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HYDROLOGY, HYDRAULICS, AND SEDIMENTATION

1 INTRODUCTION

1.1 PURPOSE OF HYDROLOGIC, HYDRAULIC & SEDIMENT ANALYSES

Hydrologic and hydraulic analyses of a watershed provide an estimate of the potential for
flooding and the expected flood peaks, volumes, durations, and corresponding river depths and
velocities associated with the flood. The study reach extends along the Rio Grande from the San
Acacia Diversion Dam, located north of the city of Socorro, and near the historic community of
San Acacia, downstream past the Bosque del Apache National Wildlife Refuge to the headwaters
of Elephant Butte Reservoir, south of the former village of San Marcial. The 58-mile reach is
located in the southern-most section of the Middle Rio Grande Valley in New Mexico. The study
area watershed consists of the Rio Grande and two large ephemeral tributaries, the Rio Puerco
and the Rio Salado. Historically, floods in the study area have been associated with two types of
events: (1) spring snowmelt runoff from the upper Rio Grande watershed and (2) monsoonal
floods primarily contributed from the Rio Puerco and Rio Salado watersheds. Sediment is
provided primarily by the uncontrolled tributary flows from the Rio Puerco and the Rio Salado.
Sedimentation within the study area has played an important role historically and is anticipated to
do so into the foreseeable future. An evaluation of sedimentation provides insight into the
episodic and long-term impact of sediment movement and deposition within the channel and
floodway. Sediment movement and deposition influences river hydraulics, including flood
routing and stage, and the functionality and longevity of proposed project features.

The U.S. Army Corps of Engineers (Corps), Albuquerque District, addressed the hydrology,
hydraulics, and sedimentation in previous studies, most recently in the draft Rio Grande
Floodway, San Acacia to Bosque del Apache Unit, Socorro, NM, Flood Damage Reduction
Project, Limited Reevaluation Study completed in 1999. However, both new data and improved
analytical techniques are available that have allowed the Corps to refine the analyses and design.
The Corps revised the hydrologic and subsequent hydraulic analyses for this report based on work
initiated in 2003, and updated sediment information was prepared in support of these activities.
The scope of the sedimentation work focuses primarily on long-term trends in the study reach,
particularly aggradation, which affects hydrograph routing behavior as well as river stage and
required levee height. Additionally, the report provides supporting sediment information for
bridge alternative evaluation and the development of Risk and Uncertainty Analysis parameters.

The hydrology and hydraulics analyses address existing and future without-project conditions and
future with-project conditions. The Corps estimates future conditions to be the existing conditions
at a time 50 years into the future, measured from the completion of project construction. Future
with-project conditions include projected sedimentation. The with-project analysis includes the
significant impacts of the proposed design alternatives so that specific design features can be
evaluated. The differences in floodplain depth and extent between the without-project and with-
project conditions support the evaluation of the benefits of the proposed project features.
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1.2 WATERSHED AREA

The 58-mile study reach is located in the southern-most section of the Middle Rio Grande Valley.
The Rio Grande watershed at San Acacia measures 26,770 square miles, including 2,940 square
miles in a closed basin in the San Luis Valley, Colorado. Elevations range from over 14,000 feet
in the Colorado mountains to 4,660 feet at San Acacia. Upstream flow on the Rio Grande is
controlled by Cochiti Dam and Lake, Jemez Canyon Reservoir, Galisteo Dam, and Abiquiu
Reservoir. The contributing, uncontrolled drainage area below the dams measures 3,580 square
miles in the Rio Grande watershed, 7,350 square miles in the Rio Puerco watershed, and 1,395
square miles in the Rio Salado watershed. The Rio Puerco and the Rio Salado join the Rio
Grande approximately 10 miles and two miles, respectively, upstream of San Acacia. The city of
Albuquerque is located on the Rio Grande approximately 70 miles upstream of the study area.
The Rio Grande watershed between Albuquerque and San Acacia consists of a strip of land
bounded by mountains on the east and west. The climate is generally arid or semiarid. Figure 1
shows the study area and the watershed upstream of San Acacia. The following characteristics
apply to the study reach:

e The Rio Grande is laden with sediment contributed by the Rio Puerco and the Rio Salado.
These tributaries are intermittent and have some of the highest sediment concentrations in
the world. No other large tributaries contribute within the study area.

e Present water management in the Middle Rio Grande Valley includes flood risk and
sediment management dams and reservoirs, irrigation storage reservoirs, levees, channel
maintenance, irrigation diversions, drainage systems, and runoff conveyance systems.

e The Low Flow Conveyance Channel (LFCC) was constructed by the U.S. Bureau of
Reclamation (Reclamation) west of the river to efficiently convey up to 2,000 cubic feet
per second (cfs) of Rio Grande water from the San Acacia Diversion Dam downstream to
Elephant Butte Reservoir. Reclamation does not currently use the LFCC for that
purpose, and the LFCC presently conveys only groundwater and local drainage. When
Reclamation constructed the LFCC, a spoil-bank levee between the river and the LFCC
was constructed using the excavated material.

e The Rio Grande floodway includes the river and the floodplain to the east of the spoil-
bank levee. The spoil-bank levee limits meandering to the areas east of the levee and
controls the degradation and aggradation processes. The floodway has aggraded because
of the sediment that has accumulated in the avulsing system so that the floodway is
elevated as much as 15 feet above the historic floodplain.
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Figure 1. Study Area.
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2 PREVIOUS HYDROLOGY, HYDRAULIC, AND SEDIMENT ANALYSES

The Flood Control Act of 1948 authorized construction of the Rio Grande Floodway, which
extended for approximately 213 miles from Velarde, New Mexico, to Elephant Butte Reservoir.
The San Acacia to Bosque del Apache Unit Project was part of this comprehensive flood risk
management plan. To address the San Acacia to Bosque del Apache Unit, the Corps designed a
project, the Authorized Project, to reduce the risk of flooding along the Rio Grande from a 0.5%-
chance flood event. The Authorized Project consisted of a levee extending from the San Acacia
Diversion Dam to Elephant Butte Reservoir, a distance of approximately 58 miles. The Corps
designed the levee using the freeboard concept to account for hydrologic, hydraulic, economic,
and geotechnical uncertainties. The levee would replace the spoil-bank levee that exists between
the LFCC and the Rio Grande floodway. The Middle Rio Grande Conservancy District would be
the project sponsor. However, because funds for construction of levees for the San Acacia to
Bosque del Apache Unit were not appropriated, this section of levee was never constructed.

In 1988, the Corps issued a Decision Document that reaffirmed the original Authorized Project.
In 1994, new issues and information emerged, and the Corps temporarily halted the study. These
issues and information include:

o A levee design criteria to address long duration flows has been adopted by the Corps
since 1993. Any proposed plan would have to incorporate design features to prevent
seepage through the levee or its foundation due to prolonged flow against the riverward
toe..

o Identification within the study area of three threatened or endangered species: the Rio
Grande silvery minnow, the Southwestern Willow Flycatcher, and the Pecos Sunflower.

o Elimination of the Tiffany Junction-to-Elephant Butte Reservoir reach of the project
based on Rio Grande inundation of the lower 12 miles of levee during several wet years
and high water levels in Elephant Butte Reservoir, reducing the project reach length to 43
miles.

o Realignment of the LFCC at two locations and shortening of the length of levee at the
downstream end.

e The availability of a longer period of hydrologic records to permit improved and updated
hydrologic analysis.

e A new data set for the Reclamation Aggradation/Degradation lines permitted further
assessment of long-term sedimentation trends within the study area.

Accordingly, the Draft Rio Grande Floodway, San Acacia to Bosque del Apache Unit, Socorro,
NM, Flood Damage Reduction Project, Limited Reevaluation Report (LRR) was recommended
and initiated to determine the feasibility and implementation of an alternative plan that would
address the new information. During the course of the LRR, Reclamation initiated a study to
address the feasibility of abandoning the LFCC. In 1999, the Corps recommended postponing the
completion of the LRR until a Reclamation decision was made. In 2002, the Corps received a
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letter from Reclamation indicating their continued operation of the LFCC as a passive drain to
intercept and convey groundwater and irrigation return flows downstream to Elephant Butte
Reservoir, and the Corps reinitiated the LRR in 2003. The current GRR incorporates the new and
improved hydrologic and hydraulic analytical techniques. The GRR describes the existing and
future without-project and future with-project conditions in the study area and explains the array
of alternative plans considered for modification of the Authorized Project.

The Corps previously performed hydrologic and hydraulic analyses for the study area, and the
sedimentation issues have been analyzed. Recent Corps reports include:

e The initial hydrologic analysis was presented in the report Rio Grande Basin, New
Mexico, Rio Puerco and Rio Salado Watersheds, Design Memorandum No. 1, Hydrology
(DM No. 1), issued by the Corps in 1979.

e The hydraulic analysis supporting the recommendation for an earthen levee extending 58
miles along the west bank of the Rio Grande from the San Acacia Diversion Dam to the
downstream end of the LFCC at the headwaters of Elephant Butte Reservoir appears in
the report Rio Grande Floodway, San Acacia to Bosque del Apache Unit, NM, General
Design Memorandum (GDM No. 1), issued in 1990, and the report Rio Grande
Floodway, San Acacia to Bosque del Apache Unit, NM, Feature Design Memorandum
No. 2, issued in 1991.

e A detailed sediment study concluded by Simons, Li, and Associates, Inc., in 1981 is
described in GDM No. 1.

3 SUMMARY OF HYDROLOGIC ANALYSIS

Details of the most recent hydrologic analysis are included in the Attachment to Appendix F-2,
Rio Grande Floodway: San Acacia to Bosque del Apache Unit, Socorro, NM, Flood Damage
Reduction Project, Hydrologic Analysis (Hydrologic Analysis), completed by the Corps and dated
December 2004. Pertinent information and methodology from the Attachment are summarized in
the following sections.

3.1 HYDROLOGIC CHARACTERISTICS

Flood flows in the Middle Rio Grande are of two general types. One type commonly occurs from
April through June as a result of snowmelt, which may be augmented by general precipitation.
Spring flows are characterized by gradually rising hydrographs, moderate discharge rates, and
large runoff volumes. Upstream flow regulation on the Rio Grande substantially limits the
potential for spring flooding through the study area. The other type of flow is summer monsoonal
flash floods that normally occur from May through October. Summer monsoonal flows are
characterized by sharp, high peak flows that recede quickly and generally have smaller runoff
volumes than the snowmelt flows. However, the majority of the floods that produce the greatest
damage within the study area have been caused by summer storms and subsequent floods
contributed by the Rio Puerco and the Rio Salado tributaries.

For the hydrologic analysis, the Corps divided the area into four watersheds including (1) the Rio
Puerco tributary; (2) the Rio Salado tributary; (3) the regulated Albuquergue drainage area, which

Draft Limited Reevaluation Report Appendix F-2-3
Supplemental Environmental Impact Statement November 2011



San Acacia Bosque del Apache Unit
Rio Grande Floodway Socorro County, New Mexico

includes contribution from Cochiti Dam and Lake, Jemez Canyon Reservoir, Galisteo Dam, and
Abiquiu Reservoir and their watersheds; and (4) the unregulated Rio Grande watershed
downstream of Albuquerque. Runoff events from snowmelt that produce peaks at San Acacia
originate in the regulated portion of the watershed and generally represent steady flows released
from the dams. The maximum reservoir release, because of gate constraints at the dams, is
10,000 cfs. The Corps assumed that flood flows of 10,000 cfs or less measured at San Acacia
originate from snowmelt event dam releases. These releases occur over an extended period of
time, and attenuation throughout the study reach was assumed to be minimal for these high-
volume, lesser-peak events.

For flood events at San Acacia of magnitude greater than 10,000 cfs, flooding is caused by
rainfall events that originate in the unregulated watershed downstream of Albuquerque and from
the Rio Puerco and the Rio Salado. General storms, which cover a large areal extent compared to
localized thunderstorms, rarely occur in the San Acacia watershed, but could produce very high
flow events. If a general storm were to occur, flooding from all of the major watersheds could
coincidently contribute to the flow hydrograph at San Acacia. The volume of the resulting flood
hydrograph would be much greater than a hydrograph generated by a single localized event.
Therefore, the Corps adopted the conservative approach and assumed that this generalized
flooding will occur with very high flows. This assumption is supported by accounts of floods of
record in the study area that resulted from general storms in 1895, 1929, 1936, 1941, 1955, 1967,
and 1972. The 1979 Design Memorandum No. 1 describes these events.

3.2 FLOOD FREQUENCY AT SAN ACACIA

To determine flood frequency flows at the upstream end of the study area, the Corps developed a
discharge frequency relationship for the Rio Grande at San Acacia. The U.S. Geological Survey
(USGS) has operated the stream gage, Rio Grande Floodway at San Acacia, Station 08354900,
during most of the period from 1936 to present. In 1965, the USGS stopped publishing
instantaneous annual peak flows but continued to provide mean daily stream flow data. The
Corps obtained the peak flow record from the USGS web site. The annual instantaneous peak
flow record was revised to fill data gaps, and additional peak data were acquired from other
sources including the USGS and the Corps Reservoir Control Branch. The flow data include flow
peaks occurring prior to 1975, when Cochiti Dam and Lake began the regulation of Rio Grande
flows. The Corps computed an adjusted record of peak flows so that peaks represent regulated
conditions resulting from the construction of the upstream reservoirs. The Corps used the
adjusted record of annual maximum instantaneous peaks as the basis for the discharge frequency
analysis.

The Corps evaluated the affect of the major unregulated tributaries, the Rio Puerco and Rio
Salado, on the frequency analysis at San Acacia. The Corps estimated secondary peaks from
these tributaries by routing recorded flows from the tributaries and combining them with
coincident recorded flows on the Rio Grande. The Corps developed flood hydrographs required
for the routings for the Rio Grande at San Acacia based on peak and volume frequency
relationships. The Corps used the USGS stream gages Rio Puerco near Bernardo (Station
08353000) and Rio Salado near San Acacia (Station 0835400) to estimate mean daily flows to
develop the hydrograph volumes, and instantaneous peak data were used with the mean daily
flows to estimate the shape of the hydrographs. The Corps used FLO-2D, a two-dimensional
unsteady flow model, to route and combine hydrographs. More information about FLO-2D and
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the routing process can be found in the attachment to this appendix, Hydrologic Analysis. When
secondary peaks from the unregulated tributaries were of greater magnitude than the adjusted
peaks from the regulated area, the secondary peaks were used in the frequency analysis.

The Corps attempted to use the Flood Frequency Analysis (FFA) program, developed by the
Corps Hydrologic Engineering Center, to perform the flood frequency analyses in accordance
with Bulletin 17B, Guidelines for Determining Flood Flow Frequency. However, the principles
applied by Bulletin #17B require homogenous data. Because the peak flows at San Acacia
represent both snowmelt and rain flood data and flow from both regulated and unregulated areas
from the Rio Grande, the Rio Puerco and Rio Salado, the Corps computed a graphical frequency
relationship instead of using the FFA program. The graphical frequency curve incorporates the
following assumptions:

e The analysis revised the instantaneous peak flow record to represent present conditions
e The analysis included a single historic peak, the 1929 estimated flood peak
e The analysis used median plotting positions

Figure 2 displays the graphical frequency curve, and Table 1 summarizes the results of the
frequency analysis at San Acacia.

3.3 FLOOD FREQUENCY DOWNSTREAM OF SAN ACACIA

Throughout the project area, the Rio Puerco, the Rio Salado, and the Rio Grande upstream of San
Acacia provide the only significant sources of flood flows. Because these flows enter the study
reach upstream of San Acacia, the Corps routed the computed flood hydrographs from the
upstream reach to estimate flood frequencies at locations within the study area from San Acacia
downstream to San Marcial. The Corps used FLO-2D for routing and estimating floods at the
downstream locations. Hydrologic routing models represent existing without- and with-project
conditions (without and with the proposed levees).

Routing of the flood hydrographs, both with and without the proposed levee, shows a significant
attenuation in the study reach. The high amount of attenuation is largely due to the relatively low
volume of the rainfall flood peak flows. In some cases, the routed frequency rainfall flood flows
are of lesser magnitude than the corresponding frequency snowmelt floods because the snowmelt
events experience no significant attenuation. For these situations, the snowmelt event was used
as the flood flow at the selected location.

Attenuation is also related to flow in the floodplain and overbanks in both the without- and with-
project conditions, and significant storage in the overbank area can greatly reduce the flood peak.
Although the overbank area is reduced in the with-project condition, in some places the proposed
levee is offset 500 feet or more from the river and offers considerable storage area. The without-
project flood routing is the extreme case. It reflects the assumption that the spoil-bank levees fail
completely. Floodwaters flow from the perched floodway onto the historic floodplain, which is
approximately 10 to 15 feet lower than the floodway. The floodplain ranges up to three miles in
width in the lower reach of the study area. More than 25,000 acres of floodplain are inundated in
the 0.1% exceedance probability without-project flood event. Because the channel is perched,
the flow that leaves the channel in the without-project condition does not directly return to the
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channel. A significant volume of floodwaters remains in the floodplain and is lost to the river
system. The without-project flood wave attenuation is greatly increased because of these losses.

Table 2 shows the without-project routed Rio Grande flood peaks at selected locations between
San Acacia and San Marcial; Table 3 displays the with-project routed peak flows at the same
locations between San Acacia and San Marcial.

Table 1. Flood Flow Frequency at San Acacia

Return Period Flood Event Percent Chance Exceedance Flow in CFS
500 Year 0.2 43500
200 Year 0.5 35300
100 Year 1.0 29900
50 Year 2.0 25000
20 Year 5.0 19200
10 Year 10.0 15400

5 Year 20.0 11800
2 Year 50.0 7380
1.25 Year 80.0 4770
1.11 Year 90.0 3860
1.05 Year 95.0 3260
1.01 Year 99.0 2420
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Figure 2. Peak Flow Frequency Curve for the Rio Grande at San Acacia
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Table 2. Without-Project (No Levee) Routed Peak Flows on the Rio Grande between San
Acacia and San Marecial

0.5%- 1.0%- 10.0%- 50.0%-

Reclamation Landmarks Chance Chance Chance Chance
Range Lines Peak Peak Peak Peak
Flow Flow Flow Flow
(cfs) (cfs) (cfs) (cfs)

From the San Acacia
Diversion Dam
downstream 35300 29900 15400 7380
SA 1206 - SA 1234
SA 1235 - SO 1308 33710 28760 14635 7380
Upstream of the Escondida
SO 1309 - SO 1327 Bridge to the N. Socorro 25725 20905 11910 7380
Div. Channel
SO 1328 - SO 1389 Socorro 23485 18880 10575 7380
SO 1390 - SO 1429 21360 17100 10000 7380
SO 1430 - SO 1474 20715 16575 10000 7380
Hwy. 380 Bridge to the
SO 1475 - SO 1510 north boundary of the 18605 14930 10000 7380
Bosque del Apache
SO 1511 - SO 1568 Bosque del Apache 18025 14605 10000 7380
SO 1569 — SO 1649 Bosque del Apache 12670 10415 10000 7380
SO 1650 — SO 1669 Bosque del Apache 11990 10000 10000 7380
From Tiffany Junction
SO 1670 to SO 1709 downstream to below San 11185 10000 10000 7380
Marcial Railroad Bridge
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Table 3. With-Project (With Levee) Routed Peak Flows on the Rio Grande between San Acacia and
San Marcial

0.5%- 1.0%- 10.0%- 50%-
Reclamation Landmarks Chance Chance Chance Chance
Range Lines Peak Peak Peak Peak
Flow Flow Flow Flow
(CFS) (CFS) (CFS) (CFS)
From the San Acacia
SA 1206 — SA 1234 Diversion Dam downstream 35300 29900 15400 7380
SA 1235 -S0 1308 34050 28670 14635 7380
Upstream of the Escondida
SO 1309 — SO 1327 Bridge to the North Socorro 27000 21650 11980 7380
Diversion Channel
SO 1328 — SO 1389 Socorro 26170 20440 11110 7380
SO 1390 - SO 1429 25280 19895 10000 7380
SO 1430 - SO 1474 24390 19350 10000 7380
Hwy. 380 Bridge to the
SO 1475 -S0 1510 north boundary of the 22150 17655 10000 7380
Bosque del Apache
SO 1511 - SO 1568 Bosque del Apache 21590 17310 10000 7380
SO 1569 — SO 1649 Bosque del Apache 21030 16960 10000 7380
SO 1650 — SO 1669 Bosque del Apache 20475 16615 10000 7380
From Tiffany Junction
SO 1670 - SO 1709 downstream to below San 18565 14890 10000 7380
Marcial Railroad Bridge
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4 HYDRAULIC ANALYSIS

41 OVERVIEW OF HYDRAULIC ANALYSIS

The hydraulic analysis, used in conjunction with the sediment analysis, contributes to the
evaluation of the potential for flooding and the proposed actions to alleviate high-water
conditions. Specific applications for the hydraulic analysis in the project area include:

e Generation of with- and without-project floodplains
Contribution to the economic analysis

e Contribution to risk assessment used in the determination of damage-frequency
relationships and design parameters such as levee heights

o Evaluation of impacts and performance of the proposed Tiffany Basin sediment
management feature

e Evaluation of impacts and performance of the proposed replacement of the San Marcial
Railroad Bridge

¢ Evaluation of environmental impacts of other proposed project alternative features

¢ Evaluation of potential induced damages of proposed project alternative features

The Corps used the following two numeric models, each with advantages for particular
applications, for the hydraulic analysis:

o HEC-RAS, the River Analysis System, is software provided by the Corps’ Hydrologic
Engineering Center. HEC-RAS is widely used for one-dimensional hydraulic modeling.
The Corps used HEC-RAS primarily to establish water-surface profiles for the
alternatives evaluated and to determine parameters for alternative feature design.

e FLO-2D is an unsteady two-dimensional hydraulic model. The Corps used FLO-2D for
hydrologic routing, for with- and without-project floodplain determination, and to
supplement the discharge-stage rating curves for economic evaluation. FLO-2D routes
one or more hydrographs in a time series simulation using a two-dimensional geometry.
The floodplain is represented by a numbered grid, and each grid element has associated
with it a physical location, elevation, and roughness (Manning’s n) coefficient. For this
project, the model uses 500-foot-square grids. Smaller topographic features such as
roadway embankments were field verified and manually added to the FLO-2D grid. The
channel is located within the grid, and the channel hydraulics are calculated using a cross
section in each grid that has a channel element. One of the salient features of FLO-2D is
that it conserves volume. More information about FLO-2D can be found in the
Attachment, Hydrologic Analysis, found at the end of this appendix.

The advantage of HEC-RAS s its ability to compute water surface elevations. The water surface
elevations predicted by HEC-RAS and FLO-2D did not always correlate, due in large part to
differing algorithmic and reporting approaches as well as to data sources and assumptions. For
the majority of the project design, the Corps used HEC-RAS because of its well-established
acceptance, as well as its appropriateness to the confined floodway of the with-project condition.

The two-dimensional FLO-2D model offers a superior tool to evaluate flood location and extent
than would be possible with a one-dimensional hydraulic model. Because the Rio Grande
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floodway is elevated above the floodplain by as much as 10 to 15 feet in the study area, the
without-project flow is divided between the floodway and the floodplain. One of the benefits of
the FLO-2D model is the ability to evaluate floodplain flow versus floodway flow throughout the
study reach. FLO-2D provides a means to estimate the flow that leaves the floodway and is lost
from the river.

In collaboration with Federal and state agencies, the Corps originally developed a FLO-2D model
for the Upper Rio Grande Water Operations Project (URGWOP) to evaluate water operations in
the upper Rio Grande. The URGWOP model is documented in the report titled Development of
the Middle Rio Grande FLO-2D Flood Routing Model Cochiti Dam to Elephant Butte Reservoir,
prepared by TetraTech, Inc., in 2002. The Corps used the URGWOP FLO-2D model as the basis
for the San Acacia to San Marcial FLO-2D model. The San Acacia to San Marcial study requires
models representing both without-project and with-project conditions. The with-project FLO-2D
model for the San Acacia to San Marcial reach is very similar to the URGWOP FLO-2D model.
The URGWOP FLO-2D model represents existing conditions and uses the assumption that the
spoil-bank levee is a viable levee. The Corps made two significant revisions to adapt the
URGWOP FLO-2D model for use as the without-project San Acacia to San Marcial model. First,
the Corps removed the spoil-bank levees to reflect the assumption that the spoil-bank levees will
fail when in contact with floodwaters. Second, because the extent of the URGWOP model grid
was not adequate for the without-project conditions, the Corps extended the grid to the west to
encompass the historic floodplain.

The Corps evaluated both existing- and future-conditions models for the without-project
hydraulic analysis and present- and future-conditions models for the with-project hydraulic
analysis. The present-conditions with-project model represents existing conditions but with the
proposed levee in place. The future-conditions models represent the channel and floodplain 50
years into the future. The lower portion of the watershed, in particular, is expected to experience
significant changes based on the sedimentation patterns of the past. Development of future-
conditions models is addressed in Section 5, Sedimentation Analysis.

The Corps selected reaches for the hydraulic analysis of the Rio Grande between San Acacia and
San Marcial in terms of reach similarity based on the following key hydraulic parameters:

Maximum channel velocity

Maximum flow depth in the channel and expanded floodplain
Maximum discharge in the channel

Slope

The FLO-2D routing for a steady 10,000 cfs flow was the basis for evaluating velocity, flow
depth, and maximum discharge. Table 4 shows the performance locations that were used and the
reference range lines and grid cells associated with each location.
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Table 4. Reaches for FLO-2D Hydraulic Analysis San Acacia to Bosque del Apache

. Reference Grid
Peliocrar?iirr:ce Description Reference Range Lines | Cells
u/S D/S Typical u/S D/S
1 U/S of San Acacia Div. Dam | CO 1174 | SA 1210 RP 1190 23372 23797
2 D/S of San Acacia Div. Dam | SA 1210 | SA 1232 SA 1218 23797 24195
3 SA 1232 | SA 1259 SA 1256 24195 24447
4 SA 1259 | SO 1298 SA 1268 24447 24800
5 SO 1298 | SO 1304 SO 1299 24800 24851
6 Escondida Bridge SO 1304 | SO 1324 SO 1320 24851 25013
7 Socorro North Div. Channel | SO 1324 | SO 1337 SO 1327 25013 25072
8 SO 1337 | SO 1340 SO 1339 25072 25091
9 SO 1340 | SO 1349 SO 1346 25091 25159
10 Socorro area SO 1349 | SO 1368 SO 1360 25159 25249
11 SO 1368 | SO 1400 SO 1394 25249 25405
12 SO 1400 | SO 1409 SO 1401 25405 25478
13 SO 1409 | SO 1419 SO 1414 25478 25543
14 SO 1419 | SO 1472 SO 1450 25543 25936
15 Hwy. 380 Bridge SO 1472 | SO 1484 | SO1482.6 25936 26039
16 SO 1484 | SO 1498 SO 1491 26039 26162
17 BDANWR SO 1498 | SO 1531 | SO 1517.2 26162 26477
18 BDANWR SO 1531 | SO 1595 SO 1550 26477 26929
19 BDANWR D/S of RM 78 SO 1595 | SO 1616 | SO 1603.7 26929 27086
20 BDANWR South Boundary | SO 1616 | SO 1652 SO 1641 27086 27704
21 SO 1652 | SO 1682 SO 1662 27704 28414
22 San Marcial Railroad Bridge | SO 1682 EB 14 SO 1701.3 | 28414 28433

42  WITHOUT-PROJECT HYDRAULIC ANALYSIS
42.1 WITHOUT-PROJECT HYDRAULIC MODELS

The Corps used FLO-2D to model the flooding locations and extents for the without-project
analysis, whereas HEC-RAS was implemented to model bridges and in-stream structures in the
without-project analysis. FLO-2D does not directly model structures as does HEC-RAS; FLO-
2D uses rating tables to describe the structures. The Corps used the HEC-RAS results to construct
rating tables to be used in the FLO-2D model. As explained in Section 4.1, Overview of
Hydraulic Analysis, the Corps modified an existing FLO-2D model to meet the needs of this
project.

422 DATAUSED FOR WITHOUT-PROJECT HYDRAULIC MODELS

Geographic data are represented in the FLO-2D model in two ways. The floodplain is
characterized using a grid, which covers the entire floodplain. The size of the grid is 500 feet
square. Like HEC-RAS, FLO-2D represents the channel using cross-sections. The vertical
datum used for the FLO-2D model is North American Vertical Datum of 1988 (NAVD 1988),
and the horizontal datum is New Mexico State Plane Central North American Datum of 1983
(NAD 1983). The mapping data that were used to generate the original URGWOP FLO-2D grid
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in the study area were derived from several sources. The without-project floodplain to the west
of the levee in the study area was extended and added to the model using the best available
elevation data. The best available data proved to be the USGS 10-meter Digital Elevation Model
data.

The FLO-2D model has a channel cross section every 500 to 800 feet. The channel cross sections
were surveyed between 1997 and 2004 at intervals of approximately 2,000 feet. Intervening cross
sections were interpolated. In the FLO-2D model, the Manning’s n value and infiltration
parameters in the floodplains were estimated based on field observations and land-use
identification. Aerial photography was used to identify land use. Floodplain features such as
major berms, including roadway and railroad embankments, were entered in the without-project
FLO-2D model. Culverts located in the field were added to the model to account for the
movement of flows between areas that would otherwise trap floodwaters.

4.2.3 MODEL ASSUMPTIONS

The Corps used the following assumptions to develop the without-project hydraulic models for
the study reaches:

e The present non-engineered spoil-banks will fail to confine flood flows to the perched
floodway, and were removed from the model

o Infiltration losses are included (FLO-2D)

e Evaporation losses are not included

43  WITH-PROJECT HYDRAULIC ANALYSIS
43.1 WITH-PROJECT HYDRAULIC MODELS

The Corps used HEC-RAS to produce water-surface profile calculations and, subsequently, to
support levee-height selection. The Corps used the FLO-2D model to determine the areal extent
of flooding to plot floodplains for the with-project conditions.

432 DATA USED AND/OR MODIFIED FOR WITH-PROJECT HYDRAULIC
MODELS

Reclamation obtains cross section (range-line) surveys approximately every 10 years within the
floodway in the study area for the purpose of evaluating aggradation and degradation of sediment
in the Rio Grande channel and floodway. Reclamation cross sections are separated by
approximately 500 feet and are referenced to the NAVD 1988. Reclamation uses aerial
photography to obtain these data; therefore, the under-water bathymetry is not captured. The
Corps used the photogrammetrically surveyed 2002 Reclamation cross-sectional data for the
with-project HEC-RAS model, supplemented with additional field-collected and
photogrammetrically-obtained topographic information.

FLO-2D elevation data exist both in extended floodplains outside the floodway and also in
detailed surveyed channel sections, and the FLO-2D data were used where Reclamation range-
line data were not complete. The Corps measured the dimensions of bridges within the study
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reach, and the San Marcial Railroad Bridge was modeled based on the then-current level of
design.

433 HEC-RAS MODELING

The HEC-RAS models represent terrain as a series of cross sections in the river corridor
perpendicular to the assumed flow direction. The HEC-RAS model used Reclamation’s 2002
channel cross sections located approximately every 500 feet. Intervening cross sections were
interpolated. Manning’s n values were estimated based on field observations and on land-use
identification. The Corps used aerial photography to identify land-use conditions.

The under-water channel prism was calculated based on an assumed trapezoidal shape. The
Corps used the flow conditions at the time of photography and relevant Manning’s n values to
calculate a flow area. The portion of the channel underwater at the time of the aerial survey was
subsequently edited to represent this flow area.

All significant bridges and structures within the study reach were modeled. These included the
San Acacia Diversion Dam at the upstream end of the project, Escondida Bridge near Socorro,
Highway 380 Bridge, and the Burlington Northern Santa Fe (BNSF) Railroad Bridge at San
Marcial.

434 FLO-2D MODELING

The FLO-2D model determined the aerial extent of flooding to plot floodplains for the with-
project conditions. Additionally, the FLO-2D model supplemented the discharge-stage rating
curves for economic evaluation. The Corps did not use the FLO-2D model for design of levee
heights or other structures.

435 MODEL ASSUMPTIONS
The Corps used the following assumptions to develop the with-project hydraulic models:

o Linearly-varied peak discharge between hydrologic flow nodes
o Future sediment deposition distributed uniformly across cross-sections

For the with-project conditions, the Corps determined that interior drainage does not pose
flooding problems behind the leveed areas of the study reach. Also, relatively few
damageable properties exist within the floodway that would be impacted by an increase
in stage due to the constructed levee.

4.3.6 DOWNSTREAM EFFECTS

The San Marcial (BNSF) Railroad Bridge is located at the downstream end of the San Acacia to
San Marcial study reach. The Corps analyzed the bridge to determine the probability of flooding
at the bridge under existing conditions and the probability of flooding after construction of the
proposed levee project, to evaluate potential 5" Amendment takings.
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BNSF provided the Corps with three conditions for which flood water at the San Marcial
Railroad Bridge would cause (1) closure and service interruption, (2) damage to the bridge, and
(3) bridge destruction. The BNSF defined the three conditions and their associated water surface
elevations as follows:

e Closure Elevation: Elevation at the bottom chord, or low steel, of the bridge. When the
water surface reaches this elevation, the bridge would hypothetically be closed to traffic.

o Damage Elevation: Elevation at which structural damage to the bridge was estimated to
begin occurring. This elevation is achieved when the water surface reaches one foot
above the low chord of the bridge.

e Destruction Elevation: Elevation at which the bridge was estimated to be destroyed.
This occurs when the water surface reaches one foot above the bridge deck, or “top of
rail”.

To determine the probability of the water surface reaching these damaging elevations for the
without- and with-project conditions, the Corps created a HEC-RAS model of the existing San
Marcial Railroad Bridge. The Corps used the HEC-RAS model to develop a rating curve to
determine the water surface elevation at the bridge for various flows. The bridge is difficult to
model for several reasons, including the orientation of the bridge, the channel-elevation variation
at the bridge, and the absence of actual high flows within recent history to use for calibration
purposes. The Corps created separate geometry files within the HEC-RAS model to characterize
the range of possible conditions at the bridge. The various geometry files consider pressure flow,
scour under the bridge, and weir flow over the bridge and embankment. The results from these
models were combined to represent the expected water surface elevations associated with a large
range of flows and the different conditions. The stage-discharge rating curve incorporating the
results of the expected conditions is presented in Figure 3. Figure 3 also displays the three water
surface elevations that the BNSF predicts would cause closure, damage, and destruction to the
San Marcial Railroad Bridge. Figure 3 shows that the water surface elevation will reach the low
chord, or closure elevation, of the bridge during a flow of approximately 2,500 cfs. The water
surface will reach the damaging elevation during a flow of approximately 4,600 cfs. The water
surface will reach the bridge destruction elevation during a flow of approximately 19,000 cfs.

The Corps routed the 0.50%-, 0.10%-, 1.0%-, and 0.5%-chance mean flood flows through the
study area and to the San Marcial Railroad Bridge for both the without-project and with-project
conditions. Tables 9 and 10 of the Attachment, Hydrologic Analysis, present the flows associated
with these frequencies. The Corps plotted the flows and their associated probabilities on log-
Pearson type 111 probability paper and correlated the probabilities with the stages attained by the
discharge frequency flows to determine the probability of the frequency flows affecting the San
Marcial Railroad Bridge under the three damaging conditions for the without-project and with-
project conditions.

Table 5 shows the annual probability of the flows damaging the San Marcial Railroad Bridge
under the three events for the existing and future without-project models and the present and
future with-project models. No difference exists in the annual probability of a closure event or
damage event occurring with or without the project. The annual probability of a destruction event
occurring increases from 0.002 to 0.005 with the project levees in place. For future conditions,
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the San Marcial Railroad Bridge flow conveyance capacity is expected to be virtually eliminated
by sediment deposition. If the historic rate of aggradation in this reach continues, the Rio Grande
channel invert elevation would reach the elevation of the low chord of the bridge in
approximately 20 years. Thus, the annual probabilities of reaching any of the three analysis
conditions approach unity by year 50, with or without the project.

Combined Rating Curve
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Figure 3. Combined Rating Curve

Table 5. Annual Probability that Flood Event Affects San Marcial Railroad Bridge

ANNUAL PROBABILITY THAT FLOOD EVENT AFFECTS BRIDGE

Without | Without With With
. . Levee Levee
Project Project . .
Year 1 Year 50 Project Project
Year 1 Year 50
Closure Event (low chord) >0.5 0.99 >0.5 0.99
Damage Event (low chord + 1°) >0.5 0.99 >0.5 0.99
Destruction Event (top of rail + 17) <0.002 0.99 0.005 0.99
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44  ALTERNATIVE PLANS AND DESIGN FEATURES

The Corps formulated and evaluated a range of alternative plans to address flood risk
management in the Rio Grande. In addition, the Corps evaluated design features that
would meet objectives other than flood risk management, and these features are grouped
into two distinct categories: the acquisition and rehabilitation of 2,053 acres within the
Tiffany Basin and the replacement of the railroad bridge at San Marcial.

441 SAN MARCIAL RAILROAD BRIDGE EVALUATION

The existing San Marcial Railroad Bridge, originally constructed in 1929, is a significant
restriction to passing flood flows through the study area. The restriction limits the capacity of the
channel to pass flood flow downstream and augments the deposition of sediment and aggradation
of the river channel and floodplain. A potential interruption to railroad traffic over the bridge
would occur if the bridge were to fail. Sedimentation impacts in the immediate vicinity of the
existing San Marcial Railroad Bridge have been significant, and increasing as time goes on in
terms of conveyance capacity and maintenance. The Corps examined the sedimentation impacts
under the assumption that the sediment would continue to deposit and that the floodway would
continue to aggrade at historic rates. For conditions 50 years into the future, the Corps assumed
that the BNSF will replace the bridge at some point during the intervening years.

The Corps analyzed the San Marcial Railroad Bridge feature to determine the probability of
flooding the bridge under without- and with-project conditions to address the possible
replacement of the bridge. The Corps used HEC-RAS to model the bridge alternatives, and the
Corps analyzed the alternatives to determine the required span and elevation of the bridge to pass
flows and the hydraulic variables for scour and sediment transport calculations. The model
predicted the effect the bridge would have on upstream water surface elevations.

Bridge alternatives consider a variation in the number of bridge spans. Based on structural design
recommendations, the Corps assumed an 88-foot maximum clear span between bridge piers. The
minimum number of spans considered was three with a total bridge span of 270 feet. The Corps
also considered five, seven, and nine bridge spans with total spans of 450 feet, 630 feet, and 810
feet, respectively. The Corps made comparisons between the alternatives for the present-
conditions sedimentation. HEC-RAS modeling showed little difference in the backwater effects
among alternatives except for the three-span bridge, which, when considering the 1.0%-chance
flood discharge, increased the water surface elevation upstream of the bridge approximately two
to three feet above the water surface elevation produced by the other alternatives. The Corps
performed a sediment analysis for the different span alternatives, and the analysis is discussed in
detail in Section 5.4, Bridge Replacement Alternative Capacity Evaluation. As a result of this
analysis, the Corps selected the seven-span bridge alternative.

The Corps determined the bridge height using the 1.0% exceedance probability discharge after 50
years of predicted sediment aggradation. The Corps set the low chord of the bridge one foot
above the water surface elevation, based on design guidance received from the BNSF. The design
height of the relocated bridge would be approximately 10 feet higher than the existing bridge
relative to the channel invert elevation.
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442 TIFFANY BASIN SEDIMENT MANAGEMENT FEATURE EVALUATION

The Corps considered the Tiffany Basin sediment management feature to control sediment
aggradation within the Rio Grande. Tiffany Basin exists on the west side of the river channel,
near the Tiffany Junction railroad siding and immediately upstream of the San Marcial Railroad
Bridge. The basin is bounded on all sides by either spoil-bank levees or railroad embankment
and is generally isolated from sediment-laden river flows. The existing spoil-bank levee splits at
the upstream end of Tiffany Basin, and the west spoil-bank levee combines with the railroad
embankment to separate the basin from the LFCC west of the basin. The existing east spoil-bank
levee, on the east and south sides of the basin, separates the basin from the Rio Grande floodway.
The absence of frequent deposition has left this basin at a significantly lower elevation as
compared to the adjacent river floodway. The Tiffany Basin sediment management feature would
allow controlled routing of a portion of the sediment-laden river through the basin, and would
serve to decrease the sediment deposition in the project reach of the Rio Grande immediately
upstream of the basin, as well as downstream and within Elephant Butte Reservoir.

The Tiffany Basin and downstream project area received a considerable amount of scrutiny
primarily because of concerns that uncontrolled flows entering the lower-elevation areas beyond
the existing spoil bank levees in this vicinity had the potential to initiate a significant headcut.
Development of a deep cut in this area would subsequently put the foundation of the new
engineered levee at risk. The most economical means of mitigating this as a risk to the upstream
engineered levee, or to what level, was not clear early on. Options available include (a) construct
a hardened grade control across the floodway at the upstream end of Tiffany Basin, (b) add toe
protection in the form of riprap to the engineered levee a short distance upstream of the basin, (c)
add height and/or functional integrity to the inner spoil-bank levee, or (d) accept the finite risk
that a short portion of the downstream end could require repair or replacement during the project
life. From among the options evaluated, armoring of a length of the downstream engineered
levee toe appears most cost effective and was selected.

443 ARRAY OF ALTERNATIVE PLANS

The Corps assembled an array of alternatives, mixing various proposed features at the
downstream end of the proposed levee project, for evaluation to determine the various benefits
and opportunities associated with the features. The Corps evaluated hydrodynamic performance
of the majority of these alternatives, including the “No Action Alternative” for completeness and
to serve as a baseline for comparison. (Some additional alternatives were subsequently added to
the array, but did not require hydraulic evaluation due to their similarity to other alternatives
already considered.) The following narrative describes the alternatives evaluated, describes the
methodology and assumptions used to evaluate their performance, and summarizes the major
differences between the alternatives from a hydrologic and hydraulic perspective. Table 6 lists
the significant features of the alternatives, and Figures 4.1, 4.2, and 4.3 display the alternatives.
Because the proposed levee reconstruction feature upstream of Tiffany Basin is common to all
alternatives that include the engineered levee, Figures 4.1, 4.2, and 4.3 show only the proposed
features within the Tiffany Basin area where the variation occurs.

o No Action Alternative: This alternative illustrates the expected performance of the lower
reach of the project with the existing east spoil-bank levee separating the river floodway
from the lower-elevation Tiffany Basin and with the existing BNSF railroad bridge in
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place. The No Action Alternative is synonymous with the without-project condition, and
the Corps evaluated the alternative to represent the conditions currently present without
the engineered levee upstream of Tiffany Junction. Without the engineered levee in
place, the evaluation hydrographs for the higher magnitude rainfall storms (0.05 through
0.002 exceedance probability) display a more pronounced attenuation of their peaks when
compared to the condition with the engineered levee in place. The more frequent events
(0.50 and 0.10 exceedance probability) represent long-duration spring snowmelt floods
and do not experience a significant difference in attenuation between the without- and
with-levee conditions.

e Alternative A: This alternative includes a 43-mile engineered levee extending from the
San Acacia Diversion Dam downstream to Tiffany Junction, which is located north of the
basin. The new levee embankment material would be obtained by reconstructing the
existing spoil-bank levee located between the floodway and the LFCC. Alternative A is
otherwise similar to the No Action Alternative, which includes the existing railroad
bridge and the existing east spoil-bank levee between Tiffany Basin and the floodway.
With this alternative, attenuation is reduced for the rainfall storms when the flows are
contained by the proposed upstream engineered levee.

o Alternative B: Alternative B is similar to Alternative A and includes the upstream 43-
mile engineered levee and the existing railroad bridge, but adds the Tiffany Basin
sediment management feature. With this alternative, attenuation is reduced for the
rainfall storms when the flows are contained by the proposed upstream engineered levee.

o Alternative C: Alternative C is similar to Alternative A and includes the upstream 43-
mile engineered levee and the existing east spoil-bank levee between Tiffany Basin and
the floodway, but with the addition of the San Marcial Railroad Bridge feature to remove
the existing San Marcial Railroad Bridge and construct a new railroad bridge in a more
efficient location. With this alternative, attenuation is reduced for the rainfall storms
when the flows are contained by the proposed upstream engineered levee.

o Alternative D: Alternative D is similar to Alternative A and includes the upstream 43-
mile engineered levee from San Acacia Diversion Dam to Tiffany Junction, but with the
addition of the Tiffany Basin sediment management feature and the San Marcial Railroad
Bridge replacement feature.

o Alternative E: This alternative is similar to the No Action Alternative, with no upstream
engineered levee and with the existing east spoil-bank levee between Tiffany Basin and
the floodway, but with the addition of the San Marcial Railroad Bridge replacement
feature.

o Alternative F: Alternative F is similar to Alternative E, with no upstream engineered
levee, but with the new San Marcial Railroad Bridge and the Tiffany Basin sediment
management features.

e Alternative G: Alternative G includes an upstream engineered 43-mile levee, but extends
the engineered levee downstream along the west side of Tiffany Basin to the new bridge
location. The levee extension serves to protect the railroad tracks from sedimentation and
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flooding that originates in the Tiffany Basin. The alternative includes the new San
Marcial Railroad Bridge and the Tiffany Basin sediment management features.

e Alternative H: Alternative H is similar to Alternative G, with the upstream engineered
levee and the Tiffany Basin sediment management feature. However, Alternative H does
not include the San Marcial Railroad Bridge replacement feature, and the engineered
levee is extended downstream along the west side of Tiffany Basin to the existing
railroad bridge.

o Alternative I: Alternative | includes the extension of the upstream engineered levee
downstream to the new railroad bridge along the west side of Tiffany Basin similar to
Alternative G; however, Alternative | does not include the Tiffany Basin sediment
management feature. Therefore, Alternative | features the east spoil-bank levee between
Tiffany Basin and the floodway.

e Alternative J: This alternative is similar to Alternative I, with the upstream engineered
levee extending downstream to the new San Marcial Railroad Bridge feature; however,
the levee is extended along the existing east spoil-bank levee alignment between Tiffany
Basin and the floodway. Alternative J does not include the Tiffany Basin sediment
management feature.

e Alternative K: This alternative is similar to Alternative J, extending the engineered levee
along the east spoil-bank levee between Tiffany Basin and the floodway, but the levee
extends downstream to the existing railroad bridge. Alternative K does not include the
Tiffany Basin sediment management feature or the San Marcial Railroad Bridge
replacement feature.
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Table 6. Significant Features of the Alternatives

Includes Includes Includes Includes Includes New
Alternative Engineered Extended Extended Tiffany Basin San Marecial
Levee down to Engineered Engineered Sediment Railroad
Tiffany Levee to Levee to Management Bridge
Junction Bridge along Bridge along Feature Feature
West East
Alignment Alighment
No No No No No
No Action
Yes No No No No
A
Yes No No Yes No
B
Yes No No No Yes
C
Yes No No Yes Yes
D
No No No No Yes
E
No No No Yes Yes
F
Yes Yes No Yes Yes
G
Yes Yes No Yes No
H
Yes Yes No No Yes
|
Yes No Yes No Yes
J
Yes No Yes No No
K
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Figure 4.1. Alternatives A, B, C,and D
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Figure 4.2. Alternatives E, F, G, and H
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Figure 4.3. Alternatives I, J, and K
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4.4.3.1 Evaluation Methodology

The Corps evaluated the significant performance differences between the alternatives by
evaluating the assortment of existing and potential feature combinations in the Tiffany Basin area
because the proposed levee reconstruction feature upstream of this areas was the same for all of
the alternative plans that included the engineered levee.

During the 2005 spring runoff, Reclamation devoted considerable effort in the field to prevent the
collapse and subsequent overtopping of the east spoil-bank levee. Significant seepage through
the material and sloughing on the land-side occurred during the event. Reclamation’s effort and
the relatively short duration of the event averted failure; however, the measure of performance
can not depend on flood fighting. For without-project conditions, and for damage assessment in
the areas adjacent to the existing spoil-bank levees but downstream of the proposed levee
alternatives, the Corps assumed that the spoil-bank levees would fail. However, the spoil-bank
levees would remain in place for some period of time before failure and result in an increased
stage in the upstream levee cross section. For the with-project conditions, spoil-bank levees
downstream of the proposed levee alternatives were modeled and assumed not to fail when
determining stage information within the upstream reach.

4.4.3.2 Inflow hydrographs

The Corps routed the appropriate 0.05-through-0.002-probability with-project and without-project
hydrographs to determine water-surface profiles for levee design in the reach from the San Acacia
Diversion Dam downstream to Tiffany Junction for the alternative evaluations based on whether
or not the alternative included the upstream engineered levee. The proposed engineered levee has
a significant impact on the hydrologic routing and subsequent attenuation of larger floods
originating upstream of the study area. This impact was quantified in the hydrologic analysis and
is illustrated in Tables 2 and 3 in Section 3.2, Flood Frequency at San Acacia.

The routing differences are most pronounced for the high-peak, low-volume hydrographs
associated with the monsoonal rainfall events contributed by the Rio Puerco and Rio Salado
upstream of San Acacia. Conversely, the high-volume and extended-duration snowmelt floods do
not experience significant attenuation. Therefore, the 0.50- and 0.10-chance inflow hydrographs
generated by snowmelt are the same for the without-project and with-project conditions evaluated
in the array of alternatives. Despite the lack of difference in these hydrographs associated with
the upstream levee condition, their high volumes serve to illustrate the performance differences
between the various alternatives. The inflow hydrograph boundary conditions used for the array
of alternatives are consistent with the hydrologic analysis.

4.4.3.3 Modeling parameters

Because the various components of the alternatives were all located at the downstream end of the
project, the evaluation described in this section was focused on the areas above and below the
railroad bridge and the Tiffany basin area and floodway upstream. A significant effort went into
simulating the potential breaching of the existing spoil-bank levee on the east side of Tiffany
Basin (between Tiffany Basin and the floodway) for many of the alternatives, in order to illustrate
the potential temporal influence the Tiffany Basin storage volume could exhibit on the flood
volumes, between the various alternatives. Also of concern was the potential for flows to overtop
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the railroad embankment that runs along the west side of Tiffany basin at an elevation of 4485
feet (NGVD).

The Corps calculated hydraulic conditions for a “unit” (one-foot width) overflow, assumed to
behave as broad-crested-weir flow, of a typical prism of the existing spoil-bank levee for various
overflow depths. The resulting hydraulic variables were applied, using a sediment transport
relationship based on a Yang transport function, to calculate transport rates and associated times
required to mobilize the volumes of one-foot vertical increments of the assumed typical spoil-
bank prism. The Corps used a table of averages from the distribution of the results of these
various iterations to approximate the time required to erode one-foot-deep segments from the top
of the spoil-bank levee, to evaluate the breaching process from a surface water hydraulics
perspective, and track the duration of overtopping and flow into the basin at two locations within
the Tiffany east levee. Testing of the initial and incremental width variables’ influence on breach
propagation was undertaken and, based largely on professional judgment, an initial breach width
of 100 feet was adopted at initiation of breaching, with an increase in width of 10 feet for each
additional hour of flow through the breach. [Note that this is a departure from the study reach
hydraulic modeling described in other areas of this Appendix, where spoil banks were assumed to
fail and were not defined as confining features within the FLO-2D or HEC-RAS models for
without-project conditions.] The approach employed for the alternative array evaluation has some
limitations in that the approach does not account for geotechnical failures of the spoil-bank levee
prior to overtopping, especially those associated with the seepage and saturation that would be
expected under spring runoff conditions. Nevertheless, it was employed to help illustrate a range
of differing temporal behaviors among the array of alternatives that is intended to be
representative of the hydrodynamic behaviors.

4434 Results

This section summarizes the significant performance characteristics and contrasts them with the
alternatives. The No Action Alternative exhibits a variety of unfavorable conditions for the
snowmelt events. At the 50%-chance exceedance probability and with the existing constrictive
railroad bridge, the river stages remain just below the point of overtopping the east spoil-bank
levee, and breaching does not occur. Similar to the experience during the spring of 2005 at this
location, the event caused considerable activity, but a breach into Tiffany Basin did not occur. At
the higher discharge 10.0%-chance exceedance probability, breaching in the two modeled
potential locations does occur and reaches a point sufficient to divert all of the river flow into the
Tiffany Basin. The basin fills to the point of overtopping the railroad tracks adjacent to the basin.
For the lower-volume rainfall events, breaching does not occur until the 0.5%-chance flood. The
volume of this event that flows into Tiffany Basin is sufficient to spill over the adjacent railroad
tracks. The 0.2%-chance event yields similar results, but more quickly and with higher
magnitude.

Alternative A behaves the same as the No Action Alternative for the 50.0%- and 10.0%-chance
events and with the same results. The rainfall events experience less attenuation due to the
upstream engineered levee, and breaching of the east spoil bank occurs at a lesser frequency, the
2.0%-chance event, in addition to the 1.0%-, 0.5%-, and 0.2%-chance simulations. The associated
impacts of the east spoil bank breaching are similar to those for the No Action Alternative, with
Tiffany Basin filling and spilling over the adjacent railroad tracks.
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Alternative E exhibits behavior similar to the No Action Alternative, except that the changes in
impacts from the new railroad bridge are suggested. For this alternative, the model indicates
sufficient reduction in the river stage to preclude breaching of the inner spoil-bank levee for the
10.0%-chance event, but with the flow scarcely at 0.2 feet below the threshold spoil-bank levee
crest. This small increment of safety is well within the error range of uncertainties, and the result
should not be viewed in an absolute sense. The spoil-bank levee would probably not survive a
mean water surface elevation within 0.2 feet of the crest for this duration, even if the other
aspects of the determination were certain. Rather, the simulation results illustrate that
replacement of the existing railroad bridge has positive water-surface-profile impacts within this
area of concern. Because this alternative does not include the upstream engineered levee,
prevention of breaching until the 0.2%-chance rainfall event further illustrates the difference that
the new railroad bridge can play in the alternative array.

Similarly, Alternative C can minimally pass the 10%-chance event without breaching the inner
(i.e., east) spoil-bank levee, again reflecting the change in the water-surface profile associated
with the new railroad bridge at critical locations along the inner spoil-bank. The higher-peaked
rainfall inflow hydrographs, however, result in a spoil bank breach starting with the 1.0%-chance
event, although this results in only partial diversion of river flows into Tiffany Basin. The basin
does not fill to the point of overtopping the adjacent railroad tracks until the 0.5%-chance event,
as it does for the 0.2%-chance event; however, the overtopping occurs more quickly.

Alternative | performs similarly to Alternative C; however, breaching of the inner spoil-bank
levee does not result in overtopping of the railroad tracks adjacent to the basin because the
extended engineered levee exists in this reach, protecting the track section. Again, the 1.0%-
chance-event spoil bank breach does not fully develop, resulting in only partial filling of the
basin. The 0.5%- and 0.2%-chance events fill the basin; however, escaping flows return to the
floodway.

Alternatives J and K restrict flows to the floodway with an engineered inner levee and preclude
breaching or filling of the basin for the events considered. These two alternatives are essentially
the same in terms of basin and adjacent railroad impacts. The differences between the two are
limited to the changes in river stage associated with the bridge configuration (existing bridge
versus new bridge) as they translate upstream for a limited distance.

Alternatives B, D, F, G, and H include the Tiffany Basin sediment management feature. These
alternatives easily handle the 5.0%-chance event hydrograph, diverting enough flow into the
basin to keep river stages along the inner spoil-bank levee at a level lower than the simulations
without the Tiffany Basin sediment management feature. In addition, the alternatives handle the
10.0%-chance event without attaining spoil bank breach elevation thresholds; however, the
margin is considerably less because the 10.0%-chance conditions control the configuration of this
feature to function as planned due to the extended duration of the hydrograph. The primary
differences for the alternatives at the 10.0%-chance level is in the volume diverted to Tiffany
Basin (and corresponding peak stage within the basin) as a result of the differences in inflow
hydrographs (with or without the upstream engineered levee) and the different river stage-
discharge relationships associated with the bridge condition (existing bridge versus new bridge).
For all of the rainfall events simulated up through the 0.2%-chance event, the stage elevations
within the basin never exceed 4483 feet because of the smaller volumes of the rainfall
hydrographs. For all of the rainfall events simulated up through the 0.2%-chance event, the stage
elevations within the basin never exceed 4483 feet, 2 feet below the threshold railroad
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embankment elevation noted above. Some of these rainfall events do exhibit sufficient river
stages, over shorter periods, to initiate overtopping and breaching of the inner spoil-bank levee.

This risk to the inner spoil-bank levee is minimal (0.2%-chance exceedance probability) for
Alternative F, which incorporates the new railroad bridge and experiences the lower-magnitude
peaks associated with no engineered levee upstream. Alternatives D and G exhibit an increased
risk, with potential for overtopping for the 1.0%-chance event through 0.2%-chance event
simulations. Alternatives B and H, which do not include the new railroad bridge, exhibit the
highest risk to the spoil bank, starting at the 2.0%-chance event.

444 DOWNSTREAM LEVEE TIE-BACK ANALYSIS

The LFCC constituted a major factor in the choice of a tie-back alternative. The LFCC will be
protected by the proposed levee because the proposed levee is located between the LFCC and the
floodway. In order to connect the levee to high ground, the levee would be required to cross the
LFCC at the downstream end. A LFCC crossing would include a gated closure of some type.
The LFCC is constantly recharged from groundwater and maintains a relatively-constant flow,
and any closure of the LFCC would cause water to back up behind the closure. Therefore, the
alternatives analyzed must consider flooding induced by closure of the LFCC. The Corps
considered ending the levee without a tieback to high ground; however, this could conceivably
produce a backwater effect from a flood event traveling down the Rio Grande. The Corps
considered the following three closure alternatives for the downstream end of the levee for each
of the alternative levee alignments:

e Closure Alternative 1: Connect the levee to high ground at the upper end of Tiffany
Basin. This would require crossing the LFCC immediately south of the existing railroad
bridge crossing of the LFCC. The closure structure would include three eight-foot-
diameter gated culverts that would remain open except during high flow events on the
Rio Grande. Closure of the gates during a high flow event would cause water flowing
down the LFCC to back up behind the closure structure.

o Closure Alternative 1a: Same as Alternative 1, but the alternative includes a pump at the
closure structure in the LFCC. The pump would be used during high flow events on the
Rio Grande when the gates are closed. The pump would pump water flowing in the
LFCC through the closure structure to prevent water backing up behind the closure
structure.

e Closure Alternative 2: Continue the levee to the existing railroad alignment at the north
end of Tiffany Basin at a location where the railroad embankment is elevated above the
selected frequency water surface elevation. The levee would tie to the railroad
embankment at that location and would not connect to high ground to the west. Because
the LFCC is located to the west of the railroad alignment, the levee would not cross the
LFCC.

4441 Tie-back Alternative Selection

The Corps used the two-dimensional FLO-2D model to evaluate the extent of backwater flooding
for the closure alternatives. The Corps selected Closure Alternative 2 because modeling shows it
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to have minimal backwater flooding upstream of the connection to high ground, and Alternative 2
is in all probability the least costly alternative. Figure 5 displays the floodplain maximum flow
depths associated with Closure Alternative 2.
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Figure 5. Floodplain Maximum Flow Depths for Closure Alternative 2Showing
No Backwater Effect Upstream of Tiffany Basin

5 SEDIMENTATION ANALYSIS

Sedimentation within the study area has exhibited a significant influence on historical channel
profiles and river stages, and is well-documented, particularly within the lower reach, by Leopold
et al (1990), Vanoni (1977), and many others. From a flood risk management perspective, the
primary influence is clearly the reduction in slope and floodway capacity, and coincident increase
in stage, progressing in the downstream direction, associated with the long-term aggradational
regime. The Corps analyzed existing sedimentation trends to predict future sedimentation trends
for the without- and with-project conditions. General Design Memorandum No. 1 describes a
detailed sediment study conducted by Simons, Li, and Associates, Inc. (SLA, 1981). However, as
presented in the 1999 draft LRR, analysis of the Reclamation range-line surveys of 1972 and
1992 show that aggradation during this 20-year period exceeded the predicted SLA aggradation
rates. A subsequent analysis conducted for the current study of the 1972 and 2002 Reclamation
range-line surveys confirms that long-term aggradation is the factor with the highest potential to
affect water-surface elevations and, consequently, levee performance over the life of the project.
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5.1 OVERVIEW OF SEDIMENTATION ANALYSIS

For the 1999 draft LRR, the Corps performed an analysis of the cross-sectional areal and
volumetric changes for the Middle Rio Grande using the 1972 and 1992 Reclamation range-line
surveys within the San Acacia study reach. The Corps updated the analysis for the current study
using the newly available 2002 Reclamation range-line surveys. Areal changes between the 1972
and 2002 range lines were computed and combined with the reach lengths between adjacent range
lines to arrive at volumetric changes for the period. The Corps divided the volumetric changes by
the product of their respective lengths and average top widths to arrive at an average deposition
depth. Dividing the average deposition depth by the 40-year period between range-line surveys
produced an average annual deposition depth. The Corps divided the information into
representative subreaches and computed average values. The average values were multiplied by
an assumed 50-year project life for the proposed levee. The Corps applied the calculated
depositional values to edit the associated geometry files in the hydrologic routing (FLO-2D) and
hydraulic water surface profile (HEC-RAS) numeric models to raise the elevation of the entire
floodway for the future conditions scenarios, in order to assess the impacts associated with the
primary long-term sedimentation trend.

5.2  WITHOUT-PROJECT SEDIMENTATION ANALYSIS
521 WITHOUT-PROJECT SEDIMENTATION DATA

The Corps used surveyed range lines provided by Reclamation from 1972, 1992, and 2002 to
analyze the long-term aggradational and degradational trends for the study reach to determine
without-project sediment trends. The Corps calculated the area between a bounding elevation
(5,500 feet) and the cross-section elevations for each range line, for each survey year. The Corps
used the year-to-year differences between these cross-sectional areas as the basis to analyze the
trends.

522 WITHOUT-PROJECT SEDIMENT ANALYSIS METHODOLOGY

The Corps compared the cross-sectional areas for each year for the periods 1972 to 1992, 1972 to
2002, and 1992 to 2002. In each case, the area of the later year was subtracted from the area of
the earlier year. A positive value indicated an aggradational trend for that range line, and a
negative value indicated a degradational trend. The Corps plotted these values against the range
line numbers to determine where the reach had a general aggradational or degradational trend.
Analysis showed that the reach had a general degradational trend upstream of range line 1412 and
an aggradational trend downstream of range line 1412. Range line 1412 is located approximately
10 miles south of the Escondida Bridge.

The Corps analyzed the reach downstream of range line 1412 to range line 1781, approximately
seven miles south of the San Marcial Railroad Bridge, to quantify the aggradational trend. The
Corps performed a regression analysis on each data set (1972 to 1992, 1992 to 2002, and 1972 to
2002). The 1972 to 2002 data set was ultimately used because the 1992 data set apparently
contains flaws. In addition, the 1972 to 2002 data set provides the longest period of record.
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The Corps developed a relationship between the rate of aggradation to the position in the reach.
Figure 6 shows the predicted 50-year aggradation at range lines along the aggradational reach.
The Corps applied the predicted 50-year aggradation to the future-conditions models. In both the
HEC-RAS and the FLO-2D future-conditions models, the Corps raised the entire floodway by an
amount corresponding to its position in the aggradational reach. The future-conditions HEC-RAS
model ignored degradation to apply the conservative approach for design. For floodplain
calculation and economic analysis, the Corps used the future-conditions FLO-2D model and
applied degradation to the channel only in the degradational reach.

50 Year Aggradation vs Rangeline
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Figure 6. Predicted 50-Year Aggradation for Selected Range Lines Along the Project Reach

5.2.3 WITHOUT-PROJECT SEDIMENT ANALYSIS ASSUMPTIONS

The Corps assumed that the rate of aggradation observed from analysis of the relatively short
1972-through-2002 data set would continue in the future. The Corps compared the calculated
rate of aggradation with historic long-term rates observed by Leopold (Leopold et al., 1992) in
the San Marcial vicinity, and the rates proved consistent. In addition, agreement exists between
the calculated rate of aggradation and circumstantial evidence, including measured floodplain
elevations within and outside of the existing spoil-bank levees and historic documentation of
bridge elevation changes.

The Corps assumed that long-term aggradation occurs evenly across the entire floodway,
including the overbank areas. The assumption could cause the model to under predict the
aggradation of the channel in the short term because the majority of sediment deposition occurs
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within the channel and on the overbank areas immediately adjacent to the channel. Channel
deposition can raise the channel to an elevation greater than the floodplain elevation and create
the perched channel, such as the one that exists in much of the project area. However, in time,
the channel will avulse to the lower overbank areas and deposit material there as it has in the past.
Thus, the decision was made to distribute the aggradation evenly across the cross section within
the floodway.

5.3 WITH-PROJECT SEDIMENTATION ANALYSIS
531 WITH-PROJECT SEDIMENT ANALYSIS DATA AND METHODOLOGY

The Corps completed the with-project analysis employing the same data and methodology used
for the without-project analysis. The Corps assumed the same aggradational and degradational
rates for the without- and with-project conditions with the exception of the with-project
alternatives that include the Tiffany Basin sediment management feature.

5.3.2 TIFFANY BASIN SEDIMENT MANAGEMENT FEATURE ASSUMPTIONS

The Corps calculated transport rates from various sources, primarily from Reclamation functions
derived from measured data. For the purposes of plan formulation, two assumptions controlled
the design of the Tiffany Basin sediment management feature. The first assumption is that the
Tiffany Basin would fill with sediment to an elevation equal to the predicted future-conditions
floodplain elevation within the existing floodway during the 50-year evaluation period of the
project. This assumption is based on the predicted diversion concentrations, ponded conditions,
and near 100% trap efficiency that would be expected for the feature. The second assumption is
that the proposed Tiffany Basin sediment management feature is expected to alleviate some of the
aggradation of the Rio Grande channel and floodway within the 50-year life of the project, based
on the volume associated with the first assumption. For the purpose of plan formulation and
levee design heights, the Corps subtracted 50% of the volume of sediment expected to be trapped
in Tiffany Basin from the volume of the Rio Grande floodway in the aggradational reach from the
San Marcial Railroad Bridge (range line 1706.6) upstream to approximately range line 1412. The
Corps used only 50% of the predicted volume to account for uncertainties associated with the
proposed project feature’s performance as it relates to levee height impacts. Figure 7 displays the
range lines 50-year expected aggradation considering the conditions; without Tiffany Basin, with
Tiffany Basin, and with Tiffany Basin at 50% trap efficiency.
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Aggradation vs Rangeline
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Figure 7. Aggradation versus Range line

5.4 BRIDGE REPLACEMENT ALTERNATIVE CAPACITY EVALUATION

Sedimentation impacts in the immediate vicinity of the existing San Marcial Railroad Bridge
have been significant, and increasing as time goes on, in terms of conveyance capacity and
maintenance. The Corps examined the sedimentation impacts of the various proposed BNSF San
Marcial Railroad Bridge replacement alternatives. Four alternatives, each with 88-foot bays,
were examined: (1) a three-bay bridge, (2) a five-bay bridge, (3) a seven-bay bridge, and (4) a
nine-bay bridge. The examination consisted of a basic sediment continuity analysis using
hydraulic parameters from the present-conditions with-project HEC-RAS model at four
representative cross sections approaching and within the bridge crossing. The Corps developed
sediment transport rating curves using the software program SAM, Hydraulic Design Package for
Channels, created by the Corps Coastal and Hydraulics Laboratory, Engineer Research and
Development Center (CHL-ERDC, 2002) and spreadsheets for the four cross sections using
Yang’s (d50) and Brownlie’s transport functions. Annual yield rates, calculated in tons per year,
were determined for the four cross sections and compared successively by subtracting the current
cross section supply rate from the next upstream cross section supply rate to determine scour and
deposition rates for each of the bridge-span alternatives. The transport calculations were not
calibrated to measured data, and the magnitudes are not exact; however, the relative trends are
useful in discerning between the bridge-span alternatives.

Tables 7 and 8 show the results of the calculations for the Brownlie transport function. The Yang
calculations produced comparable ordinal results. Table 7 illustrates the potential for influencing
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the transport approaching and through the bridge by varying the number of bays. For example, at
cross section 1706.65, the contraction, and consequent acceleration, of flow for the three-bay
alternative yields a dramatically higher transport rate through the bridge than the wide nine-bay
alternative by an order of magnitude. Table 8 shows that the relative scour and deposition
differences between cross sections are also affected by the bridge alternatives. The three-bay
alternative indicates a scour condition, of relatively high magnitude, at the bridge cross section
1706.65 that could present additional risk to the bridge piers. The five-bay configuration also
yields a scour situation at the bridge. Based on these results, the seven-bay alternative appears to
perform best in terms of overall sediment transport balance. The least magnitude absolute value
of the summation indicates the seven-bay configuration would have the least scour or deposition
and be the lowest maintenance alternative. An expectation for some deposition exists at the
bridge given that the value is positive; however, this reach is depositional and has been so
historically, and the depositional rate for the bridge section is the lowest magnitude of the
alternatives. The Corps recommends the seven-bay bridge alternative because the alternative
appears to provide the advantages of reduced maintenance and low potential for increased
impacts to the structural integrity of the bridge.

Table 7. Annual Transport Yields by Cross-section

Cross 3-Bay 5-Bay 7-Bay 9-Bay Comment
Section (Ton/year) (Ton/year) (Ton/Year) (Ton/Year)
1618 552,283 552,283 552,283 552,283 | Upstream
Tiffany
1650 524,826 524,826 524,826 524,826 | Mid Tiffany
1698 457,002 457,002 457,002 457,002 | Lower
Tiffany
1706 403,014 393,365 380,588 374,119 | Approach
1706.65 2,084,608 816,336 371,842 235,739 | Bridge
Table 8. Annual Scour (-) / Deposition (+) Rates
Cross 3-Bay 5-Bay 7-Bay 9-Bay Comment
Section (Ton/Year) (Ton/Year) (Ton/Year) (Ton/Year)
1650 27,457 27,457 27,457 27,457 | Mid
Tiffany
1698 67,824 67,824 67,824 67,824 | Lower
Tiffany
1706 53,988 63,637 76,414 82,883 | Approach
1706.65 -1,681,595 -422,971 8,746 138,380 | Bridge
Summation -1,532,326 -264,053 180,441 316,543
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6 ELOODPLAINS

The Corps used the FLO-2D model to generate floodplains. For the 10.0%-chance event, the
flood hydrograph from rainfall events attenuates below 10,000 cfs within the project area.
Downstream of the location where this occurs, the 10.0%-chance snowmelt hydrograph
measuring a constant 10,000 cfs dominates. Therefore, floodplains are mapped for rainfall events
upstream and snowmelt events downstream of this location.

For the without-project condition, the Corps assumed that the existing spoil-bank levees would
not contain flood flows, and the spoil-bank levees were completely removed from the without-
project model. For the with-project conditions, the Corps assumed that the existing spoil-bank
levees beyond the downstream end of the project would not contain flood flows. Because this
would potentially create a backwater effect beyond the downstream end of the constructed levee,
the Corps created a separate FLO-2D model with a 100-foot grid to model the backwater effect of
the spoil-bank levee failure beyond the downstream end of the project and to plot the floodplain
in this area.

The active floodway is expected to change geomorphically in the future, and the Corps created a
future-conditions model in which individual cross section were uniformly raised or lowered to
account for predicted aggradation and degradation 50 years into the future. The channel is
expected to degrade in the upper reach immediately downstream of the San Acacia Diversion
Dam. The channel becomes fairly stable for the remaining upper third of the project area.
Downstream from approximately the Socorro area, the channel and floodplain within the
floodway become aggradational.

Floodplains for the 0.2%-chance event for the without-project condition and the with-project
condition, representative of Alternative A, are presented in Figures 8.1 through 8.7. Alternative
A includes the 43-mile engineered levee extending from the San Acacia Diversion Dam to
Tiffany Junction. The floodplains are computer generated using flood elevations in the 500-foot
computational grid and the best available mapping data. The floodplains do not comply with
FEMA standards.

7  RISK AND UNCERTAINTY

The Corps acknowledges risk and uncertainty in the prediction of floods and their impacts.
Historically, the Corps relied on the application of safety factors and freeboard, designing for
worst-case conditions and other indirect solutions to compensate for uncertainty. These indirect
approaches were necessary because of the lack of technical knowledge of the complex interaction
of uncertainties. However, with advances in statistical hydrology and the availability of analysis
tools, it is now possible to describe the uncertainty in the choice of hydrologic and hydraulic
functions. The policies, methods, and procedures for the risk-based analysis are detailed in
Engineering Regulation (ER) 1105-2-101, Risk Analysis for Flood Damage Reduction Studies,
and in Engineering Manual (EM) 1110-2-1619, Risk-Based Analysis for Flood Damage
Reduction Studies. The risk analysis considers present and future conditions for both without-
project and with-project models.
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Hydrologic risk analysis estimates the variability in the predicted peak discharges and volumes of
the flood hydrographs generated by the watershed. The primary source of hydrologic uncertainty
in the analysis is the length of the stream gage record used to compute a discharge-frequency
relationship. The Corps computed the hydrologic uncertainty for the study area using an
equivalent record length of 61 years based on stream gage and historical information. The Corps
does not anticipate a significant increase in development within the watershed, and peak
discharges are not expected to increase. Therefore, the Corps used the same discharges for the
existing- and future-conditions models. Although some of the decisions made in the hydrologic
analysis predate the adoption of risk analysis, the assumptions incorporated in the analysis,
including reservoir releases and rates of hydrograph attenuation and evaporation and infiltration
losses, represent expected performance and lie within appropriate limits of confidence.

A primary purpose of the hydraulic risk analysis is to estimate the variability of the water surface
to complete the stage-discharge relationship. The parameter used to define the uncertainty of the
stage-discharge relationship is standard deviation. Hydraulic uncertainties that affect the water
surface elevations include channel and overbank Manning’s n values, modeling geometry sources
(e.g., mapping), debris, and sedimentation. The Corps developed stage standard deviation
estimates for both present and future conditions. Because watershed development is not
anticipated, the Corps does not expect the hydrologic parameters to change in the future
conditions model. However, aggradational and degradational changes within the floodway are
expected in the future, and the future-conditions model includes estimated future sedimentation.
The performance locations described in Section 4, Hydraulic Analysis, were used as locations to
develop the standard deviations of the water surface elevations. These standard deviations can
then be used in the evaluation of project performance and economic risk.

7.1  WITHOUT-PROJECT HYDRAULIC RISK

Without-project risk was considered from a number of perspectives following Corps guidance.
The Corps investigated several relationships used to compute the standard deviation for the
uncertainties and compared the results to adopt the most reasonable standard deviations to use in
the risk analysis. To account for variabilities expected over time, two “snapshots” were
characterized at each end of an assumed linearly varied project evaluation period. The snapshots
are labeled as present and future and depict the beginning and end, respectively, of a 50-year
evaluation period. EM 1110-2-1619, Engineering and Design - Risk-Based Analysis for Flood
Damage Reduction Studies (USACE 1996), provides numerous relationships that can be used for
guantifying stage uncertainty in terms of hydraulic variables.

As presented in EM 1110-2-1619, Freeman et al. (1996) categorized uncertainty into three classes
denoted as “natural”, “measurement”, and “modeling”. Using data from 116 river gage records
along with HEC-2 model runs, Freeman derived a relationship based on the derived maximum
stage range, the basin area, and the 1.0%-chance flood discharge to account for these three
uncertainty sources and compute the standard deviation (Ug). Freeman presented the relationship
in equation form:

U, = [CI.CI?ECIS —2.2626x1077 Agguin + 0.0216 Hpppge + 141951075 Qqqp + 0.64936:’55,:-]:

Uz = Standard Deviation of Stage — Discharge Uncertainty
Hgangs = Maximum Stage Range (m)
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Based on this relationship, and the fact that the 1.0%-chance flood discharge remains the same for
present and future conditions, the Corps calculated a standard deviation (Us) of approximately
0.38 feet using the study area variables for both present and future conditions.

EM 1110-2-1619 also provides Equation 5-6 which illustrates a method for combining various
sources, or categories, of uncertainty to arrive at a composite estimate of standard deviation

(Stotal) in stage:

model

5:— = ,\,'Sir::«'-":.' + 5: +

St is standard deviation of the total uncertainty (Siotal)
Snatural IS Natural uncertainty
Smodel 1S modeling uncertainty

Table 5-2 of EM 1110-2-1619 provides minimum values of standard deviation (Syj,) based on
parameters largely associated with mapping and modeling uncertainty. For this study, the
without-project FLO-2D models incorporated cross-sectional geometry based on topographic
mapping consistent with the accuracy of a topographic map with 2-5 foot contours. Table 5-2
assigns a minimum standard deviation range between 0.6 and 1.5 for this condition. The standard
deviation is further dependant on Manning’s n-value coefficient reliability. Available prototype
stage information, within the project effective range, is essentially non-existent, resulting in a
Manning’s n-value rating of “Poor” (Table 5-2). The “Poor” Manning’s n-value reliability limits
the minimum standard deviation to the threshold value of 1.5 feet.

The sensitivity of the computed water-surface elevations to modeling uncertainties was
determined by modeling “high” and “low” conditions. As previously described, the FLO-2D
model is capable of addressing the perched channel and split flows that exist in the without-
project condition. The Corps modified the hydraulic parameters in the 1.0%-chance existing-
condition FLO-2D model to estimate the variability of water-surface elevations for the without-
project condition to estimate the “reasonable bounds” that would be expected to capture the
majority of variability in computed stages associated with modeling uncertainty. The modified
modeling parameters include the channel Manning’s n value, the overbank Manning’s n value,
the hydraulic conductivity in the channel, and the sediment. Table 9 shows the changes that were
made to the model to develop high-water and low-water conditions. The expected column is the
without-project model. These “reasonable bounds” were assumed to capture approximately 95%,
or approximately two standard deviations, in water surface elevation variability for the without-
project present condition. Using this range of “reasonable bounds” to represent the 95%
confidence interval (in addition to other simplifying assumptions) allows estimation of modeling

standard deviations (Syodel) Using Equation 5-7 from EM 1110-2-16109:
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S is the standard deviation of modeling uncertainty (Smodel)
E,nzan 1S the mean stage difference between the “high” and “low”” modeling conditions

In his presentation, Uncertainty in Stage-Discharge Relationships, Brunner (HEC undated) also
reported a relationship developed to account for uncertainty associated with the terrain standard

deviation (Sier) related to photogrammetry in the form:
5D = 0.0657 x 57°°% x 53738

SD is the standard deviation of terrain uncertainty (Ser)
So is stream slope (feet/mile)

Sy, is the underlying mapping contour interval (feet) divided by 10
(Within the study area, the values of Sgand S, are 4 and 0.2, respectively)

With these two sources of uncertainty (i.e., modeling and terrain) determined, attention turned to
a third uncertainty that would be associated with the “natural” category described previously. An
important area of “natural” uncertainty in the study area is sedimentation. Sedimentation, in
particular aggradation, has the potential to significantly affect water surface elevations over the
life of the proposed project and is an important source of uncertainty. The Rio Grande within the
study reach has a long history of pronounced aggradation, as documented by Leopold et al.
(1992) as far back as the late 1890s. And while anthropogenic effects have added more and more
complexity to this behavior, the overall trend has remained aggradational over long-term periods.
Projection of future sedimentation for this study relied on historical cross-sectional measurements
throughout the study area to develop a mathematical relationship using a logarithmic
transformation.

The Corps computed a standard deviation (Sag/deg) to account for the aggradation uncertainty by
statistical analysis of the residuals of the log-transform function developed. The standard
deviation value computed for this function was 0.045 feet/year. For the present condition with-

project, a zero value was used for Saggeg as there was no cross sectional adjustment for
aggradation.

The Corps combined the three uncertainty source standard deviations, using Equation 5-6, to
arrive at a total standard deviation (Siota1) to account for the hydraulic uncertainties. The three
uncertainty sources include the terrain standard deviation from Brunner’s equation (Ster), the
“reasonable bounds” modeling standard deviation (Smodel) estimate, and the sedimentation

standard deviation (Sag/deg) Values. The resulting composite hydraulic standard deviation values
computed for each Performance Location were compared (along with the combined values
computed using the Freeman equation) to the minimum standard deviation threshold presented in
Table 5-2 of EM 1110-2-1619. Because the computed standard deviations fall below the
minimum standard deviation threshold, the Corps adopted the minimum standard deviation of 1.5
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feet. Tables 10 and 11 show the various computed standard deviations using the methods
described above, and the adopted standard deviation values used to characterize the hydraulic
uncertainty for the present condition of the without-project period. Standard deviations expected
for the water level in the channel/floodway are shown in Table 10. Standard deviations expected
for the water level in the floodplain are shown in Table 11.

For the future condition, the FLO-2D model geometry was first adjusted to simulate long-term
aggradation. Long-term aggradational trends, derived from measured data as described in Section
5, Sediment Analysis, were developed and used to estimate future conditions. The same hydraulic
modeling parameters, described above and shown in Table 9, were then modified to again
estimate high- and low-stage ranges.

Because the log-transform aggradation function was derived to estimate an average annual cross-

sectional elevation change throughout the study reach, the resulting standard deviation (Sag/deg)
value of 0.045 feet/year was multiplied by 50 to arrive at a standard deviation value of 2.24 feet
for the aggradation projection uncertainty. In addition, while there is a clear positive correlation
between changes in the hydraulic model geometry elevations and changes in computed water
surface elevations, there is also some uncertainty associated with this water surface response as it
relates to geometry elevation changes. To account for the uncertainty associated with cross-
sectional elevation change and associated water surface elevation change, another statistical
analysis was performed on the differences between present and future modeled water surface
elevations minus the present and future minimum channel elevations (i.e., the differences
between the present and future computed maximum channel flow depths). As described under
sections 5.1 through 5.3, the model geometries were adjusted for the future conditions to account
for expected depositional changes to the floodway, and the consequent changes is floodway water
surface profiles. Evaluation of these results for the 1.0% exceedance event yielded a deviation
value of 0.28 feet. The 0.28 feet value for elevation-water surface deviation was combined with
the 2.24 feet value above, by way of the square-root-of-the-sum-of-squares form shown in
Equation 5-6. The adopted standard deviation values of 2.25 to 2.26 feet reflect the total standard
deviation computed using Equation 5.6 that combines the three uncertainty source standard
deviations, and represents the widest range of deviation expected in the floodway (i.e., channel)
based on the uncertainties. Table 12 shows the resulting computed standard deviations and the
adopted standard deviation values computed for each Performance Location and used to
characterize the hydraulic uncertainty in the floodway for the future condition of the with-project
period. Sedimentation is not anticipated to significantly influence the expected water surface
within the floodplain, and the standard deviations computations and adopted values (Table 13)
more closely follow the present-condition characterization, described above, with the minimum
threshold values from EM 1110-2-1619 Table 5-2 values receiving priority.

7.2  WITH-PROJECT HYDRAULIC RISK

Paralleling the without-project risk characterization, the with-project hydraulic uncertainties were
also considered from a number of perspectives following Corps guidance. The Corps investigated
several relationships used to compute the standard deviation and compared the results to adopt the
most reasonable standard deviations to use in the risk analysis for the with-project condition. To
account for variabilities expected over time, two “snapshots” were again characterized at each
end of an assumed linearly varied project evaluation period. The snapshots are labeled as present
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and future, as in the without-project description, above, and depict the beginning and end,
respectively, of a 50-year evaluation period.

For this study, the with-project HEC-RAS models incorporated cross-sectional geometry based
on aerial topographic surveys. Table 5-2 assigns a minimum standard deviation range between
0.3 and 1.3 for this condition. The standard deviation is further dependant on Manning’s n-value
coefficient reliability. Available prototype stage information, within the project effective range,
is essentially non-existent, resulting in a Manning’s n-value rating of “Poor” (Table 5-2). The
“Poor” Manning’s n-value reliability limits the minimum standard deviation to the threshold
value of 1.3 feet.

The Corps modified the hydraulic parameters in the 1.0%-chance present-condition HEC-RAS
model, based largely on professional judgment, condition to estimate the “reasonable bounds”
that would be expected to capture the majority of variability in computed stages associated with
modeling uncertainty. Table 12 shows the changes that were made to the model to develop high-
stage and low-stage conditions for the present-condition with-project models.

For the future condition, the FLO-2D model geometry was first adjusted to simulate long-term
aggradation. Long-term aggradational trends, derived from measured data as described in Section
5, Sediment Analysis, were developed and used to estimate future conditions. The same hydraulic
modeling parameters, described above and shown in Table 9, were then modified to again
estimate high- and low-stage ranges.

The adopted standard deviation values of 2.25 to 2.30 feet reflect the total standard deviation
computed using Equation 5.6 that combines the three uncertainty source standard deviations, and
represents the widest range of deviation expected based on the uncertainties. Table 14 shows the
resulting computed standard deviations and the adopted standard deviation values computed for
each Performance Location and used to characterize the hydraulic uncertainty for the future
condition of the with-project period.

Table 9. Hydraulic Parameters Varied for the Risk Analysis Hydraulic Models for the Without-
Project Condition

Risk Scenario
Risk Parameter
Low Expected High
Channel n-value -0.005 (n>0.015) 0.016-0.038 +0.005
Overbank n-value 0.02 0.065/0.1 +0.02
Infiltration - Hydraulic
Conductivity in Channel 0.11 0.1 0.09
. Simulated sediment plug
Sediment N/A N/A in the Tiffany reach
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Table 10. Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Channel for the Present Without-Project Condition

Channel Hydraulic Uncertainty
Present Conditions Without Project

a b c d e f g h i
Performance | g U SD1 SD2 SD3 SD SD Adopted
Location mean S . Standard
D (Feet) (Feet) Smodel | Sag/deg Ster Stotal Smin Deviation

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

2 0.82 0.38 0.21| 0.00 0.05 0.21 1.50 1.50
3 0.53 0.38 0.13 | 0.00 0.05 0.15 1.50 1.50
4 0.69 0.38 0.17 | 0.00 0.05 0.18 1.50 1.50
S 0.74 0.38 0.19 | 0.00 0.05 0.20 1.50 1.50
6 0.14 0.38 0.03| 0.00 0.05 0.07 1.50 1.50
7 0.01 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
8 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
9 0.17 0.38 0.04 | 0.00 0.05 0.08 1.50 1.50
10 0.30 0.38 0.08 | 0.00 0.05 0.10 1.50 1.50
11,12 0.41 0.38 0.10 | 0.00 0.05 0.12 1.50 1.50
13 0.18 0.38 0.05| 0.00 0.05 0.08 1.50 1.50
14 0.15 0.38 0.04 | 0.00 0.05 0.07 1.50 1.50
15 0.18 0.38 0.05 | 0.00 0.05 0.08 1.50 1.50
16 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
17 0.01 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
18 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
19 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
20 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
21 0.16 0.38 0.04 | 0.00 0.05 0.08 1.50 1.50
22 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50

Notes (Channel Present Without-Project Condition):

g 0DKQ o O OO

R
~

Difference between high- and low-risk conditions using present-condition FLO-2D model (Table 9)
Standard deviation of stage-discharge uncertainty (Freeman et. al.)

Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)
Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

Standard deviation for terrain uncertainty (Brunner, undated)
Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)
Minimum Standard deviation for Poor n Reliability, 2-5” Contour Accuracy (EM 1110-2-1619, Table
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Table 11.

Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Floodplain for the Present Without-Project Condition

Floodplain Hydraulic Uncertainty
Present Conditions Without Project

a b c d e f g h i
Performance | g U SD1 SD2 SD3 SD SD Adopted
Location mean S . Standard
D (Feet) (Feet) Smodel | Sag/deg Ster Stotal Smin Deviation

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

2 1.26 0.38 0.32| 0.00 0.05 0.32 1.50 1.50
3 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
4 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
5 0.88 0.38 0.22| 0.00 0.05 0.23 1.50 1.50
6 0.80 0.38 0.20 | 0.00 0.05 0.21 1.50 1.50
7 1.20 0.38 0.30| 0.00 0.05 0.31 1.50 1.50
8 1.18 0.38 0.30| 0.00 0.05 0.30 1.50 1.50
9 1.18 0.38 0.30| 0.00 0.05 0.30 1.50 1.50
10 1.01 0.38 0.25| 0.00 0.05 0.26 1.50 1.50
11,12 3.06 0.38 0.76 | 0.00 0.05 0.77 1.50 1.50
13 0.77 0.38 0.19 | 0.00 0.05 0.20 1.50 1.50
14 0.43 0.38 0.11 | 0.00 0.05 0.13 1.50 1.50
15 0.26 0.38 0.07 | 0.00 0.05 0.09 1.50 1.50
16 0.31 0.38 0.08 | 0.00 0.05 0.10 1.50 1.50
17 0.35 0.38 0.09 | 0.00 0.05 0.11 1.50 1.50
18 0.10 0.38 0.03| 0.00 0.05 0.07 1.50 1.50
19 0.14 0.38 0.03| 0.00 0.05 0.07 1.50 1.50
20 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
21 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
22 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50

Notes (Floodplain Present Without-Project Condition):

g1 >KQ =h®d® O O T

)
~

Difference between high- and low-risk conditions using present-condition FLO-2D model (Table 9)
Standard deviation of stage-discharge uncertainty (Freeman et. al.)

Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)
Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

Standard deviation for terrain uncertainty (Brunner, undated)
Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)
Minimum Standard deviation for Poor n Reliability, 2-5” Contour Accuracy (EM 1110-2-1619, Table
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Table 12. Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Channel for the Future Without-Project Condition

Channel Hydraulic Uncertainty
Future Conditions Without Project

a b c d e f g h i
Performance Emean Us SD1 SD2 SD3 SD SD Adopted
LO(iaDtlon (Feet) (Feet) Smodel | Sagldeg Ster Stotal Smin Sg}gﬁg

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

2 0.82 0.38 0.21 2.25| 0.05 2.26 1.50 2.26
3 0.53 0.38 0.13 2.25| 0.05 2.26 1.50 2.26
4 0.69 0.38 0.17 2.25| 0.05 2.26 1.50 2.26
5 0.74 0.38 0.19 2.25| 0.05 2.26 1.50 2.26
6 0.14 0.38 0.03 2.25| 0.05 2.25 1.50 2.25
7 0.01 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
8 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
9 0.17 0.38 0.04 2.25| 0.05 2.25 1.50 2.25
10 0.30 0.38 0.08 2.25| 0.05 2.25 1.50 2.25
11,12 0.41 0.38 0.10 2.25| 0.05 2.26 1.50 2.26
13 0.18 0.38 0.05 2.25| 0.05 2.25 1.50 2.25
14 0.15 0.38 0.04 2.25| 0.05 2.25 1.50 2.25
15 0.18 0.38 0.05 2.25| 0.05 2.25 1.50 2.25
16 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
17 0.01 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
18 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
19 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
20 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25
21 0.16 0.38 0.04 2.25| 0.05 2.25 1.50 2.25
22 0.00 0.38 0.00 2.25| 0.05 2.25 1.50 2.25

Notes (Channel Future Without-Project Condition):

b  Difference between high- and low-risk conditions using present-condition FLO-2D model (Table 9)

¢ Standard deviation of stage-discharge uncertainty (Freeman et. al.)

d Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)

e Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

f  Standard deviation for terrain uncertainty (Brunner, undated)

g Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)

h  Minimum Standard deviation for Poor n Reliability, 2-5° Contour Accuracy (EM 1110-2-1619, Table
5-2)
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Table 13. Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Floodplain for the Future Without-Project Condition

Floodplain Hydraulic Uncertainty
Future Conditions Without Project

a b c d e f g h i
Performance | g U SD1 SD2 SD3 SD SD Adopted
Location mean S . Standard
D (Feet) (Feet) Smodel | Sag/deg Ster Stotal Smin Deviation

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

2 1.26 0.38 0.32| 0.00 0.05 0.32 1.50 1.50
3 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
4 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
S 0.88 0.38 0.22| 0.00 0.05 0.23 1.50 1.50
6 0.80 0.38 0.20 | 0.00 0.05 0.21 1.50 1.50
7 1.20 0.38 0.30| 0.00 0.05 0.31 1.50 1.50
8 1.18 0.38 0.30| 0.00 0.05 0.30 1.50 1.50
9 1.18 0.38 0.30| 0.00 0.05 0.30 1.50 1.50
10 1.01 0.38 0.25| 0.00 0.05 0.26 1.50 1.50
11,12 3.06 0.38 0.76 | 0.00 0.05 0.77 1.50 1.50
13 0.77 0.38 0.19 | 0.00 0.05 0.20 1.50 1.50
14 0.43 0.38 0.11| 0.00 0.05 0.13 1.50 1.50
15 0.26 0.38 0.07 | 0.00 0.05 0.09 1.50 1.50
16 0.31 0.38 0.08 | 0.00 0.05 0.10 1.50 1.50
17 0.35 0.38 0.09 | 0.00 0.05 0.11 1.50 1.50
18 0.10 0.38 0.03| 0.00 0.05 0.07 1.50 1.50
19 0.14 0.38 0.03| 0.00 0.05 0.07 1.50 1.50
20 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
21 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50
22 0.00 0.38 0.00 | 0.00 0.05 0.06 1.50 1.50

Notes (Floodplain Future Without-Project Condition):

b  Difference between high- and low-risk conditions using present-condition FLO-2D model (Table 9)

¢ Standard deviation of stage-discharge uncertainty (Freeman et. al.)

d Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)

e Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

f  Standard deviation for terrain uncertainty (Brunner, undated)

g Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)

h  Minimum Standard deviation for Poor n Reliability, 2-5° Contour Accuracy (EM 1110-2-1619, Table
5-2)
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Table 14. Hydraulic Parameters Varied for the Risk Analysis Hydraulic Models for the With-

Project Condition

Risk Parameter

Risk Scenario

Low Expected High
Channel n-value 0.012 - 0.030 0.013 - 0.033 0.014 - 0.036
Overbank n-value 0.045 — 0.09 0.05-0.10 0.055-0.11
Infiltration - Hydraulic
Conductivity in Channel NIA N/A N/A
Sediment N/A N/A Simulated Sediment Plug

in the Tiffany Reach
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Table 15. Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Present With-Project Condition

Hydraulic Uncertainty
Present Conditions With Project

a b c d e f g h i
Performance | g U SD1 SD2 SD3 SD SD Adopted
Location mean S Standard
D (Feet) (Feet) Smodel | Sag/deg Ster Stotal Smin Deviation
(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)
2 0.65 0.38 0.16 0.00 0.05 0.17 1.30 1.30
3 0.37 0.38 0.09 0.00 0.05 0.10 1.30 1.30
4 0.66 0.38 0.17 0.00 0.05 0.17 1.30 1.30
5 0.75 0.38 0.19 0.00 0.05 0.19 1.30 1.30
6 1.01 0.38 0.25 0.00 0.05 0.26 1.30 1.30
7 0.81 0.38 0.20 0.00 0.05 0.21 1.30 1.30
8 0.45 0.38 0.11 0.00 0.05 0.12 1.30 1.30
9 0.43 0.38 0.11 0.00 0.05 0.12 1.30 1.30
10 0.00 0.38 0.00 0.00 0.05 0.05 1.30 1.30
11,12 0.36 0.38 0.09 0.00 0.05 0.10 1.30 1.30
13 0.45 0.38 0.11 0.00 0.05 0.12 1.30 1.30
14 0.40 0.38 0.10 0.00 0.05 0.11 1.30 1.30
15 0.68 0.38 0.17 0.00 0.05 0.18 1.30 1.30
16 0.53 0.38 0.13 0.00 0.05 0.14 1.30 1.30
17 0.51 0.38 0.13 0.00 0.05 0.14 1.30 1.30
18 0.50 0.38 0.13 0.00 0.05 0.13 1.30 1.30
19 0.74 0.38 0.18 0.00 0.05 0.19 1.30 1.30
20 0.69 0.38 0.17 0.00 0.05 0.18 1.30 1.30
21 0.64 0.38 0.16 0.00 0.05 0.17 1.30 1.30
22 2.24 0.38 0.56 0.00 0.05 0.56 1.30 1.30

Notes (Present With-Project Conditions):

Difference between high- and low-risk conditions using present-condition HEC-RAS model (Table 14)
Standard deviation of stage-discharge uncertainty (Freeman et. al.)

Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)

Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

Standard deviation for terrain uncertainty (Brunner, undated)

Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)

Minimum Standard deviation for Poor n Reliability, Aerial Spot Elevation conditions (EM 1110-2-
619, Table 5-2)

= >Q D O O T
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Table 16. Variation in Water Surface Elevations and Standard Deviations Expected for the Water
Surface in the Future- With-Project Condition

Hydraulic Uncertainty
Future Conditions With Project

a b C d e f g h i
Performance | g U SD1 SD2 SD3 SD SD Adopted
Location mear N Standard
D (Feet) (Feet) Smodel | Sag/deg | Ster Stotal Smin Deviation
(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)
2 0.64 0.38 0.16 2.25 0.05 2.26 1.30 2.26
3 0.37 0.38 0.09 2.25 0.05 2.26 1.30 2.26
4 0.66 0.38 0.16 2.25 0.05 2.26 1.30 2.26
5 0.73 0.38 0.18 2.25 0.05 2.26 1.30 2.26
6 0.87 0.38 0.22 2.25 0.05 2.26 1.30 2.26
7 0.69 0.38 0.17 2.25 0.05 2.26 1.30 2.26
8 0.45 0.38 0.11 2.25 0.05 2.26 1.30 2.26
9 0.43 0.38 0.11 2.25 0.05 2.26 1.30 2.26
10 0.00 0.38 0.00 2.25 0.05 2.25 1.30 2.25
11,12 0.36 0.38 0.09 2.25 0.05 2.26 1.30 2.26
13 0.44 0.38 0.11 2.25 0.05 2.26 1.30 2.26
14 0.41 0.38 0.10 2.25 0.05 2.26 1.30 2.26
15 0.69 0.38 0.17 2.25 0.05 2.26 1.30 2.26
16 0.53 0.38 0.13 2.25 0.05 2.26 1.30 2.26
17 0.52 0.38 0.13 2.25 0.05 2.26 1.30 2.26
18 0.51 0.38 0.13 2.25 0.05 2.26 1.30 2.26
19 0.77 0.38 0.19 2.25 0.05 2.26 1.30 2.26
20 0.63 0.38 0.16 2.25 0.05 2.26 1.30 2.26
21 0.35 0.38 0.09 2.25 0.05 2.26 1.30 2.26
22 1.76 0.38 0.44 2.25 0.05 2.30 1.30 2.30

Notes (Future With-Project Condition):

Difference between high- and low-risk conditions using future-condition HEC-RAS model (Table 14)
Standard deviation of stage-discharge uncertainty (Freeman et. al.)

b

c

d Standard deviation for hydraulic model uncertainty (Emean/4) (EM 1110-2-1619, Equation 5-7)

e Standard deviation for aggradation/degradation uncertainty (EM 1110-2-1619, Equation 5-6)

f  Standard deviation for terrain uncertainty (Brunner, undated)

g Square root of sum of squares of columns d, e, and f (EM 1110-2-1619, Equation 5-6)

h  Minimum Standard deviation for Poor n Reliability, Aerial Spot Elevation conditions (EM 1110-2-
1619, Table 5-2)
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Figure 8.1. W.ithout-Project Floodplain and With-Project Floodplain index
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Figure 8.2.

Without-Project Floodplains and With-Project Floodplains (Alternative A)
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Figure 8.3. Without-Project Floodplains and With-Project Floodplains (Alternative A)
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Figure 8.4. Without-Project Floodplains and With-Project Floodplains (Alternative
A)
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Figure 8.5.

Without-Project Floodplains and With-Project Floodplains

(Alternative A)
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Figure 8.6.  Without-Project Floodplains and With-Project Floodplains
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Figure 8.7.  Without-Project Floodplains and With-Project Floodplains
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1.0 Purpose and Scope of Report. The scope of this report is to present a hydrologic analysis
for the Rio Grande floodway between San Acacia and San Marcial.

1.1. Summary of Hydrologic Analysis

In order to estimate the hydrology for the project area, the following tasks were accomplished:

e Discharge frequency relationships were developed for the Rio Grande at San Acacia. An
adjusted record of annual maximum instantaneous peaks was developed and used as
the basis of the discharge frequency analysis. The adjustments to peak flows were made
so that peaks represent regulated conditions. Whenever secondary peaks from
unregulated areas were of greater magnitude than the adjusted peaks, the secondary
peaks were used.

e Secondary peaks were estimated by routing recorded flows from major unregulated
tributaries and combining them with coincident recorded flows on the mainstem Rio
Grande. FLO-2D, a 2-dimensional unsteady flow model, was used to route and combine
hydrographs representing the relevant gage data.

e Design hydrographs were developed for the Rio Grande at San Acacia based on peak
and volume frequency relationships.

e Flood frequencies for the project area from San Acacia to San Marcial were determined
by routing the design hydrographs downstream using FLO-2D.

The results of the frequency analysis at San Acacia are summarized in Table 1. A complete
discussion of the analytic methods and the rationale for using these methods is presented in
following sections of this report.

1.2. Primary Purpose of Hydrology: Feasibility Evaluation of Proposed Corps of
Engineers Flood Damage Reduction Project

The Rio Grande Floodway: San Acacia to Bosque del Apache Unit, Socorro NM, Flood Damage
Reduction Project, is a reevaluation of a Corps of Engineers flood protection project that was last
proposed in 1999. There are several previous project reports.

e In 1999 a Limited Reevaluation Report and Supplemental Environmental Impact
Statement (LRR/SEIS) was issued, with a recommendation for an earthen levee
extending 43.5 miles along the west bank of the Rio Grande from the San Acacia
Diversion Dam to approximately 3 miles north of the San Marcial railroad bridge. The
Tiffany sediment control area was also recommended in this report.

e In 1992 a SEIS was issued.

e In 1991 a General Design Memorandum (GDM #2) was issued, with a recommendation
for an earthen levee extending 54.3 miles along the west bank of the Rio Grande from
the San Acacia Diversion dam to the end of the Low Flow Conveyance Channel at the
headwaters of Elephant Butte Lake. In 1992 the corresponding SEIS was issued.

The project area is the Rio Grande and its associated floodplain beginning at the diversion dam at
San Acacia and extending to San Marcial, in the headwaters of Elephant Butte Lake, Socorro
County, NM. The length of the project area is approximately 48 river miles. Project features that
will be evaluated include:

1) Engineered levees on the west side of the Rio Grande floodway. The floodway is
bounded to the east by high ground.

2) A sediment control area at Tiffany, immediately upstream of San Marcial.

3) Relocation of a railroad bridge at San Marcial. The San Marcial railroad bridge is virtually
parallel to the Rio Grande, intersecting the river at an angle of 70 degrees to the
perpendicular. In the past 100 years, approximately 24 feet of sediment have
accumulated at the location of the railroad bridge, and it has been raised twice to
accommodate the aggrading riverbed. There is a proposal to move the bridge to a
location where it will be approximately perpendicular to the flow.
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Table 1. Flood Flow Frequency at San Acacia

Return Period Flood Event Percent Chance Exceedance Flow in CFS
500 yr 2 43500
200 yr 5 35300
100 yr 1.0 29900
50 yr 2.0 25000
20 yr 5.0 19200

10 yr 10.0 15400
5yr 20.0 11800
2yr 50.0 7380
1.25 yr 80.0 4770
1.11 yr 90.0 3860
1.05 yr 95.0 3260
1.01 yr 99.0 2420

1.3. Secondary Purpose of Hydrology: Compare This Analysis to Other Federal
Hydrologic Studies that Pertain to the Project Area and Provide Perspective on the
Differences

The hydrology of the Rio Grande in the project area has been studied for many years by various
Federal, State and local government agencies, including the Corps of Engineers. Some of the
Federal agencies that have responsibilities for river information and management in the Rio
Grande watershed are:

e Bureau of Reclamation (BOR)

e U.S. Fish and Wildlife Service (USFWS)

e U.S. Geological Survey (USGS)

e U.S. Army Corps of Engineers (COE)
Each of these entities has performed independent hydrologic analyses. For this reason there are
several different versions of flood hydrology for the project area. In each case, these analyses
meet the agency needs, but there is not much consistency in approach or in results between the
various versions.

One of the most important developments in recent years is a growing public interest in the water
resources of the Rio Grande river basin, as part of an increased emphasis on protecting the
environment. The past few years have been relatively dry ones. There has been a significant
amount of public attention focused on the implications for the environment, for endangered
species, for preservation of native plants and wildlife, for meeting New Mexico’s commitment to
deliver river water in accordance with the Rio Grande Compact for commercial and residential
water use, for recreation, and for support of traditional lifestyles such as farming and ranching.

Flood hydrology in the Rio Grande watershed has, over time, been complicated by a number of
factors, such as the construction of dams that regulate flows and movement of sediment.
Different ways of addressing these factors have contributed to the differences in the hydrologic
analyses. However, given the level of public attention to river resource management,
hydrologists and engineers at some of the Federal agencies have agreed that it will be useful to
explore whether newly available analytic tools can be used to provide insight into apparent
inconsistencies. Perhaps some of the differences in the analyses can be more easily understood
and the applicability of these analyses can be clarified.
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This subject is discussed further in Section 6 below, together with a discussion of results of this
analysis. Table 9 in Section 6 provides a summary of hydrologic estimates for San Acacia peak
flows from Federal agencies, including the results of this study.

2.0. Watershed Characteristics
2.1. Basin characteristics

The size of the watershed at San Acacia is 26,770 square miles, including 2,940 square miles in
a closed basin in San Luis Valley, CO. A watershed map is provided in Figure 1.

The climate is generally arid or semiarid. Elevations range from over 14,000 feet in the Colorado
mountains to 4,660 feet at San Acacia. Vegetation is sparse in much of the watershed, other
than at high elevations. Shrubs and grasses dominate the lower elevations. Junipers and
pinions are common at intermediate elevations, while pine and fir forests are found at high
elevations.

The Rio Grande rift is a geologic feature that separates the Great Plains from the Colorado
Plateau and defines the location of the river. The Rio Grande valley in New Mexico flows in the rift
through a system of linked basins flanked by uplifts. Over time, the Rio Grande rift has filled with
several thousand feet of sediments. Near Albuquerque, the depth of alluvium is more than 5,000
feet.

A system of drains and spoil bank levees was completed in 1936 in much of the Rio Grande
floodplain, confining much of the floodway. Since the levees were constructed, the sediment
moving through the river has deposited within the levees and created a floodway that is higher
than the floodplain outside the levees in many places. Another effect of the levee system has
been to disconnect the river from smaller tributaries that had been a source of inflow and
sediment.

It is important to note that one of the authorized purposes of Cochiti, Jemez and Galisteo dams is
to regulate sediment. An estimated 1000 acre-feet of sediment reaches Cochiti Dam each year.
The dams control approximately 80% of the sediment inflow above Albuquerque. At the time that
the dams were constructed, the floodway was aggrading to the extent that it had become perched
in most locations between Cochiti and the project area. Where there were engineered levees,
there was concern that the increasing sediment in the floodway would prevent the levees from
containing high flow events. Examples of the impacts of reduced sediment include channelization
of the river and decreased connection between the river and its floodplain. The effect of the
sediment reduction arguably extends south beyond Albuquerque.

In order to address the hydrology, the area was divided into four subwatersheds. They include
the watersheds of two major tributaries, the Rio Puerco and the Rio Salado; the Albuquerque
drainage area, including the Cochiti, Jemez and Galisteo watersheds; and the mainstem Rio
Grande downstream of Albuquerque. Table 2 provides some characteristics of the
subwatersheds.

2.1.1. Rio Puerco and Rio Salado Subwatersheds

The Rio Puerco and the Rio Salado watersheds are drainage areas of two major tributaries to the
Rio Grande that have their confluences immediately upstream of the project area, both within 12
river miles. They are unregulated and are significant in size, 7,350 and 1,395 square miles
respectively.
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Table 2. Subwatershed Attributes

RG Subwatrshed
Albuquerque -
Subwatershed Rio Puerco Rio Salado Albuquerque San Acacia
Attribute Subwatershed Subwatershed Subwatershed (w/o RP and RS
subwatersheds)
Size (mi%) 7,350 1,395 17,440 3,580
Stream Length
(mi) 140 70 320 67
Ave. Slope 32 ft/mi 53 ft/mi 22.5 ft/mi 4.3 ft/mi
Record Peak 35,000 cfs 36,200 cfs 25,000 cfs 53,400 cfs
Flow and Date Sept. 23, 1929 July 31, 1965 April 24, 1942 Aug. 13, 1929

These areas are lightly populated. Commercial activities are primarily livestock and mining. The
subwatersheds are contiguous and comprise much of the westernmost watershed. The lands are
20% tribal, and include reservation land belonging to the Navajo and Jicarilla Apache, and the
Acoma, Isleta, Jemez, Laguna Pueblos.

The Rio Puerco subwatershed extends to the Continental Divide on the west and to the Jemez
Mountains on the north. It includes 1360 square miles of non-contributing area. The Rio Puerco
is an ephemeral stream with a winding and steep-walled channel. There are extensive lava flows
with absorptive characteristics. Much of the flow from upstream locations greatly attenuates in
this subwatershed. The soils are generally highly erosive alluvium soils and a great deal of
sediment is produced by flows from the Rio Puerco.

The Rio Salado subwatershed is located to the west of San Acacia. It is bordered on the south
by the Lemitar Mountains and the Gallinas Mountains, on the southwest by the Datil Mountains,
on the west by the North Plains, and on the northwest by the Ladron Mountains. Itis an
ephemeral stream with deeply entrenched arroyos. Given the steep terrain, it is flash flood prone,
with high peak flows.

2.1.2. Albuquerque Subwatershed.

Albuquerque is located on the Rio Grande, 70 river miles upstream of the project area. Flow on
the Albuquerque subwatershed is directly controlled by three dams: Cochiti, Jemez Canyon, and
Galisteo. The Albuquerque subwatershed comprises 65% of the San Acacia drainage area.

Cochiti Dam is the most significant of the upstream structures, located on the mainstem Rio
Grande 58 miles upstream of Albuquerque. The headwaters of the Rio Grande above Cochiti
Dam are in the San Juan Mountains of south-central Colorado. There are several major
tributaries in the 15,900 square mile watershed above Cochiti Dam, including some that are
themselves regulated.
e The Rio Chama is regulated at the El Vado Reservoir and at Abiquiu Reservoir. Heron
Lake, upstream of the El Vado Reservoir, receives interbasin transfer water from the San
Juan River. The Rio Chama drainage area is 3,144 square miles at Chamita, near its
confluence with the Rio Grande.
e The Conejos River in Colorado is regulated by an upstream dam, Platoro Dam.
e Other upstream reservoirs include Wagon Wheel Gap Reservoir, near Creede, CO., also
the Santa Maria Reservoir, Continental Reservoir and Rio Grande Reservoir.
e Major unregulated tributaries to the Rio Grande upstream of Cochiti Dam in New Mexico
include the Santa Fe River, Santa Cruz River, Embudo Creek, Rio Taos, Rio Hondo, and
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the Red River. In Colorado, the La Jara Creek and Alamosa Creek are major unregulated
tributaries.

Two major tributaries between Cochiti Dam and Albuquerque are regulated: the Jemez River and
Galisteo Creek. Reservoir discharges from the 3 dams, including Cochiti, are coordinated to limit
the flow at Albuquerque to 7000 cfs. Other major tributaries to the Rio Grande in Albuquerque
are the Tonque Arroyo, North and South Diversion Channels in Albuquerque. These
disconnected arroyos can contribute locally high flows on the Rio Grande, but the flood
hydrographs attenuate rapidly once they reach the Rio Grande river channel.

2.1.3. Rio Grande Subwatershed from Albuquerque to San Acacia (without the Rio Puerco and
Rio Salado subwatersheds)

The remainder of the Rio Grande watershed between Albuquerque and San Acacia, not including
the Rio Puerco and the Rio Salado subwatersheds, consists of a strip of land approximately 70
miles long that includes the Rio Grande valley and is bounded by mountains on the east and
west. Its total area is 3,580 square miles, 12% of the San Acacia watershed. The drainage is
characterized by relatively short, steep arroyos that have high peak flows and low volume. The
largest of these is Abo Arroyo, located about 9 miles upstream of Bernardo to the east, with a
drainage area of 290 square miles. Most of the tributaries are not directly connected to the river.
Instead they disgorge onto the valley floor, which is lower than the Rio Grande floodway and
separated from it by spoil bank levees.

2.2. Precipitation.

Average annual rainfall in the watershed varies from over 40 inches near the Continental Divide
in Colorado to less than 8 inches in some of the valleys.

Winter is the driest season. Winter storms typically come from the Pacific Ocean, moving from

west to east. Winter precipitation is mostly in the form of snow, and quantity varies dramatically
over the watershed. Average annual snowfall in Cuba, NM, is 40 inches, 30 inches at Bandelier
National Monument, NM, and in Magdalena, NM, it is 18 inches. At Red River, NM, the average
annual snowfall is 136 inches, and at Cumbres, CO, the average annual snowfall is 289 inches.

Approximately half the total annual precipitation occurs during July through Octobe