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Memorandum

To:

Ann Demint
Middle Rio Grande Project Manager

From: Mark Nemeth \s\

Manager, Technical Services Division

Subject: Geomorphic and Hydraulic Assessment of the Isleta to San Acacia Reach

The Albuquerque Area Office Technical Services Division has completed our assessment on the
reach between Isleta Diversion Dam and San Acacia Diversion Dam and it is presented in the
attached reports. The geomorphic and hydraulic assessments present historic trends and current
conditions, and also provide recommendations on needs for river maintenance and opportunities
for habitat restoration in the reach. Those findings are described below:

The geomorphic and hydraulic reports found that in the last century the annual volume of
water and sediment passing through this reach has decreased, and in response the main
channel has narrowed and slightly deepened.

In the last few decades (1992-2012), the channel’s mean bed elevation has incised on
average less than one foot and the 5,000 cfs water surface elevation has increased on
average less than one foot with the exception of the vicinity around the Rio Puerco down
to the San Acacia Diversion Dam where the bed has had alternating periods of aggradation
and degradation. These minimal changes are indicative of bed stability.

The main channel conveyance capacity has had varying trends over the years as the channel
adjusted to wetter and drier hydrologic periods. Based on 2015 data, the bank overtops on
average at 4,600 cfs in the Isleta to Rio Puerco reach, and on average at 5,500 cfs in the
Rio Puerco to San Acacia Reach. Some areas begin to overbank as low as the 2,000 to
3,000 cfs range.

Based on 2015 data, the high water threat to the levees was greatest in the Isleta to Highway
309 (Belen) reach. The water surface is at the same elevation as the levee toes at an average
flow of 3,100 cfs in the Isleta to Rio Puerco reach. The water surface is at the same
elevation as the levee toes at an average flow of 8,800 cfs in the Rio Puerco to San Acacia
reach.

The banks are higher than the levee toes (perched condition) from Isleta to Highway 309,
and in the rest of the reach the banks are similar in elevation to the levee toes.



Subject: Assessment of the Isleta to San Acacia Reach
The recommendations developed from the assessment are described below:

e Channel narrowing and the increased channel velocities are detrimental for fish habitat.
Channel velocities can be decreased by lowering floodplains, widening the channel
including the use of side channels, or decreasing the energy slope.

e Perched channel conditions combined with overbanking at lower flows can be a potential
threat to the levees through avulsion and prolonged saturation, and overbanking with no
return path can strand fish. Side channels and strategic bank lowering should be created
to provide preferred paths for the fish and water to return to the main channel in the Isleta
to Belen reach.

e A very steep zone immediately downstream of the Rio Salado may limit fish migration.
The slope and velocity in this zone should be investigated to determine the impacts, if
any, to fish migration.

If you have any questions or comments on this document, please contact me at (505) 462-3615,
Robert Padilla at (505) 462-3626, or Michelle Klein at (505) 462-3628, of my staff.

Attachments (4):
Geomorphic Report-Final.pdf
Geomorphic Report-Final-Appendix A.pdf
Geomorphic Report-Final-Appendix B.pdf
Hydraulic Modeling Report-Final.pdf

cc: ALB-600 (LWoodruff), ALB-200 (MNemeth), ALB-240 (RPadilla), ALB-242 (MKlIein)
(w/att to all)
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Executive Summary

Executive Summary

The Bureau of Reclamation (Reclamation) has authority for river channel
maintenance on the Rio Grande between Velarde, New Mexico, and the
headwaters of the Caballo Reservoir. Reclamation regularly monitors changes in
the river channel and evaluates channel and levee capacity in an effort to identify
river maintenance sites where there is concern about possible damage to riverside
facilities. The Rio Grande between Isleta and San Acacia Diversion Dams was
identified as an area of river maintenance concern due to confinement by spoil
levees on both sides and the increasing vegetation encroachment. This reach is
approximately 53 river miles in length and flows through the communities of
Isleta Pueblo, Los Lunas, and Belen. This report subdivided the 53 mile reach into
two separate reaches based on their similar geomorphic conditions and trends.

This report provides an analysis of channel hydraulics, channel equilibrium, and
bank stability within the Isleta Dam to Rio Puerco and Rio Puerco to San Acacia
reaches. This assessment helps evaluate river system changes and aids in
understanding and identifying future work needs.

Major findings associated with channel hydraulics, channel equilibrium, and bank
stability between Isleta and San Acacia are summarized as follows:

e The energy grade slope of the Rio Grande through the Isleta to San Acacia
reach has decreased from the 1980s to early 2010s. The slope of the Rio
Grande from Isleta to the Rio Puerco has decreased from the 2000s to the
early 2010s, while the slope of the Rio Grande from Rio Puerco to San
Acacia has increased during the same time period.

e The average energy grade slope between 1962 and 2012 for Isleta to Rio
Puerco was 0.00083 ft/ft while the average energy grade slope for Rio
Puerco to San Acacia was 0.00085 ft/ft.

e Reclamation (2012) 1-D mobile bed modeling estimated that the 20-year
future equilibrium slope for the Isleta to Rio Puerco and Rio Puerco to San
Acacia reaches as 0.00077 ft/ft and 0.00076 ft/ft respectively. (Section 4.1
Energy Slope p.15).

e The river cross sectional flow area and wetted perimeter on the Rio
Grande through the Isleta to San Acacia reach have decreased from the
1970s to early 2010s. (Sections 4.2 Flow Area p.16 and 4.3 Wetted
Perimeter p.17).

e The hydraulic radius (surrogate for channel depth) on the Rio Grande
through the Isleta to San Acacia reach has increased from 2002 to 2012.
Between 1962 and 2002 the changes in the hydraulic depth were minimal
(Section 4.4 Hydraulic Radius p.18).
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Executive Summary

The mean velocity on the Rio Grande through the Isleta to San Acacia
reach remained relatively constant between 1962 to 2002 and then
increased from 2002 to 2012 (Section 4.5 Mean Velocity p.19).

The width to depth ratio on the Rio Grande through the Isleta to San
Acacia reach has decreased from the 1970s until the early 2010s. The rate
of decrease for the Rio Puerco to San Acacia reach is five times greater
than the observed decrease in the Isleta to Rio Puerco reach (Section 4.6
Width/Depth Ratio p.20).

For Isleta to San Acacia, the reach average distance between the minimum
channel elevation and the bank (“bank height) has increased between
2002 and 2012. This likely indicates channel incision, and is supported by
results from the 2018 Isleta to San Acacia Geomorphic Analysis (Klein et
al 2018). However, this has not always been the trend, with alternating
trends of increasing and decreasing bank heights since 1962 (Section 4.7
Bank Height, p. 21).

For Isleta to San Acacia, the reach average distance between the 5,000 cfs
water surface elevation and the bank (“freeboard”) has had alternating
trends of increasing and decreasing distances between 1962 and 2012
(Section 4.7 Bank Height, p. 21).

More recently, between 2002 and 2012 the reach average distance
between the 5,000 cfs water surface elevation and the bank (“freeboard”)
decreased for the Isleta to Rio Puerco reach, and increased for the Rio
Puerco to San Acacia reach. If the freeboard is used as a surrogate for
conveyance capacity, then between 2002 and 2012 the conveyance
capacity is decreasing between Isleta and Rio Puerco, and increasing
between Rio Puerco and San Acacia. However, since these trends have not
held steady since 1962, there is a reasonable likelihood of changing trends
in the near future (Section 4.7 Bank Height, p. 21).

The normal shear stress on the Rio Grande channel bed and banks through
the Isleta to San Acacia reach has increased between 2002 and 2012
(Section 4.8 Normal Shear Stress, p. 23).

The bankfull discharge for Isleta to San Acacia has varying trends
between 1962 and 2012, which indicates the channel’s adjustment to both
wetter and drier hydrologic periods. 2012 has the lowest bankfull
discharge value than the earlier evaluated years, likely indicating a drier
hydrologic period. (Section 4.9 Bankfull Discharge, p. 24).

The water surface elevation (WSE) at 5,000 cfs has remained relatively
stable (fluctuations of about two feet) from 1962 to 2015 between Isleta
and the HWY-346 Bridge (Section 4.10 Water Surface Elevation at 5,000
cfs, p. 25).

The 5,000 cfs WSE dropped between HWY-346 and San Acacia
Diversion Dam from 1972 to 1992 (as much as 10 feet at the Rio Puerco
confluence). This drop in WSE was not seen in the vicinity of the Rio
Salado, suggesting that the Rio Salado may have acted as a localized grade
control. Since 1992 the 5,000 cfs WSE has been slowly increasing
(Section 4.10 Water Surface Elevation at 5,000 cfs, p. 25).
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The 5,000 cfs WSE profiles at the Rio Salado and just below its
confluence with the Rio Grande show a dramatic drop in water surface
elevation over a short longitudinal distance. This steep zone may limit
fish migration given the large drop.

In the 2014/2015 current geometry model, banks are overtopped at an
average of 4,600 cfs in the Isleta to Rio Puerco reach, and banks are
overtopped at an average of 5,500 cfs in the Rio Puerco to San Acacia
reach (Section 4.11 Current Hydraulic Profile, p. 30).

In the 2014/2015 current geometry model, the main channel’s average
water surface elevation reaches the same elevation as the levee toes at an
average flow of 3,100 cfs in the Isleta to Rio Puerco reach, and an average
flow of 8,800 cfs in the Rio Puerco to San Acacia reach (Section 4.11
Current Hydraulic Profile, p. 30).

Banks throughout the reach are susceptible to toe erosion, although the
current vegetation and soil material indicates bank stability up to
discharges of 20,000 cfs. (Section 5.3 BSTEM Results, p.35).

The bank areas identified as having the highest risk for lateral migration
include the following: around Los Lunas, NM; downstream of Abo
Arroyo (near Veguita, NM), and just upstream of the Rio Puerco
confluence. (Section 5.3 BSTEM Results, p.35).

Current channel conditions in the Isleta to San Acacia Reach are close to
the stable channel dimensions (slope, depth, and width) predicted by the
Copeland Method for discharges between 4,000 and 7,500 cfs. This
suggests the geomorphic influence of peak flow conditions during the
spring snow-melt runoff (Section 6.1.2 Results for Copeland Method,
p.40).

The Rio Grande within the Isleta to San Acacia reach doesn’t fit the
predicted stable channel conditions of the regime equations, suggesting
more of a dependence on the suspended sediment load than the bed load
(Section 6.1.3 Results for the Regime Method, p. 42).

Tractive Force estimates for a stable channel suggest that sand bed
particles will be mobile at discharges as low as 750 cfs (Section 6.1.4
Results for Tractive Force Method, p. 44).

Measured total sediment loads on the Rio Grande through the Isleta to San
Acacia reach ranged from around 19,000 tons/day during the peak
discharges of the 2017 spring snow-melt runoff to around 400 tons/day as
measured at the tail-end of the runoff (Section 7.1.2 Measured Total Load
Results, p.46).

Physical measurements of total load on the Rio Grande during the 2017
spring snow-melt runoff generally indicate the total sediment load
decreases with distance downstream for the Isleta to San Acacia reach.
Peak measured total sediment loads are correlated with the peak discharge,
while there is a larger scatter in the measured total sediment loads on the
falling limb than the rising limb of the spring snow-melt runoff (Section
7.1.2 Measured Total Load Results, p.46).
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Sediment within the Isleta to San Acacia reach moves in suspension and
along the bed, except at very low discharges (Section 7.1.3 Comparison of
BORAMEP Calculations with Field Estimates, p.48).

Sediment load measurements during the 2017 spring snow-melt runoff
indicate sediment was depositing between Isleta Diversion Dam and
Belen, NM in an amount larger than the following sub reaches. The river
sub reach between Belen, NM and the Abo Arroyo confluence tended to
be more erosional. The Rio Grande between Abo Arroyo and below the
Rio Puerco tends to be more depositional; however, sediment was
observed to be mobilized out of this sub reach during the falling limb of
the 2017 spring snow-melt runoff (Section 7.1.4 Comparison of Total
Load Measurements between Rangelines, p. 51).

Nominal riprap size required for bank protection within the Isleta to San
Acacia reach primarily range between 4 and 18 inches. Larger riprap is
estimated to be needed at the Drain Unit 7 river maintenance site (Section
8.2 Riprap Results, p.56).

Estimated scour within the Isleta to San Acacia reach ranges from 0 to 10
feet for a design discharge of 4,000 cfs. The highest potential scour occurs
around the U.S. Highway 60 Bridge and near the Rio Puerco RM 127.9,
La Joya, and Drain Unit 7 river maintenance sites (Section 9.2 Scour
Results, p. 59).
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Isleta to San Acacia Hydraulic Modeling Report

1.0 Introduction

The Isleta Dam to Rio Puerco and the Rio Puerco to the San Acacia reaches are
classified as a Maintenance Class 3B river maintenance reach (Maestas et al.,
2014). There are currently ten (10) river maintenance sites identified by Maestas
et al. (2014) within these two reaches— one (1) Maintenance Class 3A sites (RM
121), seven (7) Maintenance Class 3B sites (NM 6 Bridge, Highway 309 Bridge,
Rio Puerco 127.9, Rio Puerco 127.5, Rio Puerco 127.0, La Joya, and Bernardo
Arroyo), and two (2) class 4 sites (Los Trujillos and DU7). The scope of this
analysis focuses on channel hydraulics, bank stability, and stable channel
conditions for these two reaches.

The two reaches being assessed are shown in Figure 1. The two reaches combined
span a little over 53 miles from river mile (RM) 169.3 at the Isleta Diversion Dam
to RM 116.2 at the San Acacia Diversion Dam.
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|
.Fan'nmg:nn j
'Gallup ..53'“;'n Fe et
Ria Rancho
Nbuquerqu: g ke P i
/| &
Covid -
f O
.©
o
Study Area - Joswel i i
see larger map |
-Namcgwo Hq::hhg ]
T -Carishad .' )
. ; Isleta to Rio Puerco
Bl Geomorphic reach
.'I|. 1
)
[+
2 Boan~
) "
o
Rig . La
S, |
\‘a‘fiﬂh
/' Rio Puerco to San Acacia
' Geomorphic reach
S San Acacia i -
7 Diversion Dam / B
Miles Spurces: Esd, HERE, DeLome. intermap, increment B Corp., GEBCO, USGS, FAD
0 3 [ 12 5 . | NP5 MRCAN, GeoBase, IGN, Kadaster ML Ordnance Survey, Esd Japan, METI
| Esri China (Hong Konhg), swsstopo, Mapmyindia, © QOpenStres 8lap conbibuiors, and

the GIS User Community

Figure 1. Isleta to San Acacia Study Area and geomorphic reach designation.
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2.0 Background Information

Over the years a number of studies have occurred on the Rio Grande between the
Isleta and San Acacia Diversion Dams and two of its primary tributaries— the Rio
Puerco and the Rio Salado. An overview of these studies can be found in
Aubuchon’s 2015 report “Isleta to San Acacia Reach Overview of Previous
Work.” In the early 1960s Culbertson and Dawdy (1964) performed river
measurements on the Rio Grande in the Casa Colorado reach. This study reported
a range in roughness (Manning’s n values) from 0.0122 to 0.028 over a discharge
range of 800 to 8,300 cfs. Culbertson and Dawdy suggested that a distinctive
roughness change occurred between upper-regime and lower-regime flows (high
flow versus low flows), with the roughness of the upper-regime flows primarily a
function of the bed material size. Culbertson and Dawdy also recorded a change
in the water surface elevation in association with the regime change from lower to
upper regime flows. Nordin and Beverage (1965) also suggested that the bed
configuration played a role in the roughness. While studying the Rio Puerco,
Nordin (1963) found that Manning’s n values were independent of the suspended
sediment concentration and independent of whether the antecedent bed condition
was cohesive or noncohesive.

Simons et al. (1981) looked at the flood routing effects on the Rio Grande from
large floods on the Rio Salado and Rio Puerco tributaries. Their analysis showed
the possibility of sediment deposition from these tributaries at each of the
confluences that could raise the water surface elevation as much as 5.5 feet, with
an average around 2.2 feet. In the early 2010s, Tetra Tech (2014a; 2014b)
performed 2-dimensional numerical modeling between the Isleta and San Acacia
Diversion Dams and estimated the following inundated areas outside the active
channel that met the low velocity (< 1.5 ft/sec) and low depth (< 1.5 ft) criteria for
the Rio Grande Silvery Minnow:

e At2,000 cfs — No inundation
At 3,500 cfs — ~50 acres are inundated
At 5,000 cfs —~2,100 to 2,800 acres are inundated
At 7,000 cfs — ~3,270 acres are inundated
At 10,000 cfs — ~3,300 acres are inundated

This report is meant to augment and build upon these studies, assessing
contemporary channel dynamics in the reach. The scope of this report evaluates
channel hydraulics, bank stability, and stable channel design. The development
and analyses performed using these models are described in the sections that
follow.
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3.0 Hydraulic Modeling Development

One-dimensional numerical hydraulic modeling is useful to estimate average
hydraulic conditions, such as velocity and shear stress, through a study area. The
geomorphic analysis (Klein et al., 2018) also utilizes results from the one-
dimensional numerical hydraulic modeling to assess energy grade slope and bed
material stability. One-dimensional numerical hydraulic modeling was
accomplished using the U.S. Army Corps of Engineers (USACE) HEC-RAS
River Analysis System (version 5.1.0). The details of that model are described in
the following sections.

3.1 Current Geometry Model (2015)

A HEC-RAS model was developed to simulate the river conditions found in 2015
based on river cross section geometry from 2014 and 2015. The geometry for the
model was first developed in USACE’s HEC-GeoRAS extension for ESRI’s
ArcMap (version 10.1), and then later refined after importation into USACE’s
HEC-RAS (version 5.1.0). Additional cross sections were interpolated for
numerical stability. A Manning’s n value was calibrated for both base and high
flow conditions.

3.1.1 Geometry Development

The channel geometry for this model was collected between 2014 and 2015
through hydrographic field surveys as shown in Table 1. One hundred and two
river cross sections between Isleta Diversion Dam and San Acacia Diversion Dam
were surveyed during this time frame. Figure 2 through Figure 4 show the
locations of the surveyed cross sections used in the generation of this hydraulic
model. Twenty eight cross sections downstream of San Acacia Diversion Dam
were also included in the model to create stability in the model’s area of study.

Collection time frames and references for each data collection effort are shown in
Table 1. Only six cross sections in this reach were not surveyed in 2014 or 2015.
The modeled cross sections are listed in Table 1.

Table 1: Data Sources for cross sections used in the model. 102 cross sections are between
Isleta and San Acacia Diversion Dams, and 28 cross sections are downstream of San Acacia
Diversion Dam.

Cross Sections Dates Collected Report Citation

IS-684 through CO-877 March 2014 (Southwest Water Design, 2014)
(36 cross sections)

IS-880 through RP-1205.8 | May-Aug 2015 (Easterling, 2015)
(66 cross sections)

SA-1207 through SA-1246 | November 2014 | (Southwest Water Design, 2015)
(28 cross sections)




Legend

Cross Section

River

Figure 2: Cross sections used to develop HEC-RAS 1D Figure 3: Cross sections used to develop HEC-RAS 1D model
model geometry, from Isleta Diversion Dam to Highway geometry, from Highway 309 to Highway 60.
309 in Belen, NM.
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Legeﬁd |

Cross Section

Figure 4: Cross sections used to develop HEC-RAS 1D model geometry, from Highway 60 to
San Acacia Diversion Dam.

Neither Isleta nor San Acacia Diversion Dams were included in the model, since
the objective was to look at average hydraulic characteristics for this 53 mile
stretch of river. To facilitate numerical model convergence within the study area,
the model was extended approximately four miles (28 cross sections) downstream
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of San Acacia Diversion Dam. This made a total of 130 cross sections in the
model.

The floodplain elevation data for this model is a subset of data that was collected
aerially in February 2012 for the entire Middle Rio Grande (Woolpert, 2012). The
data included LiDAR and 4-band aerial photography. The NSSDA vertical
accuracy at the 95% confidence level was 1.1 feet (Benoit, 2013).

While developing the cross sections in HEC-GeoRAS, the 2014-2015 field-
collected data points were given preference over the 2012 LiDAR data by filtering
out all LiDAR points located within 10 feet of the field-collected data points.

The left, channel, and right reach lengths were determined in HEC-GeoRAS using
the “flow path” feature. The HEC-GeoRAS 4.2 User’s Manual instructs, “A flow
path line should be created in the center-of-mass of flow in the main channel, left
overbank, and right overbank for the water surface profile of interest.” (USACE,
2009, p. 8-10) Thus the right and left flow path lines were hand-drawn by looking
at aerial imagery and using engineering judgement to determine the center-of-
mass of flow. For the channel flow path, the line was copied from the 2012 river
centerline shapefile created from the 2012 aerial imagery (Reclamation, unpub.
data, 2013).

The bank stationing (where Manning’s n changes from an overbank value to a
channel roughness value) was assigned in HEC-GeoRAS from the 2012 LIDAR
bank line shapefile (Woolpert, unpub. data, 2012).

Levees were created in HEC-RAS by visual examination, according to the
following principle from the HEC-RAS 4.1 User’s Manual: “When levees are
established, no water can go to the left of the left levee station or to the right of
the right levee station until either of the levee elevations is exceeded.” (USACE,
2010a, p. 6-17). Thus high areas adjacent to the bank were established as the
levee since it is assumed that low areas past the channel will not be flowing until
those high elevations adjacent to the channel are exceeded.

To ensure that no flow went past the spoil levees in the interpolated cross sections
(interpolations are described below), areas past the designated HEC-RAS levees
were modeled as obstructions. The HEC-RAS 4.1 User’s Manual gives the
definition: “Obstructions decrease flow area and add wetted perimeter when the
water comes in contact with the obstruction.” (USACE, 2010a, p. 6-19).

Additional cross sections were interpolated at a 100 foot spacing for the entire
reach to minimize numerical modeling errors.

3.1.2 Boundary Conditions
The model is run as subcritical steady flow. The downstream boundary condition
is normal depth with a slope of 0.000773 which is the slope between SA-1207
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(the first rangeline downstream of San Acacia Diversion Dam) and SA-1246 (the
last cross section of the model).

3.1.3 Manning’s n Calibration

The overbank or floodplain roughness was assumed to be 0.1, as suggested by
Vensel et al. (20006).

The channel roughness was used to calibrate the model. A single Manning’s
channel n value was assessed for the entire reach for two discharge scenarios.
Since Manning’s n values change based on the magnitude of flow, one value was
determined for flows < 5,000 cfs and one value was determined for flows >5,000
cfs.

The goal of the calibration was to provide a best fit between the model’s
computed water surface elevation and the observed water surface elevation at
established rangeline locations. The channel Manning’s n value for the 2015
model was then adjusted until the root mean square error (RMSE) of the water
surface elevations (WSEL) was minimized. The RMSE is defined in Equation 1.

Equation 1 (ASPRS, 2015).

WSEL;

. —_ :}2
1—model 1—measured

RMSE = \E y» (WSEL

Where RMSE = the root mean square error,

n = the number of analyzed cross sections,

1 = the ith location of the analyzed cross sections,

WSELi-model = the HEC-RAS modeled water surface elevation (NAVD88 datum,
feet) at the i location, and

WSELi-measured = the field measured water surface elevation (NAVD88 datum,
feet) at the i™ location.

Flows <5,000 cfs

When the model’s 130 cross sections were surveyed in 2014 and 2015, the water
surface elevations were observed and recorded with the cross section data. The
surveys took place on 23 different dates. The corresponding flow data for these 23
dates was pulled from USGS gages including the gage on the Rio Grande at
Bosque Farms (USGS 08331160), Bosque (USGS 08331510), and San Acacia
(USGS 08354900), and the gage on the Rio Puerco (USGS 08353000). Table 2
shows which gage data was used for each group of cross sections.

The calibration of cross sections is usually based on the flow data from the nearest
gage, but there are some exceptions. The gage at Bernardo did not have 2015 flow
data at the time of the analysis and was not used. The gage at San Acacia is
downstream of the water withdrawals at San Acacia Diversion Dam; thus the flow
from this gage was only applied to cross sections downstream of the dam. The
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cross sections downstream of the Rio Puerco are calibrated based on combined
flows from the Rio Grande at Bosque and the Rio Puerco.

Table 2: USGS gage flow data used for each cross section group

Cross Sections USGS Gage USGS Gage Number
IS-684 to IS-801 Bosque Farms 08331160
CO-806 to CO-1091 Bosque 08331510

RP-1100 to RP-1205.8 Bosque + Rio Puerco 08331510 + 08353000
SA-1207 to SA-1246 San Acacia 08354900

Flow data for each of the 23 survey dates was entered in the model in the steady
flow file. When examining model results, it was found that the ten cross sections
upstream from San Acacia Diversion Dam had significant differences between the
computed and observed water surface elevations. These discrepancies are likely
due to the hydraulics affected by the dam. Thus, those ten cross sections were not
included with the other 92 cross sections in the Manning’s n value calibration.
The ten cross sections extend approximately 2 river miles upstream of the dam.

The calibrated model channel Manning’s n value was found to be 0.032. This
value was used in the model for discharges below 5,000 cfs.

Flows > 5,000 cfs

To calibrate Manning’s n for high flows, water surface elevations from the 2005
high flow event were used. The data and collection methods are described in Tetra
Tech’s report (2005). Fifty one cross sections in the reach were surveyed over
three days in 2005 during this high flow event. Only 42 of these cross sections
were included in the RMSE calculation, since the seven cross sections just
upstream of San Acacia Diversion Dam were excluded due to the hydraulic
uncertainty surrounding San Acacia Diversion Dam.

The flows corresponding to the three survey days in 2005 were submitted to the
model in the steady flow file. These flow values are shown below in Table 3.

The calibrated model channel Manning’s n value was found to be 0.025. This
value was used in the model for discharges above 5,000 cfs.
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Table 3: High Flow Data used in High Flows Calibration

USGS Gage | May 25,2005 | May 26, 2005 | May 27, 2005
Reach USGS Gage Number Flow (cfs) | Flow (cfs) | Flow (cfs)
1S-684 to IS-815 Isleta 08330875 6,000 5,770 5,710
CO-833 to CO-1091 Bernardo 08332010 5,570 5,720 5,690
Bernardo + 08332010 +
RP-1100 to SADD Rio Puerco 08353000 5,635 5,791 5,754

3.2 Historical Geometry Models (1962, 1972, 1992, 2002,
and 2012)

In the 1960s, a set of lines known as the Aggradation/Degradation (Agg/Deg)
lines was set up on the Rio Grande. These lines spanned from the Cochiti
Diversion Dam to the headwaters of Elephant Butte Reservoir. The lines are set at
500 foot spacing to help evaluate repeat cross section changes roughly every
decade. Because of the large scale nature of this data collection effort,
photogrammetry has been employed to collect the necessary elevation data. Data
collection efforts have occurred in 1962, 1972, 1985, 1992, 2002, and 2012, with
an extraction of elevation data using photogrammetry techniques. Between 1962
and 2002 this has primarily involved the use of stereo models using aerial
photography. In 2012, Light Detection and Ranging (LiDAR) sensors were used
to collect elevation data remotely from reflected light pulses. The locations of the
Agg/Deg lines for this study area are shown in Figure 5 through Figure 7.

3.2.1 Geometry Development

For each of the photogrammetry/LiDAR collection years, station and elevation
data are extracted along the Agg/Deg lines. The extracted data typically has a
vertical accuracy of +/- 1 foot (Woolpert, 2012; Benoit, 2013). The extracted data,
however, does not capture the underwater channel prism, since photogrammetry
techniques (both aerial photography and LiDAR) collect the elevation at the water
surface. Reclamation’s Technical Service Center (TSC) has developed an iterative
program to approximate the underwater channel prism, generating HEC-RAS
geometry files along the Agg/Deg lines that reflect the mean bed elevation at the
time of the data collection (Holmquist-Johnson and Makar, 2006; Varyu, 2013).
Every decadal year was used for this study, except 1985. There were inaccuracies
in the collected data for 1985 that render it unusable for evaluating channel
changes.

Bank and levee stations were assigned for this analysis to the HEC-RAS geometry

models developed by TSC (1962, 1972, 1992, and 2002). The bank and levee
stations were already assigned in the prepared 2012 model.

10
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Figure 5: Study Area: Agg/Deg lines 655-880
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Figure 6: Study Area: Agg/Deg lines 881-1125
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Figure 7: Study Area: Agg/Deg lines 1097-1206

3.2.2 Flow and Boundary Conditions

For each of the model geometries, the flow and boundary conditions listed in
Table 4 were assigned. The model extents were not adjusted for this study, so
modeled river lengths varied as follows: The 1962 and 1972 models spanned from
Cochiti Diversion Dam to the San Acacia Diversion Dam. The 1992 and 2002
models spanned the extents of the study reach (Isleta Diversion Dam to San
Acacia Diversion Dam). The 2012 model covered the distance from the Cochiti
Flood Control Dam (1973) to the headwaters of Elephant Butte Reservoir.

13
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The Manning’s n values are based on values used by a Colorado State University
study (Vensel et al., 2006) that evaluated channel changes on the Rio Grande
between the Rio Puerco and the San Acacia Diversion Dam. For each of these
models, cross-section averaged hydraulic information is extracted from the model
runs within the study reach (between Agg/Deg line 655 and Agg/Deg line 1206).

A discharge value of 5,000 cfs was used to provide a consistent reference point
between the years and be similar to the previous Colorado State University
Studies (Vensel et al., 2006). This discharge value is close to the 2-year regulated
peak flow values calculated by Wright (2010) for the USGS gage at Bernardo
(4,900 cfs) and is of a similar magnitude to the USGS gages at Albuquerque
(4,000 cfs) and San Acacia (7,800 cfs).

Table 4. Flow and Boundary Conditions for historical hydraulic modeling

Condition Assigned Value
Flow Condition Steady state, subcritical, constant flow
(5,000 cfs)

Downstream boundary condition | Normal Depth (slope based on an average

for that year’s underwater channel prism)
Channel Manning’s n value 0.019

Floodplain Manning’s n value 0.1

4.0 Hydraulic Modeling Results

Hydraulic modeling results from the one-dimensional numerical models (HEC-
RAS) for the historical model geometry were extracted into a Microsoft Excel
spreadsheet (version 2013) for further analysis. The following hydraulic
parameters were extracted from the HEC-RAS models at a discharge of 5,000 cfs:
minimum channel elevation, water surface elevation, energy grade elevation,
energy grade slope, channel velocity, cross sectional flow area, top width,
hydraulic depth, hydraulic radius, total wetted perimeter, total and channel shear
stress, and the right and left channel bank elevations.

The slope (energy grade line), flow area, wetted perimeter, hydraulic radius (as a
surrogate for mean depth), mean channel velocity, width/depth ratio, total bank
height, bank height above 5,000 cfs, and normal shear stress were evaluated for
each of the two reaches within the study area: Isleta to Rio Puerco and Rio Puerco
to San Acacia. The width/depth ratio was calculated by taking the wetted top
width at 5,000 cfs divided by the hydraulic depth. Total bank height in this
analysis represents the distance from the river bed to the top of the bank. The total
bank height was calculated by taking the assigned elevation of both the right and
left channel bank location and subtracting the minimum channel elevation. This
gives two bank heights, one for the right bank and one for the left bank. By taking

14
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the arithmetic average of the two heights a total bank height was calculated for
each Agg-Deg line.

The bank height above the 5,000 cfs water surface elevation is calculated by
taking the assigned elevation of both the right and left channel bank location and

subtracting the water surface elevation, and then averaging the result from the two
banks.

Each of the evaluated parameters are weighted by distance based on the
applicable Agg-Deg line distances. Some models included all of the Agg-Deg
lines, other models were missing a few lines that were infeasible to create during
the model development. The downstream distances were used to weight each
parameter value. The weighted distance was determined by taking half of the
distance to the listed Agg-Deg line upstream and half of the distance to the listed
Agg-Deg line downstream. A reach averaged value was then obtained by
summing the distance-weighted value of each parameter for the Agg-Deg lines
within that reach and dividing by the reach length. For the Isleta to Rio Puerco
reach this included parameter values between Agg-Deg lines 655 and 1097. For
the Rio Puerco reach this included parameter values between Agg-Deg lines 1098
and 1206. Observed trends in the hydraulic parameters are similar to results found
in previous investigations by Richard et al. (2001) and Vensel et al. (2006).

4.1 Energy Slope

Changes in the reach averaged energy grade line slope between 1962 and 2012
are shown in Figure 8. The average energy grade slope for the Isleta to Rio Puerco
reach is 0.00083 ft/ft between 1962 and 2012, while the average slope for the Rio
Puerco to San Acacia reach is slightly steeper at 0.000851 ft/ft. Slope changes in
the Isleta to Rio Puerco reach seem to lag behind the slope changes occurring in
the Rio Puerco to San Acacia reach. The Rio Puerco to San Acacia reach appears
to have gone through a period of a steepening slope from 1962 to 1992, slope
flattening between 1992 and 2002, and then a slight flattening of the slope again
from 2002 to 2012. The Isleta to Rio Puerco reach has a period of slope flattening
from 1962 to 1972, a period of slope steepening from 1972 to 2002, and then a
period of slope flattening from 2002 to 2012. Reclamation (2012) performed 1-
dimensional numerical sediment and hydraulic modeling, estimating the
equilibrium slope for the Isleta to Rio Puerco and Rio Puerco to San Acacia
reaches as 0.00077 ft/ft and 0.00076 ft/ft, respectively. This would indicate that
the future slope trend would be one of flattening compared to the estimated
energy grade slopes.

15
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Figure 8. Reach Average Energy Grade Slope values for Isleta to Rio Puerco and Rio Puerco

to San Acacia between 1962 and 2012

4.2 Cross Sectional Flow Area

Changes in the channel flow area at a discharge of 5,000 cfs are shown in Figure

9. The general trend for both the Isleta to Rio Puerco and Rio Puerco to San

Acacia reach is a decrease in the cross sectional flow area at a discharge of 5,000
cfs between the early 1960s and early 2010s. The reach averaged cross sectional
flow area decreased for both reaches between 1962 and 2012 is about 500 square

feet at a discharge of 5,000 cfs.
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Figure 9. Reach Average Flow Area values for Isleta to Rio Puerco and Rio Puerco to San
Acacia between 1962 and 2012

4.3 Wetted Perimeter

Changes in the wetted perimeter are shown in Figure 10. The reach averaged
wetted perimeter trends mirror the cross sectional flow area trends for each time

period and reach, although to different magnitudes. Like the cross sectional flow
area, the general trend for wetted perimeter shows a decreasing trend for both the

Isleta to Rio Puerco and Rio Puerco to San Acacia reaches. The reach averaged
wetted perimeter decrease at a discharge of 5,000 cfs is about 370 feet for the
Isleta to Rio Puerco reach during the period from 1962 to 2012 and 470 feet for
the Rio Puerco to San Acacia reach for the same period.
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Figure 10. Reach Average Wetted Perimeter values for Isleta to Rio Puerco and Rio Puerco
to San Acacia between 1962 and 2012

4.4 Hydraulic Radius

Changes in the reach averaged hydraulic radius, calculated as the cross sectional
flow area divided by the wetted perimeter (USACE, 2010b), are shown in Figure
11. While not necessarily representing a specific channel depth at a given location
in a river cross section, the hydraulic radius can be thought of as a surrogate for a
mean cross sectional depth.

In the early 1960s, Culbertson and Dawdy (1964) measured a range of hydraulic
radii between 1.6 and 5.5 on the Rio Grande in the Casa Colorado area (within the
Isleta to Rio Puerco reach) for discharges ranging from 800 to 8,300 cfs. This is a
similar range observed over time from the hydraulic modeling at 5,000 cfs.
Between 1962 and 2002 the hydraulic radius between Isleta to Rio Puerco
decreased about 0.4 feet. During the same time period the hydraulic radius for the
Rio Puerco to San Acacia reach increased about 0.7 feet. Both reaches saw an
increase in the hydraulic radius between 2002 and 2012 of around 1.3 feet.
Considering the decreasing cross sectional flow area between 2002 and 2012, the
increase in hydraulic radius indicates that the wetted perimeter is decreasing at a
greater rate than the flow area is decreasing.
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Figure 11. Reach Average Hydraulic Radius values for Isleta to Rio Puerco and Rio Puerco
to San Acacia between 1962 and 2012.

4.5 Mean Velocity

Changes in the reach averaged mean channel velocity are shown in Figure 12. The
mean channel velocity in the Isleta to Rio Puerco reach shows a slight reduction
between 1962 and 2002, while the mean velocity within the Rio Puerco to San
Acacia reach shows a slight increase. The mean channel velocity in both reaches
increases a little over a foot per second between 2002 and 2012, which is
consistent with the trend of decreasing reach average cross sectional flow area
satisfying continuity. Culbertson and Dawdy (1964) measured velocity ranges in
the early 1960s on the Rio Grande between 2 and 7 ft/sec in the Casa Colorado
area (within the Isleta to Rio Puerco reach). These velocity measurements were
over a discharge range of 800 to 8,300 cfs.
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Figure 12. Reach Average Mean Velocity values for Isleta to Rio Puerco and Rio Puerco to
San Acacia between 1962 and 2012

4.6 Width/Depth Ratio

Changes in the width/depth ratio are shown in Figure 13. Higher values indicate a
wide, shallow river, while lower values indicate a narrow, deep river. The general
trend between 1962 and 2012 is a decreasing ratio, indicating a deeper and/or
narrower channel on average. In the Isleta to Rio Puerco reach the 2012
width/depth ratio is less than half of the 1962 width/depth ratio. In the Rio Puerco
to San Acacia reach the 2012 width/depth ratio is approximately one fifth of the
1962 width/depth ratio.
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Figure 13. Reach Average Width/Depth ratios for Isleta to Rio Puerco and Rio Puerco to
San Acacia between 1962 and 2012

4.7 Bank Height

Changes in the bank height are shown in Figure 14 and Figure 15. The bank
height was illustrated graphically by two means.

Figure 14 shows the difference between the elevation of the bank locations and
the minimum channel elevation in the estimated underwater prism. This would be
representative of the entire bank height from the channel bed. Since there is a
transverse slope in the river it is likely that the actual bank height is less than this
value. Figure 15 provides the difference between the elevation of the bank
locations and the water surface elevation at a discharge of 5,000 cfs. Positive
values indicate feet of freeboard between the 5,000 cfs water surface elevation
and the top of the bank. Negative values indicate how far above the bank the
5,000 cfs water surface is overbanking. It should be noted that for this analysis the
hydraulic model bank locations were used. The bank locations within the model
were chosen based on changes in slope and vegetation breaks shown in the aerial
photography. There is some uncertainty as to the actual value, but when averaged
over the reach they provide an indication of reach trends that are occurring.

Between 1962 and 1992 the decrease in the reach averaged bank height to
minimum channel elevation in the Isleta to Rio Puerco reach indicates that
channel aggradation is likely occurring. From 1992 to 2012 there is an increase in
this bank height that is on the same magnitude of the preceding decrease, and it
likely indicates that either channel incision is occurring or bank elevations are
increasing. Section 4.3.3. Longitudinal River Profiles from the 2018 Isleta to San
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Acacia Geomorphic Analysis Report confirms that the channel has incised over
most of the reach between 1992 and 2012.

The Rio Puerco to San Acacia reach shows an increasing reach averaged bank
height to minimum channel elevation from 1972 to 1992 and 2002 to 2012. There
are periods where there is a decreasing bank height from 1962 to 1972 and again
between 1992 and 2002, but the decrease is much less than the increase. This
likely indicates an overall trend of incision and/or bank elevations increasing.
Section 4.3.3. Longitudinal River Profiles from the 2018 Isleta to San Acacia
Geomorphic Analysis Report confirms that the channel aggraded over most of the
reach between 1992 and 2002, and incised over most of the reach between 2002
and 2012.

Reach-average Bank Height to Min Channel
Elevation at 5,000 cfs (ft/ft)

lime (vears)

Figure 14. Reach Average Bank Height to Minimum Channel Elevation for Isleta to Rio
Puerco and Rio Puerco to San Acacia between 1962 and 2012

Figure 15 indicates that the reach average bank freeboard above the 5,000 cfs
water surface elevation ranges from near zero to two feet over the years. The
Isleta to Rio Puerco and Rio Puerco to San Acacia reaches are often trending
oppositely, but both show a trend towards a lower reach average freeboard
elevation. This may indicate a general aggradation in the reaches or the
establishment of a lower inset floodplain developing in the channel. This also may
indicate lower conveyance capacity than in the past.

Figure 14 and Figure 15 show that both types of bank height (bank height to
minimum channel elevation and bank height to 5,000 cfs water surface elevation)
trend the same direction for each time period and reach except the Isleta to Rio
Puerco reach between 2002 and 2012. In this instance the bank height to
minimum channel elevation increases, but the bank height to 5,000 cfs water
surface elevation goes the opposite direction and decreases. This may indicate that
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even though the channel incised during this time, it also narrowed rapidly and
decreased the conveyance capacity.
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Figure 15. Reach Average Bank Height to 5,000 cfs Water Surface Elevation for Isleta to Rio
Puerco and Rio Puerco to San Acacia between 1962 and 2012

4.8 Shear Stress

Changes in the channel shear stress, calculated as the unit weight of water times
the channel hydraulic radius times the friction slope (USACE, 2010b), are shown
in Figure 16. The trend in the shear stress is similar to the mean velocity trends
and indicates that the shear stress is increasing over time, with the most dramatic
increase between 2002 and 2012. This would also be expected to increase the bed
material size through the reach since the shear stress increase is an indication of
an increased ability of the channel to do work.
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Figure 16. Reach Average Normal Shear Stress in the channel for Isleta to Rio Puerco and
Rio Puerco to San Acacia between 1962 and 2012.

4.9 Bankfull Discharge

Bankfull discharge is defined as the discharge at which the river’s water surface
elevation equals the elevation of the lower of the right or left top of bank. The
historical geometry models were run at 1000 cfs intervals to determine the
bankfull discharge at each agg/deg line, and the bankfull discharge values were
distance-weighted and averaged for each reach. Changes over time in the
distance-weighted average bankfull discharge are shown in Figure 17. The Isleta
to Rio Puerco and Rio Puerco to San Acacia reaches are often trending oppositely,
but both culminate in a lower bankfull discharge value in 2012 than in the earlier
evaluated years. A decreasing bankfull discharge value likely indicates a
hydrologic regime with decreasing flows.

It should be noted that these results depend on how each historical geometry
model defines the bank stationing. The 2012 model has many more topography
data points in a cross section than the 1962 to 2002 models, and thus the 2012
bank stationing is more precise than the earlier models. In most cross sections, the
2012 bank stationing is lower in elevation than the earlier models simply because
of the additional topography points available to choose from. This difference in
bank selection results in a lower bankfull discharge for the 2012 model than the
earlier models, independent of any channel geometry changes.
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Figure 17: Reach Average Bankfull Discharge for Isleta to Rio Puerco and Rio Puerco to
San Acacia between 1962 and 2012.

4.10 Water Surface Elevation at 5,000 cfs

Changes in water surface elevation (WSE) at 5,000 cfs are shown in Figure 18
through Figure 21. The figures show that the WSE at 5,000 cfs has remained
relatively stable (fluctuations of about two feet between 1962 and 2015) between
Isleta and the HWY-346 Bridge. Between 2002 and 2012, the 5,000 cfs WSE for
the entire reach increased on average 0.9 feet. Between 2012 and 2015, the 5,000
cfs WSE had no change on average for the entire reach.

Between HWY-346 and approximately two miles upstream of the Rio Salado, it
appears that there was a severe drop in WSE at 5,000 cfs between 1972 and 1992,
sometimes as much as 10 feet. Since 1992 in this segment, the 5,000 cfs WSE has
been slowly increasing but has only returned to 1972 levels downstream of
Arroyo los Alamos.

The 5,000 cfs WSE between the Rio Salado and San Acacia Diversion Dam also
dropped significantly between 1972 and 1992, in some places as much as 6 feet.
By 2015 the 5,000 cfs WSE returned to 1972 levels.

In 1962 and 1972 the 5,000 cfs WSE slope was fairly constant through the
location of the Rio Salado. Starting in 1992, the slope of the 5,000 cfs WSE
increasingly flattens out as it approaches the Rio Salado, and after the Rio Salado
the 5,000 cfs WSE experiences a rapid drop. This likely indicates that the Rio
Salado acted as a grade control and prevented the significant decrease in 5,000 cfs
WSE that occurred between 1972 and 1992 downstream of HWY-346.
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Figure 18: Isleta to Los Chavez Water Surface Elevation at 5,000 cfs
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4.11 Current Hydraulic Profile

Hydraulic profiles for the current geometry model (2014/2015) are shown in
Figure 22, Figure 23, and Figure 24 for Isleta to Highway 309, Highway 309
to Rio Puerco, and Rio Puerco to San Acacia, respectively. The figures
include profiles of the minimum channel elevation, water surface elevation at
5,000 cfs, right and left top of banks, right and left toe of levees, and right and
left top of levees.

Due to intermittent perched channel conditions in this reach, the channel water
may or may not be physically against the levees when the 5,000 cfs WSE is
above the elevation of the levee toes. The distances between the 5,000 cfs
WSE and the levee toe elevations are shown below for the three river sections
shown in Table 5. These river sections were split based on similar trends.

Table 5: 5,000 cfs WSE in relation to levee toe elevation
River Section 5,000 cfs WSE
Isleta to HWY-309 Always above levee toe (as high as 4 feet)
Usually above levee toe (as high as 4 feet)
HWY-309 to HWY-60 Occasionally below levee toe (as low as 1 foot)
Usually below levee toe (as low as 8 feet)
Occasionally above levee toe (as high as 3 feet)

HWY-60 to San Acacia

Table 6 shows the distances between the 5,000 cfs WSE and the lower of the
right or left top of bank. The river was split into two sections at the Railroad
Bridge based on similar overbanking trends.

Table 6: Distances between 5,000 cfs WSE and the lower of the right or left top of bank.
5,000 cfs WSE 5,000 cfs WSE
Max Overbanking | Max Freeboard
Isleta to Railroad Bridge 1 foot 1 foot
Railroad Bridge to San Acacia 2 feet 6 feet

River Section

An analysis of water surface elevations for varying flow rates in the Isleta to
Rio Puerco reach found that for the 2014/2015 channel geometry, banks are
overtopped at an average of 4,600 cfs. In the Rio Puerco to San Acacia reach,
overtopping occurred at an average flow of 5,500 cfs. These bankfull numbers
were not included in Section 4.9 Bankfull Discharge because the historic
models and the current model were developed slightly differently and thus
may not be comparable (see Section 3.0 Hydraulic Modeling Development).

The water surface is at the same elevation as the levee toes at an average flow
of 3,100 cfs in the Isleta to Rio Puerco reach. The water surface is at the same
elevation as the levee toes at an average flow of 8,800 cfs in the Rio Puerco to
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San Acacia reach. Due to intermittent perched channel conditions, when the
water surface is at the same elevation as the levee toes, the levee toes may or
may not be wet.
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Figure 22: Current Hydraulic Profile from Isleta Diversion Dam to Highway 309
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5.0 Bank Stability Analysis

Bank and toe stability was examined at ten cross sections within the Isleta to
San Acacia study reach using the one-dimensional HEC-RAS hydraulic model
results, cross section geometry, and measured soil characteristics from bank
samples collected by Reclamation in 2016 (Klein et al, 2018). This
information, coupled with a Microsoft Excel based model, Bank Stability and
Toe Erosion Model (BSTEM version 5.4), developed by the Agricultural
Research Service (ARS) of the United Stated Department of Agriculture, was
used to evaluate bank stability. The BSTEM model accepts user-defined input
that describes the geometry of the river bank and toe of the study cross
section, the bank’s nominal grain size (Dso) value, as well as hydraulic
information such as the water surface elevation of the target flow to determine
the resistance of the bank and normal shear stress forces generated by the
channel flow.

5.1 Bank Samples

One of the targeted interests of this reach study was to identify the propensity
of key channel sections for lateral migration of the main river channel towards
riverside infrastructure. Ten channel cross sections were identified within the
limits of the Isleta to San Acacia reach. Cross sections were identified based
on major bend locations within the study reach and composite bank samples
were taken at these locations (Klein et al., 2018). These cross sections are
listed in Table 7 sorted from upstream to downstream sampling location.

The 2016 bank samples (Klein et al., 2018) were used to determine the grain
size distribution of the soil for input into the BSTEM model. Each bank
sample was obtained from a representative bank area located on the outside
channel bend, which is the section that will experience maximum shear forces
within the cross section of interest. If the soil material and bank vegetation are
insufficient to stabilize the bank, lateral migration of the river channel at these
locations may be possible. The 2016 sampled bank materials were fairly
homogenous, so only one sample was collected at each location (Klein et al.,
2018). The primary bank material is derived from qualitative descriptors
written in the laboratory sheets and the gradation analysis to assess the soil
characteristic that would most influence erodibility. For instance, if the
gradation analysis indicated a nominal bank material of fine sand, but the
physical description on the laboratory sheets indicated the presence of clay
material, then clay was entered as the primary material because the cohesive
nature of the soil was assumed to drive the bank erodibility. Descriptions of
the soil material from this assessment were based on the available soil
materials within BSTEM.
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Table 7. Locations of river bank samples for BSTEM analyses.

Sample No.| Lab Sample No. |River Mile | Agg/Deg Line | Date Acquired | Primary Material
1 731070616 162 731 7/6/2016 Clay
2 863071416 149 863 7/11/2016 Clay
3 974072816 138.2 974 7/28/2016 Clay
4 C01061070716 130.4 1061 7/7/2016 Clay
5 1086072816 127.9 1086 7/28/2016 Clay
b 1088070716 127.5 1088 7/7/2016 Clay
7 1094072816 127 1094 7/28/2016 Angular Sand
8 LJ10070116 124.2 1124 7/1/2016 Clay
9 RP1170070716 119.8 1170 7/7/2016 Clay
10 RP1202_5071916 116.5 1202.5 7/19/2016 Clay

5.2 Procedure

The initial step within the BSTEM model is to define the cross section input
geometry that identifies the bank profile of the target section. There are
multiple options available to the user to input this information, and for more
detailed explanation of this process the reader is referred to the ARS website
for more detailed documentation of the modeling process (USDA, 2016).
Once the bank profile geometry was defined for the cross section, the
following hydraulic information was inputted into the BSTEM model:

e Discharge — For this analysis, model flows of 4k-, 7.5k-, and 20k-cfs
were simulated using the 2015 model described in section 3.1. A
discharge of 4,000 cfs is approximately the 2-yr regulated peak at
Albuquerque estimated by Wright (2010). A discharge of 7,500 cfs is
approximately the 10-yr regulated peak at Albuquerque and close to
the 2-yr regulated peak at San Acacia, and 20,000 cfs is close to the
10-yr unregulated peak at San Acacia (Wright, 2010).

e Flow duration —Duration of modeled flow was selected to be 72
hours in order to simulate a sustained peak runoff flow on the bank
section.

e Bend length — Input reach length was defined in the model as the
entire bend distance. This distance was measured within ESRI’s
ArcGIS software (version 10.2) for each study bend.

e Slope — Reach slope was calculated by extracting the simulated
energy grade line (EGL) slope from the HEC-RAS model along with
the distance between cross sections through the bend and then
weighting the EGL over the total distance through the bend section.

After defining the input geometry for the modeled cross section it is then
necessary to enter bank material information. The BSTEM Bank Material tab
contains five separate bank material profiles as well as a required input for the
toe material information. For this analysis, the primary material description, as
listed in Table 7, was entered into BSTEM. Most of the bank lab results
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indicated the presence of clay material. These were entered into BSTEM with
the bank material descriptor of “erodible soft clay”. Sample No. 7 in Table 5
was the only sample that departed from this descriptor, and thus a “coarse
angular sand” descriptor within BSTEM was used for this bank material.

If a particular cross section was found to be either unstable or conditionally
stable (further discussion of model results is described in more detail in the
following section of this report), a second bank stability run was performed in
BSTEM using its Bank Vegetation and Protection module. This module
allows the user to input bankline vegetation information in order to simulate
the influence of the vegetation’s root mass on the bank’s structural stability.
Vegetation type, density, and age are used to estimate the increase in bank
stability by estimating the soil cohesion value (measured in kPa) that is
factored into the model’s erosion calculations. The higher this value,
corresponding to a higher volume of root mass within the bank, the more
erosive resistance the bankline is. If the modeled cross section was found to
become stable after performing the vegetative stability run this was then
recorded in the BSTEM results summary.

Finally, toe erosion is analyzed using the Toe Model Output of the BSTEM
model. This module applies hydraulic normal shear stresses to the toe of the
study cross section and reports estimated erosion to the user through the
model’s output interface. These results estimate a maximum lateral retreat as
well as the eroded area of both the bank and toe material from the model
simulation.

5.3 BSTEM Results

The BSTEM analysis of the ten chosen cross sections within the Isleta to San
Acacia reach indicates that toe erosion is the primary cause for bankline
lateral migration throughout the study reach. All modeled sample sections
experienced at least some toe erosion under the simulated flow conditions,
which may lead to lateral bank migration. The one notable exception was at
sample No. 9. Here the coarser bed material helped stabilizes the toe and
resulted in minimal estimated toe erosion.

Using BSTEM to evaluate hydraulic and geotechnical forces acting on the
bank, outside of toe erosion and subsequent geotechnical failure, almost all of
the evaluated cross sections predicted stable banks. BSTEM estimates
streambank stability through calculating the shear strength of a saturated soil
as described by the Mohr-Coulomb criterion (USDA, 2016). The resistance of
the bank soils to shear is then considered against the driving forces of the river
flow and this ratio is output from the model as a factor of safety. When this
value is less than unity the bank is considered to be unstable. Out of the ten
sampled cross sections, the BSTEM simulations resulted in only one model
run with a slightly unstable bank condition at a flow of 4,000 cfs (sample No.
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8 from Table 7). This same bank section when evaluated with the vegetative
module from BSTEM is predicted to be stable under the tested flow scenario.
Results from BSTEM are provided in Table 8 to Table 10.

To further classify the magnitude of predicted toe erosion and subsequent
lateral migration, toe erosion at the ten evaluated bank sections was classified
into four categories: Very High, High, Moderate and Minimal. This was done
in order to better define the severity of erosion predicted by the model. The
classifications correlate to the following definitions of lateral bank retreat.
e Very High—indicates that the model predicted a lateral bank retreat of
10 feet or greater over a 72 hour period (>3 ft/day).
e High-indicates lateral bank retreat between 5 and 10 feet in this period
e Moderate—results in a lateral retreat of between 2 and 5 feet in 72
hours
e Minimal-results in a lateral retreat of less than 2 feet over a 72 hour
period.
The sampled sections with the greatest propensity for lateral bank retreat
(migration) were located around RM 127 (Sample No. 5 and No. 6, which are
around the confluence with the Rio Puerco). These locations had an estimated
maximum retreat rate of 8.6 ft/day under the highest simulated flow condition
(20,000 cfs). Bank profiles at each evaluated bank section can be found in
Appendix A. The bank profiles show erosion impacts estimated from the
BSTEM model runs for each cross section.
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Table 8. BSTEM results from 4,000 cfs flow simulation, 72-hour duration.

4,000 cfs
Sample No. | River Mile Bank Erosion Toe Erosion | Max. Lateral Retreat (ft)
1 RM 162 Mone High 8.5
2 RM 149 Stable Moderate 4.1
3 RM 138.2 MNone High 5.0
4 RM 130.4 Stable High 5.6
5 RM 127.9 Mone Very High 14.8
6 RM 127.5 Mone Very High 14.1
7 RM 127 Mone Minimal 0.6
8 RM 124.2 | Conditionally Stable [ Minimal 1.5
9 RM 119.8 *Stable Minimal 0.0
10 RM 116.5 Stable High 5.3

*Denotes that Vegetation module was necessary to run in order to achieve a stable bank section.

Table 9. BSTEM results from 7,500 cfs flow simulation, 72-hour duration.

7,500 cfs
Sample No. | River Mile Bank Erosion Toe Erosion | Max. Lateral Retreat (ft)
1 RM 162 None High 6.7
2 RM 149 Stable High 5.7
3 RM 138.2 None High 8.9
4 RM 130.4 Stable High 5.3
5 RM 127.9 None Very High 16.2
6 RM 127.5 None Very High 15.7
7 RM 127 None Minimal 0.9
8 RM 124.2 | Conditionally Stable | Moderate 3.3
9 RM 119.8 Stable Minimal 0.0
10 RM 116.5 Stable High 5.5

Table 10. BSTEM results from 20,000 cfs flow simulation, 72-hour duration.

20,000 cfs
Sample No. | River Mile Bank Erosion Toe Erosion | Max. Lateral Retreat (ft)
1 RM 162 None Very High 17.5
2 RM 149 Stable High 5.4
3 RM 138.2 None Very High 15.7
4 RM 130.4 Stable Moderate 3.2
5 RM 127.9 None Very High 25.9
6 RM 127.5 None Very High 25.4
7 RM 127 None Moderate 2.0
3 RM 124.2 | Conditionally Stable | Moderate 4.4
9 RM 119.8 Stable Minimal 0.3
10 RM 116.5 Stable Moderate 1.1
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6.0 Stable Channel Design Analysis

Hydraulic modeling, when coupled with relationships that describe stable
channel dimensions (slope, width, depth, etc.), is useful to help understand
current channel dynamics and potential future trends. A stable channel
analysis was pursued for the Isleta to San Acacia reach to estimate the range
of channel dimensions that are able to transport the estimated sediment supply
in relationship to a given discharge. The USACE’s channel stability module
(SAM) within HECRAS (Thomas et al., 2002; USACE, 2010b) was used for
this analysis.

6.1 SAM Hydraulic Design Module

SAM provides a means to estimate stable channel dimensions for known
channel inputs and was developed primarily as a qualitative evaluation tool
for preliminary planning. Three options for estimating stable channel
dimensions are offered: Copeland, Regime, and Tractive Force methods. A
summary of these methods is given by the HEC-RAS Reference Manual
(USACE, 2010b) below:

“The Copeland method uses an analytical approach to solve stable
channel design variables of depth, width and slope. Stability is
achieved when the sediment inflow to a particular reach equals the
sediment outflow. The Regime method is purely empirical, and, within
HEC-RAS, uses equations developed by Blench (1975). The Regime
method defines a channel as being stable when there is no net annual
scour or deposition in the design reach. The Tractive Force method is
an analytical scheme that defines channel stability as no appreciable
bed load movement.” (USACE, 2010b, p. 12-12)

6.1.1 Input Variables for Analysis

All three methods within SAM require or have the option to input the
following variables: discharge, specific gravity, sediment gradation, water
temperature, bank side slope, bank Manning’s n, inflow sediment
concentration, valley slope, median channel width, default regime (upper or
lower), side factor, and the angle of repose. The specific input requirements
for each method are listed in Table 11.

The discharge values analyzed within the SAM hydraulic design module are
750, 4,000, 7,500, and 20,000 cfs. The discharge value of 750 cfs was chosen
as this was estimated to be the effective discharge for suspended sediment at
San Acacia (Klein et al., 2018). A discharge of 4,000 cfs is approximately the
2-yr regulated peak at Albuquerque estimated by Wright (2010). A discharge
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of 7,500 cfs is approximately the 10-yr regulated peak at Albuquerque and
close to the 2-yr regulated peak at San Acacia, with 20,000 cfs being close to
the 10-yr unregulated peak at San Acacia (Wright, 2010).

Table 11: Input variables used for each of the three Stable Channel Design methods

Input Variable Copeland | Regime | Tractive Force
Discharge v 4 v
Specific Gravity v v
Sediment Gradation v 4 v
Water Temperature v 4 v
Bank Side Slope v v
Bank Manning’s n v v
Inflow Sediment Concentration v v
Valley Slope Optional v
Median Channel Width Optional
Default Regime (Upper or Lower) Optional
Side Factor 4
Angle of Repose v

The sediment gradation used in this analysis was the average of all bed
material samples collected between 2014 and 2016 from Isleta Diversion Dam
to just upstream of the Rio Salado. Two of the bed material samples were
collected by Easterling (2014) in 2013 and were processed by Reclamation.
The remaining 21 bed material samples were collected and processed by
Reclamation in 2016. These bed material soil samples indicate that the
primary bed substrate is sand between Isleta Diversion Dam to just upstream
of the Rio Salado. From the Rio Salado and downstream, the bed material
samples have a nominal (Dso) gradation in the gravel and cobble range (Klein
et al., 2018). The Copeland and Regime methodologies were primarily
developed for sand bed systems, so applying these relationships to the reach
downstream of the Rio Salado was not pursued to keep within the identified
limits of applicability for these methods.

While the bank side slopes vary greatly through the study reach, a single bank
slope of 2:1 (horizontal:vertical) was used. This slope was selected because a
comparison of SAM results from a few select cross sections using the actual
bank slopes showed reasonable comparison with the assumption of a single
bank slope. So while the SAM results are highly sensitive to the bank slope,
the use of a single bank slope value was used to provide a reasonable
representation of the qualitative predictions from SAM.

The stable channel results were also highly sensitive to the angle of repose,
which is discussed in the Tractive Force Method results section.
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The Manning’s n used for this analysis was 0.032 for discharges of 750 and
4,000 cfs and 0.025 for discharges of 7,500 and 20,000 cfs. This is based on
the results of the channel Manning’s n calibration (Section 3.1.3 on p. 8).

The inflow suspended sediment concentration used for this analysis was a
value of 2,408 mg/L. This is the average suspended sediment concentration at
the Albuquerque and San Acacia USGS gages based on the most recent (late
2000s to early 2010s) slope between breaks of the double mass curves for
these gages (Klein et al., 2018). The SAM program requires a concentration
input in parts per million (ppm), which for the assessed concentrations has a
conversion factor of one (USGS, 1993).

It should be noted that the Copeland and Regime Method results are sensitive
to the inflow suspended sediment concentration. Slightly lower concentrations
result in much lower slope values required for equilibrium. Considering that
the only concentration data available is for the Albuquerque and San Acacia
gages, and considering that the concentration at these gages may be higher
than the concentration seen between Isleta Diversion Dam and the Rio Puerco,
it is possible that the Copeland and Regime Method results dictate higher
slopes than necessary to achieve stable channel conditions.

The bank side factor, only utilized for the Regime analysis, was chosen based
on guidance from Blench (USACE, 2010b). The value used is 0.2 for silty,
clay, loam banks, which is the best category for the assessed banks in the
Isleta to San Acacia reach (Klein et al., 2018).

6.1.2 Results for Copeland Method

The Copeland Method estimates a stable width, depth, and slope values for the
given inputs in Table 11. A number of values are provided for each discharge,
providing a range of various combinations of width, depth, and slope that are
expected to be stable for the reach of the Rio Grande between Isleta Diversion
Dam and the confluence with the Rio Salado. Figure 25 and Figure 26 show
the variations of width vs. slope and depth vs. slope for various flow
discharges. As discharge increases, the slope generally decreases and there is
a greater range of width and depth options that result in a stable channel.

The average channel bed slope and average valley slope for the Rio Grande
within the Isleta to San Acacia reach, as described by Klein et al. (2018) is
plotted on Figure 25 and Figure 26. Theoretically, river channels which plot
above the set of stable curves predicted using the Copeland Method would
indicate a tendency towards degradation, while those which plot below the set
of stable curves indicate a tendency towards aggradation. This assumes that
the set of stable channel curves represents an equilibrium condition for which
the channel has a tendency to move towards.

Figure 25 and Figure 26 show the valley slope as a gray dashed line and the
average channel bed slope as an orange dashed line. These lines representing
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the Rio Grande tend to plot between the curves representing the 4,000 and
7,500 cfs discharge conditions on these figures. This suggests that the
discharge range of 4,000 cfs to 7,500 cfs has played a critical role in defining
the current channel condition. These discharge values are within the range of
the peak snow-melt runoff discharges observed in the last several decades
(Klein et al., 2018). These figures also suggest that the for the given
suspended sediment concentration the lower evaluated discharge (750 cfs)
may result in some channel aggradation, while channel degradation is likely
with the higher evaluated discharge (20,000 cfs). Essentially if the slope,
width and depth values plot above each respective curve for 750 cfs, 4,000
cfs, 7,500 cfs, and 20,000 cfs then there will be a tendency for degradation to
reach a stable channel condition. The converse is also true associated with the
slope, width and depth values plotting below each curve for aggradation.
Based on the intersection with the current reach average channel bed slope,
the range of estimated stable channel widths from the Copeland method is 75
to 175 feet. This is similar to the current reach averaged channel widths
reported by Klein et al. (2018). For the same conditions, the estimated stable
channel depths range from 4 to 7 feet, which concurs with the range of
hydraulic radii shown in Figure 11.
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Figure 25: Stable Channel Width using the Copeland Method
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Figure 26: Stable Channel Depth using the Copeland Method

6.1.3 Results for Regime Method

The Regime Method provides one value of width, depth, and slope for each
evaluated discharge, as shown in Figure 27 and Figure 28. As the discharge
increases, the estimated stable width and depth both increase, while the
estimated stable slope decreases. Figure 27 plots the current channel bed and
valley slopes for the Rio Grande within the Isleta to San Acacia reach. These
slopes indicate that the Rio Grande is currently not in equilibrium, at least not
according to the Blench equation, which is the regime equation used within
SAM (USACE, 2010b). Blench regression equations came from Indian canals
with sand beds and slightly cohesive-to-cohesive banks. Assuming that the
regime methodology reflects an equilibrium condition to which the Rio
Grande is adjusting, then the expectation would be to see an increased slope
develop from existing conditions between the Isleta and San Acacia reach
based on the slope values predicted in Figure 27 for the corresponding
discharges.

Figure 28 plots the 1965 and 2012 distance-weighted average values of top
width and hydraulic depth alongside the stable channel results. Based on 2012
values of channel width and depth, the channel would be need to widen
considerably and become shallower to find equilibrium. This wider and
shallower condition was documented to exist prior to 1949 on the Middle Rio
Grande (Crawford et al., 1993; Klein et al., 2018), but current observation in
the slope, width, and depth of the Rio Grande (Klein et al., 2018) suggest that
the opposite trends are occurring, implying that the conditions upon which the
Blench regime equation were based are not applicable to the Rio Grande
within the Isleta to San Acacia reach. Since Blench’s regime equation assumes
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that sediment is primarily moved via bed load (USACE, 2010b), this may
suggest that the Rio Grande is more influenced by the suspended sediment
load, a suggestion also made by Klein et al. (2018) based on a planform
analysis following Schumm’s methodology.
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Figure 27: Stable Channel Slope using the Regime Method
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Figure 28: Stable Channel Width and Depth using Regime Method, compared with 1962
and 2012 values of top width and hydraulic depth
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6.1.4 Results for Tractive Force Method

Unlike the Copeland and Regime methods, which consider the channel to be
stable when there is no net aggradation or degradation, the Tractive Force
Method considers a channel to be stable if there is zero movement of the bed
particles, or when the channel shear stress is less than the critical shear stress
required to initiate particle movement. Considering that the bed material in the
reach (Isleta Diversion Dam to just upstream of the Rio Salado) has a median
grain size (Dso) of 0.431 mm and the valley slope in this reach is 0.000838,
this requires the channel shear stress to be extremely small to achieve a stable
channel condition, which is only possible with an extremely high width to
depth ratio, as shown in Table 12. Thus, this analysis is inconclusive for stable
channel design.

The HEC-RAS stable channel design module allows the selection of the Lane
Method or the Shields Method to calculate the critical shear stress. The Lane
method was empirically developed in a canal with coarse particle sizes
(USACE 2010b) and thus may not be highly suited for this sandy reach. The
Shields Method was developed based on a wider range of data including sand
(USACE, 2010b) and thus is better suited for this reach. An analysis of bed
particle stability using the Shields method was conducted in the 2018 Isleta to
San Acacia Geomorphic Analysis Report and can be referred to for more
detailed calculations. That analysis confirmed that the bed material is unstable
at the evaluated discharges except around the Rio Salado confluence where
the bed material is coarser (Klein et al 2018).

Discharge values larger than 4,000 cfs were not included in the analysis

because the width to depth ratios tend to increase with discharge and the
values for the lower discharges were already extremely high.

Table 12: Tractive Force Method for Stable Channel Design

750 cfs 4,000 cfs 750 cfs 4,000 cfs
(Lane Method) (Lane Method) @ (Shields Method) (Shields Method)
Depth (feet) 0.18 0.18 0.09 0.09
Width (feet) 9,727 51,878 33,068 176,366
Width/Depth ~54,000 ~288,000 ~367,000 ~1,960,000
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7.0 Sediment Deposition and Erosion

7.1 Total Load Measurement for 2017

7.1.1 Total Load Procedure

In spring 2017, Reclamation’s contractors measured a variety of hydraulic and
sediment parameters within the Isleta to San Acacia reach for the purpose of
determining the total sediment load being transported through the reach
(Southwest Water Design, 2017).

The measurements were conducted in five “rounds” of measurements at four
different rangelines on the Rio Grande between the Isleta Diversion Dam and
the Rio Puerco confluence. The relationship of the measurement dates to the
2017 spring snow-melt hydrograph is shown in Figure 29. Round 1 and 2
were conducted on the rising limb of the hydrograph, while round 4 and 5
were conducted on the falling limb. Round 3 occurred near the peak flow
condition. Round 5 was conducted around base flow conditions at the end of
the spring runoft.

Total Load Measurements During the Spring Runoff Hydrograph
Isleta to San Acacia Reach
s000
pllLLL q+v+ee, Round 3
4500 o) {\/‘V‘h‘ ;
4000 : LAE Y Y nciilldl ||
: - '

3500 : = f‘
—. 3000 -
o) -. -
G or s
3 2500
B Round 2
b 2000

1500

1000

500 ' 'r'-..‘:'*"f.‘\\
Round 5
o
312017 3/16/20107 3/31/2017 4/15/2017 4/30/2017 57152017 5/30/2017 &/14/2017 6&/29/2017
Date
—— 1555 Gage at Bosgue Farms USGS Gage at Bernardo A  15-678 CO-833 & (CO-966 A U-b

Figure 29: Timing of total load measurements during the spring runoff hydrograph

The four rangelines where measurements took place are described in Table 13.
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Table 13: Total load measurement locations

Rangeline 2012 River Mile Location Description
Demarcation

IS-678 RM 167 Appm).(. 2 mi downstream of Isleta
Diversion Dam

CO-833 RM 152 Immediately upstream of Belen, NM

CO-966 RM 130 Immediately downstream of Abo Arroyo
confluence

LI-6 RM 125 Between the Rio Puerco and the Rio

Salado confluences

The collection procedure followed the USGS’ Equal Discharge Interval (EDI)
methodology for field measurements (Edwards and Glysson, 1999).

The total load was estimated using two different methods. The first method
calculated total load by combining physical measurements of the suspended
sediment load and the bed load (not available for the first round of
measurements since bed load measurements were not taken at that time). The
bed load was calculated as the weight of the dry bed load sample over the time
that it took to collect the sample (between 60 and 180 seconds) resulting in a
bed load flow rate of Ibs/second. With the appropriate unit conversions, this
provides a bed load flow rate in tons/day. The suspended sediment load was
calculated as the weight of the dry suspended sediment sample per volume of
sample (mg/L), multiplied by the river flow rate (ft*/s). With the appropriate
unit conversions, this provides a suspended sediment flow rate in tons/day. To
determine the total load, the suspended sediment and bed load flow rates were
combined.

The second method used physical measurements of the suspended sediment
load and the bed material to estimate the total load utilizing the Bureau of
Reclamation’s Automated Modified Einstein Procedure (BORAMEP)
software. BORAMEP provides a calculated total load value based on the
overlapping of sediment size bins associated with the bed and suspended
sediment material (Holmquist-Johnson et al., 2009). This methodology
requires at least two overlapping size classes, which is not always possible,
especially when the flows are low and the suspended sediment is dominantly
fines. In the case of the 2017 measurements, which totaled 100 pairs of bed
material and suspended sediment samples, BORAMEP calculated total load
values on 76 of the pairs. The inability to successfully calculate a sediment
load due to a lack of overlapping sediment size classes has been noted by
previous studies (Shah, 2006; Shah-Fairbank, 2009).

7.1.2 Total Load Results from Field Measurements

The measured total load (total load estimated from measured suspended
sediment and bed material load) was plotted versus river discharge (Figure
30). The range of sediment moving during the 2017 spring snow-melt runoff
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is between 400 and approximately 19,000 tons/day. Also, there is more than
twice as much sediment moving at the largest measured discharge than the
other discharges.

Figure 31 and Figure 32 show the same total load data points, but the data
points have been color-coded and the axes have been modified to highlight
differences due to the location in the reach (Figure 31) and differences due to
the timing on the spring hydrograph (Figure 32). Figure 31 shows that
generally there is less sediment being transported per unit of river discharge as
you move downstream. This likely indicates that sediment is depositing onto
the bed and banks throughout the reach. Figure 32 shows that the total load is
not distinctly higher or lower for measurements acquired on the rising limb
(round 2) versus the falling limb (round 4), but the range of sediment load is
greater on the falling limb than the ascending limb of the hydrograph. Also,
the peak discharge measurements (round 3) are correlated with the highest
sediment loads per unit of river discharge. The sediment load is the lowest
when the river discharge returns to base flow levels (round 5).

Figure 30: River discharge versus measured total load
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Figure 31: River discharge vs measured total load for each rangeline
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Figure 32: River discharge vs measured total load for each measurement round

7.1.3 Comparison of BORAMEP Calculations with Field Estimates
Since the 2017 field data collection captured data for both a physical
measurement of total load and a BORAMEDP calculation of total load, a
comparison can be made (Figure 33). In general, the BORAMEP estimates
tend to be higher than the physical measurements.
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Figure 33. Total Load estimates from 2017 physical measurements and BORAMEP
estimates

Bed load can be defined as movement of sediment at or near the bed that

relies on what Bagnold (1966) describes as “solid-transmitted stress” (p. 14).
Einstein (1950), however, defined bed material load as being the movement of
sediment within the same size classification as the bed material. This would
include both those sediment particles that previously were on the bed and now
are moving in suspension or through various processes along the bed. The
BORAMEP calculation utilizes the Einstein (1950) definition of bed material
load (Holmquist-Johnson et al., 2009), calculating a bed load from sampled
bed material and suspended sediment measurements.

The field estimate based on Helley Smith measurements captures an estimate
of the bed load that is closer to the definition provided by Bagnold (1966).
This estimate does not include former bed material that now may be moving
in suspension, unlike BORAMEP’s estimate. It is therefore reasonable to
assume that the bed material load calculated using BORAMEP calculations,
which may include a portion of the measured suspended load, would be
greater than the direct field measurement for the bed load.

As previously described, field measurements for total load employed the
Equal Discharge Interval (EDI) sampling methodology (Southwest Water
Design, 2017). This is a methodology developed by the USGS which
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minimizes sampling error when using the approved Federal Interagency
Sedimentation Project (FISP) samplers, but there is still a zone that is
unmeasured despite using paired samplers (Edwards and Glysson, 1999). The
2017 data collection effort on the Rio Grande used the FISP approved D-74
suspended sediment and BLH-84 bed load samplers (Southwest Water
Design, 2017). The D-74 measures suspended sediment in the water column
with a 4.1 inch zone near the bed that is unmeasured (Davis, 2005). The BLH-
84 bed load sampler has a 3 inch entrance nozzle that rests on the river bed
(Davis, 2005), covering part, but not all of the zone left unmeasured by the
suspended sediment sampler. This would also tend to make the field measured
bed load estimate less than the BORAMEP estimate.

Given these uncertainties, both in the definition of bed load versus bed
material load and the unmeasured sediment quantity between the field
sediment samplers, it seems there is a reasonable correlation between the two
total load methodologies used to assess the 2017 data collection effort (Figure
33). The BORAMEP estimates for bed material and total load are greater than
the estimate derived from the physical measurements, implying that a
significant portion of the total load consists of bed material carried in
suspension.

Table 14 shows the portion of the total load attributable to bed load as
measured by Helley Smith measurements, and the portion of the total load
attributable to bed material load as calculated by BORAMEP. The remainder
of the total load consists of the measured suspended sediment load. Figure 34
also shows the portion of the total load attributable to bed load as measured by
Helley Smith measurements plotted against discharge (USGS gage 8331160
near Bosque Farms).

Table 14: Portion of Total Load Attributable to Bed Load
Portion of Total Load

Portion of Total Load Attributable to

Attributable to Bed Load

Location on Hydrograph = Round (Helley Smith) Bed Material Load
(Averaged for All Locations) (BORAMEP) .
(Averaged for All Locations)
Rising Limb R2 18% 20%
Peak R3 18% 22%
Falling Limb R4 23% 18%
Falling Limb (Base Flows) R5 42% 23%
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Figure 34: Bed load as a percent of total load for each of the field measurements

7.1.4 Comparison of Total Load Measurements between
Rangelines

Insight into how sediment moves within the Isleta to San Acacia reach can be
assessed by evaluating the differences in the total load between the
measurements at the four rangelines. It should be noted that evaluated
differences are simply a subtraction of the estimated volumetric sediment
transport and do not take into account transit time or measurement delays.
Often the four rangelines were collected over a 2 to 3 day interval, so this may
have an effect on the observed differences. The total load estimates used to
calculate the difference are the BORAMEP values at each rangeline.
Sampling at CO-833 and 1S-678 did not result in sufficient overlapping bins
for a BORAMEP calculation during round 5, so the estimates from direct
measurements were used instead. Insufficient data was available during the
round 1 measurements to calculate a total load estimate from either the direct
measurements or BORAMEP at IS-678 and CO-833, so no round 1
comparisons are available for these two rangelines.

The IS-678 rangeline is near river mile 167 (2012 river mile demarcations),
which is in the Bosque Farms, NM area. CO-833 is about 15 river miles
downstream, just upstream of Belen, NM. The rangeline is near river mile 152
(2012 river mile demarcations). CO-966 is downstream of the Abo Arroyo
confluence around river mile 130 (2012 river mile demarcations). This gives
around a 22 river mile stretch of the Rio Grande. Finally, LJ-6 is located
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around river mile 125 (2012 river mile demarcations), which is about two
miles downstream of the Rio Puerco confluence.

]

o T

Figure 35: Total Load Measurement Locations
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Table 15: Description of sub reaches as divided by measurement locations

Measurement Reach Identifiers Approximate
Locations River Miles
IS-678 to CO-833 Bosque Farms to Belen 15
CO0O-833 to CO-966 Belen to Abo Arroyo 13
CO0-966 to LJ-6 | Abo Arroyo to downstream of Rio Puerco 14

Table 16 provides a summary of the total load field measurement results (bed
load values obtained by Helley Smith measurements) including gains and
losses between measurement locations. Positive values indicate a decrease in
sediment load from the upstream measurement location to the downstream
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measurement location; this may indicate deposition in the channel or
floodplain. Negative values may indicate channel erosion or tributary inputs
between measurement locations.

In the reach between IS-678 and CO-833, each of the measurements saw a
decrease in total load, likely indicating that deposition was more prominent
than erosion and tributary inputs. In the reach between CO-833 and CO-966,
tributary inputs and/or bank and bed erosion was likely more prominent, and
between CO-966 and LJ-6, deposition was likely more prominent.

Table 16: Total load field measurement results

Measurement Date Discharge | Susp. Load | Bed Load |Total Load gjanl/ll__c;asj
Location (cfs) | (tons/day) | (tons/day) |(tons/day)
(tons/day)
I1S-678 5/9/2017 3,308 5,376 1,828 7,204 --
C0O-833 5/10/2017 3,037 4,265 911 5,176 2,028
C0-966 5/11/2017 3,550 6,159 1,433 7,592 (2,415)
LJ-6 5/11/2017 3,215 5,927 660 6,587 1,005
I1S-678 5/22/2017 5,030 15,965 1,748 17,713 --
CO-833 5/22/2017 4,535 6,485 1,678 8,163 9,549
CO-966 5/23/2017 4,263 6,616 1,595 8,212 (49)
LJ-6 5/23/2017 3,805 3,879 921 4,799 3,412
I1S-678 5/31/2017 3,748 7,531 1,468 8,999 --
CO-833 5/31/2017 3,100 4,118 2,189 6,308 2,691
CO-966 6/1/2017 3,348 5,091 900 5,991 317
LJ-6 6/2/2017 2,940 2,378 903 3,281 2,710
I1S-678 6/19/2017 800 277 438 714 --
C0O-833 6/19/2017 780 289 188 477 237
C0-966 6/20/2017 788 361 165 527 (49)
U-6 6/20/2017 860 274 160 433 93

7.2 One-Dimensional Sediment Modeling

A one-dimensional numerical sediment model was developed for the Isleta to
San Acacia reach using Reclamation’s Sedimentation and River Hydraulics —
One Dimension (SRH-1D) mobile boundary hydraulic and sediment transport
numerical model (Greimann, 2018). The goal of the modeling effort was to
predict future channel response to different hydrologic regimes (Huang,
2018). A brief summary of this modeling effort is described below:

e Cross section geometry is based on the underwater bathymetry
generated from the 2002 aggradation-degradation aerial photography
data collection effort (Holmquist-Johnson and Makar, 2006).

e The numerical model was calibrated using the underwater bathymetry
generated from the 2012 aggradation-degradation LiDAR data
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collection effort (Varyu, 2013) using actual hydrographs from 2002 to
2012.

Sediment transport was estimated by using the Parker (1990) sediment
transport equation combined with Engelund-Hanson sediment
transport equation. This provided the best calibration of the 2002
geometry to the 2012 geometry.

Three 20-year, unsteady state, hydrologic regimes were used to
forecast the future channel response for wet, average, and dry climatic
sequence were used representing the 10%, 50%, and 90% exceedance,
respectively.

Conclusions from the modeling effort provided the following predictions for
the future 20 year channel response (Huang, 2018):

The subreaches with the greatest deposition will be from Isleta to
Bosque Farms, and from Rio Salado to San Acacia.

The subreach with the greatest degradation will be from Bosque Farms
to the northern side of Belen.

Median sediment size will be relatively stable in the study reach,
ranging from 0.38 mm at the upstream end to 0.33 at Rio Salado and
0.37 at San Acacia.

The areas of deposition and erosion predicted by the 1-dimensional model are
roughly similar to the areas of deposition and erosion identified by the total
load field measurements during the 2017 spring snow-melt runoff.
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8.0 Riprap Sizing

8.1 Riprap Procedure

Riprap sizing was calculated for nine river maintenance sites within the Isleta
to San Acacia Reach. These sites included Highway 309, Los Trujillos, Rio
Puerco RM 127.9, Rio Puerco RM 127.5, Rio Puerco RM 127, La Joya,
Bernardo Arroyo, RM 121, and Drain Unit 7. The nominal (Dso) riprap size
required for traditional bank protection at each of these sites was calculated
using two different rip rap sizing methodologies. Guidance from de Almeida
and Martin-Vide (2009) was used to estimate riprap sizes for transverse
feature placement from the bank protection estimates. A multiplication factor
of 2.5 (de Almeida and Martin-Vide, 2009) was used for this estimation of the
riprap size required at the tip of the transverse feature. Abt et al. (2016) have
also suggested a need to increase the riprap size when placement is not
parallel to the direction of flow. Abet et al. suggested multiplying the design
velocity by a factor of 1.7 which results in a riprap size that is around or
slightly more conservative than the de Almeida approach (2009). The
2014/2015 HEC-RAS 1-dimensional numerical model was used to generate
the necessary inputs for the riprap calculations. The design flow was 20,000
cfs. Equations and calculations for the riprap sizing are provided in Appendix
B.

The first riprap methodology employed for estimating bankline riprap size is
the Army Corps of Engineers (USACE) method described in the Hydraulic
Design of Flood Control Channels (USACE, 1994). The USACE method is a
velocity-based method derived from physical scale modeling of riprap
stability that took into account bend curvature. The method is based on using
graded riprap material. An independent review (Lagasse et al., 2006) of sites
where riprap was placed found this equation to be the most comprehensive.
The USACE requires inputs that varied between each of the sites, including
average velocity at the upstream end of the bend, the local depth of flow, the
center-line radius of curvature of the bend, the water-surface width, the angle
of side slope with horizontal, and the location of riprap within the channel
(e.g. inside bend, outside bend, straight). The method also requires inputs that
did not vary between the nine evaluated sites. These values included the
channel type, specific weight of water and riprap, stability coefficient, blanket
thickness coefficient, and safety factor.

The second riprap method utilized the California Department of
Transportation (Caltrans) methodology published in a guide on rock slope
protection (Racin, 2000). The Caltrans method is also a velocity-based
method based on the layered rock slope protection. The equation provides the
minimal weight needed for the outer layer to be stable, provided the inner
layers are included in the design. An independent study (Lagasse et al., 2006)
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found this method to be acceptable if the appropriate layers were used. It was
found that this approach typically uses more riprap than a graded riprap
mixture. The equation is also based on physical scale models. The Caltrans
method uses a smaller subset of the factors employed by the USACE method.
These factors include velocity, angle of side slope, and specific weight of
water and riprap. In addition, the Caltrans Method requires a binary input of
designating whether the flow is impinging or parallel to the bank.

8.2 Riprap Results

Figure 36 shows the results of the riprap size calculations. The figure
compares the riprap sizing resulting from both the USACE and Caltrans
methodology for each of the nine sites. A secondary axis on Figure 36 shows
the riprap sizing for transverse features which incorporates the multiplication
factor suggested by de Almeida and Martin-Vide (2009). For all sites, the
USACE method prescribes larger riprap sizing than the Caltrans method,
which is expected since the USACE equation is more comprehensive than the
Caltrans equation.

The required riprap Dso size at the northern eight sites ranges between about 4
to 18 inches for continuous bank protection and from about 10 to 45 inches for
transverse riprap placement. The Drain Unit 7 river maintenance site requires
the largest nominal riprap sizes of the tested sites, around a 60 inch nominal
riprap size needed for continuous bank protection. The Drain Unit 7 river
maintenance site is close to San Acacia Diversion Dam, and in an area where
there was known numerical uncertainties in the model results since the HEC-
RAS model didn’t simulate operation at San Acacia Dam. It is therefore
possible the riprap sizes at Drain Unit 7 may be more conservative than
needed, especially for a checked water condition.
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Riprap Sizing for River Maintenance Sites
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Figure 36: Riprap sizing for longitudinal bank protection (primary axis) and transverse
placement (secondary axis) as determined by the USACE methodology and the Caltrans

methodology for river maintenance sites

9.0 Scour Estimate

9.1 Scour Procedure

Scour was calculated at ten locations within the Isleta to San Acacia Reach.
These locations were closest to the following 2012 river mile (RM)
demarcations: RM 162, RM 149 (near Los Trujillos and Highway 309
Bridge), RM 138.2, RM 130.4, RM 127.9, RM 127.5, RM 127.0, RM 124,

RM 120, and RM 116.5 (near Drain Unit 7 river maintenance site). Evaluated

scour equations were from Pemberton and Lara (1984), ASCE (2004a), and

ASCE (2004b). The 2014/2015 HEC-RAS 1-dimensional numerical model,

measurements within ESRI’s ArcMap software (version 10.4.1), and field
collected data were used to generate the necessary inputs for the scour
calculations. The design flow was 4,000 cfs. Equations, calculations, and
input values for the scour analysis are provided in Appendix C for each site.
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Since the ten sites rarely aligned perfectly with one of the HEC-RAS model
cross sections, results were extracted from either the closest input cross
section or from the nearest interpolated cross section.

Since the HEC-RAS model did not include San Acacia Diversion Dam, the
cross sections near the dam have a high level of uncertainty. Site RM 116.5
utilizes inputs from cross sections near the dam, and thus the scour estimates
from this site also have a high level of uncertainty.

Aerial photography was used in conjunction with drawing tools within ESRI’s
ArcMap software (version 10.4.1) to provide estimates of the radius of
curvature for a site’s river bend. Aerial photography was also used to
determine whether the evaluated site was on a straight reach, moderate bend,
or severe bend.

Many equations also required information about the site’s bed material size.
Sediment samples were collected throughout the reach in 2016 (Klein et al.,
2018), and the required bed material sizes for the scour equations were
derived from the nearest bed material sampling site. Because the collected
samples were spread uniformly throughout the reach, they were not always
immediately adjacent to the ten locations chosen for the scour analysis. Table
17 provides the bed material location and collection year for each of ten
evaluated scour locations. Near RM 116.5, the nearest 2016 bed material
sample was from a location miles away at the confluence of the Rio Salado
Arroyo, where material was much coarser than expected at this location. In
2012 (Tetra Tech, 2012) bed material was collected at a closer location and
was therefore used in the scour calculations.

Table 17: Bed material information used in scour equations

Site name Bed Material Sample | Bed material

Location (year) size Dso (mm)
RM 162 Agg/Deg 732 (2016) 0.60
RM 149 Agg/Deg 857 (2016) 0.43
RM 138.2 Agg/Deg 976 (2016) 0.46
RM 130.4 Agg/Deg 1061 (2016) 0.39
RM 127.9 CO-1091 (2016) 0.40
RM 127.5 CO-1091 (2016) 0.40
RM 127 CO-1091 (2016) 0.40
RM 124 LJ-18 bed (2016) 0.38
RM 120 CO-1164 (2016) 0.41
RM 116.5 RP-1203.7 (2012) 0.55
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The scour depths calculated for each of ten locations for all of the evaluated
scour equations are shown in Appendix C. Table 18 provides a range of the
calculated scour depths. The results show that the sites with the highest
potential scour include RM 130.4, RM 127.9, RM 124, and RM 116.5 (2012

river mile demarcations).

Table 18: Range of scour values which can be applied based on design needs

Site name Minimum Scour Estimate, | Maximum Scour Estimate,
feet (Equation) feet (Equation)
RM 162 1.1 (Zeller) 5.5 (Lacey)
RM 149 0 (Zeller) 5.4 (Thorne)
RM 138.2 0.7 (Neill) 4.5 (Thorne)
RM 130.4 1.6 (Zeller) 9.6 (USACE)
RM 127.9 1.3 (Neill) 9.3 (USACE)
RM 127.5 1.1 (Neill) 7.1 (USACE)
RM 127 1.1 (Neill) 5.5 (USACE)
RM 124 1.6 (Neill) 10.6 (USACE)
RM 120 0.6 (Zeller) 6.8 (Thorne)
RM 116.5 3.4 (Neill) 7.9 (USACE)
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Conclusions

This report has provided an analysis of channel hydraulics, channel
equilibrium, and bank stability within the Isleta to Rio Puerco and Rio Puerco
to San Acacia reaches to aid in understanding and identifying future work
needs.

In conclusion, the Rio Grande from Isleta to San Acacia has narrowed and
become deeper, leading to greater velocities and channel shear stress. This is
supported by this report’s findings that the river’s cross sectional flow area,
wetted perimeter, and width-depth ratio have an overall decreasing trend,
while the hydraulic radius (surrogate for channel depth), mean velocity, and
shear stress have a recently increasing trend.

The 5,000 cfs WSE has increased on average 0.9 feet between 2002 and 2012,
indicating a likely decrease in main channel conveyance capacity during that
time. Between 2012 and 2015, the 5,000 cfs WSE and conveyance capacity
have remained stable.

Bankfull discharge has had varying trends between 1962 and 2012. The
varying trends indicate the channel’s adjustment to both wetter and drier
hydrologic periods. Based on 2015 data, the bank overtops on average at
4,600 cfs in the Isleta to Rio Puerco reach, and on average at 5,500 cfs in the
Rio Puerco to San Acacia Reach. Some areas begin to overbank as low as the
2,000 to 3,000 cfs range.

Based on 2015 data, the high water threat to the levees was greatest in the
Isleta to Highway 309 (Belen) reach, and lowest in the Highway 60 to San
Acacia reach. The banks are higher than the levee toes (perched condition)
from Isleta to Highway 309, and in the rest of the reach the banks are similar
in elevation to the levee toes.

Overall, this is a fairly stable reach with relatively minor changes in the
floodplain accessibility and conveyance capacity. There are specific areas
where various changes historically have been more significant, and these areas
include near the Rio Puerco, the Rio Salado, and upstream of San Acacia
Diversion Dam. All these changes have been so variable that future trends are
not easily predictable from the past changes.

Recommendations

The following recommendations have been generated to address the negative
aspects of the current conditions and trends in the Isleta to San Acacia reach.
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e The increased channel velocities are detrimental for fish habitat.
Channel velocities can be decreased by lowering floodplains, widening
the channel including the use of side channels, or decreasing the
energy slope.

e Perched channel conditions combined with overbanking at lower flows
can be a potential threat to the levees through avulsion and prolonged
saturation, and overbanking with no return path can strand fish. Side
channels and other drains should be created to provide preferred paths
for the fish and water to return to the main channel in the Isleta to
Belen reach.

e The 5,000 cfs WSE profiles downstream of the Rio Salado show a
dramatic drop in water surface elevation over a short longitudinal
distance. This steep zone, which is almost twice the slope of the rest of
the reach, may limit fish migration given the large drop. The slope and
velocity should be investigated and a biologist should be consulted to
see how significant the slope and velocity are as a potential fish
migration constraint.
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Appendix A

BSTEM Bank and Toe Erosion Profiles
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Bank Sample No. 2 (RM 149)
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Bank Sample No. 3 (RM 138.2)
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Bank Sample No. 5 (RM 127.9)
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Bank Sample No. 6 (RM 127.5)
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Bank Sample No. 7 (RM 127)
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Bank Sample No. 8 (RM 124.2)
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Bank Sample No. 10 (RM 116.5)
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Appendix B

Rip Rap Sizing Equations and Inputs

77



Isleta to San Acacia Hydraulic Modeling Report

USACE Method

A spreadsheet was used which was developed based on the concepts of the
Army Corps of Engineer’s Engineer Manual (EM) 1601, “Hydraulic Design
of Flood Control Channels” (USACE, 1994). The equation for the USACE
method is shown in Equation 2.

Equation 2.USACE equation (USACE, 1994)

D, =5,C.C,Cd|| —L= J

Where:

D30 = riprap size of which 30 percent is finer by weight,

S¢= Safety factor (1.2),

C; = Stability coefficient for incipient failure (0.3 for angular rock),

C, = vertical velocity distribution coefficient (outside of bends = 1.283-0.2
log(R/W) or 1 for R/W > 26),

C: = thickness coefficient (1),

yw = Specific weight of water (62.4 pcf),

vs = Specific weight of riprap (165 pcf),

g = gravitation constant (32.2 ft/s?),

Ves = local depth-averaged velocity (ft/sec) at a point 20% upstream from the

toe
or Vdes = Vavg * [function (Rc/W, ChanType = Natural)],

d = local depth of flow, and

K = side slope correction factor

where 0 = angle of side slope with horizontal and
¢ = angle of repose of riprap material (40 deg)

The equation is limited to longitudinal slopes that are 2% or flatter with a
bank slope of 1.5H:1V (67%) or flatter. For the nine river maintenance sites,
Table 19 shows the input values used in calculating D3o. The median riprap
size Dso was calculated as 1.2*D3 (assuming a target gradation Dgs/D1s5 of
approximately 1.75 to 2.00).
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Table 19: Input variables generated by HEC-RAS for riprap sizing for nine river
maintenance sites

Vayg -Local R/W - d -Local 0 -Angle of
depth-averaged Bend depth of | side slope with

Site velocity (ft/s) | Curvature | flow (ft) horizontal
Highway 309 5.8 8.2 11.1 25°
Los Trujillos 7.0 4.2 11.1 27°
Rio Puerco RM 127.9 5.8 0.3 14.4 33°
Rio Puerco RM 127.5 5.8 0.5 14.4 14°
Rio Puerco RM 127 5.8 0.8 14.4 33°
La Joya 6.9 0.5 14.3 17°
Bernardo Arroyo 4.1 0.3 11.9 14°
RM 121 8.2 8.2 14.0 19°
Drain Unit 7 10.3 0.7 16.3 36°

Caltrans Method

A spreadsheet was used which was developed based on the concepts of the
Caltrans guide to rock slope protection (Racin, 2000). The equation for the
Caltrans method is shown in Equation 3.

Equation 3. Caltrans equation (Racin, 2000)

o 0.00002 V© (}}f—i)

(;—; — 1)3 sin®(r — 8)

Where:

W = computed minimum standard rock weight (Ibs), assumed to be the 30%
riprap weight,

V = average channel velocity (ft/s),

0 = angle of side slope with horizontal,

r = angle for randomly placed riprap (70°),

vw = Specific weight of water (62.4 pcf), and

vs = Specific weight of riprap (165 pcf).

The limitations for this equation are:
e (alculates minimum standard rock weight for outer layer of RSP
e Layered RSP design uses a more uniform rock size placed in multiple
layers, decreasing in size from the outer to inner layer(s)
e Relationship between size and weight assumes spherical shape

The conversion from the calculated rock weight from the Caltrans equation to

a nominal riprap diameter (D30 is based on National Cooperative Highway
Research Program Report 568 (Lagasse et al, 2006) and shown in Equation 4.
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The median riprap size Dso was calculated as 1.2*D3o (assuming a target
gradation Dgs/D1s of approximately 1.75 to 2.00).

Equation 4. Approximation of riprap size from riprap volume, assuming a spherical
shape (Lagasse et al., 20006)

7TD30)

W:)/s( 6

)

Where:

W = computed minimum standard rock weight (1bs),

vs = Specific weight of riprap (165 pcf),

n="Pi (3.1456), and

D30 = riprap size of which 30 percent is finer by weight.
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Appendix C

Scour Estimate Equations and Inputs
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Ten different scour equations were assessed for the Isleta to San Acacia reach
hydraulic analysis. The equations are derived from Pemberton and Lara
(1984), ASCE (2004a), and ASCE (2004b). The evaluated scour equations
include the mean velocity, competent velocity, Zeller general, Regime, and
bend scour estimates from Thorne, Maynord, Zeller, and USACE. These are
each described in the sections below.

C.1 Mean Velocity

The mean velocity from field measurement methodology (Pemberton and
Lara, 1984) is based on determining the mean channel depth. The depth is
determined by using a series of at least 4 cross sections and using a 1-
dimensional numerical model to compute a mean channel depth. The scour is
estimated by applying the appropriate multiplying factor (Z) developed for the
Lacey regime equation. The equation used for the Isleta to San Acacia reach
assessment is shown in Equation 5.

Equation S. Mean Depth from field measurements (Pemberton and Lara, 1984)

y. =1y,

Where y; = predicted depth of scour (feet),

Z = Lacey multiplying factor (0.75 is a severe bend and 0.5 is a moderate
bend), and

ym = mean channel depth (feet).

This approximation includes general and bend scour (ASCE, 2004a). Mean
depth values were extracted from the 2015 1-dimensional model described in
Section 3.1, Current Geometry Model (2015). Specific values for the mean
channel depth are listed in Table 20. Table 20 also provides the specific
multiplication factor used in the equation and the resultant estimate for scour
depth.

Table 20: Mean Velocity equation variables and input values

Site Ym L ys
Mean Depth (ft) Lacey adjustment factor | Depth of Scour (ft)

RM 162 2.6 0.75 1.9
RM 149 6.0 0.50 3.0
RM 138.2 4.7 0.50 24
RM 130.4 5.1 0.50 2.6
RM 127.9 5.0 0.75 3.7
RM 127.5 5.0 0.50 2.5
RM 127 5.0 0.50 2.5
RM 124 6.0 0.75 4.5
RM 120 5.1 0.50 2.6
RM 116.5 5.7 0.75 4.2
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C.2 Competent Velocity

The competent or limiting velocity control to scour methodology (Pemberton
and Lara, 1984) assumes that the scour depth is dependent upon an adjustment
in the channel bed until there is no more bed material movement. This is
considered to be an upper limit on the estimation of scour that would occur in
the deepest scour holes. The methodology relies on a comparison of the mean
channel velocity to a velocity that is competent to move certain materials. The
equation was developed for bed material that is sand or coarser (>0.3 mm)
(Pemberton and Lara, 1984). The equation used for the Isleta to San Acacia
reach assessment is shown in Equation 6.

Equation 6. Competent velocity scour method (Pemberton and Lara, 1984)

\.

[1

Where y; = predicted depth of scour (feet),

Vi = competent velocity (ft/sec) based on table in Pemberton and Lara (1984)
of competent velocities for erosion of material or local experience,

V. =mean channel velocity (ft/sec), and

ym = mean channel depth (feet).

This approximation includes general and thalweg formation scour (ASCE,
2004a). Mean depth and velocity values were extracted from the 2015 1-
dimensional model described in Section 3.1, Current Geometry Model (2015).
Specific values for the mean channel depth and velocity are listed in Table 21.
Table 21 also provides the selected competent velocity based on the mean
flow depth and the closest bed material samples collected in the Isleta to San
Acacia reach.

Table 21: Competent Velocity equation variables and input values

Vm VC
Ym . ys
Site Mean Meqn Channe} competent mean velocity Depth of
Depth (ft) Velocity at Design for significant bed Scour (ft)
(ft/s) movement (ft/s)
RM 162 2.6 3.2 2.1 1.3
RM 149 6.0 3.3 2.5 2.0
RM 138.2 4.7 3.5 2.3 24
RM 130.4 5.1 3.8 2.4 2.9
RM 127.9 5.0 33 24 1.8
RM 127.5 5.0 3.3 24 1.8
RM 127 5.0 3.3 24 1.8
RM 124 6.0 3.2 2.5 1.6
RM 120 5.1 2.9 2.4 1.1
RM 116.5 5.7 5.6 2.5 7.0
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A sand-bed equation for scour was developed by Mike Zeller in the 1980s
based on an investigation of sand-bed intermittent streams in southern Arizona
(ASCE, 2004b). The equation is for general scour only. It is possible that this

scour equation may result in negative estimated scour depths, in which

guidance (ASCE, 2004b) suggests assuming that the general scour is zero or
negligible. The equation used for the Isleta to San Acacia reach assessment is

shown in Equation 7.

Equation 7. Zeller equation for

(0.06857, %% )
Ve = Vau | —r—5— 1|

s~ 04 g 03 ,
Lovas, |

Ymax = maximum flow depth (feet),

Vm = mean channel velocity

(ft/sec),

yh = mean hydraulic depth (feet), and

S¢ = energy slope or bed slope for uniform flow conditions (feet/feet).

seneral scour (ASCE, 2004b)

Where y,s = predicted general scour depth (feet),

Max depth, mean channel velocity and hydraulic depth, and energy grade

slope were extracted from the 2015 one-dimensional model described in

Section 3.1, Current Geometry Model (2015 and listed in Table 22. Table 22
also provides the computed general scour depth.

Table 22: Zeller general scour equation variables and input values

Se
V h Y S
. Yiax Mean M}éan Energy Deptgh of
Site Max depth . . grade
(ft) velocity Hydraulic slope general
(ft/s) depth (ft) (fuft) scour (ft)
RM 162 6.0 3.2 2.6 0.0014 0
RM 149 7.1 3.3 6.0 0.0005 0
RM 138.2 7.1 3.5 4.7 0.0007 0
RM 130.4 8.1 3.9 5.8 0.0007 0
RM 127.9 7.9 3.3 5.0 0.0006 0
RM 127.5 7.9 33 5.0 0.0006 0
RM 127 7.9 3.3 5.0 0.0006 0
RM 124 7.1 3.5 6.0 0.0005 0
RM 120 8.1 3.6 6.8 0.0005 0
RM 116.5 6.1 7.2 4.8 0.0030 0.1
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C.4 Regime Equations

Three different regime equations (Neill, Lacey, and Blench) were used to
estimate scour within the Isleta to San Acacia reach. The regime
methodologies rely on obtaining field measurements (Pemberton and Lara,
1984). From these measurements a mean flood depth is obtained and an
estimate of the maximum predicted scour depth is determined by using a
multiplying factor to account for the probable concentration of flood flows
within the river. All three of these equations are assumed to include general,
bend, and thalweg formation scour (ASCE, 2004a).

C.4.1 Neill

The Neill equation is based on field measurements (bankfull discharge and
mean channel depth) within an incised reach (Pemberton and Lara, 1984). The
equations used for the Isleta to San Acacia reach assessment are shown in
Equation 8 and Equation 9.

Equation 8. Neill regime scour method (Pemberton and Lara, 1984)

' o M
[ g, |
Y=Y |

'l-h‘?;',r

Where yr = depth of scour below the design discharge water surface (feet),
yi = average depth (feet) at bankfull discharge,

qr = design discharge per unit width (ft*/sec),

qi = bankfull discharge per unit width (ft*/sec), and

m = exponent related to bed material type (0.67 for sand and 0.85 for coarse
gravel).

Equation 9. Neill predicted scour from multiplying factor (Pemberton and Lara, 1984)
ds =Z*y, f

Where ds = predicted maximum depth of scour (feet),

Z = Neill multiplying factor (0.7 is a severe bend and 0.6 is a moderate bend),
and

yr = depth of scour below the design discharge water surface (feet) from
Equation 8.

Average bankfull depths were extracted from the 2015 1-dimensional model
described in Section 3.1, Current Geometry Model (2015). Estimated bankfull
discharges, average bankfull depth, and discharges per unit width are listed
inTable 23. Table 23 also provides the estimated flood scour depth below the
design discharge’s water surface elevation and the predicted maximum scour
depth within the Isleta to San Acacia reach.
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Table 23: Neill equation variables and input values

Site Bankfull Yi qr i m Yr Z Ys
Discharge | Average Design | Bankfull Bed Scour Neill Depth of
(cfs) Depth at flood discharge | material depth adjustment scour
Bankfull | gigcharge* | perunit | exponent | o5y, factor below
Discharge per unit Wi;lth o design streambed
(® width (ftfs) floodwater
(ft%/s) level (ft)
RM 162 2,000 1.8 6.9 9.8 0.67 1.4 0.7 1.0
RM 149 1,000 3.1 5.5 7.0 0.67 2.6 0.6 1.6
RM 138.2 1,000 2.4 2.9 10.2 0.67 1.1 0.6 0.6
RM 130.4 3,000 4.5 5.3 12.5 0.67 2.5 0.6 1.5
RM 127.9 2,000 3.0 7.1 17.1 0.67 1.7 0.7 1.2
RM 127.5 2,000 3.0 7.1 17.1 0.67 1.7 0.6 1.0
RM 127 2,000 3.0 7.1 17.1 0.67 1.7 0.6 1.0
RM 124 2,000 4.5 5.6 17.7 0.67 2.1 0.7 1.5
RM 120 1,000 2.8 6.9 8.7 0.67 2.4 0.6 1.4
RM 116.5 6,000 6.7 26.2 49.8 0.67 4.3 0.7 3.0

*Design discharge is 4,000 cfs for all sites
**Varying from 0.67 (sand) to 0.85 (coarse gravel)

C.4.2 Lacey

The Lacey equation is derived from an empirical relationship relating an

estimated mean depth to a design discharge and bed material size (Pemberton

and Lara, 1984). The equations used for the Isleta to San Acacia reach

assessment are shown in Equation 10 and Equation 11.

Equation 10. Lacey regime scour method (Pemberton and Lara, 1984)

v, =@.4?!

2. |
7))

1

Where ym = mean depth (feet) at the design discharge,
Qa = design discharge (ft*/sec), and
f = Lacey silt factor, calculated as 1.76*(Ds0)">, where Dso is the median bed

material size in mm (Pemberton and Lara, 1984).

Equation 11. Lacey predicted scour from multiplying factor (Pemberton and Lara,

1984)
ds =

Z*Ym

Where ds = predicted maximum depth of scour (feet),
Z = Lacey multiplying factor (0.75 is a severe bend and 0.5 is a moderate
bend), and
ym = mean depth (feet) at the design discharge from Equation 10.

Median bed material sizes (Dso)were derived field measurements (Klein et al.,
2018). The Dso, Lacey silt factor, design discharge, and calculated mean depth
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are listed in Table 24. Table 24 also provides the predicted maximum scour

depth within the Isleta to San Acacia reach.

Table 24: Lacey equation variables and input values

Ym Ys
f Mean water Z Depth of
Site Dso | Lacey’s silt depth at Lacey scour
(mm) factor: design adjustment below
discharge* factor streambed
(ft) (fo
RM 162 0.6 1.4 6.7 0.75 5.0
RM 149 0.43 1.2 7.1 0.50 3.6
RM 138.2 0.46 1.2 7.0 0.50 3.5
RM 130.4 0.39 1.1 7.2 0.50 3.6
RM 127.9 0.4 1.1 7.2 0.75 54
RM 127.5 0.4 1.1 7.2 0.50 3.6
RM 127 0.4 1.1 7.2 0.50 3.6
RM 124 0.38 1.1 7.3 0.75 5.4
RM 120 0.41 1.1 7.2 0.50 3.6
RM 116.5 0.55 1.3 6.8 0.75 5.1

*Design discharge is 4,000 cfs for all sites
C.4.3 Blench

The Blench equation is a regime equation derived from a zero-bed sediment
transport (Pemberton and Lara, 1984). The equations used for the Isleta to San
Acacia reach assessment are shown in Equation 12 and Equation 13.

Equation 12. Blench regime scour method (Pemberton and Lara, 1984)

qr = design discharge per unit width (ft*sec), and
Fvo = Blench’s “zero bed factor”, derived from chart based on the median
(Dso) bed material size in feet (Pemberton and Lara, 1984).

Where yr= depth (ft) for zero bed sediment transport at the design discharge,

Equation 13. Blench predicted scour from multiplying factor (Pemberton and Lara,

1984)
ds =7 * Yro

Where ds = predicted maximum depth of scour (feet),
Z = Blench multiplying factor (0.6 for bends), and
yfo= depth (ft) for zero bed sediment transport at the design discharge from

Equation 12.

Median bed material sizes (Dso)were derived field measurements (Klein et al.,
2018). The design discharge and “zero-bed factor” are listed in Table 25.
Table 25 also provides the estimated depth for zero bed sediment transport at
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Table 25: Blench equation variables and input values
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Site qr Fuo Yo Zp ys
Design flood Blench's Depth for Blench Depth of
discharge per | "zero bed zero bed adjustment | scour below

unit width factor" sediment factor for streambed
(ft%/s) transport | severe bend (ft)
(ft)

RM 162 6.9 1.4 3.2 0.6 1.9

RM 149 5.5 1.3 2.8 0.6 1.7

RM 138.2 2.9 1.3 1.9 0.6 1.1

RM 1304 5.3 1.3 2.8 0.6 1.7

RM 127.9 7.1 1.3 34 0.6 2.0

RM 127.5 7.1 1.3 34 0.6 2.0

RM 127 7.1 1.3 34 0.6 2.0

RM 124 5.6 1.3 2.9 0.6 1.7

RM 120 6.9 1.3 3.3 0.6 2.0

RM 116.5 26.2 1.4 7.9 0.6 4.7

C.5 Thorne, bend

This is an empirical scour equation developed by C.R. Thorne in the 1990s
(ASCE, 2004a; ASCE, 2004b). The equation is for general, bend and thalweg
formation. The equation is limited to ratios of the radius of curvature over top
width greater than two. The equation used for the Isleta to San Acacia reach
assessment is shown in Equation 14. The equation predicts a maximum water
depth from which a scour depth can be estimated as shown in Equation 15.

Equation 14. Thorne bend scour equation (ASCE, 2004a)

- .
7

= =207 - 0.1 log | -2

¥V W

Where ymax = maximum water depth in the bend (feet),

yu = average depth in the upstream crossing (feet) at the design discharge,

r. = radius of curvature(ft), and

W. = water surface width at the upstream bend (feet) at the design discharge.

Equation 15. Equation to predict Thorne bend scour

Ys = Ymax — Yu

Where y; = predicted maximum depth of scour (feet),
ymax = maximum water depth in the bend (feet), and
yu = average depth in the upstream crossing (feet) at the design discharge.

Channel widths and depths, required for the equation, were extracted from the
2015 one-dimensional model described in section 3.1, Current Geometry
Model (2015. These values, along with the estimated max depth and predicted
scour depth are shown in Table 26.
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Table 26: Thorne equation variables and input values

Yu
. W, Avg flow Ymax ¥s
. LC Upstream depth in Maximum Max scour
Site Radius of . .
curvature (ft) baqkfull top crossing Water depth depth in
width (ft) upstream in bend (ft) bend (ft)
of bend (ft)

RM 162 3,076 297 2.6 4.8 2.3
RM 149 5,022 198 6.0 10.9 4.9
RM 138.2 3,002 209 4.7 8.8 4.1
RM 130.4 614 164 5.8 11.8 6.0
RM 127.9 703 235 5.0 10.3 53
RM 127.5 1,282 235 5.0 9.8 4.8
RM 127 1,802 235 5.0 9.6 4.6
RM 124 615 191 6.0 12.3 6.3
RM 120 3,330 370 6.8 12.9 6.1
RM 116.5 592 160 4.8 9.7 4.9

C.6 Maynord, bend

This is an empirical scour equation developed by S.T. Maynord in the 1990s
(ASCE, 2004a; ASCE, 2004b). The equation is for general, bend and thalweg
formation. The equation is limited to ratios of the radius of curvature over top
width between 1.5 and 10. The equation should also only be used when the
ratio of the top width to the upstream bend mean flow depth at the design
discharge is between 20 and 125. The equation used for the Isleta to San
Acacia reach assessment is shown in Equation 16. The equation predicts a
maximum water depth from which a scour depth can be estimated as shown in
Equation 17

Equation 16. Maynord bend scour equation (ASCE, 2004a; ASCE, 2004b)

Vombe _ 1.8—0.{}54 f: ]+O.G{}8J[ W, ]
-:I'.H 'kﬂ?u_.z . :l-u A

Where ymbx = maximum water depth in the bend (feet),

yu = average depth in the upstream crossing (feet) at the design discharge,

rc = centerline radius of curvature(ft), and

W, = water surface width at the upstream bend (feet) at the design discharge.

Equation 17. Equation to predict Maynord bend scour
Vs = Ymbx — Yu

Where ys = predicted maximum depth of scour (feet),
Ymbx = maximum water depth in the bend (feet), and
yu = average depth in the upstream crossing (feet) at the design discharge.

Channel widths and depths, required for the equation, were extracted from the
2015 one-dimensional model described in section 3.1, Current Geometry
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ESRI’s ArcMap (vserion 10.4.1). These values, along with the estimated max
depth and predicted scour depth are shown in Table 27.

Table 27: Maynord equation variables and input values

Yu
. W Avg flow Ymbx Vs
. € Upstream depth in Maximum Max scour
Site Radius of . .
curvature (ft) ban'kfull top crossing Water depth depth in
width (ft) upstream in bend (ft) bend (ft)
of bend (ft)
RM 162 3,076 297 2.6 5.7 NA*
RM 149 5,022 198 6.0 4.7 NA*
RM 138.2 3,002 209 4.7 6.8 NA*
RM 130.4 614 164 5.8 10.8 NA*
RM 127.9 703 235 5.0 10.2 5.2
RM 127.5 1,282 235 5.0 9.6 4.6
RM 127 1,802 235 5.0 9.0 4.0
RM 124 615 191 6.0 11.4 NA*
RM 120 3,330 370 6.8 12.2 54
RM 116.5 592 160 4.8 9.0 NA*

*Not applicable because the input variables are outside the equation limitations

C.7 Zeller, bend
This is an empirical scour equation developed by M. Zeller in the 1980s
(ASCE, 2004a; ASCE, 2004b). The equation is for a maximum bend scour in
a sand-bed river. The equation used for the Isleta to San Acacia reach
assessment is shown in. The equation predicts a maximum water depth from

which a scour depth can be estimated as shown in Equation 17
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Where yps = predicted bend scour depth (feet),

Equation 18. Zeller bend scour equation (ASCE, 2004a; ASCE, 2004b)

ymax = maximum upstream flow depth (feet) at the design discharge,

V = mean upstream channel velocity (ft/sec),
yh = mean upstream hydraulic depth (feet),
Se = upstream energy slope (feet/feet), and

o = angle formed by a line projected from the channel centerline at the point
of curvature to a line tangent to the outer bankline (°)

Max depth, mean channel velocity and hydraulic depth, and energy grade
slope were extracted from the 2015 one-dimensional model described in
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section 3.1, Current Geometry Model (2015. These are also listed in Table 28.
Table 28 also provides the predicted bend scour.

Table 28: Zeller bend scour equation variables and input values

Site Y max \% Vh Se o Ybs
Max depth Mean Mean Upstream angle formed Depth
of velocity of | hydraulic energy between a line of
upstream upstream depth of slope projected from bend
flow at flow at upstream channel centerline | scour
design design flow (ft) and a line tangent (ft)
discharge | discharge to outer bank
(ft) (ft/s) (radians)
RM 162 6.0 3.2 2.6 0.0014 0.47 1.0
RM 149 7.1 3.3 6.0 0.0005 0.26 0
RM 138.2 7.1 3.5 4.7 0.0007 0.66 2.5
RM 1304 8.1 3.9 5.8 0.0007 0.47 1.4
RM 127.9 7.9 3.3 5.0 0.0006 0.49 1.5
RM 127.5 7.9 3.3 5.0 0.0006 0.49 1.5
RM 127 7.9 3.3 5.0 0.0006 0.44 1.1
RM 124 7.1 3.5 6.0 0.0005 0.72 2.9
RM 120 8.1 3.6 6.8 0.0005 0.37 0.6
RM 116.5 6.1 7.2 4.8 0.0030 1.05 5.1

C.8 USACE, bend

This is an empirical scour relationship developed by USACE in the 1990s
(ASCE, 2004a; ASCE, 2004b). The relationship is determined by reading
nomographs for both gravel and sand bed systems developed from data
collected on natural fluvial systems. The nomographs relate the ratio of the
centerline radius of curvature divided by the water surface width at the design
discharge (R./W) to the ratio of the max water depth divide by the mean water
depth in the approach channel. The developed relationship is an upper
envelope fit for maximum bend scour for the evaluated fluvial systems.
Because all of the evaluated bends are primarily composed of sand bed
material, only the sand nomograph was used for the Isleta to San Acacia scour
assessment.

Channel widths and depths, required for the nomograph ratios, were extracted
from the 2015 one-dimensional model described in section 3.1, Current
Geometry Model (2015. Radius of curvature was measured along the
centerline within ESRI’s ArcMap (vserion 10.4.1). These are listed in Table
29. The maximum water depth is determined by using Equation 19 and the
predicted scour is determined by

Equation 19. Equation to predict max water depth from USACE nomograph

Ymax
Ymax =~ *Vu

u
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Where ymax = maximum water depth in the bend (feet),

Ymax/Yu = ratio read from the USACE nomograph for sand bed channels
(ASCE, 2004a; ASCE, 2004b), and

yu = mean water depth in the upstream crossing (feet) at the design discharge.

Equation 20. Equation to predict max bend scour from USACE max water depth
Vs = Ymax — Yu

Where y; = predicted maximum depth of scour (feet),
ymax = maximum water depth in the bend (feet) estimated by Equation 19, and
yu = average depth in the upstream crossing (feet) at the design discharge.

The estimated maximum water depth and bend scour are also listed in Table
29.

Table 29: USACE equation variables and input values

Site Ic W Vimax/Yu Yu Ymax ¥s
Radius of | Upstream Max water Mean Maximum Max
curvature | bankfull | depth in bend water water depth | scour

(ft) top width | /mean water | depthin | inbend (ft) | depth
(ft) depth in approach in bend
approach channel (ft)
channel* (ft)

RM 162 3,076 297 1.8 2.6 4.6 2.0

RM 149 5,022 198 1.2 6.0 7.2 1.2

RM 138.2 3,002 209 1.6 4.7 7.6 2.8

RM 1304 614 164 2.5 5.8 14.6 8.7

RM 127.9 703 235 2.7 5.0 13.5 8.5

RM 127.5 1,282 235 2.3 5.0 11.2 6.2

RM 127 1,802 235 2.0 5.0 10.0 5.0

RM 124 615 191 2.6 6.0 15.6 9.6

RM 120 3,330 370 1.9 6.8 12.8 6.1

RM 116.5 592 160 2.5 4.8 11.9 7.2

*Value from USACE nomograph for sand bed channel (ASCE, 2004a; ASCE, 2004b).

C.9 Scour Results by Site

The following tables show the calculated scour for each of the above scour
equations at each site. The estimates for the Zeller bend and general scour are
coupled together for an overall Zeller scour estimate. A safety factor of 1.1 is
also calculated for each of the sites. The tables show that the sites with the
highest potential scour include RM 130.4, RM 127.9, RM 120, and RM 116.5.
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Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 1.0 incl. incl.
General & Thalweg n/a 13 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 1.9 13 10 50 19 *NA 10 23 20
Thalweg
Total Scour 1.9 1.3 1.0 5.0 1.9 *NA 1.0 2.3 2.0
Total Scour w/SF=1.1 2.1 1.4 1.1 5.5 2.1 *NA 1.1 2.5 2.2
*Not applicable because the input variables are outside the equation limitations
Table 31: Site RM 149 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 0 incl. incl.
General & Thalweg n/a 2.0 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 3.0 2.0 16 36 1.7 *NA 0 4.9 1.2
Thalweg
Total Scour 3.0 2.0 1.6 3.6 1.7 *NA 0 4.9 1.2
Total Scour w/SF=1.1 3.3 2.2 1.7 3.9 1.9 *NA 0 5.4 13
*Not applicable because the input variables are outside the equation limitations
Table 32: Site RM 138.2 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 2.5 incl. incl.
General & Thalweg n/a 2.4 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 2.4 2.4 06 35 1.1 *NA 25 41 2.8
Thalweg
Total Scour 2.4 2.4 0.6 3.5 11 *NA 2.5 4.1 2.8
Total Scour w/SF=1.1 | 2.6 2.6 0.7 3.9 1.2 *NA 2.8 4.5 3.1

*Not applicable because the input variables are outside the equation limitations
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Table 33: Site RM 130.4 scour calculation results

Mean Competent
Scour Component Velocity Velocity Neill  Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 1.4 incl. incl.
General & Thalweg n/a 2.9 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 2.6 2.9 15 36 17 *NA 14 60 8.7
Thalweg
Total Scour 2.6 2.9 1.5 3.6 1.7 *NA 1.4 6.0 8.7
Total Scour w/SF=1.1 2.8 3.2 1.7 4.0 1.8 *NA 1.6 6.6 9.6
*Not applicable because the input variables are outside the equation limitations
Table 34: Site RM 127.9 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 1.5 incl. incl.
General & Thalweg n/a 1.8 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 3.7 18 12 54 2.0 5.2 15 53 8.5
Thalweg
Total Scour 3.7 1.8 1.2 54 2.0 5.2 1.5 5.3 8.5
Total Scour w/SF = 1.1 4.1 2.0 13 5.9 2.2 5.7 1.7 5.9 9.3
Table 35: Site RM 127.5 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl.  incl. incl. incl. 0 incl. incl.
Bend only incl. incl.  incl. incl. incl. 1.5 incl. incl.
General & Thalweg n/a 1.8 nfa n/a n/a n/a n/a n/a n/a
General, Bend, 2.5 18 10 36 20 4.6 15 48 65
Thalweg
Total Scour 2.5 1.8 1.0 3.6 2.0 4.6 1.5 4.8 6.5
Total Scour w/SF =1.1 2.7 2.0 1.1 4.0 2.2 5.0 1.7 53 7.1
Table 36: Site RM 127 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 1.1 incl. incl.
General & Thalweg n/a 1.8 nfa n/a n/a n/a n/a n/a n/a
General, Bend, 2.5 18 10 36 20 4.0 11 46 5.0
Thalweg
Total Scour 2.5 1.8 1.0 36 2.0 4.0 11 4.6 5.0
Total Scour w/SF = 1.1 2.7 2.0 1.1 4.0 2.2 4.4 1.2 5.1 5.5
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Table 37: Site RM 124 La Joya scour calculation results

Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne  USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 29 incl. incl.
General & Thalweg n/a 16 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 4.5 16 15 5.4 1.7 *NA 2.9 6.3 9.6
Thalweg
Total Scour 4.5 1.6 15 5.4 1.7 *NA 2.9 6.3 9.6
Total Scour w/SF=1.1 5.0 1.7 1.6 6.0 1.9 *NA 3.2 7.0 10.6
*Not applicable because the input variables are outside the equation limitations
Table 38: Site RM 120 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0 incl. incl.
Bend only incl. incl. incl. incl. incl. 0.6 incl. incl.
General & Thalweg n/a 1.1 nfa n/a n/a n/a n/a n/a n/a
General, Bend, 26 1.1 14 36 20 5.4 06 6.1 6.1
Thalweg
Total Scour 2.6 11 14 36 2.0 5.4 0.6 6.1 6.1
Total Scour w/SF = 1.1 2.8 1.2 1.6 3.9 2.2 6.0 0.6 6.8 6.7
Table 39: Site RM 116.5 scour calculation results
Mean Competent
Scour Component Velocity Velocity Neill Lacey Blench | Maynord Zeller Thorne USACE
General only incl. incl. incl. incl. incl. incl. 0.1 incl. incl.
Bend only incl. incl. incl. incl. incl. 5.1 incl. incl.
General & Thalweg n/a 7.0 n/a n/a n/a n/a n/a n/a n/a
General, Bend, 4.2 7.0 30 51 47 *NA 5.2 4.9 7.2
Thalweg
Total Scour 4.2 7.0 3.0 5.1 4.7 *NA 5.2 4.9 7.2
Total Scour w/SF = 1.1 4.7 7.7 34 5.6 5.2 *NA 5.7 5.4 7.9

*Not applicable because the input variables are outside the equation limitations

95




RECLAMATION

Managing Water in the West

Isleta to San Acacia Geomorphic
Analysis

Middle Rio Grande Project, NM
Upper Colorado Region

U.S. Department of the Interior
Bureau of Reclamation March 2018



Mission Statements

The mission of the Department of the Interior is to protect and
manage the Nation’s natural resources and cultural heritage;
provide scientific and other information about those resources; and
honor its trust responsibilities or special commitments to American
Indians, Alaska Natives, and affiliated island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.



Isleta to San Acacia Geomorphic
Analysis

Middle Rio Grande Project, NM

Upper Colorado Region

Report Prepared by

Michelle Klein, PE, Hydraulic Engineer
Cameron Herrington, EIT, Hydraulic Engineer
Jonathan AuBuchon, PE, Hydraulic Engineer
Tony Lampert, PE, Hydraulic Engineer

Report Reviewed by
Ari Posner, PhD, Physical Scientist
Chi Bui, PE, Hydraulic Engineer

Reclamation River Analysis Group,
Technical Services Division

Cover Photographs. Rio Grande looking downstream from ~RM 118 (2002 river miles) by Jonathan AuBuchon on
May 17,2016

m

U.S. Department of the Interior
Bureau of Reclamation March 2018



Contents

CONTENTS

ACKNOWIEAZIMENTS......oviiiiiiiiiciieeie ettt ettt e et ebeebeessaeeseesanaens v
EXECUtIVE SUMMATY ...cueiiiiiiiiiiiiciieieetctee ettt 1
1.0 TNEOAUCHION ..ottt ettt 6
2.0 Background Information and Project PUrpose..........cccceevvvevieeciieniencieeniieeies 8
3.0 Assessment of Geomorphic DITVETS ........cocvevuieiiniiniiiiiiiieeicececeeeeee 8
Bl FLOW ettt et 10
3011 MAGNitude ..coceveeeiieiieiecieeee et ens 11
3.1.1.1 Single Mass CUIVES......cccueevirierienieniieieniesieeee ettt 11

3.1.1.2 Water Magnitude PIOtS .........ccoocuiriiiniiieiiiiieieeeeece e 23

3.1.1.3 Groundwater FIOWS.......cc.coouerirriinienieieeesteeee e 28

3.1.1.4 Precipitation Data...........ccccveeeiiiieiiiiieciieeeiie et 43

3. 1.2 FIOQUENCY .cuueiiiiiie ettt ettt et e st e s e e s 49

3. 1.3 DIUTALION ittt sttt s eas 51

3.2 SedimMeENt SUPPLY .ccuveeeieiieeiiieeie ettt et e e e e e e e aae e eraeeebeeeenns 55
3.2.1 Suspended Sediment...........cceeevuieriiiiiienieeiieie et 55
3.2.1.1 Single Mass CUIVES.....cc.ccevieruieeiieiieeieeieeeereeieesaeesreesseeseeseneens 55

3.2.1.2 Double Mass CUIVES ......ccouieiuiiiiiiiieiieeiiesiie ettt 61

3.2.1.3 Average Monthly HiStograms...........cccceeeeeriienienieeniienieeieeneens 68

3.2.1.4 Difference Mass CUIVES.......cccceviiriieinieeniiinieiieenieeeesee e 72

3.2.1.5 Seasonal effects on suspended sediment.............cccceeeveeeeirennennns 74

3.2.1.6 Effective suspended sediment discharge ...........ccccceevverciiiniennnnnns 75

3.2.2 Total Load.....coueeiiiieiieeeeeee e 80
3.2.2.1 Total Load CUIVeS......ccceeiiieiieiiiiieeiie et 80

3.2.2.2 Total Load Effective Discharge Curves..........cccoeeveeruienreenieennnnns 86

4.0 Assessment of Geomorphic Parameters...........c.coeeveveviieeiiieeiieenciieeeieeeenn 88
4.1 Channel Width .........cooiiiiiii e 90
4.1.1 Longitudinal Channel and Valley Width Schematic ..........c...ccccuee.e. 91
4.1.2 Average reach Width ..........ccccoeviiiiiiiiiiniicccc e 92

4.2 Channel location/planform............cceeeeiiieriieeniie e 94
4.2.1 Planform Classification on the Rio Grande .............cccceeevvveviirenneennne. 95



Contents

4.2.2 Planform Classification — Rio PUErco.........ccoverviinieneeiienienieieees 108
4.2.3 Vegetation treNdS .........ceccviieeiiieeriieeiieeerieeeseeeeeeeeveeereeesreeesaee e 111
4.2.4 1S1and trendS ...c..eeviriieiieiieieeee e 116

4.3 Channel SIOPE ......cccvieruiieiiieiieeiieeie ettt ettt et sae b e seaeesaeenaaens 119
4.3.1 Reach Average Bed SIOPE ......coooviieciiieiiieeieeeeeeeeee e 119
4.3.2 Reach Average Energy Grade Slope.........ccccoevieeiiieniieiieniecieeeee, 120
4.3.3 Longitudinal River Profiles..........c.ccooieviiiiiieniiniieieceeeeceeee 122

4.4 Channel SINUOSILY .....eecvviieriieeeiieeeiieeeiee et e ere e e e e et e e ereeesaeeesnsees 126
4.5 Bed material $iz€ and tYPE .......c.eeveeeiiierieeiiieeie ettt 127
4.5.1 Median (Ds0) and Ds4 bed material S1Zes .........cccecvveveieeciienienieenenne, 128
4.5.2 Bed particle stability .......ccccecceeeriieeiiie e 131
4.5.2.1 Critical Shear Stress........coovuirieriiieiieiieeeeee e 131
4.5.2.2 Channel Shear Stress.........ooverierierierieniereeeeee e 132

4.6 Channel and Floodway Topography .........ccccceeeveeeiiieeciieeiiieeeeeeiee e 136
4.6.1 Hydrographic Cross Section COmpariSOn.........cccueeverveeruereeneenuennens 136
4.6.2 Rangeline Grouping and Typical Representatives............cccccveennenee. 138

4.7 Terrace MaPPING......cceccuvieeiieeeiiieeeiieesieeesteeesreeesareeesreesseeesseeessseeens 150

5.0 Future Channel RESPONSE .........ccoueeiirieriiiiiniiieeieeienieceeeese e 165
5.0.1 Qualitative Geomorphic Relationships..........cccceeevveviieeiieniienieenenne, 167
5.0.2 Planform Evolution Models...........ccooouiiiiiniiiiiiniiiieceeeeee 171
5.0.3 CONCIUSIONS.....ccuiiieiiieciie ettt et et ree e e 172

6.0 RETEIENCES......eiueiiiiiiiiieiie et 177
Appendix A: 2016 Bed Material Collections............ccccveeeeieeecieeecieenreeeeieeeene A-1
Appendix B: Channel Trend Comparisons for Isleta to San Acacia .................. B-1

v



Acknowledgments

Acknowledgments

This work has been greatly benefited by the persistent data collection of the U.S.
Geological Survey, technical work members of the River Analysis Group in
Reclamation’s Albuquerque Area Office, and historical work to date on the Rio
Grande through this reach, much of which has been cited throughout this report.
Also many thanks to Chi Bui, Ari Posner, and Robert Padilla for their review of
this work.



Executive Summary

The Bureau of Reclamation (Reclamation) has authority for river channel
maintenance on the Rio Grande between Velarde, New Mexico, and the
headwaters of the Caballo Reservoir. Reclamation regularly monitors changes in
the river channel and evaluates channel and levee capacity in an effort to identify
river maintenance sites where there is concern about possible damage to riverside
facilities. The Rio Grande between Isleta and San Acacia Diversion Dams was
identified as an area of river maintenance concern due to confinement by spoil
levees on both sides and the increasing vegetation encroachment. This reach is
approximately 53 river miles in length and flows through the communities of
Isleta Pueblo, Los Lunas, and Belen.

This report provides an analysis of geomorphic and hydraulic observations within
the Isleta Dam to Rio Puerco and Rio Puerco to San Acacia reaches. This helps
evaluate changes that have and are occurring in the riverine system and aids in
understanding future channel responses and identifying viable future activities.

Flow and sediment supply are the two main drivers of geomorphic change on the
Rio Grande (Makar and AuBuchon, 2012). An analysis of the magnitude,
frequency, and duration of discharge in the Rio Grande and sediment supply
provide indications of how the drivers have changed. Major findings related to the
drivers of geomorphic changes between Isleta and San Acacia are summarized as
follows:

e The annual water volume on the Rio Grande between Isleta to San Acacia
has reduced in recent years (from late 2000s to early 2010s) from about
0.8 million acre-feet per year to 0.4 million acre-feet per year (3.1.1.1
Single Mass Curves p. 11).

¢ Rio Grande is primarily driven by the spring snow-melt runoff, but there is
also high, flashy peaks from rainfall-runoff during the late summer-early
fall monsoon season. The tributaries to the Rio Grande through this reach
are primarily influenced by the monsoon rainfall-runoff period (3.1.1.2
Water Magnitude Plots p. 23).

e Peak discharges during the spring snow-melt from Isleta to San Acacia
have decreased from the mid-1980s until the early 2010s. Peaks from the
1990s are similar to peaks in the 2000s. (3.1.1.2 Water Magnitude Plots p.
23).

e The depth to the shallow groundwater aquifer has been increasing over the
last decade, likely due to thalweg incision. There is a strong correlation
between the shallow groundwater aquifer depth fluctuations and
fluctuations in the river discharge (3.1.1.3 Groundwater Flows p.28).



Local precipitation, annual average between 6 and 8 inches, primarily
occurs from July through September via high magnitude but short duration
events (3.1.1.4 Precipitation Data p. 43).

The frequency of high flow events has decreased during the 1990s and
2010s compared to the mid-1970s through the late 1990s (3.1.2 Frequency
p.49).

Frequency of low flow events has increased at the Albuquerque USGS
gage from the 1990s to the early 2010s, but decreased slightly for the
Bernardo and San Acacia USGS gages (3.1.2 Frequency p.49).

Duration of flow events > 500 cfs has decreased between 1995 and 2015.
(3.1.3 Duration p.51).

Annual suspended sediment discharge has decreased since the early 1970s
on the Middle Rio Grande upstream of the Rio Puerco. Below the Rio
Puerco confluence the sediment discharge has fluctuated with a relatively
constant trend between 2 and 5 million tons/year. (3.2.1.1 Single Mass
Curves p.11).

The Rio Puerco annual suspended sediment yield has decreased since the
late 1970s (3.2.1.1 Single Mass Curves p. 55).

The mean annual suspended sediment concentration measured at San
Acacia tends to be twice that measured at Albuquerque. The average
suspended sediment concentration at Albuquerque between 2012 and 2014
was 1,262 mg/L, while at San Acacia the average concentration between
2007 and 2014 was 3,554 mg/L (3.2.1.2 Double Mass Curves p. 61).
Highest suspended sediment concentrations within this study reach occur
in the months of July through September. The largest suspended sediment
discharge (tons/day), however, occurs in May at the upstream end of this
reach (Albuquerque USGS gage) and in August at the downstream end of
this reach (San Acacia USGS gage). (3.2.1.3 Average Monthly
Histograms, p.68).

Since the 2000s, the Rio Grande appears to be storing suspended sediment
in the reach between Albuquerque and Bernardo based on the decrease in
suspended sediment mass observed between the USGS gages. However, in
the reach between Albuquerque and San Acacia the Rio Grande appears to
be mining suspended sediment based on the increase in suspended
sediment mass observed between the USGS gages. The Rio Puerco, Rio
Salado, and other tributaries between Bernardo and San Acacia are likely
the main factors contributing to this observation (3.2.1.4 Difference Mass
Curves, p. 72).

The effective discharge for suspended sediment (discharge at which the
most suspended sediment is moved) has increased in recent decades
between Albuquerque and Bernardo from around 900 cfs to just over
1,000 cfs. The effective discharge for suspended sediment between
Bernardo and San Acacia however, has decreased from around 900 cfs to
about 750 cfs (3.2.1.5 Effective Suspended Sediment Discharge Curves, p.
74.



e The predominant sediment moved through the reach are sands and finer
material (silts/clays), being almost two orders of magnitude higher yield
than gravels. (3.2.2.2 Total Load Curves, p. 80).

e Based on total load calculations from collected samples from the early
1990s through 2010 at the San Acacia USGS gage, the predominant
material transported by the river is sand (~68%). Finer material (silts and
clays) constitutes around 32% of the total load at the San Acacia gage.
(3.2.2.2 Total Load Curves, p. 80).

e The effective discharge for total load (discharge at which the most total
load is moved) has decreased at San Acacia in recent decades from 940 cfs
to around 750 cfs (3.2.2.2 Total Load Effective Discharge Curves p. 86).

Geomorphic change within the Isleta to Rio Puerco and the Rio Puerco to San
Acacia reaches have also been assessed using six parameters: width, slope,
sinuosity, planform, channel topography, and bed material size. A summary of the
major observations for the six analyzed geomorphic parameters are as follows:

e The average and range of the active channel width has decreased
throughout the Isleta to San Acacia reach of the Rio Grande since the
1960s. The average active channel width in 2016 for the Isleta to Rio
Puerco reach was just under 180 feet, while the Rio Puerco to San Acacia
reach was just over 150 feet (4.1 Channel Width p. 90 and 4.6 Channel
and Floodway Topography p. 136).

e The Rio Grande planform between Isleta and San Acacia Diversion Dams
has shifted from a multi-threaded channel to a primarily single thread
channel between the 1990s and early 2010s (4.2.1 Planform
Classification on the Rio Grande p. 95).

e Potential exists for the river to deepen and narrow in the Isleta to Rio
Puerco reach, potentially creating conditions for lateral migration of the
banklines. A higher terrace adjacent to the active channel in the Rio
Puerco to San Acacia reach may also create a tendency for banks to
laterally migrate. (4.2.1 Planform Classification on the Rio Grande p. 95)

e Vegetation cover has increased as much as 20% on the Rio Grande since
the 1990s, which has affected the local sinuosity and reach width. (4.2.1
Planform Classification on the Rio Grande p. 95 and 4.2.3 Vegetation
Trends p.111) .

e The number and area of mid-channel bars has decreased as mid-channel
bars have become attached to the banklines. (4.2.4 Island Trends p.116)

e The slope of the Rio Grande through the Isleta to San Acacia reach has
decreased from the 1980s to early 2010s. The slope of the Rio Grande
from Isleta to the Rio Puerco has decreased from the 2000s to the early
2010s, while the slope of the Rio Grande from Rio Puerco to San Acacia
has increased during the same time period (4.3 Channel Slope p. 119).

e The sinuosity of the Isleta to Rio Puerco geomorphic reach is currently
increasing. The sinuosity of the Rio Puerco to San Acacia geomorphic



reach is currently experiencing a slight increase (4.4 Channel Sinuosity p.
126).

e Bed material, primarily sands, tends to be coarsening between the Isleta
and San Acacia Diversion Dams. Shear stress and particle stability
analysis on the bed materials indicate that bed material is unstable except
around the Rio Salado confluence, where bed material is gravel (4.5 Bed
Material Size and Type p. 127).

e An assessment of the channel and floodway topography between the mid-
1990s and mid-2010s indicates that in some areas (between Los Lunas,
NM and Casa Colorado, NM and upstream of San Acacia Diversion Dam)
the river has incised. But there are other areas (Isleta Diversion Dam to
Los Lunas, NM and Casa Colorado, NM to just upstream of San Acacia
Diversion Dam) where the river has aggraded. The change in the bank
height follows a similar trend. The increase in bank height is due to a
combination of channel incision and vertical accretion of sediment on
mid-channel bars and at the bankline. (4.6 Channel and Floodway
Topography p. 136).

e The Rio Grande between Isleta and San Acacia has various terrace
surfaces. Between Isleta Diversion Dam and Tome, NM the active channel
is slightly perched relative to the adjacent floodplain. From Abeytas, NM
to San Acacia Diversion Dam a majority of the floodplain surfaces are
high and elevated above the active channel. The area between Tome, NM
and Abeytas, NM has a mix of these two characteristics (4.7 Terrace
Mapping p. 150).

The Rio Grande between Isleta and San Acacia Diversion Dams is generally
shifting to a single thread channel, becoming narrower, decreasing in slope, and
becoming more sinuous over the last 10-15 years. The two portions of the reach
experiencing deepening along the channel thalweg include the Rio Grande from
the Los Lunas, NM to Casa Colorado, NM and just immediately upstream of the
San Acacia Diversion Dam. The rest of the Rio Grande through this reach has
experienced channel aggradation along the thalweg. Most of the Rio Grande has
also experienced significant floodplain deposition from the 1990s until the mid-
2010s.

River trends expected to continue within the Isleta to San Acacia reach are
channel depth increasing (channel incision and/or bank height increase), active
channel width narrowing, slope decreasing, bed material coarsening, meander
wavelength decreasing, and sinuosity increasing. The channel depth increase, plus
sedimentation in the floodplain will continue to diminish floodplain connectivity
and increase channel uniformity. The absence of higher river flows will also
likely promote the continued vegetation encroachment along river banks and
within inter-channel sand bars, further decreasing the active channel width. If the
channel incision, however, extends below the root zones of riparian species, banks
would likely be more susceptible to bank erosion. If the river begins to laterally



migrate from active bank erosion, the active channel width in local areas could
increase.

Potential river maintenance concerns within the Isleta to Rio Puerco reach include
increased risk of infrastructure adjacent to the active channel and ineffective
transport of sediment and water downstream. Areas between Los Lunas, NM and
Casa Colorado, NM are currently the most at risk for lateral migration of the
active channel. Isleta Diversion Dam to Tome, NM, and to a lesser extent Tome,
NM to Abeytas, NM are the reaches most susceptible to ineffective transport of
sediment and water as the floodplain adjacent to the active channel tends to be
higher than terrain adjacent to the constraining infrastructure (e.g. perched
channel conditions). Improving active channel-floodplain connection would likely
be beneficial, as would providing streambank protection paralleling the
constraining infrastructure. This would help hydraulically protect the adjacent
infrastructure while still providing the river some freedom to make adjustments.
Mechanical intervention, through the removal of vegetation and re-connection of
lower terraces or lowering of higher terrace adjacent to the active channel, may
temporarily provide improved floodplain connection. If fluvial processes are able
to continually remove newly established vegetation, sinuosity may increase,
further improving the morphological diversity within the active channel. These
effects, however, would not be sustainable unless longer term changes in the
sediment and water discharge loads were experienced (5.0 Future Channel
Response p. 164).

River trends expected to continue within the Rio Puerco to San Acacia reach are
channel depth decreasing (channel aggradation), active channel width narrowing,
slope increasing, bed material fining, meander wavelength decreasing, and
sinuosity increasing. If channel aggradation continues floodplain connectivity
may increase. This would be controlled to a large extent by the influence of larger
bed material around the Rio Salado acting like a grade control. Since this reach
currently has high terraces adjacent to the active channel, the majority of the reach
is currently susceptible to bank erosion on these surfaces through lateral
migration. The future expectation would be for small aggradational changes
within the active channel, with a tendency towards lateral migration and increased
channel sinuosity. If the sediment supply increases or the grade control at the Rio
Salado is more pronounced then floodplain connectivity to the high terrace may
increase and reduce the lateral migration. This potential future lateral connection
to the floodplain would tend to decrease the channel uniformity and increase the
morphological channel complexity and diversity.

Within the Rio Puerco to San Acacia Reach, potential river maintenance concerns
include the increased risk of infrastructure adjacent to the active channel,
especially where the valley is narrow downstream of the Rio Salado, ineffective
transport of sediment and water downstream, and increased risk of flooding.
Removal of vegetation near the bank may exacerbate the lateral migration and
provide an opportunity for an inset floodplain to develop adjacent to the active



channel. Vegetation growth, naturally or through bio-engineering methods, would
tend to provide additional stability near infrastructure. The establishment of an
inset floodplain, through encouraging lateral migration or by creating floodplain
surfaces in the higher terrace, would help convey the effective transport of water
and sediment downstream. Methods that rehabilitate the active channel capacity
and/or strengthen/raise the adjacent spoil levee are likely the most suitable options
for addressing the risk of flooding. Observations of the future morphological
responses within this reach may also provide opportunities for additional habitat
rehabilitation efforts that augment the natural fluvial processes occurring within
this reach (5.0 Future Channel Response p. 164).

1.0 Introduction

The Isleta Dam to Rio Puerco and the Rio Puerco to the San Acacia reaches are
classified as Class 3b river maintenance reaches (Maestas et al., 2014). There are
currently ten (10) river maintenance sites identified by Maestas et al. (2014)
within these two reaches— one (1) class 3a sites (RM 121), seven (7) class 3b sites
(NM 6 Bridge, Highway 309 Bridge, Rio Puerco 127.9, Rio Puerco 127.5, Rio
Puerco 127.0, La Joya, and Bernardo Arroyo), and two (2) class 4 sites (Los
Trujillos and DU7). In evaluating the channel dynamics in this reach, an updated
analysis on the geomorphic, hydraulic, hydrologic, and sediment transport of
these two reaches was performed.

The two reaches being assessed are shown in Figure 1. The reach spans a little
over 53 miles from river mile (RM) 169.3 at the Isleta Diversion Dam to RM
116.2 at the San Acacia Diversion Dam.
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2.0 Background Information and
Project Purpose

A variety of geomorphic, hydrologic, and sediment studies have been conducted
on the Rio Grande and its tributaries, namely the Rio Puerco and the Rio Salado.
A summary of these studies is provided in AuBuchon (2015). The intent of this
geomorphic study was to update some of the analyses from these studies, with the
specific intention of evaluating recent decades. This report looks at geomorphic
trends occurring in the Isleta to San Acacia reaches to facilitate future river
maintenance and habitat rehabilitation projects. The desire for this undertaking is
to provide an understanding of the geomorphic processes at work in the Middle
Rio Grande between Isleta and San Acacia.

Some of the historical information summarized in AuBuchon (2015) is repeated
in this report, within the pertinent section, to provide some historical context.
Relevant information from Makar (2015) is also included where applicable.

3.0 Assessment of Geomorphic Drivers

There are two main drivers of geomorphic change on the Rio Grande, as defined
by Makar and AuBuchon (2012). The two main drivers include flow (magnitude,
frequency, and duration) and sediment supply. Ascertaining changes in the drivers
over time helps provide links to understanding observed geomorphic changes
(historically and contemporaneously). The majority of the information for the
analyses of the drivers is derived from collected data at the USGS gages. A

Major findings related to the drivers of geomorphic changes between Isleta and
San Acacia are summarized as follows:

e There are cycles of wet and dry periods reflected by the average annual
volume of water recorded passing the USGS gage stations. Generally the
reach between Isleta to San Acacia loses water as it moves downstream.
The Rio Puerco, one of the largest tributaries to the Rio Grande in this
reach, contributes less than 15% of the total volume of water in the Rio
Grande (3.1.1.1 Single Mass Curves p. 11).

e The annual water volume on the Rio Grande between Isleta to San Acacia
has reduced in recent years (from late 2000s to early 2010s) from about
0.8 million acre-feet to 0.4 million acre-feet (3.1.1.1 Single Mass Curves
p. 11).

¢ Rio Grande is primarily driven by the spring snow-melt runoff, but there is
also high, flashy peaks from rainfall-runoff during the fall. The tributaries
to the Rio Grande through this reach are primarily influenced by the fall
rainfall-runoff period (3.1.1.2 Water Magnitude Plots p. 23)



Peak discharges during the spring snow-melt from Isleta to San Acacia
have decreased from the mid-1980s until the early 2010s. Peaks from the
1990s are similar to peaks in the 2000s. (3.1.1.2 Water Magnitude Plots p.
23).

The depth to the shallow groundwater aquifer has been increasing over the
last decade. There is a strong correlation between the shallow groundwater
aquifer depth fluctuations and fluctuations in the river discharge (3.1.1.3
Groundwater Flows p. 28)

Local precipitation, annual average between 6 and 8 inches, primarily
occurs from July through September via high magnitude but short duration
events (3.1.1.4 Precipitation Data p. 43).

Frequency of low flow events has increased since the mid-1980s. The
frequency of high flow events has decreased over the last decade or so
(3.1.2 Frequency p. 49)

Duration of flow events > 500 cfs has decreased between 1995 and 2015.
(3.1.3 Duration p. 51).

Annual suspended sediment discharge has decreased since the 1970s on
the Middle Rio Grande north of the Rio Puerco (USGS gage at Bernardo),
from between 7 and 4 million tons per year to around 0.5 to 1 million tons
per year. Below the Rio Puerco’s confluence with the Rio Grande (USGS
gage at San Acacia) the annual sediment discharge has fluctuated with a
relatively constant trend between 2 and 5 million tons/year. (3.2.1.1 Single
Mass Curves p. 55).

The Rio Puerco annual suspended sediment discharge has decreased from
around 2.5 million tons/year in the late 1970s (roughly about 80% of the
suspended sediment volume in the Rio Grande as recorded at the San
Acacia gage) to about 1 million tons/year in 2014 (or roughly 30% of the
suspended sediment volume in the Rio Grande as recorded at the San
Acacia gage) (3.2.1.1 Single Mass Curves p. 55)

The suspended sediment concentration has decreased through the study
reach, with the largest decrease in magnitude occurring in the 1970s and
1980s (depending on the gaging station) (3.2.1.2 Double Mass Curves p.
61).

The mean annual suspended sediment concentration measured at San
Acacia tends to be twice that measured at Albuquerque (3.2.1.2 Double
Mass Curves p. 61).

Highest suspended sediment concentrations within this study reach occur
in the months of July through September. The largest suspended sediment
discharge (tons per day), however occur in May at the upstream end of this
reach (Albuquerque USGS gage) and in August at the downstream end of
this reach (San Acacia USGS gage). Just upstream of the Rio Puerco
confluence the Bernardo USGS gage shows an equally high sediment
discharge in May and July, indicating the increasing impact of tributary
flows moving downstream in this reach (3.2.1.3 Average Monthly
Histograms, p. 68).



Since the 2000s the Rio Grande appears to be storing suspended sediment
in the reach between Albuquerque and Bernardo based on the difference in
suspended sediment mass observed between the USGS gages. Between
Albuquerque and San Acacia the river may be transporting, storing, or
mining suspended sediment as there is a greater mass of suspended
sediment flowing past the USGS gage at San Acacia, then at the
Albuquerque USGS gage. The additional suspended sediment load added
by the Rio Puerco, the Rio Salado, and other tributaries in the reach is
likely contributing to this observation (3.2.1.4 Difference Mass Curves, p.
72).

The effective discharge for suspended sediment (discharge at which the
most suspended sediment is moved) has increased in recent decades
between Albuquerque and Bernardo from around 900 cfs to just over
1,000 cfs. The effective discharge for suspended sediment between
Bernardo and San Acacia however, has decreased from around 900 cfs to
about 750 cfs (3.2.1.5 Effective Suspended Sediment Discharge Curves, p.
74.

The predominant sediment moved through the reach are sands and finer
material (silts/clays), being almost two magnitudes higher yield than
gravels. Rainfall-runoff events tend to move more sediment per day (up to
5 times greater) than a spring runoff event for events up to 2,000 cfs.
Above this discharge there is not enough information to quantify the
difference. (3.2.2.2 Total Load Curves, p. 80).

Based on total load calculations from collected samples from the early
1990s through 2010 at the San Acacia USGS gage, the predominant
material transported by the river is sand (~68%). Finer material (silts and
clays) constitutes around 32% of the total load at the San Acacia gage. The
percentage of the total load moved by the Rio Grande past San Acacia that
is sand has decreased from an average percentage of 73% in the 1990s to
about 64% in the 2000s. The average percentage of finer material
increased from about 27% in the 1990s to about 35%. The percentage of
gravel moving also increased, but it is still had an average percent of the
total load less than 1% (3.2.2.2 Total Load Curves, p. 80).

The effective discharge for total load (discharge at which the most total
load is moved) has decreased at San Acacia in recent decades from 940 cfs
to around 750 cfs (3.2.2.2 Total Load Effective Discharge Curves p. 86).

3.1 Flow

The Rio Grande exhibits two distinct flow patterns through a given year (Bauer,
2009). During the spring/early summer there is a peak in the river flow due to
snow-melt runoff. The flow is typically characterized by a gradual rise and fall of
the hydrograph, with a high runoff volume spread out over 1-2 months. The
second flow pattern occurs in the late summer/early fall and is derived from
intense rain events. The flow associated with the rainfall-runoff events is
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characterized by a sharp rise and fall of the hydrograph, with a low runoff volume
that is typically measured in hours.

Between the Isleta Diversion Dam and the Rio Puerco confluence there are about
15 tributaries, most of which are canal or drain returns. Between the Rio Puerco
and San Acacia Diversion Dam there are 13 tributaries most of which are braided
sandy washes (Varyu and Fox, 2014). Two of the principal tributaries between
Isleta and San Acacia Diversion Dams (the Rio Puerco and the Rio Salado) are
primarily driven by rainfall-runoff events (Mosley, 2000).

3.1.1 Magnitude

Peaks of both the snow-melt and rainfall-runoff flow events have been curtailed in
recent decades due to upstream reservoirs (MEI, 2002). Rainfall-runoff events
primarily originating in unregulated watersheds like the Rio Puerco and Rio
Salado are the exception and production of high peak discharges are still possible
(e.g. the USGS San Acacia gage on the Rio Grande (# 08354900) recorded an
instantaneous peak of 9,020 cfs on September 16, 2013 at 11:30 am. A gage on
the Rio Puerco, near Bernardo, NM (#08353000) showed a similar peak discharge
on September 15, 2013 at 10:30 pm). This observed flow peak is still smaller than
Rio Grande flood peaks from the late 1920s until early 1940s with magnitudes
between 18,000 cfs and 47,000 cfs. Many of these events had significant
discharge contributions from the Rio Puerco and the Rio Salado (MEI, 2002).

3.1.1.1 Single Mass Curves

Single mass curves are used to show annual changes in water conveyance (flow
volume) over time. The total flow discharged in a year is added to the previous
years’ discharge to provide a cumulative total. Single mass curves (Figure 2
through Figure 9) were created for the following USGS gage locations:
Albuquerque, Isleta, Bosque Farms, Bosque, Bernardo, San Acacia, Rio Puerco
near Bernardo, and Rio Salado near San Acacia.

Figure 2 shows the single mass curve for the Rio Grande in Albuquerque at the
Central Avenue Bridge. The flow data was obtained from USGS gage 08330000
“Rio Grande at Albuquerque, NM.”

Figure 3 shows the single mass curve for the Rio Grande just below the 1-25
bridge on the northern side of Isleta Pueblo. The flow data was obtained from
USGS gage 08330875 “Rio Grande at Isleta Lakes near Isleta, NM.”

Figure 4 shows the single mass curve for the Rio Grande near Bosque Farms
around river mile 166 (2012 demarcations). The data comes from USGS gage
08331160 “Rio Grande near Bosque Farms, NM.”

Figure 5 shows the single mass curve for the Rio Grande near Bosque, NM at the

State Highway 346 Bridge. The data comes from the USGS gage 08331510 “Rio
Grande at State HWY 346 near Bosque, NM.” Data for 2006 was only available
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for days after February 23, so the “Cumulative Water Discharge” does not
accurately reflect the entire water year.

Figure 6 shows the single mass curve for the Rio Grande near Bernardo at the
U.S. Highway 60 Bridge. The flow data between 1958 and 2014 was obtained
from USGS gage 08332010 “Rio Grande Floodway near Bernardo, NM.” The
data prior to 1958 was obtained from the USGS gage 08332000 “Rio Grande near
Bernardo, NM.” However, there are many gaps in this data: 1939-1941, 1943,
1954, and 2006-2011. Data is also missing for part of the year in 1956 and 2005,
so the “Cumulative Water Discharge” does not accurately reflect the entire water
year.

Figure 7 shows the single mass curve for the Rio Grande just downstream of the
San Acacia Diversion Dam. The data for years 1937-1958 comes from the USGS
gage 08355000 “Rio Grande at San Acacia NM.” The data for years 1959-2014
comes from the USGS gage 08354900 “Rio Grande Floodway at San Acacia,
NM.” The flow values at the San Acacia gages reflect discharge in the main
channel and do not include flow from the Low Flow Conveyance Channel
(LFCC).

The low slope period at San Acacia between 1958 and 1981, shown in Figure 7,
can be partially attributed to the operation of the LFCC since this time period
corresponds to the time of highest diversions to the LFCC. However, this period
of low slope is also seen in Figure 6 at Bernardo. Since the LFCC only begins
diversions from the main channel at San Acacia Diversion Dam, this period of
low slope must also be attributed to other diversions besides the LFCC. This
period of low slope is not seen at the Albuquerque gage (see Figure 2).

Figure 8 shows the single mass curve for the Rio Puerco near Bernardo. The data
comes from USGS gage 08353000 “Rio Puerco near Bernardo, NM.” Figure 9
shows the single mass curve for the Rio Salado near San Acacia. The data comes
from USGS gage 08354000 “Rio Salado near San Acacia, NM.” Figure 10 shows
the total flow each year in acre feet at each of the USGS gages between
Albuquerque and San Acacia.

Areas of each graph with similar slopes of the single mass curves (slopes
represent a mean annual discharge) were grouped together and labeled with the
years and mean annual discharge. The single mass curves show a wetter period
(demonstrated by a steeper curve) from the late 1970s/early 1980s to the mid-
1990s, with annual flow volumes ranging between 0.6 and 1.6 million acre-feet.
The mean annual flow volume during this time period was almost double the
mean annual volume recorded prior to this time frame at the Albuquerque gage
(about 0.7 million acre-feet), and almost 5x greater as recorded at the Bernardo
and San Acacia gages (about 0.2 million acre-feet). From the mid-1990s to around
2000 (0.7 to 1.0 million acre-feet per year at Albuquerque, Bernardo, and San
Acacia) and then again from the mid-2000s to around 2010 (0.2 to 0.8 million
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acre-feet per year at Albuquerque, Isleta, Bernardo, and San Acacia), the annual
flow volume was about the same as that prior to the late 1970s. The early 2000s
and early 2010s show an even drier period with annual flows ranging from 0.2 to
0.4 million acre-feet at Albuquerque, Isleta, Bernardo, and San Acacia.

Gages on the Rio Puerco and Rio Salado (last operated in 1984) watersheds tend
to add less than 15% of the annual flow volume as recorded by the USGS gages
on the Rio Grande. The flow events on the Rio Puerco may be high magnitude
events, but are typically short-lived and therefore do not add significant volumes
of water on an annual basis to the Rio Grande. During the period of record the Rio
Salado and Rio Puerco do not indicate the same wet/dry cycles as shown for the
Rio Grande, except in the early 2000s where annual flow volumes on the Rio
Puerco drop from about 20 to 80 thousand acre-feet to about 8 to 9 thousand acre-
feet.

Figure 10 shows the annual flow volumes at the Albuquerque, Bernardo, and San
Acacia gages. There seems to be a slight reduction in the downstream direction of
the annual volume of water. The difference between the annual flow volume at
Albuquerque and the two southern gages is more noticeable between 1960 and
1980. The LFCC was operated during this period which may explain differences
at San Acacia, but the diversion point for the LFCC is downstream of the
Bernardo gage. Drains were also connected together during this period, such as
tying the Socorro Main Canal being tied into the Drain Unit 7 Extension and
Drain Unit 7 facilities. This may have influenced the Bernardo gage as well.
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at USGS Gages between Albuquergue and San Acacia
3,500,000

3,000,000

2,500,000

g
:

Acre Feel per Year

g
g

1,000,000

500,000

1930 2020

—— Albuguerngue  ascesee Bernardo =— —%San Acacia

Figure 10: Total flow each year in acre feet between Albuquerque and San Acacia



3.1.1.2 Water Magnitude Plots

The following mean monthly discharge plots (herein referred to as water
magnitude plots) graphically show the temporal variations in flow, both annually
and seasonally of the Rio Grande and the Rio Puerco. The plots were made for the
following gages on the Rio Grande: Albuquerque, Bernardo, and San Acacia. The
Rio Puerco plot used the gage near Bernardo. The plots were created by using the
monthly mean discharge values calculated by the USGS, which are based on the
approved daily-mean discharge values. The data on each graph is displayed in
calendar years, not water years. The reduction in mean monthly discharges on the
Rio Grande since the 1940s is evident from these plots. For the Albuquerque,
Bernardo, and San Acacia gages, the plots show the spring peaks in the back and
the monsoonal peaks in the front, since the spring peaks are generally larger than
the monsoonal peaks at these gages. However, for the Rio Puerco gage, the plot
shows the monsoonal peaks at the back and the spring peak at the front, since the
monsoonal peaks are generally larger than the spring peaks on this river.

Figure 11 shows the water magnitude plot for the Rio Grande in Albuquerque at
the Central Avenue Bridge. The data from this plot comes from the USGS gage
08330000 “Rio Grande at Albuquerque, NM.”

Figure 12 shows the water magnitude discharge plot for the Rio Grande near
Bernardo at the U.S. Highway 60 Bridge. The data for June 1937 through
September 1958 comes from the USGS gage 08332000 “Rio Grande near
Bernardo, NM.” The data from October 1958 through November 2014 comes
from the USGS gage 08332010 “Rio Grande Floodway near Bernardo, NM.”
Data is missing for water years 1939-1941, 1943, and1954. Other periods where
no data was available include September 1956, and July 2005 through September
2011. These periods appear as zero values on the 3D graph.

Figure 13 shows the water magnitude discharge plot for the Rio Grande just
downstream of the San Acacia Diversion Dam. The monthly data for May 1936
through the end of water year 1958 comes from the USGS gage 08355000 “Rio
Grande at San Acacia, NM.” The data for water years 1958 through 2014 comes
from USGS gage 08354900 “Rio Grande Floodway at San Acacia, NM.”

Figure 14 shows the water magnitude discharge plot for the Rio Puerco near

Bernardo. The monthly data for this plot comes the USGS gage 08353000 “Rio
Puerco near Bernardo, NM.”
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Figure 11: Water Magnitude Plot for the Rio Grande at Albuquerque: 1942 to 2014. Discharge values are the USGS reported mean monthly discharge
values derived from the approved mean daily flows.
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Figure 12: Water Magnitude Plot for the Rio Grande at Bernardo: 1937 to 2014. Discharge values are the USGS reported mean monthly discharge
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Water Magnitude Plot
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Figure 13: Water Magnitude Plot for the Rio Grande at San Acacia: 1936 to 2014. Discharge values are the USGS reported mean monthly discharge
values derived from the approved mean daily flows.
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Figure 14: Water Magnitude Plot for the Rio Puerco: 1939 to 2014. Discharge values are the USGS reported mean monthly discharge values derived
from the approved mean daily flows.



3.1.1.3 Groundwater Flows

Groundwater data has been collected and plotted with surface water data. These
plots help identify the groundwater/surface water interactions and trends over
time.

Groundwater data was obtained from a spreadsheet available on the Bosque
Ecosystem Monitoring Program (BEMP) website along with a location map of the
sites (Figure 15) (Bosque Ecosystem Monitoring Program, 2016). The sites, from
upstream to downstream on the Rio Grande within the Isleta to San Acacia reach
are Los Lunas, Reynolds Forest, Reynolds Cleared, Valencia Cleared, Belen,
Valencia Forest, Crawford, and Sevilleta. The BEMP spreadsheet also provided
corresponding USGS flow data for the Rio Grande, although the exact gage was
not cited.

Figure 16 through Figure 23 show the groundwater/surface water interaction for
each BEMP site. The figures include a trend line of average depth to the shallow
groundwater aquifer. The trend lines reveal an increase in the depth to the ground
water table over the last decade on the order of 0.5 to 1.5 feet. The slope of the trend
lines also indicate that certain sites (Los Lunas, Reynolds Forest, Crawford and
Sevilleta) show a rate of increase in the depth to groundwater almost twice that of the
other sites. For the period of record (most are over a decade) the shallow groundwater
averages between 3 to 5 feet beneath the ground surface, which is a similar range
found by Parametrix (2008). Anecdotal accounts of the Middle Rio Grande valley
from the late 1880s (waterlogged) and early 1910s (depth of around 2 feet) indicate
that the trend of increasing depth to groundwater has been occurring for some time
(Berry and Lewis, 1997). Currently the groundwater levels at the BEMP sites
between Isleta and San Acacia Diversion Dams ranges from 0.5 feet to 8 feet.

Figure 24, Figure 25, and Figure 26 compare all the sites on one graph for water
years 2005, 2008, and 2011, respectively. Examining the sites on a single year
basis reveals more than is easily noticeable on a multi-year scale. These graphs
show that most sites are similar to each other in that they are influenced by the
river. Since most of the BEMP groundwater wells are within the shallow
floodplain aquifer a strong correlation with the river discharge is suggested, rising
and fallings at about the same rate as the Rio Grande. An assessment of the
channel and floodway topography between the mid-1990s and mid-2010s (see
section 4.6) indicates that in some areas (between Los Lunas and Casa Colorado)
the river has incised on the same order of magnitude as the observed drop in
groundwater between the early 2000s and mid-2010s, suggesting that drops in the
groundwater may be a response to morphological changes on the Rio Grande. But
there are other areas (Isleta Diversion Dam to Los Lunas and Casa Colorado to
just upstream of San Acacia Diversion Dam) where the river has aggraded the
same order of magnitude, indicating that there are other confounding issues
besides river morphological changes that are influencing changes in the
groundwater levels. These may include aquifer responses to low water years,
groundwater pumping, increased vegetation growth, etc.
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Figure 15: Location of the BEMP data collection sites (Bosque Ecosystem Monitoring Program, 2016)
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Los Lunas Groundwater
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Figure 16: Depth to groundwater at Los Lunas BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Reynolds-Forest Groundwater

G000

S000

(542} aBieyasig saay

5 8 3

20

! = 0.0591

0,007 2x- 167.21

A

N/

AT Y

g

g

(w3} Jmaempunosn o1 yidag

e

200

ET-130
£r-nr

£y
ET-uef
ZT-10
TNt

Tr-idy
ZT-WE[
11100
TT-nr

TT-10%
TT-uUe[
01-130
oT-nr

oT-ady
OT-uef
60-130
BO-nr

G-ty
G0-WEer
80-10
BO-nf

g0-udy
g0-UEf
L0-120
Lo-ng

L0-1dy
if-uef
07190
oa-Inf

ety
90-uef
§0-100
go-ng

Lo-10
SO-uer
FOFI0
wo-nr

w0-ady

Date

— — = Linear {Groundwater)

—i— River

e (G rOU N WAt er

Figure 17: Depth to groundwater at Reynolds Forest BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Reynolds-Cleared Groundwater
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Figure 18: Depth to groundwater at Reynolds Cleared BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Valencia-Cleared Groundwater
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Figure 19: Depth to groundwater at Valencia Cleared BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Belen Groundwater
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Figure 20: Depth to groundwater at Belen BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Valencia-Forest Groundwater
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Figure 21: Depth to groundwater at Valencia Forest BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Figure 22: Depth to groundwater at Crawford BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website
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Sevilleta Groundwater
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Figure 23: Depth to groundwater at Sevilleta BEMP site compared to flow in the Rio Grande as recorded on BEMP’s website and the Rio Puerco
(USGS 08353000 RIO PUERCO NEAR BERNARDO, NM)
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Depth to Groundwater

Los Lunas to Sevilleta - Water Year 2005
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Figure 24: Depth to groundwater at BEMP sites Los Lunas to Sevilleta compared to flow in the Rio Grande as recorded on BEMP’s website and the Rio

Puerco (USGS 08353000 RIO PUERCO NEAR BERNARDO, NM) for water year 2005
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Depth to Groundwater
Los Lunas to Sevilleta - Water Year 2008
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Figure 25: Depth to groundwater at BEMP sites Los Lunas to Sevilleta compared to flow in the Rio Grande as recorded on BEMP’s website and the Rio
Puerco (USGS 08353000 RIO PUERCO NEAR BERNARDO, NM) for water year 2008
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Depth to Groundwater
Los Lunas to Sevilleta - Water Year 2011
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Figure 26: Depth to groundwater at BEMP sites Los Lunas to Sevilleta compared to flow in the Rio Grande as recorded on BEMP’s website and the Rio
Puerco (USGS 08353000 RIO PUERCO NEAR BERNARDO, NM) for water year 2011
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Figure 27 shows the minimum, maximum, and mean depths to groundwater for
the entire time period available for each site. For all of the sites the groundwater
depths fluctuate throughout the period of record with a mean depth to
groundwater between 100 and 160 cm (around 3 to 5 feet).

Figure 28 shows by year the minimum, maximum, and average depth for all sites.
While there is a considerable amount of fluctuations in the observed groundwater
levels there does appear to be a trend towards increased depth to groundwater.
This trend though may be influenced by the drier years in the early 2010s which
was the closing date range for this analysis.
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Figure 27: Minimum, Maximum, and Mean depths to groundwater for Los Lunas to
Sevilleta for the period of record
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3.1.1.4 Precipitation Data

Precipitation data has been collected and plotted with surface water data for the
following locations, from upstream to downstream: Los Lunas, Reynolds Forest,
Reynolds Cleared, Valencia Cleared, Belen, Valencia Forest, Crawford, and
Sevilleta. The data for each site is monthly and is available as “canopy
precipitation” and “open precipitation.” The precipitation data was obtained from
a spreadsheet available on the Bosque Ecosystem Monitoring Program (BEMP)
website (Bosque Ecosystem Monitoring Program, 2013). These plots provide a
variety of information including how precipitation varies from site to site, how it
varies from open areas to areas under the canopy, and which months generally
have the most precipitation.

Figure 29 shows the annual mean precipitation for each site. These values
represent the average of the monthly Open Precipitation and Canopy Precipitation
data, and the data is averaged over each water year (October 1 through September
30). It should be noted that the BEMP data set frequently has missing data,
although it is less than five percent of the time (Eichorst et al., 2012). Thus for
items such as annual precipitation where precipitation is summed, the actual value
is likely higher.

Precipitation data from the BEMP sites indicates an annual range between 50 to
290 mm (2 to 11 inches). The average annual rainfall of all sites is typically
between 140 and 200 mm (6 and 8 inches). Similar precipitation trends have been
found in historical studies of the Middle Rio Grande valley through this reach
(Nordin, 1963; Eichorst et al., 2004; Parametrix, 2008; Eichorst et al., 2012).
While rainfall-runoff events have an effect on the streamflow, there is less
correlation between specific rain events and the groundwater fluctuation than the
river discharge and the groundwater fluctuation. The data does show that while
precipitation events have occurred at various times during the year, typically the
higher events occur during the fall, coinciding with the monsoon season. This
indicates a minimal water volume added from the adjacent landscape during the
spring snow-melt runoff. It also suggests that rainfall-runoff events in the adjacent
landscape during the monsoonal season can have an appreciable effect on the
river’s discharge.
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Annual Precipitation for Los Lunas to Sevilleta
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Figure 29: Annual Precipitation for Los Lunas to Sevilleta
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Table 1 shows the average annual precipitation for each site for the available time
period. The site with the longest time period is Los Lunas (1998-2012) and the
site with the shortest time period is Crawford (2012 only).

Table 1: Average Annual Precipitation for Los Lunas to Sevilleta

Site Ave_ra_lge_AnnuaI A\_/e_rag_e An_n ual
Precipitation (mm) Precipitation (inches)
Los Lunas 160 6
Reynolds Forest 150 6
Reynolds Cleared 180 7
Valencia Cleared 180 7
Belen 180 7
Valencia Forest 210 8
Crawford 210 8
Sevilleta 150 6

Figure 30 shows the total annual canopy precipitation and total annual open
precipitation for 2005-2012 for each of the sites except Crawford, since Crawford
only has data for 2012. The period 2005-2012 was chosen since each of the sites’
data encompasses at least those years. The forest sites are simply the untouched
sites adjacent to their counterpart “cleared” sites that have been mechanically
cleared. Reynolds and Valencia were both cleared in 2003 (Eichorst et al., 2012).
At the Reynolds Forest site, the precipitation is lower than at the Reynolds
Cleared site. This suggests a higher interception ratio where vegetation is
established. However, this isn’t always the case. At the Valencia Forest site, the
precipitation is higher than at the Valencia Cleared site.

Canopy Precipitation vs. Open Precipitation
for Los Lunas to Sevilleta

—4—Canopy Precipitation = =l=Open Precipitation

Los Lunas Reynolds Reynolds Valencia Belen Valencia Forest  Sevilleta
Forest Cleared Cleared

Figure 30: Canopy precipitation and open precipitation for Los Lunas to Sevilleta except Crawford
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Figure 31 shows an average of each of the sites” monthly precipitation. In 2003
there were only a few sites with data available, but by 2012 all the sites had data.
The figure also identifies the month of the highest six peaks on the graph. Three
of the six highest peaks occurred in August, and five of the six peaks occurred in
the second half of the year.
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Figure 31: Monthly precipitation for Los Lunas to Sevilleta

Figure 32 and Figure 33 compare precipitation data, groundwater data, and river
flows for Los Lunas to Sevilleta for two periods of time. The precipitation data
and groundwater data are an average of all these sites.
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Precipitation, Groundwater, and the Rio Grande
Los Lunas to Sevilleta - Water Years 2005 through 2008
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Figure 32: A comparison of precipitation, groundwater, and the Rio Grande as recorded on BEMP’s website for Los Lunas to Sevilleta sites, water
years 2005 through 2008



Precipitation, Groundwater, and the Rio Grande
Los Lunas to Sevilleta - Water Years 2009 through 2012

—#—Precipitation —l—Groundwalter —d— River

110 0 5500

100 - - 20 - S000

a0 - - 40 - 4500

B0 4 &0 000
E 70 1 80 F - 3500
E - -
§ 8%
B 50 4 100 ; - 3000 E,
2 z =
a2 5 i £
g 3 E
& 50 ) - 120 - 2500 &
= 2 g
: $[ o
= 40 ; 140 8 2000

£l 160 - 1500

‘.
20 - 180 I 1000
\ -

10 4 . g ~ . - 200 a0

0 4 ! X 3 — . . 220 a

Oct-08 May-08 Jan-10 Sep-10 May-11 Jan-12 Sep-12
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3.1.2 Frequency

Flood frequency indicates the magnitude and frequency of discharge events that
happen between specific time periods. Flow frequency/flow duration analyses for
the study area can be summarized from four reports: Harris and AuBuchon
(2016), Bui (2014), Wright (2010), and MEI (2002). MEI and Wright extracted
the annual peak flow from available USGS gage data to estimate return period
flow. All three assumed a log Pearson Type III probability distribution. Wright
used the same analysis approach and combined potential flows from tributary
inputs with flows on the Rio Grande to develop flood frequencies that represented
a maximum potential flow condition. MEI (2002) produced flow duration curves
for Albuquerque, Bernardo, and San Acacia within their study period, but a return
period analysis was only conducted for the Albuquerque gaging station. Harris
and AuBuchon (2016), Bui (2014), and MEI (2002), performed statistical
analyses based on the historical USGS gage observations of mean daily flows,
resulting in a percent exceedance for the period of analysis. MEI (2002) also
analyzed the Bernardo and San Acacia gages pre and post LFCC diversion
cessation, which occurred around 1985. Bui’s work provides probabilities and
potential return intervals for particular discharges, but her original analysis was
intended to help characterize seasonal flow regimes within a year, corresponding
to the life cycle of the Silvery Minnow. Bui (2014) does not fit a probability
distribution. Table 2 provides the various analyses periods for each of the sources
cited in this review.

Table 2. Analysis period for USGS gaging stations for flood frequency analysis.

Citation Source  Albuquerque*  Bernardo** San Acacia***

MEI (2002) 1974-1999 1974-1999 1974-1999

Wright (2010) 1936-2008 1936-2008 1936-2008

Bui (2014) 1993-2013 1993-2013 1993-2013

Harris and AuBuchon (2016) -- -- 1993-2013

Notes: * — Albuquerque and Bernalillo USGS gage stations 08330000 and
08329500, respectively
** — Bernardo USGS gage stations 08332000 and 08332010
*#% — San Acacia USGS gage stations 08355000 and 08354900

For this analysis three of the USGS gages from Bui’s (2014) analysis and MEI’s
(2002) analysis were reviewed. These include the gages at Albuquerque (USGS
08330000), Bernardo (USGS 08332010), and San Acacia (USGS 08354900).
The ninety ninth percentile of discharge represents the maximum discharge that
occurs within the reach over the observation period. The percent exceedance is
obtained as 100% minus the discharge percentile.

The 99™ percentile flows are similar when comparing MEI’s (2002) flow duration
analyses to Bui’s (2014). There is a notable increase in the flows at the 25" and

75" discharge percentile after 1985 and the statistical analyses performed by MEI
(2002) for the period after LFCC diversion cessation and Bui (2014) both capture
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this flow increase. This is likely due to the discontinuation of the LFCC

(Reclamation, 1985; Reclamation, 2000). Bui’s analysis shows a decrease in the
frequency of the 75" percentile flows over the last two decades, which may be
attributed to the drought that began in 1999. The bottom 25" percentile during
Bui’s (2014) analysis period also decreases, but not as significantly as the 75"
percentile flows, indicating an increase in the low flow frequency. Because this
analysis is based on daily average flows, it probably does not reflect high, flashy
peaks that have a short temporal duration.

Table 3. Discharge at different discharge percentiles for an entire years flow within the study
area (modified from Bui 2014 and MEI 2002). The daily percent exceedance for the study

period can be assessed by taking 100% minus the stated discharge percentile.

Discharge (cfs) Bottom 25" 75" Percentile 99" Percentile
Percentile
Albuquerque 1974-1999 (MEI 2002) 500 ~1,800 ~6,000
Albuquerque (Bui 2014) ~1,400 ~3,500 ~5,000
Bernardo 1974-1985 (MEI 2002) 40 ~1,500 ~5,000
Bernardo 1986-1999 (MEI 2002) ~450 ~2,000 ~5,000
Bernardo (Bui 2014) ~400 ~1,400 ~5,000
San Acacia 1974-1985 (MEI 2002) 5 800 ~6,000
San Acacia 1986-1999 (MEI 2002) 500 2,000 ~6,000
San Acacia (Bui 2014) 200 800 5,500

Table 4 shows return period discharges from Wright (2010), MEI (2002), Harris
and AuBuchon (2016) and a new analysis using the same time period (1993-2013)
as Bui (2014) at Albuquerque and Bernardo. The new analysis was performed
with input data from annual peak flows from USGS gages at Albuquerque (skew
coefficient = -0.415) and Bernardo (skew coefficient =-0.718). Each analysis
represented in Table 4 assumes a log Pearson type III probability distribution, but
evaluates a different period from the flow record. Wright calculated regulated
peak flows at the USGS gages in Albuquerque (USGS 08330000), Bernardo
(USGS 08332010), and San Acacia (USGS 08354900) incorporating the influence
of reservoir regulation and potential tributary inputs on discharge for the MRG.
The operations at dams and reservoirs affect the rivers’ discharge and therefore
the peak flood intensity. Wright also considered input from tributaries to estimate
a maximum peak flows on the Rio Grande. Only the regulated peak discharges
from Wright’s work is shown in Table 4. MEI (2002), Harris and AuBuchon
(2016), and the current analyses evaluated the period of time after the closure of
Cochiti Dam using just the USGS data. The current analysis also looks at a period
of time after the cessation of flows in the LFCC (Reclamation, 1985;
Reclamation, 2000).
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Table 4: Discharge at different regulated flood frequencies for the study area modified from
Wright (2010), MEI (2002), and Harris and AuBuchon (2016). Annual peak flow from the
USGS was used in analysis.

Discharge (cfs) 2Year 5Year 10Year 25Year 50 Year 100 Year
Albuquerque (MEI (2002)) 5,410 7,600 8,940 10,100 11,600 12,600
Albuquerque (Wright (2010)) | 4,000 6,200 7,500 9,000 10,000 10,000
Albuquerque, 1993-2013 3,370 5,280 6,550 8,100 9,230 10,300
Bernardo (Wright (2010)) 4,900 7,700 9,300 11,200 12,500 12,700
Bernardo, 1993-2013 3,290 5,610 7,090 8,820 10,000 11,100
San Acacia (Wright (2010) 7,800 12,000 14,500 17,400 19,300 20,100
San Acacia (Harris, 2016) 4410 6,380 7,570 8,920 9,820 10,600

For all return periods (except the 100 year at Albuquerque) the discharge
decreases with each subsequent analysis over time. For instance MEI (2002)
determined the two-year return period flow at the Albuquerque gage to be 5,410
cfs, based on an evaluation of data between 1974 and 1999. The 1980s and 1990s
were wetter compared to more recent years. An analysis of data from 1993 to
2013 shows that a similar sized discharge event on the Rio Grande at the
Albuquerque gage would have a five-year return period. MEI’s analysis was
performed prior to a number of dry years that occurred in the 2000’s and thus it is
expected that the return period values are higher. Wright’s analysis used a longer
time period, incorporated regional skew coefficients, and focused on the larger
flow magnitudes across the valley.

3.1.3 Duration

Prior to 1973 the Rio Grande has been documented to dry about 70% of the time,
while between 1986 and 1999 drying occurred about 1% of the time (MEI, 2002).
An analysis of the daily data available between 1995 and 2015 from USGS
provides the number of days per water year that the flow in the Rio Grande is
above the specified flow value. This is total days in the water year, not number of
consecutive days. This analysis is provided for Albuquerque (USGS 08330000),
Bernardo (USGS 08332010), and San Acacia (USGS 08354900). The Bernardo
gage is missing daily data for July 20, 2005 through September 29, 2011. Table 5
through Table 7 show the number of days exceeding a given flow value at the
Albuquerque, Bernardo, and San Acacia gages. Figure 34 through Figure 36 also
show number of days exceeding a given flow value, but in a graphical format. The
number of days exceeding a given discharge between 1995 and 2015 is generally
decreasing for all three USGS gage stations. It is also apparent from the figures
that discharge has often been less than 500 cfs for a portion of the year on the Rio
Grande, except in the late 1990s at the Albuquerque gage.
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Table S: Days exceeding target flow values at Albuquerque USGS gage
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1995 348 232 130 96 85 59 2
1996 264 150 0 0 0 0 0
1997 332 150 66 43 35 15 0
1998 365 226 49 23 0 0 0
1999 359 163 72 33 13 0 0
2000 366 27 0 0 0 0 0
2001 310 68 21 2 2 0 0
2002 209 4 0 0 0 0 0
2003 73 4 0 0 0 0 0
2004 187 65 27 5 0 0 0
2005 265 117 81 73 65 38 11
2006 266 18 1 0 0 0 0
2007 290 117 41 9 0 0 0
2008 322 147 109 79 21 3 0
2009 276 99 51 36 12 0 0
2010 290 87 58 30 5 0 0
2011 255 21 0 0 0 0 0
2012 259 35 1 0 0 0 0
2013 132 7 4 0 0 0 0
2014 253 33 2 0 0 0 0
2015 285 83 21 0 0 0 0
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Figure 34: Days exceeding target flow values at Albuquerque USGS gage

52



Table 6: Days exceeding target flow values at Bernardo USGS gage
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500 cfs | 1,000 cfs | 2,000 cfs | 3,000 cfs | 4,000 cfs | 5,000 cfs | 6,000 cfs
1995 306 233 119 93 77 4 0
1996 182 122 0 0 0 0 0
1997 300 127 56 41 35 21 10
1998 281 226 48 11 0 0 0
1999 283 106 53 24 6 0 0
2000 167 30 0 0 0 0 0
2001 199 38 7 2 2 0 0
2002 97 3 0 0 0 0 0
2003 13 0 0 0 0 0 0
2004 161 42 14 0 0 0 0
2005 232 114 74 70 51 25 2
2006
2007
2008 NO DATA
2009|
2010
2011
2012 156 10 1 0 0 0 0
2013 57 6 1 0 0 0
2014 161 9 0 0 0 0 0
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Figure 35: Days exceeding target flow values at Bernardo USGS gage
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Table 7: Days exceeding target flow values at San Acacia USGS ga

(3

500 cfs | 1,000 cfs | 2,000 cfs | 3,000 cfs | 4,000 cfs | 5,000 cfs | 6,000 cfs
1995 305 253 122 90 68 9 0
1996 185 92 1 1 1 1 0
1997 295 123 60 37 16 1 0
1998 278 219 26 2 0 0 0
1999| 287 151 48 20 6 0 0
2000 174 60 0 0 0 0 0
2001 232 25 2 0 0 0 0
2002 121 6 0 0 0 0 0
2003 135 2 1 0 0 0 0
2004 182 49 17 2 0 0 0
2005 242 111 75 70 48 24 0
2006 171 36 23 9 4 0 0
2007 257 157 22 2 0 0 0
2008 280 149 91 47 5 0 0
2009| 229 68 43 19 1 0 0
2010 221 65 46 3 0 0 0
2011 131 1 0 0 0 0 0
2012 169 13 1 0 0 0 0
2013 95 11 6 4 3 2 2
2014 181 32 0 0 0 0 0
2015 222 52 19 5 0 0 0
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Figure 36: Days exceeding target flow values at San Acacia USGS gage
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3.2 Sediment supply

One of the other primary drivers of geomorphic change on the Middle Rio Grande
is sediment. Unlike flow, sediment tends to move irregularly through the system,
with accumulations moving in and out of storage on the floodplain (MEI, 2002).
Culbertson and Dawdy (1964) measured an 8 to 10 fold increase in the suspended
sediment supply between the lower and upper regime flows. Historical studies
have indicated the significant role that tributaries, especially the Rio Puerco and
the Rio Salado (Bryan and Post, 1927; Gorbach, 1996; MEI, 2002; Crawford et
al., 1993; Scurlock, 1998; Bauer, 2009), have had on the Rio Grande.

3.2.1 Suspended sediment

3.2.1.1 Single Mass Curves

Single mass curves show the volume of suspended sediment transported over
time. Changes in slope indicate decreases or increases in suspended sediment
transported over time.

Single mass curves were made using available USGS data for the Rio Grande at
Albuquerque (USGS 08330000), Bernardo (USGS 08332000 and 08332010), and
San Acacia (USGS 08354900). A single mass curve was also developed for the
Rio Puerco near Bernardo (USGS 0853000). The data is presented in water years
(October 1 through September 30). The data for Albuquerque was obtained as
annual statistics for the water years 1970 through 2014. The data is plotted in
Figure 37.

The sediment data for Bernardo was obtained as daily data for water years 1956
through 1966. The data wasn’t available as an annual statistic because there were
many days of data missing from July, August, October, and November 1956; July
1958, June 1959, all of July 1959, sections of September 1959, all of September
1960, and sections of September 1962 and September 1964. Thus the data shown
in Figure 38 for water years 1956 through 1966 should be evaluated with the
consideration that it is partial data. The data for Bernardo for water years 1967
through 2014 was obtained as annual statistics as well. The data is plotted in
Figure 38. The data for San Acacia was obtained as annual statistics for water
years 1964 through 2014. The data is plotted in Figure 39. The data for the Rio
Puerco near Bernardo was obtained as annual statistics for water years 1956
through 2014. However, water year 1994 is entirely missing from the dataset.
The available data is plotted in Figure 40.

The information from the single mass curves indicate that there was considerably
more suspended sediment moving through the Middle Rio Grande prior to the
early 1970s. Gellis (1991) suggests that arroyos along the Rio Grande underwent
a period of incision between 1880 and 1920 that contributed large volumes of
sediment to the Rio Grande. Scurlock (1998) estimated that in the early 1900s
almost 40 million tons of sediment were transported by the Rio Grande per year.
Finch and Tainter (1995) estimated the annual sediment load between 1936 and
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1941 was around 32 million tons per year. During the same period the Rio Puerco
was estimated to add about 25 million tons of suspended sediment to the Rio
Grande (Bryan and Post, 1927; Scurlock, 1998; Finch and Tainter, 1995). This is
about 62% of the suspended sediment load to the Rio Grande in the early 1900s
and about 78% of the sediment load later in the twentieth century. From the single
mass curve in Figure 40 it can be seen that the Rio Puerco in the late 1950s
produced an average annual suspended volume of about 18 million tons per year.
During this same time period the Rio Grande at the Bernardo gage (about 4 miles
upstream of the confluence with the Rio Grande) recorded around 7 million tons
per year (see Figure 38) and the Rio Grande at the San Acacia gage (about 11
miles downstream) recorded around 1 million tons per year (see Figure 39). Since
the late 1950s, both the Rio Grande at Bernardo gage and the Rio Puerco near
Bernardo gage have shown a decreasing annual yield of suspended, while the Rio
Grande at the San Acacia gage has shown an increasing suspended sediment
yield.

A decrease in the annual production of suspended sediments (see Figure 37) is
noticeable in the Albuquerque gage starting in the late 1970s. The San Acacia
gage, while showing some fluctuations, has had an annual suspended sediment
yield ranging between 2 and 5 million tons per year since the early 1970s.
Between the Albuquerque and Bernardo gages the fluctuations in annual
suspended sediment yield are similar. Between the 1970s and mid -1980s the
suspended sediment yield at Bernardo was about half or less of that recorded at
the Albuquerque gage. A similar reduction in sediment yield is occurring
currently (mid-2000s through the mid 2014s, which was the extent of this
analysis) between the Albuquerque and Bernardo gages. Between the mid-1980s
and early 2000s the Bernardo gage recorded more suspended sediment yield than
at the Albuquerque gage, despite a loss of suspended sediment around the Isleta
Diversion Dam.

The San Acacia gage (see Figure 39) records an increase in suspended sediment
yield from the Albuquerque and Bernardo gage (Figure 37 and Figure 38,
respectively), ranging between 2 to 8 times the annual volume between the early
1970s through 2014 (end of analysis period). The annual suspended sediment
yield from the Rio Puerco gage at Bernardo (see Figure 40) is decreasing with
time. Between the late 1970s through the early 1980s the Rio Puerco contributed
about 70% of the annual suspended sediment volume (around 2.5 million tons)
recorded at the San Acacia gage (about 3 million tons). This percentage decreased
to about 60% between the mid-1980s and early 1990s, with the Rio Grande
increasing to about 4 million tons per year. Currently (2006 to 2014) the annual
suspended sediment yield from the Rio Puerco (about 0.9 million tons) is about
38% of that recorded at the San Acacia gage (about 2.4 million tons per year).
Others have also observed lower sediment yields with time on the Rio Puerco and
have documented channel filling on the lower Rio Puerco (Friedman et al., 2015).
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Figure 37: Rio Grande at Albuquerque Single Mass Curve for Suspended Sediment
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3.2.1.2 Double Mass Curves

The double mass curve shows cumulative annual suspended sediment volumes
paired with its concurrent cumulative annual discharge (water) volume. The slope
of this curve reveals changes in the mean suspended sediment concentration over
time. Double mass curves were created using available USGS gage data at the
Albuquerque, Bernardo, and San Acacia gages on the Rio Grande and on the Rio
Puerco gage near Bernardo. The suspended sediment data source is the same as
described in the subsection 3.2.1.1. Single Mass Curves. The river discharge data
source is the same as described in the subsection 3.1.1.1. Single Mass Curves.

In general, the mean annual suspended sediment concentration has decreased on
the Rio Grande and the Rio Puerco since the 1960s for the analyzed USGS gages.
Gellis (1991) also found a strong statistical trend of decreasing suspended
sediment concentrations along the Rio Grande between the late 1940s and 1990.

The Albuquerque USGS gage (Figure 41) shows that the mean annual sediment
concentration was highest prior to 1973, with a strong reduction between 1973
and 1978. The mean annual suspended sediment concentration decreased again
between 1985 and 1993, followed by an increase in the following decade. A
steeper slope on the Albuquerque USGS gage around 2012 suggests that the mean
annual suspended sediment concentration has increased again. Between 1970 and
2014, a little over 57 million tons of suspended sediment have cumulatively
passed by the gage at Albuquerque.

Table 8: Mean annual suspended sediment concentrations for various time periods at the
Albuquerque gage based on slope of Double Mass Curve (Figure 41)

Suspended Sediment

Period Concentration (mg/L)
1970-1973 3,215
1974-1978 1,032
1979-1985 489
1986-1993 270
1994-1995 L2
1996-2003 439
2004-2007 L1050
2008-2011 325
2012-2014 1,262

The Bernardo USGS gage (Figure 42) shows a similar trend, with the mean
annual suspended sediment concentration decreasing between 1965 and 1975.
This reduction in the mean annual suspended sediment concentration continued
until around 1993. At this point the double mass curve steepens, suggesting an
increase in the mean annual suspended sediment concentration that continues until
the end of the analysis period (up to 2014). Between 1965 and 2014, a little over
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42 million tons of suspended sediment have cumulatively passed by the gage at
Bernardo. Culbertson and Dawdy (1964) measured suspended sediment
concentrations about 13 miles upstream of the Bernardo USGS gage (near Casa
Colorado, NM) in the late 1950s. They recorded suspended sediment
concentrations between 1200 mg/L at 800 cfs and 13,700 mg/L at 8,300 cfs,
indicating that prior to the time frame shown on the double mass curves the
suspended sediment concentrations in the Rio Grande was considerably higher.
Casa Colorado, NM is about 39 miles downstream of the Albuquerque USGS
gaging station. It is interesting to note that the mean annual suspended sediment
concentrations at the Bernardo USGS gage are lower than mean annual suspended
sediment concentration at the Albuquerque USGS gage. This may be in part from
sediment deposition in the reach or from discontinuity in the data.

Table 9: Mean annual suspended sediment concentrations for various time periods at the
Bernardo gage

Period Suspended Sediment
Concentration (mg/L)
1966-1975 831
1976-1993 544
1994-2014* 825

*Note: Data is missing for July 2005 through September 2011

The double mass curves for the San Acacia USGS gage are shown in Figure 43.
The mean annual suspended sediment concentrations derived from the slopes of
the San Acacia curve shows that there is a decrease in the sediment concentration
between 1967 and 1975. Another sediment concentration reduction occurs around
1985, but this is smaller than the earlier one and may be correlated with the
cessation of the LFCC (Reclamation, 1985). An increase, however, in the mean
annual suspended sediment concentration has occurred at San Acacia since the
early 2000s. The rate of increase in suspended sediment concentration from 2000
to 2014 at the Albuquerque gage (about 700 mg/L) is similar to the rate of
increase observed at the San Acacia gage (about 1,000 mg/L). The Bernardo
USGS gage does not show any significant change during this period. Between
1965 and 2014, almost 165 million tons of suspended sediment have cumulatively
passed by the gage at San Acacia.

The slope reduction in the double mass curves for the evaluated USGS gages on
the Rio Grande is consistent with other research that has shown a reduction due to
closure of upstream dams (Cochiti and Abiquiu) and the cessation of diversions
on the LFCC (Gellis, 1991; Crawford et al., 1993; MEI, 2002; Albert, 2004;
Bauer and Hilldale, 2006).
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Table 10: Mean annual suspended sediment concentrations for various time periods at the
San Acacia gage

Period Suspended Sediment

Concentration (mg/L)
1965-1967 5,576
1968-1975 3,615
1976-1985 4,215
1986-1998 2,332
1999 5,882
2000-2005 2,420
2006 5,037
2007-2014 3,554

The double mass curve for the USGS gage on the Rio Puerco (see Figure 44)
suggests a relatively consistent mean annual suspended sediment concentration
between the late 1950s through 1985. At this point there is a break in the double
mass curve, with another consistent mean annual suspended sediment
concentration from 1985 through 2014 (end of current analysis period). Between
1956 and 2014, a little over 173 million tons of suspended sediment have
cumulatively passed by the Rio Puerco gage near Bernardo.

Estimates of the suspended sediment concentrations on the Rio Puerco near the
Rio Grande confluence ranged from 150,000 to 165,000 mg/L in the 1940s/1950s,
but had decreased to less than 74,000 mg/L by the early 1990s (Gellis, 1991;
Gorbach, 1996; MEI, 2002). This is consistent with the single mass curves for the
Rio Puerco that showed a reduction in the suspended sediment load. This and
other research (Friedman et al., 2015) suggests that sediment deposition is
occurring in the Lower Rio Puerco.

Table 11: Mean annual suspended sediment concentration for various time periods at the
Rio Puerco gage

Period Suspended Sediment
Concentration (mg/L)
1956-1985 22,342
1986-2014 15,120
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Suspended Sediment
Concentration (mg/L) or Load (Tons/day)

3.2.1.3 Average Monthly Histograms

Monthly histograms comparing the average monthly suspended sediment concentration,
suspended sediment discharge load, and river discharge are shown in Figure 45 through Figure
48. The histograms use data averaged for each month between January 1995 and September
2014.

The data for Figure 45 was obtained from river gage “USGS 08330000 Rio Grande at
Albuquerque, NM”. The data for Figure 46 was obtained from river gage “USGS 08332010 Rio
Grande Floodway near Bernardo, NM”. The data for Figure 47 was obtained from river gage
“USGS 08354900 Rio Grande Floodway at San Acacia, NM”. The data for Figure 48 was
obtained from river gage “USGS 08353000 Rio Puerco near Bernardo, NM”.

The Albuquerque gage shows the highest daily suspended sediment discharge in May, which
coincides with the largest river flows during the assessed time frame. Bernardo tells a similar
story, but suspended sediment yield is equally as large in the month of July, which has the 9™
largest water discharge. South of the Rio Puerco confluence, the largest sediment yields tend to
occur during the late summer/early fall rainfall-runoff events. The San Acacia gage has a
suspended sediment peak that occurs around August, which is the same time frame as the peak
daily suspended sediment yield on the Rio Puerco. For all of the evaluated USGS gages the
highest suspended sediment concentrations occur between July and September.

Monthly Average Histogram
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Figure 45: Monthly average histograms for the Albuquerque gage from 1995-2014. Values are the USGS
reported mean monthly discharge, suspended sediment concentration, and suspended sediment discharge
values derived from the approved mean daily flows.
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Monthly Average Histogram
Bernardo 1995-2014
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Figure 46: Monthly average histograms for the Bernardo gage from 1995-2014. Values are the USGS reported mean
monthly discharge, suspended sediment concentration, and suspended sediment discharge values derived from the
approved mean daily flows.
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Suspended Sediment
Concentration (mg/L) or Load (Tons/day)

Monthly Average Histogram
San Acacia 1995-2014
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Figure 47: Monthly average histograms for the San Acacia gage from 1995-2014. Values are the USGS
reported mean monthly discharge, suspended sediment concentration, and suspended sediment discharge
values derived from the approved mean daily flows.
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Suspended Sediment
Concentration (mg/L) or Load (Tons/day)

Monthly Average Histogram
Rio Puerco near Bernardo 1995-2014
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Figure 48: Monthly average histograms for the Rio Puerco gage near Bernardo from 1995-2014. Values are

the USGS reported mean monthly discharge, suspended sediment concentration, and suspended sediment
discharge values derived from the approved mean daily flows.
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3.2.1.4 Difference Mass Curves

Difference Mass Curves are temporal representations of the increases and
decreases in the suspended sediment volume present between two USGS gaging
stations. Figure 49 compares the suspended sediment readings from USGS gages
at Albuquerque (USGS 08330000) and San Acacia (USGS 08354900) on a daily
time step (travel time and input/diversions from the system are not accounted for
in the difference calculations). Positive slopes indicate times when San Acacia has
more suspended sediment discharge than Albuquerque suggesting that the channel
is degrading, widening, or receiving excess suspended sediment from inflowing
tributaries between Albuquerque and San Acacia. Negative slopes indicate times
when Albuquerque has more suspended sediment discharge than San Acacia
implying that the channel is aggrading, storing sediment in the active channel or
the floodplain, or losing sediment to irrigation diversions.

Figure 50 compares the suspended sediment readings from USGS gages at
Albuquerque (USGS 08330000) and Bernardo (USGS 08332010) on a daily time
step (travel time and input/diversions from the system are not accounted for in the
difference calculations). Positive slopes indicate times when Bernardo has more
suspended sediment discharge than Albuquerque suggesting that the channel is
degrading, widening, or receiving excess suspended sediment from inflowing
tributaries between Albuquerque and Bernardo. Negative slopes indicate times
when Albuquerque has more suspended sediment discharge than Bernardo
implying that the channel is aggrading, storing sediment in the active channel or
the floodplain, or losing sediment to irrigation diversions.

The results show that in general the reach between Albuquerque and San Acacia
is gaining suspended sediment. It is likely that this gain has more to do with the
input of sediment from the large tributaries upstream, like the Rio Puerco and the
Rio Salado, rather than sediment mass erosion from the beds and banks in the
upstream reaches. Varyu and Fox (2014) estimated that the Rio Grande between
the Rio Puerco and Rio Salado is gaining around 100,000 to 150,000 tons/year.
Other studies (Richard et al., 2001; Bauer, 2009) have also indicated that the
reach between Isleta and Bernardo is storing sediment. This is verified by Figure
50 which shows that sediment was stored between Isleta and Bernardo in years
1972-1985, and 2000-2014. Thus the large gain in suspended sediment at the San
Acacia gage is likely from tributary contributions downstream of the Bernardo

gage.
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Figure 49. Suspended sediment difference mass curve between Albuquerque and San Acacia.
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Suspended Sedimient Comcentration (mg1)

3.2.1.5 Seasonal effects on suspended sediment

Figure 51 through Figure 53 show the average daily suspended sediment
concentration for various river flowrate bins based on data from water years 1995-
2014. Figure 51 was built from data from the Albuquerque gage (USGS
08330000); Figure 52 was built with data from the Bernardo gage (USGS
08332010); and Figure 53 was built with data from the San Acacia gage (USGS
08354900).

For flows in July through October, the suspended sediment concentration tends to
be higher than during others times of the year for the same flow. Also, March
through June flows tend to have lower suspended sediment concentration than the
rest of the year for the same flow.
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Figure 51: Average suspended sediment concentration for Albuquerque, 1995-2014
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Figure 52: Average suspended sediment concentration for Bernardo, 1995-2014
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Figure 53: Average suspended sediment concentration for San Acacia, 1995-2014

3.2.1.6 Effective suspended sediment discharge
Figure 54 through Figure 56 show the suspended sediment rating curves at the
USGS gages at Albuquerque (USGS 08330000), Bernardo (USGS 08332010) and
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Suspneded Sediment Discharge, Tons/Day

Suspended Sediment Discharge, tons/day

San Acacia (USGS 08354900) for water years 1995 through 2014. The Bernardo
gage is missing data between July 2005 and October 2011.
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Figure 54: Suspended sediment rating curve at Albuquerque
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Figure 55: Suspended sediment rating curve at Bernardo

76



Suspended Sediment Discharge, Tons/Day

1,000,000

y =0.4287x12>72

R?=0.5376
100,000
10,000
1,000
100
10 ®
o
1 ®
1 10 100 1,000

Flow, cfs
Figure 56: Suspended sediment rating curve at San Acacia

The typical procedure to develop effective discharge curves is to combine the
flow-frequency distribution and the suspended sediment load rating curves to
produce a suspended sediment load histogram which displays sediment load as a
function of discharge for the period of record (Biedenharn, 2000). However, due
to the poor trend between discharge and suspended sediment discharge in the
three rating curves, direct measurements of the suspended sediment at specific
discharges were used to develop the effective discharge relationships. Effective
discharge curves were developed by totaling the tons of suspended sediment
discharged at each gage between water years 1995 to 2014 for each river flowrate
bin. These curves are shown in Figure 57 through Figure 59 for the Albuquerque
through San Acacia gages. The effective discharge is the mean discharge value in
the river flow rate bin that has moved the highest total amount of suspended
sediment in the given time period.

The suspended sediment effective discharge values derived from this exercise are
shown in Table 12. The table also includes values from an MEI analysis
completed in 2002 which covered an analysis period of 1974 through 1998. It
would be expected for the later analysis to have lower values since 1995-2014
covers a period of lower-than-average flows; however, this is not the case.
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Table 12: Suspended Sediment Effective Discharge

Suspended Sediment Effective Discharge (Qefr)

Current Analysis MEI Analysis

USGS Gage (1995-2014) (1974-1998)
Albuquerque 1,050 cfs 870 cfs
Bernardo 1,050 cfs 900 cfs
San Acacia 750 cfs 940 cfs
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Figure 57: Total suspended sediment discharged between water years 1995 and 2014 for
given river flow rates at the Albuquerque gage
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Figure 58: Total suspended Sediment discharged between water years 1995 and 2014 for
given river flow rates at the gage near Bernardo
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Figure 59: Total suspended sediment discharged between water years 1995 and 2014 for
given river flow rates at the San Acacia gage
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3.2.2 Total Load

3.2.2.1 Total Load Curves

Total load curves provide a contemporary estimate of the sediment load moved by
various discharge levels at different seasons. Total load was calculated using the
BORAMEP program, as described below, using sediment data from the USGS
gage “USGS 08354900 Rio Grande Floodway at San Acacia, NM” for water
years 1995 through 2014.

The suspended sediment data was downloaded from the section titled “Daily
Data.” The total load data was calculated with the BORAMEP program using data
downloaded from the USGS gage section titled “Field/Lab Water-Quality
Samples.” It should be noted that the data downloaded from this section did not
have readings spaced on regular intervals. The readings sometimes occurred
multiple times per month and sometimes skipped months. Also, there were many
instances (particularly common after 2005) where data was split between two or
three samples taken on the same day or a few days apart. The data that was split
was manually merged, given that the data was at most one day apart. Also, after
March 11%, 2010, the USGS moved the average velocity data to a different
column in the field report and the new location was not readable by the
BORAMEP translation program. Thus the total load was not calculated after this
date.

The USGS data file was downloaded in the format specified by Reclamation’s
BORAMEP report (Holmquist—Johnson, 2009), and then run through the program
“Translate Raw USGS download 03-13-09.xls.” The resulting output file was then
used as input in the BORAMEP program, and that output file provided total
sediment load in tons per day for the available dates.

The data for Figure 60 through Figure 66 comes from the BORAMEP output. The
figures have been split by season and gradation type. Gravel was defined as being
greater than 2 mm, sand was between 0.0625 mm and 2 mm, and silt/clay was less
than 0.0625 mm (Wentworth, 1922). Total load calculations from the early 1990s
through 2010 at the San Acacia USGS gage found that the predominant material
transported by the river is sand (~68%). Finer material (silts and clays) constitutes
around 32% of the total load at the San Acacia gage. The percentage of the total
load moved by the Rio Grande past San Acacia that is sand has decreased from an
average percentage of 73% in the 1990s to about 64% in the 2000s. The average
percentage of finer material increased from about 27% in the 1990s to about 35%.
The percentage of gravel moving also increased, but it is still had an average
percent of the total load less than 1%. Sand loads were found to be 5 times greater
during the summer/fall monsoonal period than the spring snow-melt runoff period
up to a discharge of about 2,000 cfs. The primary sediment particles being
mobilized in the Rio Grande past the San Acacia USGS gaging station therefore
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Sediment Load Discharged (Tons/day)

are sand and finer material, being almost two orders of magnitude greater than the
gravel movement.

Others (Nordin, 1963; Culbertson and Dawdy, 1964; Gorbach, 1996) have found
that the movement of fine sediment (i.e. silts and clays) increases the transport of
sand size particles. The Rio Puerco and Rio Salado are primarily driven by the
summer rainfall-runoff period. The Rio Puerco carries a high silt load, along with
sand (Nordin, 1963; Bryan and Post, 1972; Simons et al., 1981b)). The Rio Salado
carries sand along with some gravel (Simons et al, 1981; MEI, 2002).

Figure 60 shows how gravel, sand, and silt/clay move for various river discharges,
while Figure 61 shows the percentage of each sediment type relative to the total
load. Trend lines were attempted to fit the data, but no strong correlations were
found. This analysis revealed that data is better correlated when the sediment
load is divided according to season as in Figure 62, Figure 63, and Figure 64 than
when the load is not divided by season.
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Figure 60: Sediment load graph comparing sediment type for various river discharges at San
Acacia for water years 1995 through 2010 (gravel data points below 0.1 tons/day have been
omitted)
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Figure 61: Percent of total load graph comparing sediment type for various river discharges
at San Acacia for water years 1995 through 2010.

The movement of gravels on the Rio Grande is most noticeable during the spring
snow-melt runoff time frame. Sand and smaller particles are transported during
the spring snow-melt runoff period (March through June) and the summer
rainfall-runoff period (July through October). Data for flows above 2,000 cfs is

primarily from the spring snow-melt runoff period.

A trendline is shown in Figure 62 for the gravel discharged in spring runoff
season, between March and June. However, the data points for the monsoon
season’s gravel discharge were scarce and often zero, and no trend could be

found.

Trendlines showing expected sand discharge for various river flowrates are shown

in Figure 63.
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Total Gravel Load Rating Curve
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Figure 62: Total load rating curve for gravel at San Acacia for water years 1995 through 2010
(gravel data points below 0.001 tons/day have been omitted)
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Figure 63: Total load rating curve for sand at San Acacia for water years 1995 through 2010

Figure 64 shows a trendline for the spring runoff season silt and clay load.

However, the

data for the monsoon season was sparse and widely varied, and no

trend could be found.
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Figure 64: Total load rating curve for silt/clay at San Acacia for water years 1995 through 2010

Figure 65 shows the total load rating curve for all total load data points available
between 1995 and 2010.
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Figure 65: Total Load Rating Curve at San Acacia for water years 1995 through 2010

3.2.2.2 Total Load Effective Discharge Curves

Figure 66 shows the total load effective discharge curve for San Acacia. To create
the effective discharge curve, the total load rating curve’s trendline equation
(Figure 65) was used to generate an expected total load for a given discharge bin.
This value was then multiplied by the fraction of time that the daily average
discharge fit in that bin out of all the days in the analysis period. Also, the median
river discharge value for each bin was multiplied by the fraction of time that the
daily average discharge fit into that bin out of all the days in the analysis period.
The incremental water discharge volume is also displayed on the effective
discharge curve.

The effective discharge curve shows that the highest incremental load for both
sediment and water is at 750 cfs. In 2002, MEI found that the total load effective
discharge at San Acacia was 940 cfs. Their period of analysis covered 1974
through 1998. It is expected that the current analysis would have a lower value
than MEI since 1995-2010 covers a drought period.
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Figure 67 shows the average total load sediment discharge grouped into river
flowrate bins for water years 1995 to 2010 at San Acacia by sediment type. This
graph shows the predominance of sand and finer material over gravel at all

evaluated discharge values.
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Figure 67: Average total load sediment discharge grouped into river flowrate bins for water
years 1995 to 2010 at San Acacia

4.0 Assessment of Geomorphic
Parameters

There are six geomorphology parameters used to assess and define changes
occurring between Isleta and San Acacia Diversion Dams on the Middle Rio
Grande, as defined by Makar and AuBuchon (2012). These include the following
parameters: channel width, channel planform and location, channel slope, channel
sinuosity, bed material size and type, and channel and floodway topography. An
analysis of the data over time helps reveal patterns in these parameters, which
coupled with trends observed in the drivers, help identify and elucidate observed
geomorphic trends for this reach.

A summary of the major observations for the six analyzed geomorphic parameters
are as follows:

e The average and range of the active channel width has decreased
throughout the Isleta to San Acacia reach of the Rio Grande since the
1960s. The average active channel width in 2016 for the Isleta to Rio
Puerco reach was just under 180 feet, while the Rio Puerco to San Acacia
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reach was just over 150 feet (4.1 Channel Width p. 90 and 4.6 Channel
and Floodway Topography p. 136).

The constructed spoil levee widths have the same tendency as the valley
width trends. The current active channel width only slightly reflects the
valley width trends. (4.1.1 Longitudinal Channel and Valley Width
Schematic p. 91).

The Rio Grande planform between Isleta and San Acacia Diversion Dams
has shifted from a multi-threaded channel to a primarily single thread
channel between the 1990s and early 2010s (4.2.1 Planform
Classification on the Rio Grande p. 95).

Potential exists for the river to deepen and narrow, which may create a
tendency for banks to laterally migrate. A higher terrace adjacent to the
active channel in the Rio Puerco to San Acacia reach may also create a
tendency for banks to laterally migrate (4.2.1 Planform Classification on
the Rio Grande p. 95.)

Vegetation has influenced the river planform since the early 1990s.
Vegetation cover has increased as much as 20% on the Rio Grande since
the 1990s, which has affected the local sinuosity and reach width (4.2.1
Planform Classification on the Rio Grande p. 95 and 4.2.3 Vegetation
Trends p.111).

Vegetation has influenced the Rio Puerco in the reach downstream of the
railroad crossing, increasing the local sinuosity and narrowness (4.2.2
Planform Classification on the Rio Puerco p. 108).

The number of mid-channel bars peaked in the reach between Isleta and
San Acacia around the mid-1990s. The area encompassed by the mid-
channel bars peaked in the early 2000s. The number and area of mid-
channel bars has decreased since those peaks as mid-channel bars have
become attached to the banklines (4.2.4 Island Trends p. 116).

The slope of the Rio Grande through the Isleta to San Acacia reach has
decreased from the 1980s to early 2010s. The slope of the Rio Grande
from Isleta to the Rio Puerco has decreased from the 2000s to the early
2010s, while the slope of the Rio Grande from Rio Puerco to San Acacia
has increased during the same time (4.3 Channel Slope p. 119).
Temporal changes in the longitudinal mean channel bed profiles between
Isleta and San Acacia Diversion Dam suggest a general degradational
trend. The Isleta Diversion Dam to Los Lunas (NM 6 Bridge) has shown
little net change, fluctuating between cycles of aggradation and
degradation. Los Lunas to Abo Arroyo shows a slight degradational trend,
while Abo Arroyo (and especially from around the U.S. 60 Bridge and
downstream) there is a strong degradational trend, except around the Rio
Salado. The mean bed elevations from the Rio Salado (both upstream and
downstream) have generally tended towards an aggradational state (4.3
Channel Slope p. 119).

The sinuosity of the Isleta to Rio Puerco geomorphic reach is currently
increasing. A slight increase in the sinuosity occurred in this reach in the
1950s, but this is still lower than the sinuosity currently observed. The Rio
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Puerco to San Acacia geomorphic reach is currently experiencing a slight
increase, with a large peak in the early 1960s (around 1.17) and a
moderate one in the late 2000s (around 1.11) (4.4 Sinuosity p. 126).

¢ Bed material tends to be coarsening between the Isleta and San Acacia
diversion dams. Shear stress and particle stability analysis on the bed
material particle shows that bed material is unstable except around the Rio
Salado confluence (4.5 Bed Material Size and Type p. 127).

e An assessment of the channel and floodway topography between the mid-
1990s and mid-2010s indicates that in some areas (between Los Lunas and
Casa Colorado and upstream of San Acacia Diversion Dam) the river has
incised. But there are other areas (Isleta Diversion Dam to Los Lunas and
Casa Colorado to just upstream of San Acacia Diversion Dam) where the
river has aggraded the same order of magnitude. The change in the bank
height follows a similar trend. The increase in bank height is due to a
combination of channel incision and vertical accretion of sediment on
mid-channel bars and at the bankline (4.6 Channel and Floodway
Topography p. 136).

e The Rio Grande between Isleta and San Acacia has various terrace
surfaces. Between Isleta Diversion Dam and Tome, NM the active channel
is slightly perched relative to the adjacent floodplain. From Abeytas, NM
to San Acacia Diversion Dam a majority of the floodplain surfaces are
high and elevated above the active channel. The area between Tome, NM
and Abeytas, NM has a mix of these two characteristics (4.7 Terrace
Mapping p. 150).

4.1 Channel Width

The Rio Grande flows through a geological feature called the Rio Grande rift,
which separates the Great Plains region from the Colorado Plateau (Bauer, 2000;
Berry and Lewis, 1997). The valley morphology has been relatively consistent
over the last several thousand years, with a series of wide basins and narrow
canyons. The Belen basin begins at the northern portion of this study reach where
the valley narrows at the Isleta canyon. The Belen basin ends at the San Acacia
canyon, which is at the downstream end of the study reach (Bauer, 2000; MEI,
2002). Both anthropogenic and natural climate changes have affected the width of
the Rio Grande in the last couple of centuries. In the late 1800s through the early
1900s the loss of water to irrigation and the increased sediment loading from the
tributaries caused the river to become wider and shallower (Crawford et al., 1993;
MEI, 2002). The average channel width in 1918 was around 1300 feet on the
upstream end of the reach and around 2100 feet on the downstream end. In 1918
the minimum channel width was around 800 feet and the maximum channel width
was around 7500 feet, with a greater diversity in channel widths at the
downstream end of the study reach (MEI, 2002). The channel has generally
narrowed between the Isleta and San Acacia diversion dams since 1918 due to a
combination of infrastructure building, channelization, reduction in peak flows,
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upstream sediment reduction, and vegetation encroachment (Culbertson and
Dawdy, 1964; Crawford et al., 1993; Berry and Lewis, 1997; Bauer, 2000; MEI,
2002; Bauer and Hilldale, 2006; Tashjian and Massong, 2006; Parametrix, 2008;
Bauer, 2009; Makar, 2010; Makar and AuBuchon, 2012; Baird, 2014). This
reduction in the channel width has also resulted in a more uniform distribution of
channel widths (Crawford et al., 1993; Parametrix, 2008; Makar and AuBuchon,
2012).

4.1.1 Longitudinal Channel and Valley Width Schematic

Brierly and Fryirs (2005) outline a watershed geomorphic analysis approach that
helps present a reach perspective. Figure 68 shows a graphical expression of the
channel, spoil levee, and valley widths between Isleta Diversion Dam and San
Acacia Diversion Dam for 2012. The canyon and basin morphology of the valley
is evident in this schematic. The channel and spoil levee widths are on the same
scale, but the valley widths are on a separate scale. The graphical expression of
the widths is not centered on the river centerline, but rather symmetrically
arranged along an imaginary line. This configuration then does not reflect the
sinuosity around bends.

The channel, spoil levee, and valley widths were drawn using ESRI’s ArcMap
(version 10.4.1). A combination of aerial images, DEMs, and hillshade layers
were used to delineate the centerlines and borders of the valley and the spoil
levees. The hillshade and DEM files were produced by Intermap using
Interferometric Synthetic Aperture Radar (IfSAR). The data was collected
between 2007 and 2008 and was accurate to 2 meters RMSE horizontally and 1
meter RMSE vertically. Reclamation contractors developed channel centerlines
and active channel borders from aerial imagery taken in 2012. The 2012 active
channel was used to delineate the current channel width.

For this exercise the active channel was defined as that portion of the stream
showing signs of actively being re-worked (no vegetation present). The spoil
levee borders were roughly drawn to the spoil levee centerline. The valley was
defined as the terrain area surrounding the active channel area that had a gentler
topography than the adjacent mountainous regions. The valley width polygon
included the area covering the active channel width polygon. Topography
identification was qualitative and consisted of identifying definable geographic
features that marked a significant slope change. For instance, the bottom of a
steep mountain slope and the bottom edge of a rock wall are readily identifiable
topographic areas that were used to delineate the edges of the valley. At tributary
junctions the valley edge was defined by the confining valley edges on either side
of the tributary.

These valley, spoil levee, and active channel borders were developed into

polygons, split into segments, and each segment’s area was determined. The
valley, spoil levee, and active channel centerlines were also split into segments
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and each segment’s length was determined. The width for each segment was
determined by dividing the segment’s area by its length.

The x-axis distance on the figures corresponds to the length of the river (channel
centerline) from Isleta Diversion Dam to San Acacia Diversion Dam.

From Figure 68 it can be seen that the constructed spoil levee widths have the
same tendency as the valley width trends. It is also evident that south of the Rio
Salado the valley width is the main lateral constraint on the river, as there is a
spoil levee only on one side of the river. The current active channel width only
slightly reflects the valley width trends, indicating that there are other influences
beyond the placement of spoil levees that narrowed the active channel.
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Figure 68: Longitudinal Channel (2012), Spoil Levee, and Valley Width Schematic. The
spoil levee does not continue to San Acacia Dam on the east side and thus the width is not
measurable.

4.1.2 Average reach width

Figure 69 and Figure 70 show the channel width over time for the study reach
broken down into two geomorphic reaches: Isleta Diversion Dam to the Rio
Puerco confluence and the Rio Puerco confluence to the San Acacia Diversion
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Dam. The figures graphically show the active channel width, averaged along the
aggradation-degradation lines within each geomorphic reach. The years analyzed
were 1962, 1972, 1985, 1992, 2002, 2006, 2012, and 2016. For 1962 through
2012 the active channel widths were extracted along the established aggradation-
degradation lines. The extracted width for the lines in each of the geomorphic
reaches was then averaged to obtain the average reach width. The 2016 imagery
was the only year that was not averaged along the aggradation-degradation lines;
instead, one polygon was created for the entire active channel and the polygon’s
area was divided by the length of the channel centerline to obtain the average
geomorphic width. Smaller polygons within each geomorphic reach were
mapped in areas of similar width. The area of this polygon divided by the length
of the channel centerline through that polygon gives an average channel width for
that section. The range of widths for all of the mapped polygons in each
geomorphic reach provides a range. The maximum and minimum from this range
are shown in Figure 69 and Figure 70.

The minimum channel width has remained nearly the same from the 1960s until
2016, while the average and maximum channel widths have decreased. For the
Isleta to Rio Puerco reach a decrease in the average active channel width occurred
around 1992, while for the Rio Puerco to San Acacia reach this decrease occurred
in the mid-1980s. The increase in channel width, observed in the Isleta to Rio
Puerco reach in the 1980s, is believed to have been the results of a combination of
a mechanical vegetation removal program (this program stopped around the mid-
1980s) and large spring runoff flows that kept the active channel wider. (Bauer
and Hilldale, 2006; Makar et al., 2006; Parametrix, 2008). The average active
channel width is currently wider for the Isleta to Rio Puerco reach (~177 feet)
than the Rio Puerco to San Acacia reach (~154 feet). The predicted future trend
on the Rio Grande is continued narrowing (Vensel et al., 2006; Bauer. 2009). The
1961 Reclamation channel width equation, however, predicts a range of active
channel widths between 150 and 190 feet for the Isleta to Rio Puerco reach
(Baird, 2014), which is similar to the observed channel width in 2016.

93



Reach Average Channel Width (feet)

Reach Average Channel Width (feet)

1600

1400 Average Width
1200 Max Width
= == Min Width
1000 —
800
600
—‘\_
400
200 ___..__._.._______\‘
0 I I I I I 1
1960 1970 1980 1990 2000 2010 2020
Year
Figure 69. Average, Max, and Minimum Channel Widths for Isleta to Rio Puerco
2500
m— Ayerage Width
2000 Max Width )
= = Min Width
1500 .
1000
—-----____
500 S~
-l _ \:\
----_------------ -—
U T T T T T 1
1960 1970 1980 1990 2000 2010 2020

Year

Figure 70: Average, Max, and Minimum Channel Widths for Rio Puerco to San Acacia

4.2 Channel location/planform

How the channel shape changes over time gives insight into the geomorphic

trends. The channel shape is affected by the drivers (water and sediment supplied
to the reach) and long term trends give insight into future channel movement. The
Rio Grande in the 15" century was described as being a relatively deep waterway
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with a low sediment load. The sediment load increased from the 16" to the mid-
19th centuries creating a wider and shallower river system (Finch and Tainter,
1995; Scurlock; 1998). In recent decades the sediment load has decreased once
again, along with a decrease in the flood frequency and flood peaks due to
climatic and upstream flow regulations (Finch and Tainter, 1995; MEI, 2002).
This has resulted in a planform termed “wandering” because changes are irregular
and controlled by floods that occur episodically (MEI, 2002).

Between the Isleta and San Acacia reach the following analyses were pursued:
planform classification, vegetation growth, and island development.

4.2.1 Planform Classification on the Rio Grande

The general shape of the channel was assessed for available snapshots in time
between 1918 and 2016 using two classification schemes. The snapshots in time
are summarized in Table 13. The two classification schemes are briefly described
thereafter.

Table 13. Data used in planform classification between Isleta and San Acacia

Year @ Collection Format Georeferenced Area
timeframe

1918 | 1917-1918 | Linens Yes Isleta to San Acacia
1935 ? Film Yes Isleta to San Acacia
1949 ? Acetate Yes Isleta to San Acacia
1962 March Mylar Yes Isleta to San Acacia
1972 April Mylar Yes Isleta to San Acacia
1984 February Mylar No Isleta to Belen
1985 March Paper No Belen to San Acacia
1992 February Mylar Yes Isleta to San Acacia
2002 Jan/Feb Digital Yes Isleta to San Acacia
2012 February | Digital Yes Isleta to San Acacia
2016 October Digital Yes Isleta to San Acacia

Schumm (1977; 1981) used a pattern classification scheme based on experience
with fluvial rivers throughout the world, but primarily based on research
observations of sand bed rivers in Canada and the Great Plains region of the
western United States and mobile bed and bank flume studies. The classification
is based on channel stability and the primary mode of sediment transport.
Observations noted during the research of natural river systems and flume studies
provided the opportunity to comment on the general conditions in which certain
channel patterns develop and how channel pattern shifts may occur from changes
in the sediment supply or through stabilizing effects such as vegetation. Schumm
considered this a tentative pattern classification model until more data became
available on the effects on the channel shape and pattern of the total sediment load
and the predominant sediment size carried by the river. Schumm’s classification
scheme involved 14 patterns representing three dominant sediment load regimes:
bed load (patterns 1-5), suspended load (patterns 11-15), and a mixed load for a
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system that was not clearly bed load or suspended load dominated (patterns 6-10).
Schumm’s classification scheme is shown in Figure 71.

Massong et al. (2010) developed a planform evolution model based on
information collected on the Middle Rio Grande, including empirical observations
of channel planform changes, survey data, valley fill geologic data, historical
photography, and available documented historical descriptions such as those in
Scurlock (1998) and Bauer (2009). The model includes three stages of planform
evolution, as shown in Figure 72. There is the initial stage (stage 1-3) followed by
two branches of evolution. The two stages past the initial stage depend on whether
the sediment supply is greater (aggrading stage: A4 —A6) or less than the transport
capacity (migrating stage: M4-MS). Based on evidence of incision and bank
erosion between Isleta and San Acacia (Bauer, 2000; Richard et al., 2001; MEI,
2002; Bauer and Hilldale, 2006; Vensel et al., 2006; Parametrix, 2008; Makar,
2010; Makar and AuBuchon, 2012; Varyu, 2013) it was assumed that the
observed river planform within the assessed reaches is following the migrating
stage.

Two geomorphic reaches have been identified between the Isleta and San Acacia
Diversion Dams (Reclamation, 2012b). The planform classification was
completed for each of these reaches, as shown in Table 14 and Table 15. The
changes between the years are specifically described in subsequent paragraphs,
however a brief explanation is provided herein of the planform changes described
in Table 14 and Table 15.

The primary change since the late 1940s has been a transition to a narrower,
slightly sinuous channel from a wide, braided channel. The Massong et al.’s
(2010) M5 and M6 planform stages represent deeper and narrower river sections
with channel bars that had been active, developed vegetation, and then became
attached to the bank. These now function as river banks. The M6 planform stage
occurs in the Rio Puerco to San Acacia reach, primarily below the Rio Salado
planform and represents the set up and lateral migration of bends in the river. The
movement to an M5 stage between Isleta to Rio Puerco is a possible prediction
from Massong et al.’s planform model towards more lateral migration in the
reach. This would especially be true if channel incision occurs below the
established vegetative root zone. The Schumm (1977, 1981) channel pattern
classification suggests a shift to a planform that has a higher relative stability,
lower width to depth ratios, decreased channel gradient, increased channel
sinuosity, and lower stream power for both the Isleta to Rio Puerco and the Rio
Puerco to San Acacia geomorphic reaches. The Schumm classification scheme
also suggests more of an influence of the suspended sediment load on the channel
morphology than the sediment bed load.
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Table 14. Channel Classification for the Isleta to Rio Puerco geomorphic reach

Years Massong et al. (2010) Schumm (1977, 1981)
1918 2 3
1935 1 3
1949 2 3
1962 3 2
1972 3 2
1985 3 8/9
1992 3 8
2002 3 9
2012 M4 8
2016 M5 7
Table 15. Channel Classification for the Rio Puerco to San Acacia geomorphic reach
Years Massong et al. (2010) Schumm (1977, 1981)
1918 1 2
1935 1 4
1949 1 4
1962 2 3
1972 3/2 2/3
1985 3 2/3
1992 3 8
2002 M4 7
2012 M5/M6 7
2016 M5/M6 7/8

For most of the Isleta to Rio Puerco reach, the river’s thalweg, according to the
1918 linens (maps hand drawn on linen sheets), is about 2-8 feet lower than the
adjacent floodplain. The active channel is wide, with large sand bars. Sometimes
the bars alternate sides on the channel and at other times the bars appear in the
middle of the channel, acting as islands. A lot of the bars have secondary channels
or chutes that dissect them. The sand bars are very low and for the most part have
no vegetation on them. The few bars or islands that have vegetation may have
been connected to the channel banks before the previous high flow event(s)
changed the planform. There are significant stands of woody vegetation (or
bosque) on both river banks. This is broken spatially by cultivated fields, alkali
meadows, sand dunes, and sage fields. The 1918 linens for the Rio Puerco to San
Acacia reach is similar to the upstream reach, but the bars are much larger. There
is less area covered by vegetation, with areas demarcating salt grass meadows and
sand flats. The adjacent floodplains are only about 1-4 feet higher than the river
thalweg.

The 1935 aerial photography also shows a wide active channel with low sand bars

that the low river flows braid across. In some stretches of the reach the river
narrows and alternating sand bars appear. There are areas of woody vegetation,
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some of which dissect areas denoted in the 1918 surveys. This would indicate that
flow events occurred in the intervening years that were able to re work the
channel morphology. There appears to be less agriculture occurring adjacent to
the river and is difficult to discern salt grass or alkali meadows in the captured
photography. Similar to the 1918 linens, the 1935 aerial photography shows a
distinct planform difference downstream of the Rio Puerco. The number and
extent of bars is more extensive, plus the low flow channel is significantly more
braided through this reach. This may be indicative of a higher sediment load.

In 1949 the banks, and some of the bars, from 1935 are becoming vegetated. The
result is a narrower channel than in 1935. The majority of bars within the active
channel, however, still appear to be barren of vegetation. In some areas there has
been extensive re-working of the channel as vegetated bars/islands in 1935 have
been replaced by sand bars or river channel in the 1949 aerials. The channel
planform is considerably wider downstream of the junction with the Rio Puerco,
similar to the previous historical snapshots in time. The low flow channel is
significantly more braided in this reach with more open bars. The planform
narrows, similar to previous years, upstream of the junction with the Rio Salado
and then widens out again downstream.

In 1962 the channel planform has narrowed. Lines of jetty jacks, both parallel and
transverse to the flow, are visible. Areas of the 1949 active channel enclosed by
the jetty jacks have become stabilized and colonized by vegetation. While the
active channel has narrowed, there are still bars within the active channel that are
not vegetated, especially in areas where the active channel is slightly wider. A
primary flow path has developed and in many places this appears to have been
constructed rather than having occurred naturally. As in previous years, the
channel planform changes downstream of the Rio Puerco junction. While wider
than the reach upstream, the Rio Puerco to San Acacia reach shows signs of bar
stabilization and vegetation, although no jetty jacks are visible in the photographs.
A meandering thalweg can now be identified through most of this reach

By 1972, the jetty jacks have definitely reshaped the river, as a significant portion
of the river has either eroded or deposited sediment to the bankline jetty jack line
(e.g. river banks are now parallel to the bankline jetty jacks through most of the
reach). In the Isleta to Rio Puerco reach this has increased the width in many
locations, but also resulted in a more uniform width. Within the active channel,
the bars are primarily free of vegetation with a sinuous low flow channel. The Rio
Grande narrows considerably upstream of the Rio Puerco, but in 1972 there isn’t
as large an increase in width of the active channel in the Rio Puerco to San Acacia
reach until downstream of the Rio Salado. Up until the Rio Salado the planform
of the Rio Puerco to San Acacia reach resembles the upstream planform from
Isleta to Rio Puerco. The planform downstream of Rio Salado in 1972 is more
similar to the 1962 planform for the entire Rio Puerco to San Acacia reach, albeit
with some width reductions.
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In 1984/1985 the floodplains appear to have well established vegetation. The
majority of the bars within the active channel are predominantly non-vegetated,
however there are some bars that have vegetation becoming established. Bars
appear to be more stable as the river begins to meander back and forth between
alternating point bars. This is especially noticeable between Isleta Diversion Dam
and Abo Arroyo. Between Abo Arroyo and about one mile upstream of the Rio
Puerco confluence with the Rio Grande the river has a much more braided look.
In this section of the river there are point bars with multiple cut off chutes and
more visible mid-channel bars. The Rio Grande still narrows upstream of the Rio
Puerco, but the transition between the wider, braided upstream section and the
narrower, meandering downstream section has moved downstream from 1972
(river mile 129.5 in 1972 and river mile 127.3 in 1985, 2012 river mile
demarcations). Alternating bars in this section, however, still show indications
(higher flow cutoffs, lack of vegetation, etc.) that the river is highly mobile in this
area. Downstream of the Rio Puerco confluence and across from the Salas Arroyo
confluence a cut-off berm is visible in the 1985 aerial photography. The cut-off
berm is on river right and upstream of bank erosion along the Drain Unit 7
Extension drain. The bank erosion (about 4,000 feet in length) is also evident in
the 1972 aerials, indicating that the cut-off berm was likely placed as protection
for the drain. Below the Rio Puerco confluence the channel once again has a
defined thalweg channel with alternating point bars. There are multiple cut off
chutes in these bars. Between RM 122 (2012 demarcations) and the Rio Salado
confluence the river narrows and there are no visible bars. Downstream of the Rio
Salado confluence the Rio Grande once again widens with a defined thalweg
alternating between point bars that appear to be stabilizing. Some cut off chutes
are visible on these bars as well.

By 1992 the Rio Grande between Isleta and San Acacia Diversion Dams has a
multiple thalweg channel that meanders back and forth between alternate bars that
are becoming more well-defined and stabilized. The active channel widening
observed in the 1985 aerials upstream of the Rio Puerco confluence has continued
to move downstream to around river mile river mile 126.4 (2012 river mile
demarcations). There are a few cut-off channels through the point bars and in
some areas this gives a braided appearance. The only section of the river with no
visible sediment bars is between RM 122 (2012 river mile demarcation) and the
Rio Salado confluence. Below the Rio Salado the river narrows considerably and
the large point bars that have formed show evidence of vegetation encroachment.

In 2002, the active channel between the Isleta Diversion Dam and the Rio Puerco
confluence still has multiple thalweg channels that meander between alternate
bars. A more discernible single thalweg channel is evident between the U.S. 60
Bridge and San Acacia Diversion Dam. There are still smaller side channels
evident in the aerial photography that split off the main channel and cut through
point bars, except in the section between RM 122 (2012 river mile demarcation)
and the Rio Salado. There are more bars/islands than previous years within the
Isleta Diversion Dam to Rio Puerco reach that show signs of vegetation. The
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vegetated bars/islands add additional width constraints on the active channel,
decreasing the active channel width compared to the 1992 aerials. The Rio Puerco
confluence has jumped about 1200 feet upstream of its previous location near the
Salas Arroyo confluence. This appears to have been a meander cut-off as a
meander bend on the Rio Puerco (visible near the Rio Grande in the 1992 aerial
photography) appears to have breached the bank of the Rio Grande, forming a
new confluence location in 2002. The Rio Grande below the Rio Puerco is
narrower with fewer bars. There are a few bars that have developed between RM
122 and the Rio Salado confluence, but the river is only slightly narrower here
than upstream. The narrowness of the river continues downstream of the Rio
Salado confluence as the bars through this section of the Rio Grande are
becoming densely vegetated.

In the 2012 aerial photography, the vegetation has become more established
within the active channel, with many of the bars in 2002 now connected to the
banks. While there are still “bare-earth” bars, vegetated bars seem to be more
predominant. This has both narrowed the channel and created fewer, but larger
bars. A single thalweg channel has formed between Isleta and San Acacia
Diversion Dam, with split flow conditions around the larger mid-channel bars.
Between the Rio Puerco and San Acacia there are fewer mid-channel bars with
some of the point bars in this reach beginning to grow, causing erosion on the
opposite bank. This is especially noticeable just upstream of RM 117 where the
river channel in 2012 is about 600 feet north of its location in 2002.

By 2016 the river appears to have narrowed more between Isleta Diversion Dam
and the Rio Puerco confluence with the Rio Grande. The majority of the bars
from the 2012 aerial photography are now connected to the banks, but additional
non-vegetated sediment bars have developed within the active channel. There are
a few larger cut-off chutes on these bars that become intermittent during lower
flow periods. A distinct single thalweg channel is discernible from Isleta to San
Acacia. The channel width between the Rio Puerco and the Rio Salado confluence
has narrowed slightly through vegetation encroachment into the active channel.
Between the Rio Salado confluence and San Acacia the active channel area has
increased through channel migration or anthropogenic vegetation removal
(noticeable just upstream of the San Acacia Diversion Dam).

The active channel planforms are shown in Figure 73 and Figure 74 for the Rio
Grande between Isleta Diversion Dam and the San Acacia Diversion Dam. Three
locations within this reach are also highlighted to show the specific variations that
occurred through time. These snapshots are shown in Figure 75 through Figure
77.
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Figure 73: Rio Grande Planform from Isleta Diversion Dam to Jarales Bridge
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Figure 74: Rio Grande Planform from Jarales Bridge to San Acacia Diversion Dam
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Figure 75: Aerial Photography and hand drawn linens around River Mile 138. The hand drawn linens are from 1918, while aerial photography ranges from
1935 through 2016. Aerial Photography is oriented north to south, with the Rio Grande flowing from top to bottom.
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Figure 76: Aerial Photography and hand drawn linens around River Mile 148. The hand drawn linens are from 1918, while aerial photography ranges from
1935 through 2016. Snapshots are oriented north to south, with the Rio Grande flowing from top to bottom.
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Figure 77: Aerial Photography and hand drawn linens around River Mile 158. The hand drawn linens are from 1918, while aerial photography ranges from
1935 through 2016. Aerial Photography is oriented north to south, with the Rio Grande flowing from top to bottom.
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4.2.2 Planform Classification — Rio Puerco

The Rio Puerco’s planform from the railroad bridge to the confluence with the
Rio Grande (approximately 1.5 miles) was also classified according to Massong et
al. (2010) and Schumm (1977, 1981) and the results are seen in Table 16. Figure
78 and Figure 79 show the active channel outline and aerial photographs of the
Rio Puerco from the railroad bridge to the Rio Grande. This portion of the Rio
Puerco narrows between 1918 and 2016. The channel is relatively straight for
most of the years until 1992. There are some bends that develop by 1935, but by
1949 these have been mostly straightened. Then in 1992, the channel develops a
meandering planform near the confluence. Between 1992 and 2002, one of the
meander bends closest to the Rio Grande erodes the river right bankline on the
Rio Grande. This results in a new confluence location for the Rio Puerco in 2002
that is about 1200 feet upstream of the confluence location in 1992. The meander
bends further upstream also become more pronounced in 2002, and then in 2012
the largest meander bend in this downstream portion gets cut off. Channel
classifications for the Rio Puerco following Massong et al.’s (2010) and
Schumm’s (1977; 1981) classification schemes are shown in Table 16.

Table 16. Channel Classification for the Rio Puerco

Years Massong et al. Schumm (1977,
(2010) 1981)
1918 M5 11
1935 M6 12
1949 M6 12
1962 M5 11
1972 M5 11
1992 M6 13
2002 M6 13
2012 M8 12
2016 M8 12

Figure 78 shows the active channel planform on the Rio Puerco between the
railroad bridge and the confluence with the Rio Grande between 1918 and 2016.
Snapshots in time are shown in Figure 79. According to Schumm’s classification,
the changes over time are likely related to changes in the sediment load or
discharge. Massong et al.’s (2010) classification schema suggests that the Rio
Puerco’s planform stage will be stable unless a large enough hydrologic event can
reset the planform. These changes may indicate a decrease in the suspended
sediment supply from the Rio Puerco. This stability and lowered sediment supply
on the lower reach of the Rio Puerco is consistent with other analyses on the Rio
Puerco (Elliot, 1979; Friedman et al., 2015).
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Figure 78: Rio Puerco planform from the railroad bridge to the confluence with the Rio
Grande
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Figure 79: Aerial Photography and hand drawn linens of the Rio Puerco from the railroad bridge to the confluence with the Rio Grande. The hand drawn linens are

from 1918, while aerial photography ranges from 1935 through 2016. Aerial Photography is oriented north to south, with the Rio Puerco flowing from top left to bottom
right.

110



4.2.3 Vegetation trends

One of the recent concerns along the Rio Grande between Isleta and San Acacia is
the amount of vegetation encroachment that has occurred. Crawford et al. (1993)
described the limitation of natural riverine processes on the Rio Grande that
destroy and replenish native Bosque vegetation. The recruitment of new native
Bosque stands requires a nearby water table and a bare earth substrate (MEI,
2002). The reduced variability in stream flows through the year and the reduction
in peak flood flows that can remove established vegetation has influenced the
vegetation growth in the Rio Grande through this reach and impacted the
planform morphology (Crawford et al., 1993; Finch and Tainter, 1995; MEI,
2002; Parametrix, 2008; Bauer, 2009; Makar, 2010; Massong et al., 2010, Makar
and AuBuchon, 2012).

Vegetation trends were assessed for the Rio Grande between Isleta and San
Acacia diversion dams, by geomorphic reach, for periods of time in the last three
decades using two different methods. Because annual vegetation is typically not
observable in the aerial photography, it is assumed that the mapped vegetated
areas reflect woody vegetation or dense annual vegetation. The first method
looked at aerial photography between 1992 and 2016 and involved hand digitizing
vegetation using GIS software. The second method used 4-band imagery captured
in 2008, 2012, and 2016 to assess vegetation through a semi-automatic process
based on differentiating objects from the captured pixel values for the multiple
imagery bands. Both processes show an increase in the area being vegetated,
although the hand digitization process shows this trend continuing through the last
evaluated year (2016) while the semi-automatic method has leveled out recently.
The results of these analyses are shown in Figure 80.
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Figure 80. Percentage of woody vegetation within active channel area between Isleta
Diversion Dam and San Acacia Diversion Dam. Analysis was completed using hand and
semi-automatic digitization.
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The process for hand digitization was performed at a scale of 1”=1000". This
resolution was chosen to best balance the need between visual identification of
vegetative features and analysis time constraints. All digitization efforts were
completed in the North American Datum of 1983 (NAD&83), New Mexico State
Plane, Central Zone (NMSP, zone 3002).

Years of aerial photography used in this analysis are shown in Table 17. All of the
aerial photography was collected by Reclamation contractors and most are
collected during leaf-off conditions. The two exceptions are the July 2008 and the
October 2016 aerial photography that captured leaf-on conditions. While other
aerial photography sets are available in 2008, the July captured a discharge more
representative of the other evaluated years.

Table 17. Aerial Photoiraihi iears used in the veietation encroachment analysis.

1992 February Black & White 1
2002 | January Color 3
2006 January Color 3
2008 July Color 4
2012 February Color 4
2016 October Color 4

A distinct feature class representing the vegetated area was created for each aerial
photography year. The digitized area in each year was compared against the
assessment area. The assessment area included the river and riparian corridor
from Isleta Diversion Dam to San Acacia Diversion Dam. The spoil levees and/or
geological constraints formed the lateral extents of the assessment area. The total
bounding area of the assessment area was 12,525 acres.

Features were digitized upstream to downstream. When vegetation was patchy,
areas with at least 50% vegetation were counted as fully vegetated. A typical
example of this vegetation digitization is shown in Figure 81. Tabular results from
the hand digitization effort are shown in Table 18. Based on this table, the largest
vegetation changes between Isleta and San Acacia diversion dams occurred from
2002 to 2006 and 2012 to 2016.

Table 18. Percent of woody vegetation cover (hand digitization) from 1992 to 2016 along the
Rio Grande between Isleta and San Acacia Diversion Dams.

1992 8,865 70.8 =

2002 8,930 71.3 +0.5
2006 9,610 76.7 +5.4
2008 9,850 78.6 +1.9
2012 10,080 80.5 +1.8
2016 11,179 89.3 +8.8
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Figure 81. Woody vegetation hand digitization in the Los Lunas area. Shown are the 2008,
2012, and 2016 hand digitization efforts. The background imagery (2016) is from
Reclamation.

A second method was also employed to evaluate vegetative changes on the Rio
Grande between Isleta and San Acacia Diversion Dams. Since three of the
collection years had 4-band imagery (red, green, blue, and near infrared bands) a
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semi-automatic method was pursued to see if similar trends would be obtained.
The following methodology was used to extract polygons delineating vegetation
according to this second methodology:

Classify imagery — each of the imagery tiles for a given year are visually
reviewed to choose one that has the greatest variability of land surfaces.
This image is classified using the Image Classification Toolbar within
ESRI’s ArcMap (version 10.2). This tool uses the multiple bands from
aerial imagery to automatically cluster pixels with similar values. The
“Iso Cluster Unsupervised Classification” tool is run from this toolbar
until the number of chosen classes (20 were chosen for this analysis) is
sufficient to distinguish between the different land surfaces in the imagery
(e.g. water and trees). The tool is then run one more time to create a
signature file. The signature file is used to batch the remaining imagery
tiles using the same classification. ESRI’s ArcMap “Maximum
Likelihood Classification” tool within the Spatial Analyst
Tools/Multivariate Toolbox is used to batch the files.

Merge classified imagery — for subsequent classification analyses it is
useful to have one image instead of separate imagery tiles. ESRI
ArcToolbox’s “Mosaic to New Raster” tool found within the Data
Management Tools/Raster Tools/Raster Dataset Toolbox is used to merge
all classified images into a single raster.

Symbolize classification raster — it is useful to symbolize the mosaicked
raster according to land types by class ranges. Use the ESRI ArcToolbox
tool “Reclassify” within the Spatial Analyst Tools/Reclass Toolbox to
assign a unique band for each of the symbology colors. Figure 82 shows a
typical example of the final classification process. Each set of aerial
photography has a slightly different arrangement of bands that correlate to
water, bare earth, or vegetation. This must be checked and correlated with
the true-color aerial photography from that year.

Create an attribute table — this uses an ESRI ArcToolbox tool called
“Build Raster Attribute Table” within the Data Management Tools/Raster
Tools/Raster Properties Toolbox. This tool attributes the properties, like
area for each of the classified polygons.

Use the Attribute Table editor to calculate the number of pixels in the
vegetation classified band. The number of pixels multiplied by the pixel
area (cell size area from the underlying raster) provides the vegetated
area.

Results of the semi-automatic digitization effort are shown in Table 19. While the
results show a lower vegetated cover, the semi-automatic method also shows a
measurable increase in vegetation between 2008 and 2012/2016, the largest
change occurring between 2008 and 2012. The lower vegetation percentages is
likely a result of classifying only vegetation areas (as opposed to manually
digitizing areas predominantly composed of vegetation but interspersed with bare
earth patches). There is also differences between the clustering of similar valued
pixels into a vegetative band compared with the hand-digitizing effort.
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Table 19. Percent of vegetation cover (semi-automatic digitization) of 4-band imagery from
2008, 2012, and 2016 along the Rio Grande between Isleta and San Acacia Diversion Dams.

2008 6810 54.4 =
2012 7330 58.5 +4.1
2016 7364 58.8 +0.3

Figure 82. Classified 2008 4-band imagery showing delineation of land surfaces in the Los

Lunas area. Water (color blue) — bands 1 and 3 [new band 1]; Vegetation (color green) —
bands 2, 4, 5, and 8 [new band 2]; Bare earth (color orange) — bands 6, 7, and 9-19 [new

band 3]
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4.2.4 1sland trends

Ortiz (2004) looked at vegetated islands along the Rio Grande in the Albuquerque
Area, finding that the number and area of vegetated bars increased as the bed
material coarsened. Meyer and Helper (2007) found a similar trend and found the
area and number of vegetated islands increased downstream of the planform
transition from a braided, multi-channel river to a meandering single thread river.
These studies indicate that the area and/or number of islands may be related to
potential planform changes. A similar analysis was performed along the Rio
Grande between Isleta and San Acacia Diversion Dams using historical aerial
photography to capture temporal snapshots in time. The results of this analysis are
shown in Figure 83.

ISLAND AREA (ACRES)

YEAR

Figure 83. Island count and area within active channel area between Isleta Diversion Dam
and San Acacia Diversion Dam. Analysis was completed using hand digitization.

The process for hand digitization was performed at a scale of 1”=1000’. This
resolution was chosen to best balance the need between visual identification of
islands and analysis time constraints. All digitization efforts were completed in
the North American Datum of 1983 (NAD&83), New Mexico State Plane, Central
Zone (NMSP, zone 3002).

Years of aerial photography used in this analysis are shown in Table 20. All of the
aerial photography was collected by Reclamation contractors and most are
collected during leaf-off conditions. The exceptions are the April 1972, July 2008,
and October 2016 aerial photography that captured leaf-on conditions. While
other aerial photography sets are available in 2008, the July captured a discharge
more representative of the other evaluated years. The April 1972 and October
2016 aerial photography sets are the only ones from those years.
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Table 20. Aerial Photography years used in the bar hand digitization analysis.

1972 April Black & White 1 5

1992 February Black & White 1 650
2002 January Color 3 600
2006 January Color 3 580
2008 July Color 4 1500
2012 February Color 4 740
2016 October Color 4 40

A distinct feature class of the vegetated bars was created for each aerial
photography year. Features were digitized by hand upstream to downstream. Only
bars not connected to the bank (islands) were digitized. Both vegetated and non-
vegetated islands were captured. While most of the aerial photography was
captured in the same range of flows, there was one year (2008) where the flow
was higher and two (1972 and 2016) where the flow was lower. At the lower
flows, islands were delineated if an area in the active channel (bare earth portion
of the river channel) had vegetated or if an area of bare soil was dry or showed
other signs (like sun glare or shadow) of being higher than the surrounding river
bed. A typical example of the digitization effort is shown in Figure 84. Results
from the digitization effort are shown in Table 21.

While the number and acreage of islands has increased temporally just looking at
1972 and 2016, the recent peak seems to have occurred between 1992 and 2002. It
is interesting to note the lag in the island area from the number of islands. The
number of islands peaks in 1992, while the acreage of islands peaks in 2002. This
implies a consolidation of islands into larger features between 1992 and 2002.
The decrease in number and acreage of islands from 2002 to 2006 and 2008 to
2016 may have to do with the bank attachment process, whereby sediment
deposits on one side of an island, facilitating vegetation growth. Larger spring
run-off flows in 2005, 2008, and 2010 may have also re-mobilized un-vegetated
islands. Islands with vegetation or very narrow high flow channels may have
encouraged deposition of suspended sediment, furthering the connection of
islands to the adjacent banks.
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Table 21. Island cou