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SURVEY OF LOWER GRANITE GORGE

By L. C. PAMPEL, U.S. Bureau of Reclamation
The upper section of Lake Mead lies in a deep,
rugged canyon known as Lower Granite Gorge. This
section is about 40 miles long, extending between
Bridge Canyon and a point just above Pierce Ferry.
During the 1948-49 survey the width of water surface
in the canyon ranged from about 200 feet at the upper
end to about 2,200 feet at the lower end. At the maximum designed water-surface elevation of 1,229 feet, the
water-surface area in the Lower Granite Gorge section is about 3 percent of the total water-surface area
of the whole lake, and the original storage capacity in
this section was about 2 percent of the total original
lake capacity. However, a large proportion of this
original storage space has been filled with sediment,
and prior to 1948 it had been estimated that Lower
Granite Gorge contained one-fourth to one-half the
total sediment in Lake Mead. The 1948-49 survey
indicates that the gorge section contains about onethird of the total volume or one-half the total weight
of the sediment deposited up to that time. A map
of this section of the lake is shown in plate 14. Longitude 113°57/ constitutes the dividing line between the
surveys of the lake and of Lower Granite Gorge.
In general the canyon walls are quite steep, and
in places they rise as vertical cliffs. The height of the
first rim or break in the walls, called the Tonto platform, decreases from about 600 feet near Bridge Canyon and Spencer Canyon to only 100 feet near Pierce
Ferry. The canyon walls extend on up from this first
bench to elevations approaching 6,000 feet, or nearly
4,000 feet above the river.
During the survey the velocity of the water at the
lower end of Lower Granite Gorge at range 174 (pi.
14), varied from practically nil in September 1948,
when the lake surface was at an elevation of 1,180
feet, to a maximum of approximately 10 feet per second in March 1949, when the lake level reached 1,150
feet. When the lake was at the higher level, the inflow was about 5,000 cfs and the water was 29 feet
deep. At the lower lake level, the depth at range 174
was only 6.1 feet and the inflow about 10,000 cfs.
OUTLINE OF OPERATIONS

The survey of Lower Granite Gorge was separated
from the survey of the rest of the lake because of the

difference in character of the terrain and the different
equipment required to make the survey. The long,
narrow gorge and the irregular sediment surface made
the detailed delineation of contours impractical from
the standpoint of time required and costs involved.
Furthermore the boats used in the lake survey were
not suitable for use in the water in the gorge section,
which required shallow-draft boats equipped with special rubber impellers in the cooling-system water pumps
to operate in the shallow, sediment-laden water.
The survey of Lower Granite Gorge required a combination of hydrographic and land surveying techniques. It was conducted from a barge, used as a floating base of operations. At the beginning of the survey
in October 1948, the barge was towed up the river to
mile 242 (about 5 miles downstream from the Bridge
Canyon damsite). It was moved downstream as the
work progressed.
The numerous sand bars just under the silty water
surface, and the continual shifting of the river channel,
made navigation of LoAver Granite Gorge difficult while
men and supplies were transported to and from the floating base of operations. The current and the waves, commonly called "sand waves," near the junction of the
river with the lake proper increased gradually as the
surface of the lake receded, thus making navigation
upstream increasingly difficult. When the lake surface was at about 1,180 feet and the inflow approximately 5,000 cfs, the Higgins boat could make the 39
miles upstream from Pierce Ferry to the first camp
location in 7 to 8 hours. By December the lake level
had dropped to 1,165 feet and, with the inflow still
about 5,000 cfs, about the same time was required for
travel only 23 miles upstream from Pierce Ferry. In
March \vhen the lake level had declined to 1,150 feet
and the inflow had increased to 10,000 cfs, the Higgins
boat could not negotiate the channel even in the first 2
miles above the delta front. At this time only the 16foot outboards and the airboat were able to navigate
upstream through the shallow delta area at the head of
the lake and the swift water immediately above. It is
obvious that any future surveys of this area could best
be made in the late summer and early fall, when the
lake level is high and the inflow is near the annual
minimum.
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The prime purpose of the survey was, like that of the
lake survey, to determine the volume of sediment that
had accumulated in the reservoir since 1935, a volume
that would also measure the reduction in water-storage
capacity since that year. The techniques employed in
the two surveys were quite different, however. The lake
survey depended upon mapping the position of the
reservoir bottom in 1948 above a reference plane approximately at sea level, and computation of sediment
volume from differences in bottom contours since 1935.
In the Lower Granite Gorge survey, by contrast, the
position of the sediment surface was determined with
respect to an overhead reference plane corresponding
to the maximum designed water-surface elevation, and
the computations led first to a determination of the
amount of original capacity that was not filled with
sediment in 1948. The volume determinations were
made by the average end-area method described below,
based on 175 cross sections or sediment ranges. Excepting the six ranges farthest upstream and nearest
to Bridge Canyon rapids, these ranges were spaced at
intervals of 620 to 2,260 feet (averaging 1,220 feet)
throughout Lower Granite Gorge. As in the lake survey, adequate horizontal and vertical control were
essential in the survey of Lower Granite Gorge for
accurate, three-dimensional determinations of the position of the sediment surface at each point of
measurement.
The horizontal control for the resurvey of the Lower
Granite Gorge section of Lake Mead between Bridge
Canyon and Pierce Ferry was based on the triangulation
net established in 1935 for preparation of the original
topographic maps of the Lake Mead area (Fairchild
Aerial Surveys, Inc., 1935), and on a net established
in 1942 for use in the Bridge Canyon investigations
(U.S. Bureau of Reclamation, 1943'). The latter net
was tied to the Fairchild net when it was established.
Little difficulty was encountered in locating the Fairchild triangulation stations from the river; at most of
them the original 2- by 2-inch timber pole was still in
place. After one point was located by inspection from
the river level, a second could usually be sighted by
use of the transit. The Fairchild triangulation points
at the upper end of the canyon section, near the Bridge
Canyon Dam site, were located on or above the Tonto
platform at elevations of 1,800-2,200 feet above sea level,
or about 600 to 1,000 feet above the river. (PL 15.4.)
Near Pierce Ferry and the lower end of the gorge, the
horizontal and vertical control was tied to Fairchild
stations at elevations as low as 1,400 feet.
A total of 43.8 miles of stadia traverse was run, starting at the Bridge Canyon damsite and ending at a
point a few hundred feet west of longitude 113°57'.

Traverse stations were located 1,000 to 1,500 feet apart
on sand bars or points on the canyon wall just above the
water surface. These points were not marked permanently, and were flagged only until the ends of the range
lines had been marked on the canyon walls with a cross
of wrhite paint. Sediment ranges crossing the river
channel were established at most, but not all, of the
traverse stations. Ties were made to the Fairchild triangulation points at an average distance between ties
of 2.4 miles. These ties were made by triangulation to
the Fairchild stations, using a Wild T-2 theodolite and
reading to single seconds. All three stations of each triangle were occupied, and two direct and two reverse
readings were made of each angle, both horizontal and
vertical.
Vertical control was based on bench marks set by the
Bureau of Reclamation for use in its Bridge Canyon
investigations. That line of levels was a closed circuit,
carried in from the Coast and Geodetic Survey station
J-96, which is about 9 miles northwest of Peach Springs,
Ariz. The leveling for the 1948-49 survey was started
from bench mark 2-G, established by the Bureau of
Reclamation at the Lower Separation damsite, one of
the four sites investigated during the Bridge Canyon
investigations. The vertical control was carried along
the canyon near water level by means of differential
leveling.
The stadia traverse through the gorge indicated a
measurable difference between the datum used in the
Bridge Canyon investigations and the datum upon
which the elevations of the Fairchild stations are based.
It was found that the elevations obtained from the
Bridge Canyon datum were 0.94-1.80 feet lower than
the elevations determined from the Fairchild ties. The
Bureau of Reclamation earlier had found a difference of
1.1 feet, in the same direction, between the Fairchild
stations and the levels carried in from Coast and Geodetic Survey station J-96 for the Bridge Canyon investigations. These differences may be caused chiefly
by differential subsidence since the precise leveling to
station J-96 in 1935. That station is east of the Hoover
Dam level net and was not included in the releveling
subsequent to 1935. It is upon the Colorado Plateau
block, which is considered to be a remarkably stable
tectonic unit (p. 33). Thus these differences may be a
measure of the relative movement of the Lake Mead
region with respect to that block.
Differential subsidence is indicated also by a determination of the lake level near range 174 in Pierce
Basin, on March 13, 1949. As determined from the line
of levels carried down the canyon from bench mark 2-G,
the elevation of the lake was 0.56 foot lower than the
elevation shown by the gage at the dam. Assuming that
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A. THE TONTO PLATFORM
Fairchild triangulation stations used as control were located on this platform, the relatively flat area above first break in canyon walls.
Photograph by Bureau of Reclamation.

B.

SOUNDING OF CROSS SECTION AT RANGE 24

Instrumentman signals with white flag the instant sounding is to be taken and reads stadia distance. White
cross on canyon wall (indicated by arrow) marks end of range line.
Photograph by Bureau of Reclamation

PLATE 15
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there was no slope in the lake surface at that time of
low inflow, it appears that 0.56 foot was a measure of the
difference between the Bridge Canyon datum and the
gage datum at the dam. These discrepancies in datum
are small enough to be well within the limits of accuracy
of the methods used to determine sediment volumes and
residual storage capacity in Lower Granite Gorge.
Cross sections were taken along 175 sediment ranges,
which were spaced as deemed necessary to give representative sections and were generally 1,000-1,500 feet
apart. No sections were taken above the Bridge Canyon rapids, as visual observation indicated no sediment
deposit upstream from this point. All ranges cross
the canyon, and the zero end of each is on the left bank
of the river. Both ends of each range were marked
on the canyon wall above the high-water mark with a
white-painted cross. Plate 14 shows the locations of
several of the ranges.
Soundings below water surface were obtained by
means of a hand reel mounted on the front of the Pen
Yan inboard boat, and a sounding cable with a 30- or
50-pound weight attached. The 50-pound weight was
used in the faster water at the lower end of the canyon
section. Stadia distances from a point on shore to
the sounding boat were observed with a transit at the
time of each sounding. A skilled boatman was required to hold the boat on the range line as the boat
progressed slowly across the channel under its own
power (pi. 157?). The portion of the cross section
above the water surface and up to the maximum designed water-surface elevation of 1,229 feet was made
by conventional surveying methods, using both differential and trigonometric leveling, and stadia distances.
The elevations at the upper ends of the ranges were
determined by vertical angles in order to reduce the
number of instrument setups. Reference marks were
left at or near the ends of each range line. It is estimated that on a future survey a 4- or 5-man crew could
complete about 8 cross sections a day, now that the
horizontal and vertical control have been established
for the range lines.
The geodetic positions of the corners of each of the
original 5-minute topographic sheets of Lower Granite
Gorge were converted to coordinates based on the
transverse Mercator projection for Arizona, West
(Adams and Claire, 1935) and the transverse Mercator
grid was plotted on those sheets. Similar coordinates
were computed for all stadia traverse points and for
the Fair-child triangulation stations to which those
points were tied. Because each sediment range line included one of the traverse points, it was possible, after

plotting the positions of the points, to plot also the
location of each of the range lines. The transverse
Mercator projection was used on the river survey in
preference to the polyconic projection because of the
greater ease of computing coordinates of the many
traverse stations. It worked very nicely on this particular survey because the central meridian for Arizona, West—longitude 113 °45'—fell near the midpoint
of the Lowrer Granite Gorge section of Lake Mead.
The differences in plane azimuth and horizontal position found when the stadia traverses were tied to the
Fairchild triangulation net were generally not excessive. In most cases the difference in the plane azimuth was less than 1 minute of arc, and the differences
in the x and y directions of the coordinates were each
under 30 feet. The differences in plane azimuth were
adjusted back through each traverse before the coordinates of the stations were computed. The errors in
horizontal position of four traverse points were also
adjusted back through the traverses; but errors at
other points were too small to warrant adjustment, and
all the error was thrown in at the station where the tie
was made to the Fairchild net.
TOTAL VOLUME OF SEDIMENT

The cross section at each of the sediment ranges was
plotted upon cross-section paper, and the area for
10-foot increments in elevation from the top of the sediment deposit to the maximum designed water-surface
elevation of 1,229 feet was determined by planimeter
or by observation. The distances between ranges were
scaled along the original (preinundation) thalweg.
The storage volume remaining between each pair of
ranges was determined for each 10-foot zone by multiplication of the average of the cross-section areas
measured at the two ranges, and the distance between them (the "average end-area" method). The
total storage capacity remaining in Lowrer Granite
Gorge up to elevation 1,229 feet was 219,000 acre-feet.
Cross sections were taken from the topographic maps
for each of the ranges and plotted on the same crosssection paper, in order to showr a comparison between
the 1935 and 1948 surveys. Figure 15 shows cross
sections at four typical ranges as taken during this
survey, compared with those taken from the 1935 topographic maps of the Lake Mead area.
The agreement between the portions of the cross
sections above the sediment deposits is considered quite
satisfactory in view of the several factors that make
precise correspondence improbable. Appreciable dis-
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FIGURE 15,—Typical cross sections in Lower Granite Gorge, 1935 and 1948-49.
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crepancy is to be expected between canyon cross sections
prepared from the actual field data of a surveyed range
and cross sections obtained from the same range plotted
on a map of 1:12,000 scale, even if both the map and
the 1948 traverse were perfectly exact; both the plotting
of the range line and subsequent scaling of horizontal
distances thereon would be subject to errors as great as
20 feet, because the 1:12,000 map scale limits plotting
and scaling to this order of precision. Furthermore,
one should not expect too high a fidelity in the original
stereoscopic plotting of the extremely rugged terrain
that characterizes the Lower Granite Gorge area. In
places the canyon is so irregular that relatively small
horizontal shifts in the position of plotted ranges cause
material changes in cross sections along those ranges.
No effort was made to define from the cross-sectional
data the disparity between the 1935 and 1948 surveys.
However, it seems to be negligible for the canyon as a
whole in the light of evidence discussed elsewhere in
this report (p. 86).
The original storage capacity of Lower Granite
Gorge was computed by the Soil Conservation Service,
using the modified prismoidal (or prismatoid) formula,
T-r

h

in which V is the capacity in acre-feet, h is the contour
interval in feet, A is the area of lower contour in acres,
and B is the area of upper contour in acres. The volumes were computed by 10-foot lifts from the areas
enclosed by the 10-foot contours as determined from
the original topographic maps. By this method the
total original storage capacity (below elevation 1,229
feet) was computed to be 760,000 acre-feet.
The amount of sediment deposited in Lower Granite
Gorge since the closure of Hoover Dam was determined
by subtracting the remaining storage capacity (219,000
acre-feet) from the original. This difference amounted
to 541,000 acre-feet.
Because this computed sediment volume of 541,000
acre-feet represents the difference between volumes
computed respectively by the modified prismoidal
formula and the end-area method, an evaluation of its
accuracy requires a comparison of the two methods.
Therefore the capacities between the 1,180- and 1,190foot and between the 1,190- and 1,200-foot contours
on sheet 49 of the 1935 topographic map of Lake Mead
were computed by both methods. The average endarea method gave a slightly smaller volume in both
cases, approximately 11 percent less in the first case
and 8 percent less in the latter. Judging by this comparison, the computed sediment volume is not accurate

1948-49

beyond two places and should be rounded off to 540,000
acre-feet. Even so, this figure is probably a maximum,
and the true volume of sediments in Lower Granite
Gorge may be less by several thousands of acre-feet.
DISTRIBUTION OF SEDIMENT

The thickness of sediment varies from none at the
foot of the Bridge Canyon rapids at mile 235, to 16
feet at the Bridge Canyon damsite at mile 237.3, and
to a maximum depth of 270 feet near the junction of
the canyon section with the main lake at mile 278.
The variation in thickness of the sediment in Lower
Granite Gorge is presented graphically in figure 16,
which compares the original 1935 and the 1948-49
longitudinal profiles of the thalweg. Also shown on
this diagram is the approximate upper limit of sediment deposition in the gorge during 1948-49, based
on interpretation of the cross sections at the sediment
ranges.
The profile of the thalweg in 1948-49 had a uniform
slope of about 1.26 feet per mile in a 27-mile reach
below Separation Canyon (miles 242-269 below Lees
Ferry). Downstream from mile 269 toward Pierce
Basin, the slope of the thalweg profile increased to 2.2
feet per mile. This part of the gorge was surveyed
in the early part of 1949 as the level of Lake Mead
was declining toward the seasonal minimum of 1,145.5
feet (reached on April 15), and the increased slope
was doubtless achieved by erosion of the channel as
the water flowed toward the receding lake.
The apparent depression in the thalweg profile above
Separation Canyon (miles 240-235) is based on data
obtained in October 1948, several months after the
peak inflow, and when the lake level was about at
elevation 1,180 feet. The increased depth of channel
in this reach, more than 15 miles upstream from the
quiet lake water, may be analogous to the deepening
of channels following flood stages, noted in other
streams by Leopold and Maddock (1953).
The profile of highest sediment deposition also has
a slope of about 1.2 feet per mile east of mile 267.
Many of the highest sediment surfaces in the gorge
probably were formed in 1941 and 1942, when Lake
Mead reached maximum elevations of 1,220.4 and
1,213.5 feet respectively. Some sediment has been deposited above these highest lake levels east of the mouth
of Salt Creek (mile 255). The highest observed river
sediment is a bar at elevation 1,236 feet, on the right
bank of the canyon at sediment range 17 (mile 242).
Some of these high-level sediments are shown in plate
16, which offers views of the gorge upstream from
North Separation Canyon, in 1939 and in 1948. The
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A.

B.

IN 1939

IN OCTOBER 1948

VIEWS OF LOWER GRANITE GORGE UPSTREAM FROM NORTH SEPARATION CANYON

PLATE 16

ELEVATION, IN FEET
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zone between elevations 1,220 and 1,229 feet was occupied by 1,275 acre-feet of sediment in 1948-49.
The cross sections along the 175 sediment ranges also
provide a means of computing the area of the topset
beds of the delta that has been built by the Colorado
River since 1935 (Chapter N). On most of these cross
sections the width of the sediment deposit is apparent
by inspection. The area of sediment between each pair
of ranges was computed by multiplying the average
end-width by the thalweg distance between the ranges,
and the total area of the delta east of latitude 113°57'
was then derived. The total area thus computed
amounts to 4,360 acres.
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