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INTRODUETORY
REMARKS
AND

REVIEW
OF

THE

WORK

OF

THE

DEPARTMENT
FOR

i901
AND

1902

A

review
of

the

tivork
of

this

Department
will

ahow
a

steady
growth
in

irrigation
development
While
no

large

syste
ns

have
been

inaugnrated
ahd

completed
during
the

period
it

will
be

seen
that

there
has

been
a

gradual
filling

in

so

to

speak
under
the

present
systems
The

greatest
de

velopment
has

been

perhaps
in

the

inter

mountain
country

in

the

way
of

construction
of

small

ditches
and

reser
oirs

In

many
of

the

older

districts
small

ditches
using

seepage

flood
and
R

aste

waters
have
been

constructed
s

the

farm

ing
of

the

land
has

become
more

intensive
so

also
one

might

sa

that
the
use
of

the
R

ater
is

more

intensiT
e

Siiiall
enter

prises
he

etofore

neglected
have
been

taken
up

Reservoir

construction
has

progressed
quit

rapidl
y

since
the

last
re

port
and

several
notable
dams
have
been

completed
or

are

nearinb

completion
The

Denver
Union
Water

Company
at

Chc

esman
lake
has

about

completed
what
is

to

be

one
of

the

great
dams
of

the

world
2

he

Possil
Creek

reservoir
owned

by

the

North
Poudre
Canal

Company
in

Larimer
county

has

been

completed
and
is

notable
on

account
of

its

height
it

being
an

earth
filled
dam
and

from
the

fact
that
it

ill

de

pend

almost
entirely

upon
ood

and

seepage
vaters
rhe

Douglas
reservoir
also
in

Larimer
county
is

another
im

portant

acquisition
to

the

same

system

Jackson
and
San

born
lakes
and

others
of

the

Bijou
Canal

Company
between

Cxreeley
and

Fort

Morgan
will
be

supplied

principally
by

seepa
e

and

flood

waters
in

the

Platte
The

Castlewood
dam

on

Cherry
creek
has

also
been

repaired
and
the

reservoir
is

notiv

beiug
filled

The

number
of

ditches
reported
by

the

commissioners

as

being
in

operation
is
4

067

Several
districts
have
no

com

missioner
so

from
them
no

reports
were

obtaineci
but
the

are

known
to

have
many

ditches
and

considerable
irrigation

From
the

best

information
obtainable
there
are

over
4

500

ditches
and

canals
now
in

operation
One

canal
the

Fort
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INTRODIICTION

Lyon
is

operated
for
a

distance
of

113

niiles

There
are

fifty

canals
over

fifty
miles
in

length
and

fifty
one

canals
over

i

tivent3
miles
in

length
An

effort
was

made
to

procure
def

inite
da
ta

concerning
the

number
of

reservoirs
in

the

state

and

their

capacity
but

without
result
It

is

positivel

kno
n

however
that

there
are

over
five

hundred
in

opera

tion

ranging
in

rea

from
two

thousand
acres
to

five

acres

and

with

eapacities
of

from
90

000

acre
feet
to

50

acre
feet

For
the

same

reason
that
we

were

unable
to

get

the

tota
I

number
of

ditches
and

reservoirs
we

were

unable
to

get
the

total

number
of

acres
under
ditch
or

under

cultivation
The

estiinated
acreage
under
ditch
is
3

400
000

and
the

estimated

acrea
e

actually
cultivated
2

100
000

The

eastern
western
and

northwestern
parts
of

the

state

are

discussed
in
a

special
chapter
by

Mr

John
E

Field

Deputy
State

Engineer
in

another
part
of

this

report

Z

he

vork
of

stream

measurements
and

other

investiga

tions
of

the

water

resources
has

been

egtended
sometivhat

in

co

operation
with
the

United
States

Geological
Survey

1

his

rork
is

given
in

detail
in

another
chapter
in

the

report

of

Mr
A

L

Fellows
resident

hydrographer
of

the

United

Sta
tes

Geological
Survey

The

coinparative
tables
of

stream

measurements
are

omitted
in

this

report
as

they
were
pub

lishetl
in

the

last

biennial
report
and

have
since
been
put

into

bulletin
form
by

Mr

Fellows
together
with
a

large

amount
of

other

valuable

information
upon
the

water
re

ources
of

the

state
and
are

published
by

the

interior
depart

ment

They
can
be

had

upon

application
to

this

office
or

to

the

bureau
of

publications
at

Washington
D

C

Especial
attention
is

called
to

the

remarks
upon
the
sub

ject
of
a

larger
co

operation
with
the

geological
survey

un

der
the

head
of

Recommendations
and
to

the

remarks
of

17r

Fe11oR
s

in

his

report
upon
the

same

subject
also

upon

the

matter
of

permanent
gaging

stations
for

some
of

our

most

important
streams

Ve

are

especially
pleased
to

announce
that

survevs
are

being
made
on

three
large

enterprises
b

the

United
States

geological
survey

and
it

is

confidently
egpected
that
con

struction
on

some
one
or

two
of

them
tivill
be

begun
in

the

sprinb
of

1903

The

three

enterprises
are
the

Pawnee
in

the

northeastern
part
of

the

state
the

Gunnison
tunnel
nea
r

Montrose
and
the

Highline
canal
in

Grand
valley

vhich
it

is

proposed
to

carry
into
Utah

i

INTI20DIIC
PION

This
De

artment
through
llr
El

ood

Mead
Chief
of
Ir

rigation

Investigations
department
of

agrieulttire
obtained

a

report
from
DZr
C

G

Elliott

drainage
egpert
upon
drain

age

and

seepabe
which

appears
in

another
chapter
and

which
it

is

believed
will
be

instructive
Attention
is

called

to

th

recommendation
of

Mr

Elliott
on

the

need
of
a

drain

age
lazv

notice
of

the

work
of

co

operation
with
this
De

partment
will
be

found
under
the

head
of

Recommenda

ti

ons
The

reports
of

the

various
o

icers
reveal
the

fact
that
the

interest
in

irri

ation
is

increasing
rapidly

and
that
the
peo

p1e
are

studying
the

subject
in
a

manner
that
will

resuit
in

much
good

Considerable
thinking

and

planning
have
been

done
along
the
line
of

consolidation
of

interests
in

each
drain

age

system
This
was

strongly

recommended
in

the

last
re

port
of

this

office
The

most

important
move
in

this

direc

tion
has

been
made
in

the

Clear
Creek
district

where
a

strong

committee
is

now

actively
engaged
in

working
out
a

plan
for

fornzing
an

association
of

all

the

ditch
and

reservoir
owners

in

that

drainage
Some

form
of

irrigation
law
vas

recom

mended
in

the

last

report
as
a

means
of

consolidation
The

Thirteenth
General

Assembly
enacted
such
a

la
v

but
it

has

not
yet

been

tested
by

practice
It
is

believed
in

districts

where
it

is

desired
to

raise

money
to

increase
the

ater
sup

pl
y

or
to

imprave
the

systems
already
built
that

organiza

tion

under
this
law
will
be

more

convenient
than

any

other

form
of

association
The

state
of

California
was
the

first
to

enact
the

irrigation
district
law

Experience
with
it

there

developed
some

defects
but
an

entirely
new

statiite
was

adopted
in

1897

remedying
the

obnoxious
features
of

the

original
law

and

making
especial
provision
for

the

consoli

lation
of

separate
ditch
and

reservoir
interests
his

fact

emphasizes
the

value
of

the

municipal
direction
a

nd

control

of

irrigati
on
as

recognized
by

the

present
needs
of

California

and

should
largely

influence
the

policy
of

Colorado
in

tha
t

particularThe

constantly
increasing

number
of

requests
conling
to

this

office
for

information
on

a11

matters
connected
with
irri

gation
sho
vs
a

growing
interest
in

the

subject
and
a

desire

on

the

part
of

the

pPOple
for

instruction
especially
in

our

o

vn

state
The

special
demand
is

for
irri

ation
laws
and
for

informaii
on

upon
the

measurement
of

water
Por
this
rea

son
it

is

thought
best
to

re

print
in

this

report
a

large
iart
of

Bulletin
No
1

on

Water

Measurements
and
also
a

short

digest
of

the

irrigation
laws
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1

he

rhirteenth
Geueral
s

cmbly

rupriated
500

per
y

ear
for
the
use
of

this

office
for

traveling
espen
e

I

or

tunately

transportation
was

furnished
this
o

ce

and
its

dep

uties
in

almost
every

instance
The
five

hundred
dollar
ea

pense
fund

enabled
us
t

do

cousiderable
additional
orli

in

investigation
and
in

ditch

gaging
In

many
ases
the

ditch

o

ner

bore
the
per

diem
of

the

deputy
and
in

other
cases
paid

his

eapenses
ith
the

aid
af

the

railroads
and
the

ditcli

owners
500
as

about
sui

icient
but
this

office

shauld
have

greater

independence
and

freedom
of

movement
and
not
be

compelled
to

depend
on

the

ditch

owners
to

pa

any

part
of

the

expenses
It
is

hard
to

say
the

least
to

rate
a

man
s

ditch

accept
his

hospitality
put
him
to

tronble
aud

expense

and
then
take
the

water
a

ay

from
him
on

whicl
he

depends

for

the

money

necessary
to

pa

these
same
e

penss
Pi
e

hundred
dollars
for

two

persons
traveliug
for

year

tivhen

they

cover
from
40

000
to

50

000

miles
is

ua

suf

icient
espe

cially
as

there
are

many
things
which
ere
left

Luidone
durinb

the
last
t

o

years
hich

should
liave
been
done
ancl

vhich

would
be
of

benefi
to

the

state
in

general
and
to

irri

ators
in

particularChi
o

ce

has

been
su

plied
with
a

dditional
book
case

and
now
has
a

library
of

considerable
Talne
It

has
not
as

yet

been

indexed
through
lacli
of

funds
An

indeg
of

the

books
and
of

the

subjects
should
be

inade
and

would
cost
prob

ably
from
100
to

150

The

library
contains
tLe

reports
of

the

agricultural
department
its

year

books
the

repor
ts

of

tlie

United
States

Geological
Survey

State

Eugineers
reports

from

uumerous
states

jaurnals
of

engineering
societies
an
l

has
in

bound
forin

bulletins
and
repa
ts

on

Hawaii
laslia

Porto
I

ico

Canada
and

Enblond
in

reference
to

irrigatioii

and

agriculture
There
are

also
in

the

Iibrary
the
I

armers

Agricultural
3ulletins
of

the

agricultural
department
and

the

agricultural
colleges
of

tiVyoming
and

Colorado
tiVorka

on

bood
roads
and

forestry
have
also
a

place
in

ihe

library
and

many

valuable
bulletins
a

nd

pamphlets
on

these

subjects
are

available
for

reference
An

especial
effort
should
be

inade
to

keep
a

complete
set
of

alI

the

Uulletins
published
l

y

the
gov

ernment
and
by

the

different
states
with

reference
ta

all
of

the

subjects
mentioned
above

From
time
to
ti

ie

standard

bool
s

of

reference
R

ith

the

besi

availabie
information
on
en

gineering
subjects
should
be

added
to

the

liUrary
vhich

would
be

vailable
not

only
to

the

employes
of

this
ofY
ice

but

to

the

public
in

general
l

aiters
re

ardin
the

possibi
lzty

resources
bro
th

and

development
of

diffcrent
parts
of

the

7NT

ODUCTION

11

state
sho
Id

also
be

kept
1l

Iuch

valuable

information
is

often

contained
in

the

folders
of

different
railways
pamphlets
from

chambers
bf

commerce
etc

It

has

been
found
that

many
tour

ists

especially
those
who
are

traversing
the

state
by

means
of

wagon
and
tea
m

come
to

this

office
for

information
such
as

is

conta
ined
in

hese

parnphlets

The

office
has

also
been

suppli
ed

with
a

dark
room
for

the

developing
and

printinb
of

photographs
Photography

enters
so

largely
at

the

present
day
into

scientific
investiga

tion
that
this

feature
of

the
o

ice

should
be

maintained
ancl

made
of

use

The
off
ice

now
has

numerous
photographs
of

some
of

the

most

interestin
important
and

instructive
parts

of

the

state

This

collection
should
be

added
to

from
time
to

time

Photographs
taken

during
the

progress
of

work
are

especiall
desirable
and

should
be

preserved
in

this

office

O

ing
to

lack
of

fun
s

but

little

attempt
has

ever
been

nade
b
y

this

Department
to

collect
data
of

the

precipitation

as

provided
by
la

and

nothing
urhatever
has

been
done
for

the

last

twelve
years
In

11Ir
I

ello
s

report
to

this
o

ice

mill
be

iound
a

suinmary
of

the

data

furnished
by

NIr

Bra

denbn
g

section
director
of

the

United
States

Weather
Bu

reau
f

or

the

years
1900
and
1901

tivhich
will
be
of

interest

eepa
e

measurements
on

the

South
Ylatte
were

contin

ued

during
each
fall
of

the
last

biennial
period

Through
the

courtesy
of

Proi
Car

enter
we

are

able
also
to

publish
the

results
of

his

tivorl
on

the

Uncompahgre
and

Cache
la

Poudre

rivers
and
the

Big
and

Little

Thompson
St

Vrain
Clear

and

Bear

creeks
for
the

same
period

The

following
bulletins
have
been

issued
from
this

office

durin
the

last
two
yea
rs

Denver
Goio

May
3

1901

Commissio
aer

District
No

Dear
Sir

The

irrigation
season

being
at

hand
your

attention
is

calied
to

the

fol2owing
pofnts

In

the

mountains
there

appears
to

be

an

average
amount
of

snow

which

although
falling

somewhat
later
than

desirable
will

probahly
last

well
with

favorable
conditions
in

the

spring
The

precipitation
for
the

year

being

generally

considerably
below
the

normal
we

may

eapect
rains

to

be

more

plentiful
and

may

hope
to

bave
the

later
flows

augmented

thereby

Conditions
generaliy
are

promising
for
a

good

season

The

department
about
to

enter
on
a

new

biennial
term
with
prob

ably

some

changea
in

its

personnel
it

is

desirable
to

know
the

condition

of

each
office
You
are

directed
therefore
to

report

immediately
to

the

office
what
booka

papers
and

official
records
you

have
on

hand
You
are

especially
direeted
to

report
what

volumes
oY

the

9tate

Engineer
s

Reports

you

have
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During
the

coming
season
it

is

egpected
of

you
to

gather
informa

tion
for

your
crop

report
at

the

close
of

the

season

In

some
cases
these

reports
last
year
were

complete
and

satisfactory

making
a

valuable
addition
to

the

data
we

have

collected
and
I

desire

here
to

egtend
my

thanks
and

egpress
my

appreciation
to

such
of

you

as

have
done
your
duty
in

this
line

In

other
cases
the

reports
were

incomplete
from

various
causes
not

entirely
the

fault
of

the

commissioner
to

such
I

would
say

that
a

little

more
effort
and

beginning
in

time
will

result
iu

an

improvement

This
office

appreciates
the

fact
that
in

some
cases
the

managers
oY

a

ditch
for

some

imaginary
reason

withhold

informatian
as
to

cropa
etc

fearing
a

record
oi

their

actual
doings
I

would
say

that
in

such
cases

there
is

probably
a

motive
and
not
an

honest
one

and
it

is

then
the

com

missioner
s

duty
to

use

egtra
care
and
to

observe
more

closely
the

doings

under
such

canals
as

there
may
be

serious
losses
going
on

storing
of

water
may
be

practiced
contrary
to

law

loaning
and
sale
of

water

indulged

in

to

the

detriment
oY

the

rights
of

oothers
and

enlargement
and

esten

sion
of

canals
or

sale
of

unused
water

contemplated
in

the

fnture

It

is

the

dnty
of

the

commissioner
to

observe
closely
the

doings
of

each
ditch
and

make
a

record
thereof
and
you
are

directed
to

this
end
to

carry
a

eld

book
in

which
is

entered
daily
any

changes
in

your

district

in

regard
to

the

shutting
off
or

turning
on
of

water
and
the

amount
so

shut
off

and

turned
on

with
the

amount
running
in

the

ditch
You
will

note
ihe

condition
of

rating
flumes
and

headgates
and

report
need
of

repairs
or
of

rating
to

your

superintendent
or
to

this
o

ice

and
use

your

best

efforts
to

have
the

ditches
put
in

proper

condition

To

those
who
have
not

filed

reports

heretofore
I

would
say

that

the
law

requires
you
to

make
such

reports
and
that
data
for

them
can
be

gathered
while

Performing
your

regular
duties
that

there
is

scarcely
any

necessity
of

your

having
to

spend
any

egtra
time
and

that
you

having

accepted
the

office
with
the
full

knowledge
that
this
was

among
your

duties

have
no

excuse
for

failing
to

compiy

This
office
will

never
be

unreasonable
but
it

will

insist
on

the

proper

observance
of

the

law

The
law

regarding
the

transfer
of

water
passed
two

years
ago
re

quires

transfers
to

be

made

through
the

district
courts

being
in
e

ect
the

obtaining
of
a

new

decree
no

transfer
will

therefore
be

made

without
such

court
decreeThe

law

regarding
temporary

transfer
is

still
in

force

VVhen
ap

plication
is

made
for

transfer
you

will

ascertain
first

whether
it

is

to

save

crops

second

whether
interested

parties
have
been

properly
con

sulted
third
the

transfer
must
be

temporary
and
for

emergencies
only

it

seems
that
a

week
in

the

month
should
be

enough
fourth
and

most

particular
you

should
make
no

loan
of

water
which
does
not

belong
to

the

ditch

making
the

loan
and
in

thia

connection
I

would
say

that

water

does
not

belong
to
a

ditch

unless
it

is

being
used

beneficially
The

simple

fact
that
a

d4tch
has
a

decree
gives
them
no

right
to

the

water
unless
they

can
use
it

bene8cially
and

after
the

users
under
the

ditch
have

irrigated

their
crops
and

have
no

Eurther
use
for

the

water
the

water

belongs
to

the

next

prior3ty
needing
it

INTRODIICTION
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A

few

bills

relating
to

irrigation
were

enacted
by

the

last

session

of

the

legislature
and
as

soon
as

they
are

disposed
of

by

the

Governor

we

will

issue

another
circular
letter

embodying
the

principal
features

so

far
as

we

can

together
with

instructions
relative
to

coilecting
data

concerning
reservoirs
etc

In

conclusion
I

would

sayrthat
I

hope
the

cordial
relations

between

the

irrigation
officials
will

continue
and
that
we

will
be

able
to

accompliah

a

great
deal
for
the

good
of

every

district
and

division

I

am

glad
at

this
time
to

announce
that
the

proapects
are

better
for

hfs

office
doing

more
in

the

way
of

rating
and

gauging
than
ever

before

and

that

more

intimate
relations
between
it

and
the

commisaioner
are

probable
as

we

egpect
to

devote

considerable
more
time
to

exclusively
ir

rigation
matters
than
has

ever
been
done

before
Very
truly

yoursADDISON
J

MaCUNE
State

ngineer

INSTRUCTIONS
FOR
THE

PREPARATION
OF

PLANS
AND

SPECIFI

CATIONS
FOR
THE

CONSTRUCTION
AND

REPAIR
OF

DAMS

The

Twelfth
General

Assembly
passed
an

act

providing
that
ali

dams

more
than
ten

feet
in

height
or

with

reservoirs
covering

more
than

twenty

acres
must
be

built

under
pians
and

specifications
approved
by

the

State

Engineer
and
the

work
must
be

done

under
his

wupervision
as

consulting

engineer
see

Sesaion
Laws
of

1899

page
314

It

also

provides
that
no

dam
shall
be

deemed
complete
inder
the

provisions
of

said
act

until
the

State

Engineer
shall
give
to

the

owners
of

such

structure
an

acceptance

of

the

sameThe

following
general

instructions
relative
to

the

preparation
of

plans
and

specifications
for

construction
or

repair
are

suggested
by

this

departmentFirst
A

profile
of

the

site

giving
location
and

dimensions
of

the

outlet
and
also

spillways
and

character
of

foundation

Second
A

cross

section
and

plan
of

the

dam

giving
full

dimen

sions
with

slopes
and

width
of

crest
and

height
of

same
above
high
water

lines
also
full

details
of

the

outlet
pipes
or

conduits
valves
or

gates
and

valve

chamber
For

earth
dams
the

cross

section
should
show
slopes
of

not
less

than

2

to
1

on

upper
face
nd
1

to
1

on

lower
face
and
the

crest

should
be

from
5

to
7

feet

above
high
water
line

owing
to

conditions

Third

Every
plan

should
be

accompanied
by
a

map
or

plan
oE

the

reservoir
site

showing
the

location
and

dimensions
of

the

spillway
and
a

statement
of

the

approximate
drainaga
area
and

magimum
rainfall

during

the

most

severe
storms

known
If

the

dam
is

to

be

built
on
a

running

stream
the

maaimum
known

discharge
should
be

given

Fourth
Plans
ior

masonry
dams

should
give
the

class
and

weight

per

cubic
Eoot
oY

the

materials
entering
into

their

conatruction
and
the

weight
of

one

lineal
foot
of

dam

should
be

computed
and

tabulated
for
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each
foot
in

depth
so

that
the

total

weight
above

any

point
may
be

known

Also
the

pressure
of

the

water

against
the

dam

must
be

similarly
com

puted
and

tabulated
The

resultant
of

the

weight
of

the

dam

acting
down

ward
and
the

pressure
of

the

water
on

the
up

stream
face
of

dam
must
be

shown
Puily
on
a

diagram
A

full

statement
must
be

made
of

the

char

acter
of

the

work
it

is

proposed
to

build
and
of

the

character
of

materials

to

be

used

i

Fifth

Timber
dams
must
show
a

plan
and

cross

section
of

the
pro

posed

construction
The

character
and

weights
of

the

inaterials
used

should
be

given
and
the

weight
of

one

foot
in

length

tabulated
for

each

foot
in

depth
The

plans
should
show
in

detail
how
the

timbers
are
to

be

put

together
and
the

method
of

ancboring
the

sameADDISON
J

MeCUNE
State

Engineer

Denver
Colo

July
27

1901

1

o

tlee
S

tiperintendents
nd

Wate

Commissioners

Gentlemen
In

view
of

the

complications
anc3
the

trouble
which

arise
on

account
of

rating
of

ditches
when
the

same
are
not
in

good
con

dition
I

find
it

necessary
to

issue
the

following
instructions

No

ditch

unless
in

good

condition
as
to

rating
flumes
and
as
to

the

ditch
itself

especially
as

to

the

presence
of

saad
can
be

rated

There

being
but
one

point
where

conditions
are

stable
and

that

point
being

where
the

ditch
is

free

from
sand
attd

sediment
it

is

useless
to

make

ratings
under

any

other

condition
Therefore
when
a

rating
is

required

and

this

office
is

requested
to

have
it

don8
you

will

inform
the

owners

of

this

requirement
and

where

possible
you
will
see

personally
that
this

condition
exists
before
the

representative
from
this

office
is

called
upon

to

make
what
in

some
cases
is
a

very
hard
and

expensive
trip

Cases
may

arise

where
it

is

practically
an

impossibility
for
the

company
to

maintain

a

clean
ditch
at

all

seasons
oE

the

year

under
these

conditions
it

will
be

necessary
for

the

company
to

demonstrate
to

this

affice
that

they
have

made
every
effort
to

comply
with
the

above

requirements
and
are

keeping

the

ditch
in

as

perfect

condition
as

coaditions
permit
UIItil
it

is

proven

that
the

above

requirements
are

unreasonable
or

impossible
it

will
be

pre

sumed
that
it

is

practicabie
to

maintain
a

clean
ditch

I

would
staCe

further
that

many
of

the

ditches
have
not

now

prqper

sand
gates
these
must
be

put
in

and
the

best

methods
possible
adopted

for

disposing
of

the

sand
and

sediment
vKhich
oY

necessity
enter
the

ditch

A

rating
having
been

made
and
the
La

ble

Eurnished
you

qou
will

adhere

strictly
to

it

until
you
are

otherwise
instructed
If

you

have

reason
to

believe
that

conditions
have

changed

rendering
it

necessary
to

have
a

new

rating
notify
this

office

immediately
with
a

full

statement
of

the

conditions
as

they
did

exist
and
as

theq
egist

since
the

change

I

would

suggest
further
that

when
a

representative
of

this

oflice

visits
your

district
that
you

have
att

the

ditches
that
need

rating
in

con

dition
for
the

work
to

be

done

This
office
with
its

limited
Eorce
8nds
it

INTRODIICTION
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necessar5
to

use
iis

time
with
the

greatest
econoinY
ancl
to

so

arrange
its

work
that
the

greatest
amount
shall
be

accomplished
in

the

shortest
time

To

this
end
you
are

asked
to

contribute
by

having

conditions
favorable
to

a

good
anct

permanent
rating
in

as

many

ditches
as

possible
at

one

time

Yours
trulyADDISON

J

McCUNE
St

te

Fnginee

A

CI

NOW

LEDGMENTS

hi

Department
is

under
great

obligations
to

the
va

rious

railroada
of

the

state

Without
the

transportation
fur

uished
much
of

the

work
done

would
have
been

impossible
of

accomplishment
the

expense
fund
of

this
o

ice

being
barel

sufficient
to

pay

other

unavoidable
egpenses

The
aid

furnished
by

the

water

officials
and
the

ditch

companies
in

furnishing
labor
and

often
board
and

lodginy

as

well
has

aided
us

materially
while
their

uniform
cour

tesy
has

been
ver

gratif
ying

Acknowledgments
are

made

elsewhere
to

the

United

States
interior
and

agricultural
departments
and
to

the

State

Agricultural
College

The

recent
death
of

Hon
E

S

Nettleton
who
as

State

Engineer
for

two

terms

beginning
1883

inaugurated
the

present
s

ystem
of

water

adrninistration
in

Colorado
makes

it

eminentl
y

appropriate
to
n

e

his

picture
as
a

frontispiece

for

this
r

eport
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STATEMENT
OF

EXPEDTDITIIRES

EXPENDITURES
FROM
THE

STATE

ENGINEER
S

ABSISTANTS

FUND
FROM

DECEMBER
1

1900
TO

DECEMBER
1

1902

Appropriations
for

ealaries
of

assistants
for

the

fiscal
years
1901

and
190

5

000
00

PAID

1901Rod
S

King

deputy
state

engineer

336
00

Tohn
E

Field

deputy
state

engineer

1

692
00

D

M

Wilhelm

stenographer

362
50

RaY
F

Walter

assistant

36

00

C

B

Cramer
assistant

72
00

2

498
50

1902Jno
E

Field

deputy
state

engineer

2

022
00

t

M

Wilhelm

stenographer

280
00

A

L

Fellows
assistant

60

00

R

OV

Haw1eY
gager

75

00

J

H

I3odgson
special

deputy

10

00

Shannon
Lees

clerk

27

00

I

eone
Fox

stenographer

26

00

2

500
00

4

998
50

Balance

1

50

n

f

0

STATEMENT
OF
E

P

NDITUREB

I7

EXPENDITURES
FROM
STATE

ENGINEER
S

EXPEAT3E
FUND
FFtOM

APRIL
1

1901
TO

DECEMBER
1

1902

Appropriation
for
the

fiscal
years
1901

and
1902

1

000
00

EXPENDITURES

isoiJno
E

Field

85

80

A

J

MeCune

76

70

M

D

Williams

76

40

A

L

Fellows

149
85

R

F

Walter

4

20

Antone
JacoU

90
60

R

W

Haw1eY

16

45

1902

500
00

Jno
L

Fie1d

5

139
90

A

J

McCune

137
68

M

C

Henderlider

26

90

A

L

Fellows

4

20

H

Clark

15

00

C

G

Elliott

16

53

T

J

Dice

48

25

R

W

FIaw1eY

G1

45

499
91

999
91

Balance

09

EXPENDITURES
FROM
TIiE

STATE

ENGINEER
S

GAGING
FUND

FROM

DECEMBER
1

1900
TO

DECEMBER
1

1902

RECEIVED

Balance
from
last

report

403
40

Received
from
filing

plats
and

statemenfs
and

transfera
of

water
rights

842
55

Received
for

eaamination
of

plans
for

dams
and

reservoirs
84

00

Received
for

certifled
copies
of

records

131
00

Received
from
fees

1

Ob7
66

Aeceived
from

general

appropriation
fund

100
00

Total

1

560
95

0
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7

r1

fElYIENT
UF
H

bYENDITtiHES
LXPENDIT
URES

1J01
lt

V

llawley
aaging
rke
us
s

ricer

20

00

A

L

Fellows

miscellaneous
ga

ing

150
00

R

F

Walter
ditch

gaging

39

00

A

J

PqcCune
acct
C

B

Cramer
expenses

18
20

bT

ll

Williams
ditch
ai
d

seepag
e

measurements
18
2

50

A

J

Mel
in

observer

7

50

Carrie
Osgood

observer

9

00

Dell

Barber

oUserver

9

00

H

W

Hood

observer

10

00

iso2
A

L

Fellows
special
gagings

54

00

fZ

F

Walfer
ditch

gagings

42

55

11Q

C

fIenderlider
ditch

gagings

139
90

C

C

Knight
river

gagings

10

00

Shaniion
Lees

6

00

Carrie
Osgood

oUserver

18

00

llelia

Barber
observ
r

9

00

P

W

Brown
obser
cr

i5

00

J

B

Swan

observ
i

15

00

Z

Swallow
observer

9

00

l

loyd

Jenkin

observer

22

50

J

B

Regan

observer

22

50

E

K

Blum

observer

9

O1

Roman

ROdragan
obser
er

9

00

Wm

Furniss
observer

9

W

C

G

Gradeu
observer

9

00

Z

L

Prentiss
observer

15

00

Annie

Stewart
observer

9

00

S

L

PurdY

observei

9

00

A

Yowell

observer

15

00

Jas

Page

observer

15

00

Humphrey
Jones
ob

erver

15

00

L

L

Van

Cleve

oUserver

15

00

bi

D

Smith

obsercer

12

00

E

N

McI

inneY

observer

6

00

R

E

Trimble
aee

age

measurements

93

00

Balance
in

Yund

673
4b

E1

118
65

442
30

u
a

r

LIST
OF

OFFICERS

IN

CHARGE
OF

IRRIGATION
IN

COLORADO

iUDISON
J

McCUNE
STnT

ExGi
rE
i

D

xvE

CoLOxnno

TOAN
E

FIELD
DEPUTY

TATF

ENGINEER

DENVER
COLOItADO

SUPERINTENDENTS
OP

IRRIGATION

NAM

I

Division

Appointed

Residence

JamesJ

Armstrong

p

12

1901

Deaver
Colo

R

Chew

No

Apri112
1901

Paeb
o

Colo

WesleyStaley

No
3

Apri112
1901

Hooper
Colo

D

Samain

No
4

April
12

1901

DUrango
Colo

A

F

Reeves

No
5

Apri112
1901

Montrose
Colo

Peter
F

Reinhardt

No
6

Apri112
1901

Steamb
t

Sp
gs

Colo



aU
Div
I

No1i111ii112g222z2228333i3333835

UistNo1234567910111213141

1616i
18192021223242ii2G26272728

WATER

COlYIbIIBSIONERB

tiVA
rEIt
CO

VIMISSIONERS
NAM

D

W

McSween
Juhn
A

Banning

C

C

Hawley
G

McKinney
7

H

Dickson
Thomas
Kneale

Alexander
Mcl
ean

John
P

O

Brien

I

A

Van

Gordon

1

B

Py1esRichard

Devereaus
David
J

Houston

I

ouis

Mueller
Thomas
J

Burrows

Melvin
C

Goss

James
K

Dempsey

C

M

Green
John
W

Bowman

J

R

Aguilar
W
A

Garner

F

w

Swanson
George
S

I

ovett

John
C

Dalton

I

en

HallMetiton
Albert

J

M

Pitzer
Argo

Taylor
John
I

Palmer
Michael
white

W

K

Manis
P

Doy1e

Appointed
12ay
3

1901

pril
16

1901

April
13

1901

May
29

190Y

May
2

1901

April
13

1901

Aprit
13

1901

April
13

1901

April
13

1901

April
16

1901

April
16

1901

April
17

1901

May
2

1901

April
13

1901

April
13

1901

April
13

1901

June
17

1902

Apri113
1901

9pri1
16

1901

April
l6

1901

Aprit
16

1901

May
6

1801

April
17

1901

April
l6

1901

May
6

1901

bIay
2

1901

May
2

1901

April
7

1902

Aprit
i6

1901

Apri
21

1902

Aprii
i3

1901

Residence
BrushPlatteville

Fort

Collins
I

oveland
I

ongmontNiwotGolden
Castle
RockMorrison

Colorado
SpringsSalida

Canon
CityWestcliffePuebloPuebtoPueblaPuebloManzanolaAguilar

1

Moro

i

Ia

Jara
Ia

JaraManassaBairplay
San
I

uisSagnacheBaguacLeSegnacheSaguacheSaguaChe
D

yleville

Div
I

No
444444435555555665111255556666555551

WATER

COMMISSIONERB

4VATER
C011

IMISSIONERS
Continued

DistNo
i

293030313233353

I

37
I

3839404142434445464484950515253

I

5455565758JJB061826364

NAM

James
S

Hatcher

J

w

MccaW

P

F

Hil

No

commissioner
No

commissioner
George
W

Thompson

I

ewis

jarrott
Charles

MacMullan

No

commissioner
A

KalquistGeorge
W

Hull

Charles
Frovert

H

M

Payne

W

Obert

S

S

Sease

J

v

Moog

No

commissioner
I

House

J

s

Riach

W
D

Beckwith
rnestW
Johnson

d

i

Aouse

No

commissioaer
No

cOmmissioner
O

P

I

eroux

A

R

Plowman
No

commissioner
No

commissioner
No

commissioner
No

commissioner
No

commissiot
er

No

commissioner
O

C

Springer
William

Vandergrift

No

commissioner
No

commissioner
john
W
I

andrum

21

Appointed
I

Residence

prif29
1899

Pagosa
Springs

pri116
1901

Hermosa

epf
3

1902

Herraosa

an

30

1902

Durango

7ay
6

19Q1

Manws

Qay
6

1

1

Fort

Garland

ay
6

1901

GYPsum

ay

6

1901

Basalt

2ay
1

1902

Rifle

day
L

1901

Delta

pri113
1901

Delta

eb

74

1902

Colbran

pti116
1901

Meeker

prif
17

1901

Glenwood
Springs

vSay
2

1901

Hebron

s4ay
2

1901

Walden

Kay
2

1901

Glen
yre

pri117
1901

Rifle

April
2

7901

Sheephorn

May
2

1901

Burns

May
2

1901

Pinon

Apri113
1901

Montrose

Apri113
1901

Sterling



N

A7

Elt

COMMISSIONEItti

W
1

LR

COiVII

IISSION
RS

Concluded

Div
I

Dist
I

NAME

Appointed

Residence

No

No

1

5

Proctorpoliug

Apri117
1901

w

Y

2

66

No

commissioner

2

67

George
B

Wick

Apri116
1901

I

as

Animas

5

68

enryS

Holliday

Aprill3
1901

Onzay

5

69

HmryW
ROyce

Apri116
1901

Rico

1

Ii
5
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Heretofore
this

Department
has

continually
inade

rec

ominendations
for

the

betterment
of

the

service
and
for

changes
in

th

irrigatio
laws

In

this
re

ort

our

grincipal
plea
is

for
an

increased

appropriation
to

enable
the

office
to
l

eep

pace
tivith
the

rapid

growth
of

the

state
and
to

co

opei
ate
as
it

should
with
the

departments
t

Washington

It

is
a

well

known
fact
that

irribation
clevelopment
in

the

West
has

been

retarded
more
b3

lack
of

settlers
than
by

Iacl
of

capital

Capiial
in

ested
in

irrigation
lands
can
get

no

returns
unless
people
can
be

had
to

farm
the

lands
re

claimed
and

these

people
must
come
as

small

farmers
and

home

builders

IIeretofore
they

have
been
kept
avc
ay

by

the

high

price
of

land
by

mistakes
in

the

management
of

onr

ditches
and
by

lack
of

knowledge
of
a

nd

prejudice
against

irrigation
The

passage
of

the

national
irrigation
act

has

given
the

subject
great

publicity
in

the

East
and

people
also

are

beginning
to

see

more
and

more
the

attractiveness
of

farming
by

irrigation
The

cheap
lands
of

the

1VIississippi

valley
and
the

Northwest
are

getting
pretty

tivell

absorbed

and

home

seekers
must
loak
to

the

arid
l

Vest
for

places
to

settle
All

these
facts
make
it

important
that
our

state

govern

ment

should
do

all

that
s

within
reason
to

foster
our
agri

cultural
rowth

Colorado
is

at

present
the

leading
irriga

tion

state
of

the

Union
and

should
do

all
in

its

power
to

keep

abreast
of

the

times
in

this
new

irrigation
development

This
o

ce

having
charge
of

the

irrigation
interests
and

the

administration
of

irrigation
laws
if

properly
supported

and

properly

administered
wi1T
v

ield

perhaps
a

more
power

ful

influence
for
the

development
of

our

state
than

any

other

department
The

conditio
of

the

finances
of

the

state
now
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is

such
a

that
a

liberal

appropriation
for

this

Department
will

not
be
a

burden
It
is

believed
that
the

people
of

the

state
da

not

under

stand
the

position
in

which
this

office
is

placed
vvith
refer

ence
to

the

vork
laid
out
for
it

1

he

1aw
says

He

shall
have

general

supervision
over
the

waters
of

the

state

He

shall
make

careful

measnrements
of

the

flow
of

the

public

streams
of

the

state
from
which
water
is

diverted
for

any

purpose

He

shall

col2ect
a12

necessary
@ata
and

information
regarding

snow

Yall
in

the

mountains
He

shall

approve
designs
and

plans
for

construction
repair
etc

of

all

dams

within
the

state
above
the

height
of

ten

feet

and

shall
act

as

consulting
engineer
on

the

same

He

shall

determine
annually
the

amount
oP

water
whieh
each
res

ervoir
shall
be

permitted
to

hold

He

shall
have

general
charge
over
the

work
of

the

different
superin

tendents
and

water

commissioners
and

furnish
data
for
an

intelligent

discharge
of

their

duties

He

shall

prepare
a

report
etc

of

all

the

operations
of

his

depart

ment

during
each

biennial
period

He

shall
give
his

counsel
and

services
to

any

state

department
when

called
upon
to

do
so

In

addition
to

this
the

State

Engineer
is

charged
with

the

supervision
of

all

the

works
of

construction
on

roads
and

bridges
Llnder
the

internal

improvements
besides
the

routine

work
of

the
of

ice

hearing

complaints
and

appeals
and

takin

care
of
a

voluminous
correspondence
The

office
work
alone

is

sufficient
to

occupy
one

competent
person

continually
The

head
of

this

Department
is

also

egpected
to

attend

irrigation

meetintis
and
to

give

considerable
time
to
a

study
of

the

needs

of

the

state
in

ever
y

thing

pertaining
to

irrigation
During

the
y

ear

1901
the

State

Engineer
and
his

deputy
traveled

over
40

000

miles
in

the

discharge
of

their

duties
much
oi
it

by

private

conveyance
besides

attending
to

the

routine
work

of

the

office
and

even
then

many
paris
of

the

state
were

neglectedIt

can

readily
be

seen
by

the

above
that
the

State
En
i

neer

with
the

present
limited

appropriation
can

make
but

a

poor

atteinpt
at

carrying
out
the

provisions
of

the
law

A

study
of

the

flow
of

our

mountain
streams

should
be

made
for

rensons
which
were
given
in

the

tenth
report
A

study
of

the

precipitation
and
run
o

ff

of

the

various
drainage

areas
vill
be
of

great
vaiue
both
as
a

bacis
for

construction

of

po

ver

plants
nd

for

irribation
reservoirs
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Ve

uiust
not

thoughtlessly
go
on

with
the

construction
of

reservoirs
as

though
there
was
an

inexhaustible
supply
of

water

somewhere
up
in

the

mountainc

Already
in
a

few
of

the

streams
has
the

storage
appro

priation
reached
so

near
the

limit
of

run
off

that
it
is

advisable

t

do

some

figuring
before

going

farther
If

this

work
goes

on

without
a

proper
study

of

the

situation
we

wil

within
a

few

years
have
as

much

litigation
over

priorities
for

storage

as

we

have
had

over

ditch

priorities
We

believe
it

is

ad

visable
to

require
parties

constructing
reservoirs
and

ditches

to

obtain
a

permit
from
this

office

Such
a

law

would
compel

a

proper
study

of

the

supply
before

proceeding
with
the

tivork

It
is

egpected
of

course
that
the

United
States
geolo
cal

survey
will

continue
the

investigations
of

our

water

resources

perhaps
on

an

egtended
scale
but

there
is

enough
work
for

both
state
and

national

government

It

might
be

considered
too

large
an

undertaking
for
the

state
to

begin
so

extensive
a

study
but
e

are

sure
hat
in

ten

years
or

less
the

wisdom
of
it

will
be

seen
and
that
it

will
be

worth
many

times
the

cost

besides
it

would
save

much

serious

litigation
As

stated
in

the

introduction
these

streams
which
are

used
to

tr

ansmit
water
from

reservoirs
dotivn
to

the

ditches

that
are
to

distribute
it

should
be

carefully
studied
in

order

to

deliver
the

same
to

the

rightful
owner

without
injurv
to

any
oneAlso

as

stated
in

the

introduction
we

have

derived
much

benefit
by
co

operation
both
from
the

department
of

agri

culture
and
the

United
States
geolo
cal

survey

Carrying

out
the

spirit
of

the

president
s

expression
in

his

message

that
the

general

government
desired
to

help
those
states
v

icl

are

prepared
to

help

themselves
we

should
be

prepared
io

keep
up

our
end
of

this

work
If

we

egpect
to

get
the

assist

ance
our

position
as
a

state

merits
from
the

new

national

reclamation
act
we

should
be

able
to

point
out
to

the

general

government
our

most

feasible
irrigation

projects
for

their
con

sideration
and
the

state

should
be

prepared
to

give
the
de

sired

information
and

should
make

sufficient
a

propriation

to

co

operate
more

fully
with
the

beological
survey
in

this

tivork
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For
the
pa
t

four
years
the

office
of

egperiment
stations

of

tYie

iJnitec
States

department
of

agriculture
has

been

studying
the

irribation
problems
of

Colorado
with
a

view
to

promoting
the

more

economic
and

skillful
use
of

water
and

to

aid
in

the

settlement
of

legal
and

economic
questions
A

number
of

reports
of

this

work
have
great

interest
to

the

state
and

notably
mon

these
are

Bulletins
86

and
119

de

ling
with
the
dut
of

water
and
the

bulletins
of

Col
E

S

Nettleton
and
the

Yearbook
of

the

United
States

department

of

agriculture
for

1901

dealin
with
the

useful
ness
of

reser

voirs
and

their

operation
in

Colorado

During
the

past
two

years
an
a

rrangement
has
er

istecl

for

systematic
co

operation
between
this

office
and
the

office

of

egperiment
statious
The
first

result
of

this
is
a

report
on

irrigation
from
tlie

Eig

Thompson
river
by

John
E

I

ield

Deput3
State

Engiueer
published
as

Bulletin
118
of

the
of

ice

of
e

periment
st

ztions

Another
result
is

the

report
rvhich

follo
vs

on

the
clr

lina
e

of

lands
which
have
been

injured
or

rendered

unproductive
i

y

the

seepage
of

tivater
from
irri

ation

canals
and

other

sources
1

his

investigation
has

been

carried

on
by
l

Ir

C

G

Elliott
agent
and

expert
of

the

office
of

eg

periment
stations
in

charge
of

its

drainage

investigations

The
gre
Zter
part
of

the

expenses
of

this

vorli
was
paid
by

the

office
af

egperiment
stations
the

funds
of

this
o

ice
onl
y

per

mittinb
of
a

limited

assistance

rhe

value
of

the

information
coutained
in

this

report

the

interest
shown
b
y

the

farmers
in

the

localities
visited
and

the
gro

ving

necessity
f

or

supplementing
irrigation
by

drain

age

leads
me
to

believe
that

these

investigations
should
be

continued
and
be

begun
in

the

earlier
part
of

the

season
vhen

the

direct
effects
of

over

saturation
is

observed

s

a

result
of

this
co

opera
tion
the

state
of

Colorado
has

been

enabled
to

secure
the

services
of
a

clrainage
engineer
of

wide

esperience
at

no

outlay
save
the
pa

ment
of

some
field

expenses
and
the

wide
range
of

Mr

Elliott
s

investi
ations

coverin
as
it

docs
all
of

the

arid

region
enables
him
to

brinb

to

the

solution
of

our

problems
a

knowledge
gained
in

the

other
states
vl

ere

conditions
are

similar
It
is

understood

that
the

office
of

experiuient
stations
is

willing
to
c

ntinue

this
co

operative

arraugerrieut
nntl
I

ic

coinmencl
tYiat
suffi

cient
ap

ropri
ition
be

acle
to

place
this

office
in
a

position

STAT
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to

secure
their

prompt

inauguration
and
to

have
them
ex

tended
over

additional
areas

dnring
the

next
two

years

We
are

constantly
receiving

requests
for

copies
of

the

irrigation
laws

rhis

desire
on

the

part
of

the

people
for

better

knowledge
of

the

subject
of

irrigation
is

commendable

d

should
be

enconraged
An

appropriation
should
be

made

for
a

revision
and

recompilation
of

the

laws

bringing
them

dowu
to

date

omitting
all

useless
matter
and

putting
them

in

the

most

intelligent
and

simple
shape

possible

Iu

the

absence
of

statutes

judicialdecisions
determine
to

a

ver3

great
egtent
the
law

and
in

any

compilation
of

the

law

these
should
be

made
as

plain
as

possible
Such
a

tivork

vould

require

considerable
time
and
e

pense
but
it

should

be

so

thorough
and

erhaustive
as
to

make
it

an

authorit
y

and
R

hoever
is

selected
to

do

the

worlt

should
be

one

capable

of

handling
the

subject
as

an

attorney
yet

familiar
vith
irri

ation
from
a

practical
and

scientific
oint
of

ie
v

one
vho

is

practiced
not
onl
in

the
law
but
es
ex

enced
in

its

adinin

istration
and
in

the

disti

ibution
of
a

ater

PERIIANEN7
GAGING
S7
A
1

IONS

e

earnestly
i

ecoiu
end
the
be

inning
of

cunstruction

U

the

state
of

permanent
ga

ing

stations
on

some
of

our

most

important
streains
1

hey
are

especiall
y

needed
on

the
Ar

kansas
and

Soutli
Platte
rivet
s

on

account
of

the
use
of

these

i

tw
o

streams
as

conduits
fo

delivering
vater
from
large
reser

voirs
viz

the

rwin
Lake
reser
oirs
inct
the

Cheesivan
lake

An

estimate
was

made
b

this

office
on

tLe

Platte
river
tlie

past

season
and
it

was

iound
that
2

000

vill
be

ample
to

build
a

first
class

station
and
an

equal

amount
1vi11

suffice

for
the

Arkansas
This

noney
can
be

taken
from
the

internnl

improvement
fund
and
no

better
uae
can
be

inade
of
it

Some

complaint
ha
s

been
made

concerning
the

adminis

tration
of

the
law

regulating
the

distribt
tion
of

vater
from

reservoirs
which
use
the

natnral
streams
for

conduits
1

hile

such

complaints
have
not

come
direct
to

this

office
we

have

I

felt

that

injustice
has

been
done
in

some
cases
but
we
ha
e

4

been

unable
from
lack
of

funds
and

time
to

invest
igate
the

conditions
nnd
to

enforce
the

law

regarding
the
use
of

regis

tering
devices
1

he

law

perxnitting
the
use
of

streams
for

conduits
has

been
the

means
of

deve
oping
lar
e

enterprise

Yet
it

will
be
in

some

instances
difficult
and

expensive
to

properly
administer

Many
of

the

problems
connected
with
it

ill

have
to
be

worked
out
by

practice
and
e

perience
Better

i
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facilities
for

measuring
the

streains
along
the

line
of

trans

mission
of

the

water
should
be

provided
in

order
to

keep
a

check
on

the

voluine
delivered
and
to

determine
the

loss
in

such

transmission
No

study
except
on
a

small
scale
has

been
made
of

the

loss
of

water
in

transmission
Conditions

are
so

different
on

different
streams
and
so

different
on

the

same

stream
at

different
stages
that
each

stream
will
ha
ve
to

be

studied

separately
This
work
will

involve

considerable

egpense
and

must
be

done
b

parties

interested
unless
thia

o

ice

can
get

increased

appropriations

The

most

practical
method
of

checking
the

amount
of

water
used
from
a

reservoir
where
the

channel
of

the

river
is

used
as
a

conduit
seeuls
to

be
to

have
the

capacity
of

the
res

ervoir
kno
vn

for

each
foot
in

depth
a

gage
rod
in

the

reser

voir
and
a

rating
flume
in

the

inlet
and

outlet
An

automatic

register
should
be

used
in

the
out
et

at

least
and

where
the

reservoir
is

difficult
of

access
where
it

is

not

readily
visited

by

the

commissioner
an

automatic
register
should
be

used
in

the

inlet
and

outlet
also

With
the

above
data
and

appliances
when
it

is

desired

to

use

water
from
the

reservoir
the

gage

height
is

accuratel
y

noted
the

amount
desired
is

then

turned
out

which
is

readily

determined
by

readinb
of

the

gage
in

the

outlet
rating

flume

The

gage
in

the

inlet

rating
flume

indicates
the
in
o

v

and
the

difference
is

of

course
the

amount
being

drawn
from

the

reservoir
2

he

canal
belo
v

is

entitled
to

this

difference
less
the

percentage
allowed
for

evaporation
and
loss

In

practice
the

water
is

turned
into
the

canal
only

after

the

reservoir
water
has

reached
the

headgate
thereof
this

occupies
from
one
to

fiqe

days

While
the

water
is

being
run
the

amount
flowing

out

or

in

should
be

increased
or

diminished
as

the

inflow
in

creases
or

diminishes
When
this
can
be

readily
done
the

problein
is

not

hard
but

when
it

can
not
as
is

often
the

case

the

only

check
is

to

read
the

gage
in

the

reservoir
carefully

when
the

run
is

over

The

difference
of

levels
of

the

water
before
and

after

the

run

with
the

table
of

capacities
will

indicate
the

total

a

mount
run
off

the

reaervoir
A

careful
account

having

been
kept
of

the

amount
allowed
to

pass
into
a

canal
a

bai

ance
can
be

struck

indicating
the

amount
still
due
the

canat

and
the
one
to

five

days

intervening
between
the

date

vhen

the

reservoir
was

opened
and
the

date

when
the

ditch
wa
s
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v

first

allowed
to

draw
tivater
will

allow

sufficient
time
iu

which
to

make
the

accounts
balance
by

delivering
a

greater

or

less

amount
to

the

ditch

Even
where
an

account
can
be

kept
of

the

inflow
this

means
should
always
be

employed
as
a

check
on

the

other

methodOne

difficulty
and

what
gives
rise
to
a

great
deal
of
cc
u

trovers
and

numerous
complaints
is

that
the

rise
in

the

river
at

the

headgate
of

the

canal
seems
to

be

much
less

than

R

hat
the

amount
of

reservoir
water
should
give

This
is

duP

largely
I

believe
to

the

fact
that
the

small

ditches
can

often
draw
water
with
the

increased
volume
in

the

river

v

hich

could
draw
none
with
the

river
at

its

former
sta
e

also

many

ditches
will

draw
a

slightly
increased
amount
of

ater
on

account
of

the

increased
pressure
on

the

headbates

due
to

the

increased
depth
of

water

The
law

passed
by

the

Twelfth
General

issembly
in

relation
to

the

putting
in

of

headgates
and

rating
flumes

and
the

repair
of

the

same
was

enforced
to
a

considerable

e

tent

during
the

Iast
two

years
and
man

districts
vhich

had

heretofore
had

neither
of

these

necessary
appliances

are

now
well

supplied
In

some
of

the

districts
in

sections

near
t

e

heads
of

the

streams
and

where
the

ditches
are

s

nall

especially
if

the

priorities
are

late
the

greatest
diffi

cul
i

y

is

met

with
in

enforcing
the

law

In

such

section

their

inaccessibility
the

beneral

ignorance
of

the

rights
c

f

pric
riT

and
the

fact
that

they
have
never
been

interfered

ith

before
cause
the

people
to

resist
the

orders
of

the
co
u

rr
i

ssi

ner
l

Vhen

ditches
were

closed
by

him
they

would
be

iL

mediately
opened
upon
his

departure
Complaints
to

the

distric
t

attorney
were
often
made
he

refusing
absolutely
to

act
in

other
cases
where
he

did
act

and

where
parties
ere

ca

arht
ac

tually

opening
their
gates

contrary
to

the

orclers

of

the

commissioner
the

district
attorney
failing
to

catch

the

true

status
of

the

case

allowed
evidence
to

be

introduce
1

going
to

show
the

rights
of

the

parties
to

water
He
did
uot

weem
to

appreciate
the

fact
that
it

was
a

police

regulatian

necessary
to

the

proper

distribution
of

the

water

Whi1e

tt
e

defendant
might
have
been

entitled
to

water
there
wa

a

regularly
recognized
method
by

which
he

might
obtain
it

that
is

by

application
to

the

water

commissioner
The
case

is

zn

all

points
similar
to
a

person
having
a

deposit
in
tl
e

ba
nk

the

fact
of

his

having
a

deposit
doea
not

justify
him

in

breaking
open
the

vaults
going
in

and

taking
out
bis
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nioney
it

is

necessary
for

him
to

proceed
along
the

regu
ar

lin
s

laid

down
by

the
law
and
cus
om
if

he

wiahes
to

with

draw
his

funds
n

additional
difficulty
lies
in

the

fact
that

the
di

trict
and

county
courta
and
the

district
attorney

are

generally
in

sympathy
with
the

culprit
They

consider
it

loyal
to

stand
by

their

section
of

the

country
In

some
sec

ti

ns
it

is

even

boasted
that

any

district
attorney
or

court

rhSch

egecuted
the

laws
in

regard
to

irrigation
v

onld
be

must

assuredly
defeated
at

the

negt

election

When

districts
have
been

supplied
with

proper
head

gates
and

rating
flumes
it

is

then

necessary
to

have
tne

ditches
properly

rated

without
this
the

devices
are
of

litt
e

use

During
the

last
two

years
a

number
of

districts
have

been

visited
notably

Nos
11

20

21

25

26

and
27

and

most

of

the

ditches
rated

Each

district
requires
a

week
or

more

and

involves

considerable
egpense
for

traveling
and
the

pay

of

the

deputy
If

the

ratings
were

permanent
and
tbe

ditches

did

not

change
this

ould
be
a

small
itein
but

with
the

const
nt

changes
is

it

uecessar
to

visit
the

ditches
ai

least

csncE
a

year

Iany

should
be

visited
once
each

xnonih
It

i

l

be

readil3
seen
that
it

is

impossible
ith

the

present

appropriati
on
to

do

the

work

satisfactoril
The

depart

ment

should
be

reorgauized
with

reference
to

this

work

4Vater

superintendents
aud

vater

commissioners
should
be

competent
to

handle
a

meter
and
to

rate
the

ditches
The

st

tca

should

purchase
a

dozen
meters
and
put

them
in

the

liands
of

this

department
to

be

distributed
to

the

superin

teuclente
and

commissioners
where
most

needed
With
such

ap

liances
the

ditches
could
be

rated
at

an
y

time
and
the

coin

iissioner
or

superintendent
suspecting
a

change
or

an

error
in

the

ratin

could
test
it

without
having
to

sencl
to

the

tate

Engineer
s

office
and

have
a

deputy
travel
froui

one
hur

dred
to

foi
r

hundred
miles
to

make
the

ratin
In

cases
of

disagreement
this

office
would
act
as

referee
and

cauld
hen

necessarv
check
the

RTorl
of

the

superintenderits

and

commissioners
i

here
is

a

strong

sentiment
among
the

people
in

favor

of
r

boliching
the

office
of

the

Superintendent
of

Irrigation

and

utting
all

commissioners
directl
under
the

charge
uf

this

oiiice
and

correspondingly
increasing
the

appropria

l

ions
i

ecessary
for
it

We
are
not

prepared
to

say

that
sucli

a

plan
ic

feasible
but

there
might
be
a

consolidation
of

the

clivisions
There
is

but

little
need
of

superintendents
for

both
divi

ions
3

and
4

as

there
is

no

stream
in

either
of

these

two
divi

ionr

hich

contains
vithin
its

draina
e

boundat
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ENGII
TEER
OF

COLOILAllO

3

more
than
one

district
To

abolish
the

office
of

superin

tencl
nt

would
possibl
not

lessen
the

egpense
The

super

intendents
cost
the

people
of

the

atate
about
5

000
in

1901

The

amount
of

work

accomplished
however

woulcl
in

all

probability
be

greater
and

more

satisfactory
If

the

super

intendents
could
be

made

deputies
to

the

State

Engineer
it

woula

ccomplish
what
has

been

recommended
in

ne

rly

every
State

Engineer
s

report
that
is

that
the

State
En

gineer
should
be

the

head
of

the

Department
in

fact
as

well

as

in

ame

Such

deputies
besides

attending
to

the
dnt
es

now

devolving
upon
the

superintendent
could
do

much
other

vork
of

value
to

the

Department
The

pay
of

the

superin

ten

lent

ould
then
be

met
by

the

atate

instead
of

b4

the

counties
and
a

much
more

equitable
distribution
of
t

ie

es

enses
r
c

uld
be

obtained
as

well
as

eliminating
the

nncer

t

int
c

receiving
proper

compensation
which
is

notiv
a

reat

annoyance
no

only
to

the

superintendents
ancl
to

the

entire

irrigation
Department
but
also
to

the

counties

In

view
of

these

circumstances
it

is

believed
that
t

e

onlv

solution
of

the
di

icult
lies
in

the

formation
of
a

state

board
of

irrigation
composed
of

persons
familiar
with
the

laivs

practical
administra
tion
and

customs
in

our

state

Such
a

corrimission
could
be

presided
over
by

or

ha
e

for

one
of

its

members
a

judge
vho

could
pass
upon
a

legal

phase
of

the

different
cases
but
the

other

members
chonlei

determine
matters
of

iact
and

nake

necessary

egaminatiuns

upon
the

ground
Such
a

court
could
not

only
hear
and
trv

capes
of

dispute
but

should
also
take
the
e

idence
and
ren

der
the

decrees
This
idea
is

brou
ht

out
in

Sulletin
No

118
of

the
ag

ricultural
department

Commenting
upon
the

peculiarities

of

the

decrees
it

sa
s

The

peculiarities
of

the

decrees
in

District
4

have
been

discussed

but
all

the

above

reasons
and

those

previously
mentioned
do

not

egplain

nor
can

they

excuse
all

the

mistakea
made
No

man
no

matter
how
good

a

judge
or

attorney
is

competent
to

render
decrees

unless
he

has

had

practical
experience
in

the

handling
and

distribution
of

water
and
for

this

reason
it

seems

necessary
either
to

remove
the

settling
of

priorities

from
the

judiciary
or
to

supply
them
with
such

ezpert
aid
as
is

necessary

A

board

consiating
of

inen

trained
in

the

service
who

recognize
its

needs
the

difficuities
and

dangers
likely
to

arise
and

who
can
and
will

make

egamination
on

the

ground
to

settle

disputed
facts

aeems
far
su

perior
to
a

judge
who
has
had
at

most
little

practical
egperience
with

water
who
is

accustomed
to

handling
civil
cases
with
rules
of

procedure

scarcely
applicable
to

irrigation
cases
and
who
in

the

press
oE

other
work

can
not
ta
ke

the

time

neceaeary
to

become

peraonally
familiar
with
the
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case
on

the

ground
as

well
as

in

the

court
room
To
go
on

adding
reasons

for

such
a

change
in

view
of

the

conditions
of

the

decrees
already
ren

dered
by

the

courts
is

entirely

unnecessary

In

conclusion
we

would

recommend
as

has

been
done

heretofore
a

law

requiring
the

State

Engineer
to

egamine

and

make

report
upon
the

ditches
of

each

district
before

decrees
are

entered
As
to

the
old

clistricts
however

where

the

decrees
have
been
fixed
the

only

solution
seems
to

be

for

the

State

Engineer
to

egamine
each
ditch

reservoir
and
de

cree
and

upon
his

report
to

the

Board
of

Irrigation
or
to
a

proper
court
and

after

proper
hearing
that

portion
of

the

decrees
vhich
is

proved
to

be

egcessive
should
be

declared
to

be

abandoned
Phe

ideas

egpressed
in

the

closing
pages
of

Bulletin
No

118

referred
to

before
gives
a

ver

clear
idea

of

some
of

the

difficulties
encountered
by

this

office
and
we

therefore
quote
the

followin

Enlargement
is

productive
of

more
evils
than

transfers
Transfers

are

open

subject
to

examination
and

question

Enlargement
is

a

sloa

insiduous
intangible

process
of

taking
more
and

more

water
from
the

river
and
of

depriving
later

appropriations
oC

benefits
which

they
have

before

enjoyed
The

simple
process
of

cleaning
a

ditch
iP

well
and

thoroughly
done

may
be

made
in
a

few

years
to

double
the

capacity
An

examination
and

record
of

the

pre
ent

ditch

capacitiea
would

prevent

much
of

this
and

deciared

abandonment
resulting
in

practically
a

new

set
of

decrees
which

stop
it

altogether

The

decrees
ali

contain
one

element
so

indefinite
that
one
is

at
a

loss

how
at

this

time
to

apply
a

remedy
though
in

future
decrees
this

might
be

more

specificaIly
stated
that
is

ihe

time

element
A

decree
pur

Ports
to

establish
the

maximum
amount
of

water
that
can
be

diverted
at

any

time
It

is

left
to

conjecture
however
for

what

length
of

time
the

water
is

so

run

Under
the

conditions
existing
at

the

time

appropriations

were
made
for

the

earip

ditches
and

extendin
even
to

the

time
of

the

decree
the

water
was

used
quite

differently
from
what
it

is

at

present

The

crops
were
all

early

maturing
and

requiring
little

water
Now

however
both

early
and
late

crops
are

raised
the

result
being
that
in

stead
of

having
little
use
for

water
after
July
it

is

now

demanded
Eor

Atigust
and

September
as

well

Formerly
water
was
run
on

the

land
per

haps
one

week
in

the

month
now
with

larger
ditches
larger
and

more

diversified
crops
it

is

run

every
day
in

the

month
This

then
is

an

increase
in

the

length
of

the

season
and
of

use

from
an

intermittent
to

a

continuous
flow

with
the

result
of
a

largely

increased
aereage
irrigated

and

actual
volume
diverted
though
the

number
of

cubiC
feet
per

second

may
be

no

greater
This

enlarged
use
is

made

possible
by

the

segregation
of

the

land

and

water
under
the

rulings
of

courts
and

brings
up
a

consideration
of

the

fourth
item
in

the

summary
on

page
64

ST

iTE

ENGINEEIt
OF

COI
OR

DO

33

Numerous
cases
have
been
tried
in

the

state
in

which
the

right
to

transfer
water
has

been

confirmed
With
the

conditions
of

ezcess
decrees

ft

is

to

be

egpected
that
the

eacess
when
water

becoma
valuable
will
ff

possfble
be

used
The

water

becomes
an

article
of

sale
and

purchase
and

while
as

stated
in

the

section
on

laws

transfer

egtension
and

enlargement
are

beneflts
to

the

communfty
as
a

whole

confiscation

of

the

property
oi

the

individual
results
for

the

benefit
in

particular
of

the

holdera
of

an

old

decree
and
of

the

community
Yn

general
With
de

crees
more

definite
as
to

length
of

time
and
use
and

limited
in

quantity

to

the

needs
o

the

land

irrigated
transfers
would
be
a

beneflt
as

they

would

encourage

consolidation
of

ditches
and

economy
of

use

Con

ditional
decrees
could
be

granted

dependent
on

the

completion
of

eztensive

works
and
the

actual

reclamation
of

the

land

within
a

reasonable
period

In

the

administration
of

the

irrigation
department
one

must
con

tend
with
the

acts
oY

those
who

believe

themselves
to

have
been

wronged

and
who
by

force
seek
to

mainta
in

their

rights
but

discretionary
power

of

the

officers
has

been
so

curtailed
and

limited
that

they
are

often
forced

to

do

things
against
both
their

judgment
and

inclination
Every

irrigation

official
should
be

clothed
with
more

discretionary
power
and
the
de

cisions
of

the

State

Engineer
should
stand
until
the

courts
decide
ad

versely
instead
of

being

overruled
by

injunction
An

oflicial
who
is

sworn

and

under
bonds
to

do

his

duty
is

enjoined
from

doing
this

duty

The

presumption
of

impartiality
is

as

strong
in

him
as

in
a

judge
his

ability

to

judge
of
a

case
is

superior
he
is

familiar
with
the
law
and

customs

he

knows
by

long

exercise
of

his

duties
the

priorities
the

needs
and
the

rights
of

the

ditches
he

knows
almost
by

instinct
the

effect
of

certain

actions
and

decisions
he

has

knowledge
which
neither
laws
nor

decrees

nor

books
nor

records
can

give
he

has

seen
the

effects

actually
worked

out
on

the

ground
he
is

vitally

interested
in

the

good

conduct
of

his

office
and
he
is

subject
to

immediate
removal
in

consequence
of

any
mis

conduci
It

is

simplq
absurd
thai
the

court

should

presume
without
in

vestigation
and
ex

parte

proceedings
to

set

aside
his

rulings

CONCLUSION

In

the

foregoing
pages
as

far
as

possible
facts
as

ascertained
from

personal

observation
have
been

given
a

nd

criticism
of

doubtful
points

have
been

avoided
An

attempt
has

been
made
to

give
an

outline
and

something
of
a

history
and
the

sequence
of

events
which
led
up
to

the

legal

contests
said
by

some
to

be

only
the

beginning
but

which
are

more

probably
the

beginning
of

the

end

Other

nations
have
had

nearly
the

same

questions
and

difficulties
to

meet
and

found
the

solution
of

their

troubles
and

workgd
out

their
own

salvation
With
them
it

required
cen

turies
for

final

settlement
In

the

United
8tates
the

progress
made
in

Colorado
in

one

short

generation
gives
no

reason
for

dfscouragement

An

efficient
system
of

administration
has

been

worked
out

and
a

system

of

adjudication
has

been

adopted
which
needs

only
a

better

knowledge

oY

the

requirements
oP

irrigation
practice
to

make
it

satisfactory
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INTERNAL

IMPROVEMENTS

1

he
1

hirteenth
General

Assembly
made
no

appropriatiou

from
the

internal

improvement
fund

except
th
t

of

25

000

for

State
Canal
No
3

consequently
the

work
of

this

Depart

meut
for
the

biennial
period
just

closing
had
to

do

with
those

appropriations
under
which
the

orl

lvas
not

completed
at

the

issuance
of

the

tenth

biennial
report
The

following
is
a

description
of

the

orl

done

clurinb
the

present
biennial

period
P

LiIZ
P

LAKE
CYCLL
PATH

It

vas

found

impossible
to

procure
a

right
of

ay

for
the

patli

without
absorbing
a

larbe
part
of

the

appropriation
con

sec

ucntly
nothin
has

been
done
since
last

report
2

he

bal

auce
ren
a

inin

froui
last

statement
viz

4

45525
stands
to

the

credit
of

that
fund

1

II

GAPI
I

LD

COUI
TTY

ARTESIAN
ELL

As

stated
in

the

tenth
report
of

this
o

ce
a

contract
was

let
to
1

he

Bullen
Bridge

Company
to

sink
a

well
at

Antlera

to

depth
of

525
feet
for
2

400

and
case
with
four
inch
cas

inb

1

cleduction
of

154
40

was

made
fr

om

the

original

contract
price
for

casing
not
put
in

rhe

or1

progressed
very

slowl
and
was

finally
com

pleted
in

June
1901
No

artesian
flow
vas

obtained
al

thon
h

water
rose
to

ithin
a

fe
v

feet
of

the

surface

STATEMENT
OF

EXPENDITU
ES

APProPriation
Paid
by

Garfield
county
State

engineer
espenses

2

500
00

5

00

Denver
Post
two

advertisements

i6

05

J

C

Cook

inspection
of

work

90

00

The

Bnllen
Bridge

Company
on

contract

2

245
60

D

M

Wilhelm

typewriting
and

office
work

10

00

A

J

MeCune
egpenses

14

25

Rod
S

King
trip
of

inspection

5

00

New

Castle

Nonpareil
two

advertisements

17

62

BaI
nce
in

fund

unexl
ended

156
48

Total

2

505
00

2

505
00

CHEYENNE
COUNTY

ARTESIAN
WELL

After
many
dela
s

a

contract
tivas
let
to

The

Bullen

B

idge

Company
to

sink
a

vell
to
a

depth
of

750
feet
and
case

the

same
tivith
four
inch

casing
for
3

80Q

See

Tenth
Bien

nial

Report
A

clause
in

the

contract
provided
that
the

board
of

construction
could
at

their

discretion
stop
the

work

at

an
y

time
they

were

satisfied
it

was

impracticable
to

sink

deeper
and

pay
for
the

work
done
at

the

rate
of

5

06

per
foot

Work
was

stopped
at
a

depth
of

seven

hundred
feet
and
set

tlement
made

according
to

contract
No

artesian
tivater
vas

obtained

STATEMENT
OF
E

P

NSES

APPropriation

4

000
00

W
E

Hickman
inspector

45

00

Cheyenne
County

Republican
advertising

Rocky

Mountain
News

D

M

Wilhelm

typewriting
and

office
work

The

Bullen
Bridge

Company
on

contract

Balance

unexpended
Totai

i4

oi

8

81

io

00

3

542
00

aso
is

4

000
00

4

000
00

SAGUACHE
COIINTY

ARTESIAN
WELL

As

stated
in

the

Tenth
Report
of

this
o

ice
a

contract
was

let
io

the

Bullen
Bridge

Company
to

sink
the

well

provided

for

under
this
bill
to
a

depth
of
1

100
feet
and
case
with
four

inch

casing
for
4

750

The

contract
p

rovided
tbat

ork

could
be

stopped
at

the

discretion
of

the

board
and

work

settled
for
at

the

rate
of

4

32

per

lineal
foot
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The

work
was

stopped
at
a

depth
of
1

043

feet
and
the

contract
settled
upon
the

above
named
basis
per

foot
No
ar

tesian
R

ater
was

obtainedSTATEM
NT
OF

EXPENDITURES

APPropriation

SFi

000
00

O

D

Bryan

expenses
attending
meeting
of

board
of

construc

tion

and
for

advertising

17

02

Rod
S

King

expenses
of

trip
to

report
on

location

9

50

Denver
Post

advertising

6

83

O

D

Bryan
for

inspection
and
e

tpenses

58

00

a

D

M

Wilhelm
typewritin
and

offlce
work

10

00

The

Bullen
Bridge

Company
on

contract

4

1TT
64

Balance

unexpended

721
Ol

Tota
l

5

000
00

5

000
00

ARAPAHOE
AND

NIESA

COUNTY
STATE
Ii

OAD

An

outline
of

the

policy

decided
upon
and

manner
in

which
the

funds

provided
in

this

appropriation
u

ere
to

be

applied
was

given
in

the

Tenth

Biennial
Report
and

need
not

be

repeated
here

Work
was

done

under
this

appropri
tion

in

Garfield
Eagle
Lake
and

Park

counties
The

tivork
in

Garfield
county

consisted
of

the

construction
of
a

a

agon
road

through
the

canon
of

the

Grand
river
from
the

Eagle
county

line
to

Grizzly
creek
a

distance
of

ten

miles

where
it

con

nected
with
a

road

already
in

use

thus

giving
an

outlet

through
the

canon
This

contract
for

this

vork
was
let
to

Henry
Morrill
for
20

000

After
the

road
was

completed
the

Board
applied
1

000

additional
to

ihe

construction
of

guard

railing
along

some
of

the

most

dangerous
points
The
con

tract
was

completed
in

April
1902

The
Iine
as

surveyed

by
E

B

Sawyer
and
R

ork
was

snpervised
by
12

E

Morrow

The

work
in

Eagle
county

consisted
of

the

construction

of

about
three
miles
of

wagon
road

extending
from
the

bridge

across
Grand
river
at

Dotsero
to

the

Garfield
county
line
to

connect
with
the

work
done
in

Garfield
county
the

construc

tion
of
a

steel

bridge
seventy
fice
feet

long
on

concrete
abut

ment
and

tubular
piers
yith
a

t

enty
foot

wooden
approach

span
at

the
tovc
n

of

Eagle
a

fifty
foot
steel

bridge
on

concrete

abutments
across
Eagle
river
one

mile

below
the

town
of

Red

Cliff
and
a

twenty
two
foot
steel

bridge
on

concrete
abut

ments
across

Tufikey
creek
at

the

town
of

Red
Cliff

This

work
was
let
to

the

Bullen
Bridge

Company
f

or

6

505

and

was

completed
in

December
1900

ii
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The
u

ork
in

Lake

county

consisted
of

the

reconstruction

of
6

000
feet
of

road

being
a

portion
of

the

Leadville
and
Red

Cliff

county
road

Proposals
tivere

received
on

September
16

1901
and
the

contract
was

awarded
to

Thomas
Andrew
of

Leaclville
for

the

sum
of

1

200

The
line
was
laid
out
and

ork

supervised

by

Thos
W

Joycox
city

engineer
of

Leadville
The

contract

was

completed
and

accepted
in

October
1901

The

work
in

Park

county

consisted
of

the

construction
of

three
steel

bridges
on

concrete
abutments
across
the

Platte

river
two
of

forty
feet
and

thirty
four
feet
in

length
respect

ively
at

Llangollen
and
one

thirty
four
foot
steel

bridge
on

concret
e

abutments
between

Glenisle
and

Baileys

Surveys

a

ere

made
for
a

short
piece
of

road
just

above
the

town
of

Baileys
to

get
rid
of

two

river

crossings
but

after
the
line
was

located
the

owner
of

the

land

demanded
an

egorbitant
sum

for
the

right
of

way
and
the

work
was

abandoned

I3ids
were

received
on

the

18th
day
of

September
1901

for
the

construction
of

the

bridges
and
the

contract
let
to

M

J

Patterson
for
3

267
2

he

work
vas

compieted
and
ac

cepted
in
l

Tay

1902

STATEMENT
OF

EXPENDITtiRES

GARFIELD
COtiNTY
WORli

E

B

Sawyer
work
on

survey

A

J

MeCune
expenses
of

inspeetion

H

B

Morrill
and

Sidney

Broughton
in

full
for

section
1

M

E

Morrow

suPerintendence

i

D

M

Wilhelm

typewriting
and

office
work

H

B

Morrill
and

Sidney

Broughton
in

full
for

section
2

Ed
T

Taylor
money

advanced
or

surveys

H

J

Holmes

dvertising

F

W

Allen
extra
work
for

guard
rails

H

B

Morrill
in

full
for

section
3

A

B

Morrill
for

extra
work

ordered
by

the

engineer

K

C

Vorhees
livery
hire

A

J

MeCune
espenaes
oP

inspection
and

incidentals

E

B

Sawyer
making

proflle
of

road

M

E

A2orrow

superintendence

H

B

Mor
ill

constructing
guard
rails

Theo

Rosenberge
runni
ng

grades

Evening
Telegraph

advertising

235
25

63

15

4

Q00
00

311
60

20

00

6

000
00

235
60

8

22

75

00

10

000
00

175
00

4

b0

37

16

is

ao

400
00

1

000
00

8

46

8

35

Total

22

619
03

The

expenses
oP

survey
of

road
in

Engle
county
are

included
in

the

above



3

ELEVENTH
BIENNIAL
REPORT

EAGLE
COUNTY

Ben
L

Cress

inspection
of

work

38

40

Theo

Rosenberge
inspection
of

work

39

30

D

M

Wilhelm

typewriting
and

office
work

10

00

A

J

D1cCune
expenses
oP

inspection

20
00

Lee
R

Willitts

superintendenee
four
days

20

00

Nelson
Yost

work
of

surveys

14
00

Eagle
County
Tfines

advertising

16

25

Ed

Sloughter
advertising

9

40

The

Bullen
Br3dge

Company
bridges

5

830
00

The

Bullen
Bridge

Company
road
work

675
00

Total

S

6

672
36

LAKE

COUNTY
The

Leadville
Publishing
Company

advertising

1219

The

Denver
Post

advertising

8

44

The

Evening
Telegraph

advertising

13

57

A

J

McCune
expenses
of

inspection

13

00

Thos
Z

Toycox
surveys
and

superintendence
82

00

Thomas
Andrew
on

contract

1

200
00

Total

1

329

PARK

COUNTYFairplay
Flume

advertising

1219

The

Denver
Post

advertising

8

97

Colorado
Springs

Telegraph
advertising

13

57

A

J

McCune
expenses
of

inspeetion

12

00

Benj

Tyler
team
and

assistance
on

survey

33

50

M

D

Williams
C

E

survey

20

00

M
J

Patterson
on

contract

3

267
00

C

H

McArthur
grading

approaches
to

bridges

167
50

Total

E

3

534
73

SUMMARY
OF

EXPENDITURES
ARAPAHOE
AND

MESA

COUNTY
3TATE

ROAD

Total

aPPropriation

E35
000
00

Garfield
countY

E

619
03

F

agle

county

6

672
35

LakecountY

1

329
20

Parkcounty

3

634
73

Balancein
fund

844
69

Total

35

000
00

53

000
00

STATE

ENGIATEER
OF

COLOIIADO

9

A

reconnoissance
of

the

Eagle
river
canon
below
Red

Cliff
and
of

the

canon
of

the

Grand
river
in

Mesa

county

above
the

mouth
of

Plateau
creek
as

made
to

determine
the

cost
of

building
through
the

same

Five
and
one
half

miles

of

road
will
be

required
to

get

through
the

Fagle
river
canon

costing

including
a

bridge
across

Homestake
creek
about

12

000

In

the

Grand
river
canon
the

distance
from
the

mouth
of

Plateau
creek
to

the

head
of

the

canon
is

eight

miles
which
will
cost

about
11

000

From
the

west
end
of

Lake

county
road

across

Tennessee
pass
to

the
hea
d

of

Eagle

river
above
Pando
the
old

railroad
track
could
be

repaired
at

a

cost
of

perhaps
1

200
and

utilized
for
a

wagon
road
mak

ing
an

egcellent
highway

across
the

range
on
a

magimum

grade
of
4

per

cent
On

the
ea

stern
slope
an

expenditure
of

about
10

000

from
the

mouth
of

Turkey
creek
above
I

ort

Logan
to

the

town
of

Baileys
in

Platte
canon
R

ould
be
d

valuable

iniprovement
These

suggested

improvements
would

make
a

fair

road

across
the

state
from

Denver
to

Grand

Junction
SAN

PZIGUEL
COUN
1

Y

ROAD

House
Bill
No

183

Session
Laws
1899

appropriated

8

000
00

for
the

urpose
of

constructing
a

wagon
road
from

near
the

mouth
of

Marshall
creek

above

Telluride
along

the

north
side
of

San

1llibuel
valle
y

to

the

Bridal
Veil

basin

The

State

Engineer
and
the

board
of

county

cominissioners

of

San

Miguel
county

constituted
the

board
of

constructiou

rhe
f2

nds
for

this

appropriation
were
not

available
until

1901
but
the

county

commissioners
of

San

Miguel
county
in

order
to

advance
the

ork
as

rapidly
as

possible

guaranteed

personally
the

egpenses
of

the

survey
and
bZr
H

C

Lay

C

E

of

Telluride
was

emplo
ed
to

locate
the

line

ln
at

tempt
was

made
to

1et
a

contract
in

October
1900
so

that

on

accohnt
of

the

high

altitude
an

the

shortness
of

the
sea

son

work
could
be

begun
at

the

earliest
possible
date
in

the

following
sgring
No

satisfactory
bids
were

received
and
the

business
was
laid
over
till
the

following
season
Bids
vere

called
for
on

September
30

1901
No

bids

were

received

cithin
the

appropriation
available
and
it

was

decided
to

make
some

changes
in

the

location
which
would
cheapen
the

construction
a

nd

xibbs

Greenwood
civil

engineers
of

Telluride
were

employed
to

relocate
the

line

On

October

2d

the

contract
was
let
to

iVI

F

Young
Peter

Hanson
and

Thoin2s
I

ichards
for
7

000

The

work
was

completed
in

September
1902
and

considerinb
the

rugged

character
of
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the

county
over

which
the
line
runs
it

was

done
in
a

very
sat

isfactory
manner

STATE
IZENT
OF

EXP

NDITURES

APProPriation
W

H

8tonsbech
on

account
of

surve
s

Joseph
Kent

work
on

surveys

A

J

McCune
traveling

and

incidental
expenses

D

M

Wilhelm

typewriting

H

C

Lay

surveying
account

Gibbs

Greenwood
resurveying
on

contract

Telluride
Journal

advertising

C

V

Gibbs

superintendence
of

worlc

Feter

Hanson
on

contract

Balance
in

fund

s

000
00

546
95

s

o0
52
SO

5

00

24

00

z

o

00

69

W

7

000
0030

Total

8

000
00

8

000
00

CLE
1I

CR

EIi

COUNTY
POAD
AND

BPIDGE

FIouse
Bill
No

381

Session
La
vs

of

1899

appropriated

5

000
for
the

repair
and

construction
of

the

main

highway

from

dividin
line
of

Jefferson
and

Clear
Creek

counties

and
to

the
to

vn
of

Empire
in

Clear
Creek

count3
and
also

for
a

steel
or

iron

bridge
across
North
Clear

creek
at

Big
Bar

about
two

miles
below
Idaho

Springs

The

State

Enbineer
and
the

board
of

county
commis

ioners
of

Clear
Creel

connty

constituted
the

board
of

con

struction
The
bili

provided
that
the

road
and

bridge
vork

mi
ht

be

contracted
for

under

separate
bids

Plans
were

adopted
for

the

Big
Bar

bridge
and

proposals
for
its

con

truction
were

received

Septenlber
21

1900
and
the

con

tract

awarded
to

DZ

J

Patterson
for
2

000

The

bridge
is

a

st

el

lattice
girder

sigty
feet
in

length
on

steel
legs
set

in

concrete
footing

This

structure
vas

completed
in
I

Peb

rnary
1901

After

inspection
of

the

line
of

road
to

be

bene

fited
by

this

appropriation
it

rvas

decided
that
the

public

would
be

best

benefited
by

spending
the

grea
ter

part
of

the

remainder
of

the

fund
in

the

construction
of
a

new

bridge

across
Clear
creek

immediately
above
the

town
of

Idaho

Springs
the
old

bridge
being
in
a

dilapidated
and

dangerous

condition
Two

propositions
had
to

be

considered
The

exit
of

the

Bib

Five

tunnel
vas

near
the

north
end
of

the

bridge
and
the

approach
to
it

was
a

rapid

descent
making
it

a

dangerous
oint

Raising
the

bridge
to
a

grade
above
the

STATE

ENGINEE
OF

COLOBADO

41

rnouth
of

the

tunnel
would

necessitate
a

very

heavy
fill
at

both

approac
hes

The

bridge
alane
would
cost

more
than

the

amount
available
in

the

fund
and

Clear
Creek

county

did
not
feel

justified
in

incurring
so

heavy
an

eapense
After

some
delay
the

Big

Five

Tunnel

Company
agreed
to

make

the

necessary
fills
if

the

state
and

county
would
build
the

bridge
on

the

high

grade

Consequently
bids
were

received

September
7

1901
and
the

contract
let
to

M

J

Patterson

for
3

494
for
the

bridge
work
and
200
for
1

070

cubic
yards

of

grading
on

the

road

above
the

bridge
The

structure
is

of

steel

eighty
feet
in

length
on

tubular
piers
tivith
a

ttiventy

two
foot

wooden
approach
span
at

each
end

The

work
was

completed
in

June
1902STATEbi

NT
OF

EXPENS
S

APProPriationAppropriated
by

Clear
Creek

county

Denver
Post

advertising

Jerry

Buckley
expenses

attending
meetings

Thomas
CopPard

superintendence

D

M

Wilheim
ofHce

work
and

typewriting

M
J

Pattei
son
on

Big
Bar

bridge

contract

M
J

Patterson
on

road
and

bridge

contract

Paid
by

Clear
Creek

county

Total

5

000
00

792
61

8

O1

8

10

65

00

7

50

2

000
00

2

911
39

792
61

5

i92
61

5

792
61

THE

GUNNISON
RIVER
BRIDGE

House
Bill
No
45
of

the

Twelfth
Genera
l

Assembly
ap

propriated
6

000
for

the

purpose
of

constructing
a

bridge

across
the

Gunnison
river
in

Mesa

county
near
the

town
of

Whitewater
The

Governor
State

Engineer
and

chairman

of

the

board
of

county

commissioners
of

Mesa

county
con

stituted
the

board
of

construction

As

provided
by

law
the

board

advertised
for

plans
and

those
of

the

Wrought
Iron

Bridge

Company
were

adopted

Proposals
were

received
on

the

16th
day
of

August
1900

and
the

contract
was

awarded
to

the

Bullen
Bridge
Compan
y

for
the

sum
o

7

250
the

board
of

county

commissioners
of

Mesa

county
having

guaranteed
the

balance
required
above

the

appropriation
to

complete
the

structure

The

bridge
consists
of

two
apa
ns
of

144

feet
9

inches

each

with

sixteen
foot

roadway
on

masonry
abutmenta

and

tubular
piers
five
feet
in

diameter
and
is
a

very
sub
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stantial
structure

throughout
When
the

foundations
vere

sunk
it
ti

as

found

necessary
to

go

deeper
than
the

plans

called
for

involvinb
considerable
extra

egpense
vhich
was

borne
b
y

llZesa

county
as

was
also
all

incidentals
sach
as

superintendence
plans
etc

ST
T

M

NT
OF

EZPENDITUftES

APProPriation

6

000
00

Paid
by

Mesa

county
on

contract

1

0

00

Paid
the

Bullen
Bridge

Company
on

contract

7

250
00

Total

7

250
00

7

260

HITE

RIVER
BRIDGE

See

Tenth

Biennial
fteport

The

contract
for
the

construction
of

White
river

bridge

was
let
to
M
J

Patterson
on

November
30

1900
for
the

sum

of

1

916

the

county

commissioners
guaranteeing
to

con

struct
the

approaches
and

provide
the

right
of

way
to
it

The

bridge
consists
of

one

combination
steel
and

wood
span

one

hundred
feet
in

length
the

truss

iilembers
being
of

Oregon
fir

and
a

twent
y

two
foot

approach
span
all
on

red

spruce
crib
pier
and

abutments
The

work
was

done

under

the

supervision
of
J

D

DZoo
C

E

of

DZeeker

Colorado

and
was

completed
in

April
1901

s

nT
nz

rTT
or

xP

rTsES

APProPriationDencer
Post

advertising

A

J

MeCune
expenses

ocating
bridge

1

M

Wilhelm

typewriting
and

office
work

J

D

Moog

superintendence

M
J

Patterson
on

conYract

Balance

unexpended
Total

2

000
00

5

32

14

25

7

50

48

00

1

916
00

8

93

2

00

00

2

000
00

lIO1tGAti

ASHI1vTGTON
YUl
TA

COLTNTY
ROAD

Seventy
five

hundred
dollars
for

the

improvement
of

roads
alon
the

line
of

the

Burlington
railroacl
was

appro

priatecl
b

the
TR

elfth

eneral

Assembly
As

funds
were

not

avnilable
therefor
until
the

sprin
of

190

no

work
vas

atteuipted
before
that
time
B

the
bill
2

500

was
to

be

spent
on

each
of

the

three

counties

0
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In

June
1901
a

representative
from
this
o

ice

and
the

chairman
of

each
of

the

counties
met
and

formulated
plans

for

carryi
g

on

the

work
along

such
lines
as

tivould
be

of

the

greatest
benefit
and
at

the

same
time
so

make
the
im

provements
that
each
piece
of

work
done

would
form
part

of
a

genera
plan
for

building
a

continuous
and

complete

road
from
the

state
line
to

the

westerly
boundary
of

Morgan

county
The

amount
of

funds

available
was
so

small
that

the

work
done

would
of

necessity
be

separated
by
a

consid

erable

distance
On

account
of

the

great
cost
of

building

some
parts
of

the

road
as
it

should
be
it

was

deemed
advis

able
to

build
in

the
less

difficult
places
and
in

places
nzost

traveled
or

where
by

the

construction
of
a

short
piece
of

road

over

boggy
or

sandy
places
good

portions
already
in

exist

ence

might
be

joined

The

Morgan
county

portion
of

the

appropriation
ivas

egpended
for
a

bridge
across
Bijou

creek
on

the

main
road

running
from
I

ort

1Vlorgan
westerly
It
is
a

ooden
bridge

four

hundred
feet

long
and

fourteen
feet

wide
on

piles
Af

ter

advertisin
for

bids
F

E

Baker
being
the

lowest
bid

der

the

contract
was
let
to

him
for
1

488

and

after
the

bridge
was

completed
additional
wings
were

added
at

an
ex

pense
o
f

25

Subsequently
a

proaches
of

earth
were
made

to

the

bridbe
The

items
of

expenditure
vere
as

follotivs

APFropriation

2

500
00

F

E

Baker
plans
of

bridge

20

00

Advertising

5

00

F

E

Baker

contract
on

bridge

1

488
00

F

E

Baker

additional
wings

25

Op

A

D

Clem

inspecting
and

expenses

29

00

J

E

Field

services
and

expenses

52
92

S

F

Shadowen
approaches
to

bridge

295
00

1

914
92

Balance

86

os

No

tivork
was

done
on

the

Washington
county

portion

of

the

road

Two
trips
were
made
to

the

county
and
the

road
e

amined
Delays

occurred
on

account
of

obta
ining

rights
of

way
and
the

disposition
of

the

county

chairman

seemed
to

be

that
the

money
would
not
be

beneficially
eg

pended
if

the

provision
of

the
act

requiring
the

road
to

be

built
near
the

Burlington
railroad
was

adhered
to

in

addi

tion

that

there

appeared
to

be

in

the

norihern
end
of

the

county
places
where
the

money
could
be

most

advantageously
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However
if

the

money
had
been
spent

along
the

lines

laid

down
in

the
bill
it

wonld
have

formed
a

link
for

which

additional

appropriations
would
have
been

necessary
in

build

ing
a

continuous
road
from
the

state
line

westvvard

Under
the

circumstances
the

State

Engineer
clid

not

eel

justified
in

beginning
the

work
and
the

matter
was

allowed
to

go

over
and
can
now
be

dieposed
of

as

the

legis

lature
may

direct
or

the

incoming
boarcl
of

construction

direct
The

Yuma
county
fund
was

egpended
for
a

small
bridge

at

the

town
of

Laird
and
in

improving
the

egisting
wagon

road
from
the

state
line

westerly
through
the

towns
of

Laird

and

Wray
to
a

point
some

twelve
miles
from
the

latter
place

making
in

all

about
twenty

miles
of

road
in

very
good
con

dition
The
road
was
built
by

improving
the

worst
places
which

being
deep

sand

required
a

surfacing
of

rock
or

clay

These

materials
were

scarce
in

places
and

necessitated
a

haul
of

several
miles

Any

future

appropriation
should

contemplate
the
eg

penditure
of
at

least
1

000
per

mile
as

the

portions
remain

ing
to

be

improved
are

quite
di

cult
and

require
a

much

longer
haul
to

obtain
suitable
materials
for

surfacing

The

items
of

egpenditure
are

given
below
the

work
being

done
by

day

labor

teams
tivith

drivers
receiving
thirty
five

cents
per

Ytour
and
men

seventeen
and
a

half

cents
per

hour

In

order
to

complete
the

road
to

the

point

selected
it

was

found

necessary
to

egceed
the

amount

appropriated

This

egcess
the

county
bore

The

county
road

overseer
was

in

charge
of

all

the

work

egcept
the

bridge

EXP

NDITURES

APPropriation
J

E

Field

expenses
oE

inspection

33

17

Joseph
Brower

chairman
expenses

7

90

Grant
Sons

bridge

contract

205
00

Labor

2

253
60

Balance

unexpended

2

500
00

2

498
67

a

is

1tIF

x
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STATE
CANAL
NO
3

The

Thirteenth
General

Assembly
passed
a

bill

provid

ing
for

the

constrnction
of
a

canal
to

be

known
as

St

te

Canal
No
3

commencing
at

the

most

feasible
point
on

the

Gunnison
river
and

running
thence
in
a

westerly
direction

to

the

Uncompahgre
river

valley
thence
with

laterals
to

cover
and

redeem
lands
in

DZontrose
and

Delta

counties
and

appropriated
25

000
out
of

the

internal

improvement
fand

towards
the

construction
of

the

same
The

board
of

control

appointed
by

the

Governor
consisted
of

John
J

Tobin
of

Montrose
county

George
E

Dodge
and

Hon
C

M

HaYn

mond
of

Delta
county
The
bill

also

provided
that
the

State

Engineer
under
the

direction
of

said

board
of

control

should
survey

and

locate
the

canal
and

tunnel

Before
the

survey
was

ordered
begun
by

the

board

however
the

United

Ctates

Geological
Survey

began
a

preliminary
survey
of

the

tunnel
site

which
was
the

principal
feature
of

the

propo
ed

system
this

work
of

the

general

government
resulting
in
a

saving
of

several

thousand
dollars
to

ihe

state
In

Septem

ber

1901
the

work
of

the

survey
had

progressed
so

far
as

to

determine
the

feasibility
of

the

project
and
the

final
loca

tion
of

the

main

tunnel
The

board

employed
J

A

Curtis

C

E

of

Delta
to

nlake
the

final

location
of

this

main
tun

nel

and

work
was

begun
at

the

Montrose
end
of

the

saine

The

board
also
did

considerable
work
in

preparing
maps
of

the

valley
and

collecting
data
as

to

the

amount
and

char

acter
of

land

which
can
be

watered
by

the

system
with
a

view
of

interesting
capital
in

the

enterprise

As

stated
above
tivork
was

commenced
on

the

11Zontrose

end
of

the

main

tunnel
in

the
fall
of

1901

under
the

super

intendence
of

Thos
R

Hannihan
The

formation
being

shale

the

tunnel
was

timbered
as

the

work

progressed
with
the

egpectation
that

when
the

tivork
is

completed
the

timbering

will
be

replaced
vith
a

lining
of

concrete
or

brick
At

the

egtra

session
of

the

legislature
the

Governor
and

State
En

gineer
were
made
eg

officio

members
of

the

board
No
cl

ange

in

the

management
was

made
and
the

work
has

progressec

under
the
old

regiine
The

secretary
reports
the

followin

v

Tork
doneLength

of

tunnel
driven
835
feet

length
of

open
cut
50

feet

amount
timbered
350
feet
one
air

shaft
sunk
65

feet

one
air

shaft
sunk
90

feet

Five
miles
of

wagon
road
have

also

been

constructed
A

detailed
report
of

the

work
of

the

board
will
be

submitted
to

the

overnor
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Since
the

passabe
of

the

National
Irrigation
Act
tl
e

geological
snrvey

resumed
work
on

the

survey
and
h

ve

about

completed
the

final

location
and
the

indications
are

very

favorable
for
the

vork
of

construction
being

begun
b

the

general

bovernment
the

coming
spring
or

summer

CONC

PNING
OUF

PUBLIC
HIGHT
AYS

Since
this

Department
has

been
put
in

charge
of

all

the

road
and

bridge
vork
done
from
the

internal

improvement

fund
it

seems

appropriate
to

say

something
in

this

report

upon
the

subject
of

public
high
vays
in

general
Several
of

the

astern
states
have
state

highway

commissioners
or

like

New
York
a

state

engineer
under
vhom
a

comprehensive

system
of

roads
are

planned
out

and

large

appropriations

made
for

construction
Ve
do

not

advocate
state

control
of

roads

neither
do

we

advocate
the

multiplication
of

offices
ti

re

are
yet
too

poor

and
our

countrj
too

sparsely
settlecl
to

enter
upon

any

eatravagant
or
e

peiisive
er

of

road

building
But
it

is

believed
that
some
plan

might
be

worked
out
by

which
this

Department
coulcl
co

operate
vith
the

different
counties

very

profitably
and
at

little

egpense
to

the

state

Onr

present
system
of

flimsy

construction
characteris
ic

of

all

new

countries
was

especially
egcusable
in
a

state
like

ours

havinb
long

stretches
of

uninhabited
mountainous

countr3l
through
which
roads
h

d

to

be

built
to

connect
set

tleinents
in

isolated
valleys
or

mining
camps
Bnt
ve

have

now
ad

anced

sufficiently
in

wealth
and

population
to

in

au

urate
a

ne
v

policy
1

he

configuration
of

the

country
is

such
that
road

systems
should
be

planned
out

with

reference

to

sections
embracinb

more
than
one

county

Counties
should

co

operate
witl
ea
ch

other
and

with
the

state
in

the

plan

ning
of

the

main

thoroughfares
connecting

different
sections

of

the

state

especially
in

the

mountainous
sections
A

start

has

been
made
in

this

direction
by

the

passage
of

the

Taylor

State
Itoad
Bill
A

more

inteiligent
distribution
of

the

internal

improvement
fund
could
be

made
and

appropriationa

be

made
from
year
to

year
to

build
up

these
main

thorough

fares
in
a

systematic
way

The

individual
counties
could
take
care
of

the

less
im

portant
lines

We

repeat
that
the

time
has

come
we

think
to

inaugu

rate
a

new

policy
and
at

this

point
we

wish
to

venture
a
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few

suggestions
on

road

construction
l

iore
care

should
be

sho
vn
in

locations
vhere
roads
are
to

be

permanent
It

will

pay
to

hire
the

services
of
a

competent
road

engineer
in

most

instances
NTore
care

should
be

shown
in

the

location
and

construction
of

the

culverts
and

small

bridges
as

well
as

large
ones
At

least
a

part
of

the

county
funds
should
be

put
into

permanent
work
each
year
We

believe
a

bill

mak

ing

such
a

proviso
R

as

introduced
into
the

last

legisla
ture

by

Senator
Ammons
but

failed
to

pass
In

ihis
age
of

con

crete

many
small

bridges
and

culverts
that
are

now
built
of

lumber
could
be

built
of

concrete
or

steel
and

concrete
In

most
cases
for

concrete
work
all

the

material
egcept
cement

is

close
at

hand
and
the

difference
of

cost

between
the
per

manent
structure
and
the

8imsy
one
is

surprisingly
sivall

Of

course
we

can
not

afford

egpensive
road

construc

tion
in

the

way
of

macad
m

roads

neither
do

we

need
it

in

this
dry

country
What
we

need
is

to

put
our

roads
on

the

proper
grade
to

give

them

proper

protection
from
wash
by

storm
waters
and
in

the

alley
and

prairie

countries
to

grade

them
up

so

as

to

give

them

drainage
and

provide
necessary

culverts
In

this

country
of

irrigating
ditches

many
un

sightly
C

humps
are

seen
in

the

roads
where

laterals
cross

them
at
a

grade
higher
than
the

general
level
of

the

road

This

should
be

remedied
by

siphoning
the

water
under
the

road

Some
will

say

this
is

not

practicable
on

account
of

the

filling
in
of

such

conduits
ith

weeds
but
we

think
with

proper

construction
and

proper
care
the

plan
can
be

vorked

successfullyWe

especially
recommend
that

more
care
be

taken
in

the

grading
of

the

roads
in

our

most

thickly
settled
districts

as

we

believe
the

time
is

not
far

distant
when
a

system
of

road

sprinkling
may
be

adopted
similar
to

that

practiced
in

the

most

densely

populated
valleys
of

California
We

quote

here
from
a

paper
upon
the

subject
read

before
a

state
con

vention
of

supervisors
at

Fresno
in

1900

which
we

obtained

through
the

courtesv
of

H

S

Foote
clerk
of

the

board
of

supervisors
of

Santa
Clara

county

The

matter
of

watering
our

public
roads
as
a

mea
ure
YoP
t

eir

preservation
as

well
as

convenience
and

comfort
in

traveling
is

no

Ionger

a

question
for

argument
In

Santa
CIara

county
it

has

been

demonstr
ted

by

practical

egperiments
egtending

over
a

period
of

more
than

Hfteen

y

ars

that

wherever
water
can
be

obtained
there
is

no

more

economical

method
oP

keeping
roads
in

good

repair
than
by

spxinkling
them
In

speaking
of

the

economical
aide
oY

the

question
I

am

referring
solely
to

good

roads
No

amount
of

sprinkling
can

transform
a

poor
road
into
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good
road

But

when
a

road
has

been

properly

constructed
it

can
be

maintained
in

good

condition
bq

the

judicious
application
of

waier
more

cheapiy
and

satisfactoriIy
than
in

any

other

manner
that
has
as

yet

been

demonstratedThe

people
oP

this

state

generally
consider
sprinkled
roads
to

be
a

luzury
beyond
the

reach
of

any
but

very

wealthy

communities
This
im

pression
comes

mainly
from
the

fact
that

people

estimate
the

eapense

at

too

high
a

figure
and
the

value

received
at

much
less

than
it

really
is

Comfort
in

traveling
is

worth
a

great
deal
but

comfort
is

not
the

only

thing

accomplished
by

good

roads

Economy
in

the

power

necessary
to

propel
loaded
vehicles
means
a

saving
of

money
in

horse
flesh

saving
of

money
in

the

cost
of

feeding
a

saving
of

money
in

the

dimittished
wear

of

vehicles
and
a

saving
of

money
in

the

time
and

labor
saved
in

trans

portation
In

Santa
Clara

county
as

well
as

in

many
other
fruit

growing

counties
of

the

state

there
is

an

additional
source
of

revenue
in

good

roads

properly
sprinkled
It

makea
it

posaible
to

deliver
the

products
of

the

orchards
to

any

cannery
factory
or

packing
house
within
the

county

without
being

bruised
by

jolting
over

rough
roads
in

transit
or

becoming

foul
with
the

dust
for

which

unsprinkled
roads
in

California
are

notorious

during
the

season
of

the

year
in

which
our

fruit

harvest
occurs
The

ability
to

do

this
puts
as

much
money
inio
the

pockets
of
th

taapayers
as

the

expense
of

sprinkling
takes
out

These
facts
are
so

generally
recog

nized
in

Santa
Clara

county
that
the

sprinkling
of

onr

public

highways

is

no

longer

considered
a

lu

ury

but
as
a

money
saving

investment
of

the

public
funds

I

Prom
this

paper
it

is

learned
that

Santa
Clara

countS

sprinkled
in

1899
350

miles
of

road
at
a

cost
of

80
40

per

mile
for
the

season
and
this

included
an

item
of

7

158

paid

for

water
It
is

hardly
likely
that
such
an

item
of

expense

would
enter
into
the

account
here
In

Fresno

California
a

machine
is

in

operation
see

illustration
which
gathers
the

water
from
a

ditch
at

the

road
side
as

the

team
is

driven

along
in

the

operation
of

sprinkling
e

believe
such
a

machine
could
be

operated
very

economically
on

many
of

the

valley
roads
in

our

state

In

conclusion
we

wish
to

call

attention
to

Farmers

Bulletin
No

136
by

Maurice
O

Eldridge
on

Earth
Roads

issued
by

the

office
of

Public
Road

Inquiries

Department
of

Agriculture
Washington
D

C

We
also
wish
to

call

atten

tion
to

an

article
in

the
yea
r

book
of

the

Department
of

Agri

culture
for

1901
by

James
W

Abbott
special
agent

Rocky

Mountain
Division
Office
Public
Road

Inquiries
en

itled

Mountain
Roads
as
a

Source
of

Revenue
We

think
the

perusal
of

that

article
will

stimulate
our

people
to

greater

efforts
in

the

improvement
of

our

mountain
roads
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CHAPTER
IIL

ABSTRACT
OF

SUPREME
COURT

DECISIONS

In

the
two
last

biennial
reports
the

decisions
of

the
Su

preme
Court

relative
to

irrigation
matters
have
been
pub

lished
and
the

same

having
been

found
ver

convenient
and

as

supplementing
the

published
statutes
of

each

legislature
it

was

deemed
advisable
to

continue
their

publication

Two

Sears
ago
the

26th

Colorado
wa
s

the

latest
volume

issued
Since
that
time
the

decisions
already

given
in

the
bi

y

ennial
report
have
been

published
and
are
to

be

found
as

fol

10

S

Lower

Latham
Ditch
Co

vs

Louden

Irrigaiing
Cana
l

Co
et

al

27

Colorado
page
267

Wright
vs

Platte
Valley

Irrigation
Co

27

Colorado

pa
e

322New

Loveland
and

Greeley
Irrigation
and
La
nd
Co
vs

Consolidated
Home

Supply
Ditch
and

Reservoir
Co

27

Colo

rado
page
521

Cache
La

Poudre
Res
Co

vs

ater

Supply

Storage

Co
et

al

27

Colo

page
532

Handy
Ditch
Co

vs

Louden

Irribating
Canal
Co

27

Colo

page
515

DE

LONG
ET
AL
VS

PATTERSON
RECEIVER
OF

THE

COLORADO
SECURITIES

COMPANY

27

Colo

page
30

Conveyances
Wheiher
or

not
a

deed
to

land

convevs
a

water
right
used
upon
such
land

depends
upon
the

intention

of

the

grantor
to

be

determined
from
the

terms
of

the

deed
or

when
the

deed
is

silent
as
to

such

water
right
from
the
cir

cumstances
surrounding
the

transactions

CRIPPEN
LAWRENCE
C0

VS

BIIRROUGHS
ET
AL

27

Colorado
page
155

Section
2425

Mills

Annotated
Statutes

providing
that

he

court
in

which

adjudication
of

ater

rights
ia

had
may
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order
a

reargument
or

review
of

such

decree

contemplates

that
good
cause
must
be

shown
there
or

and
a

petition
for

such
revie

mnst
state
facts
from

hich
it

appears
that
the

party

applying
therefor
has

been

aggrieved
by

the

decree
It

is

not

sufficient
to

state
mere

conclusions
in

the

petition

tiVhere
a

party

petitions
for
a

review
and

relies
tY

erefor
on
a

statutory
grant
he

must
show
that
the

lands
in

question
are

the

same
as

those

mentioned
in

the

statute

LADZSON
ET
AL
VS

VAILES
ET
AL

27

Colorado
page
201

The

courts
of

this

state
have
no

jurisdiction
to

award

priorities
to

the
use
of
R

ater
to
a

ditch

intended
to

water

lands

outside
the

state

although
the

ditch
has
its

headgate

within
the

state
Where
a

referee
in
a

proceeding
to

adjudicate
prioritiea

recommended
an

award
of
t

Telve
cubic
feet
to
a

ditch
which

tlie

court

reduced
to

four
and
it

does
not

appear
why
the

court
made
such

chanbe
and
the

evidence
is

too

indefinite

to

enable
the

Sup

eeme
Court
to

determine
frou
it

the
qua
n

tity
of

tivater
the

ditch

should
have
the

case
will
be

reversed

a

nd

remanded
ith

instructions
to

the

tiial
court
to

proceed

upon
the

evidence
as

may
be

offered
to

determine
the

qutntity

of
ti

ater
the

ditch
is

entitled
ta

UPP
R

PLAZ
T
i

BEAVER
CANAL
CO
VS

THE
I

ORT

1TORGAN
PES
S

IPP
CO

ET
AL

2
r

Color
ado

page
214

l

he

method
of

takin

appeals
from

proceedin
s

adjudi

cating
vater
ri

hts
is

rebulated
by

section
2427
lT

A

S

and
not
by

code
An

appeal
may
be

taken
witliin
ttivo

years

from
the

time
the

ciecree
is

rendered
but
not

after
vard

TII

PIO

GRANDE
CAN
1L

CO

T

AL
VS

THE
PI
AI

RIE

DITCH
CO

ET
AL

27

Colorado
page
225

A

petition
of

revie
v

of
a

decree

adjudicating
priorities

that

contains
only

general

allegations
and

conclusions
of

law
is

insufficient
to

justify
a

revie
l

of

such

decree
where
it

appears
that
a

review
of
a

decree

adjudicating
ater

right

R

as

reopened
under
section
2425
M

A

S

and
a

new

decree

rendered
upon
the

ground
that
some
of

the

parties
had
not

complied
with

section
2265
NI

A

S

requiring
a

nlap
and

statement
of

ditch
to

be

filed
the

new

decree
will
be

reversed

as

said

statute
is

void
and

unconstitutional

Parties
can
not
be

heard
to

object
that
due

diligence
was

not

used
in

the

construction
of
a

ditch
when
the

ditch
as

completed
and

water

applied
to
a

beneficial
use

before
the

objecting
p

rties

began
the

construction
of

their

ditches

CITY
OI

DURANGO
VS

CHAPMAN

27

Colorado
page
169

IInder

subdivision
68
of

section
4403
M

A

S

empower

ing
a

municipality
to

protect
the

vater
of

streams
from

from
which
its

water
supply
is

derived
from

pollution
a

city

or

town
has

authority
by

ordinanc
to

prohibit
the

keepin

of

any

pigsty
or

slaughterhouse
upon
or

near
the

streams

the

drainage
from

which
is

capable
of

contaminating
the

water
even

though
uch

pigsty
or

slaughterhouse
is

well

kept
for

such
a

place

BUCKERS
II

RICxATION
1VTILL
ING

AND

IDZPROVE

PIENT
CO

VS

TH

PLATTE
VALLEY
IRR
CO

tiYhere
an

appeal
from
a

judgment
decreeing
to

junior

appropriators
a

prior
right
to

the

waters
of
a

tributary
stream

on

the

ground
that
the

had

largely

increased
the

flow
of

such

stream
by

the

drainage
of

adjacent
lands
the

appellate

court

sustained
the

lower
court
to

the

extent
that
such

junior

appropriations
R

ere

entitled
to

the

increase
of

the

ater
they

had

caused
to

flow
in

the

streams
but

reversed
the

judgment

because
it

lecreed
them
all

the

water
in

the

strean7s
instead

of

only
the

increase
and
the

cause
was

remanded
for
a

ne

trial
On
a

second
trial
no

finding
of

fact

made
by

the

lower

court
on

the

former
trial
or

which
the

appellate
court
said

was

supported
by

the

evidence
was
res

judicata
of

any
fact

upon
which
the

rights
of

the

parties
to

the

water
of

such

stream

dependedGRAND
VALLEY
IRR
CO

VS

LESHER

28

Colorado
page
273

Where
a

ditch

company
had

issued
certain

certificates

for

perpetual
water
rights
and

recognized
the

transfer
thereof

without
requiring
a

surrender
of

said

certificates
or

their

transfer
on

the

books
of

the

company
it

waived
that
re

quirement
and
a

subsequent
purchaser
under
a

deed

egpressly

reserving
said

certificates
can
not

object
to

sucli

transfers
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A

perpetual
right
to

have
a

certain
quantity
of

water

flow

through
an

irrigating
ditch
is

an

easement
in

the

ditch

CRIPPEN
VS

WHITE
ET
AL

28

Colorado
page
298

The
act
of

1861

adopting
the

common
law

tivas

limited

to

the

egtent
that
it

was

applicable
to

our

conditions
The

law
of

necessity
rendered
the

common
law

doctrine
of

riparian

rights
wholly

inapplicable
so

that

notwithstanding
the

decla

ration
of

the

statute
it

has

never
been

recognized
as

controll

ing
in

the

matter
of

water
rights

Owners
of

priority
of

rights

to

divert
tivater
from
a

stream
are
not

owners
of

water
in

the

stream
so

as
to

maintain
an

action
for

partition
of

the

water

of

the

stream

TFI

IECTOR
MINING
CO

VS

THE

VALLEY
VIEW

MINING
CO

2Sth

Colorado
pabe
315

Then

plaintiff
claimed
an

appropriation
of

water
from

two

creeks
and
the

point
of

diversion
as

from
one

creek

above
the

point
of

confluence
but

before

defendant
s

rights

had

attached
he

built
a

dRm
on

the

other
creek
and
a

ditch

therefrom
through
which
he

causes
the

water
to

flow
from
the

second
creek
into
the

first

above
the

point
of

diversion
and

thence
into
and

through
a

ditch
to

the

point
of

use
it

was

an

appropriation
of

vater
from
both

creeks
and
a

cessation

of

the
use
of

the

ditch

between
the

two

creeks

without
an

intention
to

abandon
was
not
an

abandonment
of

the

waters

of

the

second
creek

And

where

defendants
subsec

uently

constructed
a

ditch

above

plaintiffs
by

vhich
they

conducted
water
from
the
sec

ond
to

the

first

creek
and

thence
to

their
mills
and

after
its

use

turned
the

water
of

both

creeks
back
into
the

first
so

as

to

run

down
to

plaintiff
in

sufficient
quantity
to

support
its

appropriation
plaintiff
was
not

required
to

keep
up
its

ditch

bet

veen
the

two

creeka
or

to

take

vater

directly
from
the

second
in

order
to

preserve
its

priority
right

thereto

MURRAY
VS

BOARD
OF

COUNTY

COMMISSIONERS

OF

MONTROSE
COIINTY

28th

Colorado
page
427

Where
a

ditch

company
conveyed
to

the

consumers
under

the

ditch
water

rights
b

deeds
which
vested
in

them
the

right

STATE
ENGIN
II

OF

CULO
ADO

3

to

the

perpetual
use
of
a

certain
amount
of

water
and

with

a

proviso
that

when
the

company
had
sold

water
rights
to

the

egtent
of

the

carrying
capacity
of

the

ditch
the

ditch
sys

tem

should
be

turned
over
to

holders
of

rights
so

long
as

the

company
retains
an

interest
in

the

ditch
with

water
ri

hta

unsold
it

is

not

egempt
from

tagation

SING
VS

ACKROYD

28th

Colorado
page
488

Where
a

water
right
is

used
in

irribating
land
it

will

pass
with
a

conveyance
of

the

land

under
the

word

appurte

nances

without
any

specific

conveyance
R7here
it

appears

it

was
the

intention
of

the

grantor
that
it

should
pass

Where
a

party

conveyed
a

priority
of

right
to

the
use

of

water
he

retaining
the

right
of
a

junior

appropriator
and

the
la
d

originally
irrigated
by

his

grantee
with

water
con

veyed

becomes
saturated
and

boggy
so

that
the

water
could

no

longer
be

beneficiall
used
the

grantee
or

his

successor

in

title
can

transfer
the

water
to

other
lands
or
to

other
per

sons
in

exchange
for

water
from

another
ditch
if

by

the

trans

fe
r

or

egchange
no

more
water
was

used
than
was

origina119

used
and
no

other
junior
right
tivas

injuriously
affected

MEDINO
DITCH
CO

VS

ADAMS
HUDSON
ET
AL

68

Pacific

Reporter
page
431

Defendant
appropriated
ater
from
a

stream
claimed
as

source
of

streams
from

which
he

claimed
prior

appropriations

The

stream
from

which

defendant
took

water
flowed
south

westerly
until

intercepted
by

sand
hills

where
it

disappeared

in

the

direction
of

saurces
of

plaintifF
s

streams

Plaintiff

toak

water
on

westerly
side
of

the

sand
hills

three
and

seven

miles
from
where

defendant
s

streain

disappeared
Witnesses

testified
to

the

former
egistence
of
a

well

defined
channel
now

covered
by

the

sand
hills
The
flow
and

character
of

the

water

in

defendant
s

stream
were

reflected
in

plaintiff
s

streaffi
and

there
was
no

other

source
from

which
such

streams
could

reasonably
be

presumed
to

have
been

supplied

Held
Su

icient
to

sustain
a

finding
that
the

stream
froin

which

defendant
appropriated
water
was
the

source
of

plain

tiff
s

streams
and
the

rights
of

priority
would

apply
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CHAPlZAN
VS

BOARD
OF

COUNTY

COMMISSIONERS

OI

PHILLIPS
COUNTY
IN

COURT
OF

APPEALS

68

Pacific

Reporter
page
134

A

county
is

not
sho
vn
to

be

within
an

irrigation
distiict

so
as
to

mave
it

liable
for
its

pro

rata

share
of

the

salary
and

egpenses
of

the

division

superintendent
when
no

lands
are

sho
vn

to

be

irrigated
from

streams
or

their

tribuatrie

within
the

countyCHEW
VS
FI

EMONT
COUNZ
Y

In

this
case
it

as

contended
by
I

remont
county

that

all

counties
embraced
within
the

Arkansas
water
shed

whether
or

not

they

contained
irrigated
ands

should
pay

their

proportion
of

Superintendent
Chew
s

salary
and
ex

penses
Phere
are

nineteeu
counties
on

the

Arkansas
drainage

bnt
tti

elve
of

ivY
icl

had

decreed
ditches
and

used

tivater
for

irri

ation
It

was
held
that

amonb
the

twelve
counties
alone

should
the

superintendent
s

salary
and

expenses
be

divided

j

hile
the

clecision
niakes
clear
and

emphatic
the

liability

of

the

counties
it

appears
to

limit
it

to

those
in

vhich
there

are

decreed
ditches11IABF

E

VS

PLAT
1

E

LAND
O

In

Court
of

Appeals
68

Pacific
I

eports
page
1058

Plaintiff
o

vned
land
near
the

terminns
of

the

canal
of

an

irrigation
company

together
with

water
rights
from
said

company
At

times
the

canal

overflowed
the

excess
of

water

running
through
defendant
s

land
tivho
had

been

informed

by

the

companv
that
it

made
no

claim
thereto

Defendants
thereupon

constructed
a

ditch
to

divert
such

surplus
vater
and
to

increase
the

overflow
and

surplus
ob

structed
plaintiff
s

lateral
ditches
Held
that

defendants
had

no
ri

ht
to

any

water
e

cept
such
as

over

owed
after
the
cus

tomers
of

the
irri

ation

company
had
been

supplied
and
the

obstruction
of

plaintiff
s

laterals
should
be

enjoined

ANDALL
VS

ROCKY
FORD
DITCH

68

Pacific

Reporter
page
240

i7nder
Mills

Annotated
Statutes
section
2427

providing

that

parties

representing
any

ditch
may

appeal
from
a

decree

ST

TP

NGINEEF
OF

coLOaano

55

establishing
vater
rights
which
affects
them
the

right
of

ap

peal
is

given
only
to

the

owner
or

one

controlling
a

ditch

and
not
to

the

individual
consumers
and
the

fact
that
an

appeal
by

the

owner
was

ineffectual
because
of

failure
to

com

ply

vith
the

statute
does
not

authorize
an

appeal
by

consum

ers
of

water
NEW

CACHE
LA

POUD
iE

IRI
IGA
1

ION
CO

VS

WATER
SUPPLY
AND

STOItAGE
CO

68

Pacific

Reporter
page
781

1

bis

case
was

reversed
for

the

reasons
That

sections

one
and
ttivo
of

the
act

approved
April
6

1899

Session
Lativs

1899
page
235

had
not

been

complied
with

which
act

was

declared

constitutional
and

that

though
the

owner
of
a

water
right
has
as

an

incident
of

the

ownership
the

right

to

change
the

point
of

diversion
and
oi

use

provided
always

the
rig
ts

of

others
are
not

injuriously
affected
still
it

is
a

lawful
erercise
of

legislative
power
to

require
as
a

condition

precedent
to

such

changes
that
the

person
desiring
the

shall

obtain
a

decree
of

the

proper
court
allo
inb

them
upon
a

hearing
in

accordance
with
the

procedure
prescribed
by

this

act

and

after
a

judicial

ascertainment
is

had

that
the

rights

of

other

appropriators
are

not

injuriously
affected
though

such

qualified
ri

ht
to

the

changes
existed
before
the

assage

of

the
act

unincuinbered
by

the

requirement
of

securing
ju

dicial

authoritv
therefor

A

moment
s

consideration
ti

ill

sho
v

the

visdom
of

and

the
su

iciency
of

this

statute
even
as
to

vested
rights

tinder

the

original
decree
the

vater

commissioner
is

required
to

dis

tribute
the

water
as

the

decree

requires
It

was
a

salutary

provision
for
the

legislature
to

require
that
the

party

desiring

a

change
should
in
a

procedure
where
all

the

parties
affected

might
be

heard

obtain
a

judicial

ascertainment
that
the

change
would
not

injure
them

e

Z

he

interests
of

the

state
are

involved
and
its
ri

hts

should
be

protected
and

parties
may

not

render

nugatory

a

statute
whose
objects
inter
alia
are
to

protect
public
officers

to

preserve
the

peace
and

avoid
a

multiplicity
of

suits

Doubtless
the

general
assembly

had
in

view
the

desirability

of

relieving
the

egecutive
officers
of

the

necessity
of

determin

ing
for

themselves
the

right
of

parties
t

make
such

changea

as

are

contemplated
here
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CUPPEN
VS
CO

IZSTOCK
ET
AL

66

Pacific
Reporter
page
1074

in

irrigation
ditch
which
was
not

constructed
at

the

time

a

deed
of

trust
of

land
was

egecuted
and
was
not

specifically

mentioned
in

such
deed
is

not

conveyed
thereby

A
r

Tater
ri

ht

though
it

may
be

appurtenant
to

land
is

the

subject
of

property
and

may
be

conveyed
ith
or

without

the

land

CHAPTER
IV

REPORTS
OF

SUPERINTENDENTS
OF

IRRIGATION
AND

WATER

COMMISSIONERS
AND

CROP

STATISTICS

Heretofore
this
o

ice

has

attempted
to

collect
crop

sta

tistics
and
a

record
of

the

ditches
their

length
flow

capacity

etc

by

sendtng
out

blanks
in

which
was

inclucled
the

follow

ing

items

Name
of

ditch
order
of

priority
length
in

miles

number
of

tlays

water
was

carried
average
amount
of

water

carried
number
of

acres
which
were
to

be

irrigated
number

of

acres
of

alfalfa

irrigated
number
of

acres
of

grass
other

than

alfalfa

number
of

acres
of

natural
grass

number
of

acres
of

fruits

number
of

acres
of

other
crops

number
of

acres
of

seepage
cost
of

superintendence
and
cost
of

repaire

It

has

been

almost

impossible
to

obtain
a

complete
and

r

satisfactory
report
from
the

water

commissioners
The

county

commissioners
in

many

instances
refusing
to

pay
the

commissioner
for
the

time
spent
in

furnishing
this

informa

tion
the

commissioners
vere

careless
in

giving
daia

where

it

interfered
with
the

dischar
e

of

their

regular
duties
the

ditch

owners
and

farmers
seemed
to

have
a

fear
that
in

some

manner
unknown
to

them
the

information
might
some

day

be

used

against
them
that
the

county
assessor
might
see
it

that

prospective
purchasers
might
see
it

that
a

record
might

be

made
of

the

amount
of

water
used

which
might

possibly

prevent
them
at

some
later

day

from

enlargin
their
ditch

and

claiming
more

water
or

making
use
of

their

excesaive

decrees
It

was

therefore
concluded
that
as

much

information

a
s

possible
should
be

gathered
by

the

commissioner
himself
in

his

daily

rounds
over
the

district
the

farmer
was

impressed

with
the

importance
of

such

records
of

the

good

which
they

would
do

him
and
the

county

coinmissioners
were

informed

that

these
duties
were

required
by

law
and
the

water
com

missioner
could

neither
avoid
the

performance
of

the

dut9

as

required
nor
the

county

commissioners
avoid
the

payment
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for
his
ser

ices
T

e

most

important
information
was

thought

to

be

record
of

the

ow
of

water
in

the

ditches

Heretofore

a
n

aj

era
e

of

the

flow

alone
was

given
It

was

found
that

this

really
meant

nothing
that
it

was
so

indefinite
as

to

be

without
value
an

average
of

25

feet
for

this

season
might

mean
25

feet
for

130
cla3
s

or
it

might
mean
500

feet
for
a

certain
period
and
one

foot
for
a

certain
other
period
which

would
iae
no

iden
of

the

capacity
of

the

ditch
or

the

mag

imuin

amount
of

water
used
or

the

amount
necessary
for
the

lancl
irri

nted
It

as

thoubht
that
if
a

fair

record
of

the

flow

of

the

ditch
wRS
l

ept
tl
e

information
tivould
be

definite
would

fi

the

quantity
of

vater
used
from
which
an

average
could

be

calculated
ould
sho
v

what

season
of

the

year
the

most

water
vas

used

ould

indicate
the

time
of

year
of

the
in

creased
flow
of
tl
e

streams
and
give
in

connection
with
the

acreage
irribated
the

duty
of

water
unde
that

canal

4

field
l

ool

vas

therefore
designed
in

the

form

presented

here
ith

It

cont
ivs

some
fift
y

pages
and
w
s

intended

to

supply
the

commissioners
vith
the

means
of

keeping
a

daily

recorci
I

ull

instructions
ere
set

forth
the

objects
and
the

method
of

hancllinb
the

bool
as

printed
on

the

first
page

I

STRUCTIOVS

Two
of

these
books
are

furnished
each

commissioner
each

season
for

use

during
the

season
only

One
is

intended
to

be

used
in

the

field
and

carried
by

the

commissioner
while

performing
his

duties
He
is

egpected
to

enter
in
it

at

once
each

event
as
it

occurs
so

that
at

the

end
of

the
sea

son
it

may
be
a

complete
and

continuous
record
of

the

work
done
It

is

reta
ined
by

the

commissioner
and

turned
over
to

his

successor
for

refer

ence
and
for

the

use
of

any
one

interested
It

should
be

carefully
pre

served
In

the

other
the

records
are
to

be

copied
neatly
in

ink

which
when

filed
in

this

ofiice
will

Uecome
a

part
of

the

permanent
records
of

the
dis

trict
and
will
take
the

place
of

the

crop

reports
filed

heretofore
The

indeg

page
may
be

filled
out
at

the

beginning
of

the

season
and
is

practically

permanent
from
year
to

year
In

the

main
body
of

the

book
one

page
is

devoted
to

each
ditch
and

when
a

ditch
is

visited
or

the

amoant
of

water

running
into
it

is

changed
the

date
and

amount
of

water
is

noted
in

the

columns
provided
therefor
when
the

ditch
is

dry

that
Eact

should
be

noted
If

thought
best
a

daily

record
can
be

kept
in

that
case

probably

more
than
one

page
will
be

necessary
but
if

each

change
is

noted

the

flow

following
and

until

another
change
is

made
can
be

taken
as

per

manent
thus
if

on

June
6

forty
eight
cubic
feet
is

reported
and
no

other

notation
made
until
June
10

it

will
be

evident
that
the

forty
eight
Peet

flow

continued
until
June
10

when
the

change
is

noted

In

the

column
on

remarks
note
such
facts
as

the

ditch

breaking
the

use
of

reservoir
water
the

egchange
of

water
and
any

matters
not
in

cluded
under
regular
headings

Gi
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The
crop

report

columns
scarcely
need

egplanations
except
that
the

blank
lines
can
be

used
for

any

special
product
such
as

melons
onions

winter
wh
at

or

any

crop

peculiar
to

that

particular
ditch

The

amount
atored
in

or

used
from

reservoire
may
be

given
in

cubic

feet
or
in

acre
feet

whichever
is

most

convenient
An

acre
foot
is

43

560

cubic
feet
and
will

cover
an

area
one

Poot
deep
A

reservoir
covering

one

hundred
acres
with
an

average
depth
of

ten

feet

would
conta
in

one

thou

sand
acre
feet
or

43

560
000

cubic
feet

The

crop

statistics
should
be

gathered
as

early
as

possible
by

in

quiry
of

ditch

superintende
is

managers
farmers
and

others
In

most

cases
these

persons
if

askctd
e

ly

in

the

season
will

ascertain
the

facts

for

you

and
by

interesting
them
in

the

matter
you
will

materially
lighten

your
own

labor
The

great

difficulty

egperienced
in

obtaining
the

neces

sary

inEormation
is

that
the

ditch
ridera
and

superintendents
are

not

asked
early
in

the

season
to

give
this

information
and
as
a

consequence

have
not
the

time
to

ascertain
it

if

indeed
they
have
not

already
com

pieted
the

season
s

active
work
and
are

engaged
in

other

pursuits

It

is

very
es

sential
that
the

1902

books
be

returned
to

the

superin

tendent
by

Oetober
l

even

should
your

records
be

incomplete
as

noth

ing

received
after
that
date
can

appear
in

the

biennial
report
of

the

State

Engineer
s

oH
ice

The

time
of

the

commissioner
and
his

deputies
shouid
be

kept
sep

arately
on

the

pages

provided
for

that

purpose

The

blank
pages
are
to

be

used
for

rating
tables
and
for

your
writ

ten

report
to

the

superintendent
giving
a

resume
of

the

year
s

work
and

other
items
of

interest
The

contents
of

the

book
are
to

be

sworn
to

be

fore
a

notary
for

which
a

blank
is

provided
Look
the

book
over
care

fully
and
if

not

thoroughly
understood
ask
for

further

instruction
from

your

superintendent
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Ditch
or

Reservoir

From

River

I

Am
t

I

I

Am
t

of

of

Date

Water

Date

Water

in

in

Ditch

Ditch

Remarks
Kind
of

Crop

AlfalfaNatural
Grass

GraiuFruitPotatoesGarden
BeetsMiscellaneousTotal

Irrigated
Total
under
Ditch

Cost
of

Repairs

Cost
of

Maintenance
Amount
5tored
in

Reser

voirs
from
Ditch

Amount
IIsed
from
Res

voirs
by

Ditch

Acres
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After
one

season
s

e

perience
the

booli
is

not

egactly

what
it

should
be

and
does
not

meet
the

requirements
of

all

the

districts
In

most

districts
ho

ever
it

has

been

found

to

work
very

satisfactorily
where
the

conimissioner
had
the

inclination
and
the

intelligence
to

properly
fill

out
the

blanks

The

records
obtained
from
these
books
are

much
more
com

plete
and

satisfactury
tha
n

those

heretofore
given

although

the

commissioners
ha
d

some
di

culty
in

understanding
at

first
just

vhat
was

required
After
this

year
s

experience

and

instructions
there
should
be

little

difficulty
in

obtaining

most

complete
and
e

cellent
records
The

point

particularly

to

be

insisted
upon

during
the

coming
season
should
be

that

these
books
be

carried
into
the

field
and
ihat

records
be

made

each
day
a

nd
at

the

time
of

their

occurrence

It

might
be

well
to

increase
the

number
of

spaces
for

record
of

the

amount
of

water
in

each
ditch
so

that
a

daily

record
could
be

kept
or

to

make
a

double
column
of

dates

t

hich

oiild
show
the

period
during
R

hich
a

certain
amount

of

water
was
run

The
crop

statistics
might
be

altered
some
hat

In

some

sections
the

special
crop
is

potatoes
in

others
it

is

beets
in

others
still
it

is

onians
or

cabbage
A

record
of

these

special

crops
should
be

kept

The
res
ilt

achieved
is

such
as
to

give

breat

encourabement
and
e

believe
the

field
book
to

be
a

good

innovation
In

the

tables
which
follow
it

vill
be

noticed
that
in

some

districts
there
is
a

decrease
of

acreage
in

some
or

a11
of

the

crops
This

decrease
arises
from
tlie
fa
t

that
in

the

commis

sioner
s

reports
only

such

ditches
as
t

ere

visited
were
re

ported

leaving
in

some
cases

hole

sections

unreported

Notwithstanding
this

however
it

vill
be

seen

there
is

quite

an

increase
and

developinent
appears
to

be

actipe
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SUPERINZ
ENDENT
OF

IRRIGATION
DIVISION
No
1

Denver
Colo

November
26

1902

HON

ADDISON
T

ICCUNE

State

Engineer
Colorada

Dear
Sir

In

submitting
this

my

annual
report
of

the

operations
of

the

irrigation
depa

rtment
in

Division
No
1

I

wish
to

make
some

remarks
on

the

orkings
of

our

irriga

tion
laws
and
the

effects
thereof
on

the

senvice
of

this

office

and
aiso
on

the

interests
of

the

farmers
and

ditch
o

vners

in

the

diffe
ent

districts
in

this

division

In

the

first

place
the

past

season
will
go

on

record
as

the

dryest
year
that

Colorado
has

knotivn
since

irrigation

has

been

practiced
in

the

state
and

while
the

lack
of

rain

added
to

the

great

scarcity
of

water
has

been
very

injurious

to

the

farming
interests
it

has

also
been
a

fruitful
cause
of

litigation
by

bringing
up

questions
of

priority
and
the

proper

use
of

priorities
which
were
never
before
thought
of

It

is

becoming
understood
that
the

value
of

water
for

irrigation
is

very

much
above
the

price
that
has

been
set

upon
it

consequently
the

very
best

legal

talent
is

being

employed
to

secure
the

right
to

use
the

water
by

junior

appropriators
very

often
to

the

injury
of

older
and

senior

appropriators
A

favorite
procedure
in

this
line
of

action
ir

in

obtaining
the

issuance
from
the

county
courts
of
a

writ

of

temporary
in

unction

restraining
the
offi

cers
of

the

irriga

tion

department
from

enforcing
the

laws
made
and

rovided

for
the

proper

distribution
of

water
for

irrigation
purposes

Especiall
is

this
true

where
the

interests
of

one

irrigation

district
come
intd

conflict
with
those
of

another
This
office

has

been

seriously

embarrassed
in

the

perfor
ance
of

its

duties
during
the

past

season
by

this

trick
for
it

is
a

trick

although
a

legal
one

whereby
a

canal

company
or

district

can

hold
the

water
to

which
the

are
not

entitled
for
a

period

oi

time
and

when
a

hearing
is

had
ask
for
a

dismissal
of

complaint
and
the

dissolution
of

the

injunction
on

payment

3
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of

costs

which
the

cau

vell

afford
to

pay
I

would
suggest

that

something
be

done
to

remedy
this

either
by

the

coming

legislature
or
by
a

ruling
of

the

Supreme
Court
on
an

agreed

case

covering
this

question

The

right
of

old

canals
to

extend
and

enlarge
their

capacity
so

as

to

enable
them
to

appropriate
and
take
fro

the

streams
the

full

amount
of

water

decreed
to

them
of
a

date

twenty
or

thirt

years
ago

and

apply
such

water
to
a

territory
recently

brought
under

cultivation
alsa
the

raght

to

sell

and

transfer
to

new

ditches
the

surplus
portion
of

decrees
granted
to

old

ditches
but

never

appropriated
and

used
by

them
to

the

injury
of

intermediate
appropriators

are

questions
which

shonld
be

settled
so

that
the
old

appro

priators
and

prospective
investors
in

irrigation
enterprises

may

know
on
R

hat

ground
they

stand
in

this
line

The
past

season
has

again

demonstrated
the

great
im

portance
of

the

storage

reservoirs
that
are
in

operation
iu

the

northern
section
of

this

division
Rs

under
all

those

ditches
that
have
been

supplied
with

water
for

late

irriga

tion

from
this

source
the

yield
of

all

crops
has

been
fu11

up
to

the

average
while
under
those

ditches
which
have
been

without
this

suppl3
the

yield
has

fallen
far

below
and
in

some

instances
has

been
an

almost
total

failure

There
has

been
in

this

division
during

the

past

season

about
12

000

acres
of

land

devoted
to

the

cultivation
of

the

su

ar

beet

with
a

prospect
of

double
or

treble
the

amount

ne
t

year
and

nearly
as

much
land
is

given
to

the

raising
of

potatoes
Proclucts
such
as

cabbages
onions
and

other
vege

tables
and

fruits
are

cultivated
quite
as

egtensively
also

alfalfa
which
is

required
for
the

success
of

the

stock

raising

and

sheep

feeding

industries
is

of

equal

importance
All

tiiese
need

water
for

late

irrigation
still

further

emphasiz

inb
the

necessity
of

saving
alI

the

available
water
in

storage

reservoirs
and
also

convincin
us
of

the

necessity
of

proteet

iu

and

savin
our

forests
which
are
the

natural
mountain

r

eservoirs
The

reatest
efforts
in

this

direction
are

imper

ative
and

should
be

made
by

every
citizen

irrespective
of

hi5

occupation2

his

office
has

received
tabulated

reports
from
all
of

the

district

commissioners
in

Water

Division
No
1

and

reports

from
eight
of

them

giving
detailed

accounta
of

operations
in

their

several
districts
With
your

permission
these
are

made

a

pa
rt

of

this

report
These

reports
with
the
the

egcepiiou

of

those
from
three

irrigation
districts
Nos
46

47

and
48

ST

TE
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North
Park
all

tell
the

same
story
of

great

scarcity
of

water

In

these

districts
however
the

only
use

made
of

the

water

is

for
the

irrigation
of

hay

landsr
and
the

supply
has

proved

amply

sufficient
A

summary
of

these

tabulated
reports
shows
a

length

of

ditches
in

this

division
of
3

105
01

miles
A

magimum

capacity
of

ditches
and

water
carried
of

19

267
71

cubic
feet

per

second
time

The

highest
number
of

days

water
wa

carried
being
321

The

number
of

acrea
that
can
be

irrigated

1

038
284

The

number
of

acres
that
can
he

actually
irrigated

743
375

The

number
of

acres
of

alfalfa

193
949

The

number
of

acres
of

grasses

176
724

The

number
of

acres
of

grain

216
504

The

number
of

acres
of

fruit

19

647

The

nnmber
of

acres
of

beets

11

480

The

number
of

acres
of

potatoes

6

981

The

number
of

acres
of

other
erops

123
569

2

he
re

orts
of
e

penses
for

maintenance
aie

neitlter
full

or

satisfactory
seven
of

the

commissioners
making
no

report

of

this
mat
er

The

reports
of

the

other
eight

commissioners

foot
up
a

total
of

130
356
65

For

further

information
as

to

the

operations
of

the

commissioners
in

their

respective

districts
you
are

respectfully
referred
to

their

reports
which

are

herewith
submitted

I

wish
to

again
call

attention
to

the

very

unsatisfactory

manner
in

which
these

reports
are

collected
a

nd

can

only

ay

that
the

means

provided
therefor
are

entirely
unsatis

factoryIn

closing
I

wish
to

express
my

thanl
s

to

all

the

officers

and

employes
of

the

Department
for

the

uniform
kindness

a

nd

courtesy
egtended
to

me

durinb
the

past

ears

Respectfully
submitted

JA
ES
J

ARMST
ONG

Su

erintendent
Irrigation
Division
Na
1

C

olorado
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OF

SUPERINTENDENT
OI

IRRIGAZ
ION

WATL
R

DIVISION
NO

TWO

Dear
Sir

In

my

former
reports
I

have

described
tiVater

Division
No
2

which

embraces
all

that

portion
of

Colorado

irrigated
by

waters
of

the

Arkansas
river
and
its

tributariea

There
are

more
than
one
half

million
acres

lying
under

the

three

thousand
three

hundred
and

seventeen
miles
of
ir

rigating
ditches
in

the

valley

The

clevelopment
is

due

almost

egclusively
to

private

and

community
enterprise
About
a

hundred
thousand
acres

are
in

grain
and
the

same

amount
in

alfalf

There
are

about
twenty

thousand
acres
in

fruits
and

twenty

thousand

in

sugar
beets
the

lattei

developed
within
the

last

four

years
Too

much
can
not
be

said
of

the

sugar
beet

industry

r

hich
has

assumed
almost
the

first

place
among
the

agricul

tural

industries
of

this

portion
of

the

state

During
the
last

ear
the

output
of

the

sugar

factories
at

Rocky
Ford
and

Sug
r

City
were
by

more
than

twenty
five
per

cent

reater

than
any

previous
year
and
it

is

probable
that

another
fac

tary
will
be

located
t

some
other
point
iu

the

valle
y

before

long
as

the

product
is

rapidly

approaching
the

limit
of

ca

pacity
of

the

present
factories

It

may
be

interesting
to

know
so

ething
of

the

cost
of

raising
and

delivering
beets
to

the

factory
in

this

section

7

he

follo
vin

estimate
has

been

compiled
after

careful
study

of

the

conditions
here

The

expenses
are
as

follows

Rent
of

land
Per

acre

5

00

PreParing
land

2

50

One

winter

irrigation

Three

summer

irrigations
Harrowing

three
times

SeedSeedingCultivating
five

times

Fiunching
and

thinning
by

contract
labor

Hoeing
by

contract
labor

Pulling
and

topping
by

contract
labor

Plowing
up

beets

HaulingTotal
cost
per

acre

507575

3

00
2

50

s

o0

6

O1

s

o0

1

75

6

00

s

o

io

STATE

ENGINEE
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The

production
per

acre

where

ordinary
care
is

used

will

average
fifteen
tons
per

acre

which
means
to

the

grower

75

per

acre
gross
or
a

net

profit
to

him
of

35

Beets
grown

by

irrigation
apparently

contain
a

greater
per

cent
of

sugar

than
those
growx
in

the

humid
regions
the

great

number
of

hours
of

sunshine
producing
a

large
per

cent
of

sugar
The

percentage
of

sugar
in

our

beets
is

said
to

be

not
less

than

eighteen
per

cent

while
the

production
seldom
falls

below

ten

tons
per
acre

SUGA
CITY

Less
than
three
years
ago

Sugar
City
did
not

egist
It

now
has

about
2

500

inhabitants
due

almost
entirely
to

its

sugar

industry
The

Sugar
City

factory
owns
or

controls

twelve

thousand
acres
of

land

watered
from
the

Colorado

Canal
which

during
the
low

stage
of

water

receives
water

from

Henry
lake
and
the

Twin

Lakes

reservoir
at

Racky

Ford

Where
a

careful
record
is

kept
by

each

farmer
the

highest
amount
paid
for

any
one

acre
was
in

1900
128
69

the

number
of

tons

being
26

with
an

average
of

18
2

su

ar

and
of

purity
85
6

In

1901
the

largest
amount
paid
for
the

yield
of

one

acre
was

146
64

the

number
of

tons

being
28
4

the
per

cent
of

sugar
19

and

purit
84
85

As

the

entire
crop

has
not

been

harvested
for

1902
we

have
no

record
for

this

year
It

is

egpected
however
that
the

average
yield
will

egceed
that
of

the

past
two

years
The

factory
egpects
to

produce
27

000
000

pounds
The

invasion
of

the

sugar
beet

has
in

no

wise

curtailed
the

production
of

cantaloupes
and

watermelons
It

is

safe
ta

say

that
350
000

was

received

for

cantaloupes
during
the

present
season
The

fruit
crop

in
I

remont
count
was

very
fine

and

conservative
estimates

place
the

value
of

the

fruit
crop
at

300
000
of

which
two

thirds
at

least
can
be

credited
to

apples

The

grain
crop

durin
the

past

season
is

probably
con

siderably
below
the

average
The

acreage
is

less
and
the

weather

conditions
especially
in

the

higher
pla

teaus
were

unfavorable
Corn
alone
of

the

grains
would
prob

bly
eg

ceed
the

average
yield

The

yield
of

alfalfa
also
is

probably
less

than

usual

owing
to

the

fact
that

many
alfalfa
fields
have
been

broken

up

and
put
into

beets
and

cantaloupes

The

market
gardens
of

this

district
are

quite

important

considerable
of

the

product
being

shipped
to

the

mountain

towns

tributary
to

the

valley
The

production
of

honey
is
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enormous
and
ma

amount
this
year
to

100
000
In

qualit

the

product
is

unexcelled

The

large

amount
of

unoccupied
land
in

the

valley
af

fords
finest

summer
and

winter
food
for

stock
while
the
al

falfa
corn
and
beet
pul

supply
foad
for

fattening
cattle

Not
less

than

twelve

thousand
head
will
be

fattened
at

the

sugar

factories
by

Colonel
Lockhard
and
the

Nuckolls
Pack

ing

houseThe

cRnnin

factories
have

increased
their

outputs
and

are
in
a

very

prosperous
condition

rhe

subject
of

reservoirs
in

the

arid

regions
is

one

upon

which

volumes
could
be

written
and

then
the

half
of

vhat

sbould
be

generally
lznown
would
not
be

told

The

egperiences
of

the

season
of

1902

through
which

s

e

ha
re

just

passed
have

abundantly
demonstrated
the

great

value
of

storage

reservoirs
Without

stored
tivater

agricul

ture
in

the

Arkansas
valley

would
have
been

almost
a

fail

ure

durinb
the

past

season

rhe

construction
of

good

storage

reservoirs
is

the

ey

to

the
irri

ation

problem
For

many

reasons
mountain
res

ervoirs
are

generally
superior
io

those

constructed
on

the

plains

11Tountain
reservoirs
are

nlore

easily
filled
with

ater
and
as
a

rule
are
in

less

danger
from

cloudbursts

they
are

less

likely
to

be

filled
with
silt

and

debris
than
are

the

reservoirs
of

the

plains
and
the

losses
of

water
b

eat
as

a

e

and

evaporation
therefrom
are
not

nearly
so

b

are

such

Iosses
from

reservoirs
in

the
low

altitudes
Under

ordinary
conditions

mountain
reservoirs
are

quite
likel
to

be

filled
with

ater

each
year
if

the

drainage
areas
from

hich
they

are

supplied
are

reasonabl
large

The
best

demonstration
afforded
in

the

ArkanSas
valley

of

the

value
of
a

inouutain
rE

ser
ir

is

tl

at

onderful
stor

abe

basin
knor
n

as

the
T

in

La1
es

reservoir
situated
hi
ii

in

the

mountains
on

one
of

the

important
tributaries
of

the

lrkansas
river

During
five

days
in

Ma

when
the

order

hacl

bone
forth

permitting
the

storabe
of

water
in

re

ervoirs

this
x

eservoir

impounded
qliite
five
feet
in

depth
which
cov

ered
an

area
of

over
2

200

acres

When
it

is

remembered
that

dnring
the

year
just

closing
there
vere

only
eight
days
dur

ing

vhich
water
could
be

diverted
for

storage
in

reservoirs

it

ill

be

seen
how

important
it

is

that
the

reservoir
com

panies
should
be
in

condition
to

store
zvater
on
a

moment
s

notice

During
the

year
1902

vhen
the

streams
carried
mor

vnter
than
as

needed
for

imulediate
irrigation
and
ht
nc
e

STATE

ENGINEEIt
OF
C

1LORAllQ

1

ater

available
f

or

stora
e

such

excess
of

water
was
due
to

great

cloudbursts
The

immense
volume
of

water
in

the

streaiu

channels
due
to

cloudbursts
washed
out

headgztes

and

dams
of

some
of

the

diverting
ditches
in

the
lov
er

val

ley
so

that

these

ditches
vere
not

available
to

their
fuli

capacits
for

the

conreyance
of

water
from
the

streams
to

the

reservoirs
of

the

plains
This
was
not
the

case
vith

some
of

our

mountain
reservoirs

notably
the
T

vin

Lakes

reservoir
As
a

rule
the

ditches
which

supply
our

reser

voirs
upon
the

plains
are
not
su

iciently
large

This
also

as

demonstrated
this

season
Upon
severa
l

occasions
we

had

from
thirts

thousand
to

forty

thousand
cubic
feet
of

water
er

second
that
was

absolutely
lost
to

the

irriga
tors

in

the

state
of

Colorado
and

tivhich
was

wasted
in

the

great

sand
beds
of

Kansas
because
the

canals
in

Colorado
conctuct

ing

waters
from
the

Arkansas
river
to

the

reservoirs
of

the

plains
were
not

sufficiently
large
to

conduct
these
floocl

waters
from
the

streams
to

the

reservoirs
during
the

short

period
of

excessive
flood
w

ters

Where
the

conditions
exist

hich
do

exist
in

the

Arkan

sas

Valley
it

seems
to

me

unwise
for

the

government
to

build

reservoirs
and

construct
new

ditches
for
ihe

irrigaiiori

of

new

lands
until
after

sufficient
vater
has

been

impounded

to

irrigate
all

the

lands
now

lying
under
ditches
and

capa

ble
of

bein

watered
by

the

irrigation
works

already
con

structed
Today
in

this

valle
ive

have

neither
water
nor

reservoirs
sufficient
for
the

land

alread
y

under
ditches
It

certainly
seem
s

better
to
e

pend
our

money
and

energv
in

the

construction
of

reservoirs
for

cllpplying
ditches

already

construeted
than
to

expend
part
of

that

inoney
in

the

con

struction
of

unnecessary
ditches

In

connection
with
the

holding
back
of

the
u

aters
which

fall
u

on

chur

mountains
I

personally
saw

demonstrated

in
a

small
way

some
twent
y

three
ears
ago
in

the

north

vestern
country
the

forminb
of

artificial
ice

sheets
and
gla

ciers
by

means
of

the
wa
ter

carried
in
a

placer
ditch
the

ater
of

this

ditch
was

spilled
on

the

north
side
of
i

moun

tain
the

flow
of

the

davtime
being

frozen
at

night

I

believe
that
the
tal

ing
out
of

ditches
near

timber
line

in

our

valley

running
the

water

diverted
by

such

ditches

to

the

north
sides
of

the

mountains
properlv

discharging
thE

water
so

carried
at

different
points

along
the
line
of

the

ditcl

so

that
it

would
sink
into
and

drain
down
the

moutain
side

and
as

the

weather
grew
colder
freeze
a

nd

continue
to

freeze

formin
ice

sheets
or
rr

inature
glaciers
would
be
a

success
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ful

storage
method
The
ice

sheets
or

glaciers
thus

formed

would
of

course
melt
as

the

seasan
grew
warm
r

and

supply

a

continnous
amount
of

water
until
late
in

the

summer
This

plan
of

water
storage
could
be

carried
out
in

drainage
basins

not

supplied
with
good

reservoir
sites

Any
plan
for

storing
water
or

holding
back
until

needed

for

irrigation
the

waters

precipitated
upon
our

mountains

is

worthy
of

the

most

earnest

consideration
of

our

people

VATER
LAWS

2

he

entire

farming
industry

together
with

many
other

industries
including
the

canning
industry
a

nd

the

sugar

beet

industry
depend
upon

irrigation
and
the
irri

ation
of

the

lands
upon
which
these
crops
are
r

ised

depends
upon

the

ditches
and
the

water
la

ws

governing
the

distribution

of

water

Water
is

distributed
according
to

priority
of

ap

propriation
and
a

farmer
with
an

early
right
can

have
water

whenever
he

needs
it

This
law
of

priority
of

appropriation

has

been

moclified
to

some
egtent
by

statute
which

recognizes

the

borz

owing
of

water
so

that
a

farmer
who
is

not

entitled

to

tivater
under
the

priority
rights

enjoyed
by

his

ditch
mav

have

water
for

his

crops
if

his

ditch

company
can

borrov

vater
from
some

other
ditch
so

enjoying
earlier
rights
That

la
v

which

permits
this

borrowing
and

lending
of

water
is

one
of

the

avisest
one
of

the

best
ever

placed
upon
the

statute

books
for

the

bood
of

the

farmer
That
this

statement
is

true
has

beeu

thoroughly
demonstracted
bv

the

egperience

of

this

season
in

the
Arl

ansas
Valley

The

year
1902
has

been
one
of

great

drought
perhaps
no

reater

drought
has

been

known
in

the

history
of

the

state

springs
and

streams

dried
up

that
vere

never
known
to

fail

before

because
of

the

hot

weather
and
lack
of

moisture
During

this

season
hun

dreds
of

acres
had
to

be

replanted
and
but
for
the

egchange

of

rater

between
ditches
there
would
have
been
great
dam

age
to

crops
of

all

kinds
in

this

valley

including
the

sugar

Ueets
in

many

localities
and

thousands
of

acres

planted
ta

sugar
beets
would
have
been

replanted
to

alfalfa
land

prices

decreasing
from
100
to

200
an

acre

down
to

35

an

acre

because
of

such

changes
No

greater
disaster
to

the

Arkan

s

s

Valley
could

happen
than
a

repeal
of

the

law

permitting

the

loaning
of

water
by

ditches
When
that
law
was

placed

upoa
the

statute
books
of

Colorado
it

did

more
to

enrich

the

Arkansas
Valley
in

Colorado
than

any

other
law

and

ir

creaspd
the

value
of

the

lands
of

the

valley
by

milliona
of
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dollars
Too

much
pra
ise

can
not
be

given

framers
and

sup

porters
oi

that
lawAcknowledging

the

courtesies
egtended
this
o

ice
by

yourself
and

your

assistants
and

taking
this

opportunity
to

thank
th

water

commissioners
of

tiYater

Division
No
2

fur

their

friendly
and
able
co

operation
in

the

work
of

dis

tribui
iu

the

waters
of

the

division
and
of

gathering
irrig

tion

siatistics
I

am

sir

Very

respectfully
your

E

R

CgEw

Superantendent
of

Irriyation
Division
No

Pueblo
Colo

November
1

1902

The

commission
er

of

District
No
10

reports
very
little

wa
ter

The
l

Zonument
reservoir
built
by

the

state
was

opened
iTay
21

at
i

p

m

reached
Colorado

Springs
May

22

at
9

p

m

On
t

e

23d

water
was

given
to

ditches
with

priorities
Nos
41

29

and
31

on

i2ay
24
to

ditches
Nos
16

27

and
50

These
had

water
until
the

26th

when
a

storm

brol
e

out
all

ditches
about

three

thousand
acres
were
irri

gated

however
fro
n

the

reservoir
On

July
26

the

reservoir

was
a

ain

opened
and
on

the

27th

ditches
Nos
29

and
3I

receiS
eci
a

ater
for

forty
eight
hours
when
it

was

given
to

Nos
l

and
27

On

the

31st

twelve
feet
was

given
to

ditch

No
1G

7

he

reservoir
water
was
shut
off
on

August
2

Dur

ing

this
run

about
two

thousand
acres
were

irrigated

J

Fiouston
of

District
No
13

appears
to

have
had

soinething
of
a

time

himself
He

says
on

October
1

We

are
still

having
lots
of

trouble
about
water
I

will
be

pleasec

tvhen
the

season
comes
to

and
end
and

trust
it

will
be
a

long
time

before

another
such

strikes
this

country
I

anY

sure
7

ba
e

fallen
out

with
more

people
this

summer
thau

in

any
ten

years
of

my
li
e

and
all

from

trying
to

do

right

is

what
hurts
If
I

had

done

wrong
inten
ionall
I

would

have

egpected
quarrels
and

dissatisfaction
However
it

will

soon
be

over
and
T

suppose
I

ought
to

be

thankful
that
I

am

alive
T

J

Burrows
of

District
I4

reports
that

about
fifty

per

cent
of

the

normal
flow
was
in

the

Arkansas
river
at

Pueblo

during
the

year
1902
On

14Tay
26
a

cloudburst
on

Fountain

creek

washed
out

good
many

headgates
and

bridges
Notice

given
early
in

the

spring
to

all

ditch

owners
to

put
in

head

gates
and

rating
flumes
had

generally
been

complied
with

Mr

Burrows
says
that
it

is

impossible
to

adhere
strictly
to
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tl

e

r

ating
tables
for

the

various
ditches
on

account
of

the

conuta
ntly

changing
conditions
of

the

shifting
sand

deposits

of

silt

etc

He

thinlis
the

water
commi
sioner
should
be

clothed
ith

discretion
in

the

matter
On

August
5

a

cloud

l

urst
in

the

vicinity
of

Cauon
Cit3

caused
a

flood
at

Pueblo

auiounting
to

thirty
five

thousand
cubic
feet

estimates
in

thc

State

Engineer
s

office

however
reduce
this

amount
more

i

han
t

venty
five
per

cent
A

considerable
increase
is

re

ported
iu

the

acreage
in

sugar
beets
and

other
crops

11Z

C

Goss
of

District
No
15

suggests
that
the

Attorney

General
should
be

constituted
legal

adviser
for

the

ater

commissioners
Fie

thinks
the
law

requiring
headgates
and

rating
flumes
is

unsatisfactory
and

suggests
that
the

water

commissioners
should
put

these
struc
ures
in

and
that
the

debt
so

created
should
be
a

lien
on

the

ditch

J

W

Bo

vman
of

District
No

17

reports
very
low

vater
but

extreme
floods
The

alfaifa
crop
is

limited
to

two

c

u

tings
The

acreage
in

sugar
beets
was

inuch

greater
being

about
18

000
for

both

factories
and
the

average
yield

fiiteeu

toi
s

canteloupe
crop

was
the

best
in

the

histor
of

tlie

valley

W
A

Garner

commissioner
of

District
No
19

has
had

considerable
trouble

during
the

past
year
He

reports
that

ie

had

little
or

no

wa
ter

had
few

lawful

headgates
and
no

ratinb
flumes
in

his

district
He

ordered

headgates
and

flumes
put
in

but
his

orders
were

ignored
He

closed
the

water
out
of

the

ditches
b3

mea
ns
of

picks
and

shovels
and

the
y

were

immediately
opened
F3e

appealed
to

the

district

attorne
to

prosecute
the
e

people
The

district
attorney

at

first

believed
there
was
no

law

which
could
reach
them

Later
he

prosecuted
one

part
y

for

opening
his

ditch
The

conrt

decided
that
the

decrees
in

the

District
Court
ere

void
and
that
he

people
would
be

permitted
to

take

water
as

the
y

pleased
To

quote
1

7r

Garner
he

then
says

within
a

trery
few

days
after
the

conrt
ruled
that

ditch

decrees
were

void

upon
petit
ron
of

the

city
of

Trinidad
the

same
judge

and

court
made
an

order
of

injunction
served
on

ditch
users

to

close
their

ditches
to

allow
the

water
to

pass
the

headgate

of

the
city

water
works

This
was
done
and
the

city
still
con

tinnes
to

sell

water
to

railroad
companies
and
to

the

Colorado

Puel

Iron

Company
when
there
is

no

water

passirig
below

Trinidad
for

domestic
use
for

people
living

below

Previous

to

this
the

vater

commissioner
had

ordered
the

city
to

dis

continue
the
use
of

water
as

their

priority
was

such
that

theywere
not

entitled
to

any

The

mayor

flatlyrefused
to

obey

the

laws
and
the

district
attorney

refused
to

prosecute
It

STATE
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appears
that
Mr

Garner
has

done

everything
within
his

power

to

enforce
the

laws
and
his

failure
has

been
due
to
a

lack
of

support
from
the

district
att

orney
and

from
the

courts
Mr

Garner
further

says
the

users
of

water
do

not

want
their

ditches
closed
a

nd

locked
the

want
them
left

open
all

the

time
and

they
are

very
much

determined
to

keep
t

hem
open

the

requirements
of

the
lativ
and

tivork
of

the

commissioner

notwithstandin
The

amount
of

2

50

for

pay
of

deputies

is

not

sufficient
to

secure
the

services
of

good

faithful
men

iVlen
who
a

re

competent
can
do

better
at

vork
and

business

In

thi

district
the

work
is

very

unpleasant
and
also
here

the

eYpenses
are

about
as

much
a
s

the

pay
now

allowed

George
B

Wick
of

District
No
67

rep
rts
a

flood
on

liay
28

estimated
a

50

000

cubic
feet

which
carried
a

va
y

the

headgates
of

the
A

mity
and

Graham
cana
ls

On

June
30

July
28

and

August
7

the

district
again

suffered
from
floods

all

causinb
more
or

less
loss
and

damage
He

reports
the

acreage
limited
to

crops

greater
than

heretofore
but
the

ield

diminished
owing
to

the

breal
ing
of

the

Amity

headgate

lTr
j

ick

recomn7ends
fall

irrigation
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REPOIi
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STJPERINTENDENT
OF

IRRIGATION

DIVISION
O

3

Hooper

Colorado
January
25

1902

Io
T

J

I

IcCuv
State

Enyineer
De

zver

Colorccdo

I

ear
Sir
I

herewith
submit

my

report
as

superintend

ent
of

irribation
of

Water

Division
No
3

known
as

the
Rio

Grande
Division
together
with

reports
of

the

various
dis

trict

commissioners
in

my

division
namely

districts
Nos

20

21

22

24

25

26

27

and
35

You
tivill
fiud

reports
of

ll

coinmissioners
with
the

exception
of

John
C

Dalton

of

District
No
22

who

refuses
to

make
report
to

me
or

at

least
pa
Ts

n

ttention
to

my

demands
for
a

report
I

might

sav

here
that

waiting
and

trying
to

get

his

report
is

the

c

ause
of

the

delay
in

iny

repart

I

have

experienced
much

difficulty
in

obtaining
the

data

necessary
to

make
such
a

re

ort
as
I

presume
you

woulcl

lilie
to

have
s

it

was

necessary
to

depend
e

clusively
upon

vater

commissioners
in

the

various
districts
and

inasninc

as

there
is

no

provision
made
for
the

payment
of

services
of

water

commissioners
rendered
in

preparing
these

reports

mnnj
of

the
n

have
iven
it

ver
y

little

attention
11

Iany

ditches
decline

absolutely
to

sive
this

office
any

information

hatever
as

to

the

cost
of

maintaining
and

operating
their

ditches
their

excuse
being
tbe

assessor
might
get

hold
of
it

and

raise
their
valua
tion

7

here
has

been
no

rating
done
in

any
of

the

districts

in

m
y

division
in

1901
but
we

have

notified
every

ditch

otivner
or

oper
tor
as

required
by

the
law

passed
by

the

last

tieneral
assembly
that
tive

vould
not

deliver
water
to

any

ditch
for

the

season
of

1902
until

they
had

fully

complied

with
the

law

rhis
law
is

oing
to

be
a

great
help
to

com

missioners
in

disti

ibuting
water
and
in

my

opinion
should

be

enforced
to

the

letter
We

have
had
a

case
or

two

under

the

new
law
in

regard
to

tampering
with
l

eadgates
and

stealing
ater
and
I

am

sori
y

to

sa

have
been

beaten

STdT

NGINE
OF

COLORADO

g3

The
law
is

not
yet

what
it

should
be

However
I

do

not

pretend
to
be
la

wyer

enough
to

propose
an

amendment

The

water
supply
for

1901
has

been
the

shortest
kno
vn

in

this

division
for

years
and

especially
in

District
No
20

being
less

water
passed
the

government
measuring

station

at

Del

Norte
than
ever

known
since
the

station
was

estab

lished
The

commissioners
did

egtra
well
in

handling
the

water
and
did
it

to

the

satisfaction
of

the

users
but
at

the

best
our

crops
were
cut

short
over
half

The

district

irrigation
and

reservoir
law
is

being
agi

tated
a

great
deal
in

this

division
but

there
is

some
diffi

culty

between
our

country
and

Megico
in

regard
to

the

rights

to

the

waters
of

the
Rio

Grande
our

main
water
source
that

has
in
a

measure

discouraged
our

people
We

would
be

pleased
to

see

this
case

which
we

understand
is

no

in

the

courts
pushed
to

some

ending

Prospects
for

1902

while
not

flatterinb
are

reasonablz

good
as

the

last
few

days
we

have

reports
of

considerable

snowfall
on

the

heads
of

both
the

Rio

Grande
and

Conejos

tivhich
means
lots
of

early
water
if

it

does
not

hold
out
all

season

Respectfully
submitted

WESL
Y

ST
iL
Y

In

Division
No
3

F

W
S

anson

commissioner
of

Dis

1

rici
No
20

reports
that
he

had

considerable
trouble
in

bet

ting

measuring
flumes
and

head
a

tes

ut
in

He

succeeded

in

getting
over
fift
y

put
in

which
is

about
half
of

that
nec

essary

Undecreed
ditches
tal

ing

water
have
been
an

an

noyance
especially
as
it

seemed

impossible
to

secure
a

con

viction
for

infractions
of

the

law

One

method
of

securing

water
was
to

build
dams
across
the

streams
Mr

Swanson

complains
that
it

is

impossible
to

get

good

deputies
for
the

amount
allotived
t

iem
for

their

services
He

recommends

that
each

deputy
be

furnished
with
a

eld

book
11

Ir

Swan

on

has

also
had

trouble
in

collecting
his

expenses
and
per

iiem
from
some
of

the

counties

Co

nmissioner
Albert
of

District
No
24

says
that
1902

was
the

dryest
since
1879

The

crops
were
not

over
two

thirds
oi

the

average
Three
arrests
were
made
of

persons

taking
wa
ter

illegally
It

is

refreshing
to

learn
that

these

vere

convicted
and

fined

J

M

Pitzer

commissioner
of

District
No
25

reports

a

serious
shortage
of

water
He

says
that
he

practicallv
had
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to

sit
on

the

headgates
in

order
to

give
the

proper
ditches
the

water

belouging
to

them

In

Division
No
4

Louis

Jarrett
of

District
No
34

re

ports
that

consi

erable
water
was

wasted
in

his

district

although
the

supply
was

very

limited

Considerable
of

his

time
was

occupied
in

distributing
reservoir
water
He
re

ports
that
two

dollars
and

fifty

cents
is

insu

icient
for
the

employ
of
a

deputy
He

had

trouble
in

keeping
the

head

ates

closed
but

succeeded
in

getting
his

district
fairly

well

supplied
with

rating
flumes
and

headgates
The

commis

sioners
of

Dolores
county

notified
Mr

Jarrett
that
he

had
no

jurisdiction
in

that

county
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Noven7ber
19

1902

lfx
A

J

l

cCuvE
Dear
Sir
I

herewith
submit

my

final
rel
ort
for
the
sea

sons
of

1901
and
1902
In

the

spring
of

1901
there
was

plenty

of

snow
in

the

hills
to

inake

sufiicient
water
for
the

season

bu

the

continuous
warm
rains
in

the
ea

rly

spring
melted

the

snow

earlier
than
usual
so

that
the

vater
fell

very
rap

idly

after
the

rain
had

ceased

causing
to

become
ver

low

by

the

last
of

June
and

after
that
date
there
was
not

enough

water
to

supply
one
half
the

ditches
in

the

division
In

the

spring
of

1902
there
was
ver
y

little
snow
in

the

hills
and
the

trouble
over

vater
began

early
in

the

season
and

cbntinued

all

summerThe

districts
in

this

division
vith
the
e

ception
of

Na

33

are

much
too

large
for

one
or

even
two

men
to

handle

some
of

the

ditche
being
ninety

miles
apart

making
it

impos

sible
for
the

commissioner
to

give

satisfaction
and
it

is

im

possible
to

hire
a

capable
deputy
for
2

50

per

day
as

the

eYpenses
would
eat

up
t

he

salar
y

Then
the

county
commis

sioners
in

some
of

the

counties
interfere
with
the

water
com

micsioner
threatening
to

cut

their
bills
etc

making
it

hard

for

the

superintendent
to

get

bood

results
rom
the

work

But
I

believe
the

water

commissioners
in

this

division
have

done
their
best
to

give

satisfaction
and
I

would

especially

i

ecommend
11

Ir

Lewis

Jarrett
of

District
No

34

I

have

been

treated
well

by

the

commissioners
of

La

Plata
county

but

have
never

received
one

cent
from
either

Montezuma
or

rchuleta
counties
though
I

have

judgments
against
both
of

tliem
for

last
ear
s

pay

There
are

some
of

the

best

reservoir
sites
in

Montezuma

and

Archuleta
counties
that
can
be

found
anyt
here
but
the

farmers
are

slow
in

taking

advantage
of

them
I

expect
be

cause
of

lack
of

capital

Vith
this
I

ill

send
the

last
crop

report
received
b
p

me
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Tha

nking
you

very

much
for
the

advice
and

assistance

you

have
given
me

from
time
to

time

I

remain
yours

E

D

SAMAIN

In

Division
No
5

commissioner
s

report
is

as

follows

DTr

rravert
of

District
No
39

says
his

report
is

incom

plete
as

he

spent
almost
all
of

his

time
on
Ri
e

creek
He

complains
that

VIesa
count
y

has

refused
to

pay
his

bills
so

that
he

and
his

deputy
have
been

working
on

half
pay

all

summer
E

Obert
of

District
No
41

reports
an

unprecedented

shorta
e

of

water
He

complains
that

great

injustice
is

done

District
No
41

by

the

district
abovet

viz

District
No
68

in

tal
in

all

the

water

whenever
the

river
is

low

The

Cimarron

ditch
is

nearly

compleied
and
will

bring
into
the

valley
fift

cubic
feet
of

water
dnring
the

dry

season
The

Bonnie
res

ervoir
is

about

completed
the

rater
from
hich
will
be

used

on

Garnet
mesa
east
of

Delta

S

S

Sease
of

District
No
42

reports
an

unprecedented

drs

season
with
no

snow
in

the

mountains
and

little
flood

water
He

was

called
out
two

months
earlier
than
usual
He

found
the

most
dif

cult
y

in

separating
the

reservoir
water

usin
the

natural
channel
as
a

conduit
from
the

natural
flow

especially
vhere

several

reservoirs
were

tnrning
water
into

he

same

stream
He

recommends
the

consolidation
of

reser

voir

interests
under
these

canditions
He

says
that
the

reser

voirs
are
of

great
alue
to

the

districts
Take
ihe

reservoir

out
of

the

Plateau
valley

and
the

result
would
be

that
thou

sands
of

acres
of

land
no
v

in
a

state
of

fair

cultivation
on

which
are

located
happy

and

prosperous
homes
would
soon

become
a

desert
waste
Too

much
can
not
be

done
to

encour

age
the

construction
and

empounding
of

flood

waters
He

reports
that

waters
from
Leon
lake
have
been

diverted
to

the

Delta
side
of

Grand
iVlesa
to

the

injury
of

appropriators
on

Plateau
creek
and
tha
t

12

000

acres
of

crog
were

injuriousl
y

affected
b
y

this

diversion

rhe

crop

conditions
were

fairly
good

especiall
fruit

and

vegetables
The

shortage
of

water
has

taught
the

farmers

how
to

use
it

judiciously
a

nd

economically
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McCuNE
State
Engi
ieer

Denvery
Cobo7
ada

Dear
Sir
I

have
the

honor
to

present
to

you
my

report

as

superintendent
of

irrigation
of

Rio

Grande
Division
Na
5

for
the

irrigation
season
of

1901

together
with
the

several
re

ports
of

the

water

commissioners
on

duty

It
is

said

that
by

the

past
we

may

judge
the

future

This

quotation
may

appl
to

some

phases
of

life

but
cau
not

be

satisfactorily
applied
to

irrigation
seasons
For
if

we

judge
the

coming
season
by

the

preceding
one
it

will
be
in

variably
the

rejrerse
of

our

egpectations
The

irrigation
sea

son
of

1900

opened
with
the

water
sheds
of

this

division

heavily
covered
with
snow

which

promised
an

abundance
of

water

throughout
the

year

But

warin

southerly
winds
and

excessively
hot

spring
weather
soon

reduced
the

snow
in

the

hills
so

that
b

June
of

that
year

ater

became
short

through

out
the

division
and

remained
so

until
the

close
of

the

season

Nineteen
hundred
and
one

opened
with
less

flattering
pros

pects
with
a

cold

bacliward
spring

which

retarded
the

melt

ing
of

the

snow
and
gave
us

throughout
the

season
an

abund

ance
of

water
in

nearly
all
of

the

districts
in

the

division

which

resulted
in

giving
to

the

division
abundant
crops
and

a

satisfactory
delivery
of

water

In

seasons
such
as

1901
at

is
a

pleasure
for
the

irrigation

o

icers
to

discharge
their

duties
as

we

find
the

water
con

sumers
willing
to

allow
the

commissioners
to

distribute
the

wa
ter
in

accordance
with
the

decrees
and

ready
to

comply

with
their

orders

concerning
the

putting
in

of

headgates
and

the

repairs
of
sa

me

This

condition
of
a

ffairs
not

only

enables

the

commissioners
to

properly
diacharge
their

duties
but
de

creases
the

egpense
on

the

several
counties
embraced
in

the

division
through
the

fact
that

fewer

deputies
are

required

I

ha
ve

been

enabled
this
year

through
the

efforts
of

the

several

commissioners
to

acquire
data
of

the

undecreed
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ditches
of

the

division
also
the

reservoirs
which
are

now
in

operation
This
data
I

hand
you
on

separate
sheets
repre

senting
each

district
reporting

The

crops
raised
under
these

undecreed
ditches
are
not

included
in

the

commissioner
s

an

nual

report
which
is

tabulated
herewith
I

call

attention

to

this
as
it

will

materia
11y

increase
the

crop

returns
from

the

division
and
will

more

accurately
determine
the

water

duty
in

each

ciistrict
These
reports
on

non

decreed
ditches
and
i

eservoirs
will

also
give
a

clearer

conception
of

the
di

iculties
which
sur

round
the

water

commissioners
in

their

several
districts
in

the

distribution
of

water
in

times
of

shortage
to

the

decreed

rights
As

Preservation
is

the

first
law
of

nature
the
un

decreed
ditch
owner

believing
in

the
old

adage
and
with
the

addition
that
God

helps
those
who

help

themselves
he

therefore
gives
the

commissioner
no

end
of

trouble
and

annoy

ance
in

helping
himself
to

the

waters
of

the

streams
after

the

same
has

been

regulated
to

flo
v

into
the

decreed
ditches

To

add
to

the

embarrassing
position
in

which
this

places
the

commissioner
the

juries
before
whom
these

offenders
are

tried
Llnder
the

irribation
laws
of

the

state
in
a

great
many

cases

condone
the

offense
by

failing
to

convict
which
act

not

only

lessens
the

efficiency
of

the

water
service
but
en

courages
others
in

this

unlawful
practice
I

am

inelined
to

believe
however
that
it
is

more

leniency
on

the

part
of

jurors

toward
the

accused
than
a

desire
to

violate
their

obligation

as

such

The

laws
upon
our

statute
books
at

the

present

time
are

ample
to

reach
all
of

these

offenses
if

properly
ap

plied
and
I

am

convinced
that
as

the

people
become
better

a

cquainted
with
the

irrigation
law
and
its

application
that

they
will

guard
their
rights
to

the
use
of

water
as

the

would

their

personal
property
a

nd

will
give

evidence
to

convict

and

punish
the

unlawful
use
of

the

saiue

At

various
times
in

the

past
the

question
of

the

right

of

vater

commissioners
to

remove
dams
and

obstructions

from
the

natural
streams
or

water
ways
has

been
very

seri

ously

doubted
by

the

owners
of

ditches
who
have
had

occa

sion
to

build
dams
in

the
bed
of

the

streams
for
the

purpose

of

deflecting
the

water
toward
their

headgate
or

ditch
A

large

number
of

such
dams
have

caused
no

small

amount
of

worry
in

the

distribution
of

water
when
the

streams
were

low
as

they

occasion
an

increased
pressure
at

the

headgate

thereby
giving
an

increased
a

mount
of

water
to

ditches
not

entitled
to

the

same

thereby
depriving

those
lower
down
the

stream
of

their

lawful

proportion
I

have

before
me
a

case
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in

point

wherein

Commissioner
Obert
of

District
No
41

removed
a

dam
from
the

IIncompahgre
river
which
was
con

structed
by

the

Sunrise
ditch

Suit
was

brought
in

the

District
Court
of

the

seventh
judicial
district
against
Com

missioner
Obert
by

the

owners
of

the

ditch

claiming
they

were

damaged
to

the
e

tent
of

100

The
trial
of

the

case

was
had

before
Judge
Stevens
which
r

esulted
in
a

verdict

in

favor
of

the

commissioner
The

opinion
of

the

court
rec

ognizes
the

authority
vested
in

the

water

commissioners
to

use

their

discretion
as
to

tivhether
a

dam
is

an

obstruction
and

their
right
to

remove
the

same
I

give

herewith
Judge
Theron

Stevens
opinion

which
I

believe
is

well

worth

printing
for

the

benefit
of

water
nsers
and

water

commissioners
through

oi
t

the

state

State
of

Colorado
County
of

Montrose
ss

In

District
Court

Robert

Sampson
G

G

Russell
P

T

Stevens
and
L

A

Davidson
pIaintiffs

vsWilliam
Obert

defendant

Bill
of

particulars
amending

previous
notice
of

nature
of

action
con

tained
in

summonsPlaintiffs
in

this

action
are
the

joint

owners
and
in

possession
of

the

Sunrise
Ditch
an

irrigation
ditch

diverting
water
from
the

Uncom

pahgre
river

That
for
the

purpose
of

diverting
water
from
said

river
it

is

necessary
to

have
a

dam
in

said

river
at

the

point
of

diversion
That
on

September
24

1901

plainti
s

were
in

the

lawful

possession
of
a

certain
dam

of

the

value
of

twenty
dollars
that
was

constructed
and
in

use
by

the

plaintiffs
for

the

necessary
purpose
as

aforesaid
That
in

the

24th
day

of

September
1901

defendant
without

any

authority
wilfuily
and

unlaw

fully

demolished
injured
aud

destroyed
said
dam
all
to

the

plaintiffs
dam

age
in

the

sum
of

100
00

said

ditch
and

dam

being

located
in

said

county

and

state

TAE

ULING

Ruling
of

Judge

Stevens
in

Robert

Sampson
et

al

vs

Obert
The

evidence
shows
that
at

the

time
this

occurrence
took
place
there
was
no

water
in

the

river
that
the

plainti
s

were

entitled
to

and
that
the

water

commissioner
was

called
upon
to

have
the

water
turned
into
a

ditch

further

down
the

stream
which
was
an

older

priority
and

which
was

entitled
to

ali

the

water
that
was

running
in

the

stream
at

that
time

I

am

satisfied
that

under
the

law
the

commissioner
has
a

discretion

about
these

matters
and
that
he
ie

presumed
to

use

that

discretion
with

judgment
It

is

unquestionably
his

duty
to

see

that
the

water
is

properly

distributed
where
it

belongs
and
to

those
who
have
a

prior
right
to

its

use

in

doing
that
if

it

becomes
necessary
to

do
it

I

believe
he

has
the
dis

cretion
and

power
to

remove
any

obstructions
in

the

river
that

would
pre

vent
his

carrying
out

what
the
law

requires
him
to
do

and
if

it

was

necessary
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him
to

remove

obstructions
that
had

been

placed
there
even

though

they
may

have
been
oi
a

permanent
character
I

Uelieve
he

could
do
it

Unquestionably
also
a

river
di

ers

somewhat
from
the

highways
where

the

road

supervisors
have
full

authority
In

regard
to

highways
it

wouldn
t

be

presumed
that

any

obstructions
were

necessary
to

be

built
in

the

highway
in

order
that

those

adjoining
should

enjoy
the

full
use

and

beneflt
of

their
Yarms
and

premises
but
this

river
is
a

highway
for

carry

ing
the

water
and

there
is

no

question
but

those
who
are

entitled
to

divert

water
find
it

necessary
quite
often
to

put

obstructions
in

the

river
and

diverting
their
water
in

order
to

get
it

into
the

ditch
but

that

must
be

done
in

such
a

way
that
no

injury
will
be

done
to

others
and
the

stream

obstructed
to

such
an

eztent
that
it

will
be

diverted
from
those
who
have

a

prior
right
to

use
it

If

that
is

done

where
persons
obstruct
a

stream

in

that
way
I

regard
it

as

their
duty
and
for

their
own

protection
that

they

construct
in

connection
with
it

such

outlets
or

waterways
as

will

permit
the

diversion
or

flowing
through
of

all

the

water

without

obstruction
if

it

should
become

necessary
to

do
it

No

one
has
a

right
to

obstruct
a

atream

in

such
a

way
that
all
of

the

water
can
not
be

carried
through
such
ob

struction
without
waste
to

those
below
who
have
a

prior
right
to

use
it

Now
in

this

instance
the

evidence
shows
and
I

believe
fairly

shows

that
the

commissioner
attempted
to

perform
his

duty
in

getting
the

water

down
below
that

they
had
a

right
to

use

and
in

doing
so

as

he

testifies

he

thought
Uy

removing
the

obstruction
above
that
it

could
be

done
witli

less

damage
to

the

piaintiffs
than
to

remove
the

obstruction
at

the

head

gate
he

attempted
to

do
it

that
way

Not

being
able
to

do
it

that
way
he

was

then

forced
to

go

down
to

the

headgate
and

remove
a

portion
of

the

obstruction
that
had

been

placed
there
I

can
not
see

under
the

circum

stances
that
the

discretion
in

power
which
is

vested
in

the

commissioner

was

abused
in

this
case

From
the

evidence
he

seems
to

have
acted
from

his

best

judgment
and

used
his

best

judgment
People

sometimes
make

a

mistake
as

to

which
is

the

best

method
of

doing
these

things
and
the

law

under
such

circumstances
does
not

find
it

necessary
to

punish
a

man

for
a

lack
of

judginent
unless
by

such
lack
of

judgment
some
one
has

been

injured
to

some

extent
and

where

discretionary
power
is

conferred
upon

any
one
it

would
be
a

difficuit
matter
and

rather
an

unjust
matter
to

impose
a

penalty
where
there

might
have
been
a

lack
of

judgment
in

the

exercise
of

that

discretion
Now
upon
the

court
is

conferred

discretfonary

powers
and

sometimes
those

powers
are

used
and

exercised
with
not
the

very
best

judgment
in

the

world
as

we

aiways
understa
nd

and
yet
iP

a

court
keeps
within
the

bounds
of
a

legal

discretion
as

they
are

required

to

do

they
are
not

held

accountable
so
it

is

it

strikes
me

with
any

minis

terial

executive
or

judicial
officer

where

endowed
with

dfscretionary
power

if

they
do

the

best
they
can

under
the

circumstances
they

ought
not
to

be

held

accounta
ble

In

this

instance
however
I

don
t

believe
any
mis

take
was

made
I

am

inclined
to

think
that
the

commissioner
did
as

well

as

any
of

us

would
have
done

under
the

circumstances
and

possiblq
better

Now
it

isn
t

to

be

understood
that
the

court
holds
that

these

obstructions

can
not
be

placed
in
a

river

They
can
do

that
they
can
8z
it

so
a

to

turn

the

water
to

the

very
best

advantage
but

they
must
leave

some

spillway

so

in

case
of

necessity
they
can
run

every
drop
of

water

through
there
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So

under
the

circumstances
I

feel
as
if

the

commissioner
had
not

been

guilty
of

any

iliegal

egercise
of

power
and

discretion
in

the

matter
and

the

judgment
will
be

Por
the

defendant

I

take

pleasure
in

stating
that
each

commissioner
iu

this

division
has
to

the

best
of

his

ability

endeavored
to

discharge

his

duties
in

the

interest
of

the

water
users
and
the

credit
of

the

service
A

few
ho

ever

have
been
lag
in

the

matter
of

reports
whicli
is

to

be

regretted

The

commissioners
in

submitting
their

reports
afFer
the

fo1loR
ing

comments
E

E

DOYLE
Water

Commissioner
of

Uistrict
1
0

28

The

following
streams
have
been

somewhat
short

during
the

past

season
Razor

Neddle
Cabin
and
Hot

Springs
creeks

Water

conditions

have
been

fairly
good

Fourteen
or

flfteen
days

rainfall
The

general

condition
oE

the

ditches
in

this

district
is

good
the

Arch
ditch

carryin

an

eacess
of

two

hundred
inches
The

water
users
have

complied
with

my

instructions
a

d

I

have
met

with
no

difficulty
Affairs

were

adjusted
on

R

azor

creek
by
an

agreement
between
the

water
users

ANDR
w

KALRuisT
ater

Commissioner
District
No

37

No

report
GroxG

HuLL
VVater

Commissioner
District
No
38

The

irrigation
season
of

1907

being
ciosed
I

am

proud
to

report
tha
t

it

has

been
one
of

the

most

prosperous
years
in

my

experience
as

water

commissioner
five

seasons
The

early
part
of

the

season
looked
as

though
Che

water
supply
was

going
to

be

very

short
but

with
the

excep

tions
of
a

very
few

ditches
there
has

been
suH

icient
water
to

raise
an

abundant
crop
of

all

kinds
The

ranchmen
have

found
out

there
is

a

more

economicai
way
of

using
water
than

they
have
been
in

the

habit
of

doing

raising
the

same

amount
of

crop
and
in

some
cases
better

erops
thaa

when
they
used
too

much
water
I

have

argued
this

point
for
the

Last
five

seasons
and
I

am

positive
I

have
got

them
to

fully

realize
the

fact
that

they
can
get

along
with
less
in

some

localities
and

thereby
help
th
ir

neighbors
who

have
later

priorities
With
the

exception
of
a

few
m

nor

offences
my

authority
has

been
well

recognized
all

over
the

diatrict
If

the

headgate
and

rating
flume

law
is

enforced
by

the

State

Engineer
beYore

another
season
opens
we

will
still

have
a

better
and
a

more

satisfactory

method
oP

distributing
water
Itt

my

district
there
are

about
three
hun

dred

ditches
with

only
five

headgates
in

good

repair
and

about
thirty
tIve

rating
flumes
in

good

condition
If

we

could

influence
the

owners
of

all

ditches
to

erect
at

the

head
of

their

ditches
a

self

registering
device
it

would

dispense
with
all

litigation
and
ill

feeling
between
one

another
and

by
so

doing
my

district
would
be

living
in

peace
and

plenty
I

would
sug

gest
that
the

State

Engineer
and

Superintendent
of

Irrigation
use

their

influence
so

that
such

devices
may
be

constructed
in

every
ditch

where

there
is

trouble
over
the

division
of

water
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Water

Cominissioner
District
No
39

I

herewith
submit
my

report

stating
that
the

season

throughout

my

district
has

been

entirely

satisfactory
with
the

eaception
of
a

short

age
of

water
on

Ftoan
creek
The

crops
have
been
a

little
above
the

aver

age

There
is

a

feeling
of

general

satisfaction
among
the

water
users

throughout
the

district

I

IT

PAYNE
V

ter

Commissioner
District
No
40

The

season
of

1901
just

closed
has

been
a

very

profitable
one
to

our

fruit

growers
and

farmers
and
the

water
supply
has

been

generally
good

Owing
to

the

scattered
condition
of

my

district
I

mean
by

this
that
the

numerous
streams
which
flow

through
my

district
being
so

far

apart
and

running
in

so

many

different
directions
it

is

impossible
to

care
Por

and

distribute
the

water

without
a

large

number
of

deputies
And

again
the

additional
calls
made
upon
my

time
in

caring
for
the

numerous
reservoirs

which
are

located
on

the

Grand
Mesa

through
which
I

have
to

conduct

the

natural
flow
of

the

streams
upon

which
they
are

situated
so

as

to

keep
the

owners
of

reservoirs
from

impaunding
water
in

the

irrigating

season
You
will
note
by

reference
to

my

reservoir
report
that
on

the

head
of

Dirty

George
creek
I

have

eleven

reservoirs
On

the

head
of

Oak

creek
two

reservoirs
on

the

head
of

Kaiser
creek
nine

reservoirs
on

the

head
of

Ward
creek
ten

reservoirs
Young
s

creek
six

reservoirs
on

the

head
of

Surface
creek

sixteen

reservoirs
on

the

head
of

Leroux
creek
ten

reservoirs
Hart
s

basin
one

reservoir
These

reservoirs
are

located
from

one
to

twenty
five

miles
apart
and

from

twenty
to

thirty
miles
from
the

point
where
the

water
is

used

They
are

located
in

the

northern
part
of

my

district
thirty

miles
from
the

southern
portion
and

twenty
five

miles

from
the

eastern
The

western
end
of

the

district
is

located
at

Delta
a

distance
of

thirty
miles
from
the

reservoirs
I

give
this

outline
as
I

have
been

somewhat
criticized
by

the

county

commissioners
of

the

counties

interested
for

the

expense
incurred
in

employing
deputy

water

commis

sionersBut
it

is

impossible
to

get

along
with
a

less

force
I

also

submit

to

you
a

report
of

the

nondecreed
ditches

W
L

Os
tT

Water

Commissioner
District
No
41

In

my

report
of

this
year
I

wish
to

say

that
the

supply
of

water
was

better
than
usual
and

crops
have
been
good

There
have
been

many
trans

fers
of

water
from
the

early

ditches
to

the

late

ones

which
has

been
oi

great

benefit
to

the

district
The

severe

shortage
of

water
last

year
has

caused
two
new

enterprises
in

the

district
One
is

the

construction
of
a

ditch
from
the

Cimarron
river
to

bring
the

water
of

that

stream
into
the

Uncompahgre
valley
This
done
it

will

increase
the

water
supply
fiity
Peet

during
low

water
The

other
is

the

building
of
a

reservoir
to

supply
Gar

net

Mesa
The

reservoir
is

partly

constructed
and
the

amount
of

water

stored
therein
added

materially
to

the

water
supply
of

this

Mesa
this
year

and

work
is

now

progressing
on

both
of

the

enterprises
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There
are

two

water

districts
on

the

Uncompahgre
river

which

seems
to

me
is

contrary
to

law
but
if

not
it

is

certainly
contrary
to

the

best

interests
of

thia

district
for
in

my

opinion
the

waters
of
a

streani

so

short

should
be

run
by

one

commissioner
We
had

very
little

trouble

during
the

year
I

was
a

party
to

but
one

case
in

court
and
that
case
I

had
to

defend
as

suit
was

brought
against
me
by

the

Sunrise
Ditch
com

pany
for

removing
a

dam
out
of

the

river
to

get

water
to

an

earlier
ditch

down
the

river
The
case
was

tried
in

the

District
Court
and
I

was

upheld

by

said

court
The

decision
was
tkat
the

commissioner
has
the

right
to

remove
any

obstruetions
which

deprives
earlier

priorities
from

getting

full

benefit
of

the

river

channel
for

running
water

GEORGE
H

HALL

Water

Commissioner
Ditsrict
No
42

Reports
season
of

1901
as
a

very
good
and

prosperous
year

with

good

supply
of

water
Also

submits
reservoir
report
and

nondecreed

ditch
report
No

serious

difficulties
throughout
the

season

E

L

HousE
Water

Commissioner
District
No
45

In

snbmitiing
this

report
for

the

year
1901
I

would
say
we

have

had
a

good
yield
of

alfalfa

potatoes
grain
and

fruits
of

all

kinds

except

apples
about
haIf
a

crop
but

good

quality

Conditions
did
not

differ
very

materially
from
the

ordinary
season
I

began

regulating
water
April
26

My

services
were

needed
until

May
13th

From
that
time
until
June
21

there
was
an

excess
of

water
in

all

the

streams
After

July
10

there

always

bas

Ueen
and
was
a

shortage
of

water
this

season
As

the

supply
is

fur

nished
by

living

streams
except
ditches

taking
water
out
of

Grand
river

there
was
but

little

interference
with
head
gai
es

by

water
users
this

season
No

arrests
were
made

during
the

year

Neariy
all
of

the

decreed

ditches
have

headgates
and

weirs

There
are
a

good

many

ditches
used

that
have
no

decrees
no

headgates
or

weirs

They
only

expect
to

use

water
during
the

high

water
or

flood

season
It

would
be
a

good
thing
to

have

ditches
taken
out
of

the

Grand
river
to

irrigate
the
low

bottom
lands

as

the

prior
right
on

the

sma11

streams
is

nearly
all
at

the

mouth
of

the

creek

emptying
into
the

Grand
river

This
land

could
be

supplied
by

Grand
river
water
in

District
No
45

and
the

creek
water
be

given
to

the

ranches
on

the

Mesa

There
were

only
five

loans
or

transfers
of

water

made
this

season
owing
to

the

fact
that
we

had

more
rain
than
last
year

In

July
and

August
we

had

from

fourteen
to

fifteen
days
rain

along
the

Battlement
Range
The

Battlement
Water
Storage

company
has

done
con

siderable
work
on

No
1

dam
and

repaired
some
of

the

other
dams
and

will

have

double
the

amount
of

water
nezt
year

This
year

they
ran
an

average
of

seven
and

three
tenths
feet
of

water
for

fourteen
days

O

I

LEROU

Water

Commissioner
District
No

52

Submits
his

report

without
comments

A

R

PLOWMAN
Water

Cominissioner
District
No
3

The

Stewart
Irrigation
diteh
is

built
half
a

miie
in

the

Grand
river

and

during
hfgh

water
that
part
is

out
of

sight
A

gate

would
be

no

good
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Egeria
creek
got

down
to
2

5

feet
in

July
the

lowest
known
Cedar
creek

goes
dry
at

the

Iower
end

every
year

July
15

Toponas
creek
was
the
low

est
for
ten

years
all

but
one

ditch
shut
off
by

the

middle
of

July

Cabin

creek
was
dry
by

the

14th
of

June
but
the

last
of

July
a

heavy
rain
put

eight
feet
of

water
in

the

creek
for

two

days
and

graduating
to

one
foot

for
a

week

Sunnyside
creek
was

down
to
1

7

feet
up

the

creek
but

was

as

much
down
at

Sunnyside
ditch

although
part
of

the

water
in

the

lower

end
was

from

leakage
of

reservoir
of

the

Grand
River
Land
dc

Cattle
com

pany
now
S

H

Bacon
s

Horse
creek
was

about
as

usual
As

near
as

I

could
find
out

Little
Derby

Gulch
has

waste
water
from

Middle

Derby
creek
water

Raspberry
Gulch
is

fed
by
a

spring
during

summer
a

tributary
of

King
creek

Sutton
creek
was
drq

July
20

1901

McKeen

cre
k

flow

about
as

usual
On

this

creek
apple

crop

heavy
as

also

pears

apricots
pluma
and

crab

apples

Yarmony
creek
never
has

much
water

after
July
1

Rock
creek
was

lower
in

August
than
usual

Mason
creek

supplied
by

springs
Elk

creek
failed
the

last
of

June

about
two

weeks

earlier
than
usual

Middle
Derby

ditch
took

supply
of

water
from

North

Derby
until
that

failed

Could
not

find

Ohio
creek
none
of

the
old
set

tlers

know

anything
about
it

Trail
creek
about
the

usual

amount
of

water

Sweetwater
creek
about
the

same
flow
as

usual

Spring
Creek

about
as

usual

Haak
creek
a

little
lower
than
usual

Little
Black
Tail

creek
about
as

usual

Wright
Gulch
the

same
as

usual

Skinner
creek

lower
than

ordinary
Red
Dirt

creek
Sheep

creek

Antelope
creek
North

Derby
all

had
fair

runs
of

water
Mr

Bailey
s

water
wheel
in

the

Grand

river

above
McCoy
ran

from
the

first
of

May
until

August
1

It

empties

four
ten

gallon
boxes
every
one
and
one
half

minutes
and

irrigated
thirty

acres
of

alfalfa
I

am

sorry
to

report
that
I

had
to

have
one

man

arrested

Mr
J

P

Quinlan
and

8ned
for

opening
a

headgate
after
I

had

closed

the

same
The

rainy
season
lasted
from

eighteen
to

twenty
one

days
For

two

weeks
it

rained
every
day

The
first

crop
of

alfalfa
was

good

The

second
crop

was

better
than
for

some
years

Timothy
and

wild

grasa
were

short
I

think
this
was
on

account
of

the

nights
being
so

eold
in

the

early

spring
On

the

whole
the

crops
in

this

district
were
good

CZ

C

SYi
tv

t

jj

nter

Commissioner
llistrict
No
60

Conditions
in

District
No

60

were
in

fairly
good

shape

throughout

the

season
Some

friction
was

occasioned
in

the

distribution
of

water

by

lack
of

headgates
and

measuring
boxes
The

greatest
difficulties
eg

perienced
however
were
on

the

Naturita
Cattle

Land

Company
ditch

This
ditch
has

great
length
and
the

water
users
on

the

lower
end

coulcl

not

receive
sufficient
water
for
the

amount
of

land
in

cultivation
A

great

many

complaints
were
made
to

me

from
this

source
but
I

was

powerless
to

remedy
the

conditions
There
are

two

reservoir
a

in

my

district
The
Na

turita
Cattle
8c

Land

Company
s

Nos
1

and
2

Capacity
about
ten

million

cubic
feet
oE

water

M

VANDEGRIFT
ater

Commissioner
District
No
61

I

have
the

honor
to

submit
to

you
my

annu
l

report
for

1901
I

re

ceived
my

appointment
April
13

1901
and

took

charge
oY

District
No
61

sr

lr

rti
iti

LLA
oF

co
o

vo

99

Aprii
21

1901
Itt

assuming
the

duties
I

was

confronted
by
a

great
mauy

ideas

suggested
to

me
by

the

water
users
as
to

who
was

entitled
to

water

and

who
not

Aften
I

had

gone
over
all
of

the

ditches
and

located
all
of

the

headgates
and

learned
the

names
of

all

the

owners
I

found
that

the

@ecrees
differed
a

great
deai

from
what
had

been
told
me
I

saw
that

iP
I

followed
the

decrees
I

would
have

trouble
on

my

hands

There
was

aeither
a

headgate
or

measuring
flume
in

the

district
that

could
be

con

trolled
I

immediately
or@ered

measuring
flumes
in

ail

the

ditches
and

in

order
to

get

them
to

comply
with
the

order
I

was

compelled
to

refuse

some
oE

them
water
The

Farmer
s

ditch
the
P

T

Stevens
Land

Cattle

Company
s

ditch

bring
their
water
in

from

Geyser
creek
and

Deep
creek

emptying
it

into

Paradog
creek
The

water
supply
in

West

Paradog
creek

is
a

smail

amount
compared
to

that

decree

Seventeen
feet
is

the

amount

of

water

decreed
and
at

best

there
is

iqtt2e
more
than
half
this

amouat

in

the

creek

There
are

two

reservoir
sites

lbcated
in

Utah
the

waters

of

which
are

used
in

my

district
One
is

located
on

Geyser
creek
and

when
the

dam
is

eompleted
to

its

full

heighi
wiIl

have
a

capacity
of

five

hundred
million
cubic
feet
of

water
The
dam
of

this

reservoir
is

not

good

and
will
not

store
any

water
the

coming
season
The

other
which
is

also

in

Utah

covers
about
seven
acres
of

land
and
will
be

about
ten

feet

deep

when

completed
In

regard
to

the

ditches
there
is

not
a

goo8

headgate

in

the

entire

district
In

the

month
of

May

there
were
two

good
rains

on

the
6th

and
20th
In

June
a

good
rain
on

the

11th

Light
rains

occurred

on

the
9th

12th
25th
26th
and

30th
of

July

Rains
from
the
7th
to

the

15th
also
on

the

21st
of

August

September
it

rained
on

the
2d

and
5th

and

October
it

rained
on

the

5th

and
6th

These
rains

throughout
the

season
helped

materially
in

consequence
of

which
good
crops
were

raised

throughout
my

dietrict

H

S

HOLADAY
Water

Commissioner
District
No
68

Conditions
throughout
the

season
of

1901
in

mg

district
were
good

Very
little

complaint
was

made
to

me
by

water
users
The

result
of

the

season
was

good

crops
in

grasses
and

grain
and

geueral

contentment

among
the

ranchmen
As

districts
Nos
68

and
41

are
on

ihe

Uncom

pahgre
river
I

did

several
times

during
the

season
request
the

ranchmen

using
water
from
the

Uncompahgre
in

my

district
to

shut

down
their

headgates
and

allow
their
water
to

go
to

district
No
41

This
they
did

materially
assisting
that

districtRespectfully
submittedA

F

REES
ES

Superintendent
of

Irribation
of

Grand
River

Division
No
5

1Vlontro
se

Colorado
January
1

1902
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5

Fio

J

IcCurr
State
Em
gi

veer

Denver

Colorado

llear
Sir
I

have
the

honor
to

hand
you

my

report
as

suPeiintendent
of

irrigation
of

Grand
River

District
No
5

for
the

irrigation
season
of

1902

together
with
the

several

reports
of

the

water

commisaioners
on

duty
in

this

division

The

season
of

1902
will
pass
into
the

irrigation
history

of

the

state

showing
the

lowest
stream

gagings
in

the

streams

of

the

estern
Slope
for
the

past

twents
years
The

larger

stre
Lins

such
as

the

Grand
and

Gunnison
rivers
zvere
re

duced
to

abont
half
of

their

normal
flow
thus

indicating
the

condition
of

the

feeders
hich
in

the

majority
of

cases
if

not

totally
dry

were

nearly
so
in

the

early
part
of

July
The

valle

districts
ere

the
R

orst

sufferers
as

they
are
the

lo

est

down
on

the

streams
and
did
not
ha
ve

the

advantage

of

the

more

favored
mountain

districts
which
were

benefited

Uy
li

ht

rains

However
the

general
crops
did
not
fall
ver
y

far

short
of

the

aveiage
Dz

rin

the

months
of

Juue
July

ancl

August
the

commissioners
of

the

distriets

egperienced

great

difficnits
in

deli

ering
the

water
to

the

earlier
decrees

Demands
threats
and

proposed
action
for

damages
were

hurled
at

them
from
all

sides
But
it

is

to

be

said
to

their

credit
that
the

have

efficieutls
discharged
their

luties
and

conscientiously
delivered
the

water
in

accordance
with
the

decrees
as

they

understand
the

same

And

while
I

have

received
numerous

complaints
a

nd

have
been

called
upon
to

settle

differences
between
the

water

commissioners
and

water
users
I

have

found
in
a

majorit
of

these
cases
that

the

qnestions
arising

have
either
been

through
a

fault
in

the

decree
or
a

misunderstanding
as

to

its

application
or
a

desire
on

the

part
of

the
one

applying
for

relief
to

compel
the

commissioner
to

give
him
w

ter
to

which
he

was
not

entitled

I

might
here

say

that
my

egperience
as

superintendent
oE

ir

rigation
causes
me
to

wonder
how
it

is

possible
for

the
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ater

coinmissioners
to

give
any

better

satisfaction
than
the
y

now
do

Their
duties
are

only

ministerial
and

defined
b

statute
which

prescribes
the

limit
of

their

powers
While

the

decrees
as

rendered
in

the

different
judicial
districtfi

wherein
water
rights
have
been

adjudicated
would
if

liter

ally

adhered
to

place
the

commissioner
in

the

position
of

the

court
itself

causing
him
to

receive

testimony
nd

properly

speaking
to

readjudicate
the

decrees
as

handed
down
to

him
it

is

not
m

intention
to

criticise
the

court
which
made

these

decrees
I

desire
only
to

point
out

ivherein
they
are

defective
in

their

application
and
to

this
end
I

now
call

attention
to

the

several
decrees
which
have
been

rendered
in

the

districts
of

Division
No
5

In

District
No
28

the

decree
recites
that
five

eighths
of

one
sta

tutory
inch
is

adjudged
to

be

sufficient
to

irrigate
one

acres
of

land
and
no

greater
amount
shall
be

allowed

In

Di

trict
No
37

section
8

of

the

decree
recites
That

throughout
said

District
No
37

one

cubic
foot
of

ater
per

second
of

time
is

hei
eby

adjudged
and

decreed
to

be

sufr

icient

in

amount
to

properly
and

practicably
irribate

fifty
acres
of

land
and

nothinb
in

this

decree
shall
be

taken
or

held
to

grant
to

any

trnct
or

parcel
of

land

ater
to

any

greater

amount
than
in

said

ratio
and

proportion
hether
the

said

land
be

covered
by

one
or

more

ditches

Ninth
That
the

priorities
hereby

established
are

granted
and

inade

absolute
But
the

user
of

the

respective

ainoiints
of

water
hereby

granted
and

decreed
is

restricted

to
tl
e

gracticable
utilization
thereof
b

the

parties
lawfully

entitled
thereto
And

water
is

only
allo
vecl
to

flow
into
said

ditchles
in

said

ratio
and

proportion
as

the

Iand

under
said

ditches

respectively
shall
be

brought
under

practicable
cul

tivation
That
is

to

sas

tilled

meadow
or

ood

pasture
land

and

Provided
That
the

said

lands
under
said

ditches
re

spectively
shall
be

brought
under
such

cultivation
and
the

said

proportionate
amount
of

water
nsed

thereon
bv

the
par

ties

lawfully
entitled
thereto
vith

reasonable
dilibence

In

District
Na
38

One

cubic
foot
of

water
per

second

of

time
i

herebv

adjudged
ancl

decreed
to

be

sufficient
in

amount
to

practicably
irrigate

fifty

acres
of

land

Para

graphs
8

and
A

of

District
No

37

are

used
in

decree
of

District
No
38

In

District
No
3
J

the

decree
recites
same
para

rapha

as
8

and
9

in

decrees
of

Districta
Nos
3
i

and
38

In

District
No
40

section
6

of

the

decree
recites
That

t3

rough
water

District
No

40

one

cubic
foot
of

water
per
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second
of

time
is

hereby

adjudged
and

decreed
t

be

sufficient

in

amount
to

properlv
and

practicably
irribate

forty
acres
of

land
and

nothing
in

this

decree
shall
be

taken
or

held
to

grant
to

any

tract
or

parcel
of

land

water
to

any

greater

ainount
than
in

said
ratio
and

proportipn

Section
7

practically
recites
the

same

provisiona
as

made

in

paragraph
9

of

the

foregoing
decrees
I

here

recite
one
of

the

decrees
of

District
No

40

to

which
I

shall

hereafter

refer
the

Sutton
ditch

And
it

is

hereby

adjudged
and

decreed
that
there
be

perinitted
to

flow
into
said

ditch
from

the

streams
aforesaid
for
the
use

and

benefit
of

parties
law

fully

entitled
thereto

nnder
and
by

virtue
of

the

appropria

tion
by

original

construction
prior
to

No
5

fifteen
cubic

feet
of

water
er

second
of

time

Provided
That
there
sha1

not
be

permit
ted
to

flow
into
said

ditch
from
said

creek
to

egceed
5

5

cubic
feet
of

water
per

second
of

time
until
such

time
as

said

parties
shall

increase
their

cultivated
meadow

and

pasture
lands

thereunder
over
and

above
the

amount
of

217

acres
and

then
the

increase
in

the

amount
so

permitted

to

flow
into
said

ditches
shall

only
be
in

the
r

tio

and
pro

portion
of

one

cubic
foot
per

second
for

each
forty

acres
of

such

additional
lands
and

Provided
further
That
said

increase
of

said

additional
land
and
the

users

ihereon
of

the

said

proportion
ted

aclditional
amount
of

water
a

ppropriated

therefor
be

made
by

said

parties
with

reasonable
diligence

In

District
No
41

the

decree
does
not

recite
the

amount

of
ti

ater
to

be

allo
ed

per

acre
All

decrees
are

inade
abso

lute
to

the

ditches
named
therein

In

District
No
42

decree
is

made
the

saine
as

District

1Vo
41In

District
Nu
4

the

same

provisions
are

made
in

its

decrees
as
in

Districts
Nos
37

38

and
39

allowing
one

cubic

foot
of

ivater
per

second
oi

time
or

sigty
cubic
feet
per

min

ute
of

time
for

each
fifty

acres
and
its

decrees
are
all

based

on

the

minute
flow
of

tiva
er

A

section
from
the

decree
of

the

Dow
ditch
re2ds
as

follo
sCPrhe

whole
amoun
of

water
to

which
said

ditch
is

at

present
entitled
is

180

cubic
feet
per

minute

Provided
That
ei

hty
five

cubic
feet
of

water
per

min

iite
of

said
last

mentioned
appropriation
shall

only
be

granted

and

allowed
to

flow
into
said

ditch
from
said

creek
for

the

nse

and

benefit

aforesaid
in

proportion
as

said

parties
sha11

increase
heir
culti
ated

meadow
and

feasible
irrigable
lands
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thereunder
over
and

above
the

amount
of

eight

acres
in

the

ratio
of

sigty
cubic
feet
of

water
per

minnte
to

fifty
acres
of

such

additional
land

And

Provided
further
That
said

increase
of

said
addi

tional
lands
and
the

user
of

the

said

proportionate
additional

amoun
of

water

appropriated
therefor

thereon
be

made
b

sa
id

parties
with

reasonable
diligence

In

District
No
52

the

same

provisions
in

decrees
are

made
as
in

Districts
Nos
37

38

and
39

In

District
Nc

53

the

same

provision
are

made
as

in

District
No
52

In

District
No
60

no

provision
is

made
for
the

amount

of

water
per

acre
and

decrees
are

made

absolute
to

the
sev

eral

ditches
in

statutor
inches

In

District
No
61

section
6

of

the

decree
reads
as

fol

lows
Tha
t

throughont
Water
District
No
61

one

cubic
foot

of

water
per

second
uf

time
is

hereby

adjudged
and

decreed

to

be

sufficient
in

amount
io

properly
and

practicably
irrigate

in

that
part
of

Water
District
No

61

known
as

Paradog

valle

sigty
acres
of

laud
In

that
part
of

Vater

District

No
61

known
2s

Dolores
river

valley
fifty

acres
of

land
In

that
part
of

Water
District
No
61

linown
as
L

ost

Canon

creek
fifty

acres
of

land
In

that
par1
of

VPater
District
No

61

known
as

Montezuma
valley
si

ty

five

acres
of

land
In

that
part
of

Water
District
No
61

known
as

Turke
creek

eighty
acres
of

land

And

nothing
in

this

decree
shall
be

taken
or

held
to

grant
to

any

tract
or

parcel
of

land

water
to

any

greater
amount
than
in

sa
id

ratio
and
p

oportion

In

District
No
68

sectiou
8

of

the

decre
e

reads
as

fol

lows
That

throughout
said

Vater
I

istrict
No
68

one

cubic

foot
of

water
per

second
of

time
is

hereby

adjudged
and

decreed
to

be

sufficient
in

amount
to

properly
and

practicably

irrigate
fort

acres
of

adobe
land
and

proportionatel
more

or

less
as

the

land
is

more
or

less

porous
than

adobe
and

nothing
in

this

decree
shall
be

taken
or

held
to

grant
any

tract
or

parcel
of

land

water
to

any

greater
amonnt
than
in

sa
id

ratio
and

proportion

It

is

evident
from
the

language
of

the

decrees
that
to

carry
out

their

provision
vs

ater

commissioners
would
be

required
to

know
the

egact
ano

ount
of

land

irrigated
by
t

he

several

interested
parties
under
each
ditch
and
to

see
to
it

that
the

ratio
per

aere
of

water

decreed
thereto
was
not
eg
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ceeded
Again
th
y

ould
be

rec

uired
to

linow
the

exact

amonnt
of

land
in

cultivation
under
each
ditch
at

the

time
the

decree
as

granted
so

as
to

enable
them
to

allow
a

proper

proportion
of

v2ter
for
the

increased
acrea
ge

put

under
cul

tivatiou
Thus
the

decrees
impose

services
on

the

water
com

missioners
which
in

xny

opinion
thev

are
not

called
upon
to

perform
under
the

language
oi

the

statute
defining

their

dutiesIu

some

districts
of

this

divisiou

commissioners
l

ave

undertaken
to

follow
the

decree

allawing
water
for
the

addi

tional

acreage
put
in

cultivation
from
time
to

time

This

practice
has

brought
on

serious

complications
which
neces

sitated
a

ruling
on

the

question
by

the

Superintendent
of

Irri

gation
I

therefore
instructed
each

commissioner
of

the

division
not
to

recognize
ax
y

demand
for

water
for

increased

acreage
or

to

interfere
ith
or

cut
do
n

the

amount
of

vater

decreed
to

any
one

ditch
when

complaint
was

made
to

Ghem
tha
t

the

decreed
amount
of

water
for

said

ditch
was
in

excess
of

the

land
in

cultivation
under
such
ditch
and

thereby

e

ceedin
the

amount
of

vater

allowed
per

acre

These
in

structions
ere

issued
bv

me

after

arrivin
at

the

follo
ing

conclusionsI

irst
1

hat
the
stal
ute

does
not

invest
the

comniission

ers

with

judicial
pawers
IIence

they

would
have
no

right

to

increase
or

diminish
the

amount
of

water
to

be

deli
ei

ed

by

them
to

any

ditch
set

forth
in

tbe

decrees

Second
That
their

duties
ended
at
t

he

headgate
of

the

ditch
and
it

as

not

incumbent
on

them
to

see
to

the

clivision

of

the

water
among
the

individual
users
of

same
from
said

ditch
but

merely
to

deliver
the

water
to

said

ditch
in

the

amount
uamed
in

the

decree

tivithout
reference
to

ans

sulise

uent

provisions
in

said

clecree

Third
Each

decree
must
be

looked
upon

according
to

our

Supreme
Court

decisions
as
a

vested
ribht

Therefore

if

ve

ere
to

allow
t

he

commissioners
to

deliver
water

under

any

decree
for

increased
acreage
it

would
in

many
cases
con

fiscate
the

decreed
and

vested
rights
of

those

drawing
ivater

from
the

same

stream
For
in
a

majority
of

cases
the

orig

inal

decrees
have

entirelv
allotted
more
than
the
flo
v

of

the

streamsFourth
It
is

in
m
y

opinion

incumbent
on

those
desir

ing
an

increased
amount
of

tivater
to

irrigate
lands

brought

under

cultivation
subsequent
to

the
b

anting
of

their

original

decrees
must
again

apply
to

the

court
for

relief

passing

STATE

ENGINEEB
OF

COLOIIADO

1O5

through
the

same

process
of

givinb
proof
as
to

the

additional

number
of

acres
in

cultivation
as

they
did
in

obtaining
their

original
decrees
and
let

the

court
decide
what
if

any

addi

tiona
l

amount
of

water
the
y

are

entitled
to

and
in

what
order

their

additional
decrees
shall
be

numbered
wi
h

respect
to

the

order
of

the

original
decrees
as

granted
This
in

brief
is

my

reason
for

issuing

instructions
to

the

commissioners
as

before

mentioned
All
of

the

commissioners
of

this

division
have
made
their

annual
reports
with
the

egception
of

Dist
rict
No
37

Andre

Kalquist

comanissioner
of

District
No
60

O

S

Springer

who
is

egcusable
from
the

fact
that
he

has

been

seriousl

ill

for
the

past

three

months
and

commissioner
of

District

No
61

William

Vandergrift

The

reports
of

the

several

commissioners
having

been

made
in

commisszoners
field

books

prepared
in

your
office

and
said

books
having

been
duly

forwarded
to

you
I

would

request
that
their
field
notes
as

therein

contained
be

added
to

my

report
of

this

division

Thanking
you
for
the

numerous
courtesies

extended
to

me
in

the

discharge
of
m
y

duties
as

one
of

your

subordinates

and

with
the

knowled
e

that
the

relations
between
us

have

always
been

pleasant
I

beb
to

remain

Yours

respectfully
A

F

REEVES

Su

erinte
ident
of

Irrigcition
Division
No
5
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1

I

PUli
1

Ol

II

PLIiIN
1

ENDI
N
1

OI

IIi

RIGATI01
T

llIVISION
NO
6

Steamboat
Springs
Colorado
No

eniber
17

1902

I

Io

AvnrsoN
J

IICCurrr

State

Lngineer
De
a

e

Colorado

iI

Dear
Sir
I

cluly
recei
ed

Water

Commissioner
J

D

lioob
s

crop

repart
to

da

and

forward
the

same
by
to

da
s

niail
I

can
not
use

our

field
bool
s

in

Routt
county
for
al

thou
h

tl

ere
are
si

r

ater

districts
in

the

county
and

ater

district
No
58

has
oti
er

140

ditches
still
the

county
cominis

sioners
nnder
tlie

lchric
e

of

County
ttorney
J

P

I3arding

ieglect
and

refnse
to

accommod
te

the

appointmeut
of

ater

r

uimissioners
for

Rontt
count
I

Ience
I

as

compelled
to

tise
the
old

blanl
s

ancl
for

arded
them
last

eek

There
has

been
no

priorities
correctly

niimbered
by

the
l

istrict
Court

for

ten

Tears
in

Routt
count
or

since
Judge
Joshna
WaI

brid
e

as

referee
closecl
the

general
adjudica
tion
of

water
dis

tricts
in

1893
ancl

hence
it

is

impossible
for
the

superintend

ent
of

irri

ation
to
c

lose

headbates
since
he

lias
no

priorities

to

uide
him

Verv
truly

yoiirsPETER
Ii

PEI
TH

RDT

S
i

l

e

i

ate
rte
e

it

of
I7

ic
c

tio
a

D
i

vision
No
G

T

ll

lloo

ho

reports
from

clivision
No
6

says
of

Dis

trict
No
43

that
1902
sras
the
dr

yest
l

no
n

there

having

been
sc

rcely
an

sno
r

for

three
years
past
that
the

springs

dried
ug
e

irl

and
the

cattle
have
done

considerable
damage

to

the

vegetation
and

sprinbs
the

range
being

somewhat
over

stocl
ed

for
so

dr

a

season
1

he

hite

river
had

sufficient

ater
to

supply
all

ditches
ith
a

considerable
surplus
Fur

ther

develop
nent
i

11

nece

sitate
the

egpenditure
of

consid

erable
money

as

future
ditches
R

ill
be

expensive
to

construct

1

clitch
from
the

tiVhite
river
under

construction
ill

irriaate

lands
ou
I

lag

creek
and
lea
ve

Flag
creek
water
for

other

ditches
On

Piceance
creek

numerous
small

reservoirs
are

l

ein

built
1

ive

xrrests
ere

made

during
the

season
In

ST

TE

ENGINEL
E

OF

COLOEAll0

IO9

one
case
the

jury

declared
that
the
la
v

which
makes
the

fact

of
a

party
using
the

ater

prima
facie

evidence
of

his

having

taken
the

water
was
no

good
in

another
ca
se

the

justice
said

that
the

accused
was
not

guilty
because
he

only
had
the

water

one

hour
when
I

caught
him

and
in

another
case

where
a

ma
n

did
not
run
the

Rrater

through
his

ditch
but

simply
put

dams
in

the

creek
about

fifty

yards
apart
all

through
h

ia

land

and
so

diverted
the

water
that

belonged
to

others
the

said

jnstice
decided
that
the

man
was
not

guilty
because
I

did
not

char
e

him
ith

raising
his

headgate
Where
juries
and
jus

tices
make
such

decrees
as

these
it

make
it

very
hard
to

en

force
the
law
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ELEV
IVTH

BIENNIAL
BEPORT

CH
P
1

ER
V

SUMMARY
OF

DITCH
AND

RESERVOIR
FILINGS

FROIZ
DECEI
ZBER
1

190D
TO

DECEMBER
1

1902

DiVISION
NO
1

Number
of

Capacity
Claimed
Number
of

Capacity
in

DISTRICT
NO

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

n

5S
i6
S

12

221
540
054

1

30

654
0

13

152
378
610

3

2t

iS2
5

g2

5

480
426
592

J

96
0

15

3

093
864
499

g

2

19
2

r

757
566
934

6

274
95

2

24

641
800

7

3

58
0

None

s

a

7i

sz

2

1

700
550

1

1

4

2

16

362
542

23

20

1

02i
S5

None

46

6

236
0

1

14

165
712

4i

3

148
0

None

45

15

273
02

9

335
140
425

64

20

4

054
52

1

5

353
336

65

None

None

Tot
il

156

13
7

a5

85

95

14

103
141

354

sr

rL

vGitirLx
or

cor
ox

vo

113

SUMMARI
OI

DI

rCH
1Nll

PESEI
VOIR
PILIlV
GS

FROM

DECE717BER
1

19
10

TO

DECEMBER
1

1902

DIVISION
NO
II

Number
of

Capacity
Claimed
Number
of

DI5TRICT
NO

Ditches
in

Second
Feet

Reservoirs

10

7

401
36

8

ll

1

5

2

L

5

5b

93

4

13

1

2

None

14

S

552
75

5

15

1

3

2

16

7

70

None

17

16

453
14

8

28

1

130

1

19

24

430
5

1

49

2

124

None

66

None

None

67

13

193
13

1

Totals

SS

2

400
81

32

Capacity
in

Cubic
Feet

16

653
158

544
500
000

348
844
160

156
675
335

1

220
374
960

771
680
544

2

003
760
000

4

558
554
000

1

155
000

9

621
897
1

7

SUiVIMARY
OI

DITCH
AND

RESEPVOIR
PILING

FROVI
DECE
I

IBER
1

130Q
TO

DECEMBER
1

1902

DIVISION
N0
IIL

NumUer
of

Capacity
Claimed
Number
of

Capacity
in

DISTRICT
NO

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

20

12

514
4

6

761
703
870

21

1

51

None

22

5

1

124
26

2

764
144
280

24

None

None

25

3

10

32

None

26

None

None

27

None

None

36

I

None

None

Totals

Z1

1

699
92

S

1

525
898
160
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LLLVENTH
BILNL
TI

L

REYOItT

U11i1

tARY
OF

DITCH
AND

RESEKVOIR
FILIN
S

I

ROM

DECEI
IBER
1

1900
TO

DECEMBER
1

1902

DIVISION
NO
IV

Number
of

Ca

acity

Claimed
Number
of

Capacity
in

DISTRICT
ATO

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

29

10

92
5

None

30

14

583
98

1

1i

424
000

31

21

154
5

None

32

None

None

33

3

54

1

45

594
410

34

3

i5

None

Totals

57

939
98

2

63

018
440

SU11T11I
1RY
OI

DI
1

CH

AND

RESEI
VOIR
I

ILINC7S

PROM
DECE
MBER
1

1900
TO

DECEMBER
1

1902

DIVISION
NO
V

NumUer
of

Capacity
Claimed
Number
of

Capacity
in

DISTRLC7
NU

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

25

3

129
01

None

36

li

645
20

None

37

76

11

2

392
431
200

3S

15

2iS
4S

4

134
532
620

39

71

49

95

3

267
000

40

30

357
10

32

373
837
267

41

1S

1

563
85

2

156
610
030

42

12

349
73

6

232
462
200

45

4

613

None

50

1

9

86

None

51

29

5

766
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VL

Number
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Capacity
Claimed
Number
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Capacity
in

DISTRICT
NO

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

43
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11
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Number
of

Capacity
Claimed
Number
of

Capacity
in

DIVISION
NO

Ditches
in

Second
Feet

Reservoirs
Cubic
Feet

1
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13

735
85

95

14

103
141
364

2

88

2
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81

32

96
1
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7

157

3

21

1

699
92

3
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b25
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150

4

51

939
95

2

63

018
440

5
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12

03

90

51

1

366
6b5
862

6

76

1

SS9
99

20

835
691
645

Total
for

state

629

31

670
45

208

27

516
252
608
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CHAPTER
VI

SEEPAGE

MEASUREMENTS
I

ort

Collins
Colo

October
27

1902

A

J

McCuNEState

Engineer
Denver
Colo

Dear
Sir

For
a

number
oi

years
the

experiment
sta

tion
bas

made

measurements
of

the

loss
or

increase
of

vax

ious

streams
in

the

state
from

seepage
as

well
as

various

canals

report
was

prepared
nd

issued
in

1896
as

Bulle

tin
No

33

by

the

experiment
station
on

Seepage
or

Re

turn

Waters
which
was

more

especiall
confined
to

the

Cache
1

Poudre
and
the

Platte
rivers

which
had

been
the

sub
e

t

of

ineasurements
up
to

that
time

Since
then
the

measurements
have
been

extended
noticeably
to

the

Arkan

sas
a

ue
i

he

Fio

Grande
More

recently
the

work
has

been

ettencled
to

include
the

tributaries
of

the

Platte
and
also

the
Z

ncompahgre
In
a

portion
of

this

work
your

office
has

helped
5

paying
a

part
of

the

egpenses
Much
aid
has

been

received
from
water

commissioners
in

various
parts
o

the

state
The

method
of

ineasurement
has

been

essentialTy
to

treat

each

section
of

the

stream

independently
of

the

section
above

or

below
that
is

a

measurement
would
be

made
of

the

stream

and
the

water
being

taken
out
by

ditches
and
the

water
enter

ing
b

streams
vas

measured
The

original
canal

increase
by

the

inflow
and

diminish
b

outflow
would

indicate
the

amount
that

would
be

egpected
at

the

negt

measurement

pr

Fided
there
were
no

losses
or

gains
The

egcess
or

de

fect
of

the

negt

measurement
as

compared
with
this
sum

wc

itld

show
the

increase
or

decrease
of

the

river
due
to

seep

a

e

In

the

progress
of

the

measurements
now

carried
n

for

over

twelve
years
some

modifications
shown
by

egper

S1

Tb

NGIN
EB

OF

COLOI
ADO

143

F

ience
to

be

necessary
all

leading
to

greater
care
have
been

introduced
though
the

methad
and

principle
remains
the

saine
as
at

first

The

following
is
a

summary
of

the

results
of

ineasure

ments
made
in

1901
and

1902
It
is

found
that
the

measure

ments
of

the

same

section
do

not

egactly
agree
at

different

tiules
his
is

to

be

expected
as

the
a

mount
of

inflow
un

cloubtedl
varies

according
to

the

condition
of

the

situa

tion
t

e

condition
of

the

soil
the
ten

perature
and

variou

her
con

ditions
In

addition
to

this
it

has

beeu

diflicatlt

to

eliminate
the

effect
of

fluctuation
in

the

river
itself

though
the

method
of

procedure
is

such
as
to

generally
de

tect
the

quantit
in

gr

eat

disturbances
from
these

sources

It

is

also

undoubtedl
the

case
tl

at

at

tirnes
some
d

iscrep

ancies
have
been

introduced
by

the

fluctuation
in

the

inflow

of

canals

Through
the
co

operation
of

water

commissioners

this
is

generally
reduced
to
a

minimum
or

entirely
excluded

Very
truly

yours
L

G

CA

PENTEIL
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I

I

V

NTH

I3ILNNIAL
ftEPORT

CACH
L

POUDRE
1901

River

Section

Total

i

Gain
or

Gain
or

Inflow
i

Outtake
OSS

Z

oss

b

roru

gaging
station
in

cauon
to

Fort
Col

lins

vaterworks

331

328
54

88

2

88

I

arimerand
Weldcanal

L6
74

153
47

26

73

23

5

No
2

reservoir
supply

113
i0

I22
14

8

44

32
29

Box

lderditch

76

3fi

84

83

8

47

40
76

Straussbridae

106
40

103
i4

L

66

38

10

No

2canaL

80

41

7421

6

20

31

90

L

ton

ditcU

105
i2

171
96

6

24

38

14

Greeley
No
3

315
80

235
76

19
96

ii8

10

Millpowercanal

5

8ii

34

22

8

3i

86

47

Campditcli

35

32

61

09

35

8i

122
34

enrmoutli

44

96

44

96

167
30

C

1C1
lI

L

POiT
DPE
1902

IRiver
Section

Total

I

Gain
or

Gain
or

I

I

I

oss
I

I

oss

I

rom
ga

iug

station
in

canon
to

rort
Col
I

linswaterworks

i

304
00

arimcrand
Vd

lcaval

I

9Q32

Vo
2

resercoir
supply

51

93

i3o

ldcrditch

60

83

i

Straus
aditch

j

75

02

vo

3canal

66

7a

i

atonditdi

70

E

Greeley
No

I

l2

93

i

ump

honse

i

3

6F

lampdi
d

i

15

Of

Year

ruouth

z

is

1os
z

4ii

18

i2
1

82

J5

i0

48

75

6

63

45

24

38

37

02

29

11

8

8

1z

sz

3

3

6

21

4

9ti

3

6393

20

52

20

68

z1

ss

9

11

s

sio

7

33

13

3i

18

3

2

21

t29
19

4i

i1

r6R
39

90

32

F119
43
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BOULDER
CREEB

AUGUST

SEPTEMBER
1901

I

River

Section

Total

Gain
or

Gain
or

Inflow
I

Outtake
I

SS

I

ss

Gaging
station
to

Valmont

59

88

72

46

12

78

12

7g

I

eSgitsCrossing

26
98

29
31

2

33

15

11

BoalderandWeldcountyline
30
69

3

57

2

88

17

99

Near

mouth

16

40

14

60

1

80

16
19

BOLTLDER
CItEEg

SEPTEMBER
1902

I

River

Section

Total

Gain
or

Gainor

Inflow
I

Outtake

I

I

oss

Gaging
station
to

Vaimont

18

89

25

I1

6

23

6

23

eggits

Crossing

1

g

9

96

4

3

11

11

Boulder
and

Weldcounty
line

23

1

44

1

21

12

32

Near
mou
h

1

30

1

46

16

12

48

CLEAIZ
CREEK

SEPTEMI3ER
1901

River

Section

Total

Gain
or

Gain
or

Inflow
I

Outtake
j

S

i

oss

Three
fourth
mile

above

Golden
to

Rocky

Mountain
ditch

1J

Z7

145
71

1

44

1

Headofslough

60

23

57

08

3

15

1

71

Mouth
of

slough

50

92

60

88

9

96

8

25

Clear
Creek
and

Platte
River
ditch

39

85

54

3i

14

02

22

77

Near
mouth

1

36

2

83

1

47

24

24

CLEAR
C

REEK
SF
P

PElti

BFR
1902

I

River

Section

Total

I

Gain
oi

Gainor

Inflow
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October

Octobez

October

PI

AC
S

WH
R

and

and

October
agd

M

ASUR
M

NTS
W

R

TAKEN

November
November
1901

November

1899

1900

1902

i

Below
head
of

City

ditch

72

93

33

96

21

22

5

04

O

At

Littteton

133
89

74

13

32

71

18
28

At

Denver

150
29

90

35

68

34

43

18

At

Fulton
ditch

196
90

86

96

90
06

61

12

At

Brighton

274
30

160
62

141
63

91

85

At

Platteville
dam

324
33

194
48

225
52

130
05

At

lwoodandWheelerditch
Old

station

At

Platteville

363
09

216
70

272
30

158
09

At

Union
ditch

410
74

257
76

331
75

194
74

At

8vans

474
59

333
80

411
14

253
26

Atgersey

353
43

297
18

At

Hoover
ditch

564A7

584
00

AtHardin

409
08

330
02

At

Putnam
ditch

624
97

412
94

593
38

345
49

At

Orchard

628
22

439
54

619
31

355
71

At

Shafer
s

ford

715
51

469
01

615
87

427
95

At

Fort

Morgan

722
71

512
73

684
27

462
7i

At

Snyder

795
34

596
50

750
14

524
10

At

Merino

889
21

682
04

847
18

604
45

At

Sterling

962
94

744
07

894
18

701
62

At

Iliff

1

009
13

749
26

92622

708
89

At

Crook

1

078
51

772
90

938
34

738
72

At

Sedgwicl
or

above
Pole
creek

1

061
38

722
21

738
82

9t

Tulesburg
or

state
line

1

102
61

800
19

942
Oi

749
49

1

CAIdFOf2R1
A

ktOA

SPKLVKLER

fA1tSI3
T6

ti
f

kiEELEY
CARBED
BY

SEEPAGE
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CFIAPTER
VII

DRAINAGE
AND

SEEPAGE

INVESTIGATIONS

HON
A

eT

MCCUNE
State

Engineer
Denver

Colorado

Dear
Sir
I

have
tbe

honor
to

submit
herewith
a

prob

ress

report
on

my

investigations
of

the

drainage
problems

of

Colorado
with
the

conclusions
thus
far

reached

The

irrigated
valleys
of

Colora
do

mark
the

line
of

agri

cultural
progress
of

the

state
as

nothing
else
has

done
in

recent
years
The
area
of

cultivated
land
has

been

egtended

until
a

portion
of

the

plain
is

included
the

productiveness

of

which
is

a

matter
of

surprise
to

the

land

owners
them

selves
and

they

await

further

development
with
no

little
in

terest
and

confidence
With
the

magical
change

vhich
the

nse
of

tivater
from
the

mountain
stream
has

producecl
upon

this

hitherto
barren
and
arid
soil

constantly
before
the

eyes

af

the

cultivator
it

is

not

surprising
that
his

entire
atten

tion
has

been

engrossed
in

securing
water

and
in

appl
ing

it

to

such

lands
as

he

ma

have
in

his

possession
Until
re

cent

years
it

has

been

thought

impossible
to

obtain
too

much

water
or

irrigate
too
he

vily

The
dry

loose
and

deep
soil

seemed
ever

read
to

take
up

any

egcess
of

water
that

mighi

be

accidentally
or

purposely
applied
The

companies
hav

ilig

control
of

irrigation
canals

and

ditches
were

only
con

cerned
in

supplying
sufficient
water
to

meet
the

demands
of

the

purchaser
of

water
rights

regarding
leakage
from
the

canals
in

the

light
of
a

loss
to

themselves
without

any

special

reference
to

the

consequences
of

waste
which
might

ensue

A

new

feature
of

the

irrigation
problem
has

gradually

forced
itsel

upon
the

attention
of

the

owners
of

land

under

ditches
in

sections
where
irriga
tion

farming
has

become
vell

established
An

egamination
of

the

valleys
of

the

Poudre
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Soutl

Platte
and
St

Vrain
rivers
and

Boulder
creek

shows

thousands
of

acres
in

the

aggregate
which
were

once

valuable
by

reason
of

their

generous

productiveness
but

are

now
wet
and

charged
with
an

egcess
of

alkali
or

in

case

of

land
on

lower
levels
are

marshes
filled
with

rushes
and

aquatic
grasses
When
we

learn
from

early

settlers
that
at

the

time
the

irrigation
of

these
Iands
began
the
y

were
dry

to
a

depth
of

from
forty
to

aigty
feet
the

difference
in

the

conditions
is

so

great
that
it

is

well
to

consider
whither
the

results
of

present
irrigation
practice
will
lead

The

presence

of

saturated
lands
in

the

midst
of

productive
fields
the

swamps
with
pools
of

water

surrounded
by

meadows
avail

ble

only
for
the

nzeagre
support
of

live

stock
call

attention

to
a

n

evil

which
has

been

making
insidious
probress
tlur

ing

past

years
and
has

now

assumed
such

proportions
that

something
should
be

done
to
a

rrest
its

inroad
and

restore

lands
thus

injured
to

their

former
fertility

That
these
lands

are

vali2able
will
be

admittecl
b

all

tivithout

demonstration

They
are

valuable
becanse
the
y

were
once

productive
under

irrigation
and

only

require

reclaiming
in

order
to

again
vield

most

abunclantly
Z

hey
are

also

valuable
because
of

their

location
1

hey

belong
to

farmers
who
are

provided
with

water
rights
su

ficient
for

their
irrig

tion

They
are
a

dead

loss
to

their

owners
to

sa

nothing
of

ihe

unthrifty
appear

ance

which
they

give
the

country
and
the

loss
to

the

com

mon

vealth
of

tagable
property
for
it

is

custoniary
and

justly
so

for

the

assessor
to

strike
froin
his

book
all
al

kali
and

seeped
lands
hich
have

beconie

unproductive

TI3E
C

USE

1

he

cause
of

this

injur
ancl
Th
i

should
be

done
to

prevent
its

increase
are

qnestions
which

greatly
concern

the

fariners
of

Colorado
and

through
them
the

entire
state

In

the

report
of

the

State
En

ineer
for
the

years
1900
190I

the

part
of

chapter
VI

relating
to

seepage

measurements

by

Prof
L

G

Carpenter
has
a

bearing
upon
this

clues

tion
but
as

might
be

egpected
deals
with
loss

from
sup

ply

ditches
and
the

amount
of

water

returned
to

the

river

with

reference
to

their

bearing
upon
the

subject
of

irriba

tion

supply
alone
I

take
the

liberty
of

quoting
a

few
de

dnctions
given
in

that

chapter

The

passage
of

water

through
the

soil
is

very
slow

so

that
it

may
take

many
years
for

the

seepage
of

the
out

lying
lands
to

reach
the

river

STATD

ENGINEEB
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Th

amount
of

seepage
is

slowly
but

constantl
in

creasingIn

the

Poudre
river
about

thirty
per

cent
of

the

vater

applied
in

irrigation
is

returned
to

the

river

Investigations
with

reference
to

this

subject
shotv
that

there
is
a
l

rge
1QSS

from
ir

rigation
canals
by

leakage
1

he

amount
returned
to

the

river

besides
being
a

loss
of

direct

supply
may

have
also

brought
about
the

seepage
of

valu

able

lands

before
it

appeared
at

some
lo

ver

point
of

the

river

vhere
it

may

again

become
an

available
supply
for

further

irrigation
The

source
of

the

vater
fvith
the
eg

ception
of

the

rain

which
falls

direct
upon
the

land
and

which
need
not
be

here

considered
is

the

water
carried

by

the

canals
which
are

frequently
located

alonb
the

slope

or

upon
the

plateaus
tiVhile
filled
and
in

nse

tliey

carry

water
to
a

depth
of

from
two
to

four
feet

rhe
soil

through

which
they

run
is

frequently
gravelly
or

sandy
and
ill

suited

for
a

water

ehanneL
tiVere
it

not
for
the

siltin
up
of
t

ese

canals
after

they

come
into
use

the

leakage
vould
be

far

greater
than
it

is

It

is
a

f

ct

fanziliar
to

all

that
ne
vl

made

irrigation
canals
lose
a

large
part
of

their
tivater
dur

ing
the

first
iew

years
after

construction
and

further
that

the
old

canals
which
are

cleaned
out

durin
the

winter

months
or

for

some

reason
have
their
beds

disturbed
lose

water
with
great

rapidity
until
the

broken
surface
is

again

smoothed
and

covered
R

ith

silt

The

followinb
description
of

the

pzanner
in

liich

lands

have

become
seeped
and

rendered
unfit
for

cultivation
may

be

iaken
as

representinb
the

processes
which
are

oinb
o

to

produce
these

effects

The

canal

constructed
in

an

open
soil

carrying
water

two
to

four
feet

deep

furnishes
a

constant
pressure
upon

the

bottom
of

the

canal
vhich
forces
vater
do
j

nward
vith

a

veight
of

nearly
half
a

pound
per

square
inch
for

ever

foot
of

depth
The

egtreme
porosity
and

great
depth
of

soil

furnishes
a

ready

reservoir
for

this
los
s

whicl

produces
no

great
injury

until
the

entire
subsoil
is

filled
with

water
In

case
a

stratum
of

gravel
is

encountered
the

loss
is

tividel

distributed
and

may

readily
find
its

vay
to

some
lo

er

and

more
level

ground
If
a

harcl
pan
of

clay

subsoil
is

encoun

iered
with

sufficiently
cIose

tegture
to

arrest
the

downR
ard

passage
of

water
the

water
table
as

we

may
call
the

vater

line
of

the

soil

will
slo

vly

but

constantly
rise

and
it

is

only
a

matter
of

time
until
it

will

reach
the

surface
under
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this

constant
pressure
An

egamination
of

the

lower
soil

in

the

valleys
before
alluded
to

shows
that

there
is
a

great

difference
in

the

tegture
and

porosity
of

the

soils
In

some

localities
a

stratum

containing
a

large

portion
of

gravel
and

sand
is

found
in

others

barriers
of

clay
not

easily
pene

trated
by

vater
and
still

others
a

deep

loamy
soil

capable

of

storing
a

large

quantit
of

vater

before
it

reaches
the

point
of

saturation
Tl
e

necessity
for
the

drainage
of

these
lands
does
not

appear
until
the

lower

horizon
of

the

soil
has

become
satu

rated
tl

ereby

forming
a

bed

upon
whicl
when

additional

water
is

brought
it

will
be

forced
to

the

surface
from
inck

of
a

ready
outlet
on
a

loiver
level
The

point
at

which
this

ater
will

appear
depends

largely
upon
the

physical
con

dition
of

the

soil
and

upon
the

surface
slope
of

the

land

as

vell
as

the

slope
of

the

line
of

saturation
These
sev

eral

conditions
are

illustrated
in

the

accompanying
fi

ures

In

Bulletin
No
33
of

the

State

Agricultural
Egperiment

Station
it

is

said
as
a

result
of

several

measurements
made

for
the

purpose
of

determininb
the

rapidity
with

which
water

passes
throu
h

the
soil

that
in

one

instance
the

movement

was
nt

the

rate
of

only
two
and
a

half

miles
in

ten

years

and
in

another
one

mile
per

year

Whatever
the

facts
may

be
in

regard
to

the

movement
of

seepage
water
under
con

ditions
such
as

are

noted
they
do

not

apply
in

any
way
to

drainage
water
for
the

reason
that
in

the

movement
of

the

ater

throubh
the
dr

soil
in

the

process
of

saturation
a

large

quantity
is

tal
en

up
by

the
soil
so

that
as

the

water

uzoves

laterally
and

downward
it

must
fill
all

the

voids
of

the

soil

before
an

advance
movement
takes
place

Wben

bo

vever
the
soil

becomes
fully

saturated
there
is
a

constant

cominunication
between
the

water
in

the

irrigation
canal

and
the

water
along
the
line
of

the

saturated
plane
It

has

been

noticed
where
such

conditions
prevail
th
t

the

water

in
a

ell
or

pool
at
a

considerable
distance
from
the

canal

begins
to

rise
in
a

short
time
after
tivater
is

turned
into
the

canal
since
the

pressure
being

applied
at

the

upper
end

as
in

case
of
z

reservoir
forces
a

rise

with
little

interven

tion
of

time
at

the
lo

ver

point

Again
when
the

pressure

is

relieved
the

water

distributes
itself

through
the

soil

among
portions
which
are

less

well

supplied
and

thus
the

water
level

begins
to

recede
as

soon
as

the

waier
is

shut

off

from
the

ditches
These

pheuomena
accompanying
the

seepage
of

irrigated
lands
have
been

observed
and

lead
to

the

reasonable
conclusion
that
the

rise
of

water
in

the

lower
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portions
of

land

tivhere

seepage
occurs
is

produced
by

the

head
of

water
in

the

ditch
and
that
the

reason
why

vater

appears
in

one

locality
and
not
in

another
may
be

egplained

by

the

difference
in

the

physical
condition
of

the

soil
at

varying
levels
Thus
it

may

appear
that

water
tivhich
passes

throubh
the

bottom
of

the

ditch
may

not

have
a

direct
lat

eral

passage
through
the

soil

until
it

reaches
some

porous

or

gravelly
stratum
or

possibly
of

firm
clay

where
finding

relief
in

some

direction
it

is

forced

laterally
and

appears

at

some
lower
level

possibly
a

mile
or
t

vo

from
the

head

With
such

variable
physical

conditions
it

will
not
be

diffi

cult
to

understand
he

apparently
unaccountable

appearance

of

seep

water
at
a

considerable
distance
from
the

source

The

opinion
has

been

advanced
by

some
that
the

entire

sonrce
of

water
vhich
seeps

irrigated
lands
is

the

excessive

supply

sometimes
used
in

farm

irrigation
That
there
is
a

great
R

aste
in

the
use
of

ater
i

n

some

lacalities
and
that
it

has

something
to

do
in

some

instances
tivith
the

debree
of

saturation
can
not
be

denied
But

from
the

causes
before

egplained
it

will

readily
be

understood
that
this
can

play

but
a

small
part
in

producinb
the
evil

which
e

are

cansider

ing

The
j

ater
used
in

irri

ation
is

applied
upon
t

e

sur

face
at
a

distance
from
the

main
canal
and

must

saturate
all

of

the

soil
do
n

ards

before
it

reaches
the
lo

ver

levels

Where

saturation
alreacly
e

ists
to

some

extent
over

irriga

tion
ma

agbravate
the

evil
ALKAI
I

CONDITIONS

The
wet
and

swampy
condition
of

soil

produced
by

seep

age
is

not
the

only
evil
to

be

deplored
Arid
lands

contain
a

large

amount
of

soluble
sal
ts

to

hich
they
in
a

larbe
meas

ure

owe

their

fertility
These

originated
in

the

rocks
from

which
the

soils
were

farmed
and
are

distributed
throu
h

their

entire
depth

hen
in

solution
they

furnish
that

concen

trated
plant
food

which
gives
these
arid
soils
their

reputation

for

great

fertility
The

capillary
po

er
of

most
of

these
soils

is

great

owing
to

the

mechanical
fineness
of

particles
aud

their

peculiar
chemical

composition
It
is

not

uncominon
to

observe
that

capillary
ater
is

raised
three
or

four
feet

up

ward

through
the

soil
1

hen

water
is

applied
to

such
soils

as

are

naw

under

consideration
the

salts
are

dissolved
and

as

the
R

ater
is

brought
to

the

surface
by

ravity
or

capillar

ity
it

is

evaporated
by

solar
heat
and
the

salts
are

deposited

upon
the

surface
As

this

process
continues
each

successive
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evaporation
adds
to

the

quantity
of

solid
salts
until
the
sur

face

becomes
so

permeated
by

them
that

crops
can
not
be

rown

These
salts
are

mainly
sodium

chloride
sodiuxn
ul

phate
and

sodium

carbonate
the

latter
being

much
more
de

structive
to

vegetation
than

others
O

ing
to

these

facts

seeped
land
is

commonly
spoken
of

as

alkali

land
for

while

egcessive
mo

isture
ill

prevent
the

growing
of

useful
crops
the

accumulation
of

alkali

especially
the

sodium

carbonate
is

fouud
to

be

the

more

formidable
evil
I

or

this

reason
land

ivhich
has

onee

become
seeped
and
the

surface
filled
with
alliali
i

bar

ren

and
will

remain
so

until
the

water
table
can
be

reduced

to

the

proper
point
and
the

alkali

dissolved
and

more

evenly

distributed
through
the
soil

These
facts
are

well

known
to

the

owners
of

irrigated
land
and
the

losses
from

seepage
are

deplored
Vhat
is

vanted
is

an

effective
cure
for

this
gro

in

evil

The

ditches
in

some
cases
could
be

improved
espe

cially
here

they
pass

through
permeable
material
but
a

cer

tain

amount
of

seepage
seems

unavoidable
and

drainage
of

some
sort

dapted
to

the

needs
af

inclividual
cases

appears
to

be

and

undoubtedly
is

the

only

feasible
remedy

open
to

the

land

ownersTHE

PROPER
DEPTH
PO

DRAINAGE
i

The
first

consideration
in

the

drainage
of

these
lands
is

to

determine
the

depth
to

which
the

drains
should
be

macle
or

in

other
ards
the

distance
from
the

surface
to

which
the

water
table
or

line
of

saturation
should
be

reduced
Practice

alon
this
line
has

proven
that

shalloti

drainage
is

not

suffi

cient
nd
in

fact

useless
The

great
ca

pillary
power
of

the

soil
is

such
that

RTater
is

brought
to

the

surface
of

the

ground

throubh
a

depth
of

three
or

sometimes
four
feet
of

soil
I

rom

recent

investibations
nzade
by

the

Bureau
of

Soils
it

is

shown

that
a

solutian
of

sodium

carbonate
rises
in

the

soil

higher

than

solutions
of

other
salts
and

higher
than

distilled
arate

I

in

the

ratio
of

farty
to

thirty
sig

This
maq

esplain
the

fact

so

often

observed
that

black
alkali
knoR
n

to

the

chemist
as

sodium

carbonate
appears
on

land
even

though
the

water
is

j

found
at

some

distance
from
the

surface
At
all

events
it

is

sufficiently
ell

demonstrated
that
the

drain
should
be
so
lo

cated
that
it

will
keep
the

ater

dovvu
at

least
four
feet

from

t1
e

surface
This
will

necessitate
the

flow
line
of

drains
being

located
five
feet

below
the

surface
and

even

greater
depth

would
in

many
cases
be

more
ef

icient
It

may
be

remarked
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alsa
that
the

capillary
action
of

the
oil
is

increased
b

the

application
of

water
upon
the

surface
which

percolating

down
ard
to

the

vater
table

establishes
a

communication

bet

een
the

surface
and
the

subsoil
ater

which
for

the

time

Ueinb
may

accelerate
the

capillary
movement
of

tLe

v

ater
to

ard
the

surface
The

universal
failure
of

draina

three
feet

deep
in

the

deeper
and
li

hter
soils
of

irri

ated

lands
and
the

success
of

those
five

feet

deep

practically

establisl
es

the

latte
as

the

minimum
in

the

treatment
of

seeped
soils

Some

bottom
lands
hoR
ever

containing
more

clay
and

possessin
less

capillarity
are

improved
by

more

shallow
drainabe

PRESENT
PRACTICE

Through
the

assistance
and

courtesy
offered
me
b

your

office
I

was

enabled
durin
the

present
year
to
e

amine
sev

eral

tracts
of

land
on

which

drainage
has

been

practiced
ith

greater
or

less

success
These
exai
ples
a

e

ver
y

valuable
by

wa
of

indicating
what

should
be

done
in

the

different
classes

of

soils
I

talie
the

privilebe
of

referring
to

these

instances

and
of

dra

ing

such

inferences
as
I

am

able

with
a

view
of

placing
the

facts

directly
before
your
office
and

those
ha

are

particularl
y

interested
in

the

reclamation
of

seeped
lands

2

he

use
of

the

open
ditch
for

cuttin
off

seepa
e

or

percola

tion
of

water
from
irri

ation

canals
is

the

first
su

bestion

that

presents
itself
An

instance
of

this

method
is

found
on

the

Union
ditch
south
of

the
to

n

of

Greeley
by

means
of

whieh
a

large
tract
qf

South
Platte
bottain
land

called
the

Gadfrey
bottom
has

been

reclaimed
ith
a

fair

degree
of

success
I

am

told
that

previous
to

the

construction
af

this

ditch
the

entire
bottom
was
s

ampv
and

unfit
for

cultiva

tion

The

irrigation
ditch
e

tends
along
the

edge
of

the

slope

thirty
feet
or

more

higher
tban
the

bottom
land

The

ditch

as

shozvn
is

constructed
at

the

foot
of

this

slope
and

parallel

ith
the

course
of

the

ditch
and
is

egcavated
four
or

five
feet

to
a

layer
of

ravel
which

apparently
underlies
the

entire
bot

tom
land

This
ditch
as

constructed
by
a

dredge
at
a

con

siderable
egpense
and

furnishes
a

constant
supply
of

tirater

which
is

appropriated
farther
do
n

the

stream
for

irriga

tion

purposes
and
as

such
has

become
valuable
I

rom
bor

ings

made
at
a

point
shown
in

the

acco

rupanying
sketch
it

appears
that
the

ater
is

not

farther
than
t

vo

feet

from
the

sU

rface
The
soil
ho

ever
is

heavy
black
and

loamy
and

much
less

permeable
to

ater
than
the

upland
soil

and
for

this

reason

egcellent
crops
are

produced
vc

ith

the

water
line
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ei

hteen
iuches
or

two
feet

frani
the

surface
of

the

ronncl

This

eaample
sho
s

one

condition
of

soil

hich
is

found
in

this

valley
and

indicates
how

effectual
drainabe

may
be
ac

complished
It
is
e

ident
that

ater
from
the

irrigating
ditcTi

sinks

directly

downward
until
it

reaches
the

stratum
of

open

gravel
i

here
it

approaches
the

surface
at

some
lower
level

the

head
of

the

water
in

the

ditch
at

once

forces
it

up

Tard
or

latterly
to

the

surface
An

intercepting
ditch

constructed

through
this

gravel
breaks
the

force
of

the

head
and

conducts

the

intercepted
water
to

an

outlet

Another
instance
of

drainabe
upon
this

principle
is

faund

on

what
is

commonly
spoken
of

as

the

Vetzler
farm
near

Fort

Collins
In

this
case
a

bog

drain
is

laid
at

the

foot
of

the

slope

parallel
with
the

course
of

the
No
2

canal
This

box

drain
is

about
tR

elve
b

tR

enty
tR
o

inches
in

section
aud

about
three

quarters
of
a

mile
long
It

effectually
cuts
off
the

water
from
2Q0

acres
of

land
upon
tivhich
wheat
oats
and

other
crops
are

successfully
grown
7

he

insuf

iciency
of
a

shallo
T

drain
is
s

ho
vn
in

this

instance
at
a

point
near
tlie

outlet
vhere
it

is

placed
only
t

o

feet

deep
jVl
ere
it

ras

laid
four
or

five
feet

deep
the

drainage
is

ffectual
This

again
sho
s

the

effectiveness
of
a

cut
off
or

interceptinb
drain

at

the

upper
edge
of
a

flat

which
had

become

saturated
b

seepa
e

direct
fram
the

canal

demonstrating
quite

conclu

sively
that
it

is

necessary
to

cut
off

the

head
of

ater
esn
a

line

parallel
ith
a

supply
canal
if

the

land

below
is

to

be

effectively
reclaimed

An

interesting
e

ample
of
t

vo

method
of

drainage
is

found
west
of

Greeley
on

the

farms
owned
by

11Ir
I

H

Badber
and
ltTr

Nefl

Their
land
was

injured
by

seepa
e

from
the
No
2

canal
111r

Badger
has

drained
a

twemt

acre
field

direct
by

the
use
of

drain
tiles

placed
in

three
line

through
the

field

approximately
four
feet

deep
He
is

suc

ceeding
in

drainin
b

tl
e

land
quite

effectivel
as

the

crop
of

sugar
beets
5ro
t

n

this

year

seems
to

prove
117r

Neff
Zvh

o
i

ns

land

directly
adjoining
this
field
on

the

tivest
has
con

structed
a

cut
off

drainabe
ditch

parallel
with
and

between

the
No
2

ditch
a

nd

his

1and
and

niade
an

outlet
for
th
e

saine

down
the

road
to

the

supply
ditch
He

also
has

Ueets
upon

his

land

hich
are

thrivin
and

promise
a

good
crop
1

he

latter
h

s

apparently
drained
his

land
by

the

interceptin

ditch
as

well
as

the

former
uas
by
a

system
of

drains
ihroubh

the

land

directly
ai

ected
b
y

seepa
e

It

ahould
be

conaic

ered
also

that
1VTr

Neff
s

drain
is

of

service
to

DZr

Bad
er
s

land
by

cutting
off

some

water
which
w

uld

otherw
i

e

reach
it

1j
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Some

interesting
work

along
this
line
has

been
done
by

Mr

Albert
Igo
on

his

farm
west
of

Greeley
He

has

sunk
a

series
of

small
wells

several
feet
into
the

gravel
in

the

land

which
wa

satura
ted
and

connected
these
wells
with

drains
at

convenient
depths
with
an

outlet
ditch

Water
rises
from

the

gravel
in

these
wells
to

the

level
of

the

outlet
drain
Rnd

by

ravity
passes
awa
y

These
wells

being
sunk
into
the

gravel
which
is

filed
with
water

cimply
relieves
the

pressure

of

the

vater
which
it

derives
from
the

supply
ditch
and
per

mits
it

to

pass

away

without
being

forced
to

the

surface

through
the

soil

It

is

quite

evident
that
an

intercepting

ditch
cut

into
the

gravel

provided
with
a

suitable
outlet

would

accomplish
tbe

same
result
But
of

course
tlie

wells

are

more
easily

constructed
and
are

cheaper
and
if

they
ac

complish
the

purpose
are

certainly

commendable
This
sys

tem
of

drainage
is

applicable
to

lands

having
open

gravel

strata
in

which
the

water

collects
and
is

accomplished
b

th
e

sinking
of

vells
at

points
wh
re

drainage
is

required
and
the

construction
of

n

outlet
for
the

saine
t9

some
more

distant

point
Some

considerable
progress
has

been
made
in

the

drain

age
of

lands
north
of

Longmont
and
in

the

vicinity
of

Ii

h

land
lal
e

Through
the

courtesy
of

11Ir
L

C

Dlead
my

atten

tion
tivas

called
to

several

examples
of

successful
draina
e

in

that

vicinity
which
have
been

accomplished
upon
the

same

lines
as

previously
described
In

that

locality
there
is

no

gravel
subs
il

on

the

contrar
a

rather
heavy
clay
is

found

at
a

depth
of

four
or

five
feet

Soine
drains

constructed
by

Mr
J

Hetzel

demonstrated
the

efficiency
of

the

tivork
in

that

elass
of

soils
Fie

laid
bo

drains
along
the

upper
edge
of

the

field

vhich
began
to

show
seep
ge

The
i

ri

ation
ditch
from

which
this

water
comes
is

some

distance
irom
the

saturated

land
but
lies
tR

ent

feet
or

more

higher
His

plan

briefly

stated
is

to

lay
the

drain
on
a

contour
line

aloug
the

upper

edge
of

the

seeped
portion

giving
as

much
fall
to
it

as

rriay

be

necessary
to

insure
a

ow

and
e

teud
the

drain
to

souie

outlet
point
If

this
fails
to

provide
all

the

drainage
neces

sary
he

constructs
a

similar
drain

down
the

slope

parallel
to

the

first
Mr

ftall
in

the

same
nei

hborhood
has

also

marked
results
from
the

construction
of

one

drain
on

the

upper
side
of

his

farm

between
it

and
the

supply
ditch
Hia

land
is

muchmore
level
than
that
first

described
but
the

result

is

full
as

satisfactory
In

the

experience
of

each
o

these
gen

tlemen
t

hey

found
it

necessarv
to

construct
the
dra
in

wher
e

seepage
first

appeared
If
t

hat

failed
to

reclaim
the

entire
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tract
the

seepage
which

appeared
later
would

indicate
where

the

negt
one

should
he

placed
These

egamples
of

actual
eg

perience
are
of

great
value
to

the

farmers
of

Colorado

indicatinb
a

fe
v

instances
where
seeped
lands
have
been

reclaimed
In

most
cases
there
has

been
but

little

difficulty

in

removing
the

alkali
which
had

filled
the
soil

during
irri

bation
and
cul

ivation
In

some
cases
the

alkali
was
so

slight
that
a

full

crop
n

as

produced
the

year

followin
drain

abe

In

ever9

instance
the

facts
so

far

outained
sho
v

that

where
drains
were

placed
at

the

proper
depths
and
in

such

locations
as
to

intercept
seepa
e

vater
before
it

reaclied
the

lower
levels
the

measure
of

success
attained
is

ufficient
to

merit

attentionTl
O

SYSTE
IS

OF

DItAINAGE

In

considering
the

details
of

land

drainabe
which
are
to

be

adapted
to

the

needs
of

such
land
as

we

hav

under
con

sideration
it

may
be
R

ell
to

consider
briefly
the
tti
o

s

stems

of

locatin
drains
hich
ma
y

be

employed
rhe
first

cousists

of

locating
drains
across
the

general
slope
of

the

land
and

extendins
them
to
R

point
here
the

may
have
a

common

outlet
The

second
consists
in

locating
drains

up

and

down

the

slope
e

tendin
them
in
a

line
of

the

reatest
surface

slope
until
an

outlet
ma
y

be

oUtained
The

lattei
is
a

system

which
has

been

employed
here

ater
to

be

removed
comes

from

rainfall
alone
at

irrebular
times
and
in

variable
quanti

ties

The

water
under
such

conditions
falls
upon
the

surface

of

the

land

which
is

to

be

drained
sinks

directly
into
the
soil

or

passes
slowl5

over
the

surface
in

the

line
of

the

greates

descent
seekin
by

gravity
some
point
vhere
it

may
run
off

freely
It

readily
passes
laterall
y

or

do

nward
along
the
line

of

least

resistance
In

this
wa
y

the

land

becomes
relieved
of

vater
if

properly

underdrained
Tl
e

alternate
drying

and

saturation
of

the
soil

gives
it
a

var
yin

capacity
for

any
sur

pIus

moisture
Under
such

ircumstances
the

first

mentioned

system
of

drain

locatiou
has
not

been
as

successful
as

the
lat

ter
2

he

tendency
of

the

ater

being
to

pass
do
vn

the
s

ope

and

across
the

drain

leaFing
the

land
near
the

drain
unaf

fectedIt

will
be

observed
that
in

the

drainage
of

eeped
lands

so

far

described
the

former
method
has

been

usually
prac

ticed
The

conditions
under
which
land

becomes
saturated

by

rainfall
and

seepage
are

radically
different
In

seeped

Iands
tl
e

soil

water
is

under
a

constant
head

being
con

tinuall
y

forced
up

into
the

soil
the

degree
of

presaure
and

its

effect

depending
upon
the

height
of

the

water

rurface

and
the

porosity
of

the

overlyin
soil

As

lonb
as

there
is

water
in

the

ditches
the

pressure
is

constant
but
as

soon
as

the

water
is

turned
off
it

has

been

observed
that
the

soil

water
be

ins
to

recede
In

the

case
of

rainfall
the

ivater
to

be

drained
a

ra

falls

directly
upon
the

lancl
in

the

case
of

seepage
the

suppl
is

possibly
far

distant
and
the

pressure

and
flotiv
are

continuous
In

this
case
the

system
of

cross

drains
serves
to

cut
off

the

supply
hich
to

be

effective

should
pass

every

consecutive
point

between
the

source
of

supply
and
the

land

affected
It

may
be

said
Tith

truth

that
such
a

drain
svill
not

intercept
all
of

the
n

ater

F3ut

in

the

case
of

irrigated
soils
it

should
be

uncierstood
that

ihe
soil

being
deep
a

nd

porous
ill

care
for
a

certain
amount

of

water

without
producing
an

injury
to

the

land
It

ina

also
be
of

advantage
in

affording
sub

irrigation
It
is

only

in

case
of

saturation
to

such
a

degree
that
the

vater
line

comes
too

near
the

surface
that

injury
is

effected
It

has

been

observed
that

zvhere
drains
have
been
laid

up

and
do
vn

the

slopes
for
the

purpose
of

drainin
seeped
lands
that
the

pressure
frequently

forces
vater
to

the

surface
between
the

drains
or

even

directl
above
them
so

that

drains
located

upon
this

system
must
be

expensively
close

together
and
even

then
may
fail
to

effectivelp
accomplish
the

desired
purpose

There
seems
to

be
no

question
that
for
the

prevention
of

seep

age

the

cross
drain

system
is

the

more

efCicient
and

much

cheaper
I

or

the

urpose
of

locatinb
the

drains
most
effect

ively
the

line
of

land

tivhich
first
sho
vs

saturation
should
be

accurately
traced
and
a

cross
drain

sliould
be

made
five
or

six

feet

deep
at

or

near
this
line
If

gravel
can
be

reached
at

this

depth
there
will
be

but

little
risk
of

failure
If

only

soil
is

found
it

may
be

necessary
to

construct
other
drains

parallel
to

the

first

especially
if

tlie

surface
slope
is

quite

heavy

Some
skill
and

close

observation
in

determining
lo

cations
will
be

required
in

order
to

brin

about
the

best
ef

fect

The

watercourses
in

the

soil
and
the

necessity
for

drainage
work
can
be

only

learned
hen

water
begins
to

appear
in

the

land

Surface

indicatians
are

worth
but

little

When

however

saturation
shows
no

time

should
be

lost
in

beginning
drainage
operations
for
t

e

evil

will

increase

rather
than

diminish
KINDS
OI

DI

AINS

The

kind
of

dr

ins

which
will
be

most

serviceRble
wi11

d

epend
largel
upon
the

magnitude
of

the

work

undertalcen
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and

upon
the

character
of

the

aoil

For
the

reclaiming
of

large
tracts
the

open
ditch
is

the

only

drain
which

may
be

used
The

quantity
of

the

water
seeping

through
the

supply

ditches
varies
so

greatly
at

different
points
that

ample
pro

vision
must
be

made
for
the

drainage
even
at

the

egpense
of

making
the

drains
at

some

points
undul
large
As
ha

been

previously
noted
depth
is

an

iinportant
element
in

the

intercepting
drain
and
in

order
to

secure
it

and

maintain

the

proper
depth
in

the

loose
soils
with

which
we

have
to

deal

it

will
be

necessary
to

make
the

ditch
not
less

than
three
or

four
feet

wide
on

the

bottom
There
is

an

objection
to

open

ditches
for

this

purpose
which
can
not
be

overcome
The

quantity
of

water
is

not
b

eat

but

constant
thereby

encour

aginb
the

rowth
of

ve

etation
7hich
vith
the
lod

ment
of

loose
earth
and

trash

obstruct
the

flow

Nothing
but

tin7ely

care
and

cleaning
out

under
these

circumstances
will
l

eep

it

in

proper

condition
for
the

office
it

is

intended
to

fill

Suc

ditches

constructed
parallel
to

the

course
of
a

supply
canal

ill

develop
a

very

considerable
amount
of

water
liich
in

the

course
of
a

fetiv

miles
may

become
available
and

valuable

for

irrigation
purposes
and

may
be

appropriated
under
the

provisions
of

the

state

irriyation
la
T

A

large
ditcli
of

this

kind
may

not
in

all

cases

intercept
all

injurious
ater
and

may

possibl
require
supple

entins
by

smaller
or

individual

farm

drains
tiVhere
a

large
tract
such
as

has

been

described

is

to

be

drained
involvin
the

land
of
a

number
of

clifferent

o

vners
some

draina
e

district
law

providin
for
co

opera

tion
of

land

owners
should
be

enacted
It

may
be

necessary

for

two
or

more

farmers
to

join
in

the

construction
of
a

common
drain
or

for

securing
an

outlet
for

field
or

farm

drains
In

each
case

they

should
in

equity
bear
the

egpense

of

such
voriz
in

proportion
to

the

benefits
which

they

receive

The

disposal
of

the

water

developed
bv

drainage
vork
n

aF

give
rise
to

some

complications
under
the

irrigation
la
v

but

they
can

probably
be

adjnsted
without

material
difficulty

Without
a

proper
state

draina
e

la
v

however
no

draina
e

can
be

accomplished
except
such
as

may
be

carried
out
by

individual
farmers
upon
their
otivn
land

This

inatter
sllould

receive
careful
and

prompt
attention
in

view
of

the

necessit
y

in

some

quarters
for
at

once

beginning
a

coinprehensive
s
y

tem
of

drainageCovered
drains
should
be

used

whenever
the

area
of

the

tract
does
not

require
drains
of

greater
capacity

than

m

ay

be

profitaUl

constructed
in

this
way

The
one

most

c

mmonly
nsed
is

the

bog

drain

which
is

constructed
f
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boards
or

planks
The

smaller
ones
have
no

bottom
except

cross
pieces
vhich
are

used
to

strengthen
and

hold
the

bos

together
These
are

made
in

len

ths
of

from
t

elve
to
si

teen
feet
and
laid
with
the

open

bottom
do
n

and

joined
at

the

ends

The

large

drains
are

inad
of

planl
s

t

o

inches

thick
I

ile

the

smaller
ones
are

made
of

one

inch

Uoard

Considerable
difficulty
in

the

construction
of

these
drains
is

found
by

reason
of

the

caving
in

of

the

ditch
before
the
box

can
be

put
in

place

Drain
tiles
and
se

er

pipes
h

ve

also

been
used
witl

some

success

Difficulty
has

been
e

perienced
in

securin

a

sufficiently
stable
bottom
upon
hich
to

place
the

pipes

and
also

maintainin
tl

eui

after
vards
in

the

proper
position

This
may
be

largely
avoided
by

digginb
the

ditches
at
a

time

when
the
R

ater
level
is

belo
v

the

rade
line
of

the

drain

It

seems
to

be

the

common
practice
to

ivait
until
the
soil
is

full
of

ater

then
dib
as
c

eep
as

practicable
gradin
U

the

water
l

ich
flo
s

from
tl
e

soil

rhe

loose

character
of

the

soil

and
the

presence
of

quiclisand
ialie
it

extremelv

difficult
to

secure
a

proper
bottom
so

tl
a
t

the

board
or

plank
drains
laid
in

long

sections
l

ave

been

found
easier

to

maintain
in
a

secure
position
The

most
of

this

trouble

can
be

avoided
by

diggin
the

ditch

during
the

dry

season

of

the

ear

that
is

durinb
the

winter
vhen
there
is

no

ater

in

the

irrigation
ditches
The

drain
may
be

laid

upon
a

proper
brade
such
as

may
be

iven
by
a

survey
vith

much

greater
dispatch
and

more

cheaply
The

course
and

depth

of

the

drain

however
should
be

determined
upon
while
tl

ere

is

ater
in

the

ground
If

drains
are

laid

hen
the

soil
is

dry
a

firm
bed

will

usuallv
be

found
and
the

drains
made

of

either
plank
or

pipe
ill

remain
in

proper
position
Of

course
there
ma
y

be

pockets
of

quicksnnd
or

esception
l

cases
vhere

planks
may
be

required
but
the
la

ing
of

the

drains
during
the

dry

season
will
ver

much

simplify
and

egpedite
the
R

ork

The

prices
of

tile

drains

compared
with

board
drains

are

quite
high
and
for

this

reason
the

board
drains
are

more

frequently
used

They
are

laid
in

the
I

ongmont
region
five

feet

deep
at
a

cost
of

from
85

cents
to

1

00

per
rod

Drains

of

this

description
are

made
of
t

vo

boards
sig

inches
ide

and

capped
ith

one

board
ei

ht

inches
and

stiffened
by

cross
pieces
at

the

boitom
inabing
a

drain
well

adapted
to

field

draina
e

here
there
is
a

light
rade

Should
the

gracle

be

heavy
the

drains
ith
no

bottoms
are
not

suitable
for

the

reason
that
the

vater

washes
awa
the
soil

very

rapidtv
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and
they

will
sink
out
of

place
and

finally
coliapse

Instances

of

such

drains
laid

down
the

slope

through
sandy

soil
can

be

referred
ta

With

reference
to

the
tile

drains
it

may
be

said
that

they

a

re

more

suitable
and

sTiould
be

used
if

they
can
be

secured
at

a

reasonable
price
If

made
of

proper

material
and

hard

burned
they

are

dnrable
and

efficient
The

American
Beet

Subar
Co

of

Rocky
Ford
has

begun
the

tiling
af

their
wet

lands

having
during
the

present
year
laid
over
23

000
feet
of

drain
tile

The

company
has

egperieneed
the
di

iculties
of

laying
the

drains
before

mentianed
The

action
of

the

drains

upon
the

land

however
is

quite

satisfactory
With

reference

to

open

ditches
for

drainage
Mr

tiVinterhalter
agricultural

superintendent
for

the

company
says

Open

drains
have

only
been

resorted
to
to

take
off

the
tile

water
into
the

river

or
to

the

factory
sewer
ditch

Generally
speaking
they

are

not

successful
in

this

country
owing
to

the

growth
of

nogious

weeds
vhich

obstruct
the

free
flow
of

water
and
also

because

they
fill

up

quickly
vith
I

ussian
thistles
and

tumble
weeds

liich
are

carried
for

miles

through
the

country
by

spring

storms
If

th

survey
before

mentioned
is

made
so

that
the

pipes
can
be

laid
in
a

dry
soil

instead
of
a

ret

one

there
tivill

be

no

difiiculty
neither
will
the

pipes
fill

tivith
soil
or

sand
if

they
be

properly
joined
Pipes
t

vo

feet
in

length
Rre

prefer

able
to

the

short
ones
and
a

coverinb
of

tarred
paper
placed

over
t

e

joints
at

the

time
they
are
laid
R

ill

prevent
sand
from

entering
the

drain
They

should
have
a

uniform
grade
uot

less

than
tR
o

inches
per
100
feet
if

it

is

possible
to

obtain
it

and
the

earth
shauld
be

filled
very

compactly
about
and

above

to

the
full

depth
of

the

ditch
It
is

essential
in

the

covered

drains
that
the

ditches
be

tivell
filled
and

more
than
ordin
r

care
be

tal
en
in

compacting
the

soil

hich
has

been
exca

vated
for

the

reason
that
tivl
en

irri

ation
ater
is

apl
lied

there
is

danber
of
it

flo

in

into
the

ditch
and

throu
h

the

drain
The

mistake
may
be

easily
made
of

mal
in

these

drains
too

small
The

amount
of
R

ater

hich
they

are
es

pected
to

carry
is

variable
and

uncertain
One

portion
of

the

field
may

furnish
double
the

tivater
that

another
portion
of

equal
len
th

will

furnish
because
of

the

difference
in

the

porosit
of

the

subsoil
In

fact
a

drain
in

order
to

cut
off

seepage
from
a

particular
place

may

egtend
for
a

consid

eraLle

distance
through
a

portion
of

land

requiring
no

drain

age

Thatever
In

such
cases
the

drain
may

lose
a

portion
of

its

zvater
in

the
soil

before
it

arrives
at

the

final

outlet
z

ll

of

these

conditions
are
o

variable
that
it

is

diflicult
to

antici
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pate
all
of

them
and
the

drainer
of

seeped
lan3s
will
find
in

every
new
field
he

undertakes
a

work

requiri
g

special
eram

ination
One

failure
of

pipe

drains
which

may
be

noted
is

the

insu

iciency
of

size
R

hich
has

been
used
I

or

accom

plishing
the

best

results
a

drain

should
never
run
full
of

water

There
should
be
a

space
of

air
at

the
top
of

the

ow

ing

water
which
R

i11

aid
in

destroying
the

capillary
connec

tion
betR
een

water
and
soil
If

the

drain
is

filled
with
u

ater

of

course
the
soil
is

satu
rated
to

the

crown
of

the

drain
and

begins
at

once
io

conduct
capillary

water
to

the

surface

which
a

space
of

air

would
help
to

check
A

size
no

smaller

than
sig

inches
in

diameter
should
be

used
for
cut
off

drains

of

minimum
lenbth
and

ordinarily
eibht
inch
tile

should
be

used

With

reference
to

the

durability
of

the

board
drains

it

is

urged
by

their
users
that

lumber
kept

completely
sat

urated
is

durable
There
are

instances
in

which
a

ooden

drains
have
been

operating
ten

years
or

more

without
failure

It

can
not
be

expected
ho

ever
tbat

such

drains
will
be

per

manent
The

may
pass

through
soil

cvhich
at

times
may
be

sufficiently
dry
to

produce
decay

and
it

is

only
a

matter
of

time

hen

they
will
fail
and

require
renewing
It

is

to

be

hoped
that
a

more

lasting
material
ma

soon
be

available
to

all
of

those
who
wish
to

construct
underdrains

REMOVING
ALgALI

t

The

alliali

question
has

been

touched
upon
onl

inci

dentally
Its

prevention
rather
than
its
re

ed

has

been

sought
for
so

far
in

the

discussion
of

the

drainabe
problem

If

the

matter
of

reclaniation
ere
tal
en

up
i

hen
the
evil
first

appeared
but

little
if

any

delay
tivould
be

occasioned
in

re

storing
the

land
to

its

original

productiveness
After
it

Las

been

subjected
to

satnration
for
soi
e

ears
and
tlle

salts
of

the

soil

have

become

concentrated
npon
the

surface
espe

ci

ally
the

sodium

carbonate
or

blacl
all
ali

proper
cultiva

tion

together
with

judicious
irrigation
will
be

required

After
the

jvatQr
has

been
once
cut
off

the

soil

soon
dries
out

and

judicious
irrigation
tlissalves
the

surface
alkali
ahd
car

ries
it

back
into
the

soil
R

here
by

successive
irri

ation
i

y

winter
rains
and
the

growing
of

rops

which
are

tolerant
of

alkali
it

becomes

distributed
throu
h

the
soil

without
being

ashed
awa
y

and
lost

Sh

uld
the

soil

become
so

strongly

permeated
with

alkali
that

profuse
washing
by

irrigation
for

the

purpose
of

carr
ing
it

entirely
out
of

the
soil
is

required

a

system
of

under
drains
would
be

necessary
to

provide
an

e

it

for
the

water
which
is

applied
for

that

object
In

any
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case
a

cut
off

drain
would
be

necessary
to

relieve
the
hy

draulic
pressure
and

permit
the

free

ction
of

the

clrains
in

removing
alkali
ater

Such
a

system
if

constructed
should

be

laid

down
the

slope
as
is

done
for
the

drainage
of

surplus

rainfall
As
far
as
I

have

observed
the

alkali
vhich
has

been

broubht
to

the

surface
by

seepage
has

been

neutralized
and

carried
away
by

ordinary
methods
of

management
the

soil

after
the

seepage
has

been
cut
off

taking
care
o

the

water

hich
is

applied
in

ordinary
treatment
of

the

land

THE

GRAND
VALLEY

On
the

western
slope
of

the

state
are

found
some
of

the

most

fertile
valleys
ithin
its

borders
The

portian
of

the

valley
of

the

rand
river
bet

veen
the
to

vns
of

Grand
Junc

tion
and
I

ruita

contains
apple
peach
and

prune

orchards

hich

produce
fruit
of

superior
quality

and
in

greater
abun

dance
than

any

other
part
of

the

state
The

shipments
of

fruit
from

Grand

Junctian
alone
run

from
300
to

500

cars

per

year

Other
crops
such
as

potatoes
and

su5ar
beets
can

not
be

surpassed
either
in

quality
of

product
or
in

the

abun

dance
of

yield
On

either
side
of

the

river
cliffs
rise
one

mile

hi
h

biving
this
rich

valley
that

beneficent
protection
hich

insures
rebular
and

bountiful
crops

ater
for

irriyation
is

furnished
b

ditch
from
the

Grancl
river

Vith
its

branches
it

is

over

seventy
miles

long

It

inds

down
the

valle
in

that

irrebizlar
inanner

which
is
s

characteristic
of

these

artificial
channels
The

slope
from

t

ie

canal
to

the

river
is

fift
y

feet
per

mile

The
soil

thou
h

f

ertile
is

mnch
diff

erent
from
that
on

the

eastern
slope
It

is

heavier
and
uot
so

tractable
hen
first

brolien
up

Uut

when

once

subdued
irrigated
and

cultivated
produces
with
gra
i

fying

luxuriance
This

valley
gives

promise
of

becominb
one

of

the

greatest
fruit

producing
regions
of

the

West
2

he

apple
pench
and

prune
seem
to

be
at

hoi
e

iu

the
soil
to

say

nothin
of

otlaer
fruits
and

cereal
crops
An

abundance
of

vater
is

available
which
is

used
with
great

prodigality
2

he

soil
is

artially
of

shale
origin
that

formation
in

some
locali

ties

being
within
t

vo

and
one
half
to

three
feet

froxri
the

surface
tl

ough
it

is

usuall
y

found
from

twenty
to

forty
feet

from
the

surface
This
brief

description
is

given
in

this

connection
for
the

reason
that
like

portions
of

the

valleys
on

the

eastern
slope

some
of

the

farms
here
are

suffering
from
the

results
of

aeep

a

e

and
over

irrigation
The
salts

brought
to

the

surface
by

DI2A7
df
F

DITCH
A

VD
I

ANU

PBOTEO
CEU

Fktp
L

AEEP
CE

POL
DRE

CALLEY

R

ABTE

DITCH
iT

ftAND

VdLLEl

4HICH
Af

1Y

i3E
L

SEI

FOB
A

DIiAINA
iE

OC

TLET
TR
EI

E

FEET
DEEP
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the

evaporation
of

soil

water
are

more

largely
sodium

chlor

ide

and

sodium
sulphate
the

black
alkali
or

sodium

carbonate

I

showing
less

abundantly
than
in

the

valleys

previously
de

scribed
The
soil

retains
water
with

considerable
tenacity

so

that
it

may
be

said
to

be

close
tivhen

compared
with
the

irrigate
l

soils
on

the

eastern
slope

Strange
as
it

may
seem

portions
of

orchards
are

alread
y

ruined
and

present
t

he

ap

pearance
shown
in

Fig
7

A

bed
of

shale

through
whicl

the

water

percolates
underlies
this

once

productive
peach

orchard
The

alkalai
and

spots
of

saturated
soil

upon
the

surface
mutely

indicate
the

cause
of

the

ruin

which
has

been

svrought
while
the

adjoining
orchards

which
are
not
yet

seeped

emphasize
the

marked

difference
bet

veen
two

condi

tions
of

soil
v

hich
is

met
with

elsewhere
in

this

valley
Thi

orchard
died
from
an

egcess
of

water
that

constant
under

supply
tivhich
knows
no

abatement
or

let
up
as

long
as

ater

flows

through
the

canal

Other
Iands
bet

veen
the
to

vns
of

Grand

Junction
and
I

ruita
k

ear

abundant
evidence
of

the

growim
inroad
of

seepage

devastatiom
The

patchy
fielda

and

orchards
the

abundant
and

increasing
vhiteness
of

the

soil
in

certain
localities
are

witnesses
to

the

fact
that

some

thing
ought
to

be
c

one
to

head
off

the
evil

which
is

de

tined

to

grow
more

formidable
ts

the

ears
go
by

In

my
jud

ulent

it

can
be

dome
and
the

sooner
some

practical
plan
can
be

car

ried
into

effect
the

greater
will
be

the

savin
of

property

The

plan
is

simple
and
is

this

Excavate
a

series
of

ditches
below
and

parallel
with
the

suppl
canal
and

give

each
an

outlet
to

the
riS
er

through
waste

ditches
vhich
are

required
by

the

canal
some
of

which
alread

exist
1

he

plan

is

outlined
in

principle
only
in

Fig
8

rhe
cut
ofF

ditch

should
be

from
six
to

eight
feet

deep
and

located
belo
v

the

canal
along
a

line

most

favorable
for

intercepting
the

seep

age

The

waste
or

receivin
ditches

should
eYtend
to

the

river
along
land
lines

where
the
y

vill
be

the

least

objection

able
and
will

accomplish
the

most
o

d

The
fall
of

the

laud

is

such
that

there
will
be

no

difficulty
in

securing
suiheient

grade
for

self

maintenance
Z

he

waste
ditches
will

require

checks
and

other
prec

uiionary
measures
to

prevent
too

great

erosion
by

waste
flood
water

whieh
must
be

provided
for

A

simple
system
of

this

kind
ill

thoroughly
check
the

inroad
of

seepage
and

make
evers

acre
on

the
lo

er

side
of

the

canal

equally
free

from
seep

water
Here
again

arises
the

need
of
a

state

drainage
law

This
is
a

work
in

vhich
all

land

owners
must
co

operate
under
the

provisions
of
a

la
v

by

which
the
e

penses
of

the

work
can
be

equita
biy

adjusted



176

EL

VL

TH
BI

TNL
L

B

EPOIIT

legall
y

collected
and

applied
properly
to

the

laying
out

con

struction
and

maintenance
of

the
R

ork

This
evil
is

just
be

ginninb
here

The

shale

subsoil
or

more

properly
base
of

the
sail

sometimes
changes
its

structure
after
irri

ation
be

gins

producinb
favoraule

drainage
conditions
but
the

ap

pearance
of

vet

lands
along

various
points
of

the

entire

length
of

the

canal

especially
noticeable
bettiveen
Grand

Junction
and
I

ruita

subgest
the

wisdom
of

givin

attention

to

thia

matter
at

once

rhe

area
ma

be

taken
up
in

divi

sions
the

tract
lying
bet

veen
t

o

succeeding
outlet
drains

vhich
egtend
to

the

river
bein

treated
as
a

separate
district

in

construction
and

maintenance
One
of

the

several
steam

excavating
machines

may
be

used
upon
t

his
w

ork

tiVith
such
a

system
of

iiitercepting
drains
an

detail
or

individual
drainage
which
mibht
be

found

necessary
later
can

be

done

However
with
the

drainage
di

ches

properly
lo

cated
and

consi
ructed
few

cases
will

arise

where
further

ditchinb
ill

be

necessar
y

unless
it

be

same
of

thoce
lands

which
lie

farther
toward
the

river

This

valuable
fruit
belt

will

then
be

reasonabl
y

secure
from
the

dangers
of

seepabe

1

he

uniformit
and

certaint
y

of

the

crops
vill

then

attract

bro

ers
to

such
an

extent
that
all
of

the

unoccupied
land
ill

soon
be
br

ought
under
a

high
state
of

cultivation
No

other

i

iprovement
which
can
noR
be

proposed
for

this

valley
tivill

be
of

such

material
and

lasting
benefit
as

the

simple
and
effi

cient

drainage
herein
su

gestec

The

investigations
thus
far

made
cover
but
a

small
part

of

the

state
The

details
of

the

ork

done
can
not
be

given

in

this

brief

report
but
the

results
of

the

egaminations
have

been
prett
y

fullv

outlined
Ever
y

additional
field

vhich
I

have
had
the

privilege
of

visiting
and

looking
over
even
in
a

uperficial
manner

onls

emphasizes
tbe

necessity
for

iinme

diate

attention
on

the

part
of

land

owncrs
to

the

seepage

question
jVhile

efforts
are

made
to

obtain
greater

supplies

of

ater
and
to

enlar
e

the

area
of

cul

tivated
lands
it

is

unwi5e
for

the
o

vners
of

lands

already
under

irrigation
to

allo

portions
of

their

domain
to

become
and

remain
worth

less

because
of

lac

of

drainage
The

drainage
of

irrigated

lands
is

destined
to

become
a

part
of

agricultural
operations

vhich
will

follo
v

in

the

wake
of

the

development
of

arid

re

ions
and

should
receive
the

attention
of

both
ditch
build

ers

and
land

owners
Alread
y

the

value
of

seepage
water
ior

irrigation
purposes
is

appreciated
and
is

being

appropriated

at

various
points

where
it

can
be

readily
collected
If

the

large
areas
of

wet

land
ere

reclaimed
the

resulting
drain
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age

water
w

ould
be

large
in

quantity
and
of

great
value
The

cantrol
of

its

use

should
be

vested
in

some

authority
of

the

state
and
the

drainage
itself
when
the
co

operation
of

land

otivners
is

required
should
be

performed
in

accordance
with

t

he

provisions
of
a

simple
and

efficient
draina
e

la
v

vhich

should
be

enacted
at

the

coming
session
of

the

legislature

V

ith

this
end
in

view
it

ould
be

wise
for
yo
r

office
to

urge

the

necessity
of

such

measuresRespectfully
C

G

ELLIOTT

gent
and
E

pert
Irri
c

tion

Investigations
O

ice

of

per
im

ent

Stations
U

S

Dept
of

Agr



178

ELE4ENTH
BIENNIAL
It

POItT

CHAPTER
VIII

THE

MEASUREMENT
OF

WATER

A

L

I

ELLOws

INTI

ODUCTION

rhe
irri

ation

interests
of

Colorado
have

assumed
sucli

importRnce
tiiat

officers

connected
in

any

vay

tivith

irriga

tion
are

eonstantly
in

receipt
of

applications
for

infoi
ina

tion

concerninb
the

distribution
and
use
of

water
On

this

account
it

has

been
thou
ht

advisable
that
a

bulletin
be

puUlished
vhich
should
set

forth
as

briefly
and
yet
as

clearly

as

possible
some
of

the

most

improved
methods
of

ineasur

inb

water
used
for

irribation
purposes

comprising
a

fe
v

of

the

most

essential
tables
for

calculating
the

discharge
of

water
in

open

channels
over

various
forms
of

weirs
and

throubh
some
of

the

more

ordinary
styles
of

orifices
and

pipes

It
is

intended
that
this

bulletin
shall

cover

simply
the

more

elementary
principles
of
h

draulic

measurements
with

the

hope
that
it

may
be
of

service
to

the

average
irrigator

rather
than
to

the

expert

hydraulic
en

ineer
At

the

sanze

time
it

is

believed
that
the

infarmation
contained
herein

may
be

of

value
to

water

commissioners
and

siiperinten

dents
and
to

others
R

hose
duty
it

becomes
to

measure
water

and
also
to

young

engineers
and

surveyors
more

especially

by

indicatinb
to

them
the

authorities
upon
the

subject
of

hydraulics
hose
orl
s

have
been
of

the

reatest
use
in

the

preparation
of

this

pamphlet
No

pretense
is

made
that
this

is

more
than
a

brief

compilation
from
the

vor

of

Neville

Bazin
Traut
ine
I

annin

Carpenter
Hall
and

others
to

all
of

hom
it

is

desired
that
due

credit
be

given

tobether

with
some

additional
memorancla
m

de

b9

the

writer
dur

ing
the

courae
of
a

number
of

egperiments
I

am

especially
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indebted
to

Professor
L

G

Carpenter
of

the

State
A

ricul

tural

College
at

Port

Collins
ior
his

kind

permission
to

make
use
of

the

tables

contained
in

his

adnlirable
Bulletin

No
27

upon
The
l

Zeasurem
nt

and

Division
of

tiVater
I

have
made
use

also
of

the

bulletins
and

reparts
of

the

United

States

Geological
Survey

and
of
t

e

suggestions
of

11ir
P

H

Newell
chief

hydrographer
to

whom

especial
thanks
are

due
To

these

gentlemen
and
to

all

other

saurces
from

tivhich

the

information
h

rein

contained
is

derived
I

am

indebted

for
the

greater
par
of

the

contents
of

this

bulletin

DEFINITIONS

As
it

will
be

necessary
to

use

some
terms
more
or

less

technical
it

is

desirable
that

enough

definitions
be

given

to

make
clear

any

expressions
containing

them

The
first
to

be

considered
are

those
used
in

measuring

ater

The

unit

which
the

law
of

Colorado
requires
the

State

Engineer
to

adopt
and

tivhich
is

preferred
by

all
en

ineers
and
by

all

who
are

thorougl
ly

familiar
with
the

term
is

the

cubic
foot
per

second
of

time
or

second
foot

for

flawing
water
and
the

cubic
foot
for
me

surement
of

volume
Section
2467
of

the

irrigation
laws
of

Colorado
is

as

follo
vsUnit

of

112easL2rement
The

State

Engineer
sl

all

use

in

all

his

calculations
measurements
records
and

reports

the

cubic
foot
per

second
as

the

unit
of

ineasurement
of

flowing
vater
and
the

cubic
foot
as

the

unit
of

ineasnre

ment
of

volume
L

89

374

section
10

The
sa

e

units
have
been

adopted
by

the

engineera
of

the

other

irrigating
states

By

cubic
foot
per

second
is

meant

sufficient
vater

flowing
tbrough

any

kind
of
a

conduit
to

egactly
fill
a

re

ceptacle
holding

one

cubic
foot
or
1

728

cubic
inches
once

in

each

second
It

may
be

defined
in
a

number
of

different

ways
also

Mr

Newell
defines
it

as

the

amount
carried
in

a

flume
with
a

square
cross

section
one

foot

deep
one

foot

R

ide

and

flowing
vith
an

avera
e

velocity
of

one

foot
per

second
A

moment
s

thoubht
will

convince
the

reader
that

the

various

definitions
are
but

different
wa
s

of

egpressing

the

same

amount
The
idea

intended
to

be

conveyed
may

be

clearer
to

some
if

it

be

remembered
that
a

cubic
foot
of

water
is

equal
to

seven
and
one
half

gallons
and

that
we

nta

therefore
s

y

a

cubic
foot
of

water
per

second
or
a
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second
foot
is

simply
a

stream
which
will

furnish
seven

and
one
half

gallons
of

water
every

second
It

will

readily

be

seen
that
a

knowledge
of

the

depth
and

width
of

the

stream
is

not

sufficient
for

the

determination
of

its

dis

charge
but

that
the

volume
is

dependent
upon
the

three

factors
of

depth

breadth
and

velocity
per

second
or

more

simply
upon
the

area
and

average
velocity

per

second
the

three

measured
in

feet

when

multiplied
together

giving

the

amount

discharged
in

cubic
feet
per

second
For
eg

ample
if
a

stream
has
an

average
depth
of

two
feet

and

an

average
width
of

four
feet

and

flows

throughout
the

cross

section
with
an

averabe
rate
of

three
feet
each

second

the

quantity
of

water
floR

ing

would
be
2

x

4

x

3

24

cubic

feet
per

second
or

second
feet

If

however
the

strea
m

is

more

slugbish
the

velocity
being

one
half
of

one
foot
ger

second
the

clischarge
would
be
2
x

4
x

2

4

second
feet

Again
if

the

average
velocit
is

one

foot
per

second
the

number
of

second
feet
will
be

equal
to

the

cross

section
of

the

ditch
or

conduit
In

this
case
we

have
2

x

4

x

1

8

sec

ond
feet
It

will
thus
be

seen
that

streaxns
which
look

about

the

same
may

give

widely
varyin
disch
rges

The

formula

for

discharge
measured
in

cubic
feet
per

second
is

then

D

AxV

In

this

formula
D

equals
the

discharge
of

the

stream

in

cubic
feet
per

second
A

equals
the

area
of
a

vertical

section
of

the

stream

perpendicular
to

the

direction
of

its

current
in

square
feet
or

the

product
of

the

averabe
depth

and

width
of

such

section
and
V

equals
the

average
ve

locity
of

the

water
in

feet
for
a

single
second
of

tinie

The

term
a

cubic
foot
is

of

course
an

exact
term

capable
of

but
one

meaning
namely
a

cubic
foot

equal
to

1

i28

cubic
inches
it

is

also

equal
to

almost
egactly
7

ga1

lons

weibhinb
abaut
62
4

pounds
at

average

temperatures

Table
1

on

page
181

ves
a

number
of

equivalents
for
the

cubic
foot
and

other
units
of

ineasurement
that
will
be

found

convenient
for

reference

In

calculatinb
the

volume
of

water
in

great

quantities

as
in

large

reservoirs
vhere
the

number
of

cubic
feet

might

run
up

into
the

millions
another
term

dependent
upon
the

cubic
foot
is

sometimes
used

which
is

the

acre
foot

This

simpl
me
ns

enough
water
to

cover
an

aere

uniformly
vith

water
one
foot

deep
and
is

of

course
equal
to

the

area
of

one

acre
or
43

560

square
feet

multiplied
by

one
foot

depth

giving
43

560

cubic
feet
I

or

example
a

reservoir
contain
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1

1

ing
4

356
000
000

cubic
feet
of

water
would
contain
100
000

acre
feet

The

term
acre
foot
has
the

additional
advau

tage
that
it

gives
an

approgimate
idea
as
to

how

much
land

can
be

irrigated
from
a

reservoir
when
its

capacity
or

the

amount
oi

water
which
it

contains
is

known
as
it

may
be

estimated
that
it

will
take

about
two

acre
feet
to

provide

water
for

one

acre
of

land
for
the

irrigation
season

I

cubic
foot
of

1

cubic
foot
per

1

acre
foot

TABLE
1

water
weighs

about
62
4

pounds

second
7

4805

about
72

gallons
per
sec

ond
35
4

Colorado
statutory
inches

50

California
statutory
inches

1

acre
foot
in

12

hours
6

minntes

86

400

cubic
ieet
in

24

hours

nearly
2

acre
feet

an

acre

covered
with

water
1

foot

deep
43

560

cubic
feet

325
851

gallons

Another
term
in

common
use
is

the

inch

There
are

several
kinds
of

inches
but
the

quantity
most

commonly
in

tended
vhen
the

term
is

used
in

this

state
is

the

Colorado

statutory
inch
the

2aw

defining
it

being
as

follo
s

Water
sold
by

the

inch
by

any

individual
or

corpora

tion

shall
be

measured
as

follows
to

wit

Every
inch
shall
be

considered
eqnal
to

an

inch

square

orifice
under
a

five

inch

pressure
and
a

five

inch

pressure

shall
be

from
the

top
of

the

orifice
of

the

bog
put

into
thP

banks
of

the

ditch
to

the

surface
of

water
said

boxes
or

an
y

slot
or

aperture
through

which
such

water
may
be

meas

ured

shall
in

all

cases
be

sig

inches

perpendicular
inside

measurement
egcept

boges

deliverinb
less

than

twelve
inches

which
may
be

square
with
or

without
slides
all

slides
for

the

same
shall

move

horizontally
and
not

otherwise
and

said
bog
put
into
the

banks
of

ditch
shall
have
a

descending

grade
from
the

waier
in

ditch
of

not
Iess

ihan
one

eibhth
of

an

inch
to
t

e

foot

General
Statutes
of

1883
page
101

section
3472

The
term
is

often

confounded
R

ith

other
kinds
of

inches

however
It
is

not

uncommon
for
it

to

be

used

referring
to
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a

square
inch
of

vater
flo

ving
over
a

weir
or
in

open
chan

nels
a

stream
havinb
a

cross

section
of

one

square
foot

being

spoken
oi

as

144

inches

without
reference
to

the

velocity

and

hence

without
reference
to

the

quantity
Again
it

is

sometimes
confused
vith
the

miner
s

inch

which
is

the

flow

throubh
an

inch

orifice
vith

only
a

four
inch

pressure

When
inches
are

spoken
of

therefore
the

speaker
may

have

in

mind
such

quantities
of

ater
as

may
be

discharged
from

an

orifice
or

throubh
a

conduit
havina
a

cross

section
of
a

given

number
of

square
inches

quantities
var9ing

with
the

velocities
dependent
upon

any

number
of

different
condi

tions
144
of

them
to

the

second
foot
for

egample
vhen

the

average
velocity
ie

one
foot
per

second
or

he

may

mean

California
statutory

inches
of
R

hich
it

takes
fifty

more
or

less
to

make
a

second
foot
or

Colorado
statutory

inches

of

which
there
are
38
4

more
or

less
to

the

second
foot
It

will
be

observed
that
in

each
case
the

vords
more
or

less

are

used
this
is

necessary
because
the

inch
of

water
even

at

its

best
is

but
a

variable
quantity

The

shape
and

nature

of

the

orifice
the

velocity
of

approach
or
of

the

current
past

the

orifice
the
an
le

at

hieh
the

orifice
faces
the

stream

and
the

vidth
of

the

opening
are
all

factors
that
have
most

intimate
bearinb

upon
the

discharbe
In

the

case
of

the
Col

orado
statute
inch
for

example
the

ratio
of

the

discharge
to

the

width
of

the

orifice
is

by
no

means

constant
Let
us

sup

pose
that
we

have
two

bates

deliverinb
tivater
from
the

same

ditch
both
of

them

complyinb
exactly

with
the

requirementa

of

the

statute
but
one

havinb
an

orifice
three
inches
ide

and
the

other

havinb
one
six

inches
wide
each

being
siY

inches
high
and

with
a

five

inch

pressure
from
the

top
of

the

orifice
to

the

surface
of

the

ater

the

first

would
give

a

discharbe
of

18

and
the

second
of

36

statutory
inches
but

as
a

matter
of

fact
the

second
would
be

givin
a

good
deal

cnore
than
twice
as

much
water
as

the

first
for

the

reason

that
the

averabe
velocity
of

the

water

through
the

second

vould
be

considerably
more
than
that

through
the

first

This

branch
of

the

subject
will
be

discussed
nore
full
y

Iater

It

is

evident

therefore
that
the

cubic
foot
is

the

only

exact
term
used
in

measurina
ater
in

common
use

As

stated

previously
this

may

perhaps
be

better

understood
by

some
if

we

substitute
for
the

term

cubic
foot
the

words
7

allons
its

equivalent
tiVe

should
then

say
7

gallons
per

second
or
15

gallons
per

second
for

two

cubic
feet
per

econd

of

time

Hereafter
therefore
we

shall
use
the

term

cubic

SmATE
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1b

feet
per

second
or

second
feet
as

an

abbreviation
of

the

same
when

discussing

measurements
or

quantities
of

water

A

number
of

other
more
or

less

technical
terms
will
be

met
with
as

we

proceed
the

definitions
of

which
will
be

given

as

they
may
be

required

In

considering
the

flow
of
R

ater
we

shall
take

up

the

various
phases
in

the

following
order

First

Discharge
in

open

channels

Second

Discharge
over

weira

Third

Uischarge
through
orifices

I

ourth

Discharge
through
pipes

DISCHARGE
IN

OPEN

CHAlvNELS

It

is

evident
that

water

flowing
in

open

channels
will

be
in

the

moat

nearly
perfect

condition
for

accurate
meas

urement
when
it

is

8owing
freeiy
in
a

vell

canstructed
flume

the

floor
of

which
is

carefully
laid
to

grade
and
is

free
froui

sand

gravel
or

other

obstacles
tending
to

impede
the

flow
of

the

water
and

whose
sides
are

likewise
free

from
all

ob

structions
Moreover
in

order
tha
t

the

conditions
for

meas

urement
shall
be

as

nearl

perfec
t

as

possible
the

fiume

should
be

straight
and
the
s

viftest
current
should
be

about

in

the

center
vhile
no

eddies
or

backsets
should
exist
at

the

point
of

ineasurement
7

hese
are
the

conditions
soubht
for

when

careful
ratings
or

gaging
are
to

be

made
and
it

is

witlt
these
in

view
that

rating
flumes

should
be

constructed

In

this

connection
a

few

conditions
to

be

fulfilled
in

the

plac

ing
of
a

rating
flume
mibht
be

given

a

It

should
be

located
near
the

headgate
but

belo

all

sluice
gates
and

above
all

delivery
ates
of

the

ditcb

where

practicable
b

It

should
be

located
in
a

straight
part
of

the

chan

nel

where
there
are
no

curves
for
at

least
one

hundred
feet

above
and
belo
v

c

t

should
be

set
to

the

true

grade
of

the

ditch
that

is

to

the

grade
which
the

ditch
takes
vhen

carrying
water

at

its

normal
stage
If

practical
grade
and
the

theoreti

cal

grade
are
the

same
so

much
the

better

d

The

floor

ahould
be

smoothly
laid
and
the

bottom

of
a

cross
secti
n

of

the

flume
should
be

level

e

The

sides
of

the

flume
may
be

either

vertical
or

flaring
with
a

slope
of

one
foot

horizontal
to

one
foot
verti
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cal

The

latter
form
is

preferred
by

many

erigineera
as
it

conforms
more

closely
to

the

usual
form
of

ditch
In

the

former
case
the

width
should
be

equal
to
a

little
more
than

the

bottom
idth
of

the

ditch
so

tliat

there
may
be

no

ma

terial

contraction
at

the

head
of

the

flume
On

the

other

hand
the

flume

should
not
be

so

vide
as
to

practicall
y

broaden
the

ditch
and
so

cause
a

slacl
ening
of

the

current

and

consequent
eddies
In

eneral
its

width
should
be

equal

to

the

bottom
width
of

the

ditch
plus
the

depth
of

water

whiel
it

is

intended
that
the

ditch
shall

carry
an

amount

equal
to

one
half
the

depth
beinb

added
to

the

bottom
width

of

the

ditch
on

each
side
of

the

flume

Where
flaring

sides
are

used
the

bottom
width
should

be

the

same
as

the

theoretical
bottom
idth
of

the

ditch

In

either
case
the

cross

section
of

the

flume
should
be

prac

tically

equivalent
to

the

cross

section
of

the

ditch
both

above

and
belo
v

itThe

sides

should
be

high
enou
h

to

contain
all

the

water
hen
the

ditch
is

carrsing
its

maximum
capacit

g

The

lenbth
of

the

flume
should
be

not

less

than

twelve
feet
for

ditches
hose

bottom
width
is

sig

feet
or

less

nor
less

than

sirteen
feet
for

ditches
bet

een
sig

and

twelve

feet
in

width
and
t

venty
four
feet
for

vidths
of

from

twelve

to
t

enty
four
feet
I

or

very
large

ditches
the

lenbth
Should

not
be

less

than
the

width
of

the

ditch

h

Both
floor
and

sides

should
be

nailed

smoothly
and

with
no

projectin
nails

timber
or

obstructions
of

any

kind

The

material
used

should
be

heavy
enough
so

that
there
ma

be

no

danger
of

the

sides
being

pressed
inward
b

any
prea

sure
from

without
or
of

warping
or

twisting
out
of

ahape

very

common
error
i

the
use
of

too

light

planking
in

the

flume

resulting
in

its

speedily
getting

out
of

shape

i

A

scale

should
be

marked
upon
or

cut
in

one
or

both
sides

hich

should
be

marked
in

spaces
equal
to

one

tenth
of
a

foot

vertical

measurement
and

every
foot

mark

of

the

scale

should
be

numbered
This
can
best
be

done
with

brass

headed
nails
or

metal
figures
driven

deeply
into
the

wood
The
zero
of

the

scale

should
be

level
with
the

floor
of

the

flume
and
the

scale

should
be

marked
plainly

enough

so

that
the

depth
of

the

mater
may
alt

ays
be

read
upon
the

scale
from
the

opposite
side
of

the

channel
The

scale

should

be

fiush
with
the

sides
so

that

trash
of

any

kind
may

not

catch
upon
it

It

should
be

located
at

the

center
of

one
or

each
side
of

the

flume
Rods
or

scales
nailed
upon
the

ides

STATE

ENGINEER
OF

vOLORADO

1g5

of

the

flnme
should
not
be

tolerated
as

they
are
too

easily

moved
thus

permitting
of

fraud
and

because
they

present

an

appreciable
obstruction
to

the
flo
v

of

the

water

makiug

accurate
readings
difficult
if

not

impossible

j

The

fiume
should
have
cross
beams
or

bridbes
just

above
or

below
the

gage
rod
or

scale
for

convenience
in

mak

ing

mea

surements
k

The

flume
should
be

protected
from
lea

kage

around

the

sides
and

under
the

bottom
by

suitable
vings
and

aprons

Plans
and

specifications
for

measurxng
flumes
will
be

found
on

pages
185
186
187
and
188

z0cawr0zwawzFx
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MEASUREMENT
IN

FLUMES

Having
a

flume
in

which
it

is

desired
to

compute
the

ow
of

the

water
it

should
first
be

ascertained
that
the
con

d

tions
are
as

nearly
perfect
as

may
be

practicable
Cases

often
occar
in

which
some
of

the

conditions
can
not
be

or

at

least
are
not

complied
jvith
In

cases
where
the

difli

cultiES
can
not
be

avoided
the

best
that
can
be

done

under

esistin

circumstances
may
be
to

treat
the

flume
as

an

ordi

nary
ditch

followin
the

method
to

be

described
hereafter

for

measuring
water

flowing
in

open

ditches
but

whenever

it

is

possible
egiating

evils

should
be

remedied
before

anp

measnrements
are

made
In

the

first

place
the

surface
of

the

water
must
not
be

rising
or

falling
either
one
of

whicl

conditions
tivould
affect
the

result
to
a

greater
or

less

degree

the

former
by

givinb
a

discharbe
greater
and
the

latter
ot

failing
stage
by

giving
a

less

than
the

normal
for
the

iven

height
Three

methods
for

determining
the

velocity
will
be

con

sidered
I

irst
by

means
of

floats

second
by

means
of
a

urr
ent

meter
and

third

through
a

knotivledge
of

the

dimen

sions
and

grade
of

the

ditch
In

each

instance
the

formula

for
the

discharge
is

already
given

namely
D

AxV

there

fore
in

each
case
i1

is

first

necessary
to

measure
the

area

of
a

cross

section
of

the

flume
ati

its

most

favorable
point

This
is

accomplished
b

measurinb
the

depth
at

intervals

throughout
the

entire
width

usually
at

every
two
or

five

feet
but
the

intervals
will

depend
upon
the

width
For
a

narraw
fiume
it

may
be

necessary
to

make
the

measurements

ever
y

foot
or

even
less

Of

course
if

the

bottom
is

kno
n

to

be

level
one
or

ttivo

measurements
of

the

depth
may
be

all

that
are

necessary
but

unless
this
is

known
to

be
a

fact
it

will

usually
be

safer
to

make
the

measurements
all

the

tivay

across
The

width
both
of

the

surface
of

the

water
and
of

the

bottom
of

the

flume
at

right

angles
to

the

direction
of

the

curr
ent
at

the

point
of

gaging
must
also
be

ascertained

and
the

average
depth

multiplied
by

the

average
width
wil

give
the

area
or

A

of

the

formula

It

now

remains
to

measure
the

velocity
or

V

this
ma
y

be

done
first

roughly
by

floats
A

certain
distance

along

the

line
of

the

flume
is

first
to

be

measured
the

longer
the

better
and
the

number
of

seconds
counted
which
it

takes

floats
to

pass
over
this

nqeasured
distance
these
floats
should

l

e

placed
in

the

center
and
on

each
side
of

the

center
of

the
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current
and

they

should
be

heavy
enou
h

to

sink

almost

entirely
in

the

vater
so

as
to

be

affected
as

little
as

possible

by

currents
of

air

In

eneral
it

is

best
that
all

measure

ments
of

vater
in

open

channels
should
be

taken
where
there

is

little
if

an

tivind

blowing
as

every
breeze

strong
enough

to

ruffie
the

surface
of

the

vater
will

have
a

greater
or

less

effect
on

the

velocity
Having

found
by

egperiment
where

the

current
is

the

swiftest
the

magimum
velocity

must
be

found
that
is

the

shartest
time
that
it

will
tave
the

floats

to

pass
alon
the

measured
distance
This

distance
divided

by

the

number
of

seconds
and

fraetions
of
a

second
required

will

bive
the

magimum
velocity

per

second

Suppose
for

egample
that
the

measured
distance
is

twenty
feet
and
the

shortest
time

required
for
the

float
to

pass

along
this
t

venty

feet
is
5

seconds
then
20

5

3

64

about
the

magimum

velocity
Now
it

has

been

demonstrated
as

the

result
of

many

measurements
that
the

average
velocity

which
is

the

V

of

the

formnla
is

equal
to

from
88
to

93

per

cent
of

the

maximunz
velocity
for

flumes
in

bood

condition
so

that
for

general
purposes
ve

may
take
90

close

enough
per

cent
of

the

niaximum
velocity
to

et

V

In

the

case
just

giveu

3

64x
90

3276
or

V

If

the

average
depth
of

water
in

our

flume
as
2

feet
and
the

average
idth
vas
8

feet
e

should

have
the

area
or

A

2xg
16

and
D

16X328
52
48

cubic

feet
per

second
It

should
ho

vever
be

remenzbered
that
the

relation
of

the

surface
velocity
to

the

mean

velocity
jvill

vary

vith
the

nature
and

dimensions
of

the

flume
the

latter
run

ninb
any

here
from
95

per

cent
do
n

to
r
5

per

cent
of

the

former
and
for

accurate
results

different

percentages
de

pending
upon

existing

conditions
shonld
be

taken
I

or
a

full

discussion
of

tbis

point
see

Pannins
s

Treatise
on

Hy

draulic
and

Vater

Supply

Enbineering
under
the

headiaa

Ratio
of

Surface
to

DIean

Velocity

The

second
method
of

determining
the

averabe
velocity

which
we

shall

consider
briefly
is

by

nzeans
of
a

current

meter
and

gives
when

properly
used
the

most

accurate
re

sults
of

the

three
A

current
meter
is

an

instrument
b
y

means
of

which
the

velocity
of
a

stream
is

determined
There

are
a

nuniber
of

different
forms

any
of

vhich
will
give
eg

cellent
results
of

hich
only
a

few
ill

be

mentioned
One

form
is

made
and
sold
by
J

S

J

Lallie
of

Denver
hici
ia

very

satisfactory
and

others
are

sold
by
1V

L

E

Gurley

of

Troy
N

Y

C

L

Berger
Sons
of

Boston
Dsass
and

others
The
cost
of
a

meter
varies
from
a0
00
to

200
00

according
to

size
and

fineness
of

finish

Descriptions
of

the
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var
ious

kinds
will
be

found
in
I

anning
s

Treatise
upon

Hy

draulic
and

ater

Supply

Enbineering
already

mentioned

and
also
in

an

egcellent
article
upon

stream

measurements

beginning
upon
page
17
of

Part
IV
of

the

Nineteenth
An

nual
I

eport
of

the

IInited
States

Geological
Survey

which

wilI
be

found
to

be
oF

interest
in

connection
with
this

subject

RATING
THE

METER

We
will

suppose
that
a

measurement
is

to

be

made
in

a

flume
by

means
of
a

current
meter
In

the

first

place
the

use
of

the

instrument
must
be

well

understood
and
it

mu
t

be

known
to
b
e

in

good

adjustment
and
to

give

results
cor

responding
to

the

rating
table
vith

vhich
it

must

already

have
been

provided
The

method
of

rating
a

meter
which

shonld
be

followed
both

whenever
an

instrument
is

newly

purchased
and

whenever
it

has
had
to

undergo
any

import

ant

repairs
is

to

pass
it

at

known
rates
of

speed

throubh
a

measnred
distance
as

for

example
100

feet

The

number

of

revolutions
for

each

second
at
a

number
of

different
rates

of

speed
and
the

distance
passed
over
for

each

revolution

havin
been

found
a

table
is

made
up

sho

ving
the

velocity

in

feet
per

second

corresponding
to

revolutions
and

fractions

per

second
Por

example
a

part
of

the

rating
table
of
a

certain
ineter

belonging
to

the

United
States

Geological
Sur

vep

and
in

present
use
in

this
o

ice
is

as

follows



192

ELEVENTII
BIENNIAL
B

EPOIiT

aiV

ro

O

p

p

W

O

V

O

w

a

pU@zo

aQ
Ha
u

g

o

3

0

D

Ci

07

CJ

V

t7

a
a

NCPi

o

F

D

rVy

a

Yi

n

o

r

Pl

py

m

o

m

c

W

w

pa

Q

W

1

O

m

d

a

1

F

z

u

g

o

a

W

N

N

N

N

V

p

aa

U

S

Q
j

O

O

v

W

W

u

i

m

W

u

a

o

u

ai

ao

ai

oa

u

W

Q

i

w

d

F

C

1

u

u

I

o

i

r

ri

y

u

i

aa

7

o

i

q

a

p

N

N

oio

ui

y

u

i

a

ei

Fb

I

C

j

O

i

i

uu

a

u

u

pq

a
a

0mrchJF1COmOr29OCHH



STATE

ENGIYEER
OF

COLO
ADO

193

The

process
is

theoretically
a

simple
one
but

great
pains

and

many

measurements
must
be

ma
ie
to

insure
accurac
in

the

table

MAKING
THE

MEASIIREMENT

The

total
width

having
been
alrea
dy

measured
the
ob

server
will

decide
as

to

how

many

ections
he

wishes
to

di

vide
the

total
cross

aection
into
for

egample
if

the

flume
is

ten
feet
v

ide

each
two
feet

may
be

made
a

section
to

be

meae

ured

separatel
if

twenty
feet
in

width
each

section
may
be

five
feet
in

length
in

other
words
the

number
of

sections
will

depend
upon
the

width
of

the

stream

although
it

should
be

said
that
the

shorter
the

sections
are
the

more

accurate
will

be

the

results

Whenever
it

is

possible
the

measurements

should
be

made
from
above
from
a

bridge
or

from
cross
pieces

of

the

flume
along

which
a

tape
line
or

measuring
chain
is

stretched
giving
the

sections
and

points
at
v

hich
the

depths

have

already
been

measured
in

the

same
way

that
has

been

described
under

Measurement
in
I

lumes
It

seems
hardly

nec

essary
to

say
in

this

connection
that
if

the

sides
of

the

various
sections

correspond
with
the

points
at

which
the

depths
have
been
taken
the

calculations
may
be

more

readiIy

performed
this

being

applacable
to

measurements
in

all

kinds
of

open

channels

tiVhen

measurements
are

made
by

wading
a

method
to

be

deprecated
R

henever
it

can
be

avoided
the

observer
should

endeavor
to

hold
the

meter
far

enough
from

himself
so

that
the

current
may
be

affected
as

little
as

possible
by

the

obstruction

which
he

presents
This
is

particularly
important
when

ditches
are

being
rated
a

subject
which
will
be

treated
briefly

hereafter
See

page
204

The
time

may
be

taken
either
by

means
of
a

stop

watch
or

with
an

ordinary
watch

supplied

with
a

second
hand

Theoretically
the

RFork
vc

ill

be

more

accurate
if
a

stop

watch
is

used
but

practically
there
R

ill

be

so

little

difference
in

the

results
obtained

by

the
t

o

methods

that
there
wilI
be

but

little
choice
bet

een

them
and

unle
s

the

work
is

being
done
by

an

egpert
the

ordinary
watch
will

usually
be

the

more

satisfactory
both

however
will
be
de

scribed
briefly
the

first
to

be

considered
being
the

method

with
the

stop

watchCommencing
t

ith
the

first

section
to

be

measured
place

the

meter
just

below
the

surface
of

the

water

noticing
par

ticularly
that
the

vanes
or

cups
are

entirely
submerged
at

the

side
of

the

flume
but
still
far

enough
from
it

so

that
there
shall

be
no

danger
of

the

cups

touching
the

sides
As

soon
as

the
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ager
is

ready
the

stop

atch

should
be

started
and
the

meter
thro
n

ipto
ear
at

the

same

instant
if
a

geared
meter

is

used
or

the

electric
current

turned
on
if
a

register
is

used

or

the

observer
should
begin

counting
revolutions
if
a

sounder

is

used
and
at

the

same
ti

e

he

should
begin
to

lower
the

meter
slowly
in
a

vertical
line

until
it

touches
the

bottom

it

should
then
be

lifted
and
at

the

same
time

carried
iu
a

dia

onal

direction
until
it

reaches
a

point
just
belo
t

the
sur

face
at

the

outside
limit
of

the

section
being

measured
it

should
then
at

once
be

lowered
vertically

again
until
it

once

more

touches
bottom
upon

which
it

is

again

brought
diag

onally
to

the

point
of

beginning
The

instant
it

sha
1

reach

that

point
the

instrument
must
be

thrown
out
of

bear
in

the

one

case
or

the

observer
must

stop

counting
in

the

other
and

the
r

tch

znust
be

stopped
at

the

same
time
The

number
of

re

olutions
and
the

number
of

seconds
consumed
must
now

be

nated
in
a

book

previously
prepared
for
the

purpose
The

method
of

moving
the

meter
will
be

better

understood
by
a

glance
at

the

accompanyinb
diagram
Fig
1

In

tliis
dia

ram
the

ineter
follo
vs

the

course
of

the

dotted

line

Care

should
be

talien
that
the

motion
is

slow
and
reg

ular

ordinarily
the

time

consumed
should
be

from

twenty
to

thirt

seconds
2

wo

trials
should
be

ade
at

each

section

and
the

results
of

the
t

o

should
not

vary
from
each

other
by

more
than
2

per

cent
If

there
is
a

greater
variation
than
that

other
trials
must
be

inade
until
the

results
are

within
the
pre

scribed
limits
for

two

consecutive
measurements
By

the

results
is

meant
the

number
of

revolutions
per

second
which

ill

be

found
in
e

ch

case
b

dividing
the

number
of

revolu

tions
by

the

nnml
ier
of

seconds
and

carrying
the

quotient
out

to
t

o

places
of

decimals
Tlie

method
of

keeping
the

record

of
a

double
pa

eiof
act
al

notes
aken
rg
h

amelf
eco
d
ng

meter
and

register
See

page
196

The

observer
rill

now
pass
to

section
To
2

of

vhich
he

ill

get
the

velocity
in

the

same
way

proceeding
in

this
man

ner

throubhout
the

entire
width
of

the

flume
The

discharge

of

each

section
is

now

obtained
by

multiplying
its

area
by
its

measured
velocit
y

hich
will
in

this
case
be

its

average
ve

locit3
The

discharbe
of

each

section
having

been

found
the

different
discharges

added

together
will

a
e

196
t

Inl

ase

char
e

of

the

stream
as
is

also

shown
on
p

g

it

is

desired
to

fincl
the
a

erage

velocity
for
the

entire
stream

it

vill
be

fouud
li

dividinb
the

total

discharge
by

the

total

area
as

there
sho
n
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The

usual

method
vc

ith
the

ordinary
watch
is

egactly
the

same

egcepting
that
a

definite
length
of

time
is

taken
as

for

egample
fifty

seconds
which
is

the

length

preferred
by

the

writer
and

regulating
the

movement
of

the

meter
so

that
it

shall
have
as

nearly
as

possible
the

same

amount
of

time
in

each
part
of

the

section
which
can
be

accomplished
with
great

accura
y

after
a

little

practice
tiVhere
there
is

little
differ

ence
in

the

velocity
of

the
two

sides
of

the

aection
the

observer

may

sometimes
keep
the

meter

mooing
up

and

down
in

the

center
of

the

section

observing
the

same
care
as
in

the

former

instance
Fig
1

Sec
2

The

variation
between
the
tR
o

ways
will

ordinarily
be

very

slight
for

the

center

sections

but
the

first

method
is

recommended
for
the

side

sections
of

the

flumeInstead
of

inoving
the

meter
up

and
doR
n

in

the

water

another
method
is

sometimes
pursued

especially
hen
the

bottom
of

the

channel
is

smooth
in

which
ca
se

the

results

will
be

quite

satisfactory
It

has

been

demonstrated
that
in

streams
of

from
a

fe

tenths
up
to

three
or

four
feet
in

depth

at
a

point

located
about
three
fifths
of

the

depth
below
the

surface
the

velocity
is

generally
equal
to

the

average
velocity

Accordingly
the

nleter
is

placed
at

that

depth
belo

the
sur

face
and
the

elocity

measured
the

result
Ueing

taken
for
the

average
velocit

While
this

method
applies
best
to

flumes
it

is

soinetimes
satisfactorily

applied
to

the

measurement
of

rivers

especially
such
as

are

shallow
Fi

1

Sec
3

The

velocity
uzay

also
be

found
for

each
foot
or

other

nnit
of

depth
and
the

results
averaged
The
first

process
de

scribed
tivhich
is

known
as

the

integratinb
process
will

usually
give
the

most

satisfactory
results
however
Experi

ence
will

show

various
other

methods
more
or

less

accurate

which
may
be

followed
by

the

gager
but
in

general
it

will

not
be

RTise
for

beginners
to

experiment
too

much
with
the

current
metersComputing

the

discharge
by

means
of

the

grade
and
di

mensions
of

the

ditch
is

the

method
usu
lly

employed
by
hy

draulic
engineers
for

getting
the

theoretical
discharge
for

new

ditches
or

enlargements
and
can
be

treated
here

only
in

the

briefest
manner
possible
and
as

the

methods
are

similar
for
all

kinds
of

open

channels
the

subject
will
be

treated
in

general

terms
I

or

more

detailed
informati
n

with

demonstra
tion
of

formulae
the

reader
is

referred
to
J

T

Fanning
s

Treatise
on

Hydraulic
anc

Water
Supply

Engineering
rrautR
ine

upon

Hydraulics
in

his

Engineers
PocketBook
and

Wilson
s

Man

u

l

of

Irrigation
Engineering
Among

smaller
and

inegpens
0
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books
upon
this

subject
may
be

mentioned
Water
and

TARLE
OF
N

OR
CO
EI

FICIENT
OI

1ZOIIC
xHNESS

Water
Su
1

b

Professor
V

H

Corfield
DZ

A

and

pp
9

a

I

or

artificial
channels
of

unifor
cross

section

I

low
of

Water
in

Open

Channels
Pipes

Sewers
Etc

with

Tables
by
P

J

Flynn
C

E

Both
of

these

booklets
are

N

published
in

the

Van

Nostrand
Science
Series
at

5D

cents

Sides
and

bottom
of

channel
lined
vith
ell

laned

timber

009

each

Neat

cement
glazed
pipes
and

very

smooth
iron

SUTTER
S

FORl
IIILA

pipes

010

Plaster
of
1

of

sand
to
3

of

cement
or

amooth
iron

The

method
preferred
b

the
R

riter
for

determining
the

pipes

011

theoretical
flow
in

open

channels
is

that

depending
upon
a

Unplaned
timber

applies
also
to

ordivary
iron
pipes
012

formula
of

11Zessrs
Sutter
and
E

Ganguillet
eminent
Swisa

Ashiar
or

bricl
work

013

engineers
v

hich
is

usually
kno
vn

as

Sutter
s

I

ormula

Rubble

0

17

Here
as
in

previous
cases
the

area
may
be

determined
by

b

Channels
subject
to

irregularity
of

cross

section

measurements
as

heretofore
egplained
or

may

depend
upon

Canals
in

very
firm

gravel

020

the

theoretical
d

imensions
of

the

ditch
or

flume
It

remains

Canals
and

rivers
of

tolerable
uniform
cros
ec

however
to

find
the

velocity
or

V

which
is

found
by

the

tion

slope
a

nd

direction
in

moderately
good
or

follovc
ing

method

der
and

regimen
and
free

from
stones
and

weeds
025

The

formula
for

velocity
as

derived
from

theoretical
con

Having
stones
and

weeds

occasionally

030

ditions
without

going

through
the

process
by

which
it

is

ob

In

bad

order
and

regimen

overgrown
R

ith

vegeta

tion
and

strewn
with

stones
and

detritus
035

tained
is

V

C

R
S

The

mean
radius
in

feet

which
is

the
P

of

the
for

where
S

equals
the

slope
or

fall
of

the

channel
per

foot
R

mula
V

C

R
S

is

found
by

dividing
the

area
of

the

cross

is

the

mean
radius
in

feet

egplained
later
and
C

is
a

co

section
by

the

sum
of

the
R

etted

perimeter
whicl
in

turn

efficient
or

factor

depending
upon
the

shape
uf

the

channel

is

equal
to

the

sum
of

the

bottom
and

sides
up
to

the

surface

the

character
of

the

sidea
and

bottom
and
the

slope
or

fall
of

of

the

water
of

the

channel
or

expressing
it

as
a

formula

the

channel

Elccording
to

Kutter
s

formula

A

002si
i

sii

41
6

P

siope
N

in

whieh
A

equals
the

area
and
P

the

wetted

perimeter

C

002s1

of

the

cross

section
In

eneral
it

is

best
to

com
ute
the

41

61

1XN

b

p

sioPe

value
of

C

for

each

individual
case
but
for
the

convenience

1

of

those
who
do

not

wish
to

make
the

calculation
the

follo

v

mean
raaius
in

eet

ing

table
of

approgimate
values
of

C

is

given
for

channel5

Where
by

slope
is

meant
the
fall
of

the

channel
per

foot
and

i

hose
fall
or

5

equals
001
per

foot
or

528
feet
per

mile

N

is
a

co
e

icient
of

roughness
depending

upon
the

shape

and

nature
of

the

sides
and

bottom
of

the

channeL

y

The

following
table
is

given
by

Trautwine
i
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FOR
C

201

In

order
to

use
this

table
the

slope
S

must
be

known

the

mean
radius
R

must
be

ascertained
and
the
co

effi

cient
N

must
be

chosen
from
the

table
for
N

already

given
on

page
199

Although
the

table
is

calculated
for
a

grade
of

528
feet

per

mile
it

may
be

used
with

approgimate
accuracy
giving

within
a

small

percentage
of

the

theoretical
results
for
all

streams
and

ditches
having

grades
bet

een
two
feet
and

fifty

feet
per

mile

which
will

cover
all

ordinary
cases

Particu
ar

care

should
be

egercised
in

the

selection
of

N

as

there
is

generally
a

tendency
to

make
N

too

small
not

making

allowance
for

obstructions
in

the

stream
In

cases
where
the

value
of

R

lies

between
t

o

of

the

values
given
in

the

table

C

may
be

found
by

proportion
between

corresponding

values
of

R

and
C

EXAMPL

I

ind
the

discharge
for
a

flume
of

unplaned
timber
the

grade
of

which
is

10
56

feet
per

mile
the

average
depth
of

the

water
being

three
feet
and
the

avera
e

vidth
of

the

stream

beinb
eight
feet
In

the

formula
already

given

V

V

y

X17area

A

3xS

24

R

1

7

and

wet
peri

eter
P

3

8

T

3

14

S

10
56

feet
per

mile

002
foot
per
foot

To

find
C

take
N

012

from
he

table
on

page
199

that

being
the

value
of
N

for

flumes
of

unplaned
timber
and

having
found
R

1

i

take
the

nearest
value
of

R

in

the

table
for
C

which
is
1

5

and

opposite
this

value
under
012

the

value
of
N

we

find
C

given
as

136
a

nd

similarly
if

R

had

been
equal
to
2

C

would
have
been

found
to

be

142
the

difference
between
the

two

values
being
142

136
6

As

the

actual
value
of
R

is
1

7

which
is

two

fifths
way

between

1

5

and
2

0

it

is

evident
that
to

find
the

value
of
C

corre

sponding
to
R

1

7

we

must
add
two

fifths
or
0

4
x

6

2

4

to

136

giving
us

138
for
the

true
value
of
C

or
C

138

Sub

stituting
in

the

formula
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V

C

1

X

the

respectivevalues
of
C

P

and
p

a

Og

el
e

V

1
3
8

1

t

X

002

138

0034

138x
OG
a

p

9

V

828
feet
per

seconcl
No
v

as

D

A
x

V

we

have

D

24
X

828

198
72

cubic
feet
per

second

It

vill
be

seen
from
this
thai

although
C

may

remain

practically
consiant
for

the

different
slopes
the

value
of

V

beinb

dependent
upon
the

slope
will

vary

widely
for

streams

of

the

same

dimensions
For

egample
in

the

problem
just

iven
all

the

other

conditions
remaining

the

same
but
S

equaling
0005
or
2

56

feet
per

mile
V

would
have

equaled

4

00

and
we

ould
have
had
D

96

second
feet

here

streams
or

ditches
or

flumes
ith

sloping
sides
are

to

be

considered
care

must
be

taken
that
the
full

value
of

the

et

perimeter
or
P

is

found
I

or

example
if

ve

have
a

streanl
the

bottom
of

which

uleasures
20

feet
of

which
the

banl
s

have

slopes
of

one
and
one
half
to

one
11

to
1

the

deptli
of

the

vRter
b2ing

three
feet
we

shall
have
P

20

5

4

5

5

4

being
the

lenbth
of
a

line
dra
vn
in
a

ver

tic
al

plane
from
the

bottom
to

ihe

surface
of

the

ater
at

the

ed
e

See
l

ig
2

I3ere
P

is

sho
vn
by

the

heavy
line
the
hei
ht

and

eidth

on

tlie

bottom
being

shown
by

dotted
lin

airect

mealsurement

line
AC
is

in

this
case

found
either
by

of

or

by

calculating
the
h

ypotenuse
AB
of

the

right

angled

triangle
1BC
in

which
CB
e

quals
the

depth
3

and
AC

e

uals
the

base
3

x

11
z

4

5

1

he

square
of
3

9

1

hQ

square
of
4

5

2025

The
sum
of

the
t

vo

292

Of

which
the

square
root

4

B

ll

iSUPEl
T

NT
OI
I

LOW
IN

ROCK
CUTS

s

a

general

proposition
measurements

should
never
be

tal
en
in

rocl

cuts

here
the

sides
and

bottom
are

rough
and

ja

ged

In

cases
where
it

does

become

necessary
to

make

measurements
under

these

conditions
a

place
should
be

found

here
the

sides
are
as

smooth
as

possible
and
the

observer

ill

then

proceed
as

in
a

flume

escepting
that
he

will
take

the

higher
values
of
N

corresponding
to

the

conditions
under

hich
the

work
is

being
done
So
b

eat
an

influence
does

STATIC
P

NG
NI

LR

Ol

COLURADO
a

m

c

I

N

1M

I

c

Ii

203
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the

factor
N

have
upon
the

discharge
that

cases
somei
imes

occur
in

hich
it
is

possible
to

increase
the

discharge
by

put

ting
a

flume
inside
the

rock
walls
or

by

putting
in

cement

and

concrete
lininb

makin
the

walls
a

nd

bottom
aurface

smoot
her

thongh
lessening
the

cross

section
In

other
words

the

deci

eased
cross

section
ma
y

be

more
than

compensated

for
by

the

increased
average

velocity
The

methods
of

nleas

urin
the

flow

being

practically
identical
with
those

already

described
for

flume
it

is

unnecessary
to

repeat
them

NIEASUREI
IENTS
OI
I

LOW
IN

EARTH

CHANNELS

The

principles
of

ineasurements
in

earth
cha

nnels
are

the

same
as

those

already
given
for

flumes
but
the

conditions

a

re

so

different
that
it

is

thought
best
to

take
the

subject
by

itself

referring
to

the

former
articles
for

the

methods
to

be

pursuedIn

the

first

place
a

point

should
be

selected
where
the

conditions
sl

ould

correspond
as

nearly
as

may
be

possible
to

those

recommended
for

flume

measurements
namely

that

there

should
be

no

eddies
or

backsets
to

the

current
either

at

the

sides
or

bottam
and

there

should
be

the

least

possible

obstruction
fronz
veeds
and

similar
sources

In

measurinb
the

area
of

the

cross

section
greater
care

should
be

taken
than
in

the

case
of

the

flume
owing
to

the

unevenness
of

the

bottom

If

the

inaximum
velocity
is

found

vhether
by

floats
or

otherwise
80

per

cent
of
it

should
be

taken
for

the

avernge

velocity
instend
of

90

as

there
is

much

greater
friction

along

the

sides
and

bottom
thau
in

the

flume
In

other

respects
the

method
to

be

pursued
is

the

same

In

case
a

current
meter
is

used
great
care

shoulcl
be

eYer

cisecl
in

getting
the

velocity
of

the

sections
nearest
the

water
s

edbe
It

tivill
be

found
that

while
there
is

practica
11y

no

cur

rent
at

the

edge
the

velocitv
usuall

increases
much
more

rapidly
than
the

depth

There
can
be

no

fixed
rule
for

the

increase
however
and
the

safest
way
is

to

make
the

sections

quite
small
near
the

edge
In

general
the

methods
already

described
must
be

carefully
followed

RATING
OI

DITCHES

To

rate
a

flume
or
a

ditch
is

implv
to

asce
rtain
the
dis

char
e

of

the

given

conduit
for

different
depths
of

water
flow

ing

through
it

The

depths
shoul
be

indicated
by

the

level

surface
of

the

water
upon
a

gauge
scale

placed
or

marked
as

STAT
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R
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ADO
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descriUed
in

the

clirections
for

constructing
rating

flumes

In

general
only

flumes
should
be

rated
as

ordinary

ditch
banl
s

and

bottoms
are

too

unstable
but
it

may

souietimes
be

necessary
to

rate

ditches
as

though
they

were

flumes
2

he

ater

should
first
be

turned
entirely

out
of

the

ditch
and
the

natLir
e

of

the

bottom
and
the

reading
upon
the

gauge
scale
of

any
R

ater
left

standing
before
it

has
had
time

to

evRporate
or

drnin
off

should
be

noted
The

reading
upon

the

scale
vill
be
0

00
if

it

is

properly
set

and
the

diich
or

flume
is

under
proper

conditions
for

rating
A

certain

amount
of

water
is

then

turned
in

say

about
one

third
r

one

fifth
of

the

capacity
of

the

ditch
and

after
the

vater
has

ceased
to

rise
in

the

ditch
and
is

flojving
normally

without

perceptibl
change
on

the

auge
rod
the

reading
upun
the

gaube
rod
is

tal
en

with

extreme
care
and
the

measurement

of

the

discharge
is

made

Approximately
a

nother
one

third

or

one
fifth
as

the

case
maj
be

is

no
v

turned
in

and

after

again
aitin

until
no

rise
is

perceptible
another

measure

ment
is

made
as

before
and
the

same

process
is

continued

until
the
full

capacity
of

the

canal
is

reached
rhe

number
of

measureinents
ill

depentl
upon
the

size
of

the

canal
a

small

ditch

requirin
perha
s

not

more
than
three
and
a

large
one

possiUl3T
si

or
se

en

aud

taking
t

o

or

more
days
tinle

7

e

measureiuents
ha

Ting
been
made
and
the

results
cal

culated
the
r

tin

table
ma
y

be

computed
as

follows

The

results
are

first

platted
upon
cross

section
paper
as

sho
n

in

the

accompanyin
diagram

pabe
205

the

gage

heights
forminb
the

ordinates
and
the

discharges
the

abcissas

any
con

epient
ratio
of

gabe

heibht
ancl

discharge
being

tal
eu

1

lirou
h

the

points
thus

found

indicated
on

the
dia

gram
by
1

2

3

nd
4

a

smooth
curve
is

drawn
and
the
dis

cha
r

e

for

each
unit
of

ga
e

height
as

for

example
each

tenth
of
a

foot
is

read
s

the

abscissas
For

example
to

find

the

dischar5e

corresponding
to
a

gage

height
of
2

3

or

two

feet
nnd

three
teuths
of
a

foot
we

would
find

where
the

hori

zontal
line

runninb
through
2

3

intersects
the

curve
the
dis

charbe
will
be

founcl
by

reading
this

distance
by

means
of

the

numbered
line
at

the

bottom
of

the

diagram
In

the

given

ca
se

the

discliarbe
vould
be

116

second
feet

The

process
vill

be

more

clenrly

understood
by
a

study
of

the

accompanying

notes
nd

calculntions
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Three
similar

measurements
followed
with
gage

heights

of
2

35

1

35

and
3

75

giving

discharges
of

121
4

36
0

and
319
4

second
feet

respectively
In

these

measureinents

it

will
be

observed
that
the

gagings
were

made
with
each
of

the

three
first
gage

heights
less

than
the

preceding
one

and

with
the

last

stage
taken
at
a

considerable
time

afterward

and
at

the
full

capacity
of

the

canal

This

course
may

some

times
be

necessary
but
in

general
it

is

better
to

gage
from

an

empty
ume
up

It

will
be

noticed
also

that
two
col

umns

headed
Begin
and

End
are
left

blank

These
col

umns
are
for

use

where
a

self

recording
register
is

used

VVhere
a

sounder
is

used

however
as

was

done
in

this
case

the

coluinns
are

unnecessary
The

measurements
having

been
made
and
the

results

computed
a

curve
was

constructed

as

described
above
see

diagram
and
the

rating
table
given

beTow
vas

then

computed
from
the

curve
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RIVER

RATINGS

Pating
tables
similar
to

those
made
for

canals
may
be

constructed
for

river

gaging
stations
also

here

however
it

being

impracticable
to

vary
the

stage
of

water
at

will
the

data
must
be

secured
at

intervals
ranging

through
a

consider

able

periocl
of

time

In

locatinb
river

gaginb
stations

conaiderable
care

should
be

egercised
in

selecting
points
where
the
cha
nnel
is

liable
to

the
le

st

possible
change
as
it

is

evident
that

any

change
will

vary
the

relations
bet

veen
gage

height
and
dis

charge

Sometiines
this

ratio
will

vary
so

much
as
to

make

several
rating

tables

necessar
for
a

single
season
or
it

may

even
malie

rating
tables

impossible
the

gaging
being

valuable

siinpls
s

isolated

measurements
here
it

is

practicable

permanent
baging

stations
of

tirnbers
or
of

concrete
and
ma

sonry
should
be

constructed

In

the

ordinar3
river

gaging
station
an

average
curve
is

dra
n

upon
the

plat

results
being

applicable
for
a

definite

period
of

time

unless
a

permanent
channel
has

been

founcl

Usuaily
tl

e

rating
tables
thus
made
are
at

best
but

close
ap

pro

imations
but

even
thus
are
of

great
value
and
data
thus

derived
is

much
soubht
after

There
are

several
methods
that

inay
be

adopted
for

meas

uring
rivers
vhich
will

differ
to

fit

the
s

arious
kinds
and

sizes
of

streains
tiVhen
the

streain
is

shallo
v

it

may
be

waded
and

excellent
results
be

thus

obtained
In

deeper

streams
it

becomes
necessary
to

cross
by

other

means
A

bridge
for

esample
may
be

favorably
located
for
a

station

but
a

number
of

piers
or

piles

belonging
to

the

bridge
will

seriously
affect
the

results
by

Urealiing
up

the

current
and

making
the

cross

section

irregular
Some
of

the

most
sat

isfactor
sta

tions
are

supplied
with
steel

cables

crossing
the

streams
at

favorable
points
a

suspended
car
or

platform
car

rying
the

observer
across
the

stream
Both
here
and
in

the

case
of

the

bridge
if

the

stations
are
to

be
at

all

permanent

the

distauces
a

re

measured
once
for
all

and

marked
through

out
the

entire

breadth
of

the

stream
either
by

an

additional

wire
with

suitably
marked
tags
or

by

figures
marked
upon

the

bridge
In

case

neither
of

these
plans
is

feasible
the

measure

ments
may
be

made
from
a

boat
or

catamaran
attached
to
a

cable
after
the

manner
of
a

ferry
boat
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he

amount
of

tin
e

needed
for

each

observation
will
also

vary

widely
under
dii

erent

conditions
In

general
the

larger
the

stream
the

longer
should
each

observation
take

rhis
is

due
in

part
to

the

fact
that
in

large

streams
the

water

flo
vs

to
a

certain
egtent

apparently
in

surges
and
in

some

large

streams
the

fluctuations
may

consume
a

minute
or

more

A

very
full

discussion
of

the
va

rious

methods
of

making

measurements
in

rivers
with

explanatory
illustrations
will

be

found
in

Part
IV
of

the

Nineteenth
Annual
Repart
of

the

United
States

Geological
Survey

pages
19
to

31

inclusive

DISCRARGE
OVER
WEIRS

ll7ention
has

already
been
made
of

Bulletin
No
27

cou

piled
by

Professor
L

G

Carpenter
of

the

Colox
ado

State
Ag

ricultural
College
It

is

to

that

bulletin
that
we

are
in

debted
for

much
f

our

information
regarding

this

branch
of

our

subject
and
a

careful
study
of

the

same
is

recommended

to

all

who
are

interested
in

the

subject
of

weir

measurements

vheiher

historically
or

practically

Unfortunately
the

edition
for

distribution
is

exhausted
but

copies
may

usually

be

seen
in

any
of

the

public

libraries

rhe

tern

veir
is

not

always

understood
by
tb

ose

wha

use
it

The

tivriter
has

frequentl
heard
it

used

even
by

ater

commissioners
and

ditch

superintendents
where
rat

ing

flumes
or

even

orifices
were

intended
The

term
weir

can

properly
be

used
only
for

structures
where
the

water

flows
over
a

crest
with
a

considerable
fall
it

does
not

apply

to

dams
over

tivhich
the

vater
is

not

intended
to

pass
but

wherever
provision
is

made
for
o

erflow
that

provision
is

in

the

form
of
a

eirMeasurements
of

water
by

means
of

weirs
must
there

fore
be
of
a

very

different
nature
from
those
made
in

flumes

or

open

channels
In

the
la

ter

case
the

water
is

owing
for

some

considerable
distance
through
a

uniform
channel
vith

a

nearly
uniform

velocity
in

the

former
case
it

is

usuallv

brought

approximately
to
a

state
of

rest

and

then

pours

over
a

crest
with
a

velocity
dependent
upon
its

depth
upon

and
the

nature
of

the

crest

Weir

measurements
are

preferred
by

most

hydra
ulic
en

gineers
to

all

other
forms
of

ineasurement
particularly

where

it

is

desired
that
the

flow
of

water
should
be

accurately
as

certained
The

conditions
requisite
for

good

results
are
not

difficult
of

fulfillment
particularly
in

comparatively
smalI

channels
In

fact

good

results
may
be

obtained
with

greater
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facility
than
in

any

other
form
of

ineasurement
It
is

quite

possible
to

obtain
results
or

irrigating
ditches
of

ordinary

dimensions
that
will

vary
n

ot

more
than
one
per

cent

from

the

true

discharge
On

this

account
and

because
overflow

weirs
are

easily
and

economically
constructed
there
is

no

doubt
but

that
this

method
will

become
used
more
and

more

as

water

becomes
more

valuable
It

has

been

adogted
in

some
states
as

the
ofl

icial

method
of

ineasurement
notably

by

the

state

enbineers
of

Utah
and

Idaho
The
first

biennial

reports
of

the

state

engineers
of

each
of

these
states
will
be

found
of

interest
in

this

connection
as

they
give

much
in

formation
in

addition
to

that

vhich
it
i

possible
to

include

in

this

bulletin
A

circular
issued
by

Professor
Elwood

Mead

irrigation
egpert
of

the

United
States

Department
of

Agriculture
March
1

1899

giving
general

instructions
to

observers
will
also
be
of

great
value
in

the

construction
and

use
of

tiveirs
In

all

the

various
forms
of

weirs
the

conditions
to

be

complied
with
are

similar

Especial
cases
often
occur
which

require
especial

consideration
but
in

general
the

conditions

are
as

follows
1

The
weir

shoulcl
be
in
a

plane
at

right
an

les
to

the

current
of

the

stream
at
a

point
where
the

channel
is

straight

for

some

distance
above
the

weir
and
the

current
if

any
be

perceptible
should
set

towa
rd

the

center
of

the

overflow

space
2

The

water
should
be

broubht
as

nearly
as

possible

to
a

state
of

rest

above
the

weir

either
by

means
of
a

natural

lake
or

an

artificial
widening

and

deepening
of

the

ditch

3

Where
it

is

possible
the

overflow
space
should
have

full

contraction
or

in

other
words
both
the

sides
and
the

bottom
of

the

face
of

the

weir

should
have
faces
at

right

angles
to

the

current
equal
to

at

least
twice
the

normal
depth

of

the

water

egpected
to

pass
over
the

crest
Ca
ses

which

have

incomplete
contraction
will
be

considered
separately

4

Z

he

up

stream
side
of

both
the

bottom
and

sides
of

the

weir

ahould
be

brought
nearly
to
a

knife
edge
the
bev

eling
or

cutting
away
being
on

the

lower
or

down
stream

side
and
the

bottom
edge
of

the

crest

should
be

level

5

The

width
of

the

crest

ehould
be

sufficient
so

that

the

depth
of

water

passing
over
it

shall
not

become
equal
to

more
than
one

third
its

width
on

the

other
hand
the

depth

should
not
be

less

than
three
inches
for

ood

measurements
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G

There
should
be

sufficient
fall

below
the

weir
so

that
the
air

may
have
free

access
under
the

sheet
of

falling

water
the

sheet
not

touching
the

sides
of

the

bos
or

flume

in

which
the

weir
is

placed

In

measurin
the

depth
of

vater

passing
over
the

crest

the

level
of

the

still

water
bacli
of

the

weir

should
be

consid

ered
aud
not
the

vater

exactly
over
the

crest
In

order
to

find
tlie

proper
depth
a

stake
may
be

driven
into
the

ground

in

the

bottom
of

the

stream
a

few
feet

back
from
the

crest

until
its

top
is

level
vith
the

crest
the

depth
may

then
be

taken
either
with
a

gage
od

fastened
to

the

stake
its

zero

mark
beinb

level
ith

the

crest
of

the

weir
or

by

placing
a

rule
oz

square
upon
the
top
of

the

stake
and
thus

measuring

the

depth
each
time
In

case
it

is

required
to

read
the

depth

with
7reat

accurncy
the

rule
or

rod

may
be

provided
with
a

slide
inacle
of

tin
or

other
metal
of

the

form
iven
in

Fig
3a

I

IG

3

R

y3
L

1

riG
3

b

The

slide
is

intended
to

be

moved
up
on

the

rule

from

an3

point
below
the

surface
of

the

water
until
the

point
at
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the
end
of

the

slide

which
must
be

level
with
its

top

just

makes
a

pimple
upon
the

water
s

surface
The

reading
of

the

npper
edge
of

the

slide
will
notiv
be

the

reading
for

the

true

depth
Care
must
of

course
be

taken
that
the

gage
is

vertical
and
that
the

datum
or

zero
of

the

gage
is

level
with

the
top
of

the

crest
of

the

zveir

Many
things

may

affect
the

discharge
but
by

careful

construction
most
of

the

evils
may
be

avoided
One
of

the

grea
est

difficulties
is

the

liability
that
the

channel
above
the

weir
may
be

filled
by

the

deposit
of

silt
up
to

the

level
of

the

edge

This
will

increase
the

flow

above
the

theoretical

amount
and

where
it

is

practicable
the

channel
above
the

veir

should
be

kept
clean
the

total
depth
of

ater
just
back

of

the

weir
never

being

allotived
to

be

less

than
three
or

four

times
the

amount
on

the

edge

The

writer
has

sometimes

inade
use
of
a

weir
that

may

occasiorially
be

taken
ont
of

the

frame
in

which
it

is

set
or

may
even
be

leit
out

except

ing

vhen
being

nsed
for

measurements
He

has

also

made

use
of

an

iron
cveir

which
may
be

driven
into
the

round
in

mall

ditches
and
the

discharge
ascertained
jvith

consider

able

accuracy
A

movable
weir
lil
e

this
can
of

course
be

used
for

very
small

channels
onlyRECTANGULAI

WEIILS

In

this

form
the

slides
or

shoulders
of

the

eir

are
ver

tical
and

perpendicular
to

the

bottom
of

the
o

ening
This

form
af

weir
vith
full

contraction
is

shown
in

the

accom

panying
cut

I

igs
4

5

and
Fi

Fig
4

gives
a

birdseye
view
of
a

rectanbular
weir
in

place
the

observer
lool
in

up

the

streain
Fig
5

sho
s

the

vaterfall
over
the

tiveir
and

Fig
6

ives
a

section
of

the

water

fall
and

tiveir
at

right
ang
les
to

the

weir
It

will
be

seen

that
as

the
i

ater

flows

through
the

opening
the

streain
be

comes

contracted
at

both
sides
and
also

vhere
it

passes
o

Ter

the

edge

Vhere
both
of

the

shoulders
ancl
the

crest
of

the

weir
are

perpendicular
to

the

flow
and
the

distances
AB

Figs
5

and
6

are

equal
to

at

least
twice
the

height
R

Fig

6

the

contraction
is

said
to

be

complete
In

case
one
of

the

shoulders
a

pproaches
the

opening
at

an

angle
or
is

missing

altobether
or
if

the

floor

slopes
up

toward
the

edge
of

the

weir
the

contraction
is

incoxuplete
If

there
is

no

narrow

ing
of

the

channel
at

the

overflow
there
is

said
to

be

no

lat

eral

contraction
If

the

bottom
of

the

stream
is

level
with

the

edbe
of

the

weir

there
is

no

bottom

contraction
Al
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lowance
must
be

nlade
for

any
of

these

conditions
The

measurements
are

however
more

satisfactory
where
there

is

complete
contra
ction
and

hence
that
form
will
be

the
one

to

be

considered
most

fully
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It

is

to

the

late

James
B

I

rancis
of

Lowell
Mass

that
e

owe
the

benerally
approved

formula
for

the

dis

charbe
over

weirs
A

brief

discussion
of

the

methods
adopted

by

llr

rrancis
is

found
in

the

Agricultural
College
Bulle

tin
No
27

already

mentionecl
as

well
as

in

nearly
all

other

worl
s

upon

hydraulic
engineering

The

formula
known
as

the
I

rancis

Formtila
is

as

follows
3

D

3

LH

In

this

equation
D

the

quantit
of

water

flowing
over

the

eir
in

cubic
feet
per

second
H

the

deptli
of

the

R

ater

passing
over
the

weir
n

easured
some
dist
nce

back

froi

the

crest
as

has

been

previously
explained
the

ineas

urement
being
in

feet
and

decimals
and
L

is

the

effective

lenbth
of

the

crest
of

the

weir
also

measured
in

feet
and

deciinals
rhe

effective
length
is

the

actual
length
in

cases
here

there
is

no

side

contraction
and
in

the

Cippoletti

form
of
i

eir

but
for

each
side

contraction
that

exists
a

cor

rection
iuust
be

applied
equal
to

one

tenth
of

the

depth
of

water

measnred
on

the

gage
to

be

subtracted
from
the

actual
length
Por
the

convenience
of

those
lio
do

not

wish

to

n1al
e

tl
e

calculations
a

table

applicable
to

iveirs
in

gen

er
al
is

here

biven

W

w

O

Wo

W

oW

aaa

A

ww

W

zo

H

aH

y

Is

U

F

W

O4

O

j

wz

O

N

1

a

p

m

H

pxaCaMdJFTl1WPiVaPz0

O0

STA
TE

ENGINEEE
OF

COLOBADO

219

i

aO

ti

T

a

aD

N

M

a0

N

O

e0

T

m

H

eI

y

N

N

Oi

M

eD

tD

t

t

a0

aa

w

c

w

ro

n

ti

i

a

un

ao

w

ti

di

ao

w

w

c

l

w

m

c

W

ua

1

eI

N

N

M

M

N

d

b

N

p

ti

N

pp

ti

o

aNO

N

r

i

ci

ti

ra

omi

n

Qi

aMO

i

ey

ey

e1

N

N

M

O

d

b

O

O

l

t

aD

0

m

c

y

o

w

m

F

N

ao

o

rl

rl

eI

N

N

M

i

d1

ni

Ifi

fC

C

C

00

Cr

u

00

ca

rn

ee

oo

m

n

ci

a

ch

eo

00

O

p

N

t0

O

O

1

iO

N

a0

M

O

m

H

r1

GV

GV

M

01

sX

h

C

i

O

t

00

b

o

w

m

m

o

a

o

ti

m

a

c

rl

r

N

CV

c

m

W

M

n

n

eD

O

r

a0

aV

o

ch

ai

N

n

o

i

3

in

i

m

rn

cd
i

w1

s

GV

CV

N

o1

M

u

n

O

D

a0

m

c

m

y

p

in

c

m

c

m

n

rn

n

m

ti

o0

O

Q

e

eD

Q

N

t0

O

M

T

Q

O

CO

N

W

in

i

rI

rl

N

N

N

M

M

N

In

i

tD

tD

J

0OwVA
a

v
vQ

c

r

r

m

m

o

0o

rn

cn

rn

o0

0o

o

n

M

a0

d

Q

bJ

a0

W

Q

nJ

00

1

N

N

OJ

M

d

dl

1

D

t0

OO

cn

m

Oi

w

c5

m

w

m

oo

rn

rH

M

ti

rl

ti

N

N

C7

M

d

d

i

D

O

a0

N

M

X

t0

N

OD

Qi

O

eI

N

ti

ti

N

N

ry

m

x

e

an

ti

co

co

o

w

m

n

o

o0

ri

y

y

i

y

ri



2j
O

ELEVENTH
BIENNIAL

REPORT

z0UCHUOUwWW0wH

To

w

V

a

Aa

o

waacw

W

za

ti

q

oa

H

a

wAc

Ow

a

O

W

Wa

q

H

0flP4UPz0

O000
O008ApwC

gw
Q

IIA4rieo0vvVQdmxL1

P9

O

N

t5

M

O

a0

t0

uN

M

Nti

O

y

01

rti1

NI

ti

ti

ey

ti

ti

I

N

T

r

N

S

o0

eD

N

ti

W

O

O

ti

N

M

ch

d

fi

D

y

N

W

M

H

c

i

oi

ti

ai

o

N

Ni

M

D

i

di

eo

n

m

o

io

e

w

c

rn

w

oc
o

c

g

N

c

n

m

i

o

N

M

M

ua

eD

tD

O

Oa

O

rl

rl

rl

rl

p

ti

N

H

Qi

rn

ai

o

N

i

ti

pp

ep

N

O

mT

em0

M

a0

Q

O

ei

Ni

el

ti

i

ei

ti

W

ua

N

O

ti

oN9

ti

oi

N

N

o

ao

a

o

O1

ti

i

tDi

m

a

W

O

O

O

rl

N

c

H

i

r

T

y

M

woN

N

N

N

V

i7

d

H

M

O

y

M

j

i

4

7

m

W

u

a

o

u

v

A

av
A

a

W

D

O

w

aVbg
a

mro
w

r

v

u

u

A

0

O

yy

H

w

O

V

a

0

a
u

o

V

L

u

roA
O

Y

o

a

A

w

x

m

o

o

o

a

v

A

A

o

rd

N

H

q

a

m

W

A

o

s

0

a

y

B

v

u

a

a

w

u

w

A

m

B

o

p

W

q

p

u

p

w

u

p

u

P

ca

a

H

vg

o

g

o

wa

y

u

w

uO

N

O

W

p

A

iy

D

a

ww
o

p

u

y

u

x

u

s

m

n

A

a

A

b

u

b

u

u

tiyoboa
g

w

owy

M

o

ro

oy

a

a

g

v

m

x

a

o

w

vb

o

q

a

p

y

I

u

u

d

A

p

u

II

o

o

u

o

o

a

va
Mu

v

P

o

o

a

m

q

u

A

0

p

A

u

E

v

o

x

IR

w

o

a

o

c

a

n

m

r

ao

w

o

0

o

em

a

v

a

H

N

N

Pl

N

N

N

N

N

N

4V

M

M

1

W

u

C1

o

6

v

STATE
DNGIN
EIL

OF

COLOB
dDO

Z

1

TRAPEZOIDAL
tiVEIRS

It

is

evident
that
if

some
formn
of

weir
can
be

found

that
will
by

divergent
sides
or
in

any

other
way

compensate

for

these
side

contractions
it

will
not
be

necessary
to

apply

these

corrections
It

is

true

where
there
is

no

side
con

traction
that
the

actual
length
is

also
the

effective
length

but
in

this
case
the

correction
to

be
n

ade
for

the

velocity

f

approach
as

given
in

the

note

subjoined
to

the

table

becomes
greater
and

nzore

troublesome
An

Italian
engineer

Cesare

Cippoletti
has

devised
a

form
of

trapezoidal
weir

w

hich

seems
to

meet
and

overcome
this
di

icutly
as

well
as

it

is

possible
for

any

form
to

do
it

In

this

form

known

as

the
Ci

ipoletti
weir
the

sides

instead
of

being

veriical

diverge
from
each

other
ith
a

slope
or

batter
of

one
in

four
from
a

vertical
position
This
is

more
fully

shown

in

the
cut

See

Figs
7

and
7

a

As

will
be

seen
in

the
cut
the

streani
of

water
is

affected

by

the

lateral

contraction
only
so

much
as
to

make
the

sides

of

the

eontracted
vein
oi

water

vertical
and
the

effective

length

therefore
equal
to

the

actual
len
th

of

the

crest
of

the

weir

where
the

conditions
already

given
for

the
r

la

i

ion
of

the

depth
to

the

width
are

filled
The

formula
here

used
for

this

fornz
of

veir
is

the

Francis
formula
as

given

above
and

where
D

L

and
H

are
the

same
as
in

the

formula

for

rectangular
weirs

except
that
L

is

the

actual
length
of

the

crest
of

the

veir
no

correction
for

contraction
being

nec

essary

OTHEI
I

ORMS
OP

WEIRS

Several
other
for
s

of

weirs
have
been
used
but
it

is

not

thought
best
to

more
than

indicate
wha
t

the

are
as

the
t

vo

nost

practical
forms
are

those

already
described

They
are

usually
of
a

tra

pezoidal
shape

having
a

batter

different
from
one
in

four
or

of
a

triangular
form
in

the

shape
of
a

notch
cut
in
a

plane

surface
through
which
the

stream
passes
The
first
form
is

merely
a

variation
of

the

Cippoletti
form
and
is

not

recommended
as

the

process
of

calculating
the

discharge
tivould
be

different
for

each
diff
er

ent

shape
The

general
equation
for

triangular
notc
hes
is

D

2

65
T

H2

See
foot
note

Here
D

discharge
T

the

tangent
of

one
half
the

angle
made
by

the

sidea
of

the

notch
and
H

the

depth
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of

water

passinb
through
the

notch
in

feet

measured
as

in

the

preceding
cases

i

I

IiI

I

c

w

a

ar

tiere
tl
e

an
e

is
a

right
angle
hich
is

tl
e

most
con

venient
form
fram

almost
every

point
of

view
the

equation

Uecomes
D

2

65

I2

power
the

tangent
of

one
half
the

angle
beinb
in

that
case

equal
to
1

This
form
is

particularly

applicable
to

quite
small

streams
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CAUTION

In

all

forms
of

eirs
it

is

clear
that
it

is

especially
nec

essar
that
the

bottom
of

the

canal
above
the

veir
does
not

became
full
of

silt
It

may
be

necessary
to

clean
the

canal
out

at

times
or
it

may
be

possible
to

make
the

weir

movable
so

that
the

current
may

occasionally
scour
the
cl

annel
out

In

any
case
to

insure

accurate

measurements
the

channel
must

be

clear
and
the

bottom

contraction
must
be

complete

In

case
the

weir
is

very
long
it

may
be

divided
by

parti

tions
and
each

section
treated
as
a

eparate
R

eir

one

depth

answerinb
for
all

eirs

however
if

the

crest
is

level

These

partitions
should
hoR
ever
be

equal
to

at

least
four

times
the

normal
depth
of

ater

passing
over
the

crest

Persons
n

ishing
to

make
a

nore

thorough
study
of

this

branch
or
to

obtain
inore
e

act

results
than
ill

be

obtained

from
the

formul
given
are

advised
to

inalie
use
of
I

anning
s

Treatise
on

Hydraulics
already

i7ientioned
rhich

treats
of

nearl
ever

condition
liable
to

arise
in

ordinary
practice

DISCF
ARGE

THROUGH
OI
Ib

ICES

1

he

usual

methods
of

ineasuring
ater

through
orifices

are

verv

cructe
and

usually
give

results
varying
a

long
ways

froin
the

trnth

hence
these
are
not

recommended
to

parties

measurin
water
for

irrigation
or

for

any

other

purpase

It

has

already
been

pointed
out

that
the
i

easurementa

of

inches
as

used
in

some
states
have
been

very

unsatis

factory
and

incorreet
A

brief

cliscussion
of
tI
e

measure

ment
of

ater

throu
h

orifices
tivill

ezplain
vhy
this
is

so

There
may
of

course
be
a

great
many

forms
of

orifices

in

each
of

hich

conditions
giving
the

measurement
may
be

to

some

extent

different
irom
those
of

all

the

others
The

shape
of

the

opening
or
of

its

edges
a

free

discharge
into
air

or
a

discharbe
into

water
or

against
the

sides
of

the
bog
or

trough
the

head
the

direction
and

velocity
of

the

current

past
or

totvard
the

opening
are
al1

factors
that

limit
or

increase
the

clischarge
and
it

will
be

seen
that
with
all

these

different
conditions

affecting
the
flo

the

condi

tions

named
in

the

Colorado
statute
are

totally
inade

quate
Take
for

esample
the

one

factor
of

head
If

the

other

conditions
shape
and
size
of

orifice
etc

re

ain
the

same
it

is

evident
that
the

discharge
will

increase
as

the

pres

sure
or

head

increases
the

ratio
being
the

discharge
increases

as

the

square
root
of

the

head
so

that
in
t

va

openings
here
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the

shape
size
and
all

other

conditions
were
the

same
but

the

head
in

one
case

being
one
foot
and
in

the

other
four
feet

the

discharge
in

the

second
case

would
be
t

dice
that
of

the

first
as

the

square
root
of
1

is
1

and
of
4

is
2

Now
as

the

theoretical
head

must
be

measured
to

the

center
of

gravity

of

the

orifice

practically
its

true

center
uaually
it

is

evi

dent
that
the
sta

tute
is

not

mathematically
accurate
when
it

prescribes
measurement
to

the
top
of

the

orifice
Take
for

egample
t

vo

cases

suggested
by

the

statute
Let
us

auppose

one

opening
sig

inches
ide

and
sig

inches
in

height
ith
a

five

inch
head
above
the

top
of

the

orifice
giving
in

this
case

a

discharge
of

36

statutory
inches
Let
tl
e

negt

opening
be

two

inches
wide
and
two

inches
high
ith
a

five
inch

pressure

above
the
top
of

the

opening
givinb

four

statutory
inches

Now
it

is

clear
in

the

first
case
that
the

actual
head

measured

to

the

center
of

gravity
is
8

inches
and
in

the

second
it

is

only
6

giving
a

decided

advantage
to

the

larger

opening

1lZore
than
that
the

area
in

the

first
case
is

36

square
inches

and
in

the

second
4

the

ratio
being
9

to
1

but
the

perimeters

of

the

respective
openings
upon
which
the

discharges
also
de

pend
are
24

and
8

or
3

to
1

equivalent
to
9

to
3

so

that
in

the

second
case
the

perimeter
is

three
tinies
as

great
in

pro

portion
to

the

area
of

the

orifice
as
in

the

first
thus

giving
an

other
very

great

advantage
to

the

larger

opening
This
fol

lows
no

matter
how

large
the

openings
are

made

although

they

remain

statutory
There
is

al

ays
a

discrimination
in

fa

or
of

the

larger
user

directly
contrary
to

the

principles
of

equit
and

justice
In

the
two

cases
given
the

larger
open

ing
v

ould

actually
be

receivin
about
ten

and
one
half

times

as

much
or

almost
12

per

cent

more
than
the

second
instead

of

nine
times
as

much
as

the

case

would
be

were
the

statu

tory

requirements
all

that
they

should
be

It
is

evident
that
it

would
be

impossible
either
to

form

late
a

rule
that

would
cover
all

kinds
and

shapes
of

orifices

or
to

give

anything
like
a

complete
discussiori
of

this

branch

in
a

pamphlet
of

this

nature
We

shall

endeavor
however

to

ive
a

few

general
rules
tivhich
will

cover

orifices
under
or

dinary

conditions
As

has

already
been

suggeated
there
are

certain

conditions
that

should
be

fulfilled
as

nearly
as

pos

sible

These

conditions
are

much
the

same
as

with
weirs
so

no

morP
than
a

b

ief

statement
of

them
will
be

necessary

I

irst
the

water
should
be

brought
as

nearly
as

possible

to
a

standstill
in

front
of

the

opening
so

that

neither
the
ve

locity
of

approach
nor
the

velocity
ast

the

orifice
may
se

riously
affect
the

discharge
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Second
R

here
there
is
a

square

contraction
it

should
be

complete
that
is

the

face
negt
to

the

orifice
should
be

ver

tica
l

and

perpendicular
to

the

direction
of

the

current
through

the

orifi
e

and

should
egtend
at

least
tR
o

or

three
times
the

breadth
of

the

orifice
back
from
its

edge

Third
it

will
be

better
if

the

depth
over
the

top
of

the

orifice
is

at

least
two
or

three
times
the

height
of

the

opening

although
where
the

head
is

measured
to

the

center
of

gravity

as
it

must

always
be
to

be

correct
the
top
of

the

orifice
par

ticularly
if

it

be

small
may

reach
nearly
to

the

surface
of

the

waterIn

this

discussion
only

cases

where
the

head

remains

practically
constant
will
be

considered
as

that
is

tlie

usual

condition
under
which
it

is

desired
to

ascerta
in

the

flow
of

R

ater
for

irrigation
One

eaception
to

this
rule
will
be
m

de

howe
er

namely
the

calculation
of

the

discharge
of

reser

oirs

which
will
be

described
later

With
that

egception
it

must
be

understood
that
the

following
tables
and

rules
are

applicable
only

when
the

surface
of

the

water
above
the
ori

fice

daes
not

materially
change
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DIRECTIONS
F

R

USE
OF
T

4BLE

In

all

cases
where
t

is

desired
to

find
the

discharge
by

means
of

the

table

through
orifices
where
the

head
and
area

of

the

orifice
are

known
it

will
first
be

necessar
to

find
the

theoretical
velocity
of

the

water

through
the

opening
or
V

Find
the

number

corresponding
most

closely
to

the

known

head
or

vertical
distance
from
the

surface
of

the

water
to

the

center
of

gravity
of

the

orifice
in

the

column

designated
as

head
and
take
the

number
opposite
to
it

under
the

column

designated
as

V

or

velocity
for
the

theoretical
velocity

For

heads

between
those
given
in

the

table
the

velocity
may

be

found
a

pprogi
mately
by

proportion
The
dis

charge
or

D

should
now
be

equal
to
V

times
the

area
of

the

opening

but
as

the

effective
area
is

dependent
upon
the

shape
and
na

ture
of

the

orifice
a

certain

percentage
which

varies
widely

in

different
cases
of

the

result
must
be

taken
to

give
the
ac

tual

discharge
This

percentage
is

given
for
a

number
of

the

more

ordinary
cases
as

follows

For

trumpet
shaped

openings
see

Pig
8

the

percentage

inay
run
as

high
as

95
or

97

in

this
case

D

VxAreax
96

96AV

3r

FIG
g

In

orifices
shaped
as
in

Fig
9

where
the

angIe
a

equals

about
5

or

as
in

Fig
10

where
the

angle
a

equals
about

15

the

percentage
will
be

about
92

Here

D

92

AV
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Where
the

discharge
is

through
orifices
in

vertical
par

titions
the

openings
being

furnished
with
short
t

bes

see

Fig
11

the
co
e

icient

becomes
about
80

per

cent

Here

D

80

AV

If

the

short
tube

projects
a

little
inside
the

vertical
par

tition
as
in
I

ig

12

the
co
e

cient
is

diiuinished
by

about

1

8

part

becoming
about
71

Here

D

71

AV

FzG
12

In

orifices
in

thin

vertical
partitions
see
I

ig

13

where

the
w

ter

flows
out

freely
into
air

the

percentage
will
be

about
62

Here

D

62

AV

Where
the

contraction
is

incomplete
either
the

sides
or

bottom
or

in

fact
any

part
of

the

perimeter
of

the

orifice

being
flush
with
the

sides

bottom
etc

of

the

containing

reservoir
the
co

efficients
vill

increase
from
62

up
to

80

about
as

follows

For

complete
contraction
co
e

icient
G2
or
D

62

AV

With

contraction
on

the

perimeter
64
or
D

64

AV

With

contraction
on

the

perimeter
67
or
D

67
A

ith

contraction
on
4

the

perimeter
70
or
D

70

AV

With
no

contraction
on

the

perimeter
80
or
D

80

AV

a
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Vliere
the

opening
is

provided
with
an

indefinitely
long

harizontal
i

rough
the

discharge
will
be

decreased
slightls

for

very

small
heads
the

decrease
Till
be

considerable
per

haps
20

per

cent
but
if

the

head
is

at

least
two

times
the

hei
ht

of

the

opening
the

diminution
from
the

theoretical

head
tivill
be

hardly

appreciable
and

may
then
be

disregarded

In

cases
vhere
the

orifice

discharges
under
waier
the
co

efficient
should
be

diminished
by
2

per

cent

becoming
60

instead
of

62

etc

In

this
case
ho

vever
in

computing
the

velocits
the

head
must
be

taken
as

equal
to

the

difference
be

t

een
the

levels
of

the

water
within
and

ithout
the

con

taining
reservoir

measured
verticallS

m

FIG
13

DISCHARGE
FRO
VI
I

SERVOIILS

Iention
has

been
made
oi

an

egception
that
R

ould
be

considered
to

the

rule
that

only
cases

would
be

taken
into
ac

count
vhere
the

water
level

remains
constant
This
is

the

case
of
a

reservoir
from
which
the
u

ater
is

being
drawn
off

the

surface
of

the

water

becoming
continually

lower
Here

the

depth
may
be

considered
as

being

divided
into
a

number
of

parts
and
the

center
of

each
part
or

section
of

the

depth
may

be

cousidered
as

the

constant
depth
until
all
of

the

ater
for

that

portion
of

the

depth
has

been
dra
Tn

off

The
case
thus

resolves
itself
into
a

number
of

separate
cases
each
of

which

is

to

be

treated
as

already
described
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Supposing
for

egample
that
we

have
a

reservoir
twelve

feet
of

which
may
be

drawn
off

this
t

elve
feet

may
be

con

sidered
as

divided
into
sig

parts
from
12
to

10

with
an

ave

rage
head
of

eleven
feet

irom
8

to

10

with
an

average
head

of

nine
etc

etc

until
all

the

water
has

been

drawn
off

The

cases
and

formulae
given
cover

more

ordinary
meas

urements
necessary
It

must
be

understood
of

course
that

it
is

not

egpected
that
exact

results
will
be

obtained
but

there

is

no

reason
why

vith
care

results
ithin
5

per

cent
of

the

theoretical
amounts

may
nat
be

obtained
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AN

OUTLINE
OF

TNE

IRRIGATiQN
LAWS
OF

COLORADO

r

In

the

following
outline
it

is

endeavored
to

give
a

few

of

the

essential
features
of

the

irrigation
laws
that

may
aid

people
who

contemplate
the

taking
up

of

land
and

acquiring

water
ri

hts
in

this

state

The

basic

principle
underlying

the

Colorado
irrigation

la

is

ood
viz

That
all

the

water

orjndividualsl
orgcor

the

public
and
can

only
be

acquired
by

porations
throubh

application
to

beneficial
use

and
only
so

long
as

that

beneficial
use

continues
But
the

laRT

which

permits
the

segrebations
of

the

water
from
he

land
and
the

right
of

transfer
is

faulty
This

feature
has

encouraged

speculation
and

consequentl
stimulated

development
for

a

time
but
it

has

also

caused

litigation

As

the

country
grows

older

however
and
the

watei

suppl
is

eghausted
the

necessity
for

more
stable

conditions

becomes
apparent
This

necessity
tends
to

draw
the

differ

ent

interests
under
one

drainage
system

more

closely
to

gether

People
see
the

necessitv
of

working
in

harmony
in

stead
of

fighting
each

other
The

money
spent
in

litigation

might
well
be

spent
in

perfecting
the

irrigating
systems

There
has

already
been

considerable
advancement
in

this

direction
Heretofore
the

tendency
has

been
to

con
i

h

o

t1nThe

at

the

laws
and
try
to

improve
them
b
y

pa

effort
should
and
will
in

the

future
be

towarde
mal

io

ible

laws
and
the

administration
machinery

as

simple
as
p

MANNER
OF

ACQIIIRING
TITLE
TO

Wr1TER

Vater
public

property
to

be

appropriated
by

any
per

son

who
will
put
it

to

beneficial
use

Section
5

of

Constitution
The

water
of

every

natural

stream
not

heretofore
appropriated

within
the

state
of

Col

orado
is

hereby
declared
to

be

the

property
of

the

public
and
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the

aame
is

dedicated
to

the
use
of

the

people
of

the

state

subject
to

appropriation
as

hereaf
ter

provided

Section
6

The
ri

ht

to

divert

unappropriated
water

of

any

natural
stream
for

beneficial
uses
shall
never
be

de

nied

Prioritv
of

appropriation
shall
give
the

better
right

as

between
those

using
water
for
the

same

purpose

Water
can
not
be

taken
for

domestic
purposes
however

frorn
prior

appropriators
for

irri

ation
and

manufacturing

lilrposes
without

compensationREVISFD
STATL7
L

ES

All

unused
waters
subject
to

appropriation

All

waste

seepage
or

spring
waters

may
be

acquirecl

and

utilized
under
the

same
laws

relating
to

priority
of

right

as

the

waters
of

runn
ing

streams

The

same
laws
also

govern
the

storage
of

surplus
or

flood

waters
in

reservoirs

No

flood

waters
are

permitted
to

be

stored
when

they

are

needed
by

ditches
having

prior

appropriations
for

direct

irrigationReservoirs
may
be

constructed
on

natural
streams
but

provision
must
be

made
for

the

natural
flow
of

the

stream

to

pass

nnobstructed
thro
tgh
the

same

Persons
construct

ing

such

reservoirs
must

provide
the

necessary
rating

flumes

or

weirs
for

measuring
the

flow
into
and
out
of

them

The

first
act
in

securing
an

appropriation
is

to

begin

work
of

construction
A

survey
is

held
to

be
a

part
of

worl

of

construction
Within

ninety
days

from

commence

inent
of

work
a

plat
and

sworn

statement
giving
line
of

ditch
or

high

water
line
of

reservoir
source
of

supply
amount

of

water

claimed
etc

must
be

filed
in

the

office
of

the

State

Engineer
and
also

with
the

county
clerk
of

the

county
in

which
the

headgate
of

such
ditch
is

situated

Instruetions

for

making
such

statement
can
be

had
on

application
to

the

State

Engineer
s

office

The

essential
element
of
a

valid

appropriation
is

the

application
of

the

water
to
a

beneficial
use

Due

diligence

should
be

shown
in

prosecuting
the

work
of

construction
of

any

ditch
or

reservoir
after
it

is

once

begun
and
the

same

shall
be

completed
within
three
years
from
time
of

com

mencementAfter
a

ditch
or

reservoir
is

completed
and

water

actuallv
put
to

use
the

final

acquisition
of

title
or

proving



c

34

ELE

LNTH

BIENNIAL
REPORT

up
is

had
by

an

adjudication
in

the

District
Court
This
is

a

lengthy

proceedinb
which
can
not
be

egplained
in

this

short

paper

Attention
is

called
to

the

iinportance
of

securing
the

title
to

water
The

following
is

quoted
from
the

Tenth
Bien

nial

Report
of

the

State

Engineer
under
the

head
of

Ad

judication
of

Rights

Much

carelessness
is

manifested

in

this

direction
especially
in

th

mountain
districts

where

the

tivater
supply
is

considered
abundant

The
time

is

not
far

distant
when

every

available
drop
of

water
will

be

appropriat
d

Many
delay

an

adjndication
on

account
of

egpense
If
it

were
to

perfect
title
to

their
lands
no

such
eg

cuse
R

ould

present
itself
To

quote
from
the

report
of

Superintendent
Armstrong

the

longer
the

sitting
of

a

referee
s

court
ia

delayed
the

more

egpensive
it

will
be

and

the

more

difficult
it

will
be
to

prove

priorities

ENLARGEMENT
OP

DITCHES

Where
tivater
can
not
be
as

conveniently
carried
in

some

other

channel
the

ribht
to

enlarge
an

existing
ditch
is

given

but
the

parties
makinb
the

enlargement
mnst

pay
a

reason

able

share
of

the

cost
of

said

ditch

A

natural
stream

may
be

used
as
a

conduit

especially

for

carrying
water
from
a

reservoir
to

lands

desired
to

be

watered
due

allowance
being

made
for

loss
by

evaporation

and

seepage
said
loss
to

be

determined
by

the

State
En

gineer

TRANSFERS

If

the

vested
rights
of

other
water
users
are
not

injur

iously

affected
the

right
to

change
the

point
of

diversion

and
the

place
and

character
of

the
use
is

given

Parties
de

siring
to

make
such

change
must

apply
to

the

District
Court

from

which
the

original
decree
issued
and

procure
a

decree

of

transfer

ABANDONMENT

A

failure
to

use
an

appropriation
for
a

considerable

period
may
be

taken
as

an

evidence
of

intention
to

abandon

But

what

constitutes
aba

ndonment
has
not

been

settled

and
in

fact
no

definite
time
can
be

fixed
and
the

queation

can

only
be

settled
by

the

circumstances
of

each

individual

case

However
as

land
and

water

become
more

valuable

but
few

controversies
are

likely
to

arise
over
the

queation
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of

abandonment
as

each

appropriator
will
be

interested
in

seeing
that
his

rights
are

maintained

THE

ADNIINISTRATIVE
DEPARTMENT

The

administration
of

the

laws
is

vested
in

the

State

Engineer
the

superintendents
of

irrigation
of

the
sig

divis

ions
and
the

water

commissioners
of

the

sigty
nine

water

districts
The

duties
of

these

various
officers
are

pretty
well

known
and

need
not
be

egplained
Water

users
who
have

occasion
to

take

appeals
from
the

commissioner
to

the

super

intendent
and

from
the

superintendent
to

the

State

Engineer

should
require
the

commissioner
and

superintendent
to

put

their

decisions
in

writing
which
must
be

filed
with
the

super

ior

officer

together
with
the

appeals

The

water

commissioner
is

the

most

important
of

all

the

officers
as

he

has

direct
charge
of

the

distribution
of

the

water
and
is

working
every
day

directl
among
the
peo

ple

It

is

a

matter
of

business
then
that
the

people
of

every

district
should
be

willing
to

pay
a

living
salary

and

then
see

that
men
be

appointed
to

the

position
who
are

com

petent
to

earn
it

rhere
will

then
be
a

stimulus
for

young

men
to

pre
are

themselves
with
the

necessar
technical
train

ing
to

fill

the

position
We

think
there
is
a

rapidly
browing

sentiment
among
the

people
in

this

direction

In

view
of

the

importance
of

this

position
it

may
be

well
to

recite
here
a

few
of

the

principal
duties
of

the

com

missioner
It

is

his

duty

after
being

called
upon
to

dis

tribute
water
to

devote
his

entire
time
so

long
as

the

neces

sities
of

irrigation
require
to

be

actively
employed
on

the

line
of

the

stream

directing
the

putting
in

of

headgates

wastegates
keeping
the

streanzs
clear
of

dams
or

other
ob

structions
and
such

other
duties
as

pertain
to
a

guard
of

the

public

streams
of

his

district
and
for
a

wilful
neglect
of

duty
shall
be

liable
to

50
00

fine

with
cost
of

suit

The

tivater

commissioner
has
no

supervision
over
the

distribution
of

water
after
it

leaves
the

stream
egcept
to

see

that
it

is

ot

wrongfully
or

wastefully
used
Act
of

1895

page
197

provides
that
at

the

request
of

one
or

more

ditches

ir

his

district
the

vater

commissioner
shall
make
or

cause

to

be

made
an

egamination
of

all

the

ditches
ithin
his
dis

trict
to

see

what
use
is

being
made
of

the

water
and
if

he

discovers
that

any

water
is

being

vastefully

egtravagantly

or

wrongfully
used
it

is

his

duty
to

immediately
shut
off

so

much
as
in

his

opinion
is

so

being
used
He

has

author
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ity
to

appoint
not
to

exceed
two

deputies
to

make
such
eg

aminations
This
la
v

puts

considerable
discretionary

power

in

the

hands
of

the

commissioners
and

much
more
than

many
of

them
care
to

assume
Yet
it

is

of

great

importance

that
such

power
be

egercised
at

times
It

is

well

known

tha
t

there
is
a

great
waste
of

water
in

many

instances
es

pecially
by

the

oldest

appropriators
This

haUit
was
ac

quired

principally
when

water
was

plenty
and
no

harm

R

as

done

egcept
to

the

users

themselves
in

the

damage
to

their
lands
and

sucli
habit
once

acquired
is

hard
to

break

DUTIES
OF

DITCH

OWNERS

O

vners
of

ditches
must

maintain
embanl
ments
so

that

the

waters
of

such
ditch

may
not

flood
or

damage
the

prem

ises
of

others
or

may
not

flood

highwa
s

and
are

liable
to

damabes
caused
by

any

such

flood

Parties

constructing

ditches
ust

bridge
any

highways
that

may
be

crossed
by

such
ditch

HEADGATES
AND

11IEASUKING
PLUMES

O

vners
must

keep

headgates
in

proper
repair
and
pro

vide
the

necessarS
measuring

flumes
or

weirs

tobether
with

embanli
lents
of

sufficient
height
and

strength
to

control
the

vaters
Upon

failure
to

comply
ith

the

above

provision

the

State

Enbineer
or

superintendent
of

irrigation
is

em

powered
upon
ten

days

previous
notice
in

tivriting
duly

served
upon
the

otivners
or

agents
or

en

ployes
to

refuse
to

deliver
ater
to

such

ditches
until
such

headbate
and

ratin

flumes
or

otber

measuring
devices

shall
have
been
con

structedtiVhile
this
law

may
seem

somewhat
drastic
it

was
nec

essary
to

do

something
to

stir
up

ditch

owners
to

provide

better
me
ns

of

controllin
the

water
or

better
means
of

measurin
the

same

rhey
can
not

egpect
the

commission

ers
to

bive

them
good

service
unless

they

provide
the
nec

essars
means
for

delivering
the

vater
to

them

DZuc
has

been
done
in

this

direction
within
the

last

year
but

nnich

vet

reinains
to

be

done

especially
in

the

mountain
districts
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CHAPTER
IX

SPECIQL
REPORT
ON

EASTERN
WESTERN
AND

NORTH

WESTERN
COLORADO

A

J

D

ICCUNEState

ngineer
Denver

Colorado

Dear
Sir

During
the

last
two

years
there
have
been

made
in

connection
with

other
work
three
trips
in

differ

ent

parts
of

the

state
the

northeastern
part
the

Grand

Mesa
and

country
around
I

elta
and
a

trip
to

Wolcott
north

to

Steamboat
Springs
thence
to

Craig
and
so

back
to

Rifle

EASTERN
COLORADO

The

principal
trips
made
in

the

north
and

eastern
part

of

the

state
were
made
in

connection
with
the

Morgan
Wash

ington
Yuma

county
road

The

character
oi

the

country
is

necessarily
familiar
to

almost
every

one
in

Colorado
as
it

is

traversed
by

the

rail

roads

connecting
Colorado
with
the

Eastern
states
a

roll

ing

prairie
country

traversed
by

streams
which
for
the

most

part
are

dry
the

greater
part
of

the

year
In

its

natural

state
the

soil

supports
a

good

growth
of

grass
and

made

the

vast

herds
of

buffalo
of

the

early
days

possible
and

later

made
our

cattle
kings

The

Plaite
river
and
the

Republican
are
the
two

princi

pal

streams
and
it

is

along
them
that

almost
all

the

land

farmed
is

located
On

the

Platte

eastward
from

Greeley
to

the

state
line

there
is
a

strip
of

land
from
one
to

ten

miles
in

width
lying

under
ditches
and

which
is

cultivated
and

irrigated
The

most

notable
section
is

perhaps
in

the

vicinity
of

Fort
Mor

ban
and

Brush
Here
the

land
is

unsurpassed
in

quality
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being
a

sandy
loaiu

where
the

abundance
of

cactus
testifies

to

its

richness
I

or

some
years
there
has

been
in

contemplation
and

under

construction
a

large
high
line

canal
which
will

cover

land
on

the

south
side
of

the

river
and

west
of

the

town
of

Fort

Morgan
The

ditch
is

known
as

the

Bijou
and
will
be

supplied

from
the

Platte
river

during
high

water
at

which
time
res

ervoirs
will
also
be

filled
for
use

during
the
low

stage
of

water

in

the

river
The

measurements
and

records
collected
by

this
o

ice

of

the

seepage
flow
in

the

Platte
river

indicate
that

there

will
be

suff

icient
water
for
the

clitch

The

people
of

the

community
devote
their
time

more
to

farming
than
to

stock

raising
During
the

winter

however

a

gre
t

many
cattle
and

sheep
are
fed

On
the

uorth
side
of

the

river
also
is

an

enterprise
of

considerable
magnitude
in

tivhich
stored

water
will
be

mainly

relied
upon

2

he

proposals
for

reservoirs
as

will
be

seen
in

the

sum

mary
of

filings

indicate

considerable
activity

and
it

is

rea

sonable
to

expect
that
all

the

water
on

the

Platte

drainage

both
flood
and

seepage
will
be

made
use
of

in
a

very
few

years
if

indeed
that

condition
is

not

alread5
reached

with

the

reservoirs
now

under

construction

Along
the

valley
of

the

Platte
to

Sterlinb

considerable

wild
hay
is

raised
as

well
as

alfalfa
and
as

we

proceed
east

ward
the

cattle

interests
become

more
and

nzore

important

Sterling
is
a

most

prosperous
community

due
I

beYieve

to

her

cattle

interests
as

the

surrounding
country
is

one

vast

prairie
In

the

vicinity
of

Sterling
is

the

much
talked
of

Pa

vnee

Reservoir
now

being

investigated
by

the

government
The

enterprise
has

been

investigated
before
by

different
parties

who
have

abandoned
it

as

not

feasible
or

at

least
not
jns

tifying
the

investment
of

private
capital

The

difficulties
to

be

overcome
are

considerable
The

ditch
is

nearly
100

miles
long

and

through
sand
hilla
for

a

considerable
distance
The

matter
of

water
supply
is

per

haps
the

most
vital
to

the

enterprise
With
a

year
like
the

one
just
past
and
with
the

completion
of

reservoirs
now
un

der

construction
it

is
a

question
especially
in

vie
v

of

he

distance
the

water
must
be

carried
whether
the

amount
avail

ble

will

justify
the

building
of

the

ditch
and

reservoir
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The

report
of

the

government
engineer
will
be

made
prob

ably

early
in

the

year
and
in

view
of

an

early
and

definite

report
it

is

not

advisable
to

comment
further
at

this

time

From

Sterling
to

tbe

state
line
the

area
of

irrigated
lands

diminishes
and
at

Julesburg
is

very

narrow

Between
the

Platte
and
the

Republican
is
a

fine

prairie

country

somewhat
broken
and
in

places

considerable
areas

of

sand

hich

drifts
with
the

heavy
spring

winds

forming

sa
nd

dunes

trending
in
a

northeasterly
and

southwesterly

directiontiVherever
th

sod
has

beeu

broken
and
the

surface
plowed

the

wind
has
blo
vn

deep

depressions
a

nd
it

is

often

possible

to

distinguish
accurately
the
tR

enty
or

forty
acres

plowed
by

the

homesteader
in

taking
up

the

land

Between
the

Platte
and
the

Republican
is

the

great

Ra
in

Belt
to

which
some
years
ago

there
was
a

perfect

s

ampede

Thousands
of

claims
were
filed

upon

fenced

houses
built
trees

planted
and

crops
put
in

A

few

ears
of

unusual
rainfall
had
led
to
t

he

belief
that
the

irrigation
of

land

along
the

streams
had

changed
the

climate
to

such
an

extent
that

eastern
Colorado
and

western
Nebraska
had
be

come

humid
a

nd

tha
t

crops
could
be

raised

without
irriga

tion
A

few

years

hotivever
of

normal
or

subnormal
rainfall

served
to

effectually
disprove
this

very

attractive
theory

and

now
the

countr
is

scarc
ely

more

populous
than

before
The

eople
were

literally
starved
out

their

claims

abandoned
and

they

scattered
seeking

locations
where

irrigation
was
pos

sible
or

returning
to

their

Eastern
homes
What
people
re

mained
however
have
with
their
cattle
and
the

free

range

become

prosperous
and

many
even

wealthy

Over
a

considera
ble

territor
y

it

appears
that
the

range
is

now

overstocked
the

native
brasses
are

being

stamped
out

and

destroyed
and
will
not

now

support
nearly
as

many
ani

mals
as

formerly
This

condition
has

been

intensified
during

the

last
two

years
by

the

extremel
dry

seasons
and
lack
of

rainfallThe

number
of

cattle
should
in

some

manner
be

limited

and
the

grass

allowed
to

reseed
itself
and
to

spread
over
the

bare
spotsThere

is

now

considerable
Russian
thistle

growing

wherever
the
sod
is

thin
or

broken
This
is

cut

while
tender

and

makes
a

fa
ir

feed
for

roughing
eattle

through
It
is

said

that
even
the
old

dry

bunches
are

eaten
by

the

cattle
in

the

spring

whenever
the

rains
or

snows
soften

up

the

spines
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Alon
the
ira
n

ches
of

the

Republican
and

alorig
the

Aricka
ree

are

narrow
strips
of

farm
land

irrigated
from

these

streams
Z

he

product
is

largely
second
botton

liay

though

considerable
alfalfa
is

raised
and
on

the

higher
lands

wheat
forms
a

large
par
of

the

year
s

crop

From
the

town

of
V

ray

considerabte
wheat
flour
and

hay
are

shipped
and
it

is

in

every
way
an

attracti
e

busy

business
like

town

Wray

is

quite
a

ca

ttle

center
and

from
it

many
cattle
are

annuall
T

shipped
to

the

river

markets
The

water
supply
is

quite

good
and

most
of

the

lands
under
ditch
have

sufficient
ater

Iu
a

considerable
part
of

the

territory
there
vas

appar

ent13
an

overstocliin
of
ti
e

range
The

grass
was

bein

eaten
out
by

the

cattle
and

sheep
to

such
an
e

tent
as
to

be

alinost

entirely
dest
royed

Large
herds
vere

annuall
y

shipped
into
the

state
to

enjoy
the

free

summer
range
free

both
of

rent
and
tas
q

and

again

shipped
out
in

the
fall

The

grass
vas

hardly
allowed
to

start

growing
and

when

winter

camc
had
been

grazed
so

closel
y

that
no

winter
feed

reinained

for
the

home
cattle
to

sa
y

nothing
of

the

destruction
of

the

range
perm

nently

Something
surely

should
be

done
to

pre

serve
lie

ranbes
either
b
y

leasing
or

some
other

method
2

he

range

properl

preserved
is

one
of

the

greatest
assets
and

sources
of
ti

enith
in

the

state
O
i

account
of

the

greed
of

so

e

and
the

irresponsibility
of

all
it

should
not
be

allo
ved

to

sufFer

W

TE
N

COLOI
ADO

In

June
1902
I

proceeded
to

Delta
for
the

purpose
f

maliing
an

examination
cf

the

reservoir
systems
of

the

Grand

mesa

viewing
the

North
Forl

countr
which
the

railroad

had
just

entered
and

settling
some

disputes
on

streams
south

of

Crawford
and

tributar
y

to

the

Gunnison
river

3

I

rom

Delta
with
the

water
co

nmissioner
Mr

Henry

Payne
I

drove
to

the
top
of

Grand
mesa

passing
at

first

through
au

extremely
desolate

dry

country
traversed
by

deep

arroyas
a

most

uninviting
prospect
but

where

recently

nuuiberless
oil

claims
had

been
taken

up

Some
ten

iniles
from
Delta
we

came
into
a

sectiori
where

orchards
and

alfalfa
had

created
a

prosperous
thriving

com

munity
The
soil

here
is

mostly
the
fine

white
heavy

sage

brush

covered
variet
found
on

the

western
slope
It

con

tains

considerable
g

psum
and

some

alkali

though
not

enough
of

the

latter
to

do

dama
e

to

the

rowing
plants
I

is
a

rich
soil

strong
in

mineral
plant
food
and
is

formed
from

the

deconiposition
of

the

great
shale

deposits
The

cedar

C

ISON
RI

EH

ANO

TEAH
HEA
0

OF

UCKNISON
TCN

EL
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ridges
have
been
taken
up

herever
water
coulc
be

obtained

One
farm
of

ote
is

that
of

Mr

Henrs
Coler
at

which
we

were

most

hospitably
enterta
ined

there
are

several
thousand
acres

in

the

place

mostly
n

alfalf
It
is

remarkable
for
the

com

pleteness
of

its

furnishings
and
the

orderly
ma

nner
in

which

it

is

run

The

most

nzodern

machinery
in

abundance
gootl

buildings
a

comprehensive
s

ystem
of

irrigation
and
a

perfect

organization
of

the

working
force
make
it
a

model
place
The

product
is

mostly

consumed
by

feeding
cattle
in

the

inter

On

the

Grand
mesa
our
fi

st

stop
was

made
at

the

Aleg

ander
lakes

where
a

few

years
ago
a

most

deplorable
shoot

ing

took
place
with
the

subsequent
burning
of

the

hotel
and

fish

hatcheriesThere
are

more
than
a

score
of

reservoirs
here

covering

from
five
to

one

hundred
and
si

ty

acres

Most
of

them
are

natural
lakes
with
a

small
dam

across
the

outlet
with
valve

to

con
rol

the

flow
In

man
y

of

ihese
lakes
it

tivas

observed

that
wl

ere
the

water
vns

raised
above
the

natural
high

tivater

line
that

considerable
loss

occurred
probabl
y

the

wate

found

its

way

through
the

more
or

less

porous
soil

surrounding
the

lakes
It
R

as

noticed
also
that
the

flow
i

the

streams
was
well

maintained
and

even

considerably
increased
since
the

build

ing
of

the

reservoirs
showing

conclusivel
that
the

seepage

soon

found
its

ay
to

the

water

courses

These

reservoirs
have
made

possible
the

irrigation
of

the

farms
a

nd

couniry
referred
to

above
and

thou
h

small
are

of

the

greatest
value

All
the

streams
of

the

Grand
mesa
have
these
small
lakes

at

their
heads
and
it

is

estimated
that
the

number
is

consid

erablein
egceas
of

100

As
a

resort
it

is

ideal
trout

abounding
in

all

the

streams

and

lakes
and

which
furnish
to

the

state
and

national
fish

hatcheries
millions
of

spawn
every

year

From
the

Grand
mesa
e

drove
to

Hotchkiss
and
saw

some
of

the

finest

orchards
I

have
ever
seen

The

peach
or

chards

especially
were

remarkable
for

their
size
the

amount

of

their

product
and
the

quality
of

the

fruit
The

North
Fork

countr
has

been

given
an

unprecedented
prosperity
by

the

adoent
of

the

new

railroad
and
land
in

orchard
is

held
at

500

per

acre

From

Hotchkiss
we

drove
south
to

Cr

stal

creeli

past

prosperous
farms
and

thriving

communities
The

creek

at

the

point
that
was

croased
carried

thirty
eight
feet
of

water
Fro
n

Crystal
creek

southeasterly
to

Sapinero
we

t

i



242

ELEVEDTTH
L

IENNIAL
REPORT

STAT

DNGINEER
OF

COLOSADO

L43

passed
throubh
a

most

excellent
cattle
range
the

bunch
grass

rested
one

day
our

team
being

worn
out

pulling
through
the

gro

ing

luxuriantly
and

numerous
springs

furnishinb
an

heavy
mud

occasioned
by

the

recent
snow
The

river
was

abundance
of

ater

while
there
are
a

great
many

cattle
on

measured
at

Craig
and
243

cubic
feet
at
a

gage

height
of
2

3

the

range
it

did
not

appear
to

be

over

tocked
Thou
h

re

v

as

found

From
Craig
we

proceeded
to

Hamilton
where

moved
far

from
the

usual
route
of

travel
and

somewhat
un

we

spent
the

night

Measured
Williams
Fork
at

that

point

developed
taken
all
in

all

the

country
passed

through
on

this

which
was

flowing
47

cubic
feet

trip

would
be

hard
to

equal
even
in

Colorado

On

the

17th
we

reached
Meeker
R

here
the

White
river

as

measured
and

found
to

contain
342

cubic
feet
at

the

gage

NORTHWESTERN
COLORADO

height
of
2

55

From

Zeeker
we

proceeded
along
the

stage

On

October
9

I

started
on
a

trip

through
Cxarfield
Rio

road
to

R

ifle
a

hich

ended
our

driving

Blanco
and

Routt

counties
the

especial
objects

being
to

visit

The

country
froin

Steamboat
Springs
through

Craig
and

the

country
between

Wolcott
and

Steamboat
Springs
v

Thich

Meelier
to
I

ifle
has

been
ell

described
by

1Ir
A

L

Pellows

district
had

never
been

visited
by
a

representative
from
this

in

the

Ninth

Biennial
Report
and

needs
no

repetition
here

office
On

October
10

we

left

tiVolcott
having

secured
a

team

Z

he

country
from

Wolcott
to

iVlcCoy
while

very
pic

at

that
place
e

crossed
the

Grand
river
at

the

state

bridge

turesque
and

interesting
geologically
is

rather
barren
and

near
the

uiouth
of

the

Piney
the

gagin
shoR
ed

that
the

uninvitin
Ou

the

Pine
and
the

Shee

Horn
or

g

Y

p

Quaking

river
at

that

point
was

carrying
4S8
feet

This
was
said
ta

k

Aspen
creeks
there
are

inan

small

nzountain
farms
com

be

the
loa
est

stage
kno
n

The

Piney
as

carr
ing

some

manding
a

large

grazing
country

thing
over
100
feet

NIcCo
s

where
e

spent
the

night
is

I

rox

DZcCo
to

To

onas
is
a

good
cattle

country
and
I

P

an

excellent
place
to

stop

Here
we

measured
Rock
creel

understand
that
on

the
flat

tops

there
is

egcellent
pasturage

wl

ich

was
at

about
its

lowest
stage
Ve

found
the

flow
to

be

ten

and
one
half

cubic
feet

We

crossed
Egeria

creek
and

I

rom

Toponas
to

Yampa
there
are

numerous
good
farms

estiinated
that
there
RTere
four

cubic
feet
in
it

some
of

which

where
a

good
deal
of

vild
hay
is

cut

vas

said
to

coine
from
a

reservoir
at

the

head
of

the

creek

From

Yampa
to

Steamboat
Springs
there
is

almost
one

At

this

point
we

encountered
a

very

heavy
snow

storm
ivhich

continuous
farm
the

meadows
are

fairly
broad
and

produce

lasted
nearlv
t

o

days

sometimes
driven
by

the

ind

reach

good
crops
of

timothy
and

wild
ha

This

season
timothy

in

almost
the

dignity
of
a

blizzard
Several
small

streams

was

worth
10
or

more
in

the

stack
In

the

vicinity
of

Steam

were

crossed
before

reaching
Steamboat

Springs
none
of

boat

Springs
some

alfalfa
was

raised
and
this
was
said
to

be

which
ho
e

er

carried
to

egceed
five
feet
of

ater

worth
in

egcess
of

6

per
ton

Steamboat
Sprinbs
is
a

most

attractive
place

There
are
in

its

immediate
vicinity

numer

On

October
13

e

reached

Steamboat
Sprinbs
and

meas

oua

sulphur
s

rings

several
of

which
have
a

tempera
ture
of

ured
the

river
at

the

bridge
just
west
of

town
V

e

found
at

that

point
112
feet
the

channel
is

very
good
and
this

point

103
to

150

Fahrenheit
The

town
is

quite
a

resort
for
in

aa

inre

station
From

valids
and

sportsmen
and
the

advent
of

the
l

Ioff
at

rail
va

could
be

made
a

good

permanent
5

b

is

eagerly

anticipated

Steamboat
Springs
we

proceeded
westerly

on

the

Hahn
s

peak
road
as

far
as

Big

creek
v

hich
was

flowing
an

esti

From

Steamboat
Sprin
s

to

Craig
there
is
a

broad
val

mated
amount
of

sig

feet

From
this

point
tive

returned
ta

ley
of

bottom
land

raising
tiinothy
and
wild
ha
y

The

prod

Trull
and

measured
Elk

river

which
was

carrying
147

cu6ic

uct

however
is

scarcely
sufficient
for
the

large

demand

feet

We

spent
the

nibht
at
a

farm
some
six

miles
est
of

many
cattle
which
have
their

summer
range
in

the

valleys

Trull
and
the

negt
day

drove
to

Craig
On
the

way
R
e

meas

to

the

north
and

south
being

wintered
along
the

river
In

ured
the

river
at

Hamilton
and

found
235

cubic
feet

conaid

the

vicinity
of

Craig

considerable
alfalfa
is

raised
and

some

erable
water
R

as

running
in

the

ditches
in

the

viciniiy
the

grain

During
the

season
of

1902
the

Rreather
was

quite
cold

amount
being

probably
100

cubic
feet

Elkhead
creek
wa

the

hay

crop
short
and

much
of

the

grain
did
not

fully
ma

crossed
and
was

carrying
about
ten

cubic
feet
of

water

ture
On
the

streams
tributary
to

the

Bear
or

Yampa
river

I

ortification
creek
in

the

vicinity
of

Craig
had

little
or

na

there
is

considerable
land
in

small
areas
more
or

less
cat

water
as
it

was
still

being
used
for
the

ditches
4t

Crafig
we

tered
which
can
be

developed
into

good
farms
and
I

antici
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pate
on

acconnt
of

the

grand
range
and
the

large

number
of

cattle
raised
that

there
will
al

aya
be
a

good

demand
for
all

kinds
of

hay
for

winter
use
I

did
not

visit
the

country
along

Fortification
or

Elkhead
creeks
I

understand
ho

vever

there
is
a

grand
area
of

fine

farmin
land
in

that

region
and

that
the
Elk

river

ehich
I

found
to

contain
more

water
than

any

stream

tributarv
to

the

Bear

could
be

diverted
to

irri

gate
this

land

I

would
suggest
that
the

state
make
such

investigatiorn

of

this

countr
as
is

necessary
to

be

able
to

present
to

the

government
such
facts
as

Ryill

induce
them
to

niake
a

careful

investigation
of

the

enterprise

I

or

almost
the

entire

distance
traveled
we

saw

deposits

of

coal

some
of

which
were

being

worked
by

the

settlers
for

their
o

rn

use

and

others
which
had
not

been

touched
The

R

hole

country
traversed
seems
to

be

one

vast
coal

deposit

Especially
noticeable
R

as

the

very
fine

quality
of

blacksmith

ing

coal
in

the

vicinity
of

Poole

postoffice
It

is

to

be

re

gretted
that
our

time
was
so

limited
that
tive

could
not

pene

trate
into
the

country
tributary
to

the

route

traveled

Along
the

route

traveled
the

countr
is

fairly
tivell
set

tled
and

almost
all

taken
up

In

the

more

remote
regionsT

however
there
is

much

excellent
land
still

subject
to

entry

and
tit

hich
can
be

farmed
by

the

construction
oi

inexpens
ve

ditches
but

tivhich
should

generally
be

supplemented
by

res

ervoirs
Tho
e

propositions
which
a

enerall
t

t
n
n

ulc

ancl

quire
a

ditch
only

have
been

pretty

y

P

future

development
R

ill

depend

somewhat
on

the

possibility

of

the

settler
finding
a

small

inegpensive
reservoir
site

Vhile
there
is

considerable
mineral
in

Routt
county

great
coal

deposits
and

much

natural
t

ealth
I

believe
that

the

cattle

interests
will

always
be

predominant
and
it

is

from

this

enterprise
that
I

look
to

see

the

greatest

prospeiity
ta

the

county
I

regret
ta

say

however
that
in

niany
places

the

range
is

now

overstockedYours
truly

JoH
t

E

I

r

n

CHAPTER
X

STREAM
GAGINGS

Denver

Colorado
November
15

190

HON
A

T

MCCUNE
State

Engineer
of

the

State
of

Colorado

Dear
Sir
I

take

pleasure
in

handing
you

herewith
i

accordance
with
your

request
and

with
the

consent
of

Mr

F

H

Newe11
Chief

Engineer
of

the

Division
of

Hydrobraphy

of

the

United
States

Geological
Survey
all

available
data

obtained
by

myself
as

Resident

Hydrographer
of

the

said

survey
in

the

state
of

Colorado
during
the

years
1901
and

1902
and
also
all

data

connected
with
the

discharge
of

streams
during

those
years
which
have
been

furnished
me

by
co

operating
companies
and

individuals

A

brief

review
of

the

system
of

co

operation
between

the

Division
of

Hydrograph
of

the

United
States
Geologi

cal

Survey
and

your
own
o

ice

may
not
be

out
of

place
at

this

point
It

has

been
the

policy
of

this

division
through

out
a

number
of

years
to

secure
all

available

information

concerning
the

discharge
of

the

various
streams
of

the

United

States
and

particularly
of

its

arid

territory
in

vhich
a

thorough
knowledge
of

the

conditions
bearing

upon

precipi

tation
run
off

discharge
of

streams
and
like

matters
woulcT

be
of

the

greatest
possible
benefit
in

determining
the

amount

of

ands
that

could
be

irrigated
by

means
of

an

enlightened

system
of

irrigation
It

was

further
hoped
that
such
infor

mation
might
be
of

value
in

determining
localities
that

mibht

be

benefited
by

government
aid
in

irrigatian
These
in

terests
being
to
a

great

egtent

identical
witli
those
of

the

State

Engineer
s

o

ice
in

Colorado
the

laws
of

which
state

direct
that
the

State

Engineer
shall
make

stream
gaging

and

obtain
a

knowledge
of

the

discharge
of

the

various
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streams
of

the

state
and
also
that
he

shall

compile
daia

concerning
the

precipitation
throughout
the

state
it

has

been

obviously

advantageous
that
a

system
of

ca

operation

betweeu
state
and

government
in

these
lines

should
be

de

vised
and

practiced
For
a

number
of

years

therefore
com

mencing
to

some
slight
egtent
as

far

back
as

the

year
1884

but
re

established
upon
a

much
better
and

more

thoroughly

co

operative
basis
in

the

year
1895
such
a

system
has

been

carried
on

becoming
more

firmly

compacted
and
of

greater

value
to

each

party
to

the

plan
with
each

succeeding
year

On

the

part
of

the

division
of

hydrography
therefore

I

tal
e

this

opportunity
of

thanking
you
for
the

courtesy
eg

tendecl
by

you
and
all

your

subordinates
in

furn
ishing
to

us

the
use
of

your
office
and

such

assistance
as

you

have

been
able
to

render

throughout
the

years
1901
and
1902
and

to

express
my

belief
that
the

results

obtained
have
kreen

mutually
of

the

breatest
advantage
Thanks
are

due

also

to
a

nunzber
of

corporations
and

individuals
throu
hout

the

state

notably
to

the

Denver
Rio

Grande
railroad
the

Colorado
Springs

Cripple
Creek

District
Rai1R

ay

Com

pany
the

Colorado
Southern

Railway
Company
the

Chi

cago

Burlington
luincy
Railway
Company
the

Union

Pacific

Railroad
Company

and
the

Atchison
To

eka

Santa

Fe

Railway
Compan
Also
to

the

Great
Plains
Water

Company
and

many
other

corporations
and
to

the

water

commissioners
and

individuals
interested
in

the

development

of

irrigation
throughout
the
st

te

benerally
without
whose

assistance
it

would
have
been

impossible
for
so

much
to

have

been

accomplished
It

has

always
been
the

policy
of

the

department
which

I

have
the

honor
of

representing
so

far
as

possible
to

make

public
the

data

obtained
concerning
the

discharge
of

streams

as

gener
lly

and
at
as

early
a

date
as

has

been

practicable
On

this

account

information
has

been

furnished
to

superinten

dents
of

irrigation
divisions
water

commissioners
netivs

papers

corporations
and
to

parties

generally
who
have
eg

pressed
an

interest
in

or

desire
to

receive
such

information

In

the

tables
which
are

furnished
herewith
the

same

pla
of

arrangement
has

been

adopted
as
in

the

last

report

of

the

State

Engineer
submitted
by

yourself
two

years
since

Various

modifications
as
to

tables
have

however
been
inade

which
should
receive

passing
notice

Owing
to

the

fact

that
in

your
last

report
you

published
data

furnished
by

me

cavering
all

precedinb
years
to

the

year
1900

inclusive

and

owing
to

the

further
fact
that
the

United
States

Geolog

STATE
k

1VGINEE
OF

COLO
ADO

L4
T

ical

Survey
has

published
this

data
in

the

form
of

Water

Supply
and

Irrigation
Paper
No
74
a

supply
of

which
is

to

be

furnished
to

your
office
and
a

copy
of

which
may
be

obtained
upon

application
by

any
one

desiring
it

it

has

seemed

unnecessary
that
data
for

years
prior
to

1901

should

be

given
in

this

compilation
The

discharge
is

shown
there

fore
for
the

years
1901
and

1902

alone
and
the

same
form

of

table
is

given
as
is

printed
in

the

reports
of

the

Hydro

graphic
Division
of

the

United
States

Geological
Survey
it

being

believed
that
this

form
is

of

greater
value
to

the
gen

eral

public
than
the

form

previously
prQSented
in

the

State

Engineer
s

reports
It

has

seemed

unnecessary
also

that

descriptions
of

streams
and

gaging
stations
should
be

pub

lished
at

thia
time
as

this

information
was

furnished
in

your

last

report
and
the

stations
will

therefore
be

described

only

where

important
changes
have
been

made
or

tivhere

new

stations
have
been
opera
ted

the

information
being

given

in

foot

notes
below
the

tables
This
offlce

being
in

possession

of

all

details

information
not

furnished
in

these
tables

mag

readily
be

ascertained
at

any

time
by

those

sufficientl
in

terested

stations
have
been

maintained
durin

either

the

whole
or

parts
of

the

past
two

years
the

data
for

tivhich

stations
will
be

furnished
in

separate
tables
Two

lists
of

stations
are

giveri

following
the

plan

adopted
in

your
last

biennial
report
the

first

giving
the

locations
of

stations
in

their
order

referring
to

irrigation
division
and

locality
upon
the

stream

commencing
at

the

head
of

the

division
and

proceeding
generally

down
stream
and
the
sec

ond
an

alphabetical
list
of

streams
measured
with

location

of

station
The

tables
follow

arranged
in

the

order
given

in

the

first
list

IRRIGATION
DIVISION
NO
I

OR

THE

SOUTH
PLATTE

IRRIGATION
DIVISION

Cheesman
station
on

south
fork
of

South
Platte
river

South
Platte
station
on

South
Platte
river

Denver
station
on

South
Platte
river

Kercey
station
o

South
Platte
river

Julesburg
station
on

South
Platte
river

lZorrison
station
on

Bear
creek

I

orks

Creek
station
on

Clear
creek

1larshall
station
on

South

Boulder
creek

Boulder
station
on

Boulder
creek
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Lyons
sta
tion
on
St

Vrain
creek

Arkins
station
on

Big

Thompson
creeli

r

rt

Collins
station
on

Cache
a

la

Poudre
river

IRRIGA
rION

DIVISION
NO
II

OR

THE

ARIiANSA5
IRRIGATION

DIVISION

Twin
Lal
es

station
on

Lake
cree

Salida
station
on

Arkansas
river

Canan
City

station
on

Arkansas
river

Pueblo
station
on

Arkansas
river

Tepesta
station
on

Arkansas
river

Rock
y

I

ord

tation
on

Arkansas
river

Pro
ti

ers

station
on

Arkansas
river

I

amar

station
on

Arliansas
river

IRRIGATION
DIVISION
NO
III

OR

TH
I2

I0

GIi3ND
II

RIGATIOV
DIVISIO
T

Del

Norte
station
on
I

io

Grande

Colorndo
State
Line

station
on
I

io

xrande

IPI

IGATION
DIVISION
NO
IV

OR

THE
S31
T

JtiAN

IRRIGATIOV
I3I

ISIOI
T

Ignaciu
stntion
on

Los

Pinos
river

Duraugo
station
on

Florida
river

Ditrango
station
c

n

nimas
river

ilZancos
station
on

1lTancos
river

IPPIG
3TI0
DI

ISION
NO
V

OIi

TFIL

GRAND

IRItIGATION
DIVISION

Glen
eood

Springs
station
on

Cxrand
river

Palisades
station
on

Grand
river

Iola

station
on

Gunnison
river

White
vater

station
on

Gunnison
river

Dolores
station
on

Dolores
river

IRRIGATION
DIVISIO
NO
VI

OR

TH

GRE
N

IEItIG3TION
DIVISION

Crai

station
on

Yampa
river

Hamilton
station
on

Williams
river

112eel
er

sta
ion
on

hite
river

t
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E1
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STREAM
ON

HICH

STATIONS
AI
E

LOCATED

Animas
river
at

Du

anga

Arkansas
river
at

Canon
City

Arkansas
river
at

Lamar

Arkansas
river
at

Nepesta

Arkansas
river
at

Prowers

Arkansas
river
at

Puebla

Arkansas
river
at

Rocky
Ford

Arkansas
rivei
at

Salida

Bear
creek
at

DZorrison

Big

Thompson
creek
at

Arkins

Boulder
creek
at

Boul
der

Cache
a

la

Poudre
riti
er

at
I

ort

Collins

Clear
creek
at

Forkscreek

Dolores
river
at

Dolar
es

Ii

lorida
ri

er

at

Stewart
s

ranch
near

Durango

Grand
river
at

Glenwood
S

rings

C

rand
river
at

Palisades

Gunnison
river
at

Iola

Gunnison
river
at

Vhitewater

Lake
creek
at

Ttivin
Lakes

Los

Pinos
river
at

Ignacio

Mancos
river
at

iVlancos

Rio

Grande
at

Colorado
State
Line

Rio

Grande
at

Del

Norte

South

Boulder
creek
at

1VlarshalL

South
fork
of

South
Platte
river
at

Cheesman
lake

South
Platte
river
at

Denver

South
Platte
river
at

Julesburb

South
Platte
river
at

Kersey

South
Platte
river
at

South
Platte

St

Vrain
river
at
L

yons

tiVhite
river
at

Meeker

illiams
river
at

Hamilton

Yampa
river
at

Craig
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CHEESMAN
STATION
ON

SOUTH
FORK
OF

SOUTH
PLATTE

RIVER

Drainage
area
1

677

square
miles

ESTIMAT
D

DISCH2
RGE

Dischargeiv
Second
Feet

Run
off

Total
in

Second
I

Month

Acre
Feet

eet
es

Depth
ia

am
I

um

Mean

Square

Inches

Mile

1901

januaryFebruaryMarchAprilMayJune
J

lYAugustSeptemberOctoberNovemberDecemberTotals

1619s34655760019575395134134325753

1313i76710570165ioo65853513

1415s19834126092342iss9910488149

861833
4a
o

11

782
20

96i
15

471
5

657
21

029
9

878
6

087
6

185
5

411
108
2H4

O1O10412201505201006080509

01O1041323170623110709O6
1

21

See

page
246

Tenth

Biennial
Report

See

page
248

Tenth

Biennial
Report
The

diacharge
given
is

for

Gooae

cuan
dam

Data
fu
n

shed
bY

The

DenverlTJn
onl

Vater

Companyelow
the

Cheea
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INFLOW
TO

LAKE

CHEESMAN
FftOM
THE

SOUTH
FORK
OF

THE

SOUTH
PLATTE
RIVER
AND

FROM
GOOSE
CREEK

September
2

to

October
i6

1902

The

following
results
are

from

measurements
taken
at

temporary

weirs

established
on

the

South
Fork
and

Goose
creek
above
where

they

empty
into

Lake

Cheesman

The

measurements
cover
the

period
during

which
the

ow

was
a

minimum
Date

September
2

1902

September
3

1902

September
4

1902

September
6

1902
Septemberll
1902

September
13

1902
Septemberl8
1902

September
20

1902

September
22

1902

September
4

1902
Septiember26
1902

October5
1902

October
13

1902

October
16

1902

Sovth
Fork
I

Goose
Creek

Total

Cubic
Feet

Cubic
Peet

Cubic
Feet

per

Second
per

Second
per

Second

1

89

32

46

3

35

5

51

1

29

2

71

4

00

42

2

56

3

28

37

2

86

3

23

28

3

22

3

50

10

3

52

3

63

2E

9

52

12

78

4

50

8

86

I3

3fi

1

71

9

10

10

81

3

00

9

93

1

93

5

00

10

56

5

Sfr

6

50

10

86

17

36

Note
The

only

available
data

compiled
for
the

year
1902

up
to

this

date

December
lst

are

given
above
as

furnished
by

The

Denver
Union
Water

Company
The

above
results

correspond
to

the

natural
flow
of

the

two

streams

below

Cheesman
lake
for

the

corresponding
dates
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SOilTfI
PT

ATTE

STATION
ON

SOtTTH
PLATTE

RIVER

Drainage
area
2

612

square
miles

Observer
John
B

Swan

LIST
OF

DISCHARGE

NIEASUREMENTS

Date

apher

I

ge
ght
I

charge
I

emarks

I

April
30
1

01

John
F

Field

6

70

o

6i

May
11

1901
A

I

Feltows

June
28

1901

John
E

Field

5

50

12

J8

Ang
5

1901
A
7

McCune

6

30

676

Aug
7

1901

John

Field

Mar
28

1902

John
E

Field

12

00

208

May

1902

John

Fieid

1

87

67

June
13
1

J02
S

G

I

ees

July
17

190

S

G

I

ees

1

00

5

July
17

1902
S

G

Lees

1

04

1

00

5

Aug
12

1902
S

G

I

ees

Aug
25

1902
J

Bield

1

55

122

Sept
7

1902
M

C

Ainderlider

1

0

69

Sept
8

1902
I

E

Field

1

20

69

1

25

79

Sept
13

1902
bI

C

Hind
rlider

Sept
23

1902
M

C

Hinderlider

1

45

1

Oct

li

190

S

G

7

ees

1

YO

Oct

27

1902
R

W

Fiawley

1

18

57

This

station
was

established
March
28

1902
by

John
E

Field
at

the

wagon

bridge
below
the

forks
of

the

river

Mcnth

ST3TL

ENGINE
cor

oxano

253

ESTIMATED
DISCHARGE

Discharge
in

Second
Peet

Run
off

Totel
in

Second

1

I

Acre
Feet

geet
erl

De
th

in

Masi

Mini

Dfean

p

p

mum

mum

Square

Inches

Mtle

i

i

April

593

119

nl

15

531

10

11

May

211

63

142

8

731

05

06

June

207

60

SS

5

236

03

03

J

ly

61

a5

53

3

566

02

02

August

61

5a

57

3

505

YL

02

September

127

57

77

4

582

03

03

October

86

45

61

3

i61

02

G2

November

57

40

50

1

1

091

02

1

O1

Note
The

average

discharges
oY

the

river
at

this

point
for

the

period

January
14

1902
to

Jamiary
2S

1902

inclusive
as

furnished
by
L

B

Curtis
was

69
9

sec

feet

1

For

eleven
days

0



2rj4

LEVENTFI
I3IENNI
L

BEPORT

DENVER
STATION
ON

sOUTH
PLATTE
RIVER

Drainage
area
3

840

aquare
miles

Observ
r

Frank
Kelly

LTST
OF

DISCHARGE

MEASUREMENTS

Date
I

Hydrographer
Gage

Dis

Remarks

I

Height
I

charge
I

April
3U

1901

John

Fidd

6

70

83

May
ll

1901
A
I

Nel

ows

5

67

270

June
28

1901

John
E

Field

5

50

192

Aug
7

1901

JohnF
Field

6

30

676

April
1

1902

John

Hield

1

10

1W

May
15

1902

JohnE
Field

1

65

241

May
29

1902

JohnE
Pield

2

28

557

June
10

1902
S

G

I

cee

1

00

74

June
11

19G2
S

G

I

ees

98

62

june
1

1

J02
S

G

I

ees

IA5

68

June
13

1902
S

G

I

ees

1

85

163

june
16

1902
S

G

I

ees

1

00

63

Channelchange

July
16

1902
S

G

I

ees

1

09

lx

sincelast
meas

j

urement
on

July

1902
S

G

I

ees

1

13

3

l

June16
1902

Sept
9

902

M

C

Hindertider

1

10

23

Sept
12

1902
M

C

Fiinderlider

1

W

16

Oct

14

1902
M

C

Aiuderlider

1

30

63

Oct

8

1902
R

W

Haw1eY

1

19

48

Oct

29

902
R

W

Hawley

1

12

43

rSee
page
256

Tenth

Biennial
Report
New
gage
rod
set
on

May
15

1901
by

John
E

Field

deputY
state

engineer
The

gage

readings
for

the

irrigating
sea

son
of

1902

were

worthless

STATL

NGINEEB
OF

COLO
ADO

25a

ESTIMATED
DISCHARGE

Discharge
in

Second
Feet

Run
off

Month

Totalin
Secoud

Acre
Peeb

Maxi

Mini

Mean

Feet
per

Depth
in

mum

mum

5quare

Inches

Mite

1901

January

24

186

21

13

035

06

A7

February

2r12

186

217

12

050

06

O6

March

306

213

241

14

818

O6

07

April

1

121

24y

516

30

iO4

13

14

May

t

02fi

ll3

553

34

003

14

i6

June

1

356

113

715

42

545

19

21

July

575

17

219

15

310

A7

OS

August

618

242

365

22

443

10

11

September

422

51

216

18

853

07

October

213

17

92

56
7

02

02

November

136

17

72

4

284

02

02

December

341

113

234

14

358

O6

07

The
ear

1

386

17

307

222
090

08

1

08

1902

April
1

19

96

53

74

1

2

iS9

1

02

01

October

90

56

71

2

3

098

2

02

02

Novemberl
15

56
I

13

32

3

952

3

Ol

004

1

For

nineteen
days

2

For

twenty
two

days

3

For

fifteen
days

i



256

ELEV
NTH

IENNIAL
REPORT

KERSEY
STATION
ON

SOUTH
PLATTE
RIVER

Drainage
area
9

470

square
miles

zj

Observer
Edward
I

Plumb

LIST
OF

DISCH
RGE

MEASUREMENTS

Date

Hydrographer
I

He
gh
I

c1D
ge
I

Remarks

I

April
27

1901
A
I

Fellows

3

i0

1

813

May
14

1901
7

Field

1

23

74

june
Z1

190I
I

Field

4

20

8

530

jan

3

190

J

Field

2

65

634

Feb
23

1902
J

E

Pield

2

70

i00

1

85

S

April
2

1902
J

E

Field

Aug
15

1902
J

Field

1

30

62

Nov
2

1902
R

W

Hawley

1

65

138

Station

established
April
27

1901
by
A

L

Fellows
at

wagon
bridge
one

and
one

half

miles
north
of

Kerse3



STATE

ENGINE
OF

GOLOR
DO

257

ESTIS7ATED
DISCHARGE

Discharge
in

Sernnd
Feet

Run
off

Moath

I

Tota1
in

Second

Masi

Mivi

Mean

Acre
Feet

Feetper
Depth
ia

mum

mum

Sqaare

Inches

Mite

1901

May

5

856

62

1

393

36

fi52

15

17

June

g

pp

450

1

820

108
297

19

21

J

Y

450

290

314

19

307

03

03

August

330

290

296

18

200

03

03

September

70a

290

396

23

504

04

04

October

516

370

456

28

038

05

05

November

591

450

526

31

299

O6

07

December

19
5

540

903

55

523

10

11

1902

January

1

524

580

836

51

404

09

10

February

1

524

637

862

47

873

09

09

i

March

700

282

486

29

883

05

Q6

April

262

42

122

72
i9

Ol

Ol

May

224

42

96

5

03

O1

O1

June

1

891

SO

158

9

4U2

02

02

Ju19

580

80

124

7

625

O1

O1

august

105

80

85

5

226

O1

O1

September

2

631

80

363

21

600

04

04

October

325

170

249

15

310

03

03

November

527

22

326

18

752

03

1

03

i

1

For

twenty
nine
da
s

9



25

ELEVENTH
BIENNI
L

B

EPORT

JULESBUR
G

STATION
ON

SOUTH
PLATTE

RIVER

Drainage
area
20

598

square
miles

Observer
Lloyd

Jenkins
LIST
OF

DISCHARGE

MEASUREMENTS

I

Gage

Dis

Remarks

Date
I

Aydrographer
I

Height
I

charge

1

1

30

35

April
2

1902
J

E

Field

133

Oct

10

1902
S

G

I

ees

1

58

1

15

31

Nov
8

1902
R

W

Hawley

bridg

onebmi
eeso

theast
of

the
ra

lway
E

station
at

Julesbtr
g

engineer
at

wagon

STIMATED
DISCHARGE

Run
oH

Dischargein
Second
Feet

Totai
in

Sernnd

Maoth

Acre
Foet

g

etpet

Depthin

ffiar
i

I

Mini

Mean

Square

Inches

mum

mum

Mile

19
2

I

3

g

2

737

002

00

April

39

23

37

2

275

002

OG2

nzar

1a4

s

2s

i

sss

00i

ol

juae

001

2E6

2

19

1

168

001

J

ly

184

0001

0001

4

0

August

009

September

153

9

104

008

October

6b

23

129

7

932

006

007

28

35

2

083

002

I

002

Iqovember
1

75

1

For

twentY
nine
days

STATE

ENGINEEEt
OF

cor
o

no

259

MORRISON
STATION
ON

BEAR

CREEK

Drainage
area
170

square
miles

Observer
Samuel
Hebrew

LIST
OF

DISCHARGE

MEASUREMENTB

Date

Aydrographer
Gage

Dis

Remarks

Height
I

charge

May
10

1901
I

A
I

Pellows

I

4

60

I

Results
good

AS

described
on

page
266

Tenth

Biennial
Report
No

record
for
1902

ESTIMATED
DISCHARGE

Month

Discharge
in

Secoad
Beet

Ruu
off

Total
in

Second

Magi

Miui

Acre
Feet

Feetperl
Depth
in

mum

mum

Kean

Square

Inches

Mile

1901

April

133

11

54

3

213

32

36

May

16B

93

116

7

133

68

78

Ju

7

74

une

187

93

114

67
3

6

7

Y

93

24

5

3

197

31

36

August

126

18

40

460

24

28

September

g

13

22

1

309

13

14

October

2

13

19

1

168

11

13

November

20

9

15

893

09

10

Decemberl
7

21

14

17

i

6

10

11

03

1

For

seven
days

iI

f

I4j



260

EL
V

TTH

BIENNIAL
B

EPOBT

FORKS
CREEK

STATION
ON

CLEAR
CREEK

Drainage
area
345

sqnare
miles

Observer
C

A

Jones
LIST
OF

DISCFIARGE

MEASUREMENTSGage

Dis

Remarks

Date

Aydrographer
fIeight
I

charge
I

Mag
8

1901
A

T

Fetlows

2

25

231

June
14

1902
S

G

Lees

2

90

655

Sept
10

1902
M

C

Hinderlider

1

50

60

Sept
20

1902
M

C

Hinderlider

1

60

55

Oct

15

1902
S

G

I

ees

1

80

82

As

described
on

page
270

Tenth

Biennial
Report

ESTIMATED
DISCINARGE

Discharge
in

Second
Feet

Run
off

Total
in

Second

Month

Acre
Feet

eet
er

lle
th
iu

Maxi
I

Mini
I

Mean

p

P

mum

mum

Square

Inches

Mile

lsoi

May

207

558

34

310

1

62

1

87

June

775

545

653

38

856

1

89

2

11

Ju
y

69

35

433

26

624

1

26

1

45

August

367

156

228

24

019

66

76

September

li9

66

114

6

783

33

37

October

93

8

73

4

489

21

24

November

58

20

37

2

202

11

12

1902

April

1

0

55

76

ll

1

658

22

1

09

May

703

155

450

27

669

1

30

1

50

June

1

079

402

644

38

321

1

86

2

08

J

ly

02

126

224

13

773

65

75

Angust

103

55

86

5

288

25

29

September

140

42

64

3

808

19

October

65

3

739

19

20

1

Eleven
days

STATE

ENGINEE
OF

COLOBADO

261

MARSHALL
STATION
ON

SOUTH

BOULDER
CREEK

Drainage
area
125

square
miles

Observer
Miss

Dollie
Basber

LIST
OF

DISCHAR
GE

MEASUREMENTS

Date
I

Hydrographer
I

Gage

Dis

Remarks

Height
I

charge
I

May
3

1901

J

F

Fieid

2

00

12S

I

I

I

As

described
on

page
273

Tenth

Biennial
Report

ESTIMATED
DISCHARGE

Discharge
in

Second
Feet

Run
off

Ionth

I

I

Total
in

Second

Masi

Mini

Acre
Feet

geet

mum

mum

Mean

per

Depth
in

Square

Inches

Mile

1901

April

119

7

47

2

497

38

42

May

Z

64

129

7

932

1

03

1

19

June

Z7g

193

229

13

626

1

53

2

04

J

y

z2o

57

iis

256

94

1

oa

August

7g

34

48

2

951

3S

44

September

g4

13

20

1

190

16

18

i

If

I



262

EL

VENTH

BIENNIAL
REPO
T

BOULDER
STATION
ON

BOULDER
CREEK

Drainage
area
179

square
miles

Observer
Mrs

Carrie
Osgood

LIST
OF

DISCHARGE

MEASUREMENTSGage

Dis

Remarks

Date
I

Iiydrographer
I

Height
I

charge

May
2

1901

J

E

Pield

I

1

65
I

As

described
on
pa
ge

277

Tenth

Biennial
FCeport

ESTIMATED
DISCHARGE

Discharge
ia

Second
F

eet

Run
off

Totalin
Second

Ionth

Acre
Feet

geet
per

Depth
in

Maxi

Mini

Mean

quare

Inches

mum

mum

Mile

1901

75

4

463

42

47

April

64

5

May

705

164

38S

23

857

1

89

2

15

June

789

390

513

30

526

2

87

3

508

197

319

19

615

l

i

2

05

J

ly

gpg

46

l14

7

010

64

i4

AugustSeptember

i0

16

35

2

083

20

Z

October

gp

11

15

922

08

13

4

8

476

05

06

November

6

1

a

307

03

03

Decem
er

STATE

ENGINEEB
OF

coLO
Ano

263

LYONS
STP

TION
ON
ST

VRAIN
CREEK

Drainage
area
209

square
miles

Observer
L

H

Dickson

LIST
OF

DISCHARGE

MEASUREMENTS

Date

Hydrographer
Gage

Dis

Remarks

Height
charge

May
2

1901
J

E

Field

3

20

2i8

Juty
28

1902
J

Fie1d

2

50

91

Aug
30

1902
J

Field

2

05

31

Nov
8

1902
M

C

Hinderlider

2

08

4p

Made

bywading

As

described
on

page
230

Tenth

Biennial
Report
but

including
diacharge

of

supply
ditch

ESTIMATED
DISCHARGE

Dischargein
Second
Peet

Run
off

Month

Cotal
in

Second

Maxi

Mini

Acre
Feet

geet
per
I

Depth
in

mum

mum

Mean

Square

Inches

Mile

1901

I

APril

302

5

114

6

783

55

May

802

157

421

25

886

2

01

June

E00

363

675

34

215

2

75

J

lY

574

209

334

20

537

1

60

August

308

106

177

10

883

85

September

141

33

70

41
3

33

October

49

33

39

2

398

19

November

34

12

24

1

428

il

1902

April

57

12

34

2

023

16

May

500

70

215

13

320

1

03

June

4S5

152

312

18

65

1

49

J

Y

1

i

69

112

B

887

53

August

86

43

59

3

628

28

September

329

31

74

4

403

Sfi

OMober

107

42

70

4

304

33

61

2

32

3

07

1

849837221218

1

19

1

666132393S



i

i

264

L

VENTH
BI

NNIAT
R1

PORT

AR

KINS

STATION
ON

BIG

THOMPSON
CREEK

Drainage
area
305

square
miles

Observer
E

G

McKinney
LIST
OF

DISCHARGE

MEASUREMENTSGage

Dis

Remarks

Date
I

Hydrographer
I

geight
I

charge
I

1

30

226

May
1

1901
7

Field

75

86

Aug
30

1902
J

E

Bield

Nov
14

1S02
M

C

Hinderlider

42

28

Made
by

wading

As

described
on

page
255

Tenth

Biennial
Report
but

including
discharge

oY

Handy
ditchMonth

ESTIMATED
DISCHARGE

I

Ruu
off

Disdiarge
in

Secoud
Feef

Total
in

Second

Acre
Feet
I

geet
per

Depth
in

Max

Mini
I

Mean

Square

Inches

imum
I

mum

Mtle

i

i

1901

977

May

1

143

June

975

J

lyAugust

506

September

110

1902

AprilMayune
J

yAugustSeptemberOctober

35659773385130238198

Zp

600

36

893

1

97

2

27

616

859

51

114

2

82

3

15

2

01

255

531

32

650

1

74

i4o

2si

is

o4s

ss

ss

44

72

4

284

27

2080342ios6746

29331508isi90x198

1

72s
20

352
30

228
11

129
5

534
5

355
60
6

io

1

09
1

67593U32

n

1

26

1

8668353337

STATE

ENGINEER
OF

COLO
ADO

265

FORT

COLLINS
STATION
ON

CACHE
A

LA

POUDRE
RIVER

Drainage
area
1

060

square
miles

In

charge
of

ProP
L

G

Carpenter
ESTIMATED

DISCHARGE
Dischargeia

Second
Feet

Run
off

Month

I

Total
in

Second

Maai

Mini

Acre
Feet

Feetper
Depthin

mum

mum

Mean

Sqnare

Inches

Mile

isoi

May

5

100

619

1

757

108
034

1

66

1

91

Jnne

2

449

1

425

1

956

116
390

1

85

2

06

J

ly

455

406

S85

1

42

129

83

1

7

Augnst

510

242

337

20

721

32

37

September

294

9S

152

9

045

14

16

October

13G

93

119

2

3

540

11

2

O6

1902

June

1

721

706

10
2

62

003

98

3

73

July

626

241

411

25

271

39

45

August

232

109

171

10

514

16

1S

September

510

74

166

9

78

16

18

October

202

124

157

9

654

15

4

12

1

For

twenty
Pour
days

2

For

fifteen
days

3

For

twenty
days

4

For

twenty
one

days

As

described
on

page
288

Tenth

Biennial
Report
By

courtesy
of

ProP
L

G

Carpenter
of

the

State

Agricultural
College
at

Fort

Collins

Colorado



266

EL

VENTEi

BIENNIAL
REPORT

MISCELLANEOUS
DISCHARGE

MEASUREMENTS
IN

SOUTH
PLr1TTE

IRRIG
TION

DIVISION

Stream

I

I

ocation
I

Hydcographer
I

Date
I

Discharge

ea
in
v

are

I

Greeley

I

J

Field
I

May
14
I

50

1902

Morrison

Bear
Creek

North
Turkey

creek

Near

Cunifer

lkereek

Winston

DeerPark
creek

Bailey

North
Fork
5

Platte
river

Bailey

Hall

sgulch

ebster

jeffersoncreek

Jefferson

Michigan
creek

Como

Tarryallcreek

NearComo

MiddleForkS
Platteriver
Pairplay

Four

Milecreek

NearPairplay

South
Fork
S

Platte
river

Near

Buffalo
Spring

W
p

dwards
July
8

W
P

E

dwards
July
9

w
P

Fdwards
July
9

W
P

dwards
July
9

W
P

F

dwards
July
9

W
p

E

dwards
Ju1y
10

w
p

dwards
July
10

W
P

dwards
July
10

w
P

aWaras
Juiy
io

W
p

dwards
July
10

p

p

dwards
July
11

w
p

dwards
Jnly
11

Note
See

also

seepage

measurements
for

special
gagings

i

18364701416611394LS

0

STATE

ENGINEEE
OP

COI
o

ano

Lf
7

ARI

ANSAS

IRRIGATION
DIVISION

TWIN
LAKES

STATION
ON

LAKE
CREEK

Drainage
area
109

square
miles

Observer
Tohn
J

HartmanLIST
OF

DISCHARGES

Date

Hydrographer
I

Height

Discharge
I

Remarks

i

l

May
il

C

W

Beach

67

99

Interlaken
statioa

May
6

J

Field

50

113

Interlaken
station

May
6

J

Field

2

00

120

I

ower

station

MaY

7

ield

1

10

42

I

ower

station

May
7

J

Field

1

i0

S7

I

owerstation

1902

April
4

31

Intake
or

natural
flow

May
5

150

Intakeornatural
flow

May
10

83

Intakeornatural
flow

May
15

Yo

19

in

clusive

317

Intakeornatural
flow

July
3

102

Intakeornatural
flow

July
18

fo

23

in

clnsive

8

Intakeornatural
flow

Ju1y
23

to
30

in
t

6

Intake
or

natutal
ow

clusive
J

Juty
30

to

Aug
5

1

5

Intake
or

natural
flow

inclusive
I

Ang
5

to

Nov
24

5

Intake
or

natural
flow

inclusive
5

Note

There
were
no

measurementa
made
in

1902

The

above
resulta
for

1902

give
the
in

flow
to

the

lakes
or

the

natural
flow
in

Lake
ci

eek
on

thosa

da

tes

this

being
the

only

available
data
Eor

thia

yean

See

page
291

Tenth

Biennial
Report

a

At

station
below
both
lakes
as

eatablished
by

John
E

Field

deputy
atate

engineer
By

courtesy
of

The

Twin
Lakes
Land
and

Vater

Company
8ee

paga

293

Tenth

Bienniai
Report



268

ELEVENTH
BIENNIAL
REPO
T

SALIDA
STATION
ON

ARKANSAS
RIVER

Drainage
area
1

160

square
miles

Observer
William

Furniss

LIST
OF

DISCHARGE

MEASUREMENTS
Gage

Dis

I

Remarks

Date
I

Hydrographer
I

Heightl
charge
i

isoi
April
17

J

ield

40

221

Sept
li

A

L

ellows

55

422

May
10

C

W

Beach

1

23

7

Measurements
all

made
from

ay

q

j

Field

1

20

566

snspension
foot

bridge
back

190
L

of
D

R

G

R

R

yards

April
11

7

Field

55

273

New
gage

placed
on

site
of

old

one
on

Aug
26

1902

April
i2

J

E

Fie1d

C5

286

Difference
between
old

and
new

May
5

7

ield

1

40

706

gage
rodsl
l

feet

when
old

rod

read
2

feet

May
12

M

C

Hinderlider
2

2A

18

May
19

J

ield

1

80

1

144

july
26

M

C

Hinderlider
30

ZZ4

Aug
27

M

C

Hinderlider
1

20

3

As

described
on

page
298

Tenth

Biennial
Repor

e

0

Month

STATE

ENGINEER
OF

COLO
ADO

269

ESTIDIATED
DISCHARGE

bischarge
in

Second
Feet

I

Run
off

Total
in

Second
AcrrFeetl

Masi

Mini

eflII

Feet
per

Depth
in

mum

mum

Square

Inches

Mile

1901

April

926

224

375

22

314

3L

36

May

4

790

525

1

625

99

917

1

40

1

61

June

2

261

825

1

125

54

793

1

3

1

37

J

iy

i

os

200

492

30

252

42

48

August

741

307

424

26

071

37

43

September

399

200

259

15

412

24

October

249

177

219

13

466

19

22

Nooember

249

200

216

12

853

19

21

1902

April

293

May

1

615

June

i98

J

y

353

August

293

September

206

October

190

0

190336268190190140150

2185S46S2221S16F179

13

031
52

387
27

788
14

081
13

343
9

997
10

699

19734020191415

21844523221617



27O

ELEti
ENTH

BIENNIAL
EPORT

CANON
CITY

STATION
ON

ARKANSAS
RIVER

Drainage
area
3

060

square
miles

Observer
G

A

Prentiss
LIST
OF

DISCH
RGE

MEASUREMENTS

Date
I

Hydsographer
I

Gage
I

Discharge
I

Remarks

Height

April
17

1901
7

E

1

ield

2

50

335

Resultsquestionable

May
7

1901
J

Field

2

5

55

Sept
12

1901
A
I

Fellows
G

30

350

A

new

gaSe
was

placed
on

Aug
26

1902

New
gage
read

April
21

1902
J

pield

2

20

323

2

3f

eleteet
when
old

gage
read

July
26

1902
M

C

Hinderlider
1

60

1

Aug
26

1902
M

C

Hinderlider
2

00

226

As

described
on

page
300

Tenth

Biennial
Report

STATE

ENGINEEB
OF

COLORADO

271

ESTIMATED
DISCHARGE

Dischargein
Second
Feet

Run
off

Month

Total
in

gecond

Acre
Peet

Mazi

Mini

Mean

Feet
per

Depth
in

mum

mum

Squace

Inches

Mile

i901

Jannary

328

297

305

18

754

10

12

February

328

268

283

15

717

09

09

March

268

194

214

13

158

07

08

April

660

217

373

22

195

12

13

Maq

3

799

442

1

680

103
299

55

63

June

2

633

1

s90

2

182

129
838

71

7s

j

iy

1

912

407

795

48

SS3

26

30

August

1

967

407

B30

38

737

21

24

Septembec

715

270

352

21

84K

12

13

October

377

270

313

19

246

10

12

November

296

27D

281

16

721

09

10

December

350

296

314

19

307

10

12

Total

3

799

194

643

466
500

21

2

85

1902

January

331

303

317

19

492

10

12

Pebruary

331

303

325

xs

o5o

0

1i

March

360

331

337

20

721

il

13

April

393

224

294

17

494

10

11

May

1

286

345

757

46

546

25

d9

June

681

264

481

28

622

15

17

July

360

128

229

14

081

07

08

August

647

161

270

16

602

09

10

September

303

228

254

Y5

114

OS

09

October

345

277

313

19
2

6

10

12

November

331

277

294

17

494

10

I1

iii



k

f

72

ELEVENTH
BIENNIAL

REPORT

PUEBLO
STATION
ON

ARKANSAS
RIVER

Drainage
area
4

600

square
miles

Observer
T

J

Burrows
LIST
OF

DISCHARGE

MEASUREMENTS

Date
I

Hydrographer
I

Gage
I

Discharge
I

Remarks

Height

April
14

1901
J

E

Field

2

00

335

FromMainstrcetbridge

May
4

1901
A

7

Fellows
2

97

1

161

Maq
9

1901
A

Z

Feilows
2

30

595

May
2l

1901
C

W

Beach

3

90

2

LC4

May
24

1901
J

Field

4

00

1

J46

June
11

1901
J

Field

4

10

2

382

July
5

1901
C

W

Beach

3

02

1

206

Aug
26

1901
C

W

each

2

25

603

Nov
1

1901
C

W

Beach

1

70

8

April
25

1902
J

E

Field

1

80

220

May
18

1902
C

W

Beach

3

10

1

323

July
7

1902
C

W

Beach

1

80

193

july
15

1902
J

E

Field

1

60

130

Aug
24

1902
M

C

Hiaderlider
2

20

358

rom

Main
street
bridge

Sept
1

1

J02
C

W

Beach

2

17

1

Seph
21

1902
C

W

Beach

2

05

212

AS

described
on

page
304

Tenth

Biennial
Report

BCENE
lY

CANO
I

OF
fii

NNIRON
ktlCEli



STAT

ENGINE
R

OF

COLORADO

2

ESTIMATED
DTSCHARGE

Discharge
in

Sernnd
Peet

Run
off

Month

Totat
in

Second

Acre
Feet

Masi

Mini
I

Mean

Feet
per

DepYh
in

mum

mum

Square

Inches

Mile

1901

January

625

430

474

29

145

10

1

February

430

254

414

23

092

09

09

92arch

380

254

322

19

799

07

O

April

932

234

551

32

787

12

13

ay

4

235

625

1

754

109
694

39

4J

June

4

326

1

650

2

347

139
656

51

57

J

ly

E

662

338

1

005

61
7

Jo

22

25

August

i

560

430

776

47

714

17

20

September

1

367

214

429

25

527

09

10

October

430

254

320

19

676

07

AS

November

430

254

328

19

517

07

OS

December

698

296

445

27

36
l

10

11

TntaL

4

326

214

766

555
764

17

2

23

1902

January

310

February

2

1i5

March

225

April

225

May

1

205

june

625

J

y

1

148

august

8

321

September

388

October

360

November

417

1901031291291901586U60225265265

252899184165706415263608271311301

15

495
49
92

11

314
9

818
43

410
24

694
16

171
37

3Sa
is

izs
19

123
17

911

Oo200404150906130707

O620004171007150708OS

0



2

L

I

1

TTH

BIENNIAL
REPORT

NEPESTA
STATION
ON

ARKAIVSAS
RIVER

Drainage
area
9

130

square
miles

Observer
Z

Swallow
LIST
OF

DISCHARGE

MEASURENiENTS
Gage

I

Remarks

ii

dro
ra

her

Discharge

Date
I

Y

g

p

I

FIeight

672

Gage
at

dam

May
1

190i
A
I

Fellows

97

ageat
bridge

May
17

1901
C

W

Beach

1

1

719
3

537

Gageat
bridge

june
7

19
11

J

ield

2

25

Gageat
bridge

Aug
20

1901
C

W

Baach

4

Gageatbridge

May
23

1902
C

W

Beach

12
f

Gage
at

bridge

June
28

190
L

C

W

Beach

0

As

established
May
i

1901
by
A

L

Fellows
resident

hydrographer
at

Ox

ford

Farmers
Canal
dam

ESTIMATED
DISCHARGE

Run
off

Dischargein
Second
Feet

I

Total
in

Second
I

Month

Acre
Feet

eet
per
I

Depth
in

Maxi
1

Mini

Me
n

gquare

Inches

mum
I

mum

Mile

1901

570

96

536

17

20

May

3

989

Li0

1

1

842

3

021

179
762

33

37

June

9

200

J

ly

2

068

176

g3g

39

291

August

3

243

176

719

44

210

08

18

803

03

September

3

43

142

31b

1902

244

0

119

7

081

April

0

g3g

57

552

4

409

May

5

33

679

june

2

352
2

72i

0

312

19

184

J

ly

9

208

0

g

3

39

537

AuguSt

p

87

5

177

SeptemberOctober

1

1

129

7

O110O60307O1OL

O112070308O1O1

STATE

LNGINLL
B

OF

coLO
r

na

275

ROCKY
FORD

STATION
ON

ARKANSAS
RIVER

Drainage
area
11

440

square
miles

Observer
F

Choppell
LIST
OF

DISCHARGE

MEASUREMENTS

Date
I

Hydrographer
I

H

ght
I

Discharge
I

Remarks

April
22

1901
R

W

Aawley
1

60

327

May
13

1901
R

W

Sawley
1

75

463

jnne
8

19C1
J

F

Pield

3

00

ti

Sept
1i

1908
J

E

Field

25

25

As

established
April
19

isoi
bv
R

W

Hawley
at

Rocky
Ford

Crossing

Gage

heights

Yurnished
by

courtesy
of

American
Beet

Sugar

Company

STIMATED
DISCHAR
irE

Discharge
in

Second
Feet

Run
off

Month

Totalin
Second

AcrrFeet

Maxi

Mini

Mean

eet
per

Depth
in

mum

mum

Square

Inches

Mile

1901

April

1

848

420

981

1

55

374

09

1

05

May

4

620

258

1

408

86

575

12

14

June

6

220

616

2

301

125
018

18

2A

Ju
y

1

321

137

448

27

546

04

04

August

2

035

181

80

49

682

07

03

September

2

424

181

345

20

529

03

03

October

735

206

345

21

213

03

03

November

616

343

432

26

706

04

kl

December

735

282

454

27

915

04

04

1902

January

616

3

402

24

718

04

04

February

1

848

181

1

Oa1

58

369

09

09

March

1

489

510

S

S

50

912

07

08

1

I

or

fourteen
days



e

2r

ELEV
NTH

BIPNNIAL
REPQRT

PROWERS
STATION
ON

ARKANSAS
RIVER

Drainage
area
19

125

square
miles

Observer
D

L

Birge
LIST
OF

DISCIiARGE

biEASiJREMENTS

I

Gage
I

Discharge
I

Remarks

Date
I

Hydrographer
geight

Gagebywading

May
3

1901
A

7

Fellows
I

59
1

June
9

1901
J

Field

1

33

1

953

Gageatl

amarbridgr

At

dam
of

Colorado
and

Iiansas
canal
as

described
on

page
31

Tenth

iennial
Report

ESTIMATED
DISCHARGE

Discharge
in

Second
Feet

Run
off

Total
in

Second

Month

Acre
Feet

Feet
per

Depth
in

Maxi
I

Mini

Mean

gquare

Inches

mum
i

mum

qile

1901

Javuary

120

22

49

3

013

003

H13

Februar

lU

55

3

Oa

003

3

y

March

50

10

38

2

337

002

002

April

50

15

37

2

202

002

002

May

3

178

35

552

33

941

03

03

June

10

553

120

2

715

161
554

14

16

Ju
y

436

2

177

10

883

At

O1

August

3

668

35

50

30

99

03

03

September

436

10

90

53
55

005

OctoUer

10

35

2

152

002

002

November

22

48

2

856

Z

002

S3

December

12U

SO

44

2

705

002

Total

10

553

10

362

261
042

02

252

STATE

ENGINEE
OF

COLORADO

li
I

I

MISCELLANEOUS
DISCHARGE

MEASUREMENTS
IN

ARKANSAS

IRRIGATION
DIVISION

Stream

Z

ocation

Hydrographer
Date
I

Discharge

19
1

rkansas

Granite

J

F

ield

April
18

124

Arkansas

Nt
I

yonsdam
A

L

Fellows
May
3

3ti1

Arkansas

Granite

J

E

Field

a2ay
7

366

Arkansas

Lamar

7

Field

June
9

997

Arkansas

Barton

I

Bie
d

June
10

1

911

1902
Troutcreek

Newell

W
P

dwards
July
11

4

Chalk
creek

Mt

Princeton
W
P

dwards
July
2

17



27

ELEVLNTH
BI

NVIAL
aEPO
T

RIO

GRANDE

IRRIGATION
DIVISION

DEL

NORTE

STATION
ON

RIO

GRANDE

Drainage
area
1

400

square
miles

Observer
J

S

Regan
LIST
OF

DISCHARGE

MEASUREMENTS

Aate
I

Hydrographer
IHe

ghtl

Discharge
I

Remarks

I

470
I

Made
by

wading

Sept
10

1901
A

I

Fellows
1

75

210

Made
by

wading

July
8

190
3

A

I

Fellows
1

30

See

Page
321

Tenth

Biennial
Report

As

described
on

page
3

2

Tenth

Biennial
Report

TgTE

NGINEEB
OF

co
o

nna

279

ESTIMATED
DISCHARGE

Discharge
in

Second
Feet

Run
off

Total
in

Second

onth

Acre
Feet

ffiaxi
I

Mini
I

ean

eet
per

Depth
in

mum

mum

Square

Inches

Mtle

1901

january

928

796

870

53

494

6

a

71

February

995

845

92A

51

094

66

a

68

March

878

270

569

34

986

41

47

April

1

669

295

670

39

568

48

54

Say

4

494

1

483

2

568

157
900

1

83

2

11

june

2

754

1

167

1

787

106
334

128

1

43

July

1

063

384

595

36

585

43

49

August

660

333

466

28

653

33

38

September

89
i

283

448

26

658

32

36

sOctober
308

234

264

16

232

19

22

November

308

246

274

16

304

20

22

December

450

258

366

12

504

6

30

Total

4

494

234

816

580
312

58

7

91

1902

January

437

336

3S1

23

427

28

32

February

450

385

412

22

811

29

29

March

437

iS9

438

26

932

31

36

April

1

027

265

638

37

964

45

50

May

1

787

660

1

169

71

879

84

97

June

1

201

210

618

36

774

44

49

Juty

189

112

152

9

348

12

14

August

631

69

180

I1

068

13

15

September

348

112

206

12

258

15

17

October

312

169

242

14

880

17

20

November

660

200

249

14

817

18

20

a

Probably
too

high
on

account
of

ice



280

L

VEVTH
BI

NNIAL
EPORT

COLORADO
STATE
LINE

STATION
ON

RIO

GRANDE

Drainage
area
7

695

square
miles

Observer
Roman

Mondragon
LIST
OF

DISCHARGE

MEASUREMENTB

I

I

Gage
I

Discharge

Remarks

Date

Hydrographer
Height

I

Madebywading

Sept
9

1901
A

I

Fellows
1

20

87

July
9

1902
I

A

I

Fellows

60

s

Madebywading

Or

Cenicero
station
as

described
on

page
326

Tenth

Biennial
Report

ESTIMATED
DISCHARGE

Dischazge
in

Second
Feet

Run
off

Total
in

gecond

Month

Acre
Feet

peet
per

Depth
in

Maxi
I

Mini
I

Mean

Square

Inches

mum

mum

Mile

1

J01

january

5

594

594

36

524

08

Bebruary

59

414

581

32

267

OS

March

774

107

368

22

627

Oa

April

1

044

107

g

g

16

542

04

2

6G4

1

224

1

680

103
299

22

5

May

14

June

1

854

236

1

026

61

051

13

236

22

82

5

048

O1

O1

Ju
y

142

31

60

3

689

O1

O1

A71gLlSLSeptember

58

43

50

2

975

O1

October

79

43

54

3

320

O1

O1

November

142

43

72

4

284

01

O1

December

414

142

337

20

721

Q4

04

Total

2

22

432

312
341

07

074

1902

I

januaryFebruaryMarchApritMayjune
J

yAngustSeptember

684934
1

4945046944142231

414594185
1

51422222614

521758549315490114221726

32

085
0

7

33

757
18

754
o

izs
8

783
1

353
1

045
1

547

07io070406O100300200S

io04O1003002003

STATE

ENGINEEII
OF

COLORADO

281

SAN

JUAN

IRRIGATION
DIVISION

IGNACIO
STATION
ON

LOS

PINOS
RIVER

Drainage
area
450

square
miles

Observer
John

Wesch
LIST
OF

DISCI3ARGE

MEASUREMENTS

Date
I

Hydrographer
geightl

Discharge

Remarks

April
17

1901
A

I

Bellows
3

W

264

Madefrombridge

Aug
5

1901
A

I

F

ellows

2

55

110

Madefrombridge

Mar
27

1902
A

4

Fellows
2

44

57

Madefrombridge

Juty
11

1902
A

I

Fellows
2

15

39

Madefrombridge

xPage
330

Tenth

Biennial
Report

As

described
on

page
336

Tenth

Biennial
Report

ESTIMATED
DISCHARGE

Discharge
in

Second
Feet

Run
off

Month

Total
in

Second

Acre
Feet

Maxi

Mini

ean

Peet
per

Depth
in

mum

mum

Square

Inches

Mile

1901

April

1

166

109

452

26

896

1

00

1

11

May

1

569

73a

1

026

63

086

2

28

2

63

june

887

645

763

45

402

1

70

1

90

J

iy

555

83

226

13

896

50

58

August

82

95

202

12

420

45

52

September

585

73

186

i

9

592

41

1

40

1902

Aprit

615

May

765

June

49F

1

For

twenty
six

days

2

For

fourteen
days

73

312

18

565

69

77

465

577

35

478

1

28

1

45

Ag

341

2

9

469

76

2

40



282

ELEVI
vTH
BIEN
TIAL
IL

PORT

DURANGO
STATION
ON

FLORIDA
RIVER

i

Drainage
area
136

square
miles

Observer
Mrs

Annie

Stewart

LIST
OF

DISCHARGE
M

ASUREMENTS

Date
I

Hydrographer
I

He
ghtl

Discharge

Remarks

April
16

1901
A

7

Fellows
1

48

53
I

Gagefrombridge

Juty
11

1902
A
I

Fellows
I

80
I

11

Gage
by

wading

I

As

described
on

page
340

Tenth

Biennial
Report

ESTIMATED
DISCHARGN7

Discharge
in

Second
Feet

Run
off

Total
in

Second

Month

AcrrFeet
Feet
er

De
th
in

Maxi

Mini

Mean

P

P

mum

mu
n

I

Square

Inches

Mile

i

1901

April

339

21

110

6

54a

81

May

625

235

377

23

181

2

i7

3

0

e

326

41

17S

10

235

1

26

1

42

i

AprilNiayJuneJu13AngustSeptemberOctober

237313H6174613
19

112499757

63
1

i41911212313

3

749
8

239
1

131676
1

91

1

369799

469914OS151710

52

1

141609171912

STATE

ENGINDE
OF

COLO
ADO

283

DURANGO
STATION
ON

ANIMAS
RIVER

Drainage
area
812

square
miles

Observer
C

G

Graden
LIST
OF

DISCfIARGE

MEASURFiMENTS

Date
I

Hydrographer
l

geight

Diacharge
I

Remarks

April
17

1901
A
I

Fellows
9

00

404

Gagefrombridge

Aug
5

1901
A
I

F

ellows

6

80

381

Gagefrombridge

Mar
20

190

A
I

Fellows
6

15

148

Gagefrombridge

July
12

1902
e

I

Fetlows
8

72

3fl2

Gagefrombridge

As

deacribed
on

page
342

Tenth

Biennial
Report

ESTIMATED
DISCHARGE

Discharge
ia

Second
eet

Run
off

Month

Totalin
Second

Acre
Feet

Magi

Mini

Mean

Feet
per

Depth
in

mum

mum

Square

Inches

Mile

1901

April

2

715

A2

45

50
7

81

1

04

1

16

1902

April

13
4

140

445

26

479

55

61

Maq

2

750

717

1

699

104
468

2

09

2

41

June

2

300

387

1

179

70

155

1

45

1

62

J

lY

342

206

71

16

663

33

3S

August

i17

1f
0

273

16

786

34

39

SePtember

434

182

299

1i

792

37

41

October

434

Z06

256

15

741

32

37

MANCOS
STATION
ON

MANCOS
RItiER

Drainage
area
117

square
miles

Observer
Kate
D

Kelley

LIST
OF

DISCHARGE

MEASUREMENTS

Date
I

Hydrographer
Heightl

Discharge
I

Remarks

April
13

1901
A

i

Fellows

I

49
I

Aug
8

19
11

A

I

Fellows
I

I

17

I

AS

descrfbed
on

page
346

Tenth

Biennial
Report



2

ELEV
NTH

BIENNIAL
EEPORT

GRAND
RIVER

IRRIGATION
DIVISION

GLENWOOD
SPRINGS

STATION
ON

GRAND
RIVER
s

Drainage
area
5

838

square
miles

OUserver
William
H

Richardson

LIST
OF

DISCHARGE

MEASUREMENTS

Date
I

Hydrogtapher
Gage

Disehatge
I

Remarks

I

Heightl
1

328

romwagonbridge

April
11

1902
J

E

Nield

3

87

July
28

1902
M

C

Hinderlider
3

90

1

414

Nrom
wagon
bridge

From
wagon
bridge

Aug
28

1902
M

C

xindertider
3

60

1

079

Nov
3

1902
J

Field

3

30

842

Fromwagon
bridge

Page
349

Tenth

Biennial
Report

Described
on

Page
350

Tenth

3iennial
Report
An

automatic
register
was

res
d

nt

hvd

ographerthis
station
July
28

1902
by
M

C

Hinderlider
assistant

STATE

ENGINEEE
OF

COLOB
ADO

Zg5

ESTIMATED
DISCHARGI
7

Dischargein
Second
Feet

Run
off

Total
in

Second

Month

Acre
eet

peet
er

De
th
ia

Magi
I

Mini
I

y

ean

p

p

mum

mum

Square

Inches

Mile

2901

January

810

February

970

March

970

April

7

100

May

22

895

June

15

660

i

J

y

10

765

August

3

630

SeptemUer

1

460

October

970

November

93

December

935

Totai

22

895

1902

January

882

February

845

March

882

April

2

772

May

13

980

June

12

140

J

Iy

Z

1

For

twenty
seven

da3
s

g

p

42

181

625

746

41

431

727

837

51

465

727

1

588

112
344

6

420

13

SIX1

848
529

96
0

1L

174

7

4

404

Z

pgp

4

833

297
170

1

350

1

904

117
072

840

1

045

62

182

870

918

56

446

810

880

52

364

625

788

48

452

540

3

375

2

454
040

600

721

44

332

600

775

42

991

710

802

49

313

742

1

419

84

436

3

881

9

825

604
120

2

772

7

316

435
332

1

266

1

861

99

824

12131432

2

36

2

0983331816151458

14131636

2

72

2

33953820181716

i

88

12

1

13

14

14

16

24

27

l

fi8

1

94

1

2

1

39

32

1

32



2

G

LPV

NTH

BIENNIAL
ItEPORT

PALISADES
STATION
ON

GRAND
RIVER

Drainage
area
8

546

square
miles

Observer
S

L

Purdy
LIST
OF

DISCHARGE

MEASURENFENTS

Date
I

A

dro
ra

hes

Gage

Dischar
e

Remarks

V

9

S

P

I

Heightl

g

I

April
9

1902
J

Field

12
3

2

564

From

wagonbriiige

May
27
1

J02

M

C

Hindertider
16
3

9

778

From
wagon
bridge

July
30

1902
M

C

Hinderlider
12
2

1

966

Fromwagonbridge

Aug
29

190

M

C

Hinderlider
12
0

1

66
L

From

wagonbridge

Oct

2

1902
J

H

biatthes
12

15

1

415

Fromwagonbridge

Oct

2

1902
J

A

Matthes
12

20

1

465

Fromwagonbridge

Oct

26
1

J02
J

H

Matthes
12

2U

1

361

Fromwagonbridge

As

established
April
9

1902
bY

John
E

Field

deput
state

engineer
at

state

bridge
above

Palisades
ColoradoESTIMATED

DISCHARG7
7

Discl
arge
iu

Second
Feet

Run
off

Month

Totalin
Secovd

Acre
Feet

Maxi

biini

Beetper
Depthin

Riean

mum

mum

Square

Inches

Mile

April

4

230

1

102

2

230

132
694

26

29

May

16

08

5

367

11

800

725
554

1

38

1

a9

June

13n34
4

416

S

S73

527
980

1

U4

116

July

4

604

1

839

30
4

185
939

35

40

August

2

036

94
1

1

479

90

941

17

0

September

2

190

1

102

1

4E9

88

602

17

19

October

2

113

1

809

1

951

119
963

23

26

STATL

ENGINEL
OF

COLO
DO

2H7

OLA

STATION
ON

GUNNISON
RIVER

Drainage
area
2

298

square
miles

Observer
A

Pomel
and

Chester
A

Green

LIST
OF

DISCHARCTE

MEASUREMENTS

Date
1

Hydrographer
I

Heaghtl

Discharge
I

Remarks

April
11

1901
A

I

Pellows
2

16

388

May
17

1901
A

I

Fellows
4

80

4

005

July
29

1901
A

I

Fellows
2

70

836

May
30

1902
M
C

Hinderlider
3

60

1

925

July
19

1902
A

I

Bellows
1

90

271

Sept
1

1902
M
C

Hinderlider
2

10

400

A
s

described
on

page
357

Tenth

Biennial
RePort

Month

ESTIMATED
DISCHARGE

Discharge
in

Second
P

eet

Run
off

Totalin
Secoud

Acre
Feet

Depth
iu

Maxi

Mini

Mean

eet
per

Inches

mum

mum

SquareMile

isoi

April

2

442

426

910

54

149

40

4S

May

7

402

2

137

3

756

230
947

1

63

1

88

June

3

656

2

289

Z

S92

172
086

1

26

1

41

July

2

289

663

1

151

70

772

50

58

August

1

115

496

679

41

750

30

35

September

663

300

399

83

742

li

19

OMober

426

300

322

19

ss

i4

1s

November

361

300

310

18

446

13

1

1

JQ2

April

1

205

402

7u9

45

164

b1ay

2

636

1

005

1

f338

113
015

june

2

090

330

997

59

326

July

555

221

269

i6

i40

August

398

221

273

16

786

September

330

221

244

14

519

October

330

221

312

19

184

338043iziz1114

379298
1ia1216



28

LEV

NTH
I

TNIAL

REPORT

WHITEWATER
STATION
ON

GUNNISON
RIVER

Drainage
area

868

square
miles

Observer
James
Page

LIST
OF

DISCHARGE

MEASUREMENTS

Date
V

FIydrographer
I

Gage
I

Dischar
e

I

Remarks

Aeight

D4ay
21

1901
A

I

Fellows
7

20

7A

176

a

April
10

1902
J

Field

4

60

2

176

r

b

biay
26

1902
M

C

Hinderlider
6

10

3

322

Juty
31

1902
M

C

Ainderlider
3

20

Avg
3U

1902
M
C

I3inderlider
4

60

1

30

Sept
20

1902
G

H

biatthes
3

20

302

Nov
1

I

J02
J

Field

3

0

622

Established
APril
10

1902
by

John
E

Field

deputy
state

engineer
at

state

bridge
one

half
mile

above

Whitewater
railroad

station

a

G

be

rod

located
back
of

railroad
station

b

Gage
rod
at

wagon
bridgeESTIMATED

DISGHARGE

J

DischargeinSecoad
Feet

Run
off

Total
in

Second

Afonth

Acre
Feet

Feet
er
I

Depth
in

Maxi

Miui
I

Mean

p

mum

mum

Square

Iuches

Mil

1902

April

29
2

260

1

219

72

535

16

18

Riay

12

271

2

481

7

7iu

477
886

99

1

14

june

7

515

6

3

3

284

195
411

2

47

Ju1y

1

004

3

33

570

35

048

07

08

Auaust

1

169

341

610

37

507

OS

09

September

1

461

427

667

39

689

08

ro

860

383

504

30

990

06

07



STATE
I

NGINEER
OF

COLOB
ADO

LSJ

DOLORES
STATxON
ON

DOLORE9
RIVER

Drainage
area
524

square
miles

ObaerVer
Mary
D

Smith

LIST
OF

DISCHARGE
MEABUR

EMENTS

Date
I

Hydrographer
I

geightl

DiscLarge

Remarks

ApriT
15

1901
I

A
I

Fellows
3

60
I

558

Fromfootbridge

july
14

1902
A

I

Fellows
2

65

47
I

Fromfootbridge

As

described
on

page
364

Tenth

Biennial
Report

ESTIMATED
DISCI3AR
Q
II

Discharge
in

Second
Feet

Run
off

Month

Totat
in

Second

Acre
Feet

Masi

Mini
I

Mean

F

eetper
Depth
in

mum

mum

Square
I

Inches

Mile

1901

March

412

S2

180

11

O6S

34

39

April

2

250

83

873

51

947

1

67

1

86

May

2

731

1

371

2

060

126
664

3

93

4

53

June

lg
1

S10

1

204

71

643

2

30

2

57

July

628

143

267

16

284

51

59

Auguct

313

102

176

10

822

34

39

September

193

17

42

2

499

0

pg

October

37

17

28

1

722

05

pg

1802

April

1

157

61

497

29

574

95

1

05

Y

1

323

4A4

857

52

695

1

64

1

89

June

r

811

10B

342

20

350

85

72

7

lY

106

28

56

3

443

11

13

August

341

20

92

5

657

18

21

September

237

28

62

3

689

12

Y3

October

gq

28

34

2

091

O6

07

70



29O

ELEVENTH
BIENNIAL

EPORT

MISCELLANEOUS
DI9CHARGE

MEASUREMENTS
IN

GRAND
Ei

IVER

IRRIGATION
DIVISION

Stream

I

I

ocatien

Hydrographerl
Date
I

Discharge

isoi

ss

Dolares

Rico

A

ellows
Aug
9

Uncompahgre
Delta

A
T

pellows
Oct

21

1

Gunnison

Tongue
crcek

A
I

Fellows
Oct

22

Surfacecreek

CedarEdge
A

L

Pellows
Oct

23

15

Plateau
creek

Colbran

A
i

Fellows
Oct

24

24

Passcreek

Sremmling
A

I

Fellows
Nov
13

5

Muddycreek

Kremmling
A
T

Fellows
Nov
13

1L

Blueriver

Sremmling
A
I

Pellows
Nov
13

180

Troublesome

Troublesome
A

Fellows
Nov
13

1902

7

athos
creelTaylorriverGrand

river
Spring

creek
Cebolla

I

ake

Fork
Pine

creek

7

ittle
Blae
creelc

Big

Blue
creek

I

ittle

Cimarron
creek

Cimarron
river

At
its

mouth
Clarke
s

ranch

j

Nearmouthof
Piney

j

creek
Near

Gunnison
fBetween
Spencerl

1

and

Dubois
f

Carr

sranch
Near
Gate
View

At

mouthAbove

junction

At

mouth
At

Cimarron
W
P

dwards
I

W
P

dwards

J

Field

W
p

dwards

W
p

dwards

W
P

Edvrards
W
P

dwards

W
P

dwards

W
P

dwards

W
P

dwards

W
p

dveardG
Juty
13

15

july
13

2

9

Oct

11

488

Ju
y

13

19

july
14

67

July
15

171

july
15

13

July
15

9

July
15

18

July
15

16

July
15

119

STATE

DNGINEER
OF

COLO
ADO

291

GREEN

IRRIGATION
DIVISION

CR
AI

STATION
ON

YAMPA
RIVER
s

Drainage
area
1

730

square
miles

Observer
H

Jones
LIST
OF

DISCFIARGE

MEASUREMENTS

Date
I

Hydrographer
I

Gage

Discharge
I

Remarks

Height

May
25

1901
A

I

Pellows
7

10

6

890

Fromwagonbridge

Nov
3

1901
A
I

Fdlows
2

20

179

Promwagonbridge

July
7

1902
A

J

McCUne
3

05

987

Fromwagonbridge

Oct
15

1902
J

Field

2

30

243

Fromwagonbridge

Page
370

Tenth

Biennial
R

eport

tEstablished
May

1901
at

wagon
bridge
one

mile

south
of

Craig
Colo

rado

ESTIMATED
DISCHARGE

Discharge
ia

Second
Feet

Run
off

Total
in

Month

Second

Acre
Feet

Maxi

Mini

Mean

eet
per

Depth
in

mum

mum

Square

Inches

Mile

1901

May

7

086

6

285

6

684

1

92

803

3

86

1

1

01

june

6

285

2

203

4

283

254
856

2

47

2

76

July

1

917

321

745

45

808

43

49

August

423

198

301

15

508

17

20

September

276

136

190

11

3as

ii

iz

October

235

136

181

11

129

10

12

190
L

Apri1

4

195

370

1

797

106
929

1

04

May

8

728

3

320

6

722

413
32A

3

89

June

8

522

825

3

969

298
172

L

29

J

ly

1

081

198

479

29

452

28

August

165

90

115

7

071

07

1

For

seven
days

1

16

4

48
2

55S208

iil
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HAMILTON
STATION
ON

WILLIAMS
RIYER

MEEKER
STATION
ON

WIiITE
RIVER

Draina
e

araa
634
s

uare

miles

g

9

T1Y8T

l

IY18

Il

111
8

r

O

CB
O

ia
s

tation
is

located
at

the

Hamilton
p0
st

Th

a

ave

n

le

Ob

server
L

F

V

C

eeoenteen
miles

southwest
from
Craig

Colorado

r

t

No

records
oY

gage

heights
have
been
kept
but

measurements
have

LIST
OF

DISCHARGE

MEASUREMENTS

c

been

made
at

this

point
as

opportunities
were
o

ered

The

following

IY1688IIT8II18IIt8
h

V@

b82II

tSkOII

t

Date

Hydrug
aphec

Ga
e

Discharge

Remarka

He

ght

LIST
OF

DISCHARGE

NiEASUREMENTS
kz

May
24

1901
A

I

Feilows
5

60

2

606

Gage

Dtschar
e

Remarks

Oct
7

1901
e

I

BeUows
3

60

397

Date
I

Hydrographer
73eight
I

g

3uly
6

1902
A
J

McCune
4

00

472

1

214

Made
from
brid8

Oct

17

1902
J

2i

Field

2

55

S42

i

May
26

1901
A

I

F

ellowa

Made

bpwading

Nov
3

1901
A

I

8dlowa

Made
by

wading

Established
May
24

1901
by
A

L

Fellows
resident

hydrographer
at

July
7

1902
A

J

McCUne

1

wagon
bridge
one

half
mile

above
town
on

ranch
ot
L

F

Van

Cleave

47

Made
by

wading

Oct

16

190Z
J

E

Field

ESTIMATED
DISCHARGE

Dischargein
Second
Feet

Run
off

Month

Total
in

Second

Acre
TNeet

Maai

Mini

an

Peet
per

Depth
in

mum

mum

Square

Inches

Mile

I

1901

May

6

034

june

2

459

Ya1y

616

2

ngttat5eptember

429

October

412

2

164

5

110

1

61

688

667

1

382

82

235

397

454

27

815

384

404

21

a25

384

392

23

326

384

394

24

226

1902

April

616

384

433

25

766
j

May

3

284

696

1

9Z7

118
487

june

021

420

8S3

50

162

j

ly

481

360

414

25456

Auguet

360

S72

22

873

5eptember

412

37

SS9

E3

147

October

412

384

7

23

796

j

For
ten

dsys

C

i

4

91

1

1

82

2

18

2C43

72

8S

64

74

62

69

62

71

68

75

3

14

3

50

1

33

1

48

85

75

59

68

81

68

61

70
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0

EL
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EPOET

MISCELLANEOUS
DISCHARGE

MEASUREMENTS
IN

GREEN
IRftI

GATION
DIVISION

Stream

I

I

ocation

isoi

Milk
creek

Milk
creek

Elk

Head
creek

Sage
creelc

Fish
creek

Trout
creek

Oak
creekHuntcreekYampaNorth

ForkofYampa
ast

Fork
of

Yampa

RocY
creek

I

ittle
Rock
creek

Near
Axial

Near
Asial

At

mouthAtmouthDunkleyPinnaclePinnacleNear

Yampa
Yampa

At

Junctioa
At

JunctionToponaaToponas

Hydrographer
I

Date
I

Discharge

A
I

Fellows

A

I

Fellowa

A
I

Fellows

A

L

Fellows

A

I

Fellows

A
I

Fellows

A
I

Fellows

A
I

I

ellows

A

I

Fellows

A

I

Fellows

A
I

Pdlows

A
I

Fellows

A
I

Fellows
a

ayOctI1ovNovNovNovNovNovNovNovNovNovNov
zsZS9ioio10ll111212121212

i

47359361043S3

isoz

Snake

NearDigon
A
I

Fellows
July
10

253

Rockcreek

McCoy
sranch

J

E

Field

Oct

11

il

Yampa

SteamboatSprings
J

F

Nield

Oct

13

112

Yampa

Hayden

7

Field

Oct

14

235

Elk

river

rrull

J

ield

Oct

13

147
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PRECIPITATION

Tables
of

precipitation
at

the

different
stations
main

tained
by

the

Weather
Bureau
of

the
II

S

Department
of

Agriculture
are

furnished
by

courtesy
of

Mr
F

H

Bran

denburg
section
elirector
The

tables
are

compiled
from

the
o

icial

records
as

published
by

him

The

annual
sum

maries
for

the

years
19
00

and

1901
are

given
in

full
as
it

is

believed
that
it

will

prove
of

general
interest

throughout

the

state
The

annual

summary
for
the

year
1902

being
not

as

yet

compiled
is

necessarily
omitted

ANNUAL
SUMMA
Y

NO
5

REVIEW
OF

THE
CROP

SEASON

OF

1900

Plowing
and

seeding
were

greatly

facilitated
by

the

absence
of

frost
in

the

ground
and
the

ideal

weather
condi

tions
that

obtained
during
l

Tarch
which
for

the

state
as

a

whole
proved
to

be

the

warmest
a

nd

dryest
si

ce

188

In

the

southern
and

egtreme
western
counties
about
one
half

the

plowing
was

done
and

more
than

average
progress
was

made
in

the

north
central
section
and
on

the

Divide
At

the

close
of

the

month
a

considerable
area
was

seeded
to

wheat
oats
and

barley
and

winter
wheat
and
rye

were
re

ported
in

good

condition
In

the

western
counties
apri

cots
and

plums
were
in

full

bloom
and

peaches
and

pears

nearly
as

far

advanced
similar

conditions
obtained
in

the

ontheastern
counties

Moisture
was

generally
needed
on

the

ranges
and
for
the

germination
of

crops

As

regards
weather
conditions
agricultural
districts
on

opposite
sides
of

the

Continental
Divide
had

little
in

com

mon

during
April

In

the

western
counties

timely

showers
furnished
the

necessary
moisture
R

ithout

interfering
with

farming
opera

tions
and

despite
several
coAl

spells
a

nd

frosts

aegetation

made
fair

progress
and

fruit

escaped
serious

injury

Seedin
g

was

practically
completed
in

San

Luis
Park

and
as

more
than
the

usual

precipitation
was

general
con

ditions
were

favorable
to

germination
warmer
weather
how

ever
was

essential
to

vigorous
growth

East
of

the

mountains
low

temperature
deficiency
of

sunshine
and

egcessive

precipitation
characterized
the

month

Fortunately
few

varieties
bf

fruit
were
far

enough

advanced
to

be

injured
by

the

hard

freeze
of

the

10th
12th
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The

ground
was

saturated
to

an

unusual
depth

during
the

opening
week
and
as

intervals
of

sunshine
were
few

and

subsequent
precipitation

frequent
and

copiouq
work
was

practically
at
a

standstill
throughout
the

month
in

the

North

central
section
and

over
the

Arkansas
Platte
Divide

The
R

eather

conditions
durin

May
were

favorable
In

the

districts
east
of

the

mountains
seeding

and

planting

were
soon

completed
germination
was

rapid
and

plants

inade

excellent
growth

during
the

closing
days

Gardens

which
up
to

that
time
had

made
only

slight

advancement

improved
rapidly
A

good
stand
oi

sugar
beets
was

securea

in

the

western
counties
and
the

Arkansa
s

Valley
and
thin

ning
was
in

progress
during

the

closing
week
The

ranges

afforded
egcellent

pasturage
in

the

eastern
and

western
bor

der

counties

throughout
the

month
and
in

the

intermediate

disiricts
during

the

latter
half

The

water
supply

was

much

in

excesa
of

needs
east
of

the

mountains
and

ample
in

San

Luis

Valley
and
the

western
counties

As
a

whole
the

weather
during

Jnne
was

highly
favor

able
to

agricultural
interests
A

large

valume
of

water
was

used
for

irrigation
but
the

supply

continued
ample
De

structive
hailstorms

occurred
in

El

Paso

Huerfano
and
Laa

Aninzas
counties
on

the

14th
and
the

northeastern
corner
of

the

state

during
the

last

decade

During
July
the

rainfali
was

generally
insu

icient
for

the

needs
of

gro

vinb

crops

Early
sown
grain

ripened
rapidly

and
the

harvest
of

wheat
rye
and

barley
began

about
the

middle
of

the

month

Early
corn
was
in

silk
and

tassel
during
the

last

decade

late

corn
and

potatoes
especially
the

latter
made

good

ro

vth

during
the

last
half
of

the

month
sugar
beeta

made

favorable
prog

ress

cantaloupes
attained

normal

condition

early
in

the

month
and
the

initial

chipment
was

made
from

the

Arkansas
Valley
on

July
31

Pasturage
continued

ample

egcept
in
a

few

localities
but

reports
of

range
drying

rapid

ly

were

numerous
at

the

close
of

the

month
The

serious

need
of

water
for

irrigation
was

confined
to

localities
in

the

Rio

Grande
Valley

and
late

priority
ditches
in

general
but

the

month
closed
with
the

supply
limited
in

all

sections
and

immediate
and

copious
rains

essential
to

the
life
of

many
pa

tures
and
field

crops

During
August
the

prevailing
dry

weather
facilita
ted

cuttin

stackina
and

thrashing
but
in

otber

respects
was

very

unfavorable
Desiccating

winds

necessita
ted

frequent
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NGINEER
OF

COLORADO

297

irrigation
and
as
a

shortage
of

water
was

general
even
in

the

older

canals
all

available
reservoirs
were

drawn
upon

The

wheat
harvest
wa
s

nearly

completed
in

San

Lnis

Park
and

other

elevated
districts
but

many
fields
were
cut

for

fodder
Corn
in

general
suffered
less

than
other
crops

from
the

lack
of

moisture
and
late

potatoes
continued
in

fair

to

good

condition
in

the

North
central
section
and
the

west

ern

counties
where

irrigated
Cool

nights
were

rather
un

favorable
to

tree

fruits
and

cantaloupes
and

high

winds

caused
a

considerable
loss
oi

apples
east
of

the

mountains

Moderately
heavy

rains
kept
the

ranges
green
until

toward

the

close
of

the

month
in

the

norteastern
counties
else

where
they

were

generally
in

an

unsatisfactory
condition

and
in

localities
practically

bare

Stock
water
was

scarce

during
the

last

decade

A

prolonged
period
of

droughty
weather
had
left
the

soil
so

dry

that

crops
failed
to

derive
full

benefit
from
the

favorable
conditions
that

prevailed
during

September
The

rainfall
was

opportune
and

generally
facilitated

plowing

and

seeding
besides

improving
the

outlook
for

another
crop

of

alfalfa
which

owing
to

lack
of

moisture
had

been
at
a

standstilL
In

general
late
corn
made

satisfactory
advance

ment
and
a

good
crop
was

harvested
while

potatoes
con

tinued
thrifty

where
water
for

irrigation
was

available

parts
of

the

North
central
section
and
the

Grand
and
IIn

compahgre
Valle
s

High
winds
caused
a

considerable
loss

of

fruit
At

the

close
of

the

month
the

outlook
for

winter

pasturage
was

good
in

the

northeaster
and

southeastern

counties
and
over

small
areas
on

the

western
slope
In

other

sections
grass
did
not

attain
normal

growth
it

cured
early

and

being
brittle
the

prospect
was

unsatisfactory
Stock

water

continued
scarce
in

the

South
central
counties
and

water
for

irrigation
was

insufficient
even
in
a

majority
of

the

older

canals

Frosts

occurred
in

many

localities
during

the

second
decade
but
as
a

killing
frost
did
not

occur
until

the

closing
days
ate

vegetables
and
vine

crops

suffered
no

serious
damageSpecial

reports
received
at

the

cloae
of

the

season
and

representing
102

communities
show
that

deapite
the

egcessive

moiature
during

April
and

pronounced
droughty

condition

throughout
the

snmmer
the

season
as
a

whole
was
a

suc

cessful
one

The

majority
of

the

crops
to

wit

Fall

wheat

corn
firat
and

second
crops
of

alfalfa
native

hay

strawber

ries
and

other
small
fruits

cherries
apricots
plums
late

apples
early

and
late

peaches
pears
ca

ntaloupes
grapes
and
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sugar
beets

yielded

considerably
better
than
usual
and

sprin

aheat
rye
ba

rley
and

early
apples
ver

close
to

the

normal

On

the

other
hand
oats
and
the

third
and
the

fourth
crop

of

alfalfa
avera
ed

below
normal
hile

early
and
late
pota

toes

rere

much
belo
in

the

vicinity
of

Greeley
the

prin

cipal

otato
ro

vin

district
and

practically
a

failure

elsewhere

CLIiVIATOLOGY

1

he

mean

aunual

temperaiur
e

ivas
47
4

ar

22

higher

than

normal
the
ne
t

in

order
of

warmth
in

the

past
five

years
s

1S9G
ith
a

mean
of

45
8

The

excess
ivas

marked

n

the

eastern
slope
iu

an

Luis
Paik
and
the

northwest

er
n

part
af

the

state
ith
the

greatest
3

8

in

Roiitt
county

Nori
ial

temperature
vas

reported
from
the

sauthwestern

p

irt
of

the

state
nd
a

d

ficienc
of

nearly
a

degree
vas

uoted
i13

Suinmit
county
Ii

or

the

state
as
a

vhole
only

t

vo

months
4pri1
and

September
gave
a

deficiencv
2

4

nd
1

respectieely
The

remainin
montbs
were

warmer

th
n

iiormal

especially
Jannary

and
l

Iarcli
6

0

and
5

3

resl

ectivel
y

The

mean
for

July
the

warmest
month
was

6
i

i

zid

that
far
I

ebru
r

the

coldest
month
was
26
8

o

hile
tl
e

mean
for

January
and
for

December
vas
29
3

l

he

menn
an

aual

temperature
and
the

mean
of

the

v

rmest
and
the

colclest
nonth
for

each
of

the

subdivisions

iiito
hic
h

the

state
falls
as
a

result
of

diversified
topogro
hy

vere

I

AN

TEDIPERATUREAnnvalMean

North
central

49
7

astern

52
3

Divide

46
7

Arkansas
Valley

and

Baca

county

55
0

SouUrcentral

46
7

SanLuisParL

44
2

Mountain
and

Park
east

39
6

MountainandPark
west

35
9

Southwesterv

46
5

GrandandUucompahgre
51
6

Northwestern

45
5

Warm
st

Month
69
8

Aug

7

S

1

ug

67
2

Aug

75
5

Aug

65
7

Aug

63
5

July

58
4

Aug

57
6

July

67
1

July

76
3

July

67
3

Juty

ColdestMonth
27
1

Feb

26
6

Feb

28
4

Feb

32
3

Feb

25
6

Feb

25
2

Dec

21
7

Dec

11
7

Jan

26
6

Dec

30
0

Dec

21
6

Jan

It

vill
be

noted
that
west
oi

the

Continental
Divide

Jul
y

eas
the

warmest
month
while

August
was
the

warmest

on

the

eastern
slope
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The

highest
annual
mean
was
55
6

at

Lamar
and
the

lo

vest
32
4

at

Breckenridge
The
e

treme

magimum
109

occurred
at

Delta
on

July
12

and

August
27

Readings
of

100
or

higher
were

noted

during
June

July
and

August

in

the

eastern
counties
the

Arkansas
Valley
the

Grand
and

Uncompahgre
Valley

and
the

northwestern
section
The

egtreme
minimum
32

below
zero
was

observed
at

Valden

in

North
Park
on

Februar
17

and

December
31

The

greatest
annual
range
was
128
at

Rangely
eg

iremes
106

and

22

A

range
of

126

was

observed
at

Lay

Walden
and

Hoehne
2

he

least

range
90

occurred

at

Lake

Moraine
egtremes
r6

and

14

The

absolute

range
for

the

state
was
141

The

annual

precipitation
vas
14
43

inches
or

46

inch

less

than

normal
the

least
in

five

years
I

or

1896
the

aver

age

was
15
0
i

1897
19
51

189

15
82

and
in

1899
14
67

inches
There
was
a

decided
excess
in

the

eastern
part
oi

Larimer
county
on

Pike
s

Yeak
in

lbert

county
and

along
the

eastern
borcler
south
of

Arapahoe
county

while

a

pronounced
deficiency

occurred
in

ummit
and

through

out
the

western
counties
There
was
also
less

than
the

usual

amount
in

San

Luis
Pari
the

outh

central
section
and

over
area
s

in

Douglas
I

ogan

Weld
and

Larimer
counties

In

the

Northwest
section
October
was
the

wettest
month

else

vhere
the

greatest

precipitation
oceurred
in

April

Por
the
sig

months
April
to

September
inclusive
the

precipitation
R

as
12
45

inches
or

86

per

cent
of

the

annual

The

distribution
throughout
the

period
was

very

uneven

April

brought
5

96

inches
or

nearly
as

much
as

Play
1

28

June
26

July
1

09

August
G8

and

September
1

18

co

binedThe

following
table

shows
the

annu
l

amount
for

each

subdivision
together
ith

the

precipitation
duri

ag

tlze

et

test
and
the

dryest
month
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AVERAGE
FE

IPITATION
Wettest

Driest

Annual

Month

Month

North
central

16
34

8

47

APr

ll

Nov

Eastern

18
TT

8

46

Apr

J04

Oct

Divide

18

70

9

26

APr

17

Jan

b

Arkansas
Valley

and

Baca

county

i7
19

8

24

Apr

05

San

8oufh
central

18
63

5

36

Apr

21

San

San

Luis
Park

7

49

1

86

Apr

02

Dec

Mountain
and

Park
east

14

61

6

31

Apr

20

Tan

Mountain
and

Park
west

12

1b

3

23

Apr

16

July

8outhwestern

10
76

3

06

Apr

02

July

Grand
and

Uncompahgre

6

44

1

57

Apr

03

JuIY

Northwestern

8

97

1

82

Oct

29

July

The

greatest
amount
was
33
46

inches
at

Lake

Ntoraine

on

the

slope
of

Pike
s

peak
and
the

least
3

64

inches
at

Grand

JunctionThe

annual
snoa
iall
in

the

different

subdivisions
aver

aged
as

follows
Grand
and

Uncompah
re

valley
8

0

Ar

kansas
valley

including
Baca

county
14
5

Eastern
27
8

San
Luis
park
282

Southwestern
351

North
central
45
3

ortli

estern
53
3

Divide
60
0

Sonth
central
83
9

1

Ioun

tain
and

Park

eastern
slope
95
0

and

Mountain
and

Park

vicestern
slope

1082
inches
In

the

last

named
section
the

fall
as

only
one

fifth
as

much
as

in

1899

while
on

the

east

ern

slope

where
heavy

storms

prevailed
during
Ap
il

it

R

as

about
90

per

cent
as

compared
with
the

preceding
year

On
an

average
183

days
or

50

per
cen
u

ere

clear
120

or

33

per

cent

partl

cloudy
and
62

or

17

per

cent

cloudy

The

verage
number
of

rainy
da
ys

days
R

ith

01

inch
or

more

precipitation
was
55

the

least

number
44

being
re

ported
from
the

southwestern
counties

and
the

greateat
num

ber
68

from
the

North
central
and
the

South
central
section

The

prevailing
R

ind
was

from
the

west
The

total
move

ment
at

Cheyenne
was
93

554

miles

Denver
72

511

Pueblo

58

917

and

Grand

Junction
46

880

giving
avera
e

hourl
y

ti

velocities
of

10
7

at

Cheyenne
8

3

at

Denver
6

7

at

Pueblo

arid
5

4

at
Q

rand

Junction

Relati
e

humidity
Per

cent
at
6

a

m

and
6

p

m

Denver
58

and
37

respectively
Cheyenne
Wyo
v8

and
41

Pueblo
64

and
35

Grand

Junction
51

and
28

Fort

Collins

at
7

a

m

74

per

cent
at
7

p

m

59

per

cent

STATE

F7NGINEEB
QF

COLOBADO
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At

Denver
the

average
suns
ine
or

the

year
was
73

per

cent
of

the

possible
or
3

per

cent

more
tha
n

normaL
t

t

rand

Junction
it

was
7

per

cent
at

Cheyenne
Wyo
67

per

cent
and
t

Pueblo
80

per

cent

AN

UAL

SIIMMAE
Y

NO
F

B

EVI
W

OF

THE
CB
OF

SEgSON
OF

1901

At

the

clase
of

Iarc
the

consensus
of

opin
on

eemed
to

be

that
the

seaso
was

backward
but
the
soil

being

generally

in

good

condition
nearly

one
half
of

the

area
to

be

cultivated

had
been

plov
ed

some

progress
made
in

seeding
and

prepa

rations
were

under
way
for
a

large

acreage
of

augax
beets

9

inter

wheat
was
in

good

conditifln
only
in

the

districts

R

here
wate
r

for

irri

ation
was
a

vailable
last
fa
ll

Fruit

trees
vc

intered
R

e11
in

nearly
all

sections
but
in

the

Arkansas

valley
peaches
pTums
and

cherries
suffered
somewhat
from

the

severe
weather
of

the

opening
days
of

January

April
was

characterized
by
an

egcess
of

precipitation
and

by

marked
warm
and

cold

spells

During
the

cold
and

stormy
period
of

the
9th
to

16th
work
was
at
a

standstill
in

nearly
all

districts
but
the

latter
half
of

the

month
brought

conditions
that
were

egceedingly
favorable
to

farming
oper

ations
and
the

advancement
of

vegetation
tlpricots
and

early

varieties
of

peaches
plums

and

cherries
were

injured

in

localities
on

the

western
slope
b

the

frosts
of

the

17th

and

20th

otherwise
fruits
were
an

fine

condition
and

gave

promise
of

excellent
returns

In

the

principal
agricultural

districts
the

weather
con

ditions
during
May

vcTere
more

favorable
than
uaual
for

seed

ing

planting

germination
and

stooling
but

hardly
ideal
for

the

advancement
of

orn

The

planting
of

sugar
beets
was

practically
finished

during
the

second
decade
and
the

thinning

and

cultivating
of

early
fields
begiin
Tree

fruits
set

well

and

though
there
were
some

reports
of

injury
by

blight
the

outlook
remained

promising
With
the

warm

weather
of

the

second
decade
grass
made
rapid

advancement
and
the

a

ranges
soon

afforded
ezcellent
pasturage

egcept
in

the

foot

hill

districts
A
l

a

lfa

and

garden
truck
were

seriously
dam

aged
by

frosts
on

the

26th
in

the

nortfieastern
counties
and

very

destructive
hailstorms

occurred
on

the

11t

near

Hoehne
the
2

Oth
22d
in

the

eastern
part
of

Lari
er

county

and
the

27th
29th
a

Santa
Clara
s

The
wea
ther

conditions
dnring
June
were
in

the

main

favorable
though
the

first
and

second
decades
R

ere

rather

cool
a

nd

the
last

dry
and

very

warm
In

general
winter
and
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spring
grains

continued
thrifty

but

many
upland
field
cropa

failed
to

germinate
or

showed
the

effect
of

insu

icient
mois

ture

The

alfalfa
crop

was

secured
in

egcellent
condition

egcept
in

localities
where
the

harvest
wa
s

under
way

during

the

showery
period
of

the

first
and

second
decades

Owing

to

cool

weather
corn

potatoes
and

gardens
were

rather
back

R
a

rd

for
a

time

Small
fruits
u

ere

plentiful
and
the

outlook

for

tree

fruits

remained
satisfactory

notwithstanding
losa

by

high

winds
and

dropping
The

ranges
afforded

egcellent

pasturage
the

need
of

moisture
wa
s

evident
however
toward

the

Close
of

the

month
In

the

northeastern
counties
fr

ost

injured
tender

vegetation
on

the
6th

and
on

the

14th
hail
and

heavy
rains

caused

considerable
damage
in

Boulder
Pueblo

Prowers
Cheyenne
and
git

Carson
counties

July
was

natably
dry

with
an

egceptionally
large
num

ber
of

hot

days

Where
water
was

available
for

irrigation
a

inajority
of

the

crops
made

satisfactory
progress

egcessive

heat
at
a

critical
period

however
ca

used
a

shrinkage
in

the

yield
of

spring
wheat
oats

barley
and

millet
and
a

scarcity

of

water

materially
reduced
ihe

yield
of

the

second
cutting

of

alfalfa
Earl

sown

grains
ripened
ra

idly
and
the
har

vest
of

whe
tit

and
oats
was

under
wa
y

durinb
the
last

decade

Ugland
crops

showed
the

effect
of

lack
of

moisture
and
at

the

close
of

the

month
u

ny

fields
were

past

reviving
while
the

ranges

remained
brovc
n

and
in

localities
stock
was
fed

In

beneral
tree

fruits
made

normal
growth
but

eomplaints
of

dropping
were

numerous
during
the

closing
days
In

the

vicinit
of

Rocky
I

orcl
and
La

Junta
vine

crops
were

badly

injured
by

hail
on

the

24th

The
negt

month
was
one
of

the

wettest
Augusta
in

thir

teen

years
in

sharp

contrast
with
the

preceding
one

which

was
one
of

the

dryest
Jul
s

The

precipitation
came
too

late

to

restore
to

good

condition
all

late

seedings
and

plantings

still
a

number
of

upland
crops
which
had
been
given

up

soon

shov
ed

improvements
and
at

least
gave

promise
of

being
val

uable
for

fodder
The

moisture
improved
the

outlook
for
a

tliird
crop
of

alfalfa
and
R

as

of

much

benefit
to

late
corn

potatoes
and

ranges
The

shipment
of

late

varieties
of

tree

fruits
was

begun
during
the

last

decade
On

the

13th
hail

seriously
damaged
grain
crops
in

the

upper
Rio

rande
valley

and

cantaloupes
melons
and

sugar
beets
in

Bent
and

Prowers

countiesThe

weather
conditions

during
Septemb
er

were

favorable

to

belated
crops

harvesting
and

thrashing
but
the
soil
as

rather
dry
for

plowing
seeding

and
the

germination
of

win

STATE

NGINEE
OF

COLO
ADO

30
3

ter

grain
The

showers
were
gener
lly

confined
to

the

first

decade
and

were

beneficial
to

ranges

potatoes
and
the

third

crop
of

alfalfa
The

maturing
of

the

potato
crop
R

as

not

seriously
interrupted
by

the

frosts
and

digging
was

general

d

uring
the

last

decade
Corn

matured
rapidly
but
a

large

acreage
was
cut
for

fodder
High
winds
were

general
on

the

24th
and

caused

considerable
damage
to

hay
in

stack
and

windrows
besides
blov

ing
off

many
late

apples
and

break

ing
the

trees
A

hailstorm
on

the
6th
in

Vti
eld

county
was

rather

destructive
to

wheat
in

shock

potatoes
sugar
beets

and

alfalfa
At

the

close
of

the

month
the

ranges
as
a

hole

were
in

satisfactory
condition

During
October
the

weath
er

conditions
u

ere

ideal
for
the

ripening
and

gathering
of

outstanding
crops

Dryness
of

the
soil
was
a

drawback
In

the
iew

localities
favored
with

rainfall
a

large

acreage
was

plowed
but
as
a

rule

prepara

tion
for

negt
year
s

crops
was
not
as

far

advanced
as

usual

even

though
many

fields
were

irrigated
to

facilitate
the

work

Lack
of

precipitation
also

materially
interfered
with

seeding

and

germination
In

localities
the

needed

moisture
was
ob

tained
by

irrigation
but

over

large
areas
grain
was
not
yet

up

and
the

condition
of
vc

heat
and
rye
as
a

whole
was

below

the

average
At

the

close
of

the

month
potato

digging
v

aa

still

under
way

and

owing
to
a

decided
increase
in

the

acre

age
and
a

scarcity
of

help

more
than
half
of

the

sugar
beet

cro

was
still
in

the

fields
Notwithstanding
the

drouth
and
a

scarcity
of

tivater
dur

ing

midsummer
in

addition
to

the

injury
caused
by

the
ea

cessive
heat
that

prevailed
durin
the

latter
part
of

June

and

throughout
Jnly

and

which

irrigation
could
not

entirely

counteract
the

season
as
a

whole

proved
very

satisfactory

for
the

majority
of

crops

yielded
better
than
usual
the

egcep

tions
being

apples
early

peaches
and
the

third
crop
of

alfalfa

CLIMATOLOGY
TEMPEgATURE

The

mean

annual

temperature
was
472
or
1

4

varmer

than

normal
and

practically
the

same
as

for

1900

which

was
the

warmest
of

the

past
sig

years
An

egcess
was
g

en

eral
on

the

eastern
slope

antl
in

the

western
countiea
but

in

the

central
part
of

the

state
and

localities
in

the

east

ern

foothill
region
the

mean

temperatures
were

normal
or

slightly
below
April
gave
a

deficiency
of
1

4

Februaryy

March
June
and

September
were

practically
normal
while

the

rema
ining

months
brought
an

egcess

especially
Januarya

i

i
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July

October
and

November

Comparison
with
the

records

which
cover

fourteen
years

shows
only

one

warmer
July

1890
and
one

warmeri
October
1900

and
that
the

mean

for

either

August
or

November
has
not

been

equaled
The

mean
for

July
the

warmest
month
was
71
5

and
for

Janu

ary
the

coldest
month
26
7

February
and

December
were

nearly
as

cold
the

means
being
2
i

0

and
27
8

respectively

The

means
for
the

remaining
months
were
as

follows
1Vlarch

34
7

April
442

1VIay
55
3

June
63
0

August
682

Septeinber
58
i

October
49
5

and

November
39
8

The

mean

annual

temperature
and
the

mean
of

the

warm

est

and
the

coldest
month
for

each

subdivision
into

which

the

state
falls
as

the

result
of

its

diversified
topography

were

as

follows

MEAN

TEIVIPERATUB
ES

Annual

Warmest

Coldest

Mean

Month

Month

48
6

74
1

July

24
8

Feb

North
cen
tral

Eastern

50
4

78
6

July

23
3

Feb

47
g

71
0

J

ly

26
4

Feb

ni

iae

53
5

79
4

July

29
7

Feb

Arkansas
Valley

and

Baca

county

4

7

67
6

July

28
9

Feb

South
central

San

Luis

Park

43
8

64
5

JulY

24
4

Jan

Mountain
and

Park
east

40
3

62
8

July

20
1

Jan

Mountain
and

Park
west

36
8

62
0

July

11
8

Jan

Southwestern

44
6

66
7

July

25
1

Jan

50
9

76
9

July

26
5

Jan

Grand
and

Uncompahgre
Northwestern

44
3

68
6

July

20
5

Jan

It

will
be

noted
that

January
was
the

coldest
month
west

of

the

Continental
Divide
and
in

the
Rio

Grande
valley

while

February
tivas
the

coldest
on

the

eastern
slope

The

highest
annual

mean
was
55
4

at

Lamar
and
the

lowest
33
1

at

Breckenridge
The

egtreme
magimum
108

was

recorded
at

Delta
on

June
29

and

Lamar
on

July
10

Readings
of

100
or

higher
were

noted
during

June
July

and

August
in

localities
in

the

northeastern
quarter
of

the

state
and

generally
in

the

valleys
of

the

Arkansas
Uncom

pah
re

and

Grand
The

egtreme
minimum
45

below
zero

was

abserved
at

Antelope
Sprin
s

1Vlineral
co

nt

on

Janu

ary
14The

greatest
annual
range
was
136
at

Holyoke
eg

tremes
106

and

30

The

least

range
102

occurr
ed

at

the

atation
near

Long
s

peak

egtremea
82

and

20

The

absolute
range
for
the

state
was
153

STATE
I

7NGINEE
OF

COLORAD0
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PBECIPITATION

The

annual

precipitation
was
14
14

inches
or
1

48

less

than

normal
the

least
in

sig

years
The

average
for

1896

was
15
07

1897
19
51

1898
15
82

1899
14
67

and

1900

14
89

inchesThere
was
a

deficiency
at

three
fifths
of

the

stationa
it

was

marked
in

Huerfano
the

central
part
of

Las

Animas

Otero

Lincoln
Douglas
western
Arapahoe
the

eastern
part

of

Boulder
Summit
and

Lake

counties
and

throughout
the

southwestern
part
of

the

state
An

egcess
nearly
as

marked

was

noted
in

the

egtreme
eastern
part
of

Larimer
and

Arapa

hoe

counties
and
in

Yuma
and
El

Paso

July
and

November
were
the

driest

covered
by

the
rec

ords

while
the

amount
for

August
was

practically
the

same

as
in

1897
the

wettest
August
B
y

months
the

values
were

January
0

56

February
0

63

March
1

35

April
221

May

2

33

June
1

46

July
1

07

August
225

September
0

64

October
0

59

November
021
and

December
0

84

For
the

six

months
April
to

September
inclusive
the

total
vas
9

96

inches
or
20

per

cent
less

than
for
the

corresponding
period

in

1900The

annual
amount
and
the

wettest
and

driest
month
in

each

subdivision
were
as

follows
AVERAGE

PRFCIPITATION
Wettest

Driest

Ar

nual

Month

Month

North
central

15

81

4

12

May

04

Nov

Eastern

15

75

0

43

Api

T

Nov

Divide

16

76

3

21

Apr

O1

Nov

Arkansas
Valley
and

Baca

county

11

91

2

32

Ma3

02

Nov

South
central

14

08

5

30

May

22

Nov

San

Luis

Park

10
09

2

00

Aug

Ol

Nov

Mountain
and

Park
east

14

07

2

44

Aug

28

Nov

Mountain
and

Park
west

16

40

2

41

Aug

18

Sept

Southwestern

14
79

2

76

Aug

24

Sept

Grand
and

Uncompahgre

3

32

1

89

Aug

16

8ept

Northwestern

12

60

1

89

May

17

BePt

The

greatest
amount
was
27
32

inches
at

Lake

1lorain

and
the

least
3

16

inches
at

Buena
Vista

The

annual
snowfall
in

the

different

subdivisions
aver

aged
as

follows

Arkansas
valley

and

Baca

county
17
7
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San
Luis
park
20
1

Grand
and

IIncompahgre
valley
30
6

Eastern
33
4

Divide
512

Northwestern
63
3

North
cen

tral
64
9

South
central
78
9

Southwestern
91
0

l

Ioun

tain
and

Park

eastern
slope
91
6

and
11

ountain
and

Park

western
slope
138
5

inches

At

Denver
the

average
sunshine
for

the

year
was
73

per

cent
of

the

possible
or
3

per

cent

more
than

normal

At

Cheyenne
the

average
was
67

per

cent

and
at

Pueblo

and

Grand

Junction
75

per

cent

There
was
no

sunshine

on
22

days
at

Cheyenne
12

days
at

Denver
8

days
at

Pueblo

r

nd
2

rlays
at

Grand

Junction
Number
of

days
with
90

per

cent
or

more

Denver
141

Pueblo
122

Cheyenne
130

and

Grand

Junction
169

At

the
last

named
station
113

dayr

had
100
per

cent

rhe

normal
sunshine
at

Denver
11

years

record
is

as

follo
vs

January
i3

Februar
69

March
68

April
69

Iay
61

June
71

July
68

August
69

September
76

October
76

November
73

and

December
68

per

cent
of

the

possibleOn
an

average
179

days
or
49

per

cent

were
clear
119

or

33

per

cent

partly
cloudy

and
67

or

18

per

cent

cloudy

1

he

average
number
of

rainy
days

days
with
0

01

inch
or

more

precipitation
was
64

the

least

number
49

being
re

ported
from
the

Arkansas
valley

and

Baca

county
and
the

greatest
number
84

from

Mountain
and

Park

western
slope

The

prevailing
wind
was

from
the

west
The

total
move

ment
at

Cheyenne
was
94

206

miles

Denver
72

262

Pueblo

59

885

and

Grand

Junction
43

649

giving
an

average
hourly

velocity
of

10
7

miles
at

Cheyenne
82
at

Denver
6

8

at

Pu

eblo
and
5

0

at

Grand

Junction

Relative
humidity

per

cent
at
6

a

m

and
6

p

m

Denver
66

and
41

respectively
Cheyenne
Wyo
66

and
49

Pueblo
68

and
40

and

Grand

Junction
58

and
35

0

STAT

NGINEEE
OF

COLO
ADO

3O
i

PRECIPITATION
AT

STATIONS
IN

DRAINAGE
BASIN

OF

SOUTH
PLAT2
E

RIVER

BOXELDER
COLO

An

YEAR
Jan

Feb

Mar
Apr

May
June
July
Aug

Sept
Oct

Nov
Dec

nual

tJormal
70

T1

1

36

1

93

3

41

1

64

2

2

05

96

74

43

56

16

69

1696

53

OB

3

24

1

10

2

63

2

16

1

93

3

05

2

86

02

27

OS

17
83

1897

18

65

2

76

222
3

49

1

69

4

03

4

31

68

84

33

85

21
42

1R98

70

22

58

1

32

5

62

1

66

1

36

1

71

1

36

47

1

17

17

16
34

1899

1

27

1

78

1

42

1

06

62

1

79

2

23

1

46

13

2

51

08

17

14
42

190U

18

86

62

6

70

4

00

54

2

72

55

1

b6

00

00

21

17
93

1901

19

63

1

62

2

96

4

18

1

89

57

1

66

49

46

13

2

47

17
26

BRECKENRIDGE
COLO

An

YEAR
Jan

FeU

Mar
Apr

May
June

7uly
Aug

Sept
Oct

Nov
Dec

nual

Normal
2

06

3

51

3

65

3

28

2

37

1

05

2

34

2

16

88

1

43

2

41

2

75

27

R9

1896

1

88

1

89

4

83

60

1

47

30

3

10

2

29

2

S2

3

87

73

24
03

1897

2

90

1

99

3

53

4

00

1

54

1

53

1

70

2

27

1

16

1

02

60

2

25

24

49

1A98

29

59

1

16

1

53

46

1

14

2

19

1

59

38

1

53

4

09

1

34

16

29

1899

4

75

5

08

7

94

1

31

31

1

52

2

29

1

60

29

2

54

58

1

20

29

fl

19
HI

35

2

48

1

06

4

82

1

68

1

12

33

74

30

60

44

70

14

62

1501

2

36

3

02

2

40

3

12

2

87

1

58

89

4

94

08

78

90

2

86

25

80

CASTLE
AOCK

COL0

An

YEAR
Jan

Feb

Mar
Apr

May
June
July
Aug

Sept
Oct

Nov
Dec

nual

Normal
54

S1

1

03

2

44

2

41

1

82

2

91

2

47

73

1

19

50

75

17
60

1896

65

95

1

80

2

30

1

61

70

3

67

3

57

2

80

1

62

32

45

2p

4q

1897

47

1

2A

2

50

1

37

2

41

3

12

3

59

8

10

24

2

82

50

1

23

27

55

1898

54

S1

40

1

76

6

48

1

82

420
1

49

1

35

1

17

1

00

99

22
01

1899

63

67

77

1

50

53

1

10

4

48

2

39

T

1

30

17

1

16

14
70

1900

10

63

62

7

90

55

1

80

1

77

24

06

40

33

30

14
70

1901

25

30

1

04

3

47

1

82

1

36

1

72

3

45

50

28

T

69

14
7

CHEYENNE
WXO

An

YEAR
Jan

Feb

Mar
Apr

May
June
July
Aug

8ept
Oct

Nov
Dec

nual

Normal
39

50

87

1

64

2

24

1

52

1

96

1

46

94

68

3Ci

35

12
90

18
6

68

31

2

06

2

08

2

85

1

41

6

35

2

52

2

28

14

03

7q
79

LY97

27

57

2

32

60

3A7

16
0

3

77

1

66

41

1

03

68

2

27

17
26

1598

48

06

37

68

3

72

2

33

1

83

90

47

Fi

1

58

36

13
06

1899

1

23

1

63

1

89

97

1

70

74

3

38

1

16

07

1

27

07

18

14
18

1900

16

1

26

72

7

66

76

1

01

1

70

2

19

03

07

33

16

1401

13

1

10

1

64

2

97

2

47

1

93

1

34

83

76

31

T

1

62

14
99



30S

LLLVENTEi
SIENNIAL

BEPORT

PRECIPITATION
AT

STATIONS
IN

DRAINAGE
BASIN

OI

SOUTH
PLATTE

RIVER

Continued

DENVER
COLO

An

YEAR
Jan

Feb

Mar
Apr

May
June
July
Aug

Sept
Oct

Nov
Dec

nual

Normal
55

54

93

2

10

2

56

1

33

1

56

1

33

83

87

63

66

13

89

1896

25

24

1

43

93

1

27

89

2

80

97

1

81

84

10

31

ll

34

g2

gp

1

31

3

15

2

16

2

06

1

44

44

1

64

24

63

15

37

1b97

5S

1fS98

i0

68

28

1

20

4

58

94

67

96

1

05

85

99

12
98

1599

5g

1

10

75

15

47

1

92

1

78

20

1

01

T

72

9

33

1900

13

55

63

8

24

53

1

87

1

30

05

87

33

37

42

15

29

06

88

1

96

11

2

09

O1

1

30

22

46

T

89

9

10

1901

05

DUMONT
COLO

An

YEAft
Jan

Feb

Mar
Apr

May
June
July
Aug

Sept
Oct

Nov
Dec

nuai

iv

ormal
3l

97

1

39

2

45

3

04

1

60

2

58

2

19

1

14

1

39

73

78

18

58

25

45

2

48

1

22

1

15

58

2

18

2

81

2

04

78

50

60

16
01

1es961e397

45

55

2

00

1

43

3

75

1

71

2

55

2

59

1

42

3

32

g

10

90

65

2

45

3

20

2

60

1

67

2

60

48

40

1

89

82

17

76

18981599

GO

1

34

3

40

1

45

62

76

3

60

2

00

60

3

55

42

85

18

79

19
0

09

1

21

76

9

3

1

02

2

33

1

37

75

1

25

82

19

52

19

54

l

Ul

45

79

1

22

2

79

2

78

1

15

2

58

2

19

1

14

1

39

73

18

17

97

YF
ARNormal1R3G159718981599

1

UO19U1

FORT

COLLINS
COLO

An

Jan

Feb

Mar
Apr

MaY
June
July
Aug

Sept
Oct

Nov
Dec

nuaT

61

53

96

2

21

2

99

1

61

1

88

1

21

96

94

38

35

14
68

3

03

1

73

1

26

1

68

3

05

3

05

2

A

1

55

49

05

24

15

76

18

54

2

15

1

39

2

06

1

69

2

65

1

74

75

75

67

67

15
24

14

08

50

1

08

3

65

1

37

50

98

60

82

1

24

17

11A3

66

1

04

1

50

1

10

1

01

1

03

4

95

99

21

3

23

T

47

16

19

25

1

12

1

07

10

56

1

75

82

1

14

16

1

92

24

07

11

19
2i

lg

38

1

83

3

62

7

47

3

35

71

57

2

2F

36

A2

1

37

21

7

GREELEY
COLO

An

YEAR
Jan

Feb

Mar
Apr

May
June
July
Aug

Sept
Oct

Nov
Dec

nuaI

Normal
27

46

67

1

94

2

22

1

42

1

79

96

56

79

55

29

11

92

1f
16

67

18

93

1

18

1

42

46

4

82

2

16

99

63

02

07

13
52

397

06

61

2

02

81

3

20

2

47

2

98

1

75

29

1

71

40

38

1R

09

1898

33

23

1

94

5

83

1

69

3

50

83

13

78

60

37

16
43

lggg

1

14

69

71

70

1

15

47

2

34

1

04

30

1

86

T

40

10
79

900

16

58

62

6

32

96

31

1

28

T

1

07

11

04

16

11
61

1901

22

46

95

2

12

2

38

2

4ii

26

47

1

06

76

06

1

06

12
22

STATE

NGINEE
OF

COLO
ADO

3O

PRECIPITATION
AT

STATIONS
IN

DRAINAGE
BASIN

OF

SOUTH
PLATT

RIVER

Conclude

LAPORTE
COLO

YEAR
Jan

Feb

Mar
Apr

May
June

July
Aug

Sept
Oct

Nov
Dec
n
a

Normal
55

72

1

26

2

11

2

94

1

65

1

61

1

28

1

00

71

41

67

14

7T

60

30

2

70

1

00

2

26

2

69

2

47

1

40

1

27

50

O1

40

15

49

1

97

20

50

2

15

1

62

3

35

1

80

2

51

1

14

2

05

60

1

10

70

17
72

1898

45

10

4b

24

5

00

1

27

67

1

72

65

88

1

90

40

13

63

89

1

08

1

51

80

88

71

2

62

95

18

3

02

00

40

13

34

1900

34

1

47

79

10

02

1

84

59

1

75

1

20

1

53

25

p5

23

2p

pg

11
1

05

27

1

42

4

28

4

32

2

41

57

87

97

05

O1

1

61

16
73

LONG
8

PEAK
COLO

YEAR
Jan

Feb

Mar
Apr

May
June

July
Aug

Sept
Oct

Nov
Dec

ual

Normal
45

85

1

74

2

28

1

27

1

47

2

67

1

63

1

06

1

46

61

54

16

03

1836

26

55

3

17

1

00

1

21

65

3

60

2

95

1

95

lA5

37

15

16

95

1897

78

1

25

1

96

1

45

1

60

1

50

1

85

1

29

95

1

41

1

07

55

15

66

1g98

24

83

75

1

73

2

07

2

06

2

94

1

53

81

60

1

60

60

15
76

1899

54

1

15

3

01

1

15

38

1

09

4

32

1

73

Il

2

50

02

64

16

67

1900

16

85

35

6

34

60

80

51

17

1

93

1

14

44

64

13

93

1901

69

47

1

19

1

97

1

73

1

47

85

2

22

1

59

95

18

1

00

14

3I

YEARNormal1S9fi1u971e981899isoo1901

MORAINE
COLO

Jan

Feb

Mar
Apr

May
Tune

July
Aug

Sept
Oct

Nov
Dec

ual

70

1

42

1

69

Y

21

2

66

1

21

2

20

1

81

1

02

1

06

70

72

17
4p

53

22

2

57

1

08

1

62

49

3

85

2

b0

2

74

75

30

30

17

28

61

1

68

1

86

1

29

2

30

1

79

2

52

2

43

78

1

16

1

25

1

20

13

87

50

1

05

1

32

1

44

3

05

1

93

2

19

1

67

40

99

1

r7

56

16

86

77

2

32

2

98

1

39

45

1

57

3

02

1

32

16

1

96

00

65

16
68

21

1

11

30

7

74

1

30

91

36

23

2

19

1

42

4i

48

16

72

61

72

1

06

L

36

3

32

1

52

1

43

2

65

42

38

27

1

15

15

R9

SUGAR
LOAF

COLO

YEAR
Jan

Feb

Mar
Apr

May
June

July
Aug

Sept
Oet

Nov
Dec

nual

Normal
1

01

1

32

3

16

2

62

3

85

2

04

2

97

2

75

1

30

1

52

1

17

10

24
7g

1R96

1

10

40

3

60

1

60

1

16

1

69

3

5E

4

45

1

92

1

40

30

21

21

37

1Q97

40

2

10

6

30

2

81

3

85

3

80

3

65

3

91

1

95

3

85

SO

70

34
12

l

90

90

80

3

36

3

95

3

61

2

93

2

78

1

30

1

35

2

17

1

18

25

13

1R99

1

1

22

b

29

1

59

1

11

74

2

R3

3

98

60

1

52

1

17

1

07

22
32

1900

1

01

1

32

3

16

2

62

3

R5

9b

1

97

1

12

2

97

60

2l1

g7

2p
7q

1901

84

33

2

17

5

60

3

60

22
1

2

80

4

90

50

66

12

1

40

7b
1



1O

ELEVENTH
BIENNIAL

SEPORTRECOMMENDATTONS
In

concluding
this

report
permit
me
to

say

that
a

thor

ough

familiarity
with
the

State

Engineer
s

office
of

Colorado

ha
s

convinced
me

that
the
co

operation
between
it

and
the

United
States

geological
survey

as

carried
on
in

the

past
has

been
of

very
great

value
to

both

parties
an

nion
t

hat

here

Colorado
It
is

very

unfortunate
in

my
op

is

no

civil

service
system
in

the

Colorado
state

government

as

there
is

in

the

national
I

hope

however
that
the

atate

may
at
a

not

distant
da
y

reach
such
an

enlightened
condi

tion
that
it

ma
y

see
he

absurdit
y

of

changing
officials

espe

cially
those

engaged
in

scientific
pur

suits

where
only

eg

tended
practice
can

malie
their

services
most

effective
It
is

only

through
effort

applied

constantly
and
in

one

direction

that
great
ends
are
a

tained
Such

advances
may
be

observed

in

adjacent
states

and

more

particularly
in

the

scientific

branches
which
are

especially
studied
b
y

some
of

the

bureauA

of

the

federal

government
I

recommend
therefore
the

passage
of
a

civil

service
la
v

applicable
to

all

ihe

scientific

departments
of

the

state

government
and

especially
to

those

having
to

do

with
the

distribution
and
use
of

water
I

firmly

belie
e

that
such
a

law

would
be

found
of

such
great

value

that
the

civil

service
vould

soon
be

extended
over
at

least
all

clerical
positions
in

ail

the

state
offices

I

also
su

est
the

advisability
eolo
ical

surve

erMany

more
fully

with
the

United
States
b

g

other
states

appropriate
large

amounts
for

dire
eolo
c

alror

tion
with
this

survey
for
the

purpose
of

making
g

b

hydrographic
egaminations
and

surveys
of

the

states
immedi

ately

interested
The

state
of

Colorado
h

o

riat
a

aom
th

more
than
its

proportion
of

the

sums
app
p

use
of

the

geological
surve
y

by

the

federal

government
and

has
not

done
its

own
duty
in

assisting
so

far
as
it

should
in

this

work
The

State

Engineer
s

office

particularly
has
for

many
years
been

handicapped
by

the

act

that
it

has
had

insufficient
funda
to

carry
on

the

work

delegated
to

the

office

to

the

best

possible
advantage
The

state

legislature
should

in

my

opinion
make
an

appropriation
sufficiently

large
so

that
this

important
state

department
might

actually
as

well
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as

nominally
co

opera
te

in

this

direction
The

results
at

ained
would

without
dc

ubt
be

of

far

grea
ter

value
to

Colorado
than

they
a

re

at

the

present
time

Although
de

t

ailed

surveys
of

reservoir
sites
and

great

irrigatio
systems

are

now

being
made
by

the

United
States

geological
survey

it

would
be

far

more

creditable
to

the

state
of

Colorado
if

it

would
do
its
ow

share
in

this

work

instead
of

disbursing
the

money

belonging
to

the

internal

improvement
fund
as
is

too

often
done
in

places
where
i

can
be
of

no

permanent
value

I

venture
to

egpress
my

hope

therefore
that
an

appropria

tion
at

least

equivalent
to

the

entire

amount
permitted
b
y

egisting
statutes
to
t

he

State

Engineer
s

office
may
be

appro

priated
by

the

state

legislature

I

desire
once
more
to

urge
upon
your
at

tention
the

desir

ability
of

the

construction
of

permanent
gaging

stationA

The

attention
of

State

Engineers
has

been

repeatedly
directed

to

this

matter
in

preceding
years
It

would

certainly
seem

that
in

matters
of
so

great
im

portance
to

the

state
as

an

accu

rate

knowledge
of

the

flow
of

the

South
Platte
the

Arkansas

the

Grand
and
its

other

important
streams
its

legislature

would
see
the

importance
of

appropriating
funds

necessary

for

acquiring
such

definite

information
in

the

most
egact
wa

ppropriations
for

these

stations
ought
to

be

made
in

addi

tion
to

the

regular

appropriations
to

the

State

Engineer
s

office
and

from
the

general
impi

ovement
fund
I

know
of

no

possession
of

the

state
more

important
to
it

than
its

water

supply
and
I

therefore
urge
most

strongl
that
the

appro

priations
necessary
for
a

thorough
knowledge
of

this

most

valuable
asset
be

mac
e

At

least
5

000

should
in

my

esti

mation
be

appropriated
for

this

purpose
a

once

This

amount
tivould

cover
he

construction
of

permanent
stations

upon
an

three
of

the

more
impor
tant

streams
of

the

state

This

egpenditure
ho

vever

should
be

left
to

the

discretion
of

the

State

Engineer
so

that
the

best

possible
locations
might

be

selected
without
his

being

hampered
by

the

requirement

that
the

money
be

egpended
at

certa
in

designated
points

which
would

probablv
be
of

leas

value
than

others
t

hat

could

be

chosen
after

car2ful
iu

estigation

In

making
these

recommendations
I

am

prompted
solely

by

my

belief
as
to

what
will
be

best
for
the

state
of

Colorado

While
I

feel
that

much
has

been

accomplished
I

feel
also
that

much
more
could
have
been
dpne
had

there
been
a

proper

appreciation
of

the

needs
of

th

sta
te

and
of

the

importance
of

the
Sta
te

Engineer
s

office
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