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River-Stage Data, Colorado River, Glen Canyon 
Dam To Upper Lake Mead, Arizona, 1990-94

By R.W. Gauger

Abstract

The U.S. Geological Survey collected river-stage data at 53 temporary gaging stations along 
the Colorado River downstream from Glen Canyon Dam to upper Lake Mead during 1990 to 
1994. These data were collected to support research scientists in their investigations as part of the 
Bureau of Reclamation's Glen Canyon Environmental Studies. The data-collection period 
included about 14 months of dam releases designed for research purposes from June 1990 to July 
1991. Data graphs show travel times of the daily discharge waves between selected sites for 
selected periods. Graphs also show effects of storm runoff from tributary canyons on river stage. 
The data are available in electronic form from the District Chief, U.S. Geological Survey, Tucson, 
Arizona.

INTRODUCTION

In 1983, the U.S. Geological Survey (USGS) 
began an intensive program of collecting 
streamflow and sediment data on the Colorado 
River as part of Phase I of the Glen Canyon 
Environmental Studies (GCES), an interagency 
study, in cooperation with the Bureau of 
Reclamation (BOR). The goal of GCES Phase I 
was to determine whether releases from Glen 
Canyon Dam were adversely affecting the 
environmental and recreational resources along the 
Colorado River in Grand Canyon National Park 
and to determine whether alternative methods of 
releasing water could protect or enhance those 
resources. Data collection during Phase I of the 
GCES program, which ended in 1986, was affected 
by high flows in 1983, 1984, 1985, and 1986 that 
prevented adequate study of flows typical of the 
dam's normal operating criteria (Bureau of 
Reclamation, 1988).

After a review of Phase I by the National 
Research Council (National Research Council, 
1987), the Secretary of the Interior directed that 
further studies be conducted. Phase II of the GCES 
program began in 1990 with the purpose of

collecting additional physical, chemical, and 
biological information. The USGS, in cooperation 
with the BOR, began to collect river-stage data in 
1990. Stage-gaging stations were installed at 53 
locations spaced approximately 5 mi apart from 4.5 
mi downstream from Glen Canyon Dam to upper 
Lake Mead (fig. 1 and table 1). The data-collection 
network was designed for testing of a 
one-dimensional discharge-routing model for the 
Colorado River from Glen Canyon Dam to 
Diamond Creek (Wiele and Smith, 1996). Data 
also have been used to calculate hydrographs for 
GCES study sites that are not located at gaging 
stations (Griffin and Wiele, 1996) and to estimate 
inflow from tributaries (S.M. Wiele, hydrologist, 
U.S. Geological Survey, written commun., 1996). 
The data are available in electronic form from the 
District Chief, U.S. Geological Survey, Tucson, 
Arizona.

Purpose and Scope

The purpose of this report is to present portions 
of the river-stage data for the Colorado River 
downstream from Glen Canyon Dam to upper

Abstract 1
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Figure 1. Study area and locations of stage-gaging stations and continuous-record streamf low-gaging 
stations, Colorado River, Glen Canyon Dam to upper Lake Mead, Arizona.
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Table 1. Station numbers and site names, Colorado River, Glen Canyon Dam to upper Lake Mead, Arizona, 1990-94
[RM. river mile. All stations are downstream from Lees Ferry, Arizona, in Grand Canyon National Park except stations 09379950 and 09379965, 
which are in Glen Canyon National Recreation Area]

Station 
number

09379950
09379965
09383003
09383006
09383009
09383035
09383040
09383050
09383060
09383070
09383075
09383080
09383090
09402390
09402430
09402460
09403020
09403030
09403035
09403040
09403045
09403060
09403065
09403100
09403150
09403170
09403200
09403250
09403300
09403350
09403400
09403860
09403870
09403880
09404117
09404119
09404130
09404135
09404140
09404145
09404150
09404155
09404165
09404170
09404180
09404185
09404190
09404210
09404215
09404217
09404230
09404235
09404245

Latitude

36°53'50"
36°52'26"
36°48'28"
36°44'56"
36°41'39"
36°38'15"
36°35'03"
36°31'24"
36°27'42"
36°25'10"
36°2yQ6"
36°20'04"
36°16'20"
36°05'42"
36°02'41"
36°03'14"
36°05'46"
36°05'51"
36°05'52"
36°05'55"
36°06'03"
36°08'02"
36°08'20"
36° 11 '49"
36° 14'31"
36°12'3r'
36°14'20"
36°16'09"
36°20'33"
36°22'49"
36°23'48"
36°22'29"
36021'14"
36°19'32"
36°17'05"
36°16'07"
36°14'25"
36°13'54"
36°12'02"
36°10'17"
36°06'54"
36°05'34"
36°04'42"
36°00'30"
35°57'22"
35°53'46"
35°50'06"
35°45'25"
35°46'22"
35°49'08"
35°5ri9"
35°56'38"
36002'56"

Longitude

Ill°3r26"
ill°33'07"
111°38'09"
111°40'53"
1M°43I02 11
111°45'39"
lli°47'02"
111 050'33"
111 C50'14"
lli°52108"
111 051'24"

Ill°5r34"
lirSO'lO"
1 11°50'5 I'­
ll 1°54'55"
111°59'30"
112°07'26"
112°10'53"
112°11'19"
112°12'19"
1120 12'48"
1120 14'33"
1120 14'52"
112C 19'14"
112°22'02"
112°25'25"
112°28'07"

Ii2°3r33"
112°27'15"
112°29']6"
112°34'40"
112038'57"
112°41'24"
\\2°45-04"
112°48'06"
112°52'47"
112°56'42"

113°0r43"
113°04'29"
113°09'48"
113°12'15"
1130 16'12"
1130 19'30"
1 13°20'34"
113°19'30"
113°19'03"
, ,30,9.33,,
113C26'57"
113°31'17"
113034'04"
j, 3039,47-,
113°44'26"
113°48'48"

Site name

R200-01
R200-02
R200-03
R200-04
R200-05
R200-06
R200-07
R200-08
R200-09
R200-10
R200-11
R200-12
R200-13
R200-15
R200-16
R200-17
R200-18
R200-18A
R200-18B
R200-19
R200-19A
R200-20
R200-20A
R200-21
R200-22
R200-23
R200-24
R200-25
R200-26
R200-27
R200-28
R200-29
R200-30
R200-31
R200-32
R200-32A
R200-33
R200-34
R200-35
R200-36
R200-37
R200-38
R200-39
R200-40
R200-41
R200-42
R200-43
R200-44
R200-45
R200-46
R200-47
R200-48
R200-49

Site description

1 1 miles above Lees Ferry
6.5 miles above Lees Ferry
At RM 5 below 5 Mile Wash
At RM 10 below 10 Mile Rock
At RM 15 below Sheer Wall Rapid
At RM 20 above North Canyon Rapid
At RM 25 below 24 Mile Rapid
At RM 30 below 29 Mile Rapid
At RM 35 below Nautiloid Canyon
At RM 40 at tramway site
At RM 45 below President Harding Rapid
At RM 50 below 50 Mile Camp
At RM 55 above Kwagunt Rapid
At RM 70 below Basalt Canyon
At RM 76 above Hance Rapid
At RM 80 above Grapevine Rapid
At RM 90 above Horn Creek Rapid
At RM 93 above Granite Rapid
At RM 93.5 below Granite Rapid
At RM 95 above Hermit Rapid
At RM 95 5 below Hermit Rapid
At RM 98 above Crystal Rapid
At RM 98.5 below Crystal Rapid
At RM 105 below Ruby Rapid
At RM 1 10 below 110 Mile Rapid
At RM 1 15 below Garnet Canyon
At RM 120 above Blacktaii Rapid
At RM 125 above Fossil Rapid
AtRM 131 above Deubendorff Rapid
At RM 135 at Granite Narrows
At RM 140 below 140 Mile Canyon
At RM 145 above Olo Canyon
At RM 150 above Upset Rapid
At RM 155 below Sinyala Rapid
At RM 160 3 miles below Havasu Creek
At RM 165.5 above National Canyon
At RM 1 70 above Stairway Canyon
At RM 175 below Cove Canyon
At RM 179 above Lava Fails Rapid
At RM 185 above 185 Mile Rapid
At RM 190 2 miles below Whitmore Rapid
At RM 195 below 194 Mile Canyon
At RM 200 below Parashant Wash
At RM 205 above 205 Mile Rapid
At RM 210 below Granite Park
At RM 215 above Three Springs Canyon
At RM 220 above 220 Mile Canyon
At RM 231 below Travertine Falls
At RM 235 above Bridge Canyon Rapid
At RM 239 above Separation Canyon
At RM 249 near Surprise Canyon
At RM 258 below Triumphal Arch
At RM 267 below Bat Cave
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Lake Mead that were collected from 1990 to 1994 
and a description of electronic-data files. A des­ 
cription of the file format, selected hydrographic 
comparisons, and site-location maps are included 
in this report. The report also describes the sub­ 
mersible pressure transducers used to sense river 
stage and the process by which data were verified 
by periodic comparisons to fixed reference points 
related to arbitrary datum and presents selected 
data graphically. Not all instruments functioned 
throughout the entire data-collection period, and 
questionable data are not included in the final data 
set.

Physical Setting

The study area is on the Colorado River 4.5 mi 
downstream from Glen Canyon Dam to upper 
Lake Mead, a distance of 305 river miles, and 
includes Grand Canyon National Park and a small 
part of Glen Canyon National Recreational Area in 
northern Arizona (fig. 1). The Colorado River 
originates in Colorado and has a total drainage area 
of about 250,000 mi2 . The river extends about 
1,400 mi through portions of five States from its 
headwaters to the Gulf of California and is 
impounded by 13 major reservoirs. Lake Powell 
and Lake Mead, two of the reservoirs, are at the 
upstream and downstream ends, respectively, of 
the study area. Glen Canyon Dam controls the flow 
of the river through the study reach.

The study reach of the Colorado River flows 
through Glen Canyon, Marble Canyon, and Grand 
Canyon. In these canyons, the river cuts deeply 
into layered rock units of sandstone, shale, 
limestone, schist, and gneiss that control the 
large-scale channel geometry (Dolan and others, 
1978; Schmidt and Graf, 1990). In the study reach, 
the river flows through a series of pools, riffles, and 
rapids caused by talus deposits and debris flows 
from tributary canyons that formed constrictions in 
the river channel. The average water-surface 
gradient is 0.0015 between Lees Ferry and 
Diamond Creek and ranges from less than 0.0005 
in pools to greater than 0.01 in rapids (Schmidt and 
Graf, 1990). The river can be characterized by 
hydraulic and sedimentary properties and classified 
into eleven reaches. The mean depths in these 
reaches range from 14.7 to 29.6 ft, and average

widths range from 180 to 350 ft (Graf and others, 
1989). Cross sections at the stage-gaging sites 
range from about 75 to 420 ft in width and 20 to 60 
ft in maximum depths (fig. 2).

River-Stage Conditions

Glen Canyon Dam, which is designed and 
operated for flow regulation, water storage and 
delivery, and power generation, has been used to 
regulate flows from 1,000 to 33,200 ft3/s for power 
production on any given day. Daily releases from 
the powerplant produce discharge waves in the 
river that are about 125 mi long (Wiele and Smith, 
1996) and produce changes of as much as 15 ft in 
river stage (fig. 3). Downstream movement of the 
discharge wave produces smaller stage fluctuations 
because of the reduction of peak discharge and an 
increase in the trough discharge (Wiele and Smith, 
1996). During this study, discharges in the river at 
the Lees Ferry gaging station ranged from about 
1,800 to 29,500 ft3/s.

Research flows, designed and recommended 
by GCES scientists, were scheduled during 1990 
and 1991 (fig. 4). Recorded flows at the 
streamflow-gaging station, Colorado River at Lees 
Ferry (fig. 5), differ only slightly from the 
scheduled flows. For example, flow on 
June 1, 1991, dropped to about 4,000 ft3/s during a 
5,000 ft3/s steady-release research flow.

During this study, the effects of storm runoff 
from tributary canyons to the Colorado River were 
documented by stage gages upstream and 
downstream from such canyons. An increased 
stage at the stage-gaging station downstream from 
the Little Colorado River compared to a stage at a 
stage-gaging station upstream from the Little 
Colorado River represents inflow from winter 
storms in January 1993 (fig. 6). The comparison of 
river stage at R200-13 (river mile 55) and R200-15 
(river mile 70) shows the response of the Colorado 
River stage to inflow of water and debris flow from 
ungaged tributary canyons on August 20 and 
21, 1993 (fig. 7).The influence of flow from other 
tributary canyons on the Colorado River also is 
indicated by the stage-gage records above and 
below Bright Angel Creek and above and below 
Havasu Creek (figs. 8 and 9).

4 River-Stage Data, Colorado River, Gien Canyon Dam to Upper Lake Mead, Arizona, 1990-94
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METHODS

Instrumentation

Records of river stage were collected using 
two data recorders, one of which was an R200 data 
recorder (Johnson and Rorabaugh, 1988) that was 
used from June 1990 through July 1992. In the 
early stages of data collection, the minimum
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15-minute recording interval of the R200 was not 
adequate to define the stage wave during abrupt 
changes in stage (J.D. Smith, hydrologist, USGS, 
oral commun., 1991). Another recorder, Campbell 
Scientific, Inc., Basic Data Recorder (BDR) Model 
301 programmed with a 5-minute recording 
interval, was equipped with a Druck Inc., Model 
PDCR 940 submersible pressure transducer and 
was used from 1991 to 1994. The data-collection 
sites and instrumentation used in this study were 
designed for minimal disturbance to the setting of 
Grand Canyon National Park. Cables and 
recording instruments were hidden from view by a 
cover of rocks.

The R200 (fig. 10) was developed by the 
USGS for use in ground-water wells and was

adapted for use in riverine environments for this 
study. The R200 is a battery-powered, 
microprocessor-controlled stage sensor and 
recorder and has two sections a pressure 
transducer with electronics in the probe section and 
the battery holder. The pressure transducer in the 
probe section is the stage sensor that has an 
operating range of 35 ft of river stage. This 
submersible transducer senses the pressure of the 
water above it relative to atmospheric pressure 
through a pressure port on the probe section. The 
transducer is vented so that changes in atmospheric 
pressure do not cause the R200 to record 
atmospheric changes as stage changes. A reference 
port on the pressure transducer is vented to the 
atmosphere through the vented probe, cable, and

10 River-Stage Data, Colorado River, Glen Canyon Dam to Upper Lake Mead, Arizona, 1990-94
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Figure 10. The R200 and the BDR data recorders.
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battery holder. For data collected in this study, a 
piece of filter fabric was secured over the pressure 
port to prevent sand from entering and blocking the 
transfer of water pressure to the transducer. The 
battery holder, which must remain dry, was placed 
above the anticipated high-water line. At the top of 
the battery holder, a communications plug is used 
to connect the R200 to a microcomputer. The 
microcomputer is used to input calibration data 
and to extract recorded data at the end of the 
recording period. During the data-collection period 
(1990-91), the R200 sensed and recorded the stage 
at 15- or 30-minute intervals (depending on the 
version of software in the R200). The R200 was 
deployed in the river by attaching it to a 1/4-inch 
steel cable secured to a 65-pound cast-iron anchor. 
The anchor, R200, and cable were lowered to a 
firm spot on the streambed by rope, and the steel 
cable was secured to an eyebolt set in rock on the 
river bank. The R200 cable was routed through the 
rocks on shore and the battery holder and com­ 
munications plug were covered by rock above the 
expected high-water line (fig. 11). Along with the 
eyebolt, two other bolts were secured in rock at 
different elevations to be used as reference points 
for direct measurements of the water surface for 
stage verification.

The BDR (fig. 10), is a microprocessor-based 
electronic-data logging device. For this study, the 
BDR was programmed to sense and record data 
from a submersible pressure transducer that had an 
operating range of 35 ft of river stage. As with the 
R200, the transducer was vented to the atmosphere 
through the cable to eliminate effects of changes in 
atmospheric pressure. The datalogger, batteries, 
and terminating end of the transducer cable were 
housed inside an atmospherically vented steel 
enclosure with moisture-absorbing desiccant 
packets (fig. 10). The enclosure and recording 
portion of the system were placed above the 
anticipated high-water line. The pressure 
transducer was covered with a filter fabric to 
prevent sand from entering and blocking the 
transfer of water pressure to the transducer. The 
BDR initially was programmed to record a value 
every 5 minutes and later was changed to record 
every 15 minutes. The 5-minute values were the 
average of 5 averages of 10 readings made at 
1-minute intervals. For the 15-minute recording 
interval, the average was computed from 5 
averages of 10 readings made at 3-minute 
intervals. The transducer used with the BDR was 
deployed using scuba equipment and was attached 
to the steel cable next to the R200 without

Vented cable 
to R200 probe

R200 battery holder

Rocks concealing cables

Eye bolt 
anchoring 
steel cable

R200 probe 
Anchor

Figure 11. Typical transducer installation.
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disturbing the initial installation. The cables were 
placed next to the R200 cables, and the enclosure 
for the datalogger and batteries was placed next to 
the R200 battery holder and covered by rock.

Data Retrieval

R200 data were retrieved approximately every 
6 weeks. BDR data were retrieved approximately 
every 3 months. In January 1994, the BDR 
recording interval was changed to 15 minutes, and 
the stations were not visited again until July 1994. 
During a site visit, the recorded stage was 
compared to a direct measurement of the water 
surface relative to reference points (bolts set in 
rock). Data stored since the last visit were 
downloaded onto a portable computer. Before 
leaving the site, new batteries were installed, and 
the recorded stage again was compared to a direct 
measurement of stage. Data retrieval and stage 
verification were documented in field notes.

Station-Numbering System

Forty-nine sites initially were established at 
about 5-river-mile intervals. A station identifier, 
such as R200-16, was assigned to each site as the 
sites were sequentially numbered in the 
downstream direction from 1 to 49. R200 simply 
relates to the recording device first used in the 
project. Site number 14 at river mile 65 did not 
provide any reliable data because of vandalism and 
is not included in this report. During the 
data-collection period, 5 additional sites were 
installed between original sites bringing the total to 
53 sites. These new sites were named by adding a 
sequential alpha character to the nearest upstream 
site. This identifier, such as R200-18A, denotes 
that the site is between sites R200-18 and R200-19. 
Also, site R200-I8B would denote a site 
downstream from R200-18A and upstream from 
site R200-19. Each site then was assigned a USGS 
downstream-order number (Smith and others, 
1994). The complete station name includes the 
USGS downstream-order number, the station 
identifier, an approximate distance in river miles 
downstream from Lees Ferry (Stevens, 1990), and 
a nearby landmark (table 1). For example, USGS

station number 09402430 is R200 number 16 
(R200-16) at river mile 76 above Hance Rapid.

Records of Stage

Arbitrary elevations were assigned to reference 
points at each site at the time the stage-gaging 
stations were installed. The same reference points 
also were used for the BDR network. Elevations as 
recorded by stage gages are not referenced to sea 
level. Stations upstream and downstream from 
Granite Rapid, Hermit Rapid, and Crystal Rapid 
use the same reference datum between upstream 
and downstream stations, and the difference in the 
stage between the two gages represents fall 
through each of these rapids (fig. 12). For the other 
sites, overall variability in the river-channel 
characteristics does not allow for direct 
comparisons of the stage data from one site to 
another (S.M. Wiele and J.D. Smith, hydrologists, 
USGS, written commun., 1991).

Stage data retrieved from the dataloggers were 
transferred to a USGS data base on the Arizona 
District computer. Corrections to stage data as 
indicated by periodic comparisons to reference 
points were used to correct for drift or movement 
of the transducers. Accuracy of records is limited 
by river surge, instrument drift, and accuracy of the 
transducers. Data in this report generally are 
accurate to+0.1 ft.

Records of stage at continuous-record 
streamflow-gaging stations also were used in 
verifying the stage data. Sites used are: 09379910 
Colorado River below Glen Canyon Dam, 
Arizona; 09380000 Colorado River at Lees Ferry, 
Arizona; 09383100 Colorado River above the 
Little Colorado River, near Desert View, Arizona; 
09402500 Colorado River near Grand Canyon, 
Arizona; 09404120 Colorado River above National 
Canyon, near Supai, Arizona; and 09404200 
Colorado River above Diamond Creek, near Peach 
Springs, Arizona.

ACCESS TO DATA

Available data (fig. 13) will be provided 
electronically, upon request, in standard B-card 
format (table 2). Data files are named in the form:
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Figure 12. Comparison of stage of Colorado River upstream and downstream from Granite Rapid.

b9383009 and r9383009, where the alpha character 
designates the recording device, b for BDR and r 
for R200 and the numerical sequence is the USGS 
downstream-order number (table 1) without the 
leading 0. The first line in each data file is the "2" 
card and states the following site-specific 
information.

Column Description
1 Card type (2).

2 16 USGS downstream-order number (table 1). 
29-33 Parameter code (00065, gage height). 
34-38 Statistic code (00011, instantaneous). 

The second line and all succeeding lines in each data file are B cards 
and contain the following information.

1 Card type (B). 
2-16 USGS downstream-order number (table 1).

Column Description
17 20 Four-digit calendar year in which the observa­ 

tion was made.
21 22 Two-digit month in which the observation was 

made.
23 24 Two-digit day in which the observation was 

made.
25-30 Time, 6-digit time as HHMMSS (HH. hour in 

24-hour system, MM as minute, and SS as 
seconds).

31-35 Total minutes in the day (1440).
39-45 River stage, in feet.
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Table 2. Sample data table in standard B-card format

2 09383009 0006500011
B 09383009 19901111130000 1440
B 09383009 19901111133000 1440
B 09383009 19901111140000 1440
B 09383009 19901111143000 1440
B 09383009 19901111150000 1440
B 09383009 19901111153000 1440
B 09383009 19901111160000 1440
B 09383009 19901111163000 1440
B 09383009 19901111170000 1440
B 09383009 19901111173000 1440
B 09383009 19901111180000 1440
B 09383009 19901111183000 1440
B 09383009 19901111190000 1440
B 09383009 19901111193000 1440
B 09383009 19901111200000 1440
B 09383009 19901111203000 1440
B 09383009 19901111210000 1440
B 09383009 19901111213000 1440
B 09383009 19901111220000 1440
B 09383009 19901111223000 1440
B 09383009 19901111230000 1440
B 09383009 19901111233000 1440
B 09383009 19901111240000 1440
B 09383009 19901112003000 1440
B 09383009 19901112010000 1440
B 09383009 19901112013000 1440
B 09383009 19901112020000 1440
B 09383009 19901112023000 1440
B 09383009 19901112030000 1440
B 09383009 19901112033000 1440
B 09383009 19901112040000 1440
B 09383009 19901112043000 1440
B 09383009 19901112050000 1440
B 09383009 19901112053000 1440
B 09383009 19901112060000 1440
B 09383009 19901112063000 1440
B 09383009 19901112070000 1440
B 09383009 19901112073000 1440
B 09383009 19901112080000 1440
B 09383009 19901112083000 1440
B 09383009 19901112090000 1440
B 09383009 19901112093000 1440
B 09383009 19901112100000 1440
B 09383009 19901112103000 1440
B 09383009 19901112110000 1440
B 09383009 19901112113000 1440
B 09383009 19901112120000 1440
B 09383009 19901112123000 1440
B 09383009 19901112130000 1440
B 09383009 19901112133000 1440
B 09383009 19901112140000 1440

7.72
7.75
7.75

75
75
75
72
72
72
69
69

7.69
7.69
7.69
7.69
7.69
7.72
7.72
7.72
7.72
.69
.72
.72
.72
.75
.72

7.
7,
7.
7,
7,
7,
7.75
7.72
7.72
7.75
7.75
7.72
7.72
7.67
.58
.48

7.35
7.15
6.93
6.66
6.44
6.14

7, 
7,

92
67
43
21

5.10
4.99
4.96
4.99
5.21
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Figure 13. River-stage data, Colorado River, Glen Canyon Dam to upper Lake Mead, Arizona, November 
1990 through July 1994.
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Figure 13. Continued.
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