water rights
obtained by CWCB are being fully met, and to protect those rights from potential injury that may result
from subsequent claims for water from the same stream system. The CWCB provides Physical Protection
for decreed instream flow rights by installing stream gages and monitoring stream flow on critical reaches
of stream, and seeking administration by placing “calls” for rights entitled to receive water. The CWCB
provides Legal Protection for instream flow or natural lake level water rights by reviewing other water
right applications for potential injury to its rights. If a potential injury is identified, the CWCB files a
Statement of Opposition with the Water Court, and seeks protective terms and conditions in that decree. If
the CWCB is unable to reach a stipulated settlement, the CWCB may pursue litigation.

Support Services

Administration of the Instream Flow Program requires technical and professional support from a
team of experts. CWCB staff provides engineering expertise to assist with water availability and
consumptive use analyses. These experts perform complex water resource engineering to support water
right applications and evaluate potential injury to instream flow and natural lake level water rights.
Additionally, CWCB engineers and scientists may provide expert testimony in the event water cases are
litigated.

The CWCB staff also relies on various technical tools to assess instream flow needs, and to
evaluate other water right applications. The Colorado Decision Support System houses a library of tools
including GIS maps, hydrologic, climatologic and water use data, water right databases, and predictive
models. These tools are developed and maintained by the CWCB and are essential to program
development and administration.

CWCB also relies on outside expertise to develop and protect instream flow water rights, with the
Colorado Division of Wildlife (CDOW) as an integral partner in this effort. The statutes require the
CWCB to determine that a natural environment exists in order to appropriate or acquire water for an
instream flow right. Additionally, the CWCB must determine the minimum amount of water required to
preserve the natural environment to a reasonable degree. CWCB relies upon CDOW scientists to provide
the biological information needed to make the statutory determinations.
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While mechanically treated plots exhibited less initial germination and emergence of the seeded species (Figures 1,
2), frequency and density ranging from 5-25% and 0.05-0.8 plants m™, respectively, indicate desirable emergence of
several of the key seeded species in light of the severe site environmental constraints. Precipitation received at the
site strongly reflected the southwestern regional drought status, with 7.69 inches (19.5 cm; 87% of MAP) and 5.89
inches (15.0 cm; 67% of MAP) received during the 2002-2003 initial establishment years, respectively. Of greater
importance, essentially all of the emerged species exhibited greater productivity (high growth rates, vigor, and
biomass production). Canopy heights ranged from 0.5-2.0 m, 0.3-1.5 m, and up to 45 cm for quailbush, fourwing
saltbush, and the two dominant grasses (slender wheatgrass, sideoats grama), respectively. Many of the plants were
already sexually reproductive after one growing season, particularly sideoats grama.

Essentially 100% of the species that emerged under standing saltcedar (herbicide treatment only) in 2002 are dead
and decomposed. In contrast, the dominant shrub species in mechanically treated plots have greatly increased in
frequency and density, doubled in canopy height and volume, and most are sexually reproductive. It is anticipated
that continued germination, emergence and establishment will occur in mechanically treated plots as seed dormancy
mechanisms are broken and seedling recruitment from established plants increases. Increased germination and
emergence for the dominant species may also be a function of the roller chopping treatments, which provide
depressions for increased moisture capture and retention, and salinity reduction in the depression bottoms, providing
microsites for enhanced seed germination.

Few differences were noted between mechanical treatments for saltcedar biomass reduction and seedbed preparation
(Figures 1, 2), particularly for the seeded grasses. Herbicidal defoliation of saltcedar prior to mechanical shredding
and mulching of the saltcedar, however, reduced frequency and density of the saltbushes (Figure 1), perhaps
suggesting potential adverse impacts on amount and/or characteristics (chip size, amount of fine stems, recalcitrance
of larger stems) of the resultant mulch material. While the data suggest that there are negligible differences between
mechanical treatments, all such treatments resulted in saltcedar mulch material uniformly covering the soil surface.
With apparent greater establishment of seeded species on mulched areas than in standing (herbicidally treated)
saltcedar, potentially positive aspects of in-situ, saltcedar-derived mulch cover are evident. These potential benefits
include weed suppression resulting from:

< minimized soil disturbance (in comparison with traditional root plowing and root raking).

e reduction of exposed bare soil.

e increased soil C:N ratios, providing establishment advantage to later seral (non-ruderal), perennial species.

e moisture conservation.

* moderation (buffering) of temperature and wind extremes.

< salinity remediation through reduction of evaporation and capillary rise of salts to the soil surface.

e microsite environment and protection for seedlings.

e cost savings (in comparison with traditional root plowing and root raking).

e younger (aboveground) stands of saltcedar (5 cm mean stem diameter or less) amenable to biomass
mulching by roller chopper alone.

Sideoats grama exhibited positive response to mycorrhizal inoculation (Figure 3), with frequency and density values
2.5-4.5 times greater than under no inoculation. This finding suggests that mycorrhizal colonization and association
with seeded native, mycorrhizal species can occur on highly saline / sodic sites characteristic of mature, monotypic
saltcedar infestations. Given the high salinity (mean EC, of 16 mmhos cm™) of the seeded soils, these findings also
suggest that reintroduction of mycorrhizal populations into saltcedar infestation sites is more dependent on co-
introduced presence of native host plant species than on soil salinity levels. This capability is critical in enabling
and accelerating establishment of desirable, mycorrhizae-dependent native species on these sites. This is
particularly important for more rapid establishment and spread of competitive, transitional (“eco-bridging”) native
species that help suppress encroachment of secondary invasive species following saltcedar control. The saltbushes
and slender wheatgrass exhibited no positive response to mycorrhizal inoculation, consistent with the literature and
the author’s experience that these species are only mildly- to non-mycorrhizal, and thus are not dependent on
mycorrhizal associations for initial establishment.
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While there were no differences in sideoats grama frequency between mycorrhizal inoculation methods (Figure 3),
sideoats grama density (abundance) was reduced under seed coating inoculum incorporation. This result may be
reflective of the seed coating process enclosing and binding mycorrhizal spore material more tightly to the
immediate floret or seed coat envelope, rather than being distributed more uniformly through the potential
rhizosphere of the germinating and growing plant. This latter state is considered more desirable than mycorrhizal
inoculum material being more tightly bound to the seed during early growth and establishment (St. John 2003).
Trends for inoculation efficacy will continue to be monitored in subsequent years.

There was poor correlation (r’<0.10) of dominant seeded species frequency or density with soil salinity / sodicity
across plots and treatments. At the San Marcial site, soil EC, ranges from 7-25 mmhos cm™. The majority of the
dominant seeded species that have emerged are highly saline tolerant (by design), and thus may minimize any
correlation to soil salinity because of their high tolerance levels.

SUMMARY

Formulation of revegetation strategies that provide site stabilization, resistance to further saltcedar and secondary
weed infestation, and acceptable habitat values for affected wildlife species becomes particularly problematic in
monotypic saltcedar stands under biological, fire and herbicidal (i.e., non-mechanical) control scenarios. Amount
and density of standing biomass (live and dead) remaining after control poses limitations in relation to seeding and
planting techniques, seed interception in aerial (broadcast) applications, and seedbed preparation methods.
Undisturbed soil surfaces impacted by saltcedar leaf litter accumulation, salinity, hummocky micro-relief, and
nutrient limitations restrict potential for successful revegetation. Long duration of saltcedar occupation may deplete
needed microbial communities, particularly arbuscular mycorrhizae symbiotic and host-specific to native
revegetation species.

Sixteen species of native shrubs, forbs and grasses were seeded following various experimental combinations of
simulated biocontrol treatment. Establishment results from the Socorro, New Mexico study site indicate promising
emergence, establishment and vigor of seeded quailbush, four-wing saltbush [Atriplex canescens (Pursh) Nutt.], and
slender wheatgrass [Elymus trachycaulus (Link) Gould ex Shinners], alkali sacaton [Sporobolus airoides (Torr.)
Torr.], sideoats grama [Bouteloua curtipendula (Michx.) Torr.], Anderson wolfberry (Lycium andersonii Gray) and
giant dropseed (Sporobolus giganteus Nash).

While few differences were noted between mechanical treatments for saltcedar biomass reduction and seedbed
preparation, these treatments resulted in saltcedar mulch material uniformly covering the soil surface. Positive
aspects of in-situ, saltcedar-derived mulch cover include weed suppression, moisture conservation, moderation
(buffering) of temperature and wind extremes, salinity remediation through reduction of evaporation and capillary
rise of salts to the soil surface, microsite environment and protection for seedlings, cost savings, and younger
(aboveground) stands of saltcedar following control that are amenable to biomass mulching by roller chopper alone.

Sideoats grama (a mycorrhizal “indicator” species) exhibited positive response to mycorrhizal inoculation,
suggesting that mycorrhizal colonization and association with seeded native species can occur on highly saline /
sodic sites characteristic of mature, monotypic saltcedar infestations. This finding also suggests that absence
(depletion) of desirable mycorrhizal populations in mature saltcedar stands is a function of native species
displacement and loss (native host-dependent) rather than a direct response to increasing soil salinity / sodicity.
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Table 1. Mixtures and seeding rates, San Marcial, NM saltcedar revegetation study.

PLS rate (seeds ft'z):l 20 PLS rate (seeds ft'z):l 20
Culivar Mixture PLS Mix PLS Mix Culivar Mixture PLS Mix PLS Mix
Scientific Name Common Name or Pre-Release Rate Drilled ! Broadcast ! |Scientific Name Common Name or Pre-Release Rate Drilled ! Broadcast !
(%) (Ib/ac) (Ib/ac) (%) (Ib/ac) (Ib/ac)
MIXTURE 1 - AGGRESSIVE MIXTURE 2 - MESIC
Bouteloua curtipendula Sideoats grama Niner 10.0 0.50 1.01 Bothriochloa barbinodis Cane bluestem Grant 15.0 0.21 0.42
Elymus elymoides Bottlebrush squirreltail 10.0 0.55 1.09 Elymus canadensis Canada wildrye 9.0 0.83 1.65
Elymus trachycaulus Slender wheatgrass Pryor 10.0 0.68 1.35 Elymus lanceolatus Streambank wheatgrass Sodar 5.0 0.32 0.64
Panicum virgatum Switchgrass Blackwell 15.0 0.43 0.87 Pascopyrum smithii Western wheatgrass Arriba 15.0 131 2.62
Pascopyrum smithii Western wheatgrass Arriba 10.0 0.87 174 Puccinellia airoides Nuttall's alkaligrass 5.0 0.02 0.04
Sporobolus giganteus Giant dropseed 5.0 0.03 0.06 Sporobolus airoides AlKali sacaton Salado 16.0 0.10 0.21
Sporobolus wrightii Giant sacaton 5.0 0.03 0.05
Plantago insularis Wooly plaintain 2.0 0.06 0.13 (Anemopsis californica Yerba mansa 5.0 0.04 0.08
Sphaeralcea coccinea Scarlet globemallow 3.0 0.06 0.13 Sphaeralcea coccinea Scarlet globemallow 5.0 0.10 0.21
Heliotropium curassavicum Quailplant; salt heliotrope 2.0 0.03 0.05
Atriplex canescens Fourwing saltbush 12.7 2.55 511 Baccharis glutinosa Seep willow 5.0 0.00 0.01
Forestiera neomexicana New Mexico olive Jemez 0.30 0.07 0.15 Lycium andersonii Anderson's wolfberry 6.0 0.11 0.21
Atriplex lentiformis Quailbush 10.0 0.21 0.42 Chilopsis linearis Desert willow 5.0 0.70 1.39
Shepherdia argentea Silver buffaloberry 5.0 1.16 232 Chrysothamnus nauseosus graveolen Rubber rabbitbrush 4.0 0.08 0.17
Sarcobatus vermiculatus Greasewood 5.0 0.20 0.41
TOTALS = 100.0 7.24 14.48 TOTALS =| 100.0 4.03 8.06
MIXTURE 3 - SANDY STANDARD MIXTURE
Achnatherum hymenoides Indian ricegrass Paloma 10.0 0.57 114 Bouteloua curtipendula Sideoats grama Niner 10.0 0.50 101
Elymus elymoides Bottlebrush squirreltail 10.0 0.55 1.09 Elymus trachycaulus Slender wheatgrass Pryor 11.0 0.74 1.49
Elymus lanceolatus lanceolatus Thickspike wheatgrass Critana 5.0 0.34 0.68 Panicum virgatum Switchgrass Blackwell 15.0 0.43 0.87
Eragrostis trichodes Sand lovegrass Bend 5.0 0.03 0.07 Pascopyrum smithii Western wheatgrass Arriba 10.0 0.87 1.74
Leptochloa dubia Green sprangletop 5.0 0.10 0.19 Sporobolus airoides AlKali sacaton Salado 15.0 0.12 0.23
Panicum virgatum Switchgrass Blackwell 15.0 0.43 0.87 Sporobolus giganteus Giant dropseed 5.0 0.03 0.05
Pleuraphis (Hilaria) mutica Tobosagrass 10.0 0.23 0.46
Schizachyrium scoparium Little bluestem Pastura 10.0 0.42 0.85
Sporobolus cryptandrus Sand dropseed 5.0 0.01 0.02
Oenothera deltoides Dune evening primrose 2.0 0.06 0.13 (Anemopsis californica Yerba mansa 2.0 0.02 0.03
Plantago insularis Wooly plaintain 5.0 0.16 0.32 Plantago insularis Wooly plaintain 2.0 0.06 0.13
Sphaeralcea coccinea Scarlet globemallow 5.0 0.10 0.21 Sphaeralcea coccinea Scarlet globemallow 2.0 0.04 0.08
Atriplex polycarpa Desert saltbush 3.0 0.04 0.08 Atriplex canescens Fourwing saltbush 12.0 241 4.83
Lycium torreyi / L. andersonii Torrey / Anderson's wolfberry 4.0 0.07 0.14 Baccharis glutinosa Seep willow 3.0 0.00 0.00
Ephedra viridis Green ephedra 4.0 2.06 412 Atriplex lentiformis Quailbrush 4.0 0.08 0.17
Ephedra nevadensis Nevada ephedra 2.0 1.03 2.06 Lycium andersonii Anderson's wolfberry 7.0 0.12 0.25
Chrysothamnus nauseosus graveolen Rubber rabbitbrush 20 0.04 0.08
TOTALS = 100.0 6.22 12.43 TOTALS = 100.0 548 10.96

! Seeding rates derived from desired number of PLS seeds ft? using mean of available literature values for number of seeds per pound (source: Hassell et al. 1996).
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Table 2. Mixtures and seeding rates, Cibola, AZ saltcedar revegetation study.

PLS rate (seeds ft'z):l 30
Culivar Mixture PLS Mix PLS Mix
Scientific Name Common Name or Pre-Release Rate Drilled ' Broadeast '
(%) (Ib/ac) (Ib/ac)
MIXTURE 1 - "MESIC"
Distichlis spicata Inland saltgrass 10.0 0.30 0.60
Pleuraphis (Hilaria) rigida Big galleta 5.0 0.22 0.45
Bouteloua rothrockii Rothrock grama 5.0 0.03 0.07
Sporobolus airoides AlKkali sacaton Salado 15.0 0.15 0.29
Camissonia brevipes Golden evening primrose 3.0 0.03 0.07
Cassia covesii Desert senna 3.0 0.43 0.86
Baileya multiradiata Desert marigold 4.0 0.06 0.12
Acacia gregii Catclaw acacia 5.0 31.36 62.73
Atriplex lentiformis Quailbush 20.0 0.63 1.25
Ambrosia dumosa White bursage 5.0 0.92 1.84
Chilopsis linearis Desert willow 5.0 1.05 2.09
Lycium andersonii Anderson wolfberry 5.0 0.13 0.26
Prosopis pubescens Tornillo; screwbean mesquite 10.0 11.62 23.23
TOTALS = 100.0 46.93 93.87
MIXTURE 2 - "ARID"
Bouteloua rothrockii Rothrock grama 5.0 0.03 0.07
Pleuraphis (Hilaria) rigida Big galleta 10.0 0.45 0.90
Pleuraphis (Hilaria) jamesii Galletagrass Viva 5.0 0.49 0.99
Sporobolus wrightii Giant sacaton 10.0 0.08 0.16
Baileya multiradiata Desert marigold 5.0 0.07 0.15
Haplopappus acradenius Alkali goldenbush 5.0 0.10 0.20
Sphaeralcea ambigua Desert globemallow 5.0 0.16 0.31
Atriplex canescens Fourwing saltbush 10.0 3.02 6.03
Atriplex polycarpa Desert (littleleaf) saltbush 5.0 0.10 0.20
Atriplex lentiformis Quailbush 20.0 0.63 1.25
Allenrolfia occidentalis Todinebush; pickleweed 5.0 0.02 0.03
Lycium exsertum Desert wolfberry 5.0 0.16 0.31
Prosopis glandulosa torreyana Honey mesquite 10.0 11.62 23.23
TOTALS = 100.0 16.92 33.83

1 -
Seeding rates derived from desired number of PLS seeds ft 2 using mean of available literature values for

number of seeds per pound (source: Hassell et al. 1996).
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ALTERED STREAM FLOWS ON THE FRASER RIVER
Kirk Klancke!

The Fraser River begins in the snowfields of the Continental Divide at 12,500 ft. of elevation and travels 29 miles to
confluence with the Upper Colorado River. Its watershed covers 302 sg. miles and its annual output is 98,350 ac.
ft./year.

The abundance of water and a healthy riparian habitat has always been the Fraser River’s heritage. In the 1950’s,
the Fraser Valley was known as the Western Whitehouse because President Dwight Eisenhower spent so much time
fly fishing in this abundant aquatic habitat.

Today 64,400 ac. ft. of the Fraser River is diverted out of its basin to drive the Front Range development of Denver
and its surrounding suburbs. Unlike in basin diversions, this dewatering of the River represents a 100%
consumptive loss to the watershed. It is the present impacts of the trans-basin diversion and the threat of future
diversions that landed the Fraser River No. 3 on American Rivers Endangered River List for 2005.

To understand why the Fraser River is on American Rivers Endangered River List for 2005, we need to fully
understand the effects of the dewatering of the West Slope to provide water to arid East Slope. Well over a hundred
years ago, mining and agricultural interests created the need for the legal appropriation of Colorado’s water.
Having the philosophical belief of that era that all natural resources were placed here to serve mans needs, all of the
water in Colorado’s Rivers was appropriated for beneficial use and no water was appropriated to keep the River and
its riparian environment alive. Today, this appropriation of water is predominately for municipal use and equates to
Front Range water diverters legally owning 95% of the Fraser River. Presently, with only 60% of the Fraser being
diverted for Front Range use, several alarming impacts have surfaced in this riparian habitat.

The most immediate visible impacts are in the stream bed. With over half of the flows missing from the River, its
ability to move sediment is impaired to the extent that what was once a rocky stream bed is now filled in with
traction sand from Berthoud Pass and sediment that migrates from the many acres of disturbed earth created by the
rampant ski town development. The inability of the River to move this sediment threatens both the fish life and the
micro-invertebrates that the fish feed on. The micro-invertebrates that live on and under the rocks are smothered in
this silty environment, leaving the fish with little food source and limited spawning beds. To further endanger the
fish habitat, the remaining 40% of the River is spread out over the original stream bed, making it run wide and
shallow. This new River is built more like a solar collector, which drives the water temperatures higher than a cold
water fishery can withstand. In 2004, the Colorado River Headwaters Chapter of Trout Unlimited conducted a
temperature monitoring program in the Fraser River Watershed, which found temperatures in the mid 70’s
(Fahrenheit). Trout prefer 55°F and are disease susceptible at 65°F. Weeds and algae on the other hand thrive at
the higher temperatures and contribute to the depletion of oxygen in the River. Low stream flows hamper the
natural scouring and cleansing of algae from the streambed rocks during runoff. Since the 2002 drought, blue-green
algae have noticeably invaded parts of the Fraser and Colorado Rivers, choking out many of the other food sources
for fish. The combination of warmer water temperatures, diversion-driven low stream flows, and concentrated
nutrients promotes excessive algae and weed growth, which ultimately results in an overall degradation of the
aquatic and riparian habitat. These cumulative impacts are additional complications to a fish population and stream
habitats that are all ready stressed.

The need to improve and repair the riparian zones along the Fraser River will not only help the struggling fish
population and habitat, but will increase the overall esthetic appeal of the River. With the River contained well
below the stream banks, the riparian areas along the Fraser River are also suffering. This prevents a further
complication to both the fish habitat and the esthetic appeal of the River.

With the River contained well below the stream banks, the riparian areas along the Fraser River are also suffering.
The high flows in spring, which used to overflow the River banks and fill the oxbows, are rarely seen anymore.
These flows are needed to sustain the wetlands plants, create the pools for boreal toad habitat and saturate the

! Friends of the Fraser River
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ground with water that will recharge the River during the winter low flow months. By natures design, the greatest
threat to the boreal toad is the desiccation (drying up) of their habitat before the tadpoles can mature. With the
dewatering of the riparian environment, this desiccation has increased to be the toad’s greatest threat. Future water
diversion projects already in progress are aimed at taking the peak flows that sustain the riparian environment and
later become the winter recharge water.

While it is simple to understand the threats, it is far more complicated to understand the solutions. Since almost all
of the negative impacts are related to stream flows, a minimum flow that will sustain the riparian environment must
be established and enforced. This would include a period of flushing flows during the spring runoff. To afford to
leave this water in the River, the Front Range will need to conserve water as if they lived in an arid environment and
develop the reuse water rights that they presently own, which equals more than their existing diversions from the
Fraser River and the new Moffat Firming project combined.

The Fraser River is not the only River threatened from dewatering caused by the trans-basin diversion to the Front
Range. Several headwater watersheds along the West Slope are feeling the same pressures. It is Colorado’s
responsibility to recognize the importance of these environments to our State and create riparian environment
management plans for each of these watersheds that will protect and sustain the River Valleys that have become the
hallmark of the State of Colorado.

“In the end we will conserve only what we love, we love only what we understand, we will understand only what
we are taught”. (Baba Droum)
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EFFECTS OF MODIFIED FLOW REGIMES ON THE DOLORES RIVER

Andrew Wilcox* and David M. Merritt®

ABSTRACT

A strong conceptual understanding of how natural flow regimes contribute to the health of river
ecosystems has developed in recent decades. Flow is recognized by riverine scientists as a “master variable”
controlling ecosystem function in lotic systems. Observed declines in the health of aquatic and riparian ecosystems
have stimulated interest in the study of flow management strategies that serve to restore and maintain desired
ecological conditions along rivers in concert with supplying water to meet human demands. This paper discusses
the impacts of altered flow regimes on the Dolores River downstream from McPhee Dam in southwestern Colorado,
with particular focus on changes in geomorphic processes and riparian ecosystems. This includes analysis of
changes in flow regimes, discussion of the effects of flow modification on geomorphic processes, and preliminary
discussion of development of flow management options to achieve specific goals regarding the condition of aquatic
and riparian habitat. This work was conducted as part of the Dolores River Dialogue (DRD), a multi-stakeholder
effort aimed at improving river conditions downstream from McPhee Dam while protecting or enhancing human
uses of the Dolores River, and is designed to provide information relevant to future management of the Dolores
River. A Core Science Team (CST) with expertise in riparian ecology, geomorphology, hydrology, and warm-
water and cold-water fisheries has been convened as one component of the DRD in order to evaluate management
options and river conditions.

It is clear from an examination of the hydrologic records that McPhee Dam has resulted in many
geomorphically and ecologically significant changes in flow regime since its construction in 1984. Annual peak
flows have been reduced along the Dolores downstream from McPhee by nearly 50%, the duration of high flows
has decreased by 60%, the average timing of the peak has advanced by 20 days on average, and low flow has
increased by from 150 to 600%. There have been a range of responses of the channel, floodplain processes, riparian
biota, and aquatic ecosystems to changes in flow regime.

The primary geomorphic changes associated with flow modification on the Dolores River have included
the following: changes in channel dimensions, including narrowing and reduced depth; growth of lateral and mid-
channel bars associated with reduced sediment mobility and encroachment of riparian vegetation; changes in the
size, embeddedness, and mobility of bed sediments; simplification of bed morphology; and reduced channel-
floodplain connectivity. The primary changes in riparian vegetation associated with flow modification on the
Dolores River have likely included the following: decreases in the extent of cottonwood forests, particularly along
wider, alluvial reaches; increases in the extent of sandbar willow and saltcedar (and many other species) that are
becoming established in the formerly active river channel, largely in response to reduced peak flow and increased
low flow; increase in water-loving species and the extent of fluvial marshes in the formerly active stream channel
due to increased baseflow and decreased interannual variability in baseflow; increases in upland species in the
riparian zone (terrestrialization), due to decreased high flows; declines in later-successional floodplain species that
require occasional flooding.

The DRD is using the information consolidated by the CST in considering a range of management
alternatives such as changes in flow release patterns from McPhee Dam, active habitat restoration work, and
infrastructural changes. The high snowpack in 2005 provided an opportunity for the CST to provide input to a
controlled flow release aimed at enhancing geomorphic and ecological conditions while providing for recreation
and water storage. Lessoned learned from this flow release (which exceeded expectations) and further fieldwork
will be used to refine flow recommendation and to provide alternate flow prescriptions for low, medium and high
snowpack years so that interannual variability can be incorporated into the management strategy.

! National Research Council Post-Doctoral Research Associate, U.S. Geological Survey Geomorphology and
Sediment Transport Laboratory, 4620 Technology Dr., Suite 400, Golden, CO 80403, 970-443-5208,
awilcox@cnr.colostate.edu

2 Riparian Plant Ecologist, Watershed, Fish and Wildlife, U.S. Forest Service, 2150 Centre Avenue, Bld. A, Suite
368, Fort Collins, CO 80526, dmmerritt@fs.fed.us

64



INTRODUCTION

Physical processes in rivers form the template for aquatic and riparian ecosystems. Physical processes
reflect a set of interactions between streamflow, sediment transport and channel morphology. River channel
morphology reflects a long-term balance between a river’s driving forces, including water discharge and channel
gradient, and its resisting forces, including the size of sediment in the bed and banks, the frequency of bedrock
exposures, bedform characteristics, riparian vegetation, channel curvature or sinuosity, and floodplain
characteristics. Changes to a river’s flow and/or sediment regimes, as may occur as a result of human uses of river
systems or climate change, can alter these driving or resisting forces and produce adjustments in channel form and
associated aquatic and riparian habitat. In particular, changes in river flows, sediment supply, or other controlling
variables can alter channel dimensions, flow velocities, bed gradients, bed and bank sediment sizes and mobility,
channel pattern (e.g., meander characteristics), and bedforms (e.g., distribution of pools and riffles) all of which
influence disturbance regimes, water availability to plants, geochemical processes, and the quality and distribution
of aquatic and riparian habitat.

Declines in the health of aquatic and riparian ecosystems have stimulated interest in physical-biological
linkages in rivers in recent years. For example, flow is recognized by riverine scientists as a “master variable”
controlling ecosystem function in lotic systems. The development of a strong conceptual understanding of how
natural flow regimes contribute to the health of river ecosystems has accelerated over the past decade (Poff et al.
1997, Bunn and Arthington 2002). Understanding of the importance of high-flow components of river flow
regimes is especially well-established. Peak flows are important for formation and maintenance of the shape and
form of the river channel (Wolman and Leopold, 1957; Wolman and Miller, 1960) and control the natural
disturbance regimes to which many aquatic and riparian species are adapted (Lytle and Poff 2004). The
characteristics of other flow components such as the duration of high flows, the timing and rate of change in flow,
and the magnitude of low flow provide conditions that are necessary for biotic processes during different times of
the year. Restoring components of natural flow regimes (i.e., mimicking elements of natural hydrographs) has
become a focus of many river restoration efforts.

McPhee Dam was completed in 1984 near the town of Dolores, Colorado, and impounds approximately
381,000 ac-ft (229,000 ac-ft of active storage) for irrigation, municipal and industrial water supply, hydroelectric
generation, recreation, fish and wildlife enhancement, and flood control (U.S. Bureau of Reclamation 2001).
McPhee Dam is a central component of the Dolores Project, which is operated and maintained by the Dolores Water
Conservancy District (DWCD). This paper discusses the impacts of altered flow regimes on the Dolores River
downstream from McPhee Dam, with a focus on changes in geomorphic processes and riparian ecosystems. This
includes analysis of changes in flow regimes, discussion of the effects of flow modification on geomorphic
processes, and preliminary discussion of development of flow management options to achieve specific goals
regarding the condition of aquatic and riparian habitat. This assessment is based primarily on previous reports,
supplemented by limited analysis of aerial photographs and field observations, and is designed to provide
information relevant to future management of the Dolores River. Further field investigations and historical analysis
are needed in order to develop a complete geomorphic and biological assessment of channel conditions and current
state relative to pre-dam conditions.

STUDY AREA

The Dolores River originates in southwestern Colorado’s San Juan Mountains and flows into the Colorado
River near Cisco, Utah. Hydrologic, geomorphic, and ecological processes in the Dolores River have historically
reflected a combination of both snowmelt-driven, montane hydrologic processes and arid, Colorado Plateau
processes because of the large elevation and climatic range in the Dolores River basin.

Because flows in the upper Dolores River basin are unregulated, this paper focuses on the portion of the
river downstream from McPhee Dam. The defining characteristic of the Dolores River downstream of McPhee Dam
is the series of steep-walled canyons, separated briefly by broad structural valleys, through which the river flows.
Within these canyons, the most notable of which Dolores and Slickrock Canyons, steep sandstone cliffs and slopes
with shallow soils and narrow valleys and floodplains flank the river (CO DNR et al., 1976; USDA, 1972). Many
segments of the canyon reaches of the Dolores River are likely bedrock-controlled, whereby bedrock exposures in
the channel bed and banks are common and only relatively thin veneers of sediment are present over the underlying
bedrock over a long-term time scale. The Dolores River’s canyon reaches are periodically interspersed with wider
valley reaches, including Big Gypsum and Paradox Valleys, where the river has lower gradients, wider floodplains,
and greater sinuosity. The only tributary that contributes substantial flows to the lower Dolores River is the San

65



Miguel River, which is relatively unregulated and greatly increases the flow of the Dolores River during certain
times of the year.

Vegetation along the Dolores River downstream from McPhee Dam is typical of streams transitional
between lower montane and Colorado Plateau desert environments. Woody riparian vegetation is characterized by
sandbar willow, river birch, box elder, hawthorne, skunkbrush, red-osier dogwood, wild privet, and (in less
confined reaches) narrowleaf and plains cottonwood and strapleaf willow. Herbaceous riparian vegetation includes
three-square, spikerush, horsetail, red top, wild rye, saltgrass, Canada wild-rye, meadow foxtail, common-reed and a
number of other forbs, grasses, sedges and rush species. Patterns of riparian vegetation correspond to changes in
valley form, varying between confined and unconfined river reaches. Cottonwood forests are more extensive along
wider, less confined reaches. Higher river terraces along some reaches include Ponderosa pine, Gambel oak, rabbit
brush, big sage, and a range of other relatively drought tolerant woody as well as herbaceous species. Upland
vegetation is dominated by Pinyon pine, western and Utah juniper, Gambel oak, sage, and saltbrush.

McPhee Dam was completed in 1984 near the town of Dolores, Colorado, and impounds approximately
381,000 ac-ft (229,000 ac-ft of active storage) for irrigation, municipal and industrial water supply, hydroelectric
generation, recreation, fish and wildlife enhancement, and flood control (U.S. Bureau of Reclamation 2001).
McPhee Dam is a central component of the Dolores Project, which is operated and maintained by the Dolores Water
Conservancy District (DWCD). Flow releases from McPhee Dam occur as either baseflow releases to maintain
minimum flows for downstream fisheries or as high-flow spill releases. In wet years when large spills are expected
(<100,000 ac-ft), spill management can occur to meet habitat, recreation, and other objectives, although once
McPhee Reservoir is full, downstream spill releases equal inflows to the reservoir, minus any direct flow diversions.
In drier years, spill releases typically only occur once the reservoir is full. Baseflow releases are drawn from a
fishery “pool” that is currently 29,300 ac-ft per year.

The Dolores River Dialogue (DRD) is a multi-stakeholder effort aimed at improving river conditions
downstream from McPhee Dam while protecting or enhancing human uses of the Dolores River. The DRD is
considering management alternatives such as changes in flow release patterns from McPhee Dam, habitat
restoration work, and infrastructure changes. A Core Science Team with expertise in riparian ecology,
geomorphology, hydrology, and warm-water and cold-water fisheries has been convened as one component of the
DRD in order to evaluate management options and river conditions.

FLOW REGIMES IN THE DOLORES RIVER

Flow diversions and runoff storage have substantially modified the magnitude, duration, frequency, and
rate of change of both high flows and baseflows in the Dolores River downstream of McPhee Dam. Before the
construction of McPhee Dam, flow diversions to fulfill water rights held by the Montezuma Valley Irrigation
Company (MVIC) reduced mean annual flows in the Dolores River and had an especially marked effect on low
flows. The MVIC diversions, which date to the late 1800s, occur downstream from the town of Dolores and
upstream of the current McPhee Dam site. These diversions removed the entire flow of the Dolores River from the
channel at certain times, resulting in a dry downstream channel during late summer and fall of certain years. In the
pre-dam period, the mean annual flow decreased from 763 cfs at Dolores to 465 cfs at Bedrock (94 miles
downstream from the dam) as a result of diversions (USDI BLM, 1990).

Construction of McPhee Dam in 1984 affected the flow regime of the Dolores River by altering the spring
peak flows and the magnitude and variability of the base flow. McPhee Dam reduced annual flows from 30% to
69% of natural flow (USDI BLM, 1990). Baseflow releases from the fishery pool typically range between 20 and
75 cfs, which is substantially lower than the unregulated lowflows recorded upstream from McPhee Dam at the
Dolores River at Dolores, CO gage. Construction of McPhee Dam has, however, increased baseflows compared to
those times during the pre-dam, post-MVIC period when all river flow was diverted.

McPhee Dam has substantially reduced geomorphically important peak flows. Between 1986 and 2005,
for example, the spring peak was essentially eliminated downstream from the dam in six years: 1990, 1996, 2001-
2004; in 2002 the absence of a spring peak was caused by extremely dry conditions rather than by McPhee Dam or
MVIC diversions (Figure and Figure ). Whereas under unregulated conditions, peak flow magnitudes and
durations would increase between the Dolores and Bedrock gages as drainage area increases, Figure illustrates that
in an average runoff year under post-dam conditions, both the magnitude and duration of the spring peak flow are
decreased between these gages as a result of diversions and storage. Correlation of the peak flows above and below
the dam show a distinct decrease in the peak flows below the dam (Figure ).
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Figure 1. Daily mean discharge from 1986 through 1994 at the Dolores gage above McPhee Dam and the
Bedrock gage, 94 miles downstream of the dam.
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Figure 2. Daily mean discharge from 1995 through 2004 at the Dolores gage above McPhee Dam and the
Bedrock gage, 94 miles downstream of the dam.
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Figure 3. Daily mean discharge for 1994 at the Dolores gage (upstream from McPhee Dam) and the Bedrock
gage, 94 miles downstream from the dam.
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(CDOW), 2005)

Flood frequency analysis of flow data from the Dolores gage above McPhee Dam, based on 92 years of
record, indicates that the discharge with a 1.5-year recurrence interval is 2,200 cfs (Figure ). Since construction of
McPhee Dam, the magnitude of the 1.5-year flow directly downstream from the dam has been reduced to less than
1,000 cfs (Figure ), less than half the 1.5-year flow upstream from the dam. Floods with a 1-2 year recurrence
interval are considered geomorphically important because such flows have been found to represent the bankfull
discharge (i.e., the flow that fills the available channel cross section) and/or the effective discharge (i.e., the flow
that carries the most sediment) in many rivers, particularly those in humid, temperate areas (Wolman and Leopold,
1957, Wolman and Miller, 1960). In river segments where the channel boundary is controlled by bedrock or other
highly resistant material, however, such as canyon reaches of the Dolores River, high-magnitude, low-frequency
floods (>>1-2 year recurrence interval) may represent the channel-forming discharge (Knighton, 1998).

An earlier analysis (USDI BLM, 1990) estimated that a flow of 2,000 cfs is required to mobilize median-
sized bed materials (D50) in the Dolores River between Bradfield Bridge and Bedrock, and that a flow of 7,000 cfs
is necessary to move large clasts. These results suggest that prior to construction of McPhee Dam, the median-size
bed material were mobilized by 1-2 year recurrence interval flows, and the larger bed material sizes were mobilized
by 5-10 year floods (USDI BLM, 1990). Under post-dam conditions, the frequency of sediment mobilization and
associated geomorphic work has been reduced.
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Changes in the flow regime resulting from the construction of McPhee Dam were evaluated by analysis of
USGS gage data using the Indicators of Hydrologic Alteration (IHA) software (Richter el al., 1996) and through
comparisons of pre and post 1984 flood frequency curves fitted to instantaneous peak flows. IHA evaluates
changes in flow regime by comparing pre-impact mean daily flows with post-impact mean daily flows. Results of
the analysis include 32 flow parameters that statistically characterize differences in flow regime between the pre-
impact and post-impact periods. The summary statistics can be used to understand changes in biologically and
geomorphically important hydrologic processes along the Dolores River as a result of McPhee Dam. Because of the
long history of diversions in the Dolores River, no data on natural flow regimes are available, and the “pre-impact”
period considered in this analysis in fact reflects the effects of MVIC diversions, although such diversions primarily
affected baseflows.

Of the 32 parameters summarized by the IHA software, the most geomorphically important are the
magnitude and duration of annual maximum flows and the frequency and duration of high pulses (high flows that
are less than the annual maxima). Pre- and post-dam periods were compared at the Dolores River at Bedrock gage,
which is 94 miles downstream from McPhee Dam and upstream of the San Miguel confluence. Annual maximum
flows at the Bedrock gage decreased by approximately 40%, with some variation depending on how the annual
maximum is calculated (e.g., 1-day maximum, 30-day maximum), and the duration of the high pulse decreased by
60% (Table 1). A similar analysis of data from the Dolores River at Cisco gage, which is near the confluence with
the Colorado River, indicated that dam-related impacts to high flows are dampened at Cisco as a result of inflows
from the San Miguel River.

Peak flow and the average monthly flow for the high flow months were all reduced considerably in
comparisons of the pre to post dam periods. The average instantaneous peak flow at Dolores River at Bedrock for
the period 1918-1983 (noncontinuous record) was 5,023 cfs and the post dam (1984-2004) annual average was
2,595 cfs (-48%). The maximum flow of record (9,280 cfs in 1973) during the pre dam period was nearly double the
average peak. The lowest instantaneous peak flow during the pre dam record at the Bedrock gage was 1,290 cfs (in
1981), whereas the lowest peak during the post dam period was an order of magnitude lower; 164 cfs.

Average instantaneous peak for the Dolores River near Cisco, UT gage for the pre dam period 1951-83
was 6,900 cfs and the post dam period (1984-2004) was 5,486 cfs. The maximum flow of record --17,400 cfs
recorded in 1958-- during the pre dam period was 2.5 times greater than the pre dam average peak. The lowest
instantaneous peak flow during the pre dam record at the Cisco, UT gage was 2,110 cfs (in 1981), whereas the
lowest peak during the post dam period was 1,260 cfs (in 1996). The snowmelt peak along the Dolores River for
the period of record typically occurs before the end of June and monsoon peaks may occur from July through
September. Average flow during the month of May decreased by 40% at Bedrock but stayed about the same
(+1.5%) near Cisco, UT. Average June flow in the Dolores decreased by 54% and 18% at Bedrock, CO and near
Cisco, UT, respectively. The 10 year recurrence interval flood has decreased from 9,040 cfs to 5,500 cfs (-39%) at
Bedrock, CO and from 13,500 cfs to 10,000 cfs (-26%) near Cisco, UT since McPhee reservoir operations began.
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Table 1. Selected Indicators of hydrologic Alteration Results for the Dolores River at Bedrock gage.

Magnitude Percent
difference change
Flow Attribute Mean value Mean value between pre between pre
for pre-dam for post-dam and post dam and post dam
period period period periods
April - mean monthly flow (cfs) 1215 867 -348 -29
May - mean monthly flow (cfs) 2136 1288 -848 -40
June - mean monthly flow (cfs) 1444 670 =774 -54
July - mean monthly flow (cfs) 265 137 -127 -48
1-day maximim (cfs) 3811 2296 -1514 -40
3-day maximum (cfs) 3541 2180 -1361 -38
7-day maximum (cfs) 3151 2016 -1135 -36
30-day maximum (cfs) 2390 1464 -926 -39
90-day maximum (cfs) 1667 981 -686 -41
High pulse duration (days) 18 7 -11 -60
Timing of peak (days) 138 159 21 11
1-day minumum 4 30 26 590
90-day minimum 20 51 31 156

POTENTIAL EFFECTS OF FLOW MODIFICATION ON CHANNEL MORPHOLOGY AND RIPARIAN
VEGETATION

Reductions in high flows below McPhee Dam have likely caused a suite of geomorphic changes in the
Dolores River downstream from the dam that have contributed to the observed shifts in biota. Although no
systematic comparison of historical versus current channel conditions has been completed, the likely changes in
channel morphology in the Dolores River due to flow modification can be inferred from geomorphic principles,
observations of current channel conditions, and studies of other river systems. Changes in the hydrologic regime of
a river can result in alteration of the morphology and planform of the river channel (Schumm, 1969). Generally, a
decrease in discharge alone results in decreased channel width, depth and meander wavelength accompanied by an
increase in channel slope. The time scale of these potential adjustments is variable, however. Bed material size and
channel dimensions can adjust most quickly, followed by adjustments in channel pattern. The longitudinal profile
or slope of the channel is the slowest to adjust. Adjustments in vegetation may be rapid in response to specific
changes in flow regime for some groups of short-lived or sensitive species. These changes may include shifts in
zonation of vegetation, loss or addition of some species, and reproductive bottlenecks than cause shifts in
reproductive strategy or alteration in age-class distribution of species. Response of other longer-lived and resilient
species may require from several decades to centuries to be fully realized. This is true for some relatively long-
lived woody species such as cottonwood for which regular recruitment for maintenance of healthy populations may
no longer occur, but adults are able to persist under sub-optimal conditions (i.e., cottonwood). Long term changes
in riparian vegetation may also include shifts in functional groups of species, changes in the richness of species,
changes in structural complexity, and shifts in the productivity of vegetation.

Key flow components affecting aquatic and riparian biota include the magnitude and duration of annual
maximum flows and the frequency and duration of high pulses, the timing of high flows and the synchrony of the
timing and rate of drawdown with the availability of propagules of colonizing species is also a biologically
important component of the hydrograph. High flows maintain biotic heterogeneity in riparian areas through
scouring and depositing sediment along channel margins, destroying patches of vegetation in some areas
(facilitating colonization), mediating floodplain development along unconfined reaches, rinsing salt from alluvial
deposits, mediating microbial processes and geochemical processing, and disfavoring terrestrial and/or highly
competitive species near the stream channel (Merritt & Cooper 2000; Ellis et al. 1998). One large flood can create
habitat that is maintained by smaller floods and serves as sites of plant colonization for decades (Baker 1988). The
texture of sediment deposited by floods influences water availability to plants as it governs the water holding
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capacity of the substrate. Removal or burial of plants or portions of plants results in open sites (regeneration sites)
for pioneer plants to colonize. High flows may also prevent encroachment of vegetation into the channel. Through
influencing the distribution and characteristics of sediment deposits in the channel and across the floodplain, fluvial
disturbance associated with high flows serves to create and maintain heterogeneity in riparian habitats which
contributes to the high species richness in riparian areas. Understanding the life-history attributes (requirements and
tolerances at different stages in growth) of riparian species can assist in predicting response of change in plant
community composition in response to changes in river processes and changes in channel morphology.

In 1990, BLM estimated the channel changes that would result from a 50% reduction in the magnitude of
the 1.5-year discharge (BLM, 1990), which is similar to the flow reduction that has occurred since dam closure.
This analysis projected that reductions of the 1.5-year flow of this magnitude would produce reductions in channel
dimensions, with 4% to 32% decreases in width and 17% to 33% decreases in depth, as well as velocity decreases
of 12% to 22%. Repeat surveys of cross sections measured as part of the BLM study, if such cross sections can be
relocated, would provide a means of testing how accurate the projections of channel changes in the BLM report
have been compared to actual changes. Even without such measurements, anecdotal evidence suggests that
reductions in channel width and depth and encroachment of vegtetation have occurred, especially between McPhee
Dam and Bradfield Bridge and in Big Gypsum Valley. Reductions in channel depth caused by discharge reductions
can be exacerbated where sediment loads are increased above background levels (Schumm, 1969). The shift
towards a shallower channel may therefore be greatest in the Dolores River downstream of Disappointment Creek,
which enters the mainstem at River mile 124 near Slickrock. Disappointment Creek contributes large sediment
volumes to the mainstem as a result of its perennial flow and the shallow, erodible soils and Mancos Shale in its
drainage area.

The decreased magnitude and duration of peak discharges combined with reduced channel width, depth
and velocity have facilitated establishment of vegetation on mid-channel bars and floodplain surfaces. Sandbar
willow and saltcedar (and many other species) have become established in the formerly active channel (USDI 1979;
Kriegshauser and Sommers 2004). Establishment of vegetation often serves to “lock” the channel into its simplified
or reduced form. High flows that do inundate vegetated areas often are not strong enough to remove the vegetation
and the ability of a particular flow to remove vegetation diminishes with time as stems and root systems become
well-established (Friedman and Auble 1999). Moreover, the established vegetation increases channel roughness,
thereby reducing the flow energy available to scour substrate and vegetation, promoting further sediment deposition
and bar growth. This positive feedback between decreased peak flows, channel reduction and vegetation
establishment has been demonstrated on other regulated rivers in the western U.S. (Johnson 1994, 1997; Richard
pers. comm.; Friedman and Auble 1999). Observations of the Dolores River in Big Gypsum Valley suggest that
similar processes have occurred along this reach. The measured reductions in peak flows have likely also led to
encroachment of upland/terrestrial species into the riparian zone — a process referred to as terrestrialization.

Reductions of peak flows below McPhee Dam have altered the ability of the river to mobilize and transport
the sediment introduced to the main channel by tributaries or from canyon walls, producing changes in bed sediment
characteristics. Data on bed-substrate sizes in the Dolores River are limited, but geomorphic principles and analysis
of flow data suggest that flow modification has likely produced an overall fining (reduction) of bed sediment sizes
and a decreased frequency of sediment mobilization. Historically, sediment entering the mainstem Dolores River
from tributary basins and/or from canyon walls would be mobilized and reworked with a frequency proportional to
the size of the sediment. For example, fine sediments delivered from tributaries to the mainstem would likely be
transported downstream at low to moderate discharges under unregulated conditions, but such sediments now are
deposited on the channel bed and result in siltation. Such siltation increases the embeddedness of bed materials, as
fine sediments infiltrate into the interstices of coarser bed materials such as gravels and cobbles. Coarser sediments
(e.g., gravel-size sediment) deposited in the mainstem from side canyons form tributary bars, and most of the rapids
in the Lower Dolores River are produced by such depositional features (USDI BLM, 1990). Whereas at least some
size fraction of these bar deposits would likely be mobilized on an annual basis by high flows under unregulated
conditions, these coarse materials are likely rarely transported under current conditions, potentially causing
steepening of rapids. This potential change in the stability of tributary bar deposits is analogous to the conditions in
the Colorado River in Grand Canyon associated with reductions in peak flows by Glen Canyon Dam. The
development of such deposits in the channel, serve as sites for the establishment of vegetation and coupled with
elevated low flows, may lead to the development of wetland plant communities near and in the channel.

Reductions in sediment transport capacity resulting from peak-flow reductions also may have reduced the
frequency of pool scour and the reworking of gravel deposits on riffles, resulting in an overall simplification of bed
morphology. Further, the reduced frequency with which the Dolores River attains discharges sufficient to overtop
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its banks suggests that channel-floodplain connectivity and flow-driven adjustment of floodplain processes has
declined. Several reports indicate that cottonwood forests are declining along the Dolores River, a pattern similar to
other regulated rivers in western North America (Rood and Mahoney 1990) and a pattern that is associated with
altered channel processes. According to one report, willow and cottonwood forests in wider, unconfined valleys
along the Dolores River were in a “near natural condition” in the late 1970s. There are only sparse stands of
cottonwood today, and saltcedar has become dominant along extensive reaches of the Dolores River. The
replacement of cottonwood forests by saltcedar stems from several interrelated factors: the generalist nature of
saltcedar, which enables it to do well under conditions that disfavor native species (high salinity, altered flows, etc.);
the decline of other woody species such as cottonwood, which creates space for saltcedar; and changes in floodplain
processes associated with modified flow and sediment regimes.

The magnitude of these changes has likely varied in reaches downstream of McPhee Dam, depending on
the background geomorphic condition of these reaches and on the availability of unregulated high flow inputs from
tributary basins. Because tributary flow inputs are limited between McPhee Dam and the San Miguel River
confluence, the effects of reduced high flows have likely been concentrated upstream of the San Miguel. The San
Miguel River is the largest tributary to the Dolores River and, because it is relatively unregulated, continues to
deliver periodic high flows to the lower Dolores River. The San Miguel River therefore likely dampens the effects
of McPhee Dam and limits the magnitude of changes in geomorphically important flows downstream of its
confluence with the Dolores, as illustrated by the IHA analysis discussed above. Geomorphic changes associated
with flow modification therefore have likely been smaller downstream of the San Miguel than upstream.

Factors including bed gradient, confinement, and tributary influences mediate the sensitivity of reaches
between McPhee Dam and the San Miguel to flow-induced geomorphic changes. Overall, lower-gradient,
unconfined reaches are those that are most susceptible to geomorphic changes such as fining of bed material,
channel narrowing, and channel simplification. In the Dolores River, such reaches include the reach from McPhee
Dam to the upstream end of Dolores Canyon (3-4 miles downstream of Bradfield Bridge) and portions of the river
flowing through Big Gypsum and Paradox Valleys. For example, in the reach from McPhee Dam to Bradfield
Bridge, geomorphic processes that support instream and riparian habitats, such as pool scour, bar formation, and
floodplain rejuvenation have been largely absent since dam construction, resulting in severely limited cover and
spawning habitat and in embedded substrate conditions (CDOW, 2003) as well as suppressed recruitment, higher
susceptibility to water stress, and mortality of cottonwood forests. In addition, reaches downstream of sediment-
producing tributaries, especially Disappointment Creek, have likely experienced flow-induced geomorphic changes
due to reductions in the mainstem river’s ability to rework and transport tributary sediment inputs.

In contrast, high-gradient, confined, and bedrock-controlled canyon reaches may be relatively less
susceptible to geomorphic changes. It is likely that even in these reaches, channel narrowing resulting from growth
of bars and vegetation encroachment, as well as fining of bed sediment, has occurred.

The effects of flow modification-induced changes in downstream sediment characteristics may have been
exacerbated by increases in sediment supply above natural levels as a result of agriculture and other land uses. A
1972 report suggested that overgrazing had depleted vegetation cover and increased soil erosion in many arid
rangeland areas in the lower Dolores River basin by that time (USDA, 1972).

The primary geomorphic changes associated with flow modification on the Dolores River have likely
included the following:

* changes in channel dimensions, including narrowing and reduced depth;

e growth of lateral and mid-channel bars associated with reduced sediment mobility and encroachment of
riparian vegetation;

* changes in the size, embeddedness, and mobility of bed sediments;
e simplification of bed morphology; and
* reduced channel-floodplain connectivity.

The primary changes in riparian vegetation associated with flow modification on the Dolores River have
likely included the following:

* Decreases in the extent of cottonwood forests, particularly along wider, alluvial reaches;

* |ncreases in the extent of sandbar willow and saltcedar (and many other species) that are becoming established
in the formerly active river channel, largely in response to reduced peak flow and increased low flow;
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* Increase in water-loving species in the formerly active stream channel due to increased baseflow and decreased
interannual variability in baseflow;

* Increases in upland species in the riparian zone (terrestrialization), due to decreased high flows;
* Declines in later-successional floodplain species that require occasional flooding (i.e., silverberry);
® A narrower riparian zone.

DEVELOPMENT OF FLOW MANAGEMENT OPTIONS FOR MCPHEE DAM

The Dolores River Dialogue, a multi-stakeholder group of water users, agencies, environmentalists, and
recreationalists, and other interested parties, is currently investigating options for managing flow releases from
McPhee Dam to improve downstream river conditions. Flow releases to the Dolores River downstream of McPhee
Dam are constrained by water rights, operational, and safety considerations. In certain years where snowpack and
water availability are sufficient, spill releases from McPhee Dam occur in spring and early summer. Management of
such releases can be an important tool for achieving riparian-aquatic habitat and geomorphic objectives, in addition
to providing flows for recreational boating.

Discussions among members of the Dolores River Dialogue Core Science Team (CST) were used to
develop guidelines for the magnitude, duration, rate of change, and timing of spill releases in 2005. These
guidelines, which are described below, represent one set of criteria that managers used, in conjunction with
operational and other goals, to plan for high-flow releases in 2005. These guidelines also represent a preliminary
step toward providing recommendations for flow management in future years. Because runoff to McPhee Reservoir
exceeded managers’ predictions, actual flow release patterns in 2005 differed from those suggested by the CST.

Flow-release recommendations for 2005 were designed to achieve the following objectives with respect to
aquatic habitat, geomorphology and riparian vegetation:

1) Scour fine sediment from pools and interstices of riffle substrate
2) Mobilize riffles in order to improve macroinvertebrate productivity and fish habitat
3) Deposit fine sediment on floodplain/overbank areas and point bars
4) Maintain channel dimensions; scour and bury recently established riparian vegetation
5) Promote the formation of newly opened sites suitable for recruitment of native species through scouring
and burial of patches of established vegetation
6) Promote recruitment of native species (i.e., cottonwood) through providing for seed dispersal to suitable
sites at the appropriate time, and the survival of seedlings
7) Promote heterogeneity in riparian habitat and in standing vegetation.
It is hypothesized that each of these objectives will require flows with increasingly larger magnitudes and longer
durations. Geomorphic objectives that are unlikely to be attainable within safety and operational constraints, such as
promotion of channel migration and scouring of overbank areas (including scour of well established riparian
vegetation), are not included here.

The geomorphic effectiveness of high flows is a function of their magnitude, frequency, and duration. For
example, the magnitude of high flows interacts with the existing channel and valley shape to determine the
maximum width, depth and velocity of the flow, including the extent of floodplain inundation. High-flow
magnitudes also determine the size of bed substrates that can be mobilized and whether bed sediments are
transported as bedload (i.e., rolling or bouncing along the channel bed) or as suspended load (i.e., suspended in the
water column). The frequency of high flows determines how often processes such as sediment transport, bank
erosion, and vegetation scouring occur. Flow frequency also relates to the temporal sequence of high-flow events
and the amount of intervening time in which channel adjustments associated with low flows, such as encroachment
of riparian vegetation or infiltration of fine sediment into the channel bed, can occur. High-flow duration influences
the total amount of sediment transport and other geomorphic work performed by the high flows and can, by
determining the extent of floodplain inundation, mediate effects on riparian vegetation. These high-flow
components, as well as the timing and rate of change of high flows, are also extremely important to aquatic
organisms (Poff et al., 1997).

Peak magnitude
A peak flow magnitude of 3,000 cfs was recommended for 2005. This figure was arrived at in part based

on an expected spill volume of approximately 100,000 ac-ft, which has a 2.5-year recurrence interval according to
data from the Dolores River Dialogue Hydrology Team. The magnitude of the 2.5-year flood at the Dolores River
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at Dolores gage is 3,080 cfs. This suggests that a peak flow of 3,000 cfs would roughly mimic the magnitude of the
unregulated peak flow with the same frequency as a 100,000 ac-ft spill. The actual magnitude of peak releases in
May 2005 reached approximately 4,200 cfs as a result of unexpectedly high snowmelt rates in the upper watershed
during the spill release period (Figure 7). Prior to McPhee Dam, 4,200 cfs would be considered a 2 year recurrence
interval flow; post dam this is a 5 year recurrence interval flow.

Computations in the BLM (1990) report, based on the Andrews (1983) dimensionless shear stress
approach, indicated that a discharge of 2,500 cfs would be needed to mobilize the median grain size (D50) of bed
sediments for a site below Disappointment Creek, and a flow of 5,600 cfs would be needed to move larger bed
sediments (D84). Infiltration of fine sediments into the interstices of gravel and cobble substrates downstream of
Disappointment Creek has been substantial in recent years, however, and such infiltration can reduce the overall
mobility of the coarser bed sediments. Moreover, coarser sediments with a higher threshold for mobilization are
present in the Dolores River upstream of Disappointment Creek. In addition, the absence of peak flows between
1999 and 2005 had likely increased imbrication of substrate materials and allowed establishment of young riparian
vegetation along channel margins. These factors suggest that a peak discharge of 3,000 cfs would maximize the
likelihood of achieving objectives 2, 4, 5 and 7, within operational constraints and compared to lower peak
magnitudes).

Hydraulic analysis of the Dolores River in Big Gypsum Valley using HEC-RAS river modeling software
suggested that flows of at least 2,000 cfs are necessary to inundate the floodplains in this reach of river (Richard and
Anderson, Preliminary Results). HEC-RAS model results were combined with a digital elevation model of the
channel and adjacent topography to show areas inundated at different flow rates. Although further calibration and
validation of the model are necessary to further refine inundation estimates, this type of analysis provides a useful
tool for evaluating the potential effects of various peak-flow management alternatives.

Duration and Rate of Change

The duration of peak flows and drawdown rates following peak flows can substantially influence the
response of riparian vegetation and other ecosystem processes to high flows. Scientific knowledge of the effect of
flow duration on geomorphic and ecological processes is limited. A drawdown rate of approximately 1 inch/day of
river stage following peak flow has been found to be optimal for cottonwood seedling survival in coarse textured
substrates (Mahoney and Rood 1998). Hydraulic geometry relations, which illustrate how width, depth, and
velocity change with discharge, developed in BLM (1990) for several locations on the Dolores River indicate that
reducing discharges by approximately 100 cfs/day would result in stage reductions of approximately 1 inch/day,
thereby increasing the potential for achievement of objectives 6 and 7. Further modeling and field study could be
used to develop more detailed estimates of appropriate drawdown rates.

Timin

High-flow releases that approximate the timing of natural, unregulated peak flows are likely to benefit
native species, because the life cycles of many riparian and aquatic species occur in synchrony with peak flow and
the availability of habitat exposed following the peak. For example, cottonwood trees release their short-lived seeds
over a short period of time following peak flow. Peaking flow after the period of seed release results in high
mortality of any seedlings that did establish, and favors tamarisk, which releases seeds later in the season and over a
longer period of time.

The historic date of the annual peak is May 21 at the Dolores River at Dolores gage. Therefore, peak flow
releases from McPhee Dam that occur within a week or two of May 21, thereby approximating the average historic
timing of peak flows, may be most likely to restore or maintain natural ecological processes. This timing goal was
achieved in 2005; the annual peak flow release from McPhee Dam occurred on May 26.
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Proposed Release Schedule Aprill -- June 30
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Figure 7. Proposed operating schedule for 2005 following from input from stakeholders and the Dolores
River Dialogue Core Science Team (graph courtesy of Dolores Water Conservancy District).

CONCLUSION

Much of the information provided here about geomorphic conditions in the Dolores River and about
potential human effects on those conditions is based on previous reports and other remote methods. Field data are
needed to provide a more accurate assessment of current geomorphic conditions and to evaluate the geomorphic
effects of management actions such as flow releases from McPhee Dam. Currently, data on geomorphic conditions
in canyon reaches of the Dolores River are especially sparse because of the inaccessibility of many of these reaches.
Collection of field data on cross-section geometry, longitudinal profiles, bed substrate size, and mobility of tracer
rocks would increase understanding of physical processes in the Dolores River, would facilitate monitoring and
adaptive management efforts, and would provide a basis for developing scientifically based estimates of the
discharge magnitudes required to mobilize sediment of various size fractions and perform other geomorphic and
habitat restoration work.

The analysis presented here was developed to contribute to future discussion of approaches to improving
ecological conditions in the Dolores River downstream of McPhee Dam. Our analysis suggests that management of
high flows, subject to legal, operational and safety constraints, has the greatest potential for maintaining or restoring
geomorphic processes and the habitats and biotic communities shaped by these processes. The Core Science Team
is working with the Dolores River Dialogue to determine the magnitude, frequency, duration, rate of change, and
timing of flows needed to maintain pool scour, rework coarse sediment, flush fine sediments, limit vegetation
encroachment and growth of bars, and perform other ecologically important geomorphic work.
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