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I INTRODUCTION

The Grand Valley Irrigation Company (GVIC) diversion structure is the most downstream of three low
head structures on the Upper Colorado River which preclude the passage of endangered Colorado River fish
into historic habitat further upstream. The other two structures are the Price/Stubb and the Government
Highline Diversion Dam. Whereas, the GVIC diversion is only a barrier to passage at low and moderate flows,
the other two diversion structures prevent passage at all flow conditions. As part of the Recovery
Implementation Program for Endangered Colorado River fish species, a program is proposed to re-establish
endangered fish passage above this reach which starts approximately 15 miles upstream of the Gunnison
River confluence. A similar program is underway on the Gunnison River where a fish passage structure at
the Redlands Diversion Dam was completed in the spring of 1996.

This document presents alternatives to establish fish passage at the GVvIC diversi’on. Its purpose is
to provide key project participants with an opportunity to provide input to the GVIC fish passage structure
design process. The objectives of this document aré to present an overall view of potential solutions to
endangered fish passage at the GVIC structure and stimulate input from the various participants for the
selection of an alternative. By distributing this report at this stage, interested parties have an opportunity to
respond to the presented alternatives and address key issues such as: the compatibility of the alternatives
with Orchard Mesa Irrigation District (OMID) and GVIC operations, biological factors that may make one
alternate preferable to another, ideas for modifications to a proposed alternative, and evaluation of the pros
and cons of each alternate from the perspective of the various project participants. The analysis of these
issues will lead to a selection of one of the presented élternatives.

The overall objective of the work being conducted by FLO Engineering, Inc. under contract to the
United States Bureau of Reclamation is to evaluate alternatives to modify the GVIC diversion dam to allow
for passage of Colorado River fish species. The final product of the work effort will include the conceptual
design of the selected alternative; development of basic design information to support the final design process,
including hydraulics, hydrology, and mapping; and, recommendations to assist in the development of the final
design. The final design and permitting phase are scheduled for completion by May 1997 with intent of

awarding a construction contract by August 1997.



I SITE DESCRIPTION AND BACKGROUND

The GVIC diversion is located on the Colorado River 15 miles upstream of the confluence with the
Gunnison River near the City of Palisade (See Figure 2.1). The GVIC diversion dam is a barrier to
endangered fish passage because of the 3 to 4 feet of head differential it creates at low to moderate flow
conditions. This difference in upstream and downstream water surface elevations functions to divert water
into the GVIC canal. As flows become high, the head difference across the dam decreases and the structure
no longer creates a barrier to fish passage.

2.1 History

The GVIC system is the oldest major irrigation project in the Grand Valley. It initially went into
operation in 1883. The original headgates were destroyed by a flood in 1898 and replaced in 1901 by the
current structure. The original wooden cribbing diversion structure was modified over a’ three year period '
around 1980 to incorporate a concrete cutoff wall and an additional concrete cap across its crest.

The system provides water to approximately 30,000 acres through 100 miles of canals. The primary
canals in the system include the Grand Valley Canal, Grand Valley Mainline Canal, Independent Ranchman's
Ditch, Grand Valley Highline Canal, and the Keifer Extension Ditch. To supply the system, GVIC owns 640
cfs of irrigation water rights which are comprised of 520 cfs with a 1882 priority date and 120 cfs with a 1914
priority date.

22 Physical Layout of Diversion Facility

The features of the GVIC diversion facility are shown in Figure 2.2. The main features include the
canal headgates, the diversion dam, and the floodgates. The headgates and floodgates are located along
the right bank (west side) of the Colorado River. The diversion dam gradually spans the Colorado River over
a length of 1,300 feet as it starts at its downstream end by the floodgates to its upstream end along the left
bank.

In addition to the GVIC facilities, OMID has facilities at the project site that directly impact the
operation of the GVIC facilities and must be considered in the development of alternatives to provide
endangered fish passage. The OMID facilities include a power plant, pumping plant, return canal, check

bypass canal, overflow chute, and control structures for the return and bypass canals.
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2.3 Operation

“During all but very low flow periods, the operation of the Grand Valley Irrigation Company diversion
is typical of most run-of-the-river gravity diversion systems. The combination of the floodgates and the
diversion dam are used to raise the level of the Colorado River to create sufficient head to divert 640 cfs
through the GVIC headgates. Generally, diversions are at or near the 640 cfs level throughout the irrigation
season which generally runs from April 1 through October 31. During the early portion of April, as well as,
September and October, diversions may drop below 640 cfs as demand is less. However, due to physical
constraints of the system, at least 580 cfs are needed to provide sufficient head in the main canal to fully serve
users on the Grand Valley Highline canal.

Flow in the canal is measured at a weir section approximately 500 feet downstrgam of the headgates.
A continuous recorder and satellite uplink to the State Engineers office is located approximately 20 feet
upstream of the weir section. When the canal flow is 640 cfs, the staff gage at the recorder house reads 4.10.
This corresponds to an elevation of 4679.61. Two electrical switches, which are attached to a rod on a float
in the recording house, activate an alarrﬁ whenever the stage in the canal is 0.2' above or below the 4.10
reading. These switches are also connected to a readout at the headgate with red and green lights. Based
on the color of the lights, the dam tender knows whether to raise or lower the headgates.

The flow into the canal is controlled by six 5.4' wide sliding headgates which are driven by electric
motors. For optimum operation of the canal and downstream facilities, the system works best when there are
several feet of head on the slide gates and the gates are operating in an orifice condition with the gates
partially closed. This condition is satisfied when the water leve! is kept at or above the diversion dam crest.
With the gates operating in this condition, fluctuations in the river level do not cause a significant increase or
decrease in the canal level. In contrast with the gates operating fully open, changes in the river level result
in significant changes in the canal discharge. This change can be accentuated throughout the system as
downstream operators adjust their gates to the changes in the canal level and possibly over compensate.
This is particularly true when the change is due to a spike caused by tributary inflows during the thunderstorm

season.

Based on a survey of water marks at the upstream side of the headgates and conversations with the



GVIC superintendent at the diversion, the typical range at which the water level is kept at the upstream side
of the headgates is between 4681.0 and 4682.5. The lower elevation corresponds to the crest of the dam and
the top of the floodgates when fully closed. The 4682.5 elevation occurs when the flow in the Colorado River
is on the order of 15,000 cfs. The lower fimit of 4681.0 can be controlled by GVIC by closing the floodgates
and adjusting the canal headgates. The upper level is almost solely a function of the discharge in the river.

Hydraulic controls at the floodgates consist of two 10° wide by 4.5' high radial gates and two other
openings which are regulated by stop logs. The width of the stop log openings are approximately 8' and 12'.
The radial gates are electrically driven. Since it is easier to adjust the radial gates, they are typically used to
control the river level. The stop logs are normally fully installed or fully removed.

During periods of low flows when flow immediately upstream of the GVIC diversion gdrops below either
520 cfs or 640 cfs (depending on whether the check is operated to replace out of priority diversions made by
OMID), Orchard Mesa Irrigation District operates the radial gates at the check and redirects a portion of their
return flow in the bypass channel. The bypass channel delivers flow to the Colorado River at the upstream
side of the GVIC diversion dam and consequently makes the water available for diversion by GVIC. Whether
the check is operated to protect only the 520 cfs senior water right or is operated to also protect the 120 cfs
junior GVIC water right has been a matter in dispute for over 25 years. If the check is not operated to satisfy
the 120 cfs water right, then water from Green Mountain reservoir may be released to provide the 120 cfs.
A negotiated settlemeni for the Orchard Mesa Irrigation District Check water right application was signed in
October 1996.
2.4 Data Collection

In order to provide the information necessary to analyze the conditions at the GVIC diversion and to
produce design drawings, a survey was conducted of the GVIC facilities and the Colorado River upstream and
downstream of the site. The survey consisted of three types of information: i) a topographic survey in the
immediate area of the structure, ii) cross-sections sﬁrveys of the Colorado River upstream and downstream
of the structure, and iii) as-built surveys of the canal headgates, diversion floodgates, and diversion dam. The
topographic and as-buiit surveys were conducted by the Bureau of Reclamation. The cross section surveys

which provided information to model the hydraulics of the Colorado River were conducted by both the Bureau



of Reclamation and FLO Engineering. In addition, water surface elevations were collected on several dates

to provide data to calibrate and verify the hydraulic model.

il HYDROLOGY

The hydrology for the Colorado river at the GVIC diversion dam is essential to developing a functional
fish passage design. The first purpose of the hydrologic information is to determine typical flows for which
the structure must operate to insure fish passage during the appropriate period of the year. Similarly, if the
physical constraints are such that passage cannot be insured for all conditions, the hydrologic analysis
provides the information necessary to determine the percentage of time that passage will be possible. The
second purpose of the hydrologic informatio.n is to determine peak events in order to des‘ign‘a stable structure.
3.1 Floods

Data for major flood events was found in the flood insurance study for the town of Palisade (FEMA,
1992b). A frequency analysis using the log-Pearson Type Ill method was used to determine the 10-year, 5_0-
year, 100-year, and 500-year peak discharges. These flows are tabulated in Table 3.1. The hydraulic

analysis encompasses flows up to the 100-year flood.

Table 3.1 - Peak Discharges by Return Period for the Colorado River at Palisade

Peak Discharges (cfs)

10-year 50-year 100-year 500-year

32900 44400 49300 61000

3.2 Average Monthly Flows

The discharges at the GVIC diversion dam were determined from gaging station information from the
United States Geological Survey (USGS), flow data provided by the Colorado Division of Water Resources,
flow data provided by the Orchard Mesa Irrigation District (OMID), and information from the United States
Bureau of Reclamation (USBR) and the Grand Valley Irrigation Company (GVIC) concerning operation of the

various diversions in the area. The flows obtained from these sources were used to determine the average



