Chapler

W Impacts of Water Operations
Alternatives

4.1 Introduction

This chapter describes the impacts of the water operations alternatives on the resources discussed in
Chapter 3. Analysis of impacts is conducted to estimate the amount of potentially significant change that
a given resource might experience. Changes to a resource are considered from multiple perspectives
including: 1) how much change is expected, 2) whether the change is beneficial or detrimental, 3) the
understanding of complex relationships in the system, and 4) the reliability of the results of the analysis.

The upper Rio Grande basin is a complex system composed of interdependent relationships. Water
present in the river at any given time is the result of many factors, including influences from snow pack,
precipitation, drought, moisture deficit, evaporation, seepage, river bed geometry and composition, local
geology, surface and groundwater diversion, return flows from irrigation and municipal uses, and other
factors. Factoring in analyses of aquatic and riparian ecosystems adds further layers of complexity.
Because such a large number of variables are possible, several computer models and spatial analysis tools
(described in Chapter 2) were used to evaluate the amount of change that might be expected by
implementing a proposed alternative. However, the results of these analyses can present conflicting
impacts—for example, extremely high flows may benefit riparian habitat while potentially destroying
cultural resource sites. When competing objectives and conflicting resource management goals occur,
selecting an alternative that provides the best balance is a complicated process.

Decisions made in partnership are more complex than those made by individuals, as different objectives,
agency missions, facility purposes, legal requirements, and management goals must be reconciled with
human and ecosystem needs. The joint lead agencies (JLA) and cooperating agencies recognize that
important decisions about Federal facility operations along the Rio Grande should not be made in
isolation, but should involve an open, participatory, and consensus-building process. The JLA decided to
implement a formal decision structure for evaluating alternatives in this Water Operations Review
(Review) and Environmental Impact Statement (EIS). The decision structure is described in this section
and detailed in Appendix P.

4.2 Methods, Tools, and General Assumptions

Decision-support software was selected to facilitate the documentation, analysis, and sharing of decision-
making information for this Review and EIS. Criterium Decision Plus™ (CDP) 3.0 (InfoHarvest 2001),
available as a free model reader from www.InfoHarvest.com, was selected based on its ease of use. The
graphical depiction of decision structure, tradeoff analyses, and uncertainty evaluations enable interested
stakeholders to understand the reasons for the ranking of alternatives.

Structuring a formal decision process forces discipline in framing the problem and allows a complex
decision to be broken down into manageable parts. The CDP software assists in analyzing the important
and sensitive elements of a decision, in evaluating the robustness of the choice made, and in identifying
the tradeoffs made in selecting the top-ranked alternative. When the decision results are finalized, there is
a record of how and why a decision was made. Figure 4-1 depicts the elements in a multi-criterion
decision process.
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Decision criteria and the relative importance of these criteria were established by the JLA, cooperating
agencies, Steering Committee (see Figure 1-1), and other stakeholders prior to the analysis of alternatives
and resource impacts. It was hoped that constructing and valuing the decision hierarchy as the first step
minimized bias or prejudgment of alternatives. The resource teams then conducted the performance
analysis of each alternative in accordance with the technical performance measures supporting the
established decision structure. In order to maintain objectivity in resource team evaluation, alternatives
were not identified by subjective names, but were instead identified only by letter and number. CDP was
then used to document the alternative that best fit the stated hierarchy of decision criteria.

Effective decision criteria are directional, concise, clear and comprehensive, yet not redundant. The
selected decision criteria considered the multitude of JLA requirements for environmental and regulatory
compliance; multiple objectives in water management; multiple purposes for which facilities are
authorized and operated; and stakeholder comments concerning resource impacts and issues. The JLA,
Executive Committee, and the Steering Committee had opportunities to review, comment, and assign
values to the proposed decision criteria.

The JLA identified three threshold criteria which an alternative needed to satisfy in order to be among
those considered for implementation. The three overarching threshold criteria were:

e Meets Flood Control and Safe Dam Operations
e Meets Interstate Compact and Treaty Requirements
e Meets Water Storage and Delivery Needs

Nine decision criteria (Table 4-1) were then established for detailed analysis of the six action alternatives
and the No Action Alternative. These decision criteria were developed from the Purpose and Need
Statements for this Review and EIS and are based on the often competing regulatory requirements
concerning natural and human environmental quality and health, cultural and tribal resources protection,
and land use and socioeconomic considerations. These decision criteria were ranked in importance by the
JLA, Steering Committee, and stakeholders. Three techniques for eliciting preferences among criteria
were used. The first technique allocated 100 points across the nine criteria. The second technique
established independent values for each criterion on a scale of 1 (low) to 10 (high). The final technique
ranked the relative importance of each criterion compared to the others from high (1) to low (9). The
average results across all three methods were used to establish the ordinal criteria rankings with the
results from the JLAs and Steering Committee shown in Table 4-1.
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Table 4-1. Ranking EIS Decision Criteria

AGENCY or STAKEHOLDER: JLA & Steering Committees Combined
Date: 11/13/2003
Participants: COE, BOR, ISC & Steering Committee Participants

(] Fixed Scaled Ordinal
Q
5 Point Criterion Criterion OVERALL
z - )
é Criterion Rating Rank RANK
g’ Score
[ DECISION CRITERION (Numerical) (Independent) Relative)
JLAs | SC [ RANK || JLAs | SC | RANK|[[ JLAs | SC [RANK
A [Meets Water Storage & Delivery Needs *es s $ EQUAL
B [Meets Interstate Compact & Treaty Requirements ‘“ esh D/Q ‘“ hiﬂlq ‘“ esh ,0 EQUAL
C |[Meets Flood Control & Safe Dam Operations EQUAL
1]Meets Ecosystem Needs 15 20 2 7.7 8.8 2 1.7 1 1 1
4)Provides Sediment Management 13 12 4 6.0 6.4] 4 3.3 3 3 4
3|Preserves Water Quality 17 15 1 6.7 8.6 3 4.0 2 4 3
2|Provides System Operating Flexibility 15 12 3 8.7 8.1 1 2.7 5 2 2
7|Preserves Desirable Land Uses 4 8 8 4.7 6.9 6 7.7 4 7 7
8|Preserves Recreational Uses 9 6 7 4.0 5.4] 8 7.3 9 8 8
6]Preserves Cultural Resources 12 7 5 4.7 4.8 7 6.0 8 6 6
9]Alternative is Fair and Equitable 4 9 9 3.3 5.4 9 8.7 7 9 9
5]Preserves Indian Trust Assets 11 9 6 5.3 6.3 5 3.7 6 5 5

4.3 Scope of Analysis

There are physical, biological, and economic variations and uncertainties inherent in the operation of
Federal facilities on the Rio Grande. The needs of a natural ecosystem are not necessarily the same as, or
on the same schedule as, the delivery and use of water for human needs. Interrelationships in the
ecosystem are not well understood. Attempts to improve or maximize a single resource can be too
narrowly focused and can have unintended consequences, resulting in variable success for a given
solution. Other factors that can contribute to uncertainty include extremes in precipitation and stream
flow, seasonal and annual changes in water demand, and the various temporal and spatial scales available
for measurement.

Limited modeling resources confined the Upper Rio Grande Water Operations Model (URGWOM) runs
to exploring operating impacts that maximize available flexibility within the framework of the
alternatives analyzed. For example, when native storage in Abiquiu Reservoir was allowed to reach a
maximum of 180,000 acre-feet (AF), URGWOM was set up to allow storage to be maximized whenever
possible. Similarly, if the diversion capacity for the Low Flow Conveyance Channel (LFCC) was 2,000
cubic feet per second (cfs) under a specific alternative, URGWOM allowed water to be diverted to the
LFCC whenever it was available beyond the 250 cfs assumed bypass at the San Acacia Diversion dam.
Thus, initial planning model results afforded a view of the maximum possible impacts of storage and
diversion under a given alternative.

An initial analysis was performed modeling the No Action Alternative with zero diversions to the LFCC.
These zero diversion data from the No Action modeling were used as input to other models including the
aquatic habitat, riparian vegetation inundation, and hydraulic analyses. Sensitivity analyses were
subsequently performed for the No Action Alternative that evaluated several diversion capacities
including 500, 1,000, and 2,000 cfs to allow direct comparison with action alternative performance
associated with LFCC diversions in the San Acacia Section. While the 40-year URGWOM runs were not
completed for each variation of diversions to the LFCC under the No Action Alternative, the sensitivity
analyses on the San Acacia section facilitate comparisons with the action alternatives.
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included the following: 1) use of a single 40-year inflow hydrograph sequence of historical years; 2)
initial use of 2001 reservoir storage conditions; 3) computed losses associated with seepage, evaporation,
and transpiration from riparian vegetation along a given reach; 4) using an average year for the link to
MODFLOW/MODBRANCH results in the San Acacia Section.

The policy impacts of operating within reservoir-authorizing legislation, Compact and Treaty obligations,
imported and native water management, and other operating policy is a source of uncertainty. Rigid
triggers for water operations management include limits on upper and lower reservoir storage that
correspond to safe operating limits; seasonal flow requirements; Compact restrictions on storage in dry
years; and other rules. Diversions by irrigators, municipalities, and other water users were assumed to
continue per historic patterns and do not take population growth or year-to-year variability in irrigation
demand into account (see Appendix I.).

The URGWOM planning model was calibrated and sensitivity runs were performed to improve model
performance relative to historic conditions documented by actual data. However, uncertainties do exist.
Model results are provided at specific locations along the river that typically coincide with United States
Geological Survey (USGS) stream gages. These gages have a calibration accuracy of about 5 percent. The
model was used to compare alternative operations and evaluate resulting differences. However, the
resulting flows are only available for key locations along the river and cannot be easily extrapolated to
other locations.

The methods used to estimate geomorphic changes in the river are described in Appendix H, and include
estimating changes in sediment volume, predicting aggradation/degradation, and evaluating erosion
energy by using a bank erosion index.

Thresholds for Significance

Typically, deviations greater than 10 percent from No Action were examined for cause and identified as a
potentially significant impact. However, flow records at key model gages were considered accurate within
5 percent, as this is the standard of calibration used by the USGS for actual gage data. Thus, changes in
flow within 5 percent of No Action were not deemed significant.

4.4.1.5 Discussion of Results
Hydrology

To understand the impacts of changes in water operations, it is easiest to trace the flow from the upper
Rio Grande watershed and progressively move down each river section (Figure 4-7). Flows along the Rio
Chama are shown by the graphs on the left and flows on the Rio Grande are depicted by graphs along the
right margin. These flows are in part dictated by the 40-year synthetic inflow hydrograph shown on
Figure 2-1 in Chapter 2. No operational changes were proposed for facilities located in the Northern
Section, thus typical monthly flows at Lobatos characterize main stem Rio Grande flows delivered from
Colorado to New Mexico. Peak flows are shown by the patterned bar measured against the left-hand
scale. The 75"/50"/25" percentile and average flows are shown against the right-hand scale. A percentile
is a value on a scale of one hundred that indicates the percent of a distribution that is equal to or below it.
The 50" percentile flow is the median, where half the flow records are above and half the flow records are
below the median. The 75" percentile is above normal or in the high range of flows. The 25" percentile is
below normal or in the low range. In the upper Rio Grande basin, the average monthly flow is typically
higher than the median due to the large variability in the higher daily flows. Monthly flows delivered
from Colorado to New Mexico at the Lobatos gage had a monthly peak flow near 5,000 cfs, with a
median daily flow of 288 cfs. All of the proposed changes to water storage occur along the Rio
Chama—specifically modifications to Heron Reservoir waiver dates and various degrees of native Rio
Grande conservation storage in Abiquiu Reservoir. Increases and decreases above the current channel
capacity below Abiquiu were also considered.
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Rio Chama tributary inflow is approximately one third of the total flow passing Otowi gage. Discussion
of changes along the Rio Chama requires discussion of both flows and changes in reservoir storage.
Changes in reservoir storage are shown on Figure 4-8. This figure shows the 75"/50"/25™ percentiles and
the average storage for each reservoir. Together with flow data reported on Figure 4-7, the effects of
operational changes on flows and reservoirs can be evaluated.

Heron Reservoir Waivers: The greatest proposed change in water operations occurs at Heron Reservaoir.
Potential changes in San Juan-Chama Project water waiver dates include extending possible carryover of
water in Heron Reservoir from April to August or September. Changing waiver dates allows water to be
held back longer in the reservoir, without that water being lost to the contractor and reverting back to
project storage (see Figure 4-5). With the exception of decreased minimum storage under Alternative B-3,
there were no significant impacts on 75th, 50th, and 25th percentiles in Heron Reservoir
storage—maximum and minimum reservoir elevations are constrained by the model to account for
operational safety (see Figure 4-5). Significant impacts are defined as greater than 10 percent changes in
storage from No Action.

Figure 4-8 shows impacts to Heron Reservoir pool elevation under alternatives with August and
September waivers exercised during dry years when upstream storage is restricted by Article VI of the
Rio Grande Compact. Extended waiver dates show that a greater volume of San Juan-Chama water is
transferred to EI Vado Reservoir during the extended dry period. Additional transfers to El Vado
Reservoir result in less water reverting to project storage during dry years. The total volume of water
transferred is on the order of 6,000 to 7,000 AF over the entire 40-year period; however, these transfers
occur during a dry decade when reservoir storage is already critically low.

Changes attributed to extending waiver dates include the ability to store more water in EI VVado as
indicated by significantly greater median reservoir storage under Alternatives B-3 and D-3 with
September and August waiver dates, respectively. Alternatives E-3 and 1-3 show smaller increases in El
Vado storage suggesting that downstream native conservation storage in Abiquiu Reservoir may also
result in increased ability to store water in El VVado. Daily flows below El Vado are decreased under
Alternatives B-3 and E-3 suggesting that September waiver dates cause some shaving of flows along the
Rio Chama. Average and median flows were essentially unaffected by extended waiver dates.

Average annual El VVado Reservoir elevation fluctuations are shown on Figure 4-8. The fluctuations in El
Vado elevations are primarily related to the sequence of wet and dry years comprising the 40-year
hydrologic sequence, rather than significant changes related to water operations. This is because all
alternatives, including No Action, initiate storage in El Vado in a similar fashion starting near the same
point each spring. However, during periods when Article V11 storage restrictions are quickly lifted then
enacted (model years 2037 through 2039), noticeable departures from the No Action Alternative are
observed. Alternatives B-3 and E-3, with September waiver dates at Heron Reservoir, show the greatest
annual elevation departures: about 10 to 20 feet higher than those expected under No Action.
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Abiquiu Native Conservation Water Storage: Maximum storage observed in Abiquiu Reservoir is
typically less than the maximums available under the 180,000 AF for all alternatives except B-3. With the
lower channel capacity below Abiquiu Dam, Alternative B-3 has a higher duration of flow retention
behind Abiquiu Dam resulting in higher total storage and native conservation water storage. Alternatives
E-3, I-3, and D-3 are also favorable in providing conservation storage opportunities with mean storage
near 100,000 AF. Alternatives I-2 and I-1 store about 84,000 and 62,000 AFY, but are constrained in
maximum native water storage capacity to 75,000 and 25,000 AF, respectively. The No Action
Alternative demonstrates water typically stored for flood control purposes only, ranging from about
45,000 to 62,000 AFY.

Water stored under the No Action Alternative is subject to Compact restrictions in its use and release
(P.L. 86-645), unless specific annual deviations are obtained. The No Action Alternative has no provision
for native conservation water storage. Frequency analysis of conservation storage in Abiquiu Reservoir
was conducted over the 40-year planning period for the action alternatives (Figure 4-9). Results indicate
that the opportunity to store conservation water in Abiquiu Reservoir could occur in about 20 of 40 years.
Under Alternatives B-3, D-3, E-3, and I-3, the opportunity to store at least 100,000 AF in a given year
could occur about 35 percent of the time.

Native conservation storage was identified as water that could possibly be stored and used later in the
year. Storage was allowed to occur in the model when specific criteria were met (see Abiquiu Reservoir
Native Storage descriptions in Sections 2.4.3 and 2.4.4). The specifics regarding the release, year-to-year
carryover, and other use of this water remain to be defined by specific agreements for storage in Abiquiu
Reservoir. Storage at Abiquiu Reservoir and changes in downstream channel capacity result in small
impacts on daily and percentile flow distributions at the Chamita gage. In developing impact analyses for
other resources, resource teams made different assumptions about how much of the native water stored in
Abiquiu would be available and how it would be released.

Storage at Abiquiu Reservoir and changes in downstream channel capacity result in small impacts on
daily and percentile flow distributions at the Chamita gage. The alternatives storing the least water, No
Action, I-1, and I-2 have the higher daily flows, but the 75"/50"/25™ percentile flows are similar among
all alternatives. Increases in native conservation storage in Abiquiu result in a slight reduction in daily
flows at the Chamita gage. As most storage impacts occur along the Rio Chama, frequency analysis of the
Rio Chama flow at Chamita for all action alternatives (Figure 4-10) indicated that there would be a 10 to
20 percent reduction from the No Action Alternative for flow with a recurrence interval of 1.25 years. A
recurrence interval is the probability that a flow event with the same intensity will be equaled or
surpassed in the next year — for example, a 100-year recurrence interval indicates a 1 in 100 chance such
an event would occur in the next year. The flow with a 10-year recurrence interval would be similar to
those under No Action for all action alternatives except Alternative B-3, which would show a reduction of
15 percent. As Rio Chama inflows represent one-third of the flows at Otowi, changes at Otowi were
typically less than the 5 percent variability expected from gage error alone, with the exception of slightly
higher 75" percentile flows under all alternatives except I-1 due to the release pattern used in the analysis.
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Changes in geomorphology in the Rio Chama were evaluated, and there was no significant difference in
sediment volume, aggradation/degradation trends, or bank energy indices among any of the alternatives in
this section (See Appendix H).

Mainstem Rio Grande at Otowi: The impact of proposed operational changes along the Rio Chama into
the Rio Grande mainstem is examined by behaviors in monthly flows at Otowi gage as shown on Figure
4-7. Significant (greater than 10 percent) impacts to flows were observed as increased 75" percentile
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flows under Alternatives B-3, D-3, E-3, I-3, and I-2. Presumably, higher levels of native conservation
storage and the release of that water during November and December of each year result in the higher
flows observed. Median flows increased under Alternatives B-3 and I-3. No other significant changes to
monthly peak or lower flows at Otowi gage were observed for any of the alternatives.

Albuquerque Gage: Monthly peak flows for Alternatives B-3 and E-3 approach 8,000 cfs due to higher
channel capacities below Cochiti Dam. Alternatives B-3, D-3, E-3, I-3, and I-2 all had increased 75t
percentile flows passing the Albuquerque gage, presumably related to the release of native conservation
storage in Abiquiu. No other significant changes in flow were observed at the Albuquerque gage for any
of the alternatives.

LFCC Diversions and Flow at San Acacia Gage: Flow analysis in the San Acacia Section first needs to
consider the impacts under No Action resulting from varying levels of diversion into the LFCC. Daily
flows vary by 2,000 cfs, which is equal to the maximum diversion allowed under No Action. All
diversions to the LFCC were modeled assuming a minimum of 250 cfs would be left in the river channel,
with no diversion allowed to the LFCC when river flows at San Acacia are less than 250 cfs. For
example, if the flow at San Acacia is 1,250 cfs and the LFCC capacity is 500 cfs, 500 cfs would be
diverted to the LFCC and 750 cfs would remain in the river channel. If flow at San Acacia is less than 250
cfs, there would be no diversions to the LFCC. Hydrology controls the maximum levels of diversions,
demonstrated by the fact that the full 2,000 cfs LFCC capacity is used only 4 percent of the time and 75
percent capacity (1,500 cfs) is used only 14 percent of the time. While 100 percent of the annual river
flow could potentially be diverted, only 49 percent of the flow is conveyed even with the maximum 2,000
cfs LFCC capacity due to the 250 cfs bypass assumption. Figure 4-11 shows average annual diversions to
the LFCC over the 40-year period. The data were limited only to the I alternatives because they represent
the range of LFCC capacity applied in the model.
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Figure 4-11. Average Annual LFCC Diversions

At the San Acacia gage (Figure 4-7), proportional decreases occur across the 75"/50"/25™ percentile
flows, depending on the level of LFCC diversion. Changes among alternatives were compared to the
corresponding level of diversion under No Action. For example, changes under Alternative I-1 were
compared to No Action at 500 cfs; changes in Alternative 1-2 were compared to No Action at 1,000 cfs;
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and changes in Alternatives B-3, D-3, E-3, and I-3 were compared to No Action at 2,000 cfs. Flows
predicted for No Action with zero diversion provides the highest river flows in the San Acacia Section.

Changes in flow at the San Acacia gage attributed to alternative water operations occur as follows:

e Maximum daily flows increased for Alternatives B-3 and E-3 due to higher channel capacities
allowed below Cochiti Dam under these alternatives

o Alternative I-2 shows significantly higher 75" percentile flows compared to No Action at 1,000
cfs diversion, as a result of Abiquiu conservation storage releases

« Alternative I-1 has slightly lower 50" percentile flows than No Action at 500 cfs diversion

e Most alternatives show lower 25" percentile flows than No Action due to diversions into the
LFCC

Elephant Butte Inflow: Inflow to Elephant Butte Reservoir was used as a surrogate gage to evaluate
flows into the Southern Section (Figure 4-7). Highest daily flows were recorded under Alternatives B-3
and E-3; lowest daily flows were observed under Alternatives I-1 and I-2. Alternatives D-3 and -3
maintained higher flows than No Action in all flow categories (75"/50"/25" percentiles). Alternatives I-1
and I-2 had reduced daily flows when compared to No Action, but showed some improvements in flows
in the middle and lower flow categories. Alternatives B-3, D-3, E-3, and 1-3 all showed 10 percent
improvements in average monthly flows over the 40-year period. Alternatives I-1 and 1-2 had 3 percent
and 7 percent improvements in average monthly flows as compared to No Action with zero diversions to
the LFCC.

Flows in the Southern Section were not explicitly evaluated as flood operations in Elephant Butte and
Caballo Reservoirs were not triggered by any of the alternatives during the 40-year analysis period.

Geomorphology

The geomorphologic impacts for the No Action Alternative in the Central Section would remain
degradational, although continued coarsening of the bed material would likely limit the amount of bed
lowering that occurs. Although degradation has historically occurred from the confluence of the Jemez
River to Bernalillo, this subreach would be close to equilibrium, due primarily to the increased sediment
input from the Jemez River with the October 2001 elimination of the sediment pool in Jemez River (MEI
2002). From Bernalillo to San Acacia would be slightly aggradational under this alternative. From San
Acacia to the north boundary of Bosque del Apache National Wildlife Refuge (NWR), the channel would
continue to be degradational, and the magnitude of the sediment imbalance would actually increase
compared to recent historic conditions. From Bosque del Apache NWR to San Marcial would continue to
aggrade with the late-1990s bed topography, but the drop of pool elevations in Elephant Butte Reservoir
and construction of the Elephant Butte Pilot Channel are likely to result in a degradational trend in this
reach, at least until the Elephant Butte pool level increases back to its historic higher levels.

The only potentially significant changes in geomorphic indicators occurred between San Acacia and San
Marcial (Figure 4-12) and were associated with the magnitude of diversion to the LFCC. Diversion to the
LFCC decreased sediment transport, decreased river channel flow volume, and decreased erosive energy
resulting in changes in aggradation/degradation when compared to No Action with zero diversions to the
LFCC. It should be noted that active diversions to the LFCC under No Action were not explicitly
evaluated. Thus, much of the change attributed to action alternatives is likely the result of implementing
diversions to the LFCC. The following value judgments were applied to sediment/erosion information
provided for this DEIS: 1. Aggradation was favored for the Central Section; Degradation was favored in
the San Acacia Section 2. A stable bank energy index was desired for the Central and San Acacia
Sections; a decreased bank energy index was desired for the Rio Chama Section.
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Figure 4-12. Changes in Aggradation/Degradation and Flow Volume

Geomorphologic changes between alternatives were not significant. Except for the river channel below
the San Acacia Diversion Dam, the computed change in bed elevation for the action alternatives would be
nearly identical to the No Action Alternative. Very slight changes in the San Acacia Section river channel
elevation were observed from the diversion dam to river mile 78. Aggradation in this reach ranged
between 0.01 and 0.03 feet per year for the action alternatives. Below river mile 78, the computed
lowering in bed elevation was 0.01 feet per year or less under all action alternatives. These minor changes
in bed elevation should be viewed only in a relative sense because the changes would not occur uniformly
in time or space through the reach, nor would they continue indefinitely as the channel geometry,
gradient, and bed material adjust toward a state of equilibrium with the upstream supply. Changes below
San Acacia were associated with the amount of diversion to the LFCC. Additional information regarding
geomorphic analysis is provided in Appendix H.

Sources of Uncertainty and Data Gaps

Most of the sources of uncertainty in the analysis of flow, storage, and geomorphology are related to
availability of and confidence in gage, elevation, and other input data. Due to the 40-year planning
horizon, computer modeling resources were constrained in their ability to perform multiple model runs.
Thus, the particular 40-year inflow sequence may limit the degree of changes observed — especially when
considering possible reservoir filling and emptying sequences. For example, the use of 2001 reservoir
conditions coupled with the 40-year inflow sequence meant that the Elephant Butte/Caballo Reservoir
flood control protocols were not invoked and impacts to the Southern Section were not considered. Due to
the propagation of error along the river system, there is at least 10 percent uncertainty in model results
increasing with downstream distance from Albuquerque.

Sensitivity analyses for the range of LFCC diversions under the No Action Alternative were performed as
an adjunct to the primary alternative scenarios. In some cases, direct comparisons for the varying LFCC
diversions under each alternative in the San Acacia section were not possible and qualitative estimates of

impact substitute for quantitative analyses.
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4.4.1.6 Summary/Comparison by Alternative

River flow and water movement throughout the Rio Chama and upper Rio Grande is constrained by the
management of water in existing facilities under existing authorities and physical channel capacities.
Differences between alternatives are subtle and may often be masked by gage error. Changes in
operations typically have the greatest impacts to the river sections immediately in or downstream of the
proposed change.

Along the Rio Chama, changes in storage using waivers at Heron Dam and storage of native conservation
water in Abiquiu result in slight variations in daily and monthly flows. Alternatives B-3 and E-3 offer the
greatest opportunity to store native Rio Grande water in Abiquiu Reservoir. Alternatives I-3 and E-3 offer
slightly lesser advantages in native conservation storage. Alternatives I-2 and I-1 are constrained in their
abilities to store water and offer intermediate storage up to the capacities of 75,000 and 25,000 AFY.
Under the No Action Alternative, conservation water would not be stored. Currently, under specific
circumstances and upon State of New Mexico request, native water can be stored and carried over only
after obtaining expensive and cumbersome emergency deviations and permits.

No changes in operations are proposed on the Rio Grande above the confluence with the Rio Chama.
Below the confluence, there are no significant changes to daily flows at Otowi under any of the
alternatives; and all alternatives except I-1 show improvements in 75" percentile flows. Alternatives B-3
and 1-3 also show improved median flows.

On the main stem of the Rio Grande near Albuquerque, Alternatives B-3 and E-3 (with increased channel
capacity below Cochiti) show improved maximum and 75" percentile flows. Alternatives D-3 and I-3
also show greater 75" percentile flows, presumably due to releases in upstream storage. There were no
significant changes in median or low flows among the other alternatives.

Flows in the San Acacia Section are influenced primarily by diversion to the LFCC and to a lesser extent
by changes in channel capacity below Cochiti. Under the No Action Alternative when hydrology permits,
river flows are maintained up to 250 cfs prior to diversion into the LFCC. The 2,000 cfs operation has the
potential to divert over 100 percent of the river flow at San Acacia. Under the action alternatives with a
250 cfs bypass assumed in URGWOM, only 49 percent of the total flow is actually diverted by the model.
By comparison, the 1,000 cfs flow diverts 47 percent and the 500 cfs flow diverts 37 percent of the total
river flow. Flows projected for the San Acacia gage for the No Action Alternative under various
diversions to the LFCC show proportional decreases in river flows at the daily flow and 75" percentiles.
Median and low flows converge quickly with diversion. The full 2,000 cfs capacity is used only 4 percent
of the time; the 1,000 cfs capacity is used only 13 percent of the time; and the 500 cfs capacity is used 34
percent of the time over the 40-year period. See Appendix H for additional detail.

All alternatives result in higher median and average inflows to Elephant Butte Reservoir, as compared to
No Action. Alternatives B-3 and E-3 provide the highest daily and 75" percentile flows. Alternatives I-1
and 1-2 show reductions in daily flows when compared to No Action, but sustain higher mean and median
flows over the 40-year period. Overall, Alternatives B-3 and E-3 deliver the most water to Elephant Butte
Reservoir due to increased channel capacities below Cochiti Dam. The next highest ranked alternatives
for managing water operations are Alternatives D-3 and -3, offering comparable median and average
flows as compared to B-3 and E-3. Alternatives I-2 and I-1 transmit lesser amounts of water, with No
Action delivering the least water to Elephant Butte Reservoir.

Impacts to flows below Elephant Butte Reservoir were not considered as flood control protocols were not
invoked during the 40-year planning period.

Geomorphologic impacts were considered insignificant as none of the changes exceeded a 10 percent
departure from No Action. Sediment volumes, aggradation/degradation changes, and changes in bank
energy indices were all similar to No Action, suggesting that changes in sediment volume and water flow
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among alternatives were not of sufficient magnitude to induce substantial changes in channel
morphology.

Water flow in the upper Rio Grande basin is tightly constrained within the limits of current authorities
and regulations. Performance measures for water operations flexibility and sediment management are
summarized in Table 4-3.

The rank order of preference among alternatives after evaluating hydrologic and geomorphologic impacts
is as follows: 1-3, E-3, B-3, I-2, I-1, No Action, and D-3.

4.4.1.7 Mitigation Measures

Impacts for hydrologic effects requiring possible mitigation could include the occasional need for higher
channel-forming flows and release of upstream storage for the benefit of New Mexico Compact deliveries
and endangered species. Alternatives providing upstream storage of native conservation water allow the
best potential for mitigating impacts to other resources. Geomorphologic characteristics were not
significantly impacted by proposed changes in water operations, thus no mitigation measures were
proposed.

vV -21



Upper Rio Grande Basin Water Operations Review FEIS

Table 4-3. Operating Flexibility Performance Measures and Results

No Action
LFCC-0
Parameter Measure Units cfs B-3 D-3 E-3 I-1 1-2 1-3
OPERATIONAL FLEXIBILITY
Conservation July 1 Median Storage
Storage in (20 of 40 years) AF 0 129,400 115,600 | 116,800 19,130 73,300 | 118,800
Abiquiu # of Years Storage Years 0 19 20 20 17 19 20
Occurs
— - - -
MaXIml_zes 75" percentile Chamita ofs 585 616 601 607 640 589 607
Peak Discharge Gage
th A A
éiggerce”t"e Otowi ofs 1533 | 1704 | 1654 | 1671 | 1520 | 1611 | 1,674
th 5
75" percentile ofs 1134 | 1389 | 1289 | 1331 | 1,150 | 1,246 | 1,331

Albuquerque Gage
75™ percentile San Acacia
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allowed under each alternative would be exercised. That is, if conservation storage was allowed up to
180,000 AF, then storage would be maximized when available. Similarly, if flows at San Acacia permit
diversion to the LFCC, then diversion would be performed up to the allowed capacity of the LFCC. In
many cases, hydrology and Compact constraints limit the ability to store and/or divert water, not the
physical maxima available in the facilities.

The FLO-2D model of overbank inundation is most precise and accurate in the Rio Chama and Central
sections. It is less reliable in predicting inundation in the San Acacia Section due to streambed instability.
FLO-2D modeling was supplemented by Reclamation’s use of the Hydrologic Engineering Centers River
Analysis System (HEC-RAS) model for flows below the San Marcial gage to evaluate the portion of the
San Acacia Section between the south boundary of Bosque del Apache NWR and the power lines at the
full pool of Elephant Butte Reservoir. HEC-RAS data were merged with FLO-2D data and analyzed using
Geographic Information System (GIS) to evaluate the effects of flooding greater than 0.5 foot.

Thresholds for Significance

As stated for other resources, minimum gage error in this system is 5 percent; propagation of error
increases with successive layers of modeling and analysis. Thus, a minimum change of 10 percent was
assumed to be the threshold for significant change, with the exception of analyses for threatened and
endangered species, which are addressed in a separate section.

Discussion of Results of Analysis

Table 4-7 shows a comparison of the effects of the alternatives, by river section, on riparian habitat
performance measures. Under the No Action Alternative, operations would continue largely unchanged,
but with improved inter-agency coordination for flood control and delivery of water downstream. With no
diversion into the LFCC, current operations would provide the best overall support for riparian resources
compared with all the action alternatives based on the relative performance of riparian impact indicators.
Current operations demonstrated support for existing wetlands, natural management areas, riparian fauna,
and threatened and endangered species. However, despite overall support of riparian resources, adverse
impacts would occur under the No Action Alternative, varying in degree by river section.

In the Rio Chama Section, Alternatives D-3 and I-1 perform significantly better than No Action for mean
annual acre-days of flooding, but do not show significant differences for other riparian performance
measures. Alternative B-3 shows a significant adverse impact in mean annual maximum acres flooded in
the Rio Chama Section, but provides the greatest conservation storage and peak flow variability. Overall,
the analysis indicates that storage of native water at Abiquiu Reservoir does not necessarily lead to
significant adverse effects for the Rio Chama Section. Beneficial impacts to riparian vegetation would
occur in the Central Section under Alternatives B-3 and E-3, both with higher channel capacities proposed
below Cochiti Dam. The remaining alternatives (D-3, I-1, I-2, and 1-3) perform similarly to the No Action
Alternative.
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Table 4-7. Effects of Alternatives on Riparian Habitat Performance Measures

Peﬂggﬁ’e‘ce Units No Action B3 | D3 | E-3 I-1 12 13

RIO CHAMA
Mean Annual Acres
Maximum Acres 147 69 134 108 147 125 108
Flooded
Mean Annual Acre- Acre- 1,137 1,070 | 2,643 | 2,006 | 3004 | 2450 | 2073
Days of Flooding * days
Frequency of Spring Per- 93% 85% | 85% | 88% | 93% | 90% | 88%
Flooding cent

th
Days greater than 757 | Days 1,830 1513 | 1470 | 1499 | 1782 | 1625 | 1,499
percentile flows
Peak Flow Variability cv
— Coefficient of 23 32 36 34 23 28 35
Variation (CV)
Mean July 1 AF
Conservation Storage — 0 53574 | 50,375 | 51,341 | 8,141 | 32,328 | 51,557
Abiquiu Reservoir
(AF)
Peak Flow Rank
Augmentation 7 1 4 2 6 5 3
Capability (rank)
CENTRAL SECTION
Mean Annual Acres
Maximum Acres 260 463 280 496 303 268 241
Flooded
Mean Annual Acre- | Acre- 7,646 8,420 | 7606 | 8733 | 8255 | 7.424| 6,886
Days of Flooding * days
Frequency of Spring | Per- 50% 48% | 48% | 40% | 48% | 50% | 48%
Flooding . cent
Days greater than 757 | Days 1,830 1570 | 1559 | 1,567 | 1,802 | 1,676 | 1578
percentile flows
Peak Flow Variability cv
— Coefficient of 47 57 51 58 48 49 51
Variation (CV)
SAN ACACIA 0 0500 | oO- 0- 0- 0- 0- 0-500 0- 0-
SECTION (LFCC 1,000 | 2,000 | 2,000 | 2,000 | 2,000 1,000 | 2,000
Diversion in cfs)
Mean Annual Acres
Maximum Acres 5357 | 4778 | 3535 | 1,755 | 12094 | 1233 | 1,285 | 2601 | 2464 | 1,645
Flooded
Mean Annual Acre- Acre- | o085 | | — | 47,056 | 48,756 | 46,859 | 111,901 | 91,773 | 60,994
Days of Flooding * days
Frequency of Spring Per- 00% | — | — | — 90% | 90% | 90% 95% | 90% | 90%
Flooding cent

th
Days greater than 757 | Days 1830 | 1,830 | 1,830 | 1,830 | 2074 | 2166 | 2166 | 1.830| 1.891| 2166
percentile flows
Peak Flow Variability Ccv
— Coefficient of 46| — _ _ 941 | 848| 951 53.4 65| 856
Variation (CV)

* Developed to provide a relative comparison of alternatives and over estimates the area and duration of flooding. The acre-days of
flooding do not represent absolute values of average years.
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In the San Acacia Section, the action alternatives and the No Action Alternative test the potential effects
of four different levels of diversion to the LFCC. Each of the alternatives specifies a range of LFCC
diversions up to a maximum flow. The ranges of LFCC diversions represented were as follows: 0
diversions only; diversions of 0-500 cfs; 0-1,000 cfs; and 0-2,000 cfs. In the San Acacia Section, there
were only limited data available for the spatial duration and extent of overbank flooding since FLO-2D
models were only conducted for two of the possible maximum diversion options: O cfs diversions and
2000 cfs diversions. Therefore only maximum acres of overbank flooding, frequency of overbank
flooding, days greater than 75" flow percentile, and coefficient of variation for peak flows were available
as indicators for comparing effects of all the alternatives on riparian resources in the San Acacia Section.
The results in Table 4-7 show that significant adverse impacts would occur to riparian resources in the
San Acacia Section from implementation of any of the action alternatives when diversions to the LFCC
were modeled at 1,000 and 2,000 cfs. Significant adverse impacts are indicated for acres of inundation
and mean annual acre-days of flooding. Significant adverse impacts were found for all indicators except
the coefficient of variation and days with greater than 75" percentile flows, both of which improved for
alternatives B-3, D-3, E-3, and I-3.

Without diversions to the LFCC, the No Action Alternative would provide the greatest amount of
overbank flooding to the San Acacia Section, including wetland areas as measured in acre-days. Should
the LFCC become operational, Reclamation could potentially divert up to 2,000 cfs, if in compliance with
all pertinent Biological Opinions. Implementation of diversions of 1000 cfs or higher diversions would
result in a reduction of overbank flooding regardless of the alternative, as shown in Figure 4-18. It is
anticipated that long-term adverse effects would occur to riparian resources as a result of reduced levels
of inundation when diversion to the LFCC occurs. However, higher peak flow variability in the San
Acacia Section would be accommodated under Alternatives B-3, D-3, E-3, and I-3 as well as more days
with greater than 75™ percentile flows, both beneficial impacts for riparian habitats.As shown on Figure
4-18, progressive diversions to the LFCC under No Action result in decreases in the maximum, median,
mean, and minimum wetted floodplain acres. Results suggest that Alternatives E-3 and -3 provide higher
levels of riparian support than No Action at 2,000 cfs. Alternatives B-3 and D-3 provide slightly reduced
maximum acreages, medians, and means when compared to No Action at 2,000 cfs. Similarly,
Alternatives I-1 and I-2 perform better with higher peak, median, and mean wetted floodplain area than
the No Action Alternative with 500 and 1,000 cfs diversions, respectively.

Wetted Floodplain Acres & Flow in San Acacia Section
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Figure 4-18. San Acacia Section Inundation vs. LFCC Diversion under No Action
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Support for native vegetation was also evaluated by considering the average annual acre-days of
inundation for Hink and Ohmart vegetation classification Types 1, 2, 3, and 5; and for Fish and Wildlife
Service (FWS) Resource Category Types 2 and 3 (See Chapter 3, Section 3.3.1.2 for definition of types.)
The degree to which alternatives may negatively impact riparian corridors by providing unwanted support
to invasive species was also evaluated. Figure 4-19 summarizes alternative performance relative to total
days of inundation in desirable native vegetation types. The acre-days of inundation ranged from 92 (No
Action) to 2142 (I-1) in the Rio Chama; from 8,730 (I-3) to 11,125 (E-3) in the Central Section, and from
72,340 (B-3) to 188,060 (No Action-0 cfs to LFCC). Overall, the rank order of alternatives for native
vegetation community support is as follows: 1-1, 1-2, D-3, E-3, No Action, I-3, and B-3.

Figure 4-19 provides a comparison of two riparian performance measures in the San Acacia Section that
would be affected by diversions to the LFCC. Adverse biological effects of any alternative would be
proportional to the amount of diversion to the LFCC actually implemented in the proposed project. The
effect of a decrease in overbank flooding from diversion of up to 500 cfs would probably not have a
significant effect on riparian resources, but might require monitoring of endangered species habitats to
assure that this level of diversion does not have an adverse effect. With diversions capped at 1,000 cfs,
both the frequency and amount of overbank flooding would be adversely affected. With diversions of up
to 2,000 cfs, the frequency of flooding would decrease by 5 percent, resulting in significant adverse
impacts to resources.
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Figure 4-19. Percent of Maximum Possible Inundation of Native Vegetation
Communities by River Section and Alternative

Sources of Uncertainty and Data Gaps

The primary tools used in the riparian analysis included vegetation inventory and classification maps,
results from the URGWOM planning model, FLO-2D model, and aquatic habitat models. The quality and
limitations of each dataset depend on modeled data and uncertainties in input data, including gage error
and hydrologic inputs. Full alternative impact modeling was performed only for No Action at zero
diversions to the LFCC in order to provide a baseline comparison. This is especially of interest in the San
Acacia Section, because diversion to the LFCC is one of the primary causes of impact in this section.
Where analyses offered a means to discriminate between No Action at a specified diversion to the LFCC
and an alternative with the same diversion to the LFCC, more direct comparisons were provided.
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The FLO-2D model is most precise and accurate for the Rio Chama and Central Sections, but is less
reliable in the San Acacia Section due to streambed instability. Model output was developed to provide a
relative comparison of alternatives and over estimates the area and duration of flooding. The HEC-RAS
model was used to predict inundation south of Bosque del Apache NWR to the power lines at the full
pool of Elephant Butte Reservoir. Using GIS and database analysis, these predictions were added to FLO-
2D predictions above San Marcial to predict inundation for the San Acacia Section.

Summary/Comparison by Alternative: Riparian Habitat Analysis

The effect of diversions of 1,000 and 2,000 cfs to the LFCC would likely produce significant adverse
impacts to riparian resources in the San Acacia Section, including riparian habitats and fauna, natural
management areas, wetlands, and threatened and endangered species such as nesting southwestern willow
flycatcher (SWFL) populations.

The degree of support for various types of vegetation provided by the alternatives, in comparison to No
Action, is summarized in Table 4-8. It is important to note that for the San Acacia Section, all
comparisons were initially performed against No Action with zero diversion to the LFCC. Consequently,
the magnitude of habitat loss is roughly correlated to the level of diversion to the LFCC. Alternatives with
2,000 cfs LFCC diversions (B-3, D-3, E-3, and 1-3) have the largest projected habitat losses, with lesser
impacts associated with 500 and 1,000 cfs diversions (I-1 and I-2, respectively). Subsequent evaluations
for habitat changes comparing equivalent diversions to the LFCC yield overall increases in riparian
habitat for Alternatives E-3, I-1, I-2, and I-3, and no significant changes for Alternatives B-3 and D-3.

Table 4-8. Change in Riparian Habitat Support Relative to No Action

B-3 D-3 E-3 1-1 1-2 1-3
Rio Chama Section
Supports Hink & Ohmart Vegetation Types 1 & 2 156% | 1,180% 780% | 1,460% | 1,020% 780%
Supports Hink & Ohmart Vegetation Types 3 & 5 366% | 2,011% | 1,235% | 2,122% | 1,604% | 1,228%
Supports FWS Type 2 339% | 1,861% | 1,206% | 2,072% | 1564% | 1,197%
Supports FWS Type 3 267% | 2,117% | 1,267% | 2,167% | 1,650% | 1,258%
Central Section
Supports Hink & Ohmart Vegetation Types 1 & 2 9% -1% 12% 8% -3%
Supports Hink & Ohmart Vegetation Types 3 & 5 13% 1% 17% 7% -4%
Supports FWS Type 2 13% 0% 17% 8% -3%
Supports FWS Type 3 8% 0% 12% 7% -2% -9%

San Acacia Section

Supports Hink & Ohmart Vegetation Types 1 & 2

Supports Hink & Ohmart Vegetation Types 3 & 5

Supports FWS Type 2

Supports FWS Type 3

Change in Riparian Habitat Support Relative to
Equivalent No Action Diversion to LFCC 3% -3% 15% 16% 24% 36%

Notes:  Negative values represent loss of habitat.
[] = Beneficial