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Letter of Transmittal.

To His Excellency,

DAVIS H. WAITE,
Governor of Colorado:

I have the honor to transmit herewith the official

report of the operations of the Department of the

State Engineer during the two fiscal years ending

November 30, 1894.

Respectfully submitted,

C. B. CRAMER,
State Engineer.

Denver, Colorado, December 1, 1894.





State Engineer's Report.

DEPUTY STATE ENGINEER.
Owing to the fact that this office contains so

much data and numerous records of matter in which
many people of the state are interested, there also

being a great number of records of ditches, reser-

voirs, artesian wells and the reports of the superin-

tendents of irrigation to file, as well as attending to

"certified copies" of the different records, I have
found that it requires the time of the deputy state en-

gineer to answer the correspondents and to furnish

the information required.

DEPUTY STATE GAUGER.
I have instituted a new feature in this report

in making a special department for the work of this

officer. A careful examination of his report will

show the great importance of this office and should
induce the legislature to make an appropriation in

some measure commensurate with the work.

Upon assuming the duties of this office I was
Ix'seiged with letters of inquiry regarding the irriga-

tion laws of the state, and so numerous were these

requests for this information that it was deemed
advisable to publish a compilation of them in as com-
pact a form as possible. Uuder the title of "The Irri-

gation Laws of Colorado," this was accordingly done.

The necessitv for this work is shown bv the extensive

demand which has come for it from all parts of the

United States.

THE WATER SUPPLY.
The total area of the state is about 66,560,000

acres. The average precipitation for the past twelve
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years was about twenty-one inches per annum, which
gives us the enormous quantity of 117,240,000 acre

feet of water.

About 15,000,000 acre feet is precipitated on the

mountain lands on the western slope of the conti-

nental divide; 8,190,000 acre feet on the mesa and
valley lands of the same slope; 25,500,000 acre feet

on the mountain lands of the eastern slope, and 38,-

250,000 acre feet on the mesa and valley lands of the

latter slope.

In the mountain lands about thirty-three per
cent, of the total precipitation is lost, either by evap-
oration or Alteration and absorption.

In the mesa and valley lands about eighty-five

per cent, of the precipitation is lost. Applying this

percentage of loss to the waters falling* on the moun-
tain lands of the western slope and there will yet re-

main 30,000,000 acre feet as the available water sup-

ply for irrigation from these lands alone.

Add to this 1,114,500 acre feet, the quantity avail-

able from the mesa and valley lands, and it gives

a total of 31,111,500 acre feet for the irrigation of the

western slope.

Upon the eastern slope of the divide the condi-

tions are not so favorable, the available supply from
the mountains being only 17,000,000 acre feet, that
from the plains, 5,737,500 acre feet, making a total

of but 22,737,500 acre feet and giving a grand total

for the state of 51,152,000 acre feet.

Naturally these averages will vary with the dif-

ferent years, but it is not probable that the available

supply will ever fall below 35,000,000 acre feet

[RRIGABLE LANDS.

I do not know that the exact acreage of tin 4 lands

of Colorado has ever been computed, but the follow-

ing will be found a close approximation:

Total area of land in state- io.OOO acres

Area of mountain lands 26,560,000 acres

Area of mCM and valley lands .jc.ooo.ooo acres
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This land ma}' again be divided as follows:

WEST OF CONTINENTAL DIVIDE. •

Area of mountain lands 16,360,000 acres

Area of mesa and valley lands 9,400,000 acres

EAST OF CONTINENTAL DIVIDE.

Area of mountain lands 10,200,000 acres

Area of mesa and valley lands 30,600,000 acres

Of these mesa and valley lands, probably over
one-half are irrigable, while less than five per cent,

are at present under cultivation.

DUTY OF WATER.
The duty of water is the ratio between a given

quantity of water and the amount of land it will

irrigate. It is commonly expressed as the number of

acres of land that one second foot of water will irri-

gate, or as the number of acre feet of water required
to irrigate an acre of land.

This duty of water may be considered under two
heads, viz.: net duty and gross duty.

Xet duty would represent the duty of water upon
its direct application to the land.

Gross duty represents the duty of water as taken
from the natural stream. The net duty varies with
different soils, the crops, the modes of applying it to

the lands and the height of the sub-surface water-

plane.

SOIL.

Soils vary in kind and in depth. A shallow adobe
soil usually requires one second foot of water to irri-

gate 160 acre* of cereals. For deep and light loamy
soils the duty at first is rarely over fifty acres of

cereals, but it gradually rises until it reaches 1(50

acres and sometimes over 200 acres. A deep sandy
soil requires at first a second foot of water for about
thirty acres of cereals, but this duty rises rapidly to

160 acres and often 300 acres. These figures are all

based on surface irrigation three inches deep of a
crop of cereals, watering to be repeated as soon as
s< il dries to a depth of sixteen inches, which may be
assumed as a standard irrigation.
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The depth of soil is usually limited by an im-

pervious sub-strata of clay, which is found at depths
varying from one (1) foot to thirty (30) feet, the aver-

age being about ten (10) feet. Upon the depth of this

sub-strata and upon the compactness of soil depends
level of the water plane, or top of the sub-surface

waters. This water plane gradually rises as the soil

is filled by the waters from irrigation until within
four or five feet of the surface.

Modes of applying water to lands:

First—Flooding—Absorption downward—This
system of irrigation comprises all plans where the
whole surface of the ground is covered with water,

which is gradually absorbed bv the soil below.

Second—Ditching—Lateral absorption—The
water is carried over the land in more or less numer-
ous ditches and allowed to soak the ground in all di-

rections.

Third—Sub-surface irrigation—Water carried

to the land in pipes at a depth of eighteen or twenty-
four inches below the surface.

CROPS.
There is a great difference in the amount of

water which different crops will use, some kinds re-

quiring water from early spring to late in fall, and
others only one or two months in middle season.

THE GROSS DUTY OF WATER
Is affected by evaporation and Alteration, these de-

pending in turn upon the size of the ditch, its age and
the materials of which it is made. »

Evaporation—From the many experiments
made, the amount of evaporation may be figured with
comparative accuracy. In the valleys of Colorado it

will bo found to be a trifle less than two-tenths of

an inch daily during tlio months of May, June, July,

Angus! and September, For the other seven months
it will not average over live one-hundredths of an
inch daily.

Percolation -This varies Prom aboul two inches

to thirty inches in depth of wain- daily, according to
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soil over which it passes. The mean rate in a sandy
soil is nearly nineteen inches daily; the rate for a light

loam is about ten inches daily, while a clayey soil will

not allow oyer two inches to pass through it daily.

SOURCES OF WASTE.
First—Duplication of ditches—Reference to the

district ditch maps prepared by this department will

show many ditches paralleling* one another, thus ex-

posing, uselessly, great surfaces of water to evapora-
tion and absorption. Probably sixty per cent, of the
waste chargeable to these two causes could be saved
by carrying all the waters in a few large ditches.

Second—Unskilled irrigators—Hired or tran-

sient labor can never attain the skill in irrigating

that a permanent resident can, but a farmer will not
spend money for labor if he can succeed with less

labor and more water.

Third—Too wide distribution—By attempting to

deliver water at widely distributed points great quan-
tities are lost by evaporation and absorption, which
latter in some cases is so great in the bed of a stream
as to drink up every drop of a fair sized stream.

Fourth—Canals not properly built—One of the
common errors in the construction of a canal is the
utilizing of depressions along the line as part of the
channel; that is, in crossing an arroyo only the lower
bank is built up and the water allowed to spread out
in a large pond. In these cases the losses by evapora-

tion and absorption are greatly increased. Canals
built through a soil of extreme porosity often lose

over fifty per cent, of the water carriedl

Fifth—Irrigation of pasture lands—Farmers
often turn largo streams of water over their pasture

lands, keeping it flooded for a whole season, causing

the largest possible loss from evaporation and perco-

lation.

Sixth—Domestic purposes—It is a question

whether the law giving the preference to those using

water for domestic purposes does or does not carry

with it the privilege of diverting this water from the



IO SEVENTH BIENNIAL REPORT

natural stream and conducting it for a long distance
through an otherwise dry channel. If it does, the
mere use of this privilege during a dry time would en-

tirely obliterate all chances of making crops in many
of the smaller farming districts, and might be abused
to such an extent as to ruin most farmers on the
eastern plains of Colorado.

EARLY IRRIGATION.
The following letter and the subjects contained

therein are self explanatory:

Denver,. Colo., December 6, 1894.

Mr. C. B. Cramer, State Engineer, Denver, Colo :

Dear Sir—Respecting the loss of water by seepage when water is

turned into the canals at the beginning of the season in the spring, it

is my opinion, based upon some considerable observation and experi-

ence, that for the first week under average conditions there is a loss of

twenty-five per cent. Where the sub- soil is porous and the water is

free from sediment, a large share of this loss continues for an entire

month, possibly. Where the sub-soil is clay and the canals have been

run for a year and the water contains a large per cent, of sediment, as

in the Arkansas river and certain of the canals in the Arkansas valley,

the percentage of loss after the first two or three days would not be

ten per cent.

It is very important, therefore, where the supply of water is short,

that the water be turned in the canals as early as possible. This is

also important in those districts where sub-irrigation exists, as, for

instance, in the San Luis valley. These estimates apply to canals of

twenty feet in width on the bottom and upward. The loss, of course,

is very much greater in smaller ditches and in laterals, and in a small,

freshly-made lateral the percolation and seepage would quite equal

that of a like area in an open field.

If water was turned into the canals and laterals by the middle of

March, the land would become saturated and sub-irrigated so that

flooding would be unnecessary, and should there not be sufficient

rainfall to germinate the crops, sub-irrigation would accomplish that

result early enough in the season to mature the crop thoroughly.

Last year thousands of acres of small grain in certain sections of

the San Luis valley, where sub-irrigation prevails, were almost wholly

lost because the individual acreage was so largo, the period of seeding

so prolonged, the- rainfall so slight, that the grain was not germinated.

The farmers were not prepared to flood the land, and the interval

between the time of seeding and the sub-irrigation effects was so great

that the grain was started altogether out of season. Had the farmers

turned the water into the ditches and laterals as early as possible in
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the spring, the land would have been sub-irrigated in time to have

brought up the grain and maintained its unchecked growth.

I think you cannot incorporate in your forthcoming report a

more important injunction than that the farmers of Colorado should

start the water in their ditches early, when there is always a supply in

the streams.

Very respectfully,

T. C. HENRY.

The constitution of the state declared "the
waters of every natural stream" "to be the property
of the public," but "subject to appropriation, as here-

inafter provided." It dedicates these waters "to the
use of the people of the state," and under this clause

the statutes should so dictate that the highest and
most beneficial use of this water shall obtain. The
privilege of appropriating water is not a property
right, and carries with it an obligation to the state

which should demand from appropriators such use
of the common stock as shall most benefit the whole
people.

It should at all times be remembered that the
demand must constantlv increase, and the common
weal is best served by distributing the supply to the

largest number of consumers who can utilize it to

the greatest advantage and with the least possible

waste.

Excessive decrees are quite common, having
often been awarded for eight or ten times the amount
the ditches will carry, and probably half the water
t;i ken by such ditches is wasted; or worse yet, it is

used so plentifully on the land as to drown crops, de-

teriorate the land and render the place unhealthy.

Yet those who hold these decrees will each year en-

laige their ditches, while ostensibly cleaning them,

thinking that by limiting the supply they decrease

competition, or that they may in the future be able

to sell the water they have unjustly appropriated.

There is a statute forbidding the running of ex-

c< ss water through ditches, but, as it does not

flefine the amount that may be used, it has not been

enforced. The Spanish law, which allots five-tenths

of a litre to each hectare of land, equal to one second
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foot for 140 acres, would be a great advance and save
an enormous amount of water now wasted. The law
should also require that each appropriation should
be made to a certain tract of land, and such land
should be fully described in the filing, and whenever
such land is not cultivated the water right should
be forfeited.

INTERNAL IMPROVEMENT FUND.
The state has a large fund for internal improve-

ments, and I know of no undertaking that would
build up the state faster or increase the taxable

wealth more than to use that fund in building large

storage reservoirs and supply canals in different parts

of the state. Particularly should this fund be made
to enhance the value of the school lands, as then each
dollar so spent will benefit all portions of the state.

It would seem that the exclusive use of this fund for

such purpose would be advisable.

STATE LANDS IN RIO GRANDE AND SA-
GUACHE COUNTIES.

The state sold to certain parties each alternate

quarter section of its lands, or a portion of them, and
a part of the consideration of said sale was that the

said parities should furnish water for the land re-

tained by the state. Complaints are frequently made
that water has not been furnished for use of occu-

pants of state lands. Steps should be taken, by legis-

lation or otherwise, to compel the fulfillment of said

agreement or the forfeiture of lands so sold.
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Chapter II.

IRRIGATION DIVISION No. I — SOUTH PLATTE DIVISION.

Hon C. B. Cramer, State Engineer, Denver, Colo.:

Dear Sir—I have the honor herewith to submit
my report of water division No. 1 for the years
1893 and 1894. My appointment dates from July 18,

1893, at which time I found the office in excellent con-

dition, and through the kindness of my predecessor,

I. H. Batchellor, I was given much aid to the duties

of mv office.
v

The irrigation season of 1893 was a very unfav-

orable year with farmers throughout many districts

of my division, few ditches antedating 1870 being
allowed to draw water for any length of time and but
little rain falling throughout the season. The aver-

age yield was about two-thirds of a usual crop.

The season of 1894, on the other hand, has been
one of the most prosperous in the history of the di-

vision. While there was a scarcity of water at the

beginning of the season, with less than a normal
amount of snow on the head-waters of many of the

streams, the prospects looked gloomy; but the copious

rains of the last few days of May and June and the

first part of July, in the mountains and along the foot-

hills for some forty or fifty miles to the eastward,
furnished an abundance of water for irrigation.

District No. 1—S. D. Shumate, commissioner dis-

trict No. 1, reports 26,329 acres irrigated during the

season of 1894, fifty-six per cent, of the amount being
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hay and grasses. The cost of superintendence of the
ditches was $1,439, and the cost of repairs $3,300.

District No. 2—J. H. Hodgson, commissioner dis-

trict Xo. 2, reports 47,758 acres irrigated in 1893, with
trict Xo. 2, reports 47,758 acres irrigated in 1893, with
ports for year, $7,285. For 1894 there were irrigated

47,386 acres, a decrease of 372 acres, with cost of

superintendence and repairs $10,744. Mr. Hodgson
says that "The heavy cost of repairs for the year are

due to the damage done by the freshet of June. The
data concerning cost of repairs and superintendence

were, with the exception of two cases, cheerfully fur-

nished." He reports less water coming into the dis-

trict in 1893 than he ever knew before. Mr. Hodgson,
in 1894, made a house to house canvass of his dis-

trict and the accuracy of his report is highly com-

plimentary to his efforts.

District Xo. 3—R. Q. Tenney, commissioner dis-

trict Xo. 3, reports 332 1-2 miles of ditches in his

division, with nine ditches carrying water in 1893

1,077 days in the aggregate.

Total number of acres irrigated in 1894, 177,808;
total number irrigated from seepage, 22,024 acres.

X umber of acres of alfalfa, 29,183; other grasses,

4,922 acres; other crops, 76,279 acres; pasture and
waste, 61,630 acres; wheat, 671,127 bushels; oats,

306,734 bushels; barley, 00,146 bushels; corn, 29,351

bushels; potatoes, 1,410,728 sacks; fruit, 592 1-4 acres.

Cost of superintendence for 1893 and 1894, $17,-

502.86; cost of repairs for all the ditches that fur-

nished superintendents, $52,472; total cost of operat-

ing the ditches per acre, thirty-nine and one-(inarter

cents (.39 1-1).

Reservoirs are becoming an important factor in

irrigation throughout this division, for many large
ones have been constructed and are in process of con-

struction in districts No. 9 and Xo. 3, but as no
reports have been made by many of the commission-
ers, I have no data to work from.
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The accompanying full report of commissioner
for district No. 3 will permit K. Q. Tenney, commis-
sioner for same, to speak for himself:

Fort Collins, Colo., December 15, 1894.

To William N. Bachelder, Superintendent of Irrigation in Division

No. 1:

Dear Sir—I hereby submit my report for 1894. The conditions

existing in district No. 3 are, we may judge from the number of suits

in the courts, more complex than in any other district of the state.

The small rain and snow fall in the spring of 1893 and 1894 caused a

demand for water for early use never before equalled in this locality.

The duties of this position have required the constant attention of the

commissioner from early in April, 1893 to the present, and we hazard

the assertion that in the future whoever serves the people in the capa-

city of water commissioner will find it no sinecure, at least in this

district. The records of this office which were turned over by my prede-

cessor were a copy of the decree of the district court given by Judge
Elliott in 1882. Whatever other information was desired had to be

sought for from some other source. We found the several reports

from the state engineer's office of much value, and we are under many
obligations to Professor L. G. Carpenter, in charge of the experiment

station, for courtesies shown from time to time.

Your office has been advised of the complications which have

presented in this district, but we deem it proper at this time to men-
tion a few cases that have more than a local significance. The first

one we had to deal with was the case where Ex-Governor Routt had

built a ditch from the river and heading about two miles in the

canon. This ditch was constructed at an expense of, as he states

$18,000, and to cover land of which he was the principal owner.

It seems to have been the custom of my predecessors to allow the

new ditch to take water which had been decreed to an old ditch, much
in excess of its needs, and of which Mr. Routt owned eleven-twelfths.

According to previous custom, the managers of this " Poudre High

Line Canal," on the 5th of April, 1893, turned in what water they

wanted. The rights of this ditch never having been determined by
any judicial act, and it being the junior ditch on the river, I refused to

allow it water until those ditches which had decrees had enough to

supply their needs, whereupon Governor Routt filed a complaint with

Judge Allen of Denver, and asked the court to order the water commis-

sioner to turn into his ditch four cubic feet of water and to let it run

until further orders from the court. Whether this action was just or

not, your servant, the commissioner, did not see fit to contest the

rights of Governer Routt, and the water was allowed to flow in this

ditch until one of the old appropriators, in a suit brought in the dis-

trict court, had the order set aside on the seventh of the present

month.
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Within the past two years many of the large ditches have recon-

structed their headgates and rating flumes, some of which were in a

very bad condition. Among these may be mentioned the Larimer

and Weld and the Union Colony No. 2. The latter now has the most

complete and substantial headworks in this district. A large amount
of work has been done on the P. V. and Lake, the New Mercer, the

Larimer County No. 2 and the Larimer and Weld. Some of these

have never been able to carry the full appropriation as decreed by the

court.

The development of storage reservoirs has been pushed vigor-

ously, and the results from water so stored have been satisfactory in

the*highest degree. There is yet opportunity to increase this benefit,

and it has been my purpose to urge upon those in whose power it lies

to avail themselves of these opportunities. The reclamation of wet

lands and the utilization of the water so procured has been carried to

quite an extent. These reclaimed lands proved to be the most pro-

ductive of any, and are used mostly for truck gardening. There is a

fruitful field for some enterprising party to step in and, with improved

machinery, do a great work for the farmers of this valley and " put

money in their purse " at the same time.

I cannot omit mention of the enterprise inaugurated by The Water

Supply and Storage Company, whereby the water from the Laramie

river has been brought over the divide and turned into this district.

This company has constructed a ditch in the mountains at an elevation

of ten thousand feet, a length of something over five miles, and at a

cost of $75,000. The construction was begun the season 0^1892, and

the water was turned from the Laramie river July 4, 1894. They were

able to run during July about one hundred cubic feet per second, and

the ultimate capacity will be about three hundred feet. They expect

to be able to run water the entire winter, and at this writing are run-

ning twelve feet per second. This company being junior appropria-

tors, their supply from the Poudre was exhausted generally by the

twentieth of June. By the use of this additional supply the farmers

under the Larimer County ditch have been able to mature and secure

their entire crop this year, something that has been impossible hereto-

fore, with one or two exceptions. The management of The Water

Supply and Storage Company are entitled to great credit for their per-

sistent efforts in this new enterprise. The storing of this water at

such times as it is not needed for immediate use will enable the com-

pany to farm a larger area under their canal, which is seventy-two

miles long, extends to and beyond the Denver Pacific Railroad, and

covers some of the finest land in Northern Colorado.

Irrigation by pumping has as yet not proven a success. But few

experiments have been tried, and these have been in a rather primative

way. We look for further developments in this line, and it may prove

1 isslnl when the work can be done at a minimum cost.
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The automatic electric indicator, which was placed by Professor

Carpenter at the weir in the early part of June, although not in time

to benefit the district as much as could be wished, demonstrated that

it was practicable, and confirms the belief that the same appliance

should be put in in every important district in the state. Professor

Carpenter and his assistants are entitled to the thanks of every farmer

in the valley for their untiring zeal and interest shown in their behalf.

The telephone line, under the management of the water commis-

sioner, has proven of inestimable value, and we can hardly conceive

how it could be dispensed with. The cost of repairs and maintenance

of the twenty-five miles of line has been about $125, which amount
has been paid by the two counties of Larimer and Weld. I would

suggest that the state engineer embody among his recommendations

that the law be so amended that any and every water district may be

allowed to construct and maintain, for the benefit of the district, a

telephone line or lines. Under proper restrictions these lines might

be made to return a revenue sufficient to maintain them. The law

should be so framed that a tax might be levied by the county commis-

sioners to raise a fund to construct and maintain substantial wiers at

proper points on the river, which would enable the commissioner to

distribute the water in the district with greater efficiency and conse-

quently less loss.

The flow of water in the Poudre has been recorded at the wier in

the canon by an automatic register, and has been under the control of

Professor Carpenter. The register was placed April 14 of this year,

and has worked perfectly until within the past ten days. This record

is in the hands of Mr. Trimble, who is assistant to Professor Carpen-

ter, and will be transmitted to your office when the proper deductions

are made. The changing conditions of the river, and the ditches as

well, have made it necessary to make frequent ratings of all the large

ditches, the jealousy between all the large appropriators being so

strong that they demanded a close supervision over these ditches, and

rendered a frequent rating necessary to quiet the suspicions of fraud.

On the 1 2th of July, in company with Mr. Preston, the state

gauger, we started for the head waters of the Poudre and Laramie

rivers. On the 13th we gauged the Big South at its confluence with

the main stream. On the 14th we gauged the Laramie at the head of

the newly constructed ditch, finding one hundred and fifty feet of water

per second. On the 15th we rated the outlet of Chambers Lake, which

included Fall river, Joe Wright creek and Trap creek. The 16th

and 17th we made several ratings of the Laramie River ditch. The
18th we drove down the Laramie to the state line. On the 19th we
rated the Laramie at Mr. Bliler's, one-half mile above the state line.

The 2 1st found us back in Fort Collins, after a trip of ten days and about

two hundred miles travel. The results of our observations will be

embodied in Mr. Preston's report. On the 17th of July water was

turned out of the Windsor reservoir, which is auxiliary to the Lari-
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mer and Weld canal. This work was begun under the supervision of

Mr. L. P. Witham, as deputy. This work was completed August 19th,

and was continuous except for a few days. The water stored in this

reservoir was 221,498,755 cubic feet, and was discharged into Union

Colony No. 2, in exchange for the same amount taken into the Lari-

mer and Weld canal.

The Larimer and Weld reservoir, which is one and one-half

miles due north of Collins, was first drawn from July 28, at which

time 25,740,000 feet was discharged into the Larimer and Weld canal.

The second draught was made on the 19th of August, when 106,-

326,000 feet was drawn. On September 13 the last run was made of

172,288,680 feet, or a total of 304,354,680 cubic feet. This amount
was distributed pro rata among the stockholders in the Larimer and

Weld canal. The conservation of the surplus or flood water of this

district is destined to place this valley in the van of any agricultural

district in the state.

The Water Supply and Storage Company, formerly The Larimer

County Ditch Company, had about 150,000,000 feet of stored water,

which was exchanged with ditches having old priorities, but the

record of this was not kept with the exactness of the before mentioned.

The results of this season's work will be more fully set forth in

my tabulated report of acres irrigated and total yield. In the fall of

1893 I sent out over a thousand printed blanks, and asked that they

be filled in and returned for compilation. About 7 per cent, of these

were returned—not enough to formulate into a report.

This fall we placed deputies in the field, with instructions to see

every person who farmed an acre of ground and get all the informa-

tion possible concerning his products. The work is nearly completed

at this writing, and when compiled will show the most complete

statistics that have ever been gathered in this or any other district in

the state.

The work of this office has been somewhat circumscribed, owing

to the fact that our county commissioners do not seem to comprehend

the scope or importance of it, they refusing in some instances to allow

the bills for expense of necessary assistants, and this in the face of

the fact that the objectors were, or claimed to be, practical farmers.

As a whole the affairs of this office have gone on smoothly. While

there was some dissatisfaction on the part of some of the junior

appropriators, the results of the season's work go to prove that a

rigid adherence to the decree of the court is the only just and equitable

course to pursue.

Very truly, etc.,

R. O. TENNEY,
Commissioner for District 3, Division 1.
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District No. 4—W. H. Laws, commissioner dis-

trict No. 4, gives no crop statistics for either year.
He reports that the ditch superintendents failed to
fill out blanks sent for the purpose of gathering the
data and that the district is so large that he must
depend upon them for the desired information.

District No. 5—J. W. Daniels, commissioner dis-

trict No. 5, reports 63,870 acres irrigated during the
season of 1893. Mr. Daniels' report for 1894 will not
admit of comparison with former years, as he does
not report fully on all crops. He gives the number of

fruit acres irrigated in his district as 1,955 acres, and
of potatoes, 1,G3T acres. The number of acres of al-

falfa irrigated in 1894 shows a decrease of about
thirty-three per cent, over that of 1893. The cost of

repairs and superintendence of ditches could not be
ascertained.

District No. G—A. C. Stillwell, commissioner dis-

trict No. 6, reports the number of acres irrigated in

1893 as 74,779; the number of acres irrigated

b}' seepage, 1,400. For the season of 1894 there
was practically no change in the number of acres

irrigated. The cost of repairs and superintendence
was $10,220; the number of acres irrigated from
storage was 5,800. Mr. Stillwell thinks that
only about two-thirds of the water of the stream was
utilized during the irrigation season of 1894. The
floods did great damage to headgates and other prop-

erty, lie adds that there is a great tendency among
the fanners of this district to diversify their crops

within the last two vears.

District No. 7—George R. Arnold, commissioner
district No. 7, reports for 1893 the number of acres

irrigated from ditches, 49,329, and 1,820 acres from
seepage; number of acres that can be irrigated,

95,720. He served from May 10 to November 18,

being on duty 254 days; deputy served ninety days;

for 1894 lie reports about the same number of acres
ns in 1893, with twenty per cent, better run of water
in ditches than in 1893.
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District No. 8—S. F. Couch, commissioner dis-

trict No. 8, gives 21,583 acres irrigated in 1893, with
a cost of repairs and superintendence of $32,637. The
number of acres of fruit irrigated was 2,651.

En 1891 there were irrigated 20,139 acres, a decrease
of ().T per cent. 0Arer 1893. Cost of repairs and super-

intendence for rear, $22,522. The operating expenses
for Mr. Condi's district for the two years were
respectively $1.17 and $1.12 per acre irrigated.

District No. 9, Frank Ewers (appointed) and J.

A. Van Gordon (appointed) commissioners district

No. 9, report 4,554 acres irrigated from ditches and
5,555 acres from reservoirs in 1893. Cost of repairs

and superintendence, $1,838. For 1894, 4,707 were ir-

rigated from ditches and 5,630 from reservoirs, show-
ing an increase of a little over two per cent.; the cost

of repairs and superintendence being $3,995.

District No. 23—L. Hall, commissioner district

No. 23 reports 76,332 acres irrigated in 1893, with
cost of superintendence, $382.50. In 1894 there were
irrigated 78,058 acres, a gain of two per cent, over

the previous year.

District No. 46—No report.

District No. 47—W. D. Beckwith, commissioner
district No. 47, reports 18,695 acres irrigated in 1894.

He says that many of the ditches on the larger

streams are using two to five times the amount their

decrees call for. He served from June 20 to August 1.

District No. 48—No report.

District No. 64—It. J. Patterson, commissioner
district No. 64, gives 1.3,075 acres irrigated in 1893,

and <-ost of repairs and superintendence, $4,252.

There were irrigated in 1894 18,237 acres, an increase

of thirty-nine per cent, over L893. The cost of repairs
and superintendence was $4,905. Mr. Patterson re-

ports a Yi>\-\ dvy season, with water very scarce in the

early pari of the season. Crops were generally poor
excepl alfalfa.

Distrid No. 65—No report.
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With many thanks for the kind assistance you
and your deputies have rendered me in the discharge
of mv duties,

I am yours with respect,

WM. N. BACHELDER,

Superintendent Water Division No. 1.
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Chapter III.

IRRIGATION DIVISION No. 2—ARKANSAS DIVISION.

0. B. Cramer, State Engineer:

Sir—Herewith I submit reports of the water com-
missioners and my own. One commissioner has
nothing to say except that there is no water to dis-

tribute; the other returned blanks wholly or partial-

ly filled, and from these I have compiled the tables

enclosed (Nos. I and 2). It is very difficult to per-

suade these gentlemen to make the required reports.

Some complain that it is useless; others that they
will not be paid for their labor. I would suggest that
in future the blanks be distributed earlier, and while
in the usual discharge of duty the commissioners
could gel data during the summer. Mr. Hineman
made quite a voluminous report, from which I give

extracts.

I will say in this connection that the methods of

measuring in the mountain districts, if such guess-
ing <an be termed measuring, are the most crude.
There can be do approach to accuracy with the sys-

tem of a l welve or sixteen foot box and timing a chip
floating through, the water perhaps not more than
one or two inches deep.

I have tried to introduce a system of weir meas-
urements which is simple and practically accurate.

For the information of commissioners and consumers,
I had tables printed containing Mr. Nettleson's fig-

ures for* one and two feet weirs. These have been
dist nlmted, and next spring I expect they will be put
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to good use. Up to this, 19th of December, there is one
large canal from which I have not heard; I have
waited for their statement for a week.

Extracts from water commissioners' reports are
as follows:

District No. 10—You will see that I have taken
the ditches on the main Fountain separately, and at

your suggestion I grouped the ditches on each trib-

utary. I have trouble getting statistics, as many
are afraid it is a scheme about water rights.

J. W. PATTON,
Water Commissioner District No. 10.

District Xo. 11—Services not required much;
onlv thirty-four davs; plentv of water.

R. DEVERAUX,
Water Commissioner District Xo. 11.

District Xo. 12—I was called out on the 20th of

March and quit October 26, but was not out all the
time; put in 114 days on duty. With regard to Cus-
ter county reservoir I must inform you that it was
not handled satisfactorily to the people. There was
no one to look after it, and those using water had a
free pitch in, consequently a very few got the water
and the communitv was not benefited bv having it

at all. It should be placed in charge of the water
commissioner next season and be managed in the in-

terests of all the people. In this report you will see

that a great many of the ditches have much more
land under the ditches than was irrigated in various
crops; the cause was a scarcity of water. There has
been decreed to the various ditches a great deal more
water than the streams carry, therefore there will

never be enough for all under the present system of

distribution.

J. T. SAXDERS,
Water Commissioner Water District No. 12.

District Xo. 13—The precipitation of snow for

the years 1803 and 1894 has been far below the aver-

age. The result of this was sadly felt in Wet Moun-
tain valley during the summer of 1893 and the early

portion of the irrigating season of 1894; during the
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latter period the amount of water for irrigating pur-

poses did not reach half the average of previous years.

An unusual rainfall occurred during the month of

June, usually considered a dry month. The devasta-

don of the timber in the mountains is proving very
disastrous, as it prevents natural storage more and
more.

One of the greatest obstacles to the proper divis-

ion of water in this district is the variations of vol-

umes in the mountain streams, caused by the state

of the weather, the amount being accelerated on a
warm day or retarded by cold nights and cloudy
da vs. There is fullv four times the amount of water
appropriated that the streams could carry. This
causes much trouble among the ranchmen; also for

the commissioner. There is much dissatisfaction at

the present rating of ditches and the same should be
done by the proper authorities at the earliest con-

venience. T was called out on April 23 and spent
eighty-six days on the streams; also had an assistant

for seventeen days.

L. A. HINEMAN,
Water Commissioner District No. 13.

District No. 19—The water in this district gave
oui in the early pari of March, and the call for dis-

tribution came two months earlier than in any pre-

vious year. There are a great many ditches on the
Las Animus river that were short on account of dams
being washed away and water would run down be-

fore the dams could be replaced. The river was dry
at this place (Trinidad) for two months. There has
been tittle trouble distributing water this season,

compared with lust. There has been quite a good
de:M of alfalfa sown this year but the water being so

scarce the crops were rut short below Trinidad. There
is only One ruling Hume in this district. 1 have been
trying to persuade the people i<> put them in and
mm -si of i lit'in talk favorably of it.

J. X. TUBNBR,
Commissioner District No. 11).
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DOMESTIC WATER.
A great source of trouble to the water officers

and still more so to people living under ditches at a
distance from a visible supply—i. e., lakes or other
ditches—is the omission in the statutory law to pro-

vide some method for distributing what is termed
"domestic" water. There are some localities where
this is an absolute necessity. Men in portions of dis-

trict No. IT have had to haul water for miles for

house use and stock during the spring and fall of

last vear.

People in trouble naturally blame some one as
the cause and in these instances make scapegoats
"f the men whose dutv it is to distribute the water
according to the decrees of the courts; the latter

being compelled by their oaths to put to one side all

sympathy and be guided bv the laws of the state. This
is the hardest thing we have to contend with, as peo-

ple suffering under such conditions as above men-
timed will not reason, cannot think straight and in

fact appear to know nothing but that they want
water, regardless of the rights adjudged to other per-

sons and the explicit instructions and clearly denned
duties of the superintendent and commissioners, who
are allowed no discretionary powers whatever, and
who render themselves liable for damages under their

bonds for diverting water which has been decreed to

some other ditch if they assume the responsibility of

all(wing a run of domestic water. I have taken that

chance, al\v;ivs closing some of the older ditches,

which can get along very well for a da}^ or two with-

out any, thus supplying the demand.

It is human, perhaps, to err, but it appears to

rrifi inhuman for people having been granted this

privilege, at this risk, to abuse it by using this water
for irrigating purposes; but many of them do it,

knowing that it is almost impossible to detect them,
owing to the immense area to be patrolled under
some of the large canals.
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I would suggest that the law on this point be
amended so as to allow some discretion to the water
officers, making the penalty more severe for irrigating

with water turned in for domestic use, holding ditch

managers and riders responsible for any abuse, even
going to the extreme of punishing a man for allowing
the water to waste on crops.

INJUNCTIONS.
One was served upon the water commissioner of

District 16 and myself on May 27, 1894, restraining

us from closing certain headgates; nearly all of them,
in fact, on the upper Huerfano. This was caused by
a letter of which the following is a copy:

Rocky Ford, Colo., March 25, 1891.

L. C. DeCamp, Water Commissioner District No. 16:

Sir—Yours of 21st inst. received; I do not see how
we can dispute the decree of the court for what we
may consider an informality. On looking over the list

of ditches I find that they are all worded so in that dis-

trict. It is stated in another place that the Daggett
ditch was constructed in the latter part of 1895 and
water appropriated in spring of 1880, but distinctly

states that it is entitled to priority No. 2, and is ditch

No. 2 in district 16, so there can be no question as to

our duty being to shut off all but the Doyle ditch or

No. 1, in favor of the Daggett ditch. This you will

please do, using your discretion, of course, as to the
How of water required at the existing stage of water
in the creeks.

\VM. MATTHEWS,
Superintendent Irrigation Division No. 2.

The facts are, the Daggett ditch is located within
eight, miles of the mouth of the Huerfano. The
ditches using (he water were, many of them, 100 miles
u/i the stream. The distance between said ditch and
flowing water- in the stream was reported by Mr. De
Camp to he, at that time, May 21, eighty miles. The
people were aroused, called and held a mass meeting
after issuing circulars, passing resolutions and put
up£200 in cash to enforce them. They claimed, right-

fully, no doubt, that the water would be actually
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wasted and could never reach the ditch having made
the demand for the reason that the bed of the creek
between the points alluded to is an immense mass of

sand, capable of absorbing many times the volume of

water in the creek above. The law and justice in the
case perhaps conflicted, but the injunction was not
fought, and is still in force.

Another application for an injunction was made
to restrain us from closing certain ditches in district

No. 10. The parties owning the ditches, interested
for the defense, failed to respond, so the injunction

was granted and is still in effect. In this instance,

the Aalley of the stream is in two water districts and
under the jurisdiction of two courts. Here the ques-

tion arises as to whether the parties in district No.
10, not having been made defendants when ditches on
the lower part of the stream made their proof, can be
affected bv anv decree or ruling made in these suits.

I would recommend that the legislature amend
the laws establishing the boundaries of district No.
10 so as to include that portion of Pueblo county
lying in the drainage basin of the Fountain. The rea-

son for this change is that there shall be no conflict

of authority as to the waters of this stream. As an ex-

ample, if a ditch at the lower part of either of these
streams, having priority over ditches near the upper
end, runs short of water, the water commissioner of

the lower end must notify the superintendent of the
shortage and he must direct the commissioner of the
upper district to allow so much water to pass out of

Ms district. This takes time, perhaps several days,

as either of the last mentioned officers may be away
from home attending to his duties, and by the time

the red tape is observed, the citizen's crop may be
burned up or the bottom dropped out of the creek.

I would also advise a change of the boundaries
of district No. 17, so that it would include that por-

tion of Pueblo county lying east of the center of town-

ships of range 62. Eight large canals have their head-

gates in the proposed district. They have decrees

for 2,933 cubic feet. This is a matter of the greatest
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importance, as it is this strip of territory on which the

great battle between the people and the superinten-

dent of irrigation is fought. If the portion of the val-

ley for fortv miles east from the line above mentioned
were in one district, it would be under the control

of one man, who could not shift the responsibility.

As things are now, the inefficiency of the commission-
er in the upper district can militate against the very

best endeavors of the commissioner in the lower dis-

trict and of the superintendent, besides the fact that
all the shortcomings are blamed on the latter party,

who lias no power to help himself and can neither

suspend nor remove pending an investigation by the

state engineer.

The demand for water has so increased within
two years that my predecessor had only a premoni-
tion of the trouble, and, knowing the ratio, I hereby
extend my sincere sympathies to my successor.

Another subject for the deliberations of the state
legislators is the status of headgate keepers. They
should be deputies of the water commissioner, sub-
ject to his orders and under bonds, bnt paid, of course,

by the ditch companies. It should be discretionary

with the commissioner or superintendent what
ditches would come under these provisions,

It is impossible to guess, and there are no means
of knowing, the actual or approximate volume of

water in the Arkansas river at any point except at

the United States ganging station at Canon City

which is seventy miles from the upper end of the

poinl where the great demand commences. I had
forgotten that there is one more point, the state line.

We do know 1 hat there is none at all there ex rep t for

about forty days in June and July. The water officers

know to a certainty the requirements of the different

canals but have not the slightest idea what the sup-

ply may be in six hours or thirty-six. Gauging sta-

tions are an Imperative necessity at not less than
three points on the river, I could suggest one below
the Fountain, one below the Huerfano and one be-

low the head of the I,a Junta and Lamar canal. The
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expense of maintaining them would be slight and the
state engineer's corps could do the rating occasion-
ally. The stations should be close to telegraph offices,

and during the season of greatest fluctuations the
superintendent should be notified regularly and as
often as the exigencies might require.

Ditches up the river might be closed by reason of

priorities further down, a good rain might fall at the
latter place or at some place from which the waters
would be carried so as to supply the ditch below
even so much that it could not handle the water, or it

might have a wash-out and be compelled to turn all

the water down the river. If these facts could be
known at the headgates of the upper ditches they
could use the water at hand and benefit the country
below by decreasing the flood so much. Also the

order might be reversed, but in either case, a "Teat

deal might be gained. There is so much at stake in

this valley that we cannot afford to allow any water
to run down to Kansas that can possibly be utilized

at home. The telephone line now being constructed
in the valley must be taken advantage of and con-

nections made with the heads of the principal canals

before next fall, I predict.

As the law now reads, all ditches shall have
rating flumes. There is no penalty and, with the ex-

ception of district No. 12, Mr. Hineman's ultimatum
is, "No flume, no water." There are practically none
in the division. It would be well to legislate in ac-

cordance with the above quotation.

Mam- consumers, especially under old ditches,

use more water than necossarv and unintentionallv
injure their lands. They say, "We are entitled to the
water and will use it as we see fit." This is a hard
thing to fight and to determine. If some definition

or explanation of "beneficial use" could be had, many
acres could be irrigated with water which are now
wasted.

WATER SUPPLY—1893.

The winter and spring of 1893 were exceptionally
dry and streams consequently low. This, with an
increased demand for water caused by the lack of
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moisture in the ground and larger area in cultiva-

tion, made things, to use a mild term, unpleasant for

all parties concerned. The air was full of complaints
for weeks.

On the night of May 14 the river rose in district

No. 14 (Pueblo), and things ran smoothly in the val-

ley until June 8. A shortage then commenced, last-

ing for two weeks. Local rains helped out until the
beginning of August. After that time there was a
shortage all the fall, except occasional rises of a few
hours' continuance at certain points. Several large

ditches had to be kept closed constantly.

During the season we had two parties arrested

in district No. 14 and one in No. 17; all three for

tampering with headgates. There were many other
causes for arrest, but no evidence could be had. I had
occasion to go to district No. 10, being requested to do
so by the water commissioner, and we would prob-

ably have had trouble with the citizens, but a big rain

came and removed the cause of the contention.

In 1894 the shortage was quite as apparent in

The valley and more so in the mountain districts.

It has not been possible, up to the time of writ-

ing this, to get the tables of the discharge of the Ar-
kansas at Canon City from the Geological Survey.

From what I have been able to learn from Mr. New-
ell, who is in charge of this territory, it has been
about an average of former years; so that what we
have been terming a shortage is simply a largely in-

creased demand. The usual supply of water has

come bill we did not realize it.

People who have not been particularly interested

have no idea of the length of time required in the

spring for water to (ill river beds and tin 1 gravel and
sand underlying the bottoms. A summer or fall rise

makes a great deal better time.

The river rose in district No. 14 on May 20 and
soon the ditch people fell good. By July 1 the short-

age commenced to be felt. The ditches in proposed
district No. 11, with appropriations of 2,900 cubic
U'c\ had only 1,(110 Uh^\, and on the 27th ditches enti-
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tied to 1,452 cubic feet had been closed down. This

shortage, with occasional intermissions, continued,

of course gradually growing worse. On July 30 a

gentleman who had been sending me cards daily,

showing the stage of water, reported less than forty

cubic feet per second at Nepesta and only two large

canals between that point and Pueblo drawing water.

Mr. J. L. Prentiss, of the Royal Gorge Hot
Springs hotel, reports daily the reading on the United
States gauge at that place to Washington. He was
kind enough to report to me, on cards furnished him
for that purpose, the readings from May 1 to July 23.

It is surprising how uniform they are. The lowest
was 3.5 feet on May 5 and July 13. The highest was
5.8 on May 31 and June 6 and 8; 3.5 feet, May 1; 3.7

feet, May 8; 4.3 feet May 15, and 4.9 feet, May 22.

I made a visit to district No. 12 at the urgent
solicitation of Mr. Hineman, the water commissioner,
and others who were having trouble. We patched
things up and no one was hurt. I also spent a hur-

ried day in No. 15, trying to settle disputes.

The unprecedented high water of last June in-

jured all ditches on the river more or less, requiring

thousands of dollars to repair damages to head-
gates, dams and banks. Mr. Newell was at Nepesta
(luring the time and measured the river with his in-

stvuinent. lie says there were over 32,000 cubic feet

per second flowing under the bridge. If such a "run
off" could have been collected by reservoirs for twen-

ty-four hours, there would have been sufficient to

cover 169,000 acres to the depth of one foot, a strip of

country seventeen miles square.

ODDS AND ENDS.
While looking over copies of decrees I found

some interesting peculiarities. For instance:

One ditch has a total length of 400 feet; another

113 miles.

One has a decree for one-tenth of one cubic foot

per second of time; another for 762 cubic feet.

One has been built to irrigate one acre of land;

another to irrigate 155,000 acres.
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One ditch is to have 1.5 cubic feet continuously
from April 15 to and including May 1 and for six

davs of June in each year.

The courts haye very different ideas of the "duty"
of a cubic foot of water per second, ranging* all the

way from twenty to fifty acres to the foot. Ex-

perience toadies that the "duty" might be increased

to seyenty-fiye acres, probably.

NECESSITY FOR RESERVOIRS.
I will quote from an article I wrote one year

ago. I am sorry I have not been able to obtain a
record of discharge at Canon City for 1893 and 1894,

so as to make a new calculation and include those

two years in the average flow:&'

11 According to Major Powell's statistics in report of the geolog-

ical survey for 1889 and 1890, the volume of water in the Arkansas

river, as measured at Pueblo in 1SS6 and 1887— i. e., the average of the

two years—was, in cubic feet per second, as follows: May, 2,778;

June, 4,5 23; J ul Y. 2 .528; August, i,599; September, 1,250. Measure,

ments were taken at Canon City in 1888, 18S9 and 1890. for those

months, also April and October. A calculation from the proportional

difference for the months for which we have data—viz., May to and

probably including September—is probably nearly correct. This gives

for April 1,349, and October 818 cubic feet. These figures give the

'run off,' as Mr. Powell terms it, west of Pueblo. The surplus dis-

charge from the Fountain, St. Charles and Huerfano comes during the

months of June and July, which is the flood season, and consequently

is wasted and can cut no figure in our wants and supplies. The aver-

age of the above figures for the seven months, April to October, is

2,120. The average, not including June, is 1,720, and leaving out

both June and July, the rainy season and high water months, the

actual water available is only 1,560 cubic feet.

"But there is another side to this. There are wants, and those

wants are backed up by the decrees of the district courts of Pueblo,

Otero and Bent counties. Certified copies of those decrees, now in

my possession, give the amount to be supplied by the Arkansas river

alone, from the Bessemer ditch to the town of Las Animas, as 3,618

Cubic feet per second. This has been supplemented since by 278 cubic

feet by new decrees. We find that on the basis of seven mouths,

mentioned above, the supply is now 59 per cent. ; for six months 48

per cent.; for five months, which is the correct base to work upon, it

is only 43 per cent, of the amount actually decreed by the courts for

beneficial use.
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. "There are the Otero and Holbrook in Otero county, capacity 850

cubic feet, and the Amity, Koen, Bedrock and at least half a dozen

others in Prowers county, calling for at least as much more, making
an aggregate of 1,700 more. These are not paper ditches, either,

though, not having made proof, they are not on the records. They are

in actual use and have been for two to ten years. I do not know the

capacity of the Prowers county ditches, but am satisfied I am under-

rating them. Assuming these figures to be correct, the percentages

would be reduced to 50, 40 and 34 respectively.

"Besides these, there are paper ditches, which have plats and

statements filed in the state engineer's office, requiring 4,372 cubic

feet, and State Canal No. 1, the capacity of which is 605 cubic feet,

in all 10,995, for which the visible supply is 1,560—a little over 14 per

cent.

"The above figures being unquestionable, I wonder where the

unappropriated water for State Canal No. 1 is to be found. The
ditches mentioned above as not having made proof of priority are

now taking steps to do so, and they, being in existence and operating,

will all certainly antedate it."

The Prowers county ditches alluded to have
made their proof, which is now being considered by
the referee and it is conceded by all parties that the
awards will be 900 cubic feet at least, opinions rang-
ing as high as 1,500 cubic feet. While on this sub-

ject I will state that your assistant, Mr. Preston,
measured the river carefully in Pueblo, April 24,

1894. The discharge was 322.3 cubic feet and the
river, we were told, had risen four inches during the
previous forty-eight hours. The average depth was
1.7 feet.

Some people imagine that the water goes to

waste during the winter months and could be stored

in reservoirs. The fact is that there is no ditch in

the lower Arkansas vallev at this time, December
20, which would not be using water if it could be had.

The w;it or commissioner in district No. 14 is now in

the active ami continual discharge of dutv. If there

were 1,000 cubic feet more in the river, none would
pass the west line of Bent county.

I have summed up the total discharges, as far as

we have them, at Pueblo and Canon City, for 1889 and
L890 and 1891 and 1892. The averages are: Jan-
uary, 473 cubic feet; February, 466 cubic feet; March,
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507 cubic feet; April, 1,349 cubic feet; May, 2,778

cubic feet; Jime, 4,523 cubic feet; July, 2,528 cubic

feet; August, 1,599 cubic feet; September, 1,250 cubic

feet; October, 453 cubic feet; November, 444 cubic

feet; December, 405 cubic feet.

Auv one of these is greater than Mr. Preston-

s

measurement and examination will show that the
above are almost all Canon City figures, so the in-

ference is that the seepage between those points is

small. I do not think I am very far wrong in esti-

mating, from a study of the tables for the other years,

that the smallest discharge mentioned above—i. e.,

the 3.5 feet reading—will afford less than 300 cubic

feet, not quite half enough to supply the proposed
State Canal No. 1. The water coming through the
Grand canon is the main source of supply for the
Arkansas valley. Any small stream would be more
than overbalanced by the several ditches between
the points mentioned.

\V. C. Burke, receiver of the La Junta and Lamar
canal, to whom I wrote, asking him to revise his es-

timate of the percentage of his appropriation used by
him, wrote me that he "figured on ten months' run
and that there are probably 5,000 acres of alfalfa

which are irrigated only once a year, in the fall, and
5,000 which are irrigated in the fall and once again
in June. The grain crop is made during the months
of May and June—that is, the small grain—and the

corn and the root crop is carried through the balance
of the season by rotating the waters, certain divisions

receiving a full head of water for four or five days,

when it passes to another division. By this method
! furnished water to make a cropon 45,000 acres.*

I cannot help believing that some modification

of the California Wright law, perhaps one similar in

many respects to the bill introduced last session by

Mr. Gordon, of Pueblo, the proper thing at this time.

The interna] improvement fund was intended tor j list

such purposes, but ihe people of southern Colorado
had better learn at once, what they will learn eventu-

ally, Thai they inns! Imild reservoirs themselves.
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The report, of the Geological survey gives a list

of reservoir sites. Leaving out small ones, there are
different places therein described, above the mouth
of the Huerfano, with catchment basins aggregating
3,200 square miles, capable of containing, if dammed,
over 510,000 square feet; on the Apishapa, 470 square
miles and 3,900 acre feet; on Timpas creek, seventy-

live square miles and 14,000 acre feet; on the Purga-
toire, 3,050 square miles and 118,000 acre feet; on
Rule creek, 250 square miles and 59,000 acre feet.

The two latter could be used for districts No. 19 and
67 only; the others locally and in districts No. 14

and 17. These totals are immense. The Apishapa
figures seem disproportionate and one of them may
be a typographical error.

According to the state auditor's report of 1892,

there are in Otero, Bent and Prowers counties, 403,-

000 acres of agricultural land with an assessed val-

uation of $1,339,000. This does not include 82,000

acres of state land in Otero county and about 25,000

in Bent and Prowers counties.

There are reservoir sites enough to contain all

the water required in District No. 67 on the Purga-

toire and its tributaries. The flood waters from this

area now go to the Mississippi. While on the subject

of district No. 67, I will state that one of the canals

there, the Amity, which has not yet had an appro-

priation decreeed, made proof before the referee that

they had 4,096 acres of alfalfa and 14,500 of other

crops growing. They erected a headgate and dam
last winter costing $22,000.

With the hope that some of the suggestions

herein may bear fruit and benefit the citizens of the

valley, and with the knowledge that I have faith-

fully performed my duty, I respectfully submit the

enclosed, as required by law.

WM. MATTHEWS,
Superintendent of Irrigation Division No. 2.

Rocky Ford, Colorado, December 20, 1894.
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SUPPLEMENT TO MR. MATTHEWS' REPORT.

C. B. (Tamer, State Engineer:

Sir—Since forwarding* the above report, I found
a copy of the Geological Survey tables of the dis-

charge at ('anon City for the years 1893 and 1894,

they having just been received in your office. It is

not possible now to change the averages given above,

but 1 give here the averages of these two years and
any one interested can easily compare them:

January, 159 cubic feet; February, 170 cubic
feet; March, 530 cubic feet; April, 015 cubic feet;

May, 1,720 cubic feet; June, 2,909 cubic feet; July,

1,194 cubic feet; August, 012 cubic feet; September,
514 cubic feet; October, 297 cubic feet; November,
250 cubic feet.

It is worthy of notice that the volume of water
at Pueblo, as measured by Mr. Preston on April 21,

was 332 cubic feet, and the volume at Canon City on
the 22nd and 23rd (allowing about. 21 hours for time
in transit), was 650 and 730 respectively. Only one
large 4 canal, the Bessemer, was running, and it had
only eighty feet. The "increase by seepage" theory
works the wrong way here.

WM. MATTHEWS,
Superintendent of Irrigation Division No. 2.

Denver, Colorado, December 22, 1891.
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STATEMENT

SHOWING NUMBER OF DITCHES, PRIORITIES, APPROPRIATIONS, ETC.

District and
County or Stream

o

•s-5

1"°

In

r w

.QTJ

s °

Approp'n in Cubic Ft.

Ar-
kansas

Tribu-
taries

Total

bo -

> . u

No. io, Fountain a

No. ii, Chaffee county

No. 12, Fremont county b

No. 13, Custer county

No. 14, Pueblo county

No. 15, St. Charles..

No. 16, Huerfano

No. 17, Arkansas __

No. 18, Apishapa

No. 19, Purgatoire

Totals.

Ill

138

415

473

48

108

158

20

8

95

145

190

415

652

53

203

197

21

13

104

85

230

2,119

U83

495

593

447

663

101

204

745

100

99

716

495

678

677

663

2,200

204

745

1,883

99

716

1.574 1-993 4.217 4,163 8,380

4-46

4.92

16.30

1.42

46.25

1.88

4.7i

94.00

12.43

7-53

5-33

a—The decrees for this district read for water for certain numbers of acres.

I found the cubic feet by allowing the usual quantity, i. e., one foot to fifty acres.

b—For 170 of these ditches the court granted an amount of water for

stated period, in fact a system of rotation. For the purpose of this calculation I

presumed, from careful readings, that one day out of three would be nearly correct,

and deducted two-thirds from the aggregate amount decreed to these 170 ditches.
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Chapter IV.

IRRIGATION DIVISION No. 3—RIO GRANDE DIVISION.

Del Norte, Rio Grande County, Colo.

November 15, 1894.

lion, diaries B. Cramer, State Engineer, Denver,
Colo.

:

Dear Sir—I have the honor to submit the fol-

lowing report from water division No. 3, state of

Colorado: Water division Xo. 3 includes all water
districts consisting of lands watered from the Rio
Grande river and its tributaries. Division Xo. 3 em-
braces water districts numbered 20, 21, 22, 24, 25,

20, 27 and 35.

The water commissioners of the various districts

have submitted the following reports:

Water district No. 20—James Warnock, Ala-
mosa, Colorado, water commissioner No. 20, reports

for \s\r.\ that lie was called out on the (>th day of May
and served ninety-eigbl days; employed two assist-

ants, one serving forty-four days and the other thirty-

five days. Mr. Warnock reports a greal scarcity of

water in the district this season, but having crops

on an average as good as in former years. He lias

been unable to have headgates placed on ditches on
the smaller Streams and without them he is unable

to distribute water in conformity with the decrees. No
statistical report from this district. This is the

largest water district in this division and requires

much care and at lent ion.
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Mr. Warnock reports as follows for 1894 : Served

ninety-eight days and employed several assistants

for a few days each. The Rio Grande river ran very

low late in the season.

District No. 21—Joseph S. Pursley, La Jara,

Colorado, commissioner No. 21, reports as follows for

1893: Water district No. 21 consists of all lands

watered bv the La Jara and Alamosa creeks and their

tributaries. Mr. Purslev was called out May 29 and
served eigktv-six days. He emploved one assistant

for fiftv-one davs and another for five days. There
was a scarcity of water a portion of the season,

with crops at about an average, notwithstanding. He
reports 190.75 miles of ditches, carrying an average
of 712 cubic feet of water per second; 1,912 acres of

alfalfa, 115 acres of seeded grasses, 39,929 acres of

natural grasses, 7,522 acres in other crops and seven-

ty-four acres irrigated by seepage. Mr. Pursley re-

ports having served ninety-two days during 1891.

Water was very scarce and manv new and intricate

questions were raised in regard to the laws of irri-

gation and as to the rights of water consumers.

District No. 22—Consists of all lands irrigated

by ditches taking water from the Conejos river and
its tributaries. J. C. Dalton, Manassa, Colorado, com-
missioner No. 22, reports for 1893 as follows: Was
called out on the 16th day of May and served sixty-

four days. Employed two assistants, one serving
thirty-eight and the other thirty days. A fair sup-
ply of water and good crops. No statistical report.

Mr. Dalton served 172 days in 1891; had one assist-

ant thirty-five days and another twenty-one days.
Water was very scarce and some very complicated
questions were presented for him to answer.

District No. 24—Consists of lands watered from
the Culebra and Costilla creeks. J. P. Sauchez, San
Luis, Colorado, commissioner No. 24, reports for 1893
that he was called out in the latter part of June
and served forty-two days. He secured the arrest and
conviction of four parties who persisted in disobeying
his orders in regard to keeping headgates closed when
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they were not entitled to water. He also reports a
fair supply of water during* the year 1894, in which
He served thirty-eight days.

District Xo. 25—Consists of all lands irrigated

by water taken from the San Luis creek, Sand or

Medano creek, Big Spring and Little Spring creeks,

North Zapato, South Zapato, Middle, Bear and
Sierra Blanco creeks and all other streams between
said Sand or Medano creek and the said Sierra Blanco
creek. John Kinney, Mosca, Colorado, commissioner
Xo. 25, reports for 1893, not having qualified or dis-

charged the duties of his office until late in the sea-

sou, but such duties were verv ablv performed bv
Tom I. Atwood, who had filled the position of assist-

ant under the former commissioner. Mr. Kinnev re-
*

ports having served only nine days and his assistant,

E. E. Baker, of Saguache county, twenty days during
this year. Water scarce in the latter part of the sea-

son.

District Xo. 26—Consists of all lands irrigated
from ditches taking water from the Saguache creek
and its tributaries. J. W. Ellis, Saguache, Colorado,
commissioner X^o. 26, reports for 1893 having been
called out on June 6 and served seventy-one days.
One assistant served fourteen days and another seven
days. None of the ditches have legal headgates, and
no locks are supplied for the kind of gates in use. He
also reports a number of feasible sites for the con-

struction of reservoirs along the course of the Sa-

guache creek. ITe also urges the superintendent of

irrigation and si ale engineer to use all reasonable in-

fluence possible to secure Ihe early conpletion of the
Saguaches state reservoir, believing it to be a prac-

tical undertaking from which the valley will derive

much benefit. During 1894 Mr. Ellis served sixty-

four <lays during the early part of the season. lie

then resigned and C. A. Tolls, of Saguache, was ap-

pointed and served eighty-seven days. Mr. Polls re-

l><
i'is (lie Saguache reservoir as nearly completed.

Distrid Xo. 27 Consists of all lands watered
from ditches taking water from Oarnero, La Garita
and Tnl Ho creeks and their tributaries. Mark Bei-
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del], La Garita, Saguache county, Colorado, commis-
sionerJNo. 27, reports for 1893 that he was called out
on May 25 and served twenty-four days. Water
scarce late in the season but crops were not seriously
injured by drouth in any portion of his district. He
also reports a number of good sites for reservoirs that
could be constructed at a small outlay of money along
the courses of La Garita and Carnero creeks. During
1894 he served thirty-five days, a great scarcity of

water existing during the latter part of the season.

District No. 35—Consists of all lands irri-

gated by ditches taking water from the Trinchera
creek and its tributaries. No referee has ever been
appointed to adjudicate the rights of water con-

sumers in this district, consequently no decrees have
been issued and no water commissioner has been
appointed, but considerable complaint was made dur-

ing the past season in regard to the manner in which
the water in this district was used and in some in-

stances wasted. I would suggest that a commis-
sioner be appointed for this district, as I think it pos-

sible for the superintendent of irrigation to formulate
a set of temporary decrees to govern in this matter
until such a time as a referee can be appointed and
decrees of the court be regurlarly issued.

I was called out on the 28th day of March, 1893,
and was employed 182 days. Some of the time was
devoted to office work, but by far the greater time
was spent in the field work. From my predecessor in

office I received certified copies of the decrees of prior-

ity in the various water districts, which I placed in

the hands of the different commissioners and gave
them instructions relative to their use, and assumed
general control over the different water commission-
ers, superintending the putting in of headgates, the
removal of unnecessary dams from the smaller
si reams, etc.

I rendered about twenty written opinions touch-
ing upon the laws of irrigation; in fact, much of my
time was spent in orally expounding the laws re-

lating to the rights of consumers and the duties of

the officials. I caused the arrest and conviction in
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a number of cases of the violators of the laws and a
change for the better at once took place. The water
commissioners send in a general complaint because
of the absence of head gates in the smaller streams.

The present law is certainly very defective in re-

gard to the manner of treating those who refuse to

supply themselves with proper headgates. I would
suggest that a law be enacted giving water com-
missioners power to shut off the supply of water in

any and all ditches until supplied by headgates ap-

proved by him, and a severe penalty that could be
enforced against the violation of such law.

During the month of 1894 a much greater scarc-

ity of water prevailed than in the former year, but
the experience of the previous year had educated and
prepared the water commissioners for the discharge
of their duties, so that much better service was ren-

dered and more economical use made of water than
usual. Many perplexing and intricate questions were
propounded, and many demands that were inequit-

able and contrary to all law were 4 made and necessar-

ily refused.

I rendered a number of written decisions, as well

as oral ones, during this year. The last two seasons
have fully demonstrated the necessity for storage
reservoirs on the larger streams of this water divi-

sion. This is particularly true in regard to the Rio
Grande and Conejos rivers, because they supply
water sufficient to till several immense reservoirs
each, during any season. In fact, they run "bank
full" during the months of April, May and .June of

each year. The construction of storage reservoirs is

the only solution of the question of water supply in

this valley. If the immense quantities of water that

rim to waste in the spring months could be held and
stored in properly constructed reservoirs until needed
later in theseason, there would be a sufficient amount
t<> irrigate every acre in the valley, and then 4 is

scarcely a stream entering the valley but has some-
where al<»ng its course a suitable place for the lo-

cation of a reservoir al a reasonable expense for con-

si rucl ion.
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The action taken bj the state in regard to the
Saguache reservoir is a step in the proper direction,

and this undertaking should be pushed rapidly until

completed and thus demonstrate the feasibility of

the reservoir plan as advocated by the residents of

this state.

Irrigation in the San Luis valley is greatly sup-

plemented by artesian wells, of which there are about
2,500 in this water division. In some portions of the
valley the lands sub-irrigate for a considerable dis-

tance from the wells. In some places storage reser-

voirs are constructed and irrigation by the flooding

process is practiced. The real utility of these wells

is best demonstrated by their use in some of the
larger towns of the valley—notably Monte Vista and
Alamosa—in some instances one well supplying sev-

eral residents Avith water for house use as well as for

irrigating lawns and small gardens. The Alamosa
town well, just west of the town limits, is probably
the largest one in the valley, giving a flow of about
500 gallons per minute.

P. A. AMISS,
Superintendent Water Division No. 3.
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Chapter V.

IRRIGATION DIVISION No. 4 SAN JUAN DIVISION.

No report has been received from division No. 4.

In district No. 30 of this division, T. P. Sherertz, of

Durango, was appointed commissioner August 2,

1894; H. M. Barbour was appointed and bond ap-

proved June 4, 1894. Neither has made report to

this office. The irrigation in this division is mostly
done from small or individual ditches. As a con-

sequence, there is little need of the work of superin-

tendent or commissioner.
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Chapter VI.

IRRIGATION DIVISION No. 5—GRAND RIVER DIVISION.

Grand Junction, Colo., December 21, 1894.

Hon. 0. B. Cramer, State Engineer:

Dear Sir—I transmit herewith the reports of

water commissioners in division No. 5, so far as re-

ceived. This division embraces a large territory, in-

cluding' many mountain streams where water is

abundant and the area farmed is small. Conse-
quently several districts have no adjudication and no
commissioners, and other districts where commis-
sioners have been appointed have but little use for an
officer.

In only three districts of this division has there
been any serious trouble. In district No. 39 the com-
niissionor lia<l some difficulty in adjusting the diffi-

culties between the farmers of Rifle creek and the
Crass Valley canal, which takes water from a point
far ii|> the creek over a divide into another valley.

The Grass Valley Company are now finishing a large

reservoir which will tide them over the low water
season. In the Uncoinpahgre valley the trouble
which Inis been previously reported still exists by
reason of there being no adjudication of rights in

district No. 68, which includes all of the upper val-

ley. No control of the waters of this district is ob-

tained, much to the injury of water district No. 41,

next below on the same stream1

. It would be to the
interests of the consumers of both districts if ad-

judication were made in district No. 68 immediately,
for now ditches are being built and improvements
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made which may result in a considerable loss when-
ever the proper regulations are made.

In district No. 41 over forty-five different ditches
are taken from the river, when three or four canals
with the aid of a few laterals would deliver the water
to all the lands now under ditch. The present method
of delivering water through so many ditches, when a
few would do, is an extravagant and expensive one.

I believe if some consolidation as indicated above
were made and more economy practiced in the use
of water, there would be enough for all the lands in

this fine valley.

Such a consolidation could hardly be accom-
»

piished without some legislative enactment. Per-

haps a district law, patterned after the Wright law
of California, could be made to apply in this case and
other districts similarly situated.

A. J. McOUNE,
Superintendent of Irrigation Division No. 5.
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Chapter VII.

IRRIGATION DIVISION H: 6—GREEN RIVER DIVISION.

H. E. Turner, superintendent division No. 6, re-

ports only three districts in his division, as follows:

District No. 54—Number of acres that can be ir-

rigated, 3,585; total number irrigated, 2,249 acres.

The district is small, and the most of the irrigation

is upon hay land.

District No. 57—Number of acres that can be ir-

rigated, 11,928; total number irrigated, 8,216 acres,

divided as follows: Alfalfa, 240 acres; other seeded
grasses, 2,842 acres; natural grasses, 3,738 acres; all

other crops, 1,396 acres.

District No. 58—Total length of ditches, 110
miles ; amount that can be irrigated, 26,945 acres ; to-

tal amount irrigated, 14,216 acres, divided as follows:

Seeded grasses, other than alfalfa, 7,471 acres; nat-

ural grasses, 5,255 acres; all other crops, 1,500 acres;

cost of repairs for the season of 1894, $2,523.
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Chapter VIII.

C. B. Cramer, State Engineer:

Sir—I have the honor herewith to present the

following report of the deputy gauger's department
for the years 1893 and 1894. During the irrigation

seasons I was employed in rating ditches in divisions

1 and 2. The waters of these two divisions are all

appropriated, and it becomes a matter of great con-

sequence that each ditch shall be carefully rated, that

justice may be done to all. With the exception of a

few districts in Division 1, there is a general failure

of the different ditch companies to provide suitable

measuring flumes. On manv of the smaller ditches

some form of the weir could be used with more ac-

curacy and greater convenience.

In July, 1891, in company with Mr. Tenney, com-
missioner of district No. 3, I visited the Laramie
river ditch and made measurements to ascertain the
amount of water they were turning into Chambers
lake at the head of the Cache la Poudre river. A' rect-
angular wier had been placed near the lower end of

the ditch, but as there was considerable danger of

it washing out, another flume was put in further up
the ditch and rated. There is a great variation in

the flow of the streams this near the range during
the twenty-four hours, but the discharge of the ditch
was found to average about eighty-five cubic feet per
second. On July 14 a measurement was made of the
west branch of the Laramie river above the head of
the ditch, and was found t<> be discharging 148.(; cu-
bic feet per second. Another measurement, on July
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19, of the main branch of the Laramie river, just

above the state line, gave a discharge of 449.6 cubic

feet per second.

RIVER GAUGINGS.
It was fonnd at the opening of the season of 1893

that the available funds for keeping up the various

gauging stations on the different streams were not
sufficient for the purpose. It is to be deeply regretted

that such was the case, as it breaks a record that can
never be completed ; and as water increases in value,

it will be essential to have such data that we may
know how much water we may depend on from all

the principal streams on the Eastern Slope, and many
on the Western. It would be wise should the next
legislature make a small appropriation to re-estab-

lish the more important of these stations, and estab-

lish anv others they may think necessary. The read-

ings have generally been made twice a day by some
person that was handy to the gauging station, and
paid from five to ten dollars per month by this depart-

ment and the United States Geological Survey.
Through the courtesies of Prof. F. H. Newell, of

the United States Geological Survey, and Prof. L. G.

Carpenter, of the Agricultural College, this depart-

ment has been furnished with the tables of dis-

charges of the Arkansas, Rio Grande and the Cache
la Poudre rivers, for the vears 1893 and 1894.

7 %j
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SEEPAGE WATERS.
The measurements of the returns and seepage

waters of the South Platte river wore continued by
this department in the fall of 1893, and in 1894, with
the co-operation of the engineering department of the
Agricultural College, with the object in view of show-
ing, if possible, if there were any marked increase of

underground waters coming into the South Platte

river from Lone Tree, Box Elder, trow, Kiowa, Bijou,

Pawnee and Cedar creeks. These streams are of con-

siderable length, and drain a large scope of country,

while most of them have living waters at or toward
their heads. It, therefore, seemed reasonable to sup-

pose that a portion of the water must find its way to

the greater basin (the South Platte river), along the

channels of these streams; but the gaugings of this

fall would hardly indicate that the water followed
the basin to any marked degree. Gaugings of the
river were made above and below where the valleys

of these streams opened into that of the South Platte.

In 1893 the work was carried as far as Hi IT,

where river measurement showed but 5.72 cubic feet

per second, and this soon disappeared in the sands,

only to reappear in water holes. The entire gain up
to this point o\' seepage water was 572.1)9 cubic feet

per second, or a gain of 430.56 per cent, over that in

the river at the canon at t he time of measurement.
The gain was quite uniform until a point above the
I'm nam ditch was reached, and here a loss of 21.45

cubic feci occurred, and it seemed possible that an
extra head, due to the closing down o\' the Latham
ditch a few days prior, might have been passed be-

tweeu this and the preceding measurement. Prom
this on the river showed an increase, although the

gain per mile diminishes as we pass on where less ir-

rigation is practiced.

in the fall of 1894 the measurements were made
OD the lower Platte, first commencing at the month of

the Cache la Poudre river, and carried through to the
state line; thence from (he canon to (lie month of the
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Cache la Poudre river. From the canon to Littleton,

the river showed a marked increase over the previous
year, but about the same as in 1891. Then to Denver
it showed a very abnormal increase; but as the two
measurements at Littleton and Denver were made
only a few hours apart, and again checked up at Den-
ver the next morning, it seems impossible that any
change of the river could have interfered with the
measurements. At the Burlington ditch the two
river measurements at night and the following morn-
ing showed a fall in the river of nearly 100 cubic feet

per second, presumably caused by the few previous
days of cold weather.

From this to the mouth of the Poudre, the river

was very steady, and showed no practical rise or fall

during the night, and the increase was quite evenly
distributed. From this point the river measure-
ments were made very frequently, and where con-

venient were measured at the same place, both night

and morning. The greatest gain was shown below
the Hoover ditch, where 13.72 cubic feet per mile was
found. This is followed bv a loss of 17.02 cubic feet

per mile, and this should include the seepage of Box
Elder and Crow creeks. From this on to the head
of the Platte and Beaver canal a decided gain was
shown, but at this point a loss of 11.36 cubic feet is

found; and this should again include the seepage of

Bijou creek. Thence to Crook there is a gain, but
from this to the state line there is a loss in the broad,

sandy channel of the river. At the state line there

was only 1.90 cubic feet.

The seepage measurements of the Cache la

Poudre for the two vears have been continued bv the

engineering department of the Agricultural College,

and the tables furnished us for publication.

ii
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COMPARATIVE TABLE

SHOWING THE INCREASE; IN VOLUME OF THE SOUTH PLATTE RIVER,
AND RETURN OF WASTE OR SEEPAGE WATER.

Places where Measurements

Were Taken

Amount of Increase in Volume of River, from
the Canon to Point Measured, Minus the In-
flow from Natural Tributaries

Oct.
1880

Oct.
1890

Oct.
1 891

Mch.
1892

Oct.
1893

Oct.
1894

River below head of City Ditch..

River at Littleton

River at Denver

River at Fulton Ditch

River at Brighton

River at Elwood and Wheeler
\

Ditch J

River at Platteville

River above St. Vrain

River at Union Ditch

River at Latham Ditch

River at Poudre ...

River at Hoover Ditch

River at Putnam Ditch

River at Ft. Morgan Canal

River at Platte and Beaver Canal

River at Snyder

River at Merino...

River at Sterling

River 2 miles above Iliff.

River 2 miles above Crook

Riverat State Line

27-57 25-32 18.41

49.91 11.73 80.18 69 -95 41.91

50.91 55.61 96.38 129.56 83.18

94.41 138.85 i4i-5i 127.03

77.07 98.91 175-19 116. 16 152.91

119. to 172.35 218.69 136.33 208
. 74

133-38

155.80

226.93

233-32

180.54 218.82

252.81

197.00 176.91 299.21 192.86 279-93

215.20 326.13 216.17 318.20

277.10 351-66 392.66 285.25 387.23

333.6o 418.86 330.61 365.78

305.92 360.58 434-05 360.09 414.33

307.03 367.09 472.14 431-74 464.64

384.18 470.60 479.67

385.54 405.7I 550.33 514.39

418.33 435-16 583-69 548.15

422.77 449-21 611.76 572.99

598.69

602 . 00

49.23

74.82

193.74

228.06

278.04

314-72

343-05

298.70

450.51

474.86

549-75

549-12

617-43

676.88

707.64

766.31

810. 11

775-94
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WEIR MEASUREMENTS.
The increasing demands for further information

concerning weir measurements, and the growing
needs of a more accurate method of measuring water,
has induced this department to publish the tables of

discharge over weirs, as revised by^Prof. L. G. Car-

penter, of the State Agricultural College, at Fort
Collins, and issued in bulletin No. 27 of the experi-

ment station of that institution. "The weir measure-
ment is accurate, provided the proper conditions are

observed,'' and should be more widely known
throughout the irrigation sections.

This department is very highly indebted to Prof.

Carpenter for the consent to insert the following por-

tion of the bulletin in this report.

PORTER J. PRESTON,
Deputy Gauger.

CONDITIONS FOR THE WEIR, EITHER RECTANGULAR OR
TRAPEZOIDAL.

In nearly all cases, the weirs placed for measurement, are not

placed with sufficient care to make the measurement one of great

accuracy. The present demand for water, which is to increase, will

gradually require more care in every detail. The weirs commonly
used are of timber with board sills and sides, not usually made in a

wide enough or deep enough channel.

With the more pressing demand for exact measurement which is

coming already in northern Colorado, companies will soon be justified

in constructing permanent weirs with much care. Uuder the Canale

Villoresi, where the Cippoletti weir was first used, all the weirs exam-
ined by the writer were constructed of cut stone, and the crests and
sides were made of iron plates, the whole made with care so as to

remain useful for generations to come.

If the following conditions are followed in constructing a weir,

whether it be rectangular or trapezoidal, the weir formula may be

used with confidence that no single cause will produce an error greater

than one-half of i per cent. The conditions are essentially the same
as those either of Francis or of Cippoletti.*

1. That the channel leading to the weir be of constant cross-

section, its axis passing through the middle of the weir, and perpen-

dicular to it ; this straight reach to be of such length that the water

Canale Villoresi, Modulo per la Dispensa delle Accpia, etc . Milan 1S86, pub-
lished by the Societa [tallana per Condotte d'Acqua
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flows with uniform velocity, without internal agitation or eddies.

This should be not less than fifty or sixty feet, more if possible.

2. Only by making the contraction complete on both sides and
bottom can the co-efficient a in the formula have a value free from

uncertainty, and to secure complete contraction it is necessary :

(a.)—That the opening of the weir be made in a plane surface,

perpendicular to the course of the water.

{b.)—That the opening itself have a sharp edge on the upstream

face, and its walls cut away so that their thickness at the point of dis-

charge shall not be above one-tenth the depth for depths below five

inches, nor above one- quarter the depth for depths from five to twen-

ty-four inches.

(c.)—That the distance of the sill of the weir from the bottom of

the canal be at least three times the depth on the weir.

(</.)—That the distance of the sill of the weir from the sides of

the channel, be at least twice the depth of the water flowing over

the wier.

(e.)—That the lateral contraction remaining undistnrbed, the

length of the weir shall be three or, better, four times the depth of the

water flowing over.

(f. )—That the depth of water flowing over the weir shall not be

less than three inches.

3. The velocity of approach must be very small ; for weirs three

feet long and depth of twelve inches, it ought not to be greater than

six inches per second ; for weirs of six feet long and depth of twenty-

four inches, it ought not to be above eight inches per second. In all

these cases the cross-section of the canal of approach ought to be at

least seven times that of the weir. Other conditions affecting the

velocity of approach are included in c, d, and <?, respecting complete

contraction. ;:
"

4. The layer of falling water should be perfectly free from the

walls below the weir, in order that air may freely circulate under-

neath. For short weirs it is sufficient that the lateral walls of the

lower canal be free from the sides of the weir. In such case, when
air freely passes underneath, the level of the water in the lower canal

has no influence on the discharge of the weir, unless it reaches or

exceeds the level of the crest.

5. The depth of the water should be measured with accuracy

where the suction of the flow does not effect the height and where it

is free from influences such as the wind, or the movement of the

water, which can effect the true level. The height should be read to

within 1-300 of the depth in order that the error may be within one-

half of 1 per cent.

6. The weir ought to be constructed with care and carefully

located. It should not vary more than four degrees from being per-

pendicular to the channel. Its sills should be horizontal.

*Table I will aid in obtaining proper proportion between the channel of
approach and the weir.
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The disturbing causes may be divided into three classes ; those

which always tend to increase the discharge over the computed
amount ; those which always tend to decrease the amount ; and those

which may either increase or decrease the amount, one being as likely to

occur as the other, and in the long run tending to balance each other.

The measurement of the depth of water is in general as likely to

be too great as too small, with careful measurement, and the errors

due to this may be neglected.

The effect of obliquity of the weir, or of eddies, is to decrease the

flow below the computed amount.

The effect of any velocity of the water as it approaches the weir,

of the nearness of the sides or bottom to the weir, incomplete con-

traction, of a crest not perfectly sharp, of air not having access

beneath the sheet of falling water, etc., the effect of each of these is

to increase the discharge.

The causes tending to increase the discharge evidently outnumber

those tending to decrease it, and are, all things being taken into

account, more difficult to overcome.

It is frequently not possible to meet all the conditions. But the

errors due to the weir not being vertical, or horizontal, or perpendicu-

lar to the current, or for crest not being sharp, can be obviated by

careful construction.

If the weir is not vertical, the discharge is increased or dimin-

ished, according as the inclination may be down or up stream. The
correction amounts to 4 per cent, for inclinations as great as one hori-

zontal to three vertical, or for angles of about 18 degrees.* For less

inclinations the correction would be less.

The effect of nearness of the sides in increasing the discharge,

amounts to about 1 per cent, when the distance is equal to the depth

of the water on the weir, about one-third of 1 per cent, when the dis-

tance is one and one-half times the depth, and may be neglected when
over twice the depth of water on the weir.

The effect of nearness of floor is to increase the discharge. When
the depth below the crest is three times the depth over the weir

the increase is insensible; if 2 5 times the depth, is less than one-half

of 1 per cent., if two times the depth nearly 1 per cent., if equal to the

depth, is 1.5 per cent, and if but one-half the depth, over 2 per cent.

The amount of this varies with other conditions.

An increase of temperature seems to increase the discharge, and

the presence of sediment has the same effect through action on the

surface tension of the liquid. With large openings the effect of the

temperature is less than with small. Under present conditions they

need to be neglected. Their influence is small.

The velocity of approach is, all things considered, the most diffi-

cult to reduce within reasonable limits, and the errors thus introduced

'i .', ; . r.ni' nis made by M. Bazin. Annates des Ponta at Chaussees, Jan.
Translated in Proc, Qngra. Club, or Phila. by Marichal and Trautwine.

aim) Tram wiiks Engra, pocket Book, t6th ed., p. 267 - 1.
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in ordinary measurement are the most considerable. It is not pos-

sible to entirely prevent velocity in the approaching water, but, by
properly proportioning the size of the channel to the opening of the

weir, the velocity may be reduced to such limits that its effects may be

neglected. A comparison of tables I. and II. for allowing for velocity

of approach will show this. As the water for irrigation is liable at

times to carry sediment, the space in front of the weir, under most
conditions, is liable to fill up. The water being thus confined to a

smaller cross-section, the velocity is augmented, increasing the dis-

charge for the same depth over the weir. It is troublesome to make
the computation for the allowance for velocity of approach, the better

way being to keep within the bounds indicated by the conditions on

pages 201-2 or within limits indicated by study of tables I. and II.

As the effect of the causes which tend to increase the discharge

cannot be entirely eliminated, the tendency is to increase the dis-

charge. In consequence of this, Cippoletti proposed to increase the

amount as computed by the Francis formula by 1 per cent, making

the formula ^=3.36% LH1
.

But as it seems probable that the coefficient of discharge assumed by

him was too large, the ordinary formula will be better to use in the

dearth of sufficiency of experimental knowledge.

The Cippoletti form of weir, because of the reasons already given

has the most advantages of any module known to the writer for

measurement of water for irrigation purposes. It is reliable to within

2 per cent, with the Francis formula, if placed according to the

conditions given, and probably within 1 per cent. The ordinary

methods of measuring or guessing at the discharge of water vary from

40 to 400 per cent., as usually used. All that may be said of its

advantages, save the one of having the effective length of the sill in

proportion to the actual length of the sill, is true of the rectangular

weir also. It meets most of the conditions for a good module. It

lacks means of self-adjustment, or of preserving constant heights of

water. Where adapted, the spill-box may be used in connection with

it, when that condition would be very nearly met. Several canals

have introduced essentially this combination, and so far as reports

have reached the writer they have been satisfactory.

EXPLANATION OF TABLES.

Tables I. and II. in the appendix are for the purpose of correcting

to allow for the errors due to velocities in the approaching water with-

out the troublesome calculations indicated.

Table I. is an auxiliary table giving the average velocity through

the weir for different velocities over the weir. It may be used to

determine the velocity of the water as it approaches the weir under

known conditions, or with the aid of the second table, to determine

the proper conditions of the size of the channel, in order to bring the

errors within assigned limits. The velocity given is the average veloc-

ity in the plane of the weir. If, then, the cross-section of the channel
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above the weir is no larger than the weir itself, the velocity of the

water through the section would be the same as that of the table. If

the section is twice that of the weir, then the velocity is one-half that

of the table.

Table II. is computed from the Fteley formula and expresses the

increase due to velocity over that given in the tables III. -VI. To
use, the discharge as given in tables III. -VI. is determined, and the

correction is applied according to the given depth over the weir and
the velocity of approach. The correction is expressed in per cent.

The formula is based on experiments limited to 2.5 feet per second.

For greater velocities, therefore, it is possible that the quantities given

are in error.

Example.—What correction to allow for the velocity of two feet per second,
the water passing over weir one foot deep. Find at top the column with depth one
foot, and at left find line with velocity of two feet per second. Follow the line to
the right and in the column with depth one foot the number 14.3 is found which is

the number of per cent, by which the discharge is increased.

Tables III. and IV. are newly computed for this edition, and give

the discharges over weirs with the depths measured in inches and
fractions corresponding to the divisions on the rules ordinarily in use.

They are computed from modified forms of the Francis formula, the

depths being measured in inches.

Table III. is computed from the formula Q=.oo6675 LH 2
. Q being

in cubic feet per second, L, and H in inches.
3

Table IV. is computed from Q=.o8oio7 L,H'» where O is in cubic

feet per second, L is in feet, H is in inches. It is the Francis formula

with the units changed.

Tables V. and VI. were given in previous editions, but the depths

being given in decimals of feet were not so convenient for use with

scales which most people possessed which are divided into feet, inches

and fractions.

In table III. the discharge is given for a weir one inch long, form-

ing a portion of a longer weir, and for all depths up to thirty inches,

the depths varying by sixteenths of inches. The even inches are

given in the left hand column and fractions at the top of the page.

The discharge for the corresponding inch and fraction is found at the

intersection of the line of the even inch and the column of the frac-

tion. Where there are contractions, the amounts to be subtracted are

given in the second column. These are given for intervals of half

inches, the quantities there given being for the even inch or half inch

of the adjoining column, and for two complete contractions.

Kxample.—What is the discharge over a weir forty-five inches long and with
a depth of eleven and one quarter inches with two complete contractions? Find
eleven inches at the left of the page, and the column headed one-quarter inch at
the head of the page, hollow this column down until it intersects the line of the
eleven. At the intersection is the discharge for a portion of the weir one inch
long, which is .2519 cubic feet per second. Then for a weir forty-five inches long it

is forty-five times as much, or 11.3345 second feet, if without contraction. The
second column gives the allowance tor contraction for eleven inches depth ; the
eleventh column for a depth of eleven and one-half inches. For eleven and one-
quarter inches we then take a value Intermediate between those for eleven inches
and 1 1< ven and one-half inches, obtaining the correction ,567, the amount by which
the difl< [large is reduced. This, then, leaves the total discharge as 11.335—.567=
10.77 second feet.
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Table IV. is used in exactly the same way. In this table the dis-

charge is given for a portion of a weir one foot long, while No. III.

gives it for a weir one inch long. These two tables are consequently

adapted to weirs of any length, but require multiplication.

Tables V. and VI. give the discharge for weirs of certain lengths,

for different depths, and without multiplication. Where companies

adopt weirs for measurement, it is far more convenient to adopt cer-

tain standard lengths and make all weirs conform thereto.

Table V. gives the discharge over rectangular weirs for depths

varying by .025 of a foot and for various lengths of weir. These tables

give the discharge with two complete contractions. In case there is

no contraction, then the amount in the right hand column may be

added to the amounts given in the tables.

Table VI. is for rectangular weirs without contraction—which

may also be found from table V. and for the Cippoletti trapezoidal

weirs. It will be noticed here that the discharges given in the various

columns are directly proportional to the length of the weir, while in

table V. they are not. The amounts are 1 per cent, greater than

given in table V. The quantites in table V. were computed with the

constant $Vi instead of 3.33 ordinarily used, making the quantities

one-tenth of 1 per cent, greater than given by most tables. Table

VI., intended for trapezoidal weirs, is 1 per cent, greater than cor-

responding discharges of table V.

Depth in all cases in the following tables is measured in still water:

TABLE I.

AUXILIARY TABLE FOR APPROXIMATING VELOCITY OF APPROACH.

Depth of water over
weir

Average vel-
ocity in sec-
tion of weir

Depth of water over
weir

Average vel-

ocity in sec-
tion of weir

In ft. In in.
In ft. per

sec.
In ft. In In.

In ft. per
sec.

0.25

0.50

0.75

1 .00

0.25

1-50

3

6

9

12

15

* 18

1.665

2-354

2.884

3-330

3-723

4.078

i-75

2.00

2.25

2.50

2.75

3-0°

21

24

27

30

33

36

4.400

4.709

4-995

5-265

5-510

5-765
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TABLE V.
DISCHARGE OVER RECTANGULAR WEIRS, WITH AND WITHOUT CON-

TRACTION.

Formula, B=y4 (1-.2H) Hf.

DISCHARGE IN CUBIC FEET PER SECOND

Depth ofWater
on Crest

With two Complete Contractions

Correction to
be added to
each of the
preceding

In
Inches

In
Feet

1 ft.

Long Long
2 ft.

Long
3 ft-

Long
5 ft.

Long
10 ft.

Long

to give dis-
charge with
no cont'n

0.3

0.6

0.9

.025

.050

•075

0133

0369

0674

.0200

•0556

.1015

.0267

.0743

• 1350

.0400

.1116

.2040

.0677

.1863

.3410

• 133

•37i6

.6830

.0000

.0004

.0010

1.2

i-5

1.8

2.1

.1

•125

•15

•175

1033

1438

1879

2355

.1560

•2175

.2847

•3575

.2087 «

.2912

.3816

•4795

•3132

.4385

•5753

•7235

.5240

• 7332

.9627

1.2115

1.0519

1.4695

1.9312

2.4315

.0021

.0037

.0058

.0085

2.4

2.7

3-o

3-3

.2

.225

• 25

•275

2861

3399

3959

4543

•4352

•5177

.6042

.6946

•5843

.6956

.8126

•9350

.8824

1-0513

1.2293

I-4I57

1.4787

1.7627

2.0227

2.3771

2.9690

3-5412

4.1462

4.7803

.0119

.0160

.0208

.0264

3-6

3-9

4.2

4-5

3

•325

•35

•375

5H9

5775

.6420

.7079

.7888

.8863

.9871

1.0909

1.0627

1. 1952

1.3321

1.4732

1.6104

1.8129

2.0223

2-2335

2.7059

3 0482

3-4032

3.7691

5-4442

6.1363

6.8537

7-5976

.0328

.0401

.0483

•0574

4.8 •4

•425

•45

•475

1. 1974

1.3070

1.4189

1-5333

1.6189

1.7680

1.9221

2.0790

2.4623

2.6926

2.9280

3.1708

4.1485

4.5400

4.9404

5-3523

8.3645

9-I565

9-9775

10.8094

.0675

5-1

5.4

.0785

.0906

5-7 • 1037

6.0 •5

•525

•55

•575

1.6500

1.7689

1.8890

2.0129

2.2392

2.4029

2.5698

2-7395

2.9123

2.0881

3-2665

3-3478

3-4177

3.6709

39295

4.1928

5-7748

%
6.2069

6.6489

70995

11.6672

12.5469

13-4474

14.3668

.1178

6.3

6.6

.1331

.1496

6.9 .1672

7 2 .6

.625

.65

.675

2.1378

2.36416

2.3929

2.5234

4.4614

4-7351

5-OI33

5.2960

7-5596

8. 0291

8.5065

8.9930

15-3052

16.2641

17.2409

18.2354

.1859

7-5

7-8

S.i

.2059

.2271

• 2495
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TABLE V— Continued.

Depth ofWater
on Crest

DISCHARGE IN CUBIC FEET PER SECOND

With Two Complete Contractions
Correction to be
added to each
of the preced-
ing to give dis-

charge with no
contr'tion

In
Inches

In
Feet

2 ft.

Long
3 ft-

Long
5 ft.

Long
10 ft.

Long

8.4

8.7

9.0

9-3

0.7

0.725

0-75

0-775

3.6313

3-8170

4.0052

4.1961

5-5586

5-8747

6.1702

6.4704

9.4832

9.9906

10.5007

11.0190

19.2497

20.2796

21.3262

22.3895

0.2733

0.2984

0.3248

0.3524

9.6

9-9

10.2

10.5

o.S

0.825

0.85

0875

4.3888

4-5833

4.7806

4.9792

6-7734

7.0810

7.3929

7.70/5

11.5444

12 0769

12.6169

13-1641

23.4704

24-5659

25.6779

26.8656

0.3816

0.4121

0.4440

0-4775

10.8

11.

1

11.4

11.

7

09

0.925

0-95

0-975

8.0257

8.3509

8.6731

9.0012

I3-7I77

14-2839

14.8461

15.4192

27 9477

29.1164

30.2786

31-4652

0.5123

0.5486

0.5864

0.6258

12.0

12.3

12.6

12.9

1.0

1.025

1.05

1.075

9-3333

9.6685

10.0058

10.3471

16.0000

16.5869

17.1789

17.7777

32.6667

33.8829

35-H09

36.3552

0.6667

0.7091

o.753i

0.7988

13.2

13-5

13-8

14.

1

1.1

1. 125

1. 150

1. 175

10.6907

H-0373

11.3866

11.7388

18.4825

18.9926

19.6080

20.2298

37.6100

38.8801

40.1625

4L4573

0.0849

0.8949

o.9455

0.9977

14.4

14.7

150

15-3

1.2

1.225

125

1-275

12.0935

12.4507

12.8109

13- 1733

20.8569

21.4893

22.1279

22.7713

42.7664

44.0866

45.4204

46.7653

1.0516

1. 1073

1. 1646

1.2237

15-6

15-9

16.2

16.5

i-3

1.325

1-35

1-375

13 5375

13-9067

14.2740

14-6450

23.4189

24.0727

24.7308

25.3946

48.1224

49.4927

50.8733

52.2671

I

1.2846

1-3473

1.4117

1.4780
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TABLE V—Concluded.

Depth of Water
On Crest

DISCHARGE IN CUBIC FEET PER SECOND

With Two Complete Contractions Correction to be ad-
ded to each of the
preceding to give

In
Inches

In
Feet

5 feet
Long

10 feet
Long

discharge with no
contraction

16.8

17.

1

17.4

17.7

1.4

1.425

1-45

1-475

26.0625

26.6355

27.4122

28 . 0950

536710

55.0870

56.5122

579515

1.5460

1. 6160

1.6878

1.7615

18.0

18.3

18.6

18.9

i-5

1-525

1-55

1-575

28.7814

29.4719

30.1675

30.8681

59-3999

60.8584

62.3290

63.8116

1. 8371

1. 9146

1.9940

2.0754

19.2

19-5

19.8

20. r

1.6

1.625

1.650

J-675

3I-5727

32.2809

32.9935

33-7093

65.3042

66 . 8059

68.3185

69-8393

2.1588

2.2441

2.3315

2.4207

20.4

20.7

21.0

21.3

1-725

1.75

1-775

34.4269

35-I546

35-8827

36.6151

7L37IO

72.9146

74.4662

76.0286

2.5120

2.6054

2 7008

2.7984

21.6

21.9

22.2

22.5

1.8

1.825

1.85

1.875

37.3520 •

38.0709

38.8341

395812

77 . 6020

79.1614

80.7716

82.3717

2.8980

3.0196

3- 1034

3-2093

22.8

23.'

23-4

23 -7

1-9

3925

1-95

1 • 975

40.3321

4 1 . 0860

41.8436

42.6045

83.9816

855995

87.2271

88.8635

3.3I74

3-4*75

3-5399

3-6545

24.

27.

30.

36.

2.0

2.25

2.50

3- 00

43-3665

.
----

90.5061

107.44

125.16

162.79

3-771

5.06

6-59

•0.39
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TABLE VI.

DISCHARGE OVER CIPPOLETTI'S TRAPEZOIDAL WEIR OF VARIOUS
LENGTHS AND WITH VARIOUS DEPTHS, AND OVER RECTANGU-
LAR WEIRS WITHOUT SIDE CONTRACTION.

Formula, D = 3.3^ L H2
.

Depth of
Water on

Crest
DISCHARGE IN CUBIC FEET PER SECOND

In
In.

In
Feet

1 ft.

Long
1% ft.

Long
2 ft.

Long
3 ft-

Long
4 ft.

Long
5 ft-

Long
10 ft.

Long

0.3 .025 .0135 0.0202 0.0269 . 0404 0.0539 . 0673 o.i347

0.6 • 05 .0367 0.0566 0.0754 0.1131 0.1508 0.1885 o.377i

0.9 .075 .0690 0.1035 0.1380 0.2071 0.2761 o.345i 0.6902

1.2 .10 .1064 0.1596 0.2128 0.3192 0.4256 0.5319 1.0639

1-5 • 125 .1488 0.2232 . 2976 0.4464 o.5952 0.7440 1. 4881

1.8 •15 1956 0.2934 0.3912 0.5868 . 7824 . 9780 1.9560

2.1
• 175 .2464 0.3697 0.4929 0.7393 0.9858 1.2322 2.4644

2.4 .20 .3010 0.4515 0.6020 0.9029 I . 2039 1.5049 3.0098

2.7 .225 • 3592 0.5388 0.7184 1.0777 14369 1. 7961 35922

30 25 .4208 0.6312 0.8417 1 . 2625 1.6833 2.1041 42083

3-3 .275 .4855 0.7282 0.9709 1-4564 1. 9419 2.4273 4.8547

3-6 30 • 5531 0.8297 1. 1063 1.6594 2.2126 27657 5.53H

3-9 325 .6238 o.935S 1 2477 1. 8715 2-4954 8. 1 192 6.2384

4-2 • 35 .6972 1.0459 1 3945 2.0917 2
.
7890 3.4862 6.9724

4-5 375 • 773° 1 -1595 1.5460 2.3190 3.0920 8.8649 7.7299

4-8 • 40 1.2777 1
• 7035 2-5553 34071 4.2588 8.5177

5-1 425 1-3993 1.8658 2.7987 3.73i6 4.6645 9.3290

54 45 1.5246 2.0328 3.0492 4.0656 5.0820 10. 1640

5-7 • 475 1.6534 2.2045 3-3067 4.4089 5-5"2 11.0225

6.0 50 1.7854 2
.
3805 3-5708 4.7610 5-9512 11.9025

6.3 .525 1. 9210 2.5614 3.8420 5-1227 5.4034 12.8068

6.6
• 55 2.0599 2.7465 4.1198 5-4930 6.8663 137326

6.9 • 575 2.2018 2-9357 4.4036 5.87I5 73393 14.6787

7.2 .60 2.3472 3- 1293 4-6939 6.2585 7.8231 15 6463

7-5 .625 2-4955 3-3274 4.9911 6.6548 8.3185 16.6370

7.8 .65 2.6462 3-5283 5-2924 7-0565 8.8206 176413

8.1 .675 2.8007 3-7343 5.6014 7.4686 9-3357 18.6715
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TABLE VI.—Continued.

Depth of
Water on

Crest
DISCHARGE IN CUBIC FEET PER SECOND

In
In.

In
Feet

2 Feet
Long

3 Feet
Long

4 Feet
Long

5 Feet
Long

7 Feet
Long

10 Feet
Long

8-4

8.7

9.0

9-3

0.7

0.725

0.75

0-775

3 9437

4-1565

4-3733

4-5942

5-9I56

6.2347

6-5599

6.8912

7.8874

8.2930

8.7466

9.1883

9-8593

10.3912

10.9332

11.4854

13.8030

14.5457

15-3065

16.0796

19.7186

20.7824

21.8675

22.9708

9.6

9-9

10.2

10.5

0.80

0.825

0.85

0.875

4.8177

5-0453

7.2265

7-5679

7-9154

8.2669

9-6354

10.0906

10.5538

11.0225

12.0442

12.6132

13.1923

i3-778i

16.8619

17-6585

18.4692

19 2893

24.0885

25.2264

26 3846

27.5562

10.8

11. t

11.

4

11.

7

0.90

0.925

095

o.975

8.6234

8.9850

9-35i6

9-7233

11.4978

11.9800

12.4688

12.9644

14.3723

14.9749

15.5860

16.2054

20.1212

20.9649

21.8204

22.6876

28.7446

29.9499

31.1720

32.4019

12.0

12.3

12.6

12.9

1.00

1.025

1.05

1.075

10.1000

10.4808

10.8666

n-2575

130667

13-9744

14.4888

15.0100

16.8333

17.4679

18.1110

18.7624

235667

24-4551

25-3554

26.2674

33.6667

34-9359

36.2220

37-5249

13-2

13-5

13.8

14.1

1. 10

1. 125

1. 150

1. 175

11.6524

12.0513

12.4553

12.8644

I5-5365

16.0684

16.6071

I7-I525

19.5206

20.0855

20.75S8

21.4406

27.1888

28.1198

29.0624

30.0168

38.8412

40. 1 71

1

4I-5I77

42.8812

14.4

14.7

15.0

153

1.2

1.225

1-25

1-275

13.2764

13.6936

14.1148

14.5410

17.7019

18.2581

18.8197

19.3880

22.1274

22.8226

23.5246

24.2349

30.9784

31-95I7

32.9344

33 9289

44.2548

45 6453

47.0492

48.9699

15.6

J 5-9

16.2

16.4

i-3

1.325

1.35

1-375

19.9603

20-5394

21.1238

21.7123

24.9503

25.6742

26.4047

26.1404

34-9305

35-9439

36.9666

37.9966

49.9007

5I-3484

52.8095

54.2808
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TABLE VI. —Concluded.

Depth of Water
on Crest

DISCHARGE IN CUBIC FEET PER SECOND

In Inches In Feet Four Feet
Long

Five Feet
Long

Seven Feet
Long

Ten Feet
Long

16.8

17.1

17.4
1

17.7

1.4

1-425

i-45

1-475

22.3075

22.9082

23.5128

24.1242

27.8844

28.6352

29.3910

30.1552

39.0382

40.0893

41.1474

42.2173

55-7688

57-2704

58.7820

60.3105

18.0

18.3

18.6

18.9

1-5

1.525

i-55

1-575

24.7396

25.3604

25.9866

26.6182

30-9245

31-7005

32.4833

33-2727

43- 2943

44.3808

25.4766

46.5818

6 r.8490

63.4011

. 64.9666

66 5455

19.2

19-5

19.8

20.1

1.6

1.625

1.65

1.675

34.0685

34.8702

35.6782

36.4913

47-6959

48.8183

49 9495

51.0878

68.1370

69.7405

71.3565

72.9826

20.4

20.7

21.0

21.3

i-7

J -725

i-75

1-775

37-3HI

38.1376

38.9691

39.8074

52.2355

53-3926

54.5568

55.7304

74.6222

76.2752

77.9383

79.6149

21.6

21.9

22.2

22.5

1.8

1.S25

1.85

1.875

40.6515

41.5009

42.3577

43.2179

56.9121

58.1013

59.3008

60.5031

83.3030

S3.0018

84.7154

86.4358

22.8

23.1

23-4

23-7

i-9

1-925

1-95

1-975

61.7211

62.9442

64.1720

65.4116

88.1730

S9.9203

9I.6743

93-4452

24.0

25-5

27.0

28.8

2.0

2.125

2.25

2.4

66 6560

72.999

79 541

87.619

95.2228

104.289

113-63

125.18

30.0 2-5 93.I56 133-07
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Chapter IX.

RESERVOIRS, COUNTY BOUNDARIES, ROADS AND BRIDGES.

RESERVOIRS.
The Chaffee county, Custer county and Monu-

ment creek reservoirs have been completed during
the past two years and accepted. The Saguache res-

ervoir is nearly completed.

Following are the statements of expenditures of

each of the four reservoirs:
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CHAFFEE COUNTY RESERVOIR.

STATEMENT OF EXPENDITURES.

Appropriation $15,000 00

Unexpended balance November 30, 1892 141525 48

J. H. Robinson, engineering and superintendence $ 445 60

J. N. Kincade, contractor _ 11,75000

H. G. Dennison, engineering and superintendence 193 75

E.J.Hall 705

R. H. Wells.. 15 00

News Printing Co., printing 14 82

R. A. Southworth, superintendence 358 50

Foley Bros., clearing 961 00

Robert Hall „ 49 20

J. W. Moakler, superintendence 312 00

Typewriting. 5 85

14,112 77

Balance unexpended $ 412 71

CUSTER COUNTY RESERVOIR.

STATEMENT OF EXPENDITURES.

Appropriation $10,000 00

Balance unexpended... 9.7 T4 °5

E. J. Hall, engineer $ 28395

T. R. Christian, surveyor 575 25

R. A. Southworth, superintendence 45 00

J. I,. King, contractor 8,733 *6

J. C. Riggs, procuring title to site 20 qo

Dana Teraplin, assistant to engineer... 30 00

R. M. Hall, assistant to engineer 24 00

9,7ii 36

Balance unexpended $ 2 69
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.MONUMENT CREEK RESERVOIR.

STATEMENT OF EXPENDITURES.

Appropriation $34,000 00

Balance unexpended November 30, 1892. 33,088 35

H. J. Reid, superintendence ._ $ 66100

D. McShane, contractor 30,528 86

J. S. Titcomb, deputy state engineer 300

Delos Durfee... 357 00

State engineer 4 40

News Printing Co., printing 3 55

Chas. Adams, land damages 30000

D. McShane, land damages 302 50

El Paso County Herald Company 2 00

32,161 81

Balance unexpended $ 926 54

SAGUACHE RESERVOIR.

STATEMENT OF EXPENDITURES.

Appropriation - $30,000 00

Balance unexpended November 30, 1892 29,486 50

T. R. Christian, surveys and superintendence $ 1,032 12

W.E.Dodge, contract 25,025 12

J. A. Wright, superintendence 846 00

Typewriting 75

R. A. Southworth, superintendence 197 45

27,101 66

Unexpended balance $ 2,384 84

The above reservoir is nearing completion at this writing, January 10, 1895.
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EL PASO AND PARK COUNTY BOUNDARIES.
A petition for the definite establishment of a

county boundary line between the counties of El Paso
and Park was prepared at Colorado Springs, April

29, 1893, bv the county commissioners of El Paso
county, J. C. Plumb, chairman, and duly presented
to the state engineer, in accordance with section 771,

Mills' Annotated Statutes, it being claimed that said

correction of the boundary line was urgently needed.

In accordance with the above petition, during
the months of August and September, 1893, a careful

survey of the territory was made and boundary lines

corrected and distinctly marked by monuments.
Field notes and survey for the same accepted and

approved by the state engineer December 16, 1893.

EAGLE AND GARFIELD COUNTY BOUNDA-
RIES.

September 1G, 1893, the county clerk forwarded
to the state engineer a certified copy of resolutions

passed by the board of commissioners of Eagle
county, at their special meeting held at Red Cliff,

September 15, 1893. The petition stated in sub-

stance that the west boundary of the county of Eagle
was so indefinite that a portion of territory was
claimed by the county of Garfield, and requested that

the survey of each countv be run out and estab-

lished on west line of Eagle county, according to the

statutes of the state of Colorado, and further fixed

and defined by plain and substantial marks, mounds
and natural monuments, in accordance with the

terms and provisions of section 1 of an act of the Gen-

eral Assembly of the state of Colorado, entitled "An
act to provide for the settlement of disputed county

boundaries in the state," approved April 4, 1887.

The survey of the above boundary line was cor-

rectly executed during the months of October and
November, 1893, and, together with field notes for the

same, approved and accepted at the state engineer's

office, December 16, 1893.
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CLEAR CREEK COUNTY ROAD.
"An art to amend section 1 of an act entitled 'An

art to build a wagon road in Clear Creek county
from a point near the mouth of Train run to Argo
mine, and terminate at the Ouida cabin,' approved
April 24, 1889," approved April 1G, 1891.

During the month of June, 1893, plans and speci-

fications were made out for this road, and bids adver-

tised for. July 8 of the same year the contract was
awarded to Wright Barker, as the lowest bidder, at

$3,700.

Final acceptance of road and balance on contract

price allowed October 16, 1893.

STATEMENT OF EXPENDITURES.

Appropriation _ _ $5,000 oo

Expended under former administration $ 178 31

Engineering and superintendence 673 85

Printing 21 45

Wright Barker, on contract... 3.700 00

4.573 61

Balance unexpended $426 39

MONTEZUMA AND DOLORES COUNTY WAGON
ROAD.

"An act to aid the counties of Montezuma and
Dolores, Colorado, in constructing a wagon road from
Dolores, Montezuma county, to Rico, Dolores county,

and appropriating $10,000 therefor," approved April
14, 1891.

At a meeting of the board of construction, held
in the governor's office September 7, 1893, the state

engineer was instructed to advertise for bids for con-

struction of road, provided he should receive notice

from the countv commissioners of Montezuma county
that they would guarantee to raise $2,500 to assist

the state in building the road. The former board of

construction, after careful surveys, data and esti-

mates, had deemed the state appropriation inade-
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quate, and later no proposals were received in re-

sponse to call for bids under plans and specifications

submitted by state engineer.

December 11, 1893, in the state engineer's office,

the board of construction voted to accept the bid of

J. A. Mclntyre & Co., of Denver, for the construction

of the road, theirs being the lowest of eleven bids re-

ceived, at $9,757. The state engineer was further in-

structed to prepare contract for the state for $8,300,

the balance, $1,457, to be paid by Montezuma county.

The road was finally accepted July 2, 1894, and
the balance due on contract ordered paid.

STATEMENT OF EXPENDITURES.

Appropriation $10,000 00

Expended under former adminisiration $ 98512

E- J. Hall, engineer 657 40

Lillie Callicotte, type-writing 300

Advertising and printing 52 59

J. A. Mclntyre & Co., contractors 8,300 00

9,998 11

Total unexpended $ 189

BEAR RIVER BRIDGE.
"An act to provide for the construction of a

bridge across Bear river, in Routt county, at a point

near Marshall Ford, about five (5) miles east of the

town of Hayden, and appropriating $5,000 therefor,"

approved February 27, 1894.

Early in June, 1894, a call was made for plans

and specifications for the above bridge, and on June
25 the plans submitted by The Missouri Valley
Bridge and Iron Works were accepted. The final

award of contract was made to Messrs. Farnsworth
& Blodgett, of Kansas City, Missouri, at $4,482. The
bridge is a steel truss, and consists of two spans of

112 feet each. The roadway is fourteen feet in the

clear between the trusses, the contract having been
carried out in a most satisfactory manner.

Fully accepted and final payments made Decem-
ber 4, 1894.
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STATEMENT OF EXPENDITURES.

Appropriation $5,000 00

Engineering and superintendence $ 22920

Agnes Cummings, type-writing 5 85

Missouri Valley Bridge and Iron Works, for plans 50 00

Farnsworth & Blodgett. contractors... 4,594 75

4,877 80

Balance unexpended. $ 12220
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