3 GEOMORPHIC CHARACTERIZATION

3.1 METHODS

Channel Classification
Current channel pattern was qualitatively described from the 2001 set of aerial photos. In
addition, qualitative descriptions of the non-vegetated channel planform were performed from
the GIS coverages from 1918 to 2001.

Several channel classification methods were applied to the study reach to characterize the
spatial and temporal trend of the channel planform. These methods are based on different
concepts, such as slope-discharge relationships, channel morphology and unit stream power.
The following methods were computed for the study reach: Leopold and Wolman (1957), Lane
(1957, from Richardson et al. 1990), Henderson (1963, from Henderson 1966), Ackers and
Charlton (1970, from Ackers 1982), Schumm and Khan (1972), Rosgen (1996), Parker (1976),
Van den Berg (1995), Knighton and Nanson (1993) and Chang (1979).

The methods that incorporate slope-discharge relationships are as follows:

Leopold and Wolman (1957) classify channel planform as meandering, braided and straight

based on a slope-discharge relationship. The criterion S, = 0.06 Q°** distinguishes between
braided and meandering rivers. Q is the bankfull discharge in cfs and S, is the channel slope in
ft/ft. Straight channels (sinuosity (thalweg length to valley length) < 1.5) have slopes above
and below the discriminator. In other words, straight channels occur throughout the range of
slopes. They define meandering as channels with sinuosity > 1.5. Braiding refers to channels

with relatively stable alluvial islands.

Lane (1957, from Richardson et al. 1990) also proposed a slope-discharge relationship to
discriminate meandering from braided channel patterns. The relationship between mean
discharge in cfs and slope in ft/ft in sand bed rivers is SQ%% = K. When SQ°%? < 0.0017 the
sand bed channel is considered to be meandering and when SQ°? > 0.010 the sand bed
channel is considered braided. Between these two values the channel is classified as

intermediate sand bed stream.

Henderson (1963, from Henderson 1966) incorporated bed material into Leopold and Wolman'’s

slope-discharge relationship to describe channel pattern. Plotting the ratio of S$/0.06Q%*
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against median bed size d (in feet), the following discriminator was proposed:
S — 0'64d1.1400.44

Two-thirds of the data points representing straight or meandering channels fell close to the line
of distinction. All braided channels had S values that were substantially greater than indicated

by the equation.

Ackers and Charlton (1979, Ackers 1982) proposed slope-discharge relationships to distinguish

straight channels from straight channels with alternating bars and meandering channels. These

relationships are as follows:

e Straight channels:
S < 0.001Q°%*?

e Straight channels with alternating bars:
0.001Q%* < S < 0.0014Q°*2

e Meanders develop if:
S, > 0.0014Q°*?

In these relationships S is the water surface slope (m/m) along a straight axial line for straight
channels and channels with prominent shoals, S, is the straight line slope (m/m) for meandered

channels and Q is the water discharge (m®/s).

It was later discovered by Ackers (1982) that a straight line of the form S, = 0.0008 Q%

separates the straight and meandered data of sand-bed rivers and canals.

Schumm and Khan (1972) proposed the following valley slope thresholds to define channel

pattern:

e Straight S < 0.0026
e Meandering thalweg 0.0026 < S < 0.016
e Braided S > 0.016

In these distinctions S is the valley slope (ft/ft).

The methods that are based on channel morphology are as follows:

Rosgen (1996) classified rivers based on channel morphology and sediment characteristics.
Classification is determined from slope, entrenchment, sinuosity, width-depth ratio and bed

material.
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Parker (1976) indicates that rivers with sediment transport and depth to width ratio (d,/B) << 1
at formative discharge have a tendency toward meandering or braiding. His classification is
based on the relative magnitude of the depth-width ratio to the channel slope-Froude number
ratio (S/F). Meandering occurs when S/F << d,/B, braiding occurs for S/F >> d,/B and

transition between the two occurs when S/F ~ d,/B.
The methods based on the concept of stream power are as follows:

Van den Berg (1995) proposed a discriminator between braided and single-thread channels with
sinuosity larger than 1.3 that is based on potential specific stream power and bed material size.

The discriminator is defined as:
w,, =900 D" Eq. 1
oy pf = potential specific stream power, for sand-bed:

@ypr =2.1-S,4/Qpr (KW/m?)

oyt = potential specific stream power, for gravel-bed:

Oypr =3.3-S,4/Qy (KW/m?)

In these relationships Qu; is the bankfull discharge (m®/s), Ds, is the median grain size (mm)

and S, is the Valley slope (m/m).

Straight, single-thread rivers with sinuosity < 1.3 plot on both sides of the discriminator. Low
stream power straight channels generally have a much smaller width-depth ratio than high
stream power channels. Plotting the ratio of measured to reference bankfull channel width
(w=aQy" (Eq. 2)) against the ratio of potential specific stream power to the value of the
discriminating function straight single thread channels can be classified as high or low energy

channels. From the developed relationships Van den Berg established the following criteria:

() . . .
o If 2 51 the channel pattern corresponds to low sinuosity single-thread and

0“)v,t

multi-thread channel.

()]
o If 2 <1 the river is a single-thread channel (see Figure 3-1).

Oy ¢
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(see Figure 3-1).

(see Figure 3-1).

If measure to reference width ratio > 1 the river is a high energy wide channel

If measure to reference width ratio < 1 the river is a low energy narrow channel
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Figure 3-1 Channel pattern, width/depth ratio and potential specific stream power relative

to reference values, as defined by Eqgs. 1 and 2 (after van den Berg 1995)

Knighton and Nanson (1993) defined channel pattern in terms of the following three variables:

Flow strength

Bank erodibility

Relative sediment supply: rate at which material is supplied either from bank

erosion or from upstream relative to the rate it is transported downstream.

This classification is based on the continuum from straight to meandering to braided
corresponding to increases in the three variables listed above.

through specific stream power, total power, or shear stress. Bank erodibility could be estimated

by the silt-clay content of the bank material.

Knighton and Nanson (1993) do not quantify thresholds for these variables, but rather

expressed the continuum concept on the following ordinal scale:

20
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LOW (L) FLOW STRENGTH HIGH (H)

________________________ BN

Straight Meandering Braided

LOW (L) BANK ERODIBILITY HIGH (H)
________________________ BN

Straight Meandering Braided

LOW (L) RELATIVE SEDIMENT SUPPLY RATE  HIGH (H)
_______________________ >

Straight Meandering Braided

In order to apply this method to the Bernallilio Bredge Reach, changes in flow strength were
evaluated as changes in water discharge (Chapter 4). Changes in bank erodibility were
considered as changes in channel width (Chapter 3) and changes in sediment supply rate as the

changes in suspended sediment with time (Chapter 4).

Chang (1979) classifies channel patterns based on stream power and slope-discharge
relationships. For a given water and sediment discharge, a stable channel geometry and slope
correspond to a minimum stream power per unit channel length. For small values of water and
sediment discharge a unique minimum exists and therefore a unique stable channel
configuration and slope (Chang 1979). When this unique stable channel slope equals the valley
slope, the channel pattern is straight (Chang 1979). Above a certain threshold valley slope the
stream power has two minimums, indicating two possible stable channel configurations and
slopes (Chang 1979). Highly sinuous rivers, with small width-depth ratios occur on flatter valley
slopes and they become braided and less sinuous as the valley slope increases (Chang 1979).

Figure 3-2 shows Chang'’s (1979) channel pattern diagram.
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Figure 3-2 Channel patterns of sand streams (after Chang 1979)
Sinuosity

The sinuosity of the study reach and subreaches were estimated as the ratio of the channel
thalweg length to the valley length. Reclamation’s GIS and Remote Sensing Group in Denver,
CO digitized the channel thalweg and measured valley lengths from aerial photos and

topographic maps. The thalweg length was used as the active channel length in the sinuosity

computations. ldentification of the channel length is subject to the quality of the photos and
surveys.
Valley Slope

Valley slopes were estimated as the ratio of the difference of valley elevations between the
upper and lower end of the reach to the valley length. Valley elevations were estimated from
the agg/deg data. Agg/deg data contains elevation data outside of the main channel.
Averaged elevations of those areas were computed and considered as valley elevations. There
are not agg/deg data available for 1998 or 2001. Therefore, the valley slope could not be
estimated for these years. The valley slope for 2001 was determined through using the CO-line
cross sectional data from 1998. Reclamation’s GIS and Remote Sensing Group, Denver, CO

measured valley lengths from aerial photos and topographic maps. Valley slope values were
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used as input to some of the channel classification methods as described in the Channel

Classification section.
Longitudinal Profile

Thalweg Elevation

The thalweg elevation is the lowest elevation in a channel cross section. The
photogrammetrically surveyed agg/deg lines are available for 1962, 1972 and 1992, but are not
available for 2001. Consequently, the only available thalweg elevation data for the Bernalillo
Bridge Reach in 2001 are the BB-lines and CR-lines for the survey dates listed in Table 2-5 and
the CO-lines for the survey dates listed in Table 2-6. Changes in the thalweg elevation with
time for each CO cross section were plotted to identify temporal trends in the thalweg elevation

at these four locations.

Mean Bed Elevation

Longitudinal profiles were plotted for the study reach for the years of 1962, 1972, 1992 and
1998. The profiles for the first three sets of years were generated from the agg/deg data. The
longitudinal profile for 2001 was generated from the CO, Bl, and CR data and plotted together
with the agg/deg line longitudinal profiles. All profiles were generated using the same
methodology. Parameters calculated from the U.S. Army Corps of Engineers’ Hydrologic
Engineering Center-River Analysis System (HEC-RAS) version 3.1 program (USACE 1998) were
utilized in this methodology. The HEC-RAS runs that were executed using the channel forming
discharge (5,000 cfs). To calculate the mean bed elevation (MBE), the following equation was

used:

MBE = WSE — - _WSE —h
Tw

In this equation, WSE represents the water surface elevation (ft), A represents the channel
area (ft%), Tw represents the channel top width (ft) and h represents the hydraulic depth (ft)
which is seen to be equivalent to the area-to-top width ratio.

Friction and Water Surface Slopes

The friction and water surface slopes were estimated at each cross section at a channel-

forming discharge of 5,000 cfs using HEC-RAS. The slopes were then averaged over the reach
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using a weighting factor equal to the sum of one half of the distances to each of the adjacent

upstream and downstream cross-sections.

Channel Geometry

Two methods were used to describe the channel geometry characteristics of the study
reach: 1) HEC-RAS model and 2) digitized aerial photo interpretation. HEC-RAS was used to
model the channel geometry of the study reach with the available agg/deg line data for 1962,
1972 and 1992 and BB-line, CO-line and CR-line data for 2001. A total of 53 agg/deg cross
sections spaced approximately 500 feet apart, were modeled. The model for 2001 was
performed with seven BB-lines together with five CO-lines and three CR-lines, spaced about 500
feet to 3,500 feet apart. Channel-forming discharge of 5,000 cfs was routing through the
reach. HEC-RAS was not calibrated. A Manning’s n value of 0.02 was used for the channel and
0.1 for the floodplain for the simulations of the years 1962, 1972 and 1992. Manning’s n of
0.032 was used for the channel bed for the simulation of the year 2001. The channel bed
material is coarser in 2001 than before 1992. Therefore, the roughness coefficient was
considered higher for the 2001 simulations. Main channel delineation was performed with the
assistance of the aerial photos and cross-section surveys. Digitized aerial photos were used to

measure the non-vegetated channel width at each agg/deg line.

The resulting channel geometry parameters at each cross section were then averaged over
each subreach and the entire reach by using a weighting factor equal to the sum of one half of

the distances to each of the adjacent upstream and downstream cross sections.
The following channel geometry parameters were computed:

Wetted Perimeter = P

Wetted Cross Section Area = A

Mean Flow Velocity = V = Q/A
where, Q = Flow discharge

Top Width =W

Mean Depth = h = A/W

Width-Depth ratio = W/h

Froude Number Fr = V/qlgD , Where D = A/W
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Overbank Flow/Channel Capacity

The HEC-RAS results are divided into main channel flow and overbank flow. The main
channel results were used for the analyses of this work, because this is where the majority of

the sediment transport occurs.

Sediment

Bed Material

Characterization of the spatial and temporal variability of median bed material size (dsg) was
performed for each subreach. Median grain sizes were computed for 1962, 1972, 1992 and
2001 from USGS gaging station, CO-line and BB-line data. Apparent temporal and spatial
trends were noted. Table 3-1 lists the source of the bed material data used for the bed
material subreach characterization, the 2001 sediment transport and equilibrium analysis, and
hydraulic geometry computations.

Table 3-1 Source of bed material data used for the bed sediment subreach
characterization and in the 2001 sediment transport and equilibrium analyses

Subreach 1 Subreach 2 Subreach 3
1962 Bernalillo gage| Bernalillo gage | Bernalillo gage
1972 CO-30 CO-31 and 32 CO0-33
1992 BI-296 CO-31 CO-33

BB-301, BB- | BB-318, BB- |BB-340, BB-345
2001 307 323, BB-327

Several samples were collected across each cross section. Average of the median bed
material sizes (dsp) of all the samples collected in the bed of the channel at each station were
performed to characterize the bed material of the subreaches. These averages were input into
the channel classification methods (see Table 3-2). In addition, different statistics such as
minimum, maximum and standard deviation of the median bed material sizes were computed at

each station.

For the 2001 sediment transport and equilibrium analyses, bed material samples collected at
BB-lines were used to determine the grain size distributions for each subreach (Table 3-1). The
arithmetic averages of the values of percentages finer than a given size were computed to

generate the average curves (Nordin et. al 1961).
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3.2 Results

Channel Classification
Historic and Current Channel Pattern Description

Historically, the Middle Rio Grande was a relatively straight, braided and aggrading channel
(Baird 1996). As a result of the aggradation trend, the Middle Rio Grande Conservancy District
constructed a floodway along the river during the 1930 to 1936 period (Woodson and Martin
1962) to contain the river in its channel and prevent avulsions from forming in the adjacent
areas (Sanchez et. al 1997). The levee system, constructed as a part of the floodway, was laid
out to contain the pattern of the river prevailing at that time and no significant attempts were
performed to straighten and shorten the channel (Woodson and Martin 1962). By the 1950's,
the Rio Grande occupied a wide shallow channel between the levees of the floodway (Woodson
and Martin 1962). The channel had no banks and the average level of the bed was above the
elevation of the land outside the levees (Woodson and Martin 1962). After the major flood year
of 1941, the levees were breached at 25 places and extensive flood damage was experienced
(Woodson and Martin 1962). In 1948 the Corps of Engineers and the Bureau of Reclamation
recommended the comprehensive plan of improvement for the Rio Grande in New Mexico
(Woodson and Martin 1962). As a part of this plan rehabilitation of the floodway was

performed and several jetty fields were placed along the floodway.

Figure 3-3 was produced from Reclamation’s GIS coverages of the Bernalillo Bridge reach
and represents the changes in river planform that occurred in the non-vegetated active channel
in 1918, 1935, 1962, 1992 and 2001. It is evident that the study reach planform has not
experienced significant changes since 1935, except for subreach 1, which was confined to a
single channel after removing the large vegetated island shown in the 1935 planform. The
Bernalillo Bridge channel has been confined since the 1930's, after the Middle Rio Grande
Conservancy District constructed the floodway along the river. Narrowing of the channel is
evident in subreaches 1 and 2. Subreach 3 depicts almost no change since 1918. The greatest

decrease in width for the entire reach occurs from 1918 to 1935.

The current channel pattern description is based on observation of the 2000 set of aerial
photos, which were taken during the winter season (Figures 2-4, 2-5 and 2-6). At flows below
bankfull (<5,000 cfs), the Bernalillo Bridge reach exhibits a multi channel pattern in some short

reaches of subreaches 2. Vegetated bars lateral to the low flow channels are present in
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subreach 1. Some vegetated bars within the channel are present in subreach 2. Channel width
is almost constant along the entire reach. According to the results from HEC-RAS, using the
2001 cross section data, most of the middle channel bars in subreaches 1 and 2 are not under

water at discharge equal to 5,000 cfs.

7] 1992 Active Channel [77] 2000 Active Channel

[ 1935 Active Channel [ 1962 Active Channel [ | _ i
I 1918 Active Channel 1935 Active Channel | | 1962 Active Channel [ 11992 Active Channel

' B 0.7 0 0.7 1.4 Miles

Figure 3-3 Non-vegetated active channel of the Bernalillo Bridge reach. 1918 planform from
topographic survey. 1935, 1962,1992 and 2001 planform from aerial photos

The values of the input parameters for the different channel classification methods applied
to the 1962, 1972, 1992 and 2001 surveys of the Bernalillo Bridge reach are in Table 3-2.
These methods produce descriptions of the channel that range from straight to meandering and
braided (Table 3-3 and Table 3-4).
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Table 3-2 Input Parameters for Channel Classification Methods

Channel | Valley Width (ft) Velocity EG Slope
1962 Q (cfs) Slope Slope (d50 (mm)| d50 (ft) |[from Hec-| Depth (ft) (ftls) Fr (Feft)
(ft/ft) (ft/ft) Ras

1 5,000 | 0.0007 0.0009 0.21 0.000689 595 2.36 3.89 0.44 0.0009

2 5,000 | 0.0008 0.0011 0.21 0.000689 586 2.38 3.99 0.46 0.0010

3 5,000 | 0.0010 0.0007 0.21 0.000689 432 2.74 4.35 0.47 0.0010

Total 5,000 | 0.0008 0.0009 0.21 0.000689 546 2.48 4.05 0.46 0.0009
1972

1 5,000 | 0.0009 0.0011 0.21 0.000689 641 3.38 2.60 0.30 0.0006

2 5,000 | 0.0009 0.0010 0.21 0.000689 595 2.29 3.80 0.45 0.0010

3 5,000 | 0.0010 0.0007 0.24 0.000787 446 2.50 4.43 0.50 0.0012

Total 5,000 | 0.0009 0.0010 0.22 0.000722 574 2.74 3.50 0.40 0.0008
1992

1 5,000 | 0.0008 0.0009 1.38 0.004528 565 2.34 3.86 0.45 0.0009

2 5,000 | 0.0011 0.0011 1.09 0.003576 501 2.56 417 0.46 0.0010

3 5,000 | 0.0007 0.0005 5.73 0.018799 418 2.75 4.58 0.50 0.0012

Total 5,000 | 0.0009 0.0009 2.73 0.008968 501 2.52 4.20 0.47 0.0010
2001

1 5,000 | 0.0011 0.0009 15.43 [ 0.050607 560 3.12 2.95 0.29 0.0009

2 5,000 | 0.0008 0.0011 11.29 [ 0.037041 421 3.79 3.37 0.31 0.0009

3 5,000 | 0.0008 0.0005 1.24 0.004060 546 3.17 3.01 0.30 0.0009

Total 5,000 | 0.0008 0.0009 9.32 0.030569 504 3.38 3.12 0.27 0.0009

The methods based on slope-discharge relationships (Leopold and Wolman 1957, Lane 1957
- from Richarson et al. 1990, Henderson 1963 - from Henderson 1966, Ackers and Charlton
1970 - from Ackers 1982, Schumm and Khan 1972) produced varying results. Leopold and
Wolman (1957), Lane (from Richardson et. al 1990), Henderson (from Henderson 1966) and
Schumm and Khan (1972) methods do not show any spatial and temporal planform trend, since
they predict the same pattern for the entire reach for all years. Leopold and Wolman'’s (1957)
and Schumm and Khan's (1972) methods yield a straight channel planform. Henderson’s
(1963) method predicts a braided planform and Lane’s (1957) method predicts an intermediate
channel. Ackers and Charlton’s (1970) classification system (when comparing with valley slope)
produces a meandering pattern for subreaches 1 and 2 for all the years, a straight channel with
alternating bars configuration for subreach 3 for 1962 and 1972 and a straight channel for 1992
and 2001.

Rosgen's (1996) and Parker's (1976) classification systems are based on channel
morphology variables. According to Rosgen’s method, the Bernalillo Bridge Reach best fits as a
D5c for 1962 and 1972 and D4c for 1992 and 2001. The D5c is a multiple-channel with very
high width-depth ratio (> 40), low sinuosity (<1.2), slope < 0.001 and sand bed. The D4c has
the same configuration as the D5c except for the gravel bed material. Typically D5c streams
are characterized by a braided pattern, a channel slope that approximates the valley slope and

high bank erosion rates. Using Parker's (1976) method, the entire reach is classified as
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meandering for all years. Prior to 1992, subreach 1 classifies as meandering with three to ten

braids.

Van den Berg's (1995) method, which is based on stream power, classifies the Bernalillo
Bridge Reach as high energy single thread wide channel in 1962 and 1972, and as a low stream
power single thread narrow channel in 1992 and 2001. Chang's (1979) method, which is also
based on stream power as well, yields a meandering to steep braided channel planform for the
entire reach for all the years. All the subreaches plot above the line C in Chang’s diagram (see
Chang'’s diagram in Section 3.1), which corresponds to region 2. According to Chang (1979),
region 2 predicts that highly sinuous rivers with low width-depth ratios occur on flat valley
slopes and as the valley slope increases, more braided and less sinuous channel patterns are

predicted.

Knighton and Nanson (1993) do not quantify thresholds values for flow strength, bank
erodibility and sediment supply. However, it is possible to interpret the change in these
variables in the Bernalillo Bridge reach as follows: flow strength (peak water discharge) started
to decrease before regulation of flows began in the middle Rio Grande basin, probably due to
climatic changes and intensification of agricultural activities in the upper Rio Grande basin.
According to Richard (2001) the magnitude of peak flows at Otowi and Cochiti gaging stations
declined with time since 1895. Sediment supply rates (suspended sediment concentration at
Albuquerque gage) have decreased since the closure of Cochiti Dam in 1973 (Richard 2001).
Bank erodibility has decreased due to the construction of the floodway and other river works
that control the lateral movement of the channel (Figure 3-3). A combination of these factors

would indicate a likely shift from a braiding to meandering planform.
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Table 3-3 Channel Pattern Classification for 1962 and 1972

Slope-discharge

Channel Morphology

Stream Power

Leopold Schumm
Reach # and Lane Henderson Ackers & Charlton & Khan Rosgen Parker van den Berg Chang
Wolman
Comparing with Comparing with
channel slope valley slope
1962

Straight Meandering Meandering High energy single | from meandering to

1| Straight | Intermediate Braided w/alternating bars Straight D5c thread wide channel steep braided
Meandering Meandering Meandering High energy single | from meandering to

2| Straight | Intermediate Braided Straight D5c thread wide channel steep braided
Meandering Straight Meandering/3-10| High energy single | from meandering to

3| Straight | Intermediate | Braided wi/alternating bars | Straight D5c Braids thread wide channel steep braided
Meandering Meandering Meandering High energy single | from meandering to

Total Straight | Intermediate Braided Straight D5c thread wide channel steep braided

1972

Meandering Meandering Meandering High energy single | from meandering to

1| Straight | Intermediate Braided Straight D5c thread wide channel steep braided
Meandering Meandering Meandering High energy single | from meandering to

2| Straight | Intermediate Braided Straight D5c thread wide channel steep braided
Meandering Straight Meandering/3-10| High energy single | from meandering to

3| Straight | Intermediate Braided w/alternating bars | Straight D5 Braids thread wide channel steep braided
Meandering Meandering Meandering High energy single | from meandering to

Total Straight | Intermediate Braided Straight D5c thread wide channel steep braided
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Table 3-4 Channel Pattern Classification for 1992 and 2001

Slope-discharge

Channel Morphology

Stream Power

Leopold Schumm
Reach # and Lane Henderson Ackers & Charlton & Khan Rosgen Parker van den Berg Chang
Wolman
Comparing with Comparing with
channel slope valley slope
1992
Meandering Meandering Meandering High energy single | from meandering to
1| Straight | Intermediate Braided Straight D5c thread wide channel steep braided
Meandering Meandering Meandering Low stream power | from meandering to
single thread narrow
2| Straight | Intermediate Braided Straight D5 channel steep braided
Straight Straight Meandering Low stream power | from meandering to
single thread narrow
3| Straight | Intermediate [ Braided | w/alternating bars Straight D4c channel steep braided
Meandering Meandering Meandering Low stream power | from meandering to
single thread narrow
Total Straight | Intermediate Braided Straight D4c channel steep braided
2001
Meandering Meandering Meandering Low stream power | from meandering to
single thread narrow
1| Straight | Intermediate Braided Straight D4 channel steep braided
Meandering Meandering Meandering Low stream power | from meandering to
single thread narrow
2| Straight | Intermediate Braided Straight D4c channel steep braided
Meandering Straight Meandering High energy single | from meandering to
3| Straight | Intermediate Braided Straight D5c thread wide channel steep braided
Meandering Meandering Meandering Low stream power | from meandering to
single thread narrow
Total Straight | Intermediate Braided Straight D4c channel steep braided
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Sinuosity

The sinuosity of the entire Bernalillo Bridge reach has remained close to 1.10 since 1918
(Figure 3-4). From 1918 to 1992, subreach 1 has decreased in sinuosity while subreaches 2
and 3 have increased in sinuosity. After 1962, the sinuosities of all three subreaches are similar

and tend to a value close to 1.10. These results indicate that the channel is straight.
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Figure 3-4 Time series of sinuosity of the Bernalillo Bridge Reach as measured from the
digitized aerial photos by dividing the thalweg length by the valley length

Longitudinal Profile

Thalweg Elevation

Changes in thalweg elevation with time at each of the four CO-lines are presented in Figure
3-5. These surveys were collected at different times of the year and therefore at different
points in the annual flow regime (Table 2-6). Most of the surveys from 1971 to 1986 were
taken during winter and summer runoffs. Recent surveys were performed during early
summer. It is expected to observe more degradation in the channel during the spring flows.
The general trend is degradation at cross sections CO-30 and CO-31 since 1971. Cross sections
C0O-32 and CO-33 seems to have maintained almost the same thalweg elevation throughout the

entire period analyzed.
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Figure 3-5 Change in thalweg elevation with time at the CO-lines

Mean Bed Elevation

Changes in mean bed elevation with time at the CO-lines are illustrated in Figure 3-6. The
general trend is degradation of the bed since 1971. Mean bed elevations at cross sections CO-

32 and CO-33 have not changed dramatically between 1986 and 1998.

Mean bed elevations from the agg/deg surveys show trends of aggradation between 1962
and 1972 and degradation between 1972 and 1992 (Figure 3-7). The degradation trend
continues from 1992 to 2001 for subreach 1 while subreaches 2 and 3 aggraded (Figure 3-7).
Table 3-5 summarizes the reach averaged bed elevations from the agg/deg surveys in the
1962-1972, 1972-1992 and 1962-1992 periods. Minimum amounts of aggradation and

degradation occurred at the lower end of subreach 3.
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Figure 3-6 Change in mean bed elevation with time at CO-lines

Table 3-5 Reach averaged change in mean bed elevation in feet from agg/deg surveys.

1962-72 | 1972-92 | 1962-92
Reach # | Agg/Deg | Agg/Deg | Agg/Deg
1 1.52 -2.72 -1.20
2 1.24 -2.38 -1.14
3] 1.33 -2.25 -0.92
Total 1.29 -2.55 -1.26

Longitudinal profiles of the mean

bed elevations for 1962, 1972, 1992 and 2001 are

presented in Figures 3-8 and 3-9. The entire reach portrayed a general aggradational trend

upwards of 3 feet between 1962 and 1972 and a general degradational trend upwards of 5 feet

from 1972 to 2001. The 1992 channel elevations are slightly lower than the 1962 elevations. A

general trend of degradation of up to 2 feet occurred between 1992 and 2001 with subreach 3

displaying an opposite aggradational trend of approximately 1 foot during this time period

(Figure 3-9).
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Figure 3-7 Time series of reach-averaged mean bed elevation, computed from the 1962,
1972 and 1992 agg/deg surveys and 2001 CO-line surveys.

Friction Slope

A time series of the friction slope is shown in Figure 3-10. The friction slopes in the entire
reach and subreach 1 decreased from 1962 to 1972 and increased from 1972 to 1992.
Subreach 2 maintained an almost constant slope from 1962 to 1992. The slope of subreach 3
increased from 1962 to 1992. The friction slope decreased in all the subreaches from 1992 to

2001. The slopes are the same in all the subreaches and are similar to the slopes in 1962.

Water Surface Slope

Figure 3-11 shows a time series of the water surface slope. From 1962 to 1972, the water
surface slope increased in subreaches 1, 3 and in the entire reach, but decreased in subreach 2.
From 1972 to 1992, the slope increased in subreaches 2, 3 and in the entire reach. Water
surface slope in subreach 1 decreased and reached a value close to the 1962 slope. The slope

decreased at all reaches from 1992 to 2001.
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Figure 3-8 Mean Bed Elevation Profile of entire Bernalillo Bridge Reach for 1962,1972, 1992 and 2001. Distance downstream is
measured from agg/deg 298.
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Figure 3-9 Mean bed elevation profiles of the subreaches from the agg/deg surveys of
1962,1972 and 1992. Thalweg elevation profile from CO-line surveys of 2001. (a) Subreach
1, (b) Subreach 2, (c¢) Subreach 3.
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Figure 3-10 Time series of friction slope of the subreaches and the entire reach from HEC-

RAS modeling results
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Figure 3-11 Time series of water surface slope (ft/ft) of the subreaches and the entire reach

from HEC-RAS modeling results
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Channel Geometry

5.00 - 2500 -
9 o
$ 4.00 \ - 22000
2 T g
2 3.00 X Z 1500 |
g N :
< 2.00 4 —e— Subreach 1 % 1000 +
> —a8— Subreach 2 g
£ 1.00 - —a— Subreach 3 & 500 4
] ---x--- Total @
= 000 ! ! ! 5 0 T T 1
1980 1970 1990 2010) | | 1950 1970 1990 2010

@) Time (yr) (©) Time (yr)

4.00 - _ 300
3 %
=3.00 - V7 £ 250 -
3 Aﬁ!/ s
02.00 | 2 200
(] =
&1.00 - 2 150 -
=
<0.00 ‘ : ‘ 100 ‘ ‘ ‘
(© 1950 1970 1990 2010/ |(g) 1950 1970 1990 2010

Time (yr) Time (yr)
650 -
£
5 600 -
£ 550 -
S 500 |
$ 450
b=
[
= 400 : ‘ ‘
1950 1970 1990 2010
Time (yr)

Figure 3-12 Reach-averaged main channel geometry from HEC-RAS results for Q = 5,000 cfs.
(a) Mean Velocity, (b) Cross-section Area, (c¢) Average Depth, (d) Width-depth ratio, (e)
Wetted Perimeter

The temporal changes in reach-averaged channel geometry are summarized in Figure 3-12.
The changes in mean velocity, average depth, width-depth ratio and wetted perimeter generally
are similar in subreaches 2 and 3 from 1962 to 1972 and from 1972 to 1992. Changes in mean
velocity, width-depth ratio and wetted perimeter are similar in subreaches 1,2 and 3 from 1972
to 1992. The channel incised from 1992 to 2001, as evidenced by the increase in flow depth
and decrease in width-depth ratio. Cross sectional area increased at all reaches during this
period. Mean velocity decreased at all reaches as well, probably due to the increase in

roughness.
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Width

Active channel width time series from the digitized vegetation boundaries are presented in
Figure 3-13. All of the reaches exhibit declining width with time. The width of subreach 1
slightly increases in 1972 and 1985. Subreach 3 appears to have leveled off from 1949 to 1992
while subreach 2 has consistently decreased since 1918. In general, the largest change in
channel width occurred between 1918 and 1935. All reaches narrowed after 1992. The main-
channel widths at 5,000 cfs obtained from HEC-RAS modeling exhibit almost no change
between 1962 and 1992 and a slightly increase in 1972 for all reaches (Figure 3-14). The width

of subreaches 1 and 2 decreased and the width of subreach 3 increased from 1992 to 2001.
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Figure 3-13 Reach averaged active channel width from digitized aerial photos
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Figure 3-14 Reach averaged main channel width from HEC-RAS at Q =5,000 cfs
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Overbank Flow/Channel Capacity

Most of the flow occurs in the main channel and not in the overbank region in 1962, 1992,
and 2001 according to the HEC-RAS results at 5,000 cfs. This demonstrates the aggradational

trend evident in the 1972 mean bed elevation profiles (Figures 3-8 and 3-9).

Sediment

Bed Material

The median grain sizes from the bed material samples at the Bernalillo gage are comprised
of fine sand for all the subreaches for 1962. In 1972, CO-line samples report median sizes of
fine sand for subreaches 1 and 2 and fine to medium sand for subreach 3. In 1992, the median
size material is medium to very fine gravel for subreaches 1 and 2 and medium sand to coarse
gravel in subreach 3. The median size material coarsens from 1992 to 2001. Table 3-6

summarizes these results.

Table 3-6 Range of median grain sizes in Subreaches 1, 2 and 3 for 1962, 1972, 1992

and 2001
Median Bed Material Size

Subreach 1 Subreach 2 Subreach 3
1962 fine sand fine sand fine sand
1972 fine sand fine sand fine to medium sand

medium to very| medium to very | medium sand to coarse

1992 fine gravel fine gravel gravel

medium to | very coarse sand medium sand to very
2001 coarse gravel | to coarse gravel coarse sand

In general, it appears that the grain size coarsens with distance and time downstream from
Bernalillo Bridge, probably due to sediment input from the Arroyo de la Barranca, between cross
sections CO-32 and CO-33 from 1962 to 2001. The 2001 bed material is coarser than the 1992
bed material at reaches 1 and 2, and is finer at subreach 3. The average, maximum, minimum
and standard deviation of the median bed material sizes at each station were computed for all

the years. Table 3-7 summarizes these results.
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Table 3-7 Median grain size statistics from the bed material samples at Bernalillo gage,
CO-lines and Bl-lines.

d50
Reach Year Station Number of Range of | Minimum| Maximum | Mean |Standard| # of d50 | # of d50
. flow value value value [deviation| the in the
discharges sand gravel
Observations (cfs) (mm) (mm) (mm) (mm) range ranae
Entire reach 1961 |Bernalillo Gage 3 2140-3850 0.20 0.22 0.21 0.01 3
Subreach 1 1972 |CO-30 2 549-1070 (*)] 0.18 0.21 0.20 0.02 2
Subreach 2 1972 |CO-31 2 549-1070 (*)] 0.18 0.22 0.20 0.03 2
Subreach 2 1972 |CO-32 2 549-1070 (*)] _ 0.20 0.20 0.20 0.00 2
Average
Subreach 2 1972 |CO31, CO-32 4 549-1070 (*)] 0.18 0.22 0.20 0.00 4
Subreach 3 1972 |CO-33 2 549-1070 (*)]  0.19 0.27 0.23 0.060 2
Subreach 1 1992 |BI-296 5 3690 (*) 0.48 2.9 1.38 0.92 4 1
Subreach 2 1992 |CO-31 5) 517 (*) 0.46 2.20 1.09 0.76 4 1
Subreach 3 1992  |CO-33 5 517 (%) 0.70 16.05 5.73 6.29 2 3
Subreach 1 2001 |BI- 301, BI-307 2 No data 12.72 18.13 15.43 3.83 0 2
BI-318, BI-323,
Subreach 2 2001 |BI-327 3 No data 1.10 16.77 11.29 8.83 1 2
Subreach 3 2001 |BI-340, BI-345 4 No data 0.46 1.85 1.24 0.58 4 0
(*) Rio Grande at Albuquerque gaging station
All of the median grain sizes (dsg) are in the sand range for 1961 and 1972. Some of the

samples contain median grain sizes in the gravel range in 1992. Gravel sediment particles were

surveyed at both high (3,690 cfs) and low (517 cfs) flows.

Bed material sediment coarsened

from 1992 to 2001 in subreaches 1 and 2 (Figures 3-15 and 3-16). Subreach 3 is the coarser

reach in 1992. However, subreach 3 contains the finest sediment in 2001 (Figure 3-17).
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Figure 3-15 Comparison of 1992 and 2001 bed material gradation curves for subreach 1
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Figure 3-17 Comparison of 1992 and 2001 bed material gradation curves for subreach 3

43



Figure 3-18 shows the averaged bed material size distribution curves for each subreach and

the entire reach for 2001. These curves are the input bed material data for the 2001 sediment

transport and equilibrium analyses. The 1992 gradation curves in Figures 3-15 to 3-17 are also

used in the sediment transport analysis for that year.
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