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Streamflow and Sediment Data Collected to
Determine the Effects of a Controlled Flood

in March and April 1996 on the Colorado River
between Lees Ferry and Diamond Creek, Arizona

By A.D. Konieczki, Julia B. Graf, and Michael C. Carpenter

Abstract

An 8-day period of planned release of water at 1,275 cubic meters per second from Glen

Canyon Dam in March and April 1996 provided an opportunity to collect data on river stage,
streamflow, water chemistry, and sediment transport at discharges above powerplant releases. The
U.S. Geological Survey collected data at five streamflow-gaging stations on the mainstem of the
Colorado River and four on tributaries during the controlled flood. River-stage data were collected
at an additional 29 locations, and suspended-sediment data were collected at 4 of the 5 mainstem
streamflow-gaging stations. In addition, measurements of reach-average flow velocity were made
using a dye tracer, and water-surface slope was measured in reaches adjacent to three of the
streamflow-gaging stations. Sand-storage changes caused by the controlled flood were
documented by measuring bed elevation of the channel at cross sections before and after the
controlled releases at the network of 120 monumented locations. This report presents selected
data in tabular and graphical form. The data presented in the report are available in electronic

form.

INTRODUCTION

In the early 1980’s, agencies charged with
management of the Colorado River in Grand
Canyon, white-water rafters and anglers became
concerned that powerplant releases from Glen
Canyon Dam were eroding sandbars that are
critical to the riparian system in Grand Canyon
National Park (fig. 1). Concern about sandbars has
focused on potential degradation by unsteady
releases of water through the dam for power
generation. Since 1982, the Bureau of Reclamation
has coordinated a comprehensive program of
investigations—the Glen Canyon Environmental
Studies (GCES)—to determine the effects of
releases from the dam on the riparian and aquatic
resources of the Colorado River downstream from
Glen Canyon Dam. In 1989, as a part of the GCES,

the U.S. Geological Survey (USGS) began a
program of field-data collection and model
development aimed at the production of a suite of
flow- and sediment-transport models to monitor
sand movement and to predict sediment response
to releases from Glen Canyon Dam,

Because of growing concermn of the effects
from releases from the dam on riparian resources,
restrictions were placed by Congress on releases
under the Grand Canyon Protection Act of 1992.
This Act requires the Secretary of the Interior to
operate Glen Canyon Dam to protect and improve
the uses for which Grand Canyon National Park
and Glen Canyon National Recreation Area were
established. An Environmental Impact Statement
(EIS) on operations of the dam was requested by
the Secretary and was completed in March 1995.
The EIS resulted in a preferred operating
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alternative for the dam that included scheduled
short duration, high-flow releases from the dam to
simulate some of the dynamics of a natural river
and to accomplish specific management objectives
for the riparian resources.

In March and April 1996, an experiment of a
controlled high-flow release from Glen Canyon
Dam was made to evaluate the feasibility of using
such a release to meet the management objectives
identified in the EIS. The experiment included an
8-day period of 1,275 m’/s high-flow release
preceded and followed by a 3-day period of steady
release of 227 m3/s. These releases were intended
to simulate the type and approximate timing of the
floods that occurred in response to snowmelt runoff
before the dam was built. The high-flow release
was more than double the maximum release of
566 m3/s allowed under the interim-flow criteria
implemented in 1991 to protect the riparian system
from extreme daily flow fluctuations. However, the
high-flow release was only about half of the
average annual peak discharge that the system
experienced under natural conditions and much
smaller in volume than the typical annual
snowmelt hydrograph as shown by the annual
hydrograph for the year 1942 (fig. 2).

Purpose and Scope

The U.S. Geological Survey (USGS) collected
data on stage, discharge, water chemistry, flow
velocity, water-surface slope, suspended-sediment
transport, and sand storage associated with the
controlled high-flow release from Glen Canyon
Dam from March 26 to April 2, 1996. This report
includes the data collected before, during, and after
the experimental releases from the dam to
document flow conditions and the response of
sediment on the channel to the high-flow release.

Acknowledgments

Many individuals helped with the collection of
data presented in this report. Scott C. Alexander,
Bemnice E. Cobb, Erest D. Cobb, Wooddora
Eisenhauer, Jamie Harding, Sally Haines, L.
Rodney Larson, Joseph K. Lyons, Jeffrey L.
Manning, Dr. Erich R. Marzolf, Travis McGrath,
Dr. James M. Mitchell, Rodney H. Roeske, Orville
Rosenberry, Rick Seidemann, Ron Teeters, Mark
Thompson, and Brian Thompson helped collect
data under the Volunteers For Science Program.

Q

&

o 3.0 T T | T T T I T l ‘ .

Ly

n

§ I

%) i \ 4
i I W,

o | \Y\Pre-dam (1942)

= 20 |
: I |

3 U \

5 hepr

a2 | I\ | |
2 Controlled ’(I Vgl \

z nigh-flow /| \/ \

& release ~ \

a T (1998) || \ |
I

> I \

. | N |
& NVWWW\;.LM'I Post-dam (1994)

< o — W ~ ~ .
% \,/ | '\’l‘ | 1 | | \__1__,.\___,,.#—-, 2o~ o~

2 O Jan_| Fes. | war | APR_| wAY | JUNE | Julv | Auc. | sept. | ocr. | Nov. | DEG.

Figure 2. Relation of the controlled high-flow release of 1996 to a typical snowmelt-runoff hydrograph (1942)
before dam construction and to typical powerplant releases (1994).

Introduction 3



Dr. Erich R. Marzolf of the St. Johns River Water
Management District and E. Calvin Alexander of
the Geology and Geophysics Department,
University of Minnesota, provided fluorometers for
the measurement of reach-average velocity.

STREAMFLOW-GAGING STATIONS

River stage was measured throughout the
period at five mainstem streamflow-gaging stations
and streamflow-gaging stations on four tributaries
(fig. 1; table 1). Tributaries had no runoff during
the period. Discharge was measured at the five
mainstem streamflow-gaging stations to verify
stage-discharge ratings at those sites (table 2).
Discharge hydrographs at the five mainstem sites
illustrate the passage of the controlled flood
through the canyon (fig. 3).

Samples for analysis of suspended-sediment
concentration were collected at four mainstem
streamflow-gaging stations (table 3). Three of the
samples collected at gaging station 09383100,
Colorado River above the Little Colorado River,
seven samples collected at 09402500, Colorado
River near Grand Canyon, and all six samples
collected at gaging station 09404120, Colorado
River above National Canyon near Supai, were
point samples collected to define the
suspended-sediment transport field in the cross
section (table 4). Samples of bed material in the
gaged section were collected at the gaging station

near Grand Canyon once each day during
March 26—-April 3, 1996. Laboratory analyses of
some samples from gaging station 09383100,
Colorado River above the Little Colorado River;
and 09402500, Colorado River near Grand
Canyon, were not complete at the time of writing
this report, and these data are not included.

Suspended-sediment samples were collected
and point velocity was measured from a cableway
at 10 or 11 locations in the cross section at gaging
station 09404120, Colorado River above National
Canyon near Supai. At each location, point
suspended-sediment samples were collected with a
P-61 suspended-sediment sampler (Edwards and
Glysson, 1988) at seven points in the water
column. Each sample, therefore, consisted of a
suite of 70 or 77 samples. Measurements of flow
velocity at similar points were made using a Price
AA meter and standard rating (Rantz and others,
1982). A suite of suspended-sediment samples and
point-velocity measurements was collected on each
of 6 days during the passage of the controlled flood
at the gaging station (fig. 4; table 5). Similar
samples and measurements were made in 1991
during a period of releases from the dam designed
to characterize the response of resources to various
steady- and fluctuating-flow patterns within the
operating range of the powerplant. Specific details
of sample collection and velocity measurement
are given by Christiansen (1993). The streamflow-
gaging station at National Canyon was discon-

Table 1. Streamflow-gaging stations at which data were collected during the controlled releases of 1996

Station
number Station name Data collected
09380000 Colorado River at Lees Ferry, Ariz. Stage, discharge, water temperature,

09382000 Paria River at Lees Ferry, Ariz.
09383100
09402000
09402500
09404115
09404120
09404200
09404208

Little Colorado River near Cameron, Ariz.
Colorado River near Grand Canyon, Ariz.

Havasu Creek above mouth near Supai, Ariz.

Diamond Creek near Peach Springs, Ariz.

Colorado River above National Canyon near Supai, Ariz.

Colorado River above Diamond Creek near Peach Springs, Ariz.

water-quality samples, sediment samples

Stage; no runoff during the period

Colorado River above the Little Colorado River near Desert View, Ariz. Stage, discharge, sediment samples

Stage; no runoff during the period
Stage, discharge, sediment samples
Stage; no runoff during the period
Stage, discharge, sediment samples
Stage, discharge

Stage; no runoff during the period
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Figure 4. Continued.
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlied releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona

[*, single vertical sample coliected; ---, no data]

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-27-96 1700 230 70 0.6 1,667 36
03-28-96 1200 175 53 .6 1,736 31
03-28-96 1200 175 53 3.8 2,010 26
03-28-96 1200 175 53 5.6 2,601 21
03-28-96 1200 175 53 7.5 2,609 20
03-28-96 1200 175 53 8.4 2,929 19
03-28-96 1200 175 53 8.8 2,414 21
03-28-96 1200 175 53 9.1 5,215 11
03-28-96 1200 195 59 .6 1,466 35
03-28-96 1200 195 59 37 1,951 26
03-28-96 1200 195 59 56 2,527 21
03-28-96 1200 195 59 7.4 2,684 19
03-28-96 1200 195 59 8.3 4,654 12
03-28-96 1200 195 59 8.8 5,214 i1
03-28-96 1200 195 59 9.1 9,347 6
032896 1200 210 64 6 1,297 39
03-28-96 1200 210 64 33 2,637 20
03-28-96 1200 210 64 5.2 2,995 18
03-28-96 1200 210 64 7.0 3,949 14
03-28-96 1200 210 64 7.6 3,648 14
03-28-96 1200 210 64 8.4 8,403 7
03-28-96 1200 210 64 8.7 9,418 7
03-28-96 1200 230 70 .6 1,422 34
032896 1200 230 70 34 2,167 24
03-28-96 1200 230 70 5.2 2,966 I8
03-28-96 1200 230 70 7.1 3,777 14
03-28-96 1200 230 70 8.0 7,036

03-28-96 1200 230 70 8.4 11,894

03-28-96 1200 230 70 8.7 19,485

03-28-96 1200 245 75 .6 1,418 35
03-28-96 1200 245 75 39 2,445 21
03-28-96 1200 245 75 5.7 2,826 18
03-28-96 1200 245 75 7.5 3,431 15
032896 1200 245 75 8.4 3,824 14
03-28-96 1200 245 75 8.9 6,436 9
03-28-96 1200 245 75 9.2 14,472

03-28-96 1200 260 79 .6 1,151 43
03-28-96 1200 260 79 4.0 2,021 23
03-28-96 1200 260 79 58 2,862 28
03-28-96 1200 260 79 7.6 4,136 12
03-28-96 1200 260 79 8.5 5,757

03-28-96 1200 260 79 9.0 7,318 8
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-28-96 1200 260 79 9.3 24,086 13
03-28-96 1200 275 84 .6 1,231 35
03-28-96 1200 275 84 4.0 1,663 25
03-28-96 1200 275 84 5.8 2,660 17
03-28-96 1200 275 84 7.6 3,560 13
03-28-96 1200 275 84 8.5 5,838 9
03-28-96 1200 275 84 9.0 8,289 6
03-28-96 1200 275 84 93 13,758 4
03-28-96 1200 290 88 .6 1,473 28
03-28-96 1200 290 88 4.1 2,204 19
03-28-96 1200 290 88 59 2,533 17
03-28-96 1200 290 88 7.8 3,420 13
032896 1200 290 88 8.7 4,513

03-28-96 1200 290 88 9.1 6,601

03-28-96 1200 290 88 9.4 10,652 5
03-28-96 1200 310 94 K 1,646 32
03-28-96 1200 310 94 43 2,115 25
03-28-96 1200 310 94 6.2 2,519 21
032896 1200 310 94 8.0 3,283 17
03-28-96 1200 310 94 8.9 4,947 9
03-28-96 1200 310 94 9.4 5,104

03-28-96 1200 310 94 9.7 6,608 7
03-28-96 1200 325 99 .6 2,019 27
03-28-96 1200 325 99 4.5 2,325 23
03-28-96 1200 325 99 6.3 3,373 17
03-28-96 1200 325 99 8.2 3,448 16
03-28-96 1200 325 99 9.1 3,458 16
032896 1200 325 99 9.5 3,638 15
03-28-96 1200 325 99 9.8 2,296 20
03-29-96 1201 60 18 * 2,432 11
03-29-96 1201 340 104 * 2,682 10
03-29-96 1201 175 53 .6 1,287 19
03-29-96 1201 175 53 3.8 1,459 16
03-29-96 1201 175 53 5.6 2,009 12
03-29-96 1201 175 53 7.4 1,997 12
03-29-96 1201 175 53 8.4 2,304 10
03-29-96 1201 175 53 8.8 3,620

03-29-96 1201 175 53 9.1 3,420 8
03-29-96 1201 195 59 6 1,080 21
03-29-96 1201 195 59 34 1,325 17
03-29-96 1201 195 59 5.2 2,054 12
03-29-96 1201 195 59 7.1 2,783 9
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-29-96 1201 195 59 8.0 2,686 10
03-29-96 1201 195 59 8.4 3,318

03-29-96 1201 195 59 8.7 7,747 3
03-29-96 1201 210 64 .6 933 23
03-29-96 1201 210 64 3.7 1,614 15
03-29-96 1201 210 64 5.5 2,170 11
03-29-96 1201 210 64 7.3 3,464 7
03-29-96 1201 210 64 8.2 3,880

03-29-96 1201 210 64 8.7 3,667 7
03-29-96 1201 210 64 9.0 6,917

03-29-96 1201 230 70 .6 887 25
03-29-96 1201 230 70 33 2,163 11
03-29-96 1201 230 70 52 2,599 10
03-29-96 1201 230 70 7.0 3,067

03-29-96 1201 230 70 7.9 3,550

03-29-96 1201 230 70 8.4 5,326 5
03-29-96 1201 230 70 8.7 23,497 1
03-29-96 1201 245 75 .6 701 31
03-29-96 1201 245 75 35 1,770 14
03-29-96 1201 245 75 5.4 2,688 9
03-29-96 1201 245 75 7.2 2,985 9
03-29-96 1201 245 75 8.1 3,632 7
03-29-96 1201 245 75 8.6 5,423 5
03-29-96 1201 245 75 89 4,679 6
03-29-96 1201 260 79 6 876 30
03-29-96 1201 260 79 33 1,658 I8
03-29-96 1201 260 79 52 2,453 11
03-29-96 1201 260 79 7.0 3,046 10
03-29-96 1201 260 79 7.9 3,227

03-29-96 1201 260 79 8.4 4,345 7
03-29-96 1201 260 79 8.7 5,378

03-29-96 1201 275 84 .6 957 28
03-29-96 1201 275 84 3.4 2,342 13
03-29-96 1201 275 84 5.2 2,360 13
03-29-96 1201 275 84 7.0 3,959

03-29-96 1201 275 84 7.9 3,862

03-29-96 1201 275 84 8.4 4,780

03-29-96 1201 275 84 8.7 6,279 5
03-29-96 1201 290 88 .6 1,461 20
03-29-96 1201 290 88 3.5 1,716 17
03-29-96 1201 290 88 53 2,370 13
03-29-96 1201 290 88 7.2 3,331 10
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter
03-29-96 1201 290 88 8.1 4,433 7
03-29-96 1201 290 88 8.5 4,782 7
03-29-96 1201 290 88 8.8 4,598 7
03-29-96 1201 310 94 .6 1,648 17
03-29-96 1201 310 94 43 2,452 12
03-29-96 1201 310 94 6.1 3,290 9
03-29-96 1201 310 94 7.9 3,840 8
03-29-96 1201 310 94 8.8 4,396 7
03-29-96 1201 310 94 9.3 5,633 6
03-29-96 1201 310 94 9.6 7,189 5
03-29-96 1201 325 99 .6 2,500 12
03-29-96 1201 325 99 43 2,641 10
03-29-96 1201 325 99 6.2 3,609 8
03-29-96 1201 325 99 8.0 3,647 8
03-29-96 1201 325 99 8.9 4,326 7
03-29-96 1201 325 99 9.4 3,919 8
03-29-96 1201} 325 99 9.7 4,830 6
03-30-96 1400 145 44 * 1,299 15
03-30-96 1400 340 104 * 1,661 12
03-30-96 1400 160 49 .6 1,392 13
03-30-96 1400 160 49 35 1,236 14
03-30-96 1400 160 49 53 1,332 13
03-30-96 1400 160 49 72 1,686 10
03-30-96 1400 160 49 8.1 1,724 10
03-30-96 1400 160 49 8.5 1,836 10
03-30-96 1400 160 49 8.8 3,322 5
03-30-96 1400 175 53 .6 1,005 16
03-30-96 1400 175 53 35 1,218 14
03-30-96 1400 175 53 53 1,433 12
03-30-96 1400 175 53 7.1 1,779 10
03-30-96 1400 175 53 8.0 1,754 10
03-30-96 1400 175 53 8.5 1,686 10
03-30-96 1400 175 53 8.8 1,835 10
03-30-96 1400 195 59 .6 781 21
03-30-96 1400 195 59 3.8 1,473 12
03-30-96 1400 195 59 5.0 1,822 10
03-30-96 1400 195 59 6.8 1,569 11
03-30-96 1400 195 59 7.7 2,445 7
03-30-96 1400 195 59 8.2 1,959 9
03-30-96 1400 195 59 85 2,609 7
03-30-96 1400 210 64 .6 821 21
03-30-96 1400 210 64 3.1 1,410 13
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-30-96 1400 210 64 5.0 1,695 11
03-30-96 1400 210 64 6.8 2,168

03-30-96 1400 210 64 7.7 2,297

03-30-96 1400 210 64 8.2 4,086

03-30-96 1400 210 64 8.5 3,939 5
03-30-96 1400 230 70 .6 952 24
03-30-96 1400 230 70 3.1 1,428 13
03-30-96 1400 230 70 4.9 1,787 11
03-30-96 1400 230 70 6.8 1,990 10
03-30-96 1400 230 70 7.7 3,862 5
03-30-96 1400 230 70 8.1 4,700

03-30-96 1400 230 70 8.4 9,455 2
03-30-96 1400 245 75 .6 679 25
03-30-96 1400 245 75 3.2 1,686 11
03-30-96 1400 245 75 5.1 1,947 10
03-30-96 1400 245 75 6.9 1,611 11
03-30-96 1400 245 75 7.8 2,666

03-30-96 1400 245 75 83 3,817

03-30-96 1400 245 75 8.6 5,676

03-30-96 1400 260 79 .6 744 24
03-30-96 1400 260 79 33 1,641 12
03-30-96 1400 260 79 5.2 2,015 10
03-30-96 1400 260 79 7.0 2,593 8
03-30-96 1400 260 79 7.9 3,534

03-30-96 1400 260 79 8.4 5,209

03-30-96 1400 260 79 8.7 7,534 3
03-30-96 1400 275 84 .6 741 26
03-30-96 1400 275 84 34 1,311 14
03-30-96 1400 275 84 52 1,881 11
03-30-96 1400 275 84 7.0 2,876 7
03-30-96 1400 275 84 7.9 3,182

03-30-96 1400 275 84 8.4 4,601 5
03-30-96 1400 275 84 8.7 11,374 2
03-30-96 1400 290 88 .6 989 20
03-30-96 1400 290 88 35 949 21
03-30-96 1400 290 88 53 1,674 12
03-30-96 1400 290 88 7.2 2,860

03-30-96 1400 290 88 8.1 2,305

03-30-96 1400 290 88 85 4,272 5
03-30-96 1400 290 88 8.8 5,653 4
03-30-96 1400 310 94 .6 1,182 16
03-30-96 1400 310 94 3.6 1,132 17
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-30-96 1400 310 94 5.4 1,636 12
03-30-96 1400 310 94 7.2 2,298

03-30--96 1400 310 94 8.1 2,930 7
03-30-96 1400 310 94 8.7 5,366

03-30-96 1400 310 94 8.9 6,735

03-30-96 1400 325 99 6 1,314 15
03-30-96 1400 325 99 3.8 1,435 13
03-30-96 1400 325 99 5.7 2,188 9
03-30-96 1400 325 99 7.5 2,678 7
03-30-96 1400 325 99 84 3,050 7
03-30-96 1400 325 99 8.9 3,038 7
03-30-96 1400 325 99 9.2 7,555 3
03-31-96 1800 45 14 * 1,108 12
03-31-96 1800 340 104 * 1,981 7
03-31-96 1630 160 49 .6 1,040 14
03-31-96 1630 160 49 35 1,209 12
03-31-96 1630 160 49 53 1,390 10
03-31-96 1630 160 49 7.2 1,665 9
03-31-96 1630 160 49 8.1 1,842 10
03-31-96 1630 160 49 8.5 2,067 7
03-31-96 1630 160 49 8.8 2,327

03-31-96 1630 175 53 6 972 14
03-31-96 1630 175 53 33 1,290 11
03-31-96 1630 175 53 5.1 1,428 10
03-31-96 1630 175 53 6.9 1,487 10
03-31-96 1630 175 53 7.8 1,569 9
03-31-96 1630 175 53 83 1,555

03-31-96 1630 175 53 8.6 1,898 8
03-31-96 1630 195 59 .6 749 17
03-31-96 1630 195 59 33 958 14
03-31-96 1630 195 59 5.1 1,490 9
03-31-96 1630 195 59 6.9 1,937 7
03-31-96 1630 195 59 7.9 2,228 6
03-31-96 1630 195 59 8.3 2,322 6
03-31-96 1630 195 59 8.6 2,718 5
03-31-96 1630 210 64 .6 638 21
03-31-96 1630 210 64 33 1,225 11
03-31-96 1630 210 64 S.1 1,386 10
03-31-96 1630 210 64 6.9 1,685 8
03-31-96 1630 210 64 7.9 2,248 7
03-31-96 1630 210 64 83 2,665 6
03-31-96 1630 210 64 8.6 3,684 4

Reach-Average Flow Velocity 19



Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth,  in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter
03-31-96 1630 230 70 0.6 839 16
03-31-96 1630 230 70 3.4 1,436 10
03-31-96 1630 230 70 5.2 1,705 9
03-31-96 1630 230 70 7.0 2,188 7
03-31-96 1630 230 70 8.7 9,189 2
03-31-96 1630 230 70 7.9 2,517 6
03-31-96 1630 230 70 8.4 3,610 4
03-31-96 1630 245 75 .6 550 24
03-31-96 1630 245 75 3.4 1,490 10
03-31-96 1630 245 75 5.2 1,869 9
03-31-96 1630 245 75 7.1 2,129 7
03-31-96 1630 245 75 8.0 2,482 6
03-31-96 1630 245 75 8.4 3,834 4
03-31-96 1630 245 75 8.7 5,142 3
03-31-96 1630 260 79 .6 460 27
03-31-96 1630 260 79 35 1,567 9
03-31-96 1630 260 79 53 1,403 8
03-31-96 1630 260 79 7.1 2,286 6
03-31-96 1630 260 79 8.0 3,664 4
03-31-96 1630 260 79 8.5 9,460 2
03-31-96 1630 260 79 8.8 4,665 3
03-31-96 1630 275 84 .6 665 19
03-31-96 1630 275 84 35 1,304 11
03-31-96 1630 275 84 5.3 1,514 9
03-31-96 1630 275 84 7.1 2,151 7
03-31-96 1630 275 84 8.0 2,646 5
03-31-96 1630 275 84 8.5 3,453 4
03-31-96 1630 275 84 8.8 3,926 4
03-31-96 1630 290 88 .6 970 14
03-31-96 1630 290 88 35 939 14
03-31-96 1630 290 88 5.4 1,792 8
03-31-96 1630 290 88 72 1,556 9
03-31-96 1630 290 88 8.1 3,183 5
03-31-96 1630 290 88 8.6 4,110 4
03-31-96 1630 290 88 8.9 5,022 3
03-31-96 1630 310 94 .6 876 15
03-31-96 1630 310 94 3.8 1,157 12
03-31-96 1630 310 94 5.6 1,395 9
03-31-96 1630 310 94 7.5 2,143 7
03-31-96 1630 310 94 8.4 2,307 6
03-31-96 1630 310 94 8.8 3,272 4
03-31-96 1630 310 94 9.1 4,571 3
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

03-31-96 1630 325 99 0.6 1,319 10
03-31-96 1630 325 99 4.3 1,563 9
03-31-96 1630 325 99 6.2 2,254 6
03-31-96 1630 325 99 8.0 2,653 6
03-31-96 1630 325 99 8.9 2,670 5
03-31-96 1630 325 99 9.4 2,682 5
03-31-96 1630 325 99 9.7 3,339 4
04-01-96 1310 340 104 * 2,040 8
04-01-96 1310 145 44 * 1,371 10
04-01-96 1600 145 44 * 1,309 11
04-01-96 1600 160 49 .6 1,056 12
04-01-96 1600 160 49 3.5 1,271 10
04-01-96 1600 160 49 53 1,453 10
04-01-96 1600 160 49 7.2 1,856

04-01-96 1600 160 49 8.1 2,767

04-01-96 1600 160 49 8.5 5,253

04-01-96 1600 160 49 8.8 4911

04-01-96 1310 160 49 .6 789 14
04-01-96 1310 160 49 35 1,037 11
04-01-96 1310 160 49 53 1,134 10
04-01-96 1310 160 49 7.2 1,198 9
04-01-96 1310 160 49 8.1 1,264 10
04-01-96 1310 160 49 85 1,209 10
04-01-96 1310 160 49 8.8 1,314 9
04-01-96 1310 175 53 .6 712 16
04-01-96 1310 175 53 33 870 13
04-01-96 1310 175 53 5.1 1,031 1
04-01-96 1310 175 53 6.9 1,259

04-01-96 1310 175 53 7.8 1,371 8
04-01-96 1310 175 53 8.3 1,406

04-01-96 1310 175 53 8.6 1,599

04-01-96 1310 195 59 6 629 18
04-01-96 1310 195 59 33 826 14
04—-01-96 1310 195 59 5.1 1,247 9
04-01-96 1310 195 59 6.9 1,385 9
04-01-96 1310 195 59 7.9 1,495 8
04-01-96 1310 195 59 83 2,247 5
04-01-96 1310 195 59 8.6 1,985 6
04-01-96 1310 210 64 .6 582 20
04-01-96 1310 210 64 33 644 17
04-01-96 1310 210 64 5.1 1,269 10
04-01-96 1310 210 64 6.9 1,463 8
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

04-01-96 1310 210 64 7.9 2,054 6
04-01-96 1310 210 64 8.3 2,564 5
04-01-96 1310 210 64 8.6 2,590 5
04-01-96 1310 230 70 .6 402 28
04-01-96 1310 230 70 34 864 14
04-01-96 1310 230 70 52 1,614 8
04-01-96 1310 230 70 7.0 1,897 7
04-01-96 1310 230 70 7.9 3,074 4
04-01-96 1310 230 70 84 2,479 5
04-01-96 1310 230 70 8.7 4,677 3
04-01-96 1310 245 75 .6 522 23
04-01-96 1310 245 75 34 959 13
04-01-96 1310 245 75 5.2 1,776 7
04-01-96 1310 245 75 7.1 1,738 7
04-01-96 1310 245 75 8.0 2,363 5
04-01-96 1310 245 75 8.4 3,387 4
04-01-96 1310 245 75 8.7 7,944 2
04-01-96 1310 260 79 .6 591 18
04-01-96 1310 260 79 3.5 1,081 11
04-01-96 1310 260 79 5.3 1,176 10
04-01-96 1310 260 79 7.1 2,282

04-01-96 1310 260 79 8.0 2,425 5
04-01-96 1310 260 79 8.5 4,999

04-01-96 1310 260 79 8.8 4,037

04-01-96 1310 275 84 .6 530 22
04-01-96 1310 275 84 3.5 696 18
04-01-96 1310 275 84 5.3 1,686 7
04-01-96 1310 275 84 7.1 1,909 7
04-01-96 1310 275 84 8.1 2,898 5
04-01-96 1310 275 84 8.5 3,243 4
04-01-96 1310 275 84 8.8 5,984 *
04-01-96 1310 290 88 .6 759 15
04-01-96 1310 290 88 35 1,036 12
04-01-96 1310 290 88 54 1,033 12
04-01-96 1310 290 88 7.2 1,968 7
04-01-96 1310 290 88 8.1 3,033 4
04-01-96 1310 290 88 8.6 3,215 4
04-01-96 1310 290 88 8.9 4,745 3
04-01-96 1310 310 94 .6 915 13
04-01-96 1310 310 94 3.8 1,299 11
04-01-96 1310 310 94 5.6 1,948 7
04-01-96 1310 310 94 7.5 3,012 5
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station  Cable station Concentration, Percent sample
location, location, Sample depth, in miiligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

04-01-96 1310 310 94 8.4 4,154 3
04-01-96 1310 310 94 8.8 3,574 4
04-01-96 1310 310 94 9.1 5,806 2
04-01-96 1310 325 99 .6 1,647 8
04-01-96 1310 325 99 43 1,854 9
04-01-96 1310 325 99 6.2 2,267 7
04-01-96 1310 325 99 8.0 3,031 S
04-01-96 1310 325 99 8.9 3,210 5
04-01-96 1310 325 99 94 3,465 S
04-01-96 1310 325 99 9.7 3,413 5
04-02-96 1300 340 104 * 2,029 6
04-02-96 1300 145 44 * 1,066 10
04-02-96 1400 160 49 .6 951 Il
04-02-96 1400 160 49 2.7 1,201 9
04-02-96 1400 160 49 4.6 1,368 8
04-02-96 1400 160 49 6.4 1,537 7
04-02-96 1400 160 49 7.3 1,793 6
04-02-96 1400 160 49 7.8 1,897 7
04-02-96 1400 160 49 8.1 1,837 6
04-02-96 1400 160 49 .6 777 13
04-02-96 1400 160 49 2.7 1,047 10
04-02-96 1400 160 49 4.6 1,092 10
04-02-96 1400 160 49 6.4 1,402 8
04-02-96 1400 160 49 7.3 1,223

04-02-96 1400 160 49 7.8 1,722 6
04-02-96 1400 160 49 8.1 1,890 6
04-02-96 1400 175 53 .6 855 2
04-02-96 1400 175 53 35 1,217 9
04-02-96 1400 175 53 53 1,655 7
04-02-96 1400 175 53 7.2 1,892 6
04-02-96 1400 175 53 8.1 2,330 5
04-02-96 1400 175 53 8.5 2,040 S
04-02-96 1400 175 53 8.8 2,265 5
04-02-96 1400 195 59 .6 697 s
04-02-96 1400 195 59 3.2 1,036 10
04-02-96 1400 195 59 5.1 1,402 8
04-02-96 1400 195 59 6.9 2,245 5
04-02-96 1400 195 59 7.8 2,417 5
04-02-96 1400 195 59 83 2,466 5
04-02-96 1400 195 59 8.6 3,111 4
04-02-96 1400 210 64 .6 623 16
04-02-96 1400 210 64 3.1 1,125 10
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National
Canyon near Supai, Arizona—Continued

Cable station Cable station Concentration, Percent sample
location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter

04-02-96 1400 210 64 5.0 1,381

04-02-96 1400 210 64 6.8 1,289 8
04-02-96 1400 210 64 7.7 2,698 4
04-02-96 1400 210 64 8.2 3,032 4
04-02-96 1400 210 64 8.5 3,496 3
04-02-96 1400 230 70 .6 662 16
04-02-96 1400 230 70 3.1 1,067 10
04-02-96 1400 230 70 49 1,716 6
04-02-96 1400 230 70 6.7 2,253 5
04-02-96 1400 230 70 7.7 2,559

04-02-96 1400 230 70 8.1 2,441 5
04-02-96 1400 230 70 84 5,844 47
04-02-96 1400 245 75 6 545 20
04-02-96 1400 245 75 3.1 1,969 6
04-02-96 1400 245 75 4.9 1,706 7
04-02-96 1400 245 75 6.8 2,088 6
04-02-96 1400 245 75 7.7 2,532 5
04-02-96 1400 245 75 8.1 3,809 3
04-02-96 1400 245 75 8.4 3,716 3
04-02-96 1400 260 79 .6 509 20
04-02-96 1400 260 79 3.1 871 12
04-02-96 1400 260 79 5.0 1,434 7
04-02-96 1400 260 79 6.8 2,503 4
04-02-96 1400 260 79 7.7 3,050 4
04-02-96 1400 260 79 8.2 2,950 4
04-02-96 1400 260 79 8.5 4,013 3
04-02-96 1400 275 84 .6 540 18
04-02-96 1400 275 84 32 705 14
04-02-96 1400 275 84 5.1 1,399 8
04-02-96 1400 275 84 6.9 1,937 6
04-02-96 1400 275 84 7.8 2,541 4
04-02-96 1400 275 84 83 2,731 4
04-02-96 1400 275 84 8.6 3,101 4
04-02-96 1400 290 88 6 611 16
04-02-96 1400 290 88 33 875 11
04-02-96 1400 290 88 5.2 1,693 7
04-02-96 1400 290 88 6.9 2,362 S
04-02-96 1400 290 88 7.8 1,805 6
04-02-96 1400 290 88 84 3,856 3
04-02-96 1400 290 88 8.7 4,679 2
04-02-96 1400 310 94 .6 711 14
04-02-96 1400 310 94 34 1,229 9
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Table 5. Suspended-sediment concentration and percent of sample finer than 0.062 millimeter for samples collected
during the controlled releases of 1996 at the streamflow-gaging station 09404120, Colorado River above National

Canyon near Supai, Arizona—Continued

Cable station

Cable station

Concentration, Percent sample

location, location, Sample depth, in milligrams per finer than 0.062
Date Mean time in feet in meters in meters liter millimeter
04-02-96 1400 310 94 5.3 1,409 8
04-02-96 1400 310 94 7.1 2,103 5
04-02-96 1400 310 94 8.0 2,815 4
04-02-96 1400 310 94 8.5 4,031 3
04-02-96 1400 310 94 8.8 3,732 3
04-02-96 1400 325 99 .6 1,285 8
04-02-96 1400 325 99 4.0 1,589 7
04-02-96 1400 325 99 5.8 1,998 6
04-02-96 1400 325 99 7.6 2,615 5
04-02-96 1400 325 99 8.5 3,552 3
04-02-96 1400 325 99 9.0 4,128 3
04-02-96 1400 325 99 9.3 3,055 4

steady discharge of 425 m%/s are described by Graf
(1995).

Less than 80 hours after the injection, the dye
concentration returned to background levels near
the mouth of Diamond Creek about 362 km
downstream (fig. 12). From Lees Ferry to Diamond
Creek, flow velocity was 1.8 m/s during the
controlled flood, and velocity ranged from about
1.5 to 2.1 m/s in the subreaches between sampling
sites. Time-concentration curves are nearly
symmetrical and closely approach a normal
distribution (fig. 12). Water particles traced by the
dye dispersed very little—the dye cloud took only
about 7.8 hours to pass the sampling site at
Diamond Creek.

Data from the 1991 measurement made during
a release from the dam of 425 m?/s showed that at
that discharge, peak concentration decreased and
the dye-cloud variance increased at about the rate
predicted by one-dimensional mixing theory (Graf,
1995). The strongly skewed distributions and long
tails typical of time-concentration curves measured
on natural streams were not present. Time-
concentration curves and attenuation of peak
concentration for the measurement made during
the controlled high-flow release from the dam in
1996 are shown in figures 12 and 13.
Reach-average velocity varied from reach to reach
in both 1991 (Graf, 1995) and 1996 measurements

(table 8) and was lowest in the reaches upstream
from the mouth of the Little Colorado River in
both cases (fig. 14).

WATER-SURFACE SLOPE

Water-surface slope was measured during the
controlled releases in subreaches between the Paria
River and Badger Rapids, downstream from the
streamflow-gaging station 09402500, Colorado
River near Grand Canyon, and upstream from the
streamflow-gaging station 09404120, Colorado
River above National Canyon near Supai (table 9).
Water-surface slopes between the Paria River and
Badger Rapids were measured in four different
subreaches on March 31 and ranged from 0.00020
to 0.00072. Five surface-water slopes were
measured above Bright Angel Creek below the
streamflow-gaging station at Colorado River near
Grand Canyon from March 26 to April 1. The
smallest slope, 0.00021, was measured during the
steady release, before the arrival of the high flow.
The slopes ranged from 0.00073 to 0.00094 during
the high-flow release. Slope measurements were
made in four subreaches extending upstream from
the cableway at National Canyon. Slopes measured
in each reach on March 26, before the high flow
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Table 6. Physical and chemical characteristics of water samples collected at the streamflow-gaging station 09380000,
Colorado River at Lees Ferry, Arizona, during the controlled releases of 1996

[m?/s, cubic meters per second; uS/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; NTU, nephelometric turbidity units;
mm, millimeters; <, actual values is known to be less than the value shown; mg/L, milligrams per liter; IT, incremental titration; dis, dissolved;
pum-mf, 0.7 micrometer membrane filter; cols./100 mL, colonies per 100 milliliters; K, based on non-ideal colony count; T/ac-ft, tons per acre feet;
ng/L, micrograms per liter; ---, no data]

Field measurements

Dis- Oxygen
charge  Specitic pH Tempera- Tempera- Barometric demand,
instan- conduct- (stan- ture, ture, pressure Oxygen, chemical

taneous ance dard air water (mm of dissolved (high level)
Date Time (m¥s)  (uS/em)  units) (°C) (°C) mercury) (mg/L) (mg/L)
03-25-96 1620 234 778 8.2 17.0 10.0 678 10.2 10
03-27-96 0905 1,277 800 8.1 17.0 9.0 685 11.2 --
04-01-96 1100 1,294 800 82 20.0 9.5 680 11.3 <10
04-06-96 0945 231 747 8.2 18.5 10.0 688 9.1 -

Field measurements and laboratory measurements

Alkalinity, Bicarbo- Carbo- Hardness,
water nate, nate, noncar- Strep-
dissolved,  water, water, Carbon, Carb bonate, Coliform, tococci,
total IT,  dissolved, dissolved, inorganic, jyerqanis dissolved, fecal, fecal,
field iTfield  IT field total  greevey  field um-mf kf agar
Turbidity (mg/Las (mg/L as (mg/L (mg/L (mg/L (mg/Las (cols./100 (cols./100
Date (NTU) CaCO,) HCO3) as CO3) asC) as C) CaCO,) mL) mL)
03-25-96 0.20 122 149 0 0.20 3.0 250 K2 K1
03-27-96 .60 130 159 0 .20 3.1 260 - -
04-01-96 40 136 166 0 .30 2.7 240 <} K3
04-06-96 20 132 161 0 .20 2.8 240 - --

Laboratory measurements

Residue Residue,
solids, total at Magne- Potas-
residue at 105°C, Calcium, sium, Sodium, sium, Sulfate, Chloride,
180°C, Residue, sus- dissolved dissolved dissolved dissolved dissolved dissolved
dissolved dissolved pended (mg/L (mg/L as (mg/L (mg/L (mg/L (mg/L
Date (mg/L) (T/ac-ft) (mg/L) as Ca) Mg) as Na) as K) as SOy) as Cl)
03-25-96 494 0.67 1 62 22 64 2.9 190 45
03-27-96 518 .70 - 65 23 70 2.7 200 52
04-01-96 522 1 4 62 21 63 2.9 200 47
04-06-96 478 .65 - 63 21 59 2.9 180 44
Alumi-
Fluoride, Silica, Sodium num, Antimony, Antimony, Arsenic, Arsenic,
dissolved dissolved adsorp- dissolved total dissolved total dissolved
{mg/L (mg/L tion (na/L (ng/L as {ug/L (ng/L (na/L
Date as F) as Si0,) ratio as Al) Sb) as Sb) as As) as As)
03-25-96 0.30 7.9 2 <1.0 1 <1.0 1 1
03-27-96 40 8.6 2 2.0 - <1.0 -- 1
04-01-96 .30 7.9 2 <1.0 <1 <1.0 1 1
04-06-96 .30 8.4 2 3.0 - <1.0 -- 1
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Table 6. Physical and chemical characteristics of water samples collected at the streamflow-gaging station 09380000,
Colorado River at Lees Ferry, Arizona, during the controlled releases of 1996—Continued

Laboratory Measurements—Continued

Barium, Beryllium, Beryllium, Boron, Boron, Cadmium, Cadmium, Chromium, Chromium,
dissolved total dissolved total dissolved total dissolved total dissolved
(ng/Las  (pglL (ng/L (ng/L (ng/L (ng/L (ng/L (na/L (na/L
Date Ba) as Be) as Be) as B) as B) as Cd) as Cd) as Cr) as Cr)
03-25-96 79 <10 <10 - 90 <l <1.0 <1 <5.0
03-27-96 86 -- <1.0 - 100 -- <1.0 -- 1.0
04-01-96 83 <10 <10 80 80 <l <1].0 <] <5.0
04-06-96 79 -- <1.0 - 80 - <1.0 -- 2.0
Cobalt, Copper, Copper, Iron, Iron, Lead, Lead, Lithium,
dissolved total dissolved total dissolved total dissolved dissolved
Date (ug/LasCo) (ng/LasCu) (ng/LasCu) (ug/L as Fe) (ng/L as Fe) (ng/LasPb) (ug/LasPb) (pg/L as Li)
03-25-96 <1.0 <l <10 10 <3.0 <l <30 26
03-27-96 <1.0 -- 2.0 - 6.0 - <1.0 28
04-01-96 <1.0 <l <10 50 <3.0 <1 <10 26
04-06-96 <1.0 - 2.0 - <3.0 -- <1.0 24
Manga- Manga- Mercury, Molyb-
nese, nese, Mercury, dis- denum, Nickel, Nickel, Selenium, Selenium,
total dissolved total solved dissolved total dissolved total dissolved
(ng/L (ng/L (ng/L (ng/L (ngiL (mg/L (mg/L (ng/L (ng/L
Date as Mn) as Mn) as Hg) as Hg) as Mo) as Ni) as Ni) as Se) as Se)
03-25-96 <10 <1.0 <0.10 <0.1 4.0 <100 2.0 2 2
03-27-96 - 2.0 - -- 4.0 -- 2.0 - 2
04-01-96 <10 <1.0 <.10 <.1 4.0 <100 2.0 2 2
04-06-96 - 1.0 - -- 4.0 - 2.0 - 2
Silver,
dissolved  Strontium, Vanadium, Zinc, Zinc, Nitrogen, nitrite,
(ng/L dissoived dissolved total dissolved  Uranium, natural total
Date as Ag) (ng/Las Sr) (ug/LasV) (ug/LasZn) (ug/L asZn) (ng/L as U) (mg/L as N)
03-25-96 <1.0 720 <6 <10 12 4.0 <0.010
03-27-96 <1.0 750 <6 - 2.0 4.0 <.010
04-01-96 <l1.0 720 <6 <10 4.0 4.0 .020
04-06-96 <1.0 670 <6 - 2.0 3.0 <010
Nitrogen, Nitrogen, Nitrogen, Phos-
Nitrogen, NO, and ammonia ammonia Phos- Phos- phorus,
NO, and NO;,, Nitrogen, Nitrogen, and and phorus, phorus, ortho,
NO,, total dissolved ammonia, ammonia, organic, organic, total dissolved total
(mg/L (mg/L total dissolved total dissolved (mg/L (mg/L (mg/L
Date as N) asN) (mg/LasN) (mg/LasN) (mg/LasN) (mg/LasN) asP) as P) as P)
03-25-96 0.240 0.240 0.020 <0.015 <0.20 <0.20 0.010 <0.010 0.003
03-27-96 310 310 - <.015 <20 <20 .020 .010 .007
04-01-96 320 320 .020 .030 <20 <20 .020 .020 .007
04-06-96 240 .240 - <015 <20 <20 <010 <.010 .005
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Table 7. Stage-gaging stations at which data were collected during the controlled releases of 1996
[RM, river mile. All stations are in Grand Canyon National Park except stations 09379950 and 09379965, which are in Glen Canyon National

Recreation Area]

Station

number Latitude Longitude Site name Site description
09379950 36°53'50" 111°3126" R200-01 11 miles above Lees Ferry
09379965 36°5226" 111°33'07" R200-02 6.5 miles above Lees Ferry
09383006 36°44'56" 111°40'53" R200-04 At RM 10 below 10 Mile Rock
09383040 36°35'03" 111°47'02" R200-07 At RM 25 below 24 Mile Rapid
09383055 36°29'55" 111°51'10" R200-8A At RM 32 at Vasey’s Paradise
09383060 36°27'42" 111°50'14" R200-09 At RM 35 below Nautiloid Canyon
09383075 36°23'06" 111°51'24" R200-11 At RM 45 below President Harding Rapid
09383090 36°16'20" 111°50'10" R200-13 At RM 55 above Kwagunt Rapid
09402390 36°05'42" 111°50'S1" R200-15 At RM 70 below Basalt Canyon
09402460 36°03'14" 111°59'30" R200-17 At RM 80 above Grapevine Rapid
09403020 36°05'46" 112°07'26" R200-18 At RM 90 above Horn Creek Rapid
09403040 36°05'55" 112°12'19" R200-19 At RM 95 above Hermit Rapid
09403045 36°06'03" 112°12'48" R200-19A At RM 95.5 below Hermit Rapid
09403065 36°08'20" 112°14'52" R200-20A At RM 98.5 below Crystal Rapid
09403170 36°12'31" 112°025'25" R200-23 At RM 115 below Garnet Canyon
09403200 36°14'20" 112°28'07" R200-24 At RM 120 above Blacktail Rapid
09403250 36°16'09" 112°31'33" R200-25 At RM 125 above Fossil Rapid
09403300 36°20'33" 112°27'15" R200-26 At RM 131 above Deubendorff Rapid (record incomplete)
09403400 36°23'48" 112°34'40" R200-28 At RM 140 below 140 Mile Canyon (record incomplete)
09403870 36°21'14" 112°41'24" R200-30 At RM 150 above Upset Rapid
09404119 36°16'07" 112°52'47" R200-32A At RM 165.5 above National Canyon
09404130 36°14'25" 112°56'42" R200-33 At RM 170 above Stairway Canyon
09404135 36°13'54" 113°01'43" R200-34 At RM 175 below Cove Canyon
09404140 36°12'02" 113°04'29" R200-35 At RM 179 above Lava Falls Rapid
09404145 36°10'17" 113°09'48" R200-36 At RM 185 above 185 Mile Rapid
09404155 36°05'34" 113°16'12" R200-38 At RM 195 below 194 Mile Canyon
09404165 36°04'42" 113°19'30" R200-39 At RM 200 below Parashant Wash
09404170 36°00'30" 113°20'34" R200-40 At RM 205 above 205 Mile Rapid
09404185 35°53'46" 113°19'03" R200-42 At RM 215 above Three Springs Canyon

reached the site, were lower than the slopes
measured during the high flow (table 9).

SAND-STORAGE CHANGES

Sand-storage changes caused by the high-flow
release were documented by measuring bed
elevation of the channel at cross sections before

and after the controlled releases at the network of
120 monumented locations established for
interim-flow and transition monitoring programs
(fig. 15; table 10). Samples, the presence of sand
waves, and direct observation by underwater video
(Anima and others, 1996) have shown that changes
in elevation of the channel bed are caused by
movement of bed material in the sand-size range.
Changes in area between measurements at each
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Figure 5. Stage measured during the controlled releases of 1996 at stage-gaging stations 09379950, 09379965,
09383006, 09383040, and 09383055.
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Figure 6. Stage measured during the controlled releases of 1996 at stage-gaging stations 09383060, 09383075,
09383090, 09402390, and 09402460.
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Figure 7. Stage measured during the controlled releases of 1996 at stage-gaging stations 09403020, 09403040,
09403045, and 09403065.
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Figure 8. Stage measured during the controlled releases of 1996 at stage-gaging stations 09403170, 09403200,
09403250, and 09403300.
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Figure 9. Stage measured during the controlled releases of 1996 at stage-gaging stations 09403400, 09403870,
09404119, and 09404130.
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Figure 10. Stage measured during the controlled releases of 1996 at stage-gaging stations 09404135, 09404140,
09404145, and 09404 155.
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Figure 11. Stage measured during the controlled releases of 1996 at stage-gaging stations 09404165, 09404170,
and 09404185.

Table 8. Reach-average flow velocity determined from the dye-tracer measurement made during the controlled flood
of 1996

[Dye was injected at Lees Ferry at noon on March 27, 1996]

Location of Peak dye Velocity in the reach
sampling site, concen- upstream from the Cumulative
in river miles tration, Time from sampling site reach
downstream in micro- injection to velocity,
from grams peak, Miles per Meters per in meters
Location of site Lees Ferry, Ariz.  per liter in hours hour second per second
Above Badger Creek Rapid............ 79 36.0 233 3.39 1.51 1.51
At Nautiloid Canyon ..........ccccuucn.e. 359 2222 9.75 3.77 1.69 1.65
Above mouth of the Little Colorado
RiVET ..o 61.1 13.8 1733 332 1.49 1.57
Above Hance Rapid 76.7 11.5 21.00 425 1.90 1.63
At 122 Mile CreeK.....cvevveveciruencnnns 122.0 10.1 31.5 431 1.93 1.73
At National Canyon.......cccccccovnnreene 166.5 9.3 42.0 423 1.89 1.77
Atriver mile 183 .....ccccvieeinccnne 183.0 9.15 455 4.71 2.11 1.80
At Diamond Creek .........coccecenunennee 225.0 8.10 55.75 4.10 1.83 1.80
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of 1996.
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