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Snowmelt flooding is controlled, for the most part, by reservoirs.  Reservoir releases from Cochiti 
Dam resulting from snowmelt flooding typically occur as a steady flow in the Rio Grande that can 
take place over a period of months.  Present guidance for the magnitude of these reservoir 
releases is 7,000 cfs, though it has been higher at times in the recent past since Cochiti was 
operational in 1973.  There is a future operational target of 10,000 cfs for these reservoir 
releases. The steady long-term portion of snowmelt floods has no significant attenuation through 
the project reach. Spillway flow can also result from snowmelt floods coming from upstream of 
the reservoirs, and is expected to begin between the 1% chance and the 0.5% chance flood 
events.  Spillway flow occurs in addition to reservoir releases, but unlike reservoir releases the 
flow is not controlled. Spillway flow can also be of long duration resulting in no significant 
attenuation. 

Routing of rainfall runoff events from the unregulated areas, unlike the regulated flow, shows 
significant attenuation through the 30-mile project reach. One factor leading to the high amount 
of attenuation for the rainfall-runoff events is the relatively low volume of the peak hydrographs. 

Another of the causes for the attenuation is the large volume of storage available in the channel, 
which is wide and shallow.  Widths typically range from 500 feet to about 4,000 feet, with flow 
depths on the order of 4 feet for the 10% chance flood event. There is significant storage in the 
overbanks, even for the with-project model.   Overbank flow, because of vegetation in the 
overbanks, is slower than channel flow, and delays the portion of the flood peak that is not carried 
in the channel, thus reducing flood peaks. 



Table 12 - Current With-project Condition (2008) Flood Peaks after Routing - Albuquerque Floods 
from Regulated Areas  

X-sec 
#

River
Mile

2-YR
QP

(cfs)

5-YR
QP

(cfs)

10-YR
QP

(cfs)

20-YR
QP

(cfs)

50-YR
QP

(cfs)

100-YR 
QP

(cfs)

200-
YR QP
(cfs)

500-YR 
QP

(cfs)

Gage 
1 183.4 5595 7373 7500 7605 7735 7735 10297 14305
2 178.3 5579 7344 7461 7569 7689 7690 10206 13907
3 177.1 5583 7337 7452 7557 7679 7684 10226 14015
4 172.6 5569 7322 7419 7486 7649 7652 10237 14228
5 169.3 5980 7698 7771 8068 8119 8232 11096 15234
6 165.1 5541 7303 7389 7462 7615 7616 10224 14248
7 161.4 5528 7294 7375 7452 7601 7604 10202 14243
8 155.4 5506 7256 7329 7408 7551 7554 10112 14014
9 149.5 5499 7266 7332 7416 7571 7573 10218 14460
10 147.7 5500 7263 7331 7414 7569 7572 10180 14196

- Current With-project Condition (2008) 
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The record lengths given 
were used for both With- and Without-Project Conditions.  Selections of values for the equivalent 
record length were determined after discussions with the Albuquerque District Hydrologist and 
were based on guidance given in EM 1110-2-1619.  At the time of this study the actual record 
length for the Albuquerque gage following the start of operations of Cochiti Dam was 27 years.  
Routing hydrographs downstream from the Albuquerque gage into the project reach has the 
effect of further reducing the equivalent record length.  

Therefore equivalent record lengths were set at 10 to 15 years depending on the reach and 
routing length. 
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The FLO-2D model extends from Cochiti Dam to Elephant Butte Reservoir and was 
previously developed by the Corps to support the Upper Rio Grande Water Operations 
Planning Study (URGWOPS) (Tetra Tech, 2004).  While the overall model extends from 
Cochiti Dam to Elephant Butte Reservoir, only the reach needed for this study was used. 
Cross sections for the models are surveyed.  The most recent surveys have been 
supplied by various Federal and local agencies, who have shared their data freely with 
other agencies. 
A Corps project to study the Albuquerque levees, completed in 2007, contributed HEC-
RAS models and surveys through Albuquerque to the Isleta Pueblo. 
A HEC-RAS model was developed from US bureau of Reclamation Range Line Data.  



The conversion in the HEC-RAS Model was made using the 
datum adjustment tool in the geometric data window.  The cross sections used in the 
HEC-RAS Model were developed from LiDAR Survey on a date when the Rio Grande 
was flowing at approximately 300 cfs.  Therefore, the bottom of the channel shown is the 
water surface at 300 cfs.  Since the comparison of measured flows with the modeled 
flows is favorable, it was determined that no adjustment to the cross sections were 
necessary.  Additionally, large design flows will render this low flow condition of 300 cfs to 
be insignificant.  This is also a likely base flow condition that would be present at the 
onset of a large storm event.  See the comparison of modeled flows versus measured 
flows given below. 
A 250 foot Grid FLO-2D Model was developed in 2007 for the Upper Rio Grande Water 
Operations Planning Study which included recently surveyed sections and updated rating 
curves at bridges that were used for this study. 
  



The Albuquerque District USACE, Geotechnical 
Branch (USACE 2000) made the determination that the Probable Failure Point (PFP) is 
designated as the elevation of a point at the toe of the existing levee just above the point 
where the water first breaks out of the river channel.  
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FLO-2D

Middle Rio Grande Flood Control Project, New Mexico
Mountain View, Isleta and Belen Units

These folders contain the complete files for the FLO-2D runs used in the computations 
for the:

  1)  Inundation Mapping 
 - Albuquerque Floods from Regulated Areas
 - Albuquerque Floods from Unregulated Areas 
 - Floods from the Tijeras Arroyo (SDC)

  2)  Damage Reach Analysis
 - Albuquerque Floods from Regulated Areas 
 - Albuquerque Floods from Unregulated Areas 
 - Floods from the Tijeras Arroyo (SDC)

  3) Attenuated Flow rate Analysis
 - Albuquerque Floods from Regulated Areas 
 - Albuquerque Floods from Unregulated Areas 
 - Floods from the Tijeras Arroyo (SDC)

This analysis was conducted for both the current With-Project and Without-Project 
Conditions (2008) and the future With-Project and Without-Project Conditions (2058).   

The models can be viewed in FLO-2D version 2006.01. 

A listing of files is as follows:

Without-Project Flo-2d 

(2-yr, 5-yr, 10-yr, 20-yr, 50-yr, 100-yr, 200-yr, 500-yr events)
Existing Rain  Future Rain - Albuquerque Floods from Unregulated Areas 
Existing SDC  Future SDC  - Floods from the Tijeras Arroyo (SDC)
Existing Reg  Future Reg - Albuquerque Floods from Regulated Areas 

Tijeras SED Plug (Simulated Sediment Plug from Tijeras Arroyo for Existing Condition 
Without-Project 100-yr events) 
SedPlug Rain 100 - Albuquerque Floods from Unregulated Areas 
SedPlug SDC 100 - Floods from the Tijeras Arroyo (SDC)
SedPlug Reg 100 - Albuquerque Floods from Regulated Areas 



High and Low FLO-2D Runs (Existing Condition Without-Project 100-yr events)
High Rain 100  Low Rain 100  - Albuquerque Floods from Unregulated Areas 
High SDC 100  Low SDC 100 - Floods from the Tijeras Arroyo (SDC)
High Reg 100  Low Reg 100 - Albuquerque Floods from Regulated Areas  

Inundation Maps – Flo-2d data used to develop without project inundation mapping for 
10-yr, 100-yr, 200-yr, 500-yr events.

With-Project Flo-2d 

(2-yr, 5-yr, 10-yr, 20-yr, 50-yr, 100-yr, 200-yr, 500-yr events)
Existing Rain  Future Rain - Albuquerque Floods from Unregulated Areas 
Existing SDC  Future SDC  - Floods from the Tijeras Arroyo (SDC)
Existing Reg  Future Reg - Albuquerque Floods from Regulated Areas 

Tentatively Selected Plan (Runs were made for the purpose of developing 
inundation maps for the Tentatively Selected Plan) 

(2-yr, 5-yr, 10-yr, 20-yr, 50-yr, 100-yr, 200-yr, 500-yr events)
Existing Rain  Future Rain - Albuquerque Floods from Unregulated Areas 
Existing SDC  Future SDC  - Floods from the Tijeras Arroyo (SDC)
Existing Reg  Future Reg - Albuquerque Floods from Regulated Areas 

Inundation Maps – Flo-2d data used to develop Tentatively Selected Plan inundation 
mapping for 10-yr, 100-yr, 200-yr, 500-yr events.
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Introduction

The U.S. Army Corps of Engineers (USACE) is looking to pursue flood protection on the 
Middle Rio Grande (MRG) between Bernalillo to Belen, NM (B2B). The effort was initiated as 
part of the Water Resources Development Act (WRDA) of 1986 to provide flood damage 
reduction for the MRG. The currently proposed work includes about 48 miles of engineered 
levee installation between the South Diversion Channel and Casa Colorado, NM. The proposed 
engineered levee will have a levee footprint that is about 60 feet wider than the current spoil 
levee footprint, with about half of this width (~ 30 feet) encroaching into the floodway (active 
channel and floodplain within the constructed spoil levees).  

A robust design of the levee needs to consider the dynamic and complex interchange of 
processes that occur on a fluvial system. This understanding helps ensure that the engineered 
levee system will be able to accommodate reasonably predicted channel adjustments, especially
within an alluvial system such as the MRG. There are risks, however, with introducing a static 
component into a dynamic system. Understanding the historical and current channel conditions 
and dynamics of a river and the anthropogenic influences (including this levee) on the system are 
important in developing a robust design and minimizing risk. Evaluating the potential for loss of 
channel/floodway conveyance, increased frequency of channel overbanking (putting more water 
against the riverside toe of the engineered levee), and potential channel migration towards the 
engineered levee are all risks that can be mitigated to some extent when working with fluvial 
systems by understanding the historical and current channel conditions and dynamics. 

Fluvial systems develop primarily with the job of moving excess water back to the ocean 
(Phillips 2009). On the way, however, there is a complex interaction between the flowing water, 
the underlying geology, and the biota (plants and animals) that creates various channel forms 
(Wheaton et al. 2011). Various processes (such as geological uplift, climate change, mass 
wasting, fluvial erosion, energy dissipation of flood pulse, etc.) interact over different temporal 
and spatial scales to produce channel forms. The similar nature of these forms has given rise to a 
variety of classification efforts (Schumm 1981; Schumm 1985; Rosgen and Silvey 1996;
Montgomery and Buffington 1997; Brierley and Fryirs 2005) that provide insight into the current 
channel form and the underlying processes (Schumm 1969; Schumm 1977; Leopold et al. 1992; 
Charlton 2008). On the temporal and spatial scale of the MRG relative to the B2B project, the 
primary drivers of change to channel form are water and sediment (Schumm 1977; Makar and 
AuBuchon 2012).  

The MRG is a dynamic and complex alluvial system where flow and sediment transported from 
the Upper Rio Grande and MRG tributaries influence the observed form of the river. This flux of 
water and sediment (magnitude, duration, and frequency) is tempered by bank and bed stability, 
base level changes, floodplain lateral confinement, and floodplain connectivity, which in turn 
influences how much, when, and where water and sediment are transported or stored within and 
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through the fluvial system (Leopold et al. 1992, MEI 2002, Charlton 2008, Davies and Korup 
2010, Makar and AuBuchon 2012).  

Knowledge of historical anthropogenic changes (such as upstream reservoirs, river straightening, 
irrigation practices, floodplain constraints, upland land practices, etc.), coupled with climatic 
influences such as large floods, helps to understand the historical shape (or morphology) of the 
river. Assessing changes in the morphology (width, location/planform, slope, sinuosity, bed 
material size and type, and channel and floodway topography) in light of relationships that have 
been developed through observations of fluvial systems (Lane 1954; Schumm 1969; Schumm 
1977; Massong et al. 2010) provides the ability to estimate future changes and allow for the 
incorporation of known risks into the design of the B2B engineered levee.  

MRG Conditions and Dynamics

The MRG is primarily a snow-melt influenced fluvial system (Bauer 2000; Klein et al. 2018a). 
The Rio Grande drains the eastern edge of the southern Rockies, collecting the snow that falls in 
the mountainous regions of Colorado and New Mexico and conveying it downstream to the Gulf 
of Mexico. The snow-pack driven peaks of the spring melt consist of large peak and long 
duration floods (Bauer 2000; Klein et al. 2018a) with instantaneous and daily average discharges 
that are close to unity (HEC 2006). The southwestern United States can also develop strong 
monsoonal patterns in the summer and fall that bring additional rainfall-runoff into the MRG 
(Bauer 2000; Mosley 2000; Smith and Finch 2016; Klein et al. 2018a). These events are often 
associated with higher peak flows, but smaller durations (Mosley 2000; Klein et al. 2018a). The 
rainfall-runoff events tend to be more localized, with potential contributions of flow throughout 
the MRG drainage basin. The flashy nature of these flow events results in instantaneous 
discharge peaks on the MRG around Albuquerque, NM that are around four times higher than 
the daily average discharge (HEC 2006). 

Anthropogenic influences on the MRG have occurred for centuries and vary from small, 
localized irrigation facilities to larger irrigation and flood control measures placed on the main 
stem of the Rio Grande and primary tributaries (Graf 1994; Scurlock 1998).  While most of the 
measures, such as flood control and water supply reservoirs or diversions have been to store or 
extract water from the MRG, there has also been a project (San-Juan Chama Project) to add 
water from the Colorado Basin (San Juan River) into the MRG basin (Graf 1994; Scurlock 1998; 
MEI 2002; Makar and AuBuchon 2012). These influences, coupled with climatic changes have 
influenced the magnitude, duration, and frequency of flow on the MRG (MEI 2002; Makar and 
AuBuchon 2012; Klein et al. 2018a). Typically these have resulted in lower peaks, shorter 
duration and less frequent large flows and higher peak, longer duration, and more frequent low 
flows (MEI 2002; Makar and AuBuchon 2012; Klein et al. 2018a). 

While influenced by the flow that can transport it, the sediment supply into the MRG has also 
varied. Anecdotal accounts of deforestation, timed with climatic influences at the turn of the 20th

century brought sediment loads, estimated at about 40 million tons of sediment each year, into 
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the MRG (Scurlock 1998). This resulted in channel aggradation close to seven feet near the Isleta 
Diversion Dam (Happ 1948). The influx of sediment resulted in a river planform that was wide 
and braided through most of the valley (Scurlock 1998; MEI 2002; Makar and AuBuchon 2012).  

By the middle of the 20th century additional anthropogenic controls (including flood control 
dams on the main stem of the MRG and on tributaries upstream of Albuquerque, NM, 
channelization and river training techniques, and irrigation and drainage infrastructure) meant to 
control the widespread flooding resulted in a significant narrowing of the MRG’s floodplain. The 
aggradation that occurred was confined, causing problems with waterlogged soils in agricultural 
areas (Graf 1994; Scurlock 1998). It also created a perched channel condition above the historic 
floodplain that had been cut off through the construction of spoil levees (MEI 2002; Makar and 
AuBuchon 2012). While sediment influxes into the MRG were still large, estimated at around 32 
million tons per year (Finch and Tainter 1995), the magnitude of sediment had begun to 
decrease. The rate of aggradation was noted to have decreased from a rate of 0.15 feet per year in 
the 1920s (Scurlock 1998) to around 0.04 feet per year in Albuquerque by the early 1960s 
(LaGasse 1980).  

By the 1970s, degradation of the active channel was observed north of Albuquerque (Lagasse 
1980).The sediment supply on the Rio Grande was noted to decrease (Makar and AuBuchon 
2012) with a current suspended sediment yield ranging between two to five million tons per year.
The sequences of changes in the sediment and flow regimes resulted in significant changes in the 
channel morphology that were varied in the downstream direction, but which are generally 
summarized within the project area as follows:

pre 1800s—Tributaries to the Rio Grande were noted as being characterized by grassy 
bottomlands and perennial streams (Bryan and Post 1927). The Rio Grande was noted to 
be wide and shallow (Scurlock 1998). 
1800s to 1920s—Arroyo down cutting is assumed to have begun in this period, creating 
deep, entrenched channels (Bryan and Post 1927; Elliott 1979). Surveys from the 1910s 
indicate a wide, braided channel with a relatively high water table that promoted wet 
riparian areas (Crawford et al. 1993; MEI 2002; Klein et al. 2018a).  
1930s to 1940s—Rio Grande is wide and braided, although the active channel is only 2/3 
of the width from previous decades (Makar and AuBuchon 2012). Flooding due to 
aggradation is very problematic for urban and agricultural areas along the MRG (Graf 
1994; Scurlock 1998). Rainfall is less than in previous decades, but large floods still 
occur (Graf 1994).  
1950s to early 1970s—Active channel continues to narrow (Swanson et al. 2011), with 
some of the larger medial bars becoming attached to the channel banklines (Massong et 
al. 2010; Makar and AuBuchon 2012; Klein et al., 2018a). Mobile medial bars are still 
visible within the active channel and stands of woody vegetation are not common (Klein 
et al. 2018a). Larger trees are noted to form in the floodplains as the peak flood pulse are 
cut off and older floodplain surfaces becoming disconnected from the channel (Graf
1994, Scurlock 1998). 
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Mid-1970s to 1990s— Precipitation increases and a transbasin diversion comes on line 
(Graf 1994; MEI 2002). Active channel width is relatively constant, with minimal 
vegetation growth on bars. Vegetation on the floodplain becomes more established, 
causing vertical accretion immediately adjacent to the active channel. While flooding of 
the floodplain is not as common, when flooding occurs, low spots are evident against the 
riverside toes of the constructed spoil levees (Makar and AuBuchon 2012; Klein et al. 
2018a). 
2000s to present—Drier precipitation patterns become predominant with some wetter
years interspersed (Makar and AuBuchon 2012). Medial bars become less mobile and 
vegetation starts to “lock” them in place, causing vertical accretion (Meyer and Hepler 
2007). The active channel is predominantly a single channel planform. Reach sinuosity 
has increased slightly, while the reach-averaged slope has decreased (Makar and 
AuBuchon 2012; Klein et al. 2018a). Channel adjustments have varied by reach, with 
both channel incision and deposition having been observed (MEI 2008; Klein et al. 
2018a). Floodplain deposition has been noted more consistently in the active channel 
through the study reach (USACE 2018; Klein et al. 2018a). Median bed material sizes 
have also increased, with the noted occurrence of gravel on bars, especially north of 
Albuquerque, NM (Makar and AuBuchon 2012; Klein et al. 2018a).

The combination of climatic and anthropogenic changes throughout the Rio Grande watershed 
has caused changes in both the flow and sediment regime that have manifested themselves in 
concurrent morphological adjustments as described above.  

MRG Morphological Adjustments
Alluvial systems have complex responses that may lag behind obvious system changes 
(Biedenharn et al. 2008; Charlton 2008; Owen et al. 2012), making it difficult to interpret 
underlying processes that are causing the observed geomorphic changes. Adding to this 
complexity is the singularity of channel response (Schumm 1983), in that alluvial channel 
responses are not always uniform, being dampened by controls on the response (such as an 
armored bed, a limited floodplain connection, or additional stability added by vegetation) that are 
heterogeneous in their spatial distribution. The MRG also seems to adjust episodically (MEI 
2002) which provides further difficulties in understanding the nature of these adjustments (MEI 
2002) and expectations of future adjustments.  

Lane (1954) and Schumm (1969; 1977) proposed relationships for alluvial channel responses 
based on observations of different fluvial systems. These relationships help interpret the 
observed geomorphic responses and provide a means of forecasting future channel responses. 
These relationships are predicated on the assumption that alluvial systems will tend to adjust 
towards an equilibrium condition (Lane 1954; Schumm 1977). Because of the channel 
complexity, alluvial channels may never reach this equilibrium condition before other system 
changes occur, or they may reach a dynamic oscillation around an equilibrium value (Leopold et 
al. 1992; Charlton 2008). The qualitative relationships developed by Lane (1954) and Schumm 
(1977) are provided in Equation 1 through Equation 3. These relationships illustrate that changes 
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in the sediment and water regimes would be expected to have observable geomorphic channel 
responses, as illustrated in Table 1. 

Equation 1. Lane’s relationship (Lane 1954)  
Where Qs = sediment load, 
d50 = median sediment size,
Q = water discharge, and
S = channel gradient.

Equation 2.Schumm’s relationship for water discharge (Schumm 1969; 1977) , ,
Where Q = water discharge,
b = channel width, 

= meander wavelength, 
d = channel depth, and 
S = channel gradient.

Equation 3.Schumm’s relationship for sediment discharge (Schumm 1969; 1977) , ,,
Where Qs = sediment load,
b = channel width, 

= meander wavelength,
S = channel gradient,
d = channel depth, and 
P = channel sinuosity. 

Table 1. Expected geomorphic responses based on an increase or decrease in the water or sediment regime (Lane 
1954; Schumm 1969). Plus (+) indicates an increase in the geomorphic parameter, while a minus (–) implies 
decrease. N.C. means there is the assumption that no change occurs. An indeterminate answer has both a plus and 
minus indication.

Geomorphic Parameters Q Qs S d50 b d P
Reduction in Qs N.C. - - + - - + +

Increase in Qs N.C. + + - + + - -
Reduction in Q - N.C. + - - - - +/-

Increase in Q + N.C. - + + + + +/-

But the geomorphic parameter responses listed in Table 1 may give conflicting responses. For 
example there is a strong narrowing trend on the MRG (MEI 2002; Makar and AuBuchon 2012; 
Klein et al. 2018a), which would indicate that the sediment load and/or the flow discharge have 
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decreased from previous decades. This is supported in the data discussed previously that shows a 
decrease in the sediment load and the peak flows, but there are also a number of indeterminate 
variables with this combination suggesting a complex system response or local variations in the 
parameters. For instance, while the peak discharges have decreased, there has also been an 
increase in the base flows, which would indicate that the width reduction shouldn’t be as strong, 
which was the case for the MRG from the mid-1970s through the 1990s in the B2B study reach. 
A combination of different changes to the water and sediment regimes and the expected 
geomorphic responses are shown in Table 2.  

Table 2. Expected geomorphic responses based on a combination of water or sediment regime changes (Lane 1954; 
Schumm 1969). Plus (+) indicates an increase in the geomorphic parameter, while a minus (–) implies decrease. An 
indeterminate answer has both a plus and minus indication.

Geomorphic Parameters Q Qs S d50 b d P
Reduction in Qs, Reduction in Q - - +/- +/- - - +/- +

Reduction in Qs, Increase in Q + - - + +/- +/- + +
Increase in Qs, Reduction in Q - + + - +/- +/- - -

Increase in Qs, Increase in Q + + +/- +/- + + +/- -

The B2B study reach was divided into four subreaches based on common morphological 
characteristics to further evaluate the observed morphological adjustments with respect to the
expected geomorphic responses based on alluvial relationships developed by Lane (1954) and 
Schumm (1969). The reaches are shown in Figure 1 and described in the paragraph below. 

Subreach 1 is upstream of the project area, extending downstream from aggradation-degradation 
(agg-deg) line 514 to agg-deg line 580, which is around the confluence of the Rio Grande with 
the AMAFCA South Diversion Channel.  

Subreach 2 extends from subreach 1 to the Isleta Diversion Dam (roughly between agg-deg lines 
581 and 656).  

Subreach 3 was divided into two sections because of the presence of gravels found in the 
upstream section (Occam and Tetra Tech 2017). Subreach 3a extends from agg-deg line 657 to 
724, while subreach 3b is approximately between agg-deg 725 and agg-deg 801. Downstream of 
agg-deg line 787 the percent of gravel found in the bed is less than 2% by weight, while 
upstream, including subreaches 2 and 3, the gravel content was generally greater than 2% 
(Occam and Tetra Tech 2017).

Subreach 4 begins downstream of subreach 3 and extends between agg-deg lines 802 and 1000.
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Figure 1. Subreach designations for the B2B project. Base topography map is from ESRI (accessed online 8 August 
2018).
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Current geomorphic parameters on the MRG for the B2B reach are described briefly in the 
following sections.
Water Discharge
Since the construction of upstream reservoirs that have controlled peak flood pulses there has 
been a decrease in the annual peak flows (MEI 2002; Makar and AuBuchon 2012). Klein et al. 
(2018) also indicated a climatic shift in the annual flow volumes with a wetter period occurring 
in the late 1970s/early 1980s to mid-1990s, followed by a return to previous flow volume 
conditions. A flow frequency analysis of the USGS gages upstream and downstream of the B2B 
project area indicate an increase in the frequency of flows at the lower discharges and a reduction 
in the frequency of flows at the higher discharges (MEI 2002; Bui 204; Klein et al. 2018).  

Sediment Load 
The Rio Grande is located in the Rio Grande Rift Zone in New Mexico, with an interconnected 
series of basins separated by geological constrictions (Graf 1994). Upstream of the B2B project 
site the Espanola basin drains erodible sediments into the MRG upstream of Cochiti Dam. 
Downstream of Cochiti Dam, the Santo Domingo Basin has numerous tributaries that bring in 
erodible sediment to the MRG. The Santo Domingo basin ends around Angostura Diversion 
Dam and another valley widening begins with the Albuquerque Basin. The Albuquerque Basin 
has several large tributaries that can bring in sediment into the MRG, including the Jemez River, 
the Calabacillas Arroyo, and both the North and South AMAFCA Diversion Channels. The 
Albuquerque Basin ends around the Isleta Diversion Dam. On the downstream side of the Isleta 
geological constriction, the Belen Basin begins. The Belen basin pinches out around the San 
Acacia Diversion Dam (Bauer 2000; MEI 2002). The geology within these basins and through 
which the MRG tributaries flow are erodible, consisting of rocks within or similar to the Santa 
Fe Group (Graf 1994). 

Graf (1994) listed tributaries draining the Espanola Basin and the Jemez River as major sources 
of sediment to the MRG upstream of the B2B project area. Episodic events on other tributaries, 
such as Peralta Creek and Calabacillas Arroyo) have also been known to bring in large quantities 
of sediment to the MRG (Swanson et al. 2010; AuBuchon and Bui 2013). These events have 
been noted to constrict the Rio Grande (Swanson et al. 2010) and block the river entirely 
(AuBuchon and Bui 2013). AuBuchon and Bui (2013) also noted that that the September 13, 
2013 rainfall-runoff event on Peralta Arroyo deposited two to three feet of sediment in the MRG 
channel up to about 3000 feet downstream. While there is potential for episodic sediment pulses 
from the larger tributaries to the MRG, there influence is relatively local at the time of the event, 
although subsequent flows, especially the spring snow-melt runoff tend to re-mobilize finer 
material and transport it downstream into the B2B reach. Within the B2B reach, however, there 
are no major tributaries, apart from the AMAFCA South Diversion Channel, whose confluence 
with the MRG marks the upper boundary of the B2B project area, until Abo Arroyo, which is 
south of the B2B project. This is a result of the Joyita Uplift that causes a higher elevation 
complex of exposed rock on the east side of the Rio Grande that keeps the majority of tributaries 
from entering the Rio Grande until around Bernardo, NM (MEI 2002). 

Historically tributary flows have caused significant flooding and sedimentation downstream on 
the MRG (Harden 2006). The largest documented floods in the 1920s and 1940s, however, were 
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prior to the construction of upstream reservoirs that currently provide flow regulation during 
peak events (Makar and AuBuchon 2012). Analysis of suspended sediment measurements from 
the USGS gages on the MRG from the 1950s through 2005 show a reduction in the sediment 
load in the 1970s (Makar and AuBuchon 2012). A general channel degradational trend is 
observed after 1972 due to a variety of reasons, including the closure of a large upstream flood 
control reservoir, importation of transbasin flows, and continued channel narrowing (Bauer 
2000; MEI 2002; Parmetrix 2008; Varyu 2013). There is also a slight increase in the suspended 
sediment load in the 1990s, but this is more pronounced at the USGS gage at Otowi, NM (USGS 
# 08313000), upstream of Cochiti Flood Control Reservoir, than the downstream gages. Klein et 
al. (2018) extended an analysis of the collected suspended sediment data at the Albuquerque 
(USGS # 08330000), Bernardo (USGS # 08332010), and San Acacia (USGS # 08354900) USGS 
gages to the early 2010s. This analysis indicates that while the suspended load has fluctuated 
since the mid-1970s, the increase of suspended sediment in the 1990s has continued, with a 
sharper rise in the suspended sediment concentration downstream of the B2B project site than 
upstream. A table of the results extracted from Makar and AuBuchon (2012) and Klein et al. 
(2018) is shown in Table 3. The Otowi and Albuquerque USGS gages are upstream of the B2B 
project area, while the Bernardo and San Acacia gages are downstream.

Table 3. Average annual suspended sediment concentration of the Rio Grande at the Otowi, Albuquerque, Bernardo, 
and San Acacia USGS gages (extracted from tables in Makar and AuBuchon 2012; Klein et al. 2018).

Time period Average annual concentration (mg/L) at USGS gaging station on the 
MRG
Otowi Albuquerque Bernardo San Acacia

1955-1975* 2,033 3,377 10,022
1976-1990* 817 499 3,010
1991-2005* 1,999 831 2,675
2004-2014† 937 825 3,483

Notes: 
*—from Makar and AuBuchon (2012)
†—from Klein et al. (2018)

Klein et al. (2018) also compared the suspended sediment flux between the Albuquerque and San 
Acacia USGS gages and the Albuquerque and Bernardo USGS gages. This assessment indicated
the loss of suspended sediment between Albuquerque and the Bernardo USGS stations and an 
increase in the suspended sediment from Albuquerque to San Acacia. There are large tributaries 
downstream of Bernardo, however that may account for the increase in suspended sediment at 
the San Acacia USGS gage. The difference between the Albuquerque and Bernardo gage
oscillates with time, indicating that the suspended sediment load oscillates between periods of 
gaining and losing sediment. The B2B study area is within this reach of the MRG, suggesting 
that there may be cyclical aggradational and degradational tendencies within the reach. Others 
(Vensel et al. 2006; Varyu 2013; Huang 2016) have also found a slight aggradational trend from 
Isleta to San Acacia between 2002 and 2012 that suggests an increase in the sediment load.

While the MRG has seen a historical lowering of the sediment load since the 1960s/1970s there 
are still significant tributaries upstream of the project site that have the potential to bring in large 
quantities of sediment. The stream gradients for the tributaries to the MRG tend to be an order of 
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magnitude greater than the MRG gradient (Simons et al. 1981; MEI 2002; Makar and AuBuchon 
2012), resulting in a reduction of the transport energy at the confluences. Since the tributary 
events are also typically caused by late summer/early fall rainfall-runoff they result in sediment 
deliveries that are not timed with sustained main stem flows on the MRG, which tend to occur 
during the spring snow melt runoff.  The result is a decrease in the energy gradient, causing 
sediment deposition near the tributary confluence with the MRG. This creates local geomorphic 
changes. Julien and O’Brien (1997) have noted that a lack of high velocity gradients is a limiting 
condition for debris flow mobility. The lower energy gradient of the MRG, coupled with 
upstream flow regulation and the lack of major tributaries within the B2B reach, would therefore 
imply that the MRG through the B2B reach, while prone to longer term sedimentation issues, is 
not as susceptible to large, episodic sediment failures, such as debris flows. 

Channel Gradient
The channel gradient within the B2B study reach has a general trend showing a slight reduction 
in the channel bed slope from 1936 to 2007 (Makar 2010). Klein et al. (2018a) indicated slight 
variability in the reach average energy grade slope between Isleta Diversion Dam and the Rio 
Puerco Confluence, with an overall trend showing a slope reduction for a discharge of 5000 cfs. 
The energy grade slope calculated by Klein et al. (2018a) was similar to the values found by MEI 
(2008).   

Channel Bed Material
In general the channel material within the B2B study reach consists of sand (Makar 2010). Klein 
et al. (2018a) found that collected bed samples in the 2000s tended to have a larger range than in 
the 1990s and noted the presence of gravels. Samples collected in the 2010s tended to be coarser 
than the 1990 samples, but only a limited gravel presence. Sampling in 2016/2017 (Occam and 
Tetra Tech 2017) found that the majority of the bed material in this reach is sand. Gravels were 
found in all samples, except in the upstream portion of subreach 4. The percentage by weight of 
gravels in subreaches 1, 2, and 3a generally ranged from two to five percent. The percentage of 
gravels in subreach 3b and 4 was generally less than two percent.  

Channel Width
As described previously, widths on the MRG have decreased since the turn of the twentieth 
century. A summary of the wetted channel widths since 1962 for the B2B study reaches is 
provided in Table 3. A cumulative width graph of active channel widths is provided in Figure 2.
This information indicates that subreach 1 has been more constant than the other reaches, 
showing only a slight average active channel width decrease between 1962 and 2012 and a slight 
increase in the average active channel width from 1962 to 1972. The other subreaches have 
shown a decrease in the average active channel width between 1962 and 2012, with only 
subreach 3a also showing an average active channel width increase between 1962 and 1972. At 
the same time the range in the active channel width values for the reach has narrowed. The 
largest shift in the active channel width between 1962 and 2012 occurred between 1992 and 
2002, which was during a drought period on the MRG (Makar and AuBuchon 2012). Klein et al. 
(2018a) also found a significant decrease between 2012 and 2016 in the average active channel 
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width between Isleta Diversion Dam and the Rio Puerco from around 380 feet to less than 200 
feet. Klein et al. (2018a) also noted that the percentage of woody vegetation on the MRG 
increased close to 20% between 1992 and 2016 between the Isleta and San Acacia Diversion 
Dams.

Table 4. Active channel widths for the B2B study reach. Width values are rounded to nearest ten. Modified from 
tabular results compiled by unpub. work by A. Posner, U.S. Department of the Interior, Bureau of Reclamation.  

Subreach 
Number

Width 
Description

Widths (feet) by year
1962 1972 1992 2002 2012

1
Average 470 560 500 480 450

Maximum 950 1,010 650 690 640
Minimum 160 150 200 200 220

2
Average 590 520 430 440 430

Maximum 890 870 620 620 610
Minimum 350 170 220 150 180

3a
Average 430 490 500 420 360

Maximum 790 680 700 540 560
Minimum 140 150 190 210 220

3b
Average 660 560 560 410 430

Maximum 1,280 730 780 550 570
Minimum 170 253 360 300 280

4
Average 450 450 470 350 300

Maximum 1,080 670 680 540 600
Minimum 170 160 190 120 150
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Figure 2. Cumulative active channel widths on the MRG through the B2B study reach. Figure modified from unpub. work by A. Posner, U.S. Department of the 
Interior, Bureau of Reclamation.


