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Bismarek, North Dakota.

September 1, 1924,
Fonorable R. A. Nestos, Governor,

Dear Sir:

T have the honor of transmitting herewith a report of the activities
of the Department of State Engineer and the Highway Commission for
the biennial period, July 1, 1922 to June 30, 1924.

Respectfully submitted,
W. G. BLACK,

State FEngincer
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FOURTH BIENNIAL REPORT
NORTH DAKOTA STATE HIGHWAY COMMISSION

SECTION I
A Digest of Department Activities

The Fourth Biennial Report of the State Highway Commission covers
a period of two years from July 1, 1922 to June 30, 1924. During this
period a virtual reorganization of the cntire department occurred both
in the personal and the policies to be pursued. On April 1, 1923, W, G.
Black of Mandan succeeded W..H. Robinson whose term had expired, as
Chief Engineer and Secretary of the Commission and on April 15th, 1923,
0. A. Brown of Dickinson and J. R. Poupore of Grand Forks succeeded
Benton Baker of Bismarck and Herman Hardt of Napoleon, whose terms
had expired, as members of the State Highway Commission appointed
from the state at large. At the time that Mr. Black assumed office a
considerable change was made in the personal of the Department Heads
and in several of the Division heads. A definite policy of economy
and efficiency in administration was put in practice as well as the adop-
tion of a policy to establish closer relations between the Commission,
the County, Township, Clty and Village Officials and the public in general
in the state.

Salaries: With a nation wide road building program under way,
thé demand for men trained in construction work has increased greatly.
Consequently the law of supply and demand in general has brought about
increases in salaries in most states, however, this department, in spirit
of economy due to the financial condition in the state, has to date not
made any general increases in salary although a number of men in the
employ of the Department for years have left for other fields, offering
larger inducements in that line.

Seven Per Cent Federal Aid Highway System: TUnder the Federal
Aid Road Act as amended in 1921, the expenditures of Federal Funds
was limited to what was called & ‘‘Seven Per Cent System,’’ that is,
each state was permitted to construet, under Federal Aid, seven per cent
of the estimated mileage of all roads in the state. The total estimated
mileage of North Dakota which was submitted to the Bureau of Public
Roads and approved by them as a basis for computing the allowable
seven per cent system was 106,202 miles, seven per cent of which is
7,434.14 miles as constituting the seven per cent Federal Aid Highway
System. On August 14th, 1923, there had been submitted to the Bureau
of Public Roads and approved by them 4,855 miles of the above total of
7,434.14 miles and in addition to the above, at this writing there has
been designated by the Commission and ready for submittal to the Bureau
of Public Roads an additional 1,319 miles which will increase the present
seven per cent system approved to 6,174 miles leaving only 1,260.14 miles
to be designated in order to have the total allowable mileage of 7,434.14
miles absorbed. This system which will hereafter be referred to as the
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Official Marker .and a Few Types of Brected Distance and Direction
Signs Used in the Marking of the State Highway System,
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State Highway System of 6,174 miles as designated together with route
numbers is shown on a map attached to this report.

Marking State Highway System: In the latter part of 1923 the
State Highway Commission worked out route numbers for the State
Highway System and after a great deal of study and deliberation adopted
a standard marker to designate North Dakota Highways consisting of an
Indian Head in black and white colors with a cirele in the middle con-
taining the number of the particular routc on which the marker would
be placed. Various designs were made aud approved for warning and
distance signs and a sign department organized for the aectual work
of making up and placing the warnine and distance signs on the various
approved routes. A few roufes were covered in 1923 but prineipally
efforts were concentrated on the actual manufacture and marking of the
various signs during the winter of 1023 and 1924 and real progress wnus
not made in the actual placing of the signs and markers until the spring
and summer of 1924, A detail rcport of the activities and acecomplish-
ments of the Sign Department is given further along in this report.
Much favorable comment has becn expressed by the publie in general
on the excellence of the marking system completed to date and particularly
of the great aid such a system is to the driving publie. particularly at
night as the markers and warning signs are easily diseernible even at a
distance of one thousand lincal feet, thereby making it as safe to drive
by night as day on one of the marked routes of the Highway System.

State Highway Progress Map: As a natural sequence to the estah-
lishment of Route Numbers and a system of marking the State Highwav
System and in line with the gneral practice of adjoining States there
was prepared during the winter of 1923-24 a State Highwayv Progress
Map showing the entire state highway system as improved as of April
1st, 1924, together with the route numbers of all the Highways. Ar-
rangements were made with the MeGill-Warner Company of St. Paul for
lithographing and printing 5,000 copies of this map in two c¢olors for
general free distribution to the public. The supply of 5,000 copies were
very quickly absorbed and a requisition for 2000 :wdditional copies was
made necessary in order to supply the public demand. It is proposed to
improve this map considerably by making it more legible, also to some-
what reduce the size for the 1925 distribution. The new map will show
the progress of construetion up to April Ist, 1925, and will he in two
colors as the previous map.

Highway Construction: During the period of this report there was
let for construetion a total of 737 miles of road of all classes, including
bridges, gravel and paving for the approximate sum of $3,626,646.39.
Also there were completed this period 1,098 miles at a cost of $5,400,000.00.
Several tables giving detailed data oun road construction are attached to
this report and it is believed that cverything of general interest has beeu
included in these. Also further along in this report is given present
method of financing road construction and results.

Highway Maintenance: During this period the amount of work
undertaken by the Maintenance Department and the results achieved can
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be most clearly appreciated by the number of miles of road maintained
and the cost per mile. At the beginning of the period there were
1,029.5 miles while at the end 1,609 miles had been accepted which it
was necessary to maintain. The total amount of money expended on
Maintenance. from July 1, 1922, to June 30, 1924, was $289,515.98, Further
along in this report detailed data of the Muintenance Department is given
which we believe includes everything of general interest.

Testing Laboratory: During this period it was necessary to add
a testing Laboratory in addition to the other aetivities of the Depart-
ment for the proper testing of all materials used in Highway Construe-
tion. Previous to this the Bureau of Tests at Washington had made
all material tests for this Department but on account of the inecreased
demands by the Bureau of Public Roads and certain State Departments
not having Testing Laboratories of their own it was necessary for the
Bureau of Tests to discontinue the further testing of materials for State
. Departments and confine their aetivities solely to Government work.
This necessituted the ercation of a testing laboratory by the Highway
Department in order to properly fulfill requirements for the testing
of all materials going into highway construction.

Raiiroad Grade Crossing Eliminuation: Recognizing the grave danger
of all railroad erossings at grade this Department has put forth speecial
efforts to safeguard the lives of highway users by eliminating as many
of these crossings as possible, ecither by relocation of the highways them-
selves or the separation of grades by means of constructing overhead or
underpass struetures thereby allowing the Highway trafiic to pass over
or under the railroads. From June 30, 1917, to June 30, 1922, or the
beginning of this report there were climinated from our State Highway
System 35 Railroad Grade Crossings of which 31 were eliminated by’
relocations of Highways, two by Underpass bridges and two by Overhead
bridges, Duriug the period of this report or from July 1, 1922, to June
30, 1924, there were eliminated 49 railroad grade crossings of which 43 were
by relceation of the Highways zud 6 by means of Underpass bridges.
Proposed eliminations of Railroad Grade Crossings for 1925 construetion
amount tn 21 such crossings of which 16 will be taken care of by reloca-
tion of Iighways, two by means of Underpass bridges and three by
overhead structures. Summarizing the accomplishment in Railroad Grade
Crossing climination we find that from July 1, 1917, to June 30, 1924,
or during the entire existence of the Highway Commission, to date there
have becn eliminated 84 Railroad Grade Crossings of which 74 were by
highway relocation, eight by meuns of Underpass bridges and two by
means of Overhead bridges. Further along in this report data on the
railroad grade crossing elimination accomplishments is set forth in greater
detail. .

1t is believed to be fit and proper at this time to give due credit to
the Northern Pacific and Soo Railway Companies for the splendid eo-
operation they have extended to this Department in the elimination of
Railway Grade Crossings on their lines.

Information and Publicity: There is believed to be a great need for
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some medium of Information and publicity whieh will give the public an
idea of what the Highway Department is doing and what they hope to
accomplish so with this idea in mind a modest start was made during
the summer of 1924 by preparing mimeograph copies of interesting data
concerning Highway accomplishments and releasing them to all daily and
weekly papers in the State for publication. All of the various papers
in the state to whom these news items were sent were very considerate and
invariably printed such without cost to this Department. In addition to
the news items present plans contemplate sometime in the future when
funds are available, to issue a monthly bulletin as a medium for sup-
plying the public with information of interest concerning the progress,
activities, etc., of this Department in the construection, maintenance and
marking of the State Highway System as such work progresses.

Federal Aid Allotments: During the period covered by this report
there were two allotments made t¢ North Dakota under the Federal Aid
Road Act. The one in 1923 amounted to $776,476.28 while that made in
1924 totalled $1,021,269.47. .The decrease in the first period is due to
the fact that for the fiscal year ending June 30, 1923, only $50,000,000.00
was appropriated by Congress whereas for the Fiscal year ending Jume
30, 1922, $75,000,000.00 was appropriated and for the. fiseal year ending
June 30, 1924, $65,000,000.00 was appropriated. On June 30, 1924, all
previous allotments of Federal Aid including that available for the fiseal
year ending June 30, 1924, had been matched except $1,122,807.63. Of
this amount $101,538.16 must be matched by June 30, 1925, and the
balance or $1,021,269.47 must be matched by June 30, 1926. The.Federal
Aid Highway Act provided that the States must matech Federal Aid
Allotments by actual Project Agreements within two years after such
allotment is available, i. c., the allotment for the fiscal year ending
June 30, 1924, for example, must be matched by actual project agree-
ment by June 30, 1926,r and any balance remaining unmatched -on that
date will revert to a Federal Fund which is reapportioned to all of the
states in the Union on the same basis as the original appropriation.

Maps: Two maps accompany this report, one giving" an outline of
the State Highway System with Route Numbers and the other indicates
the progress of construection to June 30, 1924.

SECTION 11

Methods of Financing State Highway Construetion and Maintenanee
under present laws and needed remedial legislation.

Under the present existing laws on the basis of the 1923 Reeceipts
from the Motor Vehicle Department there is available from State
sources, same being Motor Vehicle License Fees, for construction of the
State Highway System approximately $205,000.00 yearly and for Mainte-
nance approximately $227,700.00 yearly. There is another State Fund set
aside from the above mentioned sources under present laws of $130,000.00
yearly, however the expenditure of this fund is limited to the Construe-
tion of Bridges over navigable streams in the State and payment on any
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Four of the Most Common Types of Erected Warning Signs Used in
Marking the State Highway System
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such bridge is not to exceed one-third (14) of the total cost of the struc-
ture on the part of the state out of such fund. Although such bridges
are considered a part of the State Highway System so far as the generul
Highway Construction mileage of the State is concerned we may consider
its funds limited to the $205,000.00 unnually provided for such purposes
as previously mentioned.

This $205,000.00 as set aside for construction of State- Highways
under the present laws is known as the State Aid Fund and rvemaining
in the State Treasury, however, it is apportioned to the credit of the
various counties of the State in the same rutio as this fund bears to
the total receipts of Motor Vehicle ILicense Fees as collected from these
various counties. Although such Fund is under the control of and is
expended by the State Highway Commission for the construction of
State Highways, the present laws make sueh control and expenditure
subject to certain conditions which in actual practice causes a consider-
able part of such funds to be unavailable for construetion saeh year.
These conditions .are as follows:

1st. The proportionate amount of this fund must be exnended in
the County from which received.

2nd. The County must mateh this State Aid with a like amount
of County money out of their own Road and Bridge Fund.

3rd. Requests must come from the various counties for State Aid
money with an appropriation of a like amount of County money before
such State Aid iy available for construction purposes.

Due to thesc conditions the result has been that a econsiderable
numbicr of Counties, for economiral and other reasons, have not seen fit
to make requests for State Aid und to appropriate County money of like
amount, thereby allowing their State Aid Credits to accumulate in the
State Treasury. It is expeeted of course that at some future date suech
Counties will take advantage of their accumulated State Aid funds and
utilize them on State IHighway Construction projects, in fact, most of
them have done so affer an accumulation of three years credits. With
the exception of the Ilarger, more populous counties of the State, how-
ever, in general it may be said 1liat the annual eredits to the State Aid
funds of the various Counties of the State from Motor Vehicle License
Fee sources at the present time sre so small that only & few miles eould
be constructed annually with State and Federal Aid, under present eon-
ditions. 1n those counties which nre cooperating with us most exten-
gively in the comstruction of Stote Mighways, all of them with a few
exeeptions, are putting up Fifty Per Cent County Funds to meet the
TFederal Aid of fifty per cent on wcecount of the small amount of State
Aid now available. These conditions are naturally using up all of their
available State Aid Funds as fir as they will reach in addition to their
county funds.

Consequently due to the smull amount of HState Aid Money now avail-
able for construction of our State Highways the greater part of the
amount required to match the Federal Aid of anproximately $1,100,000.00
allotted to North Dakota annually must come from County Road and

.
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Bridge Funds as the only other available source under our present laws.
Such a source of revenue for construction of our State Highways as the
County Road and Bridge Funds are not entirely desirable as the source
of this fund is from taxation of Real Property which is already carrying
a heavy burden in the gencral taxation scheme of the State.

The present Highway Department was created under Chapter 131
of the Session Laws of 1917 so that this state would be in a position to
take advantage of Federal Aid Provided for by the Act of Congress
approved in July, 1916. Additional Federal Aid legislation was passed
by Congress and approved by the President November 9th, 1921. which
contained several important provisions.

One of the provisions imposed by the above legislation-is that after
a certain date, November 9th, 1926, the state must match Federal Aid
with funds wholly under the control of the State Highway Commission.
Under our present state laws as previously mentioned, most of the funds
necessary to meet Federal Aid are furnished from the road and bridge
funds of the counties in which the improvements are to be made. Under
this method it will be impossible to complete a state highway system
for the reason that the poorer and more sparsely settled counties are
unable to furnish the necessary funds with which to meet Federal Aid.

1t is possii)le to create a state highway fund without making a direct
tax levy. By proceeding on the theory that those who use our main
highways should pay for their construction this state will be able to
raise a fund large enough to meet the states allotment of Federal Aid
funds each year. This can be done by 1lst—Readjusting our motor
vehicle registration fees. 2nd—By providing a tax on gasoline or other
motor fuel consumed in automobiles. trucks and busses. Exempting gaso-
line or other motor fuel used in stationary engines, farm tractors or dry
cleaning establishments and placing the money derived from such a tax
- where it belongs, in a highway fund. _

That a readjustment of our motor vehicle registration fees is justi-
fiable and necessary is very apparent. When one considers the faet
that the amount charged as a registration fee also includes a personal
property tax on the value of the automobile registered, it is readily seen
that the amount of capital invested in auntomobiles is not taxed as heavily
as the same amount of capital invested in any other form of property.

As a concrete example we might take 'a new Dodge Sedan costing
$1,500.00. The registration fec including personal property tax under
our present schedule is $15.50. 1f the same amouunt of capital were
invested in a piece of farm land the taxes would be from $35.00 to
$40.00 if not more.

The tdx on gasoline or other motor fuel will give the users of our
highways, whether they are residents of the State or tourists, an oppor-
tunity to contribute their share toward the cost of constucting and
maintaining our highways. As to the equity of the tax, it is obvious.
Assuming a tax of two cents per gallon on motor fuel used in auto-
mobiles, trucks and busses. A light car that travels twenty miles to a
gallon would pay a tax of ten conts for every hundred miles it travels.
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Common Types of Erected Warning Signs Used in Marking the
State Highway System.
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A heavier car that gets only ten miles to the gallon will pay twenty
cents @ hundred miles. A heavy bus or truck that gets only five miles
to the gallon will pay forty ceunts a hundred miles. Take two cars which
travel ten miles on a gallon, one care travelling three thousand miles in
a season would pay six dollars, the other car travelling twenty thousand
miles in 2 season would pay forty dollars. This will come as close as
possible toward fixing the tax in proportion to the wear and tear on
the roads.

The laws of this state have not kept pace with the rapid growth of
the use of motor vehicles. Legislation dealing with license fees, loading
of trucks and other laws of the road are urgently needed.

The annual ‘‘Special Road Maintenance Fund,’’ created from Motor
Vehicle License Fees of $227.700.0C annually as mentioned at the begin-
ning of Seection 11 of this report, under the present laws are apportioned
to the various Counties of the State in the same ratio as the amount of
total license fees received from these counties. However, instead of
being placed in the State Treasury to the credit of the various counties
as in the case of the State Aid Comnstruction Fund, these monies are paid
querterly direetly into the various County Treasurers and to be expended
only ior maintenance of the State Highway System under the direction
of the State Highway Commission except if at the end of the year thero
remains a surplus in this fund unexpended, such surplus may be ex-
pended by the County Commissioners of any County for the maintenance
of county highwuys with the consent and approval of the State Highway
Commission.

It .-would seem logical that if any Department of State if empowered
by lav to direct the expenditure of any fund that such Department
«wi1d also lLave control of such fund to the extent at least that the
fund would remain in the hands of the State Treasurer rather than in
t-e hands of the County Treasurers. Expenditure of such fund naturally
to be made in the same manner as all other State Funds. Tt is there-
Jore rccommended that the present ‘‘Special Road Maintenance Fund’’
a: any uotier Maintenance Fund created by the State Legislature for the
purpose of Maintaining the State Highway System be deposited in the
State Treasury and to be expended under the direction of the State
Bighway Commission in the same general manner as all other State Funds
of a like nature are expended. )

Legislation looking to a better regulation of the trafic on State
roads than now exists should by all means be passed. Subject to only
minor regulations, the overloaded motor truck, the tractor and threshing
machinery with cleated wheels are now permitted to pass over our roads
at will and are doing more damage to road surfaces than all other com-
bined vehicular ‘and motor traffie. '

Laws unquestionably should be passed that will eliminate the use of
sharp cleats on tractors and thresher engines. The damage that is done
by the use of these cleats cannot be easily remedied and eannot be
measured in dollars and cents. Such machines should be required by
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statute to place blocks between the cleats when moving over road sur-
faces or to have removable cleats that can be taken off during such
passage.

SECTION III
Department Organization

The present plan of Departmental Organization is contained in the
Organization chart herewith shown whieh gives an idea of how. the work
of the Department is handled.

The paragraphs immediately following, give a terse description of
the work handled by the various Divisions of the organization.

The Chief Engineer and Secretary as a member of the State Highway
Commission acts as Seeretary dnring deliberations of that body. In
addition to which as direeting nead of the Highway Department he out-
lines the policies to be pursued, awards all contracts, approves all con-
tract bonds and in gencral supervises all of the work of the Department.
The Road Marking was inaugurated by the present Chief Engineer and
Secretary and when systematized will be turned over to the Maintenanee
Department.

The Assistant Chief Enginecr acting directly under the Chief Engi-
neer supervises the details of the work of all Department Heads, espe-
cially with regard to trumsactions und dealings with the Bureau of Public
Roads. In addition to above he arranges for advertisement and letting
of contracts, preparation of contracts and surety bonds as well as esti-
mate payments to Contractors.

The Project Engineer meets with County, Township, City and Vil-
lage Officials initinting new projects, attends to preparation of Project
Statements, loecation and survey of Roads, Right of Way Plats, as well
as the preparation and eirculation of publicity.

The Construction KEngineer supervises the work of Demgn of all pro-
jeets, preparation of pluns, actual construction work, preparation of Esti-
mates, Final Inspection and aceeptance of projects.

The Maintenance Engineer exercises supervision over all Mirintenance,
repair and reconstruction of all accepted projects. Makes periodical
inspection of the work, employs all patrolmen, executing contracts with
them and audits and recards the accounts of patrolmen for Maintenance
work performed.

Bridge Engincer: Supervision of location and surveys of all bridges
over 20 foot span. Prepares plans, estimates, ete., for all bridges, con-
crete box culverts and headwalls for the Department.

Chief Druftsman: In respounsible charge of the actual work, design,
preparation of plans, maps, plats, ete., for all Departments.

Testing Engineer: In charge of the Testing Laboratory, being
responsible for all material tests, sueh as cement, gravel, sand, metal
pipe, reinforeing steel and in fact all materials going into Highway Con-
struction.

The Chief Clerk purchases all office supply and equipment, transacts
all Departmental business with State Auditor and Treasurer, supervises
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and lays out the work of the Stenographic force and Bookkeeping Division,
prepares all Federal Vouchers and audits all accounts expense vouchers,
pay rolls and mails checks to all Departmental employees, Contractors
and others, Supervises the filing of all letters, documents, ete., and
attends to the receipt and distribution of all mail.

Supt. of Equipment: Receipts and disburses #ll surplus War Material,
purchases all engineering and motor equipment, supervises state garage
at Bismarck as well as having, charge of all cars and trucks belonging
to the Department, keeping them in repair and recording all reports in
connection with the operation of the same.

Supt. Road Marking Department: Supervises the making and paint-
ing of all sign boards, ete., required for the marking of routes on the
State Highway System, also attending to the ercction of the same at the
proper places on the Highwaya.

Division Engineers: These, the authorized field representatives of
the Department are in responsible charge of all construction and mainte-
nance work in their respective Divisions. They deal directly with
County Authorities on all matters referring to construction and Mainte-
nance. The Division Engineer is provided with an office at his head-
quarters which is designated by the State Highway Commission and
during winter months supervises design, preparation of plans, ete., of
such ‘part of this work in his Division as he can accomplish with the
help assigned to him hefore acival construction and Maintenance work
commences in the spring.

Resident Engineers: In direct charge of several grading and gravel
projects under supervision of Division Engineers with headquarters at
some central town, contiguous to these projects during econstruction
season. During winter months in Division Office or Bismarck Office
working on design and preparation of plans for next season’s work.
During construction season Resident Engineers are responsible for the
proper staking out and supervision of actual conmstruction work and the
preparation of reports and estin.atcs for forwarding to Division Engineers.

Inspectors: Responsible for staking out and supervision of the
actual work of Construction of Dridges, Box Culverts, Headwalls, Gravel
Surfacing and paving, reporting directly to Resident or Division Engi-
neers or Departmental Heads as the case may be, depending upon the
importance of the work involved.

The above details of duties practically covers the work of the Entire
Department.
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SECTION IV
Co-operation with Federal Government

The Principle of co-operative constrr:tion of roads by the State and
Federal Governments was originally laid down, in approximately its
present form, by the Federal Aid Road Aect, approved July 11, 1916.
The Act provided an appropriation of $75,000,000 to be made available in
five annual installments, beginning with $5,000,000 for. the fiscal year
1917, and increasing by $5,000,000 each year, the last installment being
$25,000,000 for the fiscal year 1921.

In order to participate in the benefits of the Federal appropriation,
the States were required to create and maintain highway departments
adequate, in the opinion of the Secretary of Agriculture, to, supervise
the construction of the roads. and when all States had complied with
this provision the law specified that the Federal appropriation was to
be apportioned fairly among them in accordance with a definite formula.
Applying this formula the total appropriation was divided into three
equal parts, one of which was apportioned among the States in propor-
tion to their areas, ome in proportion to their population, and the third
part in the proportion that the area of rural post roads in each State bore
to the total mileage of such roads in the United States.

Only roads which carried the U. 8. mails could be improved under
the Aet as it was originally drawn. To such roads Federal 2id might
be granted to the extent of one-half of the cost of construetion exclusive
of the cost of bridges more than 20 feet in span, provided, however, that
the maximum grant that could be made to any one road was $10,000
per mile. .

The State highway departmerts were required to prepare the plans,
specifications and estimates and to supervise the construction subjeet to
the approval of the Seeretary of Agriculture, who designated the Bureau
of Public Roads as his agent to carry out the details of administration.

The first project was complcted by California within a year from
the passage of the Aet, and other States were equally prompt in taking
advantage of the aid offered, but their activity was destined to be
brought practieally to a standstill by the inereasing restraints upon road
building necessitated by the exigencics of the World War.

After the close of the war attention was again turned to the work
that had been started, and with a view to providing immediate employ-
ment for discharged soldiers Congress appropriated $200,000,000 more in
February, 1919. The Act making the appropriation placed a more liberal
interpretation upon the term ‘‘rural post roads’’ than had been possible
under the earlier Aet, so that it practically countenanced the gramting
of aid to the construction of any road necessary for the proper develop-
ment of any section. The appropriation, which made available $50.000,000
for the fiscal year 1919 and $75,000,000 for each of the two succeeding
years, was apportioned according to the formula preseribed by the original
Act; and the same provision with regard to the division of the costs
between the co-operating governments was retained, but the $10,000
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-F. A. P. No, 130—Towner County
Barth Grade South of Cando

) . F. A. P. No. 122—Ransom County
Earth Grade West of Lisbon
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limitation upon Federal participation was increased to $20,000 per mile
in view of the greatly diminished purchasing value of the dollar.

At this time a number of the States began to feel the need of an
additional Federal appropriation to carry on the work—not because the
earlier appropriations had been spent, but because their apportionment
had been entirely obligated for projects in course of survey or construec-
tion so that there remained no balance sufficient to enable them to plan
for necessary future work.

The Federal Highway Act

A new Federal law had been under consideration in Congress for
some time and the need for further appropriation hastened its enactment.
It was finally approved by the President, and became a law on November
9, 1921. This was the Federal Highway Act, which is destined to be
one of the most far-reaching pieces of Federal road legislation ever
enacted.

In addition to providing $75,000,000 with which to carry on the
cooperative work this law laid down some entirely new provisions with
regard to the character of the roads to which Federal aid could be
granted and the extent of participation by the Federal Government.

Instead of permitting the Federal-aid funds to be used on any road
which carried, or which might at some future time carry, the mails, as
had been the provision of the previous Aect, the new Act presecribed
that all Federal money subscquently appropriated was to be applied
only to a limited system of main interstate and inter-county roads which
it directed the Secretary of Agriculture and the State highway depart-
ments to select in co-operation. The system, which has come to be known
as the Federal-aid Highway System, is to consist of not more than 7
per cent of the total mileage of road cxisting ‘in each State on the
date of the passage of the Act.

‘“Upon this system all Federal Aid apportionments shall be expended.
Highways which may receive Federal Aid shall be divided into two
classes, one of which shall be known as primary or interstate highways,
and shall not exceed three-sevenths of the total mileage which may
receive Federal Aid, and the other which shall conneet or correlate there-
with and be known as secondary or inter-county highways, and shall con-
sist of the remainder of the mileage which may receive Federal Aid.

‘“The Secretary of Agriculture shall have authority to approve in
whole or in part the systems as designated or to require modifications
or revisions thereof; Provided, that the Stutes shall submit to the See-
retary of Agriculture for his approval any proposed revisions of the
designated systems of highways above provided for.

‘“Not more than 60 per .centum of all Federal Aid allotted to any
State shall be expended upon the primary or interstate highways until
provisions have heen made for the improvement of the entire system
of such highways; Provided, that with the approval of any State highway
Department the Secretary of Agriculture may approve the ecxpenditure
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of more than 60 per centum of the Federal Aid apportioned to such
State upon the primary or interstate highways in such State.

‘‘ Whenever provision has heen made by any State for the eomple-
tion and maintenanee of a svstem of primuary or interstate and secondary
or intercounty highways equal to 7 per centum of the total mileage of
such State, as required by this Aect, said State, through its State high-
way department, hy and with the approval of the Secretary of Agricul-
ture, is hereby authorized to add to the mileage of primary or inter-
state and secondary or intercounty systems as funds become available
for the construction and maintenunce of such additional milewge.’’

The amendment further provides that the funds for construction,
reconstruction and maintenanec of all Federal Aid highways within the
state shall he under the direct contrel of the State highwuay department.
In a later amendment approved by the President on June 19, 1922, it
is provided: f“That in any state where the existing constitution or laws
will not permit the State to provide revenue for construetion, reconstrue-
tion or maintenanee of -highwuxs the Seeretary of Agriculture shall com-
tinue to approve projects for said State until five years after November
9, 1921, if he shall find that said State has eomplied with the provisions
of this Act in so far as its existing constitutions and lwws will permit.
This later amendment also authorized the appropriation of the following
funds:

The sum of $50,000,000 for ke fiseal yvear ending June 30, 1923.
The sum of $65,000,000 for the fiseal vear ending June 30, 1924.
The sum of $75,000,000 for the fiseal year cnding June 30, 1925,

The Federal funds that miev be obligated and expended in the eon-
struction of a highway, cxclusive of the cost of bridges having a clear
span of more than 20 feet. wuas Hmited by the original aet of $10,000
per mile. This sam was too small to participate in the construetion of a
highway on a 50-30 basis and it was therefore raised to $20,000 per mile
as stated above. The Tost Office appropriation bill approved June 19,
1922, reduees the payments that the Seeretary of Agriculture may make
for the fiseal year ending June 30, 1923, to $16,250 per mile exclusive
of the cost of bridges of more than 20 fect of clear span and reduces
the payments that the Seeretary of Agriculture may make from any sums
appropriated under fhis net or any aect amendatory thereof after the
fisenl '{-vnr ending Juane 30, 1923, to an amount not to exceed $15,000
per mile exclusive of the cost of hridges of more than 20 feet of clear
span. The limitation applies to publie land states, exeept that it is in-
creased in proportion to the ineveased percentage of IFederal Aid author-
ized Ly the amendment approved November 9, 1921.
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FEDERAL AID APPROPRIATIONS TO THE STATES

Act approv-| Act amend-! Act amend-| Aet amend-
Fiscal Year | ed July 11,| ed Feb. 28,] ed Nov. 9, | ed June 19,

Ending 1916 1919 1921 1922 Total
June 30,1917 $5,000,000 5,000,000
June 30, 1918 10,000,000 10.000,000
"June 30,1919 - | 15,000,000] 50,000,000 65,000,000
June 30,1920 | 20,000,000] 75,000,000 95,000.000
June 30, 1921 25,000,000 75,000,000 :....| 100,000,000
June 30,1922 | Avail. Nov. 9,1921 25,000.000 | 25,000,000
June 30,1922 | Avail. Jan. 1,1922 50,000,000 50,000,000
June 30, 1923 50,000,000/ 50,000,000
June 30, 1924 65,000,000| 65,000,000
June 30, 1925 75,000,000) 75,000,000

Totals ... 75,000,000 200,000,000I 75,000,000| 190,000,000 540,000,000

FEDERAL AID FUNDS
Allotments of Federal Aid to North Dakota by Acts and Years

Fiscal Year Act of } Act of f Act of Act of
Ending 1916 1919 1921 1922 Total
June 30, 1917 76,143.06 76,143.06
June 30, 1918 152,286.12 152,286.12
June 30,1919 229,585.91| 768,368.28 997,954.19
June 30. 1920 307,344.11| 1,152,540.42 1,459,884.53
June 30, 1921 384,056.95/ 1,152,170.85 1,536,227.80
June 30, 1922 1,164,714.42) ...l 1,164,714.42
June 30,1923 | ] ] 776,476.28 776,476.28
June 30, 1924 1,021,269.47] 1.021,269.47
June 30, 1925 | 1,178,708.13/ 1,178,708.13
!
I
Totals ... 1,149,416.15]' 3,073,079.55) 1,164,714.42| 2,976,453.88( 8,363.664.00

Under the seven per cent provision of the amended Federal Aid aet,
a proposed scheme of Federal Aid roads was outlined by the State
Highway Department and submitted to the Burcau of Public Roads at
Washington. With a few minor changes, the suggested scheme was
accepted by the Federal authorities. A map showing an outline of the
Federal Highway System as accepted, is included with this report.
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STATUS OF FEDERAL FUNDS
June 30, 1924
Table No. 3

1. Pederal Aid appropriations and Apportionments as made, .
up to and including fiseal year ending June 30, 1925.. $8,349,662.29

2, Federal Aid Actually Padd..oe $4,418,505.42
3. Federal Aid Under Agrecment and :

Actual Contract 1,643,634.82

Balance to be placed under Agreement

and Contract 2,287,522.05

Totals ) $8,349,662.20  $8,349,662.29
Amount of old funds available for contracts and necessary

to be placed under agreement by June 30, 1925 ... $ 101.538.16
Amount of funds available for new contracts and necessary

to be placed under agreement by June 30, 1926................ $1,122,807.63

To convey an idea of the process of handling Federal Aid Projeets
between the Bureau of Public Roads and the State Highway Commission
there is herein set forth the Rules and Regulations of the Secretary of
Agriculture for carrying out the Federal Highway Aect:

RULES AND REGULATIONS OF THE SECRETARY OF AGRICULTURE
FOR CARRYING OUT THE I".é:DERAL HIGHWAY ACT
Regulation 1,—Definitions

Section 1. For the purposes of these regulations, the following
terms shall be construed, respectively, to mean:

ACT. The Aect of Congress approved July 11, 1916, entitled ‘‘An
Aect to provide that the United States shall aid the States in the con-
struction of rural post roads, and for other purposes’’ (30 Stat., 355), as
amended by the Aet of Congress approved February 28, 1919, entitled
““An Act making appropriations for the service of the Post Office De-
partment for the fiscal year ending June 30, 1920, and for other pur-
poses’’ (40 Stat., 1200. 1201), and as amended by the Aet of Congress
approved November 9, 1921, entitled ‘‘An Act to amend the Act entitled
‘An Aect to provide that the United States shall aid the States in the
construction of rural post roads, and for other purposes’, approved July
11, 1916, as amended and supplemented, and for other purposes’’ (Publie,
No. 87, 67th Congress).

SECRETARY. The Secretary of Agriculture of the United States.

BUREAU OF PUBLIC ROADS. The Bureau of Publie Roads of the
United States Department of Agriculture, :
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F. A. P. No. 159—Divide County
Earth Grade—REast of Crosby

F. A, P. No. 141—McIntosh County
Earth Grade West of Ashley
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AUTHORIZED REPRESENTATIVES OF THE SECRETARY. The
Chief of the Bureun of Public Roads and such other officials and em-
ployees thereof as he may designate from time to time.

FEDERAT, AID HIGHWAY SYNTEM. The system of Federal Aid
highways, established by aciual agreement and joint action of the States
and the Secretary of Agriculture; and upon which all Federal aid funds
shall he spent.

PRIMARY HTGHWAYN, The primary or interstate portion of the
Federal Aid highway system composed of not to exceed 3/7 thercof.

SECONDARY HIGHWAYS., The secondary or intereounty portion
of the Federal Aid highway system consisting of at least 4T thercof.

TEN PER CENT FUND. Items for engineering, inspection, and
unforseen contingencies, not exceeding 10 per cent of the total estimated
cost of the econstruetion,

Regulation ? —Application of Rezulations.

Section 1. These regulations apply to all provisions of the Act, except
the provisioas thercof relative to forest roads and trails, unless horeafter
so made applicable by order of the Seeretary,

Scetion 2, These regulations shall apply as fullv where the extent
to which the State muay engage in road construetion and maintenanes
work, or raige state revemues therefor, is limited by its existing consti-
tution and laws as in any other case.

Regulation 3—Information for the Secretary.

Section 1. Before any agreement is made upon any road or roads
. to be construeted in o State, or as to the charaeter and method of con-
struetion, there shall be furnished to the Seeretary upon his request, by
or on behalf of the Rtate, general information as to its laws affecting
roads and the wuthority of the State and local officials in reference to
the consiruction 2nd maintenance of roads; as to the State Highway
Departinent, how ceqyuipped and organized; as to the existing provisions
of its constitution or laws relative to stale revenues for the construc-
tion, rceonstruction, or maintenzmce of roads: as to funds that will be
available to meet the Riate’s share of the cost of the construetion work
to be perfermed and the gencral souree of such funds; and as to pro-
vigions made, ¢r to be made, for maintaining roads upon which Federal
Aid funds will be expended. )

Section 2, Information reguested hy the Seeretzry or his aunthor-
ized representatives relating to the maintenance of roads construeted
under the provisions of the aet shall be furnished, from time to time, by
the State highway departments. on forms supplied by the Bureau of
Public Roads.
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Section 3. Data furnished by or on behalf of a State shall be sup-
plemented by such reports of the Burean of Public Roads as the Becre- -
tary may from time to time require.

Regulation 4-—Federal Aid Highway System Map.

Section 1. Each State highway department shall flle with the Seere-
tary of Agriculture a state map showing the proposed Federal Aid High-
way system and indicating the primary and the secondary portions thereof,
in such form and with such information as he may require.

Section 2. The Secretary, through his authorized representatives,
will make an examination of the proposed system and will from time
to time notify the state highway department of the aceceptability of the
parts of the system examined.

"Section 3. When Agreement has been reached between the state
highway department and the Secretary as to the whole (or if the State
so desires, of a material portion) of the Federal Aid highway system,
the state shall make formal request for the approval of the Secretary
of Agriculture. This rcquest will be accompanied by a state map show-
ing the full proposed Federal Aid highway system with the primary and
secondary highways upon which formal approval is requested. in such
form and with sueh information as may be prescrlbed by the Seecretary
or his authorized representatives.

See. 4. Pending the formal approval of the State highway system
in whole or in part by the Secretary of Agriculture, only such projects
will be approved as are on routes indicated on the proposed Federal Aid .
highway system as submitted under Section 1 and tentatively accepted
by the Secretary under Section 2 of this Regulation; Provided, That the
Secretary of Agriculture may approve project statements submitted by
the State highway departments prior to the selection, designation, and
approval of the system of Federal aid highways herein provided for if
he may reasonably anticipate that the projects will become a part of such
system.

Regulation 5—Project Statements,

Sec. 1. A project statement may be submitted for the whole or any
part of a continuous route or routes embraced in the Federal aid highway
system selected or designated in accordance with the provisions of the
act, preference being given to such projects as will expedite the com-
pletion of a system of highways interstate in character.

See. 2. Prior to the sclection, designation, and approval of the
Federal Aid highway system, project statements may be submitted for
any route or part of a route if the Seerctary may reasonably anticipate
that such route will become a part of such system. After the Federal
Aid highway system shall have been selected, designated and approved
no project statements shall he submitted for any route or part of a route
not embraced in the system so scleeted, designated and approved.
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Sec. 3. A project statement shall contain such information as the
Secretary may require to be submitted on a form supplied by the Bureau
of Public Roads and shall be aceccmpanied by a sketch map in sufficient
detail and covering such length of road as may be necessary to determine
the fitness of the location as a part of the Federal Aid Highway system
and with the termini of the proposed improvement indicated thereon.

Regulation 6.—Surveys, Plans, Specifications and Estimates.

Sec. 1. The surveys, plans, specifications and estimates shall show
in convenient form and detail the work to be performed, and the probable
cost thereof, all in conformity with the standards governing form and
arrangement prescribed by the Secretary.

Sec. 2. Copies of the specifications shall be submitted with the plans
and estimates, except that where standard specifications have been ap-
proved by the Chief of the Bureau of Public Roads a statement to the
effect that approved standard specifications govern may be submitted in
lien of the printed documents.

Sec. 3. TUntil plans, specifications, and estimates for a project or part
thereof have been submitted and found satisfactory for recommendation,
and the State has been so notified by the District Engineer of the Bureau
of Public Roads, no project or pari thereof shall be let to contract.

Sec. 4. The estimate for each project shall show the estimated
quantity and the estimated cost of each item of construction in detail
and, separately, the 10 per cent fund, and shall not include any expense
for advertising.

See. 5. Unless State standard contract and bond forms have been
approved there shall be submitted with each set of plans for the approval
of the Secretary copies of the form of contract together with all docu-
ments referred to therein or made a part thereof, and of the eontractor’s
bond which it is proposed to use on the project. No alternation of either
of these forms, when once approved, shall be made until it is approved
by the Becretary.

Sec. 6. Where any part of the cost of a project is to be furnished
by @ county or other local subdivision or subdivisions of a State, the
plans, specifications, and estimates shall be accompanied by -certified
copy of each resolution or order, if any, of the appropriate loeal officials,
or such other showing as the Secretury may require respecting the funds
which are made available, or respecting the supervision of the construe-
tion of the road and of the control of the money provided for paying
such cost.

Sec. 7. Right-of-way ample for any project shall be provided and mo
incidental damages to adjoining property, due to comstruction work paid
for by or on behalf of the state, shall be included in the estimate or be
paid in any part, directly or indirectly, by the Federal Government.
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Regulation 6.

See. 8. Grade ecrossings occurring on the Iederal Aid Highway
System shall be classified for priority of improvement by agreement
between the State Highway Depirtment and the Duresu of Iublic Roads.

See. 9. No part of the expense of making surveys, plans, speeifica-
tions, or estimates, by or on bebulf of the State prior to the beginning
of comstruetion work, shall bhe included in the estimate or paid by the
Federal Government.

See. 10. Subsequent to the exceution of {he agreement no change
which will increase the eost of u project to the Federal Government
shall be made, execept upon approval by the Seeretary of Agriculture,
and no changes shall be made in the termini or type, execept upon
approval of the Chief of the Bureau of Publie Roads, but minor altera-
tions which do not affeet the gemeral nature of the improvement or
increase the total cost to the Federal Government may bhe authorized
by the Chief of the Burcau of I'ublic Roads or his authorized represen-
tative.

Regulation 7—Project Agreemants.

Sec. 1. A projeet agreement hetween the stiie highway department
and the Secretary shall be exceuted in triplicate on a form furnished by
the Secretary. No payment shail he mamde by. the T'nited States unless
or until such agreement has heen cxecuted, nor on aceount of work done
prior to recommendation by the District Kngincer of the Burecau of
Public Roads that the plans, specifications and estimates be approved.

Regulation 8—Contracts.

Sec. 1. No part of the Tederal money set aside on account of any
project shall be paid until it has been shown to the satisfaection of the
Secretary that adequate methods, either advertising or other devices
appropriate for the purpose, were -employed, prior to the beginning of
construction, to insure cconomy and elficieney in the expenditure of
such money.

Sec. 2. Upen publication of advertisements copies thereof shall he
furnished to the Bureau of DPubiic Rouwls,

See. 3. Bids shall couform to the standard proposal form, and the
items shall be the same as those contiinad in the estimate provided for
in Regulation 6, Section 4.

See. +. Copy of the tabulated hid prices, showing the unit prices
and the totwls of each hid for every project, shall be furnished promptly
to the Bureau of Public Roads.

See. 5. In advance of the aceeptunce of any bid sufficient notice
of the time and place the contract is to he awarded shall he given to
the Burcau of DPublic Rowds to cnable it, if it so desires, to lave a
representative present. When a hid lias been accepted prompt notice
thereof shall be given to the Bureau of ’ublic Roads.
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Sec. 6. 1f the contraect he awarded to any other than the lowest
responsible bidder the Federal Government shall not pay more than its
pro rata share of the lowest responsible bid, unless it be satisfactorily
shown that it was advantageous to the work to accept the higher bid.

Sec. 7. The specifications and plans shall be made a part of the
contract.

‘SBee. 8. A copy of each contract, as executed, shall be promptly
certified by the State Highway Department and furnished to the Seere-
tary and no alteration in the contract shall be subsequently made without
the approval of the Secretary.

Regulation 9—Construction

Sec. 1. Suitable samples of materials to be used in construetion
work shall be submitted, by or on bhehalf of the State Highway Depart-
ment, to the Burcau of Public Roads whenever requested.

See. 2. Unless otherwise stipulated in writing by the Secretary or
his authorized representative, _materials for the eonstruction of amy
project shall be tested, prior to use, for conformity with specifications,
according to methods preseribed or approved by the Bureau of Publie
Roads.

See. 3. No part of the money apportioned under the aet shall be
used, direetly or indirectly, to pay or to reimburse a State, county or
local subdivizion for the payment of any premium or royalty on any
patented or proprietary material. specification, process, or type of cor-
struction unless purehased or obtained on open actual competitive bidding
at the same or a less cost than unpatented articles or methods, if any,
equally suitable for the same purpose.

See. 4. The supervision of each project by the State Highway De-
partment shall inelude adequate and continuous engineering inspection
throughout the course of econstruetion.

See. 5. Written notice of commencement and completion of work
on any project shall be given promptly by the State Highway D2partment
to the Bureau of Public Roads.

Sec. 6. Reports of the progress of construction, showing foree em-
ployed and work done, shall be furnished as requested by the Secretary
or his authorized representatives. ’

Regulation 10—Records and Cost Keeping.

Sec. 1. Such records of the cost of construetion, of inspection, of
tests, and of maintenance, done by or on behalf of the state, shall be
kept, by or under the direction of the State Highway Department, as
will enable the State to report, upon the request of the Secretary or his
authorized representatives, the amount and nature of the expenditure for
these purposes. ’
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See. 2. The accounts and records, together with all supporting docu-
ments, shall be open at all times to the inspection of the Secretary or
his authorized representatives, and copies thereof shall be furnished
when requested.

Regulation 11—Payments.

See. 1. Vouchers, in the form provided by the Secretary and certi-
fied as therein preseribed, showing amcunts expended on any project
and the amount claimed to be due from the Federal Government on
account thereof, shall be submitted by the State Highway Department
to the Bureau of Public ‘Roads, either after completion of construetion
of the project, or. if the Sccretary has determined to make payments as
the construction progresses, at intervals of not less than one month.

Regulation 12—Submission of Documents,

Sec. 1. Papers and documents required by the act or ,these regu-
lations to be submitted to the Secretary may be delivered to the Chief
of the Bureau of Public Roads or his authorized representatives and,
from the date of such delivery, shall be® deemed submitted.

SECTION V
Project Department

The Project Engineer meets with the various County, Township and
Village Boards and City Commissions to consider and initiate proposed
Federal Aid Projects, prepares project statements for submittal - to the
Federal Bureau of Public Roads, has charge of location and surveys
of all projects and handles right of way matters and department pub-
licity.

During the biennial period covered by this report a total of 113
Federal Aid Projects were initiated in 44 counties and project statements
submitted to and approved by the Bureau of Public Roads. The 113
projects comprised 980.838 miles of earth roads for which surveys have
been made.

Grade Crossing Elimination

In the location and survey of all proposed projects great attention
has been given to the elimination of railroad grade crossings. Wherever
possible grade crossings have been eliminated by relocation of the pro-
posed highway this method being the most economical to the counties,
railway companies and to the Federal Government. However, in several
projects it was impossible to eliminate grade crossings by relocating the
highway, therefore, a separation of the grades of the highway and rail-
road was secured by the construction of underpasses.

The accompanying tabulation shows that a total of 43 railroad grade
crossings were eliminated by relocation and 6 by the comstruetion of
underpasses during the period covered by this report.
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.

F. A. P. No. 155—Ramsey County
Earth Grade with Gravel Surface near Devils Lake

)

F. A. P. No. 100-C—Morton County
1 Concret: Underpass and Paved Highway Just Bast of Mandan
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GRADE CROSSING ELIMINATION

Actual & Proposed June 30, 1924
F.A.P. County Number Eliminated
Over- Under- Reloca-

No. head R.R. pass R.R. tion R.R.
T3 Williwms -

12 Barnes .......... 1 Soo

15 Sargent ... 2 Soo
19 Ramsey ... . 2 G. N.
36 Barnes .........

39 Grant 4 N.DP.
56 Stutsman .. b N.P.
38 Sargent . 2 Soo

61 Traill ... 2 G. N.
63 MecLean ........ 1 Hoo

73 Williams ......... 2 G. N.
83 Ward .......l. '

84 Ward 2 Soo
96 Ramsey 2 G.N.
97 Meclntosh . 1 Soo
98 Benson ............ 2 N.P.
100 Morton ... 1 N.P. 1 N.P
118 Mountraii ........ . 2 G.N
135 Barnes .cceeeeeee. 1 2 N.P
TOTALS: June 30,

1917 to June 30,

1922 2 2 31

80 Williams ... 2 G.N.
109 Griggs oo 2 N.P.C
123 Logan ... - 3 Soo
124 Barnes ............ 1 N.P.
126 Barnes ........... 2 N.P.
133 Mountrail ... 2 G.N.
136 Burleigh ... 1 N.P.
144 Cass .o 2 N.P.
149 ﬁamsey ............ 2 G. N.
150 Dickey 1 C.M.& 8.P.
151 TFoster 2 N.P.
165 Walsh ... 2 Soo
166 Walsh ... 2 N.P.-
182 Ward ..ccoeeeeee 2 G.N.
183 Melntosh 2 Soo
203 Benson ... 2 G. N.
210 Wells 2 N.P
212 Dickey ... 1 CM.& S.P.

213 Cass .eeeeenees 1 N.P.
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o 218 Sheridan ... 2 N.P
.. 235 Mercer 1 N.P.
* 242 Rolette 2 Soo
3 244 DRBarleigh ... 3 N.P.
- 245 Walsh ... e 1 N.P.
247 Bames ... 1 N.P.
250 Wiliams ...
P41 S O T T — 1 N.P. 2 N.P.
260 Morton & Stark
263 Towner ... 2 Soo
TOTALS: June 30,
1922 to June 30,
1024 . 6 43
GRIND TOTALS .. 2 8 T s
- NUMBER PROPOSED ELIMINATED
FAP Over- Under- Reloca- ¢
No. County head .- R.R. -pass R.R. tion “ R.R.
3 Williams "l 1 G.N. 1 NG N.
36 Barres L. ..0% 0 .o 1 Soo 2 " Soo
36 Barnes ' 4 , 'N.P.
73 Wiltiams -Y G. N,
83 Ward ... .. 1 G. N.
230 Willipmg  cooeee. 1 G.N.
260 Morton & Stark 1 N. . 7 N.P
TOTAL  ceeeeeceeeeaeen 3 2 16
RECAPITULATION
Total Eliminated June 30, 1917 to June 30, 1924 by:
Overhead 2, Underpass 8, Relocation 74.
: Total proposed eliminated as per project statements:
\ Overhead 3, Underpass 2, Relocation 16.
TOTAI. ELIMINATION
Raiiroad Overhead Underpass Relocation
Northern Pacific ... 1 7 34 .
_.- Great Northern ........... . . - 20
Milwaukee .coooemooaimeeaes - . 2
| . 800 Line .eeomromieees 1 1 18
‘ 2 8 74
|
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SECTION VI
Construction Department

This section of the Biennial Report is devoted to tabulated dat2 conm-
cerning the important features of the work performed by the Departmant
during the period of this report and is presented in the form of tahles
with a short explanation of each table as follows:

Status Federal and State Ald Projects

Table No. 1—Lists all Federal and State Aid Projects in the Wwte
by Project Number, Counties and detail location showing the number of
miles in each project and the status of same as of June 30, 1024.°

) Contract Awards

Table No. 2—Lists in detail contracts awarded during six month
periods from July 1, 1917, to June 30, 1924, giving project numbers,
County, mileage, and contractors name and address for each projat
with an average cost per mile for each itemized division of work.

General Summary Contract Awards

Table No. 3 is & grand summary of Table No. 2, the top half of the
sheet, giv}x;g total contracts awarded during six month periods from
July 1, 1917, to June 30, 1924. for the various divisions of work and the
lower half yf the sheet giving average costs per mile i{f:}' each six monfh
period and a general average for the total period of this sport.

. Distribution 3y Counties of Work Done
T Table No. 4

There is presented in the accompanying table interesting detail dato
concerning First: The total mileage of approved State Highway in each
County; Second: The tctal mileage of constructed State Highway, Earth,
Cravel and Paving in each County; Third: The total mileage of State
Highway remaining unimproved in each County on June 30, 1924;
Fourth: The total cost of all constructed State Highways in each County;
Fifth: That portion of the total cost above mentioned of State Highway
constructed in each County paid by the Federal Government; Sixth: That
portion of the total cost, above mentioned, of State Highway constructed
in each County paid from the State Aid Fund and Seventh: That portion
of the total cost, above mentioned, of State Highway constructed in each
County paid out of County Road and Bridge Funds. Some interesting
conclusions to be drawn from the figures compiled in this table show,
That Stutsman County has the greatest Highway mileage in the State.
That’ Barnes County has the greatest mileage of comstructed earth and
gravel highways in the State. That Griggs County is the first County
in the State to complete the earth grading of their emntire State Highway
mileage and that by the end of 1925 the same will be all gravel surfaced.
Grand Forks County leads in having the greatest mileage of paved
Highways in the State.

It will be noted from this table that most of the Counties in the
State have cooperated to some extent with this Department in the comn-
struetion of State Highways and that with very few exceptions those
who have once commenced such work have continued to do so.

Fate
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F. A. P. No. 187—Divide County .
Before Construction

F. A. P. No. 187—Divide County
Same Road After Construction—Earth Grade
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F,A.P.No, 100-B—Morton County, Concrete Paving Oonstruction in Operation Between Mandan and Bismarck

.
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TABLE NO. 1

STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNE 30, 1924

- STATUS
COUNTY LOCATION Length | **Plans complete, *Surveyed.
Proj. No. . Plans to be prepared for 1925
: letting.
ADAMS
115 Lemmon, 8. D. 3.0 Surveyed—Pro]. indef. postponed
243 Haynes W 8.98 Under construction
BARNES
12 A,B,C,D Valley City, ete. 23.5 Construction complete
12 B grav. Valley City E 0.6 Construction complete
12 A, B, Cgrav. | Valley City, ete. 11.7 Construction_complete
12 D grav. Valley City W 11.8 Suf;;zet} tthlans to be mnde
. etting
‘Wimbledon-Fingal 49.8 Construction complete
36 A grav. Rogers 8 8.37 Under construction
36 D grav. Rogers N 1.72 Under construction
47 grav. Valley City E 7.0 Construction complete
124 grav. Sanborn w 11.0 Under construction
6 ers 10.0 Construction complete
135 grav. Sanborn E 7.3 Construction complete
171 Hastlngzn 9.0 onstruction complete
221 A,B Nome & 12.02 Under cons'truetlo
232 Rozers & S 4.75 Plans to be made 1925 letting
Oriska & 8 23.0 Plans to be made 1925 letting
156 grav. Valley Clt B 0.5 Construction complete
171 grav. Hastings N & 8 9.0 Plans to be made 1924 letting
247 A grav. Valley City W 0.795 | Under construction
247 B paving Valley City 0.4922| Under construction
BENSON
26 grav. Obern 5.0 Construction complete
31 grav. Minnewaukan 24.0 Construction complete
8 grav. Minnewaukan S 10.8 Construction complete
187 Niles W 5.0 Construction complete
189 Minnewaukan W 7.07 Under construction
208 York B 7.51 Under construction
205 Minnewaukan W 6.02 Under construction
223 N of Churchs Ferry 3.0 Under construction
255 A grav. Minnewaukan 0.28. | Under construction
1003 grav. Minnewaukan 0.47 Under construction
9 A Ft. Totten N E 8.00 Plans complete, 1924 letting
BILLINGS
0402 Medora Br. Construction complete
1001 Medora 8 0.34 Under construction
BOTTINEAU
40 E of Mohall 8.0 Construction complete
43 Bottineau E 10.1 Construction complete
44 grav, W of Bottlneau 4.5 Construction complete
87 grav. Bottineau 14.7 Construction ¢
111 Willow Clty 0.2 Plans complete indef postponed
145 W of Bottineau 11.7 Construction complete
170 Bottineau-Dunseith 3.0 Construction complete
172 Bottineau-Mohall 11.0 Construction complete
198 Bottineau-Mohall 1.0 Plang complete indef. postponed
BOWMAN
1 Bowman 17.7 Construction complete
BURKE
Bowbells N & 8 22.9 Construction complete
77 grav. Columbus E & W 1494 Construction complete
127 Portland 8 75 Construction complete
258 A Bowbells 8 8.0 Survey made. Plans to be pro-

vlded 1924 letting
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STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION

TABLE NO. 1

IN

NORTH DAKOTA BY COUNTIES AS OF JUNE 30, 1924
(Continued)
. STATUS
COUNTY LOCATION Length | **Plans complete, *Surveyed.
Proj. No. Plans to be prepared for 1925
letting.
BURLBIGH
100 A Bismarck Br. Construction complete
186 A paving Bismarck 1.0 Construction coniplete
136 Bismarck Br. Construction complete
174 McKenzie W 2.1 Plans made, indef. postponed
244 - Bismarck E 1.24 Plans made, indef. postponed
CASS
0982 Hickson 0.4 ! Conxtruction complete
0984 8 County Line 0.4 Clonstruction complete
Fargo S 16.3 Construction complete
8 of Fargo Br. Construction complete
6 Mapleton E 7.9 Construction complete
137 A grav. Mapleton E 7.9 Construction complete
B Haggart Br. Construction complete
144 grav. Mapleton W 17.0 Construction complete
184 Mapleton W Br. Construction complete
202 W of Fargo Br. Under construction
218 Tower City E 13.2 | Under construction
253 Fargo 120 |I 'To be surveyed for 1925 constr.
CAVALIER
11 Clyde B & W 7.6 Construction comnlete
162 Langdon 8 12.0 (‘onstmctlon complet:
262 Nekoma § 4.0 To be surveyed for 1925 constr,
DICKRY
112 A Ellendale B 10.0 ' Construction complete
112 B B of Ellendale 10.0 Construction complete
112 C E ot Ellendale 10.984 | Construction complete
112 C gravl. B of Ellendale 10984 | Plans complete 1924 letting
150 Ellendale N 13.0 Construction complete
143 grav. Ellendale § 5.0 | Under construction
208 Bllendale W 9.55 ! Under construction
211 A Oakes N 7.5 ! Under construction
211 B N of Oakes 12.0 Plans complete 1925 letting
212 N of Ellendale 8.0 [nder construction
261 W of Ellendale 15.5 To be surveyed for 1925 constr.
DIVIDR
30 Crosby S 10.5 Construction complete
30 A gmvel Crosby 8 50 Construction complete
T8°A Noonan E & W 10.0 Construction complete
78 B grav. Noonan B & W H.098 Construction Lomplete
79 Fortuna E & W 11.0 Construction
79 grav Fortuna H & W 9.0 Plans complete, 1924 lettmz
257 A of Crosby 10.0 Survey made, 1925 letting
159 Crosby B & 9.0 Construction complete
187 W of Crosby 12.0 Construction complete
DUNN
268 Manning to Killdeer 4.0 Survey to be made for 1925
letting
EDDY
6 grav., Chevenne N & 5.5 Construction complete
8 grav. New Rockford W &8 9.3 Construction complete
103 grav. 8 of New Rockford 4.0 ‘Construction complete
178 E of New Rockford 15.0 Under construction
177 E of New Rockford 15.0 Survey made, indef. postponed




STATE OF NORTH DAKOTA 41

TABLE NO. 1

STATUS OF I'ROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNE 30, '

(Continued)
!
| STATUS
COUNTY LOCATION Length | **Plans complete. *Surveyed.
Proj. No. Plans to be prepared for 1925
letting.

|
EMMONS |
34 | Ilazleton N & S 14.4 Construction complete
21 N of Hazleton 8.2 Construction complete
119 .Linton N 4.7 Construction complete
139 Linton 8 105 Construction complete
161 Strassburg-Hull 10.0 Construction complete
197 Hull-Hague 5.2 Under construction
FOSTER' .
1672 W of Glenfield 4.9 Construction complete
2 grav. Carrington N & B 15.2 Construction complete
45 A E of Carrington 11.1 Construction complete
45 A grav. E of Carrington 111 Under construction
45 B W of Glenfield | Br. Construction complete
92 grav. N of Carrington 4.0 Construction complete
101 Carrington 6.0 Construction complete
101 grav. Carrington W 6.0 Plans to be made 1925 letting
102 Glenfleld E 35 Construction complete
102 grav. Glenfleld E 3.5 Under construction
151 Carrington SE 11.0 Construction complete
252 grav. B of Carrington 4.9 Under construction
151 grav. Carrington 2.623 | Construction complete
151 grav. Carrington 8.377 | Plans to be made for 1925

construction
GOLDEN
VALLRY
49 Beach 22.1 Construction complete
GRAND I'ORKS
1872 Thompson S 3.0 Construction complete
1874 Manvel NW 10.7 Construction complete
9 Reynolds 36 Construction complete
9 grav. Reynolds 36 Under construction
16 grav. Emerado B & W 8.7 Construction complete
41 A, B, Thompson-Northwood 14.0 Construction complete
51 Paving Grand Forks 1.0 Construction complete
52 Paving Grand Forks 0.9 Construction compiete
107 | Manvel NW 6.0 Plans complete, 1925
110 Levant NW 4.7 Plans complete, 1925
117 Larimore N 11.0 Construction complete
125 Grand Forks NW 9.4 Surveyed. 1925 conutmcuon
131 of Larimore 11.0 Under constructio:
199 W of Grand Forks Br, Under construction
216 Grand Forks-Thompson| 16.14 Under construction
217 A, B B of Petersburg 13.89 Under construction
241 W of Grand Forks 10.0 Sulr\?g made. Phnl for 1926
etting

246 Larimore B 9.5 Survtey made. Plans for 1926
18119 Paving Grand Forks 0.8 Surveyed. Indef. postponed
230B Northwood W 9.0 Under construction
230A Northwood W 7.0 Plans complete, 1925 letting
GRANT
39 A Carson W 6.0 Plans made. Indef. postponed
39 B, C Carson B 11.0 Construction complete
(] Lark B 8.0 Under construction
266 A New Lelpzig W & N | 5.92 | Under construction
GRIGGS
17 A, B grav. Cooperstown B & W | 17.7 Construction complete
50 grav. W of Cooperstown 4.0 Construction complete
99 grav. W of Cooperstown 2.5 Construction complete




42 REPORT OF STATE HIGHWAY COMMISSION

' TABLE NO. 1

STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNR 30, 1924

(Continued)
STATUS
COUNTY LOCATION Length | **Plans complete, *Surveyed.
Proj. No Plans to be prepared for 1925
letting.
08 B,C Binford S 11.0 Construction complete
108 B.C Binford S 11.0 Under construction
108 A - Binford N 6.0 Construction complete
108 A grav Binford N 6.0 Plans to be made 1925 letting
109 A, B,C Hannaford N & 8 16.0 Construction complete
109 A.B grav Hannaford N & S 9.0 Under construction
109 C grav. Hannaford S 7.0 Plans to be made 1925 letting
HETTINGER
87 A,B,C,D Mott B & W 18.8 Construction complete
38 New England N 8.9 Construction complete
105 ott Br. Construction complete
220 New England 4.04 Under construction
KIDDEBR
2282 Dawson S 11.0 Construction complete
Crystal Springs E&W 4.2 Congtruction complete
167 N of Tuttle 6.0 Construction complete
LA MOURE
28 Edﬁ[eley 10.0 Construction complete
31 grav. LaMoure E & W 4.8 Construction comslete
31 B grav. LaMoure 1.18 Plans complete, 1924 letting
93 Varona W 8.0 Construction complete
2} grav. Edgeley 10.0 Plans to be prepured 1925 letting
9 W of LaMoure 15.0 Construction complete
94 grav. W of LaMoure 15.0 Plans prepared, 1924 letting
113 Verona N 8.1 Construction complete
140 Verona 5.0 Construction complete
148 N of Verona 12.00 Construction comp!
148 grav. N of Verona 12.00 Plans tobeprepnred. 1925 letting
176 Kulm 8.0 Under construction
LOGAN
36 Napoleon E & W 22.1 Construction complete
64 Burnstad Br, Construction complete
128 Napoleon 8 21.0 Under construction
142 B of Napoleon 16.0 Construction complete
185 A.B N of Frelonia 14.04 Construction complete
185 C Fredonia N & 4.99 Under construction
188 Gackle 6.71 Under construction
207 Napoleon N 7.0 Plans complete, 1925 letting
McHENRY
163 Towner W 10.0 Indef. postponed
164 Velva W 5.0 Construction complete
164 grav. Velva W 8.0 Under contract
Granville 7.9 Under contract
McINTOSH
33 Ashley B 18. Construction complete
o7 Asghley N 11.5 Construction complete
141 Ashley W 13.0 Construction complete
188 Danzig-Wishek 18.0 Construction complete
216 W of Ashley 14.0 Under construction
McKENZIE
236 W of Sanish 6.31 Under contract
237 Sanish W 11.8 Under contract
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TABLE NO. 1
STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNE 30, 1924

(Continued)
STATUS
COUNTY LOCATION Length | **Plans complete. *Surveyed.
Proj. No. Plans to be prepared for 1925
letting.
McLEAN N
57 Garrison W 10.5 Construction complete
62 Turtle Lake W 10.0 Construction complete
83 Washburn 8 10.0 Construction complete
63 A grav. ! Washburn 8 5.0 Under contract
MERCEHR
285 Stanton 8 & W 7.32 Plans complete, 1924 letting
MORTON
100 A Mandan-Bismarck Br. Construction complete
100 B, C grav. Mandan-Bismarck 3.434 | Construction complete
100 B, C, paving | Mandan-Bismarck 3.434 | Under contract
100 D Mandan-Bismarck Br. Construction complete
251 Mandan 8 12.0 Plans complete, 1925 letting
260 Glen Ullen W 18.0 To be surveyed, 1925 letting
MOUNTRAIL
74 Stanley E 7.9 Construction complete
75 Palermo E & W 15.5 Construction complete
‘118 Stanley 11.0 Construction complete
132 White Earth W 6.0 Withdrawn
133 ‘White Earth E 14.0 Construction complete
250 B White Earth W 3.32 Under construction
190 Belden 8 15.0 Construction complete
248 Belden N 6.0 Under construction
258 B Lostwood N 6.0 Surveyed. Plans to be made
1924 Jetting
NELSON
70 grav. Michigan B 5.5 Construction complete
121 Lakota E 10.9 Construction complete
121 grav. Lakota B 10.9 Under construction
138 Lakota W 4.0 Construction complete
138 grav. Lakota W 4.0 Under construction
146 Petersburg B 6.3 Under construction
152 Pekin 8 8.0 Under construction
169 Mapes-Pekin 16.0 Under construction
*OLIVER
PEMBINA
42 Cavalier W 5.2 Construction complete
114 Hamilton B 11.0 Construction complete
128 Pembina 1.0 Surveye:
3402 Drayton Br Construction complete
300 Pembina Br. TUnder construction
PIERCE
10 grav. Balta S 5.0 Construction complete
48 A, B,C grav.] 8 of Balta 21.3 Construction complete
106 Rugby B 7.4 Construction complete
108 grav. Rugby B 7.4 Under construction
204 Rughy 8 15.80 Plans complete, 1924 letting
219 Rughy NW 16.0 Surveyed. Indef. postp d
RAMSRY
18 grav. Churchs Ferry B 45 Construction complete
18 B B of Churchs Ferry | Br. Construction complete
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TABLE NO. 1

STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNR 30, 1024

(Continued)
. STATUS
COUNTY LOCATION **Plans complete, *Surveyed.
Proj. No. Plans to be prepared for 1920
letting.

19 grav. Devils Lake B & W | 19.9 Construction complete
95 grav. - Grand_ Harbor 12.4 Construction complete
149 grav. B of Doyon g Construction complete

155 grav.
168
168 grav.
153

lgevils Lake 8

tarkweather-Edmore

L)

Starkweather-Edmore

RN
BRRNSORNND

Construction complete
Construction complete
Plans complete. 1924 letting

0
.0
5 Starkweather E & (] Construction complete

224 Devils Lake N 0 Survey made, 1924 letting
2285 8 of Nekoma .0 Under construction
222 N of Churchs Ferry .0 Under construction
RANSOM
28 Lisbon N & S 27.0 Construction complete
28 A grav. N of Lisbon 8.0 Plans complete, 1924 letting
122 W of Lisbon 10.0 Construction complete
- 129 Lisbon B 11.0 Construction complete
192 grav. Lisbon W 0.6 Construction complete
214 W of Lisbon 6.0 Plans complete, 1924 letting
221 C NW of Hnderlin 3.0 Plans complete, 1924 letting
RENVILLE
180 SH of Donnybrook 6.0 Construction complete
RICHLAND
3972 S of Wahpeton 3.0 Construction complete
4 S of Wahpeton 20.0 Construction complete
59 Fairmont W 14.4 Construction complete
60 Wahpeton N 34.0 Indef. postponed
[ Wyndmere W & 18.5 Indef. postponed
71 Wahpeton W 15.9 Construction complete
71 grav Wahpeton W 15.9 Under construction

Hankinson W 18.0 Indef. postponed
ROLETTE
160 grav. Dunseith W 7.0 Construction complete
104 A, Dunseith B 1.0 Under construction
196 W of Rolla 8.67 Under construction
238 Rolla H 7.0 Under construction
242 = Fonda 7.09 Plans complete, 1924 lettlng
SARGENT

Forman W & N 31.4 Construction complete
15 A grav, Forman W & N 2.0 Construction complete
58 Forman B 19.0 Construction complete
66 Perry N 6.3 Construction complete
89 Forman S 12.0 Construction complete
147 Milnor 8 & E 16.0 Construction complete
191 W of Milnor 7.0 Indef. postponed
229 Forman 2.5 Plans complete. Indef. postponed
231 Cogswell 0.7 Plans complete. Indef. postponed
SHRRIDAN
209 Denhoft 2.5 Under construction
218 A W of McClusky 6.3 Under construction
SIOUX

SLOPB

» B,
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‘TABLE NO. 1

STATUS OF PROJECTS AND PROGRAM OI CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES A8 OF JUNE 30, 1924
(Continued)
STATUS
COUNTY LOCATION **Plans complete, *Surveyed.
Proj. No. }:Itaxiu to be prepared for 1925
STARK :
14 N & S of Dickinson I 8.9 Construction complete
14 gravel N of Dickinson 5.1 Under construction
W of Dickinson Br. Construction complete
260 B Dickinson B & W 6.0 Survey made. Indef. postponed
STEELE
29E B Sherbrooke E 8.5 Plans com tfhte Indet poltponed
158 Pickert W 0.0 Construction com 2p
265 A Finley S 5.0 To be surveyed 1925 construction
STUTSMAN
-?TU Newhome S 9.2 Construction complete
13 Pingree W 7.9 Construction complete
24 Cleveland N & S 25.9 Construction complete
55 .gravel Spiritwood E W 6.0 Construction complete
5 Jamestown N & 8 39.6 Congtruction complete
239 grav. Jamestown E 8.0 Under construction
NER
3‘1.9 vgvrav. Rock Lake N & S 17.5 Construction complete
120 grav. Cando N 11.6 Construction complete
Cando S 90 Construction complete
Cando S gg Plans complete, 1924 letting

130
130 grav.
179

Ellsberry-Rolla

[

Under construction

'RAILL .

1972 B of Mayville 7.0 Construction complete

5 Hillsboro 24.9 Construction complete

A5G grav. Mayville-Portland 3.14 Under construction

5D 8 of Taft 2.0 Plans complete, 1925 letting

46 Buxton S 4.0 Construction complete

61 A.B Hillshoro _S 13.0 Under construction

8 Hillsboro-Kelso Br. Construction complete

61 D paving Hillsboro 0.73 Construction complete

610 Kelso Br, Plans complete, 1924 letting

87 Buxton N 71 Plans complete, Indef. postponed

ALSH

}‘{6 A B.C E of Park River 14.9 Construction complete

166 Park River-Adams 15.5 Under construction

166 Minto-Ardock 9.2 Under construction

245 Grafton-Minto 9.0 Under construction

184 Adams W 12.0 Under construction

WARD

25 grav, Minot W 6.0 Construction complete

81 grav. Minot B 130 Construction complete

82 Minot N 15.0 Under construction

83 grav. Des Lacs N & H 8.7 Construction complete

84 grav. Burlington NW 22.8 Construction complete

85 grav. Minot 8 14.0 Construction complete

86 N of Minot 12.0 Under construction

181 Kenmare SE 18.44 Construction complete

182 Berthold SE 8.5 Under construction

228 N of Minot 6.0 Plans complete, 1925 constr'n

227 W of Berthold 8.0 Plans complete, 1925 constr'n

228 Kenmare N 8.0 Plans complete, 1925 constr'n
Minot-Velva 20.0 To be surveyed, 1925 constr'n
Max-Ryder 14.0 To be surveyed, 1925 constr'n
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TABLE NO. 1

STATUS OF PROJECTS AND PROGRAM OF CONSTRUCTION IN
NORTH DAKOTA BY COUNTIES AS OF JUNE 30, 1924

(Continued)
| STATUS
COUNTY LOCATION Length | *¥Plans complete. *Surveyed.
Pro]. No, | Plans to be prepared for 1925
| letting.
WELLS )
20 grav. Harvey N & S 16.8 Construction complete
88 grav. Hurdsfield N 113 Construction complete
90 Hurdsfleld W & 8 10.0 Construction complete
175 Bowden E 18.0 Under construction
210 Bowden E & W 17.01 Plans complete, 1924 constr'n
WILLIAMS
3 Williston NE 305 Construction complete
73 Ray-Tioga 17.0 Construction complete
80 Williston W 19.0 Construction complete
80 grav. Williston W 2.2 Construction complete
250 A Tioga 8 & B 6.7 Under construction
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PEMBINA BRIDGE
F. A. P. No. 300

The greatest single construction project undertaken during the period
of this report is without exception what is commonly known as the
Pembina Bridge, Federal Aid Project Number 300, located over the Red
River of the North and connecting the villages of Pembina, No. Dak.,
and 8t. Vineent, Minnesota. Some preliminary engineering work had "
been done on this project prior to July 1, 1922, such as a survey of the
site, borings for determination of depth of footings and preparation of
various sketches in order to determine the type of structure which would
most satisfactorily meet all conditions expected to be encountered.

In order to meet requirements of the War Department due to the
Red River of the North being considered a navigable stream it was
necessary for the structure to be a certain height above high water if
o fixed span was used otherwise a lift span would have to be constructed.

F. A. P. No. 300—Pembina Bridge
In Process of Construction, Oct. 7, 1924
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Another requirement of the War Department was that the stream channel
should not be obstructed any more than necessary during low water
which virtually prevented any plan being considered with a pier in the
center of the stream.

The most troublesome feature encountered effecting design and type
of structure on the Red River of the North is the lateral movement of
the banks towards the center of the stream. A thorough study was made
of this feature including an imspection of most of the bridges now in
place over the stream. It was found in one instance that the pier of
a bridge near Drayton on the west bank of the river had moved nearly
12 lineal feet from its original position. This was an extreme cass,
however, it was found that all piers located in the banks of the stream
in general were subject to this lateral movement to a greater or less
degree. It was also discovered that piers located at the edges of the
stream or in the water apparently were not subjeet to this movement,
or af, least not to any appreciable extent as there was no record or
knowledge of any pier so located having moved due to this condition.
Therefore, after a thorough study of various designs, both on the part
of the Bureau of Public Roads and this Department, it was decided to
use what is known as the cantilever type, with two fixed piers in the
water, one at each edge of the stream. From these piers two cantilever
arms reach out to each bank supported by the main fixed span and as
these cantilever arms do not require piers on the bank for support, the
main piers being in the water, it was believed that the problem created
by the sliding banks would be satisfactorily solved with this type of
structure. In addition to the main structure there are two short rein-
foreed concrete approaches on bents one on each side which are inde-
pendent of the main structure. These approaches were designed with
the idea in mind of a probable movement due to the sliding banks, how-
ever, such movement cannot effect the main structure and any damage
caused to these approaches from this condition can be easily and cheaply
repaired.

The entire Bridge proper as designed is 768 lineal feet in length
consisting of a main span of 252 lineal feet and two cantilever arms
of 180 lineal feet each as composing the main structure with 66 lineal
feet of concrete approach on the west side and 90 lineal feet on the
east side.

The plans and specifications were then prepared by this Department
on the basis of the type selected, and submitted to the Bureau of Public
Roads for their approval. .

Advertisement for letting was then published calling for bids to be
submitted at a joint meefing of the County Commissioners of Pembina
County, North Dakota, Kittson County, Minnesota, and representatives
-from the Minnesota Highway Department, Bureau of Public Roads and
this Department to be held at the City Hall at Pembina on November
30, 1923, at 2:00 P. M. The meeting was held on the date above men-
tioned and seven bids in all were received, the lowest bid received being
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that of the Linton Bridge Construction Company of Linton, North Da-
kota, in the sum of $175,484.32 and the second low bid, that of Foley
Brothers of St. Panl, Minnesota, in the sum of $194,231.92. Contract
was officially awarded to the low bidder in the amount above mentioned
and actual work was commenced on the structure on January 28th, 1924,
and at the present writing it is about fifty per cent complete. It is
expected that the struecture will be completed and opened for traffie
by the latter part of November, 1924.

The financing of the cost of constructing this bridge was made
possible first by the 1923 North Dakota Legislature appropriating’
$35,000.00 from the Bridge Fund toward its cost supplemented by later
appropriations from the Minnesota Highway Department, Kittson County,
Minnesota, and Pembina County, North Dakota, and the Bureau of Publie
Roads.

In order to convey some idea of the size of the Bridge a few «f the
totsl quantities of various items entering into its construction are’ set
forth approximately as follows:

1. 1600 Cu. Yds. of Concrete.
2. 800 Tons of Structural Steel.
3. 1650 8q. Yds. of Paving.
4, 5000 Lin. ¥t. of Timber Piles.

There are other lesser items such as Earth Excavation, Struetural
Excavation, Guard Rail, ete., entering into the total quantities necessary
to complete the comtract.

The Bridge when completed will cost the state of North ‘Dakota
and Pembina County approximately $60,000.00 as their share.
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A Common and Satisfactory Type of Equipment Used in Maintaining the
State Highway System

A Part of the State Highway System in Process of Maintenance Using
the Above Type of Equipment



62 REPORT OF STATE HIGHWAY COMMISSION

SECTION VII
MAINTENANCE DEPARTMENT

On June 30, 1924, there were 1,717.4 miles of the State Highway
System under maintenance and directly supervised by the State High-
way Commission. This mileage does not include such highways as were
placed under contract for maintenance, prior to this date, but no expendi-
tures made thereon up to July 1, 1924, for such maintenance. This mileage
consists of 1.608.8 miles of completed Federal Aid highways, 17.9 miles
of State Aid highways, and 90.7 miles of county improved highways.
With the exception of Cass and Traill Counties, this mileage is divided
into patrol sections and @ patrolman assigned to and made responsible
for the maintenance of a definite number of miles of highway. The
length of patrol sections vary from 3 to 24 miles depending upon the
equipment used. For a horse patrol, 3 to 12 miles are assigned, for a
truck from 10 to 24 miles, and for an engine from 10 to 20 ‘miles. The
equipment used in the maintenance of the above mileage includes 102
horse patrols using blade graders, 34 horse patrols using drags, 19 trucks
using drags, and 11 engines varying from ten ton caterpillars to Fordson’s
with blades or drags, or 136 horse patrols and 30 motor power patrols.
For general maintenance work, the tendency seems to be from power
machinery to horse patrol. The selection of equipmnt is left to the
Board of County Commissioners.

There was a complete turn over in the personnel of this Department
on' April 1, 1923, since which time a broad policy of co-operation between
the highway commission and the boards of County Commissioners has
been practised. It is the contention of the Department that not alone
can the highway department be of valuable assistance to the counties
in the planning and ecarrying out of maintenance of the state highway
system, but the County Commissioners with their closer contact in local
affairs and their personal knowledge of local conditions ecan render valu-
able assistance to the Commission in the execution of an efficient mainte-
nance policy. It is our experience, that where there has been a close
co-operation between the County Board and the Highway Commission a
very efficient and ecomomic maintenance has been secured. It is rela-
tively an easy matter to keep highways in good condition when you have
at your disposal sufficient funds and ample equipment, but when, as is
the situation in this state, you have limited equipment and very little
funds, it becomes a perplexing and difficult problem. The Special Road
Maintenance Fund derived from the automobile registration fee amounted
to $227,722.22, for the year of 1923. The state highway system contains
in round numbers 6,000 miles of highways. This would give us a little
less than $38.00 per mile for maintenance or enough to drag the high-
ways about ten or twelve times. If the construction of a road is neces-
sary, then it naturally follows that the proper maintenance of that road
is an economical necessity. No community can afford to build highways
and then let them deteriorate for the want of proper maintenance.
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We are submitting a detail report of maintenance activities from
January 1, 1922, to June 30, 1924.

Table No. 1 gives the report for the calendar year of 1922. During
this period the department supervised the maintenance of 1,029.4 miles of
Federal Aid highways, 61.4 miles of State Aid highways, and 635.6
miles of other state highways, making a total of 1,7264 miles at an
average cost per mile of $65.45.

Table No. 2 gives the report for the calendar year of 1923. During
this period the department supervised the maintenance of 1,289.15 miles
of Federal Aid highways, 28.9 miles of State Aid highways, and 530.6
miles of other state highways, making a total of 1,848.65 miles at an
average cost of $70.08 per mile,

Teble No. 3 gives the report from January lst to June 30, 1924, or
for the first six months of 1924. During this period the department
supervised the maintenamece of 1,608.8 miles of Federal Aid highways,
17.9 miles of State Aid highways, and 90.7 miles of other state high-
ways, making a total of 1,717.4 miles at an average cost for the six
months of $37.42 per mile,

Table No. 4 gives the classification of the equipment used in the
majntenance of the mileage shown in table Number 3.

‘We are submitting a drawing represenfing a dollar paid out for
maintenance as supervised by the department for the calendar year of
1923. This shows the percentage of the total expenditure paid out for
each oiass of work. We wish to call to your attention the fact that 40
cents ouf™of each dollar went for work necessitating the employment of
a man and team. If a man and team are necessary forty per cent of
the time, and if ,by the addition of an extra horse or two, the other
sixty percent of the work cin be done, we will have the most effirient
unit for maintenattee in the horse patrol. Our experience has clearly
demonstrated that the chetpest and best equipment for the maiRtenance
of earth and gravel roads, is the horse patrol, consisting of a man and
team weighing around three thousand pounds, equipped with an eight
foot maintenance blade grader. Where smaller horses are used, it 1s
necessary to use three or four when the roads become badly rutted.

The proper large equipment has its sphere of usefullness in mainte-
nance, the same as in construction, and if a system of horse patrol can
be supplemented by large equipment as often as becomes necessary, we
believe very good results can be secured.
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TABLE NO. 4
CLASSIFICATION OF MAINTENANOE EQUIPMENT

Horse Patrol Power Machinery

Blades || Drags Trucks Engines
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Total Horse Patrol = 186. Total Power = 80.



NORTH DAKOTA HIGHWAY COMMISSION
1923 "

MAINTENANCEDOLLAR

BY CLASS OF WORK

STATE HIGHWAY MAINTENANCE

75 A :
ﬁ?" ii‘%“’wi‘e;‘ R B



STATE OF NORTH DAKOTA 71

SEOTION VIII .
Motor Vehicle Registration Department
Bismarck, North Dakota

August 25, 1924
Hon. W. G. Black,
Chief Engineer & Secretary,
State Highway Commission,
Bismarck, North Dakota.
Dear Sir: .

Pursuant to request I take pleasure in transmitting for your approval
the enclosed financial report of the Motor Vehicle Registration Depart-
ment.

Inasmuch as our registration period coincides with the calendar year.
the report covers Collections and Disbursements for the periods, Janu
ary 1, 1923—December 31, 1923, January 1, 1924—June 30, 1924, while
expenditures for the Department are givem for the fiscal year, July 1,
1923—June 30, 1924.

At this time I beg leave to make the following suggestions and
recommendations and sincerely trust that they will be given due con-
sideration at the next Legislative Session:

(1) Believing that a Gasoline tax is a just and equitable tax I
recommend that a tax of two (2) cents per gallon be placed on same.
From this tax a revenue of approximately $800,000.00 would be derived.
Tractors and stationary engines using gasoline to be exempted from
such tax. : ' : .

(2) As the present system of determining fees necessitates a great
deal of unnecessary work and expense I would, at this time, recommend
a revision of that part of the Motor Vehicle Laws pertaining to fees,
also that the present basic fee be increased to ome (1) mill per dollar
of selling price, forty (40) cents per 100 pounds or major portion thereof
of the net weight of the vehicle and twenty (20) cents per horsepower,
provided that the fee shall at no time be less than ten (10) dollars.
By increasing the basic fee as above the State would realize an increase
in revenuwe of approximately $850,000.00.

(3) As a great many of the auto owners are inclined to be.a little
lax in procuring licenses I would reccommend that a time limit be set,
similar to the law now in effect in the State of Minnesota, in which a
specified date is set. All licenses to be procured on or before such date
and providing for a penalty for non compliance, said penalty to take
effect the day following .the date so set.

(4) TUnder thé present law no provision is made for Certificates of
BRegistration or Ownership. I would recommend that a fee of not less
than $1.00 be charged for this service and also that a fee of 25¢ be
charged for completing applications in this Department.

(5) The Motor Vehicle Law should be more specific as to the
length of time that cars bearing license plates from other states would
be allowed to operate under such plates in this state. I would reeommend
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30 days and that such ears would be required.to register and procure
a visitor’s permit. A small fee to be charged for such permit.

(6) The subject of Headlights and Signals should be given careful
consideration as many accidents are caused by improper lights and in-
correct signals. Signalling devices and Hand signals should be standard-
ized.

(7) A specific provision in the law should be made whereby a motor
vehicle could be held for back taxes or fees no matter how many times
the ownership of such motor vehicle changed.

(8) Owing to the increase of Motor Vehicles being registered an-
nually in the state a substantial increase in the appropriation for Clerk
Hire should be made.

Respeetfully submitted,
JOHN P, TUCKER,
JPT/J - Registrar.
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FINANCIAL REPORT
OF THE
MOTOR VEHICLE REGISTRATION DEPARTMENT-
FOR THE PERIOD
JANUARY 1, 1923 — DECEMBER 31, 1923

RECEIPTS

Automobile Licenses, Passenger Cars and Trucks $743,625.45
Transfer of Ownership 14,507.00
Duplicate Tags 368.50
Motoreyele Licenses 1,943.50
Total $760,444.45
DISBURSEMENTS
*State Highway Commission, Appropriation ... $131,925.00
Motor Vehicle Department, Appropriation ..... 43,075.00
State Bridge Fund, Appropriation ... 130,000.00
Apportionment to Counties 227,722.22

APPORTIONMENT to State Highway Commission 227,722.23

Total ... $760,444.45

*$25,000.00 of this amount should have been deducted
from the 1922 receipts.

I, John P. Tucker, Registrar of the Motor Vehicle Registration De-
partment, do hereby certify that the above is a true financial report
of the Motor Vehicle Registration Department for the period, January
1, 1923, to December 31, 1923, {0 the best of my knowledge and belief.

JOHN P. TUCKER,
Registrar.

Subscribed and sworn to before me this 21st day of August, 1924.

CELIA A. HAGEN,
(SEAL) Notary Public.

My Commission expires Feb. 5, 1929,
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RECEIPTS AND DISTRIBUTIONS BY COUNTIES

N 1928
Special Road State Aid
Maintenance Fund to be
Amount re- Fund dis- expended by
tained for tributed to State ngb
Total Motor Vehicle Counties for Com. Co-oper-
County Amount Department, expenditure atively with
Collected State High- under direction individual
way Com, and of State High- counties for
Bridge Fund. way Oom, for construction
maintenance of | on State High-
8t. High, Sys. way System.
Adamsg ... $ 65,876.80 $ 1,906.80 $ 1,084.74 '$  1,984.76
Barnes 25,559.35 10,629.63 7,464.86 7,464.86
Benson 18,602.40 6,207.41 8,697.49 3,967.50
Billings ... 1,748.15 475.62 636.27 686.26
Bottinean 15,917.25 5,449.98 5,283.68 5,288.64
Bowman 5,485.40 1,707.30 1,889.06 1,889.04
Burke 10,804.00 8,783.07 3,685.45 3,585.48
Burleigh 25,018.65 9,480.20 7,766.73 . 7,766.72
Cass ... 70,876.10 30,815.16 20,280.48 20,280.46
Qavalier 17,318,15 7,984.60 4,691.77 4,601.78
Dickey . 12,740.55 5,655.62 3,542.46 3,5642.47
Divide 9,796.85 8,428.48 3,186.46 8,186.46
Dunn . 5,989.90 2,830.14 1,829.88 1,829.88
Eddy .. 7,170.10 38,280.90 1,969.61 1,969.59
Emmons 10,928.15 4,836.16 3,206.99 3,296.01
Foster ...... ,794.80 3,429.09 2,182.61 2,182.60
Golden Valley 4,669.80 1,633.80 1,618.00 1,518.00
Grand Forks 44,799.95 18,438.55 13,180.69 13,180.71
Grant ....- 6,602.00 2,245.29 ,178.86 2,178.35
Griggs 8,884.70 4,028.00 2,405.85 2,405.85
Hettinger 7,776.95 2,459.06 2,658,94 2,658.95
Kidder -...- 6,591.05 2,591.78 1,999.66 1,999.62
LaMoure 14,150.80 6,159.01 3,995.88 3,995.91
Lo . 5,728.80 2,837.51 1,695.39 1,695.40
M 16,636.96 6,089.84 5,278.56 5,278.55
McIntosh . 8,208.85 8,228.56 2,490.15 2,490.14
McKenzie 6,806.40 1,941.34 2,182.58 2,182.53
MecLean - 18,846.75 7,871.09 5,787.88 5,787.83
ercer 7,505.20 2,778.67 2,368.31 2,363.32
Morton 19,028.16 6,384.35 6,321.90 6,321.90
Mountrail 18,457.95 4,785.48 4,836.26 4,836.26
Nelson .. 12,872.75 6,029.08 3,421.84 3,421.83
Oliver 2,870.35 1,060.19 910.08 910.08
Pembina 17,050.55 7,844.72 4,602.92 4,602,91
Pierce 7,779.95 2,950.74 2,414.60 2,414.61
Ramsey 28,093.90 9,967.07 6,563.42 6,5663.41
Ransom 18,181.40 5,783.31 3,699.04 3,699.05
Renville 8,424.15 3,252.47 2,5685.84 2,585.84
i d 26,679.156 11,800.76 7,489.20 7,439.19
Rolette 7,158. 2,840.64 2,158.86 2,158.85
Sargent 12,302.66 5,588.82 3,869.41 8,359.42
heridan 4,920.76 1,955.15 1,482.80 1,482.80
Sioux 2,188.10 672.64 7517.738 757.73
Slope 8,827.80 1,425.29 1,201.25 1,201.26
Stark . 15,839.75 4,665.87 5,587.20 5,587.18
Steele 9,260.80 4,194.10 2,688.86 2,533.35
26 810.90 10,565.87 8,122.52 8,122.51
Towner 9, 806 50 4,146.53 2,829.98 2,829.99
ill 16 880.60 7,177.20 4,851.69 4.851.71
Walsh 217, 309 26 12,082.15 7,6138.565 7,618.55
Ward 40,887.80 15,491.84 12,447.98 12,447.98
Wells . 15,102.10 6,188.16 4,459.47 4,459.47
i 20,988.00 6,630.62 7,158.70 7,153.68
TOTAL ceeennene $760,444.45 $305,000.00 $227,722.22 $227,722.23

-
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FINANCIAL REPORT
OF THE .
MOTOR VEHICLE REGISTRATION DEPARTMENT
FOR THE PERIOD
JANUARY 1, 1924 — JUNE 30, 1924

RECEIPTS

Automobile Licenses, Passenger Cars and Trucks $698,206.35
Transfers of Ownership 6,955.00
Duplicate Tags 167.50
Motoreycle Lic 1,246.00

Total $706,628.85

DISBURSEMENTS

State Highway Commission, Appropriation ..... $106,925.00
Motor Vehicle Department, Appropriation 43,075.00
State Bridge Fund, Appropriation .............. 130,000.00
Apportionment to Counties 213,314.42
Apportionment to State Highway Commission ... 213,314.43

Total $706,628.85

I, John P, Tucker, Registrar of the Motor Vehicle Registration De-
partment, do hereby certify that the above is ‘a true financial report of
the Motor Vehicle Registration Department for the period, January 1,
1924, to June 30, 1924, to the best of my knowledge and belief.

JOHN P. TUCKER,
. Registrar.

Subseribed and sworn to before me this 22nd day of August, 1924,

CELIA A. HAGEN,
(8EAL) Notary Publie.

My Commission expires Feb. 5, 1929.
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RECEIPTS AND DISTRIBUTIONS BY COUNTIES

PERIOD JANUARY 1, 1924 — JUNE 30, 1924
| |
. . | Special Road State Aid
| Maintenance Fund to be
Amount re- | Fund dis- expended by
tained for | tributed to State High,
Total Motor Vehicle | Counties Com. (o-oper-
County Amount Department, ' under direction atively with
Collected State High- | of State High- individual
way Com. and | way Com. for counties for
Bridge Fund. | maintenance of construction
| St. High. 8ys. | on State High-
5 way System.
! |
'1 $ 5,5657.40 $ 2,163.56 | $ 1,696.91 $ 1,696,903
! 23,843.65 9,411.08 | 7,216.29 7,216.28
11,961.55 5,008.86 ' 3,176.60 3,476.59
1,589.55 643.44 | 473.05 473.06
Bottinean 14.505.90 5,861.52 | 4,322.19 4,322.19
Bowman . 4,945.20 2.019.92 | 1,162.64 1.462.64
Burke .. 10,864.80 8,977.96 | 3,443.42 3,443.42
Burleigh . 21,258.75 9,210.04 6,024.36 6,024.35
Cass ... 67,825.75 | 26,096.84 20,614.45 20,614.46
Cavalier 14,655.55 ! 6,377.00 4,139.28 4,139.27
Dickey 12,634.55 4,691.12 3,971.71 3,971.72
Divide 9,977.80 3,606.96 3,185.17 3,185.17
Dunn 5,593.80 2,205.28 1,694.26 1,694.26
Eddy . 6,617.45 2,640.12 1,988.66 1,988.67
Emmons 10,297.40 4,023.60 3,136.91 3,136.89
Foster ........ - 6,989.75 2,870.00 2,059.87 2,059.88
. Golden Valley .... 4,137.40 1,719.48 1,208.96 1,208.96
Grand Forks 40.360.60 16,495.64 11,°32.48 11,932.48
Grant ... 6,019.55 2,430.96 1,794.30 1,794.29
Griggs ! 8,822.15 3,253.32 2,534.41 2,534.42
- Hettinger 7,444.85 2,863.56 2,290.64 2,290.65
Kidder 6,186.05 2,426.76 1,879.65 1,879.64
LaMoure 13,726.85 5,210.52 4,258.16 4,258.17
Logan .. 5,645.40 2,109.24 1,768.08 1,768.08
McHenry 15,158.00 6,125.84 1.516.09 4,516.07
MecIntosh 8,275.35 3,020.64 | 2,627.35 2,627.36
McKenzie 5,625.45 2,322.04 1,651.71 1,651.70
McLean 15,797.65 6,939.80 1,428.92 4,428,93
Mercer 6,917.00 2,763.32 2,076.84 2,076.84
Morton ... 20,020.75 7,006.16 6,607.29 6,507.30
Mountrail 11,706.10 4,055.16 ¢ 3,875.47 3.375.47
Nelson .. 11,618.30 4,739.84 | 3,439.23 3,439.23
Oliver 2,618.55 1,057.00 778.28 778.27
Pembina 15,029.75 6,277.82 4.,376.21 4,376,22
Pierce 7,514.75 2,864.68 2.325.04 2,325.03
Ramsey 21,118.10 8,503.32 6,.307.39 6,307.39
Ransom 13,202.15 4,853.52 4.174.31 4,174.832
Renville 7,735.80 3,101.84 2,316.98 2,316.98
Richland 26,274.40 9,823.52 8.225.44 8,225.44
Rolette .. 6,911.45 2,635.64 2,137.91 2,137.90
Sargent 11,782.20 4,5629.94 3,626.18 3,626.18
Sheridan 4,740.50 1,811.88 1,464.31 1,464.31
Sioux . 2,073.15 805.56 633.79 633.80
Slope . 3,721.85 1,409.62 1,156.17 1,156.16
Stark . 14,757.30 5,832.40 4,462.45 4,462.45
Steele . 8,084.55 3,409.84 2.787.86 2,787.35
Stutsman 26,449.10 9,871.96 8,288.57 8,288.57
Towner 8,319.20 3,610.88 2,354.15 2,354.17
Traill 16,504.40 6,215.44 5,144.49 5,144.47
Walsh . 23,311.80 10,055.36 6,628.21 6,628.23
37,342.50 14,871.08 11,235.71 11,235.71
Wells . 13,690.25 5,560.80 4,064.73 4,064.
Williams  ...ceeeeee- 18,972.30 7,709.52 5,631.39 5,631.39
TOTAL eovcueeen $706,628.85 $280,000.00 $213,314.42 $213,314.42
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SECTION IX
Chief Clerk and Accounting Department

The total amount of eash reccipts for the biennial period was $3,055,-
077.70, and the total amount of disbursements $2,926,681.45. Detailed
finaneial statements for each fiseal year appear elsewhere in this report.

The number of vouchers handled was 10,306, of which 4,738 covered
the fiscal year ending June 30, 1923, and 5,578 the fiscal year ending
June 30, 1924.

The large inerease in the cash transactions during the fiseal year end-
ing June 30. 1924, as compared with previous years is due prinecipally to
a change in the method of handling Federal Aid payments. On all con-
struction contracts awarded prior to January 1, 1922, the counties were
required to pay the contractors the full amount of each estimate of
work done, being reimbursed directly by the Federal government for the
United States’ pro rata share of the cost of the projeet, which is usually
fifty per cent. Therefore, the Fedcral Aid paid on such contraets has mnot
appeared either as & receipt or as a disbursement of State funds. Sub-
sequent to January 1, 1922, all contracts were awarded with a provision
that the counties would pay on each estimate only their ultimate pro-
portion of the cost, the Federal Aid to be paid by the United States to
the State Treasurer, and by him disbursed to the various conmtractors in
accordance with vouchers drawn by the State Highway Commission. Due,
however, to the large number of contracts current during the year 1922
which remained uncompleted from the awards of previous years, the full
force of this mew procedure was not felt until the second year covered
by this report.

An audit of the books of the department for the period to February
28, 1923, was made by the State Examiner’s office during the winter
of 1923. Another audit covering the period from March 1, 1923, to
October 30, 1923, was made pursuant to Chapter 143 of the Session Laws
of 1923, by an examiner employed by the State Board ‘of Auditors.
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STATEMENT OF RECEIPTS AND DISBURSEMENTS OF THE
NORTH DAKOTA STATE HIGHWAY COMMISSION
July 1, 1922 to June 30, 1923

Balance, July 1, 1922

RECEIPTS
Appropriation Senate Bill No. 5, Special Ses-
sion 1919 : $100,000.00
Transfer from State Bridge Fund to Missouri
River Bridge Fund 60,000.00
Transfer from State Bridge Fund to Missouri
River Bridge Fund 54,000.00
Motor Vehicle Fees Allotted as State Aid (Less
deduction for 107 Fund) oeceeooieieceannens 199,769.28
Federal Aid received on Missouri River Br. 82,976.07
Payments received from Burleigh and Morton
Counties on Missouri River Bridge ............... 73,382,14 -
Federal Aid recd on Construction.....$373,353.74
Federal Aid reecd. on Engineering.. 44,576.3¢ 417,930.08
Miscellaneous Collections 2,778.42
Ten Per Cent Fund Collections .....oeeanaeeee 108,973.02
Total Receipts
DISBURSEMENTS
Office Salaries (Secretary, Commis- -
sioners per diem and expense Staff
Engineers) $51,246.84
Clerical : 18,146.16
Travel Expense i 9,718.17
Office Expense (Supplies, ete.) ....... 9,786.39
Printing 1,459.85
Telephone 499.88
Field Equipment 3,492.36
Freight and EXpress ..o 685.29
Office Rent 4,615.00
Geological Burvey ..o, 769.80
Miscellaneous 1,955.58
Total Operating Expenses ................ $102,375.32
Missouri River Bridge 270,283.38
Federal Aid Paid to Counties’ and Contractors 348,112.18
State Aid Paid to Counties and Contractors ... 132,704.38
Construction Engineering 124,760.95
Ten Per Cent Fund Disbursements ............... 104,168.66

Total Disbursements

Balance, June 30, 1923

$ 206,562.39

1,099,809.01
$1,306,371.40

$1,082,404.87
223,966.53

$1,306,371.40




80 ’ REPORT OF STATE HIGHWAY COMMISSION

NORTH DAKOTA STATE HIGHWAY.COMMISSION
COMBINED STATEMENT OF RECEIPTS AND DISBURSEMENTS IN
ALL FUNDS July 1, 1923, to June 30, 1924

RECEIPTS
Highway Operating Fund, Appropriation $106,925.00
Highway Operating Misc. Collections ........ 192,74 $ 107,117.74
Motor Vehicle Fees Allotted as State Aid .o 309,271.79
Pederal Aid Received on Construction 1,207,874.39
Federal Aid Received on Engineering 75,167.52
Miscellaneous Refunds and Collections (Construetion) ... 5,208.15

Ten Per Cent Fund, Motor Vehicle Fee Or......$ 34,363.54
Ten Per Cent Fund, Misc. Collections & Refunds 60,151.68
Ten Per Cent Fund, Transferred from State Aid

—Mileage, ete. 27,755.03 122,270.25
Transferred to Construction (State Aid) from 10% Fund
(F. A. on Engineering) 13,358.85
Pembina County Bridge, Appropriation 35,000.00
Refund to Construction from State Bridge Fund (Account
Missouri River Bridge) 80,000.00
Total Receipts $1,955,268.69
Balance July 1, 1923 223,966.53

$2,179,285.22
DISBURSEMENTS
Highway Operating—Administration:
Office Salaries (Secretary, Commissioners, Staff

Engineers, etec.) - $43,116.91
Clerical 20,827.44
Travel Expense 10,228.63
Office Expense (Supplies, ete.) omiicennees 8,722.93
Printing 1,568.66
Telephone, Toll & Telegrams .........ccoco.o. 1,565.04
Field Equipment 2,100.82
Freight, Express, Postage ..., 297.92
Miscellaneous 6,016.26
Furniture and Fixtures 114.40
Payments drawn against Prior State Highway
Fund ' 10,998.76
Total Highway Operating Expense ... $ 105,557.77
Federal Aid Paid to Counties and Contractors . - 1,249,459.61
State Aid Paid to Counties and Contractors ... 167,581.21
Construetion Engineering 188,733.80
Ten Per Cent Fund Disbursements (Equipment and Road
Marking) 89,315.70
Missouri River Bridge 9,772.95
Pembina County Bridge 10,825.32 °
Bridge Approach Fund 8,084.84
Transfer from State Aid to 10% Fund (Acct. Proj. No. 8) 1,586.50
Transfer from 109 fund to State Aid (Acet. Fed. Aid
on Engineering) 13,358.85
Total Disbursements $1,844,276.58
Bslance June 30, 1924 334,958.64

$2,179,285.22 -
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SECTION X
ROAD MATERIALS TESTING LABORATORY

The testing of all road materials entering into the construction of
Federal Aid Projects prior to Oectober, 1923, was made by the Division
of Tests, Bureau of Public Roads at Washington without cost for all
states not having Testing Laboratories of their own equipped to per-
form such work. On account of the increased demands upon this De-
partment at Washington due to the vast amount of work involved the
Bureau of Public Roads advised all State Departments in the year 1923
that no more material tests could be undertaken for the various states
and that such states would have to equip laboratories of their own in
order to make all material tests required. Aeccordingly @ Testing Depart-
ment was formed in October, 1923, and a Laboratory partly equipped at
that time to take care of at least some of the testing work required.
Mr. Clifford Johnson was placed in charge of the Department and served
until May, 1924, at which time his services were more urgently needed
in the Bridge Department and Mr. P. M. Hegdol was appointed to take
his place and is oceupying that position at this date.

The facilities of the laboratory are not complete at this writing
but are being improved gradually by the addition of required equipment
as funds permit. A large compression machine has been received from
the Surplus War Equipment Department of the United States and is now
being installed. This machine tests the compression strength of comcrete
by crushing prepared cubes of this material and the pressure per square
ineh noted at the time of failure of the cube. This is one of the most
important tests in connection with conerete work as it discloses the com-
pression strength of the concrete going into the various structures under
construction.

This Department tests samples of such construction material as
cement, sand and gravel for concrete, gravel and scoria for surfacing,
eorrugated metal pipe and numerous other materials going into road
eonstruction. In the future it is expeeted to provide facilities for testing
reinforeing steel, paints, asphalt and cast concrete and vitrified eclay pipe
culverts which it is impossible to do at this time and tests of these
materials as required are now being made in other laboratories. During
the latter part of the 1923 constructipn season there were tested by this
Department 30 samples of cement, sand and gravel and 39 samples of
corrugated metal culvert pipe. To date in 1924, there have been tested
174 samples of cement, sand and gravel and 126 samples of corrugated
metal pipe culverts.

Tests on sand and gravel for owners of such property in the state
as may request it are being made free of charge.
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SECTION XI
EQUIPMENT DEPARTMENT

At the close of the recent war, laws were passed by the National

Government providing for the distribution by the Department of Agri-
culture to the various States of large quantities of surplus war materials,
these materials to be used by the States in the construction and main-
tenance of public roads.
. The first shipments were made in some cases direct to various coun-
ties late in 1918 and consisted mostly of tractors and trucks. From then
on more shipments were received, mostly at Bismarck and in addition
to trueks and tractors, included repair parts for the same and large
stores of construction and engineer supplies. As the quantities of mate-
rial on hand increased the need of department to handle the same was
realized. An engineer was put in charge and the equipment department
was gradually formed in 1918 and 1920.

The original function of the equipment department was to distribute
these surplus war materials to the counties, townships, cities and other
road-building agencies within the State as well as to other State institu-
tions and departments at an assignment charge covering the cost of
freight, handling and acerued government charges. In the case of trucks
and tractors, the counties, ete., were able to obtain these at a charge,
representing in.most cases, a tenth of the real value of the article. In
the case of the miscellaneous equipment the amount charged represented
from 20% to 50% of the actual value.. The miscellaneous equipment con-
sisted of trailers, tents and canvas, and all manner of earpenter and
construction tools and supplies. Of the 60 tractors and 341 trucks received
by this department, practically all have been transferred to counties,
ete., or otherwise disposed of in accordance with government and de-
partment regulations. More of these will be available for distribution
after the coming session of Congress.

Included in the shipments of materials received were 52 passenger
cars of various makes, 19 motorcycles, transits, levels, drafting room anil

- engineer field supplies. These were put into use by the field and office

forces of the State Highway Commission and the equipment department
thus took over the function of supplying emd maintaining the equipment
used by the Highway Commission proper. The cars received as above
stated were kept in repair by a force of expert mechanics and when
their period of usefulness passed were replaced by new machines in the
interests of economical operation. Approximately twenty of the original
cars are still in use, but the motorcycles have all been disposed of as not
being suited to this type of work. The Highway Commission at present
has about fifty vehicles in use including several of the lighter, pneumatie-
tired trucks, the number varying as unserviceable machines are sold and
new ones acquired, in accordance with the needs of the department.
During the period covered by this report, from July 1, 1922, to
June 30, 1924, the passenger cars supplied to the Highway Commission
by this department had a total mileage of 718,940 miles, ‘covering all
cars reporting mileage. The total charge for this mileage for the same
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period was $70,768.18. The charge per tile haa varled from the original
twelve cents per mile to the present charge oft tem cents. In this case
everything was furnished by this department. Under the present arrange-
ment where most of the ears have the gas, oil, storage and emergency
repairs paid for in the field by the operator, this department has made
a charge of from seven to eight cents per mile for the use of cars, tires,
overbauling and other items as listed below. The Highway Commission
has been reimbursed in part by the Federal Government for the mileage
charged—to the extent of $11,692.57 for the biennial period. -

The following figures show how the cost per mile for the use of
the car and the relative value of various items amounts to:

Repair parts $ .01567 per mile
Repair labor .0130 ¢« ¢
Accessories, miscellaneous .......occoe..... 0044 ¢¢ ¢«
Storage 0039 ¢ ¢
Gas 0158 ¢ «¢
QOil 0034 ¢ ¢«
Tires and tubes : .0093 ¢¢ ¢«
Dept. administration ..o 0193 ¢ ¢«
Interest on plant .0028 ¢« ¢«
Depreciation on €ars ....ceoecceieerieciicnneeces 0124 ¢ ¢f
$ .1000 (11 ‘s

In 1923 the sign department was organized for the purpose of mark-
ing the roads and trails of the State Highway system. The equipment
department furnishes the quarters for this department in one of several
assembled buildings received from the government and slso furnishes a
passenger car and three light trucks for use in tramsporting the signs.

The equipment department has always given all aid possible to state
institutions and other departments in order that the work of these
departments and institutions might be expedited, and in some cases made
possible where otherwise lack of funds would not have otherwise per-
mitted. In many instances this aid has been without remuneration to
the equipment department. It has comnsisted of the loan of tractors,
trucks, supplies and labor.

The policy of this department has been to make it possible for the
various road-building agencies within the State to obtain equipment to
use in road-building at as low a cost as possible, in order that, the greatest
good may be accomplished for the entire State. The financial status has
not been the criterion in deciding where the equipment should go, but
where it would be of the most use. As a result the department has
suffered to a certain extent from accounts still unpaid by some of the
counties. Every effort is being made to collect these old aceounts. This
money is needed for the acquiring of more tractors and trucks from
the government and the distribution of the same.

In the Fall of 1923 an audit was made of this department by Mr.
0. B. Lund, accountant, as provided by law. This audit shows all the
activities of this department in so far as they can be shown in figures,
particularly as to the various kinds of equipment received and the dis-
tribution of the same. For additional information refer to this audit,
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Bismarck, North Dakota,
September 1, 1924.
Honorable R. A. Nestos, Governor.
Sir:

As provided by our statutes I have the honor to transmit herewith
the transactions of the Department of State Engineer for the period of
time eommencing July 1, 1922, and ending June 30, 1924, with recommenda-
tions for such legislation as will increase the efficiency of the department
and encourage the development of irrigation in North Dakota.

Yours very respectfully,
W. G. BLACK,

State Engineer.



OFFICERS AND EMPLOYEES FOR BIENNIAL PERIOD

W. H. ROBINSON

State Engineer

W. G. BLACK

State Engineer

GEO. H. McMAHON

Assistant State Engineer

CLARA CHRISTENSEN

MAURICE DIEHL

-..8tenographer

Instrumentman

HAROLD A. MURPHY

CARL BARNECK

Instrumentman

Rodman

MERRILL KITCHEN

Rodman

KENNETH CRAWFORD

Rodman




FINANCIAL STATEMENT

July 1st, 1922 to Junme 30th, 1923

Balance in fund June 30, 1922 $12,222.15

Transfer to Travel Fund 150.00

Transfer to Hydrographic Fund 100.00 $12,472.15

Less Expenditures $10,268.96

Less 1921 Prior Balance Reverted to General Fund... 640.63 10,909.59

Balance in fund June 30, 1923 $ 1,562.56

July 1st, 1923 to June 30th, 1924

Balance in fund June 30, 1923 $ 1,562.56

Credit by Appropriation - 18,200.00

Mise. Collections (Credit to travel and supplies)........ 33.90 $19,796.46

Less Expenditures 9,347.29

Balance in State Engineer’s Fund June 30, 1924.. . ... ....... $10,449.17

Foes of State Engineer’s Office July 1, 1922 to June 30, 1924

For field notes $166.18

For water rights 77.75

Credited to General Fund $243.93
........ $ 33.90

Mise. Collections Credited to Travel and Supply Fund ...
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FINANOIAL STATEMENT IN ACCORDANCE WITH THE SUBDIVI-
SIONS QF THE APPROPRIATION FOR THE STATE
ENGINEER’S OFFICE UNDER THE
BUDGET BILL S. B. NO. 25
July 1st, 1922 to June 30th, 1923
SALARY STATE ENGINEER

Balance July 1, 1922 $2,500.04
Less expenditures 2,500.04
Balance
CLERK HIRE
Balance July 1, 1922 $5,761.18
Less expenditures 5,336.56
P : : _—
‘Balance : $ 424,62
POSTAGE
Balance-July 1, 1922 $ 300.00
Less expenditures 268.01
Balance : $ 3199
SUPPLIES
Balance July 1, 1922 $ 166.29
Less expenditures 19.38
Balance $ 14691
FURBRNITURE & FIXTURES
Balance July 1, 1922 $ 462.88
Less expenditures 254.50
Balance $ 20838
PRINTING
Balance July 1, 1922 $ 685.20
Less expenditures 267.26
Balance $ 417.94
MISCELLANEQUS
Balance July 1, 1922 .$ 7220
Less expenditures 61.85

Balanee $ 10.35
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TRAVEL
Balance July 1, 1922 $ 943.33
Less expenditures 768.81
Balance $ 174.52
' HYDROGRAPHIC
Balance July 1, 1922 $ 940.40
Less expenditures 792.55
Balance $ 147.85
July 1st, 1923 to June 30th, 1924
SALARY STATE ENGINEER
Balance July 1, 1923 i $5,000.00
Less expenditures 2,499.96
Balance $2,500.04
CLERK HIRE
Balance July 1, 1923 $8,000.00
Less expenditures 3,999.96
Balance $4,000.04
. POSTAGE
Balance July 1, 1923 $ 300.00
Less expenditures 115.10
Balance $ 184.90
SUPPLIES
Balance July 1, 1923 $ 420.00
Less expenditures 268.76
Balance $ 151.24
FURNITURE & FIXTURES
Balance July 1, 1923 $ 600.00
Less expenditures 10.68
Balance $ 580.32
. PRINTING
Balance July 1, 1923 $ 700.00
Less expenditures 5.49
Balanee $ 69451
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MISCELLANEOUS
Balance July 1, 1923 $ 200.00
Less expenditures 24.08
Balance $ 175.92
TRAVEL
Balance July 1, 1923 $2,013.90
Less expenditures 1,188.58
Balance $ 825.32
HYDROGRAPHIC
Balance July 1, 1923 $1,000.00
Less expenditures 600.33
Balance $ 399.67
PRIOR
Balance July 1, 1923 $1,562.56
Less expenditures 634.35

Balance ) $ 928.21
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INTRODUCTION

The development of individual irrigation projeets in the state during
the past biennial period has been somewhat handieapped through the
low prices received for farm products and through the shortage of
available funds for new construection. However, several small projects
have been developed, particularly spring flooding projects where
the water is stored in the soil in the early spring to be made
available when moisture is needed later in the season. Such methods,
where tried.in North Dakota and elsewhere, invariably cause an increased
erop yield, sometimes giving more than double the yield obtained through
dry land farming methods.

Sec. 14 of the North Dakota irrigation code of 1905 provides that;
‘‘The state engineer shall make hydrographic surveys and investigations
of each stream system and source of water supply in the state, beginning
with those most used for irrigation, obtaining and recording all available
data for the determination, development and adjudication of the water
supply of the state.’’

It has been the aim of this office, insofar as the limited funds would
permit, to comply with this provision of the irrigation code.

Data for the determination of the water supply of the state has been
obtained during the past twenty years through cooperation with the
U. 8. Geological Survey and the records of the last biennijal perlod are
given elsewhere in this report.

Data concerning the development of the water supply .has been ob-
tained to some extent in the past, and the reports and maps showing
the results of such surveys made during the last biennial period are also
published in this report.

RECOMMENDATIONS

In the past the department has been handicapped through a lack of
available funds for field assistants in making surveys for reservoir sites,
irrigable areas, ete. It is recommended that the coming session of the
legislature revise the budget in such a way that an adequate fund for
field assistants may be made available.

The salaries of the State Engineer and the Assistant State Engineer
were established by the Irrigation Code on March 1, 1905 at a time
when engineers’ salaries, as well as living costs, were much lower than
they are now. At present these salaries are less than those paid in
neighboring states and less than is paid by private corporations for the
same class of work.

In a number of reservoir sites surveyed by this office a considerable
acreage of state land is included in the submerged area. It is important
that proper action be taken by the legislature to reserve this land for
reservoir sites.

It is also recommended that a fund be provided for cooperation with
the departments of the federal government in making surveys and
investigations as provided in Sec. 14 of the irrigation code, such money



94 REPORT OF STATE ENGINEER

to be expended whenever any ~department of the federal government will
make a like sum available.

Also, it is recommended that attention be given to the development
and colonization of the irrigation projects already in operation in this
state. Particularly is this true of the Williston and the Lower Yellow-
stone Projects. It is only through the intensive farming of ecrops that
yield a high return per acre that an irrigation project will give the
greatest return on the investment. North Dakota has splendid oppor-
tunities to offer new settlers on these projects. Much has already been
done through private initiative. However, State help through an ample
jmmigration fund made available for this purpose is advisable.

During the last session of the legislature Senate Bill No. 258 provid-
ing for the appointment of an interstate Missouri River Commission was
passed. This bill provides a method for avoiding future litigation with
the states of South Dakota and Montana on matters concerning the
Missouri River and its tributaries. Litigation with the state of Minne.
sota concerning flood control of the Red River, after pending for several
years, has been brought to an end.

Attention is called to the need of legislation providing for an inter-
state commission to consider. flood control problems of the Red River,
which is the common boundary of the states of Minnesota and North
and South Dakota. Through such a commission the proper plans for
flood control could be formulated and a joint demand should be made
by the three. states interested that the federal government stand its just
share of the cost of such works as are needed to safegiard this rich
farming distriet from the disastrous results that would accompany an-
other serious flood in the Red River Valley.

THE MISSOURI RIVER COMMISSION

Senate Bill No. 258 passed at the last session of tne Legislative
Assembly of North Dakota provides for the appointment of a Missouri
River Commission. This commission will eonsist of two members each
appointed from the states of North Dakota, South Dak8ta and Montana,
together with a member appointed by the federal government. The com-
mission will make a study of the further utilization and distribution of
the waters of the Missouri River and streams tributary thereto.

A point of common interest to the three states is in establishing the
priority of the various interests involved. These interests are concerned
with the use of the stream for irrigation, navigation and power develop-
ment. .

It is generally comsidered that an excessive bridge clearance is de-
manded on the Missouri River for navigation purposes. This requirement
at present for North Dakota is 38 feet clearance above exfreme high
water. If this requirement could be reduced even slightly a very large
saving would be made in the construction of bridges now being -con-
sidered,
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Before the construction of railroads in the state the Missouri River
was the only means of transportation for both the Dakotas and Montana.
At the present time the river traffic has practically ccased. The Missouri
River falls 306 feet in 405 miles through North Dakota, or about nine
inches per mile. There are no rapids and the fall is very uniform. The
strong current, a shifting channel due to the deposition of silt, and the
shallow depth of water, all contribute to make navigation :very ex-
pensive. )

Slack water navigation through the construction of dams of movable
crest, as on the Ohio River and its tributaries, would be impracticable
owing to the great cost and the fact that there is no satisfactory feunda-
tion. As an instance of this faet, the piers for the Bismarck-Mandan
highway bridge across the Missouri River were driven to a depth of over
seventy feel to secure a satisfactory foundation. .

No type of fixed dam would be of any permanent benefit to naviga-
tion, as the channel above the dam would silt up within a very few
years.

Navigation of the Missouri River in North Dakota could be revived
to a limited extent for the earrying of freight by means of small motor
eraft if the stages of the river could be regulated by the construetion of
impounding reservoirs at the headwaters of the Missouri River and its
tributaries in Montana and Wyoming and on the tributaries of the
Missouri River in North Dakota and South Dakota. These reservoirs
would afford flood protection to the bottom lands and would save thou-
sands of acres of good farm land annually. This land is washed away
by the Missouri River floods and carried on down the Mississippi River to
silt up the chanmel and add to the difficulties of navigation on that
stream.

Reports of the pumping plant of the City of New Orleans show that
the maximum of turbidity does mnot oceur at the flood stage of the
Mississippi but at some time later in the season.” A considerable amount
of the silt earried comes from the floods of the upper Missouri River
reaching the lower Mississippi after its floods have passed.

The construction of the reservoirs mentioned would have only a
slight effect on the floods of the lower Mississippi, as the flood peaks
cf the two streams do not coincide. The maximum floods on the Mis-
souri River in North Dakota do not exceed 200,000 second feet, or only
about ten percent of the maximum discharge of the Mississippi River at
New Orleans.

The construction of impounding reservoirs at the headwaters of the
Missouri River and its tributaries in Montana, Wyoming, North and
South Dakota, would improve navigation, add to the irrigation possibilities
of these states, would make various water power schemes more praetieal,
would provide flood control and avoid the losses incident to floods of
the Missouri River, one of the chief losses being the cutting away of
rich North Dakota soil to add to the silt problems of the lower Missis-

sippi.
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These are the various problems to be studied and their consideration
at the present time will do much to hasten the development of ome of
North Dakota’s greatest natural resources, the Missouri River.

SENATE BILL NO. 258
Passed by the Eighteenth Session of the Legislative
Assembly of North Dakota

Introduced by Mr. Baird and Mr. Garberg
A BILL

For an Act Providing for the Appointment of Representatives on Behalf
of the State of North Dakota to Negotiate a Compact and Agree-
ment Between the States of North Dakota, South Dakota and
Montana, and Between said States and the United States of America,
Respecting the Use and Distribution of the. Waters of the Missouri
River and the Rights of said States and the United States Thereto.

BE IT ENACTED BY THE LEGISLATIVE ASSEMBLY OF THE STATE
OF NORTH DAKOTA.

Section 1 The Governor of the State of North Dakota shall appoint
the State Engineer, or the Assistant to the State Engineer, who is in
charge of matters relating to irrigation and water rights, and one other
elector and taxpayer of the state, both of whom shall serve without
compensation as representatives of the State of North Dakota, and who
shall be duly authorized to represent the State of North Dakota on a
joint commission to be composed of representatives of Nerth Dakota,
South Dakota, and Montana, and a duly authorized representative of the
United States of America, such commission to be constituted for the pur-
pose of negotiating and entering into a compaet or agreement between the
said states, and between said states and the United States, with the
consent of Congress, respecting the further utilization and disposition
of the waters of the Missouri River and streams tributary thereto and
fixing and determining the rights of the said states and the rights of the
United States in and to the use and disposition of the waters of said
stream and the benefits to be derived therefrom; provided, however, that
any compact or agreement so entered into by said states and the United
States, shall not be binding or obligatory upon any of the high con-
tracting parties thereto, unless and until the same shall have been
ratified and approved by the Legislatures of the said states and by
the Congress of the United States.

Section 2. The Governor of North Dakota shall notify the respeetive
Governors of the States of South Dakota and Montana- of the appoint-
ment, of the representatives of North Dakota, as soon as said representa-
tives shall have been appointed and qualified, but said representatives
shall not enter upon the performance of their duties until a representative
or representatives to serve upon said joint commission shall have been
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named and qualified for each of the said states named in Section 1 hereof,
provided, however, that said representative shall proceed immediately
after the passage of this act and its approval by the Governor, in earry-
ing out the provisions of Section 3 hercof as pertains to the Missouri
River and its tributaries within the boundaries of the State of North
Dakota, and the securing of the necessary data and information called
for by this Act shall not be contingent upon appointment and qualifica-
tion of the representatives of the other states concerned or.of the
representative of the United States of America,

Section 3. Said representatives of the State of North Dakota shall
have full authority to make or cause to be made any and all investiga-
tions of the Missouri River and the drainage area thereof, which may
become necessary in order to sufficiently advise said representatives of
the physical conditions obtaining upon said streams and the drainage
area thereof, and of the present and future needs of the State of North
Dakota and its citizens in the use and benefit of the waters of the said
stream and the streams tributary thereto. To that end said representa-
tives shall have authority to administer oaths, examine and require the
attendance of witnesses, and to perform such other duties and gather
such data as may be necessary to sufficiently apprise said representatives
of the facts and furnish him or them with adequate information in order
that they may properly perform their duties as representatlves of the
State of North Dakota upou said joint commission.

Section 4. No appropriation is made for the purposes of ecarrying
out this act; but the State Engineer shall be permitted to utilize his
office force and staff, where this can be done without detriment to the
other work required to be performed under existing laws; and the
representatives appointed under the provisions of this aet may receive
financial or other assistance from such associations or individuals as are
interested in and willing to give such aid in performance of the
services required to be performed under the provisions of this act.

LOWER YELLOWSTONE PROJECT

The Lower Yellowstone Project is located on the boundary line
between North Dakota and Montana. It comprises 59,529 acres, of which
20,303 acres are in MecKenzie County, North Dakota. Of the North
Dakota division of the project 19,500 acres were irrigable in 1923.
Construetion was started in 1905. During the summer of 1923 the
ditches were completed on the North Dakota division and the projeet as
a whole was 99% completed.

About one-third of the project is in North Dakota. However, when
the quality of the soil, the slope of the land, and other favorable features
are considered, North Dakota’s interest in the projeet is much greater
than would appear at first glance. The water supply is ample. Water
is diverted from the Yellowstone River by means of a low dam. The
capacity of the main canal is 850 second feet and the minimum recorded
discharge of the river is 2,270 second feet.
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The irrigation season extends from May 1 to October 10th. Some
seasons the precipitation is sufficient in the spring for seed germination
and the first irrigation is not necessary until the last of May. The
average quantity of water required for best results is about 1.5 feet per
acre.

The general character of the soil is deep sandy loam. Alkali is
scarce and as the valley is long and somewhat narrow the percentage of
seeped lunds has been very low. The principal crops are alfalfa, wheat,
eorn, potatoes, and sugar beets.

Truck gardening pays well. Returns of $500 per acre from omions
and cabbages are not unusual. Berries yield well, and hardy varieties of
apples can be raised.

Dairying, together with hogs, sheep, and chickens on the place, means
successful farming on the irrigated homes of the Lower ¥Yellowstone
Project.

The last frost in the spring is ahout May 15th and the first in the
fall about the 20th of September. The average elevation is 1900 feet
above sea level and the valley is free from humidity and not too high
for frosts carly in the fall or late in the spring. The average annual
rainfall over a period of sixteen years is a little less than 15 inches. The
average of the highest temperature gince 1906 is 103° F. and the average
of the lowest is 35° F.

The construction cost of the project is $63 per acre, payable over
a twenty year period without interest. The present value of this in-
debtedness compounded on a basis of 6% interest is less than $25 pe:
acre. It is seldom that a dependable private irrigation project can be
built at this figure. The type of construction is permanent throughout,
making for a low maintenance cost and obviating the ‘danger of failure
of structures and thus causing a shortage of water at a eritical time.

The large size of the project means a low overhead cost as well as
a sufficient area to support such industries as sugar beet mills, canning
factories, creameries and cheese making establishments.

Low cost power through generating plants located at nearby coal
mines will also be a faetor in the industrial development of the distriet.

The operating cost averages $1.00 per acre per year, which is a very
reasonable price for irrigation water,

A branch of the Great Northern Railway exfends from the main
line at Snowden through Nohly, Dore, and Fairview and connects with
the Northern Pacific Railway at Sidney, Montana. No point on the
project is over three miles from the railroad. This is important when the
hauling of sugar beets and other crops yielding a large tonnage per acre
is considered. .

Fairview on the boundary line between North Dakota and Montana
is the principal town on the project. It has a population of 750 and
good schools and churches. ’

There are several coal mines on the project where a good quality of
lignite coal may be had at the cost of mining. Also, an ample supply
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of cottonwood for firewood is available on the many islands of the
Yellowstone River,

The early history of the projeet indicates a one crop system of
farming, viz, grain. This was followed by a period of grain and alfalfa.
During the past two or three years a very gratifying movement toward
erop rotation is evident. This is to a large extent brought about by the
advent of sugar beet culture and the development of corn.

The following shows the growth of beet acreage on the Lower Yel-
lowstone Project during the past seven years:

Acres of
Year Sugar Beets
1917 307
1918 500
1919 380
1920 658 -
1921 1533
1922 1107
1923 3110
1924 6800

One of the most favorable aspects of the project is the opportunity
of extending the dairy industry. A certain supply of winter feed is
available at a reasonable cost. The growth of the dairy industry on the
project is as follows:

Dairy cattle by years

1914 744
1915 860
1916 . 890
1917 894
1918 1312
1919 ... 1370
1920 1300
1921 ) 1823
1922 ... 1961
1923 1980

In 1909 when water was first available for irrigation the Lower
Yellowstone valley was largely owned by steek men. At first these
settlers thought a section of land, more cr less, ~as nece.sar:” to mak- a
comfortable living and set aside a few dollars for thcir older du:s. Now
the land owners have invariably deeided to cut tl.eir holdi'gs t® smaller
tracts, thus saving the heavy expense of hired labor, upkeep of machinery,
ete. This change of conditions is placing on the market considerabla
acreage of land at prices inviting, in most cases, to pros;ective hom:.
seekers., Never in the history of the valley was there a better time for
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one to pick out a desirable tract for a home. These lands may be had
on easy payments at prices ranging from $35 to $100 per acre, depending
on the quality of the soil, improvements and distance from the railroad.
There are good roads throughout the project but no Federal Aid roads
have been constructed to date.

An irrigation district was formed on the North Dakota division of
the projeet in 1920.

The outstanding need of this project at the present time is more
settlers. Five times the present population would make it a greater
success. People with farming expericnce and a small eapital can find
no better place for obtaining a farm home. Those without ecapital but
willing to work in sugar beets and milk cows will also find an opportunity
to make good.

The following table shows the growth in population of the Lower
Yellowstone Project during the past ten vears:

1913 ] 1918 1923
(2) Towns ... 800 T 3500 4240
(b) Farms ... 600 | 110 1420

The nationality of the settlers on the project is estimated to be as
follows:

Americans 65%
Seandinavians ... 30%
Miscellaneous 5%

The duty of water for various crops on the project is shown on the
following table:

| Average Depth Average Length
Crop . of Water per of Irrigation
i Year in ¥eet Season in Days
Grain 1.0 45
Alfalfa 1.5 90
Sugar Beets ........ocoeceoeeeeeeeee. 15 75
Corn 0.5 30
The average cost of crop production at the present time is as
follows:
Crop ] Cost per Acre
Grain | $16.00
Alfalfa ' 11.00
Sugar Beets - 45.00
Corn | 18.00

{4
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Loading Sugar Beets—Lower Yellowstone Project

Main Canal Lower Yellowstone Project
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THE WILLISTON PROJECT

In 1906 the U. 8. Reclamation Service started eonstruction of a
steam power plant at Williston, using lignite coal as fucl. The purpose
of this plant was to supply power for pumping for irrigation for the
Williston Project, as well as the Buford-Trenton Project, also on the
Missouri River and twenty-five miles above Williston,

As this was a new departure in the field of reclamation several new
and untried problems presented themselves. Among these were the
operation of a government owned coal mine, the use of harges anchored
in the Missouri River for mounting the pumps used on the first liff, and
the operation of both steam plant and coal mine during only three
months of the year.

It is thus seen that many problems were involved that do mot
ordinarily enter into ‘the operation of an irrigation project. These prob-
lems tended to kecp the overhead costs much higher than under a gravity
project of similar size. As the entire acreage could not be developed at
onee the initial operating costs were also high.

Added to these difficulties, the land ownership was held in large
aereage and an intensive system of farming could not be developed, The
first lands to be developed were on the higher or eighty foot lift, also
contributing towards a bhigh operating cost.

In order to avoid closing down the power plant and coal mine when
the irrigation season was completed a contract was entered into with
the City of Williston to supply power to the city. Due to the passage
of the Reclamation Extension Act which required that the charges of
one year should be repaid in the following year the farmers were unable
to meet the charges and the irrigation feature of the projeet was closed
down in 1915. The power contract with the City of Williston was eon-
tinued, however, and the coal mine and power plant continued to operate.
Due to government restrictions the coal mine has never been allowed to
operate on a eommerecial basis; not even in war time when there was a
serious coal shortage.

In 1917 the North Dakota irrigation district law was passed. An
irrigation district was formed and irrigation resumed under a new econ-
traet in 1919,

The Williston Projeet has becn successfully operated to the extent
of 2,810 acres, although ditches have been comstrueted to irrigate over
8,000 acres.

The manifest need of the project was more settlers and a cash erop
that would yield a high return per acre. Through negotiations with the
Great Northern Railroad a rate on sugar beets of $2.55 a ton from
Williston to the Great Western Sugar Beet Mill at Billings. was secured,
the sugar beet company agreeing to pay $1.20 of this rate and the balance
being paid by the shipper. This agreement was secured late in the
spring of 1923 and only a small acreage of sugar beets could be raised.
The results, however, were very encouragmg and a great interest in
sugar beets was developed.
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During the coming season the problem is one of securing labor to
perform the hand work in beet growing. Permanent settlers, either land
owners or desirable tenants, are needed.

Most of the difficulties encountered in the early stages of develop-
ment have been overcome. A shore pumping plant is being built to re-
place the floating barge and the growth of Williston to a city of 4,000
people has created an outlet for the surplus power from the steam plant.

Through the closing down of the projcet during the war years the
inflation of land values was avoided. Lands are now at rock bottom
prices and conditions on the project are gradually improving. A definite
assurance has been given by the U. 8. Reclamation Service that the

project would be continued and an attempt made to put it on a solid
basis.

It is the general belief that this project was started somewhat early”
and that an attempt was made to develop too large an acreage. How-
ever, these conditions could not be foreseen at the time of construction
and the knowledge gained through the development at Williston will be
invaluable as a guide for future construction along similar lines.

SUGAR BEET CULTURE IN WESTERﬂ' NORTH DAKOTA

The best paying crop on the Lower Yellowstone and Williston
Irrigation Projeets at the present time is sugar beets. A market is
available at a fair price for all the sugar beets that can be raised on
those projects.

However, a change from small grains where one man ecan care for
a large acreage to sugar beets where one man can care for, at most,
ten to twelve acres, means a very great increase in population or a
corresponding increase in hired labor. .At present this labor demand is
largely met by the importation of Mexican labor from Texas and old
Mexico. The Mexicans are good laborers and are paid $25.00- per acre
for the season for doing the hand work only. This work consists of
blocking and thinning and hoeing the leets, also topping and loading
after the beets arc lifted. The hand work is needed for a period of
seven months but only sixty-five days of aetual labor is required during
this period. The laborer must find other work during the season to
supplement the contract work on sugar beets. In all, the return to the
laborer is about $3.00 per day for the actual time worked.

QOver 400 Mexicans were used in the T.ower Yellowstone distriet last
season. As it is the intention of the farmers to double their last year’s
crop, which amounted to 3,110 acres, it will be readily seen that a supply
of labor is the most serious problem to be met in a,ny‘extension of
ijrrigated erops in western North Dakota and eastern Montana. As the
Mexican is entirely unskilled in American farming methods and is in the
majority of cases illiterate, and generally speaking, is not the best
human material available for citizenship, it would appear that any ex-
penditure by the state to secure permanent settlers for farming a small



108 "REPORT OF STATE ENGINEER

ncreage of sugar beets, together with milking cows and practicing
diversified farming generally, would be well repaid in the increased tax
returns.

Sugar beet tops make excellent feed for dairy ecattle. In experi-
ments conducted at Williston during the past year it-was shown that by
adding beet tops to the dairy ration the output of milk was increased
16%. '

The cost of produecing an acre of sugar beets under present conditions
as ‘given by several farmers on these projects is about $50.00 per acre.
The entire output ef the Lower Yellowstone Project last year was
83,000 tons of sugar beets, or a yicld of about 11 tons per aere. In
individual eases the yield was over 19 tons per acre, the larger yield being
due to a better prepared seed bed and better care being given the beets;
also, early planting is a large factor in inecreased yields.
¢  The contract prive offered Ly the Great Western Sugar Company at
Billings is $9.90 per ton for the 1924 crop. The freight rate to Billings
from Dore, the most distant station, is $2.30, of which the purchaser
pays $1.10 and the grower the remainder. The freight rate from Williston
to Billings is $2.55 per ton.

In the opinion of the officials of the sugar beet company the
prospeets of sccuring a sugar beet mill on the Lower Yellowstone Project
are excellent as soon as the territory is proven and a large enough
acreage is produced, namely about six thousand aecres.

Reports from the Billings, Montana territory state that sixty per
cent of the farmers that are at present producing sugar bects came to
the distriet as coniract laborers and gradually worked up as renters and
finally as land owners.
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SETTLEMENT OF IRRIGATION PROJECTS

The settl. movt (f 1a ds is perkaps the mest difficult problem faced
b~ th: U. 8. Reclamaticn Service on the projects already developed in
North Dakota. As the greatcr part of this land was already under
private ownersLip proper control of scttlement thercon could not be
exrreised. Men accustomed to dry land farming invariably attempt to
farm too larg~> an irrigated area with crops giving a low return per
acre. This has sometimoes led to disastrous results. On the other hand
settlers who lave come to these projects taking up small tracts of land
and working them under intensive farming methods have invariably
made good. This has been the history of all irrigation projeects. Forty
acres is emough and in many cases ten to twenty acres in small fruits
and vegetables located near a market have brought their owners better
returns than larger areas planted to small grains and other erops
bringing a low return per acre.

RECLAMATION FUND
° Record of Recaipts and Expenditures by States for 20 Years
From Engineering News-Record October 251923 Avthority F.H Newell,
2emeriy Direcror VB Reciumatoen Sarenae)
Receipts Millions of Dollars Expenditures Millions of Dollars
- . s . o 5 - .5 20 as .
Mentana Idehe
NeorthOshote Arvizone
Oregon Washingten
€olorade Meontenro
S0aksta Nebreoxs
Wyeming Colerase
California Wyem.ng
Wesningten Nevede
ldene Qregen
Onlahemse New Mezice
New Mesise Terss
Celifernia STATEENSINEERS O FFIGE
. Avizone ® Dekete Bramarus,N.D. November 8, 19254
Nebreaks Vign Wa.Blech~ Stote Engindir
Kensas North Dakete Chert Bhewing Seurce ond
Diotri of VSR
Nevade Wansas Fund fer @ £0 Year Pericd.

Securing funds from the federal government for further irrigation
development in our state is largely contingent on the success of projects
already developed. It should therefore be to the interest of the state
to encourage the settlement of these lands in as small tracts as possible.
It is recommended that land settlement schemes such as are now being
applied on irrigation projects in several western states be studied. The
settlement plan of the state of California in particular is recommended.

The encouragement of the sugar beet industry is another important
factor for the success of these projects.

Another vital need is the establishment of irrigation experimental
farms on the projects already constructed. Irrigation in- North Dakota
should be considered as a new industry that will serve to supplement
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" the type of farming heretofore practiced by supplying food products

not obtainable by any other means,
This industry is in its infancy and it merits whatever help the
state may be able to supply.

REPORT OF THE KENIFE RIVER PROJECT

The XKnife River Project contemplates the development of the
flats of the Knife River between Beulah and Stanton, as well as various
other units along the Knife River and its principle tributary, Spring
Creek, which enters the Knife River a short distance above Beulah. This
project was first suggested by Professor E: F. Chandler, State Engineer,
in 1904, and was also recommended by Mr. A. L. Fellows, State Engineer
in 1906.

In 1909 the U. 8. Reclamation Service mapped the area between
Beulah and Stanton and surveyed a reservoir site at a point about mid-
way between Beulah and .Hazen, and also made a reconnaissance for
reservoir sites on the Knife River from its mouth to Manning, and on
Spring Creek from its mouth to Dunn Center. The report of these
surveys under the title of the Little Missouri Project showed that at a
reasonable cost a canal 27 miles long could be built on the north side
of the Knife River from the reservoir site above Hazen to the Missouri
River. No cut banks were encountered and no expensive structures would
be required to care for cross drainage. The total area to be ir-
rigated under the proposed ecanal was 5000 acres. Another 2000
acres on the south side of the river could be reached.by a canal 26 miles
long. The soil on the north side is a sandy loam with some few small
patches of gumbo. On the south side it is more sandy and would
doubtless require a larger water supply.

No other work was done on this project until the past summer. The
State Engineer’s Office had a party in the field during May, June and
July. It was found that by the construetion of the North Branch of the
Northern Pacific Railway through this projeet, the storage capacity of the
reservoir gbove Hazen would be reduced and an attempt was made to
find additional storage elsewhere. All of the sites on Spring Creek
noted in ‘the U. 8. Reclamation Service reconnaissance of 1909 were
examined and it was found that all but one of the sites mentioned on
Spring Creek were no longer available due to the construction of the
railroad in 1912,

The best site still available is on the county line between Mercer
and Dunn Counties and it was found that a dam 40 feet high and 1600
feet long at this point, containing 91,300 cubic yards, would store 5,700
acre feet of water. The area flooded would be approximately 620 acres.

Continuing the search up Spring Creek, a reservoir site was found
about one and a half miles above Dunn Center, or a short distance above
the last reservoir site mentioned in the reconnaissance of 1909. A survey
of this reservoir was made and it was found that a dam' 30 feet high
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and 1500 feet long, containing 130,000 cubic yards, would store 10,000 aecre
feet. With slight excavation an emergency spillway could be provided
about one mile north and west of the dam site. This reservoir would
have a larger capacity and could be more economically construected than
any other site yet located.

There are a number of small tracts of irrigable land along Spring
Creek between Dunn Center and Beulah that could be irrigated from the
Dunn Center reservoir. The largest area, amounting to approximately
2000 acres, is located at the forks of Spring Creek and Knife River.
This area known as the Beulah Project could be irrigated by gravity
by means of a low diversion dam about two miles below Zap and a
ditch about five miles long that would be located through comparatively
easy country. '

On the Knife River above the mouth of Spring Creek a search was
made for reservoir sites. No satisfactory storage was noted on the
main stream below the mouth of Crooked Creek. A line of levels was
run up Knife River from Beulah to Emerson to determine the fall of
the stream and to loeate, if possible, any considerable areas that might
be irrigated by gravity from Knife River or its tributaries.

A dam site was surveyed in Seetion 22, Twp. 143 N., Rg. 94 W.
just below the mouth of Crooked Creek. A dam 40 feet high and 2200
feet long, containing 329,000 cubic yards of earthwork, will store. 24,000
acre feet. The upper end of the proposed reservoir is just below Emerson
postoffice. The drainage area is 400 square miles and the mean annual
discharge is 21,330 acre feet. :

A survey was made of the Fayette reservoir site noted by A. L.
Fellows in 1906. A 35 foot dam, 800 feet long, containing 84,000 cubic
yards, will store 4,300 acre feet. Between this reservoir site and Manning
several hundred acres of good land could be irrigated by gravity, the
largest area being located at the forks of the Little Knife River.

" Little Knife Reservoir

A survey was made of a reservoir site on Little Knife River about
six miles above its mouth. The dam site is situated on the north line
of Section 9, Twp. 141 N., Rg. 91 W. A dam 25 feet high and 1200 feet
long at this point, containing 101,000 cubic yards, will store 7,030 acre
feet. There are several hundred acres of good land between the dam site
and the mouth of Little Knife River that could be irrigated by gravity at
a very low cost. There is also a considerable area on the north side
of Knife River below the mouth of the Little Knife that could be reached
by gravity by constructing a flume across Knife River.

Broncho Project

This project contemplates the diversion of Knife River in See. 25,
Twp. 143 N., Rg. 90 W. by means of an earthen dam that would raise
the water about ten feet- above the flats at that point. A diteh conld
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be constructed on the north side of the river with only a slight diffieulty
from cut banks from this point to the Beulah flats. About five thousand
acres of land could be irrigated from this ditech. The land is of good
quality and lies well for irrigation.

A request was made of Prof. E. F. Chandler, District Engineer of
the U. 8. Geological Survey, for a report on the water supply at the
various reservoir sites surveyed during the past summer, Prof. Chandler
reports as follows:

" Above dam for Dunn Center Reservoir Site on Spring Creek in
SW1; of Sec. 27, Twp. 145 N, R. 94 W.

Drainage Area 130 sq. miles
Average Annual Run-off 1 inch
Average Annual Discharge .- 6,900 acre feet

& * * ¥ %

Above dam for ‘‘Fayette -Reservoir’’ site on the Knife River in
SEY of Sec. 26, Twp. 144 N, R. 97 W.

Drainage Area 86 sq. miles
Average Annual Run-off 1 inch
Average Annual Discharge 4600 acre feet

* * * * ® ¥

Above dam for ‘‘Spring Lake Reservoir’’ on Spring Creek at Dunn- '

Mercer County Line, E. side See. 24, Twp. 144 N, R. 91 W.

Drainage Area 135 sq. miles -
Average Annual Run-off 1 inch
Average Annual Discharge ' 20,500 acre feet

® ¥ ¥k % ¥ #

Above dam for ‘‘Hazen Projeect’’ on the Knife River in the SWi4 .

of See. 23, Twp. 144 N, R. 87 W.

Drainage Area 2,210 sq. miles
Average Annual Run-off 1 ineh
Average Annual Discharge 117,900 acre feet

Need of Irrigation

The lands that it is proposed to irrigate are mostly in grain or used
for grazing purposes. The soil yields a fair grain erop in good years
but as the distriet is rapidly developing as a dairy center a certain
supply of winter feed for dairy cows is imperative. In dry years a
considerable amount of hay and feed is shipped into this territory from
Minnesota and Montana.

The mining of lignite coal is & growing industry in this distriet and
there has been a considerable growth of the towns as the result of the
mining industry affording a home market for poultry and dairy produets,
as well as for other farm produce.

Attitude of the Landholders

The surveys made during the past season were the result of requests
made by a numper of land owners on the proposed project. The people
generally, seem to favor the development but as irrigation in general
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is a new subject to many of them, they are seeking any information
available as to cost of development, the details of organization, ete.

Conclusions

It would seem that as the Knife River Project is made up of a
number of units of various sizes, it would be wise to develop one of the
smaller units first. Possibly the development of Spring Creek storage
and the irrigation of a portion of the flats in the vicinity of Beulah and
Hazen would be sufficient to care for local needs, and the entire project
could be completed at a later date whenever market conditions would
warrant the expenditure of the capital required. .

The State Legislature during. the last session passed a coneurrent
resolution urging the return to North Dakota of the funds obtained
from the sale of public lands in this state, which funds have been used
for the. development of reclamation projects in other states. As the
Knife River Projeet is small in comparison with the other projects con-
structed by the Reclamation Serviece, the water supply is ample, and the
construction cost comparatively low, it would seem no more than common
justice to request that a part of these funds be restored through the
construetion of this project.

HEART RIVER RESERVOIR

During the present season a survey was made of the Heart River
reservoir site situated in Section 13, Township 136 N, Range 89 W.
The purpose of this survey was to determine thé capacity of the reser-
voir at the greatest practical depth and also to determine whether
or not an excavated spillway at some point remote from the dam site was
practicable.

It was found that a dam 80 feet in height and 800 feet long +will
contain 267,600 cubic yards of earthwork. Allowing a ten foot freoe-
board, a 70-fcot depth of water at the proposed dam will form a lake ten
miles long and one and one-half miles wide at the point of greatest width.

The storage capacity of this reservoir will be 88,000 acre-feet. The
average annual discharge over a sixteen year period is 60,000 acre-feet.
A satisfactory site for an excavated spillway was found on the south side
of the reservoir and about one and one-half miles west from the dam site.

The lands to bhe irrigated are in the Heart River valley between
- the reservoir site and Mandan, and also the Missouri River bottoms
below Mandan. It might also be practicable to divert the Heart River
over g divide north of Flasher into Louse Creek valley, a tributary of
tht Cannon Ball. ,

The following elevations will indicate the fall of the river below
the reservoir site:’

Elevation of spillway of proposed reservoir ....e.eeeeeevnn. 2090

Low water level at proposed dam site 2019.5

Low water level of Heart River at bend north of Flasher........ 1781.0

Low point in divide between Heart River and Louse Creek.......1905

Low water level of Missouri River near Mandan ................ 1617.0
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Irrigation Pumping Plant
Little Missouri River

Reservoir, Sentinel Butfe, N. D.



116 REPORT OF STATE ENGINEER

POSSIBILITIES OF IRRIGATION THROUGH PUMPING
IN NORTH DAKOTA

It is commonly believed that irrigation through pumping in North
Dakota has not proven a success. This has been true in Some instances
where power costs were high and where the cost of preparing the land
for irrigation was excessive, or where the projects were somewhat remote
from markets. However, where conditions are favorable, particularly in
the vicinity of cities where local markets are available, such projects
should be successful. !

It has been proven that large steam plants built especially for
irrigation pumping with no other market for power through the remainder
of the year are not advisable and have been economie failures where they
have been tried. Wherever power may be obtained at reasonable cost
from commercial plants already in existence, and other conditions being
satisfactory, such projects would be advisable. Many power companies
could to advantage give offpeak pumping rates for irrigation and thereby
secure a more even load on their plants.

Where long transmission lines are not ueeded the installation of
motor driven pumps with proper housing and the necessary ditches for
carrying the water can be accomplished at a very reasonable cost per
acre. Operating costs will be much higher than where gravity irrigation
can be had. However, by not oversizing the project and by proper care
in selecting the lands to be irrigated the operating cost will not prove to
be too great a burden on the irrigation farmer. '

A low pumping lift is also very important from the standpoint of
operating costs, as the power cost of pumping varies in almost a direet
ratio with the height to which the water must be lifted.

Pumping Plant—Sweetbriar Creek
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The estimated cost of the shore plant at Williston now under con-
struction is approximately $30,000.00. This plant is motor driven, main-
taining two 30 second foot pump units driven by 120 horse power motors
direct connected and provision made for a third unit to be installed later.
The pumping lift is thirty feet and the plant will supply sufficient
water to irrigate 4,800 acres, or 7,200 acres when a third unit is installed.
A duplicate of this plant could be erected under similar conditions at
other points on the Missouri River wherever the banks are protected
against scour,

In many cases small gas or oil driven pumping plants could be
installed by individuals for pumping irrigation water for gardens or for

_irrigating small areas where the ecrop returns per acre are relatively

high. However, such plants for general irrigation farming are not
advisable, particularly under present market conditions.

A number of large pumping projects supplying water for irrigatjng
the bottom lands of the Missouri River have been surveyed by the
U. 8. Reclamation Service. When the prices for farm products are on
a more equitable basis with the prices of other commodities some of
these projects will no doubt be constrneted. Under present market condi-
iions, however, the projects at Bismarck and Buford are the only omnes
that appear to be justifiable from an economic standl\oint. '

LITTLE MISSOURI RIVER

During the fall of 1922 a reconnaissance of the Little Missouri Valley
was made from Camp Crook, South Dakota to the Fort Berthold Indian
Reservation. The objeet of this reconnaissance was to locate reservoir
sites suitable for storing the flood waters of the Little Missouri River
and to determine, if possible, whether there was a small gravity projeet
that could be developed at a reasonable cost per acre. .

Several possible reservoir sites were found along this stream between
Marmarth and the South Dakota State Line., However, the scarcity
of roek suitable for riprap and the outlet struectures required would
make for a high construction cost. More favorable sites for storage
1eservoirs are available on the headwaters of this stream in Montana
and South Dakota.

Development of storage on the Little Missouri River could be aec-
complished more economically through cooperation with the states of
Montana and South Dakota. A bill was passed by the last session of
the legislature making provision for a cooperative agreement between
the states of Montana, North Dakota and South Dakota. This bill is
given in full on another page of this report.

It was found that a great many opportunities existed for using the
flood waters of the tributary streams for spring flooding and storing the
moisture in the soil, and in a number of cases where the conditions are
favorable reservoirs could be built and the water made available when
needed. There was no place found where a large area might be irrigated
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from the Little Missouri River by gravity, although undoubtedly such
opportunities exist for a small acreage but at a rather high cost per acre.

There appears to be a good opportunity for developing irrigation by
pumping with power supplied from central plants both at Medora and
Marmarth. On another page of this report the outline of such a
projeet at Marmarth using natural gas as fuel has been given by Prof.
L. P. Dove, Assistant State Geologist. The success of a central power
plant supplying power to individual pumping stations is largely corntingent
on the possibility of finding a market for the power generated outside of
the irrigatioh season. With the growth of neighboring eities and the
use of power in mining lignite coal this problem will find a satisfactory
solution,

The development of several steam pumping plants supplying indi-
vidual projects indicates the feasibility of irrigation even at the high
cost of operation occasioned by the use of a small steam plant.

A survey of the lands of the Little Missouri Valley suitable for
irrigation has been prepared by the U. S. Geological Survey. Maps to
accompany this report have been prepared by this office and may be
obtained on request. Land values in this section are very low, consider-
ing the quailty of the soil and the amount of water available. It offers
an ideal location for those who are seeking lands suitable for irrigation.

SQUARE BUTTE CREEK

Square Butte Creek which flows through the southeastern part of
Oliver County has several promising possibilities for the development
of small gravity projeets. This stream has a fall that varies from eight
to twelve feet per mile. It has a drainage area of 290 square miles and.
an average annual discharge equal to about 15,000 acre feet, or sufficient
to irrigate over six thousand acres if the entire run-off could be con-
served. There are several favorable reservoir sites along the stream
where the spring floods could be stored at a reasonable cost.

Owing to its heavy fall this stream is particularly suitable for small
gravity projects. At the mouth of Square Butte Creek and nine miles
north of Mandan there is a flat Iying along the Missouri River embracing
3500 acres in area that could be irrigated by gravity from the -waters
of Square Butte Creek. The flat mentioned is sometimes subject to over-
flow from the Missouri River and has produced heavy yields of grain
following the inundation from the river.

The soil of these flats is very fertile and the land lies well for
irrigation.

During the past season a survey was made with the objeet of
diverting Square Butte Creek about one mile above Center and irrigating
the lands in the vieinity of Center. It was found that a small project
could be developed here at a reasonable cost. The project contemplated

" the construction of an earthen dam ow the north line.of See. 16, Twp.

142 N, R. 84 W. The dam would be 20 feet high and 1150 feet long
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and would store about 1500 acre feet, or sufficient to irrigate over 700
acres. A local market is available for the output of this project and
its development would be of benefit to the entire county.

RAINY BUTTES PROJECT

On the Cannon Ball River above New England, in Sec. 20, Twp.
136 N, R. 98 W,, there is a reservoir site where a dam 1300 feet long
and 16 feet high will store 1,980 acre feet. A mnatural spillway is
available about one-quarter of a mile south of this dam site. From this
reservoir about 1,080 acres of land situated in Sees. 21, 22, 27, 28 and
34 can be irrigated by gravity. A ditch about three-quarters of a mile
long through easy country will reach the lands to be irrigated. The land
has uniform slopes and lies well for irrigation, The lands to be irrigated
are now in cultivation. The soil is good and the construction cost of
the project would be comparatively low. ’

All things considered, this project appears to be very favorable,-

RED LAKE PROJECT

On September 21st and 22nd, 1923 a reconnaissance was made at
the headwaters of Beaver Creek in Logan County. The purpose of this
reconnaissance was to determine the feasibility of using Red Lake near
Burnstad as a storage reservoir and to locate lands below Red Lake that
could be irrigated by gravity.

It was found that the drainage area of Beaver Creek above Red Lake
is approximately 100 sq. miles. The drainage area is in broken country
with steep slopes. The minimum run-off from this area may be estimated
at 0.66 inch which is the average run-off from the drainage area of
neighboring streams that have been measured by this office for the past
eighteen years. This run-off should equal an average of 3,500 acre feet
annually. The area of Red Lake at the time of the original survey in
1884 was 893 acres. This area has not decreased since that time,

The average loss through evaporation from this area is approximately
24 inches annually, which is equal to 1,786 acre feet. This leaves an
average of 1714 acre feet, annually, sufficient to irrigate about 1200 acres
of land to a depth of eighteen inches.

Red Lake appears to be a very favorable reservoir site. By ceon-
structing a dam at the outlet 400 feet long and raising the water in
the lake four feet, a storage of 3,572 acre feet may be obtained or an
amount equal to the average annual flow. There are plenty of large
boulders near the site of the proposed dam which . could be constructed
as a rock fill dam with the upper slope of earth. The banks of Red
Lake are quite steep, which will mean that by raising the lake very
little damage will be done to abutting property.

A county road passes around the south end of the lake. This road
will have to be relocated with the consent of the County Commissioners
of Logan County before the construction of the reservoir is feasible,
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By the testimony of the people in this vieinity and considering the
size of the drainage structures below the outlet of Red, K Lake, it would
appear that the above estimate as to water supply is a conservative
one, .

The fall of Beaver Creek for the first five miles below Red Lake is
very light, not sufficient for a gravity ditch.

There are a number of good bottoms in this area comprising forty
acres or more that could be irrigated by pumping with a very low lift,
not to exceed fiftcen to twenty feet. About twelve miles below Red
Lake in Twp. 133 N, R. 73 W. near St. Anthony’s Church are a number
of extensive flats, possibly twn or three sections in all. These flats
slope towards Beaver Creek and lie within about twenty-five feet above
the stream. The soil is a black loam and is all in cultivation, producing
a dry land grain erop with heavy yields in favorable seasons,

Levels were run upstream for some distance above these flats and it
was found that Beaver Creek at this point has a fall in places of eight
to ten feet per mile. It would seem that a gravity diteh from three
to five miles long would reach all of this Iand. The diteh location would
be through easy country with no eut hanks or rock cuts and praetically
no cross drainage.

It appears that a favorable gravity projeet could be constructed in
this vicinity if the entire project could be developed as a unit.

NATURAL GAS NEAR MARMARTH, NORTH DAKOTA, AND THE
POSSIBILITY OF ITS USE FOR PUMPING WATER
FOR IRRIGATION
L. P. DOVE, Geological Engineer Assistant State Geologist

In November 1923, at the request of the State Engineer, I began
a study of the natural gas resources of the Marmarth distriet to see if
a dependable source of natural gas might be developed and to make
a preliminary investigation as to its use for developing electric power for
use in irrigating the flats bordering the Little Missouri River. Previous
investigation has shown that these flats are extensive and rich. The
lift of water is not excessive. The sueccessful irrigation of these flats
awaits cheap power for pumping. Natural gas is one of the most efficient
fuels for power and if its cost is not too high offers attractive possi-
bilities for cheap power.

The Little Beaver Dome Gas Field

Extending south, south-eastward from the vieinity of Glendive,
Montana, across the extreme southwestern corner of the State of North
Dakota, is a large well defined anticline or upfold in the rocks known as
the Cedar Creek anticline. This anticline has been studied and mapped
both by Federal and State Geological surveys, as well as several oil
companies. At intervals along this anticline are high spots in the rocke
known as domes.
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In order of development the domes that have shown commereial
quantities of gas are; Gas City, Montana 1913; Baker, Montana 1915;
Cabin Creek,:Montana 1917; and finally the Little Beaver Dome, a large
part of which lies in western Bowman County, North Dakota, in 1923.

- A well located test well is now being completed by the Absoraka
Oil Developnient -Company and the Florence Oil Gas Company on Section
24, Twp. 4 N, Rg. 60 W,, a mile and a half west of the state line. This
pioneer well now drilling at a depth of about 3700 feet has been watched
with unusual interest, since it is going far to prove or disprove the
presence or absence of oil and gas in the corners of three states. So far
encouraging quantities of gas have been found and it is with this gas
the present report is concerned.

Gas Sands

At Baker, Montana, natural gas has been produced for several years
and used in the city of Baker. This supply comes largely fr:)m the
shallow or Baker sand (probably Judith River). This sand thins south-
ward, and while small quantities of gas are found in the sand in the
Little Beaver Dome, the prospects seems better of an adequate supply
being developed from the Niobrara formation about 700 feet deeper.
The deep test on Sec. 24 mentioned before developed a good flow of
high grade gas at about 1400 feet. About June 15, 1923, this well
showed a closed pressure of 246 lbs. This gas was led to the surface.
Since then it has supplied fuel for ecamp and drilling and by December
1st, without special attempt to develop the gas, still was producing at
the rate of about 300,000 cu. ft. per day. This well is about 15 miles
air-line from Marmarth, North Dakota.

There is some possibility of the Judith River sand being gas bearing
in the vicinity of the Hidden Water Dome about 13 miles southwest of
Marmarth. If not, the Niobrara may be reached probably within 1800
feet. Possibly a commercial supply might be developed closer to the
city of Marmarth but this would involve more uncertainty. The gas
form both the Judith and Niobrara is high grade.

Cost of Gas

No ‘definite estimate can be given at this time as to what gas
might be sold for at Marmarth. It is reported that a projeect is now
under way to bring gas to Marmarth, a franchise having been granted for
a price of 75 cents per thousand cubic feet, graded downward for large
consumers.

The Use of Gas for Power

Natural gas is a highly efficient fuel for power. Eleetric power can
be generated very cheaply by the use of gas engines. Due, however, to
the possibility of delay and expense in changing over from gas engines to
steam in the event of failure of the gas, I recommend that steam boilers
burning gas be used to drive steam turbine generators.
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Xocation of Pcwer Plant

The power plant should be located near the Little Missouri River at
Marmarth, in order to have water for condensing purposes and to be on
the railroad. The plant should not be less than 1000 kilowatt capacity,
with 500 kilowatt in reserve. This location favors the development of
a market for power. Lines would be run out to electrically driven
pumps situated along the .river, each pump serving ome or more water
users.

The Cost of Irrigating

The cost that a water user can pay is limited. It is found in
practice that rarely over four cents per kilowatt hour can be paid for
power by the farmer and make irrigating pay. If power may be re-
tailed for 214 cents or less per kilowatt it is thought that the project
would become inviting,

One thousand cubic feet of this gas is roughly the equivalent of
200 pounds of good lignite when burnmed efficiently under the conditions
above outlined. Thus lignite at $1.50 per ton is the equivalent of gas
at 15 cents per thousand cubic feet. With lignite at $2.40 per ton as
at the Williston Projeet, the cost range is three to four cents per
kilowatt. A plant of 1000 kilowatt with reserve capacity uses about 2000
boiler horse power. Taking fuel, labor, supplies, ete. into account but
not plant investment, the saving of gas over lignite with lignite at
$2.40 per ton and gas at 24 cents per M. in labor alone is about 6%.
If such a plant could produce electricity at three to four cents per
kilowatt, a reduction of the price of gas to ten cents per M. cu. ft.
would reduce the cost to 1.6 to 2.1 cents per kilowatt. It is thus seen
that the reduction of the cost of fuel is much more important than the
saving in labor by the substitution of gas for lignite. Such a plant
operating on full load would require mnearly one and three quarters
million cubic feet of gas daily. Should it be possible to deliver the gas
to such a plant at a cost of two cents per M., as is being done at the
Carbon Black plant at Baker, Montana, it is safe to assume that power
might be developed at a cost of about one half cent per kilowatt.

Assuming again that the cost of power for irrigating is about four
dollars per acre per year, with power at three to four cents per kilowatt,
the lift 50 feet with an 18 inch depth of water, with gas at two cents
per M. this eost might be réduced to 50 cents to 80 cents per acre.

No Details Furnished in This Report

It is not the scope of this report to give details of construction
either of gas lines, plant nor power lines. The above assumptions are
also based on a year round market for enough power to take care of
overhead during the season when no irrigating is done. The figures given
are approximations of what might be expected under reasonably favorable -
conditions.
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Outstanding Points

It seems then that there are several outstanding points that merit
further consideration.

1. Tributary to Marmarth, North Dakota, within fifteen miles is a
large potential natural gas supply for power and domestic purposes.

2. Near Marmarth are flats bordering the Little Mlmnn River that
are favorably situated for irrigation by pumping. .

3. Gas may be burned to produce power at a cost of from half a
cent upward per kilowatt hour, which cost favors its use for irrigation.
The project appears feasible, shculd it be possible to deliver large
quantities of gas at 20 cents per M. cubiec feet or less.

Recommanda.ﬁom

"My recommendations are therefore that:

1. An attempt be made to develop an ample supply of gas by drill-
ing sufficient wells as near Marmarth as investigations shows to be the
best loecation.

2. That careful estimates be prepared of the cost of delivering gas
to Marmarth.

3. That more detailed and accurate estimates be prepar%l for a
power plant and power lines embracing the features outlined above,

4. That surveys of irrigable lands be made available as a basis of
plans for equipment necessary for irrigating the lands.

Recommendations 1 and 2 should be carried out first and 3 and 4
made contingent on the findings of 1 and 2.

BISIM.A.'B.GK PB'O‘TEOT M"‘m
(Apple ereek Surveys)

During the summer of 1923 surveys werg made by the State Engineer’s
Office to determine the posnblhtms of storage on Apple Creek and also
the feasibility of utilizing Apple Creek in the development of the
proposed Bismarck Project.

A satisfactory reservoir site was found requiring the construction
of an earthen dam just below the northwest corner of See. 19, Twp. 139
N, Bg. 78 W. A dam averaging 25 feet in height and 800 feet long,
conta.mmg 42,400 cubic yards, will form a reservoir with a capacity of
6,400 acre feet, sufficient to irrigate 3,200 acres or an area equal to
that of the lower flat at Bismarck.

The drainage area of Apple Creek above the dam site mentioned
is approximately 600 sq. miles. Considering an average anual run-off
of one half inch, which is-the estimate made by Professor Chandler of
the U. 8. Geological Survey, this area will yield an average annual dis-
charge of 16,000 acre feet. The loss through evaporation will be ap-
proximately 1500 acre feet, leaving 14,500 acre feet or sufficient to fill
the reservoir more than twiee.
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1t is known that in certain seasons Apple Creek has a very light
flow. To guard against such a contingency it might be advisable to
build a higher dam than the one proposed or to seek additional storage
at some other point on the stream. Several hundred acres of land in the
‘Apple Creek bottoms below the dam cowld be irrigated by gravity from
that sourece.

The water may also be brought to the Forth Lincoln bench of the
Bismarck flats by means of a ditch about ten miles in length, or it may be
brought to the Jower flat at Bismarck by returning the water into the
creek below the reservoir and by constructing a low dike across Apple
Creek on the South line of Section 13, Twp. 138 N., Rg. 80 W. and by
excavating a ditch across the Forth Lincoln bench to the lower Bis-
marck flats. One of the advantages of this plan is that it would afford
an opportunity to store the surplus water in the soil during the spring
flood season. This diteh would reach the lower Bismarek flat at the
point most distant from the proposed pumping plant and might serve to
supplement the proposed pumping projeet or it might be used as an
alternative scheme of development. '

It was the belief of competent engineers at the time that the Bis-
marck Pumping Project was originally proposed in 1904 that the possi-
bilities of utilizing Apple Creek as a part of the project had not been
given sW@fieient consideration. ’

FORT LINCOLN RESERVOIR SITE

During June of 1924, at the request of a number of ecitizens of
Bismarck, the State Engineer’s Office made a survey of a dam site on
Apple Creek situated in the southeast quarter of See. 27, Township 138
North, Range 80 West. The purpose of the survey was to determine the
advisability of creating an artificial lake near the City of Bismarek for
boating and fishing, and is a possible addition to the Bismarck parking
system.

The result of the survey showed that by the construction of a dam
1500 feet in length and 25 feet high, containing 106,000 cubic yards of
earth, a reservoir approximately two miles long and one mile wide at its
greatest width could be formed. -

The banks of the proposed reservoir are for the most part steep
and the shore line well defined, so that there will be no unsightly mud
flats visible due to fluctuations in the water level of the reservoir.

It is proposed to excavate a spillway from the north end of the
dam site to the lower end of the Bismarck flats. The excess water when
available may thus be utilized for flood irrigation on the lower Bismarck
flats. It is proposed to utilize the material excavated from the spillway,
amounting to 35,000 cubic yards of earth, in the construetion of the dam.
The projeet as outlined is therefore simply earth exeavation with a
minor concrete structure to control the outlet, this structure to he
loeated at the upper end of the spillway. :
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The height of the proposed dam will be five feet above the extreme
flood height of the Missouri River at the flood stage of 18al, or ap-
proximately ten feet above the 1917 flood, backwater in the Missouri
River being the governing feature. )

A lake 815 acres in extent will be formed between the proposed dam
and the section line road running east from Forth Lincoln. Approxi-
nately 320 acres more in Seetion 13 north of this road will be either
flooded or rendered useless by the construction of the reservoir.

The lower Bismarck flats comprising about 3,500 acres could be
irrigated by gravity from this reservoir. However, the fluctuation in the
lake level due to the use of the water for irrigation would be detrimental
to the primary purpose for which the project was designed. Irrigation
will have to be considered as a secondary feature only, unless the upper
Apple Creek reservoir mentioned in another part of this report be con-
structed.

The water supply available has been estimated by a comparison with-

the runoff data from neighboring streams that have been measured for the
past twenty years. This estimate has been approved by Professor E.
F. Chandler, District Engineer of the United States Geological Survey.
The water supply estimate follows:

Drainage area- above proposed dam ... 698 sq. miles
Average annual run-off 0.50 inch
Average annual discharge of Apple Creek

above proposed dam 18,600 acre feet
Average annual loss due to evaporation ......... 24 inches,

or 2500 acre feet over an area of 1250 acres,
Net water supply .available 16,100 acre feet
Capacity of proposed reservoir i 8,000 acre feet

Under average conditions the loss sustained through evaporation
over a reservoir area of 1250 acres is about 149 of the normal flow
of the stream.

From the above data the water supply is not only ample, but
under average conditions a  considerable surplus will be available for
flood irrigation.

On the whole the project appears favorable if the land ean be
purchased at a reasonable figure.

APPLE CREEK STORAGE
By E. F. Chandler

The advisahility of the comnstruction of a reservoir for storage of
Apple Creek and the creation of a permanent lake in the lower valley
rear Bismarck, southeast of Fort Lincoln, as now is suggested, necessarily
depends in part on the amount of the total annual flow of the creek and
its seasonal distribution. Unfortunately, no continuous records of tho
flow of Apple Creek have ever been kept. But fair estimates may be
based upon the records of the nearest adjoining streams, somie of which
are of twenty years duration.
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The nearest recorded streams west of the Missouri River have average
figures for annual run-off between 0.6 and 1.0 inech for the different
streams; but they flow through regions thoroughly drained, without any
extensive sloughs and pools to hold the water for evaporation and loss
before reaching the main stream. The topography of these is essentially
different from that along Apple Creek, which more closely resembles
that of the upper Mouse River, the average annual run-off from which
(if absolutely complete measurements be made so as to include every
possible square mile within the drainage) is only 0.25 inch.

If complete inelusive measurements of drainage area be made so as
to put every quarter-section of the state into one river basin or another,
the total belonging to Apple Creek is 3,020 square miles. From this
greatly extended area it may fairly be expected that the average annual
run-off is at least 0.15 inch, probably considerably more; this would
amount to an average flow of 33 cubic feet per second. On the other
hand, in the computations all the surplus acreage may be excluded, the
flat lands and sloughs which rdrely deliver any water into the main
stream, in fact never exeept in remarkably wet seasons; the limits of
these are merely a matter of judgment which cannot be definitely deter-
mined, and the area may thus be reduced to a total of betwen 500 square
miles and 900 square miles. With such limitation of the area to the
land which in ordinary years does actually flow into the stream, the
average annual run-off must be put at least as high as 0.5 inch, but
probably not above 1.1 ineh., 1f the total average flow be computed
on this basis, the most generous figures of area and of run-off will give
as result 73 cubic feet per second, and the most conservative 18 feet
per second. In the lack of records of this particular stream or of any
othef nearby stream of identically the same character, no authoritative
statement may be ventured on the question of just where between these
figures the real faet is to be found.

In such case, however, it seems to be fairly safe to consider that
the long period average outflow of Apple Creek will be at least 30
cubic feet per second, and that it is probably much greater. But it
must always be remembered that the flow is irregular, varying from week
to week and from year to year. In a majority of the years, half of the
total annual flow will come within a period of two, three, or four
weeks in early spring; in some ycars the total for the year will be
several times the average total, and in other years will be less than a
quarter of the avérage total, or perhaps even, in an unusually dry year,
less than a twentieth of the average. The ‘‘average year’’ is merely a
convenient mathematical fiction, which rarely occurs; most years arc
either wet or dry.

If a reservoir should be established by the construction of a dam
near the mouth of Apple Creek, and if, for example, the lake thus
formed should have an area of one square mile, an average depth of
ten feet, and a total capacity of 6,400 acre-feet,” and if the averags
inflow were assumed to be 30 cubic feet per second, the reservoir
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capacity would be slightly less than one-third of the total flow of one
average year. In other words, if the reservoir were completely empty,
and if its outlet gates should be closed at the beginning of the spring
flood season, in an average year the reservoir would be filled to over-
flowing within a month, in the wet years within a week or less, and
except in an extremely dry year it would be entirely filled in less than a
year.

After the reservoir or lake has been raised to its intended permanent
level another pertinent question concerns the possible lowering of the
water surface from crest-level by evaporation during the summer and
fall. ’

The records of gross monthly evaporation from water surfaces in
this region are, in round numbers, these. Mareh, 2 ineches; April, 3
inches; May, 4 inches; June, 5 inches; July, 6 inches; August, 5 inches;
September, 3 inches; October, 2 inches; November, 1 inch; December to
February, less than one inch per month; total for year, about 33 inches.
If there were no rainfall whatsoever on the lake surface and absolutely
no inflow, and if on the other hand there. were no losses from leakage
or seepage but only from evaporation, the water surface level would fall
about 33 inches per year. If there were average rainfall on the surface,
but no inflow or outflow, the net lowering by evaporation would Le about
16 inches per year; in this case, an average inflow of about one and
one-quarter cubic feet per second would be sufficient to replace the
evaporation. After the reservoir had been filled, if there were no leakage
or losses except by evaporation, the amount necessary to keep the reser-
voir approximately filled would be less than one-twentieth of the esti-
mated average flow of Apple Creek. Therefore, even in the driest years
the spring inflow would always be ample to replace all evaporation losses.
Usually, during the spring flow the first two or three days or few days
would suffice for replacing the evaporation loss of the previous summer,
and thereafter almost the whole flow would be a surplus, to be wasted
unless some good use should develop, such as flooding the meadows
or bottom lands below or other local irrigation projeets.

However, after midsummer the lake usually would fall some inches
from its crest level. During July and August, if the rainfall were
normal, an inflow of about three cubic feet per second would be needed
to replace the evaporation from a lake of one square mile area; if there
were no rainfall, an inflow of about five cubic feet per second. Un-
doubtedly the summer flow of Apple Creek is often muech less than this,
and in such case the lake level would necessarily fall slightly, but
ordingrily only a very few inches; and in the driest years on reecord,
when the inflow was presumably correspondingly small, the total net
lowering by evaporation between the end of April and the beginning
of winter eould not have exceeded a foot or sixteen inches.

It the height of dam finally adopted be such as to make the lake
area more or less than one square mile, these figures will have slight
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change in proportion. But the general conclusmns on the feasibility
and desirability of this projeet will not be materially modified.

THE DRAINAGE PROBLEM OF THE RED RIVER VALLEY
By E. ¥. Chandler '

The development and improvement of the lands in the Red River
valley has been progressing rapidly in recent years by the construction
of systems of drainage ditches to carry away the surplus water and to

" make spring cultivation possible even in wet years. This has been

carried especially far on the Minnesota side of the -valley, where some
regions are almost complete]ly gridironed by systems of huge ditches.

A chief purpose of these is of course to carry off the melting snow
and spring floods more promtly than could have been effected by the
inadequate natural channels. Records have not yet been maintained long
enough to prove conclusively whether or not this change in conditions
will have any appreciable effect on the total amount of the annual
run-off, though many, or most hydraulic engineers doubt that it will
change the total to the slightest degree. But it seems indisputable that
this diteh construction may affect or greatly modify the distribution
through the season of the total run-off, and it seems very possible that
in some regions it will intensify the extremes, increase the flow during
flood season, and leave for the low-stage season of flow a remainder more
meager even than fotmerly

Whether or not it be the opinion that this wide- spread drainage
development will seriously intensify former flood possibilities, there ecan
be no reason to doubt that there may in the future be low stages and
floods at least as .extreme as in former years before any improvements
had been added to natural conditions.

Unprecedented low stages have already appeared several times in
recent years along the Red River; for example, at Grand Forks, although
the rainfall of the year 1924 had been approximately normal, the Red -
River fell through the first third of September until it had diminished
to the lowest open season flow ever noted since records began forty-three
years ago, and was several inches below even the low water marks of
1910 and 1911 which were consequent upon a year of only half the
normal rainfall,

On the other hand, when there shall be an appropriate combination
of frozen watersoaked soil, heavy snow, warm spring rains, and othe~
conducing causes, it may fairly be expected that these will Lring again
at the appropriate (and inconvenient) time floods at least as great as
any in the past.

The spring flood of 1897 is the greatest oceurring sinee Dakota was
settled and the damages along the whole length of the valley aggregated
millions of dollars. But there were some settlers at Winnipeq many
years earlier who have left fairly authentic reports of previous floods
much higher even than that of 1897; the flood of the year 1776 was at
Winnipeg about ten feet hlgher, 1790 ten feet higher; 1809, ten feet
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higher; 1826, fifteen feet higher; 1852, thirteen feet higher; and the
flood of 1861 was eleven feet higher at Winnipeg than the 1897 flood. 1t
should not be assumed that in any selected year the excess flood height
above the 1897 record happened to be exactly the same in the Dakota part
of the valley as at Winnipeg, for the excess in any single year might be
more or less. But from a study of these records and all the years of
simultaneous records in the two sections of the valley it seems so very
probable as to be almost certain that in several of these years, and
perhaps in some others, the flood heights in Dakota were five and ten
feet higher than in 1897. Also the traditions of Indians and old trappers
confirm this conclusion.

The Red River valley above the Canadian boundary has an area of
about 35,500 square miles, and is in three states; North Dakota and
Minnesota have nearly equal area, and South Dakota a ‘small but com-
paratively important portion. There is no longer any extensive naviga-
tion on the partion of the river between these states, so that federal
control on that basis is merely nominal. It is an interstate stream, and
any work, either drainage extension, construetion of reservoirs, or other
development in any one of the states affects the others favorably or
unfavorably,

There is therefore no need for lengthy argument to show the desira-
bility, and in faet the necessity, of the authorization and organization of
a suitable interstate commission to recommend or negotiate any ad-
vantageous arrangements between these several states or with the federal
government eoncerning the control or improvement of the Red River or
any of its tributaries within or by any state, so that no mutual injuries
may result therefrom, but benefits to the neighboring states also when
possible. A method of procedure similar in its chief feature to that
authorized by the Missouri River Interstate Commission Bill passed by
the last legislature of North Dakota (Senate Bill No. 258, Eighteenth
Session) ought to be inexpensive and efficient.
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Stream Measurement—Cannon Ball River

RIVER RECORDS -
By E. F. Chandler

Hydraulic Engineer, United States Geological Survey

By permission of the United States Geological Survey, with which
the office of the State Engineer has been cooperating in this work, the
following tables of flow of the more important or typical streams of
North Dakota and the Red River valley have been selected and compiled
from the records in the office of the Survey in advance of their regular
publication by the Survey for use here. The expense of maintenance of these
records, including payment of gage observers on the different streams, field
work in installation and maintenance of gages and measurements of discharge
by hydrographer or engineer, and the office work of computing and sum-
marizing the results, has usually been carried in cooperation between the
federal survey and the offices of the state engineers of the states con-
cérned; these have each contributed approximately the same total,
although the proportion has varied from year to year, according to the
extent of available funds.

The methods followed in this work have been described in detail in
previous reports of the State Engineer, but the following short statement
will be a sufficient outline.

) At each ‘‘river station’’ or ‘‘gaging station’’ a gage is established,
marked with feet and tenths of a foot. It is intended to place the gage
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so that its zero shall be below the lowest known low water, and at
most of the stations the zero has been placed below the bottom of the
river; but the height of floods is easily seen by a comparison between
the maximum gage height of the flood and the minimum heights
recorded during periods of small flow. At each station a local resident
is engaged as observer, who makes regular observation and record of the
height of the water; these records are usually made once each day
during the open season; at most of the stations less frequent observations
are made during the winter, and at some stations no winter records
are kept.

At suitable intervals, an engineer or assistant (ealled in this work
a ‘‘hydrographer’’) equipped with appropriate meter and other instru-
ments makes measurements of the discharge (that is, of the actual number
of gallons of water per day flowing by the gage) and records the gage
height at which that discharge is found. It is thus known how much
water will be flowing whenever the river happens to be at the same
gage height again, provided the river channel does not suffer change in
the ‘meantime. In this region almost all channels change gradually; but
if the changes are shown and checked by reasonably frequent measure-
ments, the records can be corrected so as to eliminate all except small
inaceuracies.

When enough such measurements have been secured at different
heights of the river (low, medium and flood), it becomes possible to
determine by interpolation how much water flowed by the gage at any
foot and tenth of gage height between lowest and highest stages. Upon
this basis, from the daily record of gage heights that has been made by
the observer a computation is made of the actual daily quantities of
water that have flowed by the gage, and these are tabulated in such
form as needed for reference. In the following pages these results have
been arranged as ‘‘Tables of Monthly Discharge’’ showing for each
month the average flow (for twenty-four hours) of that day in the
month when the total flow was the greatest or maximum, the flow for the
minimum day, and the mean flow, or average for the entire month taken
as a whole, . :

The column headed ‘‘accuracy’’ in the tables of monthly discharge
applies to the mean flow for the month (but not necessarily to the
maximum and minimum, which might have been affected by an accidental
error applying omly to a single day, such for example as the brief
absence of observer.) The accuracy of the final figures depends on many
factors, especially in the case of streams such as most North Dakota
streams, which have gradually changing channels. But, stated in fewest
words, it may be said that the accuracy of the monthly total depends on
the character of the stream and its channel, the eare and reliability of
the observer in keeping the daily records, and the number and distribu-
tion through the season and through previous seasons of discharge meas-
urements by engineer. '
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The mean for any month marked A in these tables may properly
be assumed as correct within five per cent; of any month marked B,
within ten per. cent; C, within fifteen pef cent; D, within twenty-five
per cent; E indicates a rough estimate with so little definite basis that
it could not permissibly be published unless the notation clearly showed
it to be merely an estimate; but it is assumed that these figures marked
E are uniformly within fifty per cent of the faets, unless sometimes in
the case of some, of the small figures estimated for winter. The flow of
most Dakota streams is sometimer so extremely small during part of the
winter, channel almost completely filled with ice and ecurrent obstructed,
that instrumental measurement if actually made might have disecovered the
flow to be surprisingly less than any estimate made on the basis merely of
the observed gage height and reported ice thickness. :

All figures of discharge as here given are in ‘‘second-feet.”’ One
second-foot is a flow that carries by the observer one cubic foot of water
each second; a rapid current in a small channel, or a slow current in a
large channel ean carry the same amount of water past the observer
each second. For example, a stream five feet wide and one foot.deep
flowing with a velocity of six feet per second, or a stream twenty feet
wide and three feet deep flowing with a veloeity of one half “foot per
second, would each ecarry thirty second-feet of water. According to
North Dakota law, fifty ‘‘miner’s inches’’ of water is the same quantity
as one second-foot. .One sccond-foot amounts to 646,272 gallons per day,
and will cover almost two acres one foot deep in twenty-four hours.

Included in the following pages are summaries of the records of
these streams;

Red River at Grand Forks, X, D.

Red River at Fargo, N. D.

Red Lake River at Crookston, Minn,

Thief River near Thief River Falls, Minn.

Bois des Sioux River near Fairmount, N. D.

Mustinka River above Wheaton, Minn.

Pembina River at Neche, N. D.

Mouse River at Minot, N. D.

Cannon Ball River near Stevemson, N. D.

Heart River near Richardton, N. D.

Heart River at Sunny, N. D.

Knife River near Broncho, N. D.

Spring Creek at Zap, N. D.

Little Missouri River at Medora, N. D.

The tables run from the close of the tables published in the last
biennial report of the State Engincer, (usually September 1, 1922) to
" August 31, 1924. The portions of the summaries for the year 1924
have been extracted from the official records in advance of the comple-
tion of the final computations of the season’s work as made for regular
publication by the U. 8. Geological Survey, and are therefore to be con-
sidered merely as ‘‘preliminary computations’’ and as being still subjeet
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to revision. But in no case is it to be expected that any later revisions
will introduce large changes in the figures as here shown, and in most
of these tables the later changes will be so small as to be inappreciable
or the final publication will be without change.

Similar summaries have been published in each of the biennial re-
ports of the State Engineer. More complete records are published from
year to year in the Water. Supply Papers series of the U. 8. Geological
Survey. Copies of all the essential records are on file in the office of
the State Engineer at Bismarck; the original data are filed in the Wash-
ington Office of the U. 8. Geological Survey; and complete copies of all
data and computations have been kept in the office of the resident
hydrographer for the Survey, E. F. Chandler (post office, University
Station, N. D.) under whose supervision nearly all the field work and
computations for this class of records in this entire region has been
through the past twenty-one years. On request to any of these offices,
full information can be obtained if desired by anyone who has reason
for interest in any of these records or investigations '

RED RIVER AT GRAND FORKS, N. D.

Gagings of the flow of the Red River at Grand Forks, N, D. were
begun by the U. 8. Geological SBurvey in 1901, but a gage height record
had been kept under the direction of the Corps of Engineers (U. 8. War
Department) by whom the dredging fleet had been operated for the
improvement of the river, for about twenty years previously, and a few
discharge measurementsy were made by them; thus fairly good run-off
summaries begin with the year 1882. The gaging station is located
below the confluence of the Red and Red Lake Rivers. The total drainage
area is 25,480 square miles, of which 670 is ir South Dakota, 12,890 in
Minnesota, and 11,920 in North Dakota.

The tables of discharge are based on gage observations twice daily
through the open season and three ‘times a week through the winter,
and on the measuréments in the list below and one.hundred and forty
measurements in the twenty-one preceding years, and are well-founded
through the entire year.

MEASUREMENTS OF DISdHARGE

Date Hydrographer Gage-height Discharge
5-15-1922 Johnson and Black 11,260
§-31-1922 Black and Diehl ... - 10. 3,650
9-21-1922 Chandler and Tilly . " 671
12-22-1922 Tilly and Blaeck ..comoeiereereee . ) 372
1-20-1923 Tilly and Johnson 454
2-10-1923 Johnson and Diehl 334
3- 3-1923 Johnson and Black 268
4-21-1923 Johnson and Black 15,700
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different measurements.
MONTHLY DISCHARGE OF RED RIVER AT GRAND FORKS, N. D.

1922

1923

1924

Month Maximum
September ............... 724
* October ......ceee. 590
November .............. 847
December ..
January
February

September ...

October ...

November

December .................. 615
Janunary ... 322
February .. . 286
Mareh ... .- 1,310
April 2,200
£ A —— 2,630
June 1,350
July ... 1,180
August 498

4-28-1923 Black and Diehl
5-26-1923 - Diehl and Black -cccoeeececoeecersaneee
6- 9-1923 M. Diehl
7- 6-1923 E. F. Chandler ...eoeeeccrenee
8- 8-1923 Black and Chandler.
10-31-1923 A. Johnson
12-15-1923 Johnson and Diehl......... ...
1- 5-1924 Johnson and Levi.. ...
. 1-26-1924 Johnson and, Daily.....cnnee
2-16-1924 Johnson and Meyers.......cewme-
3- 8-1924 Johnson and Daily......ennene
5- 3-1924 M. Diehl
6- 6-1924 M, Diehl
9- 6-1924 E. F, Chandler eeeeeeceeeees

Minimum
440
450
561

1,980
920
745
424
424
450
124
300
174
189
300
1,400
1,400
853
443
345

15.97

7.61
6.00

19.49

4.08
3.34
3.75%
3.80%
3.60*
3.72*

2.3¢4

M

5,
3,

1
1

1

1

ean

508
509
720
508
405
304
407
450
190

570
,890

589
473
478
501.
434
236
213
546

,780
2,
,050

010

748
423

7,480
2,140
1,300

3,230

620
397
358
297
181
217
293
2,540
1,120
210

*Frozen; mean thickness of ice from 0.5 foot to 1.5 feet at times of

Acecuracy

e rPacaalPPEwbrPcoccaWOW

Maximum gage heights; 26.5 feet April 21, 1923; 8.2 feet May 2,
1924; maximum ever recorded, 50.2 feet April 10, 1897.

Minimum gage heights; 3.5 feet September 10, 1922; 3.4 feet Septem-

ber 2, 1923; 3.5 feet February 9, 1924; 3.0 feet August 31, 1924; minimum
ever recorded, 2.3 feet September 9, 1924,
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RED RIVER AT !‘A.'B-GO, N. D.

The gaging station on the Red River at Fargo, N. D. was established
May 27, 1901. The drainage area above this point is 6,420 square miles,
of which 670 square miles is in South Dakota, 3,590 square miles in
Minnesota, and 2,160 square miles in North Dakota. .

In September 1914 the gage location for the Geological Suirvey was
changed from the Front Street bridge (where there is a gage still used
by the Weather Burean) to a point immediately above the Island Park
Dam. The zero of the gage at Island Park is about one foot beiow the
erest of the dam (0.3 foot below the present lowest point of the crest
at the middle of the dam) and is so related to the zero of the Front
Street gige that at extreme flood stages, when the dam is drowned out
and causes mno irregularity in the surface slope of the river, readings on
the Front Street gage are numerically about 10.2 feet greater than on
the Island Park gage now used. Under present conditions at low stage
a reading of 7.0 feet on the Front Street gage indicates nearly the same
flow as a reading of 1.0 feet on the Island Park gage..

The tables of discharge, based on the ineasurements in the list below
and on one hundred and twelve measurements made during the twenty-one
preceding years, are unusually aceurate except during parts of the winter
when gage observations were made only weekly.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
11- 4-1922 E. F. Chandler 1.22 79
6-13-1923 E. F. Chandler 1.86 244
7- 2-1923 E. F. Chandler 4,53 1,840
9- 5-1923 E. F. Chandler... 1.31 116
11-17-1923 R. B. Black 1.35 104
12-28-1923. E. F. Chandler ocooeeeeeeecceecceeee 0.60* 12
2-23-1924 E. F. Chandler 0.88* 32
4-19-1924 R. V. Tilly 1.53 188
7-18-1924 E. F. Chandler 1.29 90
8-11-1924 E. F. Chandler e ieeeeeenees 0.93 56

*Dam in process of rebuilding, and gage-height not the same as
ordinarily accompanying that discharge,

MONTHLY DISCHARGE OF RED RIVER AT FARGO, N. D.

Month ‘Maximum Minimum Mean Accuracy
1922 September ... T BT 9 37 o]
October 57 24 40 C
November 144 39 96 C
December 78 57 58 C
1923 January .. 78 39 46 C
February . .......... 57 24 31 D
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Mareh .o 57 D
April 2,650 68 1,100 B
May e 725 365 544 A
June e 3,960 144 861 A
July e 2,660 144 528 A
August .occoceeeeeeeaeees 132 60 91 A
September .............. 102 30 68 B
October 98 78 88 B
November 109 69 93 B
December 73 C
1924 January .......... — 52 D
February ... 50 * D
Mareh . 72 D
April 530 125 267 A
May 490 235 303 A
June 235 175 205 A
July 235 100 164 A
August . 162 42 85 A

Maximum gage heights; 54 feet April 18, 1923; 7.9 feet June 29,
1923; 2.5 feet April 30, 1924; maximum ever recorded, 19.9 feet (30.1 feet
on Front Street gage) April 6, 1916,

Minimum gage heights; 1.0 feet October 10, 1922; 0.9 feet September
12, 1923; 0.8 foot August 13, 1924; minimum ever recorded on Fromt
Street gage, 5.7 feet November 1, 1910,

RED LAKE RIVER AT CROOKSTON, MINN.

The Red Lake River is the prineipal tributary of the Red River, and
its average flow is approximately equal to that of the Red River above
the confluence, although it is usually more regular than the Red and
brings less than the Red when both are at flood stages, and more than
the Red during low-stage periods; it is therefore an important factor
in any problem concerning the lower Red River. The gaging station on
the Red Lake River at Crookston, Minn. is located a quarter-mile below
the lower dam and was established May 19, 1901. The drainage area
above it is 5,320 square miles, all in Minnesota; there are no considerable
tributaries between this station and the mouth of the river, so that
almost the whole flow is shown. '

The tables of discharge are based on the measurements in the list
below and one hundred and forty-four measurements in the twenty-one
preceding years. By the operation of the power plants above the station
abrupt variations in flow are sometimes caused which occasionally result
in minor diserepancies, but the figures of monthly discharge are in general
accurate except during the winters, when there have been considerable
interruptions in records.
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MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
10- 9-1922 R. V. Tilly 4.03 366
10-28-1922 Tilly and Johnson ._.......cocoeemeeen 3.12 145
10-28-1922 ° Tilly and Johnson ... I 3.22 177
12-29-1922 ~ R. V. Tilly 3.28* 108
2- 5-1923 A. Johnson 4.78*% 334

6-10-1923 R. V. Tilly 5.65 1,490 -
6-27-1923 E. F. Chandler ...t 5.11 608
7-20-1923 Black and Chandler .. 521
8-17-1923 E., F. Chandler ... . 139
9-29-1923 R. B. Black 87
4-22-1924 R. B. Black .o 4.75 944
6- 1-1924 M. Diehl 3.98 588
6-20-1924 E. F. Chandler .....ciiinneen 4.36 538
7-15-1924 E. P. Chandler ... 2 115
8- 7-1924 E. F. Chandler . 96
9- 3-1924 E. F. Chandler 88
9- 5-1924 E. F. Chandler 90

*Frozen; mean thickness of ice 0.6 foot to 1.0 foot at different meas-

urements,
MONTHLY DISCHARGE OF RED LAKE RIVER
AT CROOKSTON, MINN.

Month Maximum Minimum Mean Accuracy
1922 September .............. 920 160 478 B
October ... 700 95 328 B
November 700 200 469 . B
December 240 D
1923 January 190 E
February 170 E
March 160 E
April 2,140 C
. May 755 1,290 B
June 550 693 B
July 34 534 C
August oo _— 550 22 236 c
September ............... 600 125 274 C
October .................. 550 90 341 B
November ................ 320 E
December ................ 280 E
1924 January ... 170 E
February ........... 170 E
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250 E
April 1,090 360 690 A
MaY .o 1,090 395 677 A
JURE  eeeemereeerecmensenmneen 590 360 T 478 c
July ... . 460 190 237 C
August 215 90 161 (o]

Maximum gage heights; 13.4 feet April 19, 1923; 5.1 feet April 23,
1924; maximum ever recorded, 25.2 feet April 11, 1897.
Minimum gage heights; 3.0 feet October 21, 1922; 3.0 feet October 19,

1923; 2.8 feet September 5, 1924; minimum ever recorded, 2.2 feet October
9, 1911.

THIEF RIVER NEAR THIEF RIVER FALLS, MINN.

The gaging station on Thief River is located about five miles above
the confluence with Red Lake River at Thief River Falls, Minn. and is
in Section 3, Township 154, Range 43. This river is a typical example of
many on the east side of the Red River valley which are occasionally
the source of serious floods. The drainage area asbove the station is
1,010 square miles, all in Minnesota. The station was established July
1, 1909, but was temporarily discontinued because of lack of funds during
the years 1918 and 1919.

The tables of discharge are based on the measurements in the list
below and on fifty-eight measurements in the preceding years, and hawec
fair accuracy except during the winter when the actual flow has not
been accurately measured; but the winter flow is known to be extremely
small, and perhaps zero occasionally,

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
10- 7-1922 R. V. Tilly 4.27 7
11- 4-1922 - A, Johnson 4.35 13
5- 3-1923 A. Johnson 6.49 . 544
6-27-1923 E. F. Chandler .....eieiiaaeen 429 10
7-19-1923 Black and Chandler 4.33 11
8-16-1923 E. ¥. Chandler .o 3.68 0.6
4-19-1924 R. B. Black 4.82 52
6-17-1924 E. ¥. Chandler .........ciunne. 4.56 20 .
9- 3-1924 E. F. Chandler .....ooiiiccaannee 3.58 0.1

MONTHLY DISCHARGE OF THIEF RIVER NEAR
THIEF RIVER FALLS, MINN.

Month Maximum Minimum Mean Accuracy
1922 September 81 0.7 17 D
October 11 6 8.4 C
November 15 58 c
Deg¢ember 1.0 E

Ll
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1923 0.8 E
0.6 E

0.7 E

347 B

23 221 B

1 155 C

8 10.0 C

0.4 . 1.7 C

September ........... 2.6 0.2 11 "C
October ....cvrenees 3 1 17 C
November .............. 2.8 C
December ......coeeeeee. 1.5 E

1924 January ..o 1.0 E
February .......... 0.7 E
March ' 2.0 E
April 4 49 C

May 13 25 B

June 13 19 B

July 6 15 B
August 0.2 2.5 B

Maximum gage heights; 8.4 feet April 21, 1923; 5.3 feet April 21,
© 1924; maximum ever recorded, 14.5 feet April 23, 1916; but on or about
. July 12, 1919 the gage height was about 16.6 feet.

. Minimum gage heights; 3.8 feet November 19, 1922; 3.5 feet Septem-
ber 10, 1923; 3.6 feet September 3, 1924.

BOIS DES SIOUX RIVER NEAR FAIRMOUNT, N. D.

The gaging station on the Bois des Sioux River was established
April 5, 1919 at the highway bridge southeast of Fairmount; April 1,
1920 it was moved to the Soo Railway Bridge. The elevation of the
zero of the gage at the highway bridge is 962.13 feet above sea
level; at the Soo railway bridge the gage-zero is 961.08 feet above sea
level. The drainage area above the station is 1,460 square miles, of
which 360 square miles is in South Dakota, 980 square miles in Minnesota,
and 120 square miles in North Dakota.

The tables of discharge are based on the measurements in the list
below and twenty-three measurements in the four preceding years and are
fairly aceurate. Nine-tenths of the drainage area is above the outlet of
Lake Traverse, into which most of the tributary streams discharge. It
is evident that through most of this two years the inflow into the lake
has been not more than sufficient to supply evaporation from the lake,
so that there has been no overflow or outflow to pass down the Bois des
Sioux River.
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MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
6-15-1923 E. F. Chandler ...ocoioivecrenneene 2,22 4.4
8-30-1923 E. F. Chandler 0
4.18-1924 - R. V. Tilly 0
8-12-1924 "E. F. Chandler ...e... 0.80 0
MONTHLY DISCHARGE OF BOIS DES SIOUX RIVER
NEAR FAIRMOUNT, N. D.
Month Maximum Minimum Mean Accuracy
1922 September ........... 0.3 0.0 0.1 C
October .....ccoeneeeee 0 A
November 0 A
December 0 A
1923 January ... 0 A
February ... 0 A
Mareh ..o 0.7 A
April 76 16 39 c
May 28 16 22 c
June 16 3 8.7 C
July 5 0 2.2 B
August to December ) 0 A
1924 January to August.. 0 A

Maximum gage height; 4.7 feet April 2, 1923; maximum included in
records of station, 5.7 feet April 22, 1922; during the highest flood of
1916 a stage of 9.0 feet was reached.

Minimum gage height ever recorded; 0.8 feet August 12, 1924,

MUSTINEKA RIVER ABOVE WHEATON, MINN.

The gaging station on the Mustinka River was established June 7,
1916, about three miles below (southwest from) Wheaton, Minn, but it
was found that at this point the stage might sometimes be affected by
backwater from Lake Traverse if the lake should be high. Accordingly
the station was transferred March 1, 1917 to.its present location one
mile above (northeast from) Wheaton. From Oectober 1, 1917 to June
24, 1919 the station was disecontinued because of lack of funds. The
drainage area above the station is 776 square miles, all in Minnesota.

The tables of discharge, based on the measurements in the list below
and thirty-one measurements in preceding years, are fairly accurate, except
during the winters when observations were insufficient for complete deter-
mination; but it is certain that the winter flow was uniformly very
small, and presumably less than a second-foot.
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MEASUREMENTS OF DISCHARGE
Date Hydrographer . Gage-height Discharge
6-14-1923 E. F. Chandler ..o 131 0.3
8-31-1923 E. F. Chandler ... 1.18 . 0.2
4-17-1924 R. V. Tilly 1.75 . 5.6
8.12-1924 E. F. Chandler ..o 1.31 0.1
MONTHLY DISCHARGE OF MUSTINKA RIVER
ABOVE WHEATON, MINN.
Month Maximum Minimum Mean Accuracy
1922 September .......... 0.1 0.0 0.1 C
October ... .0.8 B
November 0.6 E
December 0.5 E
1923 January 0.4 E
February .. 03 E
March 04 E
April 746 198 B
May s 21 1.9 6.0 A
June 24 0.1 , 4.0 B
July 21 0.3 2.9 B
August 1 0.0 0.1 B
September ............... 0.1 0.0 0.01 B
October 0.1 C
November 0.4 C
December ......coo.... 0.2 B
1924 January 0.1 E
February .. 0.1 E
Mareh o 1 E
April 45 1.9 13 B
May 74 0.5 2.8 B
June 5.1 0.4 2.0 B
July 5.5 0.1 14 B
Angust 0.7 0.1 0.2 B

Maximum gage heights; 10.1 feet April 14, 1923; 2.7 feet April 5,
1924; maximum included in records of station, 14.7 feet April 1, 1917;
during the spring flood of 1916 a gage ‘height of about 17 feet was

reached.

Minimum gage heights; 1.1 feet September 30, 1922; 1.1 feet August
18, 1923; 1.3 feet August 15, 1924.
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PEMBINA RIVER AT NECHE, N. D.

The gaging station on the Pembina River was established April 29,
1903 but was discontinued for lack of funds during the years of 1916,
1917 and 1918. It is located at Neche, N. D., sixteen miles above the
mouth of the river at the Great Northern railway bridge. The drainage
area gbove this point is 2,960 square miles, of which 1,950 square miles
js in Manitoba and 1,010 square miles in North Dakota.

The tables of discharge, based on the measurements in the list below
and sixty-six measurements in previous years, are fairly accurate through
the open season, but are merely estimates in winter based on a very few
observations. :

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge .
7-12-1923 . E. F. Chandler ... ... 4.22 94
7-13-1923 E. P. Chandler s 4.21 920
4-22-1924 M. Diehl 4.93 282
8- 1-1924 E. F. Chandler ............. R, 3.57 27
8- 2-1924 E. F. Chandler . .roeeeeeceeeeee 3.54 20

MONTHLY DISCHARGE OF PEMBINA RIVER AT NECHE, N. D.

Month Maximum  Minimum Mean Accuracy

1922 September ............ 79 6 39 B
October ... 79 46 68 C
November- ... 79 73 D
December . - 33 D

1923 January ... 20 E
February ............. 10 E
Mareh ... - 11 E

1,150 B

781 1,130 A

121 315 A

73 86 B

73 89 B

September ................ 121 88 104 B.
October .eceocrmreneee 114 C
November ............... : 90 C
December ... 23, D

1924 January 4 E
February ..o 3 E

7 E

674 30 220 B

259 117 157 B

»n7 84 ’ 98 B

84 30 54 C

30 8 14 C
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Maximum .gage-heights: 17.8 feet April 20, 1923; 6.7 feet April 20,
1024; maximum included in records, 20.9 feet May 2, 1904; height said to
be 21.5 feet April 19, 1916.

Minimum gage-heights: 3.4 feet September 2, 1922; 4.1 feet July 28,
1923; 3.3 feet August 26, 1924.

MOUSE RIVER AT MINOT, N. D.

The gaging station on the Mouse River at Minot, N. D. was estab-
lished May 5, 1903. The drainage area above this point is considered
(on the basis of the latest complete maps) to be 10,270 square miles, of
which 3,280 square miles is in North Dakota, 30 square miles in Montana,
and 6,960 square miles in Canada. But mueh of this rarely drains into
any stream and was not clearly shown on earlier maps, so that for
many years the area was considered as 8,400. The gage was located
directly north of the Great Northern roundhouse, at the Anne Street
bridge; but on account of the comstruction of the Park Board dam below
the city, which controls the height of water surface when its gate is
closed, it became necessary in March 1924 to move the station to the
bridge a few rods above the Park Board dam. The zero of the gage at
Anne Street is 85.9 feet above the Minot city datum, and of the gage at
the Park Board dam is 80.0 feet above the city datum; the erest of the
dam is from 93.3 to 93.7 feet above the city datum.,

The tables of discharge, based on the megsurements in the list below
and on seventy-four measurements in the preceding years, are fairly
accurate for all seasons, except a short period when the gate’in the dam
was partially open and not kept in the same position, so that the relation
between gage height and discharge was not constant.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
4-26-1923 R. B. Black 1883 a ° 3,050
'5- 1-1923 R. B. Black 19.60 a 3,420
6- 4-1923 R. B. Black - 5.78 a 181
8-28-1923 E. F. Chandler -.coeeecemeneeeae 4.95 a 86
3- 8-1924 E. F. Chandler ... 5.03 b _ 52
6-25-1924 E. F. Chandler 738 b 241
7-26-1924 E. F. Chandler ... 1391 ¢ 62
8-30-1924 E. F. Chandler ....omaneenes 1238 ¢ 6

a—gage height at Anne Street gage.
b—gage height at gage above dam, gate open.
c—gage height at gage above dam, gate closed.
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MONTHLY DISCHARGE OF MOUSE RIVER
AT MINOT, N. D.

Month Maximum Minimum Mean Acecuracy
1922 September ... 17 2 6 C
_ October ..o 1.8 0.9 1.6 C
November ........... 5 1.1 1.8 C
December ........... 1.0 D
1923 January ..o 1.0 D
February - 0.7 D
March ... 2 34 86 D
April 121 1,410 B
May s : 281 1,340 B
June s 862 97 230 B
July s 844 491 C
August oo 124 91 256 B
September ..o 260 13 74 B
October 2 D
November 13 7 11 B
December 10 C
1924 January ..o 6 C
February ....ocoeoe 14 C
Mareh oo 253 15 105 B
472 108 257 B
152 E
142 (o]
n7 28 71 B
41 14 29 B

Maximum gage heights; at gage at dam, 21.8 feet May 1, 1923;
14.7 feet June 28, 1924; ;

Maximum gage heights at Anne Street gage; 19.6 feet May 1, 1923;
about 8.7 feet June 28, 1924; maximum ever recorded, 21.9 feet April 20,
1904.

Minimum_ gage height at gage at dam, gate open; 4.8 feet March
12, 1924; at Anne Street gage, 3.6 feet February 10, 1923; 3.9 feet
February 9, 1924.

CANNON BALL RIVER NEAR STEVENSON, N. D.

The gaging station on the Cannon Ball River was established June
10, 1903 at the postoffice Stevenson, N. D, which was at that time
located about thirty miles above the mouth of the river and four miles
above the confluence with Dogtooth Creek, at a point four miles south
of the present postoffice and railway station Timmer, N. D. Beecause
of lack of available observer the station was diseontinued in 1909 and
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1910, and from August 9, 1911 to August 1915, was maintained about a
mile upstream from the original location with a gage so placed that all
readings would be approximately 10.0 fect greater numerically than at
the original- location. Records were temporarily - discontinued because of
lack of funds from October 1918 to October 1921,

The drainage area above this point is 3,650 square miles, of which
70 square miles is in South Dakota and 3,580 square miles in North
Dakota. The tables of discharge, based on the measurements in the
list* below and seventy-nine measurements in previous years, are fairly
accurate except during the winter and the first few days of spring
break-up when the effect of the ice is merely estimated, and except
during the season of 1923 when difficulties with a displaced gage make
the records perhaps only approximate part of the season.

MEASUREMENTS OF DISCHARGE

. Date Hydrogra.pher. Gage-height Discharge
5- 2-1923 G. H. MeMahon ....ccooiroreeeeee 4.00 381
8-16-1923 MeMahon and Diehl . 108
9-15-1923 McMahon and Diehl 14
53- 2-1924 G. H. MeMahon oo 3.78 178
3- 9-1924 G. H. MeMahon ..ocoovomveeeeee 3.52 111
5-21-1924 G. H. MeMahou oo 3.28 65
5-29-1924 G. H. MecMahon .. ) 40
6- 6-1924 G. H. McMahon . 35
6-24-1924 M. Diehl 62
7-20-1924 McMahon and Chandler ... 3.39 T4

MONTHLY DISCHARGE OF CANNON BALL RIVER

NEAR STEVENSON, N. D. .

Month Maximum Minimum Mean Accuracy
1922 Awgust . 184 10 64 C
September .............. 47 6 18 Cc
October 6 7 C
November 53 D
December .. 26 E
1923 January ... ' 27 E
February 26 E
Mareh ..o 1,210 B
May .. .. 62 127 D
June 62 214 D
July 1 126 513 D
Angust . 102 288 D
September ............. 900 9 180 D
October - 900 180 420 C
November ................ 180 56 119 c
December ... . 34 E
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1924 January ............... 23

BE
February ... 11 E
March ...cceceeeercennen 13 E
April .. 1,870 81 541 A
May .. 210 41 88 A
June ... ... 650 33 128 A
July oo 15 41 A
Augost oo 1,590 9 161 A

Maximam gage heights; 14.9 feet March 2, 1923; 7.8 feet Apnl' 3.
1824; Maximum recorded, 14.9 feet.

Minimum gage heights; 2.7 feet October 11; minimum recorded,
1.4 feet October 23, 1907.

HEART RIVER NEAR RICHARDTON, N. D.

The gaging station on the Heart River was established May 18, 1903
at the steel highway bridge tem miles south of Richardton, N. D. On
September 4, 1911 it was transferred one mile downstream and the gage-
datum so changed that all readmgs at the new location are approximately
20.0 feet greater numerically than at the original location. The station
was discontinued April 1, 1924. The drainage area above this station
is 1,250 square miles. -

The tables of discharge, based on the mea.surements in the list below
and fifty-nine measurements in the nineteen previous years, are only
approximale through most of the season, because in recent years channel
conditions there have become such as to cause occasional small changes
in the relation between gage height and discharge, and the times and
amounts of these changes cannot be closely determined except by more
frequent dlscharge measurements than the available funds seemed to
warrant.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
9-26-1922 MeMahon and Diehl ... 2423 2.5
4-11-1923 G. H. McMahon 299
9-27-1923 G. H. MeMahon ... 24,70 39

MONTHLY DISCHARGE OF HEART RIVER
NEAR RICHARDTON, N. D.
Month Maximum Minimum Mean Aceuracy

1922 August ... 1,380 2 74 D
September ................ 2.2 0.8 1.6 D
October 8 1.2 3.1 Cc
November 21 D

3 E

December
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- 1923. January ... . 5 E
February ... 8 E
March 261 E
April 124 501 D
May 50 80 D
June 60 158 D
‘July 41 195 D
August 60 114 D
September ............ .738 50 192 D
October 23 174 C
November 6 15 C
December 5 b

1924 January ... 3 E
February ... . 4 E
Mareh .o 68 E

Maximum gage: heights; 31.1 feet April 13, 1923; maximum reeorded,'
about 45.9 feet June 10, 1906.

Minimum gage heights; 24.1 feet September 25, 1922; 24.3 feet
November 10, 1923.

HEART RIVER AT SUNNY, N. D.

The gaging station on the Heart River at Sunny was established
March 1, 1924 at the highway bridge near the railway bridge in the
northeast quarter of Section 25, Township 139, Range 82. It is about
seven miles above the mouth of the river and the drainage area above
the station is 3,320 square miles. The zero of the gage is 1,630 feet
above sea level.

The tables of discharge are based on the measurements in the list
below and are fairly accurate.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
4- 7-1924 G. H. MeMahon .. .0 ... 12.40 3,120
4-11-1924 G. H. McMahon ... e 931 533
4-22-1924 G. H., McMahon ... 8.25 163
4-28-1924 G. H. MeMahon 8.17 147
5- 1-1924 G. H. McMahon 8.40 210
5-20-1924 G. H. MeMahon 7.97 103
5-30-1924 G. H. McMahon ... ... T.82 57
6- 6-1924 G. H. MeMahon ..o 7.60 45
6- 9-1924 M. Diehl 7.79 77
6-23-1924 M. Diehl i 13.03 2,010
6-24-1924 M. Diehl . 11.21 1,180
6-25-1924 - G, H. MeMahon ... 10.03 877
7-16-1924 M. Diehl .. . 8.16 141

7-19-1924 MeMahon and Chandler ............... 8.01 110
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MONTHLY DISCHARGE OF HEART RIVER AT SUNNY, N. D.

Month Maximum Minimum Mean Accuracy
1924 April ... 2,060 139 473 C
May . 293 49 132 A
June e 2,530 36 592 B
July e 1,200 104 277 A
August e 83 H] 35 B

Maximum gage height; 13.6 feet June 19, 1924,
Minimum gage height; 7.2 feet August 31, 1924,

KNIFE RIVER NEAR BRONCHO, N. D.

The gaging siation on the Knife River is about twenty miles north-
of Hebron, N. D., in Section 4, Township. 142, Range 90, at the raneh
of C. D. Smith, the former loeation of Broncho Postoffice. The station
on this river was first established May 29, 1903 at a point about four
miles further downstream and was transferred to the present location
Mareh 23, 1905. The station was temporarily discontinued because of
lack of funds from November 1919 until October 1921. The drainage
area above this station is 1,200 squarc miles. The zero of the gage is
1848.35 feet above sea level.

The tables of discharge, based on the measurements in the list below
und fifty measurements in preceding years, are close approximations except
during the winter when they are merely estimates based on a few gage
.observations, and during the summer low-stage of 1923 when some minor
uncertainties entered the records between visits of engineer to station.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
9.27-1922 MeMahon and Diebl ... 355 7
9-26-1923 G. . MeMahen 14
4- 9-1924 G, H, McMahon 89
3-23-1924 G, H. MeMahon ... s 3.75 16
6-20-1924 MeMahon aud Diehl . 8.20 720
6-20-1924 M. Diehl o 9.00 829
(3-20-1924 M. Diehl meemreeeaeeaeneas 11.50 1,420
6-21-1924 M. Diehl 11.95 1,370
7-90.1924 MeMahen and Chandler ... 4.78 136

MONTHLY DISCHARGE OF KNIFE RIVER NEAR BRONCHO, N. D.

Month Maximum Minimum Mean Accuraey
1992 August oo 3,920 1 300 c
September ... 47 o4 16 c
‘Oetober oo 12 7 9 C
- November ... 62 12 24 C

..Deeember ... 9 E
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1923 January 7 k.
" February 6 E
March 765 D
April 3 770 ¢
Muy s 1 1.4 D
June e 3 1 1 D
July e 520 2 45 B
August . 2 2 26 B
September .............. 452 3 52 :
October 81 18 3 (¢
November 42 18 25 ¢
December 12 D
1924  TJanuary 6 I
February 7 )
Marell o e 116 104 D
APHL e oo 1,580 51 210 Y
MAY oo 96 33 51 B
JUDE  cooeeccrererians 1,520 33 252 B
Coduly 3hHY 33 90 B
August 25 C

Maximum gage heights; 17.4 feet April 14, 1923; 11.7 feet April
5, 1924; 11.9 feet June 21, 1924; maximum ever recorded, 24.0 feet June
26, 1914.

AMinimum gage heights; 3.6 feet September 1, 1922; 2.7 reer June 21,
1923; 3.8 feet August 26, 1924,

SPRING CREEK AT ZAP, N. D.

The gaging station on Spring Creek at Zap, N. D. which was estae-
lished March 4, 1924 is at the Northern Pacific Railway bridge at Zap,
about eight miles above the confluence of Spring Creek with the Knife
River. 1t is in the southwest quarter of Section 14, Township 144, Range
89. The drainage area above this station is 547 square miles.

The tables of discharge, based on the measurements in the list below,
are fairly accurate for the low-stage flows, but are merely estimates for
the flood and medium flow periods, because no discharge measurements
happened to be obtained this season during those periods; therefore the
monthly -tables are subject to considerable revision later after high-stage
discharge measurements shall have been obtained.

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
5-11-1924 G. H. McMahon oo 9.16 11
5-15-1924 G. H. MeMahon ... 9.30 14
5-23-1924 G. H. McMahon ..ot 9.19 11
6-20-1924 MeMahon and Diehl . ... - 10.16 55
7-21-1924 McMahon and Chandler 9.15 16

7-22-1924 McMahon and Chandler

12
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MONTHLY DISCHARGE OF SPRING CREEK AT ZAP, N. D.

Month Maximum Minimum Mean Accuracy
1924 March ... 228 111 E
April 622 35 134 D
May 112 8 34 B
June .. ... 878 8 70 D
July . 172 8 18 B
AUgust e 8 2 5 D

' Maximum gage heights; 14.0 feet March 7, 1924; 157 feet April 5,
1924; 16.3 feet June 27, 1924.
Minimum gage height; 8.7 fect August 31, 1924,

LITTLE MISSOURI RIVER AT MEDORA, N. D.

The gaging station on the Little Missouri River at Medora was
established May 12, 1903 but was discontinued in November 1908. It was
reestablished October 11, 1921, but it happened that records were inter-
rupted from December 1 to March 12, 1922, and from June 18 to No-
vember 5, 1922, and from January 1 to May 2, 1923. Enough discharge
measurements have been made to render the tables of discharge fairly
accurate except for the winter periods when the effect of ice as applied
to the computations is merely estimated.

On the reestablishment of the station in 1921 the gage was trans-

ferred to the new highway bridge and the effect of this change was the-

same as if the gage zero had been lifted 0.20 foot. It may be assumed,
for oxample, that the discharge at a gage height of 6.0 feet on the
present gage is the same as formerly, in the years 1903 to 1908, would
normally have occurred at a gage reading of 6.2 feet.

The drainage area above this station is 6,190 square miles, of which
680 square miles is in Wyoming, 560 squarc miles in South Dakota, 8,040
square miles in Montana, and 1,910 square miles in North Dakota. The
" tables of discharge are based on the measurements in the list below and
also on thirty-nine measurements in previous years,

MEASUREMENTS OF DISCHARGE

Date Hydrographer Gage-height Discharge
10-11-1921 MceMahon and Chandler 2.31 10
5-26-1922 G. H. MeMahon ............ .. 4.80 728
8-12-1922 Chandler and MeMahon .. ... 4.6% 647
9-15-1922 MeMahon and Diehl........coooueee.. 3.10 68
10-10-1922 G. H. McMahon ...ooooeeeeeeees 2.75 26
5- 4-1923 G. H. MeMahon .o 3.20 151
7- 5-1922 M. Diehl 4.10 436
9-28-1923 G. H. McMahon ............................ +.35 402
10-16-1923 G. H. McMahon ... 6.60 . 3,500
11- 2-1923 G. H. MeMahon ..o 3.65 192

.
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'y 3-11-1924 G. H. McMahon ... S 440 632
- 4-15-1924 G. H. MceMahon .o 6.65 3,940

. 4-23-1924 G. H. MeMahon ..o 4.95 1,210
% 5-13-1924 G. H. MeMahon .ooeeeenreeececereee 3.65 344
6- 3-1924 G. H. MeMahon ..o 310 126

6-28-1924 M. Diehl e 3.90 " 401

7-23-1924 E. F. Chandler .o 5.07 1,250

7-24-1924 E. P. Chandler ... 5.28 1,330

MONTHLY DISCHARGE OF LITTLE MISSOURI RIVER

AT MEDORA, N, D.

Month Maximum Minimum Mean Accuracy
1921 October ... 11 D
November 11 C
1922 1,070 D
- 2,200 2395 1,180 B
1,490 - C
7,840 605 2,660 . B
November 5-30........ 630 150 342 C
December ............... 86 B
1923 e 109 30 76 C
June s - 1,040 41 381 B
July e 1,230 80 356 B
August oo 4,200 330 1,430 C
September ............... 5,030 69 662 B
Qctober ....10,660 240 2,050 B
November ... 240 ‘109 163 C
December ..o 240 59 115 C
1924 January 35 E
February .. 437 E
March 1,580 . B
April e 18,520 650 5,640 ‘B
. 590 130 297 B
.. 4,100 105 642 B
1,860 185 - 560 B
650 105 244 B

1922; 7.4 feet August 9, 1923; 10.7 feet October 2, 1923; 13.8 feet April
4, 1924; maximum included in records, 16.0 feet June 24, 1907.
Minimum gage heights; 2.2 feet October 25, 1921; 2.9 feet December
22, 1922; 2.7 feet June 2, 1923; 3.0 feet January 4, 1924, June 8, 1924
- and August 13, 1024. ) '
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