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E. PRECISE LEVELING

By E. J. PARKIN, U.S. Coast and Geodetic Survey

The first geodetic leveling in the Hoover Dam area 
for the purpose of studying the expected deformation 
of the earth's crust caused by the tremendous load of 
impounded water was run in March and April 1935, its 
funds supplied by the Bureau of Reclamation. Because 
this leveling was run to establish a basic net that could 
be releveled to determine the actual amount of the 
movement, it was executed under special instructions 
stipulating a maximum tolerance of 3.0 mm \IK between 
the forward and backward runs (where K is the length 
of the section in kilometers), instead of 4.0 mm \jK, 
which is usual for first-order leveling. The 1935 level- 
ing was done at the time the reservoir had just begun 
to fill, and the elevations therefore represent the con- 
dition at the time of nearly minimum load.

The level net was rerun in October 1940 to April 
1941, also with the aid of Bureau of Reclamation funds. 
During the period, the water storage in the reservoir 
ranged from about 23.3 million to 24.5 million acre-feet, 
or about 85 percent of capacity. The latest leveling of 
the network was run, partly with Bureau of Reclama- 
tion funds, between December 1949 and July 1950. In 
those months the reservoir storage ranged from 17.5 
million to 20.8 million acre-feet, and thus was less at 
all times than during the 1940-41 leveling. Both the 
levelings of 1940-41_and 1949-50 were run with the same 
tolerance, 3.0 mm \IK.

ADJUSTMENTS

The network of leveling in 1935 was adjusted to the 
sea level datum of 1929 by holding fixed the eleva- 
tions resulting from previous adjustments for a ring 
of junctions on the perimeter of the net. This "supple- 
mentary" adjustment was made to obtain elevations 
consistent with the surrounding control, and the eleva- 
tions thus obtained are those which are published for 
use of the general public.

It was considered advisable, from the standpoint of 
future study, that a "special" adjustment should be 
made in which the elevations would be free of the 
effects of warping due to fitting to the older net. Ac- 
cordingly a second adjustment was made, in which only 
one elevation from the first adjustment was held fixed. 
The elevations resulting from this special adjustment

are the ones used as a basis for comparison with eleva- 
tions determined subsequently.

The total amount of leveling in the net in 1935 was 
711 miles, of which 83 miles of spur lines did.not enter 
into the adjustment. The average rate of distribution 
of adjustment corrections derived from the special ad- 
justment was 0.19 mm per kilometer. The maximum 
rate on a line of appreciable length was 0.39 mm per 
kilometer on a line 59 km long.

The leveling of 1940-41 followed as nearly as possible 
the same routes as the leveling of 1935. A new line in 
Arizona, extending from a point 15 miles north of 
Chloride to a point 6 miles west of Pattersons Well, was 
added to the net. Since the lake was filled nearly to 
capacity at the time of this leveling, it was necessary 
to install tide gages at four locations on the lake shore 
to provide connections for the lines across the lake.

To produce elevations for comparison with those of 
the 1935 survey, a special adjustment was made to the 
1940-41 net, holding fixed only the elevation of bench 
mark Rl (at Cane Springs, Nev.) derived from the 
special adjustment of the 1935 leveling. The two cir- 
cuits on either side of one line, formed by the water 
connection between the gages at Hualpai Wash and the 
Lake Shore mine and the leveling from that point to 
the junction 10 miles east of St. Thomas, Nev., showed 
closures of nearly 0.1 meter and of opposite sign. 
Since these closures are nearly twice the allowable 
limit, this line was omitted from the special adjust- 
ment.

The total amount of leveling in the 1940-41 net was 
715 miles, of which 117 miles, not included in the adjust- 
ment, is accounted for by spur lines and the omitted line. 
The average rate of the adjustment correction was 0.11 
mm per kilometer. The maximum rate was 0.25 mm 
per kilometer on a line 128 km long. After the com- 
pletion of the adjustment, the fitting of the omitted 
line required that a correction of 95.6 mm be distrib- 
uted in this 54-km line, yielding a rate of 1.77 mm per 
kilometer. The 3.0 \IK criterion would allow a rate of 
0.41 mm per kilometer on this line.

The latest leveling of the network was done in 1949- 
50 and covered substantially the same routes. Dur- 
ing this season's work the line in Arizona from a point
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10 miles south of Chloride via Kingman and Hack- 
berry to 6 miles west of Pattersons Well, as well as the 
spur line from Moapa, Nev., to Beaver Dam Creek, 
Ariz., were omitted. Tide gages were again operated 
to provide connections across the lake.

The "special" adjustment of the 1949-50 net to pro- 
vide elevations for comparison with previous work was 
made by holding fixed only one elevation. This was 
again the elevation of bench mark Kl at Cane Springs 
resulting from the "special" adjustment of the 1935 
leveling.

The total amount of leveling in the 1949-50 survey 
was 582 miles of which 39 miles of spur lines was not 
included in the adjustment. The average distribution 
rate was 0.14 mm per kilometer and the maximum on a 
line of appreciable size was 0.29 mm per kilometer on 
a line 29 km long.

It is to be noted that all three sets of elevations, de- 
rived from the "special" adjustments and used for pur- 
poses of comparison, are therefore based on the same 
elevation of bench mark Rl at Cane Springs, Nev.

HOOVER DAM LEVEL NET

The routes of the leveling that constitute the Hoover 
Dam net are shown on plate 3 except for the line

(added in 1940-41) from 15 miles north of Chloride to 
6 miles west of Pattersons Well. The locations of the 
bench marks to which levels were run in 1935 and again 
in 1940-41 are accurately plotted with their desig- 
nations. The figures given in parentheses are the dif- 
ferences in millimeters between the 1935 elevations and 
the elevations determined in 1940-41. In each case the 
elevation is derived from the appropriate "special" ad- 
justment. A negative sign with the difference indi- 
cates that the later elevation is less than the 1935 eleva- 
tion—that is, the mark has settled. Conversely, a plus 
sign indicates that the later elevation is greater. Be- 
cause of the high rate of correction distributed on the 
1940-41 leveling of the line from the Lake Shore mine 
to 10 miles east of St. Thomas, caution is advised 
against drawing definite conclusions from the diver- 
gences shown along this one line.

The figures in brackets given with the designations 
are the divergences between the 1935 elevations and 
those determined during the 1949-50 leveling, the ele- 
vations being those resulting from the "special" adjust- 
ments. As in the previous case, the negative sign in- 
dicates settlement of the mark and positive sign up- 
ward movement.


