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It should be noted that the
indicated changes in bed elevation should be viewed only in a relative sense because the changes
will likely not occur uniformly in time or space over the reach, nor will they continue indefinitely as
the channel geometry, gradient and bed material adjust toward a state of equilibrium with the
upstream supply.

Figure H-1.7 Figure H-1.9

Figure H-

1.7 Figure H-1.9

Figure H-1.10 and Figure H-
1.11.
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Table H-1.1 Summary of subreaches used for the sediment-continuity analysis

Subreach
Subreach Length Limits

(fo)

Table H-1.2 Summary of representative bed- material gradation parameters for each of the sediment-continuity subreaches.

Subreach | Dyg (mMmm) | Dsy (mm) | Dgs (Mm)
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Table H-1.3 Summary of tributaries included in the sediment-continuity analysis, and the average annual bed-material contribution from
each of the tributaries

Table 3. Summary of tributaries included in the sediment-continuity analysis, and the average annual bed-material contribution from
each of the tributaries.
Drainage Averagle Unit
Tributary Name Areza Sl:z{;;lgnt Volumez (ac Source
(mi%) Volume (ac-ft) f/mi)
Galisteo Creek* 43.0 4.6 0.11 RTI Main Report (1994)
Borrego Arroyo 75.0 1.7 0.02 Unit Yield Analysis
Tonque Arroyo 163.0 3.6 0.02 Unit Yield Analysis
Las Huertas Arroyo 29.2 0.6 0.02 Unit Yield Analysis
Jemez River 1034.0 0.0 0.00 Assume all bed matl load trapped under historic Jemez
operations
Agua Sarca Arroyo 5.7 0.0 0.00 Intercepted by Albuguerque Main Canal u/s of Bernalillo
Arroyo de la Baranca 9.6 0.2 0.02 Unit Yield Analysis
Calabacillas Arroyo 100.8 10.1 0.10 Assume 0.10 ac-ft/mi2
Montoyas Arroyo 61.0 0.0 0.00 Intercepted by Detention Basin
N Diversion Chnl 102.0 8.3 0.08 Copeland, et.al. (1995)
S. Diversion Chnl 133.0 13.3 0.10 Assume 0.10 ac-ft/mi2
Pajarito Arroyo 0.9 0.4 0.47 Unit Yield Analysis
Comanche Arroyo 15.0 0.3 0.02 Unit Yield Analysis
Abo Arroyo 290.0 29.0 0.10 Unit Yield Analysis
Rio Puerco 7188.8 25.0 0.00 Back-computed for equilibrium in SR6a
Palo Duro Canyon 63.5 1.4 0.02 Unit Yield Analysis
Los Alamos Arroyo 58.8 1.3 0.02 Unit Yield Analysis
Bernardo Arroyo 1.8 0.4 0.19 Unit Yield Analysis
Canada Ancha 4.5 0.2 0.03 Unit Yield Analysis
Canoncito Colorado 1.8 0.4 0.20 Unit Yield Analysis
Rio Salado 1419.3 48.6 0.03 Based on USBR measured bed elevation change in SR6b
Arroyo Rosa de Castillo 5.5 0.1 0.03 Unit Yield Analysis
San Lorenzo Arroyo 30.5 0.0 0.00 Intercepted by San Lorenzo Settling Basin
Arroyo Sevilleta 2.6 0.3 0.13 MEI Tributary Study, MEI (2003)
Arroyo de Alamillo 3.2 0.2 0.06 MEI Tributary Study, MEI (2003)
Arroyo del Veranito 5.8 0.1 0.03 Unit Yield Analysis
Arroyo del la Parida 42.1 0.6 0.01 MEI Tributary Study, MEI (2003)
Coyote Arroyo 3.2 0.0 0.00 Intercepted by Eastside Drain
Arroyo de los Pinos 12.1 0.2 0.02 MEI Tributary Study, MEI (2003)
Arroyo de Tio Bartolo 2.6 0.2 0.09 MEI Tributary Study, MEI (2003)
Arroyo de la Presilla 15.5 0.3 0.02 MEI Tributary Study, MEI (2003)
Arroyo del Tajo 9.0 0.2 0.02 MEI Tributary Study, MEI (2003)
Arroyo de las Canas 26.3 0.4 0.01 MEI Tributary Study, MEI (2003)
San Pedro Arroyo 47.3 0.6 0.01 MEI Tributary Study, MEI (2003)

* Below dam
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Figure H-1.1 Bed-material rating curves for each of the sediment-continuity subreaches.
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Figure H-1.2 Comparison of annual supply and bed-material transport capacity for each subreach under existing conditions (with no

bed-material supply from the Jemez River).
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Figure H-1.3 Computed annual aggradation/degradation volumes for each subreach under existing conditions (with no bed-material
supply from the Jemez River).
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Figure H-1.4 Comparison of measured change in mean bed elevation to the computed change in elevation corresponding to the length
of the period of the measured data based on the existing conditions sediment-continuity analysis (with no bed- material supply from the

Jemez River).
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Figure H-1.5 Comparison of annual upstream and tributary bed-material supply with the computed annual transport capacity of each
subreach under recent conditions (with 50 ac-ft/yr of bed-material supply from the Jemez River).
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Figure H-1.6 Summary of computed annual aggradation/degradation volumes of each subreach under recent conditions (with 50 ac-ft/yr

of bed-material supply from the Jemez River).
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Figure H-1.8 Summary of computed annual aggradation/degradation volumes of each subreach
for recent conditions (with bed-material supply from the Jemez River) and the EIS Action and No-
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Figure H-1.9 Summary of the percent change in annual aggradation/degradation volumes over the

No-Action Alternative for the EIS Action Alternatives, by subreach.
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2.0 ANNUAL MAXIMA FREQUENCY ANALYSIS OF THE
URGWOM 40-YEAR PLANNING MODEL

Table H-2.3
Table H-2.1

Figure H-2.1 Figure H-2.35 Figure H-2.1
Figure H-2.35

Table H-2.1
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Table H-2.1 U.S. Geological Survey streamflow-gaging stations for each study reach.

STATION NUMBER STATION NAME REACH

Table H-2.2 Selected return period data annual maximum discharge for the various alternatives
and the basline condition for streamflow-gaging stations.

Rio Grande at San Felipe (08319000)

B3 D3 E3 I1 12 13 Baseline
1.5 2,860 2,970 2,950 3,190 3,090 2,950 3,190
2 3,670 3,770 3,800 4,040 3,910 3,730 4,040
5 5,700 5,610 5,970 5,870 5,730 5,550 5,850
10 7,040 6,700 7,410 6,860 6,760 6,630 6,830

Return
Period
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Figure H-2.1 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Felipe, New Mexico 08319000 for planning model alternative B3.
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Figure H-2.3 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at

San Felipe, New Mexico 08319000 for planning model alternative D3.
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Figure H-2.4 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Felipe, New Mexico 08319000 for planning model alternative E3.
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Figure H-2.6 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Felipe, New Mexico 08319000 for planning model alternative 12.
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Figure H-2.7 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at

San Felipe, New Mexico 08319000 for planning model alternative I3.
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Figure H-2.8 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
Albuquerque, New Mexico 08330000 for planning model alternative B3.
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Figure H-2.10 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
Albuquerque, New Mexico 08330000 for planning model alternative D3.
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Figure H-2.12 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
Albuquerque, New Mexico 08330000 for planning model alternative I1.
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Figure H-2.14 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
Albuquerque, New Mexico 08330000 for planning model alternative 13.
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Figure H-2.15 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway
near Bernardo, New Mexico 08332010 for planning model alternative B3.
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Figure H-2.16 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway
near Bernardo, New Mexico 08332010 for planning model alternative baseline.

H-34 Upper Rio Grande Water Operations Review FEIS



Appendix H —River Mechanics and Geomorphology

5
10 T T T

.......... ] O Weibull Plotting Positions

I I I
— Log-Pearson Il all

Figure H-2.18 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway
near Bernardo, New Mexico 08332010 for planning model alternative E3.
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Figure H-2.19 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway
near Bernardo, New Mexico 08332010 for planning model alternative I1.
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Figure H-2.22 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Acacia, New Mexico 08354900 for planning model alternative B3.
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Figure H-2.23 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Acacia, New Mexico 08354900 for planning model alternative baseline.
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Figure H-2.27 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Acacia, New Mexico 08354900 for planning model alternative 12.
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Figure H-2.28 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Acacia, New Mexico 08354900 for planning model alternative 13.
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Figure H-2.29 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Marcial, New Mexico 08358400 for planning model alternative B3.
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Figure H-2.30 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Marcial, New Mexico 08358400 for planning model alternative baseline.
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Figure H-2.32 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Marcial, New Mexico 08358400 for planning model alternative E3.
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Figure H-2.33 Annual maximum daily mean discharge frequency curve at Rio Grande Floodway at
San Marcial, New Mexico 08358400 for planning model alternative I1.
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3.0 UPPER RIO GRANDE WATER OPERATIONS EIS
MIDDLE RIO GRANDE PLANFORM

Characterization and Analysis

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center, Denver, Colorado

Upper Rio Grande Water Operations Review FEIS H-55






Appendix H —River Mechanics and Geomorphology

DEPARTMENT OF THE INTERIOR MISSION STATEMENT

BUREAU OF RECLAMATION MISSION STATMENT
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3.1 Introduction and Background

Figure H-3.1

\
Study reach
Middle Rio
Grande Valley
~/

Figure H-3.1 Upper Rio Grande Basin and Study Reach
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Figure H-3.2 Timeline of significant events
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Figure H-3.3 Comparison of peak flow and reach average width

1992 2002

Figure H-3.4 Vegetation encroachment inside channel margins between 1992 and 2002
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3.4 Methods

34.1 G/S Database

Figure H-3.2 Figure H-3.6
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Figure H-3.6 Digitized Rio Grande 2001 morphology near Santo Domingo, NM
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3.4.2 Geomorphic categories

34.3 Active Channel Width

sand

not

3.4.4  Floodplain Width
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Figure H-3.7
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Figure H-3.7 Missing or Cutoff Historical Channel Near BDANWR
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Table H-3.2 Reach-averaged active channel widths (feet)

Table H-3.3 Percent change from previous data set in reach active channel widths

COBL BLIS ISRP RPEB
Years

Year |between| Total |Change| Total |Change| Total |Change| Total |Change
data sets| change |per year| change |per year| change |per year| change |per year
(%) | (%) (%) | (%) (%) | (%) (%) | (%)
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Figure H-3.9 Reach-averaged active channel width over time

3.5.2  Floodplain width

Table H-3.4 Table H-3.5 Figure H-3.10

Table H-3.4 Reach-averaged floodplain widths (feet)
Year COBL BLIS ISRP RPEB

Table H-3.5 Percent change from previous data set in reach floodplain widths
COBL BLIS ISRP RPEB
Years

Year |between| Total [Change| Total [Change| Total [Change| Total |Change
data sets| change [per year| change |per year| change |per year| change |per year
(%) (%) (%) (%) %) | (%) | () | (%)
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Figure H-3.10 Reach-Averaged Floodplain Widths Over Time
3.5.3 /sland area

Table H-3.6 Table H-3.7 Figure H-3.11
Table H-3.6 Reach island area (acres)
Year COBL BLIS ISRP RPEB

Table H-3.7 Change from previous data set in reach island area (acres)

Years COBL BLIS ISRP RPEB

Year |between| Total |Change| Total |Change| Total |Change| Total |Change
data sets| change |per year| change |per year| change |per year| change |per year
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Figure H-3.11 Reach Island Area Over Time

3.5.4 Sinuosity

Table H-3.8 Table H-3.8 Table H-3.9 Figure H-3.12

Table H-3.8 Reach Sinuosity
Year COBL BLIS ISRP RPEB
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Table H-3.9 Percent Change From Previous Data Set in Reach Sinuosity

COBL BLIS ISRP RPEB
Years

Year |between| Total [Change| Total [Change| Total |Change| Total |Change
data sets| change |per year| change |per year| change |per year| change |per year
) | (%) | () | () | () | (%) | () | (%)

1.20
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Figure H-3.12 Reach Sinuosity Over Time
3.5.5 Width Analysis

Table H-3.10 Figure H-3.13
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Table H-3.10 Channel width statistics for Middle Rio Grande Between Cochiti Dam and Elephant
Butte Reservoir.

Statistic 1918 1935 1949 1962 1972 1985 1992 2001

Width, ft
|

Year

Figure H-3.13 Channel Width Statistics Over Time for Middle Rio Grande Between Cochiti Dam
and Elephant Butte Reservoir.

Table H-3.10
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Figure H-3.14 Figure
H-3.17

Width, ft

Year

Figure H-3.14 Channel Width Statistics Over Time for Middle Rio Grande Between Cochiti Dam
and Bernalillo.
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Width, ft

Year

Figure H-3.15 Channel Width Statistics Over Time for Middle Rio Grande Between Bernalillo and
Isleta Diversion Dam.

Width, ft

Year

Figure H-3.16 Channel width statistics over time for Middle Rio Grande between Isleta Diversion
Dam and Rio Puerco.
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Width, ft

Year

Figure H-3.17 Channel Width Statistics Over Time for Middle Rio Grande Between Rio Puerco and
Elephant Butte Reservoir.

Figure H-3.18

Figure H-3.19

Figure H-3.20
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Width, ft

Year

Figure H-3.18 Channel Width Statistics Over Time For Middle Rio Grande Between Angostura
Diversion Dam and Bernalillo.

Width, ft

Year
Figure H-3.19 Channel Width Statistics For Middle Rio Grande Between the Rio Puerco and San

Acacia Diversion Dam.

Figure H-3.21

Figure H-3.20
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Width, ft

Year

Figure H-3.21 Channel Width Statistics For Middle Rio Grande Between Arroyo de las Canas and
Hwy 380.

Figure H-3.23

H-82 Upper Rio Grande Water Operations Review FEIS



Appendix H —River Mechanics and Geomorphology

Hwy 380

Figure H-3.22 Aerial View of the 1918 and 1935 Channels Near the Highway 380 Bridge.
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4.0 SUMMARY OF WATER OPERATIONS REVIEW
AND EIS BANK ENERGY INDEX ANALYSIS

4.1 INTRODUCTION

4.2 SITE SELECTION

Table H-4.1
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Table H-4.1 1Summary of Subdivided Geomorphic Subreaches Used in the BEI analysis

Table 2.1. Summary of subdivided geomorphic subreaches used in the BEI analysis.

. Length of
Geomorphic BEI Number of L
Subreach Subreach Su?f:i;ﬂ:h BEI Sites Subreach Limits
7 7 32.0 4 Rio Chama, Abiquiu Reservoir to Rio Grande confluence
10 10a 22.4 5 Cochiti Dam to Jemez River
10b 4.5 0 Jemez River to Bernalillo
12 12 34.4 5 Bernalillo to Isletta Diversion Dam
13 13 41.7 6 Isletta Diversion Dam to Rio Puerco
14a 8.1 2 Rio Puerco to Rio Salado
14 14b 2.5 0 Rio Salado to San Acacia
14c 34.6 5 San Acacia Diversion Dam to RM78
14d 13.5 5 RM78 to San Marcial
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
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(Table
H-4.2)
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Table H-4.2 Summary of Selected Sites for BEIl analysis

Table 2.2. Summary of selected sites for BEI analysis.
. . Bend Main Chnl Energy :
Site RM :pegglmfi‘;ee Ea(?:)ng Northing (m)| Subreach | Radius | Top Width RJ/W Grade at Stvg$ftagog 2 Pr(?tzzlt(ion
gg/Deg (f) () Omeh! ability Code

2 70.3 1681 318184 3728308 14d 1130 135 8.4 0.00038 4s1 None
2a 71 1673 319558 3728792 14d 1100 315 3.5 0.00029 4s1 None
4 73.4 1643 322218 3732216 14d 800 160 5.0 0.00034 4s1, 1s1 None
5 77.4 1591 326598 3738147 14d 730 250 2.9 0.00032 5s1 None
6 77.6 1558 326381 3738406 14d 740 350 2.1 0.00022 5s1, 3s1 None
7 80.8 1551 328440 3743110 14c 410 180 2.3 0.00075 5s2, 5s1 None
8 86.8 1480 328658 3753729 14c 1530 390 3.9 0.00033 5s1, 6a6 Jacklines
12b 110.8 1253 325892 3786251 14c 960 300 3.2 0.00012 252 None
14 113.4 1234 325613 3788609 14c 1250 260 4.8 0.00005 5s1 None
14b 114 1226 325118 3789768 1l4c 750 300 2.5 0.00014 4s1 None
15a 121.4 1153 329924 3796834 1l4a 2060 250 8.2 0.00058 3s1 None
17a 124.4 1121 328828 3801567 14a 940 660 1.4 0.00024 3s1 None
18 127.6 1088 331232 3806111 13 1350 440 3.1 0.00056 5s1 None
19outside  [134.2  [1016 334316 3815253 |13 1490  |680 2.2 0.00093 ézé (gls‘tzs'de) None
19inside 0.00061
20 140.6 951 338178 3823317 13 3200 500 6.4 0.00048 3s1 Jacklines
20a 141.6 941 338215 3824903 13 3100 600 5.2 0.00019 5s1 Jacklines
20b 145.3 902 340149 3829540 13 3850 570 6.8 0.00067 5s1 Jacklines
23 162.1 731 343554 3853378 13 3250 570 5.7 0.00059 3s1 Jacklines
26 183.9 504 346143 3884742 12 2580 310 8.3 0.00061 1s1 (outside) |Jacklines
27 184.2 501 345828 3884819 12 1150 340 3.4 0.00061 5s1 Jacklines (set
29 192.7 414 350927 3896722 12 2190 820 2.7 0.00017 Unknown Jacklines
29a 193 410 351435 3896944 12 1890 860 2.2 0.00089 Unknown None
30 199 347 354708 3904012 12 1280 300 4.3 0.00052 6a6 None
33a 209.2 241 363159 3916040 10a 910 360 2.5 0.00058 Unknown None
33b 209.9 234 364535 3916416 10a 1060 430 2.5 0.00049 Unknown None
34 227.3 70 377136 3936187 10a 540 230 2.3 0.00096 Unknown Revetment (at
35 227.6 67 376899 3936767 10a 660 270 2.4 0.00123 Unknown None
35a 227.9 64 377131 3937079 10a 1260 420 3.0 0.00129 Unknown None
41 Chama |N/A 393538 4003262 7 750 180 4.2 0.00201 Unknown None
42 Chama |N/A 387715 4008582 7 320 160 2.0 0.00392 Unknown None
42a Chama |N/A 376881 4008911 7 480 130 3.7 0.00138 Unknown None
43 Chama__|N/A 375944 4009626 7 420 210 2.0 0.00181 Unknown None
Qmch refers to discharge that inundates the the main channel.
2Vegetation Stability Codes refer to the following:

1s1|Tall trees with well developed understory with canopy covering > 25% of area with significant understory

2s2|Tall trees with well developed understory with canopy covering > 25% of area without significant understory

3sl|Intermediate-sized trees (20-40 ft) with canopy covering > 25% of area with dense undertory

5s1|Shrubby vegetation (0-15ft) covering > 25% of area, with significant understory

5s2|Shrubby vegetation (0-15ft) covering > 25% of area, without significant understory

6a6|Very young shrubby vegetation (0-5ft) covering < 25% of area

H-92 Upper Rio Grande Water Operations Review FEIS



Appendix H —River Mechanics and Geomorphology

4.3 DEVELOPMENT OF BANK ENERGY INDICES
4.3.1 Description of BEI Method

BEI = [(Vy,T}, )dt

Ty =KpydpSe

Figure H-
4.1
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Figure H-4.1 Bend Shear Factor (Kp) as a Function of the Bend Geometry (R./W).

432

Data Sources and Assumptions

Figure H-4.2
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o R TR
250 500 1,000

Figure H-4.2 Aerial Photograph Showing an Example of the Measured Bend Radius of Curvature
and Top Width (Site 12b).

Appendix A

4.3.3 BE/ Analysis Results
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4.3.4 No-Action Alternative Results
Figure H-4.3

Figure H-4.4 Figure H-4.3

Appendix A
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Figure
H-4.5

Figure H-4.6

Figure H-4.5 Aerial Photograph Showing the High Outer Bank Surface and theLow-Elevation
Floodplain Surface Through the Bend at Site 19.
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APPPENDIX A — Width Variability of Subreaches

Figure 3-11, Figure 3-17 and Figure 3-19
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