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Appendix A
ASPINALL EIS HYDROLOGIC REPORT
Introduction
Riverware was the simulation software selected by Reclamation for use in the
development of a hydrology model to be used to evaluate alternatives. The model was
originally developed by Reclamation in support of assessing the effects of the Black
Canyon Water Right on the Aspinall Unit. It has been significantly improved and serves
as a tool to analyze effects of the proposed alternatives. This model was developed solely
for this purpose and Reclamation does not expect the model to be used as an operations
model.
Modeling Scope
For this EIS, three basic model configurations were developed to simulate future
conditions: the No Action Alternative; Risk of Spill Alternative; and the Peak Release
Alternative. The Risk of Spill and Peak Release Alternatives were modified to include
base flows and duration flows to evaluate their ability to better meet the Flow
Recommendations. This appendix details the analysis process for determining impacts to
hydrology from operation of the No Action Alternative, Alternative A (Risk of Spill),
Alternative B (Fish Peaks with Minimum Duration), Alternative C (Fish Peaks with
Extended Duration) and Alternative D (Fish Peaks – Fixed Targets). The results of this
modeling effort are also presented.
In order to properly evaluate the effects of different reservoir operation scenarios, a
hydrologic model was developed using the Riverware modeling program to simulate the
operations of the Aspinall Unit under varying hydrologic conditions. The Gunnison River
model was developed for the purpose of characterizing the hydrologic effects on the
Aspinall Unit and the Gunnison River below the Aspinall Unit caused by the
implementation of the proposed alternatives for the Aspinall Unit EIS. Four alternatives
have been proposed for the Aspinall Unit EIS. The Action Alternatives modify operations
of the three Aspinall Unit reservoirs with the goal of achieving the flow
recommendations described in the Flow Recommendations to Benefit Endangered Fishes
in the Colorado and Gunnison Rivers (2003 Flow Recommendations). The No Action
Alternative continues current operations of the Aspinall Unit with occasional attempts to
generate a spring peak based on reservoir inflow that is surplus to the volume needed to
fill the reservoir and optimize hydropower production. Attempts to “bundle” this surplus
water into a spring peak have been occurring since 1992. For each of the action
alternatives, rules to operate the Aspinall Unit to achieve the flow targets described in the
2003 Flow Recommendations were developed. Rule sets were modified in each
alternative with the goal of minimizing impacts to authorized purposes while still
achieving the targets described in the Flow Recommendations. The purpose of this report
is to summarize the hydrologic effects observed in the model output as a result of
attempting to meet the Flow Recommendation targets for each of the alternatives. The
results in this report focus on the model output from the Aspinall Unit and the Gunnison
River below the Aspinall Unit.
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Modeling Approach
Riverware
Riverware is a generic hydrologic modeling tool using an object-oriented design and a
graphical user interface (GUI) to allow users to develop data-driven and variable timestep models for both planning and operational uses. Because of its flexible and extensible
design, it can be readily customized to fit specialized modeling needs for any river
system. One of the features of Riverware is its ability to solve a river basin network
(developed by the user with the graphical user interface) with different controllers or
solution techniques. Currently, there are four different controllers: simulation, rule-based
simulation, water ownership, and optimization. Riverware has been in development since
1993 and is the result of a continuing collaborative effort between the Center for
Advanced Decision Support for Water and Environmental Systems at the University of
Colorado, Reclamation, and the Tennessee Valley Authority (TVA).
A model of a river system network is constructed by placing objects from a palette onto a
work space using the GUI. Objects in Riverware represent the features of a river basin.
The objects supported by Riverware are storage reservoirs, power reservoirs, pumped
storage reservoirs, river reaches, aggregate river reaches, confluences, aggregate
diversions for municipal and industrial (M&I) and agricultural demands, canals,
groundwater, and data objects. Each object has many slots. Slots are essentially place
holders for information associated with that object. For example, a storage reservoir has
slots such as inflow, outflow, storage, evaporation, elevation, and volume tables. The
slots visible depend on the methods the user selects. Almost all of the objects have
several different methods available, thus allowing the user to easily customize the
physical behavior of an object. For example, to change how a reservoir computes its
evaporation, the user simply selects an appropriate evaporation method from the list of
methods on the reservoir object. Riverware adds the appropriate slots to the object and
the user provides the necessary data. The selected method and data control how the
reservoir will compute its evaporation. After the objects are put into the work space and
the appropriate methods are selected, they can be linked together so information from one
object is propagated to another. For example, the outflow of a reservoir could be linked to
the inflow of a downstream river reach. By selecting appropriate objects, methods, and
linking the objects together, a river basin network is formed.
After the river basin network is complete, the user can take advantage of many features
and utilities that make it easy to input, output, view, manipulate, and analyze data in a
model. These utilities include the Simulation Control Table, Data Management
Interfaces, plotting, snapshot, expression slots on data objects, and the ability to write
binary Microsoft Excel spreadsheet files. Simulation Control Tables allow the user to
customize views of information in the model and also to run the model and view the
updated model run results. Data Management Interfaces provide a way to transport data
between a model and external data sources, such as a database or an ASCII file. With the
plotting utilities, virtually any information in the model can be easily plotted for analysis
and report generation. The snapshot utility provides the user a way to save information
from a model run so it can be used to compare with subsequent model runs. Expression
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slots on data objects provide a powerful way to algebraically manipulate data within the
model. Additionally, Riverware has a robust diagnostics utility for checking for and
helping to pinpoint problems.
Current Riverware applications where the models are operational include the following
applications: (1) long-term policy planning model on the Colorado River (rules model
with monthly time-step), (2) midterm planning and operations model on Colorado River
(24-month simulation model with monthly time-step), (3) daily operational model for
Hoover Dam (BOPS, simulation model), (4) operational model for the TVA (TVA,
optimization model with 6-hour time-step), (5) Upalco Planning Model (rules model with
daily time-step), (6) San Juan River Model for the San Juan basin (rules model with
monthly and pseudo daily time-step) and (7) Gunnison River Basin Model (rules model
with daily time-step). Riverware models currently under development include the
following: (1) Upper Rio Grande Water Operation Basin Model (accounting and rules
model with daily time-step), and (2) Yakima River Basin Models (rules model with both
monthly and daily time-steps)
Riverware Model of Gunnison River
Hydrologic simulation models, such as Riverware, are essentially mass balance models
operating within a rule-based framework to simulate hydrologic interactions between
water sources and their uses. Maintaining a water balance assures that the sum of inflows
less the sum of outflows equals the change of storage within the basin. Water inflows
consist of historic stream flows. Outflows consist of water flowing across the
downstream basin boundary (Gunnison River at the confluence with the Colorado River
at Grand Junction), diversions (Gunnison Tunnel and Redlands Canal), and consumptive
use (crops, M&I, natural vegetation, free water surface evaporation, etc.). Water storage
consists of the water within basin reservoirs. In the Gunnison River model only unnatural
(man-induced) hydrologic effects are explicitly modeled.
The current Gunnison River model was developed through modification of a model
originally created to support the assessment of the effects of the Black Canyon Water
Right on the Aspinall Unit. To evaluate how well each run of the modeled alternatives
achieved the flow objectives described in the Flow Recommendations, the Gunnison
River model produces output at a daily time step. From this daily output, numerous
parameters can be evaluated including reservoir content, water volumes through the
powerplants, days of powerplant bypasses and spills, peak flows at various points in the
river as well as days above a target flow threshold.
The Gunnison River model simulates historic hydrology from 1975 to 2005. This period
of record was selected as the most complete historical dataset at the time model analysis
began and it is adequately representative of the past hydrological conditions of the basin
containing both the driest and wettest periods for which data is available. Statistical
analysis conducted by Reclamation (Cutler and Harpman 2005) compared 1906-2005,
1937-1997, and 1975-2005 periods of record and concluded that there is “no basis for
presuming the 3 periods of record are statistically different”. In addition, selection of a
period of record containing years prior to 1975 would require significant data synthesis as
7
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daily records are incomplete in these earlier years. The initial conditions of the Gunnison
River model were selected to be the state of the Aspinall Unit and Gunnison River system
at the start of January of 1975. The Gunnison River model runs for the 31 year period
between 1975 and 2005. The model runs a single trace of 31 years during this time
period. This is adequate for this analysis because the ratio of average annual inflow to
live storage for Blue Mesa Reservoir is so large. Flaming Gorge and Glen Canyon’s
EIS’s both used iterative trace methods of analysis, however their ratio of inflow to live
storage is in the 40% range. Blue Mesa’s ratio of average inflow to active storage is
nearly 100% which means an average year’s runoff into Blue Mesa is about equal to the
reservoir’s active storage capacity. Consequently, if managed properly, the reservoir can
easily “re-set” itself in a “less-than-average” year. This model was developed and used
as a comparative tool to determine the relative performance of the alternatives, not to
establish absolute operational flow rates or targets. In addition, it will not be used as an
operation model in the future.
The Gunnison River model routes historic flows (as measured and recorded in the
historical record), that enter the river system as inflows to Blue Mesa Reservoir, side
inflows to Morrow Point and Crystal Reservoir, and flows in the Uncompahgre River as
measured at the Uncompahgre River at Delta river gage. Tributary flows between Crystal
Reservoir and Delta and between Delta and Whitewater are developed from computed
historical gains and losses between the river gages at these points. Historical diversions to
the Gunnison Tunnel and modeled diversions to the Redlands Canal are used for the
diversion points in the model. Using historical data eliminates the need to model natural
hydrologic processes such as rainfall/runoff. Thus, precipitation falling on natural
vegetation, consumptive use by natural vegetation, runoff of excess precipitation,
evaporation from the free water surfaces of rivers, etc. is assumed to be reflected in the
inflows. Therefore reach gains and losses are not modeled. Likewise, it is assumed that
precipitation runoff from man-affected areas (agricultural lands, cities, etc.) is not
significantly different from natural conditions to warrant explicit modeling treatment.
Outflows from the model consist of the routed flow of the Gunnison River at the
confluence with the Colorado River, depletions including consumptive irrigation
(irrigated crop evapotranspiration less effective precipitation), M&I use, and net (in
excess of natural) evaporation from manmade reservoirs. The change in storage is
reflected in the difference between beginning and ending reservoir content. The effects of
soil water storage for irrigated lands are incorporated into the historical streamflow and
stream reach gains and losses are not explicitly modeled.
All major elements of the Gunnison River system from the Aspinall Unit to the reach of
the Gunnison River below the Redlands Diversion Dam are represented in the Gunnison
River model. In the model, the Gunnison River below the Aspinall Unit is divided into
five sections, known as reaches. The first reach, labeled CrystaltoGunnisonTunnel,
extends from Crystal Reservoir to the start of the Black Canyon at the river gage
downstream of the Gunnison Tunnel. This reach accounts for releases from Crystal
Reservoir and diversions to the Gunnison Tunnel and calculates flows in the Black
Canyon. The second reach extends from the start of the Black Canyon down to the river
gage in the town of Delta. This reach incorporates tributary flows from the Smith Fork
8
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and the North Fork of the Gunnison River as well as all other measurable tributary flows
between Crystal Dam and the river gage in Delta. The third reach extends from Delta to
the river gage near the town of Whitewater. This reach incorporates flows from the
Uncompahgre River as well as tributary flows from other smaller streams entering the
mainstem of the Gunnison River between Delta and Whitewater. The fourth reach
extends from the Whitewater gage to the Redlands Diversion Dam. The fifth and final
reach extends from the Redlands Diversion Dam to the river gage below the Redlands
Diversion Dam. This reach accounts for diversions from the Gunnison River to the
Redlands Canal.
The model separates annual reservoir operations into 3 time periods: January-March,
April-July, and August-December. Basic daily input data to the model are: historic Blue
Mesa Reservoir inflows, both actual and unregulated; historic side inflows to Morrow
Point and Crystal; Gunnison Tunnel diversions; and various downstream gains computed
from actual gage data. Other data provided as input to the model include forecasted
inflow and tunnel demands for each forecast period.
Reservoir inflow forecast data and forecasted tunnel demands are for the current forecast
period and are generally set on the first day of the month and also on the fifteenth if
available. Forecast data for the last month of the forecast period must generally be
adjusted (sometimes weekly) to reflect the improved accuracy which occurs at the end of
the forecast period. The model determines remaining forecasted inflow and demand by
subtracting the inflows or demands to date from the most recent forecast data available.
Remaining minimum canyon demands, which include trout spawning and incubation
flows, are computed at various times in the model since these demands are dependent
upon flows that occur during the model run.
Based on forecasted inflows, forecasted demands (Gunnison Tunnel and Black Canyon
requirements), and storage or release of storage, a volume of water that should be
released before the end of the forecast period is determined. This volume is generally
referred to as the operation volume. Operation volume is converted to a daily flow rate
(cfs) and added to the required downstream releases to compute the desired total release.
Actual releases equal this desired release unless policy or physical constraints are
triggered. Required downstream releases include tunnel diversion and canyon
requirements. Canyon requirements include a minimum flow of 300 cfs and the flow
needed to minimize impacts to the spawning and incubation of brown and rainbow trout.
The following is a general description of how the model works:
Weekly Determination
Forecasted inflows, estimated demands and target contents are used to determine
preliminary operational releases. On the 1st, 8th, 15th, and 22nd of each month the
model makes an estimate of operational volume to release between the current date and
the end of forecast period. The operational volume can be defined as the water in excess
of estimated demands (filling Blue Mesa Reservoir and identified releases).
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The operational release volume is changed to a flow rate based on the remaining days in
the forecast period. This operational release rate remains constant until the next estimate
is made. The model may modify the operational release under the following
circumstances:
•
•

•

Factors are applied in January, April, October, & November to increase power in
January and reduce flows during trout spawn periods.
Operational releases June 15 to July 31 may be increased at the expense of Blue
Mesa Reservoir storage if it is anticipated that higher operation releases will be
needed from August through December to reach the December 31 elevation
target.
Operational releases in August through October, which would result in bypass of
Crystal Powerplant, could be reduced if it is determined this water could be run
through the powerplant in November and December.

Daily Determination
Aspinall target release is then set equal to Gunnison Tunnel plus Operational Release
plus minimum Black Canyon Flow (300 cfs, or minimum trout target hydrograph) and
adjusted if necessary.
Aspinall target release may be modified under the following conditions:
•
•
•
•
•
•

Bypasses of inflow (Blue Mesa Reservoir is not allowed to store when it is
anticipated that storing water would result in less than 750 cfs at the Redlands
Diversion Dam).
Release may be increased if current operations anticipate Blue Mesa Reservoir
content to exceed 820,000 af within 7 days.
Release may increase if current rate of fill indicates Blue Mesa Reservoir will
reach elevation of 7518 ft or greater within 20 days.
Release will increase if Blue Mesa Reservoir has encroached on required flood
control storage according to Flood Control Diagram. Normal ramping rates may
be exceeded in these instances.
Decrease release based on Gunnison River at Delta flows exceeding 14,000 cfs.
January through March: Crystal releases are limited to the amount which can be
utilized in the powerplant.

Constraints which may be applied to the computed release include ramping rates in the
Black Canyon, flood control decisions both at Blue Mesa Reservoir and Delta, and power
plant limitations.
At Blue Mesa Reservoir, the daily release is set to be “Canyon Requirement + Gunnison
Tunnel Demand - Side Inflow to Crystal and Morrow Point + Crystal Operation
Release”. Blue Mesa Reservoir daily release may be reset by other constraints:
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1. If the desired Blue Mesa Reservoir release results in Blue Mesa Reservoir
exceeding its maximum content, release is increased.
2. Blue Mesa Reservoir release is reduced if flow at Delta exceeded 14,000 cfs
on the previous day.
3. Blue Mesa Reservoir release adjusted if ramping rates (either up or down) in
the canyon are exceeded.
4. Blue Mesa Reservoir release is increased if the minimum brown or rainbow
trout spawning or incubation flow, or the minimum canyon flow of 300 cfs is
not met. (Can occur due to tunnel diversion changing.)
5. During Jan-Mar release are limited so that all releases at Crystal go through
the powerplant.
6. Blue Mesa Reservoir release will be increased, subject to downstream
ramping criteria, if with the current rate of fill, Blue Mesa Reservoir would
have less than 2 ft of storage space remaining at the end of 7 days. Release is
the minimum of 6,000 cfs or the release which would result in having 2 feet of
storage space remaining.
7. If high fall releases are anticipated based on average hydrologic conditions,
June and July flows may be increased. This provides for additional power
generation and more stable canyon flows.
In general, Crystal Reservoir release is equal to the Blue Mesa Reservoir release plus side
inflows occurring between Blue Mesa and Crystal reservoirs.
Operation of the Aspinall Unit to maximize peak flows at Whitewater also requires
forecasting the time of peak runoff for the North Fork of the Gunnison River, in an
attempt to allow releases from Crystal Reservoir to match the North Fork’s peak. The
required timing of the peak release from Crystal Reservoir was adjusted to closely
approximate the timing of the North Fork peak during the last half of May, with the
assumption that this level of accuracy in predicting the peak could be reproduced in
future operations.
Current depletions are already incorporated by using the historical inflow dataset.
Reasonably foreseeable depletions have also been included in all model alternatives.
These depletion volumes were developed with the help of the State of Colorado and the
Colorado River Water Conservation District. Depletions in the model total about
450,000-537,000 acre-feet per year from the Gunnison River at the Whitewater Gage.
The No Action and action alternatives include full Dallas Creek (17,200 af) Project
depletions. Historic depletions are depicted in the gage records which the model is based
upon. Future depletions are modeled by assuming the applicable projects’ full depletion
amount is used each year of the 1975-2005 study period and spread over each year of the
study period using a monthly variable distribution.
Also included are all depletions that could occur without further federal action (primarily
exercise of state water rights not presently being used as identified by the State of
Colorado), and all depletions for which favorable biological opinions did not depend on
implementing the action. Depletions used for the alternatives appear in Table 1.
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Table 1. Estimated depletions consulted on as part of the biological assessment.
Project
Aspinall Unit
Uncompahgre Project
Dallas Creek Project
Paonia Project
Smith Fork Project
Bostwick Park Project
Fruitgrowers Project
State, local, and private water uses
Dolores Project
Future Water uses
Upper Gunnison Subordination
Total for Gunnison Basin (excludes Redlands)
*The Dolores Project consultation addressed a 131,000 af depletion.

Estimated average annual depletion (af)
10,000
155,000
17,200
10,000
6,000
4,000
4,100
300,800
(general estimate)
99,200*
3,500
30,800
541,400
Updated information indicates actual depletions are

approximately 99,200 af.

The model in its present configuration represents the best science available to assess the
impacts of implementing operation alternatives on various resources associated with the
Gunnison Basin.
Modeling Assumptions
Because of the limitations of the modeling environment, many assumptions were made in
the development of the Gunnison River model and the Alternative rule sets. It is
recognized that under actual operations, there may be opportunities to match peaks
outside of the model parameters. The assumptions that are specific to this model are
described below:
1. It is assumed that the timing of the peak flow of the North Fork of the Gunnison
River can be predicted accurately five days prior to its occurrence. The peak of
the North Fork is known (within the May 15 to May 31 window as stated in the
Flow Recommendations) and ramping up at Crystal Reservoir to coincide with
this peak occurs five days prior to the peak date. In order to meet the spring peak
flow targets while minimizing impacts to other authorized purposes of the
Aspinall Unit, it is desired to time spring peak releases from Crystal Reservoir
with the spring peak of the North Fork of the Gunnison River. While the date of
the North Fork peak is known exactly in the model, releases at Crystal still may
not be timed exactly with the peak due to ramping rate constraints that may
require a period of greater than five days to reach the needed release at Crystal to
meet the spring peak flow target at the Whitewater gage.
2. It is assumed that decisions regarding the operation of the Aspinall Unit to target a
spring peak and possibly duration days above a target threshold will be made as of
the release of the May 1 forecast from the CBRFC. While the spring peak target is
set by the May 1 forecast, if the forecast were to change significantly at a later
time, the duration day targets could be modified for that year.
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3. It is assumed that the historic hydrology of the Gunnison River Basin (from 1975
to 2005) will be representative of future hydrology. In reality this could be
considered unlikely and possibly misleading if the impacts of global climate
change significantly alter the hydrology of the Gunnison Basin. Therefore, the
analysis of how well these different operations meet the flow recommendations
assumes that historic hydrologic conditions will be repeated in the future. If this
assumption is not correct, Flow Recommendations may be more difficult or less
difficult to meet.
Variables Inherent in the Operation of Aspinall Unit
A number of variables common to the action alternatives may affect the ability to
maintain any prescribed pattern of releases from the Aspinall Unit. They include the
following:
Inflow forecasts: Reservoir inflow forecasts are provided bi-weekly from January
through the end of the runoff season. However these forecasting techniques may not
accurately predict the volume of available spring runoff. Forecasted runoff volumes can
change by large amounts with each new forecast leading to wide fluctuations in the
anticipated reservoir water availability. Often times operational decisions are made based
on a forecasted runoff volume that may change drastically later on in the runoff period.
Figure 1 shows the historical inflow forecasts for Blue Mesa Reservoir and how the
forecasts change throughout the year as well as the differences from the actual inflow
volumes for that runoff year. These forecast volumes are categorized based on the
hydrologic categories described in the Flow Recommendations. Regardless of these
fluctuations, each alternative would pass inflows required for downstream senior direct
flow water rights in accordance with Colorado State water law.
Fluctuations in North Fork of the Gunnison River contributions: Flow contributions
from the North Fork of the Gunnison River have a significant effect on the ability of the
Action Alternative to meet recommended flow targets. The North Fork, like any
unregulated river, experiences a wide range of flows due to snowmelt and rain events.
Limited snowpack information in this subbasin along with the relatively short travel
times to the confluence with the mainstem Gunnison River, create difficulties in
predicting the timing of runoff on the North Fork. Matching Aspinall Unit releases with
North Fork flows, given the uncertainties in the timing and magnitude of the peak runoff
as well as the other issues listed below, complicate Reclamation’s ability to achieve the
targeted flows set in the Action Alternative.
Unanticipated precipitation events: Extreme runoff events that occur on any tributaries
that enter the Gunnison River downstream from Morrow Point Reservoir can affect
Reclamation’s ability to achieve the flow targets of the Action Alternative. Longer
duration events may cause adjustments in the release from the Aspinall Unit. Also,
unanticipated high inflows into the Unit could require additional releases to avoid the
occurrence of an uncontrolled spill. Reclamation will continue to closely monitor weather
conditions during high flow or high release periods in an attempt to avoid releases that
would increase the potential for flooding.
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Travel time: An adjustment in water releases from the Aspinall Unit takes two to three
days travel time to reach the Whitewater gage near Grand Junction. During this travel
time, changes in tributary flows downstream of the Aspinall Unit can influence the ability
to achieve the target flow at the Whitewater gage.
Gage errors: Gage errors are inherent with all measuring equipment, and changing river
channel and flow conditions (i.e., sand deposits and erosion) compound gage errors.
Maintenance needs: Dam releases can be interrupted due to a variety of unforeseen
events such as mechanical problems, repair of gates, downstream emergencies and other
factors. In addition, regularly scheduled maintenance needs and inspections may impact
Reclamation’s ability to make specific releases.
Safety Concerns: The Black Canyon and Gunnison Gorge are home to Colorado’s
Premiere Gold Medal Brown Rainbow Trout fishery. Many anglers frequent the area at
all times of year. In some areas the characteristically narrow and steep canyon walls
cause flow changes to result in rapid changes in water elevation. Without advanced
warning, wading fishermen can become stranded on an island or the opposite river bank.
Operational Uncertainties
Uncertainties are recognized in both the EIS alternatives for the Aspinall Unit reoperation and in the overall recovery plan for the endangered fish. Responses of the
endangered fish to the Flow Recommendations and other recovery elements have been
predicted based on scientific studies of the fish and their habitats, but only actual
scientific monitoring conducted through the Recovery Program will determine the status
and trends of the endangered fish and their habitats following implementation of the
Preferred Alternative and other recovery activities. Also, it is uncertain to what extent
non-native fish will benefit from the recommended flows and whether these benefits will
offset the positive effects of the modified hydrology on endangered fish. The Recovery
Program, which includes Federal, State, Tribal, and water development interests, would
be responsible for conducting monitoring and research, and for communicating results of
this work to stakeholders and the public during Aspinall Unit operation meetings. The
Recovery Program can also recommend recovery actions that would address all of the
recovery factors related to the endangered fish. These actions may include
experimentation to test new hypotheses, modifications to the Preferred Alternative, or
control actions directed against non-native fish, if warranted by monitoring and research
results. Any adjustments in, or modifications to, the Flow Recommendations must be
approved by the Coordination Committee, which is the governing committee of the
Recovery Program. Recommendations for dam release modifications can then be
considered by Reclamation, the agency ultimately responsible for unit operations. Thriceyearly Aspinall Unit operation meetings will provide a forum for all interested parties to
discuss Aspinall Unit operations and recovery program progress and recommendations.
Representatives of the Recovery Program and other scientists will be invited to each
meeting to discuss the effects of dam operations and other resource management actions
on the endangered fish. Flexibility in dam releases, discussed later in this appendix, will
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also be discussed at these meetings. Future changes in the Preferred Alternative, dam
operations and other management policies could be implemented long-term after
compliance with applicable law.
Black Canyon of the Gunnison National Park Water Right
On December 31, 2008, the Colorado Water Court issued a decree quantifying the federal
reserved water right for the Gunnison River through the Black Canyon NP (Black
Canyon water right). The decree quantifies the March 2, 1933 water right as a yearround flow of no less than 300 cfs with variable peak and shoulder flows for each year,
the magnitude of which are dependent upon that year’s Gunnison River Basin hydrologic
conditions. The negotiations for the Black Canyon water right were mentioned in the
DEIS. Now that the decree is final and the right is in place, a discussion of the final
decree is included in the narrative of Volume I and a copy of the decree is included in
Appendix G of Volume II.
Pursuant to the Black Canyon NP Water Right is subordinated to all water rights with
adjudicated priorities that are senior to the Aspinall Unit water rights. The Black Canyon
NP Water Right is a downstream water right senior to the Aspinall Unit and Reclamation
will meet the water right when it is exercised. As such, along with other senior water
rights, it is a condition that is common to all alternatives. When the Secretary exercises
the Black Canyon NP Water Right, Reclamation shall undertake operational actions
consistent with the Black Canyon Decree and in accordance with applicable laws. If the
Secretary places a water right call in the exercise of the Black Canyon NP Water Right,
Reclamation shall also comply with valid administrative orders from the Colorado State
Engineer or the Division Engineer related to the administration of the decree for the
Aspinall Unit and the Black Canyon Decree, both of which are made applicable to
Reclamation by section 8 of the Reclamation Act of 1902.
As discussed later, this appendix describes examples of operational actions for meeting
ESA needs downstream and the decreed water right. The discussion of how the Black
Canyon NP water right fits within the alternatives is to provide examples of the range of
actions that may be necessary to satisfy the decree and how such actions are consistent
with the historic range of operations for the Aspinall Unit.
Pursuant to its normal procedures, Reclamation, beginning in January, will monitor
inflow forecasts for operation planning and throughout this process will keep the NPS,
US Fish and Wildlife Service, State of Colorado, Western Area Power Administration
and others apprised of current and projected operations necessary to meet all Aspinall
Unit requirements and the Black Canyon water right peak flow. Coordination will occur
throughout the January to May period and formal notification will be made to NPS on
April 1 regarding project operations.
Operations for the Black Canyon water right will be consistent with the Aspinall
Operation’s PBO. The one day peak flow under the Black Canyon water right is based
on the May 1 forecasted inflow into Blue Mesa Reservoir for the April through July
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period and is determined by formulae in the decree. These peak flows are summarized
below.
Spring Peak for Range of Forecasted Inflows.
Blue Mesa Forecasted
One day peak flow in
April-July Inflow (af)
Black Canyon (cfs)
372,000 or less
1,019 or less
372,000-500,000
1,019 – 2,968
500,000-715,000
2,968 – 6,246
715,000-925,000
6,246 – 6,513
925,000-1,001,000
6,513 – 7,609
1,001,000 – 1,050,000
7,609 – 11,034
1,050,000 – 1,100,000
11,034 – 11,568
1,100,000 – 1,200,000
11,568 – 12,636
1,200,000 – 1,350,000
12,636 -14,238
1,350,000 – 1,500,000
14,238 – 15,840

In addition to the one day peak, the Black Canyon water right includes a year-round right
of no less than 300 cfs and May 1 to July 25 shoulder flows of 300-1,000 cfs, based on
forecasted inflow.
Alternatives have not been specifically modeled to include the right, but the right, as
decreed, will be included in operational planning undertaken each year by Reclamation,
as are other senior water rights on the river. Recommended flow regimes for endangered
fish and the Black Canyon NP Water Right are generally compatible in that they both are
based on hydrologic conditions and both provide for spring peak flows in the Gunnison
River. With the Black Canyon NP Water Right assumed to be exercised and included in
each of the alternatives, the incremental hydrological impacts of the action alternatives
for the endangered fish flows are generally lessened in comparison to the impacts
portrayed in the DEIS. Endangered fish flows are targeted further downstream in critical
habitat and also call for a longer duration of the peaks while the Black Canyon NP Water
Right calls for a one day peak. Thus, impacts from operating to meet endangered fish
peak flows are not significantly altered by meeting the one day Black Canyon NP Water
Right peak flow.
Subject to the decree, including the framework set forth in Section 2.3.1.1, of Volume I,
Table 73 in this appendix depicts those year types, based on analysis of the historical
record, when flows for meeting ESA needs downstream will also satisfy the Black
Canyon NP Water Right. It further identifies those year types when further operational
actions would be needed to meet both the recommended endangered fish flows and the
Black Canyon NP Water Right. The accompanying discussion provides illustrations of
the types of operational adjustments that Reclamation may take in such circumstances.
The adjustments discussed are within the historical range of Aspinall Unit operations.
Furthermore, each of the operational adjustments described also are consistent with the
Gunnison Basin PBO. Thus, their implementation does not significantly change the
impacts analyzed in this FEIS.
Analysis has been completed to include the reserved right. See Tables 73 – 78. This
analysis more clearly allows a comparison of alternatives under a variety of future
17
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conditions. It should be noted, however, that the peak streamflows under the reserved
right are very similar to Alternatives B, C, and D; however, alternative operations for
endangered fish extend the length or duration of peaks. When the reserved right is
applied to the No Action or Alternative A, spring peak targets would be similar to those
that would occur under the other alternatives.
Hydrologic Modeling Analysis
Introduction
This appendix details the analysis process for determining impacts to hydrology from
operation of the No Action Alternative, and the Action Alternatives. The results of this
modeling effort are also presented. Understanding the impact of the alternatives on the
water resources of the Gunnison River basin requires modeling the complex relationships
associated with multiple diversions and tributaries within the basin.
Riverware was selected primarily because of its flexible capability to simulate all key
features within the Gunnison River Basin. Riverware has been used in the Gunnison
River Basin since about 1998 in assessing the impact of the Black Canyon Water Right in
the Gunnison River Basin. This model development has been completed by the U.S.
Bureau of Reclamation (Reclamation).
Impact Analysis Results
The water supply impacts of operating the Aspinall Unit to meet the Flow
Recommendations are most visible at Blue Mesa Reservoir. Storage contents at Morrow
Point and Crystal Reservoirs do not change significantly between the alternatives as
water surface elevations remain relatively constant during operation of the Aspinall Unit.
Therefore only reservoir content at Blue Mesa was analyzed to determine water supply
impacts from operating to meet the Flow Recommendation targets under the various
criteria in each alternative.
The annual maximum content at Blue Mesa Reservoir is shown in Table 3. Annual
maximum content is a good measure of impacts to water supply as it shows how filling
Blue Mesa Reservoir can be compromised while trying to meet the Flow
Recommendation targets. In almost all instances, the peak on the Gunnison River occurs
before the reservoir fills so large releases of water to achieve the peak flow target will be
reflected in reduced annual storage at Blue Mesa Reservoir. In the wettest of years,
differences in maximum annual content from the No Action Alternative may not be that
significant as runoff in the Gunnison Basin may far exceed the capacity of Blue Mesa
Reservoir. However, in drier years, even with reduced peak flow targets, there can be
substantial decreases in the volume of water stored in the reservoir.
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Table 3: Maximum Annual Content at Blue Mesa Reservoir

End of month contents at Blue Mesa Reservoir for the No Action Alternative and for
Alternatives A, B, C and D are summarized in tables 4 through 8. At the bottom of each
table the average end of month content is calculated along with the maximum and
minimum end of month contents for the 31 year period of analysis.
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Table 4: End of Month Contents at Blue Mesa Reservoir for No-Action Alternative

Table 5: End of Month Contents at Blue Mesa Reservoir for Alternative A
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Table 6: End of Month Contents at Blue Mesa Reservoir for Alternative B

Table 7: End of Month Contents at Blue Mesa Reservoir for Alternative C
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Table 8: End of Month Contents at Blue Mesa Reservoir for Alternative D

Another measure of the impact of meeting the Flow Recommendations on the water
supply of the Aspinall Unit is to determine the amount of storage used from Blue Mesa
Reservoir. Storage usage at Blue Mesa Reservoir is divided into three time periods:
January through March, April to the date the reservoir fills (or reaches its maximum
content for that year) and from the date of fill through the end of December. This
division coincides with operational divisions within the Gunnison River model.
Additionally, water demands for spring peaks and duration flows usually occur within the
April to max fill date time period while baseflow demands usually occur within the max
fill date to end of December period or the January through March period.
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Table 9 shows the annual volume of storage lost from Blue Mesa Reservoir from January
through March for each action alternative as compared to the No Action Alternative.
Storage usage during this three month time period occurs during efforts to achieve
baseflow targets in the Gunnison River as measured at the Whitewater gage. Storage
usage mainly occurs during drier years or years that follow a significant dry period.
Table 9: Blue Mesa Reservoir Storage Usage from Jan 1 to Mar 31 for Alternatives A, B,
C, and D as compared to the No Action Alternative.

Table 10 shows the annual volume of storage lost from Blue Mesa Reservoir from April
to the time of maximum reservoir content. Again all storage usage volumes are relative to
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the No Action Alternative. This time period coincides with the months where spring peak
targets as well as half bankfull and bankfull targets are trying to be met. Consequently in
some years large volumes of storage are used when attempting to meet the Flow
Recommendation targets. Years with the biggest impacts appear to be moderately dry
years with spring peak targets and more average years with duration targets.
Table 10: Blue Mesa Reservoir Storage Usage from Apr 1 to the date of fill for
Alternatives A, B, C, and D as compared to the No Action Alternative.

Table 11 shows the annual volume of storage lost from Blue Mesa Reservoir from the
date of fill through the end of December. Storage usage during these months is primarily
for meeting baseflow targets in the Gunnison River. Impacts to storage from baseflow
releases during this time are the most significant in the driest of years and sometimes
carry over from very dry years into the next year.
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Table 11: Blue Mesa Reservoir Storage Usage from the date of fill to Dec 31 for
Alternatives A, B, C, and D as compared to the No Action Alternative.

Impacts to flatwater recreation on Blue Mesa Reservoir may be measured by changes in
reservoir surface area. Tables 12 through 14 show Blue Mesa Reservoir surface area,
measured in acres, at three different times during the year. The end of April is an
approximation of the start of the recreation season at Blue Mesa Reservoir. The date of
maximum content could be considered to approximate the peak of the recreation season.
The end of August is a close approximation to the end of the recreation season which
probably tapers off significantly after Labor Day weekend.
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Table 12: Blue Mesa Reservoir surface area at the end of April.
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Table 13: Blue Mesa Reservoir surface area as of the date of fill.
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Table 14: Blue Mesa Reservoir surface area at the end of August.

Reoperation of the Aspinall Unit for Flow Recommendation purposes will create
differences in the historic release pattern of water from the Aspinall Unit reservoirs.
Higher releases during May for spring peaks and higher flows of extended duration will
result in lower releases during months of traditionally high power demand. During dry
periods extended releases for base flows may result in minimum releases from the
Aspinall Unit during months when releases were higher historically.
Changes in hydropower production can be revealed by analyzing the volume of water
that runs through the power plant. Tables 15 through 19 show the monthly volumes of
water released through the power plant at Blue Mesa Reservoir for the No Action
Alternative and Alternatives A, B, C and D. Annual totals are given in the far right
column and monthly average volumes over the 31 year study period are shown in the
bottom row. Below the tables for the action alternatives, a comparison with the No
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Action Alternative is provided. Monthly volume differences in acre-feet and a percentage
difference are shown for quick comparison to the No Action Alternative.
Table 15: Monthly water volumes through the Blue Mesa Powerplant for the No Action
Alternative
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Table 16: Monthly water volumes through the Blue Mesa Powerplant for Alternative A

T
able 17: Monthly water volumes through the Powerplant for Alternative B
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Table 18: Monthly water volumes through the Blue Mesa Powerplant for Alternative C

Table 19: Monthly water volumes through the Blue Mesa Powerplant for Alternative D
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Another way of evaluating the impacts to hydropower production at the Aspinall Unit is
to count the number of days that the powerplants were bypassed. Bypass flows occur
when releases from the dams exceed the capacity of the powerplants. At Blue Mesa
Reservoir, bypasses do not occur until the powerplant capacity has been exceeded
(typically 3,400 cfs but variable with Blue Mesa Reservoir elevation). Historic operations
of the Aspinall Unit generally focused on releasing as much water as possible through the
powerplants in order to maximize hydropower production. Redistributing the timing of
releases from the Aspinall Unit dams for spring peaks and extended high flow durations
will increase the number of days that the powerplants must be bypassed.
Table 20 shows the number of days per year that water was released through the bypass
tubes at Blue Mesa Reservoir for the No Action Alternative and Alternatives A, B, C and
D. This water bypasses the powerplant and is unavailable for hydropower production.

Table 20: Number of days per year that water bypasses the powerplant at Blue Mesa
Reservoir
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During very heavy snowpack years, it may be necessary to employ the spillways at the
Aspinall Unit reservoirs to pass the large volume of spring runoff water. Generally when
a large volume of spring runoff is forecast, Blue Mesa Reservoir is drawn down in
advance of the runoff season with the strategy of capturing and storing as much of the
spring runoff volume as possible. Operations of the Aspinall Unit that reduce this level of
drawdown may increase the chance that the reservoir will spill later on in these wet years.
When releases from Blue Mesa Reservoir must exceed 6100 cfs the spillway gates are
opened.
Table 21 shows the number of days per year that water is spilled from Blue Mesa
Reservoir for the No Action Alternative and for Alternatives A, B, C and D.
Table 21: Number of days per year that water is spilled from Blue Mesa Reservoir
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Morrow Point Reservoir is much smaller in storage capacity than Blue Mesa Reservoir
but the generating capacity of the powerplant is twice that of the powerplant at Blue
Mesa. Changes in hydropower production at Morrow Point affect the power producing
capability of the Aspinall Unit more than changes at Blue Mesa or Crystal Reservoirs.
Tables 22 through 26 show the monthly volumes of water released through the power
plant at Morrow Point Reservoir for the No Action Alternative and Alternatives A, B, C
and D. As with the tables showing Blue Mesa power volumes, annual totals are given in
the far right column and monthly average volumes over the 31 year study period are
shown in the bottom row. Again, below the tables for the action alternatives, a
comparison with the No Action Alternative is provided.
Table 22: Monthly water volumes through the Morrow Point powerplant for the No
Action Alternative

34

Appendix A
Table 23: Monthly water volumes through the Morrow Point powerplant Alternative A

Table 24: Monthly water volumes through the Morrow Point powerplant Alternative B
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Table 25: Monthly water volumes through the Morrow Point powerplant Alternative C

Table 26: Monthly water volumes through the Morrow Point powerplant Alternative D
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As with Blue Mesa Reservoir, impacts to hydropower production can be evaluated by
counting the number of days that the powerplant at Morrow Point Dam was bypassed.
Bypass of the powerplant at Morrow Point occurs when releases from the dam must
exceed 5000 cfs.
Table 27 shows the number of days per year that water was released through the bypass
tubes at Morrow Point Reservoir for the No Action Alternative and Alternatives A, B, C
and D. This water bypasses the powerplant and is unavailable for hydropower production.
Table 27: Number of days per year that water bypasses the powerplant at Morrow Point
Reservoir

Spillway usage at Morrow Point Reservoir is rare, primarily because almost all of the
inflow to the reservoir is controlled by releases at Blue Mesa Reservoir. The maximum
release capacity of the powerplant and bypass tubes at Morrow Point is 6500 cfs which
exceeds the same combined capacity at Blue Mesa Reservoir. However, when Blue Mesa
Reservoir is forced to release water through the spillway gates, the probability becomes
high that the spillways at Morrow Point dam will have to be used. When releases from
Morrow Point Reservoir must exceed 6500 cfs the spillway gates are opened.
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Table 28: Number of days per year that water is spilled from Morrow Point Reservoir

Crystal Reservoir is the smallest of the Aspinall Unit reservoirs in terms of storage
capacity and powerplant capacity. The reservoir is primarily used to re-regulate or
stabilize the fluctuating releases from Morrow Point Reservoir before this water reaches
the Black Canyon of the Gunnison River. Changes in hydropower production at Crystal
Reservoir have the least impact on the power producing capability of the Aspinall Unit.
Tables 29 through 33 show the monthly volumes of water released through the power
plant at Crystal Reservoir for the No Action Alternative and Alternatives A, B, C and D.
The format of these tables is identical to the tables provided for Blue Mesa and Morrow
Point Reservoirs.
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Table 29: Monthly water volumes through the Crystal powerplant for the No Action
Alternative

Table 30: Monthly water volumes through the Crystal powerplant for Alternative A
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Table 31: Monthly water volumes through the Crystal powerplant for Alternative B

Table 32: Monthly water volumes through the Crystal powerplant for Alternative C
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Table 33: Monthly water volumes through the Crystal powerplant for Alternative D

Due to the smaller size of the powerplant at Crystal Reservoir, bypasses occur with a
much greater frequency than at the other two Aspinall Unit reservoirs. Bypasses of the
Crystal Powerplant occur when releases from the dam exceed 2150 cfs. Typically
releases upstream at Morrow Point Dam are planned so that all water from Morrow Point
can still be run through the powerplant at Crystal. However, spring runoff during wet or
even average years can cause Aspinall Unit releases to increase to a point where the
powerplant at Crystal must be bypassed.
Table 34 shows the number of days per year that water was released through the bypass
tubes at Crystal Reservoir for the No Action Alternative and Alternatives A, B, C and D.
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Table 34: Number of days per year that water bypasses the powerplant at Crystal
Reservoir

Spillway usage at Crystal Reservoir primarily occurs during wetter hydrologic periods.
Even though the combined powerplant and bypass tube capacity is only 4,150 cfs, which
is less than the capacity of the upstream powerplant at Morrow Point, spillway usage at
Crystal can generally be avoided with prudent operation of the Aspinall Unit reservoirs.
Targets specified in the Flow Recommendations for average and wetter years will usually
necessitate usage of the spillway at Crystal Dam. On rare occasions when downstream
tributary flows are large enough to supply sufficient water to the Gunnison River,
spillway usage at Crystal may not be needed to reach spring peak flow targets. However,
the spring peak flow targets are high enough that it will typically take releases from the
Aspinall Unit that will require spilling water at Crystal Reservoir. When inflows to
Crystal Reservoir exceed 4,150 cfs water will go over the spillway. Table 35 shows the
number of days per year during the study period that Crystal spills.
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Table 35: Number of days per year that water is spilled from Crystal Reservoir

The Gunnison River flows into Black Canyon National Park a few miles below Crystal
Reservoir. As such, flows in the canyon are directly influenced by releases at Crystal
Reservoir. Attempts to meet spring flow targets in the Gunnison River at the Whitewater
Gage will provide some benefit to the resources of the Black Canyon.
Table 36 shows peak flows in the Black Canyon, occurring in the month of May, as
measured at the gage just downstream of the Gunnison Tunnel diversion dam. All action
alternatives provide some level of spring peaks with greater magnitude and more
frequency than the No Action Alternative.
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Table 36: Peak flows in the Black Canyon occurring during the month of May

Table 37 contains peak flows in the Black Canyon, occurring in the months of June or
July. Annual peak flows in the Black Canyon are divided into these two categories
because of how operations at the Aspinall Unit dictate the timing of spring peak flows.
Typically when the annual peak occurs during the month of May, this is a result of
operational releases from the Aspinall Unit intended to create a spring peak in the lower
Gunnison River. When the annual peak occurs during the months of June or July this is
usually a result of very wet hydrologic conditions that have caused the Aspinall Unit
reservoirs to fill completely and spill excess water that cannot be stored.
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Table 37: Peak flows in the Black Canyon occurring during the months of June or July

The total annual volume of water through the Black Canyon will not change under
alternatives considered. Higher spring peak flows will result in lower flows at other
times of the year. Tables 38-42 show average monthly flows for No Action and Action
Alternatives for the study period.
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Table 38: Average monthly flows for the Gunnison River in the Black Canyon for the No
Action Alternative

Table 39: Average monthly flows for the Gunnison River in the Black Canyon for the
Alternative A
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Table 40: Average monthly flows for the Gunnison River in the Black Canyon for the
Alternative B

Table 41: Average monthly flows for the Gunnison River in the Black Canyon for the
Alternative C
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Table 42: Average monthly flows for the Gunnison River in the Black Canyon for the
Alternative D
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Recreational and fishery values are affected by various flow levels in the Black Canyon
and downstream Gunnison Gorge. Tables 43 through 54 present various flow data for the
No Action and Action Alternatives.
Table 43: Number of days in the Gunnison River in the Black Canyon with flows
between 400 cfs and 1,200 cfs from May through September
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Table 44: Number of days in the Gunnison River in the Black Canyon with flows
exceeding 3,000 cfs from May through September
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Table 45: Number of days in the Gunnison River in the Black Canyon with flows
exceeding 3,000 cfs during the month of June
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Table 46: Number of days in the Gunnison River in the Black Canyon with flows
between 500 cfs and 1,000 cfs from May through September
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Table 47: Number of days in the Gunnison River in the Black Canyon with flows less
than 400 cfs from May through September
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Table 48: Number of days in the Gunnison River in the Black Canyon with flows at 300
cfs from May through October
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Table 49: Number of days in the Gunnison River in the Black Canyon with flows less
than 600 cfs from May through October
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Table 50: Number of days in the Gunnison River in the Black Canyon with flows
between 600 cfs and 900 cfs from May through October
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Table 51: Number of days in the Gunnison River in the Black Canyon with flows
between 900 cfs and 1,500 cfs from May through October
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Table 52: Number of days in the Gunnison River in the Black Canyon with flows
between 1,500 cfs and 3,000 cfs from May through October
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Table 53: Number of days in the Gunnison River in the Black Canyon with flows
between 3,000 cfs and 5,000 cfs from May through October
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Table 54: Number of days in the Gunnison River in the Black Canyon with flows greater
than 5,000 cfs from May through October

The city of Delta is located on the banks of the Gunnison River downstream of the
confluence of the mainstem of the Gunnison River with the North Fork of the Gunnison
River. The city’s proximity to the river gives it the highest potential for flood damage
along the entire stretch of the mainstem Gunnison River downstream of the Aspinall Unit
to the confluence with the Colorado River at Grand Junction.
Operations of the Aspinall Unit to create or enhance the spring peak on the Gunnison
River at the Whitewater gage have a direct impact on the potential for flooding in the city
of Delta. Table 55 shows the peak flow in the Gunnison River occurring during the
month of May as measured at the gage at Delta. Annual spring peaks that occur during
May are typically enhanced by releases from the Aspinall Unit. These releases are
intended to coincide with the annual peak on the North Fork of the Gunnison River in
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order to achieve the spring peak flow targets at the Whitewater gage with using minimal
amounts of storage from Blue Mesa Reservoir.
Table 55: Peak flows in the Gunnison River occurring during the month of May as
measured at the gage at Delta

Table 56 shows the peak flows in the Gunnison River that occur during the months of
June or July. Annual peak flows that occur during the months of June or July are
typically products of wet years where Blue Mesa Reservoir has filled and the spillways
are in use at the Aspinall Unit reservoirs.
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Table 56: Annual peak flows in the Gunnison River occurring during the months of June
or July as measured at the gage at Delta

While the magnitude of spring peak flows is the first indicator of potential flood damage,
another important parameter to analyze is the duration of high flows. Extended periods of
high flows can significantly increase damages if flooding is occurring. Table 57 shows
the number of days per year that flows in the Gunnison River as measured at the gage at
Delta exceeded 15,000 cfs. Flows of this magnitude may cause fairly significant flooding
within the city of Delta and in lands near the river outside of the city.
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Table 57: Number of days per year that flows in the Gunnison River exceeded 15,000 cfs
as measured at the gage at Delta

Table 58 shows the number of days per year that flows in the Gunnison River as
measured at the gage at Delta exceeded 14,000 cfs. Operating criteria in the Riverware
model attempt to reduce releases from the Aspinall Unit once flows at Delta exceed
14,000 cfs in an effort to keep the flows from exceeding 15,000 cfs.

63

Aspinall Unit Operations FEIS
Table 58: Number of days per year that flows in the Gunnison River exceeded 14,000 cfs
as measured at the gage at Delta

Table 59 shows the number of days per year that flows in the Gunnison River as
measured at the gage at Delta exceeded 12,000 cfs. Generally when the river at the Delta
gage exceeds 12,000 cfs, this can initiate preparations for flooding if there is a possibility
that the river flows will continue to increase.
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Table 59: Number of days per year that flows in the Gunnison River exceeded 12,000 cfs
as measured at the gage at Delta

Table 60 shows the number of days per year that flows in the Gunnison River as
measured at the gage at Delta exceeded 10,000 cfs. It is assumed that when the Gunnison
River through Delta stays below 10,000 cfs there is no immediate threat of flooding in the
city.
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Table 60: Number of days per year that flows in the Gunnison River exceeded 10000 cfs
as measured at the gage at Delta

Targets established in the Flow Recommendations report are all measured at the
Whitewater gage on the Gunnison River. Peak flows that occurred during the month of
May at the Whitewater gage for the No Action Alternative and Alternatives A, B, C and
D are shown in Table 61. Annual peaks that occur during the month of May are typically
products of operations at the Aspinall Unit intended to create or enhance spring peaks in
the lower Gunnison River by timing releases from the Unit with the runoff peak on the
North Fork of the Gunnison River.
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Table 61: Annual peak flows in the Gunnison River occurring during the month of May
as measured at the gage at Whitewater

Table 62 shows peak flows in the Gunnison River, occurring during the months of June
or July, as measured at the gage at Whitewater for the No Action Alternative and
Alternatives A, B, C and D. Typically, peak flows that occur during these two months
are more a result of wetter hydrology that necessitates the release or spill of large
volumes of water from the Aspinall Unit.
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Table 62: Annual peak flows in the Gunnison River occurring during the months of June
or July as measured at the gage at Whitewater

Another goal of the Flow Recommendations other than spring peaks is to increase the
number of days of high flows in the lower Gunnison River. The Flow Recommendations
set targets of 8,070 cfs for median half-bankfull flow and 14,350 cfs for median bankfull
flow. These two targets represent the median flows for a large number of river crosssections from Delta downstream to Whitewater. The full range of half bankfull flows is
approximately from 4,500 cfs to 12,500 cfs. The full range of bankfull flows extends
from 7,500 cfs to over 28,500 cfs. Tables 63 through 72 show the number of days that
flows exceed a threshold value between 5,000 cfs and 14,350 cfs for the No Action
Alternative and Alternatives A, B, C and D.
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Table 63: Number of days per year that flows in the Gunnison River exceed 5,000 cfs as
measured at the gage at Whitewater
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Table 64: Number of days per year that flows in the Gunnison River exceed 6,000 cfs as
measured at the gage at Whitewater
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Table 65: Number of days per year that flows in the Gunnison River exceed 7,000 cfs as
measured at the gage at Whitewater
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Table 66: Number of days per year that flows in the Gunnison River exceed 8,070 cfs as
measured at the gage at Whitewater
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Table 67: Number of days per year that flows in the Gunnison River exceed 9,000 cfs as
measured at the gage at Whitewater
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Table 68: Number of days per year that flows in the Gunnison River exceed 10,000 cfs as
measured at the gage at Whitewater
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Table 69: Number of days per year that flows in the Gunnison River exceed 11,000 cfs as
measured at the gage at Whitewater
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Table 70: Number of days per year that flows in the Gunnison River exceed 12,000 cfs as
measured at the gage at Whitewater
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Table 71: Number of days per year that flows in the Gunnison River exceed 13,000 cfs as
measured at the gage at Whitewater
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Table 72: Number of days per year that flows in the Gunnison River exceed 14,350 cfs as
measured at the gage at Whitewater

Following the publication of the DEIS the Black Canyon Water Right was decreed and is
since considered a component of the No Action Alternative. Due to the complexity of the
Riverware model used to evaluate the effects of Aspinall Unit Operations and the
subsequent re-evaluation of impacts, the Water Right has not been included in the model.
However, a separate model analysis has been performed comparing the Black Canyon
water right peak target with the flows at various locations modeled under each alternative
in the EIS.
Table 73 compares the model-derived peaks which occur in the Black Canyon under the
preferred alternative with the Black Canyon water right peak flows.
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Table 73: Black Canyon water right peak flow impact analysis
Modeled
Year
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Reserved BC
Right Peak Flow
per decree (cfs)
7595
4188
829
6484
11034
11568
886
6433
5864
13437
6513
7595
5635
3273
2176
1673
4492
3578
8922
3883
6866
6484
7595
5864
4492
3730
3426
778
2740
2359
6312

Preferred
Alternative Modeled BC
Peak flows (cfs)
6839
4387
806
6051
6684
6253
753
6451
10707
10458
9063
6782
6346
2921
3314
903
4720
3330
7587
4167
11871
8475
7808
3843
5093
6204
5537
858
2863
2863
1535

Impact on
Decreed Peak
(See Notation A
and B below)
A
Met
Met
A
B
B
Met
Met
Met
B
Met
A
Met
A
Met
A
Met
A
B
Met
Met
Met
Met
A
Met
Met
Met
Met
Met
Met
A

Notation A: In years identified with notation A, under actual operations, the
analysis shows that the historical range of Aspinall Unit operations will ensure
that the one-day peak flow identified in the decree will be met, although some
operational adjustments may be necessary. Adjustments may involve
operational changes including, but are not limited to, increased powerplant
releases, timing releases with higher tributary inflows to the Aspinall Unit, or
increased bypasses at Crystal or Morrow Point dams. All operational
adjustments would be encompassed within operations already contemplated
under alternatives being considered. Accordingly, both the peak flow for the
Black Canyon NP Water Right and the peak flow target for the endangered fish
as described in the preferred alternative are met. The analysis is based on
historical hydrology. Future conditions may not replicate the modeled historical
hydrology.
Notation B: In the four out of the 31 years of the study period with notation B,
the analysis was able to achieve the peak flow targets for the endangered fish but
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did not meet the Black Canyon NP Water Right peak flow. In general, the model
limited releases from the Aspinall Unit to avoid flooding at Delta due to high
North Fork tributary flows. These high tributary flows provided most of the
water that helped meet the endangered fish peak flow target and therefore higher
releases from the Aspinall Unit into the Black Canyon were not required to meet
the endangered fish peak flow target
In these types of years, when the Secretary exercises the Black Canyon NP
Water Right consistent with the terms and conditions of the decree and other
applicable laws, operational adjustments at the Aspinall Unit will be required to
meet the peak flows. Generally, when April-July inflows exceed 1,000,000 af, an
operations plan to meet the Black Canyon Right peak can be developed.
However, due to the increased risk of flooding in high water years, operational
decisions may require the flexibility to make adjustments on a daily basis. To
reduce the risk of flooding at Delta, Reclamation may look for opportunities to
meet the Black Canyon NP Water Right peak flow (and/or the endangered fish
peak flow target) later in the spring/summer after high tributary flows have
receded.

Examples of potential adjustments are listed below; however it is important to
note these examples are based on “perfect knowledge” of past conditions using
the results of the Riverware Hydrology model, and are discussed to serve as
examples of how operations could be modified in the future under similar
conditions to meet the Black Canyon Water Right peak flows. Future conditions
may not replicate the modeled historical hydrology. Actual operational
conditions will require adjustments to be made in real time under constantly
changing conditions. Modeling of the study period has shown that during actual
operations in high water years, there may be significant risks of flooding Delta
and the Black Canyon decree requires Reclamation to give highest priority to
flood control.
In modeled years identified as Notation A and B in Table 73, a variety of
modifications to operations depicted by the Riverware model may be undertaken
in order to allow the Black Canyon NP Water Right and endangered fish flow
targets to be met with one peak flow operation at the Aspinall Unit. For instance,
in years with moderate Black Canyon NP Water Right peak targets in the 6,000 to
8,000 cfs range, the use of spillways at the Aspinall Unit may be utilized in
conjunction with improved timing with tributary inflows. In years with lower
water right peak targets, it may be as simple as increasing releases from the
bypasses within the Aspinall Unit. Higher target years are often more
complicated and in some cases it may be necessary to conduct peak releases from
the Aspinall Unit either before or after the peak runoff of the North Fork
Gunnison River in order to meet the flow targets but avoid flooding in Delta. In
all cases, consideration will be given to the timing of Aspinall Unit storage and
release operations to efficiently and safely allow the delivery of peak flows
utilizing bypasses, power releases, spillways, and tributary flows as necessary.
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A list of sample operational adjustments follows:
•
•
•
•
•
•

Bypassing water at Aspinall Unit facilities
Use of the spillways at Aspinall Unit facilities
Timing of Aspinall Unit storage operations and use of Aspinall storage
and release activities to efficiently allow the delivery of peak flows.
Timing of peak releases with higher side/tributary inflows above Crystal
Dam to reduce the need to use spillways at Aspinall Unit facilities.
Timing the peak release with peak runoff of the North Fork Gunnison in
order to achieve on peak flow for both the Whitewater target flows and the
Black Canyon.
In some cases it may be necessary to time peak releases from the Aspinall
Unit to either before or after the peak runoff of the North Fork Gunnison
River in order to meet the Whitewater target flows but avoid flooding in
Delta.

Yearly operation plans to meet the Black Canyon NP Water Right, endangered fish flow
recommendations, and Unit purposes will be developed in coordination with the State of
Colorado, the National Park Service, Reclamation, Western, the Service and other
affected interests through the established Aspinall Operations coordination process in
order to ensure that operational decisions to exercise this right are in accord with the best
available information and with full consideration of river management issues. Wetter
years will require an increased level of planning, analysis, and coordination and
communication among all stakeholders.
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Tables 74 through 79 compare the Black Canyon Water Right and ESA Whitewater Peak
Targets with the flows modeled for each alternative in the Black Canyon, at Delta, and
Whitewater.
Table 74: One day peak flow comparison under the No Action Alternative in cfs.

*No Action Alternative does not include Black Canyon NP Reserved Right
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Table 75: One day peak flow comparison under Alternative A in cfs.
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Table 76: One day peak flow comparison under Alternative B in cfs.
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Table 77: One day peak flow comparison under Alternative C in cfs.
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Table 78: One day peak flow comparison under Alternative D in cfs.

The Redlands Canal diverts water from the Gunnison River downstream of the gage at
Whitewater. The power canal has water rights senior to the Aspinall Unit that total 750
cfs. The significance of the Redlands Canal not being able to divert 750 cfs is that this
could initiate a call from the Redlands Water and Power Company that could affect
upstream users with priority dates later than 1941.
Table 79 shows the number of days per year that the Redlands Canal diverts less than 750
cfs for the No Action Alternative and Alternatives A, B, C, and D. This does not
automatically mean a call on the river is in place but it does create the potential for a call
by the Redlands Water and Power Company.
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Table 79: Days per year that the Redlands Power Canal diverts less than 750 cfs.

Downstream of the Redlands Power Canal Diversion Dam lies the final miles of the
Gunnison River before it joins the Colorado River in Grand Junction. During wetter
periods there is usually sufficient water downstream of the diversion dam. However, this
stretch of river can experience very low flows due to the diversion of the majority of the
water by the power canal during drier periods. Endangered fish need sufficient flows to
migrate up the Gunnison River. Most of the migration occurs from April through
September. When flows drop below 100 cfs downstream of the diversion dam, fish
migration may become impossible. Table 80 shows the number of days from April
through September that flows in the Gunnison River downstream of the Redlands
Diversion Dam fall below 100 cfs for the No Action Alternative and Alternatives A.B, C
and D. As can be seen in the table, this condition occurs primarily during drought years.
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Table 80: Days per year that flows below Redlands Diversion Dam are less than 100 cfs
during the months of April through September

A fish ladder is currently in place at the Redlands Diversion Dam which enables the
endangered fish to navigate around this structure. The ladder is most effective when
flows in the Gunnison River downstream of the diversion dam are above 300 cfs. Most
endangered fish travel upstream from April through September. Table 81shows the
number of days from April through September that flows in the Gunnison River
downstream of the Redlands Diversion Dam drop below 300 cfs for the No Action
Alternative and Alternatives A, B, C, and D. Again, the impacts to fish migration
generally occur during drought years.
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Table 81: Days per year that flows below the Redlands Diversion Dam are less than 300
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