
 

5  EQUILIBRIUM STATE PREDICTORS 

5.1 METHODS 

 Sediment Transport Analysis 

The purpose of this section is to compare the subreach transport capacity with: 1) the 

incoming sand load (0.0625 mm < ds < 2 mm); and 2) the incoming bed material load (0.30 

mm < ds < 2 mm). 

Field observations performed by the USBR indicate that sand size particles are mobile at all 

flows greater than 300 cfs as bedload material and become suspended at flows greater than 

3,000 cfs (Massong pers. communication 2001).  According to these field observations, it is 

believed that the bed material load is comparable to the sand load (0.0625 mm and 2 mm) 

(Massong pers. communication 2001). 

However, very fine and fine sand size particles (0.0625 mm to 0.25 mm) are not found in 

large quantities in the bed (d10 of bed material = 0.36 mm (Figure 3-16)) at flows close to 

5,000 cfs, which suggest that they behave as washload (Appendix G, Table 5-1).  In addition, 

the amount of sand particles in suspension finer than 0.36 mm (d10 of the bed material) is 

about 50% or more at flows close to 5,000 cfs (Table 5-1, Appendix G).  As a result, the bed 

material load comprises only the sediment particles coarser than 0.36 mm at flows close to 

5,000 cfs. 

Table 5-1 Percents of total load that behave as washload and bed material load at flows 
close to 5,000 cfs 

Date

Inst. 

Discharge 

(cfs)

d10 bed 

material 

mm

% washload % bed 

material load
4/23/79 4980 0.14 47 53
5/29/79 6610 0.17 50 50
6/7/82 4570 0.17 55 45
5/8/84 4440 0.14 43 57
6/13/94 5030 0.074 67 33
6/27/94 4860 0.2 54 46
6/6/95 4960 0.29 45 55
7/3/95 5620 0.26 31 69
6/3/97 5040 0.26 30 70
5/24/99 4080 0.21 60 40  
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Total sediment input to the reach was estimated using the Modified Einstein Procedure 

(MEP) (Colby and Hembree 1955, USBR 1955).  Cross-section geometry measurements, 

suspended sediment and bed material samples at the Albuquerque gage from 1978 to 1999 

were used for the purpose of estimating the incoming total sediment load and sand-load to the 

reach using the MEP.  The Albuquerque gage is located downstream from the study reach.  As a 

result, the total load might be slightly over estimated since sediment is probably mined from the 

bed and banks between the study reach and the gage.  The data were subdivided by separating 

snowmelt and summer flows.  The snowmelt period was defined as April to July based on 

interpretation of the mean-daily discharge record for the Albuquerque gaging station from 1978 

to 1999.  Non-linear regression functions were fit to the MEP results to develop sand-load rating 

curves. 

Channel transport capacities were estimated for each reach using different sediment 

transport equations.  The following equations were used to estimate the transport capacity for 

1992: Laursen, Engelund and Hansen, Ackers and White (d50 and d35), Yang – sand (d50 and 

size fraction), Einstein, and Toffaleti (Stevens et al. 1989, Julien 1995).  Between 1992 and 

2001, the bed material gradation analysis indicate that subreaches 1 and 2 have become 

coarser with median grain sizes of medium to coarse gravel and very coarse sand to coarse 

gravel, respectively (Figure3-15 and 3-16).  Therefore, usage of the majority of bed-material 

transport relationships would not be appropriate (Table 5-2).  As a result, the 2001 transport 

capacities were computed with two bed-material load relationships (Yang-gravel, Yang-mixture) 

and three bedload relationships (Einstein, Meyer-Peter & Müller, Schoklitsch) for subreaches 1 

and 2. 

Subreach 3 had an opposite trend, whereby becoming finer since 1992 (Figure 3-17).  This 

gradation curve yields a classification of the median grain size of medium to coarse sand.  As a 

result, the same relationships analyzed for the 1992 data were used with the 2001 data.  

Transport capacities were estimated for 1992 and 2001 for comparative purposes.  

Unfortunately, the comparison between the 1992 and 2001 results for subreaches 1 and 2 are 

not possible, due to the different transport equations used for each year. 

The input data to the sediment transport equations are the reach-averaged channel 

geometry values resulting from HEC-RAS runs at 5,000 cfs.  Table 5-3 summarizes the 1992 

and 2001 input data for all subreaches. 
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Table 5-2 Appropriateness of bedload and bed-material load transport equations 
(Stevens et al. 1989). 

Bedload (BL) Type of Sediment Sediment
Author of or Bed-material Formula Type Size
Formula Date Load (BML) (D/P) (S/M/O) (S/G)

Ackers & White 1973 BML D S S,G
Einstein (BL) 1950 BL P M S,G

Einstein (BML) 1950 BML P M S
Engelund & Hansen 1967 BML D S S

Laursen 1958 BML D M S
Meyer-Peter and Muller 1948 BL D S S,G

Schoklitsch 1934 BL D M S,G
Toffaleti 1968 BML D M S

Yang (sand) 1973 BML D O S
Yang (gravel) 1984 BML D O G

D/P - Deterministic/Probabilistic
S/M/O - Single Size Fraction/Mixture/Optional
S/G - Sand/Gravel  

Table 5-3 Hydraulic input data at all subreaches for sediment transport capacity 
computations from 1992 and 2001 HEC-RAS runs at 5,000 cfs. 

Subreach # Width (ft) Depth (ft) Velocity (ft/s) WS slope (ft/ft)
1 565 2.34 3.86 0.0009
2 501 2.56 4.17 0.0010
3 418 2.75 4.58 0.0011

Total 501 2.52 4.20 0.0010

1992 Data

 

Subreach # Width (ft) Depth (ft) Velocity (ft/s) WS slope (ft/ft)
1 560 3.12 2.95 0.00086
2 421 3.79 3.37 0.00091
3 546 3.17 3.01 0.00091

Total 504 3.38 3.12 0.00090

2001 Data

 

 Hydraulic Geometry 

Hydraulic geometry equations have been developed to estimate geometric characteristics of 

stable channels based on a channel-forming discharge.  Some methods use bed material size, 

channel slope, and/or sediment concentration.  Most hydraulic geometry methods have been 

developed from man-made canals or single-thread natural channels. 

The equilibrium width of the Bernalillo Bridge reach for 1962, 1972, 1992 and 2001 were 
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estimated by the following hydraulic geometry equations: 

• Leopold & Maddock (1953) developed a set of empirical equations that relate the 

hydraulic geometry variables (width, depth and velocity) to discharge in the form 

of power functions: 

m

e
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Where, ack = 1 and b+e+m = 1 by continuity of water (Q = 
V.D.W) and the exponent of the equations b,f and m are on 
average equal to 0.5, 0.4 and 0.1 regardless the flow regime, 
sediment characteristics and physiographic location of the rivers 
(ASCE Task Committee on Hydraulics 1998). 
 

• Julien and Wargadalam’s (1995) regime geometry equations are “semi-

theoretical” equations based on four fundamental hydraulic relationships – 

continuity, resistance, sediment transport and secondary flow.  Depth, width, 

velocity and Shield’s parameter are expressed as functions of discharge, bed 

material size and slope as follows: 
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• Simons & Albertson (1963), developed equations from analysis of Indian and 

American canals.  Five data sets were used in the development of the equations.  

Simons and Bender’s data were collected from irrigation canals in Wyoming, 

Colorado and Nebraska during the summers of 1953 and 1954 and consisted of 

cohesive and non-cohesive bank material.  The USBR data were collected from 

canals in the San Luis Valley of Colorado.  This data consisted of coarse non-

  53



 

cohesive material.  Indian canal data were collected from the Punjab and Sind 

canals.  The average diameter of the bed material is approximately 0.43 mm for 

the Punjab canals and between 0.0346 mm to 0.1642 mm for the Sind canals.  

The Imperial Valley canal data were collected in the Imperial Valley canal 

systems.  Bed and bank conditions of these canals are similar to the Punjab, Sind 

and Simons and Bender canals (Simons et. al 1963). 

The relationship between wetted perimeter (P) and water discharge is 

represented in Figure 5-1.  Once the wetted perimeter is obtained from Figure 5-

1, the averaged channel width is estimated using Figure 5-2. 

 

 

Figure 5-1 Variation of wetted perimeter P with discharge Q and type of channel (after 
Simons and Albertson 1963) 
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Figure 5-2 Variation of average width W with wetted perimeter P (after Simons and 
Albertson 1963) 

 

• Blench (1957) developed regime equations from flume data.  The equations 

account for the differences in bed and bank material by means of a bed and a 

side factor (Fs) (Thorne et al. 1997).  The range of application of Blench’s 

equation is (Thorne et al. 1997): 

Discharge (Q): 0.03-2800 m3/s 

Sediment concentration (c): 30-100 ppm 

Bed material size (d): 0.1-0.6 mm 

Bank material type: cohesive 

Bedforms: ripples – dunes 

Planform: straight 

Profile: uniform 

The size factor is defined by Fs = V3/b, where b is defined as the breadth, 

that multiplied by the mean depth d, gives the area of a mean trapezoidal 
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section, and V is the mean flow velocity (Blench 1957). 

The regime equation for channel width (W) is [from Wargadalam (1993)]: 
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Where, 
c = sediment load concentration (ppm), 

d = d50 (mm), and 

Fs = 0.1 for slight cohesiveness of banks 

 

• Lacey [(1930-1958), from Wargadalam (1993)] 

506672 .Q.P =  (ft) 
Where, 

P = wetted perimeter (feet) 

Q = water discharge (ft3/s) 

 

• Klaassen-Vermeer (1988) developed a width relationship for braided rivers based 

on work on the Jamuna River in Bangladesh: 

530116 .Q.W =  (m) 
Where, 

Q = water discharge (m3/s) 
 

• Nouh (1988) developed regime equations from ephemeral channels located in 

the South and Southwest regions of Saudi Arabia.  The equations provide 

information of channel dimensions under varying flash flood and sediment flow 

conditions in an extremely arid zone.  The following regression equation was 

obtained for the channel width: 

( ) 251930
830

50 10180328 ..
.

cd.
Q

Q
.W ++
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Where, 
Q50 = peak discharge for 50 yr. return period (m3/s) 

Q = annual mean discharge (m3/s) 

d = d50 (mm) 

c = mean suspended sediment concentration (Kg/m3). 
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Additionally, an empirical width-discharge relationship specific to the Bernalillo Bridge Reach 

and subreaches was developed from the digitized active channel widths from GIS coverage’s 

and the peak flows from the 5-years prior to the survey date.  Peak flows were obtained from 

the Rio Grande at Otowi Gage for 1918 and Rio Grande at San Felipe Gage for the remaining 

years.  The resulting equation takes the following form: 

W = a Qb 

Where, 

W = Active channel width (feet) 

Q = Peak discharge (cfs) 

 

Table 5-4 contains the input data for the empirical width-discharge equations.  Peak flow 

data are included in Appendix E. 

Table 5-4 Input data for the empirical width-discharge relationship 

1918 1935 1949 1962 1972 1985 1992 2001
Averaged 5-yr 
peak flows (cfs) 11630 6608 8010 5768 3490 6256 4142 4522
Subreach 1 
Width (ft) 1165 669 561 521 583 592 524 418
Subreach 2 
Width (ft) 1055 656 569 539 541 500 488 347
Subreach 3 
Width (ft) 579 455 408 410 413 415 406 371
Total Width (ft) 954 607 527 501 524 512 479 378  

Table 5-5 contains the input data for the hydraulic geometry calculations.  The peak 

discharges for 50 year-return period are from Bullard and Lane (1993) report.  The averaged 

suspended sediment concentration values are estimated from the double mass curve (Figure 4-

3), which was developed from the Rio Grande near Bernalillo and Rio Grande at Albuquerque 

USGS gaging stations. 
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Table 5-5 Input data for the hydraulic geometry calculations 

1962 Q (cfs) Q50 (cfs) d50 (mm) Channel Slope 
(ft/ft) Avg C (ppm)

Reach 1 5,000      23500 0.21 0.0007 3,732             
Reach 2 5,000      23500 0.21 0.0008 3,732             
Reach 3 5,000      23500 0.21 0.0010 3,732             
Total Reach 5,000      23500 0.21 0.0008 3,732             

1972
Reach 1 5,000      10000 0.21 0.0009 3,732             
Reach 2 5,000      10000 0.21 0.0009 3,732             
Reach 3 5,000      10000 0.24 0.0010 3,732             
Total Reach 5,000      10000 0.22 0.0009 3,732             

1992
Reach 1 5,000      10000 1.38 0.0008 255                
Reach 2 5,000      10000 1.09 0.0011 255                
Reach 3 5,000      10000 4.43 0.0008 255                
Total Reach 5,000      10000 2.3 0.0009 255                

2001
Reach 1 5,000      10000 15.43 0.0011 663                
Reach 2 5,000      10000 11.29 0.0008 663                
Reach 3 5,000      10000 1.24 0.0008 663                
Total Reach 5,000      10000 9.32 0.0008 663                 

 

 Equilibrium Channel Width Analyses 

• Williams and Wolman (1984) Hyperbolic Model 

Williams and Wolman (1984) studied the downstream effects of dams on alluvial rivers.  The 

changes in channel width with time were described by hyperbolic equations of the form (1/Y) = 

C1 + C2 (1/t), where Y is the relative change in channel width, C1 and C2 are empirical 

coefficients and t is time in years after the onset of the particular channel change.  The relative 

change in channel width is equal to the ratio of the width at time t (Wt) to the initial width (Wi).  

Coefficients C1 and C2 might be a function, at least, of flow discharges and boundary materials. 

Hyperbolic equations were fitted to the entire Bernalillo Bridge and to each subreach data 

set from 1918 to 1992.  Width data for 2001 was not used, because the channel narrowed from 

1992 to 2001 and seems to follow a trend different from the 1918-1992 trend (see Figure 3-

14).  The time t = 0 was taken as 1918, when narrowing of the channel began.  To adjust the 

data to an origin of 0, 1.0 was subtracted from each Wt/W1 before performing the regression.  

The data to which the hyperbolic regressions were applied are in Table 5-6. 
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Table 5-6 Hyperbolic regression input data 

Year t (year) 1/t Wi (ft) Wt (ft) 1/(Wt/Wi)-1
1918 0 1165 1165
1935 17 0.05882 669 -2.3493
1949 31 0.03226 561 -1.9274
1962 44 0.02273 521 -1.8081
1972 54 0.01852 583 -2.0023
1985 67 0.01493 592 -2.0339
1992 74 0.01351 524 -1.8178

Year t (year) 1/t Wi (ft) Wt (ft) 1/(Wt/Wi)-1
1918 0 1055 1055
1935 17 0.0588 656 -2.6438
1949 31 0.0323 569 -2.1704
1962 44 0.0227 539 -2.0436
1972 54 0.0185 541 -2.0537
1985 67 0.0149 500 -1.9018
1992 74 0.0135 488 -1.8609

Year t (year) 1/t Wi (ft) Wt (ft) 1/(Wt/Wi -1)
1918 0 579 579
1935 17 0.0588 455 -4.6643
1949 31 0.0323 408 -3.3985
1962 44 0.0227 410 -3.4274
1972 54 0.0185 413 -3.4865
1985 67 0.0149 415 -3.5304
1992 74 0.0135 406 -3.3557

Year t (year) 1/t Wi (ft) Wt (ft) 1/(Wt/Wi -1)
1918 0 954 954
1935 17 0.0588 607 -2.7502
1949 31 0.0323 527 -2.2354
1962 44 0.0227 501 -2.1037
1972 54 0.0185 524 -2.2187
1985 67 0.0149 512 -2.1564
1992 74 0.0135 479 -2.0095

Subreach 1

Subreach 2

Subreach 3

Bernalillo Bridge Reach

 

• Richard (2001) Exponential Model 

Richard (2001) selected an exponential function to describe the changes in width with 

time of the Cochiti reach of the Rio Grande.  The hypothesis of the model is that the 

magnitude of the slope of the width vs. time curve increases with deviation from the 

equilibrium width, We.  The exponential function is: 

W = We + (W0 – We). e  tk1−

Where, 

k1 = rate constant; 

We = Equilibrium width toward which channel is moving (ft); 

W0 = Channel width (ft) at time t0 (yrs); and 

W = Channel width (ft) at time t (yrs) 

  59



 

Richard (2001) used three methods to estimate k1 and We.  The first method consists of 

empirically estimating the value of k1 and We by plotting the width change rate vs. the width 

and generating a regression line.  The rate constant, k1, is the slope of the regression line and 

the intercept is k1We.  The second method consists of using the empirically determined k-values 

from the first method and varying the equilibrium width values to produce a “best-fit” equation 

that minimized the sum-square error (SSE) between the predicted and observed widths.  This 

method was developed in an effort to better estimate the equilibrium width.  The third method 

consists of estimating the equilibrium width, We, using a hydraulic geometry equation.  The k1-

value was determined by varying it until the SSE between the predicted and observed width 

was minimized.  The input data used in this analysis is included in Appendix F. 

5.2 RESULTS 

 Sediment Transport Analysis 

The total load computed from MEP comprises mostly sand material.  Gravel load occurs with 

flows close to 5,000 cfs and represents less than 8% of the total MEP load.  Figure 5-3 presents 

the Spring and Summer sand-load (0.0625 mm – 2 mm) data.  Non-linear regression functions 

were fit to the data to obtain the rating curves at the Albuquerque gage.  Using a channel 

forming discharge of 5,000 cfs, the estimated MEP sand-load at the Albuquerque gage station is 

21,672 tons/day.  It is evident that the variability of the data points around the regression line 

is about one order of magnitude (Figure 5-3).  As a result, the real sand-load could considerably 

vary from the estimated value. 

Table 5-7 lists the bed-material transport capacity calculations for the 1992 hydraulic 

geometry data for subreaches 1 and 2.  The slopes indicated in Table 5-7 correspond to the 

water surface slopes.  The different equations yield varying results.  Engelund and Hansen’s, 

Ackers and White’s (d50 and d35) and Yang’s (sand d50 and mixture) equations yield comparable 

results for subreach 1.  Engelund and Hansen’s, Ackers and White’s (d35), and Yang’s sand (d50) 

equations produce similar results for subreach 2, while Einstein’s and Toffaleti’s results are also 

comparable.  No sediment transport capacity exceeds 14,000 tons/day. 
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Figure 5-3 Albuquerque gage sand-load rating curve for the Spring and Summer seasons 
from 1978 to 1999 

Table 5-7 Bed-material transport capacity for the 1992 channel geometry data for 
subreaches 1 and 2 

s = 0.0009 s=0.0011
Bed-material Transport 

Equations

Subreach 1 
BML in 

tons/day

Subreach 2 
BML in 

tons/day
Laursen 3518 5094
Engelund & Hansen 6052 11646
Ackers and White (d50) 6323 8863
Ackers and White (d35) 8239 11392
Yang Sand (d50) 7025 10555
Yang Sand (size fraction) 10050 13533
Einstein 2080 6019
Toffaleti 4257 6173

Average = 5943 9159
BML = Bed Material Load, S = water surface slopes

Existing Slopes in ft/ft
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Table 5-8 lists the bedload and bed-material load transport capacity calculations for the 

2001 hydraulic geometry data for subreaches 1 and 2.  The different equations yield varying 

results.  For both subreaches, Yang’s (gravel), Einstein, and Meyer-Peter & Müller produce 

similar results, while Yang’s (mixture) and Schoklitsch’s results are also comparable.  The 

average transport capacity for subreaches 1 and 2 is 401 tons/day and 997 tons/day 

respectively (Table 5-8), which are both less than the incoming sand load (21,672 tons/day).  

No sediment transport capacity exceeds 4,000 tons/day for these two subreaches.  These low 

transport capacities are a direct result of the coarse material present in the bed. 

Table 5-8 Bed-material and bedload transport capacity for the 2001 channel geometry 
data for subreaches 1 and 2 

BML/BL Transport Equations s=0.00086 s=0.00091
Subreach 1 Subreach 2
BML/BL in BML/BL in
tons/day tons/day

Yang Gravel (size fraction) - BML 60 104
Yang Mixture (size fraction) - BML 1336 3618
Einstein (BL) 0 1.5
Meyer-Peter & Muller (BL) 0 0
Schoklitsch (BL) 609 1261

Average = 401 997
BML - Bed Material Load
BL - Bedload
s - Water surface slopes

Existing Slopes in ft/ft

 

Table 5-9 lists the bed-material transport capacity calculations for the 1992 and 2001 

hydraulic geometry data for subreach 3.  The slopes indicated in Table 5-9 correspond to the 

water surface slopes.  The different equations yield varying results.  Ackers and White’s and 

Yang’s sand (d50) equations yield similar results for subreach 3 in 1992.  For 2001, Laursen’s, 

Ackers and White’s (d50 and d35), and Toffaleti’s equations yield comparable results, while 

Engelund and Hansen’s and Yang’s (sand d50 and sand size fraction) results are also 

comparable.  The average transport capacities for subreach 3 are 6,313 and 3,693 tons/day for 

1992 and 2001 respectively (Table 5-9), which are less than the incoming sand load (21,672 

tons/day).  No sediment transport capacity exceeds 15,000 tons/day in 1992, while the 

maximum transport capacity does not exceed 7,500 tons/day in 2001. 
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Table 5-9 Bed material transport capacity for the 1992 and 2001 channel geometry data 
for subreach 3 

1992 Slope 

s=0.0008

2001 Slope 

s=0.00091
Bed-material Transport 

Equations

Subreach 3 BML 

in tons/day

Subreach 3 
BML in 

tons/day
Laursen 5896 2302
Engelund & Hansen 3592 5159
Ackers and White (d50) 4604 2223
Ackers and White (d35) 8733 3497
Yang Sand (d50) 8189 5361
Yang Sand (size fraction) 14315 7050
Einstein 591 647
Toffaleti 4586 3306

Average = 6313 3693
BML = Bed Material Load, S = water surface slopes  

The average transport capacity for the entire reach (subreaches 1 to 3) is 7,139 tons/day in 

1992, which is less than the incoming sand load (21,672 tons/day).  The transport capacities for 

the three reaches in 2001 are lower than the transport capacities for 1992. 

In general, the washload comprises the fine particles not found in large quantities in the 

bed (ds < d10) (Julien 1995).  The d10 of the bed material is on average 0.36 mm (Figure 3-18).  

The percent of material in suspension finer than 0.36 mm is about 50% at flows close to 5,000 

cfs (Appendix G), which suggests that very fine and fine sand particles behave as washload.  As 

a result, the incoming bed-material load is about 10,836 tons/day, which represents 50% of the 

sand-load (Appendix G).  This methodology assumes that the silt load is very small, and thus 

negligible as compared to the sand load. 

The incoming bed-material load is closer to the transport capacities for 1992 than for 2001.  

According to the results for 1992, the equation that yields closer results to the bed-material 

load is Yang sand for the three reaches.  The 1992 average capacity load computed from the 

results of all the equations for all the subreaches (7,139 tons/day) is slight lower than the 

incoming bed-material load (10,836 tons/day).  However, given the uncertainty involve in the 

estimation of the bed-material load (Figure 5-3), the average capacity load is comparable to the 

bed-material load.  As a result, the channel slope in 1992 seems appropriate to transport the 

incoming bed-material load of 10,836 tons/day at a discharge of 5,000 cfs.  However, this result 

is not in agreement with observed degradation in the channel bed that occurred between 1992 
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and 2001 (Figures 3-8 and 3-9). 

The bed material gradation curves for subreaches 1 and 2 (Figures 3-15 and 3-16) 

represent a much coarser material than the bed material gradation curves collected at the 

Albuquerque gage and used for the estimation of the bed-material load (see Appendix G).  The 

median grain size (d50) of the bed material at Albuquerque gage is finer than medium sand for 

most of the samples (see Appendix G).  As a result, the transport capacities computed for 

subreaches 1 and 2 do not compare with the bed-material load estimated with the MEP.  It is 

likely that a layer of sand coming from tributaries and mined from the bed and banks of the 

channel upstream from the study reach overlay and move above a layer of coarser material 

(armor layer) that the river cannot transport.  The averaged transport capacity of subreach 3 

for 2001 is less than 50 % of the bed-material load (10,836 tons/day) and is about half of the 

capacity of that subreach in 1992.  According to the HEC-RAS results for 2001, the reach-

averaged velocity and the water surface slope decreased with respect to the 1992 results in 

subreach 3.  As a result, the transport capacity is also reduced. 

 Hydraulic Geometry 

The equilibrium widths predicted by the downstream hydraulic geometry equations for a 

discharge of 5,000 cfs are summarized in Table 5-10.  Klaassen and Vermeer’s, Simons and 

Albertson’s, Lacey’s and Julien-Wargadalam’s equations under estimate the width for all 

subreaches for all the years.  In Julien-Wargadalam (1995) equations the width-depth ratio 

cannot vary from a value of 20-40.  Width-depth ratios of the Bernalillo Bridge reach are above 

150 (Figure 3-13 d).  Therefore, Julien-Wargadalam equation predicts narrower channels than 

the widths obtained from the HEC-RAS analysis. 

Blench’s equation overestimate the width for all the subreaches and years and Nouh’s 

equations produce varying results.  Nouh’s and Blench’s equations produce large width values 

for 1962, 1972 and 2001 (Table 5-10).  These two equations are not applicable for the 

conditions of the Rio Grande (See Section 5. Equilibrium State Predictors). 

Figure 5-4 is a plot of the measured reach-averaged active channel width versus the 

predicted width from the downstream hydraulic geometry equations.  None of the equations 

produces channel width values close to the non-vegetated active channel widths obtained from 

the HEC-RAS analysis.  The predicted widths are nearly constant for all the subreaches from 

1962 to 2001.  This trend is in agreement with the historical trends of channel width during the 
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1962 – 1992 time period (Figures 3-13 and 3-14).  In summary, none of the equations predicts 

the historical widths.  However, they do predict the nearly constant channel width observed 

between 1962 and 1992 (Figure 3-13 and 3-14). 

 

Table 5-10 Predicted Equilibrium Widths in ft from downstream hydraulic geometry 
equations for Q = 5,000 cfs 

Q = 5,000 cfs

Reach-Averaged HEC-

RAS Main Channel 

Width (feet)

Klaassen & 
Vermeer 

(feet)

Nouh 
(feet)

Blench 
(feet)

Simons 
and 

Albertson 
(feet)

Julien-

Wargadalam 

(feet)

Lacey 

(feet)
1962 1 595 729 2064 1417 167 283 189

2 586 729 2064 1417 167 273 189
3 432 729 2064 1417 167 265 189

Total 546 729 2064 1417 167 274 189
1972 1 641 729 2060 1417 167 267 189

2 595 729 2060 1417 167 269 189
3 446 729 2107 1465 167 263 189

Total 574 729 2076 1433 167 267 189
1992 1 565 729 138 675 167 273 189

2 501 729 123 637 167 258 189
3 418 729 294 904 167 273 189

Total 501 729 186 767 167 266 189
2001 1 560 729 2686 1834 167 252 189

2 421 729 2052 1696 167 265 189
3 546 729 424 976 167 272 189

Total 504 729 1744 1617 167 267 189  
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Figure 5-4 – Downstream hydraulic geometry equation results – Predicted equilibrium width 
in feet vs. measured reach-averaged non-vegetated active channel width in feet 

 

Empirical width-discharge relationships (w=aQb) were developed for the subreaches and the 

entire study reach based on the non-vegetated active channel width measured from the GIS 

coverages of the non-vegetated active channel (Figure 3-13, Table 5-3).  The results of this 

analysis are shown in Figure 5-5.  The exponent b of the relationship for subreach 3 is almost 

half of the exponents of the relationships for subreaches 1 and 2.  Therefore, for the same 

change in discharge, subreaches 1 and 2 seems to change their widths more than subreach 3. 
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Figure 5-5 Empirical width-discharge relationships for the Bernalillo Bridge reach and 
subreaches 

 Equilibrium Channel Width Analyses 

• Williams and Wolman (1984) Hyperbolic Model 

Four hyperbolic equations were fitted to the subreaches and entire study reach data to 

describe the changes in channel width with time.  Table 5-11 lists the fitted equations and 

the regression coefficients.  Figures 5-6 (a, b, c and d) illustrate the results.  The hyperbolic 

functions fit the data very well and could be used to describe past trends of channel width.  

This model indicates that the channel width did not change significantly between 1962 and 

1992. 
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Table 5-11 Change in width with time hyperbolic equations and regression coefficients 

Reach Fitted Equation r² 

1 
1

300869740691
+

−−
=

.t.
t

W
W

i

t  
0.6377 

2 
1

4175716672651
+

−−
=

.t.
t

W
W

i

t  
0.979 

3 
1

5219326933452
+

−−
=

.t.
t

W
W

i

t  
0.8084 

Total 
1

4659014858201
+

−−
=

.t.
t

W
W

i

t  
0.8995 
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Figure 5-6 Relative decrease in channel width in (a) Subreach 1, (b) Subreach 2, (c) 
Subreach 3 and (d) Bernalillo Bridge Reach 
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• Richard (2001) Exponential Model 

The exponential model was fitted to the Bernalillo Bridge reach data.  The k1 and We values 

were estimated using methods 1 and 2.  Method 3 was not used because none of the hydraulic 

geometry equations yielded good results.  Figures 5-7 (a,b,c,d) represent the regression lines 

between the width change rate vs. the non-vegetated active channel width for the subreaches 

and the entire reach from 1918 to 1992.  The resulting empirically determined k1 and We values  

and the r² of the regressions are listed in Table 5-12 (method 1). 
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Figure 5-7 Linear regression results of subreach and entire reach data – observed width 
change (ft/year) with observed channel width (feet). (a) Subreach 1, (b) Subreach 2, (c) 
Subreach 3, (d) Entire Reach 

Table 5-12 Empirical estimation of k1 and We from linear regressions of width vs. width 
change data (Method 1) 

K1 K1We We r-sq

Subreach 1 0.1276 66.233 519 0.33

Subreach 2 0.1303 65.416 502 0.80
Subreach 3 0.1353 54.673 404 0.69

Entire reach 0.1473 72.151 490 0.66  
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The empirically determined k-values were used and the equilibrium width values were 

varied to produce a “best-fit” equation that minimized the SSE between the predicted and 

observed widths from 1918 to 1992 (method 2).  Figures 5-8 (a,b,c,d) show the resulting 

exponential models from both methods.  Table 5-13 summarizes the results and Table 5-14 

summarizes the exponential equations. 
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Figure 5-8 Application of exponential model of width change using methods 1 and 2 to 
estimate k1 and We values. (a) Subreach 1, (b) Subreach 2, (c) Subreach 3 and (d) Entire 
Reach 

 Both models fit the data very well and could be used to describe past trends of channel 

width.  These models indicate that the channel width did not change significantly between 1962 

and 1992. 
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Table 5-13 Exponential model results using methods 1 and 2 

Method 1

Year Wt (ft)

Predicted width 
(ft) with empirical 

k1 and We

Predicted width (ft) 
with empirical k1 and 

varying We Guessed We SSE
1918 1165 1165 1165 560 0
1935 669 593 629 1574.63
1949 561 531 572 128.888
1962 521 521 563 1751.962
1972 583 520 561 494.062
1985 592 519 560 1008.736
1992 524 519 560 1315.517

SSE = 6273.796

1918 1055 1055 1055 536 0
1935 656 562 593 3972
1949 569 512 546 550
1962 539 504 538 1
1972 541 503 537 20
1985 500 502 536 1308
1992 488 502 536 2334

SSE = 8185

1918 579 579 579 414 0
1935 455 422 431 575.7871
1949 408 407 417 67.30634
1962 410 405 415 22.2117
1972 413 404 414 2.350109
1985 415 404 414 0.3875
1992 406 404 414 62.40738

SSE = 730.4502

1918 954 954 954 518 0
1935 607 528 553 2924.805
1949 527 495 522 28.41353
1962 501 491 518 307.4722
1972 524 490 518 42.30177
1985 512 490 518 33.61447
1992 479 490 518 1454.069

SSE = 4790.676

Entire reach

Method 2Subreach 1

Subreach 2

Subreach 3

 

 

Table 5-14 Exponential equations of change in width with time using methods 1 and 2 

Subreach Method 1 Method 2 

1 t*.e*W 12760
1 646519 −+=  t*.e*W 12760

1 605560 −+=  

2 t*.e*W 13030
2 553502 −+=  t*.e*W 13030

2 519536 −+=  

3 t*.e*W 13530
3 175404 −+=  t*.e*W 13530

3 165414 −+=  

Entire reach t*.
t e*W 14730464490 −+=  t*.

t e*W 14730436518 −+=  
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