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TABLES

1. Canadian River channel characteristics for 1965, 1999, and 2000

2. Estimated basal shear stress for bankfull, flood-prone, and 20-year recurrence-interval discharges

and width-to-depth ratio at the 20-year recurrence-interval discharge
3. Channel sinuosity in 1965 and 1999..........cociieieiiiiieirieeeeeecertet ettt et er st b sa et eonesssas s berseres

CONVERSION FACTORS AND DATUMS

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 259.0 hectare
square mile (mi?) 2.590 square kilometer
cubic foot per second (ft?/s) 0.02832 cubic meter per second
cubic foot per second per square mile (ft*/s/mi”) 0.01093 cubic meter per second per square kilometer
pound per foot squared (Ib/ft%) 0.04788 kilopascal

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8 °C) + 32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Vertical coordinate information is referenced to the North American Vertical Datum of 1988

(NAVD 88).

Altitude, as used in this report, refers to distance above or below sea level.

















































































(2) Overbank flows within the flood-prone
area (more frequent, smaller magnitude
floods) — In an entrenched channel (fig.
12A and B), basal shear stress increases
with increasing discharge. If the channel
is moderately entrenched or not
entrenched (fig. 12C and D), basal shear
stress increases with increasing discharge
but at a slower rate than in an entrenched
channel of similar bankfull dimensions.

(3) Flows greater than the flood-prone width
(less frequent, larger magnitude floods) —
Here the larger valley configuration
becomes important, with smaller basal
shear stress in reaches where flood waters
can expand over a broader valley (fig. 12;
compare 12A and 12C to 12B and 12D).

Geomorphic and Hydraulic
Characteristics of the Channel in 2000

The discussion presented in this section is based
on data collected during surveys of channel cross
sections and reaches conducted in August 2000,
Bankfull stage is defined as the stage corresponding to
a significant change in the relation of cross-sectional
area to top width (Williams, 1986). For channels whose
morphology is in equilibrium with flow, the discharge
at bankfull stage (bankfull discharge) has a theoretical
recurrence interval of 1.2 to 1.5 years (Wolman and
Miller, 1960). However, equilibrium channel
morphologies are uncommon in rivers in arid regions
(Graf, 2002) and unlikely in a river such as the
Canadian, which at the time of this study had recently
experienced flood discharges. Because the channel
morphology of the Canadian River likely was not in
equilibrium with discharge when field work was done
for this project, bankfull channel dimensions for the
various cross sections probably do not correspond to
any one recurrence-interval discharge. Therefore, the
definition of bankfull discharge as used in this report is
based strictly on channel geometry at each individual
cross section and is not inherently related to a particular
recurrence-interval discharge. Bankfull discharge, as
used in this report, defines a discharge that is entirely
confined within the primary stream channel and is used
to qualitatively compare relatively small discharges
with larger overbank (flood-prone and 20-year
recurrence-interval) discharges.

Flood-prone width, entrenchment ratio, and the
bankfull W:D ratio can be used to characterize the

morphology of a channel (table 1). Flood-prone width
is defined by Rosgen (1996) as the channel width at a
height above the channel bottom that is twice the
maximum bankfull depth. The entrenchment ratio is a
measure of the degree of lateral containment of a river
and is equal to the flood-prone width divided by the
bankfull width. A value less than 1.4 is entrenched, 1.4
to 2.2 is moderately entrenched, and greater than 2.2 is
not entrenched (Rosgen, 1996). The W:D ratio is a
measure of channel shape. The W:D and entrenchment
ratios together help characterize a channel’s ability to
dissipate the energy of higher magnitude discharges as
overbank flow. For example, for a given channel slope,
a channel with a larger W:D ratio will have smaller
basal shear stress and less sediment-transport capacity
than a narrower, deeper channel with a smaller W:D
ratio. A large entrenchment ratio indicates that a
channel, at discharges greater than bankfull but within
the flood-prone width, can dissipate some of the
sediment-transport capacity of flow by expanding it
over the flood plain.

Surveyed channel slope (table 1) was the low-
flow water surface at the time of measurement or the
channel bottom if there was no flow. Channel-slope
measurements were not made for bankfull discharge or
flood-prone stages. Surveyed channel slope is used in
both the bankfull and flood-prone computations of
basal shear stress. Thus, for a cross section, the
computed basal shear stresses show changes solely
based on changes in cross-sectional dimensions.

Basal shear stress was calculated at each cross
section (table 2) on the basis of surveyed channel
geometry (fig. 13A-J) using DuBuoy’s equation
(McCuen, 1998):

T = YR, S (M
where
T = bottom shear stress, in pounds per
foot squared;
Y = the specific weight of water, in
pounds per foot cubed;

R j, = hydraulic radius, in feet; and
S = channel slope, dimensionless.

Hydraulic radius may be approximated by mean depth
for channels in which the width is large with respect to
depth (McCuen, 1998).



‘sydeiSojoyd euoe a6 WOl PAALISP S1nojuod orgdergodos wioly pauruiap 2dois ¢
-sydei3ojoyd [eLIo® G9G] WOIJ PAALISP SIN0Ju0d orydesFodo) woy pounLIalep omoﬁmm

woK0q [suteyo Jo 2dO]s ST AN[EA USY) ‘TOUUEYD UT MOJY OU JT *208Jns 19)em Jo adolg

. . . . . . :w M ‘ ,m MO.VO—”
- - TET< .
LOP< 8¢l 'iel 000 1191 [ ¥'e 0Ly 76.16.9€ 8YO
8000  LOOO e TLz 0'89 L00°0 oLL g€ LT €9 87 L0 LD
«6O1.25:9€
. . . . . . . . . . « 17 EE.701
0100 0100 96’1 6'1C VLL S10°0 8°0L Le 8’1 S'6¢ .80.£S.9€ 4990
. . . . . . . . . . :.— m < MMOAVOM
L00°0 6000 1671 P9 8901 6000 8'8L 0T 't 90L 60.£6.9€ VoIO
. . . . . . . . . . ?MO».VMOAVOM
8000 0100 6C'C 69 G'Gs 8000 S$'¥8 Ly e Tye TT.£5.9€ 13:10)
8000 1100 w €8 £0L 0100 £'9¢ v gl 61 FEVEIOL g
«8€.£6,9¢
8000  $000 £v' 802 101 8000 £78 Lt 0z o BTVEPOL g
S.V.V«MWO©M
8000 6000 6L 69 gEET 8000 049 bz €T 08y A )
- _— . . . . . . . . ?@OnWMO.VOM
79’1 9°¢l 8'8¢ 000 ¥'e8 0¢ €T 8'¢¢ C0YS9E [4: )
— _— . . . . . - . . ﬁothMO.VOM
611 9'¢¢e 0S8 ¥00°0 1'€6 ve 91 0'LS LT HSOE R
SS9 SS9 SS9 SS9 199} $S9[ paxenbs 199} 199) 139} Apm3uo] (Z “8y)
-UOISUDUIIP -UOISUIWIIP -UOISUSWIIP -UOISUIWIP Ul ‘YPIM  -uoisudunp jodjur‘edae ui‘pdop ur‘pdop  ur ‘ypppmm apmpe] uoIjdIs
.momc_m .Nuac_m ‘onex juaw ‘opeapdap  duoxd .mx_o_m Mpjueqg wnuwIxXe [MPpueq [opuegq $so1)
pPuueyd puueyy CYPUANUY  -0)-yIpIM -poojq puueyd UBIIA]
6661 S961 mpueg pakasng
S.NAA 6661 PUE S96T 0002 3SNSny Ul JuUop £3A.InS [PUUEBYD U0 paseq suonenduwo)
uo paseq suonpenduio))

[uey 1018913 ‘< ‘BIEp OU ‘-- {[OPOJN UOTIRAJ[H [BN3IT ‘INAA]

0002 PUE ‘6661 ‘96T 10§ SONSLISIIBILYD [SUULYD IIATY UBIPEUL)) °T J[qEL

28



JoUURYD G96T ATEPU0ISS B I0J ST SN[EA PUOIIS PUE [SUUBYD G96 | UTE SY) 10§ ST AN[EA ISIL]

"WHA 6661 WOL PIALISP SUOISUSIIP [SUUEYO JO SISeq oY) U0 paindurod ssans Ieays [eseq,

"WHA §961 WOL PIALISP SUOISUSUIIP [SUUBYD JO SISeq 3y U0 payndurod ssaus reays [eseq,

"SUOTIORS $SO10 [OUUEYD JO ABAINS [9AS] (OO Y} WIOL} PAALISP SUOISUSWIIP [SUTEYO JO Siseq oY) uo painduioo ssans reays [eseq,
“(INAQ) 19POIN UOBRAS[H [eVBIA 6661 10 S96T WO PIALIOP SUOISUSWIP [SULEYD JO siseq ay) uo paynduwod oner yydep-0i-yipim

- - - - €L Ly'i< ¢80 84D
Ly £LET 01°e 11 <9 wl L0 LID
8'901 T9¢ 90°C SLT ¥8 60°¢ 89'1 q94D
6'€C oty 9T ¥9°C 80T 67’1 90 VouId
Lad! ¥'TT or'e I€°¢ 69 $6'C SLT 3. 10)
0ct 7'89 oL'e €81 4! STl (4! ariad
SEl 8'85/19¢ pI'g SLO/L8 Og 0S 0S'1 001 VPO
0¢€e 473 S¥'T €1'e 001 €1 €9°0 £d0

- - - - 88 L0'1 LS0 (4:1

- - - - 6 LLO 0¥'0 R0
6661 S961 vow.:w:om% mow.:w:um% (Quddaxad) Nuw.:w:um% Nom..aﬁm_c (z *3y)

[eAIduI [eAIdur adxeysip auoad-pooy [mypjueq uonoas
-30UdLINIAX -3DUALINDAX auoxd-pooy 0002 0002 sso1)
R G2V eV 4 1e-(7 0} [Inpjueq
6661 S961 oy ssans
JeIYS [Bseq
[TENER AL
(ssoquorsuduip) paxenbs 300 1ad spunod ur ¢( 1) SSaIJs IBIYS [BSBQ PIjRWNSH

[PBIBYISIP [EAINUI-IDOUILINIIX
Jeak-gz je onea ypdap-03-pim

[(e1ep OU ‘-]

98IeYOSIP [BAISIUI-0OUSLINDAI JBIA-()Z oY) I8 onjel yydop-01-yipim pue
S93IBYOSIP [BAISIUI-2OULINIAI JBIA-()7 puUe ‘duoid-pooy ‘[[nJ{ueq I0J SSons Ieays [eseq pajewinsy g dqeL

29



-
N
o

110

-t ——T—T]TTTT—TT—T— 77T
(A) CR1 -
Left bank Right bank

100

ELEVATION, IN FEET ABOVE ARBITRARY DATUM

Bankfull width .
Landsurface SN = = — = = o = = - -
- _ Water surface 1
90 |- —
|
80 L . L L I PR T i | ! s L L | L L 1 L 1 L I L AL
0 25 50 75 100 125

DISTANCE ACROSS SECTION, IN FEET

Figure 13A. Surveyed 2000 channel profile and bankfull and flood-prone widths
at cross section CR1. View is downstream.
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Figure 13B. Surveyed 2000 channel profile and bankfull and flood-prone widths
at cross section CR2. View is downstream.
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Figure 13C. Surveyed 2000 channel profile and bankfull and flood-prone widths at
cross section CR3. View is downstream.
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Figure 13D. Surveyed 2000 channel profile and bankfull and flood-prone widths at
cross section CR4A. View is downstream.
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Figure 13E. Surveyed 2000 channei profile and bankfull and flood-prone widths at

cross section CR4B. View is downstream.
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Figure 13F. Surveyed 2000 channel profile and bankfull and flood-prone widths at
cross section CR5. View is downstream
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View is downstream.
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Figure 13H. Surveyed 2000 channel profile and bankfull and flood-prone widths
at cross section CR6B. View is downstream.
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Figure 13l. Surveyed 2000 channel profile and bankfull and flood-prone widths at cross section CR7.
View is downstream.
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Based on pebble counts at four locations, the
streambed material is poorly sorted, with a weak bimodal
distribution. D35, the diameter of the 35th-percentile size
fraction, averages 10 mm, a medium gravel, and Dg,
averages 92 mm, a medium cobble. D5 ranges from 21 to
31 mm; 50 percent of streambed surface material lies in
this gravel-size range (coarse gravel). No downstream
trend in particle size was observed. The lack of
downstream trend is typical of a river such as the
Canadian, with lateral inputs from ephemeral tributary
canyons that can serve as sources of coarse material.

The unchannelized reaches at cross sections CR1
and CR2 have surveyed channel slopes of 0.004 (table 1).
This slope is less than half the average slope (0.0093) of
the channelized reaches at cross sections CR3 through
CR7. Only CRS, in the wider part of the valley, has an
equally small slope. The channel at cross sections CR1 and
CR2 is moderately entrenched (table 1; figs. 13A and
13B), with bankfull W:D ratios of 35.6 and 15.6,
respectively, in the low to midrange for W:D ratios
compared with the channel reaches at cross sections
further downstream. The bankfull W:D and entrenchment
ratios at cross sections CR1 and CR2 indicate a low to
moderate capacity, compared with reaches at downstream
cross sections, for accommodating larger discharges by
overbank flooding. Based solely on these two parameters,
a comparatively higher estimated basal shear stress and
sediment-transport capacity might be predicted for this
reach. Because of the smaller channel slope, however,
estimated bankfull and flood-prone shear stresses are
smaller than in any of the downstream reaches (table 2). In
this unchannelized reach of the river, the small channel
slope and correspondingly smaller basal shear stress result
in a smaller sediment-transport capacity compared with
downstream reaches.

At cross section CR3, NM 555 and a rock gabion
constrain the right-bank side of the river valley but do not
confine the bankfull channel (figs. 6B, 6C, and 13C). The
surveyed channel slope at CR3 (0.008) is twice that of
upstream cross sections CR1 and CR2, but the W:D ratio
(36.9) and entrenchment ratio (2.79) indicate that the
channel is not entrenched (table 1; fig. 13C). The estimated
bankfull basal shear stress at cross section CR3 is similar
to those at cross sections CR1 and CR2 in the
unchannelized reach, indicating that cross-sectional
channel dimensions, instead of channel slope, limit basal
shear stress at cross section CR3.

At cross section CR4B, the length of the river
channel in 1999 was 60 percent shorter than in 1965
because of the elimination of a channel meander during
construction of NM 555 (fig. 7C). The channel is narrowly
confined by the road and control structures along this reach

(fig. 7B). Although the surveyed channel slope at CR4B is
about the same as those at cross sections CR3 and CR4A,
the bankfull W:D ratio is much smaller (table 1),
indicating a deeper channel at this point. The channel is
not entrenched at cross sections CR4A and CR4B. The
percentage increase in estimated basal shear stress from
bankfull to flood-prone discharge is much smaller at cross
section CR4B than that at any other cross section (table 2).
This suggests that, within the limit of flood-prone
discharges, the river reach at cross section CR4B is
effective in limiting the increase in basal shear stress and
sediment-transport capacity by utilizing overbank flow.

At cross section CRS, located just upstream from
the NM 555 bridge, the river channel is tightly confined in
the channelized approach to the bridge (figs. 8B and 13F).
The bankfull W:D ratio (6.9) is small compared with those
of other cross-section reaches, but the channel is not
entrenched (table 1). The estimated basal shear stress at
cross section CRS5 is the largest of all cross sections for
bankfull discharge (1.75 lb/ftz) and second largest for
flood-prone discharge conditions (2.95 1b/ft2) (table 2).

At cross section CR6B, the length of the river
channel also was shortened by the elimination of a
meander during construction of NM 555 (fig. 9C). The
channel at cross section CR6B is confined on its left bank
by the road and on its right bank by a steep bank (fig. 13H).
The surveyed channel slope at cross section CR6B was the
steepest measured (0.015, table 1). The bankfull W:D ratio
of 21.9 was similar to that of CR4A, whereas the estimated
bankfull basal shear stress (1.68 1b/ft2) was the second
largest value and the estimated flood-prone basal shear
stress (3.09 Ib/ft?) was the largest. The surveyed channel
slope at CR6A (fig. 13G) was 0.009, and the bankfull W:D
ratio (64.2) was relatively large. The river channel at both
cross sections CR6A and CR6B is moderately entrenched;
however, a relatively large bankfull W:D ratio limits the
estimated bankfull basal shear stress at cross section
CR6A. In bankfull cross-sectional dimension, the channel
at cross section CR6B is similar to the channel at CR4A,
but the steeper channel slope and moderately entrenched
channel at cross section CR6B result in estimated bankfull
and flood-prone discharge shear stresses similar to the
channelized bridge cross section at CRS.

At cross section CR7, located downstream from the
point where the valley begins to widen, there were, at the
time of this study, two active channels (fig. 10B). At the
time of the 1999 aerial photography and during visits to
the study area, the southwestern channel appeared to be
the primary channel and the northeastern channel a
secondary channel (fig. 10B). Even though the
northeastern channel appears to be secondary, it is the
channel of concern because of its proximity to NM 555
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three 2,500-ft channel reaches centered on cross
sections CR4B, CR6B, and CR7. Between 1965 and
1999 the channel sinuosity of the reach centered on
cross section CR4B decreased from 1.5 to 0.9
(moderately to not meandering); channel sinuosity of
the reach centered on cross section CR6B decreased
from 1.3 to 1.1 (both moderately meandering); and
channel sinuosity of the reach centered on cross section
CR7 decreased from 1.4 to 1.2 (both moderately
meandering; table 3).

The changes in sinuosity are consistent with the
degree of channelization of these reaches. Channel
length decreased because of channelization in the three
2,500-ft reaches corresponding to cross sections
CR4B, CR6B, and CR7. Between 1965 and 1999 the
channel length of the reaches centered on cross
sections CR4B and CR6B decreased by 60 and 30
percent, respectively, because of the elimination of
meanders. The channel length of the reach centered on
cross section CR7 decreased by 10 percent.

Valleywide channel cross-sectional profiles were
derived from the 1965 and 1999 DEM’s at cross
sections CR3, CR4A, CR4B, CR5, CR6A, CR6B, and
CR7 (fig. 15A-G). Valleywide cross-sectional profiles
were not derived at cross sections CR1, CR2, and CRS8
because these cross sections are not within the area of
aerial photography. Cross-sectional channel
dimensions corresponding to the 20-yr peak discharge
were determined for the valleywide cross sections for
the 1965 and the 1999 channels using Manning’s
equation and a Manning’s constant () of 0.032. The
value for n was selected on the basis of field
observations and with reference to Barnes (1967). The
n-value is consistent with the value used in the indirect
discharge determination (Scott Waltemeyer, U.S.
Geological Survey, oral commun., 1999). The
valleywide cross-sectional channel geometry derived
from both the 1965 and the 1999 DEM’s was used as a
basis for computation of the estimated basal shear
stress and W:D ratio at each cross section for the 20-
year recurrence-interval discharge. However, the
vertical and horizontal resolution of the DEM’s was too
coarse to allow determination of channel dimensions
corresponding to bankfull and flood-prone discharges.
Although derived from different topographic data, the
basal shear stress values derived from the 2000 level
survey for bankfull and flood-prone discharges and the
basal shear stress values derived from the DEM’s for
the 1965 and 1999 20-year recurrence-interval
discharge are used here for a qualitative comparison of
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pre- and post-channelization basal shear stresses at
various discharges.

For the recent (1999 and 2000) channel, basal
shear stress generally increases as discharge increases
from bankfull to the 20-year recurrence-interval
discharge (table 2). At cross section CRS5, basal shear
stress increases only slightly between the flood-prone
and 20-year recurrence-interval discharge and is nearly
the same for 1965 and 1999 at the 20-year recurrence-
interval discharge. This suggests that bridge
construction resulted in a channel that is hydraulically
similar to the uncontrolled pre-bridge channel in its
ability to accommodate floods as large as a 20-year
recurrence-interval discharge. Likewise, basal shear
stress estimates at CR3 and CR6A are similar for a 20-
year flood in both the 1965 and 1999 channels.

Following the 1999 flood, the NMDOT reported
road damage near cross sections CR4A and CR4B but
did not report damage near cross sections CR6A and
CR6B. The 1999 W:D ratio computed for the 20-year
recurrence-interval discharge is about one-third the
ratio at CR4B and about one-fourth to one-fifth the
ratio at CR4A (table 2) than in 1965. The channel in
1999 was confined between the hillslope and the
roadbed compared to the 1965 configuration (figs. 15B
and 15C). These changes in channel geometry at cross
sections CR4A and CR4B resulted in 20-year
recurrence-interval discharge basal shear stresses that
were larger in 1999 than in 1965. This indicates that for
the 20-year flood, the channel at cross section CR4A
and CR4B cannot limit basal shear stress by expanding
over a broader flood plain and that basal shear stress
estimates are greater for the channelized than for the
pre-construction configuration.

The 20-year recurrence-interval basal shear
stress at cross section CR6B is smaller for the 1999
channel than for the 1965 channel because the 20-year
recurrence-interval W:D ratio in 1999 is about three
times that of the ratio in 1965. In contrast to the channel
at cross section CR4B, the channel at cross section
CR6B, although much straighter, is not confined and
has access to a flood plain to the southwest that can
accommodate the larger magnitude discharges. Basal
shear stresses associated with the larger magnitude
flows are therefore limited, explaining, in part, why the
1999 flood resulted in road damage at cross sections
CR4A and CR4B but not at cross sections CR6A and
CR6B.
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for section locations. View is downstream.
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