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LETTER OF TRANSMITTAL 

From Senior Engineer Porter J. Preston. 
To Chief Engineer. 
Subject: Colorado-Big Thompson project. 

FEBRUARY 3, 1937. 

1. Transmitted herewith is a. synopsis of the report of plan of 
development and cost estimate of the Colorado-Big Thompson. 
project. 

2. The plans and designs upon which the estimates are based are 
shown in the full report to follow this synopsis. 

3. The detail estimates have been worked out in the Denver office 
under the following divisions: 

Canals: H. R. McBirney. 
Reservoirs: K. B. Keener. 
Power: L. N. McClellan. 
Hydraulics: E. B. Debler. 

4. The field work was done under the supervision of M. E. Bunger. 
5. The economic study was carried on by R. L. Parshall, senior 

irrigation engineer, Bureau of Agricultural Engineering, United States 
Department of Agriculture. This study is later proposed to be issued 
as a separate document. 

PORTER J. PRESTON. 

Revised synopsis of report submitted June 11, 1937. 
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LETTERS OF SUBMITTAL 

JUNE 11, 1937. 
Hon. HAROLD L. ICKES, 

Secretary of the Interior. 
My DEAR MR. SECRETARY: There is attached hereto the portion of 

the report on the Colorado-Big Thompson project in Colorado covering 
the principles and stipulations governing the construction a.nd opera­
tion of said project for the protection of the rights and interests 
de-pendent on the Colorado River in Colorado. 

The provisions contained therein have been considered by the 
Northern Colorado Water Users' Association, representing the irri­
gation and other interests on the eastern slope in Colorado, and we 
respectfully submit that they are satisfactory and meet the approval 
of said association. 

'Ve ask that acknowledgment be made of this communication. 
Respectfully yours, 

NORTHERN COLORADO WATER USERS' ASSOCIATION, 
CHAS. HANSEN, President. 
MOSES E. SMITH, Vice President. 
THOMAS A. NIXON, Attorney. 

Hon. HAROLD L. ICKES, 
Secretary oj the Interior. 

JUNE II, 1937. 

My DEAR 1fR. SECRETARY: There is attached heret.o the portion of 
the report on the Colorado-Big Thompson project in Colorado cover­
ing th~ principles and stipulations governing the construction and 
operation of said project for the protection of the rights and interests 
dependent on the Colorado River in Colorado. 

The provisions contained therein have been considered by the West­
ern Slope Protective Association, representing the irrigation and other 
interests on the western slope in Colorado, and we respectfully submit 
that they are satisfactory a.nd meet the approval of said association. 

We ask that acknowledgment be made of this communication. 
Respectfully yours, 

THE WESTERN SLOPE PROTECTIVE ASSOCIATION, 
SILMON SMITH, Secretary. 
CLIFFORD H. STONE, Director. 
A. C. SUDAN, 

Special Representative of Grand County. 
\"11 
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SYNOPSIS OF REPORT, COLORADO·BIG THOMPSON 
PROJECT 

'. 
OUTLINE OF CONSTRUCTION AND OPERATiNG CONDITIONS 

The Colorado-Big Thompson project in Colorado contemplates the 
diversion of surplus waters from" the headwaters of the Colorado River 
on the Pacific or western slope to lands in northeastern Colorado on 
the Atlantic or eastern slope greatly in need of supplemental irrigation 
water. , 

To accomplish this diversion, the following features are required: 

ON COLORADO RIVER 

(1) Storage on the Blue River in what }$ called Green Mountain 
Reservoir located about 16 miles southeast of Kremmling, Colo., 
where the Blue enters the Colorado River. This reservoir is to be 
used to replace water diverted to the eastern slope that would be 
required by prior rights along the Colorado River. 

(2) A hydroelectric plant below the. Green Mountain Dam to 
utilize the flow of the Blue River and water stored in the reservoir for 
the generation of electrical energy. -: 

(3) A storage reservoir located on the Colorado River about 6 
miles northeast of Granby, Colo~, to be known as Granby Reservoir. 
This reservoir will store the flow of the Colorado at this point as well 
as water diverted from Willow Creek, a. tributary of the Colorado and 
Strawberry and Meadow Creeks, tributaries of the Fraser River. 

(4) A diversion dam located .about one-half mile below the junction 
of the North Fork and Grand Lake outlet and about 3 miles south of 
the village of Grand Lake. This dam will create a lake known as 
Shadow Mountain Lake which will have the same elevation as Grand 
Lake and will aid in supplying the transmountain diversion tunnel 
with water pumped from Granby Reservoir. This lake together with 
Grand Lake is to be kept at nearly constant level. 

(5) An electrically driven pumping plant on the shore of Granby 
Reservoir, where water will be pumped into a canal feeding Shadow 
Mountain and Grand Lakes. The length of the canal is 4~ miles. 

(6) An outlet channel at the east end of Grand Lake connecting 
the lake with the portal of a transmountain' diversion tunnel and 
provided with control features that will regulate the level of Grand 

. Lake within a fluctuating range of 1 foot. 
(7) A transmountain diversion tunnel under the Continental 

Divide 13.1 miles in length extending from Grand Lake to a point in 
Wind River about 5 miles southwest of Estes Park village. 

ON EASTERN SLOPE 

(8) A conduit 5.3 miles in length extending from diversion tunnel 
outlet to penstock of a power plant on the Big Thompson River just 
below Estes Park village. This conduit will be made up of buried 

1 



2 COLOH.\DO·BIG TIIO~lrSO:'-: rnOJECT 

pipe, siphons, tunnels, nnd open canal. It v'till be entirely concealed 
through the area authorized to be taken into Rocky 110untain 
National Park. 

(9) The waste rock from the tunnel is to be terraced and landscaped 
and all structures connected with the tunnel will be constructed to 
blend into their natural surroundings. 

(10) A power plant known as power plant no. 1 constructed along 
the Big Thompson River just below the village of Estes Park utilizing 
the western slope water. 

(11) Four additional power plan ts down the Big Thompson Canyon 
to utilize all available fall and also all water available for power in 
the Big Thompson River in addition to the western slope water 
diverted. 

(12) A diversion dam on Big Thompson River about 12 miles west 
of Loveland to divert the water by means of a canal 9 miles in length 
to a storage reservoir known as Carter Lake. 

(13) Carter Lake Reservoir located 8 miles northwest of Berthoud, 
Colo., to store water brought over during winter months. 'Vater is 
released from this reservoir through a 4-mile canal into the Big 
Thompson River and through a 9-rnile canal into the St. Vrain River 
for irrigation purposes. 

(14) A siphon across the Big Thompson River, 9 miles west of Love­
land, Colo., and a canal 10 miles in length to convey water from the 
fourth power plant to a storage reservoir, located about 5 miles west of 
Fort Collins, known as Horsetooth Reservoir. 

(15) A canal from Horsetooth Reservoir to the Cache La Poudre 
River and extended north to 8. pumping plant which lifts water high 
enough to serve the North Poudre Canal. 

(16) A storage reservoir near the mouth of Buckhorn Creek to be 
known as AIkins Reservoir, supplied from a canal diverting from the 
Big Thompson River just below the last power plant. It is to be 
used to aid in balancing the demands for power and irrigation, also 
storing excess water available in the Big Thompson River. Water 
will be released from the reservoir for supplemental irrigation in the 
South Platte a.re&. 

(17) Transmission lines connecting the Valmont steam plant of the 
Public Service Co. with all the hydroelectric plants contemplated, also 
connecting with the transmountain tunnel portals and the Granby 
and North Poudre pumping plants. The line connecting power plant 
no. 1 and Granby pumping plant ,vill run east, and south of the outside 
boundaries of the Rocky Mountain National Park, crossing the Con­
tinental Divide at Buchanan Pass. 

In order to ca.ny ou.t the construction, operation, and maintenance 
of the project as outlined above, it will be necessary to comply with 
the following requirements as agreed to by representa.t.ives of the. 
eastern and western slopes in Colorado and here made as a part of 
this report. 

MANNER OF OPERATION OF PROJECT FACILITIES AND AUXILIARY 
FEATURES 

The construction and opera.tion of this project ~will change the regi­
men of the Colorado River below the Granby Reseryoir. The 
project contemplates the maA-imum conservation and use of the w'aters 
of the Colorado River, and involves all of the construction features 
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COLORADO-BIG THOMPSON PROJECT 3 
heretofore listed. In addition thereto certain supplemental construc­
tion will be necessary. This ~vill be for the primary purpose of pre­
serving insofar as possible the rights and interests dependent on this 
water, whirh exist on both slopes of the Continental Divide in Colo­
rado. The project, therefore, must be operated in such a manner as 
to most nea.rly effect the following primary p'urposes: 

1. To preserve the vested and future nghts In lITiga.tion. 
2. To preserve the fishing and recreational facilities and the" scenic 

attractions of Grand Lake, the Colorado River, and the Rocky 
Mountain National Park. 

3. To preserve the present surface elevations of the water in Grand 
Lake and to prevent a variation in these elevations greater than their 
normal fluctuation. . 

4. To so conserve and ma.ke use of these waters for irrigation, 
power, industrial development, and other purposes, as to create the 
greatest benefits. 

5. To maintain conditions of river flow for the benefit of domestic 
and sanitary uses of this water. 

In order to accomplish these purposes the project should be operated 
by an unprejudiced agency in a fair and efficient manner, equitable 
to all parties having interests therein, and in conformity with the 
following particular stipulations: 

(a) The Green Mountain Reservoir, or similar facilities, shall be 
constructed and maintained on the Colorado River above the present 
site of the diversion dam of the Shoshone power plant, above Glen­
wood Springs, Colo., with a capacity of 152,000 acre-feet of water, 
with a reasonable expectancy that it will fill annually. Of said capac­
ity, 52,000 acre-feet of water stored therein shall be available as re­
placement in western Colorado, of the water which would be usable 
there if not withheld or diverted by said project; 100,000 acre-feet 
shall be used for power purposes; and all of said stored waters shall 
be released under the conditions and limitations hereinafter set forth. 

(b) "nenever the flo""" in the Colorado River at the present site of 
said Shoshone diversion dam is less than 1,250 cubic feet per second, 
there shall, upon demand of the authorized irrigation division engineer 
or other State authority having charge of the distribution of the waters 
of this stream, be released from said reservoir as a part of said 52,000 I,. 
acre-feet, the amount necessary with other waters available, to fill the "' 
vested appropriations of water up to the amount concurrently being 
diverted or withheld from such vested appropriations by the project 
for diversion to the eastern slope. 

(c) Said 100,000 acre-feet shall be stored primarily for power pur­
poses, and the water released shall be available, without charge, to 
supply existing irrigation and domestic appropriations of water, in­
cluding the Grand Valley reclamation project, to supply all losses 
chargeal:le in the delivery of said 52,000 acre-feet of water, and for 
future use for domestic purposes and in the irrigation of lands there­
after to be brought under cultivation in western Colorado. It shall 
be released within the period from April 15 to October 15 of each 
year as required to supply a sufficient quantity to maintain the speci­
fied flow of 1,250 cubic feet per second of water at the present site 
of suid Shoshone diversion darn, provided this amount is not supplino 
fronl the 52,000 acre-feet heretofore specified. Water not required 
for the :11>0\"0 purposes shall also b(' nynilnble for disposal to agenci('s 
r"r th .. ~ .r"\""}onm,"'Int of thf\ "h!l!f' oil or nrhf'r in( I';: .... 

( 
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4 COLOfl.\DO-DIG THO~ll'SO:--'; l'HUJECT 

Cd) The cost of construction and perpetual operation and main .. 
tenance of said reservoir or reservoirs shall be a charge agninst the 
project and shall be paid frOln revenues collected from this project 
as may be provided in contracts between the Secretary of the Interi)r 
and the beneficiaries of the project in eastern Colorado, and any 
other contracting parties. 

(e) In the event said reservoir or reservoirs are not maintained 
with a capacity of 52,000 acre-feet, the Secretary of the Interior 
should withhold the diversion of "rater from the 'western to the 
eastern slope of Colorado until such storage capacity is made available. 

(j) The Secretary of the Interior shall have the option to require the 
transfer to the United States of any and all rights initiated or acquired 
by the a,ppropriation or use of vtater through the ~works of the project 
in eastern Colorado, at any time: Provided, however, That the title so 
taken shall be subject to a beneficial use of such water as may be pro­
vided in the repayment contract or contracts; and the rights to store 
v. ate.r to the extent of said 152,000 acre-feet shall be initiated, a.cquired, 
and held by the appropriate au thorities for use in western Colorado, 
for replacement of water diverted to the eastern slope, and for other 
purposes contemplated for this project. 

(g) The Secretary of the Interior shall operate this project in accord­
ance with the follo·w·jng stipulations as to priorities of water use as be­
tween the parties claiming or using project water and within the limits 
of his legal authority. Said 52,000 acre-feet of replacement stornge in 
Green 1fountain or other reservoirs shall be considered to haye a date 
of priority for the storage and use of replacement \\·ater earlier than 
that of the priorities for the water diverted or stored for delivery to the 
eastern slope. The 100,000 acre-feet of storage in said reservoir shall 
be considered to have the same date of priority of appropriation as that 
for water diverted or stored for transmountain diversion. 

(h) Said Green Mountain Reservoir, or such other replacement reser­
voirs as provided in paragraph (a) herein, as are planned as a part of 
the project, shall be constructed at the same time as the other parts of 
the project and shall be completed before any 'water is diverted to the 
eastern slope of the Continental Di.vide by means of said project. 

(i) Inasmuch as the State of Colorado has ratified the Colorado 
River Compact, and inasmuch as the construction of this project is to 
be undertaken by the United States, the project, its operation, mainte­
nance, and use must be subject to the provisions of said Colorado River 
Compact of November 24,1922 (42 Stat. 171), and of section 13 of the 
Boulder Canyon Project Act, dated December 21, 1928 (45 Stat. 1057-
1064). Notwithstanding the relative priorities specified in paragraph 
(g) herem, if an obligation is created under said compact to augment 
the supply of water from the State of Colorado to satisfy the provisions 
of said compact, the diversion for the benefit of the eastern slope shaU 
be discontinued in advance of any western slope appropriation~. 

(j) An adequate system, as determined by the Secretary of· the In­
tenor, shall be provided for the irrigation of the lands in t.he vicinity 
of Kremmling, now irrigated by either natural or artificial menns, and 
the installation made therefor shall be a part of this project. The 
rights to the use of water for the irrigation of these lands shall be con­
sidered to have a date of priority earlier than that of the rights to the 
use of water to be diverted through the works of this project to the 
.eastern slope. This system shall be designed and built in a manner 
requiring t.he least possible continuing annual expense for operation 

.$J.ff ." _ !¥f- 4~ ."4--... if .sEQJt ~.SS 
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COLORADO-BIG THO~IPSON PROJECT 5 
and maintenance but the cost thereof shall not exceed $300,000; and 
said system shall be provided and in operation before anv water is 
stored for transmountain diversion. In addition, the Secretary shall 
protect, add to, or improve the source of supply of domestic waters 
for the municipalities of Kremmling and Hot Sulphur Springs in the 
manner and to the extent which he may determine to be necessary to 
provide a source of supply not less than that now available for these 
municipalities. The cost of these features shall be included in the 
total project cost. 

(k) To'compensate Grand County for the loss of t:.xes through the 
transfer of property to the United States for the construction of this 
proj~ct, $100,000 shall be paid to said Grand County. This payment 
shall be made in 10 annual installments of $10,000 each, commencing 
upon the date when 10 percent of. the total property in Grand County 
required for said project has been removed from taxation. 

(l) The project and all of its features shaH be operated in a manner 
determined by the Secretary of the Interior as necessary to provide 
the water to preserve at all times that section of the Colorado River 
between the reservoir to be constructed near Granby and the mouth 
of the Fraser River as a live stream, and also to insure an adequate 
supply for irrigation, for sanitary purposes, for the preservation of 
scenic attractions, and for the preservation of fish life. The deter­
mination of the need for and the amount and times of release of water 
from Granby Reservoir to accomplish these purposes shall be made 
by the Secretary of the Interior, whose findings shall be final. 

In order to facilitate compliance with the stipulation in paragraphs 
(i), (k), and (l) hereof a representative may be selected and designated 
by the interests dependent thereon in Grand County, Colo., and when 
so designated he will be recognized as the official spokeeman of said 
interests in all matters dealing with project operations affecting Grand 
County. 

The principles and provisions expressed in these stipulations have 
been approved by the vv'" estern Colorado Protective Association, 
representing interests in western Colorado, and the Northern Colorado 
Water Users Association as evidenced by the letters hereto attached. 

SUl\'IMARY 

The Colorado-Big Thompson project comprises 615,000 acres of 
irrigated lands, out of approximately 800,000 acres lying under the 
canal systems in the northern and northeastern portions of Colorado. 

The water supply for the area is to be derived from a portion of 782 
squ,are miles of drainage area above Hot Sulphur Springs lying west 
of the Continental Divide in Grand County, Colorado, and varying 
in elevation from 8,050 to 14,000 feet. 

HISTORY 

The first irrigation in northeastern Colorado occurred about 1860 
where the early settlers plowed out snlO.I1 ditches 'with sufficient grade 
and length to irrigate a fe,v acres of land in the first bottom-i. e 
lunus not far above the high-water line of the streams and adjacent to 
theIne 

Tilt· fir::,t il'ri~atioll or the higher or seconu bench lands along the 
('·)('h~ T.n PIIIl/IIO,' Hi\t'T" \\.:1':' h\.'; thn Old r 9

nion Culonv.of Greeley. in 
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6 COLUH.\.DO·BIG TlIO~ll'SU): I'~~OJECT 

1870. This colony 'was organized by Horace Greeley, then editor of 
the New 'York Tribune, 'who will be remembered here especially for his 
advice to eastern young men to "Go west and grow up with the 
country." 

This colony irrigated about 12,000 a.cres under their first project and 
it was a success from the start, due in a large measure to the fact that 
they were people of considerable means and were then able to finance 
themselves over the period required to bring raw prairie land into 
profitable cultivation. 

This colony was soon followed by others along the Poudre at Fort 
Collins, on the Big Thompson, at Loveland and the St. Vrain near 
Longmont. . 

The difficulties experienced by these colonists in distributing the 
water between them led to the creation of Colorado's irrigation laws 
which have been copied br most of the irrigation States of the West. 

This irrigated area of SlX hundred to eight hundred thousand acres 
was developed by means of individual initiative and by small scale 
cooperative enterprises. Today there are 6,400 irrigated farms, served 
by 124 canals and ditches and 60 storage reservoirs. 

IRRIGATION USE 

In the early days irrigation in this area was confined to growing crops 
to supply local needs, the lack of t.ransportation contributing to hi~h 
prices for the home-grown production and prohibiting shipping to dlS­
tant points ... The crops grown were mainly the grains and hay for 
local consumption, WIth some vegetables. Such irrigation corre­
sponded with the run-off of the strea.ms. 

As mining developed in the State, Denver and other towns grew 
into cities, and after these cities were connected to the East by railroads 
the markets demanded a more diversified agriculture to supply their 
needs. Thus a gradual demand developed for late water which the· 
streams could not supply: 

This change created a need for storing the flood waters for late irri­
gation. From 1890 to 1910 was a period of reservoir construction, 
during which storage was provided for all the a.vailable water supply of 
the streams over and above the direct irrigation requirements for the 
area. here under discussion. Much of this development took place 
during 8. decade of more than normal run-off on the eastern slope and 
also during a period expanding the agricul tura! area throughout the 
West. 

Attempts to maintain the area under cultivation with the depleted 
run-offs during the past 10 years have spread the water supply to such 
an extent that much acreage has had an insufficient water supply to 
produce full crops or crops producing the higher values. Attempts 
have been made to supplement the individual farm water supply by 
the development of the underground sources by pumping from numer­
ous wells throughout the region. This is lowering the water table and 
already is affecting the 'vater supply of the lower South Platte Valley 
which receives its irrigation supply largely from return wat.ers. 

NEED OF SUPFLEMENTAL WATER 

Under such conditions only the older water rights have any assur­
ance of an adequate "·ater supply, and in the dryer yenrs the owners 
of junior right.<; are forced t.o confine their farming to crops that can 

-~....-.-------



COLORADO-BIG THOlIPSON PROJECT 7 
be matured by the early flood flow or that require a minimum amount 
of water. In years when the supply is not correctly estimated con­
siderable loss results. Ordinarily the crops raised in this and other 
irrigated areas do not compete with those grown under rainfall condi­
tions, but a shortage of water always leads to the raising of more of 
the competing crops. Such crops also cut the income of the irrigation 
farmer below what he can earn with the higher typE', noncompetitive 
crops. 

On fully three-fourths of the 615,000 acres in thi3 area the water 
supply is inadequate, in spite of every effort to conserve, store flood 
\\-ater, or otherwise add to the water supply that has been within the 
financial ability of the farmer. This inadequacy is due not only to a 
development probably too large for the period when run-off of the 
streams was much higher than at present, but to the fact that the last 
10 years have seen a very marked decrease in the stream flow. It must 
be emphasized that the additional water supply here contemplated is 
to be used for a. supplemental supply and not to create a large new 
additional irrigated acreage. 

There has heen expended in this area to date for various types of 
irrigation works, including nearly $750,000 for pumping pIa.nts, most 
of wpich have been installed in the las,t 10 years, about $35,000,000 
against which there is an outstanding indebtedness of only $1,510,650. 
These people, however, have about reached their limit as individuals 
and mutual irrigation companies to provide for themselves a. supple­
mental water supply so badly needed to make their present wa.ter 
supply secure and are obliged to seek Government aid to bring this 
about. 

It has been conceded by a majority of the irrigation interests in 
this section of the State that the water supply in 1926 was ample for 
all their present acreage now irrigated. In order, therefore, to deter­
Inine the normal shortage in acre-feet ovel a period of years a compar­
ison of the supply in these years with that of 1926 ,vas made and the 
difference obtained. These differences are set up in the follo\l;ing 
~~: ' 

T ABLE I.-Showing waier districts, acreage irrigated, deficiencies 19f5 to 19S5 with 
tentative allocation of total supplemental supply 

DUference. Tentative allocation or supplemelltal 
1926, supply 

ll·year 
Water district .4.rea 1926 Average average Colorado- Moffat Total 

DO. irrigated diversion. dIversion. required Big and IOlles Present supple--acre-leet 192.5-3.5 suppJe- Thontp- Pass ~psge mental meDtary 
SOD tunnel return, supply. water in acre-

acre-Ceet project water feet acre-
water return. reel 

(1) (2) (3) (7) (I5) ·(16) (17) (18) ClQ) 

3. _. _____ ••• __ • 213,640 530.000 mooo 132. 000 104.000 ............. ".."".-- ... 49,500 153.500 
4. _ •• _ •••.••••• 68. 408 235,000 163.000 72.000 44,100 -------_ .... 21.000 65.100 
4 •• __ •••••• - ••• 81,806 113.000 9-\.000 19,000 38,800 ---------- 18, 600 57,300 
I .............. 92. 394 663,000 457. COO a>6,000 81. ,",00 11.000 8-'1,000 175,400 
2 •• __ •• _ ••• __ •• 37.899 170,000 154.000 16,000 5,000 4,&Q 5,100 14. 600 64 __ •••••• _____ 121,289 .513.000 383.000 130,000 36.700 14. 500 37,400 88.600 

TctaL .. 615.436 2.224.000 1.649,000 675.000 310.000 30,000 214, UOO 554,5OD 
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It will be noted from column no. 15 that the total a,erage shortage 
in tms project area which comprises w"ater districts 3, 4, 5, 1, 2, and 
64 is 575,000 acre-feet. Column no. 16 is a tentative allocation of 
the proposed supplemental supply to the various districts. Column 
no. 18 18 the estimated usable return flow that ",,'!'ould arise from the 
addition of 310,000 acre-feet of new ,\\Tater to this area.. Column no. 
19 is the total usable supplemental supply amounting to 554,520 
acre-feet, an amount within 5 percent of the lO-year average shortage. 
The sale or rental of supplemental water, when av-ailable, in the 
Poudle Valley has a.veraged $4.50 per acre-foot over a period of years. 
In extreme cases it has sold as high as $9 per acre-foot. 

The deficiency in water supply for the period 1925 to 1934, inclusive, 
. reflec~ 8. dire~t economic loss in crop production of approximately 

$42,355,000. 
The foDowing shows the npproximate annual loss in value of crops 

because of inadequate water 'supply: 
Sugarbee~ __________________________________________________ $1,900,000 
AJfaua______________________________________________________ 948,000 
Small graln ____________ :.. ___________________________________ ...... 470, 000 
Beans ___________ ' __________________________________ - _ ________ 302, 000 
Corn________________________________________________________ 228,000 
Pota~_____________________________________________________ 425,000 
All other crope________ _ _ __ __ __ _______ ____ ___ _________________ 444,000 

To~ _________________________________________________ 4,700,000 

This average annual direct crop loss is about 19 percent of the 
$24,800,000 estimated cost of the Colorado-Big Thompson irrigation 
project. 

The crop loss in 1934, due to shortage of water, as compared to 
1926, after variation in price and acreage factors had been accounted 
for, amounted to $12,400,000, or just one-half the cost of the project. 

The losses here given are the farm losses and do not include the 
losses that are due to processing, transporting, or handling of that 
quantity of production, which would add several million dollars to 
the loss of the community as a whole. 

The effect of such inadequate water supply for the period 1925-35 
is shown graphically on drawing no. 1 following. 

SUPPLEMENTAL WATER SUPPLY 

In 1929 the State e~gineers of Colorado, in cooperation with the 
Platte Valley Water Conservation League, and the United States 
Army engineers, made a comprehensive study oC the 'water resources 
of the South Platte Basin m northeastern Colorado. This study 
included the Cache La Poudre River in water district no. 3, the Big 
Thompson River in water district no. 4, and the St. Vrain River in 
district no 5. The investigators determined the excess water avail­
able on these streams above present normal demands and also above 
the normal demands on the South Platte River proper belo\v where 
these streams enter. 

The investigators also determined the location, capacity, and cost 
of the most feasible reservoir sites for the storage of this excess \vater. 

The results are shown in the following table and have been brought 
up to date by using the same demands for irrigation as set up in the 
report and using the \vater-supply records furnished by the State 
engineers office. 
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ExcE':'ISSUP- Capncity Average ply avail· propo~ed Ccst per Cost per 
Stream able lor annual Total res-

storage. resH\·oir yields at en'oir costs acre-loot sere-loot 
8,VE'raJ!e. 

by Army reservoirs capacity yidld 
1918-35 engineers 

Cacbe La Poudre. ________________ Aa'·ft~ Atre-/#'.rl 
2.'1..500 30,000 52. 000 $2, 747,000 '72 $147 Big Thompsoll ____________________ 1fi,000 32, 700 11.300 2. 006,{OO 61 1i3 St. "-raill _________________________ 

16.000 30. 000 1.,000 2,186,000 73 1&6 

From the fore~oing table it. ~ e"ide}lt t~at there is not sufficient 
excess water available that ongmntes m this area to supply the de­
mands for supplemental water, and the cost of making use of what is 
available is prohibitive. It will be shown, however, that 16,000 acre­
feet of this surplus is available for storage in the Colorado-Big Thomp­
son project reservoirs on the eastern slope with no additional cost. 

The water users in northeastern Colorado have now exhausted 
every possible source of obtaining supplemental water or augmenting 
their present supply either by storage, transmountain diversion within 
their individual cooperative means, and by pumping. Fortunately, 
however, there exists a. surplus of ",-ater on the headwaters of the 
Colorado River west of this area. and separated from it by the Conti­
nental Divide. 

In the spring of 1935, $150,000 'vas allocated to the Burea.u of 
Reclamation to make surveys and prepare plans and cost estimates 

, for bringing water from the headwaters of the Colorado River into the 
area in northeastern Colorado in need of supplemental water. 

In August 1935 the Bureau of Reclamation started surveys for the 
project and previously there had been started a land classification to 
determine the irrigated and arable land in the Colorado River Basin 
in Colorado in order to arrive at the approximate amount of water 
now used in the area and ho'w much might be used when full develop­
ment has been made. Both surveys have been completed, insofar as 
this project is involved, and the follo\\ing is the result of the land 
classification. 

LAND CLASSIFICATION-COLORADO RIVER AREA. 

Since the quantity of water available for diversion from the head .. 
waters of Colorado River might be limited now by the water rights 
of lands already irrigated, or might in the future limit in turn the 
development of lands in the Colorado Basin within the State, all the 
land on Colorado River and its tributa.ries above the Colorado-Utah 
line, except the Gunnison River area, has been classified to show the 
location and extent of irriga.ted lands and of lands capa.ble of irriga­
tion. 

This classific.ation was underta.ken in all areas covered by former 
reports, supplemented by local information as to possible projects 
and by reconnaissance. For localities with no records of water sup­
ply it was assumed to exist unless the contrary was obvious, and 
doubtful areas were included rather than excluded from the classifi­
cation. The land was measured by plane .. table stld"vey except some 
sOlaU isolated areas which were est.imated. 

Land thn t hod customarily been irrigated w'ns so classed, no mat­
tE:'r }ww iutttic4lU1.tC the supply. Land capable of irrigation was 

-, 
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t.ested according t.o a set of st.andards which fairly rcprc~('nt the 
experience on this areR. and others as to what constitutes arable land. 
\¥bere pumping for irrigation w'ns involved land 'was clnssified up to 
200 feet above the source of supply. 

The result of the survey of the irrigated and arable land appears in 
the followi.ng table. 

It should be stated, that, as "ill be shown under the discussion of 
water supply ,vhich {ollo~Ts, the present irrigated area above the Utah 
St.at-e line does not limit the diversion :possible at the location chosen. 
It is also true that the diversion when In operation, nnd replacing tho 
summer flow of Colorado River in the manner contemplated bv t.he 
project plan, will not limit the future development of all the arable 
land on Colorado River and its tributaries above Gunnison River. 

Colorado River drainage-Gunnison e:zcepted-Colorado (land classijicatit;Jn according 
to 8tream&) 

Stream name 

I Above Btlt Sulphur Sprin~ 
, Between Hot Sulphur Springs and Kremmling • 
• BetweeD. Krerumling and Glenwood Springs. 
« Between Glenwood Springs and Palisade. 

WATER SUPPLY 

Total 

Tbe stream flow records n.t the different stations in the Colorado 
River Basin show' the amount of ,,·ater passing the stations nfter all 
present irrigation ha.s taken place above, so there is no need for any 
further adjust.filent of streanl flo,v to take care of ,\'ater consumed 
in this irrigation. 

It is assumed that 811 a.rable lands ns shown will be irrignted sonle 
time in the future, nOhdthstanding the fnet that quite n 'percentage 
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is so locatcd that it would never be feasible to irrigate. It is also 
further assumed that reservoirs \vould be built on the tributaries to 
conserve a portion of the flood fIo\vs to make .the irrigation of these 
arable lands possible. 

With the above assumptions it hus been found that in a year like 
1931, with the run-off only 40 percent of the average for a 31-year 
period, and the lo\\-est year of record, the Colorado-Big Thompson 
project would only have to supply approximately 53,000 acre-feet 
to replace water diverted by the proposed project that could have 
been used by the Colorado River ,vater users for power and irrigation, 
provided the project was in operation at that time. 

The average run-off of the Colorado for the years of record are: 
Hot ~ulphur, 31 years, 523,000 acre-feet; Glenv{ood Springs, including 
Roanng Fork, 3,413,000 acre-feet, Fruita, 6,300,000 acre-feet. These 
amounts are exclusive of supply consumed in present irrigation of 
Colorado River Basin lands. 

The following is the estimated amount of water available for diver­
sion from the drainage area above the Colorado-Big Thompson collec­
tion system at 8,260 feet elevation. 

YIELD OF GRANBY RESERVOIR 

Stream-flow records available on the Colorado River near the 
Granby Dam site for the years 1908-11 and 1935-36, and on Willow 
Creek for the years of 1935 and 1 ~36, ,vere supplemented by estimates 
based on available stream-How records on the Colorado River at Hot 
Sulphur Springs and Glenwood Springs to cover the 37 -year period, 
1900 to 1936, inclusive. 

A. capacity of 482,000 acre-fect was selected as the best capacity 
for the Granby Reservoir, considering cost and use. Of this capacity, 
20,000 acre-feet were set aside for dead storage to reduce pumping 
lifts for waters delivered to Shadow Mountain Reservoir. A further 
objective is to keep to the lo,\\·est practicable area the exposure of 
reservoir bed when storage is exhausted. This leaves' an active 
capacity of 462,000 acre-feet. 

Reseryoir operating studies are based on the following conditions: 
(a) Recorded (or estimated) past flo\vs of Colorado River at 

Shadow 110untain and Granby Dams reduced by 27 percent prior to 
1906, and 13 percent thereafter, of the fio\v of the North Fork at Grand 
Lake to allow for increasing diversions by the Grand River ditch. 

(b) Willo\v Cre"ek mverteCl to reser\Toir to the extent of 90 percent 
of the flow of 'Villow Creek and other streams intercepted by the 
diversion canal from May to October, inclusive, of each year. 

(c) Strawberry, 1-1eadow, and 'Vaiden Hollow Creeks also ~iverted 
whenever practicable. The flow of these streams, together wlth some 
additional ,,·aters co pturablc from Willow Creek at times, are expected 
to offset evaporation and seepage losses in excess of present losses from 
the Granby and Shadow ~1 ountnin Reservoir sites. 

(d) No releases from Granhy Dam for any renson. 
(c) Trnnslnountain tunnel to be operated at full capacity from 

Octoher 1 until ~larch 31 follo\ving, with operations thereafter gaged 
to fit run-off condi tions so as to a void spills and yet concentrnte flows 
in the period of July 15 to Septenlber 15, for the purpos~s of best 
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distr!bution in power production and to minin1ize reregulnting st.orage 
requIrements on the eastern slope. The computations assumed 
infallible forecasts of run-off. 

(j) A minimum storage hold-over of 100,000 acre-feet on September 
30 of each year to assure dependable po'wer production in v.-lntcr. 

Under these conditions, a yield of 320,000 acre-feet of primary 
v,"ater is secured as follows: 

Unit 1,000 acre-feet 

Run-01J year (October to September) 

] 899-190(t •• __________________________________ _ 
1900-1901 •• _ ._. __________________________________ _ 
1901-2 •• ____ • _____________________________________ _ 
1902-3. ___________________________________________ _ 
1903-4.. _ •• _________________________________________ _ 
190-1-5. ___________________________________________ _ 
l~ _______ • _________ • __________________________ _ 
1906-7. _______ • ________________ - _ -________________ _ 
1907-8. ____________________________________________ _ 
1908-9. _____________________________________________ _ 
1909-10. __ • ______________________________________ _ 
1910-11_. ___ • ____________________ -__________________ _ 
] 911-12 ____________________________________________ _ 
1912-13_. _. ______________________ - __________________ _ 
1913-14_ ••• _________ • ___ •• _______ - -________________ _ 
1914-15. _________________________ - -- _ - _ - ____________ _ 
1915-16. _________________________ - - - ________________ _ 
1916-11 _____________________________ - ____________ _ 
1917-18 ____________________________________________ _ 
1918-19. _ • __________________________________________ _ 
1919-20. ___________________________________________ _ 
1920-21 ____________________________________________ _ 
1921-22_. ________________ • _________________________ _ 
1922-23_. ___________________________________________ _ 
1923-24. ___________________________ -_ - ______________ _ 
1924-25 ____________________________________________ _ 
1925-26 ________________________ - __________________ _ 
1926-27 •• ___________________________________________ _ 
1927-28 ____________ • _______________________________ _ 
1928-29. __________________________________________ _ 
1 \129-30 ___ • _______________________ ---- __ - - __________ _ 
1930-31 _ • ___________________________________________ _ 
1931-32 __________________________________________ _ 
1932-33. _________________________________________ _ 
1933-34 _____________________ --- _______________ _ 
1934-35 ______________ • __________________________ _ 
1935-36 __________________________________________ _ 

.! verage __ • ______________________________ _ 

Infiow to Oranb), 
Reservoir Tunnel 

1----,,..---1 diver- Spills Short· 
ages 

Colorado WIllow sion 
River Creek 

242.8 62.4 
320.0 ______________ _ 

246.,8 63.4 
320. 0 __________________ _ 

164.G 34. 7 255. 1 __________ 64.. G 

222.0 4.8.8 270.8 __________ 4G.2 

253.5 61.2 ~ 7 __________ 15.8 

m.e KG 310.2 ________ 9.8 
2112.4 58.7 

320.0 ___________________ _ 

381.0 78.3 
100.6 . 25.& 
323.8 91.5 

320.0 __________________ _ 
320. 0 __________ 1 _________ _ 
320. 0 ________________ _ 

200.1 32.6 
320. 0 ___________________ _ 

268.6 .53.& 
320. 0 _________________ _ 

350.4 79.3 
320.0 ___________________ _ 

215.4 4:0.3 
320.0 ___________________ _ 

371.0 85.1 
320. 0 ___________________ _ 

223.2 43.8 
320.0 ___________________ _ 

249.6 47.8 
320.0 ___________________ _ 

348. 3 79.7 
320.0 __________________ _ 

322. 9 81. 2 358. 4 18. 7 _________ _ 

189.6 36.4 32(). 0 __________________ _ 
361.2 78. 4 

345. & ___________________ _ 

347.e 00.7 368. e 10. 0 _________ _ 

196.8 39.5 
320. 0 _________________ _ 

280.3 60.2 
320. 0 ________________ _ 

262.2 54..4 
320. 0 ___________________ _ 

202.6 36.7 
320.0 ___________________ _ 

346. " 70.0 
320.0 ___________________ _ 

Z75.0 54..8 
320.0 ___________________ _ 

317.6 61.9 338.3 __________________ _ 
2117.1 61. 2 

3.58. 3 __________________ _ 

247. " 4.2.9 
320.0 _________________ _ 

171. S 3G.& 
320. 0 _________________ _ 

243.9 48. 0 
320. 0 _________________ _ 

239.6 54.6 
320. 0 __________________ _ 

128.9 26.2 
320. 0 _________________ _ 

209.2 41.8 252. 5 _________ 67.6 

279.7 53.8 310.0 _______ )0.0 

263.& 65.4 318. 7 2.5 5.6 

Operating results ca.nnot be e)..-pected to result so favorably. The 
opera.ting conditions enumerated imply superhuman ability to fore­
cast stream How. Occasional releases will be required from Granby 
Reservoir although small in amount. Interruptions in tunnel opera­
tion cannot always be arranged so as to lose no water. 

In view of these conditions, it is concluded that the firm yield of 
tunnel water from the Granby and Shadow Mountain Reservoirs 
should be taken as 300,000 acre-feet annually. Shortages of 5 per­
cent nlay be expected on an average of once every 5 years and short­
ages of 25 percent may be expected on an a vern.ge of once every 20 
years. Secondary water may be expected to be available in some 
years in amounts up to 50,000 acre-feet. 
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:EFFECT OF THE PROPOSED TRANSMOUNTAIN DIVERSION ON FUTURE 

WESTERN SLOPE DEVELOPMENT 

Most of the diverted wa.ter is derived from the spring floods, when 
there is an excess of water over all present and future requirements 
along the Colorado River in the State. To permit full use of the 
inflow to the Granby Reservoir, Ranch Creek Reservoir may be con­
structed near Tabernash to store water locally surplus. The waters 
there conserved would in part be utilized to replace the waters v..ith­
held at Granby Dam, but the greater part of the conserved ~·ater 
would be used to augment irri~ation supplies do·wn to Hot Sulphur 
Springs and to maintain a satlSfactory stream flow in this locality 
for recreational purposes. 

'Vith the region above Hot Sulphur Springs taken care of by the 
Ranch Creek Reservoir, the critical points along the Colorado River, 
from the standpoint of present and future use of water, are at Glen­
wood Springs, where the Shoshone power plant of the Public Service 
Co. uses present stream-Bows up to 1,250 second-feet, and near Pali­
sades at the head of the Grand Valley, where the Government high­
line canal diverts water for irrigation and povrer purposes. The 
present irrigated area along the Colorado River between Palisades 
and the Colorado-Utah State line is 70,600 acres. 

The additional arable area in this region, not now irrigated, is as 
follows: 

Acru 
Under constructed canals __________________________________ .... ___ _ _ _ _ 13, 800 
Pumping unit of Grand Valley project, for which canal capacity has been provided __________________________________________________ 10,000 
Lands on :Mack Flat, no present provision for water service____________ 9,000 

Total _____________________________________________________ 32,800 

~Iaximunl irrigation demand '\t the head of the Grand Valley for 
the present irrigated area and for the additional area of 23,800 acres 
for which pro\-ision has been made in the constructed canals, is esti­
mated as 1,700 second-feet, and this amount is being demanded in the 
pending adjudication proceeding. 

With maximum irrigation demands there is a full w'uter supply for 
the Orchard }Vlcsa pumping plant and for the Grand ,r alley po\ver 
plant. In the nonurigation season the controlling requirenlent is 
for power "ith a total demand of 800 second-feet for po,ver and for 
domestic needs under the higher canals. "Vith the new area of 9,000 
acres developed, the future demands are then estimated as 1,800 
second-feet in the months of May to August, inclusive, tapering off 
uniformly to 800 second-feet on April 1 and on November 30. 

In determination of the effect of the Colorado-Big Thompson 
transmountain diversion on the western slope, the past stream flows 
at Glenwood Springs and at the head of the Grand Valley ,vere first 
depleted to show the resulting stream Bows with the following develop .. 
ments: 

(a) Full irrigation development of 276,000 acres of irrigated and 
arable lands along the Colorado River and tributaries above Palisades 
(the present irrigated area is 186,000 acres). 

(6) Full developnlent of ~Ioffat Tunnel diversion from Fraser 
Rh'er anti tributaries, Jones Pass diversion from 'Yillianls River, 
and Iw.leplAllIlcnco Pass diYersion froln the Roaring Fork, including 



14 COLOH_\.i)U·l.;IG TlIU:\ll'~u:\ ]'1 ~UJ LeT 

replncement 8torage so that these projcct.s ~nny divert all 110ws 
interceptible. 

From the reconstructed flo\vs, thus ('.onlputc.d, there was subtracted 
t.he wnter estimated to be 'withheld at the Granby Reservoir site. 
The reductions in strenm flow at Glcn\\·ood Sprillg8 nnd at the head 
of the Grand ,T nlley, during those pe.riods of ear h year w'hcn the 
resulting streum flows would be less than the future delnnnds above 
described, than rcprosents the effect of the !.roject on the "·estem 
slope if no repIne-ement stornge \\Tere provide. These computations 
were made for the ycnrs 1926 to 1936, inclusiT'c, nt G·lcn\\rood Springs, 
and for the ent.ire period of record, 1902 to 1 g3G, inclusive, at t.he head 
of the Grand Valley, with the follo'wing re~lllts: 

Year 

Shortages at Glenwood Springs 
(ncre-feet) 

Short:lges at head of Grand Valley 
(acre-feet) 

Refore flOOd/..\ CLer flood 
End of 
flood 

sell SUD., 
u!:.t. 
311 

Nov. 1 to 
flood 
~nor 
following 

year I 

Total season se~l..~D Total 
in sprin~ a ttl Oct. 31 

1902_. ___ .. __ • _______ • __________ 
(.) (f) ------------ 6.000 39,000 45,000 19{)3 •• ____________________ • ____ 
(t) (C) ------------ 3,000 I:;!. 000 15,000 HJ04 _______ • ____________ • ______ 
<I> (C) --------- .. -- NOlle 2, OliO 2,000 1005. ______ • __________ • ________ 
(') (C) .. ----------- None 14.,000 ,ltJooo 1906 ________ •• ______ • ____ ._. ___ (t) (.) ------------ None None one 1 !IU7 ________ •• ____ • __ • _________ 
(t) (C) ... ---------- :r-:one None None 1908. _____ • __ •• __________ • _____ 
(I) (') ------------ !\uut: C. oc.u 6,000 -J909 ___________ • ____ • ____ • _. __ • 
( 4) (C) ----- .. ------ KODe None None 1910 __ • _____________ ._. ________ 
(') (4 ) -- ------ ---- Nonp. 12. 000 12,000 1911 _____ ••• __ ••• _. ________ ._._ (') (4) _.---------- Kone 1.000 ~OOO Jg12 ____ •• __ • __ • ________ •• _ ._._ (l) (t. ------------ l'onp. None None Jg13 __________ ._ ••• _ ••• __ • _____ e') C') ------------ Xu!le 7. (AA') 7,000 

11114. ___ • __ •••• ___ • _____ •• ___ , • ( 4) (4) .. ----------- None None None H; 15. __ ._ •• ______ • ____ ••• _. ____ (') ( I) ------------ 1':nne 9.(lfJO 9.000 

l~~~::::::: :::::: :::::::: ::::::! (C) (') ----------_ .. l\Ol.lC ]l\ooe None 
('> (e) ------------ :Kon', Nnne None 

~~~~:::::::: ::: :::::::::::::::: l (') (' ) ------------ None 1,1:00 1,000 
(') (') ------------ NOl.!e 7,000 7,000 

HI20 ______ ---.- •• -.----- .----'-1 (') (4) ------------ ~.OOO }\m::.e 2,000 HI21 __________ • _______ • _______ 
(' ) (t) ------------ 1'0111: 1..:onu None 19%2 _______ • __ • ___ ._ ••• ___ • ___ (I) (') .----------- None None None W2:L _____ • _____ ._._. ___ ._ ._._ j (') (.) ,------------ None Kont None 1!l21.. ___ • _______ ._. __ ._. ______ (t) (t) ------------ :Kulle 4,000 4,000 

Hi25 ____ •• __ • ____ ••••• ___ •• _ ••• (') (' , .. ------_ .... -- NOlJe NODe NODe HI!ffi_._._. ___ '. __ • ______ • ______ )8.000 HI.O(lO 37,000 :Konc 2,000 2,000 
192; ___ ._. ____ •••• _. ___ ._ •• ____ 7.000 32.000 39,OCO Nunc Non! None 11128 _______ • _ • __ •• ______ • _____ • 10,000 IS,OilO 2l-=,U,.() 1':ooe None None 1!129 ___ • ___ •• __________ • ______ • 

Xonc 20. (IOd 2O.O'JO :r-:OIh': Nune None H/30_. ___ •••• _______ • __ •• __ • ___ , 12. 000 14. 000 26. 0i.l0 1'ouc Kr,ne None HISl_. ___ ••• _ •• __ • ___ • ___ ._. ___ ~ 3.,000 la.~10 sa,oou 1. 0: I! 1 27.(100 ~OOO 1932_._._ •• ___ •• ________ • ______ H.. 000 24, (..\10 38,000 1'\ (tl;{' 3,()(JO :1.000 H::-t:i ____ •• _ •• ____ •• _______ •• _._ 23.000 :i!l.'):~ I «tOIl() 5.()~ I 15,{J(t() 20,000 
1~3!. ________ • ____ •• __ •• ___ • ___ 31.l0) li.n,-o ! "S,OOO NI'l.c 2S,{)IlO 28,000 
1935_. __ •• _ ••• __ •• __ •••• __ •• _._ !.lO,UIJO 15. UOO i 35,000 2,000 I II, c..;o 13,000 

I Enl'roachruent. OD irrigation supplies. 
, Em'roorhme.ill 00 1ol"inter power waters. 
J These ShOT~~c.'S oocur hi years of lr.te run-orr ",,'hen irrigntlon requirements rise faster than ~t.f(·am flow. 

\Yint~r 110\\"3 %Ire al\nys ade.quate Nov. 1 to Apr. 1. . 
, Nut ('Omputed. 

DIVERSION PLAN AND STRUCTURES 

R EPT .. A CEM EXT 

In order to protect the W:1 t\'r users in the Co1orado Rh·cr Basin 
ngn~st any dcpl~tion of t.heir v.-nter SUP1)1y by diYe.rsions tLrollg'h the 
Cont.Inental DIVIde tunnel to nort]I('ast~rIl Colorado, a storn~e rcser­
yoir is p13DDed on the Blue RiYC'r about 10 nliles southcast of l\:rcnlm­
ling, Colo. This resC'rYoir is to be kno,,,'ll as the Grren 1Iolud:lin. 
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COLORADO-BIG THOMPSO~ PROJECT 15 
The dam site is located in the E X of sec. 15, T. 2 S., R. 80 W., si."{th 

principal meridian, near the hend of a box canyon, between Green and 
Little Green Mountains, caused by the river cutting through a por­
phyry sill. The foundation bedrock consists of sedimentary rocks, 
either Dakota sandstone or 1Iorrison shales, and the intrusive por-

Phfi?e'irrigatio~ outlet capacity is 1,000 cubic feet per second, and the 
power outlet capacity is 1,500 cubic feet per second. The spillway 
capacity is 25,000 cubic feet per second. 

The reservoir will flood 2,100 acres of land and will have a capacity 
of 152,000 acre-feet. 

From the water-supply studies it was found, assuming that full 
developmen t had taken place in the Colorado River Basin and that the 
Big Thompson project had been in operation the last 35 years, that in 
the year 1931, the lowest year of dependable run-off record, the 
Colorado Basin users above Glenwood Springs would have been shorted 
37,000 acre-feet for irrigation use and the Public Service Co. would 
have been shorted 16,000 acre-feet at their power plant at Shoshone 
during the nonirrigation se.ason, or a total shortage of 53,000 acre-feet. 
Accordingly, 50,000 acre-feet of Green ¥ountam storage h~ve been 
alloc~ted to replacement purposes for which the water users In north­
eastern Colorado will pay $1,500,000. The remaining 100,000 acre-feet 
are allocated to power and will be paid for out of power revenues. 

Since the average shortage for both power and irrigation for the 
last 10 years, the lowest 10 years. of run-off record is 36,000 acre-feet. 
There would be the 16,000 acre-feet difference, and a. portion of the 
100,000 acre-feet let out for power that could be used by the Colorado 
Basin users to supply shortages that might occur in their irrigation 
use in ye.ars of extr~me .lo\v ~n-off, these shortages not being ca.used 
by the transmountaln dIversIon. 

The total estimated cost of the dam and reservoir is $3,776,032, 
$2,276,032 of which will be paid for from power revenues. 

GRANBY RESERVOIR AND STORAGE 

The storage of Colorado River waters for the project is to be made 
in what is known as Gran by Reservoir which is located in Tps. 2 and 
3 N., Rs. 75 and 76 \V., sixth principal meridian, in Grand County, 
Colorado. The reservoir basin occupies the valleys of Stillwater 
Creek, the south fork or Arapaho Creek, and the main Colorado River. 

The dnmsite is located about 4 miles northeast of the town of 
Granby, Colo., in the NE~~ of sec. 11, T. 2 N., R. 76 W., in Grand 
County, Colo. It is located at the head of a short canyon ,vhich the 
river bas cut through pre-Cambrian rocks fomung n. spur of the main 
Rocky Mountain mass. ...-\..t the damsite the canyon at river-bottom 
level IS 200 feet wide, \vhile at elevation 8,275 it IS 720 feet in width. 

The dam is to be 8 cOlnbination earth ana rockfill structure with a. 
maximum height of 223 feet. The outlet capacity is 300 cubic feet 
per second and the spillw~lY capacity is 12,000 cubic feet per second. 

With the high-water line at elevation 8,275 feet the reservoir has a. 
cap~city of 482,860 acre-feet, and ,yin flood an area of 6,943 acres. 

This reservoir will not onl\ .. intercept the flow or the Colorado at 
that point, but the flow of "'Villow Creek will be intercepted near 
Dexter, Colo., awl brought into the rC~l'ryoir through n cnnnl of 1,000 



( 

16 COU)RADO-BIG THO)IPSO:S PHOJECT 

cubic feet per second cnpncity. 'Villo",' Creek enters the Colorado 
about 2 miles below Grnnby Danl. 

It is estimated that Willow Creek ,"·ill supply an average of about 
60,000 acre-feet per year, and that tho total estimated cost of this 
diversion is $733,203. 

__ - The storage in -Granby Reservoir 'will nlso be a.ugmented by the 
.' flow of Meadow and Strawberry Creeks, tributaries of Fraser River 

which enters the Colorado about 5 miles below' the dam. The canal 
intercepting these t,vo creeks will have a. cnpacity of 500 cubic feet 
per second, and it is estimated they ",-ill prcduce an average of 12,000 
acre-feet a year. The total estinlated cost of this diversion is $133,600. 

If water supply records kept in the future show there is sufficient 
wa.ter supply left in the Fraser River below the City of Denver's 
diversion, a canal could be taken out of it just below the Inouth of 
St. wuis Creek near the town of Fraser, Colo., and extend from there 
to Granby Reservoir, intercepting Ranch, 11'endow, and Strawberry 
Creeks on the way. A small regulating reservoir should be built on 
Ranch Creek above \vhere the Canal intercepts it. 7 

NORTH FORK DIVERSION DAM AND SHADOW MOUNTAIN LAKE 

In order to divert the water of the North Fork of the Colorado 
into Grand Lake and t.hence to the channel extending from it to the 
west portal of the Continental Divide tunnel, it is planned to construct 
a. concrete overflow dam 35 feet in height., above streamed, across the 
North Fork about one-half mile belo\v its junction \vith the Grand 
~b~~L . 

The dam site proper is located in the NW~ of sec. 19, T. 3 N., 
R. 75 W., and is a glacial morain cut through by the river. 

The water backed up by this dam will form a lake called Shadow 
Mountain, the name of a nearby mountain, which will have a surface 
area of 1,356 acres. The ele\·ation of this lake ",ill be the same as 
Grand Lake and connected with it by nleans of the present outlet. 

NORTH FORK DIVERSION DAM 

The dam proper is a concrete gra vi ty overflo\v spillway section, 90 
feet long, \\ith crest elevation at 8,370. TIlls spilhvay is designed for 
maximum discharge of 1,800 cubic feet per second. On each side of 
the overflow section is a concrete gravity section containing three auto­
matic siphon spillways on each side. The tDtal spillway capacity is 
9,400 cubic feet per second. 

The total estimated cost is .$483,928. 

GRANBY PUMPING FLANT 

As stated before, the water surface elevation of Granby Reservoir 
is 8,275 and the 'vater surface of Shado\v Mountain and Grand Lakes 
is 8,369. In order to get the water stored in Granby Reservoir into 
Shadow ~fountain Lake and available for delivery through the Con­
tinental Divide tunnel, a pumping plant is located on the north shore 
of Granby Reservoir about one-half mile above the junction of the 
South Fork ,vith the Colorado. A granite spur juts out into the res­
ervoir site at that point making it ideal for the intake tunnels and a 
shaft for the pump. 
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The proposed pumping plant will contain three motor-driven ver­
tical-shaft punlping units having a total capacity of 900 cubic feet 
per second with full reservoir and 550 cubic second-feet at low 'vater. 
At. normal water surface the capacity ,,-ill be 870 cubic feet per second. 

Each pump '\\-ill be driven by a 6,500-horsepower synchronous 
motor. 

Power will he delivered to the plant from a. 69,OOO-volt transnlission 
line extending from power plant no. 1 just belo\v Estes Park, around 
the Rocky ~fountain National Park, and crossing the Continental 
Divide at Buchanan Pass about 5 miles south of the park boundary. 

The water from the pumps empties into a canal of 900 cubic second­
feet capacity and runs by gravity into Shado,v ~fountain Lake. It is 
planned to operate this canal all winter when tenlperatures get as low 
as 400 below zero. The latent heat in the water and the friction heat 
absorbed from the pumps will prevent this water from freezing and 
will keep quite an area open after the water reaches Shadow ~10un­
tain Lake. 

The total estimated cost of the pumping plant is $1,250,000. 
The total estimated cost of the pump canal is $417,553. 

CONTINENTAL DIVIDE TUNNEL 

The west tunnel portal is connected ~;th Grand Lake by means of 8. 
channel constructed 67.5 feet in width and 15 feet in depth. At the 
lake end of this channel 8. permanent concrete barrier or weir will be 
placed with a crest elevatIon at 8,368 which 'vould be the minimum 
elevation to whlch the water in Grand Lake could be drawn. Since 
the barrier is so constructed that it requires the water to be 1 foot in 
depth over it to supply the nornull capacity of the tunnel, the normal 
elevation of Grand and Shadow 110untain Lakes would be 8,369 feet. 

The present ma:nmum fiuctll"tion of Grand Lake is about 4 feet, 
or from an elevation of 8,368 in winter to 8,372 feet during the peak 
run-off from melting snow. The automatic control gates at the 
North Fork Diversion Dam and at tunnel inlet will so control the 
eleva.tion of the water surface in Grand Lake that it 'would never 
fluctuate more than 1 foot. 

The Continental Divide tunnel extends from the easterly end of 
Grand Lake to Wmd River, southwest of Estes Park, with an azimuth 
of 2420 20' 30", and lenO'th of 69,023 feet. It is to be horse3hoe shape 
9.5 feet in diameter and lined throughout \vith a 9-inch concrete lining. 

It will be located entirely in pre-Cambrian rock consisting of the 
Longs Peak and related granites and the gneisses and schists of the 
Idaho Springs fonnation. The granites are strong massive rocks. 
Gneisses predominate over schists and only a small proportion have 
prominent and continuous cleavage planes. The proportion of granite 
to gneiss and schist is approximately 4 to 1. . 

From a dets.i1ed geological survey of the tunnel and oomparing it 
with conditions actually encountered in the lvloffat Railroad tunnel, 
which was built under the Continental Divide for the Den'V"er & Salt 
Lake Railroad, and about 25 lniles due south of this one, it was esti­
mated there would be only 400 feet of bad ground and 5,200 feet of 
ground neetling support. However, for purposes of estimate, it was 
figured there would be 6,900 feet of bad ground and 17,500 leet of 
g-flIH!!d n{~lin~ :iu!-,PUl't . 
. "'t • ,,," ... ) ">,; •• ,,.1 .. ,1 "I).:;.t i~ ~7.:?71.371. 
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POWER CONDUIT NO.1 

Power conduit no. 1 extends fronl the east portal of the Contin­
ental Divide tunnel in \Vind RiYer to the penstock of power plant 
no. 1 on the northeast slope of Prosppct Mountain. 

Both ends of the Continental Diyide tunnel are 'without the nationo.l­
park boundaries but the area east of the east porta.l is authorized by 
Congress to be taken in

l 
through that area. The 'water will be taken 

through a dosed conduIt c.onsisting of a 10-foot reinforced concrete 
pip'e completely buried. The total length of power conduit is 5.36 
mIles, of which 1.86 miles is closed conduit, 1.19 miles is concrete 
lined tunnel, 0.98 mile is sipbon, and the rpmninder is open cana.l. 

The total estimated cost of power cond. it no. 1 is $1,101,000. 

POWER PLANT NO. 1 

Power plant no. 1 will be 10r.ated on the south bank of the Big 
Thompson River about one-hnlf fllile east of Estes Pa.rk. It "ill con­
tain two 15,000 kilovolt-alllpere generating units with auxiliaries. 
Each unit will consist of a vertical-shaft, single-runner, spiral-casing 
type hydraulic turbine operating under an effective head of 705 feet 
direct cennected to a 15,000 kilovolt-ampere ,vater-wheel type gener· 
a tor. A complete dE'seription l\;th cost estimate will be found in 
Power and Pumping Summary. .. 

Until there has developed a 'sufficient market for power to justify the 
construction of power plant.s nos. 2 and 3, the water will be turned into 
the Big Thompson at power pI un t DO. 1 and carried by that stream to a 
diversion dam located in SEY. sec. 1, T .. 5 N., RIO 71 W., about midway 
between the present diversion dam and power plant for the to\VD of 
Loveland, Colo .. 

POWER CANAL NO.4 

From this diversion clem the ,\rater v;;ill be carried in a. canal of 750 
cubic second-feet cnpacit.y on the south side of the stream a distance of 
4.93 miles t.o a point just above the. mouth of the Big Thompson Can­
yon. At this point a portion of the ,vater will drop direct into the 
Big Thompson River to supply the supplemental water demands of 
that stream and a portion will be siphoned across to elevation 5,450 
to supply the canal going to the Poudre River, ,.,·luch will be described 
later. Power plants nos. 4 olJd 4-A. ,vill be constructed at this point 
to take aovantnge of a fall of 550 feet into the Thompson and 358 feet 
to the Poudre Canal when the po\ver market justifies. 

CARTER LAKE SUPPLY CANAL 

About 3.07 miles belo"T the diyersion dSln mentioned above, a canal 
of 300 cubic feet per second tokes off toward the south and supplies 
Carter Lake .. 

This canal is 8.78 miles in length, of ·whic.h 7,040 feet is tunnel 1,878 
feet siphon, and the relnninder is open canal. 

The estimated cost of this supply canal is $710,629. 

CARTER LAKE RESERVOIR 

This site is located in Ts. 4 nnd 5 N 'J R. 70 W., of sixth principal 
meridian, about 1 mile nort.h and 7 miles ,,~est of Berthoud, Colo. 

The reservoir \vill occupy a. yalley about 2% miles long and from 
one-half to l mile wide. '1'he northern portion of the area is a natural 
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basin called Carter Lake. This lake dried Up during the last 5 
drought years, for the first time within the menlory of the white settlers. 

The proposed maxirnunl water surface in the reservoir is at elevation 
5,760 with a capacity of 111,963 acre-feet. The area of high water line 
is 1,150 acres. For this water surface three dams will be required. 
Dam no. 1 is located at the natural outlet of the ynlley and will con­
tain the outlet ,yorks for the reseryoir; the other t'wo da.nis v.ill occupy 
saddles. These dams are earth and rock fill; the main dam is 243 feet 
high, and the saddles' 43 and 48, respectively. 

The capacity of the outlet to St. Vrain supply canal is 300 cubic 
feet per second, the outlet to the Big Thompson has a. capacity of 
1,000 cubic feet per second. 

The total estimated cost of the reservoir is $1,822,202. 

ST. VRAIN FEEDER CANAL 

A canal of 300 cubic feet per second eapacity will extend from the 
smn.ll outlet of Carter Lake to the St. Vrain,. reaching the St. Vrain 
high enough to supply all ditches. ' 

The length of this canal is 9.76 nllIes 'with 3,445 feet in tunnel, 1,575 
feet of siphons, and the remainder open canal. 

The estimated cost of the St. Vrain feeder is $368,951. 

BIG THOMPSON FEEDER 

About one-half mile below Carter La} e Dam a canal will be taken 
out of the draw leading from the uam, and will run into Cottonwood 
Creek, a tribu tnry of the Big Thompson. This canal will ha.ve a 
capacity of 1,000 cubic feet per second and be 5.37 miles in length. 

The cost is estimated at $155,246. 

HORSETOOTH SUPPLY CANAL 

This cnnal starts at the end of a siphon across the Big'Thompson 
from power conduit no. 4. This \vater will pass through power 
plant no. 4-A when constructed. The canal starts at elevation 5,450 
'with a capacity of 250 cubic feet per second. The structures, how­
ever, are designed for a capacity of 400 cubic fect per second on the 
theory that some time in the future it might be necessary to increase 
the capacity of the canal to that amount. The length of this canal 
is 9.88 miles, of which 12,863 feet is tunnel, 3,296 feet is siphons, and 
the remainder open canal. 

The elevation of 5,450 wa,s chosen because it not only puts the 
water above all present diversions on the Poudre River, but it afforded 
the most direct and economical route. 

The estimated cost of this feeder is $1,208,391. 

HORSETOOTH RESERVOIR 

The proposed IIorsetooth Reservoir will occupy a. valley 6 miles 
long and frorn one-quarter to three-q unrters Iniles wide, extending in 
n north-sout.h direction, fornlea by. the erosion of soft red beds of 
Lvkens {OrIlla t ion between hn rdE'f fuig'('s of Lvons on the west and 
D"'nkotrr ~andston(' on the enst. ThE'r'c afC th"rce naturnl outlets to 
tl,,~ t'n~t tl'l'outdl the Dakota hngh:1C'k, n:t rn.-·ly] Soldier, Dixon, and 
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Spring Canyons, which are the sites of three proposed dams of the 
same names. The fourth proposed dam, Horsetooth, '\\-ill cross the 
valley at the north end on a low saddle separating the valley from 
drainage to the north into the Poudre River. The outlet will be 
through the Horsetoot.h Dam saddle. There are no outlets through 
the other dams. The proposed water surface is at 5,400 feet in eleva .. 
tion which gives a capaclty of 96,756 acre-feet. The area flooded 
will be 1,513 acres. The outlet capacity was designed for 1,200 
cubic feet per second 'with reservoir full. This lar~e capacity is 
necessary as the irrigation use requires that the entIre amount of 
supplemental water be delivered at a rate that would supply it in 
60 days. 

The adva.nta.ges of a reservoir at this point are: It is high enough 
to supply all users from the main Cache La Poudre River and is 
located close to it. It takes the flace of 6 miles of canal through 
rough country and allows a cana of 250 cubic second-feet to be 
const.ructed from the Big Thompson instead of one for 1,000 cubic 
feet per second. 

The estimated cost of the reservoir is $3,625,021. 

POUDRE FEEDER CANAL 

From the outlet of Horsetooth Reservoir a canal of 1,000 cubic 
second-feet capacity will extend nort.h to Le"rstone Creek, a tributary 
of the Pondre. The "Tater will run down this creek to the Poudre 
aboye all the diversions except the Poudre Valley. 

POUDRE VALLEY FEEDER CANAL 

A canal will extend from Lewstone Creek to the Poudre Valley 
Canal about 1 mile below its headgate, crossing the Poudre River in 
a siphon. This canal will have a cnpa.city of 400 cubic feet per 
second to take care of the supplemental demands of the Poudre 
'Talley Canal and also the demands of t.he North PoudIe irrigation 
district. The total lengt.h of the t,vo canals is 5.48 miles. 

The cost of the PoudIe Feeder and Poudre Valley Canals is esti­
mated at $632,843.46. 

NORTH POUDRE FEEDER CANAL 

I t is planned to enlarge the Poudre Valley Canal for a distance of 
3.58 miles from the point the supply canal enters to the location of 
the pumping plant for the North Poudre district. This will enlarge 
the canal from a capacity of 500 to 750 cubic feet per second and the 
estimated cost is $11,436. 

NORTH POUDRE PUMPING PLANT 

This pumping plant, constructed on the banks of the Poudre Valley 
Cannl, will consist of two 75 cubic second-feet capacity vertical syn­
chronous motor driyen single stage pumps, operating against an 
effective head of 187 feet. 

The estimated cost is $200,000. 
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NORTH POUDRE FEEDER CANAL 

This canal of 150 cubic second-feet capacity extends from the 
pressure outlets of the pumping plant to the North Poudre Canal, 
a distance of 9.98 miles. 

The estimated cost is $128,889. 

ARKINS RESERVOIR 

This reservoir is located on Buckhorn Creek, a tributary of the 
Big Thompson, in Tps. 5 and 6 N. R. 70 W., sixth principal meridian, 
and about 8 miles northwest of Loveland, Colo. The object of this 
reservoir is to provide storage for Colorado River waters brought over 
in the wintertime and to be used to supply supplemental water on the 
lower South Platte in water districts I, 2, and 64. It will also serve 
in connection with the use of the 16,000 acre-feet of floodwater now 
a.vailable on the Big Thompson. 

The bringing of more of the supplemental water over in the winter­
time aids materially in the production of a maximum amount of 
power out of the waters of the Big Thompson River. For that reason 
the entire cost of the inlet to Arkins Reservoir and one-half the cost 
of the reservoir itself is assessed against power and paid for out of 
power revenues from plant no. 1. 

The capacity of Arkins Reservoir is 50,000 acre-feet with a. high 
water line at 5,275 feet elevation and floods 929 acres of land. 

The dam site occupies a notch cut through the Dakota sandstone 
ridge by Buckhorn Creek. 

The main dam is an earth- and rock-fill structure 155 feet in height 
with an outlet capacity of 650 cubic feet per second and a spillway of 
10,000 cubic second feet capacity. 

There is a saddle dam, in addition to the main dam of earth- and 
rock-fill construction, 50 feet maximum height, built across a saddle 
at the southern extremity of the reservoir. 

The total estimated cost of the reservoir and dam is $1,740,737. 
The estimated cost of the Arkins Reservoir inlet is $351,488. 
This inlet diverts from the Big Thompson River just below the dam 

of the Handy Canal and follows around the north side of the river a 
distance of 2.33 miles to Arkins Reservoir. 

ROCKY MOUNTAIN NA.TIONAL PARK 

Every effort has been made in the survey and design of this project 
to not disturb the natural beauties of the Rocky Mountain National 
Park and its surrounding areas. The Continental Divide tunnel was 
lengthened 1.6 miles in order that its extremities should fall outside 
the boundaries of the park. The conduit leading from the east portal 
of the tunnel to power plant no. 1 is to he buried and the surface 
landscaped through the area authorized by Congress to be added to 
the park. The waste from the east portal of the tunnel placed in this 
area. is to be terraced and planted with evergreen trees. The waste 
from the west portal is to be used to fill up some low areas and render 
the area suitable for the building of summer homes. . 

The approach to the 'Vest~rn Gate,J:ay of the Rocky 1fount~ln 
N ntiolUlll'nrk will be tl.lunr; the :shores of Slutdow ~Iounto.ln Lake \vlth 
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its fluctuation of only 1 foot instead of the swaInpy urea that now 
breeds mosquitoes and exposes mud flats in low water. 

The bill authorizing the c.reation of the Rocky Mountain N ationa! 
Park reserved the right for the Bureau of Reclamation to survey find 
construct an irrigation project \\~ithin the boundaries of the park. 

OPERATION OF THE SYSTEM 

IRRIGATION PROJECT OPERATIONS 

The system is planned and it is anticipated that it ,\-ill be operated 
in a manner to have the water available in Carter Lake, Horsetooth 
and Arkins Reservoirs available by July 1, to the full capacity of 
those reservoirs, 256,000 acre-feet .. The usual demand for supple­
mental water begins July 1 to 15 and extends to September 15 to 30. 
The outlets of the reservoirs are planned to deliver the water from 
the reservoirs in 60 to 75 days, including the water that must pass 
through them for direct deliveg that may be in the way of being 
transferred from the Colorado RIver Basin to the eastern slope during 
the period of irrigation application. The balance of the 310,000 
acre-feet, or 54-000 acre-feet, will be available for direct irrigation 
use as brought over during the above period or to some extent may be 
required prior to July 1. 

The run-off of the waters of the Colorado River here contemplated 
to be used will largely be secured from the melting snows during May, 
June, and early July and stored in the Granby Reservoir. During 
the fall of that year, winter and spring of the following year, the water 
will be transferred from the Granby Reservoir through the Continental 
Divide tunnel at a uniform rate and restored in the Carter Lake, 
Horsetooth, and Arkins Reservoirs. This will" permit a flow that is 
well suited to the development of firm power through the five power 
plants that will eventually be construct.ed along the Big Thompson 
as shown on the ma.p of the general layout. 

Granby Reservoir will act as a hold-over reservoir to «arry the 
water from years of excessive run-off to years of subt:tormal flow. 

POWER PROJECT OPERATION 

Water will be carried through the Continental Divide tunnel at a 
uniform £low for the generation of power at the several power plants, 
except that the quantity will be reduced during the summer season 
\\Then some water from the Big Thompson is available for po,ver 
purposes in power plants nos. 2, 3, 4, and 4-A. At this period there 
will be little or no demand for power for pumping at the Granby 
pumping plant, which will permit the cutting down of the quantity of 
water to take care of the commercial power load. 

It is planned to construct the Granby pumping plant and the 
Gra.nby pump canal 150 percent of the capacity of the Continental 
Divide tunnel. This will permit the operation of the pumping plant 
at full ca.pacity with off-peak power, and reduce the amount of 
pumping with firm power. The varying discharge of the pump ditch 
dUrIng the 24-hour period will be equalized by the Shado\v 1.fountain 
and Grand Lakes, so that a uniform discharge will be maintained 
through the Continental Divide tunnel. The ra.nge in height of 
water surfac-e in Shadow ~lountain and Grand Lake t,o equalize t.his 
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flow will not exceed two-tenths of a foot, and will be greatest in the 
winter and early spring months. 

There is an average of 16,000 acre-feet of surplus water on the Big 
Thompson available for storage in the system mainly in May and 
June. In order to take this water into the reservoirs it will be neces­
sary to reserve capacity in the three reservoirs on the eastern slope 
until toward the latter part of June. The snowfall, the main source 
of this water supply, will be known well in advance so that operations 
of the several parts of the system, including the production of power 
at the several power plants, can be adjusted to take care of this water 
and hold back an equal amount in Granby Reservoir. 

TENTATIVE PROJECT FINANCIAL SET-UPS 

This proposed development consists of two projects: first, the irriga.­
tion project, and second, the power project. 

It is planned that those features of the development that are used 
mainly for irrigation are grouped under the irrigation project set-up, 
while those used entirely, or are made of a greater ca.pacity because of 
power development, are grouped in whole or in ps.rt in the power proj­
ect set-up_ 

IRRIGATION PROJECT 

The following major features with their appurtena.nt structures are 
given with the estimated field costs including 10 percent for engineering 
and 15 percent for contingencies. The full capacity of Arkins Reser­
voir is necessary to develop a larger portion of firm power than would 
otherwise be possible without it. At the ssme time, a reservoir of 
half its capacity or additional capacity in Horsetooth or Carter Lake 
Reservoirs would be necesss:ui to provide capacity to deliver the irri­
gation water as needed. It IS, therefore, deemed equitable to divide 
the cost of this reservoir equally between the irrigation and power 
projects. 

The Green Mountain Reservoir, with a capacity of 152,000 acre­
feet, is larger than is necessary to furnish replacement for a like amount 
of water diverted by the project above Granby Dam at a time when 
it would be required for iniga tiOD, presen t and future, and to furnish 
the Shoshone power plant 1,250 second-feet or such lesser dmount 
that they would be entitled to receive if the proposed project was not 
opera~. From studies made, it appears that 50,000 acre-fect will 
be suffiCIent to replace all the water that the proposed project will 
take at a time when required for use lower down in the stream \yithin 
the State. Therefore 52,000 acre-feet of the Green Mountain Reser­
voir capacity is allocated for replacement (including evaporation losses) 
and charged to the irrigation project. 'l'he balance of the capacity or 
100,000 acre-feet is allocated to the power project and is to be paid for 
out of power revenues. 

The following is a summary of the irrigation project costs: 

Estimated cost chargeable to irrigation feature 
Willow Creek feeder canaL _______________ - _ - - ________________ _ 
Granby Reservoir ________ - - _______ - ___ - - - - - - - - - - - - - - ________ _ 
Granby pumping plant ____________________ - - - - - - - - - __________ _ 
Granby pump canaL __________________ - - - - - - - - - - - - - - - ________ _ 
Xorth Fork di\ c r~io n d!\ In _ . _ - . - _ . - - - . _ - - - - - - - - - . - - - - - _ - - - - - - - -
COIlt!!:e!~t:d Divid •. ' tlllllld ________ - __ - _ - - - - - - - - - - __ '. - ___ . - .-

$733,203 
2,813,703 
1,250,000 

417,553 
·lS:3,928 

7,:lil,3il 
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Estimated cost c1IUl-llcublc to irrigation tcatllrc--ContiJllled 

Carter Lake supply canaL ____________________________________ _ 
Horsetooth supply canaL _____________________________________ _ 
St. Vrain feeder canaL _______________________________________ _ 
Big Thompson feeder canaL __________________________________ _ 
Poudre feeder canal __________________________________________ _ 
Poudre Valley feeder canaL ___________________________________ _ 
North Poudre feeder canaL ___________________________________ _ 
North Poudre pumping plant _________________________________ _ 
H orsetooth Reserv oir _____________________ • __________________ _ 
.4,.:rkins Reservoir ______________________ ./.. ____________________ _ 
Carter Lake Reservoir _______________________________________ _ 
Green Mountain Reservoir (52,000 acre-feet replacement) (100,000 acre-feet for power) ________________________________________ _ 
Improvement of Colorado Rh-er above Kremmling to ma.intain fish­

ing and to adjust the present irrigation system to the altered condition.s ________________________________________________ _ 

$710,629 
1,208,391 

368,951 
155,246 
632,843 

11,436 
128,889 
200,000 

3,625,021 
1,859,323 
1,925,253 

3,776,032 

300,000 

Less the following items tentatively chargeable to power: 27,871,772 
One-half cost of Arkins Reservoir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $929, 661 
Portion of cost of Green Mountain Reservoir for 100,000 acre-feet _____________________________ 2,276,032 

3,205,693 
Cost of irrigat10n features _____________________________________ 24. 666,079 
Say ____________________________________________________ --- __ 24,800,000 

REPAY~1:ENT 

Twenty-four million eight hundred thousand dollars upon 310,000 
ncre-feet at $80 per acre-foot. 

Two dollars per acre-foot on 40-year repayment basis. 
In the above repayment is predicated upon the contracts to be 

made upon a basis of 310,000 acre-feet. Beside the 320,000 acre-feet 
available from the Colorado River drainage there is an average of 
16,000 acre-feet available for storage on the Big Thompson, making 
336,000 acre-feet in all, leaving 26,000 acre-feet for losses on - the 
eastern slope and for the uncertain, heretofore mentioned in operations 
(;n the w'estern slope. . 

The power costs are shown under the heading "Po'wer and pumping 
system." 

The construction of po,ver plant no. 1 as shown in the power set-up 
is a necessary de'\""elopment in <irder to secure power for pumping 
purposes at the Granby pumping plant. 

POWER AND PUl\1:PING SYSTE1\fS 

The ultimate po,ver and pumping system is proposed to consist 
of the major pumping plant at Granby, power plant no. 1 near the· 
town of Estes Park, power plant no. 2 near Drake post office, power 
plant no. 3 at Cedar Cove, pO'wer plants nos. 4 and 4-A near the 
mouth of the Big Thompson Canyon, and power plant no. 5 at the 
Green 1Iountain Reservoir. If conditions justify, there may also 
be a pumping plant on the Poudre River near the point ,'.here the 
proposed Poudre supply canal crosses the river. Po\ver plant no. 5, 
Granby pumping plant, and po\ver plant no. 1, would be intercon­
nected by a slngle circuit 69,000-volt transmission line. Po,ver plants 
nos. 1 to 4-A, inclusive, wouJd be int.erconnected by t\VO 115,000-volt 
transmission lines nnd these same lines ,,·ould extend to one or more 
load centers where the po\ver could be disposed of commercially. 
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The buildings for the power and pU:qlping plants ",-ould be of 

reinforced concrete construction of suitable size to house the machin­
ery and provide space for such facilities as v;ouJd be required for 
efficient and economical operation. For seenic reasons, special care 
would be taken in the archi tectural design of the buildin~s to Dlake 
them blend in with the beauties of the surrounding terrItory so as 
to be both as inconspicuous as possible and also as artistic as feasible 
wi thotit undue expenditure. An artist's sketch of one of these 
buildings is included with the report. 

Following is a tabulation covering the essential data for each of 
the power and pumping plants: 

Po!(,'er plants 

Effective Turbine Power avail- Size of each Installed Plant designation head in capacity in able in horse- NumLer unit in horse- power in cubic feet of units feet per second power power kilowatts 

No. 1 _________________ 
i04 550 38,800 2 20. 000 30, (100 No. 2 _________________ 1.195 550 65.800 2 3t.000 50, 000 No. 3 _________________ 
328 550 18. 000 2 9.000 13, 500 No. 4_. _______________ 5f:O 400 22. 000 1 22. 000 16,000 No. 4-.-\ ______________ SSl 2.j() 9 .. ;00 1 9.500 7,000 No. 5 _________________ 225 1 • .soo 33.WO 2 17.000 26,000 

Total installed 

------------1--------------'-------------- ------------1--------------
power in kilo-watts _________ 142, 500 

Pumping plants 

Pump ca- Capacity of Rating of Power re-Plant designation Head in pacity in each pump Number each motor quired in feet cubic r~t in cubic reet or pumps in horse- kilowatts per second per second power 

Granby ______________ 130 8iO 290 3 6.500 16.000 Poudre _______________ lSi ISO 75 2 2.000 3.000 

Total installed 
~l1mping, j)p-atts _____ ------------ -------------- ---_.--------- ------------ -------------- 18.000 

I 

POWER PLANT NO.1 

Power plnnt no. 1 will be located on the south bank of the Big 
Thompson River about one-half mile east of the village of Estes 
Park and will contain two 15,000 kilovolt-ampere generating units 
with auxiliaries. Each unit ,vill consist of a vertical-shaft, single­
runner, spiral casing type hydraulic turbine operating under an 
effective head of approximately 705 feet and direct connected to a 
15,000 kiloyolt-ampere water-wheel type generator with direct 
connected exciter and pilot exciter. Water ,,·ould be supplied to each 
turbine through a steel penstock approximately 5,000 feet long, with 
synchronous bypasses provided so that the flow through the penstock 
can be discharged either through the turbines or the bypasses into 
the Big Thompson River. The bypasses will be mechanically con­
nected to the turbine gate operating mechanisnl so that rapid gov'ern­
ing of the units under ,-nrying load conditions can be effected \\-ithout 
crl,:lting P'\('f·~~i\'e. wnlt'!" h.lliuner. Tl'tlshrarks with shut-off gates fol' 
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each penstock w'ill be proyided in the forebay structure. The head­
gates will be controlled from the power plant. A spillway \\ill be 
provided to care for the flow when the headgates are closed and the 
penstocks inoperative. The plant will be equipped with all necessary 
auxiliaries, including a traveling crane for handling the large pieces 
of equipment. A small machine shop will be provided for making 
minor repairs. An outdoor type substation 'w'lth self-cooled trans­
formers will be provided for stepping the voltage up to 69,000 for 
transmission to the Granby pumping plant, and to 115,000 volts for 
transmission to commercial markets. The substation structure will 
be of the convent.ional structural steel type with high voltage oil 
circuit breakers, ]i~htning arresters and necessary auxiliaries. The 
control of the oil crrcuit breakers \\;n be from the moin power plant 
s,vitchboard. Operators' quarters, a ,varehouse, and a lar~e machine 
shop for general project repairs will be provided in the vicmity of the 
power plant. 

POWER PLANT NO. 2 

Power plant no. 2 will be located about one-half mile northwest of 
Drake, on the south bank .of the north fork of the Thompson River 
just above its junction 'with the Big Thompson. The plant will 
contain two 25,OOO-kilovolt-nmpere _generating units of the hori­
zontal shaft type. The net head will be approximately 1,195 feet. 
Each unit will consist of a double overhung impulse wheel hydraulic 
turbine with the generator mounted in the center, between the two 
runners. A direct connected exciter and pilot exciter will be mounted 
at one end. Water will be delivered to the turbines through two 
steel penstoeks about 4,150 feet long. Each penstock will be pro­
\;ded with two branches to the turbine nozzles and each branch will 
be provided with a synchronous bypass arranged so that the flow 
through the penstock can be discharged through either the nozzles 
of the bypasses to the river. The bypasses 'Will be mechanically 
connected to the turbine nozzle operating mechanism so that rapid 
governing can be effected under varying load conditions' without 
excessive w'ater hammer. The head-gate structure will be provided 
\\'ith trash racks and sliding gates at the end of the penstocks and a. 
spillway to care for the flow when the gates are closed. The plant 
will be complete with all necessary auxiliaries for station service 
requirements and with a crane for handling the machinery. A struc­
tural steel outdoor type substation will be provided with self-cooled 
transformers for stepping the voltage to 115,000 volts, and with 
outdoor type oil circuit breakers, lightning arresters, and other 
necessary aru:iliaries. The operation of the substation will be handled 
from the main s"itchboard of the power plant. Quarters for tc.e 
operators ,,,ill be provided adjacent to the power plant. 

POWER PLANT NO. 3 

Power plant no. 3 "ill be located about one-balf mile east of the 
Loyelnnd pow'er-diyersion dam on t.he north bank of the Big Thomp­
son Ri,er. The plant will contain two 6,500 kilovolt-ampere gen­
erating units, each consisting of a vertical hydraulic turbine direct 
connected t.o a generator with main exciter and pilot excit.er. The 
effectiye head ,\'1.11 be approximately 328 feet. 'Vater from the 
head-gate stnlcture will be deliyered to t.he turbines through steel 
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pen stoc.ks about 650 feet long. Each pen stock will be provided with 
a synchronous bypass arranged so that the flow through the pen stock 
can be discharged either through the turbines or the bypasses to the 
Big Thompson River, and to allow rapid governing of the units with­
out exceSSIve water-hammer. The head-gate structure will be pro­
vided with trash racks and sliding gates at the head of the pen stocks 
and a sp'illway to care for the flow when the gates are closed. The 
plant will be complete with all necessary auxiliaries for station-service 
operation, and with a crane for handling equipment. The plant will 
be provided with a structural-steel outdoor-type substation similar to 
that proposed for plant no. 2. 

POWER PLANTS NOS. " AND 4-A 

Power plant no. 4 will be located about 2 miles east of Cedar Cove 
on the south bank of the Big Thompson River, while power plant no. 
4-A will be located a short distance upstream from plant no. 4, and 
at an elevation about 175 feet above the river. The capacity of 
plant no. 4 will be 16,000 kilovolt-amperes and of plant no 4-A, 7,000 
kilovolt-amperes. One unit only will be provided at each plant and 
will consist of a vertical-shaft, single-runner, spiral-casing tyPe turbine 
direct connected to a vertical water wheel generator Wlth direct 
connected main and pilot exciters. Plant no. 4 will ha.ve an effective 
head of about 550 feet, and plant no.4-A, 380 feet. Plant no. 4 will 
receive its water through a sIngle steel penstock about 1,960 feet long, 
and plant no.4-A, through a similar pipe about 1,400 feet long. 
Each plant will be provided with synchronous bypasses similar to 
those in plants nos. 1 and 3. Plant no. 4 will discharge directly into 
the Big Thompson River. Plant no. 4-A will be siphoned under the 
river through a pressure tunnel to the proposed Poudre supply cana.l, 
but will have provisions so that if so desired, the water may be dis­
charged directly into the Big Thompson River. The headgate struc­
ture will he provided with trashracks, sliding gates, and spillways 
similar to those in plants nos. 1, 2, and 3. A single outdoor structural 
steel type switchyard will be provid~d for the two plants. The equip­
ment in this substation will be similar to that for plants nos. 1, 2, and 
3. Plant no. 4-A will be remotely' controlled from plant no. 4, so 
that the two plants can be operated with one set of operators. The 
plant will be complete with a.uxiliaries and cranes similn.r to that in 
other plants. Quarters for the operators will be provided in the 
vicinity of the plants. 

POWER PLANT NO. 5 

Power plant no. 5 will be located about 12~ miles southeast of 
Kremmling, on the east bank of the Blue River, immediately down­
strea.m from the dam forming the proposed Green Mountain Reser­
voir. The plant will contain two 13,000 kilovolt-ampere generating 
units of the vertical hydraulic-turbine driven type, with direct con­
nected generator with main and pilot exciters. The plant will have 
a. varying head depending upon reservoir water surface, but it is ex­
pected that the average head will be about 225 feet. The trashrack 
and intake structure will be located immediately upstream from the 
rtnm find R. ~ingle steel penstock instnlled in the tunnel will conduct 
thl' wuttll' t,) the power plant. Eneh turbine will be provided with a. 
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pressure regulator or relief valve to limit the 'water hammer under 
sudden change of load conditions. The plant will be complete with 
necessary auxiliaries for station service, a small machine shop for 
minor reyairs, and a. crane for handling equipment. An outdoor 
structura steel substation will be provided complete with equiplnent 
for stepping the voltage up to 69,000 volts for transmission and with 
oil circmt breakers and other necessary auxiliaries for the control and 
protection of the lines and equipment. The oil circuit breakers will 
be controlled from the main switchboard of the 'power plant. Quarters 
for operators will be constructed in the vicirutyof the power plant. 

GRANBY PUMPING PLANT 

The Granby pumping plant will be located approximately 6 miles 
south of the villa.ge of Grand Lake on the north shore of the proposed 
Granby Reservoir. The plant will contain three motor-driven verti­
cal-shaft pumping units having a total capacity of 900 second-feet at 
full reservoir, and 550 sec.ond-feet at low water. The total capacity 
at the normal water surface will be approximately 870 second-feet. 
The motors will be of the synchronous type and arranged for semi­
magnetic operation. That IS, the operator will be required only to 
close the main switch to the unit in order to place it in operation, and 
to open the same switch to discontinue operation. The motors will 
be equipped with direct connected exciters. The water from the 
Granby Reservoir will be delivered to the pumps through tunnels about 
155 feet long. A channel in the reservoir '\\-'ill convey the water to 
the mouth of the intake tunnels in extreme low water. Water from 
each pump will be discharged through about 175 feet of tunnel, and 
165 feet of steel pipe to the canal at elevation approximately 8,381. 
This canal, which will be approximately 4 miles in length, ",'ill dis­
charge into the proposed Shadow 110untain Lake. The center line of 
eac.h pump and propeller will be at approximately elevation 8,145, '\\-ith 
the base of the motor driving the pump 135 feet above, or at elevation 
8,280. Vertical shafts in the rock between the underground pump 
room and the motor room on the surface will accommodate the shafts 
connecting the pumps to the motors. Each pump will have a capac­
ity of 290 second-feet when operating under a total dynamic head of 
130 feet and will be driven by a. 6,500-horsepower synchronous motor. 

The entrances to the intake tunnels w·ill be provided with trasbrack 
and stop-log structures, and sliding gates will be installed at the intake 
and disc.ha,rge of each pump. The intake gates will be located in the 
gallery adjoining the p'ump room and will be hydraulically operated. 
The discharge gates will be located at the head of the canal and will be 
of a type which will close automatically in the event power service is 
in te.rru pted , so as to prevent water in the canal from running ba.ck 
do'vn through the pump. . 

The pumping plant will· be complete with auxiliary pumping units 
for unwa.Lering the intake and discharge tunnels and the drainage 
sump. It will also be complete ,vith all other necessary station auxili­
aries, including a. crane for handling the equipment. A small machine 
shop will be provided for makin~ minor repairs. Quarters for the 
operators will be provided in the VIcinity of the plant. 

Power will be delivered to the plant from a 69,OOO-volt transmission 
line, through an outdoor structural steel type substation containing 
self-cooled transformers, together with all necessary prot.ective appa-
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ratus and auxiliaries. The operation of the substation will be bandled 
from the main switchboard of the pumping plant. 

POUDRE PUMPING PLANT 

The Poudre pumping plant will be located on the Poudre Valley 
Canal at· a point about 3 miles below the crossing of the proposed 
Poudre supply canal. It is proposed to ha.ve a. capacity of 150 second­
feet, composed of two 75-second-foot vertical synchronous-motor­
driven single-stage __ pumps, operating against an effective head of 187 
feet. The plant will be complete with all necessary auxiliaries, includ­
ing a crane for handling the equipment. An outdoor substation will 
be provided for stepping the voltage down from transmission voltage 
to motor voltage. Due to the relatively short periods of operation, 
it is not probable that it will be necessary to construct operator's 
quarters at this plant. . 

TRANSMISSION SYSTEM 

The transmiSsion system will consist of a single 69,OOO-volt circuit 
connecting power plant no. 5 with the Granby pumping plant and 
power plant no. 1. Power plants nos. 1 to 4-A, inclusive, will be 
connected by two 115,OOO-volt lines and two 115,OOO-volt lines will 
continue to market. For the purpose of this report only, and to 
include a sufficient amount in the cost estimates for any probable 
transmission set-up, this market has been assumed as the valmont 
steam plant of the Public Service Co. of Colorado. Power plant no. 4 
will be connected with the Poudre pumping plant by one 34,500-volt 
transmission line. The number of lines and mileage involved in ea.ch 
are as shown in the following·tabulation: 

From- To-
Num­
ber of 
lines 

Num-
ber of Voltag. 
IIliWJ 

-----------1----------_·(------
Power plant DO. 3______________________ Ka Rose _____________________________ _ 
Granby pumping plant________________ Orand Lake __________________________ _ 

Do_________________________________ Power plant no. 1 ____________________ _ 
Power plant DO. 1______________________ Power plant no. 2 ____________________ _ 
Power plant no. 2______________________ Power plant no. 3 ____________________ _ 
Power plaot no. 3______________________ Power plant no. ,4- ___________________ _ 
Power plant no .• ______________________ Valmont ___________________ • _________ _ 

Do________________________________ Poudre pumping plant _______________ _ 

1 
1 
1 
2 
2 
2 
2 
1 

31 69.000 
10 69,000 
31 . 69,000 
12 116.000 
3 11~,000 
4 116,000 

Z1 116.000 
18 34.600 

The line to the Poudre pumping plant would be a wood-pole line 
with pin-type insulators. ..All other lines would be of the wood-pole, 
H-frame type, with suspension insulators, and combining all of the 
most modern features for continuity of service, ease of maintenance, 
and lo~ life. The line from power plant no. 1 to the Granby pumping 
plant will probably require special construction to give added strength 
m the mountainous region near the Continental Divide. 

In order to provide power for construction, it is proposed that one 
of the first features of the project would be to build one of the perma­
nent 115,OOO-volt circuits from the Valmont plant to plant no. 1, 
the permanent 69,OOO-volt lines from plant no. 1 to Granby punlPing 
plant and from Ka Rose to the Green Mountain danl site, and an ex­
ten,iou ("0111 the Granby PUlnping Plant to the we:3t portal of the pro-
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posed tunnel. Initially this entire line would be opera.ted at 69,000 
volts, and uIl;der such operation would be adequate for all contem­
plated construction activities. In connection with supplying con­
struction po\\rer it would also be necessary to install a substation at 
the Valmont steam plant to step voltage up to 69,000 volts for trans­
mission. Preliminary studies indicate that it would be advisable to 
make this substation of approximately 5,000 kilovolt-ampere capacity. 

The estimated cost of installing the facilities to provide construc­
tion power are as indicated in the following tabulation: 

Cost 
From- To- MUes 

Per rr.iJe Total 

34 $8,750 $22sl.500 
12 4,100 "0,200 
38 3,000 120,600 
10 3,200 32,000 
36 3.600 129,&00 

Valmont •• _._ ••• ___ • ___ •••••• ______ Power plant no. 2 _______________ ••• __ _ 
Power plant no. 2 ••••••••••• _. ___ •• Power plant no. L ••• ___________ • ____ _ 
Power plant DO. L ________________ • Granby pD.mp~ plant __ ••• _ •••• _ ••• _ 
Granby pumpinr; plant. ••••• _ •••• _ Grand Laie ••• _________ • ________ •• ___ _ 
Ks. Rose_. ______ • __ •••• ____________ Power plant no. 5 ____________________ • 

128 --..... _---- 569.900 Total transmission IInes_ ----- .-----.-•• -----.-----. -----------. --.- __ I 
------------~-------~.-------

Substation at Valmont ••••• ____ ••• ___ ._._ •• __ •• __ • _ •• _______ • ___ • ______________ • __________ • ___ ._ __ S81,300 
Total to supply power for construction. ____ • ________ • _______ • __________________ • __________________ 631,200 

The transmission system as provided to furnish construction power 
would be o.deq~ate for transIDlssion of power to markets from power 
plant no. 1 or power plant no. 5 if either were built individually, but 
the additional complete system would probably be constructed when 
two or more plants are constructed. The additional costs of the lines 
involved in this construction are shown in the follo\\ug tabulation: 

I 

CGSt 
From- To- Miles 

Per mile Total . 
Power plan' DO. L ••••••••••••••••••••••••• ~ Power plant DO. 2 ••••••••••• 12 $4.100 $-f9,200 Power plant DO. 2 __ • ____ • ____ ._ • _______ • ___ ._ VBlmont ____________________ 34 6. iSO 229,500 Power plant no. 4 ____ • ____________ • ______ • ___ Poudre pumping plant ______ 18 1,800 32,400 

Total ~di~ional cost of permanent 
64 311.100 lI'BD.SIIllSSJOD system ________________________________________________ --_ .. _-----

In addition to the transmission lines required for the disposal of 
power, it may be necessary that the Goyernment also construct a 
su bstation at the point of power disposal. As a. market survey has 
not been conducted to est.ablish the points at which this power can be 
disposed of, or the quantities involved at each point of disposal, it is 
assumed for the purpose of this report that the substations will aver­
age in cost $10 per kilowatt of capacity. Assuming that provision is 
made to dispose of a peak capa.city of 140,000 kilowatts, this will in­
volve a.n additional expenditure of $1,400,000. 

POWER OUTPUT 

Water supply studies indicate that with power' plant no. 1 only 
constructed, there is available, above all requirements for pumping 
purposes, a constant power output at 100 percent load factor of 
120,000,000 kilowatt-hours per year. Since the pumping plant capac-
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ity proposed is sufficient to allow pumping to be done in 16 hours of 
each df\y it '?till be possible to handle peak commercial power require­
ments without undue interference. With this in mind, it has been 
assumed for the purpose of this report that a market can be found 
which has a load factor such that 60 percent of this power or 72,000,000 
kilowatt-hours per year can be absorbed as fum energy. The balance 
of this ener~, or 48,000,000 kilowatt-hours per year, plus about 
40,000,000 kilowatt-hours additional, which is available during vari­
ous parts of the year J is classed as secondary energy. 

Since the Valmont steam plant of the Public ServIce Co. of Colorado 
has an installed capacity of 75,000 kilowatts, it appears that the 
88,000,000 kilowatt-hours of secondary energy could be absorbed as a. 
fuel saving measure if the price does not exceed fuel costs. Allowing 
10 percent for line losses, this is equivalent to an average load of about 
9,000 kilowatts. 

FINANCIAL OPERA.TION OF POWER SYSTEM 

It is contemplated that the initial power development would consist 
of the construction of power plant no. 1 only 1 together with such trans­
mission lines and substations as are required to supply power to the 
Granby pumping plant and to commercial markets. The estimated 
construction cost of the strictly power features, as well as items which 
it is expected that power revenues will repay, is given below. 

It is assumed that 5 mills Eer kilowatt-hour can be secured for firm 
energy and 1.8 mills per kilowatt-hour for secondary energy with 
delivery at the market. In each case 10 percent loss is allowed for 
transmission. The following gives the financial set-up for power plant 
no. 1, operation costs and returns. . 

While for the purpose of this report the allocation of construction 
cost to irrigation and power has been made on the basis set out below, 
it is understood that this allocation is not thereby fixed, and the same 
may be changed as further information may warrant until such time 
as the contract for repayment of the cost of the irrigation features has 
taken final form.. 

Power plant no. 1 construction costs 
Power plant no. 1 near Estes Park ______________________________ $1,778,000 
Conduit from east portal continental divide tunnel to power plant no. 1 ____________________________________ - _ - ___ - __ - _ _ _ _ _ _ _ 1, 101, 000 
Transmission lines connecting power plant no. 1 with Granby pump-

ing plant-with Valmont and line to North Poudre pumping plant ____________________________________________________ _ 
Commercial substation (30,000 kilowatts) ______________________ _ 
Headquarters at power plant no. 1 for operation of power system __ _ 

440,000 
300,000 
100,000 

Subtot& _______________________________________________ 3,719,000 
Interest during construction, 3 percent _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 112, 000 

Total repayable in 50 years with interest _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3, 831, 000 

One-half cost of Arkins Reservoir_______________________________ 929,661 
Portion of cost Green Mountain Reservoir, for 100,000 acre-feet 

allocated to power _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2, 276, 032 

Payable on 40-year basis without interesL_________________ 3,205,693 

Total cost power plant no. 1 including other items that are 
required to be accomplished with the initial development- _ 7, 036, 693 
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Annual revenues from power plant no. 1 

From sale of 65,000,000 kilowatt-bours firm power, at $0.005 _____ _ 
From sale of 79,000,000 kilowatt-hours secondary power, at $0.0018_ 
From rental of water for power development to privately owned 

$325,000 
142,000 

plants ____________________________________________________ _ 

Gross annual income ___________________________________ _ 

Annual operation and maintenance plU.8 retirement oj 
principal 

Broughtforward ____________________________________________ _ 

3.887 percent, on $3,831,000, interest and retirement of investment on 

20,000 

487,000 

$487,000 
===== 

basis of 50 years________________ __ _ _ _ ____ ___ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 148, 000 
Repayment of $3,205,693 on basis of 40 years without interest_ _ ____ 80,000 
Operation and maintenance of power plant______________________ 36,000 
Operation and maintenance Granby pumping plant_______________ 27,000 
Operation and maintenance of transmission lines_ _ _ _ _ _ ___________ 13, 800 
Operation and maintenance conduit, tunnel, and canals___________ 15,000 
Depreciation, 1.5 percent, on $3,831,000_________________________ 57,000 
Gener& expense______________________________________________ 18,200 

-----
Tot&annual cos~______________________________________ 395,000 

====== 
Annual surplus during 40 years repayment period of the non-

interest-bearing obligation __________________________ _ 92,000 

FULL PO\VER DEVELOPMENT 

The results of this study indicate that the initial installation pro­
posed is sufficient from a financial standpoint to retum all necessary 
costs of operation and repayments. 

There are five additional plants that can be developed in the future 
in a manner that will keep pace with the power requirements of the 
section that may be served and not have a large unearning investment 
tied up for some years. 

The following IS an estimate of the cost of the additional power 
plants that may be constructed in the future, but are not a part of 
the initial development. 
Power p!ant no. 5 ___________________________________________ _ 
Green M ountain-Ka Rose transmission line _____ ~ ______________ _ Operators' qua~ __________________________________________ _ 
Substation (20,000 kilowatts) ____________________________ - __ --_ 

Subtotal ______________________________________________ _ 
Interest during construction, 3 percent _________________________ _ 

$1,190,000 
130,000 
60,000 

200,000 

1,580,000 
47,400 

1,627,400 

The above plant, together v..ith plant no. 1, will produce: 113,000,000 kilowatt­
hours firm power annually; 92,000,000 kilowatt-bours secondary power annually. 

The following are the construction costs of developing power plants 
nos. 2, 3, 4, and 4-A wit.h appurtenant structures: 
Power plant no. 2 ___________________________________________ _ 
Power plant no. 3 ________________________________ ~ __________ _ 
Po~·er plant no •• ______________________________________ .;. ____ _ 
Power plant no. 4-A _________________________________________ _ 
Power canal no. 2 ___________________________________________ _ 
Power canal no. 3 ___________________________________________ _ 
Power canal no. 3-A _________________________________________ _ 
Power canal no. ,, ___________________________________________ _ 
Operators' quarters ___________________________________________ _ 

$2,325,000 
665,000 
760,000 
420,000 

2,444,000 
493,000 
113, 000 

1, 194,000 
150,000 
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)SubstatioDS (90,000 kilowatt hours) ________________ ~____________ $900,000 

Additional transmission lines___ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ ___ ______ _ 311, 000 

SubtotaL _______________________________________ ~ ______ 9,77~000 

Interest during construction, 3 percent__________________________ 293,250 

Total repayable in 50 years with interest __________________ 10,068,250 
Arkins Canal feeder, payable in 40 years without interest_ _ ________ 351, 000 

Total power plants nos. 2, 3, 4, and 4-A ___________________ 10,419,250 
Total power pla.nt no. 5_______________________________________ 1,627,400 

Total second-stage development_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12, 046, 650 
Primary development plant no. 1_______________________________ 7,036,693 

Cost of full power development ___________________________ 19,083,243 

The total salable output of the full development is estimated as 
follows, exclusive of that used for pumping: 

KUotDaU-Aour. 
FULn power, annually ________________________________________ 360,000,000 
Secondary power, annua.lly ____________________________________ 1 200, 000, 00 0 

lOut of an available production oC 387,000,000 kilow-stt-hours secondary power. 

CONCLUSIONS 

(1) There is a. large area (615,000 acres) of irrigated land in north­
eastern Colorado, the major portion of which has an inadequate wa.ter 

supply... f hI ·b·li . . h h il bl (2) The easl e storage POSSI 1 tIes "\\"It t e ava a e water 
supply in the drainage area has been exhausted. 

(3) There is at least an available ,,·ater suppJy of 310,000 acre-feet 
on the upper drainage area of the Colorado River that can be diverted 
to supplement the present ,,-ater supply on the eastern slope. 

(4) That the diversion of this quantity of water from the Colorado 
River watershed will not interfere "ith or encroach upon the present 
or future irrigation along the Colorado River and tributaries within 
the State, with the protection provided in the Green Mountain 
Reservoir. 

(5) That the plan for the project here laid out appears entirely 
feasible from a construction point of view. 

(6) That the cost of construction estimated at $2 per acre-foot per 
annum over the repayment period of 40 years is less than storage 
water is now commanding and that it will increase the crop values 
five or more times this annual cost, showing its economic worth. 

(7) That the _power developments that may be made in the si'"{ 
po\\-er plants will produce a large quantity of cheap hydroelectric 
power that will materially benefit Colorado. 

(8) That the revenues from the commercial power generated at 
p~\\:er plant no. 1 will pay fo! the p?~er features as set up u~der the 
InItIal power development, m addliaon to the power requrred for 

J pumping at Granby pumping plant, and in lieu of the irrigation 
features used in power development, the operation of the system to a 
point where the water leaves the tailrace of the lower power plants 
can be taken care of by the power development. 

(9) That the cost of the irrigation feitture of the project is within 
t·he fi bili ty of the water users to pay. 


