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INTRODUCTION.

Though much has been written on the subject of
Preliﬁinanyﬂmtimatos for Irrigation Projects there is yet
much ground for dlscussion and an exchange of ideas, as
the fleld is a broad one and each new project presents
new problams. The work lies in the realm of the art
rather than in the science of engineering and the exper-
lence, skill and good judgment of the engineer in charge
detoarmine largely the accuracy of the results.

Usually certain restrictions as to time and
expense are placed in advance and since the means to the
end must conform to these, no hard and fast rules or
methods of proceedure can well be laid down. Methods
that one engineer finds rapid and accurate may not be
applied to advantage by another, Under no circumstances,
however, should an engineer permit himself to be 80 re-
stricted as to be tempted to slight the work and produce
inaccurate results. Such a proceedure may entirely de-
feat the object of the survey and end in trouble and dis-
aprolintment.

This lsads to the question of what may be con-
s8ldered a reasonable degree of accuracy. Experience seems
to warrant the assertion that under average conditioms,
with reference to design and construction, the estimate
should be within at least ten percent of the actual cost.

On small systems where the structurss are plain and



conform closely to common practice an estimate may be
expected to be within five percent of the actual cost.
On the other hand where the design is novel, more or less
e8laborate in details, conditions new and undetermined,
greater fluctuation must be anticipated and the leeway
should be increased to fifteen or twenty percent.
In the following discussion 1t 1s the purpose
of the writer to outline certain fleld and office methods
which have been found both rapid and reasonably accurate
in results. It is not intended to treat the subject in
its broadest sense and 80 all matters pertalining to source
and amount of water supply, rain-fall and run-off, water
rights, right of way, etc. are purposely left out and the
question for discussion may be stated briefly as follows:-
Assuming that there is watser on the one hand
and land on the other, what will 1t cost to put the water

on the land?

-:GENERAL CONSIDERATIONS:-
A. TYPICAL IRRIGATION SYSTEM:
At the outset for the sake of clearness, we
may outline briefly the essential elements of a typlcal

irrigation system as follows:-






l. Diversion Works.

2. Inlet Canal.

3. Reservoir,

4. Outlet Canal (or Canals.)

5. Laterals.

1. DIVERSION. WORK:

The diversion works consists usually of a com-
bination dam and headgates, its function being to inter-
cept the waters of the stream furnishing the supply and
divert a specified amount at certain seasons for use in
the system, the amount and the time of the diversion or
appropriation from any particular stream being limited
by prior water rights, (or the amount of free water avail-
able,) and also by the amount asked for or actually needed.
If the steady flow of the stream has already been appro-
priated by prior rights then the only watergavailable are
the flood.waters at comparatively short seasons of the
year. Consequently the dam and headgates must be designed
to meet the requirements - be of large capacity and able
to resist flood conditions. On the other hand, if it is
desired to appropriate only the steady flow then the works
may be of smaller dimensions and so designed as to offer

1little resistance under flood conditions.






2. INLET CANAL:

If the headgate 1s of large capacity the lnlet
canal must be correspondingly large and when a large
quantity of water is to be conveyed a long distance, open
canals having a sultable grade are usually employed.

Such canals have some objectionable features, one of which
is a considerable loss by evaporation and seepage, the
latter being an unknown quantity until the canal is built
and put in operation. They must also follow a nearly
uniform and easy grade. The condition that makes it
necessary either to skirt along the valleys which they
encounter, thereby greatly increasing their length, or

to cross these valleys on aqueducts, which are always more
or less expensive structures.

When the volume of water to be conveyod.is not
too great, canals can be replaced by flumes or plpe lines.
Pipe lines may be either cast iron, wrought iron, steel,
or wooden stave pipe, differing from canals and flumes 1n
the fact that they are not confined to a uniform grade but
may go up hills and dowvn and, 1f necessary, may be laid in
the bed of any streams which they may cross.

At a polint near the headgate and at frequent
intervals throughout the length of the canal, there are
waste-gates constructad in the banks c¢f * .3 canal for the
purpose of preventing the water rising too high and also
for letting the water entirely out in the case of a break

in the canal bank.






Near the headgate is usually a gauging flume »» weir for

the purpose of measuring the amount of water flowlng.

If the water entering the canal 1s heavlly charged with

8ilt and sediment, it 1is necessary to provide some means
for clarification. What 1is known as a sand chute is usually
provided for this purpose and located just below the head-
gate. It is a combined flume and waste-way, s0 designed
that the velocity of the water is checked and a certain
amount allowed to waste from the bottom of the flume. This

carries away the heaviest of the sediment.

3. RESERVOIR:

Storage reservoirs are almost invariably formed
by bullding a dam across some valley and thus forming an
artificial lake. Good réservoir sites are not by any means
plentiful and common practice is to first find the reservoir
and then locate the inlet and outlet canals from 1it.

The required capacity of the reservoir 1is de-
termined chiefly by the amount of land to be irrigated
but is influenced slightly by evaporation and seepage.

The method of determining the capacity of the reservolr
will be considered under the head of "Duty of Water."

The prinecipal structures connected with the reser-
voir, are the dam, outlet gates and spillway. These struct-
ures are of various types and designs which 1t would be

impossible to consider in detall. In some cases all three



are combined in one,while in others each may be separate,
as for instance, the outlet may consist of a tunnel through
the base of one of the hills adjacent to the dam, while

the splllway may be located in a depression in one of the

surrounding ridges.

4. OUTLET CANAL (or CANALS)

The outlet canal extends from the reservolr to
the land to be irrigated and may be called the main artery
of the distribution system. Where the reservolr is formed
by the means of a dam across a valley 1t is often feasible
and desirable to have two outlet canals, one on each side
of the valley. However this 1s a matter entirely dependent
upon the topography of the region and the location of the
land to be 1rr1gated.

The facts regarding evaporation and seepage,
grade, flumes, pipe lines, etc. as given under the "Inlet
Canal® apply equally well to the outlet, and the sams
influence that determines the capacity of the reservolir
also controls the capacity of the outlet ditch and will

be consldered in the discussion of the "Duty of Water."

5. LATERALS:

As may be inferred from the foregoing, the laterals
furnish the means of conveying the water from the main out-
let to the individual tracts of land and the requlired cap-
acity of each lateral 18 determined by the amount of land

it serves.






VARIATIONS:

Vhile our typical system as outlined above con-
tains five main features, it very often happens 1n practice
that some of these can be eliminated or combined. Some-
times a very desirable reservolr site may be found in the
channel of a stream furnishing the water surply, in which
case a high dam may serve both the purpose of impounding
and diverting the waters and the inlet canal be entirely
dispensed with. Again the dam may serve only for storage
of water lettling it flow down the river channel and di-
verting i1t as needed at a point as near as may be to the
territory to be irrigated. In this way a considerable
length of conduit may be saved. Many of the early systems
buillt when water was plentiful consist only of a low
diversion dam and canal, appropriating water directly
from the stream whenever needed, having no occasion for

storage.

B. DETERMINING FEATURES:
1. DUTY OF WATER:
A gree*, deal could be written on this subject
alone. It is the purpose hare, however, to conslder it
only briefly in connection with the determination of the

capacity of the reservolir and outlet ditches.



The duty of water in irrigation may be defined,
in general terms, as the ratio of the area of the land
to the quantity of watsr required to irrigate 1t duri'ng
a full season. It may be properly, though not commonly,
exrressed in acres covered by a cublc foot of water per
second per irrigation season. Expressed 1ln thls way, the
duty variss from 10 to 100 acres throughout the West. A
good average value is 70 acres. However a high duty for
one locality may be low for another. In Califormia the
duty ranges from 10 to 650 acres whlle in Colorado 1t
ranges from 60 to 100.

A more common expression for the duty of water
is the total depth of irrigation watar required to produce
a crep economically. It 1s usually given 1in feet and
varies frgm one to ten. For instance, in a given locality
it may be known that a good crop of alfalfa can be 1rri-
gated by the proper application of a total of 2.6 feet of
water during an irrigation season. The use of 3 feet of
wvater would be a waste and the duty would be lowered in
proprortion.

In figuring the capaclty of the outlet canals
eand laterals, the duty of water as expressed first above
is made use of. Suppose it 1s found ty study of local
conditions that a duty of 80 acres 1s proper. Then the

capacity of the main outlet canal must be 1 sec.-ft. for






every 80 acres of land to be irrigated, that is, the total
acreage divided by 80 gives the required capacity of the
outlet canal:-

Total acreggo under canal — required capacity of eanal

Total acreage under Lateral
80

=required capacity of lateral

In determining the required capacity of the
reservolr, the duty as expressed in depth of water required
during a season is made use of. The common unit of quan-
tity 1s the acre-ft. or 43,660 cu. ft. A depth of 2.5
ft. of water over one acre is equivalent to 2.5 acre-ft.

If the duty for any particular locality 1s found to be
2.5 ft. then the capacity of the reservoir must be 2.5
acre-feet for every acre of land watered.

The connection between the two ways of expressing
the duty of water may be shown as follows:~ Assuming a
duty of éo acres per soc;-ft. to find the equivalent depth.
Assume further that the ocutlet canals are to run full 100
days during the irrigating season, which value 18 close
to the average for the Western States. Then each 80 acres
being entitled to 1 sec.-ft. continuous flow, recelives
during 100 days a total of

100 x 24 x 60 x 60 = 8,640,000 cu. £t. of water.
Therefore 80 acres equals 3,484,800 sq. ft. receives a total

depth of 8,840,000 -—3,484,8000 =2.6 ft.

\
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The U. S. Department of Agriculture has for
many years been making experiments-ahd collecting statistics
relative to water duty, the results of these investigations
being published from time to time in the form of bulletins.
Reference to them is often of material aid in determining
the duty of water for any particular locality.

In canals and reservoirs the effects of evapor-
ation and seepage must be taken into account. These ele-
ments vary with the length of the canal, kind of éoil,
area of exposed water surface, design of canals and conduilts,
methods of construction,and so cannot be estimated closely
in advance. The U. S. Department of Agriculture 1ls meking
a thorough investligation of the losses due to these causes
and much valuable information may be gained by a study of
the government publications on this subject. It may be
sald, however, that the combined loss due t0 evaporation
and seepage will not ordinarlly exceed ten percent though
it has been known to approximate 90 percent 1in at least

one case - The Gage Canal of California.

2. IMPORTANCE OF RESERVOIR:

As mentioned above, the reservoir is in many
cases the determining element in the system. The first
qQuestion railsed in connection with any proposed system
almost invariaebly pertains to the location and size of

the reservoir. A good reservoir site in an arid region






is considered a find. It ranks with a gold mine in com-
mercial importance. Broad acres of grod fertile land can
be found adjacent to almost every stream. Torrential
floods of water flow down these streams at certain seasons
of the year. The missing element is the means of storing
this water and permitting 1ts use when crops are thirsty

and the s8ky 1s cloudless.

3. COMMENCEMENT OF SURVEY:
a. INLET CANALS:

With the reservoir question settled, the next
query pertains to the inlet canal. Takling the high water
line of the reservoir as the low point, the problem is
to find the most economical route to the river or source
of supply. The work of location usually proceeds from the
reservolir to the river channel. The shortest route may
not be the most economical and the problem may resolve
itself into a choice of several routes. Rock cuts, flumes,
tunnels, pipe lines, etc. are likely to be required more
on the inlet than on the outlet and a careful study of
all conditions is necessary as these elements affect the

cost greatly.



b. OUTLET CANAL:

In the location of *the outlet canal the diversity
of routes may be even greatser than with the inlet, but the
problem is much the éame; that is, to find the most econ-
omical and desirable route between the low point of the
res9rvolr and the high point of the land.

Where there 18 plenty of fall to be utilized,
or in other words, the good land, is considerably below
the reservolr, then it may be expedlent to kesp the ve-
locity of the flow in the various sections of the canal
right upy to the 1limit that *l:9 material will stand and
thus reduce all parts to the smallsst possible dimensions.
Usually, howeveP,Athe revarse is true. There 1s no grade
to spare. In ordesr to reclaim as much of the good land
as possible, the canal must be put on its highest line by
reducing the grade to a minimum. This means lncreasing
the cross sectional dimensions of all the parts and con-
sequently the cost. It then devolves upon the engineer
to determine whether the value of the land gained will be

gufficient to offset the added cost of construction.
4 , USE OF GOVERNMENT TOPOGL MAPS .

The outlet of the reservoir being the highest
roint in the outlet canal, the operation of location will
usually proceed from here. As an ald in determining the
controlling features in any proposed system, the government

topographical maps will be found of great value. The
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contour lines will show quite accurately the relief of the
land, the fall of the stream, arproximate elevation, ste.,

and a careful study of the maps will be time well spent.

c. CONSTRUCTIONAL PROBLEMS:

Having determined the required capacity of the
main canals, the next operation 1is to calculate and fix
upon ‘the various dimensions and arbitrary details that
enter into the practical working out of the system.

a. KUTTER'S FORMULA:

As mentioned before the capacity of the inlet
canal will be governed by the amount of water appropriated
or by the cost, being as large as conditions demand or
will permit.

The capacity of the outlet canal will be deter-
mined by the amount of land to be watersd.

Knowing the required capacity of each of these
canals, thelr respsactlve dimensions may readily be cal-
culated by Kutter's Formula in conjunction with the other
well known hydraulic formulas.

Any reliable hydraulic text-book treats these
formulas in detail. It is considered unnecessary to discuss
them here. However, Plate I shows their application in the

solution of a practical problem.-
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b. VELOCITY:

A matter of first importance is that of veloecity
of flow. The permissable velocity varies, of course, with
the kind of material. In a light sandy soll a surface
velocity of 2.3 to 2.4 ft. per sec. or a mean velocity of
1.86 to 1.93 ft. gives best results. Veloclties of from
2 to 3 ft. are ordinarily suffliclent to prevent the growth
of waeds and the deposition of ma*ter in suspension. And
other things being equal, this velocity should be maintained
wherever possible. Ordinary firm sandy loam, or soll per-
mits velocitles of 3.0 to 3.6 ft. per sec., while in firm
gravel, rock or hard pan the velocity may be as high as
5 or 7 ft. Brick work or heavy dry-lald paving or rubble
will not stand velocltlies higher than 15 ft. per sec. and
only tnhe most substantial forn of masonry constructlon

is capable of resisting still higher velocitiss.

C., SIDE SLOPES:
The question of side slopes also depends on the
kind of material. It may vary from 2 horizontal to 1
vertical in light sandy soil to 4 to 1 or even vertical
in masonry canals and rock cuts. The following table

gives the slopes commonly used for various materials:-



Soil. Cut Slope ¥111 Slope
Sand or sandy gravel, 2 to 1l 2 to 1l
Loam, 1% to 1 13 to 1
Clay and clay rravels, 1 to1l 12 to 1
Hard pan, 4 to 1l 1 to1l
Solid rock, 3 tol as 1t stands

cr vertical

d. BARKS:

In the case of slde hill or sloping ground, only
one bank is ordinarily required but where the surface is
quite level banks on both sides of the canal ars nscessary.
The top of the bank is usually from 1 to 3 ft. above the
high wveter line of the dltch and %tl.e width at the high
water line should never be less than the depth from the

top of the bank to the bottom of the ditch.

o. FORM OF CROSS SECTION:

A study of the hydraulic formulas used in dseter-
mining the capacities of the canals and condﬁits shows
that the form of the cross section having a minimum peri-
meter for a given area produces the greatest velocity of
flow and therefore gives the greatestlcapacity. The semi-
circular form for an open channel meets this condition
but since it is seldom convenient to construct a channel
of this form, a semli-hexagonal section is the nearest

practical epproach to 1t. Sometimes othsr considerations
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maks the semi-hexagcnal secticn undesirable. In case this
form of cross section produces too high a velocity of flow
1t may be reduced to “he prcrer limlts by making the
channel wider and shallower. And further, in shallow
801ls this widsr and shallowelr channel may be especlally
desirable 1n order to avold shale or rock excavations.

A deep canal 1s more difficult both in construction and

in maintainance than a shallow one.

f. CURVES:

The meximum degree of curvature for eny partic-
ular canal depends upon the size of the channel and uron
the velocity cf flow or what 1s the same thing the kind
of metariael. Shorter curves ma; be used in a draw than
on a roint end an sasy curve at the end of a lorng tangent
is deslirabls on account of the wave action, especlally
if the curvo*.occursin a fill.

Nawell 1in his work on Irrigation Engineering,
glves the following in ragard to curveture:- "The precise
emount of reslstance that a curve offers to a flow of
water in opon charnels has not heen definitely det=rmined.
It 1s belleved, however, for veloclties of flow which are
safe for earthen canals, that & curve in the center-line
whose radlus 1s 2.5 times the bottom width of the canal
may be used without any appreclabls effect on the average

rete of flow."
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g. ECONOMIC CUT:

In layling out irrigation ditches with single
or double banks, it is necessary to determine in advance
the cut required at the center of the ditch 80 that the
excavation will just mﬁko the embankment, plus shrinkage
and waste. This is called the economic cut. It varies,
of course, with the slope of the ground at right angles
to the center line of the canal.

The economic cut for level ground may readily be
.dotérminod by equating simllar expressions for the cut and
£i11l1 areas. It should be determined for both single and
double banks and for sloping as well as level ground. Plutes]r
and VI will aid materially in determining the effect on

the center cut of changes in surface slope.

FIELD OPERATIONS.
A, ORGANIZATION OF PARTY:
| The method of proceedure that the writer has
found both rapid and economical in the location of a canal
1ine requires nine field men besides two teamsters with
double teams and covered wagons. The nine men are divided

into three parties as follows:-






1. Levelmen
1. Fly 1line 2. Rodman
3. Stakeman
1. Head Chainman
2. Stake Line 2. Rear Chainman
3. Stake man
4. Engineer 1ln charge
l. Levelman

3. ‘Level Line -z
2. Rodman

1. PERSONEL:

In choosing the men for the various positions
I have found that 1t pays handsomely to have a good fast
roadman. He 18, in fact, the life of the outfit. The
roadman for the fly line party sets the pace for all the
rest. If he is slow 1n moving from station to station,
the work is sure to drag and the whole outfit will lack
the snap and vim that is quite essentlal to rapid and
harmonious work.

The chein men should te impressed with the
necessity of being careful and consclientious in thelr
work — oft 1eav¥?nothing in doubt. They should never be

tempted through fear of sharp criticism or reprimand to

cover up some mistake or let an error pass uncorrected.

18






In engaging the men for the various positions,
it should be distinetly understood at the outset that they
may beAshifted or changed around as the engineer in charge
may see fit at any time. The first few days 1n the fleld
wlll reveal who are the leaders and whether any changes

should be made in the assignments of work.

2. SIGNALS:

The sign language used 1n flield operations is
common knowledge with all who have worked in the field,
yet 1t varies to some extent with the individual. The

following are a few signals which the writer has found

effective:-
a- Either arm extended stralght down and waved

back and forth in front of the body means variously:
1. No good. 2. Not right. 3. Cant understand.

4. Do it over again.

b, Either arm extended straight over head and
moved slowly either to right or to left means to
hold rod or flag pole plumb.

S Either arm extended above and swung 1n a circle
over the head means t0 make a turning point.

Er The numerals from O to © may te signaled as
follows: Standing erect with hands on chest and

‘elbows against sides of body:-

19



4.

b.

6.

Both arms extended over head in the form of a
circle with hands touching.

Right arm with hand open extended straight up.
Right arm extended stralght out horizontally.

Right arm extended down at about 70 deg. from

. the horizontal.

Left arm extended stralight up.

Left arm extended stralght out horizontally.
Left arm extended down at about 70 deg. from
the horizontal.

Both arms extended stralght up.

Both arms extended straight out horigzontally.

Both arm down at about 70 deg. from horizontal.

20
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B. SURVEY OF CANALS:
l. FLY LINE:

The object of the fly-line party is to make an
approximate temporary location of the surface grade line
based on the economic cut. For instance, assume that the
elevation of the ditech bottom at Station O is 100.00, also
that the economic cut for level ground 18 1.73 and that
the grade is 0.1 ft. per 100 ft. Then the surface elevation
for Sta. O will be 101.73 ft.; for Sta. 1, 101.73 - 0.1
=101.83 (going down grade); for Sta. 2, 101.563, and so on.
The stakes used in this line are lath so that they can be
clearly seen for a considerable distance. A lath is set
at Sta. O, The rodman then gives the levelman a reading
at this station. Suppose the reading in this case to be
6.82. This gives a height of instrument of 101.73 + 6.82
= 108.66. (The form of notes used in this work is that
commonly used on any uniform grade line). The rodman now
sets his target at 6.82 4+ 0.1 = 6.92 and proceeding in the
direction of the grade contour, paces off a distance of
100'. The levelman here directs him up or down until,
with the bottom of the rod on the ground, the cross-hair
cuts the center of the target. A lath is here driven
marking approximately the position of Sta. 1. The rodman
now sets his target at 6.92 + 0.1 == 7.02 and proceeds
another 100' by pacing to Sta. 2, and so on pacing from

station to statlion setting a lath at each one. Contlnulng
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in this manner for 1600 or 2000' the surface grade line

is approximately located. The error due to pacing this
distance may be as much as 200' but as this would only
affect the grade elevation by 0.2', it would not have much
effect on the altitudinal position of the lath. However,
continuing much farther would make the error in grade qulte
epprreciable, and so at about this point a correction should
be made. In order to make this correction it 1s necessary
that the steake line be brought up nearly to the point in
question.

2. STAKE LINE:

The object of this party is to locate the center
line of the canal proper; VThis should be a practical
location that will not admit of much subsequent variation.
The Judgment and skill of the engineer is here called into
play and he must be able t0 decide important matters quickly
and accurately. He must be able to determine without too
much delay whether to follow around a point or make a cut;
follow up a draw or put in a flume, and a careful study
of the relative costs of the various kinds of construction
is necessary in advance, in order to make the proper selection.
The stakes used in the location of this 1line should be
about 1" x 1" x 18" long, saw-pointed.

The work of location proceeds as follows:- The

head chainman leads the party, with him goes the stake man,
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The engineer with a flag pole in hand takes his position
one hundred feet behind the rear chainman. A stake

"Sta. O" marked lengthwise and faced to the rear is set

at the first lath as located by the fly-line party. The
head chalnman then proceeds in the direction of the second
lath here setting a stake marked "Sta. 1" at exactly 100'
from "Sta. O". At"Sta. 2" the head chainmen sights back
for alignment to the engineer who is now at "Sta. O". The
engineer guided by the line of lath along the grade line,
directs the location of each successive stake. A long
tangent may be put in where a number of lath come approx-
imately in line. If the ground is sloping he directs the
stake line a few feet above the lath line, or in other
vords, he throws it 'into the cut". In rounding a point he
also goes deeper into the cut. He cuts across the upper
end of a draw by means of a fill or flume instead of follow-
ing to the extreme point of the draw.

In running in curves ﬁha engineer simply steps
out, at right angles, from his station the proper deflection
distance for the desired curve and there sets his flag pole.
The head chainman puts himself in line with the flag pole
and rear chainman. If the curve is quite sharp 60' or
even 26' stations are put in so as not to have the chord
diffsr much in length from the arc.

When the stake line has nearly reached the end

of the lath line, the rodman of the fly-line party takes



note of the statlion number, corrects his grade elevation
accordingly and beginning at the last station in the stake
line, locates a new lath line as beforsa, The stake man

of the fly-line party meanwhlile goes back t0 the rear of
the gtake line party and pulls up the lath previously set
for use agaln in extending the fly-line.

3. LEVEL LINE:

The object of the level party 1s to take the
elevation and surface slope at each station. If the ground
is level, or nearly so, one reading only is necessary,
but 1f the ground 1is sloping two reading are required, one
at the stake and one at the center line of the embankment.
Notes should also be taken recording the surface material,
whethear single or double banks are required, the nature
and profile of all gullies, creeks, or precipltous places setc.

It may be necessary to investligate the nature of
the sub-solil, especially if there 18 any possibility of
the surface being underlaid with a stratum of hardpan or
rock. The means of determining this condition will be
discussed later under the head of Classification of Material.

The form of notes which the writer has found

effective in this work 1s shown on Plate. I]f.
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Referring to this Plate, the columns 1, 2, 4, 6, 7, 8, and
portions of 3 and 6 are obtained in the field. The remain-
ing columns represent the work involved in the reduction
of the notes which is discussed further on and shown in

detall on Plate VII.

4. TRANSIT PARTY:

Unless it is desirsed 4o make a State or Government
filing, or questions of right of way enter into the estimate
of cost, it 18 not necessary to immediately run a transit
line over the location. However this work should follow
shortly as the stakes soon become dislodged and portions
of the line may be obliterated. ternate freezing and
thawing will cause stakes t0o rise in the ground and fall
over, Ordinarily the transit location is not necessary for
the estimate of cost and an explanation of the field work
will not be entered into further than to say that it involves

nothing uncommon t0 usual practice in traversing.

c. SURVEY OF RESERVOIR BASIN:

A reasonably accurate survey of ithe reservoir basin
is essential in order to determine the height of the dam
required to give the desired amount of storage. Three
methods are commonly employed in this work, viz:

1. Contour Method.

2. Cross Section Method.

3. Stadia Method.
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1. CONTOUR METHOD:

The contour method 18 perhaps more generally
used than any other probably on account of its simpllicity
and directness. The contours are usually run 6' apart in
elevation, although sometimes they are located every foot.
For preliminary purposes 3 to 6 foot contours are quite
sufficlent and intermediate contours may be found by 1inter-
polation.

In carrying out the work by the contour method,
two parties are required, a level and a transit party,
although one party may be made to serve both purposes, first
locating the contour lines and then traversing them. The
method of locating the contour lines is clearly explained
in almost every text book on surveying and will not he

discussed here.

2. CROSS SECTION METHOD:

The cross sactlon method 18 best suited to reservoir
basins of considerable regularity in shape and contour, and
not too thickly wooded. It conslists essentially in running
a number of parallel profiles in two directlons, usually at
right angles to each other, across the resérvoir basin.

These parallel lines may be 100, 200 or 6500' apart and by
platting to a suitable scale on cross sectlion paper contours
may be sketched in by connecting points of equal elevatlon,
then the areas of the contours determined by counting the

number of squares enclosed or by some other means.
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3. STADIA METHOD:

For accuracy and rapidity the transit and stadia
method undoubtedly surpasses the others. The chain and
level being here dispensed with, a smaller party may be
utilized and much rougher country traverssd with little
difficulty. This subject is thoroughly treated in any
reliable work on surveying and will not be further dealt

wilth hers,

D. SURVEY OF RESERVOIR DAM SITE:
1. LOCATING CENTER LINE:

Having determined upon what seems t0 be a feasiBe
dam slite, the first operation 1s to locate the center line.
This line should be staked from end to end at every change
in the slope of the ground and at every 100' station.
Distances should be measured along the slope of the ground
from stake to stake. These distances used in connection
with the relative elevation of the stakes will enable the
horizontal length of the dam to be calculated more accurately
than could be determined by measuring horizontally with a

chain and plumb bob.

2. CROSS PROFILES:

A each stake a cross profile should be taken at
right anglss to the center line of the dam. These cross
profiles should extend several hundred feet each way from

the center line so that all topographical features at or near

the dam site will be shown.
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3. TEST HOLES:

Test holes should be dug to bed rock or solid
material every 50 or 100' along both the center line and
the inside toe of the dam as near as may be. A profile
should then be taken over the line of the test holes show-
ing the depth of the bed rock and other various changes of
material.

Plates I and Il show the centsr line profile and
cross profiles of an actual dam.

E. SURVERY OF DIVERSION DAM SITE:

All that is given above in regard to survey of
reservolr dam site applies equally well to the diversion
dam site. In addition, however, a more careful determination
of the nature of the foundation and depth to bed rock will
probably be necessary in order that the dam may be properly
designed to intercept the underflow.

F. CLASSIFICATION OF MAfERIALS:
a. USUALLY THREE CLASSES.

It 1s almost always necessary to differentiate in
some manner between the several kinds of material encountered
in the excavation of the canals and laterals. There are var-
ious, and sometimes quite elaborate, means for grading the mat-
erial, but in geheral only three classes are recognized, viz:

1. Earth

2. Loose Rock.

3. Solid Rock.
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The means generally employed 1o distinguish between
the three classes is based upon the relative difficulty of
plowing. The classification is frequently defined about
as follows:-

Barth shall include all materials that can be
plowed with a good plow and a team of not more than four good
horses.

Loose rock shall include all matsrial, not earth,
that can be plowed with a good plow and a team of not more
than six good horses.

So0lid rock shall include all material not classed
as esarth or loose rock.

The prices paid for the three kinds of matserial
average about:-

16¢ per cu. yd. for earth.

40f * » @ " loose rock.

$L.00 " v n * golid rock.

b. TESTING FOR MATERIAL:

In preliminary work it is impossible to apply
the above plow test and other means must be resorted to in
order to make a reliable estimate. The usual method is to
8lnk test holes at every alternate station throughout the
length of the canal. This may be done with an earth augur,
The holes should be driven a little below ditch bottom at

the point of deepest cut. See Sketch.
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Another quick and reliable method of testing, is
to drive down at the point of the greatest cut, a dull
pointed steel bar. The ease with which the bar drives and
also the sound of the blows will reveal the nature of the
material. The bar may be pulled from almost any depth by
means of a chain and lever. This method has besen used by
the writer on many miles of ditch work and has given excel-

lent results.
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OFFICE WORK.
1. REDUCTION OF NOTES:
a. USE OF INSTRUMRNTS:

The work of reducing the notes and computing the
quantities of the various materials may be relieved df
much of its tediousness by the use of end aréa tables,
cross section paper, the planimeter and the adding machine.
The inlitial cost of the instruments mentioned may seem
excessive but the time saved on two or three projects will
prove a good return on the investment.

b. CAPACITY OF RESERVOIR:

The capacity of the reservoir and the size of
the dam will probably be the first matterSto determine.

By whatever method the reservolr may have been Qurveyed,lf
it is platted on cross section paper to the proper scale,
the work of computing the areas of the contours will be
greatly faclilitated. The main portion of the central area
for any contour can be obtained directly by counting the
squares, and the remaining odd shaped portions arduﬁd the
odge may be measured by the planimeter, or cut up into
triangles and trapezoids aﬁﬁ the areas computed. Both
methods should be used as a check. Having computed the area
of each 3 6r 6' contour, as the case may be, the next oper-
ation 18 to interpolate for the intermediate one foot areas.

The following is a simple reliable formula for this purpose:
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LET A = LARGER ArREA.

B = SMTALLER AREA.
77 = NUMBER OF ARERS BETWEEN AanpB.

THEN: VA TID _ 4 = AMOUNT o cHAINGE. PER 1oRER .

n+/

THEN' ( /B ra ) Z /ST ARER GRERTER THAN L3.
(/Brza)s zmwo n o .
(VBr3a)t3r - - .

(15 +na)%= nrm « . Ca
(7CE;4L ﬁﬂVthg)ﬁ=‘/7,

Adding together any two adjacent areas and
dividing by two gives approximately the volume between the
areas. This 18 near enough for estimating purposes although
the use of the prismoldal formula in computing the wvolumes
would give results more nearly correct. _

Beginning at the bottom of the ressrvoir, the
volume between contours should be summed up to a point SuGH

that the total volume equals the required capacity of fthe
ressrvolir. The helight thus found fixes the high water line
of the reservoir and from this the height of the dam may be
determined, allowing 7 to 16' between the high water line
and the crest of the dam.
c. VOLUME OF DAM:

The determination of the kind, shdpo and size of
the dam is a matter too involved to be dealt with here,
but no matter what the material or shape, it 1is invariably

essential to determine the cubic contents,. ' By means of

a cross profile drawing such as shown on Plate I made to
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the proper scale, the cross sectlonal area above each cross
profile may readily be determined. Adjacent areas averaged
and the mean thus found multiplied by the horizontal distance
betwesn gives the volume between the areas. Summing the
volumes thus determined gives the total volume of the dam.
d. YVOLUME OF CANALS:

The quantitles in the canals 18 next in order
for determination. In the reduction of the field notes it
is an excellent plan to have two men working together check-
ing each other in computations as they go along. And further
if loose leaf note books are used, several groups may work

simultaneously and thus save much time.

1, TABLES ANb DIAGPRAMS:

Plates JY , ¥ ANOYL.

There are five operations necessary in the reduc-
tion of the notes as shomm on Plate:nT:The first operation
glves the surface elevations at the center line of the cut
and at the £1ill (Columns 3 and 8); The second operation
gives the amount of the cuts and fills (Columns 8 and 9);
The third, gives the cut and £i11”. aressr (Coc’-rmms 10 and 11);
The fourth gives the average or mean areas (Column 12);
and the last is simply the operation of totalling and re-
ducing to cublc yards. The first two operations are self-
explanatory but the last thrse may not be s0 readily under-

stood. The operation of determining the cut and f1ll areas
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involves the use of end area tables shown oOn Plate'grand

the diagram on Plate.YI-

The following formula was utilized in computing

the tables on Plate Y.

For level sections:

Cut or Cut or

Area = (Slope x Fill + Base) x Fill

Slore, means side slores of canals or embankment.

For 1
1.6
2

Cut or

Fill, 1is

Base, 1is

Example:~ Let

then

also let

then

to 1 Slopes the value is 1

to 1 " " " " 1.5

tol1 " " "2 etc.

the depth at the center line of the canal.
or embankment.

the bottom width of canal or top width |
of embankment .

Slope =1 tol =1
Cut = 2.3

’

Base = 8

Area = (1 x 2.3 +8) x 2.3

=1003 X 2.3 = 23-69 “'FT-

Slope = 1.5 to 1 = 1.6
Fi111 = 2.7

Bagse = 4'

Area = (1.6 x 2.7 + 4) x 2.7

= (4.06 + 4)2.7 = 8.06 x 2.7 = 21.74 $QFr.
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The column headed "4 longer base" on Plate ¥ is
useful as 1t saves one calculation for each cut or fill

area., The column 18 readily computed as follows:-

3 longer base = Bago 4 slope x clrgi,lgr

All “he terms here having the same meaning as in
the formula for area Just given.
Example: -
Let base = 8!
slope=1 to 1l = 1
cut = 2,3

The lo r base_ 8
n g longer base. 8 1 L 25 = 4+ 2.3 = 6.3

It will be noticed by lnspection of the formula
Just given and the Table, Plate Y that the variation 1is
constant. After computing the first two values the colummn
may be completed by simply adding the increment of change
successively.

For practical use the tables must extend somewhat
further than shown on Plate ¥ which is simply 1llustrative.
The extent of the table will, of course, be governmed by the
depth of the cuts and fills encountered in the location.

Having completsd the tables, the next matter for
consideration 1s the dlagram 'on Plats YL. This 1s

. (FOR ILLUSTRATION)

a drawing of the cross section of, an 8' canal with a 4' bank

other dimensions as shown, using a horizontal scale of
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3 ft.= 1 in. and a vertical scale of 1 ft.= 1 in. This
smaller horizontal scale 1s used so that the diagram will
not be spread out over too great a space. The center lines
and slope lines are then divided vertically into tenths
of a foot, numbaring every foot. Now referring to Plate IV,
Columns 8 and 9 give the depth from the ground surface to
the bottom of the canal on both the center line of the canal
and the centser line of the bank at any station. Laying off
on their raspsctive center lines on the dlagram Plate YL
any two corresponding values of cuts or fills and applying
a straight edge through the points thus found will determine
the ground line at this station; and where the stralght
edge intersects the slope lines will be the cuts and fills
at these points.

For instance:- At Sta. 1, the cut at RT.1l2'
(center line of £1i1l1) is 1.2 and at gec is 2.2'. Laying
off these values on their respective center lines and pass-
ing the stralght edge through these points gives the sur-
face slope - the line SS on the diagram. This intersects
the upper cut slope at 2.8 and the lower cut slope a little
above 1.7; the inside fill slcpe at 2.3 plus and tLe outer

£ill slope at 3.4
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We thus obtain & diteh section as shown in the

sketech below:-

FlL SECTION .

TRAPEEND. 23

] m‘"“". ’17
'

.’.‘l
'5 CUT SECT/ION.

It will bve evident that each of the arsas may be
divided by a horizontal line into a trapezold and a triangle.
In the case of the canal ssection, the altitude of the
trapezold is the smaller slope cut 1.7 and the altitude
of the triangle 1s the difference in the two cuts 2.8 - 1.7=1.1
For “he bank ssction, the altitude of the trapezold is 2.3
and the altitude of the triangls is 3.4 - 2.3 = 1l.1.

Entering the tables Plate with the smaller cut
value 1.7 the area of the trapezold is rvund to be 16.49 sq.ft.
and the "% longsr base" is 5.7, Multipling"} longer base"
by the difference in the cuts, glvas the area of the trianglé
which is, 5.7 x 1.1 = 6.27. Adding the two arcas glves a
total cut area of 22.76 sq. ft.

In the same manner the fi1ll area is found to bte

23,14 sq. ft.
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The f11l1l area belng the greater, it represents
thé work required at this station and so the cut area is
cancalled and not used further in the computations.

"he cut and fill areas for each station being
obtained after the manner above outlined and the smaller
ar<as cancelleq’ the next ster is to find the average or
mean areas between stations. This is simply the operation
of adding every two cocnsecutive areas and dividing by two
if the distance between stations is 100', or by 4 if the
distance is 650', or by 8 if ‘he distance is 25', or for
any other distance 4.

loan apen = —roe1 Aree; 4
! i 2 TOO

After this the only remaining step is to sum ths
average areas for the varicus kinds of material and reducse
t0 cublec yards by multiplying by ;%%u An adding machine
may here be utlilized to great advantage, as the task of

summing several hundred pages of notes 18 by no means a

small cne. PLaTE YIL SHowsS THE ABOVE OPERATIONS IN DETAIL-,

2. ESTIMATE OF COST:
a. LOCAL PRICES:
In determining the unit costs of the various
kinds of construction, careful inquiry should be made in
regarﬁ to the prevailing local prices. Time spent in gath-

ering all the informatlon possible relative to similar work
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rreviously done in “he locality may be considcred a gcod
investment. Consult the parties who heve had work done
rather than those who did it because the latter are liable
to name prices which they would like to receive instead
of those which they actually have received. However,
sometimes an 0ld experienced contractor can and will
furnish reliable informetion which may be of great value
in making up an estimate.

Reference may be had to booke on Cost of Con-
struction, but this at best is secondhand information and

should Ye aprplied carefully and conservatively.

b. MANUFACTURED MATERIAL:

In ascertaining prices on manufactured materials
such as concretef steel and timbers, not only should the
local dealers be consulted, but correspondence should be
had with large Joﬁbers at distant points,

Having obtained all possible information ln re-
gard to unit prices, the next step is to prepare outline
specifications covering the whole system as comprehensively
as rossible. The aim should be to make concise rather than
detalled statements in regard to the various structures.

Of course, i1f time and funds will permit, a careful worklng
out of all the particulars is desirable, but ordinarily

this 1s not the cease.



As far as possible the specifications should be
clrar and to the polnt, free from indefinite or amhiguous
clauses and not too heavily burdened with stereotyped stip-

ulation "or to the satisfaction of the engineer in charge."

c. COPY OF ACTUAL SPECIFICATIONS:

Immediately following page 44will be found a
cory of an actual speciflicationsand estimate of cost for a
small irrigation system in Northern Coloradoc. This is not
presented as a model set of specifications, but simply as

1llustrative of what has been found adequate in practice.

a. RELATIVE IMPORTANCE OF VARIOUS ITEMS:

With the specifications outlined and the quantities
determined, each item of construction should be carefully
consldered with reference to its relative importance in the
total cost. It would be folly to figure minutely the cost
of a small headgate, bridge, or flume and make a rough
guess at the unit prices of the earth and rock work. This
may be clearly seen by examining the items in the actual
speclfications mentioned above. The total cublec yardage
of earth work here given 1is nearly 380,000, A variation
of one or two cents in the price per cubic yard would make
a difference in the final result of from $4,000.00 to $8,000.00
a sum sufficient to construct several headgates, or other

minor structures such as required on this system.
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In tabulating the results and arriving at the

total cost of construction, there is danger of some im-

portant items having been omitted.

To avoid thls possibil-

ity 1t is well to compare the l1list with a standard schedule

of items that enter into the construction of a complete

system. Such a 1list 1s given below:-
Abutments Forms
Bridges Flumes
Besins, catch; still Facling
Back - fill Foundations
Briclk Gravel
Cement Grutting
Concrete Gauglng flumes
Canals Heoadgates
Clearing land Iron
Conduits Inlet

Cuts Laterals
Chutes Lining
Checks Lumber

Dams - reservoir, diversion
Drains

Droys

Earth - excavation, fill
Embankments

Engines

Mascnry work
Overflows
Outlet
Outlet tube

Pipe - Cast iron, wrot iron,
steel, wooden, stone.
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Pipe lines Sluices

Piles Spillways

Pumps Syphons

Retaining walls Sted, reinforcing; beams
Rip-rap | Tile

Rubble ' Trestles

Rock, s0lid; loose Tunnels

Roads Weirs

Sand Wells

Sheet piling Walls

Having found the total cost of construction, there

must be added a certain percentage - usually about 10% -

to cover engineering and incidentals. Also an allowance

must be made for the so-called overhead charges, such as,
interest on bonds or other securities issued for construction
purposes, organization expenses, legal fees and contlngences.
The above noted items may require a charge of from 20 to

60% over the actual cost of construction and if not taken

into eaccount may lead to financial ruin.
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CONCLUSION.

In general it may be said that the two prime re-
qulsites for successful preliminary estimating are reason-
able accuracy and speed in work. All legitimate means to
these ends may well be cons i ¢¢C good practice end a step
forward in the art.

In striving to attain that degree of accuracy
wvhich seems compatible with the circumstances, the enginear
should endeavor to figure on the safe side of all the iltems
and favor an over rather than an under-estimate. It is much
more pleasing to the owners and favorable to the engineer
to have a snug sum left over and above the estimated cost
then to be confronted in the end with a large overdraft. If
the rlans are changed or additional work called for after the
estimate is completed, no charge can be made against the en-
gineer on this account. The danger 18 not in this direction.
It is the unknown or unexpected element, the accidentally
omitted items that may suddenly loom up big and throw the
estimate the wrong way. If possible the estim&?ehould be
checked over, even though roughly, by some entirely independ-
ent method.

Speed seems t0 be especlally called for in pre-
liminary work in order to save time and avold expense. Until
the estimate 1s completed, the feasibility of a project 1is

not assured. All expense incurred 1s in the nature of a

speculation.






The successful engineer in preliminary work 1is
the one who can establish and maintain the proper balance
between accuracy and rapidity. Herein lies the art of

estimating, and experience is the best teacher.



The Graham Irrigation System.

Specifications and E8timate of Cost.
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Specifications.

Inlet:

The inlet ditch extends from a point on the east
bank of Muddy Creek to the Graham Reservoir, a distance of
28,5633.0' or 5.4 miles.

The dimensions of the ditch are as follows:-

Bottom width: 20'.

Side slopes in both cut and £1ll: 1g to 1.

Depth from top of bank to bottom of ditch: 6!,

Width of bank on top: 8'.

Depth of water: 6'.

Grade: .04 per 100 ft., or 2.11 ft. per mile.

Capacity: 888 cu. ft. per sec.

Embankments.

The ditch has a single bank, except at a few places
where double banks are considered necessary.

There is a berme of 1 foot between the cut and the
£i1l, and the surface of, the ground under the fill is to be
corrugated parallel to the center line of the ditch, by plow-
ing in furrows 8" deep and not over 18" apart.

The surface of the ground between fill stakes must

be cleared of all coarse vegetation and loose rocks.






Excavation.

The excavation may be done by any method desired
but the banks must be packed to the degree that would obtain
by construction with screapers or 4 horse fresnos.

Finish.

In the cuts, the finish will be that ordinarily
used in canals of this size and for this purpose.

The cut must be left as smooth as practical without
employlng special machinery to finish it but the finished
canal must have at all places sufficient cross-section to
enable 1t to carry the specified quantity of water.

The embankments must be finlished so as to have

at least the specified slide slcpes.

Diversion Dam and Headgate 1n

Muddy Creek.

The structure is to be of reinforc~d concrete,
with steel headgates and collapsible splllway, similar in
general to the diversion dam and headgates constructed at
the head of the Fmpire Canal in Weld County, Colorado.

(See Drawing.)

Excavation and Backfilling:

All excavation and backfllling for the structure
shall be done by the contractor at his own expense and to
the satiefaction of the enginser., Backfllling material must
be wet and thoroughly tamped around the structures to insure

a good joint to prevent leakage of water.



The dam shall be leveled in both directions and
vhe flcor shall te entirely in excavation.

The floor of the headgate shall be level with
the flcor of the dam.

Concrete:

The concrete shall be made as follows:- One part
of sand to enough cement to fill the voids in the sand.
Enough of this mixture to f£ill the voids 1in the gravel.
The mixture to be what is known as "wet" mixture. Where
there are forms, the gravel is to be spaded away from the
forms s0 that the surface will be smcoth when the forms
are removed. All other surfaces must be left smooth and
finished in a workmanlike manner.

Reinforcing:

Reinforcing shall be placed at the points indkated
on the plans Oor as required by the engineer. The wire rein-
forcing may be of any kind that will give the same strength
as a 4 inch square mesh of wires of a tensile strength of
1200 each. The bar reinforcing shall be of round bars of
mild steel.

Wasteway at Potter Brown Creek.

The structure shall be of reinforced concrete, and
of the automatic collapsible post type similar to the structure
on the Moro Canal where it crosses Willow Creek. (See Drawing)

Specifications for EBxcavation and Backfilling,

Concrete, Reinforcing, same as for headgate.







Regervoir.

Specifications for Dams.

Station O of centerline of the dams is at the southwest end.
Dimensions:
From Station O to 16.
Width of crest: 16 ft.
Inside slopes: 4 to 1.
Outside slopes: 2% to 1.
high
Height above/water line: 7 ft.
From Sta. 16 to Sta. 35.
Width of crest: 16 ft.
Inside slopes: 13 to 1.
Outside slopes: 2§ to 1.
Helght of earth embankment above High water line: 6 ft.

From Sta. 356 to 66 ©60.
Width of crest: 18 ft.
Inside slopes: 4 to 1.
Outside slopes: 2% to 1.
Helght above high water line: 7 ft.

Concrete faclng.

From station 16 to station 35 the inside face of
the dam 18 to be covered with a continuous slab of reinforced
concrete 4 inches thick. The concrete 18 to be made accord-
ing to the specifications for concrete as given 1in connection

with the diversion dam and headgate.






The reinforcing to be of one thickness of galvan-
ized wire fabric with 4 inch square meshes of wires of ten-
s8ile strength of at least 1200#. This reinforcing to be
placed near the center of the concrete slab.

The edges of the wire reinforcing shall be larped
two inches or otherwise as the engineer may direct.

At the crest of the dam (Sta. 18 to 35) thers shall
he a 8 inch coping wall two feet in helight above the earth
£111, and Joined to the concrete facing, and reinforced in
the same manner.

Earthwork.

Earth will be put in the dam in level layers not
exceeding 3 feet 1n thickness by means of dump wagons or by
some method that will leave the material equally compact.

Only the best material within a reasonable limit
of haul will be permitted in the dam.

On the inside surface of the dam, the material
shall be thoroughly wetted as it 1s put on, to a depth of
12 feet measured at right apglas to the finished surface of
the dam. This wet slab is to form a firm foundation for
the concrete face.

Preparation of Base of Dam.

From the center of the dam to the outer stakes
the ground shall be thoroughly plowed %0 a depth of 10 inches
If there is any brush or grass on the surface of the ground,
it must be removed beyond the base of the dam before any

plowing 1s done.



From the inner half of the dam the surface of the
ground will be removed for a depth of 10 inches. This
material may be used near the outar toe.

Then the inner half of the dam wlill be corrugated
in furrows 10" deep and 2 ft. apart from inside to outside
of furrow; these furrows to run parallel to the center line
of the dam.

Borrow Pits:

Borrow pits may be made on either side of the dam.

A berme of 50 ft. must be left between the inside edge of

the pits and the cross section stakes of the dam.

Capacity of Reservolr: 4815.0 Ac. Ft.
Depth of Water: 37.6 ft.



Outlet.

mhe outlet consists of a main canal and two branch
laterals, Lateral A, and Lateral B.

The main canal begins at the end of the flume
across the Byon Creek and extends northwesterly a distance
of 19,800 ft. or 3.7 miles. At this point it divides into
two laterals, one, Lateral A golng west and then north
along the side of a road a distance of 1.9 miles; the other,
Lateral B going N.,E., on the east side of Antelope Creek a
distance of one mile.

The specifications for the sarthwork on the outlet

canal and laterals are the same as for the inlet.

Main Canal.
Dimensions:
From Sta. 26 to Sta. 173.
Bottom width: 8 ft.
Side slopes in cut and £ill: 1g to 1.
Depth from top of bank to bottom of ditch: 3.5 ft.
Width of bank on top: 6 ft.
Depth of water: 2.6 ft.
Grade: .06 per 100 ft. or 2.64 ft. per mile.

Capaclty: 63.0 cu. ft. per sec.



From Sta. 173 to Sta. 223.
Bottom width: 8 ft.
Side slopes in cut: 1 to 1.
Side slopes in fill and embankment: 1§ to 1.
Depth from top of bank to bottom of diteh: 3.5 ft.
Width of top of bank: 6 ft.
Depth of water: 2.6 ft.
Grade: .08 per 100 ft. or 3.17 ft. per mille.

Capacity: 63.0 cu. ft. per sec.
The ditch has double banks throughout most of its length.

Lateral A.
Dimensions:
From Sta. O (223 on main canal) to Sta. 31 (Sta. 31 equals
0 along road).
Bottom width: 6 ft.
Upper cut slope: 1 to 1.
Lower cut and embankment slopes: 1& to 1.
Width of bank on top: 4 ft.
Depth from top of bank to bottom of ditch: 3 ft.
Depth of water: 2 ft.
Grade: .08 per 100 ft. or 4.22 ft. per mile.
Capacity: 28.0 cu. ft. per ssec.
Single bank.



From Sta. 30 to 11 80 (along road).

Bottom width: b6 ft.

Side slopes, both cut and £fill: 1% to 1.

¥Width of bank on top: 4 ft.

Depth from top of bank to bottom of ditch: 2.8

Depth of water: 1.8 ft.

Grade: O.1l per 100 ft. or 6.28 ft. per mile.

Capacity: 28.0 cu. ft. per ssec.
Double banks.

From Sta. 11 80 to Sta. 40.

Bottom width: 4 ft.

Side slopes, both cut and £i111l: 1g to 1.

Width of bank on top: 4 ft.

Depth from top of bank to btottom of ditch: 2.8

Depth of water: 1.8 ft.

Grade: 0.25 per 100 ft. or 12.20 ft. per mile.

Capacity: 28.0 cu. ft. per sec.

Double banks.

From Sta. 40 to Sta. 80.

Dimensions same as for ditch from Sta.

30 to 11

ft.

ft.

80.



Lateral B.

Dimensions.

Station O (223 of main canal) to Station 62.
Bottom width: 4 ft.
Side slopes, both cut and £i11l: 1 to 1.
Width of banks on top: 4 ft. |
Depth from top of bank to bottom of diteh: 2.5 ft.
Depth of water: 1.6 ft.
Grade: 0.2 per 100 ft. or 10.66 ft. per mile.
Capacity: 26.0 cu. ft. per sec.
Double banks.
Flumes.
1lst. Flume across Bijou.
From Sta. 8 26 to Sta. 26 650 (main canal)
Height of sides: 2 ft.
Width of bottom, inside: 3 ft. 3 in.
Grade: 0.2 per 100 ft.
Length: 19026 ft.

Capaclity: 63 sec. ft.

2nd. Flume across Antelope.
From Sta. 13 to 20. Lateral A.
Helght of sides: 2 ft.
Width of bottom, inside: 2 ft. 6 in.
Grade: 0.26 per 100 ft.
Length: 700 ft.

Capacity: 28 sec. ft.






Estimate of Cost.

Inlet Ditch.

Headgate in Muddy Creek

Wasteway at Potter Brown Creek,
Bridges, 4 @ $250.00

Earthwork; 104,091.0 cu.yds. @ 16f

Reservolr Danms.

Earthwork; 233,464.0 cu.yds. @ 18¢
Facing; 1600 cu.yds. @ $12.

Outlet Ditch.

Headgate in Reservoir;

Outlet cut 3300 cu.yds @ 20¢

Outlet Pipe 300 ft. @ 6.00

Flume across Bijou 1926 @ $225.00
" "  Antelope 700 @ $200.00

Earthwork, main canal;
26,862.0 cu.yds. @ 12¢

Lateral A. 9,866.8 Cu.yds. @ 12¢

Lateral B. 3,3668.3 cu.yds. @ 12f

$2000.00
600.00
1000.00
15613.85

42021.72
18000.00

1000.00

660,00
1800.00
4331.26

1400.00

3103.44
1184.02

403.98

Plus 10% for Engineering and Incidentals

$19,113.85

80,021.72

13,882.67

$93,018.04
9,301.80

$102,319.84
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EXAITPLE SHOWING LSE OF KoT7ERS PORMULA.

TARE STRNOARLD MY ORAULIC FOR/TULAA LFOR FLOW /N
r=C VRxs o

OPEN CHRNNELS /S.)—
WHERE U= ¥ELOCITV IN A7 PER S&C.
. R = HrOoRALIC oR ITEAN RADIYS.

c AARLER OF WET CROSS-SECT/ION =
LENGTH OF WET PERIMETER Yy 4

S B @RADE OR SLOPE PER F7,
C = Comrm. EvaLoRTED Or KOTTERS FoMriitm,vig

-~ P02 /

=
0028/
I (416 + 225 ) x
sy R
AT = WET CROSS-SECTION

WHERE: P, = COoLF. oF ROUVGHNESS,

THE FoRMULA FoR DISCHARGE 19, & = i
= ELOCIT Y,

AASSUITE THE FOLLOWING GIVEN CONOITIONS,'—
Q= 75 S£CFr. REQuiRED OISCHARGE, OR CRPRCITY OF CANAL .

V=226 FrPsR SEc. PERMISSIBLE VELOCIT -
B=& Fr. = CoT70r? wrOTH OF CRNAL.,

N=.026
OS/OE SLOPES / 70 /.

TO FIND THE DEPTH oF WATrER IND SLOPE,S .
IN ORDER TO SOLVIE TS PROGLEN IT AS NECESSARY 70 aSSorvE

A TRIFL GRAOE OR SLOPE., LET S = .00/ <r. PER FT. = O/ PER /00FL
e A= L= 75 _ 288 56.Frr ER OF WET SECTION.

THEN:- @22
v U 26

EROIrT THE TROLE PLAOTE K WE GEYT & COr off ODEPTAH or
BTV WNELRRLY, CORRESLPONDING 7O THIS MREAR.

THEN P 2. 288 28.8. _
P LRI 2xitie 156 ‘85
£/6 + 0028/ , 1.8//
™oz 2 Coie g7
- (4,6 + 29238/ )p2e ¢
|+ A o0l / ,
r/785 |
= 6% Fr PER SEc,

0 U= 617 ) 185 x.00f
FUIIS VELOCITY 1S NEAR ENOVAH FOR PRACTICA L

FPUORPOSES TO THE ASSUMMED VELOCITY y WHICH SHowS
THRT THE TRIAL SLOPE IS <BOVT CORRECT. SRR
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g RPEDUCTION OF NOTES. PLATE YU
oN PLATE IV .

Srgxon EMBANKMENT. EXCAVATION.
O | S£E Cor. 3(PYLE) 10573 | S&e Cor. 3 /25,73
.o A — #.00 S =220
——e————
. o 3 /0/07‘3 44 ] é /a/a73
” o 7 —-{.Z_a--—_f;_o. v ’e 7 -— 0. P90
o Y 5 A /-7.3 ’” ‘’ ’ /'73

A COT OF 178 GIVES A Flid OF
L (DLEPTH or caviL) =173 = 2.3

FROM PLATE B A Flat oF~
2.3 GIrES AN ncAn [7. /4

ERory PLATEX ~ cor oF
1.7° @IVES AN ARERE

/| JEE Coc.3 /0573 S£g Cosr. 3 /05.73
o oa- 4 —4.60 ” v J 36I
R | 70/./ Z - 6 roz2./
v w7 322 | - .7 227
v e 8 /.2 ” 4 2.2 ;

USING THNESE ViALVES L2 Aarve Z.3. oN THE
CENTERLINES ON OIRGRANT PLATE KL SAIND APPLYING

STRAUGHT EOGE (L/NE SS) RIVES: —
Fraes = S% avo 2.3 Cors = 28 o .7

DIEFERENCE IN FILS = /./ NEFERENCE IN COTS = /./

FROMN TRADLES PLATEX
COT 1.7 GIVES IRER= /6429

Frre 2.3 GiEs anEas ) T /4L,

1/ x S4+5 = .00 /1% 5.7 = 6.27
. Forme mie aven = 23. 14 | . rorme cor ames s 22T
2 SAINE PROICEEOURE RS ABoVE QIVES'—
Fres AREAR 2 IS5 | coT AREA = 26.78
AVERAGE AREAS.(Cos /13)
CUSING ONLY LARGLER VALUES IN CoLS. Jowil)
(714 + 23./4 _ 2028
- 2 R
23./4. + 26.78 _ 24.96
26.78 + Z8.02 _ /3,70
- -t
JEI4 X5 = 2/8.3 ev.ros.

FRoM Srh.0 ve BvS0
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