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ORGANIZATION

The Boulder Canyon project, of which the Hoover Dam is the principal feature, is being
constructed by the Bureau of Reclamation, Department of the Interior, RAY LymMan WILBUR,
Secretary. All activities of the bureau are under the general supervision of Elwood Mead,
Commissioner, with headquarters at Washington, D.. C.  Engineering and construction are
under the direction of RW@??, with headquarters at Denver, Colo.,
and Walker R. Young, Construction Engineer, at Boulder City, Nev. The personnel of the
various offices is as follows:

Secretary’s office.—Ray Lyman Wilbur, Secretary; Joseph M. Dixon, First Assistant Sec-
retary; John H. Edwards, Assxstani"SE'cretary, E. C. Finney, Solicitor; E. K. Burlew, Adminis-
trative Assistant to the Secretary; Northcutt Ely, Charles A. Dobbel, and William A. DuPuy,
Executive Assistants.

Bureau of Reclamation, Washington office. —Elwood Mead, Commissioner; Porter W. Dent,
Assistant Commissioner; Miss Mae A. Schnurr, Assistant to the Commissioner; George O.
Sanford, Chief of the Engineering Division; Percy I. Taylor, Assistant Chief of the Engineering
Division; George O. Sanford, Acting Director of Reclamation Economics (Dr. Hugh A. Brown,
Director of Reclamation Economics, deceased), L. H. Mitchell, Assistant Director of Reclama-
tion Economics; W. F. Kubach, Chief Accountant; H. R. Pasewalk, Assistant Chief Accountant;
C. N. McCulloch, Chief Clerk.

At the Denver office, the assistants to the Chief Engineer are as follows: S. O. Harper,
Assistant Chief Engineer; John L. Savage, Chief Designing Engineer; William H. Nalder,
Assistant Chief Designing Engineer; E. B. Debler, Hydraulic Engineer; L. N. McClellan, Chief
Electrical Engineer; C. M. Day, Mechanical Engineer; Byram W. Steele, Engineer on Dams;
Ivan E. Houk, Research Engineer; Armand Offutt, District Counsel; L. R. Smith, Chief Clerk;
A. McD. Brooks, Purchasing Agent.

The field office for the Hoover Dam and power plant construction is located at Boulder City,
Nev., and is in charge of Walker R. Young, Construction Engineer. He is assisted by John C.
Page, Office Engineer; mwr?,—li‘s‘geid Engineer; Sims Ely, Boulder City Manager; Roy
B. Williams, Assistant Field Engineer; Earle R. Mills, Chief Clerk: J. R. Alexander, District
Counsel; and by R. J. Coffey, District Council at Los Angeles.

The Hoover Dam Consulting Board, acting in an advisory capacity on all matters pertaining
to the project, comprises Louis C. Hill, David C. Henny, William F. Durand, and F. L. Ransome.
Andrew J. Wiley, now deceased, was a member of the board up to October 8, 1931.

The Colorado River Board, appointed by Secretary Wilbur, with the approval of the
President, under authority of the joint resolution approved May 29, 1928, to examine the
proposed site of the dam to be constructed and review the plans and estimates made therefor,
comprised Maj. Gen..William L. Sibert, Cha.rman, Charles B ‘Berkey, Daniel W. Mead,
Warren J. Mead, and Rcber* Ridgway. =~ ... NS
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INTRODUCTION

In order to understand Hoover Dam one must understand the relation of the Colorado River
to the settlement and economic development of seven States of the arid region. A quarter of a
million square miles send their waters down this river. Eighty per cent of its flow comes from
two States, Wyoming and Colorado. Here are the lofty snow-capped mountains which furnish
the turbulent summer floods. -

The lower part of the river flows through the hottest and dryest part of the United States.
There are places where the annual rainfall is only three inches, where no rain falls in summer, and
where the existence of civilized life depends on ability to use the water of this river in irrigation.
Without irrigation the land bordering this river in Arizona and California is a hideous desert;
with irrigation it provides pictures of agricultural opulence not surpassed in any part of the world.

Without regulation the river has little value. The quick run-off, the absence of summer
rains, make any large irrigation development, any large power development, uncertain and
unprofitable, and it can not be depended on for the water supply of cities. Regulation of floods
by storage is therefore the basis of all safe and profitable development. That requires a reservoir
large enough to even out the variations of flow betwgen seasons, and also to regulate the varia-
tions in flow in different years. Such regulation i now imperative because 800,000 acres of
irrigated land and homes of 100,000 people depend on diversions made near the boundary
between the United States and Mexico, and because of the rapid extension of irrigation in the
Imperial Valley in California and in southwestern Arizona. These have created a demand for
water greater than the low water flow of the river. An increased supply of pure water is also
needed to supply the growing population of the cities and towns of southern California and the
orchards and gardens which surround them. These social and economic changes have led the
Federal Government to undertake to make available the entire flow of the river by building a
dam which in size and in its future influence on the well-being of a large part of the arid region,
is the most important undertaking now being carried on by the United States Government.
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PART I : ENGINEERING INVESTIGATIONS

SEARCH FOR THE MOST SUITABLE SITE FOR A RESERVOIR TO REGULATE THE
FLOW OF THE COLORADO

The United States Reclamation Bureau began its investigations of the Colorado River
Basin in 1904. After a prolonged study of the upper part of the main valley and principal
tributaries, the investigation shifted to the lower river. As a result, work was concentrated on
dam sites in Boulder and Black Canyons. Approximately half a million dollars were expended
between 1918 and 1924 in geological examinations and engineering studies of feasibility and
cost of the Boulder Canyon project.

The upper section of the river includes the section above Glenns Ferry or practically the
drainage area in the States of Wyoming, Utah, Colorado and New Mexico. The lower section
includes the drainage area below Glenns Ferry, or roughly, the States of Nevada, Arizona, and
California. The most suitable sites in the upper section were the Flaming Gorge on Green
River, with a capacity of 4,000,000 acre-feet, the Juniper on Yampe River, with a capacity of
1,500,000 acre-feet, and the Dewey, on Grand River, with a capacity of 2,270,000 acre-feet.
None of these reservoirs was large enough to serve as a regulator of the river’s low. They were
too remote from the place where regulation was most needed, and the use of Flaming Gorge as a
storage for irrigation would seriously interfere with its great value as a power site.

As a result of these upper investigations the choice narrowed down to the sites in Boulder
and Black Canyons in the lower section of the river where it was possible to build a dam which
would create a reservoir large enough to hold the entire flow of the river for two years, and being
below the large tributaries it would permit of an effective regulation of floods. Either of these
sites was near enough to the great power markets of southern California to make transmission
feasible, and each was in the center of mineralized country in Arizona and Nevada, in which
cheap power would be a great aid to development.

The sites in the upper section of the river had one advantage. During most of the year
the water which would flow into these reservoirs is clear. The tributaries of Green River have
flowed through morainal lakes in their channels for unnumbered centuries, with a reduction of
only a small fraction of their capacity. The heavy load of silt carried by the river in the lower
section makes it necessary to provide a large surplus capacity to care for this silt, but the serious-
ness of this is lessened by the fact that a number of storages for the development of power will
inevitably be built in the stream above, and so will help to solve the silt problem.

Black Canyon was finally chosen by A. P. Davis, Director of the Reclamation Bureau, and
this choice was approved by the following advisors to the Secretary of the Interior:

Hon. F. C. Emerson, Governor of Wyoming.

Prof. W. F. Durand, Stanford University.

Hon. J. G. Scrugham, Governor of Nevada.

Hon. James R. Garfield, former Secretary of the Interior.

Owing to the fact that the upper site in Boulder Canyon had been first approved, the name
Boulder Canyon was retained in the legislative act, although the selection had been shifted to
the Black Canyon site when this act was passed.” o
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GEOLOGY OF DAM AND RESERVOIR SITES

Black Canyon, the site of the Hoover Dam, has a width of from 290 to 370 feet at low-water
level, and from 850 to 970 feet at elevation 1,232, the crest of the dam The top of the canyon
walls is approximately 1,500 elevation. The foundation is a volcanic breccia or tuff, originally
an accumulation of fragments of many kinds derived from volcanic eruptions, and now trans-
formed into a well-cemented, tough, durable mass of rock standing with remarkably steep walls
and resisting the attack of weather and erosion exceedingly well. Material exposed from the
upper end to a point about a quarter of a mile below the dam site is mainly andesitic tuff-breccia.
Although the formation is somewhat jointed, the rock is well cemented, tough, durable, impervi-
ous, and an excellent material for tunneling, as well as for the foundation and abutments of a
high dam. This has been confirmed in a very satisfactory manner by the experience in driving
four 56-foot diameter tunnels, around the site and through the canyon walls, as it was not found
necessary to use any timbering for roof support.

Extensive geological investigations were made of the dam and reservoir sites by F. L.
Ransome, consulting geologist. He says that the “Dam Breccia” is excellent material upon which
to construct the highest dam in the world, and that the faults in Black Canyon are of such
character as to require very little attention in connection with engineering operations. These
faults are exposed on the canyon walls near the dam site, but none of them show any evidenee of
recent movement. Undisturbed potholes, crossed by faults, exist on the Arizona side, about 900
feet above the river, thus indicating no movement along the faults during the period in which
the river channel was lowered 900 feet by erosion.

The reservoir formed by the dam will be about 115 miles long, and the greater part of the
storage will be obtained in valleys of the Virgin River and Las Vegas Wash on the Nevada side,
and in the Detrital Valley on the Arizona side. The upper end of the reservoir is a narrow can-
yon, The major portion of the reservoir is a hilly basin of hard rock floored chiefly by gypsiferous
silty beds of the Muddy Creek formation and to a less extent by coarser detrital deposits of the
same or younger age. There is no evidence of the existence of any porous rock formations through

which water might escape.
TECHNICAL DESIGN STUDIES

The dimensions of Hoover Dam and appurtensnt works are of unusual magnitude, which
present many unusual problems to be solved in design, construction, and operation. In applying
previous theories and practices to the design and construction of 8 dam of such unprecedented
dimensions, great caution must be exercised. Development of new theoriee and practices
from fundamental data is necessary, and these must be checked, tested, and proved in every way,
in order that no mistakes may be made in their development or application, and that maximum
econamy consistent with permanence and absolute safety may be secured. Accordingly the
bureau has undertaken & program of research that will establish beyond queetion the suitability
and sufficiency of the methods of design and construction to be adopted.

Hoover Dam will be of the massive concrete arch-gravity type, sbout 730 feet high above
foundation rock, and having a thickness of 650 feet at the base. Water pressure on the upstream
face at the base of the dam will be about 45,000 pounds per square foot, and the total pressure
on the upstream face will be about three and a quarter million tons. This pressure will be trans-
mitted to and supported by the rock of the canyon walls and of the foundation under the dam. -
With such conditions existing, the amount and distribution of stresses in the dam and also in
abutments and foundation must be known with certainty. The dam must be so proportioned as
to support these tremendous loads with maximum safety and economy, with no possibility of
development of destructive stresses. '
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Technical design of the dam was largely a matter of mathematical analysis, supplemented
by model testing, but many problems of a research nature were involved. A satisfactory method
of analyzing stresses in massive arch dams was unknown, until a few years ago, when the Bureau
of Reclamation engineers evolved the trial load method of analysis. In connection with the
design of Hoover Dam, this method has recently been developed to a highly satisfactory working
state, and its accuracy and dependability have been established by field observations and
particularly by model tests.

Engineers of the bureau have analyzed and determined the effects of internal-temperature
variation, twist, shear, Poisson’s ratio, flow under stress, foundation and abutment deformation,
uplift pressure at the base, uplift pressure in the pores of the concrete, earthquake shock, and
spreading of canyon walls due to reservoir water pressure. They have determined the magnitude
and distribution of stresses in all parts of foundation and abutments under all conditions of load-
ing. Stress conditions caused by subcooling of the concrete during the hardening period, by
pressure grouting of the construction joints, and by other load conditions to be encountered
during construction have been investigated.

The program of arch-dam model testing that was started several years ago in cooperation
with the Engineering Foundation Arch Dam Committee has been considerably extended in
connection with design studies for the Hoover Dam. This testing program included the building,
testing, and analyzing of a concrete model of the Stevenson Creek test dam, a concrete model
of the Gibson Dam on the Sun River project, Montans, a plaster of Paris and celite model, and
also a soft-rubber model of Hoover Dam.

The plaster and celite model of the dam and a portion of the canyon walls was used in
studying the stress distribution and deformations of the dam under different conditions of
reservoir loading. It was built at the University of Colorado, Boulder, Colo., in the spring of
1931 and on a scale of 1 inch equals 20 feet. The reservoir load was applied to the model by
filling a rubber bag with mercury, the bag being braced against the upstream face of the model,
so that the mercury pressure corresponded to the water pressure on the real dam. All deforma-
tions, except twisting, were measured with one-ten-thousandth inch measuring dials. Results
of the model tests furnished very satisfactory confirmation of the trial-load stress analyses and
the special-stress studies.

The technical deeign of the dam was based on three fundamental requirements: (1) That
the dam should be of the massive arch-gravity type; (2) that the base of the dam should be
located wholly within the area bounded by the two adjacent fault lines in the canyon rock;
(3) that the maximam compressive stress in the dam should not exceed 30 tons per square foot.

Thirty-two different designs were made for study in selecting the final cross section and
plan. These included all practicable variations in horizontal curvature, many different thick-
nesses of cross section at all elevations, and various slopes of upstream and downstream faces.
Each design was analysed under both empty and full conditions of reservoir loading.

In their studies and investigations the engineers of the Bureau of Reclamation had the
assistance of Harold M. Westergaard and Dr. Frederick Vogt as consulting engineers. Mr.
Westergaard, an expert mathematician, made special studies of a highly technical nature in
comnection with the mathematical treatment of arch-dam designs. Doctor Vogt assisted in
condueting investigations and making tests on model arch dams, and assumed almost entire
execution of tests of model arch dams made in the laboratory of the University of Colorado.

HYDRAULIC RESEARCH

The enormous volume of water that must be handled in the operation of Hoover Dam and
appurtenant works, together with the high heads involved, presented extraordinary problems of
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SPILLWAYS

The design of the spillways, spillway channels, inclined shafts, diversion tunnels and outlet
works structures involved important problems in hydraulic research, many of which could not
be solved on the basis of existing hydraulic theory. Investigation by means of models was
necessary. The importance of the hydraulic research problems is shown by the fact that if the
spillways should ever discharge at full capacity the total energy involved would be eight times
as great as that developed by Niagara Falls.

Because of the great height of the dam (730 feet), the location of the power plant at the
upstream face of the dam, and the damage which might result should an abnormally large flood
overtop the dam, it was necessary to provide spillways of ample capacity. Securing a discharge
from side channel spillways sufficiently quiet to enter the inclined shafts without causing unde-
sirable disturbances in flow was a serious problem. The solution of this problem was aided by
means of models, the use of which was also helpful in determining the type of spillway.

The Colorado Agricultural College, Fort Collins, Colo., loaned its hydraulic laboratory to
the Bureau of Reclamation for making tests on spillway models. Various shapes of spillways
were investigated. The first to be studied was the glory-hole type, consisting of a vertical shaft
with funnel-shaped top. Tests showed that this type was not as desirable as the side channel
type. The first side channel spillway model had no gates and while it worked satisfactorily it
would have been expensive to construct on account of the excessive length of channel requried.
The second model of the same type was provided with a large Stoney gate at the upstream end
for regulation of flow. Under tests of this model, the conditions of flow were not satisfactory.
A model with gates on the crest, the adopted demgn, was next built and tested and was found
to provide satisfactory flow conditions.

Tests on the small model of the adopted design were closely checked on a larger model
constructed on a 1:20 scale on the Uncompahgre. project at Montrose, Colo. Studies of the
action of water as it will pass through the inclined shaft connecting the side channel with the
diversion tunnel were also made by models, particular attention being given to the hydraulic
conditions of flow at the vertical bend between the inclined shaft and the horizontal tunnel.
A transparent celluloid pipe in which action of the water could be observed was used in these

experiments.
EROSION OF TUNNEL LINING

The concrete lining in the spillway tunnels must withstand the flow of water at unprece-
dented velocities without excessive erosion. Under extreme flood conditions the maximum
velocity will be approximately 175 feet per second. Consequently it was considered imperative
that actual tests be made to determine the effects of high velocities of water under conditions
that might exist in the tunnels. Tests were made on concrete specimens, usually 18 by 18 inches
square and 6 inches thick. These specimens were cast in Denver and shipped to the Guernsey
Dam, on the North Platte project in Nebraska-Wyoming, where they were tested at a small
experimental plant erected for the purpose. The blocks were subjected to the action of a con-
tinuous stream of water from a l-inch nozzle at velocities ranging from 100 to 175 feet per
second, and inclined at various angles to the surfaces under test. The tests indicated that the
tunnel lining will resist erosion under maximum discharge velocities, but emphasized the im-
portance of good alinement and smooth surfaces. :

OUTLET WORKS

The plan of using vertical intake towers located above the dam to control the flow of water
to the power-plant turbines and needle-valve outlets necessitated the testing of & model of these
towers to investigate hydraulic flow conditions and to determine the shape and: proportions of
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openings to minimize losses of head. A model was constructed on a scale of 1:64, testing of
which led to important improvements in the hydraulic design and established the fact that an
extensive air-vent system, which had been included as a feature of design was unneceesary,
thereby effecting a large saving in cost.

Outlet pipes and penstocks, unprecedented in size, will be constructed of welded plate steel,
arranged in four similar systems and installed in concrete-lined tunnels. In each of the four
systems the maximum discharge will be about 33,500 second-feet, which will mean a velocity of
47% feet per second in the main header pipes. Under the most severe conditions as to water ham-
mer the conduits will operate under internal water pressure of about 300 pounds per square inch.
To determine the pressure rise due to water-hammer under these conditions required extensive
original research.

A model of one of the outlet systems was built, and hydraulic Josses and flow conditions were
determined by means of pressure measurements. A transparent model of one branch connection
was made and tested visually for flow conditions.

Discharges from the reservoir for uses other than development of electrical energy will be
controlled by large balanced needle valves. Some valves discharge into the open from canyon-
wall houses, while others discharge into the inner diversion tunnels. Valve discharge into tunnels
effects a large economy in length of outlet pipes and provides a considerable portion of the outlet
capacity, which can be operated without causing objectionable spray conditions adjacent to the
power plant, where high-voltage conductors will be installed. Correct arrangement of these
valves to avoid objectionable conditions from the standpoint of flow and erosion of comcrete
could only be determined by model testing. Models of valve settings and tunnels were therefore

made and tested.
OUTLET PIPES AND PENSTOCKS

Many unusual problems were presented in designing the outlet pipe and penstock systems.
There were no precedents for handling the quantities of water involved under such high pres-
sures. The narrowness of Black Canyon precluded taking outlet pipes through the dam, and
made it necessary to carry them in tunnels in the canyon walls. A tentative plan given first
consideration was to carry the water in concrete-lined tunnels. After careful studies of the
stresses that would be developed in the rock of the canyon walls it was concluded that this would
not be safe construction. Other studies showed that it was not economically feasible to make
the concrete-lined tunnels positively water-tight by steel reinforcement in the concrete, or by
placing continuous welded-steel lining against the inner surface of the concrete lining. Accord-
ingly, the plan of constructing welded plate-steel pipes in the tunnels with sufficient plate thick-
ness to support the full hydrostatic pressures was adopted, thereby insuring full strength and
water-tightness and providing space in the tunnels surrounding the pipes for 1nspectlon and

maintenance.
CONCRETE INVESTIGATIONS

The engineers of the Bureau of Reclamation have the advice of a Concrete Research Board
in solving numerous important concrete problems. Membership of the board is as follows:
Dr. P. H. Bates, chief of cement division, Bureau of Standards, Washington, D. C., chairman;
F. R. McMillan, director of research, Portland Cement Association, Chicago, Ill.; Prof. H. J.
Gilkey, University of Colorado; Prof. Raymond E. Davis, University of California; and Prof.
William K. Hatt, Purdue University.

Massive concrete in large dam construction where the dimensions of the structure are of the
order of several hundred feet and where the aggregate varies from fine sand to 9-inch cobbles,
presents problems hitherto unsolved in the science and art of cencrete design. In ordinary con-
crete construction the maximum size of aggregate is about 1% inches. The unprecedented
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magnitude of the Hoover Dam, with its 3,400,000 eubic yards of conerete, and the requireinent
for absolute safety and permanence in this monumental structure make the solution of these
mass eoncrete problems more important than in any dam hitherto constructed.

Heat generation in concrete during the hardening period, which causes volume changes in
the concrete, has constituted a major portion of the bureau’s concrete research program. In a
massive structure such as Hoover Dam, the control of volume changes is of utmost importance.
The law of heat dissipation or cooling of masses is that the time required for cooling is proportional
to the square of the dimensions. If Hoover Dam was built without control of the rate of placing
and without special provision for cooling the concrete, the setting heat would probably not be
digsipated for several hundred years, during which time destructive volume changes would take
place, resulting in undesirable and possibly dangerous open joints or cracks in the mass.

These conditions caused the reclamation engineers to provide two new and special features
in the design of the dam: First, circumferential construction joints in addition to the usual radial
contraction joints, thereby dividing the mass into a series of approximately square columns or
blocks; and, second, a complete artificial cooling system consisting of pipes embedded in the
concrete through which cold water will be circulated. This cooling system will lower the tem-
perature to normal and cause the resulting volume change to take place during the construction
period, so that the joints between the columns, which will be opened as the concrete cools and
eontracts, may be filled with cement grout forced into place under pressure before the strueture
i8 placed in service. Extensive pioneer research was required in order to intelligently study and
effictently solve these problems.

All properties of cement, both chemical and physical, must be exhaustively studied in order
that a type of cement with controlled and known heat evolution may be specified. The Univer-
sity of California at the Engineering Materials Laboratory at Berkeley, Calif., has assisted in
researches into the properties of cement. The prineipal cement companies in southern California
have also ecooperated in this work. The Bureau of Standards has also investigated the properties
of various brands of commercial Portland cement. Cement investigations have involved a study
of approximately 100 different cements, and have included tests on more than 15,000 specimens.
Studies have been made of the effect of chemical composition; fineness of grinding; and, to a
limited extent, the effect of manufacturing processes upon heat generation, volume changes,
strength and durability. At the Bureau of Reclamation cement laboratories in Denver, Colo.,
these studies have been supplemented by tests on mass concrete. Theoretical computations
and laboratory tests have been supplemented by studies of the available records of heat develop-
ment and volume changes in concrete dams previously built and by field tests on the concrete
in the 405-foot Owyhee Dam in Oregon, completed by the bureau in July, 1932. These tests
were started while the dam was under construction and are being continued througheut the
cooling and pressure grouting periods. Concrete cores across contraction joints have been drilled
in the interior of the Gibson Dam, on the Sun River project, Montana, from which the actual
joint opening and efficiency of the pressure grouting could be determined. At the Owyhee
Dam special instruments were developed and installed in the mass concrete te accurately measure
the volume changes.

Many other important problems in concrete researeh have been solved in the two large
and adequately equipped Bureau of Reclamation laboratories in Denver, with the assistanoe of
the other cooperating agencies. At Denver, test specimens in great number, varying in size
from 3 inches in diameter and 6 inches in length to 36 inches in diameter and 72 inches in length
have been manufactured and tested. Among other equipment is a 4,000,000-pound hydraulic
compression testing machine. At the contractor’s concrete-mixing plant at the damsite the
bureau has maintained a laboratory where tests have been carried on in conneetion with concrete
lining of the diversion tunnels,
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From the investigations carried on at the University of California, the mest promising
cements were selected for further and final tests at the Denver laboratories. The bureau
engineers, with the advice and assistance of the Concrete Research Board, then wrote a set of
specifications covering the requirements for construction of the Hoover Dam, power plant, and
appurtenant works. The board in a report emphasizing the need for a new cement specification
for the Hoover Dam work said:

The unprecedented height of Hoover Dam, the rapidity of its construction, and the climatio eonditions
prevailing at the site of the work introduce problems of unusual character in design and construction. This is
true particularly with respect to the generation of heat by hydration of the cement in the concrete mass. The
expansion during the heating period subsequently changing to contraction during cooling has eaused cracks in
many concrete dams built during the last 20 years. It is of the utmost impartance that eracking of concrete be
avoided in the Hoover Dam and one of the principal means to that end is the use of a cement particularly suited
to the requirements of the work. This fact necessitates the drafting of a cement specification more compre-
hensive and more restrictive in its provisions than is provided by existing standard specifications.

The specifications embrace two types of cement, one of low-heat properties (type A) and
the other of moderate-heat properties (type B). The proportionate requirement for each type
of cement is not definitely known, and determination of this division may be dependent on
experience gained during the first year’s construction operations. It is not anticipated that the
requirement for type B cement will exceed 25 per cent of the total cement requirement (after
July 1, 1933) of about 4,000,000 barrels, or that type B cement will be used in any appreciable
amount, if at all, during the summer season. The contractors expect to begin placing mass
concrete in the dam by July 1, 1933. Samples of cement obtained at the mills are tested and
analyzed at one of the Bureau of Standards laboratories. The Bureau of Reclamation is
constructing a cement-blending plant at Boulder City for blending cements of the same type but
originating from different mills, and for combining cements of the two types in any desired
proportions.

The Engineering News-Record in discussing the new cement specifications said:

Above all, the Hoover Dam specification is welcome because it will bring a new and potent inspiration to
the art and industry of cement making. There has long been crying need for such inspiration; art and industry
alike have suffered from being centered all too much on production, too little on how cements might be made of
broadest service to man. Hspecially in the preeent era of industrial stress can this inspiration exercise momentous
influence by shaping thought and practice, by reorienting the industry, and by revitalising the art of concrete
making and use.

The tentative specifications have been sent to the following cement companies for their
comments: Monolith Portland Cement Co., Los Angeles; Southwestern Portland Cement Co.,
Los Angeles; California Portland Cement Co., Los Angeles; Yosemite Portland Cement Cor-
poration, San Francisco; Pacific Portland Cement Co., San Francisco; Santa Cruz Portland
Cement Co., San Francisco; Calaveras Cement Co., San Francisco; Henry Cowell Lime &
Cement Co., San Francisco; Utah-Idaho Cement Co., Ogden, Utah; Union Portland Cement
Co., Denver; Idaho Portland Cement Co., Pocatello, Idaho.

The tentative specifications are as follows:
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TENTATIVE SPECIFICATIONS FOR PORTLAND CEMENT FOR HOOVER DAM,
POWER PLANT, AND APPURTENANT WORKS

Denver, Colo., November 2, 1932
GENERAL

1. Purpose.—These specifications cover the requirements for cement for construction of the
Hoover Dam, power plant, and appurtenant works, or any part thereof.

2. References.—Those, parts of Federal Specifications SS-C-191 for Portland cement,
dated October 14, 1930, and Paper No. 21, Portland Cement Association Fellowship, on “Calcu-
lation of the Compounds in Portland Cement,” referred to herein shall form a part of these
specifications. _

3. Definition and types.—Portland cement purchased under these specifications shall be the
product obtained by finely pulverizing clinker produced from an intimate and properly propor-
tioned mixture of materials selected to give the properties hereinafter specified, with no addition
subsequent to calcination excepting water and/or uncalcined gypsum. Portland cement shall be
of the following types, as specified:

(A) Type A cement.—Type A cement shall be a Portland cement of low heat evolution as
fully defined in the detailed requirements included herein.

(B) Type B cement.—Type B cement shall be a Portland cement of moderate heat evolution,
as fully defined in the detailed requirements included herein.

4. Patents and/or copyrights.—The contractor shall hold and save the Government, its
officers, agents, servants, and employees, harmless from liability of any nature or kind, including
costs and expenses, for or on account of any copyrighted or uncopyrighted composition, secret
process, patented or unpatented invention, article, or appliance manufactured or used in the per-
formance of this contract, including their use by the Government, unless otherwise specifically
stipulated in this contract.

DETAIL REQUIREMENTS FOR TYPE A CEMENT
b..Chemical composition.—The following limits shall not be exceeded:

Per cent
Loss on ignition._ . a e cecemmmccacoan- 3. 00
Insoluble residue - - e eccemececeme————— . 50
Sulphuric anhydride (S803) - - oo e m e cmmmmememmm————— 2.00
Magnesia (MgO) .. e mmmmmmm——————————— 4 00
Uncombined lime (Ca0) . _ - e 1. 60

The ratio of the percentage of iron oxide to the percentage of aluminum oxide shall not exceed 1.5.
6. Compound composition.—The theoretical compound composition when computed accord-
ing to the method described in paragraph 25 shall be within the following limits:
Dicalcium silicate (2Ca80:8i0y) .« o o oo oo e eeee——————m Not over 60 per cent.
Tricalcium aluminate (3Ca0.Al304) - - - o e eceeem e Not over 5 per cent.
Note.—Final specifications may include limits on tricalecium silicate and tetracalcium aluminoferrite of
approximately 35 and 20 per cent, respectively.
7. Fineness.—The specific surface of the cement shall be not less than 1,300 nor more than
1,700 square centimeters per gram.
NoTte.—The above limits are roughly equivalent to finenesses of 87 and 97 per cent passing the No. 200-
mesh sieve, respectively. The specific surface limits specified are based on determinations using the microneter

apparatus of the Riverside Cement Co. of Riverside, Calif. The finenesses are not likely to be changed although
the specified values may be altered to correspond with values obtained by the turbidimeter method deecribed in

_}Lnuuti){aﬁﬁ O 51‘?;5}1(:
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26. Plang have been made for the Bureau of Standards, the Bureau of Reclamation, and the Uni-
versity of California to determine independently the relation between experimental specific surface values
obtained by the use of the turbidimeter and the microneter.

8. Soundness.—A pat of neat cement shall remain firm and hard and ahow no signs of dis-
tortion, cracking, checking, or disintegration in the steam test for soundness.

Nore.—In the final specifications a neat cement and/or mortar bar, approximately 1 by 1 inch by 6 inches,
for length measurements before and after exposure to the steam, may be substituted for the conventional neat
cement pat. )

" 9. Time of setting.—The cement shall not develop initial set in less than 1 hour and 45
minutes when the Gillmore needle is used. Final set shall be attained within 10 hours.

10. Compressive strength.—The average compressive strength in pounds per square inch
of not less than 3 concrete cylinders (see par. 31 (A)) for each age of test, composed of 1 pa.rt of
cement and 5.2 parts by weight of Hoover Dam aggregate graded to %-inch maximum size as
hereinafter specified shall be equal to or higher than the following:

Atgt“ Storage of specimens compmsli"
8
(days) (Lbs.”n.’)
7 | 1 day in moist air, 6 days in waterorfog._ .. ... _._____. 1, 000
28 | 1 day in moist air, 27 days in water or fog.- .- _____ 2, 000

The average compressive strength at 28 days shall be at least 50 per cent higher than the
strength at 7 days.

11, Heat of hydration.—The cumulative heat of hydration as determined by the heat of
solution method (see par. 32) shall not exceed the following:

(dﬁg) Heat of hydration

7 | 60 calories per gram.
28 | 70 calories per gram.

12. Temperature of cement.—The temperature of the cement at time of delivery shall not
exceed 135° F. during the months of May to September, inclusive.

DETAIL REQUIREMENTS FOR TYPE B CEMENT

13. Chemical composition.—The following limits shall not be exceeded: Per oent
Loss on ignition. e cccdcmeccas 300
Insoluble residue. .ol . 50
Sulphuric anhydride (SOg) oo e mccmcemmcmmm————— 2. 00
Magnesia (MgO).__________ e 4 00
‘Uncombined lime (CaQ)._ e cmccmemmm—————e 1. 50

The ratio of the percentage of iron oxide to the percentage of aluminum oxide shall not
exceed 1.5.

14. Compound composition.—The theoretical compound composition when computed
according to the method described in paragraph 25 shall be within the following limits:

Tricalcium silicate (3Ca0-8i0s) oo oo oo e cmaeem Not over 60 per cent
Tricalcfum aluminate (8Ca0. AlyOy) . oo oo cceeeeeeeem Not over 8 per cent

Digitized by ‘E(}é‘?@i k:
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15. Fineness.—The specific surface of the cement shall be not less than 1,200 nor more
than 1,600 square centimeters per gram.

Norz.—The above limits are roughly equivalent to finenesses of 85 and 95 per cent passing the No, 200-mesh
sleve, respestively. See also note attached to paragraph 7.

16. Soundness.—A pat of neat cement shall remain firm and hard and show no signs of
distortion, cracking, checking, or disintregation in the steam test for soundness.

Note.—See note attached to paragraph 8.

17. Time of setting.—The cement shall not develop initial set in less than 1 hour and 45
minutes when the Gillmore needle is used. Final set shall be attained within 10 hours.

18. Compressive strength.—The average compressive strength in pounds per square inch
of not lees than 3 concrete cylinders (see par. 31 (A)) for each age of test, composed of 1 part of
cement and 5.2 parts by weight of Hoover Dam aggregate graded to ¥-inch maximum size a
hereinafter specified shall be equal to or higher than the following:

Age at Comspressive
Staorage of specimens
) v ]
7 | 1 day in moist air, 6 days in water or fog_ - ccoccceaao 2, 000
28 | 1 day in moist air, 27 days in water or {0g-<cccccancaa-. 3, 000

The average compressive strength at 28 days shall be higher than the strength at 7 days.

19. Heat of hydration.—The cumulative heat of hydration as determined by the heat of
solution method (see par. 32) shall be greater than 70 calories per gram at 7 days and less than
100 calories per gram at 28 days.

SAMPLING AND INSPECTION

20. Test samples.—Samples for testing in accordance with the methods hereinafter pre-
scribed may be individual or composite samples. Each test sample shall weigh at least 5 pounds.
Every facility shall be provided the Government for careful sampling and inspection at the mill.
At least 14 days from the time of sampling shall be allowed for completion of all 7-day tests
and at least 35 days shall be allowed for the completion of all 28-day tests.

(A) Bulk cement.—Samples of bulk cement shall be taken at the mill and one test sample
shall represent each 400 barrels unless otherwise specified by the contracting officer.

(B) Sacked cement.—Samples of sacked cement shall be taken at the mill or from cars. If
sampled at the mill, one composite test sample shall be taken to represent not more than 200
barrels unless otherwise specified by the contracting officer. If sampled iu cars, one sample
shall be taken from 1 sack in each 40 sacks (or 1 barrel in each 10 barrels) and combined to form
one test sample to represent 50 barrels.

21. Method of sampling at the mill.—Unless otherwise specified by the contracting officer,
the sampling of cement at the mill shall be from the conveyor delivering to the bin. Samples
may be secured by taking the entire test sample at & single operation, kmown as the ‘“‘grab
method,” or by combining several portions taken at regular intervals, known as the “composite
method.” The sampling shall be done by or under the direction of a responsible representative
of the Government.

22. Treatment of sample.—Samples shall be shipped and stored in moisture-proof, air-
tight containers.

23. Storage.—The cement shall be stored in sealed westher-tight bins which will suitably
protect the cement from dampness.
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24. Rejection.—Cement will be rejected if it fails to meet any of the requirements of these
specifications. Cement remaining in storage prior to shipment for a period greater than six
months after test shall be retested. Cement failing to meet the test for soundness in steam may
be accepted if it passes a retest using the original sample at any time within 28 days thereafter.
The provisional acceptance of the cement at the mill shall not deprive the Government of the
right of rejection on a retest of soundness and time of setting at the time of delivery of cement

to the Government at destination.
TESTS

256. Chemical analysis and compound composition.—The method of chemical analysis
shall be as specified below. The method of compound computation from the chemical analysis
shall be the method outlined by Bogue in Paper No. 21, Portland Cement Association Fellow-
ship, on “Calculation of the Compounds in Portland Cement.” Compound percentages shall
be computed to the nearest one-tenth of 1 per cent and reported to the nearest 1 per cent.

(A) Loss on ignition.—One gram of cement shall be heated in a weighed covered platinum
crucible, of 20 to 25 ¢ c capacity, as follows, using either method (1) or (2) as specified:

Method (1).—The crucible shall be placed in a hole in an asbestos board, clamped hor-
izontally so that about three-fifths of the crucible projects below, and blasted at a full red heat
for 15 minutes with an inclined flame; the loss in weight shall be checked by a second blasting
for 5 minutes. Care shall be taken to wipe off particles of asbestos that may adhere to the
crucible when withdrawn from the hole in the board. Greater neatness and shortening of the
time of heating are secured by making a hole to fit the crucible in a circular disk of sheet platinum
and placing this disk over a somewhat larger hole in an asbestos board.

Method (2).—The crucible shall be placed in a muffle at any temperature between 900°
and 1,000° C. for 15 minutes and the loss in weight shall be checked by a second heating for
§ minutes.

(B) Insoluble residue.—To a 1-g sample of cement shall be added 25 ¢ ¢ of water and 5 ¢ ¢
of concentrated hydrochloric acid (specific gravity 1.19). Material shall be ground with the
flattened end of a glass rod until it is evident that the decomposition of the cement is complete.
The solution shall then be diluted to 50 ¢ ¢ and digested on a steam bath for 15 minutes. The
residue. shall be filtered, washed with cold water, and the filter paper and contents digested in
about 30 ¢ ¢ of a 5 per cent solution of sodium carbonate, the liquid being held at a temperature
just short of boiling for 15 minutes. The remaining residue shall be filtered, washed with hot
water, then with a few drops of hot hydrochloric acid (1:9), and finally with hot water, then
ignited at a red heat and weighed as the insoluble residue.

(C) Sulphuric anhydride.—To a 1-g sample of cement shall be added 25 ¢ ¢ of waterand 5¢c ¢
of concentrated hydrochloric acid (specific gravity 1.19). Material shall be ground with the
flattened end of a glass rod until it is evident that decomposition of the cement is complete. The
solution shall be diluted to 50 ¢ ¢ and digested on a steam bath for 15 minutes, filtered, and the
residue washed thoroughly with hot water. The solution shall be diluted to 250 ¢ ¢, heated to
boiling, and 10 ¢ ¢ of a hot 10 per cent solution of barium chloride shall be added slowly, drop
by drop from a pipette and the boiling continued until the precipitate is well formed. The
solution shall then be digested on the steam bath at least three hours, preferably overnight. The
precipitate shall be filtered, washed, and the paper and contents placed in a weighed platinum
crucible and the paper slowly charred and consumed without flaming. The barium sulphate shall
then be ignited and weighed. The weight obtained multiplied by 34.3 gives the percentage of
sulphuric anhydride. The acid filtrate obtained in the determination of the insoluble residue
may be used for the estimation of sulphuric anhydride instead of using a separate sample.

150621—33—3
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(D) Uncombined lime.—One gram of the cement shall be ground to an impalpable powder
and transferred to a 200 ¢ ¢ Erlenmeyer flask, which has previously been dried in an electric oven
to remove all traces of moisture. To this shall be added 60 ¢ ¢ of standard alcoholic glycerin
solution, and 1 gram of anhydrous barium chloride which as been dried in the electric oven at
800° C. Shake the materials well in order to disperse the cement in the solution. Insert a
water or air reflux condenser in the neck of the flask and boil the mixture on the hot plate.
Titrate the solution with standard 0.2N alcoholic solution of ammonium acetate at 20 to 30
minute intervals until there is no further color change. After the end point has been reached,
the flask and contents shall be subjected to a further boiling until no perceptible color change is
noticed after 1 hour’s continued boiling. The percentage of uncombined lime shall then be
calculated by multiplying the number of ¢ ¢ of standard ammonium acetate solution used by the
calcium oxide titer times 100. The standard solutions shall be prepared as follows:

(1) Glycerol alcohol solution. —Prepare a solution consisting of 1 part by volume of U. S. P.
glycerol and 5 parts by volume of absolute ethyl alcohol or anhydrous alcohol denatured in accord-
ance with formula 3-a or formula 2b of the Bureau of Internal Revenue. To each liter of this
solution add 2 ¢ ¢ of an indicator prepared by dissolving 1 gram of phenolthalein in 100 ¢ ¢ of
absolute alcohol.

Note.—It is essential that the glycerol-alcohol solution be neutral to the indicator. If the solution is eolor-
less, add a dilute alcoholic solution of sodium or potassium hydroxide until the pink color appears, and just remove
this by a drop of an alcoholic solution of ammonium acetate. If the initial color is pink, just remove by the alco-
holic solution of ammonium acetate.

(2) Approximately 0.2N alcokolic solution of ammonium acetate.—Dissolve 16 g of crystalline
ammonium acetate in 1 liter of absolute ethyl alcohol or anhydrous alcohol denatured by formula
3-a or formula 2-b. Standardize this solution by titrating against pure calcium oxide which
has been freshly prepared by calcining pure calcite or calcium oxalate in a platinum crucible at
900° to 1,000° C. to constant weight.

(E) Stlica.—Five-tenths grams of the finely powdered cement shall be transferred to an
evaporating dish, preferably of platinum for the sake of celerity in evaporation, moistened with
enough water to prevent lumping, and 5 to 10 ¢ ¢ of strong hydrochloric acid added and digested
with the aid of gentle heat and agitation until solution is complete. Solution may be aided by
light pressure with the flattened end of a glass rod. The solution shall then be evaporated to
dryness, or as far as this may be possible on the bath. The residue without further heating
shall be treated at first with 5 to 10 ¢ ¢ of strong HCl which is then diluted to half strength or
less, or upon the residue may be poured at once a larger volume of acid of half strength. The
dish shall then be covered and digestion allowed to go on for 10 minutes on the bath, after which
the solution shall be filtered and the separated silica washed thoroughly with water. The filtrate
shall again be evaporated to dryness, the residue being baked in an oven one hour at a tempera-
ture of about 110° C. or less. The residue shall then be taken up with 10 to 15 ¢ ¢ of dilute
hydrochloric acid (1:1) heated on the hot plate and the small amount of silica it contains shall be
separated on another filter paper. The papers containing the residues shall be transfererd to
a weighed platinum crucible, dried, ignited first over a Bunsen burner until the carbon of the
filter paper is completely consumed without flaming, and finally over a blast burner or in an
alectric oven at 900° to 1,000° C. until constant weight. The silica thus obtained will contain
small amounts of impurities. It shall then be treated in the crucible with about 10 ¢ ¢ of hydro-
fluoric acid and 4 drops of sulphuric acid and evaporated over a low flame to complete dryness.
The small residue shall be finally blasted for a minute or two, cooled and weighed. The difference
between this weight and the weight previously obtained gives the amount of silica. Washing
of the silica precipitates can be made more effective by using a hot solutiou of dilute hydro-
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chloric acid (1:99), and then completing the washing with hot water, The weighed residue
remaining after volatilization of the silica shall be taken up with dilute hydrochloric acid and
added to the filtrate from the silica precipitation or may be considered as combined aluminum and
ferric oxides and added to the result obtained from that determination.

(F) Ferric oride and alumina.—The filtrate, about 250 ¢ ¢ from the second evaporation for
SiQ, after adding hydrochloric acid if necessary to insure a total of 10 to 15 ¢ ¢ of strong acid and
a few drops of methyl red indicator, shall be treated with NH,OH, drop by drop, until one drop
changes the color of the solution to a distinct yellow. The solution containing the precipitated
iron and aluminum hydrates shall be brought to a boil, washed once by decantation and slightly
on the filter. Setting aside the filtrate, the precipitates and filter paper shall be transferred to
the same beaker in which the first precipitate was effected. The iron and aluminum hydrates
shall then be dissolved in hot dilute hydrochloric acid, the solution made up to about 100 ¢ e,
and the hydrates reprecipitated as in the first case. The precipitates shall then be washed with
two 10 ¢ c¢ portions of a hot 2 per cent solution of ammonium chloride, placed in & weighed
platinum crucible, slowly heated by a Bunsen burner until the papers are charred, and finally
ignited for ﬁve minutes with care to prevent reduction, and weighed as Al;0;+ Fe,0;,

(@) Ferric oxride.—The combined ferric and aluminum oxides shall be fused in a plstmum
crucible at a very low temperature with about 3 or 4 g of potassium bisulphate, until all the
oxides are dissolved. The melt shall be allowed to cool, and taken up with so much dilute sul-
furic acid, that there shall be no less than 5 g absolute acid and enough water to effect solution
on heating. The solution shall then be evaporated and eventually heated until acid fumes come
off copiously. After cooling and redissolving in water the small amount of silica that may separate
shall be filtered out and corrected by hydrofluoric acid and sulfuric acid. The filtrate shall then
be reduced by zinc, using either a gas bottle or a reductor, and titrated with permanganate,
The strength of the permanganate solution shall not be greater than 0.0040 g of ferric oxide..

Note.—For analytical purposes any small amounts of manganese shall be calculated as manganese oxide
and added to the percentage of alumina, whereas titanium shall be considered as ferric oxide. Sodium oxalate
shall be used in the standardization of all permanganate solutions. The small percentage of SiOy which may

separate from solution after the bisulphate fusion shall be added to the percentage of silica and reported as such,
after purification with hydrofluoric acid.

(H) Calcium oxide.—To the combined filtrates from the alumina and ferric oxide precipita-
tion shall be added a few drops of NH,OH and the solution brought to boiling. To the boiling
solution shall be added 25 c c of a saturated solution of ammonium oxalate, the boiling being
continued until the precipitated calcium oxalate assumes a well-defined granular form. It shall
then be allowed to stand for 20 minutes or until the precipitate has settled, filtered, and washed
with hot water. The filter paper containing the precipitate shall then be placed wet in a platinum
crucible and the paper burned off over the small flame of a Bunsen burner. The precipitate
shall then be ignited, redissolved in HCI and the solution made up to 100 ¢ ¢ with water. Am-
monia shall be added in slight excess and the solution brought to a boil. If a small amount of
alumina separates at this point it shall be filtered out, weighed, and the amount added to that
found in the original alumina determination. The lime shall then be reprecipitated by ammonium
oxalate, allowed to stand until settled, filtered, washed, care being taken to avoid an excess of
water, and finally weighed as the oxide after ignition and blasting to constant weight in a weighed,
covered platinum crucible.

(I) Magnesia.—The combined filtrates from the calcium precipitation shall be acidified
with HCl and concentrated to about 150 ¢ ¢. To this solution shall be added about 10 ¢ ¢ of
diammonium phosphate solution (25 g of the salt per 100 ¢ ¢ of water) and the solution boiled
for several minutes. The solution shall then be cooled by placing in a beaker of ice water. After
cooling, NH,OH shall be added drop by drop with constant stirring until the crystalline am-

T
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monium-magnesium orthophosphate begins to form, and then in moderate excess (5 to 10 per
cent of the volume of the solution), the stirring being continued for several minutes. It shall
then be set aside for several hours in a cool atmosphere and filtered. The precipitate thus ob~-
tained shall be redissolved in hot dilute HCI, the solution made up to about 100 ¢ ¢, 1 ¢ o of the
solution of diammonium phosphate added, and ammonia drop by drop, with constant stirring
until the precipitate is again formed as described and the ammonia in moderate excess. 1t shall
then be allowed to stand for about two hours, filtered, and washed with two 10 ¢ ¢ portions of
wash solution (200 ¢ ¢ coneentrated ammonium hydroxide; 100 g ammonium nitrate; 800 ¢ ¢
water), placed in a weighed platinum crucible, the paper slowly charred, and the resulting carbon
carefully burned off. The precipitate shall then be ignited at a temperature between 1,100°
and 1,200° C. to constant weight, care being taken to avoid bringing the pyrophosphate to a
melt. The weight of magnesium pyrophosphate obtained multiplied by 72.5 gives the percentage
of magnesia.

26. Fineness.—Fineness as represented by specific surface shall be measured by means of a
type of apparatus which is essentially a turbidimeter and consista of a source of light of constant
intensity which passes through a suspension of the cement to be tested, into a sensitive photo-
electric cell. The current generated in the cell is measured with a microammeter and the in-
dicated reading is a measure of the turbidity of the suspension. General considerations indicate
that turbidity is a measure of the surface area of a suspension, and that change in turbidity due te
settling of the suspended material is a measure of the distribution of that surface area.

(A) Apparatus.—The apparatus consists, more specifically, of the following parts:

(1) Source of light.—The source of light shall be a 3-candlepower electric lamp operated by
a 6-volt storage battery in connection with a parabolic reflector which shall be mounted behind
the lamp and focused in such a manner as to permit a beam of approximately parallel light to
pass through the windows of the settling tank. The light intensity shall be regulated by means
of two rheostats, mounted in parallel, of 6 and 30 ohms resistance, respectively.

(2) Water cell.—The light shall pass through a water cell before entering the windows of
the settling tank, in order that heat rays may be absorbed. The cell shall be so arranged that all
‘beams of light from the source shall pass through it before entering the settling tank. The dimen-
sions of the cell shall be approximately 4 by 4 inches by 2% inches high, and shall be made of
glass or contain glass panes to permit the transmission of light.

(8) Settling tank.—The settling tank shall be of noncorroding metallic material rectangular
in form, and shall be of the following approximate dimensions: Length of base, 2 inches; width
of base, 2 inches; height, 18 inches. The tank shall be fitted with windows at two levels or depths
from the top, these levels being 1 inch and 14 inches, respectively. The windows, approximately
2 inches high and 1% inches wide, shall be rectangular and shall be cemented to the metallic
surface of the tank by means of some suitable material as sealing wax. The windows shall be so
arranged as to permit a beam of parallel light to pass completely through the suspension or clear
liquid in the tank and into the photo-electric cell.

(4) Photo-electric cell—The means for measuring the light intensity shall be a sensitive
photo-electric cell (Weston Photronic) which shall be connected directly to a microammeter
of 0-50 microamperes range. The internal resistance of the microammeter shall not be over
100 ohms.

(5) Mounting.—The source of light, water cell, and photo-electric cell shall be so mounted
on & movable shelf, which rests on brackets, to bnng it in position of the windows at the top or
lower levels of the settling tank as desired.

(B) Test procedure.—One gram of the cement after passing a standard 325-mesh sieve shall
be placed in a test tube with about 10 ml of kerosene and 5 drops of oleic acid. (Oleic acid is
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ndded sinoe it is a suitable dispersing agent and has slight or no effeet on the visoosity of the
suspending medium.) The mixture shall then be stirred for one minute with a rotating brush
attached to a stirring motor, and shall then be boiled for one or two minutes, cooled and restirred
for another minute. The mixture shall then be transferred to the settling tank, the brush and
tube being thoroughly washed with clear kerosene, which is also added to the suspension, and
the tank filled to the required depth with clear kerosene. The tank shall then be vigorously
shaken for two minutes and placed in the proper postion in the path of the light beam. A timing
clock shall be started at the instant shaking of the settling tank is topped and microammeter
readings shall be taken alternately at the upper and lower windows at half-minute intervals.
The readings taken at the lower level give the turbidity values for the larger size particles and in
consequence the first turbidity reading taken at the lower level gives an indication of the total
surface of the sample. The specific surface of the sample finer than about 75 microns shall be
obtained from this first lower reading, taken after the elapse of a definite time interval approxi-
mating 1)% minutes. The theoretical relation is expressed by—

S=Clog I/1,
in which
S =specific surface.
C=constant of transmittancy.
I, =intensity of light transmitted through clear kerosene, microamperes.
I;=intensity of light transmitted through suspension, microamperes.

(©) Derivation of transmittancy constant ‘‘C.”—The transmittancy constant “C” varies
with each cement. For cements produced at a single plant, however, it is probable that “C”
will not vary greatly unless the fineness varies greatly. Therefore, for such a product it will
only be necessary to establish the constant once, or only occasionally.

The determination of the transmittancy constant requires the calculation of the average
particle diameter in microns and the corresponding log of the ratio of the light intensity at these
points. The determination shall be carried out in the following manner. The equation that
represents the evaluation is—

C=r w
0.0000525 X E EdA Iogloﬂa

C'=constant of transmittancy.
W = weight of suspended sample.
0.0000525 = a constant.
S>dAlog I,/I3=summation of the products of the mean diameters of corresponding particles
in microns times the corresponding increments with respect to log I,/I4
referring to relative light intensity.

W shall be determined as percentage passing a No. 325 sieve of the sample of cement to be
tested and is equivalent to approximately 75 microns separation, the limiting value of the
analysis. This value W shall be expressed as parts by weight of a 1-gram sample and shall be
obtained by sieving several samples of the cement to be tested to the end point using a certified
No. 325-mesh sieve to check results within + 0.5 per cent. '

The value = d A log I,/1,, termed the value of the summation, shall be obtained by following
the method for obtaining specific surface area as above mentioned and continuing by taking
alternate readings at the high and low levels at % minute intervals for a period of 10 minutes,
meanwhile recording all data. The summation value shall then be obtained by taking the
differences or increments between values of log I,/I, at succeeding time intervals and multi-

in which
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plying them by the corresponding average particle size in microns for that particular range of
particle distribution. The sum of these cumulative products taken during a 10-minute interval
at both upper and lower windows is the value of the summation.

The value d in this calculation is obtained from the following equation:

(= 3lux 107
(Pr-Py)d
in which
t=time of settling in minutes.
d=diameter of particle in microns.
{=depth of suspension to level of light, in cm.
u = viscosity of suspending medium in poises.
P, =density of cement.
P, =density of suspending medium.
g=gravity constant of acceleration, in cm/sec.?.
The value for density of cement P, shall be taken as 3.15.

27. Mixing cement paste and concrete.—The method for mixing cement paste shall be
carried out as described in section F-3c¢ of Federal Specifications SS-C-191 for Portland cement.
The method of mixing concrete for the 3 by 6 inch cylinders shall be carried out as hereinafter
described in paragraph 31 of these specifications.

28. Normal consistency.—The method for determining normal consistency shall be carried
out as described in section F-3d of Federal Specifications SS-C-191 for Portland cement.

29. Soundness.—The method for the determination of soundness shall be carried out as
described in section F-3e of Federal Specifications SS-C-191 for Portland cement.

Nore.—See note attached to paragraph 8.

30, Time of setting.—The method for the determination of the time of setting shall be carried
out as described in section F-3f of Federal Specifications SS—C-191 for Portland cement.

81. Compression tests.—The procedure for making compression tests of concrete shall be
essentially as follows:

(A) Form of test piece.—The test piece shall be cylindrical, 3 inches in diameter and 6 inches
in height.

(B) Aggregate.—The aggregate used shall be Hoover Dam aggregate obtained from the
Arizona gravel deposit near the dam site. (A supply of this aggregate, separated into the
standard sieve sizes, will be furnished on request and without charge to prospective bidders
under these specifications.) ,

(O) Proportioning and mixing.—The concrete shall consist of 1 part by weight of cement,
5.2 parts by weight of aggregate, and sufficient water (estimated average W/C=0.55 by weight)
to produce a fixed consistency as hereinafter specified. A batch of concrete made with 4 pounds
of cement and 20.8 pounds of aggregate is slightly more than sufficient for making the con-
sistency determination and casting six test cylinders. Aggregate of the proper gradation shall
be obtained for each concrete batch by weighing out and recombining the separated aggregate
in the following proportions:
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Percen of ' wef
Retained on— entage W

AR 1) T 0 0
inch. oo 810 64
[ T S 20 46
No. 8. e 80 L7
No. 14 . 50 1.0
No. 28. v eeceeeeeaee 7.0 1.5
No.48_ ... 20.0 42
No.100. . ... 6.0 .2
Pan. e L0 . .3
Total. ... 100. 0 20. 8

Materials shall be brought to room temperature (18° to 24° C., 65° to 75° F.), before begin-
ning the tests and the aggregate shall be in a room-dry condition. The concrete shall be mixed
by hand in a premoistened shallow metal pan (approximately 20 by 20 by 3 inches) with a

10-inch bricklayer’s trowel which has been blunted by cutting off about 2% inches of the point.
The cement and aggregate shall first be mixed dry until the mixture is uniform in color, and a
crater formed in the center, into which a known quantity of clean water slightly less than the
total estimated requirement shall be poured. After allowing 30 seconds for partial absorption
of the water, the material on the outer edge shall be turned into the crater and the whole con-
t.muously mixed for 2% minutes, additional water of known amount being added during the
mixing process as may be found necessary to produce concrete of the required consistency.
The concrete shall be of the proper consistency when the slump, as measured and hereinafter
defined, is 3 inches, plus or minus % inch. If the consistency of the concrete is found by test
to be outside the limits specified, the concrete shall be discarded and a new batch made.

(D) Consistency and quantity of miring water.—The concrete to be tested for consistency
shall be formed in a mold of No. 16 gage galvanized metal in the form of the lateral surface of
the frustrum of a cone with the base 7 inches in diameter, the upper surface 3% inches in diameter,
and the altitude 10% inches. The base and the top shall be open and parallel to each other and
at right angles to the axis of the cone. The mold shall be provided with foot pieces and handles.

The mold shall be placed on a flat, stationary, nonabsorbent surface and the operator shall
hold the form firmly in place, while it is being filled, by standing on the foot pieces. The mold
shall be filled to about one-third of its height with the concrete which shall then be puddled,
using 25 strokes of a }-inch steel rod, 20 inches long, bullet-pointed at the lower end. The filling
shall be completed in successive layers similar to the first and the top struck off so that the mold
is exactly filled. The mold shall then be removed by being raised vertically, with a slow steady
motion, immediately after being filled. The molded concrete shall then be allowed to subside
until quiescent and the mean height of the specimen measured.

The consistency shall be recorded in terms of inches of subsidence of the specimen during the
test, which shall be known as the slump.

The quantity of mixing water used shall be expressed in terms of the water-cement ratio
by weight.

(E) Fabrication.—The cylinder molds shall be of metal and shall be tight to prevent the
escare of mixing water during molding. Each mold shall be oiled with a heavy mineral oil
before using and placed on an oiled plate glass or machined metal base plate.

The test specimens shall be molded by placing the fresh concrete in the mold in two approxi-
mately equal layers and rodding each layer with 25 strokes of the X%-inch rod previously specified.
After the top layer has been rodded, the surface of the concrete shall be struck off with a trowel
and covered with plate glass or a machined metal plate.

7
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In order that the cylinder may present a smooth plane end for testing, the test specimens shall
be capped with a thin layer of stiff neat-cement paste or sulphur compound. If a neat-cement
cap is used, it shall be placed two to four hours after molding the specimens and shall be formed
by means of a piece of plate glass or a machined metal plate. The plate shall be worked on the
cement paste until the plate rests on top of the mold. The cement for capping should be mixed
to a stiff paste two to four hours before it is used in order to avoid the tendency of the cap to
shrink. If a sulphur cap is used, it shall be placed just prior to meking the compression test.
The sulphur cap shall be formed by placing a narrow strip of paper and rubber band around the
specimen so that the paper extends slightly above the top, pouring the molten compound on top
of the specimen, and pressing a warm, machined metal plate on top of the compound while the
cap is cooling. The sulphur compound shall consist of a mixture of about 3 parts powdered
commercial sulphur and 1 part fire clay or equally suitable diluting material.

(F) Curing—Immediately after molding, or molding and capping, test specimens shall be
stored for 20 to 24 hours in a fog curing room at a temperature of 70° F. (+2.5° F.) or in & moist
closet maintained at a temperature of 70° F. (+2.5° F.) and a relative humidity of 95 per cent
(£ 5 per cent). The specimens, stripped of molds, shall thereafter be stored in fog or in clean
water at 70° F. (£2.5° F.) until time of test.

(@) Testing.—Compression tests shall be made at the age of 7 and 28 days, with the speci-
mens in a moist condition.

The metal bearing plates of the testing machine shall be placed in contact with the ends
of the test specimen. An adjustable bearing block shall be used to transmit the load to the test
specimen. The diameter of the bearing block shall be the same or slightly larger than that of the
test specimen. The upper or lower section of the bearing block shall be kept in motion as the
head of the testing machine is brought to a bearing on the test specimen. The load shall be
applied uniformly and without shock. The moving head of the testing machine should travel
at the rate of about 0.05 inch per minute when the machine is running idle.

The total load indicated by the testing machine at failure of the test specimen shall be
recorded and the unit compressive strength calculated in pounds per square inch, using the area
computed from the average diameter of the cylinder.

32. Heat of hydration.—The heat of hydration of type A and type B cement shall be de-
termined as follows: _

(A) Determination.—Three hundred grams of the dry cement sample shall be placed in a
container and sealed until test. Three hundred grams of cement and 120 grams of distilled water
shall be mixed together at a temperature of 70° F., vigorously stirred with a mechanical stirrer
for five minutes and placed in four ! or more containers in approximately equal amounts. The
containers shall be sealed immediately, stored at 70° F. (£ 1° F.) for one day, then stored at
100° F. (+1° F.) until test. At each of the ages of 7 and 28 days, the heat of solution of one
specimen of the partially hydrated cement in a given acid mixture shall be determined. One
determination of the heat of solution of the dry cement in an identical acid mixture shall also
be made not later than the date of the 28-day test on hydrated cement. The heat of hydration
at the age of 7 days shall be determined by subtracting the heat of solution of the specimen of
cement, which has hydrated for 7 days, from the heat of solution of the specimen of dry cement.
Similarly, the heat of hydration at the age of 28 days shall be determined by subtracting the heat
of solution of the specimen of cement which has hydrated for 28 days from the heat of sofution
of the specimens of dry cement.

1 This number provides for two companion specimens, over and above normal requirements, to allow for
rechecking, breakage, ete,
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~ The heat of solution of a cement sample, either dry or partially hydrated, shall be determined
by dissolving a known weight of the cement in a dilute nitric-and-hydrofluoric-acid mixture and
by observing the resultant temperature rise. Sufficient data shall be obtained to make corrections
to the observed temperature rise for all loss or gain in heat due to other causes than heat of solu-
tion. From the corrected temperature rise and other necessary data, the heat of solution of the
sample in calories per gram of dry, unignited cement shall be computed. The entire testing
procedure shall be conducted with such accuracy that two determinations of heat of solution
upon companion specimens will each check the other within 3 calories per gram of cement.

(B) Heat of aolution test on dry cement sample.—The equipment to be employed in the heat
of solution test shall consist of the following:

(1) A cylindrical copper vessel of not less than 1,200 milliliters’ capacity, lined with pure
gold, and chromium plated and polished on the outside. This vessel is herein designated as the
inner vessel.

(2) A copper cover for the inner vessel, plated and polished on its top surface and covered
on its lower surface with beeswax, bakelite varnish, or other material which is not chemically
attacked by nitric or hydrofluoric acid.

(3) A cylindrical metal vessel of such size as to completely surround the inner vessel, chro-
mium plated and polished inside and fitted with a removable water-tight cover. This cover
shall be provided with such chimneys as are necessary for introduction of cement, for admitting
metastatic-thermometer stem or electrical-thermometer lead wires, for admitting heater~coil
lead wires, and for housing bearings and a portion of & shaft which is used to drive a propeller
in the inner vessel. The size of the outer vessel shall be related to the size of the inner vessel in
such manner that when the inner vessel is held in position within the outer vessel an air space of
approximately 3 centimeters thickness separates the two vessels.

(4) An electrical heating coil of from 10 to 100 ohms resistance, housed in a metal container
which is protected from chemical attack of acid by a surface coating of beeswax, bakelite varnish,
or equally suitable material. This coil shall be mounted on the cover of the inner vessel in such
position as to be within this vessel when the cover is attached to the vessel.

(8) Means for determining heat energy released by the heater coil during any stage of its
operation.

(6) A stirred, water bath of not less than 20 gallons capacity.

(7) Means for maintaining the water bath at a temperature of approximately 25° C. with
an hourly variation of not more than 0.01° C.

(8) Means for determining bath temperature with a maximum allowable error of 0.005° C.

(9) Means for determining temperature within the inner veesel with & maximum allowable
error of 0.003° C.

(10) Means for determining time intervals with & maximum allowable error of two seconds.

The procedure in making a heat of solution determination on a dry cement sample shall be
as follows:

The cement shall be removed from its sealed container and thoroughly rolled, and a repre-
sentative portion consisting of at least 9 grams shall be placed in a weighing bottle. An amount
of 6.000 grams of cement, to be herein designated as the calorimeter sample, is then taken from
the weighing bottle, placed in a suitable container, and brought to water-bath temperature. An
additional amount of 2 to 3 grams of cement, the exact weight being accurately determined and
recorded, shall be removed from the weighing bottle and placed in a platinum crucible for loss on
ignition determination.

Into the inner vessel shall be placed 1,200 grams of 2.000 normal nitric acid and 10 milliliters
of chemically-pure hydrofluoric acid, the whole being at a temperature at least 1.6° C. below
water-bath temperature,
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" The inner vessel then shall be placed within the outer vessel and the covers placed on the
respective vessels. The assembled vessels then shall be placed in the water bath with the chim-
neys of the outer-vessel cover extending above the water surface.

The rotation of the propeller in the inner vessel then shall be begun and continued for the
duration of the test.

By means of the heater coil, the temperature of the acid mixture in the inner vessel shall be
raised until it is approximately 1.6° C. below the temperature of the water bath, at which stage
the use of the heater coils shall be discontinued. Acid temperatures, water-bath temperatures,
and corresponding times shall be observed and recorded at intervals of one minute. When acid
temperature has raised to 1.5° C. below water-bath temperature, the calorimeter sample shall be
slowly introduced into the acid. While the temperature of the acid rises quite rapidly, observa-
tion and recording of temperatures and corresponding times shall be continued at sufficiently
frequent intervals to provide data for preparing a chart of the time-temperature relations. The
test shall be terminated when the solution of cement is complete as evidenced by a substantially
constant rate of cooling of acid.

The rise in temperature of the acid mixture from the time at which introduction of cement
was begun, to an arbitrarily chosen time somewhat later than that at which the solution of cement
was completed, shall be computed from temperature determinations and designated as the un-
corrected temperature rise. 'The time during which the uncorrected temperature rise occurs is
designated as the elapsed time.

The product of elapsed time and mean temperature difference between acid mixture and
water bath shall be determined by area measurements on the time-temperature chart.

Making use of the observed rate of heating of the acid before cement has been introduced and
the observed rate of cooling of acid after solution of the cement has been completed, coefficients
of temperature change due to stirring and due to heat transfer to or from the inner vessel, shall
be computed. The former coefficient is to be expressed as degrees centigrade per minute
and the latter is to be expressed as degrees centigrade per minute per degree.

Adjustments shall be now made to the observed temperature rise to correct for heat of stirring
and heat transfer. The product of elapsed time and coefficient of temperature change due to
stirring provides a correction for the temperature rise due to heat of stirring. The product of
mean temperature difference between acid mixture and water bath, elapsed time, and coefficient
of tempeature change due to heat transfer provides a correction for heat transfer to or from the
inner vessel. By applying these corrections to the observed temperature rise, the temperature
rise due to heat of solution of the cement shall be obtained.

Having determined by a separate test in which the heater coil is employed, the number of
calories of heat which are necessary to raise the temperature of an identical acid mixture under
identical conditions by an observed amount, temperature rise due to heat of solution of cement
shall be converted into calories of heat. This quantity shall be divided by the weight of the
calorimeter sample (6.000 grams), the quotient thus obtained being the heat of solution of the
cement in calories per gram.

The water-bath temperatures during a test on a dry cement sample shall be within 0.1° C.
of the temperature during a test on a corresponding partially-hydrated sample.

Any heat of solution test shall be disregarded if undissolved material in an amount exceed-
ing 0.2 per cent of calorimeter sample remains in the inner vessel after the test.

(C) Heat of solution test on partially hydrated cement sample.—The determination of heat of
solution of a partially hydrated sample of cement shall be accomplished according to the method
specified for dry cement in paragraph 32 (B), with the following exceptions and additions:

(1) The calorimeter sample shall consist of approximately 9 grams of the partially hydrated
specimen which has been rapidly ground and passed through a No. 100 sieve.
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(2) The quantity of dry, unignited cement contained in the damp calorimeter samples
shall be computed from ignition tests on corresponding dry and partially hydrated samples.
This quantity shall be used as a divisor in place of the actual weight of the calorimeter sample
for computing from the total heat of solution determined in the test, the heat of solution of the
partially hydrated cement in calories per gram.

(3) Such auxiliary tests as are necessary shall be made so that corrections may be applied
for any extraneous differences which exist between conditions for the tests of the partially hy-
drated and dry cement.

(D) Changes in testing procedure.—When approved by the contracting officer, changes or
modifications in equipment or procedure for making heat of hydration and heat of solution tests
may be permitted. In no case will approval be given to methods of procedure which, in the
opinion of the contracting officer, will produce results of lower accuracy than those specified in
paragraph 32 (A, B, C) hereof.

83. Number of tests.—Unless otherwise directed by the contracting officer, the number
of tests shall be as follows:

(A) Tests for normal consistency, time of setting, soundness, and fineness.—Tests shall be
made on ecach test sample. '

(B) Tests for chemical composition, compound composition, heat of hydration, and compressive
strength.—Tests shall be made on samples representing each 2,000 barrels of cement. The
samples to be used shall be obtained by combining equal amounts, whenever practicable, of the
unused portions of cement from the regular 5-pound test samples.

PACKAGING, PACKING, AND MARKING

34. Packaging, packing, and marking.—The cement shall be delivered in packages as speci-
fied with the brand and name of the manufacturer plainly marked thereon, unless shipped in
bulk. When shipped in bulk this information shall be contained in the shipping advices ac-
companying the shipment. A bag shall contain 94 pounds net. A barrel shall contain 376
pounds net. All packages shall be in good condition at the time of the inspection. »
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PART II : PRELIMINARY OPERATIONS

UNION PACIFIC RAILROAD

During the period of preliminary investigations the officials of the Union Pacific Railway
System cooperated with the engineers of the bureau in determining the most feasible route for a
railroad to the dam site. Later this company made other location surveys which culminated in
an offer to construct a portion of a braneh line from Bracken, 7 miles south of Las Vegas, Nev.,
on the Los Angeles and Salt Luke Railroad, to the summit between the desert plateau and the
Black Canyon. After several conferences with the Union Pacific representatives, particularly
in regard to freight rates, this company was authorized to construct the railroad.~The work,
consisting of 22.7 miles of branch line and 5.2 miles of secondary track, was advertised and let
by contract to the Merritt-Chapman-Scott Co. by the railroad company. Construction of the
line was completed on February 5, 1931, and scheduled train service to Boulder City, which
had in the meantime been located near the summit, was commenced on April 17, 1931. The
railroad company also constructed approximately 4 miles of yard tracks in the delivery and inter-
change yard near Boulder City, which are being jointly operated and maintained by the mllromd
company and the contractor for the dam.

’

UNITED STATES CONSTRUCTION RAILROAD

The end of the Union Pacific branch railroad at the summxt near Boulder City was at eleva-
tion 2,500. To reach the dam site, about 6.7 miles distant, involved some difficult location and
construction work. The point selected as the end of the line not far from the Nevada rim of the
canyon was at elevation 1390, and in order to obtain suitable grades, it was necessary to locate
a route about 10.3 miles long. The construction of this line, known as the United States Con-
struction Railroad, was done by contract by the Lewis Constructlon Co., being commenced on
March 1, 1931, and completed early in September, 1931. .

The first 6 miles was readily accessible but the remainder had to be built through rough
mountainous country, which required the construction of 8 tunnels varying in length from 165
to 415 feet, with a total length of about 1,500 feet, in addition to many heavy rock cuts and fills.
Getting to the tunnels was the most difficult part of the entire job and necessitated the construc-
tion of 7 miles of construction roads up steep mountain slopes. The longest of these was 2 miles
in length and much of it was on a 15 per cent grade. The fills between the tunnels varied from
100 to 140 feet in height.  The maximum open cut was 120 feet in depth. The roadbed was
graded to a width of 16 feet on fills and 20 feet in cuts. A 6-inch gravel cushion was placed on
the roadbed in rock excavation. The track was standard gage, and consisted of 90-pound
relay rails fully tie-plated upon untreated fir ties, which was completély ballasted. There are
no upgrades toward the dam and the maximum grade from the dam is 3 per cent. The maximum
curvature is 10 degrees.

The contract for the construction of the dam provides for the operation and maintenance
of this railroad by the contractor and for the hauling materials for the Government at definite
prices. The contractor for the dam is also required to furnish the necessary rolling stock and to
construct all passing, switching, and spur tracks required for his operations.

(23)
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BOULDER CITY—HOOVER DAM HIGHWAY

A contract was made with the General Construction Co. for the construction of a highway
from Boulder City to the dam site;i. e., to a point near the end of the United States Construction
Railroad. This highway is for transportation of workmen and of small equipment and materials
to and from the works by trucks during construction, and for the future operation and mainte-
nance of the completed dam and power plant. The stretch of highway, 7 miles in length, was
constructed with a roadway width of 22 feet and was gravel-surfaced and oiled. The maximpm
plus grade toward the dam was 4 per cent and from the dam 6.7 per cent. Construction of this
highway was completed on July 30, 1931. The contract for the construction of the dam pro-
vided for the extension of this highway by 3,500 feet on the Nevada side of the canyon and about
a mile on the Arizona side, which will cross on top of the completed dam and connect with the
road to Kingman, Ariz.

CONSTRUCTION POWER

Electrical energy for construction purposes at Hoover Dam is obtained from power plants
of the Nevada-California Power Co. and the Southern Sierras Power Co. These power plants
are located more than 200 miles from the Hoover Dam site and feed into a substation located at
San Bernardino, Calif.

In order to deliver the electrical energy required for construction purposes at Hoover Dam,
it was necessary for the Nevada-California Power Co. to construct a transmission line from the
San Bernardino substation to the Hoover Dam site. This line has been constructed and is now
in operation. After the dam is completed this line will be used to transmit power from the
Hoover power plant to San Bernardino and into the power system of the Nevada-California
Power Co. for supplying a portion of the light and power to be used in southern California.

The transmission line is single circuit, 3-phase, 60-cycle, and 88,000-volt. From San Ber-
nardino to Victorville, Calif., it crosses the San Bernardino range, reaching an altitude of 5,500
feet at El Cajon Pass, from which point it drops rapidly to a substation near Victorville, then
following & northeasterly course crosses 191 miles of desert wastes and rocky foothills, including
one mountain pass east of Baker, Calif., to the rim of the Black Canyon above Hoover Dam site.

PROVISIONS FOR SEVERE WINTER WEATHER

The line structures and conductors are subjected to heavy wind and ice loads during the
winter months at points where the line crosses the mountain passes, and at such points it was
necessary to shorten the span between towers and to use heavier supporting structures. In addi-
tion to this protection against heavy loading, it was found desirable to make other provisions
for insuring continuous service between San Bernardino and Victorville, where winter conditions
are very severe. This was done by providing another available circuit in case the main line
should be out of service. A v

The supporting structures are of galvanized steel, and for additional protection all steel
used in footings was treated with a heavy coat of petrolastic asphaltum before erection.

The standard type of structure is an H-frame consisting of two latticed masts each 2 feet
square which support a horizontal trussed crossarm 34 feet in length at a height of 52 feet above
the ground surface, and terminate at the base in a wedge-shaped spade made of steel plates.
The total weight of this type of structure is 2,610 pounds.

Structures used at horizontal angle points in the line, for angles up to 50°, or at other points
where additional strength is required, are of the A-frame type. For angles up to 25° a structure
weighing 5,775 pounds is used, and for angles between 25° and 50° a structure weighing 6,325
pounds is used. For angles greater than 50° or where exceptional stability is required, the struc-

>
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ture is made up of three vertical masts tied together at the top of the horizontal arm. All the
masts are guyed and each conductor dead-end assembly is connected direct to the mast top. The
bases of the A-frame type towers rest on concrete footings.

All masts of the H-frame type of tower and side members of the A-frame type of tower were
shipped to the field in two sections. . Field erection consisted of assembling the masts and side
members, raising them into position, and connecting them at the top with the trussed cross-arm.
No further connection was made between the masts of the H-frame towers, but increased strength
and stability was secured for the A-frame towers by the addition of horizontal and transverse
lattice frames between the two side members.

On line tangents at least one standard structure in every mile is storm-guyed. Guys are
seven-sixteenths inch, high-strength, double galvanized steel strand, and are connected to 1
inch by 10 foot ga.lvnmzed anchor rods and reinforced concrete anchors.

The line is operated at 88,000 volts. However, it is insulated for 132,000 volts, which is the
voltage to be used for transmission of power from the Hoover power plant to San Bernardino
after completion of the plant. The line insulation consists of 9 Jeﬁrey-Dewit.t suspension insu-
lator units in suspension strings, and two strings of 10 units each, in parallel, in dead-end
assemblies. i

The line conductors are 4/0 aluminum cable steel, reinforced, having an ultimate strength
of 8,435 pounds and an elastic limit of 5,940 pounds. The stringing tension used conformed
closely with that recommended by the California Railroad Commission in General Order 64-A.
The total length of the line is 222.26 miles and the average span length is 750 feet. The total
weight of the conductors used on this line is approximately 1,250,000 pounds. Thelineis patrolled
by men with patrol cars located at the Hoover Dam substation and near the half-way point at
Yucca Grove. Patrol men are also available at Barstow, Victorville, El Cajon, and San Bernar-
dino. Since the line for the most part follows the main highway between Las Vegas and San
Bernardino, patrol service is easily maintained.

CONSTRUCTION SUBSTATION

The Hoover Dam construction substation is located on the rim of the Black Canyon. It is
815 feet above the Colorado River and 1,400 feet west of the dam site. This substation consists
of an outdoor high-voltage switching and transformer station and an indoor synchronous con-
denser and low-voltage switching station complete with control room, battery room, etc.

The 88,000-volt line enters the substation through a 132,000-volt automatic oil circuit
breaker to an overhead bus from which a bank of three single-phase, 5,000 kilovolt-ampere, 60-
cycle transformers are energized. One spare transformer has been provided, and arrangements
have been made on both the high-tension and low-tension sides for cutting in the spare unit
without moving it from its normal position. '

Immediately back of the transformer bank is the substation building, which is 45 feet by 72
feet in plan and of steel frame construction covered with heavy metal lath and a double plaster
coat. A 2,300-volt, 3-phase bus is located directly over the oil circuit breaker rooms, which are a
portion of the building proper. These rooms contain the control equipment for the synchro-
nous condensers, and connection is made from the overhead bus to the oil circuit breakers through
roof bushings just below the bus. Two 7,500 kilovolt-ampere, 2,300-volt synchronous condensers
are housed in the main operating room of the building. One of these units has sufficient capacity
to maintain satisfactory voltage under normal operating conditions so that the other unit serves
as a spare. '

At one end of the building a bus room, 18 feet by 45 feet in plan, is reserved for the use of
the Six Companies (Inc.) and the Bureau of Reclamation. Two 2,300-volt, 3-phase busses are
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installed in this room, one for the Six Companies (Inc.), feeders, and the other for the feeders of
the Bureau of Reclamation. Electrically operated, frame-mounted, remote-controlled, oil
circuit breakers for the eleven 2,300-volt outgoing feeders are installed in this room. Connections
between the main outdoor 2,300-volt transformer bus and the two busses are made through the
wall of the bus room. The panels and switechboards for controlling the 132,000-volt oil circuit
breaker, all 2,300-volt oil circuit breakers, two synchronous condensers, and all auxiliary equip-
ment, are located in one switchboard room.

TELEPHONE LINE

A double circuit telephone line running parallel to the main transmission line has been con-
structed by the Nevada-California Power Co. to aid in the operation and maintenance of the
transmission line. Should an outage occur at any point on the transmission line between San
Bernardino and the Hoover Dam construction substation, it is possible by alternately closing the
sectionalizing switches located at Victorville, Daggett, Midway, Wind Mill, and State Line, and
reporting the results by telephone, to quickly locate the section in which the trouble has occurred.

CONSTRUCTION PROGRESS

The final surveys and preliminary construction of the line were started on October 30, 1930.
The entire transmission line and substation were completed 238 days later. On June 27, 1931,
Mr. A. B. West, president of the Nevada-California Power Co., closed a switch which, by means
of control relays, energized the transmission line.—Reclamation Era, April, 1932.

BOULDER CITY, NEV.

General information.—Boulder City has been established by the United States Bureau of
Reclamation as the headquarters for the construction of Hoover Dam and appurtenant works
and for the operation of the power plant and reservoir when completed. The construction will
require approximately 6 years (until 1937) and during this period the residents of Boulder City
will include the engineering and clerical employees of the bureau, most of the employees of Six
Companies (Inc.), the contractor building the dam, the employees of Babcock & Wilcox, con-
tractor for fabricating steel pipe for outlet tunnels, and business and professional people engaged
in their enterprises in this town. After completion of construction, the contractors’ forces will
vacate, and the population of Boulder City will be composed of the operating personnel and such
business and professional inhabitants as are justified in staying by the business then obtainable,
augmented by tourists traveling over the transcontinental highway which will cross the Colorado
River on Hoover Dam. The present population of the town is approximately 6,000.

The site chosen for the location of the town is 23 miles southeast of Las Vegas, Nev., and
6 miles southwest of Hoover Dam site. The elevation is 2,500 feet above sea level, 1,000 feet
higher than the top of the canyon wall at the dam site and 500 feet higher than Las Vegas. The
town is located on the divide between the river area and the plain sloping toward Las Vegas.
There is a rather sharp descent from the town site to the north, and when Hoover Dam is com-
pleted a beautiful view will be had of the 145,000-acre reservoir 4 miles distant.

The temperatures at Boulder City during the year vary from 20° to 120° above zero with
a mean temperature of 52° in December and 94° in July, the average temperatures being 7°
cooler than at the dam site and 2° cooler than at Las Vegas. The summers are hot and dry, but
the winter climate is mild and agreeable.

The town is situated on a branch line of the Los Angeles & Salt Lake Railroad (Union
Pacific System) extending from Boulder Junction on the main line 6 miles south of Las Vegas
to the town site. An oiled surface highway 22 feet wide and 23 miles in length connects Boulder
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City to United States Highway 91 at Las Vegas, Nev. Other highway connéctions are via
Searchlight, Nev., to United States Highway 66 at Bannock, Calif., 78 miles from Boulder City,
or by way of a ferry across the Colorado River near Williamsville and a recently improved road
to Chloride, and thence to Kingman, Ariz., on Highway 66, a distance of 96 miles from Boulder
City.

Construction.—The facilities now provided in Boulder City include complete water and
sewer systems, street improvements of paving, curb and gutter and sidewalks, and an electrical
distribution and street lighting system. The water supply system consists of a series of pumping
plants capable of lifting 1,500 gallons of water per minute from the Colorado River to a 2,000,000~
gallon storage tank which is located on a hill at an average height of 150 feet above the town.
Water is distributed from this tank to consumers through 10-inch, 8-inch, and 6-inch cast-iron
mains connecting with copper service lines of three-quarter inch diameter for residences and of
larger diameter for public buildings. The sewer system consists of 4-inch to 6-inch diamet~>r
service lines leading to 6-inch and 10-inch mains and by a 12-inch outfall line to & modern sewage
disposal plant.

All the principal streets in Boulder City are paved with asphalt concrete and additionally
improved with concrete curb and gutter and concrete sidewalks. The residential streets are
paved with oil-treated gravel or a gravel surface and further improved with concrete curb and
gutter and gravel sidewalks.

The electrical distribution system covers the entire occupied area of the town with single
phase 2,300-volt, 60-cycle lines, which for power purposas are supplemented in the business and
" industrial districts by three-phase lines of the same rating. Transformers are installed in re-
quired locations to furnish the consumer with single-phase current at 110 or 220 volts and three-
phase current at 220 volts. The street lighting system consists of ornamental steel standards
with concrete bases in the business district and along the principal thoroughfares, and bracket
lights on poles in other sections of the town. Street lamps are all of 6,000 lumens brilliancy.

Buildings.—Approximately 1,000 buildings have been erected or are in process of erection
in Boulder City. Of these, the Six Companies (Inc.) has constructed 681 buildings, which in-
clude 10 dormitories of 1,500 persons total capacity; 661 residences of 2, 3, 5, and 6 room size;
a mess hall seating 1,300 persons; a laundry, clubroom, and large commissary. The Babcock
& Wilcox Co. is building a 79-room dormitory, and a number of 4 to 6 room residences. Persons
holding permits for business enterprises in Boulder City have erected nearly 100 commercial
buildings or residences, and the Government has completed, or nearly so, a group of 100 residences,
administration building, two dormitories, municipal building, and six other structures of various
types. The town is adequately protected from fire by two volunteer fire engine companies.

Schooels.—A census recently completed in Boulder City lists 851 children, 651 of whom are
of school age. The Government has constructed and equipped a modern school building for 12
grades. During the present school year the school will be maintained by contributions from
Six Companies (Inc.) who will pay a greater portion of the cost, as the children of its employees
are greatly in the majority. The Babcock & Wilcox Co. will also help pay the expenses of
operation. The school is operated under the jurisdiction of the city manager, Mr. Sims Ely.
Excellent school facilities are also available in Las Vegas, where a high-school building was
erected in 1930 at a cost, with equipment, of $250,000. Tuition must be paid by all residents of
Boulder City whose children attend school in Las Vegas.

Miscellaneous.—The Catholic, Episcopal, and Latter Day Saints denominations have
erected church buildings in Boulder City. A community church has been established, and
meetings are held at present in the American Legion Hall. Efficient mail service is provided in
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Boulder City by a post-office force of eight persons. The office has recently been moved into
the new Municipal Building. The Six Companies (Inc.) has a hospital with 60 beds which is
adequately equipped in all details to provide its patients with scientific and modern medical
attention.

More than 10,000 trees and shrubs have been planted for landscaping purposes in Boulder
City. The Government has a landscape gardener to supervise the planting. Babcock & Wilcox
Co., under its contract to furnish and install plate-steel outlet pipes, must locate main field offices
and house at least 95 per cent of its employees in Boulder City. The Government operates the
water supply and distribution system and furnishes water to consumers through individual
meters. The Nevada-California Power Co. supplies electricity to the Government which
re-sells it to consumers.

Business establishments.—The principal contractor, following the usual practice in large
construction operations, is operating a general store and a laundry, as well as all operations
connected with the housing and feeding of its men, and the requisite shops and warehouses used
in construction activities. The commissary, operated by a subsidiary organization, the Boulder
City Co., is a combined department, grocery, and drug store carrying rather complete lines of
most standard articles. Credit books or ‘“‘scrip’’ are supplied to its employees which are re-
deemable only at the company store.

Approximately 50 individuals or firms have constructed buildings under Government
permits for concessions in Boulder City. These include 2 wholesale gasoline and oil stations, 2
restaurants, 2 tourist camps, 2 men’s clothing stores, dry cleaning shop, building supplies yard,
garage and filling station, lodging house, moving-picture theater, bus terminal station, Western
Union telegraph office, barber shops, lunch rooms, general store, drug store, beauty shops,
laundry, mortuary, electrical appliances store, and several other businesses. Additional appli-
cants are submitting plans for approval and making other preparations toward establishing their
enterprises.

Administration of Boulder City.—Boulder City lies in the Boulder Canyon Project Federal
Reservation and is entirely controlled and regulated by the United States Government through
the Bureau of Reelamation and directly by the construction engineer, Mr. Walker R. Young.
A city manager, Mr. Sims Ely, has been appointed for administration of Boulder City, including
matters concerning business concessions and all transactions usually performed by a city govern-
ment. Police powers are vested in Federal rangers operating under the city manager. A com-
mittee has been appointed to act in an advisory capacity to the construction engineer and the
city manager on all matters relating to the administration of the Federal Reservation and of
Boulder City. The members of this committee are Officer Engineer John C. Page and District
Counsel J. R. Alexander, of the Bureau of Reclamation, and Mr. J. F. Reis, an official of the Six
Companies (Inc.). On March 1, 1932, all offices of the project were moved from Las Vegas to
Boulder City. The construction engineer and the field and office engineering and clerical forces
employed in supervision of the building of the project occupy the Administration Building. The
city manager and his staff of assistants are located in the Municipal Building.

BOULDER CITY WATER SUPPLY

After a decision had been made, for reasons of climate, accessibility, and from the standpoint
of health of the workers, to locate the construction camp for Hoover Dam at the present site of
Boulder City, Nev., the Government was confronted with the problem of procuring an acceptable
water supply for the camp.

Two sources were available—one from artesian wells located in the basin near Las Vegas
and the other from the Colorado River. Water from the wells in the Las Vegas plain was clear

Digitized by ‘Eﬁ}si‘?%}tk:



29

and free from bacteria, but possessed an average hardness of 633 parts per million, The pressure
line to Boulder City from an assured source of adequate supply would be approximately 25 miles
in length and pumps would be required to lift the water a difference in elevation of 600 feet.

Colorado River water possessed an average hardness of 367 parts per million, the source of
supply was 6 miles from Boulder City, and pumps would be required to lift the water from low
river elevation 645 feet to top of storage tank in Boulder City at 2,670, a difference of 2,025 feet
in elevation. Additional disadvantages of river water were its high silt content, an average of
6,000 parts per million, and its large bacteria count.

COLORADO RIVER WATER SELECTED

Studies were made of both sources, and i} was decided to use the river water principally be-
cause the supply was sufficient and determinable, and the estimated cost of the system was nearly
$200,000 under that for the artesian supply. There was also grave danger, if the Las Vegas
Basin supplied Boulder City as well as the Las Vegas Valley, that the additional water require-
ment might deplete the underground basin storage to such an extent that a shortage would
result.

To obtain acceptable water for domestic use, it has been found necessary to remove the silt
from the river water, soften it to approximately 100 parts per million of hardness, and treat it
chemically to destroy harmful bacteria. The lift of 2,025 feet from low-water surface at the river
to a storage tank in Boulder City is provided by four pumping stations—the first by the intake
plant from the river to a presedimentation basin, the second by pumping plant No. 1, which
forces the water to pumping plant No. 2, which in turn lifts the water to a receiving tank in
Boulder City. From this tank it flows by gravity to the filtration plant and from there it is
pumped into the distribution line or to the storage tank.

The location for the intake pumping plant was selected downstream about 3,000 feet from the
Hoover Dam site, at the mouth of Water Trail Canyon, where a break in the wall of Black Canyon
extends westward toward Boulder City. Sometime in the future theintake will be moved to a
point upstream from the dam, after this structure is completed, in order to procure clear water
and take advantage of the higher water surface in the reservoir, thus eliminating a certain amount
of pumping and the necessity for removal of silt.

INTAKE PLANT

The intake plant consists of three 550-gallon per minute 115-foot head centrifugal pumps,
each operated by a 25-horsepower induction motor. The pumps and equipment are mounted
on a carriage, which is supported and moved on 4 wheels, running on 45-pound rails, laid 7 feet
apart on a 47%° incline. The carriage is raised or lowered by an electrical hoist to suit the stage
of theriver. A 10-inch diameter cast-iron pipe, with 8-inch laterals at 9%-foot intervals for con-
nection to the discharge side of the pumps, is laid between the rails and leads to a 225,000-gallon
concrete presedimentation basin located at the mouth of Water Trail Canyon.

This presedimentation basin is 13 feet high, 55 by 55 feet inside dimensions, and is situated
with its base at elevation 734. Approximately 97 per cent of the silt is removed here by a
detention period of two and a half hours. The basin is equipped with a traction clarifier and a
94-gallon per minute sludge pump for removal of the settled solids. On a basis of 500,000
gallons of water flowing through the sedimentation tank in 24 hours, the sludge pump will be
required to remove nearly 15 tons of solids.

From the presedimentation basin the clarified water flows by gravity to a 30,000-gallon
sump tank, from which it is lifted by the three 500-gallons-per-minute, 1,150-foot head centrif-
ugal pumps of plant No. 1, the power being furnished by three 200-horsepower induction motors,
through 3.9 miles of steel pipe, the first 1,834 feet of which is 10-inch inside diameter and the
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remainder 12-inch, to pumping plant No. 2. This line is laid from elevation 726 at the pumps
of plant No. 1, to elevation 1,712 at the pumps of No. 2. The trench for the pipe was excavated
for more than half the distance in solid rock and the pipe laid by the Wheelwright Construction
Co. of Ogden, Utah, during the summer of 1931, when it was necessary that all work be done
at night or in the early hours of the morning on account of high temperatures. During the day
all steel exposed to the sun would blister the hands when touched and the temperatures in the
trenches would rise to nearly 150°.

The profile of the pipe line has three sharp changes in its grade, where automatic air valves
are installed, and one summit where an air vent has been placed. Two gate valves have been
provided at low points on the line for drainage purposes, and immediately preceding the entrance
of the pipe into plant No. 2, a steel tank of 4 feet inside diameter and 95 feet high serves to
equalize the flow through the two high-head pumping stations.

Pumping plant No. 2 is equipped with the same type and number of pumps as in plant No. 1
and is likewise housed in a structural steel building. Walls and roof of the building are respec-
tively of tile and metal lath stucco, differing from those of plant No. 1 where the walls and
roof are of “Transite,” an asbestos fiber composition. The pipe line is protected from surges
and water hammer by means of automatic surge suppressors, one of which is installed near the
lower end of each section of the pipe line. These surge suppressors open automatically upon a
drop in pressure such as that caused by stopping of the pumps upon failure of power supply and
they remain open a sufficient period of time to permit the surge to damp itself out after which
the surge suppressors close at a very slow rate. All pumps are automatically controlled by

means of pressure or float switches.
WATER TREATMENT

Water from pumping plant No. 2 flows through 2.7 miles of steel pipe, the first 3,050 feet
of which is 10-inch inside diameter and the remainder 12-inch, to an aerator installed at the top
of a 100,000-gallon steel receiving tank in Boulder City. The maximum static lift between
these two stations amounts to 824 feet, as the inlet to the aerator is at elevation 2,554.

The aerator consists primarily of a tank 7 feet in diameter, having outlets through U-shaped
pipes to the centers of two horizontal circular plates of approximately 36 inches in diameter and
equipped with small vertical baffles. The water is aerated in its passage over the vertical baffles
to the edges of the circular plates and in its fall of 6 feet or more to the water surface in the
receiving tank.

The aerated water flows by gravity from the receiving tank to the filtration plant, where it is
submitted to complete clarifying, chemical, and filtering processes, emerging at the end of this
treatment perfectly clear, entirely free from harmful bacteria, and with hardness reduced to
about 100 parts per million. The manner in which the river water is treated to secure this pure
product will be discussed in a future article. Suffice to say that there are now only five of this
type of filtration plants in existence, and the water softening features observed here will be found
only in those plants that have been designed within the last two years.

The treated water from the clear well of the filtration plant is pumped by three 600-gallons-
per-minute pumps, powered by 30-horsepower induction motors, against a maximum static
head of 160 feet to a storage tank of 2,000,000 gallons capacity located on a hill northeast of
the plant. The storage tank, situated on Water Tank Hill, on the northerly edge of Boulder
City, has an inside diameter of 100 feet and a height of 35 feet. Its walls are of ¥¢ to % inch
steel plates, the floor is composed of %-inch steel plates resting on a concrete floor slab and sand
cushion, and the roof is made up of 10-gage stecl plates supported laterally by 10 and 15 inch
channels bearing on 15 columns, each constructed of two 12-inch channels.

The water-supply system is placed in operation by starting the pumps at the intake station
and the presedimentation tank equipment. The clarified water discharging into the sump tank
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actuates a float-control switch placing in operation the number of pumps in plant No. 1 that
were preset for starting. Water raising in the equalizing tank at plant No. 2 operates a pressure-
control switch, when sufficient head has been developed, and places in operation the pumps
in plant No. 2, that are in starting position. The equipment at the filtration plant is manually
controlled with the exception of the three pumps which force the water from the plant to the
storage tank. These are started by three float-controlled switches, located in the clear well.
To shut down the system, the intake pumps are stopped and all other stations automatically
cease operating as the water supply is cut off.

DISTRIBUTION SYSTEM

A complete distribution system covers the entire occupied area of Boulder City and is so
designed and laid out that all mains are in loops and there are no dead ends. The distribution
system is supplied by two mains, each consisting of a 12-inch cast-iron pipe from the main storage
tank. Cast-iron mains, 4 to 10 inches in diameter, branch from the main supply lines in each
intersecting street. Service connections from mains to consumers are ¥ to 1% inch copper tubing.
Fire protection for the town is provided by 89 fire hydrants and by 2-inch and 4-inch stand-
pipes in dormitories and public buildings. Nearly 13 miles of mains and more than 15 miles
of service lines have been laid to date. The static pressure for the distribution system varies
from 90 feet in the buildings at the north side of town to 220 feet at the south, the average
being 160 feet, or nearly 70 pounds per square inch.

Water pumped from the river at the present time amounts to approximately 15,860,000
gallons per month, requiring 200,400 kilowatt-hours of electrical power for pumping purposes.
All water used in Boulder City is on a metered service. The cost of the supply, treating, and
distribution system totaled approximately $470,000.—Reclamation Era, November, 1932.

BOULDER CITY SEWAGE DISPOSAL SYSTEM

Realizing the extreme importance of adequate health facilities, and in line with its policy
to create a pleasant, modern, and healthful place for the builders and operators of Hoover Dam
to live, the Bureau of Reclamation included in its construction of Boulder City an extenaive
sanitary sewer system covering the entire occupied area and built an efficient sewage disposal
plant.

The lines of the sewer system were laid in conjunction with the water-distribution system
and preceded the construction of walks, curbs, and street paving. Service lines of 4-inch to
6-inch diameter lead to 6-inch and 10-inch mains and thence by 12-inch outfall to a sewage dis-
posal plant located at the head of a ravine, approximately one-half mile southeast of the town.
All sewer mains and laterals are of vitrified tile. Cast-iron soil pipes lead from services outside
.the house foundations to plumbing fixtures.

The sewage-disposal plant is of the separate sludge digestion type and is designed to afford
primary treatment for an average sewage flow of 1,500,000 gallons a day. The structure con-
sists principally of reinforced concrete tanks and chambers, constructed mainly below the ground
surface, including a 30-foot clarifier tank of 8-foot side water depth, a digester tank 24 feet square
of 13-foot side water depth, and a chamber containing a sludge pump and heating apparatus,
all combined in one monolithic reinforced-concrete unit approximately 45 by 61 feet in plan.
A 1-story brick building, 27 by 38 feet in plan, has been built over the digester tank, sludge pump,
and heating chamber. The roof of the building is of timber construction covered with asphalt
composition shingles laid over one layer of asphalt-saturated felt roofing. The concrete roof of
the digester tank is supported by structural steel trusses that also partially support the roof of
the building.
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PLANT EQUIPMENT

The mechanical equipment includes a Dorr clarifier equipped with a scum skimmer, 8
sludge pump, a Dorr digester tank mechanism, a gas-fired boiler, and a circulation pump, together
with the piping system, valves, fittings and specials, electric motors, and operating mechanism.

The raw sewage enters the plant through bar screens of 1-inch openings, to remove the larger
particles of indigestible foreign matter from the flow. It is then introduced into the clarifier
tank for a subsidence period of two hours at maximum rate of flow to allow the suspended solids
to settle to the tank bottom as sludge. Approximately 97 per cent of the suspended solids are
removed in this tank.

The clarifier mechanism consists essentially of an arm equipped with scrapers that revolves
very slowly, so as to create a minimum of disturbance, around the conical-shaped bottom of the
tank. The sludge that settles to the bottom is carried by these scrapers to a small sump in the
center of the tank, where it is removed periodically by the sludge pump to the digester. Mounted
at the water surface of the clarifier is another arm which revolves with the scraper arm at the
bottom. The function of this arm is to convey the scum that constantly forms on the sewage
to a sump at the side of the tank. As this sump fills it raises a float which actuates a switch and
automatically starts the sludge pump which pumps the scum to the digestive tank. The float
stops the pump when the sump is empty. The effluent from the tank, which is practically free
from nuisance-forming properties, flows over the weir on the opposite side of the tank from which
the sewage enters, through a short outfall sewer to a near-by ravine. The effluent is deficient in
dissolved oxygen and is therefore unstable as it leaves the tank. The outfall sewer discharges
down a series of concrete steps to permit intimate contact with oxygen from the air, and the
effluent is clear and free of obnoxious odors.

The digester is equipped with heating coils and a stirring mechanism to break up the sludge
and release the gas which is produced in the process of digestion. The digestion process, con-
sisting of a reduction of all organic solids to inorganic solids, is accomplished by anaérobic bacteria
and requires an alkaline reaction of the sewage and a temperature of about 90° F. to secure the
best results. The akaline reaction is maintained by the addition of lime when necessary.
A maximum of 150 pounds per day is used to prevent foaming during the hot summer months.

The gas produced by action of the bacteria contains approximately 80 per cent methane
(CH,) and has a heat value of approximately 700 B. t. u. per cubic foot. The gas is trapped in a
gas dome installed in the tight roof of the digester and is utilized as fuel to heat the water which is
circulated through the digested sludge by a system of 1%-inch coils. The gas not needed for
heating purposes passes through a water seal to a stack, opening above the plant. Approxi-
mately 6,000 cubic feet of gas are produced daily, and the sludge temperature is maintained near
the optimum point for maximum digestion and gas formation without difficulty.

The digester is designed for a 60-day digestion period at 1,500,000 gallons daily of sewage flow.
At the present time the flow is approximatly 500,000 gallons a day and digestion is maintained
for nearly 90 days. The effluent from the digester flows to a near-by ravine. The digested
sludge, an inoffensive, black, nonodorous, inorganic humuslike material, is deposited on drying
beds at intervals of approximately six months.

The cost of the sanitary sewerage system in Boulder City was approximately $62,000 and the
sewage-disposal plant $25,000, or $87,000 for the entire system. A health and sanitation board,
appointed by the construction engineer, maintains general supervision of all sanitation features
and makes frequent inspection of the sanitary measures in force in Boulder City and elsewhere
on the Federal reservation.—Reclamation Era, February, 1933.
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SURVEYING IN BLACK CANYON

Inspection of a topographical map of Black Canyon where Hoover Dam is being built
reveals many features that are quite unexpected and decidedly unusual in a map of this type.
Tracing a contour along the canyon wall, it may merge abruptly with 10 or 20 others and then
cross, with a dotted line, a dozen or two of its associates before returning to view as a line of
single elevation along a less precipitous part of the canyon.

The sheer walls, overhanging cliffs, and deep water-worn caverns that produce this condition
present obstacles to ordinary types of surveying that are not only difficult to surmount but
hazardous in the extreme. In addition, a vast amount of time is required to procure exact
topographical data on account of the inordinate number of transit shots or observations that are
necessary, and by reason of the precipitous canyon walls and large expanse of surface that is
covered by a relatively small horizontal area.

As an example of this situation, 4,000 transit shots were taken for a horizontal area of 330
feet by 660 feet on a section of the canyon wall, which is shown on the topographical map.
The 660-foot measurement is parallel to the river, and the distance of 330 feet in a horizontal
direction away from the river covered a difference in elevation of 600 feet.

Ordinary surveying methods, with triangulation forming the basis for horizontal control
and elevations from United States Geological Survey bench marks for vertical control, were
used in the early investigations and for all engineering data concerning Black Canyon preceding
the year 1930. In conjunction with the examinations by the Bureau of Reclamation of Boulder
and Black Canyons during 1920-1923 the topographical survey conducted by the United States
Geological Survey of the Colorado River upstream from Boulder Canyon was continued down-
stream through Black Canyon and a triangulation system established at the latter canyon.
At this time more detailed topography was taken at Black Canyon for locating the proposed
dam in the most favorable site and for aiding in the design of the dam and its appurtenant
works. -

After Congress had passed the Boulder Canyon project act, thus assuring construction of
the dam, and the Colorado River Board had approved the site in Black Canyon, surveys in the
canyon were renewed. Many new triangulation points were set; permanent bench marks were
established ; the town site for the construction camp at Boulder City was laid out; location and
quantity surveys were made for United States construction railway, Boulder City-Hoover Dam
Highway, transmission line from Nevada-California substation to the dam site, a telephone
line from Boulder City to the dam site, and other construction features.

PHOTOTOPOGRAPHICAL SURVEYS

The area of 50 square miles over which construction activities would extend was much too
large to be adequately covered by ordinary surveying methods within a limited period, and other
measures and methods were required in order not to delay commencement of construction.
Contracts were awarded for ground and aerial phototopographical surveys of areas adjacent
to the dam site, and for making an aerial photographic controlled mosaic map of the entire area
in the vicinity of the dam site, which would be covered by project activities. A contour interval
of 5 feet was required and a horizontal scale of 400 feet to the inch for aerial surveys and 50 feet
to the inch for ground phototopography.

Brock & Weymouth Co., of Philadelphia, was awarded the contract for the aerial survey,
and the Aerotopograph Corporation of America, Washington, D. C., for the ground photo-
topography. Both companies started work in July, 1930, and completed the field work in August.
The aerial mosaic was completed and forwarded to the project office on November 29, the ground
phototopography on December 2, and the aerial topographic map on January 22, 1931. The

Digitized by ‘E(}é‘?@i k:



34

mosaic covered an area of more than 96 square miles, the aerial topography about 18.5 square
miles, and the ground phototopography 7,400,000 square feet, projected on a vertical plane.

A Fairchild monoplane and Brock aerial plate magazine mapping camera were the principal
equipment used for the aerial survey. All aerial photographs were required by specifications
governing the contract to overlap at least 50 per cent in the direction of the line of flight and at
least 20 per cent between parallel flights. Ground control was procured by marking points of
known location, and generally of unknown elevation, with 12 by 12 feet white sheets or by paint-
ing 12 by 12 feet squares with whitewash on the ground surface. The contractor built a triangu-
lation system by measuring a base line 7,138.57 feet in length and extending this by a system of
triangles and quadrilaterals to include Burcau of Reclamation triangulation stations, significant
points in connection with the aerial survey, and finally tying the network to the ‘““Gyp-River
Mountain”’ line of the triangulation system of the Metropolitan Water District of Southern
California, which is in turn tied into the Texas-California arm of primary triangulation of the
United States Coast and Geodetic Survey.

The underlying principles of both ground and aerial photographic surveys are essentially
the same, differing chiefly in the position of the camera when pictures are taken. For aerial
views the plate of the camera should be in a horizontal position and all pictures taken from a
definite height above the ground, dependent upon the focal length of the camera and the required
scale for the map. This height is maintained by the plane’s barometer, which is checked for
elevation on the flying field at the beginning and end of each flight. Photographs for ground
surveys should preferably be taken with the plate of the camera in a position parallel to the
ground surface, which may be nearly vertical when there are large differences in elevation in the

landscape being surveyed.
MAKING THE MAPS

The topographical map from the aerial survey was prepared by stereoscopic scrutiny and
by means of equipment similar to the ‘‘aerocartograph’ and coordinatograph, a description of
which may be found in an article, Photographic Surveys of Hoover Dam Site in ‘“ Civil Enginecr-
ing”’ for April, 1931.

Prints from 171 negatives, covering an arca of more than 90 square miles, were assembled
on a network of accurate control, established by triangulation, field traverse, and graphic triangu-
lation of the photographs, to form the completed mosaic. These prints had been rephotographed
from the originals, after the originals had been adjusted in the reproducing machine to correct for
tilt of the camera, different heights of the plane above the ground and other factors.

In Black Canyon where the steeply sloping walls, numerous caverns, and overhanging clifls
preclude the use of aerial photography, the survey was conducted by means of ground photog-
raphy, using a phototheodolite. Greater detail was also required in this section, where the
dam was to be located, and, as stated previously in this article, the maps from this survey were
required to be made on a scale of 1 inch equaling 50 feet.

The phototheodolite is built in the same fashion as a transit, practically the only difference
being that a camera is mounted in place of the telescope. The plate holder of the camera can
be removed and an eyepiece with cross hairs inserted in its place. The camera lens then becomes
the objective lens of the transit, or the theodolite, and the optical axis becomes the line of
colimation. The details of this survey are described in the article mentioned in a previous
paragraph.

From the enlargement of the aerial mosaic to a wall map 8 by 20 feet in size, the relationship
of various project features could be discerned at a glance. The topographic maps aided in
locating structures and furnishing approximate estimates of the amount of yardage that would
be removed in excavations for the dam, power plant, and other features in Black Canyon and
adjacent areas.
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Owing to the unemployment situation, the contract for construction of Hoover Dam was
awarded in March, 1931—six months ahead of the time originally planned. Six Companies
(Inc.), of San Francisco, to whom the contract was awarded, commenced work from many
places and the requirements for surveying rapidly increased. Under the demands for locations
of numerous features, rapid but accurate work was required to be accomplished under extreme

stress.
SURVEYORS ENCOUNTER DIFFICULTIES

The work was severcly fatiguing, as well as exceedingly hazardous. Ladders were built
to reach some locations, but others were found inaccessible except by lowering men by ropes.
To ascend or descend the canyon walls by ordinary means usually required long hikes over trails
that were few and far between.

The winds of the springtime, causing discomfort and danger by carrying sharp sand particles
and dislodging pebbles and rocks along the canyon walls, were succeeded by the severe high tem-
peratures of the summer. During July, the nican temperature in the shade was 107.4°. On two
days the maximum temperature was 128°, and for two-thirds of the month the thermometer at
some time during the day registered above 120°. 1In the sun, thermometers broke at 140°, rocks
and metal burned the hands, and the canyon walls reflecting the sun’s rays created an inferno in
the canyon below. All accurate measurements required temperature corrections for chaining,
surveying instruments had to be shaded, and heat waves made reading of record or point im-
possible for any except short distances. Surveying was started at 2 o’clock a. m. and stopped at
11 o’clock a. m. The men worked with practically no clothing, only shoes, trousers, and helmets.

Reflecting the loyalty of the men to their organizaticn and indicating the careful manner in
which the work was performed, it is of interest to note that none of the men quit work on account
of its arduous character, none were discharged, and none were killed or seriously injured.

The contractor, starting at a few locations, soon extended these to a dozen as tunneling got
under way, then to twice this number as the tunnels were widened to the full 56-foot diameter.
With the starting of excavations for spillways, intake towers, trash-rack structures, connecting
tunnels, and adits, the number was further increased until in March, 1932, the contractor was
proceeding with 15 distinctly different operations in Black Canyon at 36 locations. Thirteen
Government survey parties, totaling 48 men, and two parties of the Six Companies (Inc.), were
required for lccation and quantity surveys. Some of their duties were to locate all structures
and give line and grade for subsequent operations, cross section all sites for structures, measure
quantities of material removed in their excavation, and to outline the tunnel section with white
paint after each blast in driving diversion tunnels. Considerable ingenuity was exercised in
obtaining some of these measurements, particularly for the completed 56-foot diameter tunnel
section; the outlining for excavation for canyon wall structures and the measurement of excava-

tion removed.
CANYON WALL SURVEYS

As the preceding surveys were not sufficiently accurate and complete for all purposes, a
survey was instituted in December, 1931, of the walls of Black Canyon in the area of the dam
site. The map prepared from the readings obtained is plotted on a scale of 20 feet to the inch
and with 10-foot intervals between contours.

For this canyon wall survey two transits were located at points of known locations and
elevations on a wall of the canyon and oriented by backsighting on each other. The rodman,
termed in this instance a “rigger,”’ descended from the opposite canyon rim in a vertical line to
the river’s edge, stopping at points required for accurately delineating the canyon wall surface.
Horizontal and vertical angles were read at both transits for each designated point. Over most
of the area surveyed, the rigger was lowered by ropes in order to reach otherwise inaccessible
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places. A 15-foot pole with flag attached at one end was used to reach the back of caves or
below overhanging cliffs, but in many instances it was necessary for the rigger to swing himself
inward as a pendulum in order to secure readings under high overhanging cliffs.

The survey crew for these operations consisted of 11 men. An assistant engineer acted as
crew chief and was assisted by 2 transitmen, 2 recorders, 2 riggers, 2 ropemen for lowering the
riggers, 1 man stationed in the canyon below to warn workmen of rocks that would be dislodged
by the operations above, and 1 signalman who was stationed between the transits to establish
communication between the transitmen and the rigger. The rigger was lowered by three-
quarter-inch rope snubbed around two drills driven securely into crevices in the canyon rim.
When he reached the river’s edge, he removed the rope and returned by trail and ladders to the
top. While one was returning, another was being lowered at a different location.

The data secured from this survey are plotted by drawing the intersecting lines according to
the recorded horizontal angles of the transits and scaling on the map the distances from transits
to the point of intersection. The elevation of the point is then calculated from this scaled hori-
zontal distance, the vertical angle recorded by the transits and the known instrument elevations

Surveying is never slow or monotonous in Black Canyon. The contractor is creating records
in the rapid removal of large quantities of excavated material and the speed with which unusually
large structures are being built. Accurate location and quantity surveys must precede all
operations and be carried along with them. Responsibility for maintaining surveys in precedence
of the contractor’s undertakings rests upon the field engineer who is in charge of field work for
the Government and upon an associate engineer who is directly in charge of field surveys.

The work of the surveyor is ordinarily taken as a matter of course, is seldom mentioned in
reports of construction activities and is soon forgotten when the structure is completed. It is
well to remember when viewing or reading of some masterpicce of the constructor’s art that its
design was founded on the surveyor’s data, its foundations were laid under the surveyor’s direc-
tions, and the structure was built in accordance with the surveyor’s measurements. His work
is done in an unobtrusive manner, but its importance is of first-order value.—Reclamation Era,
October, 1932.
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PART III : PROJECT FEATURES—DETAILS OF DESIGN

REPORT OF CONSULTING BOARD

The board of consulting engineers on Hoover Dam, comprising W. F. Durand, D. C. Henny,
Louis C. Hill, and A. J. Wiley, made the following report on April 20, 1931:

“Your board has been furnished with copies of the contract and specifications covering the
plans for the design and construction of the Hoover Dam, and the members have individually
and in conference, given careful cosideration to the same. They have furthermore been in
contact, since their organization as a board, with many of the chief problems involved in this
undertaking and have therefore approached this study with the advantage of these earlier
contacts.

“From this study we are of the opinion that these plans and specifications provide for the
construction of a safe and efficient structure and we hereby express our approval of the same for
contract purposes.

““The contract designs and plans, following usual practice, have been made general and must
naturally be supplemented by numerous detail designs and considerations relating to matters
of secondary importance. We are of the opinion that the terms of the contract provide ade-
quately and fully for such developments and variations in detail as further study may suggest or

changing conditions require.”
DAM

The Hoover Dam will be of the massive concrete arch-gravity type, in which the water load
is carried by both gravity action and horizontal arch action, with a crest length of 1,180 feet
and a height of 730 feet above the lowest point of the foundation. It will be 45 feet thick at the
top, 650 feet thick at the base of the crown section, and will have an upstream horizontal pro-
jection of 110 feet at the crown section. The curvature of the top of the dam will be on a radius
of 500 feet. The volume of concrete in the dam will be about 3,400,000 cubic yards. Hoover
Dam will be the highest in the world and will raise the water surface of the Colorado River about
584 feet, and 30,500,000 acre feet or 10,000,000,000,000 gallons can be stored in the reservoir.

CONTRACTION AND RADIAL JOINTS

Plans for the dam provide circumferential contraction joints in addition to the usual radial
joints. The contraction joint system will divide the concrete into blocks or columns approxi-
mately 50 by 50 feet in plan, the upstream and downstream faces being laid out on chords parallel
to the axis of the dam. The other faces will vary from parallel to the river in the lower part of
the dam to radial in the upper portion. The circumferential contraction joints thus formed by
the columns, will be broken by staggering the columns, but the radial joints will be continuous
through the dam.

The radial joints will be formed to provide interlocking vertical keys 5 feet 12 inches in
section with the ends beveled to prevent shearing of the corners due to shrinkage of the concrete.
Circumferential joints will be provided with horizontal keys. The total area of circumferential
and radial contraction joints will be about 3,800,000 square feet.

All contraction joints will be equipped with small metal pipes and fittings, installed in
separate systems or units. After the concrete in each system has been placed and the setting
heat dissipated, the joints will be filled with cement grout forced through the pipes under pres-
sure. Copper expansion strips will be placed across the joints a short distance back of the

(38)
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faces of the dam and at other locations as required by the separate grouting systems. Con-
struction of the joint grouting system will require about 820,000 feet of standard steel pipe,
ranging from % to 1% inch diameter, about 400,000 pipe fittings, 140,000 conduit box covers
and 150,000 linear feet of copper expansion strips. '

GROUT AND DRAINAGE SYSTEM

Percolation of water through the foundation will be lessened by a concrete cut-off and by
drilling and pressure grouting the rock formations below the cut-off. Grout holes will be
spaced at 5-foot intervals in a single line and wiil vary in depth from a minitnum of 20 feet near
the ends of the dam to about 150 feet at the sections of greatest height. Alternate holes will be
only two-thirds the depth of adjacent holes. Geological investigations have indicated unusuelly
good foundation conditions, from which it appears that the grouting will be required primarily
for sealing fine seams and joints.

A drainage system is provided to handle leakage. The drainage gallery will be parallel to
the axis of the dam, with the upstream wall of the gallery at a horizontal distance of 6 feet
downstream from the axis of the dam. In elevation the gallery will follow generally the profile of
the canyon, rising by steps at the abutments of the dam. Spiral stairways will be provided in
the vertical sections of the gallery.

Drainage holes, varying in depth from about 15 feet in the abutments near the crest of the
dam to a maximum of about 100 feet at the lowest part of the foundation, will be drilled into
the foundation from the drainage gallery. These holes will be spaced at 5-foot intervals, will
have bottom diameters not less than 2 inches, and will not be drilled until all adjacent grout
holes within & minimum distance of 150 feet have been drilled and grouted. The portions of
these holes through the concrete of the dam will be formed by 3)%-inch steel pipe as the concrete
is poured. Porous concrete tile drains will be placed vertically on 10-foot centers in the con-
crete near the upstream face of the dam and each of these will have a direct outlet into the drain-
age gallery. The collecting trench in the bottom of this gallery will connect with radial drainage
conduits discharging at the toe of the dam.

In addition to the drainage gallery, an extensive system of shafts and galleries will be formed
in the dam for inspection purposes. Two elevators, with adits at the elevation of the generator
floor of the power house, will provide transportation between the power house and the top of the
dam and will provide means of access to all galleries. The vertical travel of each elevator will
be about 580 feet, equal approximately to that required for a 50-story building.

CONCRETE COOLING SYSTEM

The rapid placing of so large a mass of concrete in a structure having such large dimen-
sions in its vertical and stream directions called for a plan of cooling the concrete. If cooling
were not provided, a large proportion of the setting heat of the concrete would remsin in the
dam for years, and the gradual loss of the excess temperature would result in concentration of
stresses, cracking, and leakage, thereby impairing the safety and shortening the life of the
structure. Studies were made of various methods of cooling, all based upon the mathematical
theory of heat conduction. From these studies a method was evolved of running cooled water
through a system of embedded 2-inch metal pipes. The pipes will be placed circumferentially
paralle] to the axis of the dam with spacings of 10 feet vertical and 11.55 feet horizontal.

In order to test the workability of the cooling plans a similar experimental system was
installed in the Owyhee Dam, recently completed on the Owyhee project in eastern Oregon.
One-inch diameter pipes were placed in each of seven consecutive 4-foot lifts of concrete. The
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initial temperature of the concrete was 118° F. By pumping water at 64° F. through the pipes
the mean temperature of the concrete was reduced to 84° F. in two weeks, the computed and
observed values of the concrete temperature differing by less than 2°.

The specifications provide that after any portion of the concrete in the dam and tunnel
plugs has set for a minimum period of 6 days, it shall be cooled by removing the excess heat
above 72° F. The general contractor shall furnish, install, and operate a complete refrigeration
plant for removing the excess heat. This plant shall have a capacity sufficient to reduce from
47° F. to 40° F. the temperature of a flow of 2,100 gallons per minute. The average tempera-
ture rise due to setting of concrete is approximately 40° F. above placing temperature. There
will be embedded in the concrete a system of pipes containing 800,000 feet (150 miles) of pipe
through which cooling water from the refrigeration plant will be circulated.

DIVERSION WORKS

During construction of the dam and power plant the Colorado River is to be diverted
around the site by a temporary earth and rock-fill cofferdam through four 50-foot diameter
tunnels, excavated to 56 feet and lined with 3 feet of concrete. These tunnels, two on each
side of the river, are driven through the rock of the canyon walls. They will carry over 200,000
second-feet of water and have a total length of 15,934 feet or 3 miles. The upstream cofferdam
is located 600 feet below the diversion tunnel portals. This dam is 90 feet high and 70 feet
thick at the top, with steel sheet piling driven 40 to 50 feet to rock at the upper toe. On the
upstream face there is 6 inches of reinforced concrete paving, and on the downstream face there
is a layer of dumped rock. This cofferdam contains 568,000 cubic yards of earth and 157,000
cubic yards of rock. A similar cofferdam will be built just below the power plant site, which
will be 60 feet high and will be protected downstream by a rock barrier 53 feet in height.

On November 13, 1932, at 11.30 a. m., the Colorado River, which for centuries past has
flowed undisturbed through Black Canyon, was turned from its course and diverted around the
dam site through diversion tunnel No. 4 on the Arizona side. Just before noon a mighty blast
was fired which tore a hole in the barrier in front of the tunnel. A few hours later, entrance
to the No. 3 (Arizona) tunnel was effected, allowing river water to enter a second of the mam-
moth tubes. These two tunnels can accommodate the Colorado’s flow during the winter of
1931-32. Work was immediately started on the cofferdams. The concrete lining in the two
Nevada tunnels will now be finished, and before the 1933 flood waters come down from the
upper basin in May or June all four tunnels will be ready for diversion.

OUTLET WORKS

Outlet works will be installed on each side of the river. Each division will consist of two
separate systems, each system being regulated by two welded plate-steel cylinder gates, one
placed near the bottom at elevation 894, and the other near the middle at elevation 1045, in a
reinforced concrete intake tower about 390 feet high and 75 feet in average diameter. There
are four towers, two for each system, located above the dam, and about 165 feet apart in a
direction parallel with the river. Each tower will control one-quarter of the supply of water
for the power plant turbines.

At the upstream intake tower the water will discharge through the cylinder gate into a
30-foot diameter steel conduit constructed in the inner diversion tunnel below the upstream
tunnel plug. Below the tunnel plug four 13-foot diameter penstocks will branch off to the
power plant, and then 102-inch diameter steel conduits, in separate tunnels, will lead off to the
six 84-inch needle valves of the canyon wall outlet works.
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These valves will discharge into the river at elevation 820, which is about 180 feet above
river level. Below the junction with the 102-inch conduits a 25-foot diameter steel conduit,
located in the large tunnel, will lead to six 72-inch needle valves in the downstream tunnel
plug.

At the downstream intake tower, the water will discharge through the cylinder gate into a
30-foot diameter steel conduit, to be constructed in a 37-foot diameter tunnel at elevation 820.
This conduit will serve in turn four 13-foot diameter power penstocks, and then the 6 valves
of the canyon wall outlet works. Reservoir outflow will be controlled in all outlet works by
internal differential needle valves, each of which will be protected by emergency slide gate placed
just above the needle valve.

The valves located in the canyon wall structures will not be used except under emergency or
flood conditions because of the undesirable spray conditions which will result from discharges of
this character. Discharge through the valves in the tunnel plugs, together with the flow from
the power-plant draft tubes, will provide for irrigation water demands in the river section below,
with occasional release through the lower canyon wall outlets when the demand for power is low.

Because of the high hydrostatic heads it was not considered advisable to depend upon con-
crete lining and the rock cover for resistance to internal water pressure. Hence, the pressure
conduits in all tunnels will be of steel construction with sufficient outside clearance in the tunnels
for assembling and welding. The steel conduit sections will be brought in through adits con-
structed for this purpose, which will afterwards se1ve as entries for inspection and drainage
outlet conduits. Concrete tunnel lining will provide protection to the steel conduits from rocl.-
falls and cave-ins. In the branch tunnels leading to the valves the space between the smsller
diameter steel conduits and rock will be solidly filled with concrete.

The main outlet pipes will be 30 feet in diameter and will have a total length of about 4,500
feet. Made of welded plate-steel with a maximum thickness of almost three inches, they will
be the largest ever constructed. One length of this pipe 12 feet long will be made from three
plates, and one erection-section comprising two lengths welded together will weigh 150 tons,
heavier than many types of railroad locomotives. Smaller outlet pipes vary in size from 25
feet down to 8% feet. About 110,000,000 pounds of steel plates and castings will be required

for the outlet pipes.
SPILLWAYS

The maximum known flood of the Colorado River appears to have occurred in 1884 and is
estimated to have reached a peak discharge of between 250,000 and 300,000 second-feet at the
dam site. It is desirable to limit the reservoir discharge for a flood of this order of magnitude—
estimated to occur about once in 200 years—to 75,000 second-feet, which would correspond to
about 62,000 second-feet in the delta region. Making allowance for power plant discharge and
assuming all other outlets to be closed, the required spillway capacity at the top of flood storage,
i. e., at elevation 1229, will be 63,000 second-feet. In view of the comparative shortness of the
period of flood records and consequent uncertainty cf the maximum discharge to be expected,
the low freeboard allowed, and the magnitude of the works, the designs have been prepared for
a spillway discharge of 335,000 second-feet with reservoir water surface at the top of flood
storage, or 400,000 second-feet with water surface 3 feet higher; i. e., at the elevation of the
top or roadway surface of the dam.

Two spillways will be constructed; one on each side of the river. These will be essentially
alike in their general features. Each will consist of a concrete-lined open channel about 650
feet in length, 150 feet wide, and 120 feet deep, with the side next the river formed into an
ogee-shaped crest. Each channel will discharge through an inclined shaft 50 feet in diameter
and 600 feet long into the outer diversion tunnel on the same side of the river. Each spillway
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crest will be divided into four 100-foot openings by three concrete piers, and will be provided
with a structural steel drum gate 16 feet high. An operating chamber will be formed in the
crest below each gate.

The drum gates will be made of steel skin plates, carried on transverse plate steel girder
frames spaced 28 inches on centers. They will be hinged to the upstream lip of the operating
chambers throughout their lengths; and their upstream faces will be so shaped that when
Jowered they will form continuity of surface with the concrete spillway crest.

The gates may be controlled either automatically or manually. It is planned to install
and operate them so that up to the discharge of 63,000 second-feet for all gates no movement
of the gate will be required. Should this discharge prove insufficient to hold the reservoir
water surface at elevation 1229, the gates may be set to automatically lower so that when
completely down 335,000 second-feet may pass without a rise in the reservoir water surface.
The spillways will then have uncontrolled crests and additional rises in the reservoir water
surface will result in corresponding increases in discharge.

The two spillways will require 625,000 cubic yards of rock excavation. The maximum
velocity in the spillway tunnels will be about 175 feet per second.

POWER PLANT

The proposed power plant will be a U-shaped structure forming in fact two independent
plants, one on each side of the river, joined together by a section of building across the down-
stream toe of the dam. The physical characteristics of the site lend themselves to this arrange-
ment as a rock shelf of sufficient width to accommodate practically all of the building lies at
about the elevation of the draft tube floor on each side of the river. The two wings of the
U also diverge sufficiently to provide good hydraulic characteristics for the tailrace. The
building will be of steel and reinforced concrete with a heavy fill of rock on the roof to protect
against rocks falling from the canyon walls. Access to the building from the upstream side
will be by means of two elevators in the dam as mentioned before. Railroad track from a
cableway landing below the plant will be provided for handling heavy equipment.

The building layout provides for the installation of fifteen 115,000-horsepower and two
55,000-horsepower vertical hydraulic turbines, 15 main generators of 82,500-kilovolt-ampere-
capacity each and two main generators of 40,000-kilovolt-ampere capacity each. Eight of
the larger units are located on the Nevada side of the river. The weight of the rotating parts
of these units and the handling of other machinery and equipment will require the installa-
tion of four 300-ton and one 100-ton electric overhead traveling cranes.

Transformers for stepping the voltage up to 220,000, or such other transmission voltage
as may be selected, will be located on a platform on the tailrace sides of the building. Each
platform will also support a railroad track for handling equipment. These tracks will lead
into the portion of the building across the toe of the dam where machine shops, control rooms,
storage and other rooms will be located.

A high-voltage switch yard for controlling the outgoing transmission lines will be located
on a comparatively flat space back of the rim of the canyon on the Nevada side. The neces-
sary oil circuit breakers, control equipment, control-house, and other equipment will also be
located at this point.

Based on past records of river flow and considering future depletion by upstream irriga-
tion and other consumptive uses, it has been estimated that a firm power output of approxi-
mately 494,000 kilowatts, or 667,000 horsepower, will be available at the dam in the year 1938.
This will allow a firm power output of 4,330,000,000 kilowatt-hours per year. It is also estimated
thet further developments in upstream consumptive uses will decrease this amount by 8,760,000
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kilowatt-hours per year each year thereafter for a period of 50 years, or until 1988, which was
the period studied in connection with the financial operation of the project. In years of more
than average run-off there will be large amounts of dump power available in addition to the
above firm power. )

The laxger of the power plant units are the largest yet manufactured, exceeding in size
the 83,000-horsepower turbines and 76,500-kilovolt-ampere generators in the Dnieprostroy
plant in Russia. On March 1, 1933, bids were opened at Denver for furnishing the initial
installation of turbines, five 115,000-horsepower, and two 55,000-horsepower units. Approxi-
mately $17,000,000 will be spent for power plant machinery and equipment. The turbines
will operate under a maximum head of 590 feet and an average head of 530 feet. The installed
capacity of the power plant will be 1,835,000 horsepower (rated) which is three times the amount
of power that can be developed at Muscle Shoals (Wilson Dam) and is four times that developed
at Niagara Falls on the American side. The estimated cost of the Hoover Dam power develop-

ment is $38,200,000.
PERMANENT CABLEWAY

At the downstream end of the power plant an electrically operated 2-speed cableway, with a
capacity of 150 tons and a span of about 1,200 feet, will cross the canyon. It will be used for
transporting 30-foot diameter steel pipe sections, power-plant machinery, gates, valves, and
other machinery and materials to or from a loading platform at elevation 1,262 from or to two
landing platforms on each canyon wall, the upper platform on each side being at elevation 799,
and the lower platform on each side at elevation 670. The cableway consists of a track made
up of a number of steel wire cables placed in a horizontal plane, supported on a structural steel
tower on the Nevada side, and on a saddle on the Arizona side, connected at both ends to I-bars
embedded in concrete anchors. The hoisting machinery is installed in a hoist house located
between the tower and the anchor on the Arizona side.

The carriage will be operated at a speed of approximately 240 feet per minute, with provision
for acceleration and deceleration, the total travel being approximately 1,050 feet. The load
speed for hoisting and lowering will be approximately 30 feet per minute when raising loads of
from 40 to 150 tons or lowering loads of from 50 to 150 tons, and 120 feet per minute for raising or
lowering smaller loads. Provision will be made for creeping speeds when conveying and inching
speeds when hoisting or lowering. Five control stations are required, control station No. 1 being
located on the tower for the chief operator, who will direct the conveyance of the load to a point
over each of the other four stations. The control will then be transferred to the desired station
at one of the landing platforms, where an operator will direct the lowering or raising of the
load, with ability to convey the load at creeping speed within a restricted zone. Direction of
operations by the chief operator will be by means of a telephone connected to all stations.
Transfer of control between stations will be made with all equipment deenergized, ard resump-
tion of operation made by means of a definite interlock to the station assuming contrel. The
control apparatus will be so arranged that all operations, including hoisting, lowering, and
conveying, can be controlled at control station No. 1 by means of a change-over switch located
in the hoist house. Signal lights will be provided at each station, showing by means of green
and red lights which station is energized. Operation and control will be by direct current
supplied by motor-generator sets. _

The first four years of service will consist principally of the lowering of fabricated sections
of welded steel pipes, the principal sections of which will be 30 feet in diameter and from 12 to
23 feet in length. Approximately 46,000 tons of these pipe sections will be lowered from the
canyon rim and deposited on landing platforms at the entrances to two adits on each side of the
river. There will be a total of approximately 88,000 tons of maximum-size pipe sections to be
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handled during the 4-year period. Beginning with the second year of operation of the cable-
way, it will be used for lowering generating machinery for the power plant, and gates and valves
and other miscellaneous machinery for the outlet works, for which the heaviest piece will weigh
80 tons, and will be used for that purpose and for general maintenance purposes thereafter.
In addition to the service described above, the cableway will be used for general purposes,

handling miscellaneous materials in loads from 1 ton to the maximum, as construction, opera-
tion, and maintenance needs at Hoover Dam may require, but with no specific duty schedule.

REPORT OF COLORADO RIVER BOARD

The following report was submitted to the Secretary of the Interior under date of November
19, 1932, by the Colorado River board, consisting of Danie]l W. Mead, acting chairman; Charles
P. Berkey, secretary; Warren J. Mead; and Robert Ridgway:

The Colorado River board has the honor to make the following report covering questions
pertaining to plans and designs for the Boulder Canyon project, which have arisen since
November 6, 1931, the date of its last report.

The major question submitted to the board at this tine was presented by Acting Chief
Engineer S. O. Harper, under date of November 11, 1932, as follows:

The board has been called together at this time for final consideration of the general plan and cross section

of the dam. The contractor will soon be ready to start abutment excavations and definite approval of the design
of the dam is needed 8o that these excavations can be staked.

Several additional matters bearing only indirectly on the design of the dam proper, but
vitally pertinent to certain subordinate works and to the success of the project, which were con-
sidered by the board and discussed with the engineers in charge, are, at the request of Chief
Engineer R. F. Walter, also treated in this report.

The board greatly regrets the absence, through resignution, of General Sibert, chairman since
its organization in 1928, and the consequent loss of his wise counsel and sound judgment.

The remaining four members spent several days during the past week at the dam site under
the personal guidance of Chief Engineer R. F. Walter and Construction Engineer Walker R.
Young. Particular attention was given to the relations of the natural features of the site to
questions before the board, in the light of information now so well disclosed by the work in
progress. Both the natural physical conditions at the site and the general conduct and execution
of the work appear to the board as thoroughly satisfactory.

Additional time has been spent with the engineers in charge of design and research in Denver.
The board is impressed with the progress made in those studies and with the thoroughness, care,
and ingenuity with which these investigations are carried on.

DESIGN OF THE DAM

The board approves the plan and maximum section of the dam as shown in drawing No.
45-D-2080 of study No. 37, dated September 22, 1932. It is understood that such design is
subject to possible minor changes, such as the substitution of a straight instead of a curved
downstream profile in the lower part of the dam and of such additional fillets on the upstream
profile and at the arch abutments as continuing studies of these features may indicate as advisable.

1

X ADDITIONAL PROBLEMS

Abutment excavation.—It is obvious that the best possible seating of the dam against the
canyon walls is essential and that every precaution must be taken to attain that end. The
rock of the abutments is of such excellent quality and so much superior in strength to the con-
crete which would replace any excess removal that excavation should be limited to the require-
ments of proper abutment stress design.
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Despite the superior quality of the rock, it can be materially weakened by heavy blasting.

The board is informed that these possibilities are appreciated by the engineers of the Reclamation

Bureau.

Information disclosed by tunneling operations.—The excavation of the four great 50-foot
diversion tunnels has now been completed.
These tunnels have explored the side walls of the canyon back of the abutments of the dam
and have shown the rock condition and quality in detuil and in & wholesale manner. It is now
» matter of record that the rock behavior during tunneling operations has been exceptionally
/ good. Only in rock formations of the highest quality can tunneling on such a scale be done in
! safety. It isin general to be expected in driving large tunnels that zones of weakened rock re-
quiring roof support will be encountered, that falls of rock from the roof will occur, and that
there will be a certain amount of overbreak due to the weakened condition of the rock. Here,
however, in 16,000 feet total length of finished bore, not & single place required support and the
| excavation was carried remarkably true to the specified cross sections. No element of weaknees
. or of questionable behavior was developed in the four diversion tunnels around and back of the
' abutments of the dam. ‘
: The thoroughly dependable character of the walls of the canyon, a matter wholly of judgment
. and interpretation when this site was selected, therefore, is now fully proven. There is no doubt
of the satisfactory quality and condition of the rock formation which is to support and hold the
dam.

Tunnel No. 1 outlet.—The outlet portal of the spillway tunnel on the Nevada side
(tunnel No. 1) is of necessity so located as to require a deep side cut over 600 feet long, the wall of
which turns slightly toward the river. For part of this distance the excavation cuts a zone of
fractured rock not occurring elsewhere in the immediate vicinity of the dam site. The rock
slope of the excavation through this section is 8o unstable as to appear to require protection from
heavy spillway discharge to obviate the hazard of undercutting the canyon wall. This could
be avoided by extending a concrete conduit downstream from the portal 400 feet or more, but
the cost would be excessive. It is believed that adequate protection can be afforded also by a
properly designed concrete wall. Some such provision should be made if experience during the
construction period, while the tunnel is used for diversion of the river flow, indicates the necessity
of it.

. The upper cofferdam.—The board has observed with much satisfaction the suitable charac-
ter of the foundation, the excellent quality of the material being used in the fill, and the acceptable
manner in which the work is being done on the upper cofferdam.

In the portion of the river bed exposed in the westerly half of the cofferdam now under con-
struction, after the removal of some 20 feet or more of silt and loose gravel, a fairly uniform bed
of compact and well-assorted gravel was encountered furnishing better foundation for this
structure than was orginally anticipated. The material for the dam which is being placed on this
foundation is obtained from the Hemenway Wash and, when wetted and properly rolled in place,
i8 a dense, fairly impervious mass well suited to the purpose.

The steel sheet piling so far as placed in its final position at the time of the visit of the board,
had been set in a concrete footing in open excavation to bedrock and back filled by puddle on
both sides. The compact and relatively impervious and stable nature of the river fill as disclosed
in the excavations and the manner in which construction work is being carried on promise a
thoroughly successful structure for protection of the work of excavation and the construction of
the lower portion of the main dam. No difficulties are anticipated provided that no unusual
flood occurs during the early stages of the cofferdam construction.

River filll and its behavior.—One of the elements of greatest uncertainty in the beginning
ﬁ through the whole period of development to very recent date has been the river fill. Nor-
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mally the gorge is filled to a depth of more than a hundred feet with sand, gravel, and bowlders,
the exact physical character and behavior of which could not be predicted. It was realized
from the beginning that great difficulty and expense might have to be met if this material should
prove to be loose and pervious and inclimed to slump and ravel when the excavation for the dam
is made, whereas all these difficulties would be greatly simplified if the river fill should prove to
be stable and comparatively tight.

On this matter there is now considerable additional information. The excavation made for
the westerly half of the upper cofferdam has exposed this river-bed material to a depth of over 30
feet. Tts quality with respect to physical structure and stability and its relatively low per-
meability are both more satisfactory than originally anticipated. Not only does the material
exposed at the site of the cofferdam furnish an eminently suitable foundation for that structure
but it stands well in the excavation walls and yields surprisingly little water. The amount of
inflow from the immediately adjacent river into an excavation over 700 feet in length and about
30 feet below the river level, covering half the width of the river trench, is so small as to be almost
neégligible in handling the work.

This is new and very important information. There is good reason to believe that similar
conditions will be encountered in the excavation for the main dam, and, although much variebility
in ¢haracter of material as well as increase of seepage with increase of head to be expected in a
deposit of this kind and of such great depth, there is now little doubt about its general stability
and comparative freedom from costly and dangerous behavior.

The excavation to be made for the main dam will furnish a unique opportunity to determine
the structural detail of the river fill of this great gorge-of which advantage should be taken to make
a complete descriptive and graphic record. Such a record will be of use not only in cese of
additional developments on the Colorado River but will be of future value on other riversof similar
history.

Bpillway geology and treatment.—Sufficient variation in quality of foundation rock has been
encountered in both the Nevada angjm_%na spillway excavations to warrant making special
provision for the foundation of the weirs and preventing undesirable water seepage. In each
case the proposal to excavate for the foundation of the weir at least as low as the excavation
for the spillway channel at the particular places where more broken and porous rock have been
disclosed, is a suitable treatment of the situation and there is no doubt of the safety of the
structure when adequately grouted and drained.

The Arizona spillway exhibits somewhat special geologic conditions. The so-called spillway
breccia is made up of a mixed lot of volcanic débris filling an ancient volcanic vent up through
which hot vapors continued to issue for a long time after the accumulation had completely filled
the crater and the site had been covered with later deposits. It is because of this history that
the material is so variable in make-up and in physical condition. Certain portions have more
open texture and are more porous and more modified than other portions of the same mass, and
it is one of these more porous portions of the vent that has been encountered in the excavation.

This ground introduces no particular difficulty or danger and affords and adequate found a-

" tion for the spillway structures. The deeper excavation proposed in the most porous rock near
the center of the foundation of the weir is undoubtedly an advisable precaution for securing
stable foundation, but it is not necessary to carry the rest of the excavation to equal depth.
The whole spillway excavation requires heavy concrete protection backed up by thorough
grouting and adequate drainage.

/ Structural material.—The material as developed in the Arizona gravel deposit is admirably
suited for the concrete aggregate and it is doubtful if material of a better quality and grading

\\i’or the purpose could be found. The stripping of the deposit is light, and the material is se well

graded that there is little waste and there appears to be a sufficient quantity for all demands.

—
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/\Obserntion tunnel beneath the river.—A tunnel intended to serve as a drainage sump for
the foundation excavation has been driven by the contractor beneath the floor of the gorge. At
the present stage this tunnel does not reach beneath the deepest notch in the floor and it ends
at a point some distance downstream from the toe of the dam. For its original purpose little
more may be required, but the usefulness of this tunnel is not confined to its service as a sump.

Already it has added materially to the accuracy of knowledge concerning the quality and
condition of the rock floor beneath the dam. It is especially encourgaing to note that the
tunnel thus far has encountered only sound rock. At the time of the board’s inspection this
tunnel was inaccessible, but reports indicate that there is virtually no leakage into the tunnel
under the river.

The opportunity for obtaining other kinds of information, however, is of greater importance.
Advantage should be taken of it to carry a branch tunnel of small cross section for observation
purposes, entirely across the river beneath the toe of the dam. Such a tunnel would explore
the remaining portion of the rock beneath the deepest section of the gorge and is fully warranted
even for that purpose alone. It would make possible in addition a series of important direct
observations bearing on matters now necessarily treated wholly on theoretical lines.

Measurements can be taken of the strain conditions now existing in the rock beneath. the
gorge and it is desirable that these measurements be continued during and following the con-
struction of the dam. It would give unique opportunity to measure the effect of loading this
rock foundation with the dam itself and the additional effect of filling the reservoir.

This is a most important service and the opportunity should not be lost for gathering
whatever data may be furnished by the extraordinary conditions imposed by the new structure
at this place. The tunnel should be kept open and should be fitted with whatever devices
are necessary to secure reliable data.

Research and publication.—The unprecedented nature of this great work has created the
necessity of extensive research in order to secure information necessary to the solution of many
problems that have not hitherto been of equally vital importance. In this connection there
have been developed new methods of procedure and an unusual refinement of technique not
ordinarily possible in work of lesser magnitude. The magnitude of the structures and the
importance of utilizing every advantage in the proper control of the immense forces to be im-
posed, together with the severe conditions under which operations must be conducted, have
led to refinements in methods of analysis and design which had not been previously developed.

This vast amount of valuable information which is accumulating during the design and
construction of the work should be published in order that the advances made in methods of
study and design may not be buried or lost. This information would then be available for
future similar work, eliminating duplication of the effort and expense which in work of lesser
magnitude would be impossible.

A large amount of important and valuable geological information is being brought to light
by the numerous and extensive surface and underground operations. As a matter of good
engineering practice it is important that the geological features be accurately noted and recorded.
This information can best be obtained during the progress of the work, and provision should
be made for it as one of the contributions,
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PART IV : PROGRESS OF CONSTRUCTION

CONTRACT WITH SIX COMPANIES (INC.)
AWARD OF CONTRACT

In order to assist in relieving unemployment conditions existing in 1930, Secretary Wilbur
requested the Bureau of Reclamation to speed up preparation of plans and specifications for the
Hoover Dam and appurtenant works, so that a contract for construction could be awarded at
the earliest possible date. The engineers of the Denver office responded by having the speci-
fications printed in December, 1930, or 6 months ahead of the original program. Bids were
opened at Denver, Colo., on March 4, 1931, and three regular bids were received. Six Com-
panies (Inc.), of San Francisco, Calif., submitted the low bid of $48,890,995. This concern is
made up of the Utah Construction Co., Ogden, Utah; Henry J. Kaiser & W. A. Bechtel Co.,
Oakland, Calif.; McDonald & Kahn (Ltd.), Los Angeles, Calif.; Morrison-Knudsen Co., Boise,
Idaho; J. F. Shea Co., Portland, Oreg.; and the Pacific Bridge Co., Portland, Oreg.

The contract was awarded to the Six Companies (Inc.), on March 11, 1931, one week after
the opening of bids. The contractor was notified to proceed with the work on April 16, 1931,
and in a few days workmen had established a temporary camp and the project was under way.
Frank T. Crowe is general superintendent for the contractor.

The contractors were obliged to build the roads and railroads necessary to their opera-
tions, beyond those built by the Union Pacific and the Government. The difficult nature of
the country made this a costly undertaking and involved the construction of 30 miles of hard-
surfaced highway and 25 miles of standard-gage railroad. The railroad connects the dam
with the gravel pits located about 8 miles up the river on the Arizona side. Kxcavation of
the four tunnels was the first important task undertaken by the Six Companies.

EXCAVATION OF DIVERSION TUNNELS

X_ Four diversion tunnels, each 56 feet in diameter, having an average length of 4,000 feet,
and a combined capacity sufficiently large to carry the entire flood flow of the Colorado River,
have recently been excavated as an integral part of the construction of Hoover Dam.

Two of these bores have been driven through the walls of Black Canyon around the dam
site on the Arizona side of the river and the other two through the walls on the Nevada side.
After lining with concrete to an inside diameter of 50 feet and making connections to other
structures, these tunnels will be used for diversion of water around the site of the dam and
power plant during the construction period, and upon their completion will form component
parts of the spillway and power house features.

Preceding the driving of the tunnels and in conjunction with the usual preparatory work
of building roads to the tunnel portals, installing compressor stations and moving construction
equipment into position, the walls of the canyon were stripped of loose rock above all tunnel
portals. For this latter work, men were lowered by ropes from the tops of the sheer cliffs and
barred or blasted loose all rocks that might become dislodged and fall into the canyon below.

ADITS AND PILOT BORES

Underground work was commenced during May, 1931, in two 10 by 12 foot adits which
were driven, one on each side of the river, into the abutments of the dam to intersect the
diversion tunnels. When the adits penetrated to the intersections, at distances varying be-
tween the limits of 363 to 826 feet from the adit portals, pilot bores as top headings 12 by 12 feet
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in section were started in both upstream and downstream directions. After the diversion-
tunnel portals had been excavated to their approximate positian, 12 by 12 foot top headings
were also started from these locations. During September, 1931, operations were in progrees
at 14 headings, in which month 3,300 linear feet of pilot tunnel were excavated, removing 20,000
cubic yards of rock. Altogether, 14,637 linear feet of 12 by 12 foot tunnels were driven, exca-
vating 84,815 cubic yards of rock and using approximately 765,000 pounds of 40 per cent powder,
an average of about 9 pounds of powder for each cubic yard of excavation. Tunnel procedure
and equipment were similar to those in modern usage, 50-horsepower Conway mucking ma-
chines, 8-ton storage-battery locomotives, compressed-air drifter drills, and 2-cubic-yard mine
cars comprising the principal equipment.

Headings, consisting of the top 41 feet to the full 56-foot diameter, were started from diver-
sion-tunnel portals during October, 1931, and by January, 1932, were progressing from the inlets
and outlets of all tunnels. The procedure for these excavations differed radically from ordinary
tunnel methods, the principal difference being in the size of equipment that was used efficrently
in these large bores.

DRILLING JUMBO

After a vertical face was seeured at the portals, the wings on both sides of the pilot tunnel
were blasted outward to the 56-foot diameter section and to a depth along the tunnel of at least
25 feet. A ‘‘drilling jumbo,” consisting primarily of a steel frame and two decks supporting
five horizontal bars on which were mounted as many as 30 drifter drills, the whole carried on
a 10-ton truck, was backed into position against the tunnel face at one side of the heading. After
blocking the truck to retain its position, air and water lines were connected, drills inserted, and
drilling commenced.

A total of 48 holee were drilled to depths as great as 20 feet and the jumbo was then moved
to the opposite side of the tunnel, where the operations were repeated. Only two set-ups of the
jumbo were required for drilling the face. Holes were spaced as shown on the accompanying
diagram, with the two higher rows drilled upward toward the floor of the top headings and
wing sections. Loading was done as the holes were drilled, in all cases allowing at least one
drilled hole to remain between the loading and drilling operations. Dynamite of 40 per cent
strength was used, requiring approximately 1,800 pounds for each round. After drilling and
loading were completed, all men and machinery were moved to a safe distance and the round
was fired electrically in 15 delays, the number by each hole on the accompanying diagram indi-
cating the sequence of the firing. The face was advanced an average of 16 feet at each round,
breaking approximately 1,000 cubic yards of rock, or an average of 1.8 pounds of powder per
cubic yard. To maintain the top heading in advance of the main heading, the wing sections on
both sides of the pilot tunnel were blasted simultaneously with the 56-foot face.

After the smoke and fumes had been cleared by blowers of capacities between 34,000 to
120,000 cubic feet per minute, installed near the adit entrances to pilot tunnels, a 30-horse-power
caterpillar tractor equipped with a bulldozer emerged from the pilot tunnel and pushed the
broken rock from the top leading on to the bench below. After a ‘60 cat.”” bulldozer had cleaned
up the bottom, an electrically operated 3% cubic yard power shovel moved to the face, followed
by a fleet of 7 to 10 cubic yard trucks to commence mucking operations. After all rock was
removed, Government engineers outlined the tunnel periphery on the face of the heading and
the drilling jumbo reentered to eontinue the cycle of operations.

Tunnels of the 41 by 56 foot section were excavated for a combined length of 6,848 feet during
the month of January, 1932, removing 454,335 cubic yards of rock. A record was established
foxl-) one day when, in three shifts on January 20, 256 linear feet were excavated, breaking 17,000
cubic yards.

T
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After the 41 by 56 foot headings were holed through, the remaining 15 feet in the invert sec-
tion of the tunnel was removed in a manner similar to that for the section above. For this
operation, the top deck of the drilling jumbo was taken off and bars shaped to the invert were
added on both sides of the drill carriage. The entire invert heading was drilled from one set-up
of the jumbo, 25 holes being drilled to depths of 20 feet. Approximately 750 pounds of 40 per
cent dynamite were used for each round, breaking 320 cubic yards of rock.

TRIMMING OPERATIONS

Reaming the tunnels to the specified cross section was accomplished from a *trimming
jumbo” for the 41 by 56 inch section and by gantry crane, truck, skip, and power shovel in the
invert. The trimming jumbo consisted essentially of two parallel steel trusses, each shaped to
the periphery of approximately a 35-foot section of a 50-foot diameter circle, which were placed
about 9 feet apart and connected by & steel framework. The structure was mounted on car
wheels and propelled on parallel rails located for line and grade with respect to the tunnel by
Government engineers. A triangular plate, having at its center of gravity a small ring or other
contrivance for fastening a steel tape, was affixed to the jumbo by three cables, each equipped
with turnbuckles and so arranged that the plate was held near the center line of the tunnel.
When the jumbo was set up, Government engineers adjusted the plate so that the ring was accu-
rately placed at the tunnel center line, and workers, operating from the timber platforms, took
measurements with a steel tape from the ring to the tunnel roof and walls to determine which
projections should be removed. These they barred down or blasted loose.

Trimming the invert was done immediately in advance of tunnel-lining operations. Skips
were loaded by hand or power shovel and were transported to the dumping ground directly by
truek or, where necessary, first by a gantry crane, installed for concreting operations, and thence
by truck.

The ingenuity and skill that the principal contractor for building the Hoover Dam and
power plant displayed in driving these tunnels are worthy of commendation. Starting the work
on May 14, 1931, it was carried forward through a summer when the temperatures in the canyon
reached 128° in the shade. During August, operations were halted for one week by labor trou-
bles and in February for 10 days by an unexpected rise of the Colorado River. Despite all
obstacles, the work progressed rapidly, and the last section of tunnel was holed through on May
23, 1932, a year and nine days from the starting date. In the 12-month period 1,500,000
cubic yards of rock were removed, all of which, by reason of the contract specifications, were
required to be dumped out of reach of the Colorado River at all stages of its water height. This
latter requisite necessitated removal of excavated material a distance as much as 1 mile from
the tunnel portals.—Reclamation Era, September, 1932.

CONCRETE AGGREGATES

The concrete which was poured on March 5, 1932, in the foundation for the 100-foot high
trash rack at the inlet portal of the Nevada inner diversion tunnel was the first concrete to be
poured under the contract for construction of Hoover Dam, power plant, and appurtenant
works.

This operation was the commencement of concreting which will continue until approxi-
mately 4,400,000 cubic yards have been poured. It also marked the culmination of the inves-
tigations and studies that have been conducted since 1929 for the location of a deposit of suit-
able concrete aggregates, the building of a railroad for transportation of these aggregates, the
construction of a screening plant for segregation and classification of sand and gravel, and the
building of a mixing plant capable of manufacturing, in the required quantities, the quality of
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concrete designated in the specifications of 2,600 pounds per square inch compressive strength
for mass concrete and 3,500 pounds per square inch for thin sections.

Aggregates of sand and gravel for the concrete are taken from the Arizona deposit by a
6-cubic-yard electric dragline, dumped into 50-ton side-dump cars, transported across the
Colorado River on an 850-foot pile-trestle bridge and then over 6 miles of railway to the screen-
ing plant. Here the aggregates are dumped into bunkers, thence transported by a series of
lateral belt conveyors to rotary and vibrating screens which separate the pit material into
sand and four sizes of gravel, and then by another series of transverse conveyors deposit each
in a separate stock pile. Sand and each size of gravel are loaded by belt conveyors into sep-
arate railroad cars and transported 4.7 miles to a concrete mixing plant located in Black Can-
yon approximately 1 mile upstream from the Hoover Dam site. The sand and gravel are
dumped from the cars into their respective bins below the track and then elevated by belt
conveyors to storage at the top of the concrete plant. The sand, gravel, and cement are con-
veyed to batchers and to the mixers where water is added. Mixing of each batch is carried
on for a minimum of two and one-half minutes in 4-cubic-yard mixers. The concrete is then
dumped into an agitator drum mounted on an 8-ton truck and transported to the site for
pouring. ARIZONA GRAVEL DEPOSIT

The Arizona deposit, from which all aggregates for the construction in Black Canyon will
be obtained, is located on the Arizona side of the Colorado River 6 miles by air line north of the
Hoover Dam site. The deposit lies along the river, covers an area of more than 100 acres, and,
from investigations by test pits, has an average depth of more than 30 feet. It is expected that
not more than 3 feet of this depth will be discarded by surface stripping or removal of silt pockets;
thus there will remain approximately 4,500,000 cubic yards of aggregates available for use in
the dam, all of which will be needed. This deposit was chosen after extensive search had been
conducted of the region for 50 miles in all directions from the dam site and tests had been made
of aggregates from more than 20 different deposits.

An electrically driven dragline equipped with a 5-yard bucket is used for stripping and for
loading aggregates. The pit is operated with three shifts daily, and at present an average of
one hundred and fifty to two hundred 50-ton cars are shipped to the screening plant each 24
hours. The aggregates are transported in side-dump cars pulled by 90-ton locomotives. The
railroad line from the deposit to the screening plant is 7 miles in length and was constructed
by the Six Companies (Inc.), contractors on the dam.

SCREENING PLANT—GENERAL DESCRIPTION

The location of the screening plant is in the flat area at the lower end of Hemenway Wash,
about 2 miles west of the river and 2% miles by air line northeast of the Hoover Dam site. It
is situated at Three-Way Junction on the contractor’s railroad, from which point one line leads
to the Arizona deposit, another to the concrete plant in Black Canyon, and the third to the
United States construction railroad connecting with Boulder City.

The screening plant essentially consists of a scalping station with its attendant crusher,
four classification towers, sand washer, sand shuttle conveyor, four live storage piles east of
the classification towers, and sand storage piles across the gravel loading tracks west of the
towers. The aggregates from the Arizona deposit are either dumped at a raw storage site
adjacent to the screening plant or into bunkers at the north end of the plant.

A 42-inch belt conveyor running in a concrete tunnel beneath the bunkers receives the
aggregates through gates and hoppers installed in the roof of the tunnel and transports the
material to the scalping station, dumping the aggregates into a 20-foot cylindrical revolving
screen. 'This screen allows all material less than 9 inches in size to pass through its perforations,
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and dumps cobbles above this size onto a transverse conveyor leading to a gyratory crusher.
After going through the jaws of the crusher, the broken cobbles are conveyed by belt to the
42-inch principal conveyor and return through the scalping station.

From the scalping station the material less than 9 inches in size is conveyed by a 36-inch
belt conveyor to the first classification tower, which is equipped with two vibrating screens. The
first screen allows aggregates less than 3 inches in size to pass and dumps the 3 to 9 inch material
onto a traverse conveyor which transports it to the stock pile. The second screen allows all
sand less than ¥ inch in size to pass through its perforations and dumps all gravel onto a lateral
conveyor leading to the second classification tower. In a similar manner the vibrating screen
and traverse conveyor at this second station remove the ¥% to 3 inch gravel to a stock pile and
the lateral conveyor transports the material less than 1% inches in size to the third tower.
Here gravel of ¥ to 1% inch size is removed to a stock pile and all materials passing through the
screen are conveyed laterally to the fourth tower, where a transverse conveyor transports this
gravel of ¥% to ¥ inch size to its stock pile.

SAND WASHING

The sand removed by the vibrating screens in the first classification tower is chuted to a
series of mechanical sand washers or classifiers. Water is added to the sand after it leaves the
screen, and the sand and wash water enter the lower end of a mechanical sand washer consist-
ing of drag blades installed on eccentrics. This arrangement, by reciprocating action, moves
the sand progressively up the sloping bottom of the washer tank and out over the end to a
chute through which the sand is conveyed by water to a second washer of the same type. The
water and silt separated from the sand in the tanks overflows at the lower end of the sand washer
to a flume and thence to a sedimentation tank equipped with a traction clarifier and sludge
pump. From this clarifier the water runs to a sump tank and is then pumped to a sedimenta-
tion tank located on a hill southeast of the plant for reuse. The sand after passing the second
sand washer is transported by a belt conveyor through a concrete tunnel underneath the rail-
road tracks to a conveyor running parallel to the tracks. This conveyor connects with a trip-
per equipped with two transverse conveyors, all of which are mounted on a framework and
rails supported by a steel trestle. This arrangement for sand storage permits piling the sand
into stock piles, one on each side of the lateral supply conveyor and parallel to the railroad
tracks.

Five railroad tracks have been laid for efficient loading of sand and gravel from the plant.
Between the classification towers and the sand stock piles, there are three tracks—one for gravel
loading, the next for sand loading, and the third, adjacent to the sand piles, for the operation
of a railroad crane. On the west side of the sand piles are two tracks, the first for the railroad
crane and the other for sand loading. The sand is loaded into cars by the crane, equipped with
a clamshell bucket.

A concrete tunnel, 11 feet in height and 9 feet wide inside, is constructed beneath all gravel
stock piles, and has contained therein a 24 or 30 inch conveyor belt which leads to screens in
the lower part of the classification towers. The gates installed in the roof of the tunnel are
opened from inside, allowing the gravel to drop into a hopper from which it is fed to the loading
conveyor belt.

The belt dumps the gravel into a vibrating reclassifying screen, which passes all gravel of a
size less than that supposed to be in the stock pile, dropping this smaller material onto a lateral
conveyor which returns it to the scalping station. The material remaining on the screen flows
from its lower end to a hopper and a 48-inch shuttle conveyor and thence to bottom-dump
railroad cars. The gravel is kept continuously wet by sprinklers installed at the top of the
stock pile and is washed by water jets as it is dumped from the reclassifying screen onto the

loading conveyor.
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SCREENING PLANT—DETAILS

The capacity of the plant with its present installations is more than 500 tons per hour.
Four 50-ton cars can be loaded out every 16 minutes. Present construction allows for storage
in stock piles of 1,700 tons of cobbles, 1,500 tons of each size of gravel, and 22,000 tons of sand.
By increasing the speed of the conveyor belts and making slight alterations, principally by
extension of the transverse conveyors and the tunnels beneath the stock piles, the plant can be
increased to a capacity of 1,000 tons per hour.

The plant is run by electrical power, requiring more than 50 induction motors for all opers-
tions. The supply conveyor and the conveyor to the first classification tower are run by 60-
horsepower motors, the others by 10 and 20 horsepower, and most of the screens by 5-horsepower
motors. The supply conveyor is 220 feet long, the lateral conveyors are 1,160 feet in total
length, the transverse conveyors 710 feet, and the loading and shuttle conveyors 670 feet. The
plant contains a 5-foot diameter, 20-foot long scalping screen, and 13 vibrating screens, 11 of
which are 10 by 4 feet in size and 2 are 12 by 4 feet.

The plant is controlled from a central switehing station located in the top of the scalping
tower. Thirty-four sets of pushbutton switches electrically contral all units of the plant, and
one switch can stop all operations. At this same station the nine gates in the bottom of the
supply bins are regulated by rheostat control, thus governing the supply of aggregates to the
primary conveyor and the output of the entire plant. The conveyors are all operated at a
constant speed regulated by the gearing from the driving motors. The speed of the lateral
conveyors vary from 150 to 350 feet per minute, the transverse conveyors from 150 to 225 feet,
and the loading conveyors from 225 to 300 feet.

Water for washing purposes in the plant is pumped from the Colorado River by stages
through 2 miles of 12-inch pipe line against a static head of 415 feet to a sedimentation tank
located on the hill southeast of the plant. The character of the silt in the river water is such that
98 per oent of it can be removed by a detention period in the tank of three hours. Water from
the river contains an average of 6,000 parts per million of silt, and water sent to the screening
plant is required to contain not in excess of 500 parts per million. The presedimentation tank,
constructed of reinforced concrete, is 150 feet in diameter and 15 feet in height. It has a capacity
of 800,000 gallons of water and is equipped with a Dorr traction clarifier. Sludge is removed
by gravity.

Construction of the screening plant was started in November, 1931, and it was first operated
on January 9, 1932, when S. O. Harper, assistant chief engineer of the Bureau of Reclamation,
closed the switch to commence the initial operation. More than 385 tons of structural steel
were used in the construction, and the cost of the plant amounted to approximately $450,000.—

Reclamation Era, May, 193%.
CONCRETE MIXING

Gravel and sand loaded into bottom-dump cars at the screening plant are transported over
four miles of railroad to the contractor’s concrete mixing plant in Black Canyon. This plant is
situated on the Nevada side of the river at the base of the high wall of the canyon and less than
a mile upstream from Hoover dam site.

Aggregates from the screening plant are dumped from the cars into separate compartments
in the bunkers beneath the railroad tracks, and when required are separately transported an
average distance of 450 feet by two 42-inch belt conveyors up a 16° incline to the tipple at the
top of the concrete plant. Hoppers with movable spouts receive the material and drop it onto
shuttle conveyors which transport it to the designated bin.

T
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DESCRIPTION OF PLANT

The dimensions of the concrete plant are 78 feet by 118 feet in plan, 88 feet in height from
truok-loading platform to top of storage bin, and 120 feet to top of tipple. A heavy concrete
foundation supports the four 4-cubic yard Smith mixers and is extended westward beneath
the structural steel framework of the plant. The top of the foundation for the mixers is at
elevation 735, 15 feet above the truck-loading platform. Above the mixers is the control deck
and above this the conveyor and batcher floor. The bottom of the 33-foot high storage bins is 9
feet above the batcher floor and the tipple rises about 30 feet above the bins.

The bins at the top of the plant are 6 in number,3 of which are for gravel, 1 for cobbles,another
for sand and the sixth for cement. All are 78 feet wide, and from front to back of the plant 30
feet of the total length of 118 feet is used for cement, 16 feet for 3 to 9 inch cobbles, 16 feet each
for coarse, intermediate, and fine gravel, and 24 feet for sand. The bins are of steel frame
eonstruetion with laminated timber sides and partitions. The walls are of 3 by 8 inch to 3 by
12 inch planks and the floor of 3 by 16 inch planks. The cement bin is covered and is water-
proofed on the inside with tar and felt.

Bulk cement, transported by rail from the place of manufacture to Boulder Junction on
the Los Angles & Salt Lake Railroad south of Las Vegas, to Boulder City over the Union Pacific
branch line, to the eoncrete plant, via the United States Construction Railroad and the con-
tractor’s line, is elevated to the bins through 6-inch steel pipe by air pressure, the unloading
machine resembling a large vacuum cleaner.

Water for the plant is pumped from the Colorado River to a 50-foot diameter Dorr clarifier
located on the eanyon wall approximately one-quarter mile up-stream from the mixing plant.
All silt above 500 parts per million is settled out in this tank, and the water flows by gravity
to & 125,000-gallon storage tank situated in a side canyon above the mixing plant.

CONTROL OF AGGREGATE QUANTITIES

When the plant is placed in operation, the sand and different sizes of gravel from % to 3
inches are each dropped through an automatically controlled gate into a batch hopper, termed
a “batcher,” located below each bin. Doors in the bottom of the batchers are opened in rota-
tion by air-controlled electrically operated devices, the hopper nearest the mixer opening last,
and the aggregates are spread in thin layers on a 48-inch belt conveyor leading to a mixer hopper
installed above and back of a mixer. When the 3 to 9 inch cobbles are used, they are allowed
to pass through a door in the bottom of the cobble bin to an automatically controlled steel belt
conveyor and to the cobble batcher. A chute connects this batcher directly with the mixer

For each mixer, cement runs from the cement bin through four chutes to an automatically
controlled double screw conveyor cement feeder placed at the top of the cement batcher. The
gate in the bottom of the cement batcher is just above a chute which leads to the throat of the
mixer hopper. Water from the storage tank on the hill back of the plant flows to a water
batcher through an automatic valve which shuts off the water when the batcher has received its
designated weight. The outlet from the batcher leads to the mixer through a discharge valve
which is manually controlled.

The automatic controls referred to in the above paragraphs are operated in all cases by
the weight of the batcher and its load. The batcher is mounted on the end of a dial scale which
connects by a series of levers and balancing weights to mercoid cut-off controls. At the scale,
weights are added, dependent on the amount of material desired to be included in each batcher
load.
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The mercoid controls, installed on the weight end of the system, are electrical switches
operated by change in position of a glass capsule containing a globule of mercury. The elec-
trical circuit is broken at two projections inserted at one end of the capsule and the circuit may
be closed by lowering the end of the capsule containing the projections, thus allowing the elec-
trical current to flow through the mercury globule. One of the controls is termed the ‘‘main
flow cut-off”’ and the other the “final balance cut-off.” When the weight of aggregates in the
batcher reaches about 95 per cent of the predetermined weight, the swing of the beam on which
the controls are mounted, causes the mercury globule in the main flow cut-off to move away
from the two projections, thus breaking the electrical circuit and by means of electromagnetic
coils, closing the gate in the bottom of the aggregate batcher by compressed air. The electrical
current operating through the mercury globule in the final balance cut-off, by means of a small
motor and air valve, alternately quickly opens and closes the gate to allow small amounts of
material to dribble into the batcher until the predetermined weight is acquired, at which time
the adjusted position of the cut-off beam breaks the contact in the final balance cut-off.

In the system of balance levers, there is a connection by rods to a recorder which registers
on a 20-inch dial the visual record of the weighing. Connection is also made from the system
to a graphic recording device consisting of a pen tracing on a time constant operated paper
roll which is graduated in intervals of weight. The consistency of the concrete and the length
of time it was mixed are also recorded on this roll by a hookup with a wattmeter which measures
the power used in operating the mixer in question. As the power for rotating the mixer drum
varies as the amount of water in this mix, this arrangement indicates the consistency and at the
same time shows graphically the period of mixing after all materials were in the mixer. The
chart gives a visual image of all operations of the plant and as well furnishes a permanent record
of the weight of all materials that are placed in each batch of concrete. Similar visual and
graphical recording instruments are employed for measuring the amount of water used, these
devices also being operated by weight.

MIXING OPERATIONS

For actual mixing of the concrete, water from the water batcher is started into the re-
volving mixer. After approximately five seconds, the mixer hopper and the cement batcher
gates are opened, allowing aggregates and cement to flow into the mixer drum; thus water,
aggregates, and cement enter the mixer together. After all materials have entered, mixing is
continued for a minimum period of 2% minutes and the concrete is then dumped by tilting the
mixer drum.

The concrete pours from the mixer plant through a chute into 4)%-yard agitator drums
mounted on trucks, or into 2-yard buckets carried by trucks. The agitator is in effect a mixer,
which is rotated at intervals as the concrete is being transported in order to retain its consistency
and uniform density. The buckets, two of which are transported by each truck, are of bottom-
dump type. Rails, set in concrete to provide a smooth roadway for trucks, have been laid below
the mixers for later transportation of concrete by railroad cars. At the present time all concrete
for lining the diversion tunnels is transported by 10-ton trucks, and rail transportation will
probably not be started until pouring has commenced for the dam and power-plant structures.

While one batch of concrete is mixed, another has been discharged into the mixer hopper
and the cement and water batchers have been loaded. Thus under capacity operation, using
all four mixers, 16 cubic yards of concrete can be manufactured by the plant in 3% minutes.
On this basis, the theoretical capacity of the plant over a 24-hour period would be 6,600 cubic

yards.
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PLANT EQUIPMENT

The concrete plant contains 1,493 feet of conveyors, four 4-cubic yard Smith mixers, two
batchers each for water, cobbles, sand and each of the three grades of gravel, and four batchers
for cement. Sixteen visual gages and two plant-operation recorders have been provided.
Eight hundred tons of structural steel were used in construction, and the cost of the plant
amounted to $351,000 of which sum $103,000 was paid for equipment. The principal power
equipment consists of 75-horsepower motors for each mixer and 200-horsepower motors for
each of the supply conveyors.

The capacity of the bunkers under the track is 1,500 cubic yards, or 300 cubic yards in
each compartment. The two supply conveyors will together transport 1,500 tons of aggre-
gates per hour. The storage bins have a total capacity of 5,400 cubic yards of aggregates and
14,800 barrels of cement.

The aggregate proportions in the concrete depend upon the type of construction for which
the concrete will be poured and the amount of moisture present in the aggregates. As an
illustration, one mix that has been used has a ratio of 2,000 parts of cement, 4,200 of dry sand,
and 9,400 of dry gravel by weight. The gravel in this particular case was composed of 32
per cent of % to ¥ inch, 32 per cent of ¥ inch to 1% inches, and 36 per cent of 1% to 2% inches.
Cobbles will be used when mass concrete is manufactured for the dam or similar structures.

It is contemplated that concrete for the dam will be transported from the present plant
by railroad in 8-cubic yard buckets. These buckets will be filled directly by the mixers and
upon arrival at the dam site will be picked up by a 20-ton cableway and transported to posi-
tion, and there dumped by trip line. It is anticipated that the dam will be poured to elevation
900 or 935 from the present plant, and that the plant will then be moved to a site on the canyon
rim near the end of the United States construction railroad for pouring the remainder of the
dam.—Reclamation Era, July, 198%.

CONCRETE LINING IN DIVERSION TUNNELS

The type of conveyance used for transporting concrete from mixing plant to pouring site
depends upon the means adopted for placing the concrete in its final location. Trucks loaded
with two 2-yard bottom-dump steel buckets are employed when the concrete is conveyed from
trucks to pouring site by gantry crane, and the agitator drum, mounted on truck, is used when
it is possible to pour concrete directly into place or into a chute leading to a hopper, where it is
transferred to the steel buckets.

The inlets of all diversion tunnels have been excavated to the portals and a concrete arch
cofferdam built around each portal for protection from floods. A rock fill nearly to the top of
the cofferdam has been made between these structures and the river, and as a result trucks can not
be driven directly into the tunnels at these portals.

The present procedure for pouring the 3-foot lining in the diversion tunnels is to transport the
concrete from the mixing plant to the inlet portals in 4-cubic-yard agitator drums. Upon arrival
at the tunnel portal the concrete is dumped into a chute leading to a steel hopper, from which it
is dumped into the steel buckets as desired. These buckets, two of which are loaded on each
10-ton truck, are then conveyed to the pouring site, where a 10-ton gantry crane lifts the buckets
from the truck and moves them to the pouring position.

Lining diversion tunnels is performed in three operations—the invert section, comprising the
lower 74° of the tunnel, is poured first; this is followed by pouring side walls, 88° on each side;
followed in turn by pouring the remaining 110° in the roof or crown of the tunnel. All sections
are poured for the same linear distance, so that a transverse construction joint is secured around
the entire periphery of the tunnel. At present this section is 40 feet in length for all tunnels
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except in the portions of the two outer tunnels, which will later be used for spillway purposes,
where the construction joints are placed 26% feet apart.

PRELIMINARY OPERATIONS

Following the excavation of a tunnel to its full 56-foot average diameter, the first operation
preliminary to lining is the pouring of a concrete gantry rail base on both sides of the tunnel.
The top of this foundation is 3.1 feet in height above the finished tunnel invert, and its inside
corner is accurately poured to line and grade at a distance of 15 feet 9% inches from the center
line of the tunnel, with the result that the corner is located 24 inches from the finished face of
the concrete lining, the 24 inches being the specified minimum thickness of lining. On each of
these bases, which have an average width of 2% feet, is placed a 6 by 12 inch timber, to which is
spiked a 90-pound rail. On these parallel rails is then mounted the 10-ton gantry crane, which
is capable of traveling along the tunnel at the rate of 300 feet per minute. The transverse
traveler of the crane, equipped with two hooks of 5 tons’ capacity each and operated by a 10-
horsepower electric motor, has a traveling speed of 125 feet per minute and a hoisting speed of
100 feet per minute.

Longitudinal steel side forms 2 feet high, made up in sections 10 feet long, are set in position
on the concrete foundation and held rigidly in place by bolting the form to the gantry rail con-
crete foundation and to the timber rail base. Transverse steel forms 2 feet wide, approximately
32 feet long, and spaced 26% or 40 feet apart, are bolted to the longitudinal forms and braced
against the rock floor of the tunnel. The space between the form and the floor is filled with a
2-inch timber bulkhead. Both transverse and longitudinal forms are constructed of 10-gage
steel plate, smooth inside, supported by 2-inch angle top flanges and 2 by 3 inch stiffeners.
Keyways between abutting sections of concrete, 1% by 10 inches in transverse forms and 6 by
12 inches in longitudinal forms are provided by grooves of these shapes in the steel plates.

LINING THE INVERT

The shape of the invert is procured by a device consisting primarily of two steel screeds
supported on car wheels which run on the inside bottom flanges of two I beams. The beams,
shaped to the invert and separated by an approximate distance of 11 feet, are connected at each
end by a steel framework and supported by pairs of car wheels which run upon the upper flanges
of the longitudinal forms.

Each of the screeds has a horizontal upper deck mounted on the screed plate, which itself
is shaped to the radius of curvature of the finished tunnel section, which is 50 feet in diameter.
The screed plate is approximately 11 feet long and 4 feet wide. On the upper deck is mounted
a hand winch operating two cables, each of which is fastened through single sheaves to the
framework connecting the I beams, so that by winding the wineh the screed is moved upward
across the invert toward the side forms.

For concreting operations the winch on the screed is unwound, allowing the two screeds to
meet at the center of the tunnel. The gantry crane picks up the two buckets of concrete from
the truck and transports them to the pouring site. Concrete pouring through the bucket gate,
which is opened or closed manually by a large removable handwheel, is dumped on the tunnel
wall side of each screed and puddled into place beneath. When the space is filled the screeds
are pulled toward the tunnel walls, leaving behind them the molded shape of the invert. This
process is repeated until the screeds arrive at the side forms.

To move the screeds and their track framework lengthwise of the tunnel, screw jacks
installed on the axles of the wheels, which run on the side form, raise the framework slightly,
allowing it to be pushed manually to its next position, or, if the distance to be moved is of great
length, the gantry crane picks up the framework bodily and moves it to the desired location.

>
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The surface of the invert is finished by men working from & movable timber platform sup-
perted just above the concrete by curved I beams placed 5 feet apart. The I beams are ¢on-
nected et each end by a steel framework which contains double-flanged wheels running om the
gantry-erane track.

After the conerete in the invert has been finished, sand is dumped on it for a depth of
approximately 3 feet on the center line of the tunnel, to act as & roadway for operation of trucks.

SIDE-WALL SECTIONS

In preparation for pouring the side wall and erown sections, & concrete shelf 1) feet wide
is poured along each side of the finished invert as a foundation for 90-pound rails which are
placed 11X% feet from the center line of the tunnel. These rails are the track for the side-wall
jumbo, an 80-foot long and 50-foot high structural steel framework weighing 385 tons, which
supports the %-ineh steel skin plate for forming the walls.

This jumbo is equipped with chutes, a traveling crane, and other mechanism for placing
the conerete in designated position, and a series of screw jaeks and ratchets used for distribu-
tion of hydrostatic presssure of green concrete and for the adjustment of position of the wall
forms for pouring, or for moving the jumbo to a new position. Beeause of unequal lengths of
walls on curves the jumbo is made up in five panels, three of 20 feet and two of 10 feet length.
Each of these sections is equipped as a unit with supporting double-flanged wheels, rectangular
chutes, and ‘““coffin” chutes. Screw jacks and steamboat ratchets are mounted at the top of
the section and bear against the rock crown to resist the upward pressure of green concrete.
Other jacks are installed in the ends of the horizontal strute connecting the forms on each side
of the tunnel and bear against the arch beams holding the steel form face. On curves, wooden
gores are built between the steel sections.

A 5-ton bridge crane, equipped with two steel hooks and powered by a 10-horsepower motor,
runs on & pair of 50-pound steel rails carried on a longitudimal 10-inch H beam, which is in turn
supported by the vertical struts on each panel. The bridge has a traveling speed of 300 feet
per minute and the transverse traveler a hoisting speed of 100 feet and a traveling speed of 125
feet per minute.

The concrete chutes from the interior face of the jumbo to the faces of the forms are spaced
from 4 to 6 feet vertically at the form face and are from 8 to 16 feet in length. Six of the chutes
are of ordinary type, 12 inches deep and 30 inches average width, made of %-inch plate and
2-inch angles. The opening in the form face at the lower end of the chutes is closed when
desired by a 12 by 24 inch steel door pushed into position, flush with the form face and bolted
in place. The uppermost chute, termed the ‘““coffin,” is, in effect, a hopper 3 feet 3 inches deep
at the end next the tunnel center line, 12 inches deep at the form face, and 4 feet wide. This
chute is hinged at the form face, and concrete is dumped over the top of the form by raising the
loading end by means of a cable connected through sheaves to a compressed-air winch located
at the base of the jumbo. This “coffin” is made and operated in the manner designated to
permit pouring the top 4 feet of wall, which otherwise could not be poured by gravity on account
of its proximity to the roof of the tunnel.

POURING THE CONCRETE

Pouriag eperations consist of lifting the 2-eubic-yard bucket from the truck which has
been driven to the section of the form designated for pouring, hoisting the bucket to the chute
where the cencrete is required, moving the bucket so that the hooks on the bucket gate are above
a 3-inch round tripping iron bar over the chute; then by lowering the bucket slightly the trip-
ping bar opens the bucket gate, pouring the concrete inte the chute. When emptied the
bucket is disengaged from the bar, lowered to the truck, and the other bucket is lifted, meved to
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the opposite side of the tunnel, and poured in a similar manner. An inspector and five to seven
laborers are behind each form to puddle the concrete into place. A timber bulkhead, framed
to provide a 1% by 10 inch keyway similar to that in the invert concrete, is placed at the center
or one-third point of the 80-foot length of forms, and each of these 40 or 26% foot sections is
poured to the top of the form before the adjacent section is started. As the top of the section
is completed, carpenters remove the lower part of the bulkhead, continuing this removal as
concrete rises in the section. Obviously, concreting is started at the lower level of chutes, and
the doors at the ends of these are closed before pouring is started through the chutes above. A
longitudinal keyway, approximately 2 by 10 inches, is formed or cut in the top of the side-wall
concrete, against which the crown concrete will abut.

At present 34 hours are required for pouring an 80-foot section of wall on each side of the
tunnel. After the 80-foot section has been poured the forms are required to remain in place for
12 hours. When this period has elapsed the timber bulkhead, erected at that end of the form
which does not abut on a previously poured wall section, is removed, the jacks and ratchets are
loosened, and the form moved to a new position. - Moving the jumbo is accomplished by means
of a block and tackle attached to the rails ahead and rigged to air winches installed on the
jumbo at its base. Each 80-foot section of side wall requires approximately 60 hours per cycle.

CROWN SECTIONS

A structural steel jumbo is used for pouring concrete in the crown section of the diversion
tunnels. Essential parts of this jumbo are a concrete gun carriage, pipe carrier, traveler, and
arch-form support. All these parts are supported on flanged wheels traveling on the 90-pound
steel rails laid for the side-wall jumbo.

The gun carriage, approximately 45 feet long and 47 feet high, is equipped with a 2-drum
electric hoist and two pneumatic concrete guns, with their receiving hoppers and concrete con-
veyors of 8-inch wrought iron and rubber hose. A 25-horsepower motor is used to move the
carriage on its track. Its maximum speed is 100 feet per minute in a forward direction, or 20
feet per minute in reverse. The hoist for raising the buckets of concrete is powered by a 50-
horsepower motor and has a lifting speed of 300 feet per minute.

The pipe carriage and traveler serve to support the 8-inch pipe through which the concrete
is forced into the space above the crown forms.  The pipe carriage in pouring position is con-
nected to the gun jumbo, while the traveler may be moved to a position between the pipe car-
riage and the arch-form jumbo to support the conveyor pipe.

The arch form jumbo is made up in 10-foot and 20-foot panels, each panel of which is built of
structural steel and equipped with jacks to place the face of the form in correct position for pour-
ing, or to lower the form face away from the finished concrete. Trusses at 7-foot 4-inch maxi-
mum intervals, having lower chords 33 feet 4 inches long, support the center 88° of the crown
section. The ¥ inch form face and its supporting beams for the lower 11° on each side of the
center is connected at one end to the truss and supported at its opposite and exterior end by
screw jacks bearing on the framework of the jumbo. Bulkheads are placed to secure transverse
construction joints at 40 feet or 26% feet, in manner similar to those for the invert and sidewall
sections. '

For pouring, the electric hoist installed on the gun carriage lifts the 2-yard buckets from the
truck and dumps them into the gun hopper. The gun, by air pressure, forces the concrete
through the 8-inch pipe to the center of the arch form. From here it flows to its final position
through a 90° elbow and continuation of the conveyor pipe, or by a chute and baffle arrange-
ment running down the arch form. Pouring is started at the end of the form farthest removed
from the gun, and the conveyor pipe and its appurtenant placing device are pulled lengthwise
on the forms as concreting progresses.

>
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All concrete in the tunnels is sprinkled as soon as the forms are removed and is kept continu-
ously wet for 14 days thereafter. Pipes with jet sprays are installed along the walls and a film of
water is permitted to run uninterrupted over the concrete surface. This water is pumped
from sumps dug near the ends of the tunnel portals, the water being comparatively clear, as the
silt is removed by the filtering action of the loose excavated material.

The lining of diversion tunnels constitutes a prominent part of the concrete-pouring program
for Hoover Dam and serves to give an impression of the magnitude of the work and the efficient
methods the contractor is using to gain the desired results. Lining the inclined spillway tunnels,
the spillway open cuts, the pressure tunnels, penstocks, and pouring concrete for the intake
towers and the main structure, a 727-foot dam and its attendant power plant will present special
problems, each of which will be solved in different manner.—Reclamation Era, August, 1938.

STEEL GATES FOR DIVERSION TUNNELS

The four diversion tunnels for Hoover Dam have been excavated to their 56-foot average
diameters, three have been lined with a 3-foot thickness of concrete, lining is 90 per cent com-
pleted in the other, and since November 13, 1932, the two tunnels on the Arizona side have
been carrying the entire flow of the Colorado River.

Reinforced concrete structures that have been built or are under construction at the
portals of the tunnels comprise transition sections and portal structures at the inlets and outlets
of all four tunnels; trash-rack foundations at the inleta and Staney gate structures at the
outlets of the two tunnels nearest the river (the inner tunnels); and b ead gate structures
at the inletsof the two tunnels farthest from the river (the outer tunnels).

The necessity for the bulkhead and Stoney gates during the construction period is best
explained by a review of the general construction program. Itis contemplated that the diversion
tunnels will be lined, cofferdams built, gates erected, excavation for the dam structure finished,
and pouring concrete in the main structure started by the fall of 1933. Excavation and lining
of the 37-foot diameter penstock header tunnels connecting with intake towers and the 18-foot
diameter branch penstocks leading from header tunnels to power house are to be completed by
January, 1934. Placing the 30-foot diameter steel headers in the 37-foot diameter tunnels will
then be started, and it is expected these will be installed on the Arizona side by Deceinber, 1934,
by which time the spillways will be completed, power house structure finished and installation
of power machinery started.

The inner tunnels will then be closed, possibly one at a time, by temporary dams around the
inlets and Stoney gates at the outlets. The upstream plugs and gates will be placed in these
tunnels and trash racks installed at the inlets. The canyon wall outlet works are to be com-
pleted soon after, as well as the installation of the 30-foot header pipes in the Nevada 37-foot
penstock tunnels.

After the plugs in the inner tunnels have been completed and gates installed therein, the
Stoney gates will be lifted, the temporary dams at the inlets will be removed, and water allowed
to flow through the inner tunnels. The bulkhead gates at the entrances to the outer tunnels
will be dropped when the flood stage has reached such a point as is judged will provide water for
power purposes by September, 1935. The water will then, under control of the gates in the
plugs in the inner tunnels, start rising back of the partially completed dam.

By the late fall of 1935 the contractor proposes to finish the intake towers and the plugs in
the outer tunnels at the intersection with the inclined spillway tunnels. Within the following 18
months it is expected that the main structure of the dam will be completed, the 30-foot steel
penstock beaders placed in the inner tunnels, penstock connections made through the 18-foot
tunnels to the powerhouse, and that all of the power machinery required at this time will be

installed.
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The Stoney and bulkhead gates have been shipped to the project and are being ereeted in
their final positions. Each Stoney gate is 50 feet wide by 35 feet high and consists of seven
horizontal structural steel girders, unequally spaced from 3 feet 3 inches at the bottom te 10 feet
5 inches at the top of gate, connecting the vertical girders at the sides and covered on the river
or downstream face by ¥e-inch steel skin plates.

The steel cross girders are 51 feet 6 inches long, and 6 feet 2 inches wide at center, and 3 feet
7% inches at the vertical givder connections. Vertical girders are approximately 37 feet long,
and 3 feet 7% inches in width. Two carbon steel ear plates extend beyond the upper énds of
the vertical girders to form connections for the operating hoist chains. Twenty vertical lattice-
work trusses equally spaced are designed to stiffen the gate.

The concrete structure for the gate contains the counter-weight wells; the gate recesses,
equipped with guide plates; a rail-protected inspection platform 56 feet above the tunnel invert;
a hoist house extending across the entire width of the structure, with its floor elevation 99 feet
above the tunnel invert; and a spiral stairway connecting the inspection platform and heist
house.

The gate is raised and lowered by two hoists, each hoist consisting of a sprocket driven
through gears from a lined shaft which is connected through a worm gear to a 10% horsepower
glip ring induction motor.

A water seal is maintained by seal pipes of 3%-inch heavy brass tubing, one on each side of
the gate. The seal pipe bears against a bronze plate on the outside corner of the gate recess
and against the skin plate of the gate.

The operating chains, each 82 feet 10 inches in length, run from the gate up and around the
hoist sprocket to counterweights and are constructed of 5-inch diameter bronze pins and 19 by
9 inch link units of high carbon steel plates. Motor control is secured by a drum-type reversing
controller with limit switches for upper and lower ends of gate travel.

Each of the two counterweights for a gate is composed of a steel hanger and nine 11,200+
pound precast concrete blocks, and is connected by earpieces to the hoist chain.

The suspended weight of each Stoney gate and chain, with gate down, is approximately
261,000 pounds and that of the counterweights and chains 215,500 pounds. Frictional losses
in pins and sprocket bearings are estimated at 44,000 pounds. The gross lifting capacity of the
motor and hoists is 212,000 pounds; thus a surplus lifting effort of 122,500 pounds is provided.
The normal hoisting speed is 0.891 foot per minute and the total lift of the gate is 58 feet.

The 50 by 50 foot steel bulkhead gates are of much heavier construction than the Stoney
gates, being designed to withstand a hydrostatic head of 295 feet at the gate seat and closure
under a maximum head of 60 feet, while the maximum head for a Stoney gate will be with water
at its top, and operation of the gate always will be under balanced head. Except for testing
purposes, it is not contemplated that the bulkhead gates will be lifted after once being lowered.
Therefore, the gate operating mechanism was designed for controlled and sealed closure rather
than for recurrent operation.

Each bulkhead gate consists of 19 horizontal structural steel girders connected to a vertical
girder on each side. The horizontal cross girders are 55 feet 3 inches long and 12 feet 6% inchés
wide, and the vertical girders are 50 feet 5% inches long and 10 feet 6% inches wide. Connec-
tions to the stems of hydraulic cylinders, which control the gate operations, are obtained by
extensions of the web plates of vertical girders.

On the upstream side of the gate is a cover plate unit 47 feet 0 inches wide and 50 feet 6
inches high of 1-inch thick plates riveted to cross girders, and on the exterior face of this anit
are nineteen %-inch plates, one for each cross girder. Skin plate units of 1%-inch thickness
are placed between cross girders at a location 10 feet 7% inches from the upstream face of gate.
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The concrete structure for the gate is 119 feet high and contains structural steel guides,
brackets, roller tracks embedded in the gate recesses, and cast-steel stationary wedges fastened
to the embedded brackets. An assembly recess is located above the tunnel entrance, reaching
from 56 to 119 feet above the tunnel invert, and a foundation and platform is provided
above the assembly recess for two large hydraulic cylinders and a control board for gate
operations.

The gate is erected in raised position in the assembly recess supported there by steel I-beams
until time for closure, when the means of support is shifted to lock nuts at the upper ends of
hydraulic cylinder stems. When the gate is to be lowered, water will be introduced in the
cylinders, the lock nuts will be removed, and by means of a suitable arrangement of piping and
valves the water will be released gradually from the under sides of the pistons by an automatic
equalizing device lowering the gate slowly into the closed position.

The hydraulic cylinders are constructed of steel castings, are 69 feet in height and 7 feet
7 inches inside diameter. The pistons and cylinder heads are cast steel and the piston rings
are of cast manganese bronze. Maximum piston stroke is 62 feet 5 inches. Each piston stem
is a 19-inch outside diameter tube with 1%-inch thickness of walls. The cylinders have been
designed to withstand a pressure of 290 pounds per square inch.

Six roller trains of caterpillar type are installed on each side of the gate to reduce the
operating friction. The carriages are attached to cross girders and the rollers travel upon a
high carbon steel seat plate set in the concrete structure. The rollers are 14% inches long by
8 inches diameter cylinders of Meehanite (a chilled cast-iron alloy) and their axles are of 1%-inch
diameter rolled manganese bronze pins.

To insure tight closure of the gate and to transmit water pressure directly to the gate
structure, freeing the rollers, a movable wedge is provided on each side of the gate for its full
height, contacting with the stationary wedge fastened to the gate frame. The stems of the
hydraulic cylinders are connected to toggle mechanisms operating the movable wedges so that
overtravel of the stems, obtained by introduction of water pressure on the top of the cylinders,
causes the toggles to force the wedges downward. Both stationary and movable wedges are
constructed of cast steel and have a taper of ¥%-inch in 1 foot. Nickle steel was used for the parts
of the wedge mechanism.

A corner filler is placed in each lower corner of each gate recess to keep rocks or other obstruc-
tions from accumulating in the recess, thus preventing complete closure of the gate. This
filler consists essentially of three reinforced concrete slabs laid on a filling of clean sand. The
slabs are locked in position and at the time of gate closure wlll be removed by releasing the
locks and pulling the slabs upward and outward from their seats by wire ropes fastened to the
slabs. The sand will be jetted from the recess by two jet pipe layouts.

Cooling sprays are provided to reduce the temperature of the metal in the gate, before lower-
ing, to a value as near that of the river water as is practicable. The spray systems consist of
three 1%-inch diameter pipe lines; one placed horizontally above the gate with jets set to spray on
the tunnel side of the gate; and the other two lines running vertically within the gate between
the upstream cover plate and the skin plate.

- Sprays and jets will be operated at a pressure of 100 pounds per square inch. This same
force is available for seating wedges and the cylinders can be filled under 220 pounds per square
inch pressure. It is estimated that the total amount of water required for lowering each gate
will be approximately 98,000 gallons and that the maximum quantity required at one time will
be 660 gallons per minute. The cylinders can be filled in 75 minutes and the gate lowered in
45 minutes,
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The gate will be sealed in position by a rubber and a bronze seal at the downstream sides
and top of the gate and a babbitted seal at the base. The bronze seal is attached by retainers to
the cross girders, extends the full height of the gate at its sides and around the top and is held
against the gate frame by a series of coil springs which bear against the seal retainer.

Each of the bulkhead gates weighs 2,180,000 pounds and the weight of the gates, hydraulic
cylinders, wedges, and steel frame amounts to 3,065,000 pounds. More steel is used in this gate
than is ordinarily required for erection of a 12-story office building. Forty-two railroad cars
were required for transporting each gate to the project; one girder was loaded to a car, and as
the girders extended beyond the length of the cars, empty flat cars had to be inserted between
alternate girders. The average weight of a horizontal or vertical girder was 66,000 pounds.

Bolts and rivets required for field erection of a bulkhead gate weighed 29 tons and included
35,300 pounds of 1l-inch diameter rivets. Construction of the two cylinders for each gate
required 15 tons of stud bolts, each bolt weighing 35.4 pounds.

Exclusive of erection charges, the cost of the two Stoney gates, frames, and hoists was
approximately $64,000 and of the two bulkhead gates, frames, and hydraulic hoists, approxi-
mately $266,000.—Reclamation Era, March, 1933.

CONSTRUCTION OF COFFERDAMS

The construction of diversion works, to leave dry the river channel where the main structure
of Hoover Dam will be built, is rapidly nearing completion. The four 50-foot diameter tunnels
that carry the water around the dam site have been excavated and soon will be completely lined
for their aggregate length of more than 3 miles. A temporary dam was thrown across the
river downstream from the inlets of the diversion tunnels, and on November 14, 1932, the entire
flow of the river was turned through the two tunnels on the Arizona side. Two-thirds of a
million yards of earth and rock fill were placed in the upstream cofferdam during the months
of November, December, 1932, and January, 1933, and work is now concentrated on the
construction of a similar structure downstream from Hoover Dam site.

The cofferdams have been designed of sufficient mass and height to turn a river flow of
200,000 cubic feet per second, the probable maximum discharge of the river during construction
of the project. The flow of the Colorado River at Black Canyon usually ranges between 3,500 and
160,000 second-feet, although a discharge of 200,000 cubic feet per second may occur in unusual
years. The four 50-foot diameter diversion tunnels have a fall of 14 feet from inlet to outlet
and will carry 200,000 cubic feet per second with a water surface elevation at the inlets of 707,
17 feet above the tunnel roofs, and at elevation 683 at the outlets, 7 feet above the tunnels.
The crest elevation of the upper cofferdam was, therefore, established at 720, giving a minimum
freeboard of 13 feet; and the lower cofferdam at 690, 7 feet above the maximum water surface.
The axis of the upper cofferdam is approximately 600 feet downstream from the inlets of the
diversion tunnels and 850 feet upstream from the axis of Hoover Dam; the lower cofferdam is
800 feet upstream from tunnel outlets and 1,340 feet downstream from axis of the dam.

The principal mass of the upper cofferdam is composed of a central section of earth fill 98 feet
in height, crest width of 70 feet and slopes of 3 to 1, containing over one-half million cubic yards
of material. The slopes are protected by a rock blanket and the upstream face is paved with a
6-inch thickness of reinforced concrete. The dam is 480 feet wide, 98 feet in height, and 750
feet thick.

Percolation of water through the upper cofferdam is prevented by the face paving, a steel
piling cut-off driven generally to bedrock across the upstream toe, three concrete cut-offs on
each canyon wall reaching from base to crest, and rubber fabric seals on both sides and the lower

edge of the face paving.

>
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The lower cofferdam is also an earth fill which has its upstream face protected by a rock blan-
ket. The dam will be approximately 360 feet wide, 500 feet thick, and 66 feet high. The crest
width will be 50 feet, the downstream slope.is to be 5 to 1 and upstream slope 2 to 1. The dam
will contain approximately 230,000 cubic yards of earth and 63,000 cubic yards of vock. Two
concrete cut-offs from base to crest are to be placed at each canyon wall to lessen percolation
between dam and cliffs. The downstream face is not covered by a protective surfacing, since
a barrier of 127,000 cubic yards of rock placed downstream from the cofferdam will act as a
buffer against eddy action from the backwash of the river.

>/ To prevent flooding of partially completed work and consequent repetition of construction,
"it is necessary to build the cofferdams during a single season of low-river flow and, as construction
of the dams involves the placing of over a million cubic yards of earth and rock, with flash floods
causing possible delays, commencement of construction was advisable at the earliest date. There-
fore, when the river flow diminished following the flood of early September, construction opera-
tions were immediately instituted. A fill of tunnel muck was advanced from the Nevada side
of the canyon to the center of the stream, downstream, and back to the Nevada side inclosing
half of the upper cofferdam site and forcing the river toward the Arizona side. The inclosed
area was pumped dry, a 5-cubic yard electric dragline was brought down from the Arizona
gravel deposit, three 3%-cubic yard electric shovels and a fleet of trucks were moved to the site
and removal of the silt and sand was started to uncover a consolidated formation suitable for
the dam foundation. This formation was discovered at elevation 622, 18 feet below the river
bed and 98 feet below the dam crest.

A pile trestle bridge was built across the river immediately downstream f{rom the inlets of
diversion tunnels and as soon as tunmel No. 4 was opened for river flow, trucks commenced haul-
ing rock and dumping into the river on both sides of the bridge. Within 30 hours after initial
diversion, the temporary dam thus constructed had risen sufficiently high that all water was
flowing through the Arizona diversion tunnels except a small amount of seepage through the
hastily constructed fill. To cut off the seepage and to prevent flooding the cofferdam site by
possible flood, the temporary dam was then heightened and wideued, using muck from the
cofferdam excavation.

Soon after the temporary dam was completed above the upper cofferdam, a similar fill was
finished immediately upstream from the outlets of the diversion tunnels. The water in the
river channef, thus inclosed, was pumped out and excavation of the upper cofferdam extended
to the Arizona wall. The excavated material was hauled by 8 and 10 yard trucks to the rail-
road and used for widening the railroad bench along the river, or unloaded at a dump ground
near the mouth of Hemenway Wash. The excavation for the upper cofferdam was started
on September 25 and finished on December 5. Approximately 212,872 cubic yards of sand and
gravel were removed at an average rate of 5,200 cubic yards a day.

Desirable material for the earth fills had been located by test holes in Hemenway Wash.
Pits were opened with 3)-cubic-yard electric shovels, railroad track laid to the pits from the
Black Canyon line of Six Companies (Inc.), and the material loaded into side dump cars for
transportation to the cofferdams. Arriving at the unloading site, the earth was dumped from
a trestle, reloaded into trucks by 3)4-cubic-yard shovels and hauled to the cofferdam fill. Here
it was dumped by the trucks, spread by bulldozers installed on 30-horsepower caterpillar
tractors, the correct amount of water sprinkled on the material, and the mixture rolled by
6-ton Rohl rollers pulled by 30-horsepower tractors.

Approximately 510,000 cubic yards of material were placed from October 31, 1932, to
completion of the fill on January 1, 1933. More than 420,000 cubic yards of earth were de-
posited in the fill during December, 18,000 cubic yards or 4,000 truck loads of material being
placed in many 24-hour periods of that month. Three 3)%-cubic-yard electric shovels were
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used at the pit for loading the trains and two-or three shovels of the same capacity for loading
the fleet of 35 trucks at the trestle near the cofferdam. For hours at a time each shovel was
loading, swinging, and dumping a shovelful in less than 30 seconds.

Steel sheet piling at the upstream toe of the upper cofferdam was driven by air hammers,
except near the Nevada canyon wall where an unusual number of large bowlders was ercoun-
tered. A trench was excavated @t this location and the piling placed on a concrete footing
restmg on bedrock. The 5-cubic-yard dmglme with its 80-foot boom was used to set sheet
piling in position and for holding the air hammer when the piling was driven. Each pile is
of the arch-web type, 16 inches wide and 40 to 55 feet long.

The concrete cut-offs at the canyon wall near the center of the dam were formed and
poured as the earth fill progressed upward. The concrete was hauled from the mixing plant
in 4-cubic-yard agitators, and the agitators were lifted from trucks to the pouring site by the
5-cubic-yard drag line.

The rock blankets on the slopes were placed after the earth fill was nearly finished. The
rock was secured from the stripping operatioms or excavations on canyon walls, requiring
151,000 cubic yards for the slope facings.

The reinforced concrete paving on the upstream slope is poured in 16-foot sections running
from a concrete curb at the sheet piling cut-off to the crest of the dam. This work was started
on December 20, 1932, and was approximately 60 per cent completed at the end of the following
January. When finished, the paving will contain 3,500 cubic yards of concrete and almost

“4 miles of %-inch reinforcement bars.

The site of the rock barrier has been excavated and more than 80,000 cubic yards of rock
have been dumped therein. This fill when completed will have a thickness of 210 feet, a
height of 54 feet, and will contain approximately 127,000 cubic yards of rock.

Constructlon of the lower cofferdam has been delayed by stripping of canyon walls and
the excavations at the sites of the outlet works. The earth fill for the dam probably will be
secured from Hemenway Wash. The railroad will be extended downstream, and end at a
trestle erected near Hoover Dam site, where the material will be dumped, reloaded, and hauled
to the cofferdam site and the fill constructed in manner similar to that for the upper cofferdam.

~ All four diversion tunnels will be completely lined and both cofferdams are expected to
be completed before the high water of the spring and summer of 1933. The low stage of the
river from October to January and the respite from flash floods have materially aided the
uninterrupted progress of construction.

The cofferdams are only to serve a temporary purpose until Hoover Dam is built above

{,khe entrances to outlet tunnels at the bases of intake towers; then the bulkhead gates will be
closed at the inlets of the outer diversion tunnels, the flow of the river temporarily controlled
by slide gates installed in the inner diversion tunnels, and the upper cofferdam will be over-
topped and inundated by the reservoir back of Hoover Dam. The lower cofferdam and rock
barrier will be removed from the river channel to clear the tailrace for efficient operation of
the power plant.—Reclamation Era, Apri, 1933.

CONTRACT WITH BABCOCK & WILCOX CO. FOR PENSTOCK PIPES

Bids were opened at Denver, Colo., on June 15, 1932, under Specification No. 534 for
furnishing, erecting, and painting plate-steel outlet pipes with branch connections, Y branches,
and manifolds on concrete-lined tunnels at the Hoover Dam. The Babcock & Wilcox Co.,
of New York City and Barberton, Ohio, submitted the low bid of $10,908,000 and was awarded
the contract. A performance bond of $6,000,000 was required to fully protect the Government
against any possible loss resulting from suit for patent infringement.

>
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The main header pipes are 30 feet in diameter, reducing to 25 feet, and branch pipes have
diameters of 13 feet, 8 feet 6 inches, and 7 feet 2 inches. The contractor is now erecting a
fabricating plant at Bechtel, 1 mile from the dam site, where the steel plates will be rolled
and the pipe sections fabricated. The Government will transport the pipe sections from the
fabricating plant to landing platforms at entrances to tunnel adits. From there the contractor
will transport the pipes into final position in the tunnels.

LIST OF PRINCIPAL CONTRACTS

Work or material Contractor Contract price | Date of contract | N, of Speck
Power for construction purposes.| Nevada-California Power Co. [$1, 730, 000. 00 | Oct. 28, 1930 | 486-D.
aCl:)d Southern Sierras Power
Boﬁligir City - Hoover Dam | General Construction Co.______ 329, 917. 15 | Jan. 23, 1931 | 517.
way.
Unli‘t;qltlim ‘g'tates Construction | Lewis Construction Co_________ 455, 509. 50 | Jan. 28, 1931 | 518.
Hoover Dam, power plant and | Six Companies (Inc.)__________ 48, 890, 995. 00 | Mar. 11, 1932 | 519.
appurtenant works.
Grading, surfacing, paving | New Mexico Construction Co___| 273, 972. 00 | July 27,1931 | 521.
sidewalks, curbs, gutters,
sewer and water systems,
Boulder City.
Bulkhead and Stoney gates and | Consolidated Steel Corporation, 233, 200. 00 | June 11, 1932 | 533.
hoists. (Schedules 1 and 2).
Hardie-Tynes Manufacturing 60, 395. 00 | May 20, 1932
Co., (Schedule 3).
Reading Iron Co., (Schedule 4). 32, 500. 00 | May 20, 1932
Plate-steel outlet pipes for | Babcock & Wilcox Co_..___.___ 10, 908, 000. 00 | July 9, 1932 | 534.
Hoover power plant and ap-
purtenant works.
Cement (335,000 barrels) .. .... Riverside Cement Co., California 428, 800. 00 | Feb. 10, 1932 | 3333-A.
Portland Cement do., South-
western Portland Cement Co.,
%donolith Portland Cement
0.
150-ton anent cableway...| Lidgerwood Manufacturing Co..| 173, 110. 00 | Oct. 10, 1932 | 537.
Hydraulic apparatus for Hoover |- .- .- oo cecccccccee el 540.
power plant.
Cylinder gates and entrance | Goslin-Birmingham Manufactur- 56,000.00 |- ____.____._. 541.
lin€ers for intake towers. ing Co. (item 1).
........ Westinghouse  Electric and 334,737.00 | e
Manufacturing Co. (item 2).
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PART V : ALL-AMERICAN CANAL
SUMMARY OF GAULT REPORT

The All-American Canal, authorized for construction under the Boulder Canyon project
act, will be 80 miles in length, and the branch canal to the Coachella Valley 130 miles long, accord-
ing to a report on ‘“All-American Canal Investigations” by H. J. Gault, dated May, 1931.
These investigations have been carried on since May, 1929, by the Bureau of Reclamation in
cooperation with the Imperial irrigation district and the Coachella Valley County water district.

GENERAL DESCRIPTION

It is planned to divert from the Colorado River at a point about 5 miles above the Laguna
Dam of the Yuma (Federal) irrigation project, in section 9, T. 15 S., R. 24 E., S. B. M. The
proposed diversion dam will be of the floating or Indian weir type, with a crest 1,700 feet long,
providing floodway capacity of 170,000 second-feet without overtopping the gate structure.
Total flood capacity of the works would be 259,000 second-feet, besides the canal diversions.
Six desilting basins are provided, any five of which are to be used for diversion to the canal, while
the sixth basin is being sluiced. The dam will raise the river water surface about 22 feet.

Capacity assumed for the main canal is 15,000 second-feet from the dam to Siphon Drop on
the reservation division of the Yuma project, where 2,000 second-feet are diverted for this project;
13,000 second-feet from Siphon Drop to Pilot Knob, and 10,000 westward from Pilot Knob for the
Imperial and Coachella Valleys. The Coachella Canal would carry 2,000 second-feet at the head
and 1,000 where it enters Coachella Valley. It is estimated that the diversion dam, desilting
works, All-American Canal, and Coachella Canal can be built for something less than $34,000,000.
The Imperial Dam—Siphon Drop section of the All-American Canal—will have a bottom width
of 130 feet, a water depth of 22 feet, and will carry an amount of water equal to 70 per cent of the
aveage flow of the Colorado River at the Hoover Dam.

CANAL LOCATION

The route of the canal follows the river closely to Laguna Dam and then parallels the present
Yuma main canal to the Siphon Drop. Several washes must be crossed by culverts or siphons.
From the Siphon Drop to Pilot Knob the canal follows the foothills, and bridges for the Southern
Pacific Railroad, the Inter-California Railroad, the State highway, and county road will be re-
quired. Beyond Pilot Knob, at three different points and for a total distance of 14.8 miles, the
canal is Jocated near to and parallel with the international boundary.

For 10% miles the canal line passes through the sand hills, a region covered with dunes except
for a few bare spots. The deepest cut in the sand-hill area is over 100 feet and the dune sand is
about 80 feet in depth. Instead of lining the canal with concrete in this sand-hill area, it appears
advisable to leave it unlined and prevent sand blowing into the canal as much as possible, and to
remove the sand by suction dredges if necessary. The canal section through the sand hills is
designed with a mean velocity of 4.5 feet per second at full capacity, which is intended to be
nonscouring and nonsilting. Portions excavated in finer sand for the water section and liable to
scour are to be overexcavated to a depth of 1% feet and the space refilled with screened gravel
to form a scour-resisting lining. Means of preventing sand from being blown into the canal may
be by one or more of the following methods: (a) Growing vegetation on the sand in a zone on
each side of the canal by irrigation from small pipe lines; (b) spraying the sand with crude oil;
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(¢) covering the dune sand with material from the canal excavation in the mesa formation which
is too coarse to be blown by the wind ; (@) excavating a berm 15 feet wide on each side of the canal
at the mesa floor level. By adopting these methods in operation it is expected that the quantity
of sand blown or drifted into the canal will be small.

From the sand hills the canal line runs west across the east mesa to the present East High Line
cansl of the Imperial district distribution system, and then through the extreme southern por-
tion of the Imperial Valley, where it erosses 17 principal ditches and passes through the town of
Calexico before it reaches its terminus, the present West Side main canal. Here the water sur-
face is — 6.7, and at this point the canal has capacity sufficient to supply lands under the West
Side canal and also to furnish water for additional lands on the West Side mesa.

COACHELLA CANAL

About 16 miles west of Pilot Knob the Coachella branch canal will take out of the All-
American Canal and run in a northwesterly direction across the east mesa. The location crosses
the Southern Pacific Railroad near Iris, passes east of the Salton Sea and the Coachella Valley
to a point near the town of Coachella, where it again crosses the Southern Pacific and runs south-
westerly across the valley, and then south to the Riverside-Imperial county line. There are
more than 160 washes crossing the Coachella Canal line, ordinarily dry, but at times of heavy
rains or cloudbursts, carrying floods of short duration, heavily loaded with sand and silt; these
must be crossed with siphons or culverts. By combining these washes in groups by the use of
training levees and diversion channels, the number of structures can be reduced to about 90.
The last 47 miles of the canal will be lined with concrete.

SURVEYS

Soil surveys of 1920 in the Imperial Valley have been reviewed and a soil reconnaissance
was made of the Pilot Knob mesa, lying east of the sand hills. The lands within the present
Imperial irrigation district have been classified. Topography was taken of a zone along the
All-American Canal covering a width of 1,000 feet and along the Coachella Canal of a zone 800
feet wide. The following additional field work is necessary: (1) Completion of topography
along the Coachella Canal; (2) relocation of first 10 or 15 miles of Coachella Canal; (3) studies
and surveys of minor revisions of location; (4) studies for wasteways, surveys of washes, and
location of training levees. Final location of turnouts for new lands can not be made until the
lateral ditches are located, which in turn should follow topographic mapping and investigations
of the irrigable areas.

The Imperial irrigation district, comprising 512,000 acres, is supplied with a complete system
of lateral ditches, with about 425,000 acres in cultivation. In the Coachella Valley about
16,300 acres are now under cultivation, being supplied by pumping from wells. There is no
general canal or lateral system in the Coachella Valley. The east and west mesas, the Dos
Palmas area east of the Salton Sea, Pilot Knob mesa, and the greater part of the Coachella
Yalley are desert lands with no improvements. It is contemplated that the boundaries of the
Imperial irrigation district will be extended to include lands in the Coachella Valley irrigable
from the canal when constructed.

The accompanying table shows the irrigable lands west of Pilot Knob as determined by the
Imperial irrigation district.

These areas may be materially changed after irrigable area surveys have been made.

There are opportunities for development of power at Pilot Knob and at several points on the
canals, but such development must be financed by the irrigation district and other interested
agencies, Where canal drops are planned for power development, chute drops will be built by






STANDARD GOVERNMENT FORM OF CONTRACT
(CONSTRUCTION)

DEPARTMENT OF THE INTERIOR AND Six Companies (INc.)

Contract for construction of Hoover Dam power plant and appurtenant works.
Amount, $48,890,995.50.
Place, Boulder Canyon project, Arizona-California-Nevada.

This contract, entered into this 11th day of March, 1931, by the United States of America,
hereinafter called the Government, represented by the contracting officer executing this con-
tract, and Six Companies (Inc.), a corporation organized and existing under the laws of the State
of Delaware, and of the city of San Francisco, in the State of California, hereinafter called the con-
tractor, witnesseth that the parties hereto do mutuallia ee as follows:

ArTICLE 1. Statement of work.—The contractor s furnish labor and materials, and per-
form all work required for construction of Hoover Dam power plant and appurtenant works, as
covered by items Nos. 1 to 119, inclusive, of the Schedule of Specifications No. 519, Boulder
Cang;)n project, Arizona-California-Nevadsa, for the consideration of forty-eight million eight
hundred ninety thousand nine hundred ninety-five and 50/100 dollars ($48,890,995.50) in strict
accordance with the specifications, schedules, and drawings, all of which are made a part hereof
and designated as follows:

21 Specifications No. 519, amended as provided in notices to bidders, dated February 17 and
, 1931,

The work shall be commenced, and shall be completed within the time 0grovided in para-
graph twenty-four (24) of the specifications: Provided, I’)I‘ha.t; the contract period of time is exclu-
sive of any time that may intervene between the effective date of orders of the Government
to suspend operations on account of weather (or other) conditions and the effective date of orders
to resume work.

ARrT. 2. Specifications and drawings.—The contractor shall keep on the work a copy of the
drawings and specifications and shall at all times give the contracting officer access thereto.
Angthing mentioned in the specifications and not shown on the drawings, or shown on the dra.winis
and not mentioned in the specifications shall be of like effect as if shown or mentioned in both.
In case of difference between drawings and specifications, the specifications shall govern. In
any case of discrepancy in the figures or drawings, the matter shall be immediately submitted
to the contracting officer, without whose decision said discrepancy shall not be adjusted by the
contractor, save only at his own risk and expense. The contracting officer shall furnish from time
to time such detail drawings and other information as he may consider necessary, unless other-
Wi%e pro:iéied. Upon completion of the contract the work shall be delivered complete and
undamaged.

ARrT. 3. Changes.—The contracting officer may at any time, by a written order, and without
notice to the sureties, make changes in the drawings and (or) specifications of this contract and
within the general scope thereof. If such changes cause an increase or decrease in the amount
due under this contract, or in the time required for its performance, an equitable adjustment
shall be made and the contract shall be modified in writing accordingly. No change involving
an estimated increase or decrease of more than five hundred dollars shall be ordered unless
anroved in writing by the head of the department or his duly authorized reFresentatlve. Any
claim for adjustment under this article must be asserted within 10 days from the date the
change is ordered, unless the contracting officer shall for pro;iler cause extend such time, and if
the }iarties can not agree upon the adjustment the disYute shall be determined as provided in
article 15 hereof. But nothi rovided in this article shall excuse the contractor from pro-
ceeding with the prosecution of the work so changed. .

Arr. 4. Changed conditions.—Should the contractor encounter, or the Government dis-
cover, during the progress of the work, subsurface and (or) latent condxtl_ons at the site materially
differing from those shown on the drawings or indicated in the specifications, the attention of the
contracting officer shall be called immediately to such conditions before they are disturbed.
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The contracting officer shall thereupon promptly investigate the conditions, and if he finds that
they materially differ from those shown on the drawings or indicated in the specifications, he
shall at once, with the written approval of the head of the department or his representative,
make such changes in the drawings and (or) specifications as he may find necessary, and any
increase or decrease of cost and (or) difference in time resulting from such changes shall be
adjusted as provided in article 3 of this contract.

ART. 5. Extras—Except as otherwise herein provided, no charge for any extra work or
material will be allowed unless the same has been ordered in writing by the contracting officer
and the price stated in such order.

ART. 6. Inspection.—(a) All material and workmanship (if not otherwise designated by the
specifications) shall be subject to inspection, examination, and test by Government inspectors
at any and all times during manufacture and (or) construction and at any and all places where
such manufacture and (or) construction are carried on. The Government shall have the t
to reject defective material and workmanship or require its correction. Rejected workm ip
shall be satisfactorily corrected and rejected material shall be satisfactorily replaced with p
material without charge therefor, and the contractor shall promptly segregate and remove the
same from the premises.

() The contractor shall furnish promptly without additional charge, all reasonable facilities,
labor, and materials necessary for the safe and convenient inspection and test that may
be required by the inspectors. All inspection and tests by the Government shall be performed
in such manner as not to unnecessarify delay the work. Special, full size, and performance
tests shall be as described in the specifications. The contractor shall be charged with any
additional cost of inspection when material and workmanship are not ready at the time inspection
is requested by the contractor.

(c) Should it be considered necessary or advisable by the Government at any time before
final acceptance of the entire work to make an examination of work already completed, by
removing or tearing out same, the contractor shall on request promptly furnish alf necessary
facilities, labor, ﬁﬁ material. If such work is found to be defective in any material respect,
due to fault of the contractor or his subcontraactors, he shall defray all the expenses of such
examination and of satisfactory reconstruction. If, however, such work is found to meet the
requirements of the contract, the actual cost of labor and material necessarily involved in the
examination and replacement, plus 15 per cent, shall be allowed the contractor and he shall, in
addition, if completion of the work has been delayed thereby, be granted a suitable extension of
time on account of the additional work involved.

(d) Inspection of material and finished articles to be incorporated in the work at the site
shall be made at the place of production, manufacture, or shipment, whenever the quantity
justifies it, unless otherwise stated in the specifications; and such inspection and acceptance,
unless otherwise stated in the specifications, shall be final, except as regards latent defects,
departures from specific requirements of the contract and the specifications and drawings made
a part thereof, damage or loss in transit, fraud, or such gross mistakes as amount to fraud.
Su%ject, to the requirements contained in the preceding sentence, the inspection of material
and workmanship for final acceptance as a whole or in part shall be made at the site.

ARrT. 7. Materials and workmanship.—Unless otherwise specifically provided for in the
specifications, all workmanship, equipment, materials, and articles incorporated in the work
covered by this contract are to be of the best grade of their respective kinds for the purpose.
Where equipment, materials, or articles are referred to in the specifications as “equal to’’ any
particular standard, the contracting officer shall decide the question of equality. e contractor
shall furnish to the contracting officer for his approval the name of the ma.nuglct.urer of machin-
ery, mechanieal and other equipment which he contemplates instu]ling, together with their per-
formance capacities and other pertinent information. When required by the specifications, or
when called for by the contacting officer, the contractor shall furnish the contracting officer
for approval full information concerning the materials or articles which he contemplates incor-

rating in the work. Samples of materials shall be submitted for approval when so directed.

a.chin:;ky, equipment, materials, and articles installed or used without such approval shall be
at the risk of subsequent rejection. The contracting officer may require the contractor to dis-
miss from the work such employee as the contracting officer deems incompetent, careless, insub-
ordinate, or otherwise objectionable.

Digitized by {;:; OO0 QEE{:



7

Artr. 8. Superintendence by contractor—The contractor shall give his personal superintend-
ence to the work or have a competent foreman or superintendent, satisfactory to the contraeting
officer, on the work at all times during progress, with aathority to act for him.

Arr. 9. Delays—Damages.—If the contractor refases or fails to prosecute the work, or any
separable part thereof, with such diligence as will insure its eompletion within the time specr
fied in article 1, or any extension thereof, or fails to complete said work within such time, the
Governnrent may, by written notice to the contractor, terminate his right to proceed with the
work or such part of the work as to which there has been delay. In such event, the Govern-
ment may take over the work and prosecute the same to completion by contract or otherwiss,
and the contractor and his sureties shall be liable to the Governinent for any excess cost ooca-
sioned the Government thereby. If the contraetor’s right to proceed is so terminated, the
Government may take possession of and utilize in completing the work such materials, appti-
ances, and plant as may be on the site of the work and necessary therefor. I the Govermment
does not terminate the right of the contractor to proceed, the contractor shall continue the
work, in which event the actual damages for the delay will be impossible to determine and in
lten thereof the eontractor shall pay to the Government as fixed, agreed, and hquidated dam-
ages for each calendar day of delay until the work is completed or accepted the amount as set
forth in the speecifieations or accompanying papers and the contractor and his sureties shall be
liable for the amount thereof: Provided, That the right of the contractor to proceed shall not
be terminated or the contractor eharged with liquidated damages because of any delays in the
completion of the work due to unforeseeable cawses beyond the control and without the fault
er negligence of the coatractor, including, but not restricted to, acts of God, or of the public
enemy, acts of the Government, fires, floods, epidemics, quarantine restrictions, strikes, freight
embargoes, and unusually severe weather or delays of subcontractors due to such causes: Pro-
vided further, That the contractor shall within ten days from the beginning of any such delay
notify the contracting officer in writing of the causes of delay, who shall ascertain the facts
and the extent of the delay, and his findings of facts thereon shall be final and conclusive on
the parties hereto, subject only to appeal, within thirty days, by the contractor to the head of
the department concerned, whose decision on such appesl as to the facts of delay shall be final
and conclusive on the parties hereto.

ART. 10. Permits and care of work.—The contractor shall, without additional expense to
the Government, obtain all required licenses and permits and be responsible for all damages to
persons or property that occur as a result of his fault or negligence in connection with the prose-
cution of the work, and shall be responsible for the proper care and protection of all materials
dehvered and work performed until completion and final acceptanee.

ART. 11. Eight-hour law— Convict labor.— (a) Ne laborer or mechanic doing any part of
the work contempiated by this contract, in the employ of the contractor or any subcontractor
mmﬁn%for any part of said work contemplsted, shall be required or permitted to work more
than etght howurs in any one calendar day upon such work at the site thereof. For each violation
of the requirements of this article a pemalty of five dollars (85) shall be imposed upon the con-
tractor for each laborer or mechanic for every calendar day in which such employee is required
mrmitted to Jabor more than eight hours upon said work, and sll lties thus imposed

be withheld for the uee and benefit of the Government: Promded, That this stipulation
gshall be subject in all respects to the exceptions and provisions of the aet of June 19, 1912 (37
Nat. 137), relating to hours of labor. o
huvd(lb) b;I‘rhe contractor shall not employ any person undergoing sentence of imprisomment at
abor.

Ar?. 12. Corenant against eontingens fees.—The contreetor warranss that he has not em-
ployed any person to solicit or secure this contract upon eny agreement for a commission, per-
centage, h&r&gv, or contingent fee. Breach of this warranty shall give the Goverament the

¢ to terminate the eontract, or, in its diseretion, to deduct from the contract priee or con-
sideration the amount of such commission, percentage, brokerage, or contingent fees. This
warranty shall not apply to commissions payable by contractors upon contracts or sales secured
or made through bona fide established commercial or selling agencies maintained by the con-
tractor for the purpose of securing business.

ARrr. 13. Other contracts.—Tﬁe Government may award other contracts for additional
work, and the contractor shall fully cooperate with such other contractors and carefully fit his
own work to that provided under other contracts as may be directed by the contracting officer.

Y
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The contractor shall not commit or permit any act which will interfere with the performance

of work by other contractor.
ART. 14. W not to benefit.—No Member of or Delegate to Congress, or Resident Com-
missioner, shall be admitted to any share or part of this contract or to any benefit that ma
arise therefrom, but this provision shall not be construed to extend to this contract if made wi

a corporation for its general benefit.

RT. 15. Disputes.—Except as otherwise specificall aﬁrovided in this contract, all disputes
concerning questions of fact arising under this contract be decided by the contracting officer
or his duly authorized representative, subject to written appeal by the contractor within thirty
days to the head of the department concerned, whose decision shall be final and conclusive upon
the parties thereto as to such questions of fact. In the meantime the contractor shall diligently
proceed with the work as directed.

ART. 16. Payments to contractors.—(a) Unless otherwise provided in the specifications, partial
payments will be made as the work progresses at the end of each calendar month, or as soon
thereafter as practicable, on estimates made and approved by the contracting officer. In pre-
paring estimates the material delivered on the site and preparatory work done may be taken
Into consideration.
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