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Mr Edward D Foster Director

Colorado State Planning Commission

130 State Office Building
Denver Colo

and

Judge Clifford H Stone Counsel

Colorado 7ater Conservation Board

205 State Capitol BUilding
Denver Colorado

Gentlemen

I am transmitting herewith a summary of the studies

which have been completed with respeot to 8 operation of the

Caddoa Reservoir The study covers the period 1914 to 1936

and indicates the benefit that would accrue to the State of

Kansas and the individual canals in Colorado from the Reservoir

A discussion of the value of 1 he reservoir from an

economic standpoint to Colorado lands and to the Santa Fe Rail
road in Colorado is included

There are several detailed tables rd graphs which

are not submitted with the report These are on file and avail

able for inspection

3incerely yours

ROYCl J TIPTon 3igned
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IN1RODUCTION

In 1930 and 1931 a study of the proposed Caddoa reservoir was made by the

state of Colorado in cooperatioft with the United States Corps of En ineers The

summary of the results of such study was published by the Corps in the 308 Report

covering the Arkansas river

In the 1930 and 1931 studies the operation of the reservoir was worked out

on the basis of virtually pooling the water at the site of the reservoir and

regulating it in accordance with an assumed ideal requirement for the irrigated

lands in Colorado subject to benefit from the reservoir Certain assumptions

then were made as to the disposition of additional surplus water that would be

made useable by the reservoir one assumption that this water would go to the

state of Kansas and another that it would be used on new landS in Colorado The

published conclusions of the study did not indicate the benefil that would be

derived by the individual canals in Colorado from the reservoir

Under the present irrigation laws of Colorado and adninlstrative procedure

the pooling of the water at the Caddoa reservoir probably could not bo accomplished

since it would involve the storing at times of direct flow water

Construction of the Caddoa reservoir by the Corps of Encineers has been

approved with th provision however that local interests shall furnish rights

of way and take care of all damages resulting from the construction of the reservoir

It appears at the present VITi tine that such rights of way and damages will amount

to some J5 OOO OOO

Since the 1930 and 1931 studies were completed there have occurred several

years of low water supply The interstate situation between Colorado and Kansas

also has changed in that a tentative agreement was entered into between the states
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I i tll respect to th e dfsrosition of the waters of the Caddoa reservoir if and when

to

it is constructed in I hich event the a8reement isrbecome a stipulation in the

pending case between Colorado and Kansas over the uses of the water of the

Arkansas river

For the above reasons another complete study has been made of the Caddoa

reservoir This study brin s the former investi ation up to date Ilith respect to

water supply determines the benefit to be derived by the individual Colol do

canals from the reservoir determines the value of the reservoir from an economic

standpoint takes into consideration the terms of the tentative Kansas Colorado

a reement with respect to the allocation of benefits from the reservoir to the

two states and in the asswned operation of the reservoir reco izes fully

Colorado irri ation laws and administrative procedure

ihe follo indiscussion ives the conclusions of the study tOfether with

a brief description of the methods used to arrive at those conclusions Several

voluminous detailed tables of water supply reservoir operation and crop

statistics are not attached but are available for inspection This also is true

of several rapr s showinp canal and reservoir operations and crop statistics

plotted aC ainst V1lter supply A list of such tables and raphs is iven at the

end of the report

It must be understood that certain assumptions were made as to irrication

requirements within the area to be served by the reservoir in order to arrive at

s lo ical demand for supplemental ater The canals mi ht operate differently

than assumed if the reservoir were constructed However this would not

naterially affect the conclusions as to the amount of supplemental water made

available by the reservoir Also the benefits derived by the Colorado canals

from the reservoir could be distributed on a different basis than that assumed

providing the aggregate did not exceed the total benefit as arrived at in this

studyc
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3UMMARY

1 It is concluded that for the period from 1914 to 1936 inclusive the

Caddoa reservoir would have made available to the states of Colorado and Kansas

an averase annual amount of 112 000 acre feet of flood water not otherwise useable

durin that period and that in accordance with the tentative a reeuent existing

betleen Colorado and Kansas this 112 000 acre feet vould be divided equally

between the two states

In addition to the 112 000 acre feet of flood water made useable by

Caddoa it is concluded an average annual saving of about 11 300 acre feet of

Kicking Bird water would have been effected which would have been available for

benefic al use in Colorado

On the basis of the assumed operation of the reservoir a total of

1 001 000 acre feet Vould have spilled from the reservoir during the period under

consideration 1914 to 1936 Nominal short es would have occurad in some

years prior to 1930 and more severe shorta es since 1930

2 It is the writer s conclusion that from the period 1895 to 1936 the

most severe period with respect to water supply for the operation of the Caddoa

reservoir would have been the period 1932 throurh 1935 and that the next most

severe period would have been November 1916 throurh May 1921 inclusive It

is the writer s conclusion that the reservoir could have been operated from 1895

to 1913 inclusive the beinnin of the period covered by the present study

without material shorta es on the basis of the assumed r uirements in the

two states

3 It is concluded that for the period 1914 to 1936 inclusive the

followin canals would have received from Caddoa reservoir the mean annual

amounts of water indicated in the followin table



c

o

l
0

4

Canal Mean Annual Benefit

1914 1935 1000 acre feet

Fort Lyon
Keesee Canal

Fort Bent Canal

Ami ty Canal

Lamar Canal

Hyde Ditch

Manvel Canal

X Y Ditch

Graham Ditch

Buffalo Creek Ditch

Sisson Di tch

25 9

2 1

4 7

15 6

0 9

3 1

2 3

3 3

4 5

2 5

1 5

67 4rtal

Tle benefits from Caddoa reservoir could be more equitably distributed

between the Fort Lyon canal and the canals below the reservoir in Color do

by transferring from such canals to the Ft Lyon about 50 second feet of water

from senior decrees The Ft Lyon would use water under such transferred decrees

so long as there was sufficient ter in Caddoa to replace the water now diverted

under those decrees By this procedure the mean annual benefit to the Ft Lyon

canal for a period such as 1914 to 1935 Vlould be increased about 8 000 acre feet

with a correspondinJ decrease in the aggregate mean annual benefit to the other

canals

4 Based on the type of crops now raised in the Colorado area that would

benefit from the reservoir and the mean value of crops from 1923 to 1935 it is

concluded that the Caddoa reservoir would increase the annual gross value of crops

by at least 300 000 or between and f6 per acre foot of additional water made

available for such a period as 1914 to 1935

Due to the character of the present ater supply a 11mi ted acreaee of

hiGh priced row crops is raised within the area For example in Neld county
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where the water supply is no reater than in the area under discussion but

r where it is controlled the average eross crop value per year is practically

double that in 3ent and Irov ers counties If the reservoir were constructed

1 it is believed that there ould be a chanr e in the type of crop raised If

such a chanc e materialized to the extent that the Slllle type of crops were raised

in Bent and Pro rs counties as in Weld county it is concluded the ross crop

values would be increased about 600 OOO a year for a period such as 1914 to

1936

5 The annual cost of the reservoir rould depend upon the repayment

period and rate of interest Based on a thirty year repayment period and 4

interest rate and 25 000 for annual operation and maintenance the annual cost

during the period of repayment ould be 314 150 or about 2 55 per acre foot

of avera e annual benefit besed on such a period as 1914 to 1936 If the

repayment period were the same and the interest rate were 6 the total annual

cost would be about 388 250 or about 3 15 per acre foot of benefit based on

such a period as 1914 to 1936

6 The following indicates the disposition of the flood water which

flowed past the site of the reservoir from 1914 to 1936 inclusive under the

assumed operation of the reservoir
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Total Flood later Elt Caddoa 4 155 0

TIelease to Kansas

Eet Eeneri t to l a1s 18 1 289 8

A ril to October ele se to

brine u8eable water at state

Line to 52 J00 cre Feet 117 7

River Losses Lai1a r to 1011 62 6

eotal Y 4Y5 Y
Le s Apcil to October u8eable

3tate Line Flo7 exceedillC
52 OC O lcre Fee 105 9 1 3C Ll

2

TIelease to GoloraQQ 1 2138 6

iver Losses addoa to L2 ar

P e erJoi i E Oratioil

0servoir pills
Fiil3 1 esErvoir Gonte lt

G3 1

379 3

1 001

GG J

riotal 1 65 o 1 6 5

7 ihe follo7L1 iadic tes the

LL1e flow fror 1914 to 19iS lU1der Ghe

ihe vahlee include t le esthwted flow

Holly JrJ in

disposition of the aG reGate 3tata

asswacd operation of the reservoir

of iild orse Creel but not t le

yJL FS J O Jo C I

b ctul tc te Line l lOVl 191 193b

3 lC o 8i s t o 2 e e to t e 9 2 od

6 257 7

G6 4

River Losses G8d oa to LaJar 63 1

Colore do Net ilene i t

Jotal Ballefi t

Zettlrl1 ilow

1 28 6

585 9 902 7

2inal TIeservoir Concent

Reservoir veporatioil

6G 0

379 8

Nau Jta e Line FloTI

I allsas 1c1eo se

Reservoir IJ i11s

Je laillin StB te Line FloV1

1 164 2

1 001 3

s 5i1 5 4 9 p c o

eotal

o6D
2

o

1 G L
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The tentative a reeLient existing bet Jeen the states of Colorado and

Kansas ith res ect to the operation of the Caddoa Eeservoir provides

essentially for the reco nition of 52 000 acre feet of ater at the State

Line during the April to October period for use by tIle state of ansas

25 000 acre feet at the State Line durini the period November to arch

inclusive for the Use of tl e st te of r ansas and l60 J00 acre feet of

annual direct flo diversions by the Colorado ct nals belo l the site of the

reservoir to represent status quo conditions

The agreer ent lrovides essentially t pt after these amounts are

delivered all later over and above themade useable by tbe Caddoa reservoir

shall be divided equally bet een the two states for use by their respective

water userS

The agreement prOVides also that the reservoir can be used by either

state for re ulatin pnd mekinr more seasonable the water now being used by

each state but it does not indicate the maximum ffinount of the capacity of the

reservoir ttGt either state can use for this purpose The above principles

were taken into consideration in the present study of the operation of the

Caddoa reservoir

The water supply available for storace in the reservoir was taken as the

recorded flow of tile river at Larlfir less the esth ated inflow to the river

betIl8en the 6i te of the Caddoa darn and that point it being asstuned in l3eneral

that the requirements of n e cF nals in Col rado belmr LEmar are satisfied from

eturn flO T
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In the main study it 1S assumed t t the Colorado c nsls rill divert exactly as

they have in tte past durinboth the sw mer and the winter periods and that

the reservoir ill not be used for the rerulation of any of the water Nllich has

been so diverted

The recorded flm at the 3tate Line excludinC the olly drain was tren

depleted by tr e GlClOunt of water assur led to be Ii thheld in the CEddoa reservoir

The useability of the renainin supply at the State Line was determined by

eliminatinr undivertible peaks and amounts of water Itich it was assumed would be

in excess of the assumed ideal requirements The remaininflow at tl e State

Line was then increased by tLirty percent of the releases of we ter from Caddoa

reservoir for the benefit of Colorado lands to re rcsent return flow from such

releases

Kansas deficiencies vlere determined by applyinto this remaininr water

supply at the State Line an assumed ideal requirement for Kansas lands based on

a base State Line delivery excluding the iolly drain of 130 000 acre feet

durin the April to October period An ideal requirenent was assumed for the

cenals in Colorado and the deficiency under these canals was determined by

comparing the actual diversions with the assumed requirements Releases were

then assumed to be made from the reservoir to supply the estimated deficiencies

in Colorado and Kansas as determined above

Since the deficiencies in the two ste tes mre not necessarily the Bame in

anyone year credits and debits were carried from one year to another in the

assumed operation of the reservoir In case of a shortage the two states were

brouBht to an equal basis as far as the use of flood water was concerned by the

release prior to the emptying of the reservoir of an amount of water equal to

the debit of the debtor state
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In the former study it Nas assumed there would be an exchanee of irect

flow water up stream even as far as the 3essemer cnnal However detailed

C
J studies indicated such direct flow water available for exchanE e would be very

unfirm oin to one canal at one time and another at another time in order of

priority The exchanGe water would be so uncertain that no upstream canal

could chan e its present irripation pro ram either as to the use of water or as

to the plantin of crops

For this reason the present study contemplates that the area benefited

shall not extend above the Fort Lyon canal and that the benefit to this canal

system shall be derived from the transfer to that system of the water formerly

stored in the reat Plains reservoir by the Arrity canal system It was assumed

that this water will be reCulated in the existing Horse and Adobe Creek

reservoirs and in the ueens reservoir which is one of the Great Plains

reservoirs the former operations of the Ilorse and Adobe Creek reservoirs

being taken into consideration In the assumed operation there will be

supplied to the Amity canal from Caddoa reservoir an amount of water equivalent

to that formely received from the Breat Plains reservoir in addition of

course to sufficient additional water to take care of the assumed defioiency

under that canal

The period of years covered by the study includes four of the years of

the hi hest run off on the stream namely the years 1914 1915 1921 and 1923

There has been some question whether the reservoir over a lon er period would

operate i th no more shortares than olould have occurred had it operated only

during the period covered by the study
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The writer made an investigation of this in the 1930 and 1931 study and 2

concluded that from 1995 to that time the most severe period was 1916 to May

1921 Since that time there has occurred the recent period of drouth during

which time the shortages under the Caddoa reservoir would have been more severe

than during the 1916 to 1921 period However it is still the writer s

conclusion that from 1895 to 1913 the reservoir could have been operated on the

basis of the assumed requirements in the two states without shortages any more

severe than those which occurred in the 1916 to 1921 period Attention is called

to the fact that the years 1895 1900 1905 and 1907 were flood years when

there would have been substantial spills from the reservoir

Following are summary tables indicating the benefits that would be

derived from the Caddoa reservoir by the two states on the basis of the above

aSffUIDed operation

Column 3 Table No 1 representing Colorado benefits indicates the

amount of additional water that would have been supplied to canals below the

reservoir including the reservoir water which formerly went to the Amity canal

Bince under the assumed set up the Fort Lyon canal would get the benefit from

this water

The benefit accruing to the state of Kansas was determined by deducting

52 000 acre feet from the total amount of water supplied seasonably at the

State Line It may be noted from the summary at the end of the table that

releases from the reservoir in an average annual amount of about 5 000 acre feet

would have been neceseary to take care of the 52 000 acre feet of useable water

before charging Kansas for flood water
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TilBlE no 1

IFlood Colorado

Year
I ater Berrofi t

01 JiC L

11 3

67 3

COLOlliwO TAl PLlIlJmm C0I Ii JSIClI

UW lATI

CAllDCA 1ES1VC 11 Cte lIclIUf liD 2

1914 1936

maT 1 000 AC L T

f JrCI O

l ills
Y nsas A ril 0ct Jtilula Jiver River vapcra

State Line tion Loss loss

Benefit Flow 2ed ilele se Lamar Ga doa tion

ins 52 000 to to

re Feet o L Lunar

4L 5 lliL ltl ULL 9 llQL
LUL

D L

38 1 78 0

47 8 43 0

85 9 78 0

65 5 78 0

71 0 31 3

41 9 27 5

23 3 43 7

120 5

447 9

90 0

342 9

uLlort

Gontent

of Jeservoir
Maxi I Alinill1UlIlage

27 0

60 3

66 7

48 9

16 2

63 9

205 5

95 1

276 6

85 1

17 5

962 8

41 9

StilJUlation rtelease disregarded
Note Data for 1936 is for period January 1st to Septer er 30th

Does not include remaining shortage under Fort Lyon Canal

322 1

4 0 0

4114

282 8

114 8

26 9

25 2

400 0

381 3

630 4

680 0

259 0

214 9

248 1 I

368 7

299 7

279 0

203 4

28 9

25 0

10 3

14 3

76 2

13

2 5

300 2

262 7

105 1

0 0

0 0

0 0

6 1

173 2

154 1

250 5

163 2

82 2

23 7

225 6

166 7

149 0

26 0

0 0

0 0

0 0

0 0

0 0

Vater Jesources

Survey
I

January 1938



I
I

TABLNG 2

Colorado

Year

I

Dll

19B I
1915 I

191611917
I

1918 i
1919

I

1920 I
1921

I1922

1923

1924 I

1925 i
1926 I

1927 i
1920 i
1929

1930

1931

1932

1933

1934

19351
1936

otaJ
I

113an

I
I

Note 1
1

I

tttJ O

C01O111O Ti r lLAm nT CGliMlS3IOl

B J FrrS TO COLC 1AlJO JUIl JA1 Si S

elODeA r VOr1 CP JA IOl l G 2

m IT 1 000 Aj 1 cET

Jeleasa

to

Kane asBenefit

Cumulative

Co lorado

Beilefi t

2 3 4

38 1 38 1 88 5

47 8 85 9 27 5

85 9 171 8 85 3

65 5 237 3 91 7

71 0 308 3 46 1

41 9 550 2 31 5

23 5 3 3 7 29 6

78 9 452 6 52 7

107 9 560 5 71 5

52 1 612 6 264

92 3 704 9 74 8

111 0 815 9 32 2

44 1 860 0 84 9

25 0 885 0 794

50 2 935 2 1 0

66 7 1 001 9 94 6

52 7 1 054 6 81 3

84 5 1 139 1 85 9

2 5 1 141 6 30 1

26 9 1 168 5 64 8

3 7 1 172 2 22 1

46 1 1 218 3 29 3

70 3 1 28GL 7 3 0

1 288 6 1 364 2

56 0 59 3

April Oct

State Line

Flow 2ceed

ing 52 000

Acre Feet

5

Jtipula
tion

Je lease

r et Kansas

Benefi t

ColuJf1I1s 4

plUB 5 6 7

CUlJlUlative

ilat Kansas

Benefit

liver Loss

Lamr to

Trolly

8 9W 7

78 0 78 0

4 0 121 0

78 0 199 0

78 0 277 0

31 3 308 3

27 5 335 8

43 7 379 5

5 4 452 9

78 0 510 9

21 5 532 4

78 0 610 4

78 0 688 4

6 9 78 0 766 4

o 9 78 0 844 4

15 0 43 0 887 4

16 6 78 0 955 4

11 8 69 5 1 034 9

7 9 78 0 1 112 9

1 4 28 7 1 141 6

31 5 13 1 20 2 1 161 8

8 6 13 5 1 175 3

13 7 43 0 1 218 3

1 3
u

7l 5 1 281
105 9 62 6 117 7 1 289 8

4 6 2 7 5 1 56 1

5 1

15 5

15 6

7 3

13 7

14 0

4 0

14 1

0 7

G 5

4 9

3 2

45 6

0 5

2 0

iater Resources Surve

January 1938 I
I

Stipulation elease disre arded

Data for 1936 is for periO o January 1st to ej teuJber 30t 1o

I

Ians as

lJebit

Balance

10

39 9

35 1

27 2

39 7

0 0

14 4

1
5 8

19 7

49 6

80 2
I

94 5
I

127 5

93 6

40 6

47 8

36 5

19 7

26 2

0 0

6 7

3 1

0 0
1 2
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If may De noted that the average new water rece1ved by st teJ J the

period 1914 to 1936 would have been 56 000 acre feet and that Colorado

C would have received in addition for beneficial use about 11 000 acre feet

jl

of weter per year which was lost in the Great Plains system

The following table indicates the amount of water flowing out of the

state of Colorado into Kansas from 1914 to 1936 inclusive and the

estimated amount that would flow out of the state under the above assumed

operation of the Caddoa reservoir It may be noted from the table that in

addition to the average amount of water available to Kansas as represented

in column 4 of Table No I there would hava been other amounts divertible

which would have made a total average d1vertible amount during April to

October of 126 100 acre feet
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Year

1

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923
1924

1925

1926

1927

1928

1929

1930

1931

1932

1933
1934

1935

1936

Total

lean

D I

Divertib1e

7ater at

State Line

EL

96 7

144 1

48 3

41 1

39 9

121 8

107 5

62 6

72 1

107 8

73 7

99 3

45 1

86 2

41 5

41 1

61 4

48 3

13 7

31 3

3 7

67 5

80 5

1 535 2

66 8

1 11 I

9lCT J
I

A
J

COLCilADO S fATPIANHIEG C0ijj il ijIGJ

STATe LIlr OUTFLU7 CiillDCiA CJC JVGB OPUJATI0H NO Z

1914 1936

UNIT 1 000 JS FZT

V lTIBLZ

Releases

from Caddoa

for lillllSas

3

88 5

27 5

85 3

91 7

46 1

31 5

29 6

52 7

71 5

26 4

74 8

32 2

84 9

79 4

61 0

94 6

81 3

85 9

30 1

64 8

22 1

29 3

73 0

1 364 2

59 3

TOJ lIL OC fOBl

U I D I

Hatural

liOV jBi1

TO M alHY lTIBLZ

81 ills Total

Undiver

tible

lQL J7L

120 5

447 9

90 0

342 9

1 001 3

43 5

8 4

131

10

0 0

0 0

0 0

9 2

451 4

0 6

124 5

342 9

14 0

0 0

55 7

2 6

0 0

13 3

0 8

1 8

0 0

0 0

37 5

51 0

1 248 0

54 2

JQ

33 9

47 8

44 1

20 8

18 3

48 6

46 7

414

45 9

42 0

54 5

37 8

28 4

29 1

Total

Diver

tible

4 5

8 4

12 6

1 0

0 0

0 0

0 0

9 2

3 5

0 8

34 5

0 0

14 0

0 0

55 1

2 6

0 0

13 3

0 8

1 8

0 0

0 0

37 5

51 0

246 7

10 7

3 8

41 3

39 4

50 7

18 4

14 0

12 0

1 9

9 3

763 1

33 2

Total

loU1ual
I

9

130 6

191 9

92 4

61 9

58 2

170 4

154 2

104 0

118 0

149 8

128 2

137 1

73 5

115 3

75 3

82 4

100 8

99 0

32 1

45 3

15 7

72 4

89 8

2 298 3 i

100 0

Note Data for 1936 is for period January 1st to September 30th iater 1esources Survey
January 1938

185 2

171 6

133 6

132 8

86 0

153 3

137 1

115 5

143 6

134 2

148 5

131 5

130 0

165 6

102 5

135 7

142 7

134 2

43 8

96 1

25 8

96 8

153 5

2 899 4

126 1
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BENEFITS TO lNDIVC iJ L ih b N C C HPD

The requirement cf tl L j i T l rl lW c dn3 3YS I s in Coforado sUb ject t cS

benefi t by the operation of Caddoa rd3d vc lr Vias coteLhE d by comparing the

o

actual diversion of the c enals with an dsslfJ d ideal reruirement Seasonable

l

precipi tation was talcen inec considsration ill IriVlng at the ideal require

ments This process indicated non seasGnable diversions by the canals at

times In other words during periods of large run off the canals frequently

divert excess quantities of water in anticipation of a slortage later in the

season

The greatest benefit would be derived from the Caddoa reservoir by using

it not only to make flood water aseable but to regulate and make more useable

the water which at tires is divertoed in excess of requirements However as

indicated heretofore it was assumed the canals wculd divert under theJr

decrees exactly as in the past since it would be impossible under our present

administrative procedure to store the eXCess diversion3 mude under direct flow

decrees

Only the deficiencies were taken into consideration th sum of which

under the various canals constituted the demand upon Gaddoa reservoir In

assu ning by this method past operation of the canals and supplying indicated

late eason deficiencies there resulted in some years wil t appears to be an

excess quantity of water for some of the canals It i s belJ eved however

that if Gaddoa reservoir is constructed and operated over a period of years

a gradual change in the use of weter by the cenals served by the reservoir will

result which eventually will mean the storing of some water now diverted under

direct flow decrees and will result in a more efficlent use of the water

The following tables indicate the benefit that wOuld be received by each

of the canals from the Fort Lyon canal to Holly by the Gaddoa reserVoir bas ed

on the above assumptions and the period 1914 to 1936 inclusive
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COLORlJ31TE L TIHG COJli aS3IOi

i

f J
c
ClO

DI3 03ITIOE OF l ICij G BIlD L Tilil 10 FORT LYOn CA AL

ClJJX l RESEINOL OnJ TIOl 10 2

1914 1936

UNI7 1 000 ACnL Y T

ifcffficiriaY AfcfiXion al iTa ter suiliiTed ReiiiaTninc
later by Kicl inc Bird Caewl tTater

Year Required b ifeculat eci ry HecUlated lequired by
Fort Lyon Horse Creek eo by ueen s Fort Lyon
Canal Adobe Cree Reser oir Canal

Reservoirs

TiT 21 3J I r I5I

19V 0 0 0 0

1915 0 0 0 0

1916 0 0 0 0

1917 96 2 73 2 23 0 0

1918 90 0 23 1 27 0 39 9

1919 40 9 40 9 0 0

1920 33 8 33 8 0 0

1921 80 4 48 6 14 5 17 3

1922 112 0 19 3 0 92 7

1923 51 2 27 8 0 23

1924 30 1 18 2 11 9 0

1925 132 7 13 4 38 1 61 2

1926 115 5 20 7 0 94 6

1927 79 2 23 9 0 55 3

1926 54 7 48 6 0 6 1

1929 72 9 24 1 0 48 8

1930 56 5 17 8 23 1 15 6

1931 195 7 13 1 0 182 6

1932 159 3 4 7 0 154 6

1933 119 1 3 8 0 115 3

1934 262 3 0 4 0 261 9

1935 152 9 0 9 0 152 0

1936 91 3 1 8 0 89 5
0

Total 2 026 7 458 1 137 6 1 431 0

e811 88 1 19 9 6 0 62 2

Vater Resources 3urvey
January 1938



r
DIVERSIONS BY THE FORT LYOF C JJnL

CtDoon OPERn TION NO 2

j
U11T 1 000 CDE WET

Iddi tional

ctual lIater

Yuar Diversions Supplied Total

by
Kicking Bird

1 2 3 4

1914 303 1 0 303 1

1915 311 5 0 311 5

1916 180 0 0 180 0

1917 182 7 96 2 278 9

1918 186 4 50 1 236 5

1919 199 9 40 9 240 8

1920 256 4 33 8 290 2

1921 139 0 63 1 202 1

1922 166 4 19 3 185 7

1923 167 7 27 8 195 5

1924 153 5 30 1 183 6

1925 143 4 51 5 194 9

1926 202 8 20 7 223 5

1927 203 3 23 9 227 2

1928 169 3 48 6 217 9

1929 222 2 24 1 246 3

1930 189 4 40 9 230 3

1931 125 9 13 1 139 0

1932 155 6 4 7 160 3
1933 177 9 3 8 181 7

1934 94 6 0 4 95 0

1935 190 8 0 9 191 7

1936 229 0 1 8 230 8

TOTAL 4 350 8 595 7 4 946 5

MEAN 189 16 25 90 245 06
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CCLOILDO S hTC lLil lJ nG COTI J IC N

DISPO ITlOI OF CADDCA BEiFITd Tc COLOJA1O CAULLS

ClillDOA RES WOIl OPC w IOI 1 0 2

C IDDOA TO LAMAR 19H 1936

maT 1 000 lJCE I E8T

i Total

1 Year Keesee Canal Fort Dent Canal emi ty Canal Latar Can CaGcloa to Larur

1 JeQuired Supplied eauired Supplied rteQuired SUIJPlied Reouired Supulied laquired Suppiiecl

1914 1 6 16 0 0 0 0 4 2 4 2 0 5 0 5 6 3 6 3

11915 1 9 1 9 1 2 1 2 12 0 12 0 2 2 2 2 17 3 17 3

11916 2 0 2 0 6 2 6 2 15 6 15 6 0 2 0 2 24 0 24lo
1917 1 9 1 9 5 3 5 3 21 5 21 5 0 4 0 4 29 1 29 1

11918 1 6 14 7 1 5 8 30 9 23 9 2 3 1 7 41 9 32 8

i 1919 4 2 0 4 10 9 1 8 38 4 10 5 1 7 0 3 55 2 13 0

1920 1 9 0 3 7 7 1 4 33 0 6 7 3 4 0 8 46 0 9 0

HI21 2 2 3 4 3 4 3 14 3 14 0 0 0 0 0 20 9 2019V

1922 2 3 2 3 7 4 7 4 46 5 46 5 1 7 1 7 57 9 57 9
1923 2 2 2 2 7 5 7 5 18 9 13 9 0 4 0 4 29 0 29 0

1924 5 1 5 1 7 3 7 3 4 4 4 4 3 1 3 1 19 9 19 9

1925 7 5 7 5 9 9 9 9 29 0 29 0 1 0 1 0 47 4 47 4

1926 4 5 2 5 8 1 4 8 34 3 16 2 1 6 0 0 48 7 23 5

11927
2 4 1 3 4 4 2 9 19 4 10 8 1 9 1 5 26 1 16 5

1928 3 0 3 0 5 1 5 1 13 9 13 9 0 9 0 9 22 9 22 9
1929 3 4 3 4 6 3 6 3 21 0 21 0 0 6 0 6 31 3 31 3

i 1930 1 3 1 3 4 2 4 2 10 5 10 5 0 4 0 4 16 4 16 4

1931 2 8 1 9 17 7 9 1 76 3 32 1 10 9 3 3 109 7 46 4

1932 2 7 0 0 11 9 0 2 72 1 1 6 1 7 0 0 88 4 1 8

1933 2 6 1 2 5 4 3 0 35 4 14 0 0 0 0 0 43 4 18 Z
1934 2 0 0 0 17 7 0 3 113 5 2 4 15 0 0 1 146 2 216

i 1935 2 3 1 6 9 6 4 6 46 2 18 3 1 2 0 2 61 3 2417
1

45b1936 5 10 4 9 1 36 1 ghf2 1L 9 52 4
I Total 64 3 47 6 175 6 107 7 753 4 381 1 52 4 20 2 1 045 7 556 6

Mean 2 60 2 07 7 63 4 68 32 76 16 57 2 28 0 66 45 47 24 20
I

INote Data for 1936 is for period JDllUary 1st to SepteLlbor SOtIl IInter Resources 3urvey
1 January 1936
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OLORADO STJ TE PLAllrll C COlffiIJSION

DIS UuI IOH O CADDOiTI irFITJ TO COLORADO CCj L

C iDDOA ESSWCU PSlAnor K0 2

LA R TO ROLLY 1914 193

UNIT 1 000 lJR FI1B l
P J 0

1
I

Year H cie Ditch liiDnvel Canal

Ileq d i C t SuP d

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923

1924

1925

1926

1927

1928

1929
1930

1931
1932

1933

1934

1935
1936
To tal

Mean

3 0 3 0

4 2 4 2

6 3 6 3

5 5 5 5

5 4 4 5

6 4 0 7

5 4 14

4 2 4 2

4 6 4 6

2 0 2 8

3 6 3 6

6 2 6 2

3 5 2 1

2 2 1 2

2 2 2

4 3 4 3

2 0 2 0

4 5 2 5

6 3 0 2

4 9 1 8

6 7 0 1

6 9 4 2

i 4 1

105 6 71 7

4 59 3 12

3 2

1 6

3 1

1 4

1 9

0 7

0 6

2 9

4 7

2 4

4 6

5 7

4 0

2 3

2 5

4 9

3 1

7 0

5 0

0 5

6 8

2 3

4 0

75 2

3 27

3 2

1 6

3 1

1 4

1 5

0 6

0 2

2 9

4 7

2 4

4 6

5 7

2 2

12

2 5

4 9

3 1

3 4

0 0

0 1

0 0

0 7

3 6

53 6

2 33

Buffalo Ci6ek

Y Di teh Graham Ditch Di tell

d Sur
rofc1l c upp d

2 7

4 6

5 0

0 8

2 5
6 8

8 0

1 5

7 1

5 8

3 4

8 2

3 8

3 0

4 3

5 0

2 4

10 0

7 8

2 8

9 4

B O

7 7

120 6

5 24

2 7

4 6

5 0

0 8

1 8

10

1 4

1 5

7 1

5 8

3 4

8 2

1 9

2 2

4 3

5 0

2 4

4 9

0 2

1 1

0 1

4 7

6 7

76 8

3 34

4 5

5 2

7 2

7 7

4 0
L1 5

5 2

4 4

5 9

4 8

6 0

9 6

5 7

3 4

4 1

5 6

4 1

10 6

9 8

7 4

9 2

10 0

7 4

146 3

5 37

4 5

5 2

7 2

7 7

3 2

0 8

1 0

4 4

5 9

4 8

6 0

9 6

3 3

1 9

4 1

5 6

4 1

6 2

0 3

3 0

0 5

6 5

6 8

102 6

4 46

Note
I
Data for 1936 is for period January 1st to September 30th

2 2

5 1

4 0

3 9

2 4

2 3

2 9

4 4

7 8

5 5

6 2

3 0

0 6

1 5

0 2

1 6

1 0

3 5

12

1 8

2 1

3 7

1 5

68 4

2 97

2 2

5 1

1 0

3 9

1 8

0 8

0 2

4 4

7 8

5 5

6 2

3 0

0 4

1 3

0 2

1 6

1 0

2 6

0 0

14

0 0

2 8

1 2

57 4

2 49

oisson iliteh

Jeq d Supp d

1 1

1 7

3 3

0 9

3 8

4 2

2 1

1 8

2 9

1 8

2 5

1 5

0 0

0 7

1 2

2 7

12

3 1

3 3

3 4

3 7

4 0

2 8

53 8

2 34

1 1

1 7

3 3

0 9

3 2

0 3

0 1

1 8

2 9

1 8

2 6

1 5

0 0

0 7

1 2

2 7

1 2

2 0

0 0

1 3

0 0

2 5

2 1
35 4

1 54

I To tal

Lamar to Ho l1y
S do1tC 0 UP

16 7

22 1

28 9

20 2

zoio
2419
2412
19 2

33 0

23h
2614
34J2
1716
13h
14J5
24 1

13J8
38 7

33 4

20 8

37 9

34 9

27 9

569 9

24 78

16 7

22 4

28 9

20 2

16 0

4 2

4 3

19 2

33 0

23 1

26 4

34 2

9 9

B 5

14 5

24 1

13 8

21 6

0 7

8 7

0 7

214

25 0

397 5

17 28

later Resources oUrvay

January 1938

I
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COLCllill0 STATE PLAIn rim COi ITISSIl K

Dr IOj LY C010RUiG CiJ lJ

C c7 D1l 3 11JOL1 OP rIC j I U 2

C illDCTO L lh3 1914 1936

UlaT 1 OOO ACG r Brr

Total
Cacldoa t 9

ictual C1cloa Total

Diver Denefit

Lal C lal

ctua1 Caddo2 Iilot l

Diver Lenefit

Aj itl Caja l
li ctu1 Caddoa 1otd1

Diver Denefi t

fort J2 e 1 C lll
Actua1 SadQo Tot l

Jiver Benefit

eese Cal1 l

Actual Caddoa Total

nlver 13enefit

Year

sians sians sions sians sians

1

1914 3 01 1 6 4 6 23 4 0 0 23 4 129 2 4 2 133 4 39 1 0 5 39 6 194 7

1915 3 21 1 9 5 1 21 7 12 25 9 115 6 12 0 127 6 29 7 2 2 31 9 173 2

1916 3 91 1 2 0 5 9 20 1 6 2 26 3 121 3 15 6 136 9 37 7 0 2 37 9 183 0

1917 3 91 1 9 5 8 22 0 5 3 27 3 117 1 21 5 138 6 38 6 0 4 39 0 181 6

1913 Cq 1 4 6 2 16 0 5 8 21 0 100 6 23 9 12 5 35 3 1 7 10 0 159 7

I

1919 12 p 0 4 1 6 ll 2 1 8 13 0 77 7 10 5 88 2 27 4 0 3 27 7 117 5

1920 8 l 0 3 5 1 14 4 14 15 8 89 9 5 7 96 6 40 2 0 8 41 0 149 3

IS21 2 41 2 3 4 7 15 8 1 5 20 1 99 5 14 3 113 8 40 4 0 0 40 4 158 1

1922 4 9S 2 3 7 2 17 0 7 4 24 4 100 2 46 5 146 7 34 5 1 7 0 6 2 156 6

19 3 12 4 1 2 2 4 6 9 8 7 5 17 3 107 6 18 9 126 5 6 7 0 4 37 1 136 5

192 1 0 00 5 1 5 1 18 8 7 3 26 1 135 5 4 4 139 9 36 1 3 1 39 2

1925 10 00 7 5 7 5 16 9 9 9 26 8 110 8 29 0 139 8 32 7 1 0 33 7

926 0 00 2 5 2 5 15 9 4 8 20 7 103 4 15 2 119 G 37 4 0 0 37 4 156 7

1927 10 00 1 3 1 3 16 5 2 9 19 4 llO 5 10 8 121 3 41 5 1 5 43 0

1928 10 00 3 0 3 0 15 0 5 1 20 1 104 0 13 9 117 9 36 0 0 9 9

1929 12 31 3 4 5 7 16 8 6 3 23 1 116 7 21 0 137 7 37 6 0 6 38

1930 14 5 1 3 5 8 16 6 4 2 20 8 108 9 10 5 119 4 40 4 0 4 40 8

19314 6 qit 1 9 6 5 9 1 9 1 18 2 71 432 1 10 3 5 25 1 3 3 28 7

1932 14 6 0 0 4 5 15 6 0 2 1 8 59 7 1 6 61 3 32 8 0 0 32 8

1933 4 7 l t 1 2 5 9 20 5 3 0 23 5 94 5 14 0 108 5 38 0 0 0 38 0

1934 i5 5 s 0 0 5 5 11 1 0 3 11 4 33 8 2 4 3G 2 20 8 0 1 20 9

1935 7 0 1 6 8 6 20 3 4 6 24 9 90 7 18 109 0 35 6 0 2 35 8

1936 l
l

X LJ 14 3 9 1 q 4 102 9 32 j 13 7 38 5 0 9 39 4

Total 73 1 r f 7 6 120 7 381 8 107 7 489 5 2 301 5 381 12 682 6 815 4 20 835 6

I J

3 18 2 07 5 25 16 60 4 68 21 28 100 07 15 57 116 63 35 45 0 89
I

I
Note Data for 1936 is for period January 1st to September SOt l

I

6 3 201 0

17 3 190 5

24 0 207 0

29 1 210 7

32 8 192 5

13 0 130 5

9 2 158 5

0 9 179 0

57 214 5

29 0 185 5

19
9 210 3

47 4 207 8

23 15 180 2

16 5 185 0

22 9 177 9

31 13 204 7

15 4 186 8

46 4 156 9

IJ8 114 5

18 2 175 9

2 8 74 0

24 7 178 3

4513 206 4

556 64 128 4
I

24 44 179 49

190 4

160 4

168 5

155 0

173 4

170 4

110 5

112 7

157 7

71 2

153 6

161 1

3 571 8

155 3036 33
Jean

Water nesources Survey
January 1938 1

I



Year

I

19141

19151
1916

1917

1918

1919

1920

1921

1922

1923

1924

1925 I

19261
1927 I

In81

1929

1930

1931

1932

1933

19M

1935
1936

Total

Mean I

I I
LOl r i

00L03lO0 S T PlAlJIlC CG r SIGli

DIV3R3IOlTS BY COLGJJmO CidALS

C wDvd JId UGL t OZ r l 1 0 2

I R TO HOLLY 1914 1936

Ui I 1 000 AC E F T

sda Ditch

ctu l Ca do3 Tot l

Di7er Benefits

S L

Y Ditch

ct l Caddoa Total

Diver Benefits

s ions

1bnve 1 C anal

ctuJl Cruidoa Total

Diver 1enefits

ior s J

1 J 3mO

G
u 1 2

o S 3

LiO 505

0 9 4 b

3 o

l c lc 1

0 1
4

2

3
Q 1 C

2 1 Z 3

3
1 1 0

2 3 6 2

3 4 2 1

2 3 1 2

3
5 2 2

2 1 4 3

4 2 2 0

4 1 2 5

2 7 0 2

2 1 1 8

2 4 0 1

2 5 4 2

3 1 L
50 5 71 7

2 20 3 12

4 0 1 8

tl 7 4 7

6 5 5 8

6 7 0 1

5 4 8 4

1 0 8 8

3 0 12 5

4 6 5 5

3 5 3 7

lh9 3 7

7 0 2 4

8 8 3 6

5 5 3 8

3 5 3 1

5 7 4 0

6 4 1 2

6 2 2 7

6 6 3 7

2 9 4 0

3 9 11 6

2 5 3 2

6 7 8 2

L 4 1

122 2 119 6

5 31 5 20

3 2 5 0 9 9 2 7 12 6

1 6 6 0 3 5 4 6 8 1

3 1 8 9 8 5 5 0 13 5

1 4 9 5 IG 0 8 16 0

1 5 9 9 13 1 1 8 14 9

0 6 9 4 5 3 1 0 6 3

0 2 12 7 3 1 1 4 Jl 5

2 9 9 4 7 1 1 5 8 6

4 7 8 5 0 7 1 12 1

2 4 6 1 2 4 5 8 0 2

4 6 7 0 9 1 3 4 12 5

5 7 9 3 6 6 8 2 14 8

2 2 6 0 12 1 1 9 14 0

1 2 4 3 8 3 2 2 10 5

2 5 6 5 4 9 4 3 9 2

4 9 6 1 9 0 5 0 14 0

3 1 5 8 10 0 2 4 12 4

3 4 7 1 5 0 4 9 9 9

0 0 4 0 8 0 0 2 8 2

0 1 11 7 10 9 1 1 12 0

0 0 3 2 8 0 0 1 8 1

0 7 8 9 7 4 4 7 12 1

d3 6 7 7 3 0 iL
53 6 173 2 175 4 76 8 252 2

2 33 7 53 7 63 3 34 10 97

Continued 01 followinjc eJ
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ContInued from oreceedinl 9

D1vllJUS 5Y COLORADO GAl LS

CADJO XJS W01R 0I EU T10l NO 2

LAI R TO HOLLY 1914 1936

maT 1 000 li Y I

Year Graham Ditch

i ctllill CMdoa Total

I
D n Benefits

Buff lo Creek ilitccl

ctual Caddoa Total

iver Benefits

sions

Olsson i tch

ctu l Ca doa Tot l

Diver Benefits

s ions

Totar
Lamar to Ho 11

hctual Caddo rotal

iliVer Bene fi ts

s10113

I

1914 1 4 5 4 5 5 5 2 2 7 7 3 0 1 1 4 1 21 2 16 37 9

1915 O l 5 2 5 3 1 3 5 1 6 4 1 1 1 7 2 8 112 22 4 33 6

1916 o 0 7 2 7 2 5 8 4 0 9 8 0 8 3 3 4 1 21 1 28 9 50 0

1917 0 0 7 7 7 7 9 5 9 15 4 6 8 0 9 7 7 40 8 20 2 61 0

1918 2 3 2 6 4 13 7 18 15 5 0 0 3 2 3 2 39 3 16 0 55 3

1919 4 4 0 8 5 2 10 9 0 8 11 7 0 0 0 3 0 3 29 7 4 2 33 9

lS20 LO 4 2 12 3 0 2 12 5 2 6 0 1 2 7 35 3 4 3 39 6

191 0 9 Ll 1 5 3 2 8 4 4 7 2 G 9 1 8 2 7 18 6 19 2 37 8

1922 1 9 E 9 7 8 2 4 7 8 10 2 1 3 2 9 4 2 18 2 33 51 2

1923 C 3 1 8 5 3 1 2 5 5 6 7 1 0 18 2 8 10 9 23 1 34 0

1924 1 4 6 0 7 4 3 2 6 2 9 4 1 2 2 6 3 8 20 7 26 47 1

1925 0 7 9 6 10 3 9 2 3 0 12 2 4 2 1 5 5 7 2 6 9 34 2 61 1

1926 1 1 3 3 4 4 13 4 0 4 13 8 7 8 0 0 7 8 41 6 9 9 51 5

1927 4 1 9 2 3 7 4 1 3 8 7 3 6 0 7 4 3 25 1 8 5 33 6

1928 6 4 1 4 7 12 3 0 2 12 5 3 0 12 4 2 28 3 14 5 42 8

1929 1 8 5 6 7 4 11 1 1 6 12 7 1 0 2 7 3 7 26 2 24 1 50 3

1930 0 9 4 1 5 0 10 4 1 0 11 4 1 9 1 2 3 1 30 1 13 8 43 9
n

1931 0 0 6 2 6 2 10 9 2 6 13 5 0 2 0 4 3 26 0 21 6 47 6

1932 I 0 0 0 3 0 3 14 0 0 0 14 0 9 n
0 0 2 2 30 9 O 31 6d

1933 0 0 3 0 3 0 12 5 14 13 9 0 7 1 3 2 0 37 8 8 7 46 5

1934 0 0 0 5 0 5 13 8 0 0 13 8 10 0 0 10 28 4 0 7 29 1

1935 0 0 6 5 6 5 13 6 2 8 16 4 1 2 5 3 8 33 0 21 1 54 40

1936 Q 2 1hL14 6 hL 15 8 11 2 6 4 0 26 2 25 0 51 2

Total 21 1 102 6 123 7 211 8 57 4 269 2 49 1 35 4 84 5 627 5 397 5 1 025 0

I
I

Mean 0 92 4 46 5 38 9 20 2 49 11 70 2 13 1 54 3 67 27 28 17 28 44 56

I I
Hote Data for 1936 is for period January 1st to Se JtelOlber 30th JatGr Resources Survey

I January 11938
I
I
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The total benefit thflwc Ll blve a c eil to the olora1c C9Ilals during

the period 1914 to 1928 Ll2J L iv Wrt 3 CJ S Il 3 f et7 cr en aV8 sge of

67 30 acre feet pE year T l s t
0 U L c re t1 an wOuld Lave

been received b y Kansas 11 dti tlw c j J OJP TB D 1 rE J j 2 rrm reduction

in the loss of Kicki ng E ru WHT f L ry S USEj r 11 3 t L n
f
s sY8 em of

reservoirs rather than j ll tile Crust Cltr s L 828rvoirsn

Another study was made to detcrrrQn8 t 9 amount Gf water divert8d under

direct flow decrees during the winteI period that could be stored in Caddoa

reservoir without conflict with present administrative procedure Cnly the

water diverted during the months of December January and February when

the Colorado canal was diverting water for storage in Lake Meredith and or

when there was an obvious surplus supply at Lamar was considered as direct

flow water storable in Caddoa By this process it is esti ated that the follow

ing amounts of water diverted during the three months winter period could

have been legally stored in Caddoa reservoir

Season of j ount Thousands of Acre Feet

1925 26

1926 27

1927 28

1928 29

1929 30

1930 31

1931 32

1932 33

1933 34

1934 35

193536

193637

19 0

13 1

17 0

26 2

22 0

10 0

16 5

13 0

2 8

0 0

16 1

10 0

Total 12 years
Mean

165 7

13 8

ND date were available to determine these quantities prior to the season

1925 26 Under the assumed operation of Caddoa reservoir the last spill would

have occurred in 1924 j suming that 13 800 acre feet of winter water could

ha e been stored during the winter seasonof 1924 l925 which is tlie mean
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quantity for the 1925 to 1937 period the total winter water which could have

been stored since the last spill would have been 179 500 acre feet Assuming

that the direct flow diversion during the period December to February

inclusive has little benefit the shortages since 1930 would have been reduced

by the 179 500 acre feet The nominal shortages in the earlier years could

have been entirely eliminated by storing water otherwise diverted in December

January and Ferruary for use during the irrigation season

By comparing the benefits that would aCcrue to Fort Lyon canal and the

benefits that would accrue to the other canals under the above assumed opera

tion it may be noted that the shortages of the Fort Lyon canal would not be

relieved in the same degree as the ahortages of the other canals

Another study was made to determine whether it would be practicable to

distribute more equitably the benefit of the Caddoa reservoir throughout the

area in Colorado subject to benefit by its operation The most feasible

means for doing this appears to be the transfer of some of tha early direct

flow water used below Caddoa reservoir to the Fort Lyon canal the water

available under such early decrees to be used by that canal during those

periods when sufficient water is available in Caddo a reservoir to replace the

water now diverted under the early decrees to lands below the reservoir

It was found that the transfer of about 60 cubic teet per second of early

water to the Fort Lyon would bring all the canals subject to benefit by

the operation of Caddoa reservoir to a fairly equal basis

If this were done the mean annual benefit to the F rt Lyon s system

from the operation of the Caddoa reservoir between the period 1914 to 1936

would be increased by about 8 000 acre feet with a corresponding decrease

in the benefit to the canals below Caddoa
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VALUE OF SUPPLEMENTAL WATER TO THE AlmA IN COLOHADO SUBJECT TO BENEFIT BY THE

QPERATIOO C nDOA RESERVOIR

Tli8 area Tn C610raao sub ject to b8nern fronCtlie CsMoli reservciiI Ues

wholly within Bent and Prowers counties A detailed study was made of crop

production in those counties from 1923 to 1936 inclusive Crop production

was then compared to the water supply By this process it was determined

that supplemental water with the type of crops that are raised at present

in those two counties is between OO and 6 00 per acre foot per year in

terms of increased gross crop production

If a more dependable water supply were made available to the area Ii

change in type of crops would take place which it is estimated would result

in a value of water of between 8 OO to 10 00 per acre foot per year in

terms of gross crop production

The study indicated the outgoing car loadings of the Santa Fe railroad

would be increased by from 1 200 to 1 600 cars per year per 100 000 acre feet

of additional supplemental water made available The following is a brief

explanation of the manner in which the above conclusions were reached

The production of the seven principle crops namely corn wheat oats

barley dry beans sugar beets and alfalfa raised in the two counties for

each of the years 1923 to 1936 was determined from statistics gathered by the

Colorado Cooperative Crpp Reporting Service The mean value for each crop

for the period was then applied to the annual production and the gross value

of the crops produced in the two counties was determined The mean value of

the crop was used in order to eliminate the effect of fluctuating prices

The final result called measure of crop values became a measure of crop

production constituting a device whereby bushels and tons could be combined

Another set of values was worked out based on the averaga acreage

planted t ne acl1 t e princ1 palcop the melm value f he crops and the

per acre production for each year of the period This eliminated the changes
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in planting whieh might have taken place from influences other than water

supply Hi wever it wasfound tliat the major changes thaCtook pl ace Tn the

acreage of various crops was due more to water supply than to any other factor

The two sets of values representi ng measure of crop value were

plotted yeaT by year 8gainst water supply Several combinations were worked

out one taking the diversions from April to October as the water supply

another taking the annual diversions another taking the April to October

diversions plus the November to October precipitation and another taking the

November to October diversions plus the November to October precipitation

Two graphs resulting from the above processes Ue submitted herewith

Plate No 1 shows the measure of crop values based on actual acreage

of crops and average unit prices plotted against the November to October

diversions plus the November to October precipitation The protracted drought

since 1930 unduly affected the planting so that not only was the unit pro

duct ion down during the years since 1930 but the acreages were less than

normal

Attention is called to the relative position of the years 1929 1930

and 1931 which it is believed represent fairly the relationship between the

gross value of CJ S in the two counties and the water supply The water

supply during the years 1929 and 1930 was fairly good There was not much

change in acreage of the principal crops planted in those two years and in

1931 The water supply during 1931 based on the November to October diver

sions plus the total November to October precipitation was about 260 000

acre feet less than it was during the years 1929 and 1930 The gross value of

crops in 1931 was about 2 000 000 less than in 1930 and 1 600 000 less than

1929 The water supply during the year 1934 was even less than in 1931 being

aboll330 002 acr eet lessthanltwa dul ing 1929 and11b ut 3 5 09

acre feet less than in 1930 The gross value of crops in 1934 based on the
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P lATE NO 2
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average unit prices for the period was 1 148 660 or about Z 700 000 lesB

1 then in 1930 and about 2 400 000 less than in 1929

Plate No 2 shows the measure of crop values based on the mean acreage

of the principal crops for the period 1923 to 1936 inclusive and the average

unit price of crops for that period plotted against the November to October

diversions plus the November to October precipitation In this graph there

is eliminated entirely the influence of variable acreage of the various crops

The value used is an index of crop production per acre

The close correlation between water supply and crop production may be

princiIlal crops

noted by this plate If the acreage devoted to the six was the average for

the Ileriod under consideration it is estimated from this plate that the value

0

of additional water supply for the area is about 4 00 per acre foot per year

in increased gross production of crops

However due to the character of the water supply the acreage of high

priced row crops raised in the area is low A comparison was made of the type

of crops raised in Bent and Prowers counties and the crops raised in Weld

county The total water supply available for use in Weld county is not any

more per acre than it is in Bent and Prowers counties but it is practically

ell controlled and subject to use when most needed As a result for the

period 1923 to 1936 inclusive of the total acreage of principal crops in

Weld county there was an average of about 28 in row crops while for the

same period the average percentage of row crops in Bent oounty was about

6 and in Prowers county about 7 This is shown in the following table



Year

I

1923

1924

1925
1925
1927
1928
19 9

192 0

19 31

1932

1933

1934

19 35

1936

Total
I

Mean
I
I

Row C rOlls
Cereal Crops
Forage Crops

I

I

I i fl II I II I I

I
1

I

Z9CIJO

COLORcDO JTATI pum n G COlmISSIOl

TABU SHUHNG PER CEIIT OF AC GE OF tel OcAL Mill FaRAGcno s

DJI T CO

Row 10 Oereal

Crops Cro 1s

5 8 46 1

8 5 38 1

8 5 43 5

2 7 45 5

5 7 39 3

4 1 43 4

5 5 42 1

9 0 38 0

8 4 40 9

4 1 44 5

10 1 S8

8 0 25 1

3 2 18 2

Q 30 0

69 2 534 2

6 4 38 1

SUGar Beets

Corn Wheat

Alfalfa

1923 1935
I

U N T Y F 0 7 E 1 S C o U N T Y J B L D C o U K T Y

forage Cereal l orage 1ow Cereal j forageRow

CroPL L9rons rOi S Orops Crops Crops C rons

48 1 4 7 43 8 51 5 23 2 43 6 133 0

53 3 10 5 32 0 57 4 36 3 30 4 31 3

46 0 9 0 43 0 46 0 13 9 45 4

140
7

51 1 5 7 40 4 53 9 25 7 41 4 31 9

55 0 3 5 35 4 50 0 30 4 37 2 32 4

52 5 3 5 41 0 55 5 25 3 42 6 31 9

52 4 9 2 37 8 53 0 29 0 36 3 132 7

53 0 0 1 38 8 53 1 31 9 41 0 127 1

50 7 n o 30 3 50 7 34 2 35 2 i 29 5

514 5 2 43 9 49 9 28 9 41 5 129 5

51 5 n l 40 0 48 9 30 5 43 3 125 1

55 9 7 7 2 6 57 7 31 8 41 3 25 9

78 5 5 1 24 0 59 9 24 5 52 4 23 1

64 5 4 4 39 4 56 2 26 5 51 5 22 0

776 6 100 9 524 775 7 395 2 566 5 1418 2

55 5 7 2 37 4 55 4 2G 2 41 9 29 9

Includes Potatoes for Ield Oounty
Oats Barley and Dry Beans

I
1ater leSOurC8S urvey

J8 nuiory 1938
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The value of the crops raised in Weld county for the geriod 1923 to
H un n u n

1936 inclusive was determined by using the average unit prices for the 14

Cfl
year period applying those prices to the actual production of the principal

crops It wes found that the average gross value of the crops produced in

Weld county for the period W6S 12 768 700 or about ho oo per acre per year

The average value of the crops produced in Bent and Prowers counties for the

same period based on the same average unit prices was about i23 00 per

acre per year

The growing season in Bent and Prowers counties is agout one month longer

than it is in Weld county With a controlled water supply available for use

when needed it is reasonable to suppose that the same tYge of crops would be

grown in Bent and Prowers counties as in Weld county which would almost double

the gross crop value per year If this change in type of crop materialized

the value of supplemental water to the area would practically double

Detailed studies in connection with the Colorado Big Thompson trans

mountain diversion which is to serve the northern Colorado area indicate

that the value of supplemental water for that areR in terms of increase in

gross crop production is not less than 10 00 per acre foot per year

Since for the period 1914 to 1936 inclusive it is estimated there would

be made available to the ColoradO canals by the Caddoa reservoir about

67 3Qo acre feet of additional water per year it is estimated this water

would result in an increased gross value of crops produced based upon present

acreages and types of crops and based upon average unit prices prevailing

between 1923 and 1936 of 280 000 to 400 OOO If the operation of the res

servoir would bring about a change in ypes of crops approaching the types

raised in Weld county it is estimated the increased value of crops resulting

trOD the operetion or tlie Ciiddoa reserVorr m tlie ColoradO areawould amount

to between 500 000 and 600 000 per year
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Plate No 3 shows the annusl number of cars hauled from the lUefl over

the Santa Fe railroad from 1924 To 19 36 inclusive ploHe d againsCthe November

to October diversions plus the November to October precipitation Attention

is called to the fairly close correlation between the two sets of values for

the period 1924 to 1931 inclusive The car loading for the years 1932 1933

1935 and 1936 are not in line with the points on the graph representing the

other years A full analysis has not been made to determine the reason for

this It may have been due to the genersl economic conditions during the

depression which resulted in lesser shipments of the crops that were raised

and it may have been due in part to increased trucking

If it could be assumed that the period 1924 to 1931 was a fairly

representati ve period and discounting somewhat the very high car loadings

in 1929 and 1930 the graph indicates that the car loadings would be increased

by about 1 300 cars per each 100 000 acre feet of additional water made

available

The very marked drop in car loadings from the two year period of 1929

and 1930 to the year 1931 may be noted The car loadings in 1931 were about

5 700 less than in 1929 and about 6 600 less than in 1930 while water

supply in 1931 was about 250 000 acre feet less than in 1929 and about 300 000

acre feet less than in 1930 A more detailed analysis should be made of this

phase of the problem to determine more conclusively the relation between

car loadings and water supply

No study was made of the economics of Caddoa reservoir with respect to

the area in Kansas since the basic data necessary for this study were not

available However it is thought that such a study should be made by the

officials of the state of Kansas

In addi tion tQ tle direct benElfi t wht l1 wuhd accrue to thEl irrigaors by

the operation of Ceddoe reservoir materiel indirect benefit would result to
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C
ell o thejyp s 9f businin th ea An increase in crop production

i
in the Colorado area of some 280 000 to 600 OOO per year would materially

W

Q
QJ

benefit all ut i11 ties tb e sugal CuD panies snd an 0 ther retail and whole

sale businesses This indirect beJefit hEes not been eV91us ed but it is

so material that all businesses wi thin the ar63 s oulc aid in financing the

reservoir

Other benefits that would result from the operation of the reservoir

which have not been definitely evaluated are flood protection which would

extend from the site of the reservoir to Hutchinson I ansas and the

possibility of settling the controversies between KansRs and Colorado over

the waters of the Arkansas river

ANNUAL COST OF CADDOA lBS2RVOIR

If the cost of construction of the C ddoa reservoir to the water

users is assumed at 5 000 000 and the annual operation and maintenance

cost at 25 000 the following table indicates the annual cost of the

reservoir under various assumptions as to interest rate und repayment period

necessary to amortize the 5 OOO OOO

Repayment Interest Amortization O M Total An Average Cost

Peod Rate Sum Cost per Ac ft

20 yrs 4 367 908 75 25 000 392 908 75 3 18

20 yrs 6 435 922 80 25 000 460 9280 3 74

25 Yls 4 320 059 80 25 000 345 059 80 2 80

25 yrs 6 391 133 60 25 000 416 153 60 3 37

30 yrs 4 289 150 50 25 000 314 150 50 2 55

30 y s 6 363 244 55 25 000 38 244 55 3 15

For a period such as 19 4 to 1936

List of Tables and GraT j s r ot attacJed but available for stUdy if desired
Years 1914 tu 19 lll e s t crJise s at3c

Tables ReserlToir 7ete

1 Estjmated InfGw bstween O ddoa and Llllllal Colorado

2 X Values between Caddoa and HOlly Colorado
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Tables Reservoir Data Continued

3 Estimated Water Supply under Proposad C addoER ese

Operation No 2

4 Surplus and Deficiencies at State Line Caddoa esarvoir

Operation No 2

5 Caddoa Reservoir Operation No 2

Graphs Reservoir Data

1 Caddoa Reservoir Operation No 2

2 Outflow at Colorado Kansas State Line lith and Vii thout

Caddoa Reservoir

3 Diversions by the Fort Lyun Canal 1912 1936

4 Diversions by the f ty Canal 1912 1936

Tables Crop Data 1923 1936

Bent Prowers 0 Counties

1 Per Cent of Acreage in Row Cereal and Forage Crops

2 Acreage and Production of inter and Spring Wheat

Bent and Prowers Counties

1 Annual Production and Crop Values Irrigated using unit pricl

14 year average

2 Table of Crop Values Car loadings and Water DiVersions

County

1 Crop Values using Mean Acreage Base

2 Crop Values using Unit Price 14 year Average

3 Acreage and Production

4 Per Acre Production

5 Acreage of Seven Principal Crops

Prowers County

1 Five Tables the same as for Bent County

Weld County

Five Tables the same as for Bent and for Prowers CoIDtieS


