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Honorable Thomas E. Campbell, 

Governor of Arizona, 
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Dear Sir: 

. . 

Phoenix, Arizona, 

January 22, 1921. 

I am transmitting you herewith a renort of the activities of the 

State Highway Department during the period July 1, 1918, to De- . 

ternber 31, 1920. 

Respectfully yours, 

THOS. :v1ADDOCK, 
State Engineer, 
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ST A TE HIGHWAY DEPARTMENT 

DECEMBER 31, 1920 

THOS. MADDOCK. ................................. State Engineer 
1 

F. N. HOLMQUIST ................................ Assistant State Engineer 
W. R. INGHRAM .................................... Chief Clerk 
W. J. JAMIESON .................................... Office Engineer 
C. C. SMALL ............................................ Chief Locating Engineer 

. E. A. WOLFE ............................................ Chief Construction Engineer 
MERRILL BUTLER .............................. Bridge Engineer 
E. C. MOORE ............................................ Purchasing Agent 
J. H. ALLEN ............................................ Superintendent of Equipment 
R. M. HANSEN ........................................ Testing Engineer 
S. R. ST ANIFORTH .............................. Traveling Auditor 
1'. P. JOHNSON ....................................... Accountant 

(' ···•· 

II. D. ALEXANDER 
]As, BONE 
J.M. BROWN 

~- M. BUNKER 
-l\,, A. DAVIS 

¥- C. DIETRICH w P. FRAZIER 
·1c • C. GOETZ 

. N. GRANT 

li'r.ovo ALLEN 
C.R. Bomi t B. CHADWICK 
~ n. J. ENNEKING 

~~EST HALL 
Jorn;;i· HUGHES 

Field Engineers 

F. A. GREENE 
H. HAGEN 
A. F. HARTER 
FRED HAUK 
A. W. JENKINS 
GEORGE LUKESH 
T. S. O'CONNELL 
J AS. A. p ARKER 
w. B. PIPER 

General Foremen 

A. A. LILLARD 
T. F. McGRATH 
J. W. McINTOSH 
CHAS. O'CONNER 
B. J. PEARCE 
BEN PRICE 

GEORGE PORTER 
J. M. SHEPHERD 
E. 0. SLATER 
LOGAN STILL WELL 
F. G. TWITCHELL 
A. w. VAN FLEET 
w. w. VAN FRANK 
w. B. WEAST 
H. B. WRIGHT 
JOHN H. 2:EITLER 

DALE RAI,s'l'ON 
H. w. SMITH 
0. M. TERRY 
J. P. WALTHALL 
G. H.·WEBB 
BERT WITCHER 



The following men resigned positions with the Department: 

Ben Gallagher left the Department to enter the contracting 
business. 

Earl H. Parker left the Department to accept a more remuner~ 
at'ive position with the Yavapai County Highway Commission. 

C. W. Miller left the Department to enter the contracting business. 

W. B. West 'left the Department to ~ccept the position of CountY 
Highway Engineer of Navajo County. 

R. N. Genin left the Department to accept the position of City 
Engineer of Globe. 

C. Makutcheon left . the Department to accept a position with 
City of Globe. 

\ 



INTRODUCTORY REMARKS 

In the absence of any statutory provision for an annual report 
by the State Engineer, I am submitting to you a general report on 
the operation of this Department for the period ending December 
31st, 1920, in order that the information may be up to elate for yonr~ 
self and the Legislature. 

We have eliminated detail similar to that shown in previous re­
ports as it would require several volumes to thoroughly explain the 
roads and bridges constructed in your administration. These have 
been greater than the total previously constructed since the creation 
of a Territorial or State Highway Department. 

Magnit~de of Department 

In order that you may appreciate the comparative size of this 
bepartment, which has grown tremendously during your administra­
tion, your attention is called to the fact that .the Arizona Highway 
bepartment is the largest employer of engineers in Arizona. It is 

· conducting the largest truck trarisportation operations in the State. 
It is the largest single consumer of explosives. It puchases more 
supplies for its various camps than are bought by the State Pur­
c_hasing Agent for all the State institutions. In addition to hand­
ling the engineering on many contracts, State forces, under the di­
rect supervision of this Department, constittite the largest contracting 
force in the State. 

Funds Handled 

. The funds paid through this Department and equipment re­
. ee1ved in th~ past year by us amount to a value greatet; than that 

expended by every State, County, City, School and Road District, 
combined, in this State in 1914. 

This Department last year handled more funds and employed 
l'ttore men and women than all the other State Departments combined. 
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. Management Centralized - Specialists in Charge 
of Work 

During your administration many changes have taken place in 
regard to the conduct of this Department. The object has been to 
centralize management and to place specialists in charge of each 
branch of our work rather than to divide the State into districts 
under Division Engineers. 

During your administration this Department has created the of· 
£ice of Traveling Auditor and placed all bookkeeping and time-keep- · 
ing under the control of the Chief Clerk in order to secure the same 
system of accounts on all State jobs. 

The office of Chief Locating Engineer has been established in 
order to place this important function in the hands of men who are 
specialists in this line. 

The office of Bridge Engineer has been created, resulting in this 
Department now making all the plans for its own bridges instead of 
securing outside help, as formerly, by a payment of a percentage of · 
the cost of a bridge to the engineer for plans and specifications, etc, 

The office of Construction Engineer has been 'created in order 
that best construction methoqs may be carried from one part of the 
;;tate to another and equipment distributed where most needed ort 
our various jobs. 

The office of Superintendent of Equipment has been establis~ed 
and between two and three million dollars' worth of Federal equip; 
ment and material received which has been distributed throughot1t 
the State . 

. The office of Engineer of Tests has been established and 3 

State Laboratory is now testing the various road materials as re; 
quired by the Bureau of Public Roads. 

There has been a central Purchasing Department established, 
Central Storage and Repair Shops have been organized. 

Standard Plans and Specifications Prepared 

. . S!ate standa;cl road sections, bridge and culvert designs and spe; 
c1f1cations have been established and approved by the United State 
Bureau of .Public Roads. 
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Competition· in Purchases 

The practice of securing bids before buying has been inaugu­
rated and most 'of State purchases are made from Arizona instead of 
Los Angeles firms. The State has established the practice-which 
has been largely followed by the Counties-of securing competition 
in the purchase of corrugated pipe by eliminating specifications which 
provided for the purchase of these important articles from one manu­
facturer only. In order to eliminate royalties, patented bridge de­
signs and patented pavements have likewise been compelled to com­
pete with unpatented articles. 

First Paved Road Built 

Under your administration the first paved road built by. the 
State was completed and the first mountain work so heavy as to ne­
cessitate a tunnel has been commenced. 

The custom of fµlly advising County and Highway Engineers 
of the result of bids received for State work has been started and 
the Counti~s have been tendered the services of various State em­
ployees, as for instance_. the Bridge, Testiqg and Locating Engineers' 
services at cost. 
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POLICIES 

This Department has been importuned by citizens of nE~arly 
every County in the State to start construction with State or Federal 
funds on many projects off the through lines of communication. We 
have found that the citizens of every locality are united in the opinion 
that through roads o~ly should be built by State and Federal funds 
in the other counties of the State, even while soliciting the use of 
these funds on some local road. On this account we are convinced 
that the large majority of the citizens of Arizona favor the continu-

. ation of our policy of spending State and Federal funds which are 
received from the taxpayers in general only for the construction of 
those through roads which are used by all citizens in general. 

Permanent Work 

vVe have, with fe\v exceptions, confined our expenditures to the 
construction of first-class roads and bridges in the belief that it was 
better to build well what was built at all so that every dollar of . 
State money expended would be a permanent investment. 'Ne have 
avoided the taking over and the subsequent maintaining of many 
roads which will no doubt some day become State highvvays, know·­
ing that the expenditure of our fonds on this work would greatly 
reduc~ the amount of improved road which we were able to build, 
also because we could not secure Federal Aid.. on road maintenance, 
and needed all of our available State funds to match Federal Aid on 
road construction. 

Maintenance 

vVe realize the importance of maintenance work and that this 
Will increase as our construction increases our road mileage. On thi.s 
account we contemplate the appointment of a Chief :Maintenance En­
gineer in the near future. At the present time there are approxi­
lUately 335 miles of State road which must be maintained by the 
State under the present law, as against 16oo miles in the proposed 
State primary system, which consists of two roads east and we~t 
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across the State and an additional one from Phoenix to Rodeo by 
the way of Florence, Tucson, Benson, Tombstone, Bisbee and Doug­
las; also a road from Tucson to Nogales, and a connecting road 
from Phoenix to Prescott and Ash Fork. Maintenance costs at pi:es­
ent in the United States are approximately $300.00 per mile. This 
primary system alone, therefore, will require approximately one-half 
,;nillion dollars annually for maintenance. At the present time we are 
spending about $100,000 c!- year for maintenance. This does not, of 
course, include the repair of structures destroyed by floods. 

Strengthen Weak Links 

vVe have not been striving to secure the most mile construction, 
but rather to improve the poorest' lengths of our through lines so that 
Arizona's portion of the National Highways would be more quickly 
placed in position to better compete with the other through highways 
across the United States. We realize that there will be a tremendous 
revenue secured by the citizens of our State in their providing for 
the needs of the travelers across our State; also that the first goo<l 
route across the United States will receive so great an amount of 
advertising that it will for a long time carry a large portion of the 
National traffic; that in addition, the business built up by this traffic 
will assist in the paying of taxes to further improve the State high­
ways. On this account we feel that the expenditure of Arizona fonds 
for through highways is justified. 

Where it has been impossible to improve the entire length of 
road in a County after first building the poorest links, it is the policy 
of this· Department to improve· the portions of the highways which 
in addition to being of equal benefit to through traffic serve the 
greatest local traffic as well. 

Contracts 
t 

The State law was changed January 1st, 1919, permitting the let­
ting of contracts on State road work, since which time the majority 
of the State work has been advertised for bids. 

vVhere the same type of construction prevailed no work has been 
let except to the lowest bidder when he could secure the proper bonds. 
It is the policy of the State Highway Department to contract large 
bridges, large paving jobs and heavy rock work. State forces are 
continued, to be employed on work involving hauling, as the State 
has a large number of trucks, etc.; ~n small bridges which are built 
in conjunction with State grading and on light work in general which 
would be extreI}lely hard to classify and expensive to inspect. In 
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case satisfactory bids are not received, however, the Department per­
forms all classes of construction. 

Insurance 

Early in 1919 the Department cancelled all liability insurance. 
Prior· to this large premiums had been paid with practically no re­
turn to injured employees. 

In our opinion the State work is so large and widely scattered 
that the State can carry its own insurance, paying the necessary lia­
bilities out of the saving in premiums. This system avoids court costs 
and lawyer fees to both State and employees and permits the adjust-

. ment of the matter by the Legislature so that the entire cost to the 
State is received by the injured, the public in general thus bearing 
the expenses of the inevitable accidents which occur on construction 
work. 

Subsequent to our action a court decision was made which in­
dicates .that the State may not be sued. If this is correct, it cannot 
~ustain loss, so insurance to refund this loss is worthless. 

The insurance premiums would have approximated $30,000.00 

per year during the last two years had we continued to pay them. 
All injured employees are carried on our payrolls, their doctor and 
hospital bills paid, and they are returned to work on their recovery. 

Imprest Funcl 

The State Engineer's imprest fund has been used mostly to 
comply with the semi-monthly payday bill in the payment of pay­
rolls. In addition it has been used to discount bills whenev·er possi­
ble. The saving on approximately 100,000 barrels of cement at 5c 
each alone amounted to $5,000.00. 

As the average monthly expenditures of this Department· run 
over $300,000.00, approximately one-half of which is Federal . Aid, 
and this requires approximately three months to receive, the present 
imprest fund is wholly inadequate to operate this Department. 

Eight-Hour Day 

The office ·employees of this Department are working eight hours 
a day in place of the customary seven. It is our belief that as the 
average taxpayer who provides us with funds works at least eight 
hours per day, the employees of the Departments which spend the 
taxpayers' money should do likewise. 
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Nepotism 

Nepotism is !lot permitted in this Department. 

No persons are permitted to work under the dir~ction of their 
relatives. 

Bonds 

Every employee in this Department who handles money or who 
is :n responsible charge of work is under surety bond. These t angc 
from $50,000.00 each for the State Engineer and Chief Clerk to as 
low as $1;000.00 for inspectors on small jobs. 

Contractors' Surety 

All contractors are under surety bond to pay · for Iabo:· and ma-
4.eriaJ ; 'also to cornpkte their coGtracts. 

' Promotion 

It has been our desire, whenever possible. to promote present 
employees rather than secure outside help, not only as a reward for 
hard work but to improve the general morale of the Department and 
encourage the other employees to better services. 
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POLITICS 

The question of politics has no place in a State Report. How­
ever, as critics of the present State Highway Department and ad­
vocates of changes assume that this Department is political, we desire 
to assure you that it is not. 

None of the employees of this Department have been assessed 
any part of their salary, directly or indirectly, as a contribution to the 
Republican Party. 

In the approximate two years which the writer has served as 
State Engineer, he has not himself, nor his Office Engineer, Chief 
Clerk, nor any other person with his authority, even asked the politics 
of an applicant requesting employment in the State Highway Depart­
ment. In accordance vvith the provision of the Federal Road Act 
that "preference shall be given, other con<litions being equal, to hon­
orably discharged soldiers, sailors and marines, but no other discrim­
ination among citizens of the United States shall be.made,"-we have 
given preference to ex-service men. 

This Department in making purchases does not take into con­
sideration the politics of merchants but merely the prices of their goods 
to the· State. 

vVe have many men in important positions of the opposite politi­
cal faith. They have never. even been requested to support your ad­
ministration politically. \Ve therefore feel that we have been nehtral ' 
as far as politics is concerned and that this neutrality has warranteil 
a return of the same from our employees. 

vVe have made no suggestions or objections to · how oui- em­
ployees voted. lfowever. where employees in our Department, after 
receiving our neutral treatment. have seen fit to openly work for and 
solicit votes for the opponents of this administration, we have felt 
that they were not properly reciprocating our actions and have sev- · 
ered their connection with the State, on the principle of the Scriptural 
passage: "They that take the sword shall perish with the sword." 
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VIEWS ON TUCSON-FLORENCE PAVING 
• FEDERAL Al D PROJECT NO. 9 
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RECOMMENDATIONS 

Matching Federal Aid 

The best information which we can secure on the authority of 
our representatives in Congress indicates that the Government will 
appropriate additional funds for the continuation of Federal Aid, dur­
ing the present session of Congress. 

State funds should be appropriated to permit the matching of 
Arizona's portion of such Federal Aid. It has been only with ,great 
difficulty that the sums previously allotted Arizona have been matched 
in such manner that the distribution would be fair to the various sec­
tions of the State. The County bond issues and even the· State funds 
which will be available under the ·present law on July 1st, 1921, are 
necessary to meet the present Federal Aid allotted this State, if we 
continue the practice of applying for Federal Aid only on direct rout~s 
.'.)f general benefit. 

Budget 

I would respectfully suggest that the Highway Department should 
be consulted before special appropriations for various road projects 
are passed by the Legislature. The appropriation for the Williams­
Clarkdale Road, the Superior-1\iiami and the Arrowhead Trail were 
al.I insufficient to more than start this work. 

Engineers for Engineering 

In case the Legislature sees fit _to change the organization of the 
present Highway Department, I sincerely hope that they will includt: 
a provision in any new law which will require that those placed in 
authority possess an engineering knowledge of construction work. I 
have had a great deal of experience in handling road affairs with 
Boards of Supervisors, Highway Commissions and City Councils. 
While appreciating the enthusiasm, integrity and good intention of 
the average layman office holder, I believe the possession of engi­
neering knowledge to be a decided advantage in the economic hand­
ling of funds and in addition that engineering training is the most 
likely to produce men with the least bias in calculating the economical 
results to be secured by the mos~ people for the least expenditure. 
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UNEXPENDED APPROPRIATIONS 

Williams - Clarkdale 

\Ve have to report that the $25,000.00 appropriation for the con-
5truction of the \Villiams-Clarkdale Road has not been expended. 
()ur survey indicated that this road would cost over $ r ,000,000.00. 

The Highway Commission of Coconino County allotted also $25,000.00 · 

of their bond issue to this work. By matching this total of $50 000.00 

with Federal Aid, we would have secured $100,000.00, but this was 
the total possible, as the Highway Commission of Yavapai County 
apparently was not interested in this construction. VVe took up the 
possible . construction of this road with the Forest Department, but· 
they had no funds available. We doubt if we could receive Federal 
Aid. on this road unless we could show the, Government the possibility 
of its completion. Apparently the funds to be received from Coconino 
County were contingent upon securing Federal Aid. This brings the 
available funds to the original $25,000.00, which we feel is useless to 
expend on such a large project .. 

Parker Bridge 

The $30,000.00 appropriation for the Colorado River Bridge at 
Parker has not been expended, because of the failure on the part of 
the State of California to appropriate a like snm, Arizona's appropri­
ation being contingent upon the State of California and the Federal 
Government making like appropriations. • 

Arrowhead Bridge 

\Ve have not expended the $40,000.00 contingent appropriation. 
for the bridge across the Colorado River on the Arrowhead Trail in · 
Mohave County, as we have not yet been able to build a road to the 
bridge site and shall not be able to do so with the funds available. 
The bridge site is inaccessible until such a road is built. Further-
111ore 1 $80,000.00 is but half of the amount needed. 
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Electric Power Line 

vVe have not expended the $50,000.00 appropriation for the 
Sacaton-Power Line. The bill making this appropriation assumed 
that a contract between the State of Arizona and the Salt River Val­
ley Water Users' Association, successors to the Reclamation Service 
in control of the Roosevelt Dam Project, was still in force. After 
considerable delay we secured the opinion from the Attorney Genera! 
that while this contract might be enforced in court, a lawsuit might ' 
show that the State had slept on its rights. Information from the 
Water Users' Association indicated that we should not be able to re­
ceive power for much more than half of the year. An investigation 
also showed that the investment for an auxiliary plant to produce this 
power when the same could not be secured from the Water Users' 
Association would require a considerable investment, the funds for 
which were not available; that the total cost of the auxiliary plant and 
power line would be greater than the services warranted; that in ad­
dition the power line would be too small to provide for the needs of 
the numerous pumping stations which had been established on its 
route during the last few years. In view of these circumstances and 
after a discussion of these matters with numerous parties interested,. 
including the Town Council and the Chamber of Commerce of Flor­
ence, it was unanimously decided that this expenditure would be a 
waste of public funds. ' 

Lee's Ferry and Oak Creek Bridge 

The appropriation for the approaches to Lee's Ferry, north of 
Flagstaff, and t~e appropriation for the construction of the Oak Creek 
Bridge near Cornville, Yavapai County, of $10,000.00 each are un­
expended because the counties have not provided an equal amount as 
required by the law. 
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. FEDERAL AID 

It should be said at the outset that no Federal Aid has been lost 
or will be lost to Arizona. This statement is made without qualifica­
tion, knowing that statements, rumors and fears to the contrary have 
been expressed. 

The total amount of Federal Aid allotted to Arizona under the 
provisions of existing appropriations amounted to $3,767,794.65; of 
this amount, $3,244,720,49 has been covered by Project Statements. a 
Project Statement being th.e preliminary application for Federal Aid. 
Project Agreements have been entered into between the Federal Bu­
reau of Public Roads and the State Engineer covering $2,759,011.26. 
A Project Agreement definitely ties up the money. There remains. 
$1,008,783.39 to be covered by Project Agreements between now and 
the first of July, 1922. Plans, specifications and estimates have al­
ready been submitted for a part of this. Others have been held up 
pending the receipt of ftmds from the sale of bonds in some of the 
Counties of Arizona. Except for the present poor market for bonds. 
every dollar of money available would have been covered by Project 
Agreements long ago. · · 

Federal Legislation 

The Federal Aid Road Act, sometimes referred to as the. Bank­
head Bill, approved July I 1, 1916, authorized the Secretary of Agri­
culture to co-operate ·with the States, ·through their respective State " 
Highway Departments, in the construction of. rural post roads. and 
provided that no money apportioned under the Act to any State should 
be expended in that State until its Legislature had assented to· the pro­
visions of the Act. The Secretary of Agriculture and the State High­
way Department of each State were empowered cto determine what 
roads should be constructed in the respective States, and the character 
and method of construction; and stipulated that all roads constructed 
under the provisions of the Act should be free from tolls of all kinds. 
The term "Rural Post Road," according to the terms of the Act, should 

· be construed to mean any public road over which the United States 
rnails now are or may hereafter be transported. The Act appropri-



22 STATE HIGHWAY DEPARTMENT 

ated $75,000,000.00 ~s Federal Aid for highway construction. So 
much of the appropriation apportioned to any State for any, fiscal 
year remaining unexpended at the close thereof is available for ex­
penditure in that State until the close of the succeeding fiscal year. 
Any amount apportioned to any State and remaining unexpended at 
the end of the period during which it is available for expenditure shall 
·be reapportione(\ to all the States in the same manner as if it were be­
ing apportioned for the first time. The Act also provides that the 
Secretary of Agriculture shall approve ,only such projects as may be 
substantial in character, and the funds authorized are to be applied 
only to such improvements. The limit of Federal Aid to be paid for 
any wor).( is fixed at $rn,ooo.oo per mile, exclusive of the cost of 
bridges of more than 20 feet clear span. The construction work and 
labor for each State shall be clone in accordance with the State laws, 
and under the direct supervision of the State Highway Department, 
subject to the inspection and approval of the Secretary of Agricul~ 
ture, and in accordance with the rules and regulations made pursuant 
to the Act. The States are made responsible for the proper mainten­
ance of roads built under the provisions of the Federal Aid Road Act, 
and if such maintenance is not properly done, the Secretary of Agri­
culture "Shall thereafter refuse to approve any project for road con­
str(tction in such State ..... until it has been put into condition of 
proper maintenance." The Secretary of Agriculture is authorized by 
the bill to make rules and regulations for carrying out the provisions 
of the Act. 

The Post Office Appropriation Bill, passed in March, 1919, 
amended the Federal Aid Road Act in seve~al important particulars. 
The definition of a Rural Post Road was changed so as to include 
any public road the major portion of whi.ch is now used or CAN be 
used, or forms a connecting link not to exceed ten miles in• length of 
any road or roads now or hereafter to be used for the transportation 
of United States mails. The limitation of payments as Federal Aid 
were also increased from $10,000.00 per mile to $20,000.00 per mile. 

· $200,000,000.00 was appropriated to be apportioned to the States as 
Federal Aid. This Act also authorized the Secretary of War in his 
discretion to transfer · to the Secretary of Agriculture all available 
war tr!aterial, equipment and supplies not needed for the purposes of 
the War Department, but suitable for use in the improvement of high­
ways, and that the sam~ be distributed among the Highway Depart­
ments of the several States to be used on roads constructed in whole 
or in par.t by Federal Aid, such distribution to be made upon a value 
basis of distribution the same as provided· by the Federal Aid Road Act. 
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Federal Funds Available 

Reduced to figures, the State of Arizona shall receive approxi­
mately 1.4% of the total appropriation of money, and the same per­
c;:ent of the excess war material available for distribution. The fol­
lowing table sets forth the amount of mon·ey available for Arizona 
under the provisions of the two Acts : 

Fiscal Years When Must be covered by 
Ending July 1st Amount Available Project Agreements by. 

1917 ...................... $ 68,513.52 July l, 1916 July l, 1918 
1918. ..................... 137,027.04 " l' 1917 " l, 1919 
1919 ...................... 205,540.58 l' 1918 l, 1920 
1919 ...................... 685,043.47 March, 1919 l, 1920 
.1920 ...................... 1,301,582.79 July 1, 1919 l, 1921 
1921 ...................... l i370,o87. I 5 " l I 1920 " l, 1922 

To1'AL .................. $3.767,794.55 

The Federal Aid Road Act was assented to by an Act of the 
Arizona Legislature approved March 8, 1917. The State Engineer, 
with the approval of the State Board of Control, was authorized ·to 
enter into all contracts ancl agreements with the United States Gov­
ernment relative to the survey, construction and maintenance of roads 
under the provisions of said Act. The Act also declares, '' For the ' 
construction and maintenance of rural post roads the good faith of the 
State is hereby pledged to make available funds sufficient to equal the 
sums apportioned td the State or by. or under the United States Gov­
ernment during each of five years for \Vhich Federal funds are ap­
propriated by Section 3 of said Act and to maintain the roads con­
structed with the aid of funds so appropriated, and to make adequate 
provisions for carrying out such maintenance .. " 

Project .\grcements entered into with the Secretary of Agricul­
ture prior to January 6. 1919, ( the date on which the present aclmini§- .. 
tration took office) totaled $100,499.98, making it necessary to sub­
mit plans, specifications and estimates. and to enter into Project 
Agreements covering $995;624.73 between that time and Jtily I, 1920, 
and to have additional amounts of $1,301,582.79 by July 1, 1921, and 
$1,370,087.15 by' July I, 1922. While we have until July 1, 1922, to 
cover the last allotment, all money coming to us as Federal Aid would 
become available on or before July 1, 1920, and in our program of '• 
receiving and distributing it to various projects, the entire amount was 
considered as one itppropriation, no consideration being given to the 
different fiscal years, except to see to it that the various amounts were 
covered within the specified time limits, and none lost to the State. 
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State Funds Available 

· The situation which confronted the State Highway Department . 
in March, 1919, was therefore as follows: 

1.-Funds available for the fiscal year ending July 1, 1919, 
were not sufficient to carry on work then under way un­
til the beginning of the new fiscal year, July 1, 1919. 

2.-Ft:mds to become available July 1, 1919, consisted of the 
following : · 

FUNDS AT THE DISPOSAL OF THE STATE ENGINEER 

I. State Engineer's Salary .................................................... $ 3,000.00 
2. 25% Portion State Road Tax Fund· (Estimated) ........ 213,806.18 
3. Receipts from Automobile Licenses (Estimated) ........ 16o,ooo.oo 
4. Prison Fund........................................................................ 6o,ooo.oo 
5. Appropriation for Federal Aid Projects ........................ 200,000.00 
6. Appropriation for a Road from Superior to Miami ...... 100 000.00 
7. Appropriation for Williams-Clarkdale Road................ 25,000.00 
8. Cost of survey for same (estimated).............................. 10,000.00 
9. Appropriation for Gila River Bridge, Globe-Solomon-

ville Highway.............................................................. 65,000.00 

TOT AL. ............................................................. $836,800. 18 

FUNDS TO BE SPE~T JOINTLY BY THE STATE ENGINEER AND 
BOARDS OF SUPERVISORS 

IO. 75% Portion State Road Tax Fund .................... : ......... $641,418.57 
I I. Appropriation for Approaches to Lee's Ferry, and 

Grading Buckskin Hill... ......................................... '.. 10,000.00 
12. • Appropriation for Bridge across Colorado River, with-

in the County of :Mohave.......................................... 40 000.00 
13. Appropriation for Arizona Section of the Arrowhead 

Trail ............................................................................ 50,000.00 

TOT AL .............................................................. $741 ,418.57 

14. Besides the above a special appropriation of $30'.­
. 000.00 was made for the construction of a 

br~dge across the Colorado River near Parker, 
• conditioned on like amounts being appropriated 

by the State of California· and the United States 
Government ................................................................... ..., 30,000.00 
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15. Estimated Receipts for the Fiscal Year 1920-1921 
from the State Road Tax Fund, Auto Licenses 

25 . 

and Prison Ftmd ...................................................... 1 ,209,824.75 

GRAND TOT AL .......................................... $2,818,049.50 

Of the above, the following items could not be included in funds 
available to match Federal Aid: 

Item No. r .................................................................................. $ 3,000.00 
Items Nos. 7 and 8: The $25,000.00 appropriation for 

construction being only about 2_½ % of the amount 
necessary to construct a highway directly from Wil-
liams to Clarkdale............................................................... 35,000.00 

Item No. II: Federal Aid not available for an isolated 
piece of work such as this.............................................. 10,000.00 

Items Nos. 12 and 13: This bridge site is inaccessible un­
til a road is constructed to it, and the appropriation 
for the Arrowhead Trail is insufficient to construct 
such a road ......................... ~.............................................. 9(),000.00 

Item No. 14: The State of California has not made the 
required appropriation...................................................... 30,000.001 

TOT AL ...................................................................... $168,ooo.oo 

This leaves $2 650,049.50 to go into construction work on Federal· 
Aid Projects, and to pay for maintenance, surveys, freight and load­
ing charges on Federal equipment, yard and storage facilities, prepar~ 
ing plans and general office ~xpenses. These were estimated as fol­
lows for the two~year period: 

i\faintenance .......................................................................... $180,ooo.oo 
Suryeys ............ ~............................................................. ........ I 50,000.00 
Freight and Loading Charges on Federal Equipment.. 400,000.00 
Yard and Storage Facilities............................................... 50,000.00 
Preparing Plans·············································.-···················· 75,000.00 
General Office Expense...................................................... 50,000.00 

TOT AI"' ........................................................................ $905,ooo.oo 

There was therefore available $1,745,049.50, which under the 
most favorable circumstances might be matched with Federal Aid. 
Furthermore it was not within the realm of possibility to make neces­
sary surveys, prepare plans, specifications and estimates, and secure 
approval of the Bureau of Public Roads by July I, 1919, for any con­
siderable part of this work, and it would be necessary to forego Fed-
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~ral Aid on a considerable part of this amount, in order to keep con­
struction work going. The Federal Aid Road· Act also limits to $20,-
000.00 per :1;11ile the amount which the Government may pay a~ Fed­
eral Aid, making it necessary in cases of heavy, or otherwise expen­
sive work for the State to pay more than one-half the cost of such 
work. The amount of money in sight to be used on Federal Aid Pro­
jects was actually considerably less than $r_,500,ooo.oo with which to 
match $3,667,294.67 of Federal Aid. 

Counties Asked to Co-operate 

It was apparent that in order to secure for Arizona its foll ap­
portionment .of Federal :\id, money other than State funds would be 
needed. To secure this, the Boards of Supervisors of all the Counties 
were asked to co-operate with the State Highway Department in road 
construction and thus secure the benefits of Federal Aid. A tentative 
distribution of Federal Aid shown in the accompanying table was made 
and submitted to the meeting of all Boards of Supervisors of the 
State held in Phoenix, September 21, 1919: 

Apache ... : .................... $150,000.00 Mohave ··········c···········$I50,ooo.oo 
Cochise ..................... 400,000.00 

Coconino .................... ' I 50,000.00 
Gila ............................ 400,000.00 

Navajo ...................... 150,000.00 
Pima ..... · ........... ......... 300,000.00 

· Pinal .. ... ............ ...... .. 300,000.00 
Graham .... .................. I 50,000.00 Santa Cruz .............. 100.000.00 
Greenlee ......... ........... I 50,000.00 Yavapai ...................... 400,000.00 

Maricopa·······-······.······ 500,000.00 Yuma .......................... 250,000.00 

The Supervisors were asked to criticise this distribution and to 
suggest changes, but as no criticisms or suggestions were made, we 
Have been guided in allotting Federal Aid by this distribution. 

While the Counties were no better prepared than the State to im­
mediately pay out sue~ large sums of money, they had the advantage 
of being able to issue bonds, when authorized by the people at a bond 
election. 

Bonds Authorized·· by Counties 

Some of the Counties were already considering bond issues, and 
others desiring to receive their share of Federal Aid immediately 
started proceedings to call bond efoctions. Since that time the fol­
lowing bond issues .have been. authorized by Counties: 
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Apache ······················;···············$ 150,000.00 
Coconino .................................... 150,000.00 

Graham ...................................... 250,000.00 

Greenlee ................................ .... 200,000.00 

Maricopa .................................. 8,500,000.00 

Mohave ...................................... · 300,000.00 

Navajo ..................................... 150,000.00 

Pima .......................................... I ,500,000.00 

Pinal . . .. . . . ...... ... .. . ... . . . ... . . . . . . . .. . . .. . 1,000,000.00 

· Santa Cruz................................ 100.000.00 

Yavapai .................................... I ,500,000.00 

Yuma ..................... :... ... . ....... ... I ,200,000.00 

The apportionments to Cochise and Gila Counties could be · met 
with their 75% Fund, and the proceeds of previous bond issues, so 
no new bond issues were needed in those Counties. At any rate, suf­
ficient funds are assured to match all Federal Aid available for Ari­
zona under existing appropriations. 

Department Enlarged 

The State Highway Department, at the beginning of the two-year 
period, was· organized to handle only about $1,000,000.00 worth of 
work annually, anc~ this under such regulations as the State Engineer 
might prescribe. With the advent of Federal Aid the annual expendi­
tures jumped to a total of approximately $4,000,000.00, and all work 
on which Federal Aid was received was subject to regulations of the 
United States Bureau of Public Roads, as well as those of the State 
Highway Department. The requirements of the Bureau of Public 
Roads also more than doubled the amount of work necessary in the 
preparation of plans and specifications. and required so much time 
that it ,vas not possible to proceed with construction as promptly and 
rapidly as would otherwise have been the case. It was, of course, 
necessary to make arrangements with the several Boards of Super­
visors relating to the 75% portion of the State Road Tax Fund, and 
with the County Highway Commissions relating to their funds. This 
necessitated relations with fourteen Boards of Supervisors, each con­
sisting of three members, and thirteen County Highway Commissions, 
each consisting of five members,-besides several city and town coun­
cils through which the State highways pass and which participate in 
Federal Aid. The difficulties, disadvantages and delays of this sys­
tem are so obvious as to need no comment. However, we were con­
fronted by facts and not by theories, so we proceeded promptly to 
make the best of a difficult situation. 
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1 
The following table shows the results of our efforts as of De­

cember 31, 1920: 

PROJECTS FOR WHICH PROJECT AGREEMENTS HAVE BEEN EXE· 
CUTED OR APPROVAL RECOMMENDED BY THE DISTRICT EN­

GINEER, UNITED STATES BUREAU OF PUBLIC ROADS 

F. A. Estimated 
No. Name of Project Cost · 

1 Florence Bridge ................................ $ 131,6o2. 13 
2 Phoenix-Tempe.................................. 93,142.83 
3 Holbrook-St. Johns............................ · 57,139.54 
5 Oatman-Goldroad .............................. 85,750.18 
6 Holbrook-St. Johns, Sec. 4.............. 30,6o7 .83 
7 Mesa-Superior, Sec. 2-B.................. 153,436.25 
8 Tempe-Mesa ···s·································· 222,967.25 
9 Tucson-Florence, Sec. A ............ ~····· 116,018.00 

IO Marinette Bridge ......... ~...................... 6o,277.58 
11 Bisbee-Douglas, Sec. 2...................... 297,081.15 
12 Prescott-Jerome, Sec. 1.................... 133,054.II 
13 Clifton-Franklin ................................ 183,241.46 
14 Douglas-Rodeo, Secs. A & C ... ~·-···· 112,213.38 
15 Globe-Geronimo ................................ 195,928.21 
16 Superior-Miami ................................ 1,177.,398.51 
17 Prescott-Jerome,' Sec. 2.................... 210,347.27 
18 Benson-Vail ...................................... 304,436.70 
19 Prescott-Jerome, Sec. 4.................... 83,839.85 
21 Flagstaff Paving................................ 68,826.23 
23 Florence-Superior ............................ 478, I 78.65 . 
24 Flagstaff-Williams ...................... ~... 202,588.37 
26 Yuma-Welton .................................... 237,86o.04 
28 Ray-Superior ...................... ,............... 188,899.84 
29 Tucson-Nogales ................................ 400,564.41 
31 Wickenburg Bridge~......................... 78,895.85 
33' Phoenix-Glendale .............................. 122,314.31 
37 Williams-Ashfork ............................ 35,707.76 
38 Douglas-Rodeo ··~········~····················_.· 16o,6o3.52 
39 Topock-Oatman ................................ 177,430.35 
41 Phoenix-Yuma .................................. 200,421.41 

TOT AL. ................................. $6,000,772.97 

Federal Aid 

$ 65,789.14 
46,571.41 
28.569.77 
42,875.09 
15,3°3-91 
76,718.12 

II 1,483.62 
58,009.00 . 
3o,r38.79 

148,540.57 
39,220.00 
91,620.73 
56,100.69 
97,964.09 

413,318.50 
I 00,000.00 , 

152,218.33 
41,919.92 
25,139.46 

239,089.32 
101,294.18 
118.930.02 
90,000.00 

1.So,504.02 
39,447.92 
61,157.15 
17,853.88 
80~301.76 
88,715.17 

100,210.70 

$2,759,011.26 
\ 
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PROJECTS FOR WHICH PLANS, SPECIFICATIONS AND ESTIMATES 
HAVE BEEN SUBMITTED TO, BUT NOT YET APPROVED BY 

THE UNITED STATES BUREAU OF PUBLIC ROADS 

F.A. 
No. Name of Project 

Estimated 
Cost 

20 Winslow Paving ................................ $ 62,773.20 
25 Bridges on Tucson-Nogales High-

vvay ............................................. . 
27 Nogales-Fairbank ........................... . 

48,690.40 
95,400.76 

TOT AL ...................................... $ 206,864.36 

GRAND TOTAL .................... $6,207,637.33 

Federal Aid 

$ 22,003.53 

24,345.20 
47,700.38 

$ 94,049.II 

$2,853,000.37 

It can_ be seen from the above that a total of $2,853.000.37 of our 
apportionment of $3,767,794.65 has been, or will very soon. be, covered 
by Project Agreements. The work for providing for the remaining 
$914,734.28 has progressed to such an extent that it seems reasonable 
to expect that it will all be covered before the /end of the present fis- 'i 
-cal year. · 

In our program of financing different projects, and of matching 
Federal Aid, we have necessarily been guided by the fact that Federal 
Aid appropriations were made over a limited period of time,-the last 
appropriation being available July I, 1920. 

At the time your administration assumed office, all correspond· 
ence and business matters with t_he Bureau of Public Roads were 
handled through the office of the Bureau of Public Roads at Albu­
querque1 New Mexico. This required ·considerable time and resulted 
in consequent delays. We took up the matter . of securing a repre­
sentative of the Bureau of Public Roads located in Phoenix, with the 
result that the Bureau of Public Roads now mc;tintains an office here, 
with Mr. f W. Moore, Senior Highway Engineer, in charge. 'AU 
applications for Federal Aid, as well as practically all other matters/ 
are taken up directly with Mr. Moore. The present arrangement is 
much more satisfactory in every respect than the previous one to this 
Department, and we believe is equally advantageous to the Bureau of 
Public Roads. 

As to the advantages of Federal Aid: We believe that there are 
many, but the following merit particular mention: 

I. A higher standard of work results. All plans and specifica­
tions must be approved by the Bureau of Public Roads, and the work 
is at all times subject to its inspection and approval. 



30 STATE HIGHWAY DEPARTMENT 

2. Proper maintenance of the work is insured. The States are 
required to maintain all work in a satisfactory manner. Should a 
State fail t<? do this, farther Federal Aid wonlcl be withheld. 

3. A definite program of highway construction must be submit­
ted. This will result in co-ordination of work by adjoining States and 
in a system of trans-continental and interstate highways, and at th<.? 
same time meet the needs of each State. 

VIEW OF AUGA-FRIA BRIDGE 
AT COLDWATER 

AFTER FLOOD OF •THANKSGIVING, 1919 
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PROJECTS BY COUNTIES 

APACHE ·COUNTY 

Federal Aid Project No. 6-Holbrook-St. Johns, 
Section 4: 

31 

· This project originally contemplated the construction of 12.6 
miles of highway from a point about 2.1 miles northwest of Hunt to 
Concho. Project Statement was submitted in 1918 and approval se­
cured. Funds available. however, were not sufficient to complete the 
entire project, so a contract has been entered into with Tanner 
Brothers for the northerly 3 miles, and construction work is now in 
progress. 

The portion of the project now under contract wiil cost approxi­
mately $16,049.81. or $5,349.94 per mile. 

Apache County has voted bonds to the extent of $I 50,000.00;. 
$140,000.00 is proposed to be spent on the road from the Navajo 
County line through Apache County to the New Mexico line, via 
Hunt, Concho, St. Johns and Springerville. It is expected that this 

, bond issue will be sold early in r 92 I, and these funds, together with 
an equal amount of Federal Aid, will be spent on the improvement of 
this highway. 

Construction engineering work on this project is in charge of 
F. N. Grant. Location was made by Engineer J. M. Sh_epherd. ·. 

COCHISE COUNTY 

Federal Aid Project No. 11-Bisbee-Douglas Highway: 

Consists of 8.5 miles of concrete paving 18 _feet wide and 6 inches 
thick, and extends from Forest Station to Forest Ranch on the road 
between Bisbee and Douglas. 

•Rising prices in 1919 prohibited the Highway Commission of 
Cochise County from completing the 25 miles of paving between these 
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, two cities. In order to complete th1s very important highway, this 
Department secured Federal Aid for the unfinished portion of this 
road, and together with the Board of Supervisors of Cochise County 
let the contract in two sections. Bids were received for this work 
November 17, 1919, the best bids being $2.69 per square yard for Sec­
tion A and $2.75 for Section B, the State to furnish cement, making 
a total cost for the project of $299 747.53. These bids were rejected 
as heing too high and new bids asked to be opened January 3, 1920. 
On the eastern portion George Oswald's bid of $2.09 per square yard, 
exclusive of cement, was accepted and bid of McPeak & Dillon of 
$2.40 per square yard, exclusive of cement, for the western portion 
was accepted. The State furnished the cement for this construction, 
which made the respective sections cost-$2.86 and $3.17 per square 
yard, or a total cost for the project of $267,225.3 I. This road was 
constructed in the early part of 1920. 

Personnel: W. C. Goetz, Resident Engineer; N. Davenport, Chief 
Inspector; J. H. Martin, Inspector; Earl Maxwell, Inspector; C. L. 
Burton, Inspector; M. H. Calderwood, Tester; L. H. · Thompson, 
lnstrumentman. 

Federal Aid Project No. 18-~enson-Vail Highway: 
Consists of the construction of 27.8 miles of highway between 

Benson and Vail on the Borderland Highway. Included in this pro­
ject is a bridge across Cienaga Creek and the Southern Pacific Rail­
road with an overhead crossing, the total length of which is 278 feet · 
with a main span of 146 feet, and a bridge_ across Mescal Wash of 
two 30-foot spans. 

In general the work is light and over good material for surfacing. 
The project is divided into six sections, known as Sections "A," "B," 
"C," "D," "E" and "F." Section "A" extends from· a point near 
Vail to Cienaga Creek; Section "B" extends from Cienaga Creek to 
a point east of Mescal \Vash; Section "C" from the end of Section 
"B" to , Cochise County line ; Section "D" from Cochise County line 

_. approximately 4.0 miles toward Benson; .Section "E" consists of 6.o 
miles from the end of Section "D" to the town of Benson; Section 
"F", consists of the bridge crossing Cienaga Creek and the Southern 
Paci£ ic Railroad. 

Sections "A" and "B" are being constructed with State forces 
under supervision of Engineer A. vV. Jenkins. Section "C" is being 
constructed• under contract by Goodman & ~Ierrill,-the principal 
item of which _is approximately 20,0)0 cubic yards excavation_ at $o.6S 
per cubic yard. Class "A" concrete costs $27.00 per cubic yard; and 
Class "B" concrett $22.00 per cubic yard, the State furnishing ce-
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ment and reinforcing steel, as well a,s corrugated iron pipe, fo1 cul­
verts; Section "D" is completed, havfog beeti built under, contract h:, 
Goodman & Merrill. Excavation. 011 this section cost $0.50 per cubic 
yard and all classes of concrete $15.00 per cubic yard. Section "E" 
is being built under contract by Eckerman & Chambers: On a por­
tion of this section the excavated material was suitable for surfacing. 
This class of excavation cost $0.90 per cubic yard. On the remain­
der of this section it was necessary to b.9rrow other material for sur.;. 
facing. For this part of the work the roadway excavation cost $o.6o 
per cubic yard, borrow excavation $o.50 per cubic yard, and borrow 
for surfacing, $0.75 per cubic yard. Section "F," being the bridge 
across Cienega Creek and the Southern Pacific Railroad, is being built 
under contract by English & Pierce for a · lump sum of $27 }840.00, 
the State furnishing cement and reinforcing steel at an additional cost 
of $ro,724.27. The structure i.s now nearing completion. The bridge 
across Mescal \Vash is being built under contract by de Waard and 
Cobham at a cost of $18.00 per cubic yard for concrete, the· State fur­
nishing cement and reinforcing steel. The total cost of this bridge 
will be $16,438.00. 

Bids were reqnested for the construction of Section "B," bnt 
only one bid vvas received, which amounted to $155,288.43. The esti­
mate of the State Higlwvay Departmen.t was $78,096.72 and in view 
of the great difference behveen these figures. the bid was rejected. 

This work is now nearing completion at a cost approximately 
equal to the State estimate. On this section alone more than seventy­
five thousand ($75,000.00) dollars will be saved by doing the work 
with State forces instead of by contract. 

The total cost of the project will be approximately $300,000.00. 
Sections "C,' 1 ''D" and "E'' arc under the direct supervision of 

Engineer A. \V. Yan Fleet of the State Highway Department. The 
highway was located by Engineer \V. vV. Van Frank. The road will 
be open to traffic a5 soon as the bridge across Cienaga Creek is com­
pleted. which will be about ~1Iarch 1st, 1921. Portions of the high­
:vay are alreacl~0 in use. and the entire project will be completed early " 
in J\farch. Sections "A," "B," "C'' and "F" are being paid for· from 
t!1e proceeds of the Pima County bond issue and Federal Aid. Sec­
t~ons "D" and "Ei' are being- paid for with the Cochise County por-
tion of the State Ro;:i,cl Tax Fund and Federal Aid. " 

Federal Aid Projects Nos.' 14 and 38-. Douglas-Rodeo 
liighway: · , , . , . 

This project was started hy the Highway. Commission of Cochise 
Countv, which was unable to complete this road on account of short­
age of funds. ,,:,·, 
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Section "B'' and patt ·of Section, "A" were completed before the 
Arizona Highway Department could secure Federal Aid for this con­
struction. : Following the death of Mr. J. C. Ryan. ,Engineer for the 
County Highvv~y Conimission of Cochise County, the remaining· por:"'. 
tions of Sections "A" and "C" were constructed under the direction · 
of W. G\ Goetz .. 

,:,'· RobL, Mcl{ay: of Tu.cson, was' I f1Warded c~ntrcict for gr~cling,; 
Thos. Tate and Son, the oridges on Section :'A.,'.' arid Chas. D. Qpl­
clen, the bridges on Section "C." The concrete ·,vork on' Section "C" 
had ,pr~vi?usly 

1
.bee11. constru_cted by Redmond Toohey and the Silver 

Creek"bridge··by the.'El Paso Bridge: & Iron Co: . . · · . · 
., On . Sections "A" and "C" .th{ Arizona Hig11~ay Depai•tment 

secuted Federal Aid_ based-ort the .contracts previously let by the High­
way Commission of Cochise County, funds to triatch Federal Aid for 
this construction having beenprovided by the sale of bonds in Cochise 
Coi1rity and the Arizoha Highway Department 25% Fund .. · , . 

On October.· 14th; 1926, bids· were recdved bn Section "2" of the 
Douglas-Rodeo•Highvvay from Bernardino'to the· New Mexico State 
line, known as :Federal Aid Project No. 38. Contract was let to Dan 
LaRoe, the principal items being excavation at $o.67 per cubic yard, 
gravel surfacing at $1.75 per cubic yard and concrete at $20.00. µer 
cubic yard, exclusive of cement and reinforcing steel, which were fur­
n_ished by th~: .S.tate .. '):'his_sedion wjlL cqst approxirpately $145,000.00: 
The funds for this section were provided by' the· Cochjse County. por~ 
tion of the State Road Tax Fund, plus ·Federal Aid for an equal 
amount. This section is 26-4 miles in length and should be completed 
by the first of J\priL 1921. Its completion will mean the securing of 
a, first:-~lass highw~y from Tucson to the New Mexico line vi.a Ben­
son, Tombstone, Bisbee and Douglas .. 

Work on this section is in charge of W. C. Goetz, with Geo. M. 
Lukesh, Resident Engineer. Location :vas made by J. M. Shepherd. 

Tombstone~Bisbee Highway Improvements: 
• In respon.se to the request of numerous citizens of Tombstone and 

Bisbee who objected to the narrowness and resulting danger of part$ 
of the Tombstone-Bisbee Road which was constructed several years 
ago, this Department, the latter part of 1920, widened the roadway ,at 
some · seven points. TNT sewred from the Government was used in 
this op.eration, while the drilling was done with air compressors and 
jackhammers shipped in from the Vail-Empire work. , 
· This improvement· both of the width and the vision of this road 

greatly lessened the danger and was secured at the small cost of 
$3500.00,. ,, • i ' ' • • 

See also Pitt1a County, Vail-Empirt Ranch Highway. 
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COCONINO COUNTY 

Federal Aid No. 21-Paving within the Town of 
Flagstaff: 

35 

Consists of paving the State Highway through the Town of 
Flagstaff and the construction of a reinforced concrete bridge 32 feet 
long across the Rio de Flag. 

The work is being done under contract by vVarren Brothers Co., 
and consists of an asphaltic concrete base 4 inches thick with a bitu­
lithic wearing surface 2 inches thick. 

The cost of the pavement is $3.43 per square yard. The work 
is being paid for by the Town of Flagstaff and Federal Aid. Engi­
neering work is being handled by J. B. Wright, City Engineer of 
Flagstaff, who represents the State Highway _Department on this job. 
Plans and specifications were ptepared by the State Highway Depart­
ment. Total cost of the job will be approximately $81,186.33. 

The contractor was forced to close down construction work early 
in the Winter of 1920-21 because of cold weather. This entire project 
should be finished early in the Spring of 1921. 

Federal Aid Project No. 24-Flagsstaff-Williams High­
way, Sections "A" and "B": 

That portion of the Flagstaff-Williams Highway known as Fed­
eral Aid Project No. 24, Sections "A" and "B," embraces 15 miles. 
The greater portion of the work consists of improving the present 
roadway between Flagstaff and Maine. 

The estimated cost is $202,588.00, or approximately .$13,500.00 
per · mile. This highway is one of the connecting links between the 
Towns of Flagstaff and Williams, the only in'corporated. towns in 
Coconino County. It is a State Highway·on the through route from " 
Coast to Coast on the Old Trails N atioi1al Highway. The route lies 
through the Coconino and Tusayan National Forests and is .mostly 
through timber interspersed, with open valley lands heavily grassed. 
These lands are being homesteaded and are becoming valuable farm­
ing ground. For miles north and south of the route there is fine 
grazing, much of which is also heavily timbered. The elevation at 
Maine is 7,267; the highest elevation overcome is 7,329 and the ele­
vation at Flagstaff is 6,896. These points are connected by rolling 
grad~s an.cl easy · curvature. 

Funds available for this construction are provided through the 
Coconino County, bond issue ;ml Federal Aid. 
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This project was appr6ved·by-tl\e•Disttict Engineer of the Bu­
reau of Public Roads, July 19, 1920. Bids were called for by the 
Coconino County, Highway ,·Q:n:l,1mis~ion .. Non~ w~re-. r~ceived,;,. j\t 
a second bidding only one bid was received, that of the Arizona High­
way Department for cost plus $10.00. This bid was acceptecl and 
construction with State forces .commenced on. Section "A" on August 
10th and continued through~the rµonth of. October, ,when inc,lement 
weather caused the work to be discontinued for the winter. . Pra~ti­
cally all of the grading on Section ''A" was completed andabout one­
half 6£ 'the surfacing. ,vas ·doi1e. · In addition, on Section "B," where 
the old roadw·ay needed further attention, a contract was let to John 
Turley, the total of his work amounting to $3.321.00. The State also 
did ·a small amount of work on Section "ff' amounting to $4,916.00. 
The major ,item upon •this work is surfacing, practically one-ha:lf of 
the cost of the project being chargeable to this item. This part of 
the work was conducted with a ¼-yard gas shovel installed at a 
cinder pit and a fleet of 13 Kelly-Springfield 3-ton and 3 ;F,. W .. D. 2-

ton trucks; one 12-tori roller and one 120-H.P. caterpillar. The aver­
age truck haul was 2 miles, and .600 lin. ft. of surfacing 19 feet wide 
and 6 inches thick was the averageday's work. 

The personnel upon this location and construction was: E. A, 
Wolfe, Engineer in charge; F. N. Grant, Locating and Resident En­
gineer; H. vV, .. Smith, General Foreman of .Surfacing; Cha.s. _O'Con­
ner, General Foreman in charge of gracl!ng. 

Project 2, R. C., 
consisted of si.tdacing a p0rtion of the Old Trails Highway between· 
Williams and l\Iaine. The sub-grade had been constructed during 
1917-18. Approximately 9 miles of road were surfaced, mostly \vith 
cinders, but some with gravel from Pittman Valley .. 

In this wbrk a gas shovel was used for loading cinders which 
were hauled in 13 Government trucks. This work was paid for with 

. the Coconino County portion of the State Road Tax· Fund. 
H. W. Smith was General Foreman in charge of this work. 

Federal · Aid Project No. 35_· · 
Flagstaff-Winslow Highway: 

. Contemplates the improvement of that po·rtion of the Old Traits 
Highway. extending from the city limits of Flagstaff easterly three 
miles. This work will ·be paid for from the proceeds of a bond issue 
in Coconino County and Federal Aid. · 

Constructio11 will ·probably be dope during' :the \Vorking seasotl 
of 1921. · -
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"Federal , Aid Project'. No. 37-· 
Williams-Ashfork Highway:· 

'. r,.·, '.'' ' , 
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Contemplates the construction of that portion· of ·wmiams-Ash­
fork Highway known as Ash fork' HilL A new' location has been made 
which will reduce the maximum grade to 6% and the road will be 
adequately drained and surfaced. . . . · 

Location work was under the ·gene·ral stipe,~1si~n of ~ngine~r Ed. 
Wolfe, with F. N. Grant in direct charge 6f stfrvey; pitrty. ; 

. Estimated total cost, $35,707.76 .. The present grade is approxi­
mately i8% · arid is practically impdss~ble iri wet weather. 

' : I , ,• )' 

- . GILA COUNTY 

Federal Aid Project 'No. 15-
Globe~Geronimo Highway: · 

This highway is 56 miles in .length and almost the e~tire portion 
of it lies within the, San Carlos Indian Reservation . 

• State forces b~gan the construction of this work in l\fay,. 1919. 
Application was made for Federal Aid to the Bureau of Public Roads 
for the construct.ion of this.entire project on July 21st. 1919, but this 
Was refused in the belief that there was. no possibility. of this road 
through; the Indian Reservation becoming a post road.. The Boards 

· of Supervisors of Gila and .Graham Counties. supplemented by the .in­
dividual solicitation of many of the taxpayers of these Counties, se­
cured from our congressional deleg·ation their interest I in endeavoring 
to secure a change in the ruling of the Bureau. In addition, Governor 
l'hos E. Campbell made a personal appeal in behalf of this project, ., 
and as a result of this· ·endeavor, on May 7th, i920, the Bureau ap­
proved the plans and specifications for ·the. construction of the tm­
tompleted portion of this highwa,·, since which date the Federal Gov-
ermnent has co-operated in the financing of this construct1on. . 

AH of the bridges on this highway participate·.rt1 Federal Aid, 
their construction having been puqjosely delayed until Federal Aid 
tould be secured. ·' · ·- · · · 1 

• • · • 

,, This higfovay is completed in Gila County to a point ·where the 
~lgh water of the proposed San Carlos Dam will necessitate a change 
111 the present location. 

The .concrete bridg-es on this portion of the· highway were con­
tracted to A. W. Daniels at a cost' of $r6.oo per cubic 1ard. The 
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total cost of the bridges will be approximately $19,000.00 plus cement 
and steel, which are furni~hed by the State. 

Personnel: Jas. Parke.r, Locating Engineer; H. Hagan, Resi­
dent Engineer; R. M. Genin, Inspector; Geo. Porter, Inspector; H. 
A. Alderton, Inspector; John Hughes, General Foreman. 

Federal Aid Project No. 16-
Superior--Miami Highway: 

Consists of the construction of a highway from Superior to 
Miami, a distance of 20.78 miles by way of Queen Creek Canyon. 
This work is by far the heaviest so far undertaken by the State High::. 
way Department. 

The heaviest portion of this work, known as Section ('C," con­
sists of 1.75 miles of roadway at an estimated cost of approximately 
$300,000.00, or $170,000.00 per mile. The principal items of work it1 
this section. are: Approximately 95,500 cubic yards ·excavation at 
$2.10 per cubic yard; 4,500 cubic yards excavation in tunnel at $6.00 
per cubic yard ; 8,6oo cubic yards dry rubble retaining wall · at ·$4.C)O 
per cubic yard, besides other large items for surfacing, drainage struc­
tures, ditches, channel changes, etc. While the -remaining sections are 
not nearly so heavy as this one., they are all unusually heavy, ave-rag-
ing more than $40,000.00 per mile. · 

Included in the project is a reinforced concrete arch bridge across 
Queen Creek of 125 ft. span, which is already completed, and a rein­
forced concrete bridge across Devil's Canyon of 70 ft. span, besides 
numerous other smaller bridges and culverts. 

At the present time work has been completed from Superior to 
and beyond the tunnel, a distance of 2.98 miles, and the tunnel. head­
ing large enough to permit passage of a single automobile is now 
completed. This portion of the work has been in charge of Engineer 
F. G. Twitchell, with Engineer H. B. Wright on construction. 

Section "F" is being constructed under contract by John Hoopes, 
This" section consists of 3.871 miles, beginning about 3 miles frof:1 
Miami. This work is reached from Miami by way of a road prev~-­
ously constructed by Gila County. This work is in charge of Eng'1" 

neer H. Hagan, of the State Highway Department. . 

, Fro~ Hoopes' contract a pilot road has been constructed bJ 
State forces under supervision• 0f General Foreman C. ·R. Bone ... • · Th15 

pilot road \Va$ constr11c1'ecl. for a distance of 7 ~iles to a point ju~t 
w~st of Devil's• Canyon. from this. point for a distanc:e · of apprO?\~" 
rr.iately one mile the. road' has . been · constructed fuff w1dth; to a ·pobtt 
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approximately 2~00 feet from the work done from the Superior end. 
As soon as this 2200 feet is completed thr road, will be open from 
Sup~rior to Miami. However, a great deal of work will' remain to 
put the toad 'in first::-class. condition; the bridges will have · to be. built 
across Dev:il's Canyon and Pinto Creek, and other small water. courses, 
and the pilot road· will have to be widened from approximately ro· feet 
to 22 feet. 

The opening of this road will shorten the distance between Phoe­
nix and Globe from u3 miles fo:95 miles. _The distance from Su'" 

. perior to Miami by present road is apiproxima.tely . 100 miles, and· will 
be reduced to 21 miles. The maximum gradient of this highway will 
be 6% as compared with. ro% by way of'the Apache Trail, and the 
nse. and fall i.vill he reduced by over 2500 feet. The map and profiles 
ac~ornpanying this report show the general location of this highway 
with respect to other connecting highways, and also with respect to 
the, ;Apa,che Trail. 

It IS expected that the 2200-foot gap wiil-be· ~omplete·cl by' 1farch 
Ist, 1921. The completion . of the entire project depends up9n the 
amount of· funds available: After the, 2200-:-foot gap has been: com­
pleted, the other work can be pushed vigorously, as all parts will be 
accessible: · 

The original survey of this line was made by_ Engineer Earl Par­
ker. On account of the extremely difficult country which the road 
traverses but 011e general location was available, while the most mi­
nute adjustment of location was necessary in order to secure, the 
greatest .economy. The original plans FOntemplated three tunnels, but 
owing t<; the condition of the rock formation two of these tunnels were 
eliminated. A large amount o.f TNT secured from the Federal .Gov­
ernment has been used on this project, one shot alone using approxi­
mately 8000 pounds. This shot was used at the site of one or the 
Proposed tunnels and resulted iri moving 12,000 cubic· yards of solid 
rock at a· cost of $0.20 per cubic yard. The estimated cost of the tun­
t1el at this site was $6,6oo.oo. 

The. work already done and now in progress was financed with 
a: special appropriation of $100,000.00 made by the last Legislature 
Specifically for this road, $34,000.00 from the Gila County portion of 
the State Road Tax Fund, the Prison Ftind of $6o,ooo.oo per year 
for two years, and Federal Aid. On account of the limitation of Fed-

h
(:tal Aid to $20,000.00 per mile, funds so far received from this source 
ave been very limited. · 

Clobe-Roosevelt Highway: 

· The portiqn of the Globe-Roosevelt Road· frqm the Pinal Creek 
~ridge i~to Roosev~lt ,vas completed in the sum~er of 1919 .. This 
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was' ·a reconstruction of the· ·road ·built in Territoria( days, but has 
been. a great improvement on the original. In addition to forming a 
·portion of the well-known Apache .Trail, this road ·.is used by people 
in the tipper. Tonto districts ·who have no -other. means· of communica­
tion ·with the outside world. 

This highway, in conjunction with the County road now being 
improved between Roosevelt and Pine and the proposed highway 
from Pine to Camp Y erg~. by the way ()f fossil Creek and the well­
known El Capitan Hig11,vdy. froth) Globe ·to' \Vinkleman and from 
\Vinkleman to Oracle and Tucson, may constitute tµe. first real north­
and-south highway in the State 'of Arizona·, ·especially · if nothing ·is 
done about the construction of the; higlnrny /behveen ·Pi-10enix and 
Prescott, in the immediate future. 

GRAHAM COUNTY 

Federal Aid Project. No .. 1~ . . . , • 
Globe-Geronimo Highway, .Sections_."C" and "D": 

Section '"C" consis~s of the· construcdon o'f a11 exterision to the 
old ste,el bridge, .across.· the Giia~ River n~a:r San Carlos. A cle~crip­
tion of the bridge. will be . found in the 'chapter under . Bridges. Sec­
tion "D" consists of the construction of approximately five miles of 
sta1iclard hig-hvvay 'extending from Geronirno in a westerly direction 
·to a' ·poi1it which ·will' be '{he "hig:h-watei· elevatioh' of the San Carlos 
Reservoir according to the :best informati6n avapable. . ·. . 

The estimated cost of this pr9ject. is ·approximately $64,000.00. 
In addition to ·this \vork the old road which lies within the limits of 
the proposed 'San Carlos Reservoir , has b~efl. stir faced and put .in 
shape as a temporary road. Ir i's Ol1r opinion' that a permanent road 
Would not be jtistificd in ·view of the possibility of the San Carlos " 
Dam being btiilt, while sufficient · funds were not available to con­
struct the road on ·a· permanent location. · '· · · 

·. Location of this highway was made by· Jas. A. Parker. 

John ~ughes is Gen.e~al ~ore£nan of this State ·work. 

Federal Aid Project _No. 34-·' · 
Ceronimo-Solomonville High~ay: 

. ·_ Cont'en11:ifa.tes the_ in1pro~e1rier1t 'of tlte highway between ·ceroriimo 
·a'rid Solonionville: This high,vay ,vill 'be graded, dfained ·and sur­
faced with gravel or other suitable local material. 
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The work will be paid for· from the proceeds of a bond issue in 
Graham County and Federal Aid. 

Actual construction on this project has been delayed on account 
of the inability of Graham County to market their bonds. · 

Preliminary engineering work was in charge of Jas. A. Parker, 
Locating Engineer, with a field party under J. M. Shepherd. 

I ' 

GREENLEE COUNTY 

Federal Aid Project No. 13-
Clifton-F ranklin Highway: 

Consists of three distinct parts or contracts. Contract No. I con­
sists of the construction of three miles of road up Ward Canyon from 
Clifton to the top of the mesa, joining a road which had previously 
been constructed from Clifton to Duncan. 

Contract No. 2 consists of the construction of bridges and paved 
fords between the end of the Ward Canyon work and Duncan. 

Contract No. 3 consists of the construction· of a reinforced con­
crete bridge 65 feet long across Railroad ·Wash near Franklin. 

The remaining portions of the road had been improved by Green­
lee County and were in good condition. The work included· in this 
project thus completes a first-class highway from Clifton to the State 
line near Franklin. · · 

Contract No. I was let to Webster, Webster and Kirby, the lower 
80 stations at a price of $o.6o per cubic yard for excavation, and the 
remaining portion at $1 .30 per cubic yard for excavation and $0.85 
per cubic yard for. bor'row in both cases. 

Contract No. 2 was let to Webster, Webster & Kirby, the prin­
cipal item of construction being 2390 cubic yards of Class "A" con­
crete at $14.00 per cubic yard, the State furnishing cement and rein­
forcing steel, as well as corrugated iron pipe for culverts. 
· Contract No. 3 was let to Cotey and Black for the sum of $7:' 
750.00, the State furnishing cement and reinforcing steel. 

The total cost of the entire project when completed will be ap-
, proximately $145,000.00. Work is now in progress and will be corn~ 

pleted during the early part of 1921. Funds for this construction 
were secured by matching a portion of the Greenlee County bond is--
sue with Federal Aid. · 

Mr. $. C. Redd, Engineer for the Greenlee County HighwaY 
Commission, · also acted for the Arizona Highway Department in look­
ing after this construction. Logan Stillwell is Inspector, and L. Rob-­
ert, Assistant Errgineer. 
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MARICOPA COU:NTY 

Federal Aid Project No. 2-· Phoenix Tempe Highway: 

Consists of 3.86 miles of concrete paving on the highway between 
Phoenix and Tempe. The pavement is 18 feet wide and 5 inches 
thick, with 3-foot shoulders on each side. In the construction of this 
job it was necessary to· widen the roadway and to extend some of the 
culverts and raise the headwalls. 

The total cost of this job was $138,207.79, of which $84,243.75 
was for paving, $41,983.46 for grading, $6,429.04 for extensions to 
bridges· and culverts, $242.44 for ditching and $5,309. IO for guard 
fences, right-of-way, etc. The item of grading included the construc­
tion of a temporary road alongside the permanent road over which 
material had to be brought in, the opening up of other temporary 
roads to accommodate traffic while the main road was dosed, and 
the heavy cut necessary to eliminate the dangerous grade just north 
of the Tempe bridge, which was not contemplated in the origiJJal 
project submitted to the Government. 

Expenditures on this project prior to January 1st, 1919, ~hen 
your administration began, totaled $61,780.65, at which time practi­
cally no pavement had been laid .. The cost per square yard of paving 
was $2.22. _This is one of the Jeast expensive pavings laid in Ari-
zona in the last two years. · · 

Personnel: A. L. Trippell; W. H. Barnum, M. Kisselburg, En­
gineers and Inspectors; B. J. Pearce, General Foreman. 

· Federal Aid Project No. 8-Tempe-Mesa Highway: 

Consists of paving the State IIighway from the end of the Phoe­
nix-Tempe project to Mesa, a distance of 6.793,miles; and of' recon­
structing two old bridges }t.nd constructing two new bridges across 
irrigation canals, besides small drainage structures. 

The portion of the highway lying within the• corporate limits of, 
Tempe is paved with 2 11 bitulithic on a 5" concrete base. This pave­
ment is 30 feet wide on Mill Avenue, and 20 feet wide on Second 
Street and Eighth Street. This· work was paid for by the Town of 
Tempe and Federal Aid. ·· . 

The portion of the highway from Tempe to Mesa is paved w1th 
concrete, the pavement being 18 feet wide anq 6 inches thick, with 5-
foot shoulders on each side. This work was paid for with the Mari­
copa County portion of the State Road Tax Fund and an equal 
amount of Federal Aid. 
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The bitulithic pavement in the Town of Tempe was laid under 
contract by the .Southwestern· Contracting Co. for $1.95 per square 
yard, the State furnishing Portland cement at a,n additional cost of 
$o.47 per square yard, making a total cost per square yard for this 
pavement of $2,42. 

The concrete pavement was laid under contract by lVIcElrath & 
Shumway 'for $1.54 per square yard, the State furnisf1ing Portland 
cement at an additional cost of $0.80 per square yard, makiqg a .total 
cost of $2.34 per square yard. 

The total cost of the work within the Town of Tempe was $41,-
504.44, and of the remaining portion, $163,421.68. 

Original plans for this work contemplated paving the highway 
directly west from ::\Iesa to an intersection with Mill Avenue; thence 
north on :\:!ill Avenue to Second Street; thence west to the end of 
the Phoenix-Tempe project. At the request of a large majority of 
the citizens of Tempe this route was changed to go by way of the 
Creamery Road and Eighth Street. 

Personnel: .J. :M. Brown, Resident Engineer; Logan Stillwell, 
Assistant Engineer; J. H. Sonntag and E. W. Graves, Inspectors. 

Federal Aid Project No. IO-Marinette Bridge:: 

This bridge, across the Agua Fria River, consists of five con­
crete arches having a total length of 497 feet with a 20-foot roadway. 
The arches are of single ring design, with solid spandrel walls and· 
cantilever <leek slab. The foundations for these arches · were carried 
down 22 feet below the stream qed, being 12 feet below sign of any 

. previous scour. 
This bridge is being paid for out of the Maricopa County portion 

of the State Road Tax Fund. plus an equal amount of Federal Aid. 
This bridge is 125 feet below the railroad bridge across the Agua 
Fria River and on the road between Phoenix and vVickenburg. Pre:­
vious to its cop.struction, traffic jn this direction was frequently held ~ 

· up for days during floods in the •river. The cost of the bridge com-: 
plete will be approximately $73,000.~. · . · 

Federal Aid Project ·No.· 30-Ph~enix-Teml}e Highway: 

Contemplates the paving of three !11Hes of the Phoenix-Tempe 
Highway lying between the city li1nits' pf Phoe_nix and . the· present 
~oncrete pavement. · ' '· '· '. ' .. ; · · · · 

Application for federal Aid has been submitted. and approval 
secured. The estimated cost of the work is $95,500.00, based on the 
ttnit contract prices being paid by l\faricopa County, but the paved 
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section will be 18 feet wide like the remainder of the Phoenix-Tempe 
and Tempe-Mesa Road, instead of 16 feet as is provided on most of 
the Maricopa County program. · · 

This stretch of highway _is included in the Maric·opa County 
program and will be financed with funds secured from the sale of 
bonds recently authorized. 

Federal Aid Project No. 31-Wickenburg Bridge:_ 
Consists of the construction of a steel bridge across the Has_sa­

yampa River at Wickenburg, Ariz. This work will be paid for with 
funds from the Maricopa County portion of the State Road Tax 
Fund and an equal amount of Federal Aid. A more complete des­
cription of the vvork will be found in the chapter under Bridges . 

. Work is now in progress, in charge of Engineer John H. Zeit­
ler. The foundation work is .being done by State forces. The steel 
trusses will be built under contract by the Allied Contractors, Inc., of 
Omaha, Nebraska, at a. cost of $26,097 .oo. The concrete floor of the 

. bridge will be constructed by State forces. 

F ederaJ Aid Project No. · 32-Arlington Bridge: 
Contemplated the construction of a reinforced concrete bridge 

across .the Hassayampa River near Arlington .. On account of the ex-. 
tremely high cost of such a bridge and the facilities for building a 

_ ·pile bridge, application for Federal Aid was canceled and a pile bridge 
constructed. 

This bridge cost $10,530.00. The annual cost of maintenance is 
estimated at $877.50. The life of the bridge is estimated at IO years. 
Assuming that the going rate of interest is 6%, the annual cost of 
the bridge, including interest on the first cost, maintenance and sink­
ing fund to replace the structure at the encl of IO years, would be 
$2,34u7. 

The estimated cost of a concrete bridge at this place was $54,-
756.00 and estimated annual cost of maintenance, $175.00. Assum-· 
ing the life of such a bridge to be 100 years, the annual cost as be­
fore would be $3,401.19. This is a saving in annual cost of $1,06o.01 
in favor of the wooden bridge or a total capitalized cost of $17,667.oO• 

Federal Aid Project No. 33-
Phoenix-Glendale Highway: 

Contemplates the improvemetJ.t of the highway betweeq Phoeni·,c 
and Glendale. The principal item of work will be 7.o6 miles of pa"' .. · 
ing 18 feet wide.· · 
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Bids for this• work were received on the 9th day of. October, 
1920, but were rejected as being too high. The estimated total cost 
of this work is $250,000.00. 

This· project is included in the program voted on at the recent 
bond election in Maricopa County. A project statement and plans, 
specifications and estimate have been submitted to the Federal Gov­
ernment and approved by the Secretary· of Agriculture so that Fed­
eral Aid will be available to assist in defraying the cost of this con­
struction. 

MOHAVE COUNTY 

Federal Aid Project No. 5-0atman-Goldroad Highway: 

Consists of the construction of 2. 186 miles of highway between 
Oatman and Goldroacl. The project is a link on the Old Trails Na­
tional Highway. Contract for this job was let to Alvey & Larson, 
who are now at work and expect to complete same by February 15th, 
1921. While the original plans did not contemplate construction to 
the Town of Oatman, a modified project agreement with the U. S. 
Bureau of Public Roads has been requested to extend the work into 
the town and complete the project. 

Personnel: Earl Parker, Locating Engineer; T. S. O'Connell, 
Resident. Engineer on Construction; H. A. Alderton, lnstrumentman. 

Federal Aid Project No. 39-Topock-Oatman Highway: 

Consists of the improvement of 23 miles of highway extending 
from the bridge across the Colorado River at Topock toward Oat- ., 
man. Federal Aid has been secured on the basis of total estimated 
cost of $177,430.35, or $7,714.36 per mile. Funds available were not 

· sufficient to complete the construction work entirely to Oatman, but 
an existing road will make this connection of 3.25 miles. This road 
will be surfaced with gravel or other local material. Construction 
Work is now in progress and will be completed by early spring. 

·Personnel: T. S. O'Connell, Locating Engineer; R. A. Davis, 
T. A. Green and Freel Hauk, Assistant Engineers, Chas. O'Conner and 
Floyd Allen, General Foremen. 
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:NAVAJO• COUNTY 

Federal Aid Project-No. 3- · 
Holbrook-St~ Johns, Section 3·:• 

· Consists 0£ the, construction o,f 3.718 miles of ~·()ad on 'the route 
· of the Old Trails Natjonal ,Highway, and is that_ porti_on of the high­

way lying within the Petrified Forest. 
Ccntract for gra,ling and construction of bridges and culverts was 

let to John Turley for the sum of $10,946. IO. Contract for surfac­
ing was let to P. E. Richards for the sum of $10,468.80. Turley's 
contract was completed . .August. 19t1:i, 19~0,_ and surfacing is now 
being done. ' · -· 1 

: • : • ~ • , • ' ·, 

Changes in the original survey for this stretch of road practically 
eliminated :the:. curvat\tre,: ~horteried 'the -dis1;an~e one~!1al! n:iile, and 
decreased the cost of construction by reducing the quantities of ma­
terial ,in cuts and fills. The estimate base cl on t_he first survey was 
$37,130.00, and the cost of this .job con1plete willb~ less than $28,-
000.00. This change demonstrates the value. of thorough engineer­
ing investigation. 

Personnel: Earl Parker in charge of $Urvey; Engineers: F .. ~. 
Gral'lt and G. T. \Vest-on Construction. 

Federal Aid Project No. 20-· - · 
Paving within the Town of Winslow: 

Consists of pa~ing tl~e State 'Highway thro~{g·h the Tow~1 of 
\Vinslow, a distance of 0.946 miles. Plans call for the use o.f a 4_¼" 
bitumitio1.is'. concrete ·-base with: I,½"' ::bituminous iwe::fring j surface., 

The work will be paid for by the Town of \Vinslow and Federal ' 
Aid. This project has . beeri approved but the plans and specif ica­
t~ons are still· under consideration by the Bureau ·of Public Roads. 

. , 

Federal Aid Project No. 2~ , 
Winslow-Coconino County Line Highway:. 

Conte~1plates the construction of 2.75 miles of 'highway from . 
vVinslow \vest to the Coconino C0tintv line, at an estiniated · cost of 
approximately $26,500.00. . • . 

· Proje'ct' Statement ·has· been s·ubmitted a:11d a1)pro,·ed, btit work 
has not yet been started. Funds will be: provided frori1 the: proceeds 
,of bond issue in Navajo County and Federal Aid. 

Preliminary engineering work has been in charge of F. X. Grant. 
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·· '··.PIMA COUNtY 

·Federal' Aid .Project-No. ·9 __ · Tu~son-Florence Highway: 

Consists of 3.8 miles of concrete paving 18 feet wide ahd 6 
inches thick, beginning at the northern; dty· limits of Tucson and run­
ning to the south eild of the bridge across Rillit6 Creek.· 

This project cost a total of $120,562:25, ·$58,009.00 of which was 
paid by the Federal Government and the remainder fro~11 Pima 
County's portion of th.e State :Roa<l. Taic Fund:. 1 ,This~paving cost 
$1.47 per square yard, exclusive -of cement, and constitutes the best 
bicl received 'for pav·ing construction in the ; State o.f Arizona during 
the last two..:~•ear 1~eriod.· · The contfact was let' to the \Vest Coast 
Const_ructioi1 Co: · . · . . . 
. ,Arranger~1ents ,~ere. 'made, 

0

\~ith the City . C9uncil of the City of 
Tucson to· secm:;e pav_ing of the _city streets from the-_ cepter of Tuc­
son t,o the _beginning of this ~ighway. This road carries an extremely 
heavy .traffic, as it .i,s the main road fr(?m T\1cson to Oracle,, \Vinkle­
man and Globe, as well as Florence and Phoenix. Prior to this .pav­
ing it was the worst. stretch of this important highwav. Pe1~manent 
drainage structures ins't.alled on this r>aving 'have <.a carrying 'capacity 
twe11ty-five times greater tha1i the, former waterways.,' 

Personnel: E __ C. Dietrich, Resident Engineer; E. · i\L Whitworth, 
Inspector; E. \V. James, Instrumentman. 

F ede~al Aid 'Pro'j~ct 'No.' 29-Tucson~Nogales Highway: 

Consists of paving 8.85 miles of this highway, beginning with 
the city limits of Tucson;, t l~he, large arnouut, of traffic over this high­
way and consequent higl1 cost ~f· ma'ihtci1a1ice of the present gravel 
surface make it necessary to provide a permanen~ pavement for this 
portion of th'el litgh\vay: · 1,l}i'c:ls iwere received':1,fot 1 the :constntttion of 
this job on the 4th day of September, 1920, but were rejected on 
recomn;iendation. of the Pima County . Il1gh,,·ay Commission·. Thi 
price p'er squareyard for cement concrete ,vas $L85 and for bitumin­
ous, $2-495, the State to fn1~nish Portland cement or asphaltic 'cei11ent. 

Funds for this. ,york will be provided -b~0 Pima Comity from the 
proceeds of their .bond issue. and Federal Aid ... 

Federal Aid ,Project 'No.· 2~ .. . 
Bridges on Tucson-Nogale$ Highway: 

Consists of th'e ·constructioh of fonr b'1~idges a11d one fa~ge box 
culfrrt on the higfrwaY ,bet\veen Ti1csoi1 ·and· Xogales. · \Vork; previ­
ously' done· by fhe State ·HighvVay Departnient % · Santa Cruz Co11nty 
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ahd by Pima County practically completed the grading and bridge 
wor~ on this highway excepting at these five crossings. Four of 
these crossirtgs are in Pima County in the vicinity of Continental, the 
other being in Santa Cruz County, approximately 14 miles from 
Nogales. ' 

Bridge No. r has a length of 86 feet; No. 2, 86 feet; No. 3, 24 
feet; No. 4, 24 feet; No. 5, 8x12-foot box culvert. 

It is expect<::d to have this work done during the spring of 1921. 

Vail-Empire Ranch ·Highway: 
The road from Tombstone to Fairbanks was completed in Sep­

tember, 1919. • It was the desire of this Department to continue the 
construction of this road toward Huachuca until the completion of 
the surveys of the Benson-Vail Road permitted a transfer of these 
State forces to this latter road. Following the objection of Jhe Board 
of Supervisors of Cochise County to the use of State forces in that 
County,. this Department transferred the organization working on 
the Tombstone-Fairbanks road to the Vail-Empire Ranch Highway 
in Pima County, where the construction of a splendid highway has 
resulted. State 75% Funds apportioned to Pima County were used 
on the first part of this construction and when these were exhausted 
funds from the Pima County bond issue were used. Twenty miles 
of one of the finest highways in the State of Arizona have been com­
pleted on this project. 

This work was under the general supervision of A. W. Jenkins. 

PINAL COUNTY 

Federal Aid Project No. I-Florence Bridge: 
Consists of an extension consisting of 15 50-foot spans to the old 

bridge, which consisted of 14 50-foot spans. It also included the 
construction of an approach to the south end of the bridge one mile 
long, surfacing the bridge and approaches, and the construction of 
hvo deflectors and a channel changer to keep the. water in the north 
channel of the river and under the bridge. Subsequent work not in­
cluded in the Federal Aid Project consisted of the construction of six: 
deflectors to protect the north bank of the river above the bridge. 

Paving Was laid on this bridge at cost of $6,o6o.36 by State forces, 
-bid for $7,559.00 having previously been rejected. 

The work done during the past two years has been in charge of 
Engineer J. M. Brcwn, with J. P. Walthall, General Foreman. 
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Prison labor was used. 
A more detailed account of this bridge is contained in the articie 

on Bridges . 

. Federal Aid Project No. 7-
_Mesa-Superior Highway-Section 2-B: 

Consists of 11.71 miles of highway between Mesa and Superior 
.and is on the route of the Stat~ Highway between "Phoenix and Tuc­
son, and Phoenix and Globe. Included in this' project is an arch bridge 
.of 120-foot span across Queen Creek, besides three other bridges hav­
ing a span of more than 20 feet. 

\Vork was started in March, 1919, using State forces on all work, 
,except the Queen Creek bridge, which was built under contract by the 
Topeka Bridge & Construction Co. The project was finished May 
,6th, 1920, at a total cost of $182,491.30. The roadway is surfaced 
with selected local· material. 

The Queen ;Creek bridge was let by contract for $14,000.00 plus 
cement and steel, which were furnished by the State at a cost of 
.$4,016.80. ' . 

The original plans contemplated the construction of an additional 
120-foot span bridge across an overflow channel of Queen Creek. 
This bridge was eliminated by raising the grade of the present road­
way three feet to provide additional head room an·d the construction 
of a rock fill across the overflow channel at a cost of $7,000.00, which 
resulted in a saving of $u,ooo.oo. Very heavy rains in Queen Creek 
drainage area in the summer of 1920 demonstrated that this bridge 
:as constructed is of ample capacity. 

Personnel: Ben Gallagher, Resident Engineer; Jas. Bone, In­
spector, Queen Creek bridge; T. F. McGrath, General Foreman; A. 
A Lillard, Gerieral Foreman. 

·Federal Aid Project No. 23-
Florence-Superior Highway: 

Consists of the construction of 30.78 miles of highway from the 
north end of the Florence Bridge to the Town of Superior. The ' 
-highway runs almost due north from the Florence Bridge to the end 
-of Section 2-B of the Mesa-Superior Highway; thence in an easterly 
-direction to Superior. This highway, in connection with the Mesa-
Superior Highway, provides a road from Florence to Superior. Flor­
•ence to Me'sa and Mesa to Superior. Included· in the project is a re­
inforced concrete bridge 154.5 feet in length crossing Queen Creek. 
·That portion of the highway from Florence north 14.79 miles is gen­
erally light construction so far as grading is concerned, but owing to 
·the nature of the soil all will have to be surfaced. Surfacing will have 
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to be hauled a considerable. distance and the road will be rather ex.,. 
pensive for that kind of construction, costing about $5.,800.00 per mik. 
The remainder of the road into Superior is over comparatively rough 
ground requiring considerable rock excavation, making that portion 
also above the average in cost. 

The project is divided into six sections,-Section "A" being 9.597 
miles on the Florence end; Section "B" being 5.1989 miles in length 
and extending from the north end of Section "A" to the end of Sec­
tion 2-B of. the :Mesa-Superior Highway. This section is also practi­
cally complete. Section "C') extends from the encl of Section "B" 
easterly 2.098 miles toward Superior. This section is also practically 
complete. Section ''D" consists of 8.664 miles extending from the 
end of Section ''C" to the Queen Creek Bridge, across Gonzalez Pass. 
Section "E" is the bridge across Queen Creek. Section ''F" is 5.193 
miles in length, constituting the remaining portion of the highway, 
and extends from the Queen Creek Bridge to Superior. Sections 
"A," "B" and "C" are being constructed with State forces. Section 
"D" is being constructed under contract by Ma9rice Ryan, the prin­
cipal items of which are excavation and borrow at the unit price of 
$1.65 per €.ubic yard. The bridge. across Queen Creek has been con-,, 
structed under contract by English· and Pierce, the principal items be­
ing Class A concrete at $30.00 per cubic ·yard and· Class B concrete at 
$17.00 per cubic yard. So far no work has been done on Section "F." 

The estimated cost of the project is $456,882.72. or approximateley 
$14,856.53 per mile, exclusive of the bridge across Queen Creek, which 
will cost approximately $21,384.18. Funds fo.r this construction are 

,. being provided by proceeds of the Pinal County bond issue and Fed­
eral Aid. The preliminary survey was made by Engineer Earl Par.,. 
ker. The location survey was made by Engineer Ben Gallagher .. 
Sections "A," "B" and "C" are under the direct supervision of En­
gineer D. l\il. Bunker. Sections "D" and "E" are under the direct 
supervision .of Engineer \V .. vV. Van Frank. Sections "A" and "D" 
will be completed .in the early spring .of. 1921,· provided ftmds from 
the sale of bonds are forth_coming .as provided under. existing contract. ,. 
Sections "B," "C" and "E" are already practically completed. The 
construction· of Section "F" is contingent upon further funds being 
made available. 

~ • I \_ ,. \: 

Federal Aid. ,Proj~ct N<;> .. 28,-Ray-Sµperior Highway: 
I ; • ~ • ' ' • ' • • ' • / ' ., ' ~ 

Contemplates the construction of. '7:·52'•111iles··. of 'highway. frthri 
Superior towards Ray, using $100,000.00 secur.ed from, the sale of 
bonds in Pinal County and. $90,000.00 Federal .Aid.. The rot,te of this 
highway will be on an entirely different location than the present road 
betwe~n Ray and Sup~rior. : :Funds ayailable o.r authorized ar.e not 

' , 
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sufficient to complete the entire road from Superior to Ray, so ar­
rangements have been made to construct 7.52 miles on the Superior 
end, using the olcl' road temporarily from this point on to Ray. The 
location work has been done by W. W. Lane, County Engineer of 
Pinal County, who represented the State Highway Department in 
this work. 

Bids were received for this job on the 6th day of October, 1920, 
but were rejected as being too high. Owing to the status of the funds 
in Pinal County new bids will not be asked for until these matters 
have been straightened out. Pinal County is now building a highway 
from Ray to Kelvin and from Kelvin to Hayden· which, together with 
this project and other projects ~est of Superior, will make a .direct 
route from Phoenix to Hayden· which is already· connected with a 
highway to Globe and another highway up the San Pedro River via 
Mammoth and Oracle to Tucson. 

SANTA CRUZ COUNTY 

Fed~ral Aid Project No. 27-
Nogales-Fairbank Highway: 

Contemplates the improvement of the highway between Nogales 
1 and lfairbanks. · The necessary location work has been done by the 

State Highway Department under the direct charge of W. W. Van 
Frank as Locating Engineer. 

There is avaitable for the work approximately $rno,ooo.oo, se­
~ured from the sale of bonds in Santa Cruz County,, and an equal 
amount of Federal Aid. Construction work to be dohe with these 
funds extends from Sonoita to the Cochise County line. It is ex-

, pected to build this road with State forces now employed on the con­
struction of Section "B" of the Benson-Vail Highway and will start 
as soon as that work is completed and approval of plans, ,specifica­

. tions and estimate by the Bureau of Public Roads secured. 

YAVAPAI COUNTY 
. , 

Federal Aid Projects Nos. 12, 17, 19 and 36-
Prescott-Jerome Highways: 

Constitutes 25-43 miles of the total length of 32.5 miles between 
Prescott and Jerome. This highway was under construction on J anu­
ary 1st, 1919,-approximately one mile having been constructed to 
that date.· The p>reliminary survey of this road was ma~e in 1917.. by 
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Earl' Parker under authorization -of the Board of Supervisors of 
Yavapai County. A location survey was made by F. R. Goodman and 
in the fall of 1918 construction' was commenced under his supervision 
at the south end of Yeager Canyon with State forces. In March of 
1919 Engineer Goodman was succeeded by Engineer E. A. Wolfe­
the work through Yeager Canyon section continuing with State forces. 

In March, 1919, an engineering party in charge of W. J. Jamie­
son commenced a location survey between Jerome and Mingus Pass. 
Upon completion of that part of the survey between Jerome and Wal­
nut Springs; approximately two miles, known as Federal Aid Project 
No. 12, was compiled and submitted to the Bureau of Puh1ic Roads. 

- Upon approval of this project by the Government and the granting of 
Federal Aid, bids were called for; the low bidder being the Miller 
Construction Company, of San Bernardino, California, at a unit price 
for excavation of $1.34 per cubic yard, two other bids being received 
for $1.55 and $1.89 per cubic yard, respectively. The work on the 
two miles out of Jerome was heavier than anything before attempted 
by the State of Arizona and cost $123,785.15, a rate of approximately 
$62,000.00 per mile. 

On January 30th, 1920, the District Engineer, of the Bureau of 
Public Roads, approved Federal Aid Project No. 17, being that por­
tion of the new location between Walnut Springs and Mingus Pass. 
An endeavor was made to let this by contract, but only one bid was 
received. which was withdrawn at the end of the ten-dav limit while 
the advisability of accepting this contract was still und~r considera­
tion. State forces completed this five-mile section with the exception 
of approximately one-fourth mile, which was let to Henry Galbraith 
in June, 1920. The grading of this portion of the road was completed 
after the road was thrown open to traffic. 

The remaining portion of this road from the mouth of Yeager 
Canyori across Lonesome Valley, known as Federal Aid Project No. 
19, was constructed by State forces with larg~. caterpillar tractors, re­
cently received from the Government. Shortage of funds and cold 
weather closed down this construction work 1n late November, 1920', 
but only after construction had progressed so far as to insure traffic 
over the road during the winter of 1920-21. At present maintenance 
forces are keeping open this road, completing a portion of the sur­
facing, and in addition, the Western Building and Construction Co. 
are proceeding with the building of a 65-foot concrete bridge across 
Granite Creek. Approximately $200,000.00 _ will be needed to com- . 
plete this highway from the city limits of Prescott to Jerome, which 
includes an additional bridge crossing Granite Creek. 

This road was completed just in time to take care of the passen­
ger traffic between Jerome and Prescott, which. had up to that time 
been carried by the narrow gauge railroad from Jerome Junction to 
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J erottre, anch,vhich ·was ibandori'ecl irt the ·summer of 1920: ,- This high­
·way 'cuts the distance from ·67 miles to 32;5 miles, and· the- rnnning 
tirrte 'frbm five hours to one ·and one:..half hours.' I 

. ~1.iis is qne of th~ 1-r{ost scenic higlnvays in the State. of Ari~ona, 
that.'portion through the Dells rJ.ear P.res.cott furnishing views of a. most 
unique _'grc}nite 'formation, while fro'm Mingus Pass

1 
where the road 

attains ·its highest· elevation of 7,020 feet, ··the Verde Valley and con­
tigttotfa~thritory p1lesents itself ·to yiew·;, at this poit1t · it· is also ··possi­
ble to

1 
·gai'rt :easy access to the surntnit of 'Mi'r~gus 1fot1ntai11,· it being 

some \wo. miles distant a·1:i.d ·700 feet 'higher .. From this mountaiti ·it 
is' p~:ssible 'to vievv the' cotmtry f~r 'many 1n1les. and this panorama is 
excelled ~mly at ·the Grand Canyon of Arizona. Many mini11g claims 

· lie 'adjacendo the 1i.ew high·way and pr°?pects that heretofore lay in­
active 6n account of the lack. Of 'high,.Nay facilities ,vill eventually be 
in process' of developnient. · , · ' . . . 

The personnel upon the· locat~on ·and c011strnction betyree·n the 
dates of ,Mc!,rch, 1919, and January •l, 1921, :were: 

E. A. ·wolfe. Engineer in Charge; \V. J. Jamieson, Locating and 
,Construction Engineer; F. ;N. Grant, Resident Engineer; \V. B. .Pivei-, 
Resident ,Engine.er; R. A. Davis,, Resident Engineer; Chas. Q'.Co11-
ner, Floyd Allen and Ben Price; 1General Foremen. 

11 

·, YUMA ·coONtY . 

Federal Aid. Project No., 4-. · , .. 
Agua .. Caliente-Antelope Hill Bridge: 

. ' P~oject 'Statement' was submitt,ed _iri:: 19,18 for,. apprn~imately 50 
. miles. P! ,ro~d from a point, near Ag~ta .<:;ali~nte to t,lw Antelope Hill 
Bridge. The greater portion of. this route followed the. bottom lands 
a.fo?g ~h~ Gi_la, River. and was on light. silty 

1

sog ,vhi~h would have 
r~qnired expensive stirfacing .. The floods of Thanksgiving, 1919, ~nd 
those. of the _latte'rpart of February, ·1920 .. submerged a large part of 
the locatecriine an~l demons~rated beyond question that. this location 
w~s 'not feasible. ' . . . - ' ' I ' • • • ; • 

• -Furtber data regarding the,river·crossing is contained in the ar-
ticle on Bridge Eailures-., . · . . . .. ·, . : , · · 

.. :Pr_esent pl~ns tohtemplate the ·consthiction· of 1t1iis high\\'ay on 
an: :entit'ely netv location on 'the· s6uth ··side· of lhe Gila 'River, ci-ossing 
·at' 'a i Ptliiit in' the vicinity of the Gillespie -'Dam;· 
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Federal Aid Project No. 26-Yuma-Welton Highway: 

Is on the main State Highway between Yuma and Phoenix and 
consists of 18.63 miles of highway construction. Four miles of the 
highway between Yuma and Welton has previously been improved 
by Yuma. County and this project will complete the improvement be­
tween· these two cities. A portion of this work has already been done, 
using the Yuma County portion of the State Road Tax Fund, but as 
this fund is exhausted, work has been discontinued. Funds for the 
completion of the project will be provided by proceeds from the sale 
of bonds in Yuma County and Federal Aid. These bonds were au­
thorized on the 27th day ·of October, 1919, but as the purchasers of 
the bonds have failed. to make the necessary payments these funds 
are not available at this time. The work in general is light, so far 
as the grading is concerned,. but rather expensive for surfacing. In 
the construction of this project 120-HP caterpillars, received by the 
State Highway Department from the Federal Government, were used 
to pull a string· of 5-ton trailers hauling surfacing. 

The highway was located by Engineer Claude Miller and the 
work so far has been constructed under the direct s.npervision of Wil­
liam C. Lacey, County Engineer of Yuma County, who represented 
the State Highway Department on this work. The date of comple- · 
tion of the project depends upon the date funds ,vill become available. 
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BRIDGE DEPARTMENT 

By MERRILL BUTLER, Bridge Engineer, 

The following report covers the activities of the Bridge Depart­
ment from July 1, 1918, to December 31, 1920. 

Mr. R. V. Leeson had charge of bridge design from July 1, 1918, 
to September, 1919, with title of Consulting Engineer. The writer 
has supervised the work since that time. For the present purpose, 
the activities of the Department . have been grouped under the fol­
lowing headings : 

1. New construction other than standard structures. 

• 2. Repairs and extensions to existing structures. 

3. Standard structures. 

4. Bridge failures othe~ than Temp,~. 

5. Tempe Bridge. 

6. Miscellaneous duties. 



1. NEW CONSTRUCTION 

Location l Type of Structure 

Emerald Gulch - I span reinforced 
• concrete arch 

Continental - - - 3 reinfor~:ed con­
crete girder 

Clifton Bridge & 
approaches - - -
Oueen -Creek Br. 
Mesa-Superior -
Deflectors at 
Florence - -
Deflectors San 
Carlos Bridge 

Canal Bridge 
Tempe-Mesa -
Canal Bridge 
Tempe-Mesa -
Canal Bridge 
Tempe-Mesa -

spans 
2 span reinforced 

concrete arch 
Reinforced con­

crete arch 
6 wooden deffec-

tors 
3 30' wooden de­

flectors and I 
brush deflector 

2 span slab 

2 span slab 

1 span slab 

I

Act'I or· Est.I · 
Length cos~ not i_nc. Sta-tus of Work 

engineering 

97.5' 

136' 

$17,375. 19 
Completed 

15,89<:u3 Completed 

60,191.16 Completed 

18,879.95 Completed 

1 ,847;00 Completed 

1,153.00 Completed 

l ,070.81 Completed 

1,443.19 Completed 

1,408.94 Completed 

Remarks 

Mentioned in Report 
1916-1918_", .. 
lVf entionecJ- in Report 
1916-191.8~< . 

Mentioned:.in Report 
1916-191&;,-· 
Topeka Bt~. & Constr. Co. 
¾ paid hy Fed. Gov. 
State force's 

State force's 
.: ~~ 

Abutments in place. ¾ 
cost paid -oy Fed. Gov. 
Abutments m place. ¾ 
cost paid by Feel. Gov .. 
¾ cost paid by Fed. Gov. 

.a, 
0 



~EW COXSTRUCTH)N (Continued) 

Location . ,Type of Sfructu,e 

Canal Bridge I span slah 
T cmpc- l\l csa - - -
Cottonwood -

Agua Fria at 
Marinette - -
GiUespie Dam Br. 

2 reinforced con­
crete arch spans 

S span reinforced 
concrete arch 

•concrete girders 

I I

Act'I or Est I 
Length cost_ not i_nc. Status of Work 

Engineering • 
Remarks 

31(>' 

2, I 05.24 Completed 

39,547.67 Completed 

,½ cost paid by Fed. Gov. 

Topeka Dr. _& Constr. Co. 

75,000.00 Under construction State forces; ¼ co.st paid 
by Feel. Government 

1 O<J,000.00 Dam under ·construction Foundations part of Gil­
Bridge not yet designed lespie Dam 

Cienega Creek - - Reinforced con - 278' 
crete arch and 

38,204.00 Under construction ¼" c9st paid by Fed. Gov. 

f,~Iigstaff Bridge 
Florence Br. Pav. 

Oueen Crk. Flor: 
;;ice-Superior - -
Railroad Wash -

Mescal Vv ash -· -

gfrder spans 
2 16' slah spans 
3245 sq.yds.p_aving 

4 concrete girder 
spans 

2 concrete girder 
spans 

2 concrete girder 
spans 

154 
, 

66' 

· 67.5' 

4,074.65 Completed· 
6,060.36 Completed 

I 9,6o8.93 Completed 

9,640.00 U n<ler construction 

15,093.35 Under construction 

½ cost paid by FecL Gov. 
1645 sq. y<ls. 2f', 1600 sq. 
Y els. 3" asphalt concrete 
laid by State force 
State standar~ls ~ ¼ cost 
paid by Fed. Gov. 
State standards; ¼ cost 
paid by Fed. Go'v. 

State standards·; · ¼ cost 
paid by Fed. Gov. 



NEW CONSTRUCTION (Continued) 

Location I I I
Act'I or Est.I 

Type of Structure Length cos: not i_nc. Status of Work 
engineering 

Qqeen Creek Su­
perior-Miami - -

Devil's Canyon -

Rein forced c o n­
crete arch and 
retaining ·walls 

Reinforced con­
crete arch 

27,467.40 Under construction, 

108' 20 530.00 Plans complete 

Pinto Creek - - - Reinforced c o n- Plans complete 
crete culvert 14'x116' ,' I 1,265.70 

Sonoita River· - - 4 reinforced con- 125' 17,800.00 Plans complete 
crete girder 
spans 

Granite . Creek - '"" 2 concrete girder 
spans 

Wickenburg - - - 3 100' steel spans 
Arlington - - - - Wooden pile trestle 
Prescott-Jerome - 2 plain concrete 

arches 
S. Bridges on Tue- · Reinforced cone. 
son-Nogales Hwy. 

TOTAL 

87. 50' r 0,877 .40 Under construction 

303' 71,723.50 Under· construction 
354' I I ,000.00 Under construction 
42' ea. · I I ,355.58 Completed 

50,000.00 Proj. Statement to Fed. 
Government 

Remarks 

¼ cost paid by Fed. Gov. 

¼ cost paid by Fed. Gov. 

¼ cost paid by Fed. Gov. 

State standards ; ¼ cost 
paid by Fed. Gov. 

¼ cost paid by Fed. Gov. 

¼ cost paid by Fed. Gov. 
State forces 
State forces 



_ 2. REPAIRS AND EXTENSIONS 

Location !Type of Structur~ I I
Act'I or Est I 

Length ,:os~ not i_nc. 
,::,ngineering 

Status of ·wo·rk Remarks 

,,.._. ~. '-

Florence Bridge - See discussion -------- 2,299.31 Completed 
Florence Br. Ext. .. 

" 107,795.51 " Mel].tioned 1916-1918 -------- m 
Report. Includes earth-

" fill approaches 
Milky Wash, Maintenance 2.010.89 

)) •, 

--------
Beaver Dam - -
Fairbanks - - - - " 16.00 " --------
Mesa Canal, Grand 4.10 " ---------------------·----·---
Ave. Division - - . 
Chevalan Creek - 49.oo " --·--------------------------- --------
Sapori Wash - - I,011.73 " Mentioned m report --·•-----------·---- .. --------- ----·--- .. 

1916-18 
Canoa Wash - 66o.39 " -: ---------------------------- .... --------
Antelope Hi~l Ext. See discussion -------- 20,274.78 See discussion $44,16s-9:5· · total cost of 

Extension 
Sari Carlos Br. - " " 39,186.70 Under construction ¼ cos_t paid by Fed. Gov. --------
Agua Fria at " " 60,000.00 '~ " State forces --------
Cashion - - - - -
Tempe 'f3ridge " " 70,856.29 " 

. ,, ·• 
State fortes - -----·--

-

-Total. ...... $304,164.70 
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3. STANDARD STRUCTURES 

Standard plans for various types of' reinforced concrete bridges~ 
abutments, and culverts were prepared during the snm~er of 1919. 
Approval by the Federal authorities was secured in February, 1920. 
Since the completion of the original set additions have been made 
from time to time as the need arose. The appended table will serve 
to indicate the variety and wide usefulness of standard plans and the 
amount of construction and approximate cost for these structures. In 
aqdition, many standard features are incorporated- in special designs. 
The department contempla~es adding to the ·present list by preparing 
plans for additional reinforced concrete box culverts, reinforced con­
crete double box culverts, plain concrete arch culverts and reinforced 
concrete arch culverts. 

Table Showing Standard Structures Built or Planned 
With Estimated Cost 

Type of structure Total Total Cu. Yds. Total Lbs. Total Estima,ted 
No. Cone. Steel Cost 

Slab bridges .. ~···--········ 77 312,422 7,042 $170,358.00 
3 Girder deck. ............. IO 2,124 .147.,179 62,916.00 
Arch culverts .............. _:; 440 12,622 13~158.00 
Box culverts ................ 92 1,638 31,043 39,901.oo 
Pipe culverts ................ t.07 2,161 43,570.00 
Slab culverts .............. 49 2,094 31,578 45,393.00 
Fords or clips ............ 107 7,548 I 19,063.00 

TOTALS ................ 747 23,047 534.844 $494,359.00 

List of Standard Plans 

I. Slab bridges ( spans 6' to 24') inclusive: 
2. High aml low hand rails. 
3. Three girder deck bridges ( spans 22' to 40' in­

clusive). :\on;: The slab spans become un­
eccnomicaJ for spans of greater than about 24'. 
For greater spans, the three girder deck is the 
more economical up to about 50'. 

4. Gravity abutments, 10' to 18' in height. 
5. Reinforced concrete ·abutments, 10' to 24' in . 

h<;ight. 
'6. Concrete headwalls for 12" to 48" culverts.-
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7. Slab culverts 4x3' to 7x7'. 
8. Gravity piers 8' to 30' in height. Piers for con­

tinuous slabs 6' to 18' in height. 
9. Reinforced .concrete box culverts 1' 3" x 1' 311 

to 5' X 5'. 
IO. Reinforced concrete arch culverts 14' x 9'. 
I 1. Rubble masonry headwalls for pipe culverts. 
12. Gravel and concrete fords or dips.· 

Bridge Failures _Other Than Tempe 

65 

Floods have necessitated important repairs, extensions, rebuilding 
or abandonment during the period reported on at the following lo­
cations: . 

I. San Carlos Bridge across the Gila Ri·vcr, built by the U. S. 
Government in the fall of 1913. The south bank was washed 
away for a distance of 500 feet in 1915. The bridge proper 
was uninjured but left isolated by lack of facilities to confine 
the stream, permitting the Gila to change its course and wash 
around the approach. The new extension of four 126' steel 
truss spans will probably be ready for se.rvice about. the first 
of. February, 1921_. That is, the usefulness of this particular 
bridge has been lost to the community for a period of some­
thing over five years because of erratic stream action. N eces­
sity for stream control is, therefore. emphasized in conj unc­
tion with bridge construction and maintenance. 

2. Florence Br·idge across the Gila Riz·er was built during the 
year 1909-10, and consisted of fourteen 50-foot spans. The 
south bank began to erode upstream from the bridge site and 
some small efforts were made to control the channel, but 
nothing of sufficient scope to achieve any marked result. A • 
heavy flood in the winter of 1915-16 cut away about 1200 feet 
of the south approach and left the main discharge of the Gila 
passing through this gap. However, an overflow channel north 

. of the main channel and passing under the bridge was scoured 
out to such an extent that it appeared to be the most feasible 
channel in which to confine the river. \Vith this idea in view 
I 5 additional spans were constructed on the north end of the 
old structure: and a system of deflectors and channel changers 
installed to deflect the cnrrent into the north channel. and 
brnig it under the bridge. A new approach was constrncted 
to the bridge from the south extending over the new river . 
hottom. 
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No floods of great magnitude have occurred since the comple­
tion of the fill, but several rises of considerable volume have 
served to test the work. One of these demonstrated the ne­
cessity of raising the south approach, in order to prevent the 
water from over-topping it during ·exceptionally high water. 
This has since been done, and it is believed that the bridge is 
reasonably safe from <lamag~, except in case of unprecedented 
floods. However, the nature of the topography and soil is 
such that no· amount of work would render it absolutely safe 
from damage by high water. 

The State has recently installed six deflectors along the north 
bank of the river just above the bridge, where an irrigation 
ditch was in serious danger of being entirely washed away. 
This action was necessary in order to protect the same, as 
well as the north abutment. 

3. Antelope Hill Bridge across the Gila. This bridge originally 
consisted of ten 65-foot spans. It was built during part of 
1914 and 1915 and crosses the Gila River about nine· miles 
northeast o_f vVellton. The north approach was washed out 
for a distance of 300 feet early in 1916. The Legislature ap- · 
propriated _$50,000 in 1917 and five 65-foot spans were added 
on the north during 1918; thereby increasing the waterway 
about 50% and permitting the bridge to be used until the 
flood of the week following Thanksgiving, 1919. At this time 
about 500 feet of the north approach were washed away; the 
third and fourth piers from the north end settled about three­
tenths of a foot and shifted donwstream approximately the 
same amount. 

The. flood of February, 1920. cut back the north approach 
nearly 300 feet more, took out the north abutment a·nd one 
span, shifted the most northerly pier and the next one to it 
about a foot downstream and caused between two and three-­
tenths settlement in each of them. The two remaining piers 
of the extension both moved downstream and settled from one 
to three-tenths of a foot. 

The road from the bridge across the valley was badly ·washed 
and several channels of considerable magnitude formed with. 
each flood. One in particular at a distance of ·approximately 
·one mile from the bridge has cut back within 2,000 feet of the 
road. Another channel formed three miles north of the bridge 
and the whole situation has been one that would justify onlY 
temporary construction. Or, to sum up the situation. Ante-­
lope Hill Bridge is located at a point where it is impossible to 
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control the river and keep it under the bridge at any reason­
able cost; foundation conditions· are bad and a permanent ex­
tension would necessarily be long and costly with the strong 
possibility that the same situation would again develop in a 
few years. The foregoing, together with the apparent need for 
expensive repairs. to two of the existing piers, should militate 
against anything except some form of temporary construction. 

4. Agua Fria Bridge at Coldzuater. Consfruction of this bridge 
was started in December, 1915. In less than a month a heavy 
flood occurred which formed a new channel to the west and 
on the opposite side of an island which extended about a quar­
ter of a mile upstream from the bridge site: Nevertheless, 
the original plans were carried out; the bridge constructed 
over the dry bed and a fill placed across the new channel. 
This west approach was. washed away during the winter of 
1916-17 _ and in :March, 1917, the Legislature appropriated 
$22~000 to rebuild the same. 

It was apparent from the conditions existing that in order to 
make this approach withstand even an ordinary flood it ,vould 
be necessary to divert the river back under the bridge. Chan­
nel changers and some miscellaneous work accomplished this 
purpose sufficiently to prevent any· damage until the Thanks­
giving, 1919, flood, v,rhich far exceeded anything· rel:orded for 
this location. Seven spans and both approaches were 'washed 
away; a considerable porticn of the Arizona Eastern Railway 
Bridge was wrecked and the entire topography of the river 
changed. Subsequent floods carried out five additional spans. 

The bridge consisted of 37 bays of two-girder reinforced con­
crete construction supported on concrete column bents 32' -6" 
apart. Each bent in turn rested on· eight wooden piles, 
grouped in fours under each column footing. These latter 
which had not washed out ·were found to be entirely exposed 
after the vvater had receclccl, due· to the lowering of the stream 
bed. The remaining portion of the old bridge is, therefore, 
entirely supported by the piles. which h;:ive a maximum length 
of fifteen feet-by no means sufficient. As a possible protec­
tion additional piles 35 feet long were driven below the foot­
ings of old piers in the hope that they may. decrease the scour 
and thus increase the chance of this work surviving an ordin­
ary flood. 

The Agua Fria River at this point is approximately one mile 
from bank to bank,-the space between the banks being all 
subject to overflow, and over which the river wanders at wilL 
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In order to provide a permanent crossing at this location which 
would be free from clanger of floods, it would be necessary to · 
build a bridge about one mile long, with foundations 30 or 40 
feet below the river bed. The cost of such a structure would, 
of course, be prohibitive. Hence it was decided to construct a 
timber pile trestle. :Money for this was provided from the 
Emergency Fund authorized in Chapter I 52 Session Laws of 
1919. The vvork has now been practically completed, and· the 
bridge has been opened to traffic. \rVhile it is not expected that 
this entire structure ( which consists of eighty-one bays, each 
19'-6" long) will withstand any maximum flood which may 
come clown the Agua Fria; it is very improbable that a consider­
able portion vvill be destroyed at any one time. Furthermore, the 
time and cost of replacing damaged sections will not be as 
serious as would be the case for a concrete bridge. A con­
siderable amount of the railroad trestle was taken out by the 
floods but much of the damage resulted from the fact that 
when a portion of the deck was caught by the current, the 
steel rails holding together pulled otherwise stable sections of 
the deck with them and thereby caused much loss which might 
not have otherwise occurred. · 

The location and foundation conditions are· both extraordin­
arily poor, but the bridge is on a main highway, a road of 
great economic importance, and in a section where no better 
site can be found vvithin a reasonable distance. 

Two possible solutions are herein outlined which may be feas­
ible when the necessity for further permanent construction 
arises .. 

I. That the Arizona . Eastern Railroad and the State build a 
joint bridge of a 'type to be determined after a thorough 
study of the foundation conditions, or 

2. A concrete highvvay viaduct supported on concrete piles, 
having at least forty feet of penetration. 

It should be remembered that the past year has been one of 
high material and labor costs; that the present pile trestle 
should have several years of life, by vvhich time it is reason­
able to expect a substantial decrease in the cost of building and \ 
in consequence · that the wooden structure will pay for itself 
because of future lesser expense of a concrete bridge, plus the 
saving of interest and sinking fund charges. 

5. vVicke1iburg Bridge ac;oss the Hassaya111pa ,vas built by Mari~ 
copa Gounty in 1914 and consisted of four concrete truss 
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spans. Total length of bridge, i95'-4". Two westerly spans 
washed out during the fall of 1916, and were replaced by a 
steel truss. The Thanksgiving flood· of 1919 wrecked this 
structure entirely. Except at the westerly abutment, the foun­
dations were all placed on sand and had inadequate depth to 
withstand the scour during the high water. This stream car­
ries considerable large drift, and, if the reports of eye {vit­
nesses are correct, the bridge was constructed with insuffi­
cient headroom. The largest flood experienced during hventy 
years occurred in August, 1920, and served to demonstrate the 
utter inadequacy of this bridge. This Department has begun 
the construction of a 3-span, 303-foot over all bridge with steel 
trusses and concrete floor. · The length will be greater by 
more than fifty per cent and the headroom will be nearly 
double that of the former structure. 

Previous efforts to construct and maintain this bridge have 
cost the taxpayers of Maricopa County something over $20,-
000, together with a part-time loss of use. This Department 
contemplates an additional expenditure of about $70,000. mak­
ing a total of over $90,000. A properly designed bridge in 
the first place would have cost about $30,000 or, in other 
words, would have saved $60,000 and much inconvenience. 

Tempe Bridge: Repairs 

The second pier from the north encl of this bridge settled about 
4½ inches shortly after the Thanksgiving, 1919, floods. Traffic 
was maintained, except during high water, until the second drop) which 
occurred February 13, 1920, and amounted to about ½". Two tons 
Was then named as the maximum load permitted to cross. On :March 
2, I Ys" additional deflection necessitated closirig the bridge and on 
the following day a sudden drop of nearly 5" was recorded. Erner- " 
gency measures to insure the stabilih· of the structure were com­
pleted and the bridge opened to pedestrian traffic :March 4. Material 
and equipment for sinking caissons and underpinning the defective 
Pier had been in process of assembling for some time and the belated 
arrival of timber permitted permanent repair work to' start late in the 
111011th; the Governor having declared that an emergency existed and 
set aside $45,000.00 for the repairs on ::\1arch 25. 

Serious cracks in the superstructure made necessary extensive 
repairs over three piers at the south end. This work was completed, 
the false work to support the sunken arches erected, and the bridge 
opened to vehicular traffic .on l\fay I 1. 1920. Since that time the 
retaining wall at the south .approach has been underpinned, the crown 
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expansion joints renewed, sheetpile cofferdam driven and at this time 
the sunken pier is underpinned and the false work removed. Consid- -
erable repairs are yet· needed on the handrail, floor and spandrel 
columns. 

It may be pertinent to call attention at this time to the existence 
of other very serious cracks in the arch rings and floor system. The 
bridge was originally designed for a live load of 100 pounds per 
square foot, plus a I 5-ton traction engine. The present State re­
quirements are 150 pounds per square foot of roadway surface, or 
two 15-ton trucks. The bridge as built is a more or less indeterminate 
structure, but an analysis of stresses calls the sufficiency of the floor 
system and arch rings seriously in question. 

Besides the one undergoing repair, five additional piers must be 
considered as of doubtful capacity to sustain the loads to which they 
are subjected. 

In view of the extreme economic value of the Tempe Bridge­
about 2500 vehicles per day use this structure at an estimated saving 
of $1.00 each over the longer route-it is the recommendation of this 
Department that the. Legislature be informed of the unsatisfactory 
condition of this bridge, the liability of serious accident which may 
require restricting traffic or closing the bridge altogether and the pos­
sibility of requests for maintenance funds during the next two years. 

The general scheme of repair would be to follow the procedure 
at the sunken pier for underpinning operations ; the placing of addi­
tional arch rings of reinforced concrete or steel; and necessary 
strengthening alterations in the floor system to provide for tempera­
ture variation and to transfer the loads to the new arch rings. vVork 
would have to be carried on without stopping traffic; a condition 
which would increase the cost to the State by many thousands of 
dollars. 

The original cost of the Tempe Bridge was $151,250.71 and it 
will probably require somewhere in the neighborhood of $450,000.00 
at present prices to build a new bridge adequate to carry present day 
traffic. The expenditure of about one-half of th\s latter amount 
should serve to increase the life of the bridge for several years over 
that now estimated, \vhich is about five at best. 

Miscellaneous Duties 

Plans have recently been. prepared for County bridges of atl 
aggre~ate value of nearly $70,000.00. This \.vork is done for the 
Counties of tht> .. State for the actual cost of preparing th.e plans artd 
specifications. 
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Steel cutting list~, cement and corrugated pipe requisitions are 
arranged for all State furnished material. This first item involves 
over 500,000 pounds of reinforcing steel ordered and to be cut to 
length in the Phoenix yard and then seht to the various jobs. 

Standard drainage structures on all roacl projects are exam­
ined as to economical selection and general s.ufficiency. 

Preliminary estimates on proposed structures and some routine 
duties not easily susceptible of classification have also been handled. 

One assistant engineer and one foreman have been loaned and 
are at present aiding the United States Public Health Service in their 
work of enlarging the Tucson hospital. 

ST ATE YARD AND SHOP AT PHOENIX 

The accompanying map shows the location, size and lay-out of 
the Phoenix yard to serve the entire Highway Department. Of the 
buildings indicated, the t\vo-story warehouse and truck sheds are com­
pleted, the machine shop is in use but is yet to be fitted with a travel­
ing crane designed to have sufficient capacity to handle all. truck and 
miscellaneous repair work for the entire organization. · 

One spur track is contemplated in the near future. with provision 
for one additional track. 

The basement and first floor of a two-story general office build­
ing have been completed but construction has "been stopped on ac­
count of lack of funds. This building is of the utmost necessity to .. 
provide adequate office space for the administration of the Highway 
Department and to release the ground floor of the warehouse, which • 
is now being used as an off ice instead of for storage purposes. 

'fhis yard fills :1 long felt want for some ce1ifral distributing 
point where supplies can be· collected and sent to all parts of the 
State. Due to the condition of the steel market and the impossibility 
of securing deliveries within three or four . months, the ability to 
store and cut large quantities of steel reinforcing has alone enabled 
inuch construction work to be carried on at a considerable saving of 
time and money. 

The following table gives the status of the project: 
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2 TWO STORY WARE:HOUSC 
3 MACHINE: SHOP 
4 MACHINE: STORAGE'. SHEDS 

SKETCH SHOWING LAY-OUT OF STATE YARD AT PHOENIX 
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Land bought in May1 1919 .............. ;···········································$12,324.ro 
Warehouse: Labor ....................................... , ............ $6,811 .29 ' 

Material ................................................ 7,957.07 14.768.36 

Office building: Labor .......................................... 5,007.50 
Material.. .................................... 5,805.34 ro,812.84 

Machine shop: Labor ............................................ 5,ro9.24 
:Material ........ : ............................... 2,322.54 7,431.78 

Auto sheds: Labor .................................................. 4,861.82 
· Material... ........................... : ............... 3,774.76 

Grounds: Labor........................................................ 658.15 
MateriaL. ....... · .......................................... 1,096.89 

Material and Supplies on hand ............................................... : .. 

Total... .................................................................................. $64,635.97 

Much second-hand material and corrugated iron from the Gov­
ernment was used in the building construction, thereby effecting a 
considerable saving to the State in the matter of purchases of supplies 
in the open market. 

Estimated Cost of Proposed· Improvements 

To complete office building ................. · ....................................... $45,ooo.oo 
To install railroad spur ................................................................ · 2,100.00 

To install crane in machine shop................................................ 900.00 

To grade driveways, etc.............................................................. 2,000.00 

Total .................................................................................... $50,ooo.oo 
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SURVEYS 

In addition to the actual highways for which funds will be avail­
able in the near future, the Highway Department has in the last two 
ye9-rs practically completed the surveys for the entire primary system 
of the State of Arizona. This has been done in order that the funds 
now being spent may be used on highways whose location will fit into 
the entire State system, <!;nd also to provide the information necessary 
to secure legislative appropriations c<;msistent with the needs of the 
construction. · 

Holbro~k-Gallup Route 

In this regard the State has completed a survey in Apache 
County from-the County line of Navajo near Adamana to the New 
l\fexico State line near Lupton. This survey was made at the request 
of the Old Trails Highway .At.sociation of California, Arizona and 
New Mexico. \'Ve are in receipt of information from the New 1V1exico 
High·way Department that the first through highway to reach the 
Arizona border will be near Rodeo. The second west of Gallup near 
Lupton. By April the Arizona highway should be complete into Ro­
deo, but we have no funds in prospect with which to connect through 
Apache County toward Gallup. . This northern route will reduce the 
distance from Holbrook to Albuquerque about one hundred miles over 
the present route, by the ,vay of St. Johns, Springerville, l\fagdalena 
and Socorro. '· · 

Holbrook-Gallup Secondary to Springerville Route 

·while the construction of a first-dass highway parallel to the 
Santa Fe railroad through Apache County must necessarily be sec­
ondary to the construction of the Holbrook-Springerville road, due to 
the fact that this fatter road serves the majority of the people of 
Apache County, work should be done on the Holbrook-Galhip route 
in order to ma½:e available 'the through road being built across Navajo, 
Coconino, Yavapai and Mohave Counties in this State. 

In expectation of the early sale of the Apache County bonds this 
Department made a complete survey for the construction of a road 
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involving approximately $280_,000.00 in Apache County; this sum be­
ing composed of $140,000.00 of Apache County's fund, plus an equal 
amount of Federal Aid. A portion of this work is now under con­
struction, State Road Funds and Federal Aid being used until bonds 
can be sold. 

Winslow-Holbrook 

A. survey w;s also completed from .. Winslow to Holbrook in order 
to secure the information necessary to submit plans and specifications 
to the Federal Government in accordance with the requirements of 
the Bureau of Public Roads. Some $6o,ooo.oo of the bond issue of 
Navajo County which has already been sold will be used to match 
with Federal funds to improve this highway. 

Nogales-Fairbank 

A survey for a road from Nogales to Fair bank has been com­
pleted. This entire highway cannot be btiilt with the funds now avail­
able, but that part proposed to be built by Santa Cruz County's bond 
issue and Federal Aid will be that which should receive first consider-, 
ation. This highway will meet the extension of the. Vail-Empire 
Ranch Highway recently reconstructed in Pima County with Pima 
County bond funds. 

Williams-Clarkdale 

The survey for the vVilliams-Clarkdale Road, under the provi­
sions of Chapter 142 of the Session Laws of 1919, indicated that it 
was inadvisable to start construction on this highway until additional 
fonds could be secured. It also indicated,. in our opinion, that the 
State can quickest secure a north and south highway by acting in 
conjunction with the Highway Commission of Yavapai Coun.ty,' whose 
bond issue provides for the construction of a road from Ashfork to 
Prescott. This road w·in be at a much lower altitude than the vVil­
'liams-Clarkdale, cheaper to build, and more easily kept open in the 
winter time. 

In our opinion neither the State nor the Federal Government 
should, at this time, attempt the construction of two parallel roads as 
expensive as the ones from Prescott to Ashfork and from. \Villiarns 
to Clarkdale. · 

vVe believe that the east and west highway in Coconino County is 
much more essential to the people than is the north and south high­
way and that its improvement will be all that the present valuation of 
Coconino County. can bear. 
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· The resources of Yavapai County are much better able to con­
struct and maintain this north and south highway within Yavapai 
County, where also commercial interests will be better served at the 
present time. 

Glphe-Roosevelt via Pinal Creek 

The State, at the request of the Board of Supervisors of Gila 
County, has completed a survey for the construction of a road from 
Globe to Roosevelt by the way of Pinal Creek and the Salt River near 
Livingston Bridge. This survey indicates that it is not advisable to 
expend additional State funds on the construction of the road across 
the mountain between Globe and Roosevelt, where it will be impossi­
ble to utilize much of the present construction if grades are to be re~ 
duced and curvature decreased. 

The roa9 from Roosevelt to Globe by the way of Livingston would 
be somewhat longer than the present route, but the distance can be 
covered much quicker in an automobile on account of the elimination 
of the grades. The road would be much safer and the truck loads 
can be greatly increased on its light grades over those carried on the 
present highway. This road will also greatly reduce the distance 
from Globe to the northern part of Gila County by way of the recently 
constructed Livingston Bridge. 

Arrowhead Trail 

In accordance with the provision of Chapter 145, Session Laws 
· of 1919, a survey has been made from Kingman northward to the 

Utah Sttte line, a distance of 186 miles. This road, in addition to 
crossing the Grand Canyon of the Colorado, rises from an elevation 
of some I 100 feet to over 5000 feet elevation. 

Anyone familiar with the mountainous road construction in Ari- " 
zona realized that the $50,000.00 appropriated for the construction of 
this road was insignificant in comparison with the cost of this hig_hway. 

The Department •has estimated that it will require an eventual 
expenditure of $I ,700,000.00 for 88 miles of this construction be­
tween the Old Trails Highway and the Utah line, utilizing the roads 
now at each end which are in existence. This estimate is based on 
an 18' roadway on a 20' subgrade according to Fecle~al Aid Standards. 
However, a small fraction of this amount will be sufficient to construct 
a narrower road to the Colorado River, making accessible important 
dam sites the utilization of which pertains vitally to early reclamation 
and hydro-electric development in this State. 
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Under these circumstances, it is believed advisable to construct 
a temporary road or trail by the easiest route from Kingman to the 
Colorado River in order to permit the construction of the bridge, 
vvhich construction is partially financed by the passage of Chapter 49 
of the Session Laws of 1919. 

In doing this temporary construction it is proposed to increase 
the grades over \he State standard of six per cent but to endeavor to 
see that all of the work done on the temporary road will become of 
permanent value in the construction of a subsequent first-class high., 
way. · An endeavor was made to commence construction on this type 
of road in the summer of 1920_, but inability ·to secure labor at any 
reasonable price, in conjunction with the ar;rival of vvarm weather, 
caused the stoppage of this work. · 

It will be necessary for the Legislature to take some a·ction to 
secure any type of highway construction between Kingman and Utah 
on this highway. which will be practically the only Arizona connection 
between the southern part of Mohave County-in fact, the entire State 
of .Arizona-with the portion of the State north of the Colorado, 
which is commonly known as the "strip." It is believed by many peo­
ple that if the rest of the State of Arizona cannot make some feasible 
connection with this part of our State, in justice to the present, in­
habitants and future settlers of this region, they should permit this 
part of Arizona to become a portion of the State of Utah. 

Phoenix-Yuma via Gillespie Dam 

The survey for a complete highway from Phoenix to Yuma has 
been made. In view of the floods of the winter of 1919-1920 anq 
the desire of the Yuma County Highway Commission to connect with 
both Pho~nix and Ajo, also in realization of the necessity for a high·· 
way from the Capital of the State to Ajo, this survey was run on the 
south side of the Gila River from Yuma to Gila Bencl, thence in a 
northerly direction through the area proposed to be irrigated from 
the Gillespie Dam, now under construction, and thence to Arlington. 
This road would be approximately t\vo miles longer than the present 
route ·from Phoenix to Yuma. . 

It is proposed to cross the Gila River on the aproJ1 of the Gil· 
lespie Dam until at some fnture date the superstructure of a bridge 
can be erected on the same. This superstructure can be built for ap­
proximately $125,000.00, while as a general proposition v.re doubt that 
.-my bridge crosfing of the Gila River from its junction with the Salt 
to its confluence with the Colorado, can be secured for less than be­
.h'veen three and four hundred thousand dollars. 
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\1/hile some difference of opinion. in regard to the proper loca­
tion of a highway from Yuma to Phoenix exists, no loss of time 
should be permitted in the discussion of this route when both ends of 
this highway, approximately fifty miles in length, will be identical 
whichever route is adopted. ' 

Phoenix-Prescott 

This Department has had a reconnaissance survey made by lVlr. 
C. C. Small, onr Chief Locating Engineer, from the Arizona Canal 
to the Yavapai County line in order to secure an estimate of the cost 
of construction in Maricopa County necessary to connect with the pro­
posed Yavapai constnktton. This forty miles of construction is esti­
mated to cost $490)000.00 for ari 18' gravelled road or $750,000.00 for 

, a cf hard su_rfaced paving. 

Mesa-Superior and Roosevelt 

A reconnaissance has also been run from the Eastern Canal to 
the Pinal County line and an estimate made of $185,000.00 for a 9' 
paving on the same. 

Buckeye-Hassayampa Paving 

A reconnaissance from Buckeye to Hassayampa indicates that 
$150,000.00 will be necessary for a 9' paving on this road. In suggest­
ing 9' pavings this Department realizes that they are not wide enough 
for main line traffic, but advocates them on certain highways because 
they can be subsequently widened. They will ,greatly increase the 
load carrying capacity of vehicles, allowing the lighter ones to turn 
out. They will also protect the natural surface from going to dust in • 
extremely dry weather and into mud in wet weather, as the 9' strip­
of paving will receive nearly all of the wear of the traffic. 

Benson-Dragoon 

At the request of the Board of Supervisors a survey was made­
from Benson to Dragoon paralleling the Southern Pacific Railroad .. 
This work was in charge of W. W. Van Frank, Locating Engineer. 
Data is available for preparing working plans and specifications. 
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Clifton-Mule Creek 

A reconnaissance survey has been made from Clifton to Mule 
Creek by the way of Black Jack Gap in Greenlee County in order to 
ascertain the cost of connecting our State System ,vith that of New 
Mexico beween Silver City and Mogollon. 

Present information indicates that New :Yiexico will not imme­
diately improve the road from Lordsburg to,vard Franklin, which is 
necessary in order to provide a connection with the central Arizona 
highway. On this account, the Mule Creek Road would not only 
make a valuable through highway connecting ,vith the New lVIexico 
System, but in addition would develop a considerable local traffic in 
and out of Clifton. 

A rough estimate indicates a 12' road would cost $193,000.00 and 
a 20' road $5 r 1,000.00 for a distance of about twenty miles. This 
reconnaissance was made by }\fr. F. G. _Twitchell. 

Apache Trail 

A reconnaissance survey has been made from mile post 14, east 
of Mesa, to· mile post 6o, on the Apache Trail. This indicates that 
replacing of the present ,vooden bridges, .which are in a dangerous 
condition, by steel structures, would cost $24.200; that new bridges 
at Boulder Creek and Pine Creek and 11ine ne,v small structures ·would 
cost $66,600.00; that $42,000.00 would be needed for culverts; $115,-

. 000.00 for grading and ditching, and that $50,000.00 would be re­
quired to raise the grade on miles 57 and 58, which are submerged 

· during heavy floods in the Salt River. · 

The expenditure of this approximate $300,000.00 on the Apache 
Trail would be necessary in order to put this well-known highway 
into as good condition as it ,vas several years ago, with the additional 
installation of drainage structures to avoid the surfacing material be­
ing washed away. It would not provide for the widening of this high­
way, the reducing of the grades or the lengthening of the radius of 
the curves. However, it wonld make this road a first-class tourist 
highway. · 

This reconnaissance was made by F. G. Twitchell. 
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CEMENT PIPE MANUFACTURE 

The State Highway Department has recommenced the manufac­
ture of concrete pipe at the State Prison. Several cars of cement 
have been shipped to the Prison and the pipe is m.anufactured for 
road construction between Florence and the junction of the ::\fesa­
Su perior Highway. It is also intended to manufacture pipe at the 
Prison to take care of the drainage on the road from Florence to-w:1rd 
Tucson, some 20 miles of which were surveyed during 1920. 

The cost of installing drainage will be a good portion of the ex­
pense necessary 611 this latter higlnvay construction and the manu­
facture of this concrete pipe at the Prison will greatly decrease the 
cost of the necessary culverts. This is equally true where hig-lnvay 
work is within a truck hauling distance of the Prison. The concrete 

. pipes are not only cheaper than the corrugated iron, but V.'herc they 
are properly installed and covered with sufficient material, they .are 
much more durable than corrugated iron. 

These pipes can be manufactured and s~ored at the Prison at 
odd times when other duties do not require the labor of the prisoner~. 
so that the only cost to the State should be some slight supervisioa" 
;rnd the cost of the c-2ment. 
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FEDERAL EQUIPMENT 

\Ye desire to report that between two and three million dollars' 
worth of Federal equipment has been recei.ved by this Department. 
As the acceptance or rejection of this equipment on the part of the 
State of Arizona had to be determined by wire and no appropriation 
was available to pay for the cost of loading and unloading; the freight 
and storage on this equipment, as well as the purchase of our_ ware­
house site and the construction of the necessat·y building-, have all been 
paid for from current toad funds, which has greatly. depleted the 
same. \Ve feel that while there might be some question about our 
authority in assuming the· responsibility of the acceptance of this 
equipment at greatly re<luced prices from the Government, our action 
was justified and would be approved by the majority of the. taxpayers 
of the State. vVe areJ therefore, asking the Legislature to reimburse 
the State Road Tax Fund for all sums expended in securing and pro­
tecting this equipment, except those which have ·been paid by the va­
rious Counties of the State. 

This Department had hardly received its first equipment from 
the Government before the inquiry was made by letter and by Gov­
ernment in8pectors as to our mefood of protecting the same from the 
weather conditions. ' 

. \Ve early realized that the receipt of this very necessary equip­
ment was contingeut upon th~ arrangements made by this State as 
well as the rest of the States of the Union for the handling• of this 
equipment so that no just criticism could induee Congress to stop its 
distribution. On this account, after advertising· through the Doard of, 
Control, this Department purchased half a block of land. the site be- 1 

ing determined upon accessibility to railroad connections, the State 
Capitol and the Street Rail way system. Six thousand ($6,000.00) 
dollars was paid for this half block. In anticipation of I future growth 
this Department subsequently purcha·se<l an additio11al one-half block 
for $6_,200.00, securing property which has already increased greatly 
in value and which should be sufficient to provide for the needs of 
the Highway Department for many years to come. This property 
has been fenced and in part covered with buildings to house Federal 
equipment. All of the corrugated iron possible to secure from the 
Government was used in the construction of these warehouses, the re­
maining portion having to he bonght. 
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The large increase in the force of the State Highway Department 
necessary in the handling of Federal Aid did not permit this Depart­
ment being housed in the State Capitol, ex~ept in piecemeal. For a 
considerable length of time this Department was · using the cellar of 
the recently constructed addition to the Capitol, the Senate Chamber, 
together with some of the committee rooms adjoining and the bun­
galow on the west side of the Capitol grounds. In order to better 
supervise this Department, our offices and drafting forces were moved 
to the warehouse built on purchased State property. The floor ele­
vation of this warehouse ,is such that it will facilitate the loading and 
unloading of freight from trucks and from cars on a spur which it is 
proposed to eventually build from the railroad. 

In seeming material to fill the foundation for this warehouse ex­
cavation was made for a future office building. the foundation of which 
was subsequentlty started and the construction carried on to the first 
floor. This building could not be completed because of lack of ftinds. 
In the meantime the testing engineer is occupying a portion of this 
basement with the highway laboratory. 

In addition to receiving much Federal equipment. spare parts also 
have been -obtained by ·the Arizona Highway Department; in order to 
reduce the inevitable cost of repairs on automobiles, trucks, tractors 
and roa_d-building equipment in general, this Department has estab­
lished a repair shop where mechanics are constantly occupied in keep­
ing State equipment in first-class condition. 

The Department is still short· considerable machinery for the 
proper handling of repairs, but is doing all possible with funds avail-
able · 

In addition to the equipment already received, we can expect to 
secnre additional equipment from the Government. It i~ understood 
that there is a possibility of our securing three-quarter ton trucks, 
which riot only the State but the Counties need very badly. 

\Ve also hope to receive some mobile_ repair units, which would 
be almost invaluable for highway construction, as these were built 
with the idea of having mobile machine shops for use in various sec­
tions of the army where conditions were frequently the same as in 
our construction camps. 

We hope to receive some small five- and ten-ton tractors, which 
we can use not onlv on State work but to distribute to Counties. 
Also several car loads of truck parts and also some light railroad cars 
and track to use in conjunction vvith the locomotives already received. 

This latter railroad equipment _ would be a spleodid asset in the 
construction of paving or in buildjng roads across desert sands where 
it is almost impossible to use any other form of transportation. 
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LYMAN DAM 

This Department, at the request of the State Loan Board, inves­
tigated the construction of the Lyman Dam, which was being built 
with State funds in the fall of 1919. 

New plans and 'specifications for its construction were drawn 
up and estimates of the cost prepared; the contract for this construc­
tion being later let by the Loan Board in conjunction with the Ly­
man ·vVater Company. 

This Department likewise made surveys and investigations into 
the feasibility of the ·walnut Dam construction under the provisions 
of the State's acceptance of the Cary Act. 

The personnel of the Highway Department is so extensive that 
it is usually possible to find engineers in our employ thoroughly com­
petent to design any specialized form of construction. Their tem­
porary connection with this kind of ;work cost the other State De­
partments a great deal less than if it were necessary to organize forces 
to perform the same. · 
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MAPS 

The highway maps shown on the following pages cover the pri­
mary system and are the first effort of the Department to furnish the 
public with detail maps of the State Highways. ·We have endeavored 
to show principal connecting roads and such other features as might 
be of value to persons using the highways or making a study of them. 

The difficulties incident to preparing such a set of maps can be 
appreciated only by persons who have undertaken a like task. vVe do 
not pretend that everything has been shown that should be shovvn or 
that no errors have been made. However, the demand for a compre­
hensive road map of the State has been so general that we decided to 
make a start, hoping that people interested may be •benefited and also 
advise the Department of omissions or errors so that corrections ma·r 
bt made in future issues. 
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REPORT OF ACCOUNTING DEPARTMENT 

By W. R. INGHRAM, Chief Clerk 

'The Accounting Department, under the direct supervision of the 
Chief Clerk, is divided into -branches, namely-Purchasing, ClainL 
Equipment and Auditing. 

vVith the growth of the Arizona Highway Department, the Ac­
counting System has been improved to meet present requirements. 

In State Construction Camps, cost accounting records are kept. 
This is necessary to get segregation of costs. As the. system used in 
construction camps requires study, we have adopted the policy of first 
using men in the capacity of timekeeper and student bookkeeper. \i\Tith 
this plan, the department is, at all times prepared to fill vacancies from 
its employees. vV1th the report system as used by Construction Camps, 
the General Office is in close touch with all projects. Camp records 
are opened and audited by the Traveling Auditor. 

Contract Payments 

Contract payments are based on 90% of monthly estimates. On 
acceptance of completed contract, final payment is made ill' compliance 
with provisibl} of contract. Extra work in connection with contracts, 
is based on cost plus ten per cent. 

Salaries and Wages . 

Payrolls· are· prepared semi-monthly. On -receipt by the Genera~ 
Office, they are paid from the State Engineer's Imprest Fund. 

Traveling Expense 

Traveling expenses are allowed employees. Such expense is limited 
to actual travel and living while outside Phoenix,- or such other point as 
employee may have as his residence. 

Purchases 

As far as possible, all purchases are made thru the Purchasing· 
Branch of the Department. The anthority of engineer.-. in charge of 
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'parties and those in charge of camps being limited to emergency pur­
chases made necessary to avoid delay to the work. · 

The Purchasing Bra11ch keeps posted as to quotations and by 
grouping the purchases for projects, gets the best values at all times. 
Purchases are made by requisition, which are made in quadruplicate. 
The original is sent to the vendor, duplicate and triplicate are sent to 
receiving project and the fourth copy is kept on file in the Purchasing 
Branch after being registered. 

Invoices 

Invoices are requested in triplicate or quadruplicate, depending on 
the fund from which payment will be made. Invoices are first passed 
through the purchasing Branch where they are entered against requi­
sitions, they are then entered in invoice register under vendors' name 
and forward eel to receiving project for approval and entry in field 
records. 

Funds 

The State Road Tax Fund for the last two years was approxi­
mately the same as the two years previous; the total money expended 
was approximately three times as much. To accomplish this it has 
been necessary to borrow from different funds available for this De­
partment and from the Boards of Supervisors and County Highway 
Commissions, while awaiting receipt of Federal Aid. This has caused 
much extra work in our Accounting Department. 

Red Tape 

The following is given as an example of the time and detail in­
volved in paying a claim from the 75% Fund: 

Mr. John Doe who is engineer or general foreman in charge of 
a construction camp, needs some material to repair a piece of damaged 
'equipment. He issues a requisition for the purchase of the necessary 
material from a nearby store conducted by John Smith, and the material 
is secured. John Smith makes out four bills and sends them to John 
Doe.. John Doe approves the bill, makes a record in his books and 
se1ids the bill to the State Engineer at Phoenix. 

. The Chief Clerk at the State Engineer's Office has the claim put 
in, proper shape, approved by the State Engineer and sends it to the 
~oard of Supervisors of the County in vvhich the work is being done. 
for their approval. The bill is kept there, awaiting a meeting of 
the Board which may nof occur tor a month. \Vhen the Board meets. 
the chairman or ~lerk signs on the t<lotted line provided for the purpose 
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and returns the bill to the State Engineer. Th€ Chief Clerk makes a 
record of approval by the Board of Supervisors and sends it to the 
Board of Directors of State Institutions for approval. The claim is 
examined there, computations checked, the Secretary signs on another 
dotted line provided for that purpose, a record is made and the claim is 
then sent to the State Auditor. The Auditor's Office examines it, 
checks the computations and issues a warrant. The warrant is then sent 
to the Governor £pr his signature. After it is signed by the Governor, it 
is returned to the Auditor who, in turn, sends it to the Board of Di­
rectors of State Institutions,where a record is made. It is then trans­
mitted to the State Engineer, who sends it to John Smith who receives 
it from 30 to 90 days from the elate of presenting the bill. 

Recommendation 

The steps outlined were undoubtedly intended to be a check on all 
transactions but as a matter of fact they are not. The approval by the 
Board of Supervisors and the Board of Directors of State Institutions 
is purely a matter of form and only adds to the time required to pay 
bills. A bill legitimately incurred must be paid. The oniy safe guard 
against unnecessary expenditures is the limitation of authority to make . 
purchases. Authority to make purchases in this Department is limited 
to the Purchasing Agent for ordinary purposes and to the engineer or 
general foreman for emergency purposes. The check of the Auditor 
should be sufficient to eliminate errors. Irregularities or dishonesty 
can be guarded against by giving the State Auditor or State Examiner 
authority to examine the records of the Highway De1Jartment. ·we, 
therefore, recommend that legislation be enacted providing for the 
payment of claims against the Highway Department when same have 
been approved by the State Engineer and State Auditor and extending 
the authority of the State Auditor or State Examiner to make an· ex-

, amination of the records of the State Engineer at any time as no-vv pro­
vided in the examination of county officials,. 
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