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DISCUSSION
The general configuration of Hance Rapids (figs. 1, 2, and 3) is caused by a series of debris
flows from Red Canyon; many of the rocks in the debris flows are from the Supai Formation.

EXPLANATION EXPLANATION The current debris fan extends into the Colorado River; remnants of others, overlain by a

o e e —780— Contour showing elevation of water sur- veneer of wind-blown sand, occur on the slopes leading up to the bright-red Hakatai Shale on

Water, white indicates waves face, in meters—Dashed where approx- the south side of the Grand Canyon. (Similar ancient, dissected fans occur at Lava Falls (see

imately located. Map [-1897-J) and at Crystal Rapids (Map [-1897-H). The most recent debris fan from Hance

; Sand A Locality referred to in text Creek in Red Canyon has forced the Colorado River against the north bank of the river channel.
%X“Qﬁ%gé@ ) // o . o In some rapids (such as House Rock Rapids, Map I-1897-A), the main channel of the Colorado
Sadies Vegetation v V’ Line of cross section shown in figure 5 River has been pushed against a relatively solid bedrock wall by a debris flow, and then a deep,

relatively rock-free channel has been cut into the distal end of the debris fan by the river. In
contrast, at Hance Rapids the north bank consists of friable Hakatai Shale, and the main
channel at the distal (north) end of the Red Canyon debris flow is filled with boulders of Shinumo
Quartzite that have fallen from cliffs above the steep slopes composed of Hakatai Shale.
Therefore, Hance Rapids is especially rocky across its entire breadth because of two factors: (1)
rocks from the debris flow from Red Canyon on the south, and (2) talus slopes and rockfalls on
the north.

At a discharge of 5,000 cubic feet per second (cfs), the elevation of the water surface
through the rapids drops 8.5 m across the area mapped in this study (from about 782.5-m to
774-m elevation; fig. 4). The slope (average gradient) of the water surface through the rapid
decreases as the discharge increases, as can be seen by a comparison of the water-surface
elevations above and below the rapids in figures 1, 2, and 3.

In order to appreciate the complexity of the flow in the rapids, the reader needs a
perspective of vertical, as well as horizontal, relations; this is shown in the cross sections of
figure 5. The discharges in all cross sections are 5,000 cfs. Depths were not measured directly
but were obtained from continuity relations by methods described in Kieffer (1987). The
channel was assumed to be rectangular for all calculations. The nature of the channel bottom in
these cross sections is not known in detail. Rocks do not appear to occupy a significant fraction
of the cross-sectional area of the channel in cross sections V-V, Y-Y’, and Z-Z". Therefore, the
average depth of the channel could be obtained from the relation Q=tawD (Q = discharge; G =
average velocity in the cross section; w = average width; D = average depth). For cross sections
W-W’and X-X’, rocks were assumed to occupy a significant proportion of the cross-sectional
area of the channel. The percentages assumed are shown on the cross sections. Depth
estimates may be locally as much as a factor of 2 in error, and although the cross-sectional lines
go through a few obvious large rocks, no attempt was made to identify individual rocks in any
cross section because there are simply more rocks than can be portrayed with airbrush
techniqties in a reasonable amount of time.

Streamlines (the paths of floats) and velocities of floats were determined from Super-8
motion pictures taken from the camera station shown (fig. 6). The distances over which float
trajectories were measured is greater at this rapid than at any of the other nine rapids studied in
this series of I-maps. The floats and experimental technique are described in Kieffer (1987). The
floats were launched upstream of the rapid, approximately at the place where the streamlines
begin on the map. Each velocity numeral shown along a streamline (in units of meters/second,
m/s) refers to the section of streamline between large dots. The different dash-dot patterns
distinguish the different streamlines. The floats were launched when the discharge at Hance
was approximately 10,000 cfs. With the exception of details of waves around individual rocks,
the hydraulic pattern at 10,000 cfs is so similar to that at 5,000 cfs that we have plotted the
streamline data on the hydraulic map of conditions at 5,000 cfs without attempting to estimate
corrections in velocity or trajectory due to the difference in discharge. The maximum velocities
obtained were approximately 6 m/s along the most northerly streamlines. In contrast to a less
rocky rapid (like House Rock), the highest velocities at Hance do not occur in the most
constricted part of the channel.

The maximum velocities at Hance are 1 to 2 m/s less than the maximum velocities obtained
in House Rock and Lava Falls Rapids under similar discharge conditions. One reason for the
lower velocities is that the channel at the top and middle sections of Hance Rapids is much wider
than at other rapids, so lower velocities are able to accommodate a given discharge. A second
reason for the lower velocities is that Hance Rapids is much rockier than many rapids, so that
roughness elements cause more turbulence. The turbulence tangles the streamlines and slows
down the floats that were used to measure velocity.

The area shown on these maps begins below the backwater (on the left side of the map
area) caused by the constriction of the channel by the Red Canyon debris fan (the high

N / A : , > ; . . ' velocities on the streamlines at the left indicate that the flow has exited from the backwater and
% \ ‘ v . . ' , ‘ ‘ : has begun acceleration into the rapid). A fathometer traverse done across the river

& \ _ ) b7 : : \ . y perpendicular to the flow beginning just at the extreme left of this map area showed an average
2o depth of about 8 m. Because the water-surface elevation is about 783 m on the backwater (see
% fig. 1), the floor of the channel in the backwater is at an approximate elevation of 775 m.

‘% As it approaches the obvious lateral constriction caused by the Red Canyon debris fan, the
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floor of the channel rises because of the debris fan. The floor of the channel rises from about
775-m elevation in the backwater to about 780 min cross sections V-V, W-W’, and X-X". The
channel bottom stays at about this elevation through much of the rapid, until the tightest part of
the constriction is reached at cross section Y-Y” where the bottom of the channel drops to
about 774-m elevation. The channel bottom is at the same elevation at Z-Z’ as at Y-Y”.

Flow accelerates from the backwater into the constriction because of the changes in
channel width and water depth. The change in water depth due to the rising channel floor
causes the strong hydraulic changes at the head of the rapid around V-V’. The change in
channel width does not become important until further downstream at X-X"and Y-Y".

The Froude number (Fr=t/ (gD)1/2, where gis the acceleration of gravity) is a dimensionless
measure of the relative importances of inertial versus potential energy, and it was calculated for
each cross section from the measured and inferred depths and velocities. Froude numbers less
than 1 indicate subcritical flow dominated by potential energy, and Froude numbers greater
than 1 indicate supercritical flow dominated by kinetic energy. Standing waves are stable
features in the flow if the Froude number exceeds 1. At 5,000 cfs, the following values of Froude
number were obtained for the cross sections shown at Hance Rapids: Fr=0.5at V-V’; Fr=0.8 at
W-W’; Fr=1.0 in section 2 of X-X’ (approximately in the center of the river; see cross section),
and 1.8 in section 3 of X-X’ (often referred to as the right tongue); Fr=1.1 in the main channel on
the south side of Y-Y”; and Fr=0.6 in the slower north flow of this same section.

In spite of relatively large uncertainties arising from the unknown channel geometry and
roughness, the calculated Froude numbers indicate that the flow changes from subcritical
conditions (Fr<1) upstream of the constriction, to supercritical conditions (Fr>1) in the
convergence and constriction, and back to critical (Fr=1) and then subcritical (Fr<1) conditions
in the diverging section. The fact that the Froude number reaches unity at approximately X-X’
is consistent with the position at which the tongues and oblique waves occur in this vicinity,
because these are features interpreted to indicate Fr=1 conditions. The larger waves exist
downstream of this region where the Froude number is greater than unity.

Because water velocities within backwaters are typically a few tenths of a meter per second
and depths are on the order of 10 m (for example, see Map [-1897-A), the flow upstream of the
area shown on this map is subcritical. Within the backwater there are a few large boulders (for
example, A in fig. 4); the strong differences in wave structures between subcritical and
supercritical flow can be seen by comparison of the waves around this boulder with waves
y around boulders of similar size embedded in the supercritical region of this rapid.

v X There are typically two to four small tailwaves at the bottom of Hanceé Rapids, downstream

METERS METERS from cross section Y-Y”. Such tailwaves normally indicate the end of a rapid (that is, a return to

805 805 Fr<1 tailwater conditions). Although the water velocities slow down to 2 to 3 m/s after Y-Y”,

they become quite high again by Z-Z’ (this area is informally called “Lower Hance Rapids™).

800 Because of this increase in velocity downstream of Y-Y”, the calculated Froude number in cross

section Z-Z’ increases to about 1.5. Although there is a rather large uncertainty in this value

because the floats were far from the camera and were moving at an awkward angle for

785 determination of trajectories (see fig. 6), the Froude number seems quite certainly to be near or

to exceed, unity. Prominent waves characteristic of supercritical flow are not seen exactly in

section Z-Z’, but there are standing waves just below this region (see fig. 1); an oblique wave

arising off the north shore is particularly prominent. Because oblique waves typically occur in

supercritical flow, the existence of this wave is consistent with the Froude number of the flow

785 being on the order of unity, and suggests that the measured increase in velocity between Y-Y”
and Z-Z' is real.

The shallow, wavy region of Lower Hance Rapids is in the vicinity of a canyon on the north
side of the river, informally termed “Tabernacle Canyon” here. The high velocities and shallow
depths in Lower Hance Rapids could be partly due to outwash from Tabernacle Canyon, but it
775 is more likely that the major cause of this phenomenon is the presence of a gravel bar that is the

“rock garden” from Hance Rapids (G.H. Billingsley, oral commun., 1987). These rocks have
been seen at low water and are noted to be rounded. This suggests transport some distance
770 770 downstream: that is, from Hance Rapids. Thus, Lower Hance Rapids is analogous to the rock
' gardens associated with Crystal, Lava Falls, Bright Angel, and Granite Rapids (see Maps
Y VAl [-1897-H, J, D, and F).
METERS METERS The flow pattern at Hance Rapids is determined not only by the obvious large boulders (for
805 example, B, C, D, E, and F on fig. 4) but also by the constrictions and divergences of the
EXPLANATION channel; these changes in channel shape occur both laterally (map view, fig. 1) and vertically
—— =~ Channel boundary—Dashed where estimated (cross sections, fig. 6). For a general discussion of the flow patterns in rapids, see Kieffer (1985,
800 . 1987). At the top of the rapid, at low water, large boulders form a band of obstacles across most
- Average depth, in meters of the rapid (between B and C on fig. 4). G.H. Billingsley (oral commun., 1987) has suggested
that the extension of the Hance dike (see fig. 4) across the river underwater at this location may
form a resistant barrier against which these rocks have collected (the location of the dike is
Average flow velocity, in meters per second shown in fig. 4; its appearance on the north side of the Canyon is shown in fig. 7, and it can be
seen in the lower part of Red Canyon). At the top of the rapid, the fastest water flows down an
irregular and somewhat rocky tongue of water on the right (between B and C) into a relatively
Qdc’ QDEG‘,B;“ Talus rock-free zone, G. The navigable part of this tongue of water is about 10 m wide at low water.
785 Gl Below the first band of rocks on the south side of the rapid (E and F) is a zone about 10 m wide
Sand (H) that is fairly free of rocks (if the discharge exceeds 15,000 cfs). These rock-free zones (G and
780 - W H) may be scoured either by water pouring over and around the large rocks higher in the rapid,
ater or—especially in zone H—by episodic floods from Red Canyon, with which zone H is aligned.
‘ Rock Below the upper barrier of rocks and scour holes, the channel slowly narrows into the
constriction (through cross sections X-X"and Y-Y”), which is littered with medium- to large-
% Shear zone in the flow sized boulders that cause significant waves. Especially large waves (for example, G) occur on
70 770 the north side of the river along the shore near cross section X-X’where the Froude number of
VERTICAL EXAGGERATION X2 the flow is the highest.

o Unlike many rapids that develop strong oblique waves (“tongues”, “laterals”), when the
F igure 5 _CROSS SECTIONS SHOWN ON FIG URE 4’ water undergoes a transition from subcritical to supercritical conditions (such as at House
Rock, Hermit, Lava Falls Rapids), oblique waves are only minor features in the flow at Hance at
the discharges of 5,000 and 30,000 cfs portrayed in figures 1 and 2 (they can be seen, weakly
developed, on the north tongue at the top of the rapid in figures 1, 2, and 3). Rather, at Hance,
rocks embedded locally in supercritical flow change the water depth, and therefore, the Froude
number. These local changes in flow conditions, in turn, cause the large standing waves that are
the most difficult problems for boating in Hance Rapids. At the higher discharge of 92,000 cfs
portrayed in figure 3, most rocks are submerged, and interpretation of the scanty video data
EXPLANATION available for the rapid suggest that oblique waves play a more prominent role in the hydraulic

structure of the rapid than at the lower discharges.

There is a strong eddy on the south side of the main current below the rapid (1, fig. 4; see
particularly the flooding of this area shown in fig. 3). The eddy produces a beach of sand or
cobbles during high flows if sediment is available. The water in the eddy is typically shallow
because of thick sand and gravel deposits within the eddy. These conditions, in addition to the
presence of strong breaking waves on the shore, cause this beach to be a difficult place for
boating parties to use for camping.

To summarize, the most significant hydraulic features in Hance Rapids are waves caused
by individual large boulders embedded in critical or supercritical flow. With increasing
discharge, a few oblique hydraulic jumps become prominent, especially on the north side of the
river near Z-Z', and many of the individual waves associated with rocks disappear. As best as
we could determine from the limited video data used to produce figure 3, waves are present at all
discharges documented because Hance Rapids appears to maintain supercritical flow through
all of these discharges.

The hydraulic features of Hance Rapids reflect a dynamic equilibrium between the flow in
the Colorado River channel, rockfalls from the north channel wall, and flooding events in Hance
Creek in Red Canyon. The configuration of the channel bottom depends not only on the
bedrock topography and the contribution from the rockfalls and tributary floods, but also on
the transient sediment load of the river. The channel configuration changes with time, both
gradually and catastrophically.

800.

*NOTE: Thisisa typical commercial passenger motor-
boat, 10 m (33 ft) in length. It is shown only to
illustrate scale and should not be interpreted to
indicate either a landing site or a navigation route.
These maps are not intended to be used as guides
in navigating the rapids. The illustrations are
airbrush renderings of the water structure and of
some rocks. As such, they represent only the
approximate condition of the river at the time the
data were collected.

Figure ——WATER-SURFACE CONTOURS AT DISCHARGE

Figure 1—AT DISCHARGE OF 5,000 CUBIC FEET PER SECOND (CFS) OF 5,000 CUBIC FEET PER SECOND
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Figure 2—AT DISCHARGE OF 30,000 CUBIC FEET PER SECOND
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Figure 7—View looking north, showing Hance Creek in Red Canyon in
foreground; debris from flood events of this Canyon in the Colorado
River channel; and Hakatai Shale on the far wall with the Hance dike
(diabase; arrow) cutting through it. Backwater caused by constriction

: J%;m;/ \fli 5 ‘ of channel and head of rapid are at extreme right. River is flowing from
Wi right to left.
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B Hydraulic data collected in October—November 1985 by Susan Werner
Kieffer, assisted by Margie Marley
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