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June 11, 1952
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From: Area Engineer, Durango, Colorado

Subje ct : Sm tue Report on Inve st igat ions of Potent ial South fun Juan

Project, New Me~:ico, and Potential Upstream Hydropower in
San Juan River Di:'ainage

Submitted herewith is the subject report presenting information
and findings of the preliminary investigations l1'ade to date. The report
is intenq.ed to serve the Bureau of Reclamation as a guide in programming
further work on project investigations and to aid New Mexico and Colorado
State officials and other interests in appraising and selecting plans for

developtlent of the available San Juan River water resources,

As indicated by the estimated benefits and costs of the various
project sizes and plans of development investigated, the South San Juan'
project, with the exception of Plan A, would be economically justified.
Cotlpletion of a detailed project investigation thus would be warranted.
The size and plan of development for this project, hCMever, are yet to
be selected by State and other interests as p9.rt of the broader problem
of selecting projects for the utilization of San Juan River waters.
Until such selections are ~ade, detailed investigations of the South
San Juan ;project cannot be intelligently programmed. Reasonably firm
selections at an early date are therefore desirable.

The cursory study made to evaluate the potential hydroelectric
power in the San Juan River Basin, upstream from Navajo Reservoir site,
indicates ,a cost of about 10 mills per kilowatt.,hour fo-.(' production of

approximately 550, 000, 000 kilowatt- hours of firm salable energy measured
at an assumed interconnecting point near Navajo Dam site on San Juan
River. Cursory studies of alternative possibilities of producing equiva.~
lent ,power indicate a cost of about 8 mills per kilowatt- hour for fuel-
electric generation and an average cost of about 5. 5 mills per kilowatt~
hour for h~ oelectric generation by the potential Colorado River Storage
project. ' Therefore, the development of firm energy at the upstream
hydroelectric sites in the San Juan River Basin would not be justified
in the near future. Possible modifications of the, plans to produce pealc-
rug hydroelectric power at these sites as well as firm power have not
been studied, Such studies could well be made in the future in the event
that no transmountain diversions were made by the potential San Juan-
Chama project.

s/ William F. Crabtree
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Under the broad captipn " South San Juan project", vari"us

possibilities have been investigated for diverting water of the San Juan
River and its tributaries for the irrigation of some of t!te vast expanses
of arable dry land .located within the river basin and south of the river
in northwestern New Mexico. The possibilities that appear most promisir~
have been investigated in reconnaissance scope and are compared in this

report. A compa!'ison of the various alternatives for tha South San Juan

project is only one of the steps necessary in the formulation of a plan
for the over- all development of the San Juan River. Tbese alternatives
must be weighed against the other potentialities for using the limited
water supply, New Mexico' s compact apportionment of Upper Cnlorado River
Basin water, including possibilities for exporting part of the water
southeastward to the Rio Grande llasin before a final choice of the basin

plan can be made by the State and other interc;sts concc""nbd. This report,
although treating primarily only one phase of the ba8iL situation, pro-
vides data that will be useful in considering the broader problem.

In addition to data on the South San Juan pr~ject, the report
presents in Chapter VIII the results of a cursory analysis of potential
power developments on the San Juan River and its tributaries upstream
from the most favorable storage site ( Navajo) for the South San Juan

project. The effect on these power potentialities of the various alter-
natives for irrigation development on the San Juan River likewise should
be considered in formulating the basin plan.

Among the earliest plans f('\r the South San Juan project was one

Plan A) that would divert water high ~n streams tributary to the San
Juan River in Colorado and convey it southward 90 airline miles to lands
in the J30utheastern part of the basin. Later, the Bureau of Indian
Affairs investigated the Shiprock project that would store water lower
down on the San Juan River at the Navajo Reservoir Sit6 and. release it
for use on Indian lands south of Shiprock, N. Mex. Ir..vestigations Were

then made of possibilities for joint USe of the Sniprock project storage
and diversion facilities, with enlargement as necessary, to irrigate
lands east of the Shiprock project area. These pcssibilities also have
been explored as a part of the South San Juan project investigations.

Ths scale of devslopment of the Shiprock project, yet to be finally
determined, will affect the plan and ec('\nomy of the South San Juan project.
In this reconnaissance analysis three different Shiprock project acreages
were assumed at 100, 000 acres, 113, 900 acros, aud 121, 700 acres. Upon
each of these three bases the South San Juan pr0ject was projected for
economic comparisons as an incremental addition at two differ~nt acreages.
Each of these six projections was studied underalterllatives of the pumps
for the South San Juan project beir.g powered by electric motor or by
direct- connected hydraulic turbines, making a total of 12 alternatives in

1..
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all. Separate analyses of the South San Juan project to irrigate areas

of 20, 450 acres and 67, 700 acres were made to determine the relative
economy of the project through a wide. range in scale of development.
Because of water supply limitations, the large acreage for the South
San Juan project was reduced to 57, 000 when the project was analyzed with
the 121, 700- acre Shiprock project as a base. The six plans involving a

direct- connected hydraulic- turbine pumping unit are identified as D- l to
D- 6, and those that would provide pumping power by electric motors are

identified as E- l to E- 6.

The 20, 450- acre South San Juan projects would irrigate only lands
outside of " he Navajo Indian Reservation, whereas one- third or more of
the lands served by the larger South San Juan projects would be within
the reservation.

InvestigB.tio~ of' Plan D- 2 was commenced in 1949 a:~.(: has been done
in greate!' detail than the investigation of other pl,"o~ mOl'e recently
undertak&n. Plan D- 2 provides for the irrigation of 67, 700 acres in the

South San Juan project as an incremental addition to a 113, 900- acre

Shiprock project. The other plans for building on the Shiprock project
base have been evaluated in this report to some extent by projections
from data assembled in the Plan D- 2 study. The more extensive treatment

given Plan D- 2 in the rep~rt does not mean an endorsement of that plan
over the other alternatives. The various alternative plans of develop-
ment are described briefly in Chapter I. More detailed data assembled in
the investigation, particularly of Plan D- 2, are presented in Chapters II
to VII, inclusive.

Comparative physical and economic data for each plan of development
for the South San Juan project are presented in Table I following this
discussion. No distinction was made in the economic analysis between

Indian and non- Indian- owned lands, the same productive and repayment
ability being assumed f0r both. In appraising all D and E plans, it was

assumed that the Shiprock project would be economically justified if
constructeo indepmdently. Coste and bFJnAfits attril:"~table to D and E

plane therefore were taken as the additional costs and benefits of the

combined projects over and above those of the Shiprock project alone.

In the analysis of the project, construction costs were estimated as

of July 1951. Data on agricultural economics were based on the 1939- 1944
price period and the results increased by 50 percent where appropriate to

approximate the long- term price- projection level of 215 ( 1910- 14=100),

recently adopted by the Bureau of Reclamation. Op~ ration, maintenance,
and replacement costs, also originally estimated at 1939- 1944 prices,
were adjusted to represent 180 percent of 194~ costs in conformity with
the Bureauls long- term price- projection level f0r such costs.

It was assumed in these studies that the South San Juan project will

participate in the benefits and revenues of the Colorado River Storage

11
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project in accordance with the plan described in the Bureau of
Reclamation report of December 1950, entitled Colorado River Storage
Project ~ Participating Projects. Thus in the benefit- cost analysis
the South San Juan project was assigned an annual cost of $2. 35 an

acre- foot of stream depletion as its pro rata share of the cost of river
regulation provided by the storage project. It was also assumed that the
South San Juan project would receive repayment assistance from power
revenues of the Colorado River Storage project through the Upper Colorado
River Account. Such assistance for the Shiprock project is recommended
in the 1950 report, and it is assumed that such assistance will also be
recommended for the South San Juan project when its eligibility to par-
ticipate has been detel'mined.

Plan A is shown by the table to have the highest annual equivalent
cost per acre and the lowest benefit per acre 0f any of the alternatives.
The estimates indicate that its benefit- cost rati~ would only be about
0. 6 to 1. Moreover, it would make less attractive the power potentialities
outlined in Chapter VIII. Further consideration " f Plan A is concluded
to be unjustified.

If One of the acreages mentioned for the Shiprock project were

selected, the 12 alternative D and E plans as presented would at once be
reduced to four. The four would consist of a large plan ( 67, 700 or

57, 000 acres) and a small plan ( 20, 450 acres), each with alternatives of

hydraulic. turbine- and electric- motor- driven pumps.

Regardless of the Shiprock project acreage selected, some generalities
stand 0ut in comparing the South San Juan project alternatives. Each
D plan ( hydraulic turbine) has a higher construction cost but a lower
operation and maintenance cost than its E- plan ( electric motor) counter-
part. The E- plan operation and maintenance costs are so high, largely
because of electric energy costs, that they exceed the payment ability
of the water users.

Under the D plans the water users would be able to fully pay the
operation and maintenance costs and a small amount An c0nstruction.
Because of the ir h:!,gher construction C'1sts, however, the D plans have
substantially lower benefit- cost ratios than the corresponding E plans,
the ratios varying from 1. 16 to 1, 29 for the D plans while the ratios for
the E plans range from 1. 73 to 2. 02.

A true cost comparison of the D and E plans may be made by converting
all costs to average annual equivalents per acre as is done in Column 18
of Table 1. This shows that the various D plans would be 35 to 70 percent
more costly per acre than their c01111terpart E plans. Because the E plans
would not be able to pay their operation, maintenance, and replacement
costs and also something on construction, however, they would not meet
one criterion for participating pr0jects rec~mmended in the Bureau' s

iii
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report on the Colorado River Storage project and participating projects.
The D plans, notwithstanding their greater over- all cost, would not be
excluded oy thi8 0rite~~on,

Interesting 8CO.lnru.CC comparisons between the large projects and the
small projects are noted in Table I. With hydraulic pumping ( D plans),
the large projects have slightly lower over- all costs per acre and con-

sequentlyhigher benefit- cost ratios than small projects. The large
projects , with about triple the irrigated acreage, have substantially
higher net benefits ( benefits in excess of costs),' With electric pumping

E plans), the large projects have slightly higher over- all costs per
acre and lower benefit- cost ratios, but far higher net benefits than the
small projects.

The comparisons in Table I are based on amortizing construction costs
over a 100- year period at 2'. 5- percent intereat. If a shorter. period or a

higher interest rate were assumed, the comparisons would be even more

favorable to the E plans. The analyses indicate that the South San Juan

project Would be economically justifiable and that the relative justifi-
ability would be substantially the same for any size of development
ranging from about 20, 000 acres up to the limits of the availabl~ water

supply.

If the South San duan project were limited to the irrigation of
lands outside the Navajo Indian Reservation that can be served by gravity
flow from the Shiprock project canal, it would serve only about 2, 270
acres. The added cost of constructing the Shiprock project facilities

large enough to irrigate these lands probably would not exceed $ 750 an

acre, and the added annual 0peration and maintenance cost is estimated at
about $ 1.25 an acre. Both of these costs are materially less than cor-

responding costs for any of the larger plans that would require pumping.

The Hammond project that would divert the natural flow of the San
Juan River to irrigate 3, 670 acres of land on the south side ,0f the river
near Bloomfield, N. Mex., has beeD recommended for authorization as a

participating project with the Colorado River Storage project. As an

alternative, the Hammond project lands also might be served by an

enlargement of the Shiprock project canal. The desirability of this
alternative has not been investigated but should receive attention in
future studies.

Authorization to construct a dam and power plant on the San Juan
River at the Navajo site as a unit of the Colorado River Storage project
was recollllllE>nded in the December 1950 report previously mentioned. The
unit was intended for power prOduction and to assure deliveries of
Colorado River water at Lee Ferry as required by the Colorado River

Compact. The report menti'ltled possible need of the storage site .for

irrigation of lands in the San Juan Basin and cited a provision J,n the
Upper Colorado River Basin Compact of 1946 providing that if such need

iv
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develops, US(.) of the site for irrigation would fflve preference O' ler usa

fQr river regulatior. for compact purposes, or power production.

The Shiprcock a~d South San Juan project studies have been mf\de on

t.k f'.ssumption that these projects would have exclusive use of the sito.

Phe required reservoir oll.pacities have been estimated variously from

1'
37, 000 acre- feet to 546, 000 acre- feet for the Shipr0ck project alone

qnd from 524,~ oo acre- feet to 1, 954, 000 acre- feet for the combined

Shiprock and South San Juan projects. A capacity of 1, 200, 000 acre- feet

was planned for the Navajo Reservoir as a unit of the Clo10rado River

Storage project. Possibilities for joint use of the site to accomplish

so far as possible the purposes of all three of the projects as well as.

for any replacement storage needs of the potential upstream San Juan-

Chama transmountain diversion project should be investigated in future

studies.

Potential hydropower development at Navajo Dam, or at t~e ~ rop from

the combined highline canal to the Shiprock Gravity Canal, with water

releases for project needs have not been appraised under the several

project plans. In either case, however, the electric- energy production

would be governed by the amounts and seasonal distribution of diversions

for project needs and would have no material effect on the relative

economic justifiability of the South San Juan project.

It is not within the purview of this report to segregate one or more

plans for the South San Juan project as being most worthy 01' further

investigation. Prerequisite to such a selection are deoisions on the

broader questions mentioned in the first paragraph of this discussion.

v
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CHAPTER I

PLANS OF DEVELOPMENT

Thirteen plans of development for the South San Juan project are

described in this chapter. Plan A is entirely distinct since it would

divert and use water in a different part of the San Juan River Basin

than the other plans. Plans D- l to D- 6, inclusive, for hydra.ulic-

powered pumping and Plans E- l to E- 6, inclusive, for electric- powered

pumping are closely related. Each would smre in the use of the stor-

age and diversion facilities planned by the Bureau of Indian Affairs

for its Shiprock project.

Under the electric pumping plan, water for the South San Juan

project lands would be conveyed from Navajo Reservoir through an en-

larged Shiprock project gravity canal to the pump location. Under the

direct- connected hydraulic- turbine :pumping plan, water would be diverted

for the Sotlth San Juan and Shiprock projects from the Navajo Reservoir

through a h.ighline canal to a point about 28 miles below Navajo D3.m.

Here water for the Shiprock project would be dropped to the Shiprock
main gravity ca.nal through the pumping plant and thus used fc,r lifting

water to the South San Juan project lands. The elevation of the high-
line ca.nal diverting from Navajo Reservoir was adjusted in such a man-

ner that the water for the Shiprock project, when dropped to the Shiprock

project gravity canal, would providE! sufficient energy to OPerate the

turbines for lifting the water to the re'l.uired elevation for the South

San Juan pJ:'oject lands.

The water supply available for the Shiprock and South San Juan

projects was assumed to be that remaining in the San Juan River after

allowances were made for existing development, potential within-basin

projects, and the potential Weminuche Pass diversions to San Luis

Valley as more fully discussed in Chapter III. Since the analyses were

made for compl.rative purposes, no aHowance was made for the potential
San Juan- Cha.ma transmountain diversion to the Rio Grande Basin.

Plan A

Plan A was one of the first plans studied in the reconnaissance

investigation of the South 8an Juan project. Its general layout is

shown on IlJ:'awing No. 524- 406- 95 on the following page.

The plan' involves the construction of five storage re6e:t"voirs and

a long canal system. The ca.nal system would intercept the h" adwaters

of San Juan River and its tributaries at several points in Colorado

above ell'lvation 7, 500 feet and by gt'avity flow would convey the water
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90 airline miles south for irrigation of lands in New Mexico. Four of

the reservoirs would be located on streams above the intercepting canal,

and the fifth would be at an offstreatl site about midway along the canal

to reregulate the diverted flows for meeting seasonal irrigation needs.

The main canal would consist of a series of open earth canals, bench

flumes, tunnels, and siphons. The conveyance system, including reser-

voir feeder canals, main canal, and main laterals, would have a total

length of about 265 miles. The reservoirs and canal collection systems
north of thE! Colorado- New Mexico State line would be practically the

same as in the Elm Juan- Chama project plan for transmountain diversion

of water to :the Rio Grande Basin.

Water supply and operation studies, with allowances made for the

potential dQwnstream within-basin developments including a Shiprock

project of 113, 900 acres, indicate that an adequate supply could be

developed for irrigation of approximately 70, 000 acres of new land

under this plan. Of this acreage, nearly half would be within the

boundary of the Jicarllla Indian Reservation.

The features included in Plan A, their ca:racities, and estimated

costs are tabulated on :rages 4 and 5. The project construction cost is

estimated at .$161, 528, 000 or $ 2, 308 an acre, and annual operation, main-

tenance, and replacements costs are estimated to total .$316, 000 or .$4. 51
an acre. The average annual equivalent cost per acre is estimated as

shown be low..

Construction cost

Interest dur'ing construction

Total construction and interest cost

Less present: worth of salvage
value at end of 100 years

Net present worth of project
investment

Amortization of net present
worth of project investment

over 100 years at 2~ percent
Operation, maintenance, and

replacements
Assigned costs of Colorado River

Storage project
Total average annual equivalent

cost for pl;'oject
Total average annual equivalent

cost per .acre

Total

cost

161, 528, 000

10, 096, 000

171, 624, 000

Average
annual

equivalent
cost

4 , 843 , 000

166, 781, 000

4, 555, 000

316, 000

300, 000

5, 171, 000

7)f



Table II

SOUTH Sl\.N JUAN PROJECT - - ALTERNATIVE PlAN A

ElJMMARY OF coar EarIMATES--
FEEDER AND MAIN CANALS il.ND lATERALS

I
I

t

I

Ma in canals

Turkey Creek to West Fork

West Fork to l!ast Fork

East Fork to Rio Blanco

Rio Blanco to Navajo River

Navajo River to Continental Divide

Continental Divide to IaJara

Reservoir

laJara Outlet Canal

Distribution Canal

Subtotal

Cap3.city
c. f.s.)

250
400
800

900
1, 000

1, 000

1, 200 - 1, 300
1, 000 - 250

Feeder canals

East Fork

Coal Creek

Mill Creek

Rito Blanco

Rio Blanco

Navajo-- Little Navajo
Subtotal

300
40

40

60

150
100 - 300

laterals 70, 000 acres

Total

length
miles)

5. 32

3. 96
14. 68

9. 49
23. 41

7. 45
85. 50

105. 45
255. 2

July 1951
construt;tion

costsl/
2, 1 , 000

995, 000

22, 548, 000

15, 062, 000

10, 554, 000

O&M

and

replacemrtcosts~

2, 020

2, 300
9, 260
6, 230

24, 090

c'"

v~

0 -. l

t'J

H

0. 54
0. 04
0. 06
0. 95
0. 42

7. 95
9. 9

y. Includes contingencies, engineering and overhead.

2/ Based on 180 percent of 1940 costs.

506, 000

n,ooo

4, 000

36, 000

274, 000

411, 000

1, 2 2, 000

200

10

10

160
no

2, 900

3, 390

3, 723, 000

320, 379, 000

U

ill

iiil

S
SE
t'J
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Table III

SOUTH SAN JUAN PROJECT-- ALTERNATIVE PLAN A

SUMMARY OF cosr EsrIMATES--
srORA.GE AND DIVERSION Dl\MS

t'i
l:l

H

Maximum

water Total Operation

Storage sur:face Dun. . ca];S.city July 195'1 and Replace~

dams and area height  ( acre - construction mamtenaice
ment

reservoirs ( acres) ( feet)  feet) cost 1/ cost~ ' Cost2/

Lobo 1, 200 180 90, 000 $ 6, 458, 000 $ 4 ,260 $ 2,210

Tesoro 750 193 60, 000 5, 292, 000 3, 450 1, t'e0

Blanco 1, 200 165 60, 000 6, 594, 000 3, 450 2, 260

Oso 1, 075 120 50, 000 3, 633, 000 3, 140 1, 240

IaJara 2, 290 208 167, 000 18, 793, 000 5, 860 6, 450

Subtotal 6, 515 427, 000 $ 40,770, 000 $ 20, 160 $ 13, 980

Diversion dams

Turkey Creek 0, 000 0 0

East Fork 40, 000 480 20

Coal Creek _ 19, 000 230 10

Mill Creek 24, 000 280 10

Rito Blanco 40, 000 480 20 '"

Rio Blanco 122, 000 1, 470 40 " 1

Navajo 54 , 000 640 10
t/)

Little Navajo 40, 000 480 10 ~

Subtotal $ 379, 000 $ 4, 540 $ 140 ~

Total  $ 41, 149, 000 $ 24, 700 $ 14, 120
r<
0

Total ( Table II J Table III) $ 161, 528, 000 $ 302, 040 $ 14, 120 ~

y Includes contingencies, engineering, and overhead.
2/ Based on .180 percent. of' 1940 costs-.
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The project lands under this plan would lie at an average elevation

of 6, 700 feet. In view of the cl:lmatic conditions and the type of farm-

ing and crop yields that could be expected in the area, the total aver-

age annual equivalent irrigation benefits would probably not exceed .$45
an acre. A comparison of this benefit with the cost gives a benefit-

cost ratio of about . 6 to 1 for Plan A. Because of this unfavorable

benefit- cost ratio, detailed investigations of the plan are not justi-
fied.

Shiprock Project as a Base for D- and E- Series Plans

The D. and E- series plans are considered as potentialities for the

South fun Juan project, but physioally and economically they should be

viewed as extensions of the potential Shiprock project. Each of the

alternative plans would share in the use of the storage and diversion

facilities of the Shiprock project, and each would irrigate lands east

of or higher than lands planned to be irrigated by the Shiprock proj-
ect. For an understanding of the D- and E- series plans, therefore,

some knowledge of the Shiprock project plan is necessary.

River regulation for the Shiprock project would be provided by
the Navajo Reservoir on the fun Juan River. The reservoir would be

formed by a dam at the Navajo site about 19. 5 river miles upstream
from Blanco, N. Mex., and 34 miles east of Farmington, N. Mex. The

dam would be about 3. 5 miles downstream from the confluence of the Pine

and fun Juan Rivers. The acreage of the potential Shiprock project
has not been finally determined but it has been studied in sizes of

100, 000, 113, 900, and 121, 700 acres. The plans for each of these three

different sizes of Shiprock project have been used as bases in the com-

parative analyses of the various plans for the South fun Juan project
as presented in this report.

Navajo Dam and Reservoir data for the Shiprock project alone are

summarized in the following table.

Shiprock
project
acrea e

100, 000

113, 900
121, 700

Table IV

SHIPROCK PROJECT
NAVAJO DAM AND RESERVOIR DATA

Reservoir ca cit -- Acre- feet

Silt

storage
above dead

st ora e

20 , 000

209, 000

210, 000

Reservoir

water surface

elevat ion

Norna 1 Dead

5, 957 5, 7 3
5, 968 5, 775
5, 976 5, 782

Active
st ora

21 , 000

280, 000

322, 000

6
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A main canal for each of the three sizes of project, consisting
of a series of tunnels, siphons, and open- earth and concrete- lined

canals, would head at the reservoir and extend west along the south

side of the rivp.r to TIroject lands located in the Navajo Indian Reser-

vation. Pertinent Qa~ a. pertaining to the maiIl canal are sUDlllJl3,rized

in the following table.

Table V

SHIPROCK PROJECT

MAIN CANAL DATA

Earth unlined Concrete -

Shiprock Diversion and clay- lined Total

project CapiCit) lined canals canal Tunnel Siphon length
acrea ( c. f. s. ( miles) ( miles) . ( miles ( miles) ( miles)

100, 000 1, 215 48. 77 15. 62 14. 17 14. 76 93. 32

113, 900 1, 535 48. 99 15. 64 13. 98 14. 76 93. 37
121, 700 1, 715 48. 90 15. 76 14. 50 14. 71 93. 87

The general location of the potential Shiprock project and of

possible extensions of it to include the 67, 700-acre or 57, OOO-acre

South San .1uan project under plans D- l, D-2, D- 3, E- l, E- 2, and E':;3
are shown on Drawing No. 524- 406- 97 on page 11. Extensions for a

20, 450-acre South San Juan project under plans D- 4, D- 5, D- 6, E- 4, E~ 5,
and E- 6 are shown on Drawing No. 524- 406- 98 on pige 15.

Plan D- l

Under plan D- l, 67, 700 acres of land would be irrigated in the

South San Juan project area, including 28, 800 acres in the Navajo Indian

Reservation but outside the Shiprock project area. The Navajo Reser-

voir, in order to serve both projects, would be constructed to a capac-

ity of 1, 917, 000 acre- feet including an active capacity of 740, 000 acre-

feet. The joint Main Gravity Canal from Navajo Lam to a hydraulic-
turbine- driven pumping plant would be constructed approximately 268
feet higher than the canal planned for the 100, 000-acre Shiprock proj-
ect alone and would have a capacity of 2, 630 second- feet and a length
of 28 miles. This section of the canal would serve by gravity 1, 760 .
acres of South San Juan project lands on Pauline Mesa but it would not

be practicable to release water down the steep incline to the scattered

tracts of land shown on the map near the mouth of largo and Munoz Canyons.
The water remaining for both projects at the end of the joint Main Gravity
Canal on the east side of Kutz Canyon would drop 243 feet through a pen-
stock to hydraulic- turbine- driven pumps. At the pumps the water would

separate into three flows. That for the Shiprock project would provide
pumping power and then continue by gravity flow in the Shiprock project
canal, and that for the South San Juan project would be pumped through

7
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two pipes to the main distribution canals. In one pipe with a capacity
of 597 second'- feet, water w'ould be raised 286 feet above the pumps to

the Gallegos G'3.nal from which 29, 370 acres would be irrigated. In the

other pipe with a r. ac:nc5, ty of 744 second- feet, water would be raised

407 feet above ' t'n0 PC'1J,PS to the Bisti Canal froJU which the relll!loining

36, 570 acres of project land would be irrigated.

A lateral system to distribute water to all project lands would

be required. Only about 1, 000 acres are expected to require drainage

by artificial means.

Plan D- 2

The same South San Juan project area would be served under Plan D- 2

as under Plan D- l. The Navajo Reservoir would be constructed to a

capacity of 1, 954, 000 acre- feet, including an active capacity of

1, 025, 000 acre -feet. The joint Main Gravity Canal would be constructed

approximately 245 feet higher than the canal planned for the 113, 900-
acre Shiprock project alone and would have a capacity of 2, 950 second-

feet and a length of 26 miles. Water for both projects at the end of

the joint canal would drop 225 feet through a penstock to hydraulic-
turbine- driven pumps. From the pumps, water would separate in the

same manner as in Plan D- l with the same capacity in each line. The

water pumped to the Galleges Canal would be raised 292 feet and to

the Bisti Canal 413 feet.

The same lateral system and drainage system would b!3 required as

in Plan D- l.

Plan D- 3

Under Plan D- 3, 57, 000 acres of land would be irrigated in the

South San Juan project area, including 19, 150 acres in the Navajo
Indian Reservation but outside the Shiprock project area. The same

lands would be irrigated as in Plan D- l except that the Bisti Canal

would not be extended to 10, 700 acre s in the southern part of the area.

The Navajo Reservoir would be constructed to a capacity of 1, 672, 000

acre- feet, including an active capacity of 980, 000 acre- feet. The

joint Main Gravity Canal from Navajo ram to the hydraulic -turbine-

driven pumpdng plant ,;auld be constructed approximately 207 feet higher
than the canal planned for the 121, 700-acre Shiprock project alone and

would have a capacity of 2, 900 second- feet and a length of 26 miles.

This section of the canal would serve by gravity the same 1, 760 acres

of South San Juan pro,ject lands on Pauline Mesa as would be served by
Plans D- l and D- 2. The remaining water for both projects would drop
190 feet tlu'ough a penstock to hydraulic- turbine- driven pumps. In one

discharge line with a capacity of 597 second- feet, water would be raised

8
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285 feet above the pumps to the Gallegos canal, from which 29, 370 acres

would be irrigated. In the other pipe, with a capacity of 526 second-

feet, water would be raised 406 feet above the pumps to the Bisti Canal

from which the remaining 25, 870 acres of project land would be irrigated.

A lateral system to distribute water to all project lands would

be required. The same acreage as in Plan D- l is expected to require

drainage by artificial means.

Plan E- l

Plan E- l would irrigate substantially the same 67, 700 acres as

would be served by Plan D- l. The principal difference in the two plans
is in the ineans of conveyance of water from the Navajo Reservoir to the

land. Under Plan E- l the Shiprock Main Canal planned for the 100, 000-

acre Shiprock project alone would be enlarged to a capacity of 2, 630
second- feet to convey South San Juan water from Navajo Dam to a pumping

plant, a distance of 38 miles. Approximately 2, 270 acres below the main

canal near the mouth of Largo and Munoz Canyons, on Pauline Me se, and in

the Gallegos Basin would be irrigated by gravity flow and the remain-

ing 65, 430 acres would be served with water pumped from the main canal

by electric- motor- driven pumps. Pauline Mesa lands shown on the map as

being above the Shiprock Main Canal would not be irrigated.

The first pumping plant would be located at the entrance to Kutz

tunnel ( under New Mexico Highway No. 44). It would lift 1, 329 second-

feet of water 295 feet to the Gallegos Canal at an elevation of 6, 000

feet. The. 579 second- feet of the water delivered to this canal would

be used to. irrigate 28, 490 acres. The rem9.ining 750 second- feet of water

would flow in the canal 20 miles to a second pumping plant where it would

be lifted 135 feet to the Bisti Canal that would extend in two direotions

from the pump and would serve 36, 940 acres of project land.

l<lith the Shiprock Main Canal diverting from the Navajo Reservoir

268 feet lower than the Main Gravity Ce.ne.l in Plan D- l, less dead stor-

age capacity in the reservoir would be required. Under Plan E- l a

total Navajo Reservoir capacity of 964, 000 acre- feet would be required
for flow regulation and sediment deposition. An active capacity of

740, 000 acre- feet and a 212, 000 acre- foot reservation for sediment stor-

age would be above the reservoir outlet at elevation 5, 779 and 12 , 000

acre- feet of capacity would be below the outlet. A period of 100 years
would elapse before sediment would begin to encroach on the portion of

the active capacity required for irrigation storage.

A lateral and drainage system as described in Plan D- l would be

required to serve the project lands.

9
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Plan E- 2

The same South San Juan project area would be served under this

plan as in Plan E- l. The Shiprock Main Canal planned for the 113, 900-

acre Shiprock project alone would be enlarged to a capacity of 2, 950

second- feet to convey water for both projects as in Plant E- l. The first

electric-motor- driven pump would lift 1, 329 second- feet of water 299 feet

to the Gallegos Canal, and part of the water would be used to irrigate

28, 490 acres under that canal. The second pumping plant would lift 750

second- feet of water for the remaining 36, 940 acres the same 135 feet

as in Plan E- l to the Bisti Canal.

With the joint Shiprock Main Canal diverting from the Navajo Reser..

voir 245 feet lower than the canal in Plan D- 2, less dead storage capac..

ity in the reservoir would be required. A total reservoir capacity of

1, 249, 000 acre- feet would be required, of which 1, 025, 000 acre- feet

would be active capacity, 11, 000 acre- feet would be dead storage, and

213, 000 acre- feet would meet silt storage requirements for 100 years.

The same lateral and drainage system would be required as in Plan

D- l.

Plan E- 3

Under this plan 57, 000 acres of land would be irrigated in the

South San Juan project area, including 19, 520 acres in the Navajo Indian

Reservation but outside the Shiprock project area. The same lands would

be irrigated as in Plans E- l and E- 2 except that the Bisti Canal would

not be extended to 10, 700 acres in the southern part of the area near

Bist i Wash. The Shiprock Main Canal planned for the 121, 700-acre Ship-
rock project alone would be enlarged to a capacity of 2, 900 second- feet

to convey water for both projects as in Plans E- l and E- 2.. The pumps

would be driven by electric motors. The first pump, located in the same

place as in Plans E- l and E- 2, would lift all South San Juan project water

at that point 296 feet to the Gallegos Canal which would head at an eleva-

tion of 6, 000 feet and which would serve 28, 490 acres. The second pump

would lift the water not used under this canal a further distance of 135
feet to the Bisti Canal at an elevation of 6, 136 feet to irrigate the

remaining 26, 240 acres of land.

With the joint Shiprock Main Canal diverting from the Navajo Reser-

voir 207 feet lower than the carol in Plan D- 3, less dead storage cap1city

in the resorvoir would bo required. A total reservoir capacity of

1, 205, 000 acro- foet would be required, of which 980, 000 acre- feot. would

be active capacity, 12, 000 acre- feet would be dead storage, and 213, 000

acre- feet would moet silt storage requirements for 100 years.

The samo lateral and drainage system would be roquired as in Plan

D- 3.

10
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Plan .u-'l-

This plan is for a small South San Juan project of 20, 450 acres of

nel\reservation lands and provides for pumping by hydraulic- turbine

prime movers. The 1, 640 second- feet of water for the South San Juan

project and the 100, OOO- acre Shiprock project would be conveyed 30

miles through a highline Main Gravity Canal from the Navajo Reservoir

to a point 105 feet below the site of the drop described in Plan D- l.

This section of the canal would serve 1, 430 acres of South San Juan

project lands on Pauline Mesa, but it would not serve the scattered

tracts of land shown on the map as near .the mouths of Largo and Munoz

CanycW!. The remaining water for both projects at the end of the joint

Main Gravity Canal would drop 138 feet through a penstock to hydraulic-

turbine- driven pum]?s. At the pumps the water would sep9.rate into two

flows. That for the Shiprock project would provide pumping power and

then continue by gravity flow in the Shiprock project canal, and that

for the rell\9.ining South San Juan project lands would be pumped to the

Carson Canal at an elevation of 6, 104 feet. The water would be raised

375 feet above the pumps Xn an 8- foot -diameter pipe with a cap9.city of'

387 second- feet to irrigate 19, 020 acres.

Navajo Reservoir for this plan would have a total cap9.city of

774, 000 acre- feet, of which 302, 000 acre- feet would be active, 425, 000

acre- feet would be dead storage, and 47, 000 acre- feet would meet silt

storage requirements. With these cap9.cities, sedimentation estim9.tes

indicate a 100- year period of operation before silt deposition would

begin to encroach on the active irrigation cap9.city.

A lateral system to distribute water to all project lands would

be required. Only about 400 acres of the project lands are expected
to require drainage by artificial means.

Plan D- 5

The same South San Juan project area would be served under this

plan as in PlAn D- 4. The Navajo Reservoir would be constructed to a

capacity of 766, 000 acre- feet, including an active capacity of 390, 000

acre -feet. The joint Main Gravity Canal would be constructed 151 feet

higher than the canal planned for the ll3, 900-acre Shiprock project
alone and would have a capacity of 1, 960 second- feet and a length of

30 miles. Water for both projects at the end of the joint canal would

drop 119 feet through a penstock to hydraulic- turbine- driven pumps.

From the pumps, water would sep9.rate in the same manner as in Plan D- 4.

The water would be raised 381 feet above the pumps to irrigate the same

acreage with the same penstock size and capacity as in Plan D- 4.

The same lateral and drainage system would be required as in Plan

D- 4.

J2
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Plan D- 6

The same South San Juan project area would be served under this

plan as in Plans D- 4 and D- 5. The Navajo Reservoir would be constructed

to a capacity of 822, 000 acre -feet including an active capacity of

460, 000 acre -feet. The joint Main Gravity Canal would be constructed

140 feet higher than the canal planned for the 121, 700-acre Shiprock

project alone and would have a capacity of 2, 140 second- feet and a

length of 30 miles.

Water for both projects at the end of the joint Main Gravity Canal

would drop 109 feet through a penstock to hydraulic- turbine -driven

pumps. From the pumps, water would separate the same as in Plans D- 4

and D- 5. The water would be raised 374 feet above the pumps to irri-

gate the same acreage with the same penstock size and capacity as in

Plans D- 4 ahd D- 5.

Ths same lateral and drainage system would be required as in Plan

D- 4.

Plan E- 4

The same South San Juan project area would be served under this

plan as in :?1an D- 4, except that lands on Pauline Mesa above the Ship-

rock Main Canal would not receive water but the scattered tracts near

the mouths of largo and Munoz Canyons would be irrigated. The principal
difference in D- 4 and E- 4 plans is in the :means of conveyance of water

from Navajo Reservoir to the land. Under Plan E- 4 the Shiprock Main

Canal planned for the 100, 000-acre Shiprock project alone would be en-

larged to a, capacity of 1, 640 second- feet to convey water for both proj-
ects from Navajo Dam to a pumping plant, a distance of 38 miles. The

same 2, 270 acres irrigated by gravity as in Plan E- l would be served with

this plan. The 370 second- feet of water for the remaining 18, 180 acres

would be pumped 395 feet in a 7- foot- diameter pipe from a plant located

at the entrance to Kutz tunnel ( under New Mexico Highway No. 44) to the

Carson Canal.

With the Shiprock Main Canal diverting from the Navajo Reservoir

175 feet lower than the Main Gravity Canal in Plan D- 4, less storage '

capacity in the reservoir would be required. A total reservoir .capac-

ity of 524, 000 acre- feet would be required, of which 302, 000 acre- feet

would be active capacity, 12, 000 acre- feet would be dead storage, and

210, 000 acre- feet would meet silt storage requirements above dead stor-

age elevation for 100 years.

The same lateral and drainage system as described in Plan D- 4

would be required to Serve the project lands.

13
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Plan E- 5

The same South San Juan' project area would be served under this

plan as in Plan E- 4. The Shiprock Main Canal planned for the 113, 900-
acre Shiprockproject alone would be enlarged to a capacity of 1, 960
second- feet to convey water for both projects as in Plan E- 4. The 370

second- feet of water for the Carson Canal would be raised 397 feet in

a 7- foot- diameter pipe by a pumping plant in the same location as in

Plan E- 4.

With the Shiprock Main Canal diverting from the Navajo Reservoir

151 feet lower than the canal in Plan D- 5, less storage capacity in

the reservoir would be required. A total reservoir capacity of 614, 000

acre- feet would be require~, of which 390, 000 acre- feet would be active

capacity, 13, 000 acre- feet would be dead storage, and 211, 000 acre- feet

above dead storage elevation would meet silt storage requirements for

100 years.

The same lateral and drainage system would be required as in Plan

D- 4.

Plan E- 6

The same South San Juan project area would be served under this

plan as in Plans E- 4 and E- 5. The Shiprock Main Canal planned for the

121, 700-acre Shiprock project alone would be enlarged to a capacity of

2, 140 second- feet to convey water for both projects as in Plans E- 4

and E- 5. The 370 second- feet of water for the Carson Canal would be

ra ised 396 feet in a 7 -foot diameter pipe by a pumping plant in the same

location as in Plans E- 4 and E- 5.

With the joint Shiprock Main Canal diverting from the Navajo Reser-

voir 140 feet lower than the canal in Plan D- 6, less storage capacity
in the reservoir would be required. A total reservoir capacity of

684, 000 acre- feet would be required, of which 460, 000 acre- feet would

be active capacity, 13, 000 acre- feet would be dead storage, and 211, 000

acre -feet above dead storage elevation would meet silt storage require-
ments for 100 years. .

The same lateral and drainage systems would be required as in Plan

D- 4.

14
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CHAPTER II

GENERAL DISCUSSIONS

Location and Physical Geography

The South San Juan project area is located in San Juan County ir,

the northwest corner of New Mexico and lies astride a section of the

east boundary of the Navajo Indian Reservation. The project lands li",

on the mesas south of the San Juan River between Farmington and

Bloomfield. The relatively flat relief of the mesa lands is marked by
shallow arroyos and sand dunes formed by wind action. Tributaries of

the Chaoo River, Gallegos Canyon, and a few other minor tributaries of

San Juan River drain the area which slopes generally to the northwest.

The arable lands considered range in elevation from 5, 400 to 6, 135 feet.

They lie between the narrow dunes and are located generally in the

broad swales which slope moderately to the main drainages. The project
area lies near the center of a broad, geologic structural basin located
within the broader San Juan River Basin.

San Juan River, second largest tributary of the Colorado River,

heads on tile western slope of the Continental Divide in southwestern

Colorado. The river drains a total of 25, 000 square miles in the

general region of the common boundary corner of Colorado, New Mexico,

Arizona, and Utah. The greater part of the stream run- off, however,

comes from the San Juan and La Plata Mountains. Several mountain peaks
on the northeast rim of the basin reach more than 13, 000 feet above sea

level. From these heights the basin drops in elevation to 3, 260 feet

at the mouth of the San Juan River.

With elevation differences of nearly 2 miles between highest and

lowest points, the San Juan River Basin area is one of extreme contrast

in topography and climate. High tree- clad mountain areas with numerous

clear, fish- stocked streams , and small lakes rapidly give way to fertile

foothill valleys and mesas. These valleys and mesas merge into a vast,

broken and barren, but picturesque and highly colored plateau area

through which the lower portion of the San Juan and its silt-laden tribu-

taries flow in deeply entrenched rocky gorges to the Colorado River.

Rich in prehistoric Indian ruins, in natural wonders, and in spec-
tacular scenic beauty, the basin has great recreational value. Its

eight National monuments, one National Park, and numerous other points
of interest attract many vacationists.
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Climate

Climate in the South San Juan project area is temperate ani semi-
arid. The summers are characteri2ied by warm days and cool night s while
the winters are cold. Temperatures range from a minimum of 150F. below

2iero to a maximum of about loooF. The frost- free period is about 150
days and the mean annual temperature is about 50oF. The average annual

precipitation is 8. 99 inches at the Bloomfield station. About half of
this occurs during the growing season, making irrigation necessary for

successful crop production. With irrigation climatic conditions are

favorable for growing most field crops, a variety of garden crops, ani
such fruits as apoles, pears, peaches, cherries, and apricots.

Population

The population of San Juan County was 8, 330 in 1920, 14, 700 in 1930,
17, 110 in 1940, and 18, 120 in 1950. Nearly half the county population
in 1940 was Indian. Farmington, N. Melt.. with a 1950 po;pu}. ation of

3, 600, is the largest town in the county and is located 10 miles north
of the project area.

Principal trading centers are located at Farmington, N. Mex.., and

Durango, Golo. Durango, with a 1950 population of 7, 500, is located
about 75 miles northeast of the project area. - Schools, churches and
recreat10nal facilities are located at Farmington, A2itec, and Bloomfield.
School busses transport student s from outlying areas in the county to

centrally located schools.

Present Development

The project lands are almost totally undeveloped at the present
time. With the limited rainfall they support only a very sparse vege-
tation and are now used mostly by Indians for the gra2iing of sheep.
The most highly developed agricultural area near the prqject is that
around Fartnington and adjacent small towns where farmers are success-

fully raising fruits and other crops by diverting irrigation water

directly from the San Juan River and tributary streams.

A number of small industries help to support the local economy.
These are located outside of the project area in or near the commercial
and trading centers of the region. Mining of coal for local use and of

precious metals such as gold, silver, uranium, and vanadium is carried
on in the San Juan Basin. Lumbering and natural gas production are

other local industries. Proven fields in the San Juan Basin contain

great quantities of natural gas and recently constructed pipelines are

conveying gas from the basin to the west coo st and to Albuquerque, N.
Mex. Both oil and natural gas have been found within the project area.

17
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A new industry established in the region is the ~ nufacturing of

gasoline from natural gas. Three such plants are now located near

Farmington and Bloomfield. A large number of Indians on nearby reser-

vations are engaged on a small scale in the manufacture of hand- made

jewelry and hand- woven rugs.

The nearest rail facilities available to the project are the

narrow- gage line at Aztec and Farmington and the standard- gage line at

Albuquerque and Gallup. Albuquerque and Gallup are 194 and 123 miles,

respectively, from Farmington by highway. New Mexico State Highway
No. 44 traverses the project area connecting with United States Highway
No. 66 at Albuquerque and United States Highway No. 550 at Aztec, N. Mex.

Need for Development

The need for additional irrigation development in the San Juan River

Basin in New Mexico involves the long- run needs for resource development
essential to continued normal economic growth. In addition to norl!l9.l

growth an urgent need is antiCipated in the near future for settlement

opportunities that new irrigation development s can provide. Workers who

are now migrating by the hundreds into the area to take part directly or

indirectly in the new natural gas and oil industry will tend to rel!l9.in

in the area.

Added to this increased population will be those workers and depend-
ents involved in the related industry, l!l9.nufacture of gas and oil from

coal deposits, which will surely develop at some future date. A somewhat

slower but steady growth is anticipated from the mining and processing' of

uranium ores. The expanded population of the area will likely cause an

increase in the production of various products, thus increasing the tonnage
of imports and probably bringing a standard- gage railroad into the area.

With the increased population the local market for foodstuffs will expand,
and with a standard- gage rail outlet an outside market. for all agricultural
products that can be produced in the area could be developed and secured.

The ultimate result will be an increased demand for settlement opportuni-
ties on farms. The present limited supply of developed farms and the

anticipated continuing high prices for them will narrowly restrict farming

opportunities unless new lands are brought into production. The expansion
in farm land which can be made without irrigation is negligible.

With an increase in population and new industries, additional elec~'

tric generating capacity will be needed. Some new capacity is reported
to be imrnedi at ely desirable. No detailed studies of the potential local

power load growth have been made, however. Additional and more complete
processing. of the basin' s wood, food, and mineral products rather than

their export in raw and semifinished form could be accomplished within

the basin if sufficient electric power were available.

18
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The South San Juan project arn the Indian Shiprock project in the

first stage of development could meet the need for flood control. The

need is particularly great at Farmington and Shiprock. The Navajo Dam

as planned would remove a serious flood hazard in those areas. It would

permit the storage of water for irrigation and abate pollution.

Undeveloped Resources

Although some progress has been rrade in the development of the

many natural resources of the San Juan River Valley and the San Juan

Basin, it is only a " drop in the bucket" compared to future possibili-
ties.

In or nea r the project area and throughout most of the San Juan

Basin are tremendous undeveloped bodies of coal. Some of these depos-
its are reported to be of excellent coking quality While others are

valuable for the potential production of synthetic gas and oil and

related products. Because of the lack of suitable rail transportation,
most of the coal mining in the basin bas been for local use. The proj-
ect area is sitmted roughly in the center of a natural gas field

reputed to: be the largest undeveloped field in the United States. A

pipeline to carry a pa.rt of the gas produced to centers in Arizona and

California. is now under construction. Gas to meet the demnds' of the

central portion of New Mexico is also supplied from this field. Large

deposits of uranium minerals on the Navajo Reservation near " Four

Corners Area" have been discovered, and intensive prospecting of the

reservation and areas adjacent to it is in progress. Large- scale mining
and processing of this ore have nb~ been started. North of the project
area, in the Colorado portion of the basin, are huge stands of timber,

particularlY pine and spruce, Which are only partially utilized at pres-

ent. Undeveloped or partially developed mineral resources in the

Colorado area include tungsten, vanadium, uranium, gold, silver, lead,

and zinc.

Many undeveloped resources center around potential irrigation proj-
ects in the San Juan River Valley and the development of the valley' s

waters for the production of hydroelectric power. Fertile valleys,
terraces, and mesas contain thousands of acres of new land that, with

irrigation, will support. productive farmsteads and be the means of

livelihood for hundreds of new farm families.

Economic Conditions

General economic conditions in the region and in communities border-

ing the project area have been favorable in recent years. These conditions

have resulted from several factors, the most important being good farm

prices. Other factors contributing to the improved conditions are the
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increased farming along the San Juan River and the activity in the oil

and natural gas fields around Fawnington. Paradoxically, these conditions

have little effect on the project a~ea itself because of its sparsely
settled and undeveloped nature, Because of the limited development of

agricultural and other natural resources on the Navajo Indian Reservation,

economic conditions are poor among the Navajo Indians even when conditions

are favorable throughout the Nation as a whole.

Past Investigations

Several investigations of water storage and irrigation possibilities
along the San Juan River in the general area of the South San Juan and

Shiprock projects have been made since the . turn of the century by Federal,

State, and private interests. These investigations have been largely of a

reconnaissance nature. In the early investigations no plans sufficiently
attractive for development were formulated, In later investigations rather

detailed surveys and estimates of storage possibilities in the headwaters

of San Juan River and tributaries in connection with plans for transmoun-

tain diversions to the Rio Grande Basin were made by the Bureau of

Reclamation. Results of these studies are covered in the report on .~

Grande Joint Investigations, 1937.' In 1939 the Bureau of Reclamation

began- an-InVestigation of the potential Shiprock project. This investi-

gation was discontinued during World War II and later resumed by the

Bureau of Indian Affairs, leading to the present plans for the Shiprock
project.

An inventory of possible water resource developments in the San Juan

River Basin was given in the report entitled, The Colorado River,

released by the Bureau of Reclamation in March 194~ This report contains

the general results of studies mde to that time.

Present Investi~ tions

The present reconnaissance investigation was initiated in 1946.
Field work on investigations of the plans described in this report
included a reconnaissance land classification, fly-line surveys of

canal lines, a topographic survey of Navajo Dam site, and collection

of basic economic data. Geologic studies of the Navajo Dam and Reser-

voir sites, including diamond drilling and test pit exploration, were

made by Bureau of Reclamation personnel for the Bureau of Indian Affairs

in connection with tho latter agency' s investigations of the Shiprock
project. Office work has included the making of detailed water supply
studies, the preparatioh of rough plans and cost estimates, the making
of rough economic analyses of agricultural development of project lands
and repayment abilities, and the compiling of the reconnaissance report.
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A committee of the Department of the Interior, composed of

reprcsent.'lti.ves of the Division of Project Planning and Regions 4

3.nd 5 of the, Burec.u of Reclamation and representatives of the BureelU

of Indian Affairs, was appointed in the latter pB.rt of 1950 to compile
and coordinate technical engineering ,and economic data related to

potential development s that would utilize New Mexicol s comp9.ct allot-

ment of Upper Colorado River Basin water. This committee is Imom as

the San Juan River, New Mexico Technical Committee. A representative
of the State of New Mexico has acted as consultant to the committee and

assisted in its studies and compilations. Responsibilities of the

committee ! lore:

If If to present to the ( New Mexico) State Engineer or other

responsible State official the essential findings of the investi-

gations by the Bureau of Reclamation Regions 4 and 5 and by the

Bureau of Indian Affairs am to interpret these findings to him,

to assist him in making comparative studies involving various

combinations of projects to utilize San Juan River water within

New Mexico' s ( compact) allotment and to advise him on technical

matters relating to the advisability of including such projects
l- ~}II

The committee has compiled and coordinated related technical data

with prirrary attention being given to the hydrologic phases. Results

of investiga.tions of the South Sa.n Juan project have been made avail-

able to the committee. A Report 2t the Technical Committee ~ Use of

Haters 2f. ~ Juan River in ~ Mexico was prep9.red for the Secretary
of the Department of the Interior on January 26, 1951. A committee

progress report was later prep9.red for the Secretary on March 7, 1~ 52.
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WATER SUPPLY

Water Resources

The source of irrigation water for the South San Juan and Shiprock

projects is the San JUan River at the Navajo Dam ' site, located about 3. 5

miles below the mouth of Pine River. The flow at the Blanco gage is

considered to be representative of the flow at the dam site since any

inflow from the tributary drainage area between these two points is

practically negligible and consists almost entirely of flash run- off

from local storms.

The average annual recorded run- off of the San Juan River near

Blanco for the years 1930 to 1951 was 1, 010, 800 acre- feet. This

recorded run- off was adjust ed to allow for new upstream developments
during this period and for all potential within-basin upstream develop-
ments and the potential Weminuche Pass diversions to San Luis Valley.
These aQjusted flows, tabulated by months in Table VII on the following
page, represent the water available for regulation at the Navajo Reservoir

site for the South San Juan and ' Shiprock projects and for other potential
and existing downstream developments. The adjusted flows average 885, 900

acre- feet annually. Requirements for other potential and existing down-

stream developments are estimated to average 23, 000 acre- feet annually
after allowing for irrigation diversions by- passing the Blanco gage and

for estimated usable return flows below the gage. Thus an average of

862, 900 acre- feet annually would be available for regulation at the

Navajo site for the South San Juan and Shiprock projects, assuming no

transmountain diversion to the potential San Juan- Chama project.

Potential upstream developments considered in determining modified

flows of San Juan River at Blanco consist of the Dulce, O' Neal Park, and

Pine River extension projects; irrigation of miscellaneous lands above

Rosa, N. Mex.; and transmountain diversions to San Luis Valley from

Pine River and Weminuche Creek. Table VIII on page 24 lists the acreages

of the various projects and areas located upstream from the Navajo Dam

site. Should any of the potential developments fail to be realized, the

modified flows at Blanco would be increased accordingly.
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Table VII

ODIFIED FLOW OF SAN JU!\.N RIVER NEAR BLJ\.NCO-- ADJUSTED FOR UPSTRWI

WITIITN- BASIN DEVELOPMENTS AND WEMINUCHE NSS DI1Jli' JtSI:JNS

5

Year Nov.  Dec.   Jan. ,  Feb. . Mar.  Apr. May June July Aug.  Sept. Oct.  Total

1928 49 29 37 34 83 94 185 108 27 19 14 1b b95
1929 21 15 14 17 69 169 266 216 61 166 , 162 77 1253
1930 32 20 17 31 47 177 141 125 55 59 I 16 18 738
1931 14 17 14 i 19 27 61 113 81 31

I
20 I 34 50 I 481i

1932 .  24 15 15 I 54 139 341 434 308 132 71 I 27 23 1583
1933 16 16 17 18 37 I 46 118 195 50 19

I
46 31 I 609

16 69
I I

1934 17 17 18 34 72 15 11 I 9

I
18 11 i 307

1935 11 13 14 21 45 172 ' 245 4aJ 172 I 61 53 31 ! 1258
1936 17 13 14 14 92 236 244 79 19

I

54 45 29 ! 856
1937 29 17 14 21 99 342 403 196 66 I 23 13 24 . 1247
1938 15 13 I 15 17 96 230 1288 347 83 i 21 66 45 i 1236
1939 28 aJ

I
18 15 95 140 1191 69 8 6 36 18 I 644

1940 15 12 14 19 45 69 132 52 10 16 2l 40 i 445I
1941 22 22 I 19 51 116 248 680 I 542 252 59 65 227

123031942 I 94 46 35 32 63 407 296
I

261 53 26 22 25 1360
1943 ! 17

I
16 17 29 54 154 136 89

I
47 35 21 25 i 640

1944 I 18 20 14 18 39 119 295 336 95 22 13 36 110251945 20 I 17 14 27 43 137 265 153 50 33 10 33 802
1946 I 13

I
12

I
13 18 26 49 55 52 24 34 13 29 i 338

1947 24 17 12  ! 21 31 35 148 83 29 74 46 62 I 582
I I16 26 316 31 110411948 25 I

18 I 35 190 295 49 12 28

1949 16
I

15 i 17 I 23 62 I 195 265 ! 403 152 33 18 28 11227
1950 18 i 14 I 15

i
27 34 1103 105 75 36 10 20 10 467

1951 i 9  , 8 88 10 .JJ9 12 18 124 73 10 21 18 300
Mean I     !   !
1930- 51, 22. 5 I 17. 2 15. 9 J 24. 1 58. 0 I 161. 2 ! 228. 5 . 193. 1 , 65. 2 33. 5 28. 8 33. 9 885. 9

Y Estimated to complete the year.

Unitr.-l000 acre-feet

H
H
H

Note: Compiled in January 1951 by the San Juan River, New Mexico Technical Committee. In

computing the modified flow at Blanco, the recorded flow at Blanco was adjust ed for the effects of the
ultimate Pine River and Dulce projects in New Mexico and Colorado, the OtNeal Park, Carracas, and other
small miscellaneous projects above the Colorado- New Mexico State line, and the \ oleminuche Pass diversion.
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TABLE VIII

NET ACREAGES ABOVE NAVAJO DAM SITE

Presently irrigated  ;
lands i

With es-    
I

sentially Requiring
a full supplemen- New i

Pro iect or area sunnlv tal water lands Total

Dulce project 1, 840 14, 9501 16, 790

OINeal Park project 2, 140 5, 400. 7, 540
Pine River project extension 33, 160 35, 840 I 69, 000

Misc. areas above Rosa, N. Mex.     ,

San Juan River above Pagosa I

Springs 1, 680 0 I 3:<0 2, 000

Coal Creek 0 290 0 29(-

Four Mile Creek 0 3, 240 20 3, 260

Mill Creek 210 380 130 7:<0

Echo Canyon 0 660 5g1
660

Rio and Rito Blanco , 780 290 1, 120

San Juan River- Gate to Pagosa
Springs 260 0 210 470

San Juan River- Carracas project 250 0 1, 420 1, 670
Stollsteimer and Lower Piedra 960 840 1, 060 2, 860

Total 41 280 5 700 . 59. 400 106. 380

Water Rights

Two compacts among interested States anti a treaty between tme

United States and Mexico govern the division of Colorado River waters.

The Colorado River Compact of 1922 allocates waters to the upper and

lower basins. Waters allocated the upper basin are divided among the

States in the upper basin by the Upper Colorado River Basin Compact of

1949. The Mexican Water Treaty of 1945 defines Mexico' S rights to the

use of water from the Colorado River system.

The Upper Colorado River Basin Compact' establishes tme obligation
of each State of the upper division with respect to the deliveries of

water required to be made at Lee Ferry by the Colorado River Compact.
Article 3 of the upper basin compact allocates to the State of Arizona

the consumptive use of 50, 000 acre- feet per annum and apportions the

remainder of the upper basin' s water among Colorado ( 51. 75 percent),
New Mexico ( 11. 25 percent), Utah ( 23 percent), and Wyoming ( 14 percent).
The compact . pportions the consumptive use of waters of the San Juan River
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and its tributaries between the States of Colorado and New Mexico as

follows:

The State of Colorado agrees to deliver to the State of New Mexico

from the San Juan River and its tributaries which rise in the State
of Colorado a quantity of water which shall be sufficient, together
with water originating in the San Juan Basin in the State of New
Mexico, to enable the State of New Mexico to make full use of the

water apportioned to the State of New Mexico by Article III of this

Compact, subject, however, to the following:

a) A first and prior right shall be recogni~ed as to:

1) All uses of water made in either State at the time of

the signing of this Compact; and

2) All uses of water contemplated by projects authorized,
at the time of the signing of this Compact, under the
laws of the United States of America whether or not
such projects are eventually constructed by the United
States of Ame rica or by some other entity.

b) The State of Colorado assents to diversions and storage of
water in the State of Colorado for use in the State of New
Mexico, subject to compliance with Article IX of this Compact.

c) The uses of the waters of the San Juan River and any of its
tributaries within either State which are dependent upon a

common source of water and which are not covered by ( a) hereof,
shall in times of water shortages be reduced in such quantity
that the resulting consumptive use in each State will bear the
same proportionate relation to the consumptive use made in
each State during times of average water supply as determined

by the Commission; provided, that any preferential uses of
water to which Indians are entitled under Article XIX shall
be excluded in determining the amount of curtailment to be
made under .:this paragraph.

d) The curtailment of water use by either State in order to make
deliveries at Lee Ferry 'as required by Article IV of this

Compact shall be independent of any and all conditions imposed
by this Article and shall be made by each State, as and when

required, without regard to any provisions of thi s Article.

e) All consumptive use of the waters of the San Juan River and it s

tributaries shall be charged under the apportionment of Article
III hereof to the State in which the use is made; provided, that

consumptive use incident to the diversion, impounding or convey-
ance of water in one State for use in the other shall be charged
to the latter State."
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In connection with the San Juan River water available for use in

New Mexico, the following is quoted from the San Juan River, New Mexico

Technical Committee report of January 26, 1951.

The problem in New Mexico is to select projects to utilize

the water available to New Mexico under the Upper Colorado River

Basin Compact. Article VI of that Compact provides that the uses

are to be measured in terms of man- made depletions of the virgin
flow at Lee Ferry. The committee made no attempt to estimate the

magnitude of future salvage of channel losses between sites of use

and Lee Ferry. Neither did it attempt to estimate the extent of

future curtailments of use to meet the obligation of New Mexico

under the Mexican Water Treaty. In the committee' s analysis these

two unevaluated items were assumed to offset each other and uses

in New Mexico were calculated on the basis of depletions at the

sites of use. New Mexico' s permissible depletion under these

assumptions is estimated to be 838, 000 acre- feet annually. Antici-

pated depletions by present projects am future projects for which

New Mexico has committed uses, are as follows:

Use by present developments 80, 000 acre- feet

Reserve for New Mexico' s share of

main stem reservoir losses 92, 000 " "

Reserve for Navajo Reservoir los ses 26, 000 " "

Reserve for Hammond Project 8, 400 " "
Reserve for La Plata Unit of Animas-

La Plate Project 3, 500 " "
Reserve for authorized Indian Proj-

ects ( Hogback Project Extension

and Fruitland Project)   28, 100 " "

Subtotal 238, 000 " "

These calculations indicate about 600, 000 acre- feet available for

additional future potential projects in New Mexico."

Potential developments are known that would utilize more water of
the San Juan River than is available. Several of the potential projects
in New Mexico are competitive with potential projects in Colorado to

varying degrees for use of common sources of water. In these cases the
State of Colorado agreed in the Upper Colorado River Basin Compact,
however, to by- pass sufficient water of the San Juan River system to

allow New Mexico to use its apportioned share of the upper basin water.

Several of the potential projects in New Mexico are also competitive
with each other for common sources of water, and most of the potential
projects in New Mexico are competitive with each other to varying degrees
for use of New Mexico' s apportioned share of the Upper Colorado River
Basin water.
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In the final selection of projects to utilize New Mexico' s water,

consideration will need be given to the balancing of the number and size

of the projects with the physical limitations of local water supplies as

well as with the amount of water available under the State' s apportionment.
Consideration must also be given to the water requirements of existing
rights as well as to the relative priorities yet to be established of the

various new projects.

This report presents comparative data for the South San Juan project
under various plans so that this project can be. compared with other poten-
tial developments in selecting the size and number of those that should be

constructed to utilize San Juan River water in New Mexico. Uses under
several combinations of potential projects are roughly estimated later in
this chapter under Stream Depletions to indicate the relationship of the
various combinations to physical limitations of water supply and to the
limitation of the compact apportionment.

Water Requirements-- South San Juan and Shiprock Projects

In estimating the amount and seasonal distribution of irrigation
requirements of the South San Juan and. Shiprock projects, consideration
was given to the length of growing season, type of crops grown, effec-
tive precipitation, consumptive use requirements, farm application
efficiencies, lateral and main canal conveyance losses, and usable return
flows. The estimated net diversion requirement s of the South San Joon
and Shiprock projects were derived as indicated in Tables IX and X.

The diversion requirements of 4. 5 and 5. 0 acre- feet per acre as

measured at Navajo Dam site for the South San Juan and Shiprock projects,
respectively, were estimated by the San Juan River, New Mexico Technical
Committee. These diversion requirements were adopted for use in the
studies presented in this report. Future refinement in the estimates of
diversion requirements may result in adoption of different quantities in
the final studies. Any changes in the requirements would affect accord-

ingly the total acreage under the various plans of the se two projects
that could be irrigated within the limits of the dependable water supply
available.
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Table IX

liA.TER REQUIRilliENTS-- SOUrH SAN JUAN PROJECT

Consumptive i ! , ! Gross! Re-.J Net "

luse of irri- i Farm I

Far:'" I Conveyan~ e" Irequire-! d~
verl require-

Igation water I,' losses del~very , 10ssetJ mthin Iment at lble ment at

on cropped I ( 58%,of requi=- project area Jhead of return head of

lands idelive. moot . ( laterals) reject flow ro" eet
I' - of I

I
e.- ftJt 01"

1' 
A!3.- ft. I Ac.- ft. Igross IAe...,ft. r Ae.- ft. I Ae.- ft.

per 1 an- . per I per ' require..; per I per per:
Month ere ! nual acre acre ment! acre I acre acre

April 0. 05 1 3.

21
0. 07 I 0. 12 35 I

0. 07 0. 19 0. 02

May ! 0. 27 i 17. 5 0. 37 ! 0. 64 28 10. 25 0. 89 0. 08
June 10. 39 1 25. 3! 0. 54 ! 0. 93 23

10.
28 11. 21 O. ll

July 10. 39 I 25. 3
I

0. 54 i 0. 93 23 0.

281' 
1.21 O. ll

ugustj 0. 26 116..91
0. 36 I 0. 62 22 i 0. 18 0. 80 0. 08

Sept. I 0. i4 . 9. 1 0. 19 I 0. 33 26 i 0. 12 i 0. 45 0. 07
Oct. 0. 04 2. 6 0. 06 . 0. 10 30' 0. 04 i 0. 14 0. 05

l'V . 
I 'X>

Total ' 1. 54 tlOO. O i 2. 13 3. 67 25 11. 22 : 4. 89
2

y' Derived by applying Blaney- Criddle method, by months, to the cropping oattern listed below, usingBloomfield clL~ tologieal data.

0. 52

Crops Percent of area
Alfalfa . . . . . . .. .. 26. 7
Pasture . . . . . . .. . 11. 2

Small grains and beans. 28. 7
Corn and other annuals 22. 7
Orchard . . . . . . . . 10. 7

Total . . . . . . . .. 
100...
0

Q
o

i~

2;;-.:1

jl-'

H
H
H

Conveyance
losses

iiain Canal

i
Ac.- ft. 1% of net AC.- ft. i Ac.- ft.)% of

per irequire- per : per ~ an-

acre ffient acre aore ! nual

0. 17 4. 0 , 0. 01 0. 18 I 4. 0
0. 81 3. 2. 1 0. 03 0. 84 [ 18. 7
1. 10 2. 7 0. 03 1. 13 : 25. 1
1.10 2. 7 0. 03 1. 13 : 25; 1~
0. 72 2. 7 0. 02 0. 74 116. 4
0. 38 2. 8 0. 01 0. 39, 8. 7
0. 09 3. 3 0. 00 0. 09 i 2. 0

4. 37 4. 50 : 100. 0

y' Described in Determining \'later Requirements in Irrigated Areas from Climatological ~ IrrigationData, August 1950, by Harry F. Blaney and Wayne D. Criddle, published by Soil Conservation Service, United
States Department of Agriculture.
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Table X

WATER REQUIREMfllTS- SHIPROCK PROJECT

Consumptive ! Gras s ; Re- I Net

Iuse of irri- Farm Farm i. COllVeyanCe require- idiverlr-! require- Diversion

gat ion water :}. osses delivery Ilosses within ment at ible : moot at! Conveyance ; requirement
on cropped . ( 58%"of irequire":, project area head of return i head of: losses i at

lands 1/ delivery). ment . t ( laterals) project flow ro 'ect I ( Main Canal Nava' o Dam Y
of I I I 'iAC.- ftJ % of,.Ac.- ft. gro~s iAD.- ft. Ac.- ft. i % of net Ac.- ft. Ac.- ft 4 % of

I per 1 an- per : reqmr per per
I require-I per ! per I an-

acre ' nual acre ' moot acre acre ' ment acre acre I nual
0. 06 3. 7 0. e8 35 0. 08 0. 22 0. 2J 14 0. 03 0. 23 4.
0. 31 19. 0 0. 43 28 10. 29 1. 03 0. 95 12 0. 13 I 1. 08 21. 6
0. 41 25. 2

0,,57 23 0. 30 1. 28 1.13 9 O. ll 1. 24 24. 8
0; 42 25;$ 0. 58 23 10. 30 1.30 1.14 9 O. ll 1. 25 l 25. 0
0. 27 16. 5 0. 37 22 10. 18 0. 82 0. 68 9 0. 07 0. 75 iI 15. 0
0. 12 7. 4 0. 17 26 10. 10 0. 39 0. 31 11 0. 04 0. 35 ' I 7. 0
0. 04 2. 4 0. 05 30 0. 04 0. 13 0. 09 13 0. 01 0. 10 2. 0

I
11. 29

2

JJ Derived by applying BlaneY- Criddle Method, by months, to the croPDinR pattern listed below, using
Bloomfield and Shiprock climatological data weighted equally.

I

Month

April
May
June

July
August
Sept.
Oct.

1\)

Total 0. 50 5. 00 i 00. 0
1. 63 ' 100. 0 2. 25 3. 88 25 5. 17 10. 0

Crops
llfalfa .. . . . . . ..

Pasture . . . . .. . ..

Small grains and bean15

Com and other annuals

Orchard . . .

Total . .. . .. .. .

Percent of

30
10

31
28

1

100

area

Y Described in Detennining '.vater Requirements in Irrigated Areas .from Climatological and Irrigation
ugust 1950, by Harry F. Blaney and Wayne D. Criddle, published by Soil Conservation Service, United

States Department of Agriculture.

d'loes not take into account the operation of Table Mesa Reservoir. Refer to r.ibles XI am XII.
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fI' WATER SUPPLYCHAPTER III

Table Mesa Reservoir Oper~tion

Table Mesa Reservoir site is so situated within the Shiprock
project area that it can furnish 47, 000 acres of land in that project
with tenninal storage. During June, th" month of maximum irrigation
requirement, the lands below the reservoir can be served entirely by
water diverted to and stoTed in this reservoir during the off-peak
month. This has the effect of reducing the capacity of the main canal

from the Navajo Dam site that would otherwise be
required.. 

Table Mesa

Reservoir would h&ve 2, 500 acre- feet of dead storage and 127, 500 acre-

feet of active storage. Tables XI and XII show the normal annual

operation of Table Mesa Reservoir for Shiprock projects of 100, 000

acres and 113, 900 acres, respectively.

Navajo Reservoir Operation

Simulated monthly operation studies of Navajo Reservoir for four

different combin&tions ~ sizes of Shiprock and South San Juan projects
were prepared for the period 19213 to 1951 and summarized for the 22-

year period 1930 to 1951. The studies were started with a full reser-

voir following the September 1927 flood. Reservoir capacities were

chosen so as to give an average annual irrigation shortage of approxi-
mately 6 percent. The sizesof projects and reservoir capacities,
exclusive of anticipated silt deposition, were as shown below.

Stud

1

2

3
4

Reservoir ca acit

Dead Activ

130, 000 2$0, 000

215, OCO 395, 000

475, 000 5$ 0, 000

475 000 1 025 000

ll3, 900
ll3, 900
100, 000

113 900

o

20, 450
57, 000

67 700

The required release at the Navajo Reservoir for the four studies
are summarized in Table XIII. Tables XIV to XVII show the annual sum-

mary of Navajo Reservoir operation studies 1 to 4,. respectively.

The active capacity of Navajo Reservoir, exclusive of anticipated
silt deposition, was plotted against the annual water requirements for

the four studies, The resulting curve, shown on page 31'\, was used to

obtain the required active capacity of Navajo Reservoir for the various

project plans presented in Chapter I.
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I

I
I
I Releases

from

Navajo
IReservoir

to

IShiprack
Month

I
project

Nov. 

I
23. 3

Dec. 24. 2

Jan.. 24. 2

Feb. 21. 8

Mar. 24. 2

Apr. _ I
48. 1

May ; 83. 8

June I 65. 8

July 69. 1

ug. 74. 8

Sept. 34. 9
Oct.! 10. 5

i
I

Total i 504. 7

Convey-
ance

losses

percent
of

reservoir

relea&es) Total

8 21. 4
8 22. 2

8 22. 2

8 20. 0

8 22. 2

14 41. 4
12 73. 7

9 59. 9

i
9 . 62. 9
9 i 68. 1

11 i 31.1i
13I

I
9. 1

10 1454. 2

Cl
o

c'-~
A

0..]

t~
1

H
H
H

Table XI

NORMAL OPERATION

TABLE MESA RESERVOIR

SHIPROCK PROJECT- 100, 000 ACRES

Deliveries to ,Shiprock Dro.lect
Direct flow

To lands

I r
above

I
To

Table Mesa

i
To storage

53 ,000 acres) lands !( inflo>;
Ac.- ft. I below to

per 1, 000 Table " Table

acre ac.- ft. Mesa Mesa)

Unit-- l,Ooo acre-feet

I

Total

requirement
of lands below

Table Mesa

47 ,000 acres)

Ac.- ft.

per 1, 000

acre ac.- ft.

Reservoir
Demand Evapor- content at

on ation
1/ 

end 01'
2/

stora~e losses ;; month-

0. 20

0. 95
1. 13
1.14
0. 68
0. 31
0. 09

10. 6
50. 4

I
59. 9
60. 4

36. 0

16. 4
4. 8

21.4 I 23. 9
22. 2 46. 1

122. 2   ,  I 68. 3
i 20. 0 1 88. 3

122. 2 0. 7 109. 8

9. 4 121. 4 0. 20 9. 4 0 1. 2 130. 0

23. 3 0

1
0. 95 44. 6 21. 3 1. 1 107. 6

I 2.~  

0 1. 13 53~1 53. 1 0. 8 53. 7
0 1.14

I
53'-6 51. 1 0. 1 2. 5

32. 0 0. 1 0. 68 32. 0 0 0. 1 2. 5
14. 6

I 0. 1 0. 31 14. 6 0 0. 1 2. 5
4. 2 0. 1 .  0. 09 4. 2 0 0. 1 2. 5

86. 0 1'-29. 7 4. 50 2ll. 5 125. 5 4. 24. 50 , 238. 5

Y Based on an annual rate of 2. 90 feet of depth from the exposed reservoir water surface.

Y Dead storage :,, 500 acre- feet; active storage 127, 500 acre- feet.
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Table XII
NORl".AL OPERATION

TABLE MESA RESERVOIR

SHIPROCK PROJECT-- 1l3, 9~ ACRES
Unit- LOOt aCT"p.- f'p.P.t,

De iveries to Shi rock ro 'ect

I I'I Direct now: Total

I To lands

j r ! 
requirement !

I above To ; of lands.. below. f:
Table Mesa I To storage, Table l'lesa i

53 000 acres ' lands

I'(
innowl (47 , 000 acres) 

I ' Reservoir
c.- ft. ' below, to ! Ac.- ft. i . I Demand Evapor- \ content at

I
per 1, 000 Table I Table

I per i
1, 000 I on at:Lon ; end' o~

acre ac.- ft. Mesa I Mesa) , acre : ac.- ft., storage losses }/ : month 'Y
I
I
I

H
H
H

Releases
from

Navajo
Reservoir

to

Shiprock
Month roject

Convey-
ance

losses

percent
of

reservoir Ireleases) Total

21. 6
21. 6
21.6
21. 6
21. 6

44. 2

85. 2

75. 6
80. 5
77. 6

35. 4
10. 3

21. 6
21. 6
21. 6
21. 6
21. 6
21. 4

o

o

o

0. 1

0. 1

0. 1

24. 1

45. 7
67. 3
88. 9

10908
130. 0

105. 9
5200

2. 5
2. 5
2. 5
2. 5

23. 5
23. 5
23. 5
23. 5
23. 5
51. 4
96. 8

83. 1

88. 5
85. 3
39. 8

ll.8

8

I ~
I 8

14
12

9

9
9

11

13

Nov".

Dee..
Jan.

Feb.

d Mar.

Apr.

I
Aug. I

Sept. ,
Oct. 

I

0. 7
1. 2

1. 1

0. 8

0. 1

0. 1

0. 1

0. 1

9. 4
21. 6

o

I 4. 2

32. 0

114. 6

I 4. 2
I

0. 20

0. 95
1. 13
1.14
0. 68
0. 31
0. 09

13. 4
63. 6

75. 6

76. 3
45. 5
D. 7

6. 0

0. 20

0. 95
1. 13
1. 14
0. 68
0. 31
0. 09

9. 4

44. 6

53. 1

53. 6

32. 0

14. 6

4. 2

23. 0

53. 1

49. 4
o

o

o

I
i

516. 8 4. 50 ' 301. 1 86. 0 1129. 7 4. 50 1211. 5 ! 125. 5 I 4. 2Total 574. 2 10

Y Based on an annual rate of 2. 90 feet of depth from the exposed reservoir water surface.

Dead storage 2, 500 acre- feet; active storage 127, 500 acre- feet. 3
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Table XIII

REQUIRED RELEASES AT NAVAJO RESERVOIR

For

lands

Month

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.  4
May 3
June I 4

July 4
W August I 4
W

Sept. , 3
Oct.  1

Total 23

For

23
24
24
22

24

4 10 12 48
17 48 57 84
23~ 64 77 66

23 65 77 69
15 42 50 75

8 22 26 35
2 5 6 II

92 256 305 505

yi
ro. ect

ll3, 900
acres

c::.

W

l',.A
co -. 1

Unit- l,OOO acre- feet :::
r::

en

E:l
H
H
H

3 I Stud

23 23 23
24 24 24
24 24 24
23 22 23
24 24 24
59 62 67

ll7 135 157
110 134 164
116 138 170

104 121 139
50 60 68
15 17 19

23 23
24 24
24 24
23 23
24 24

51 55

97 100

83 87
89 93
85 89

39 42
12 13

574 597 689 784 902

Includes releases of 5 acre- feet per acre to 820 acres under the Bloomfield- Porter ditch and

3, 670 acres under the Hammond project, but does not include the demands of 4, 410 acres of presently
irrigated land, the diversions for which are already reflected in the recorded flow of the Blanco

gage. The requirement of lands below the mouth of the Animas River would be met from inflows and

return flows.

y Refer to Table Mesa Reservoir Operation Studies, Tables XI and XII.

y Study 1

Study 2

Study 3
Study 4

3

E:l

Serves a 113, 900- acre Shiprock project.
Serves a 113, 900- acre Shiprock project and a 2O, 450- acre South San Juan project,
Serves a 100, 000-acre Shiprock project and a 57, 000- acre South San Juan pro ject.
Serves a 113, 900-acre Shiprock project and a 67, 700-acre Sout@ San Juan project.
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Table XIV
ANNUAL S1J}lIiJARY-- I'nVAJO R2ScliVOIR OnRATION-- STUDJ: 1

SHIPROCK PROJECT ALONE-- 113, 900 ACRES

Unit ; 000 acre l' .

C;J

J,.... - ee....

Average South San

Juan and Shiprock
Total Active reservoir project irrigation

I
I'iodified irrigation

content shortages -

I
run- off at demand at Demand Reservoir lEnd of  . % of total

Navajo Navajo Dam Storable evaporation i season 1, 000 irrigationI on

Year Dam site site flow storage 10sses1/ Maximum ( Oct. 31) Soill cre- feet demand

1929 280

1930 738 597 246 105 15 280 186 220

1931 481 597 59 175 12 177 58

1932 1, 583 597 1, 037 51 13 280 254 777

1933 609 597 161 149 14 280 184 68

1934 307 597 27 317 11 178 0 117 20. 6

1935 1, 258 597 689 28 II 280 278 372

1936 856 597 412 153 15 280 174 348

1937 1, 247 597 791 141 13 280 164 647

1938 1, 236 597 751 112 13 280 253 537

1939 644 597 . 257 210 15 280 85 200

1940 445 597 94 246 8 ll5 27 102 17. 9

1941 2, 303 597 1, 744 38 13 280 280 1, 440

1942 1, 360 597 886 123 15 210 164 864
1943 640 597 185 142 13 280 165 29

1944 1, 025 597 548 120 13 280 d!4 376
1945 802 597 356 151 13 280 164 232

1946 338 597 18 277 8 154 16 119 20. 9

1947 582 597 105 120 7 51 51 57 10. 0

1948 1, 041 597 590 146 13 280 157 325

1949 i 1, 227 i 597 733 103 13 280 212 562
1950 I 467

I

597 67 197 12 250 70

1951 I 300 597 0 297 5 56 0 2" 2 40. 8

Mean! 885. 9 597. 0 443. 4 154. 6 12. 0 232. 3 149. 0 318. 0 28. 5 5. 0

0-

3
t.l.j
u

gj
u
u
t"'
K

H
H
H

1/ ' Based on an annual rate of 2. 90- foot depth from exposed reservoir surface.



TalXV          , <:::)
w

I-"
ANNUAL SUNMARY - NA VAJO RESERVOIR OPE& 1TION-- STU1)Y 2 0-.)

SOUTH SAN JUAN PROJECT 20, 450 ,\ CRES; SHIPROCK PROJECT ll3, 900 ACRES S;oo
d

Unit- l,OOO acre-feet >-'
3
t;<J

I     ! 

Average South San ""

I !     
H

i" I     ! Juan and Shiprock H

i i Total I Active reservoir:     ; project irrigation
H

od ' i"""ti~ I I _~ t" ,     i shortages
lrun- off at demand at . ' Demand Reservoir 1 ! End of I

i
I % of total

I Navajo Navajo D Storab:j.Ef, on, . levapot'a~! . I season

I
t

1, 000 I irrigation
Year Dam site site now.  stora e I losse MaXl.mUln ' Oct. 31 S ill ! acre-feet demand

1929 .           !  395 i    ,
1930 I 738 689 200 151 20 i 395 250 i 174i

1931 i 481 689 40 248 15 240 34 I
7 0. 1i

1932 : 1, 583 689 968 74 17 395 342 I 569
1933 i 609 689 ll5 195 18 391 244
1934\ 307

I 689 23 405 13 237 0
I

151 22. 8i

1935 1, 258 689 612 43 16 395 366 1- 187

19361 856 i 689 386 219 I 19 395 216 I 298I

19371 1, 247 !  689 745 187 I 19 395 228
I. 

527w f

19381
1, 236 I 689 697 150

1
20 395 304  ' 438

1939 644 !  689 234 279 16 395 129  \'.. 127
1940 i 445 I 689 71 315 , II 136 24 150 22. 7I I I19411 2, 303 I 689 1, 667 53 i 16 395 395  , 1, 227

19421 ,  
I

1, 360 i 689 840 169 20 395 228 I 818I

1943 I 640 i 689 160 209 i 17 349 162 i
1944 i 1, 025 689 500 164 I 17 395 268 I

213i I I
1945 I 802 I 689 310 197 I 19 395 228

I
134

1946 i
I

689 16 367  ,338 I I 13 217 13 149 22. 5
1947

I
582

I
689 80 187 9 46 46   ,   149 22. 5

1948 1, 041 689 544 192 16 395 222 I 160
1949 , 1, 227 I 689 664 126 19 395 300 i J,J.,1
1950 467 689 58 280 16 328 62 I

I            ~

1951 300 689 0 ! 389 8 48 0 335 50. 7 >-' 3

Mean 885. 9 89. 0 405. 9 209. 0 1 . 1 324. 0 I 193. 7 I 241. 51 42. 8 6. 5
t;<J

11 Based on an annual rate of 2. 90- foot 'depthfrom eX]50se& reservoir surface.    w
c::
d
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Table XVI

ANNUAL SUMMARY- NAVAJO RESERVOIR OPERATION-3TUDY 3
SOUI'H SAN JUAN PRDJECT- 57, 000 ACRES; SHIPRDCK PRDJECT- 1OO, 000 ACRES

Unit- l-OOO acre-feQt

0-

I I I Average South San

Juan and Shiprock
Total Active reservoir project irrigation

Modified irrigation   --    content Shortages
rtm.-off at demand at D~~ d

I
Reservoir End of 1 % of total -

Navajo Navajo Dam Storable -' on- evapor~~    season i 1, 000 i irrigation
Year Dam site site flow storage - j losse 1

Maximum I ( Oct ' n) Snilljacre- feet I demand

1929 I 580 ' I :
1930 I 738 784 163 209 29 I 580 366 1139 !  !i i
1931 481 784 36 339 I 22 356 41 ' ,

I I 1326
I

1932 1, 583 784 906 107 29 580 485 i
I

1933 608 784 88 264 27 482 382
1934 I 307 784 20 497 19 i 275 0  , 214 i 28. 3

I 67 26 i
I

1935 1, 258 784 541 I 509 448 I  ,I
I

I    ,1936 i 856 784 363 291 29 580 319 172  ,
1937 I 1, 247 784 i 698 235 30 580 358 394   !
1938 1, 236 784 640 188 30 I 580 467 333   ,

I j
1939 I 644 784 2ll 351 Z7

I

580 232 _ 48   ;
1940 445 784 I 51 390 18  :? 23 22 147 I 19. 4
1941 ; 2, 303 784 i

1, 589 70 30 580
j

580 931
i

i
I

1942 1, 360 784
I

794 218 30 ! 580 358 ' 768 I
1943 640 784 138 282 26 458 188 I

1944 i
1, 025 784 453 212 Z7 580 , 398 4 I1945 802 784 264 246 29 580 358 29

1946 I 338 784 14 460 2l 347 II 120 I 15. 9
1947 i 582 784 57 259 17 44 44 252 I 33. 3
1948 i 1, 041 784 498 241 25 503 276 I  ;

i
1949

I
1, 227 784 596 153 30 580 453 236 I II

1950 467 784 56 373 24 477 ll2

1951 300 784 0 484 16 97 0 i 388 51. 3
Mean 885. 9 784. 0 371. 6 269. 8 25. 5 461. 4 28106 ' 153. 6 i 51. 0 i 6. 7

11 Based on an annual rate of 2. 90 - f"oot depth from exposed reservoir surface.
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I
Table XVII

Al'lNUAL SUMMI\BY -~ NAVAJO RESERVOIR OPERII.TION-- STUDY 4
SOUTH SAN JUAN PROJECT-- 67, 700 ACRES; SHIPRCCK PROJECT--ll3,900 ACRES

Unit-- 1 000 acre- feet

W
J

Average South San

Juan and Shiprock
Total Active reservoir project irrigation

Modified irrigation content 11 shortages
nm-off at demand at Demand Reservoir End of    % of total

Navajo Navajo Dam Storable on evaporation season 1, 000 irrigation
Year Dam site site flow storaJZe losses Maximum ( Oct. ~ 1)  Spill acre- feet demand
1929      ;  I

945
1930 738 902 150 314 32 1, 025 698 51
1931 481 902 34 455 27 688 250
1932 1, 583 902 846 165 35 1, 025 867 29
1933 609 902 56 349 32 859 542
1934 307 902 15 610 24 535 0 77 8. 8
1935 1, 258 902 449 93 26 421 330
1936 856 902 334 380 26 606 258
1937 1, 247 902 639 294 32 854- 571
1938 1, 236 902 575 241 36 1, 025 829 40
1939 644 902 183 441 32 980 539
1940 445 902 44 501 24 530 58
1941 2, 303 902 1, 492 91 36 1, 025 1, 025 398
1942 1, 360 902 734 276 38 1, 025 741 704
1943 640 902 129 391 31 834 448
1944/ 1, 025 902 394 271 30 783 541
1945 802 902 i

215 315 31 708 410

19461 338 902 I 12 576 19 399 9 I 182 20. 8
1947 582 902 46 366 16 42 42

i 369 42. 2
1948 ! 1, 041 902 438 299 22 443 159

19491 1, 227 ! 902 522 197 27 634 457 I1950, 467 902 50 485 24 475 0 2 . 2
19'51 i 300 902 I 0 i 602 15 0 0 617 70. 6

Mean I 88'5. 9 I 902. 0 I . << 4. 4i ~' 50.' 5 I 28. 0 678. 01 422. 6  ' 5'5.' 51 ' 56. 7 6.' 5

1/ Based on an annual rate of. 2. 90- foot, depth from the exposed water surface.
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fI' CHl,PTER III WATER SUPPLY

Stream De~ letion

During January 1951 the San Juan River, New M3xico Technical

Committee estimated depletion rat~s for all potential New Mexico

projects. These rates were adopted for the studies covered in this

report. These were based on the net irrigable acreage to be cropped but

include al::'owances for consumptive use from incidental areas adjacent to

and below the farm land, return flow channels, and areas along the main

canals.

The chart on page 40 shows the relation of the sizes of the San

Juan- Chama, Shiprock, and South San Juan projects within the physical
limitations of the available water supply of the San Juan River after

allowing for other potential stream depletions upstream from Navajo Dam

site and for requirements of other existing and potential developments
downstream from Navajo Dam site. Region V of the Bureau of Reclamation

has prepared reconnaissance studies for average annual San Juan- Chama

diversions of 163, 000 acre- feet, 235, 000 acre- feet, and 264, 000 acre- feet.

Potential New Mexico stream depletions, exclusive of those from the

San Juan- Chama, Shiprock, and South San Juan projects, are shown in

Table XVIII. Committed uses by the State of New Mexico were separated
from those for which reconnaissance investigations have not been com-

pleted. Table XIX shows potential New Mexico etream depletione for 15
combinations of projects and indicates the amount by which the potentials
exceed 838, 000 acre- feet, New Mexico' s approximate permissible annual

stream depletion under the terms of the Upper Colorado River Basin Compact.
In this table the San Juan- Chama project was not included in combinations

in which the available water supply would limit the project to an average

annual divereion of less than 163, 000 acre- feet.
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Total

Net Depletion depletion
irrigable rate ( 1, 000

area ( ac .- ft. acre -

Pro.1ect or use  ( acres) I ner acre )1/ feet)

Committed uses by State of New Mexico

Present developments 80. 0

Reserve for New Mexico' s share of

main stem reservoir losses 92. 0

Hammond project 3, 670 2. 3 8. 4
Authorized Indian projects

9, 82og./Hogback 2. 3 22. 6
Fruitland 910 2. 3 2. 1

Subtotal     ( 205. 1)

Other potential uses :3./
Dulce project

San Juan Basin 7, 730 1..2 9. 3
Rio Grande Baein 3, 740 2. 5 9: 3

Pine River project 960 2. 0 1.9
Animas- La Plata project

LaPlata division ( supplemental) 3, 800 0. 7 2. 7
LaPlata divieion ( new)  3, 780 2. 3 8. 7
McDermott division 10, 310 2. 0 20. 6
Meadows division 8, 750 2. 5 21. 9
Monument Rocks division 17, 000 2. 5 42. 5
Animas division 'f!/   10, 000 2. 1 21. 0

Reservoir evaporation
7. 6New Mexicols share

Miscellaneoue areas

San Juan River 1, 260 2. 3 2. 9
Animas River 1, 000 2. 0 2. 0

Future municipal and industrial uses 20. 0

Subtotal     ( 170. 4)

Table XVIII

POTENTIAL NEW MEXICO STREAM DEPLETIONS

EXCLUSIVE OF SRIPROCK SOUTH SAN JUAN AND SAN JUAN- CRAMA PROJECTS

Total 375. 5

1/ Depletion rates compiled in January 1951 by San Juan River, New

Mexico Technical Committee.

g./ Does not include 1, 480 acres authorized under the Hogback
project but eventually to be served under the Shiprock project.

1/ Include only rough estimates as reoonnaissance investigations
have not been completed on the projects in this listing.

1/ Formerly referred to as Eden Canal project.
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Table XIX

POTENTIAL NEVI MEXICO STREAM DEPLETIONS

stream depletion ( 1, 000 acre- feet)

I I I Depletion
i' '

I
Com-,. in "exce.ss

Pro 'ect acreaell San. mitted of N. Mex.

I
South South I !. Juan-' 

I
uses by Other allocation

San Shiprock San Juan Sub-! _C~' l I Subj State of Sub- potenti ( 83$,000

Juan 1"0 ' ectY ro 'ectl total' proj~cty total N. Mex 2/ total use 3 a e- eet

I 0 260. 2 C 260.

211" 
264. 0 524. 21 205. 1 1729. 3' 151. 8 Y 881.

11' 
43. 1

i 0 296. 5 0 296. 5 235. 0 531. 5 205. 1 1736. 6 170. 4 907. 0 69. 0

i 0 316. 7 0, 316. 7, 200. 0 516. 7 205. 1 1721.8 170. 4 " 892. 21 54. 2

67, 700 260. 2 177. 6 1437. 81 437. 8 205. 1 1642. 91170. 4 1813. 31

I " 
260. 2 158. 7 418. 9 J 418. 9 205. 1 624. 01170. 4 1794. 4

113, 900 . 67, 700 296. 5 174. 9 471. 4! 1471. 4 205. 1 1676. 51170. 4 ! 846. 9

I " 296. 5 161. 4 457. 91 457. 9 205. 1 1663. 0 I 170. 4 1833. 4,
121, 700 ,' 57, 700 316. 7 147. 4 464. 1

I
464. 1 205. 1

1669.
2 170. 4 839. 6

316. 7 136. 4 453. 1

I
453.

11
205. 1 658. 2 170. 4 828. 6

100, 000 I 20, 450 260. 2 61. 4 321. 6 I 220. 0 541. 6 205. 1 746. 7
I

17004 91701

I
It 260. 2 47~{) 307. 2 220. 0

11527. 21 205. 1 732.

3117004 ' 1902.
7

113, 900
I

20, 450 296. 5 56. 6 353. 1 353. 11 205. 1 558. 2 170. 4 , 728. 6

296. 5 . 47. 3 343. 8 i 343. 81 205. 1 548. 9 170. 4 i719. 3
121, 700 120, 450 316. 7 56. 0 372. 7 I 1372. 71 205. 1 1577. 8 17004 11748.

2

i " 316. 7 47. 8 364. 5 . 364. 51 205. 1 569. 6 170. 4 740. 0

I
Plan. Shi rock

I' 
100, 000

113, 900
121, 700
100, 000

0-
lD

D- l

E- 1

D- 2

E- 2

D- 3
3

D- 4
E--4
D- 5
E- 5

D":6
Fr-6

79. L

64. 7

11 Based on an allowance of 2. 5 acre- feet per acre for Shiprock project and 2. 2 acre- feet per acre for

South San Juan project. Also includes Navajo Reservoir evaporation, allocated iRcrementally. That is, the

Shiprock project was charged in each case with the. evaporation that w:Juld occur without a South San Juan

project, and the remainder of the evaporation for the plan was charged to the South San Juan project.

Y Limited by available water supply. Refer to chart on page 40.

2/ Refer to Table XVIII.

Y Does not include depletion of Dulce project, which w:Juld be excluded with a San Juan-Ghama

t' diversion of
264;,
000 acre- feet.

Q
o
c.>
I"""

I;;j

H
H
H

8. 9

1. 6

1-3
I;;j

d
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CHAPTER IV

DESIGNS AND ESTII'IATES

The following discussion describes features of the South San Juan

project and presents estimates of project construction costs and of

annual operation, maintenance, and replacement costs. Designs and

estimates for all project features are based on reconnaissance investi-

gations. The descriptions presented refer to Plan D- 2 unless other-

wise indicated. This is done, not with the idea that Plan D- 2 is

favored, but because much of the basic work prepared for this plan has

been prepared in greater detail.

Pl' o,ject Works

Navajo Dam and Reservoir

Navajo D~ site is located on the San Juan River in northwestern'

New Mexico, about 19. 5 river miles upstream from the small town of

Blanco, N. Mex., and, 34 miles east of Farmington, N, Mex. It is abbut

3. 5 miles downstream from the confluence of the Pine and San Juan

Rivers; The dam would be a rolled earth-fill embankment. It would

rise 410 feet above stream bed and by means of a cut- off trench would

be extendeG an additional 25 feet to bedrock. The crest elevation

would be 6, 135 feet. Normal water surface elevation would be 6, 110

feet at the crest of the uncontrolled spillway. The total volume of

fill in the dam would be about 26, 000, 000 cubic yards.

Initially Navajo Reservoir would have a total normal capacity of

1, 954, 000 acre- feet, including an active irrigation capacity, of

1, 025, 000 acre- feet and a dead storage capacity of 865, 000 acre- feet

below outlet lewel. Silt deposition in a 100- year period is estimated

to be 218, 000 acre- feet. In addition to the active irrigation capacity,
64, 000 acre- feet of space above dead storage elevation has been reserved

for silt deposition. The balance of the 218, 000 acre- feet of silt

would be deposited below dead storage water surface elevation. Thus it

would be 100 years before silt deposition would begin to encroach on

the active capacity required for irrigation. , Jhen at normal water sur-

face elevation, the reservoir would have an area of about 16, 850 acres

and it would extend about 35 miles up the San Juan River to a point
about 5 miles beyond the town of Arbole's, Colo.

Normal capacities of the Navajo Reservoir for the Shiprock proj-
ect alone and for other combinations of South San Juan and Shiprock
projects are shown in Table XX on , the following page..
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Table XX

NAVAJO DAM AND RESERVOIR DATA

SHIPROCK AND SOUTH SAN JUAN PROJECTS

1 2

P 4 I 5 i 6 \ 7 I 8 ~

South Reservoir water

San Juan Navajo Reservoir capacity ( acre- feet) I surface

project       , elevation

Plan area I I
No. acres Normal Dead

0 214, 000 15, 000 208, 000 I 437, 00015, 957 5, 783
I

D- l 67, 700 740, 000 1, 140, 000 37, 000 11, 917, 000 6, 108 6, 049

67, 700 212, 000
I

964, 000 6, 030 5, 779E- l 740, 000 12, 000

I I
D- 4 20, 450 302, 000 425, 000 I 47, 000

I
774, 000 6,.Q09 5, 956

j

E- 4 20, 450 302, 000
j

210, 000 524, 000 6, 972 5, 77912, 000 I I I

113, 900- acre Shiprock project

I I
0 280, 000 10, 000 209, 000 499, 000 5; 968 5, 775

D- 2 67, 700 1, 025, 000 865, 000 64, 000 1, 954, 000 6, llO 6, 020

E- 2 67, 700 1, 025, 000 ll,OOO 213, 000 1, 249, 00016, 059 5, 778
I

D- 5 20, 450 390, 000 295, 000 81, 000 766, 00016, 008 5, 928
I
i

E- 5 20, 4501 390, 000 13, 000, 211, 000 614, 000i5, 986 5. 780
I

121, 700- acre Shiprock project

0 322, 000 14, 000 210, 000 546, 000 5, 976 5, 782

D- 3 57, 000 980, 000 608, 000 84, 000
I

1, 672, 000 6, 092 5, 987

E- J 57, 000 980, 000 12, 000 213, 000 1, 205, 000 6, 055 5, 779
I

D- 6 20, 450 460, 000 270, 000 92, 000 822, 00016, 015 5. 921

E- 6 20, 450 460, 000 13, 000 2ll, 000 684, 00015, 996 5, 780

11 Obtained from Drawing No, 524- 406- ll7, page 38.
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Diversion. spillway, and outlet works. During the construction

period the river flow would be diverted through a tunnel in the right
abutment. The tunnel would discharge a maximum of 20, 000 second- feet.

An open channel spillway with a capacity of about 17, 000 second-
feet would be located on the right abutment. The spill would be

uncontrolled over an ogee spillway crest at elevation 6, 110 feet. The

water surface would be at elevation 6, 129 feet during maximum spillway
discharge. This spillway,. together ~Qth the super storage above the

spillway crest, is desiEned to care for a peak inflow flood discharge
of 175, 000 second- feet havinf a volume of 306, 000 acre- feet in 93
hours.

Outlet ~rorks for the i3hiprock- South San Juan Hain Canal of Plan D- 2

would have a capacity of 2, 950 second- feet at water surface elevation

6, 020 feet and would be installed in the .left abutment.

Accessibility. New Mexico state Highway No. 44 is the nearest

paved highway to the Navajo site. It passes through Bloomfield

approximately 26 miles from the site. A narrow-cage line of the Denver

and Rio Grande vkstern Railroad passes through Aztec, N. Hex., 35 miles
from the site. The nearest standard- tage railhead is at Gallup, N. Mex.,

138 miles from Bloomfield a.nd 164 miles fron the dam site.

The highways from both Aztec and Gallup to Bloomfield are paved
and the bridges are capable of handling heavY trucking. From Bloomfield

to the dam site the roads would have to be improved or rebuilt to accom-

modate heavY trucking.

Rights- of- way and relocation. A portion of the Denver and Rio

Grande viest.ern Railroad narrow- gage line between Antonito and Durango,
Colo., would have to be relocated. Sections of Colorado state High-
ways Nos. 151 and 172 also would require relocation. The roads con-

sist of second class or unimproved sections.

The major right- of- vay costs involved would be in obtaining the
land and improvements of the town of Arboles.

The cost of rights- of-~'ay, clearinf, and relocation of utilities

for different capacity reservoirs has ~ een taken from a curve based on

the estimated costs for six different reservoir sizes.

Geology, The rock at the dam site is principally sandstone with

minor beds of shale. It belol1[;s to the " iasatch formation. The rock

is moderately hard, fairly massive, and is considered completely ade-

quate to support a dam of the hejght contemulated. Drilling at the

site showed the rock to be reasonably tight with no unfavorable condi--

tions. The maximum depth of overburden in the river channel is 34
feet. Except for riprap, suitable construction materials can be found
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in the area. Riprap would have to be brought in from a distance of 80

or :10 miles.

Conveyance System

The water for both the South San Juan and the Shiprock projElctu
would be conveyed from Navajo Reservoir in a common canal and conduit

for approximately 26 miles. At the Elnd of the connnon canal and conduit

the ent ire flow would be dropped through a penstock to a hydraulic-
drivEln turbine pumping plant located on the east side of Kutz Canyon.

Water for the South San Juan project would be pumped across Kutz Canyor.

to the mesa near the eastern edge of the project lands. Water for the

Shiprock project, after providing pumping power, would be conveyed in ' 1

canal and conduit to the west side of Kutz Canyon whero it w')uld be

carried in the Shiprock Canal west to the Shiprock lands.

The water required for. the South San Juan project would be pumped
to two cana:ls, the Gallegos Canal and the Bisti Canal. A total of about

65, 940 acres of the South San Juan project would be irrigated by pumping

under Plan D- 2. The 1, 760 acres located on Pauline Mesa would be irriga-

ted directly from the Main Gravity Canal.

Canalca];D.cities for '111 plans have been selected on the basis of

meeting the monthly diversion requirement of the most severe month

plus 10 percent for anticipated daily fluctuations.

Main Gravity Canal. The Main Canal, with an initial capacity of

2, 950 second- feet, would head at the left abutment of Navajo Lam at

elevation 6, 020 feet about 295 feet above stream bed. The required

capacity of the Shiprock Gravity Canal for the 113, 900-acre Shiprock

project alone would be 1, 535 second- feet as compared to the combined

capscity of 2, 950 second- feet required for the South San Juan and

Shiprock projects. It would extend 26 miles to a point 5. 3 miles

southeast of Bloomfield, N. Mex., in Kutz Canyon. It would consist Jr

6 tunnels with a total length of 13. 33 miles, 5 siphons with a total

length of 4. 89 miles, 2. 41 miles of earth canal, 3. 12 miles of clay-
lined canal, and 2. 63 miles of concrete- lined canal. The elevation at

the end of this section of canal would be 5, 948 feet. Approximately
1, 760 acres of land on Pauline Mesa would be served directly from this

canal. .

The location of the various main gravity canal lines for the D-

and E- series plans has been based on previously surveyed canal lines,

field reconnaissance altimeter spot elevations, and aerial photographs
used with a stereoscope.

Pumping plant. At tho end of the Main Gravity Canal the water for

the Shiprock project and a maximum of 1, 341 second- feet of the water

46



fI' CHAFfER IV DESIGNS AND ESTIMATES

0031!W

for the South San Juan project would be dropped through a 21. 5- foot

diameter penstock 7, 180 feet long to hydraulic- driven pumps located on

the east side of Kutz Canyort, The energy developed in this 225- foot

drop would be used to energize various turbine- driven pumps with an

aggregate horsepower of 37, 230, The pumps would discharge into two

pipes to the main distribution canals. One discharge line with a

capacity of 597 second- feet would extend approximately 13, 100 feet to

the Gallegos Canal, The other discharge line 11 feet in diameter with

a capacity of 744 second- feet would extend about 15, 500 feet to the

Bisti Canal.

lle&os Canal. The Gallegos Canal would head at the end of the

discharge line at water surface elevation 6, 015 feet. It would have

an initial capacity of 597 second- feet and would serve a total of

29, 370 acres. The total length would be about 45, 23 miles, consisting
of 40. 73 miles of earth canal, 1. 20 miles of bench flumes and concrete-

lined sections, 2. 37 miles of tunnel, and 0. 93 of a mile of siphon.

Bisti Canal. The Bisti Canal would begin at the discharge end of

the pu.mpflftat water surface elevation 6, 136, It would have an

initial capacity of 744 second- feet and would serve a total of about

36, 570 acres, The total length of 74. 00 miles would consist of 71. 02

miles of earth canal, 1, 96 miles of siphon, 0. 76 of a mile of tunnel,

and 0, 26 of a mile of bench flumes and concrete- lined sections.

f.ateral ~ te!l.!. The lands of the South San Juan project would

require a complete lateral distribution system. There are no existing
ditch systems that could be utilized, In general the mesa lands have

easy slopes and good drainage, The average cost of a complete distri-

bution system at July 1950 prices on other typical Bureau of Reclama-

tion projects already constructed is about $ 50. 00 per acre. Since a

detailed layout of the lateral distribution system required for a

typical project area has not been made to date, the average figure of

50, 00 per a.cre was assumed to be sufficient for the cost of the

lateral system over the entire project area, The total cost of the

lateral distribution system for the 67, 700 acres is thus estimated at

3, 385, 000. Indexed to July 1951 prices, this total cost would be

3, 601, 000.

Drain.'i~..2:~~~' In general there are adequate natural drainage
channels throughout the project area. About 1, 000 acres in isolated

areas, however, are expected to require supDlemental drainage ditches.

The cost of drains for these isolated areas is estimated at $ 30. 00 per
acre at July 1950 prices or at a total of $30, 000 for the 67, 700- acre

project. Indexed to July 1951 prices, this total would be $ 32, 000.
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froj~2-! Cost Estimates

Estim~ted costs of the South San Juan Project are summarized in
Table I, page vi. Constr1lction costs are estimated at July 1951
prices, and operation, maintenance, and replacement costs are estimated

at 180 percent of 1940 coscs to reflect the long- term price- projection
level. Construction costs i.n~lude costs of rights- of- way, relocation

of exist. inr.; utilities, ove~'hec,d., contingencies, and preconstruction
investiga t=,~cns"

Facilities used jointly by the South San Juan and Shiprock proj-
ects are the Navajo Reservoir and the Main Gravity Canal extending from

the reservoir to the hydraulic turbine- driven pumping plant. The cost

of these joint-use features attributable to the South San Juan project
is that portion of the total costs over and above the cost of the

smaller features that would be required for the Shiprock project alone.

Only that portion of the cost of joint-use facilities attributable to

the South San Juan project is included in the summary of costs in

Table 10
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Land Classification

A reconna,issance land classification survey was made in 1946 and 194.7
of the large area lying east of the Navajo Indian Reservation between the

San Juan River and the Continental Divide in New Mexico. An inventory was

made of the location, extent, and quality of the arable lands suitable for

sustained crop production under irrie;ation farming. This inventory was

made as a basis for formulating plans for serving lands in the area from

the San Juan River. Factors of surface topography, soil characteristics,

and drainage were correlated in the establishment of different classes of

land.

The survey involved the separation of irrigated from nonirrigated
lands and arable from nonarable lands. Arable lands were also divided into

two classes, Classes 1 and 2, on the basis of productive capacity and costs

of land development for irrigation farming. This division was made on the

assumption that irrigation water would be available at reasonable cost.

Lands placed in Class 1 are highly suitable for irrigation farming, being

capable of producing sustained yields of a wide range of clliaatically
adapted crops at reasonable costs. Class 2 lands comprise those of moderate

suitability for irrigationfarmin!S, being measurably lower in productive
capacity and requiring higher land development costs than Class 1 lands.

Nonarable lands include all those not meeting the minimum requirements for

Class 2 lands.

In the land classification survey soil samples were collected from

auger borings 5 feet deep, with at least one boring made' for each square

mile classified. The samples were analyzed for salt content, reaction or

pH factor, and lime content. Recordinb of the locations and logs of the

borings and the delineation of the various land classes were done in the

field on photographic base maps on a scale of 2 inches to the mile. Stand-

ards used in the classification are shown in Table XXI.

Lands in the Navajo Indian Reservation included in the potential

Shiprock project were covered by a detailed land classification survey

completed in June 1949. This survey was made by the Bureau of Indian

Affairs with Bureau of Reclamation personnel and was made to Bureau of

Reclamation standards. The cl.assification covered the lands in the

reservation 150 to 200 feet in elevation above the Shiprock Gravity Canal.

Other high lands in the eastern portion of the reservation that would be

served by a large South San Juan project were mapped in a reconnaissance

classification made by the Bureau of Reclamation in 1933 in connection with

similar work being done throughout the Upper Colorado River Basin.

49



003193

fI' CHAPrER V PROJECT LANDS

Table XXI

erANDARDS FOR

RECONNAISSANCE LAND CLASSIFICATION
SOUTH SAN JUAN AREA

land

characteristics Class 2Class 1

Soils ( s)

rrexture

Depth
To sand, gravel,

or cobble

To impervious sub-

soil ma.terial

To penetrable lime

zone

Alkalinity

Salinity

Topography ( t)

Slopes
Irregular slopes
old dunes)

Smooth slope s,

reasonably large-
sized bodies slop-
ing in the same

plane
Surface

Sa~dy loan to friable

clay loam

30" plus of good free .

working soil

48" plus

18" with 28"

penetrable
pH less than 9. 0

unless soil is cal-

careous. Total

salts are low and

evidence of black

alkali is absent.

Total salts not to

exceed 0. 2%. May be

slightly higher in

open permeable soils

and under good drain-

age condit ions.

Less than 2% in pre-
dominant slope

3% or less

No heavy grading
required. May re-

quire small amount

of leveling.

50

Loamy sand to per-
meable clay

1) Sandy loam or

heavier-- 20" plus
2) Loamy sand-- 30"

plus
36" plus

12" with 36" penetrable

pH 9. 0 or less unless

soil is calcareous.

Total salts are low

and evidence of black

alkali is absent.

Total salts not to ex-

ceed 0. 5%. May be

slightly higher in

open permeable soils

with good drainage.

3% or less of pre-

dominant slope
7% or less

Moderate grading lJl9.y

be required, but in

amounts generally
found feasible in like

areas where irrigation
is practiced.
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Table XXI ( Cont td)

STANDARDS FOR

RECONNAISSANCE IAND CIASSIFICATION

SOUTH SAN JUAN AREA

Ian
characterist ics Class 1 Class 2

Topo~: phy ( Cant ' d)

Rocks and rocky
soil

No rock in place. No

loose rock that will

interfere with ordi-

nary cultivation.

No rock in place.
Only scattered loose

rock large enough to

interfere with culti-

vation.

Drainage ( d)

Soil and topography Soil and topographic
conditions such that

no specific drainage
requirement is ant i-

cip3.ted.

Soil and topographic
conditions such that

some drainage will

probably be required,
but with reclamation

by artificial means

appearing feasible at

reasonable cost.

Nonarable .Lands

Class 6) Includes lands which do not meet the

mininnnn requirements for Class 2, also

small areas of arable lands lying within

large bodies of nonarable land where

these would obviously not make usable

fields.

Results of Classification

Of the total 2, 500, 000 acres covered in the inventory survey east of

the Navajo lndian Reservation, 555, 134 acres or about 22 percent was classed

as arable. Of the arable land, 19, 474 acres or 3. 5 percent was mapped as

Class 1 and 535, 660 acres or 96. 5 percent was mapped as Class 2.

Arable lands in the large South fun Juan project of 67, 700 acres

include 62, 700 acres of Class 2 land and only 5, 000 acres, about 7 percent,
of' Class 1 land. Thus for purposes of the reconnaissance study, all

arable lands of the South San Juan project can be assumed as equivalent
to Class 2 land. The acreages given are net acreages with appropriate
reductions made for public rights- of- way, farmsteads, and other minor

uncropped areas.
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Topography

Topography varies greatly over the project area. In "general the

surface is 'relatively level to steeply undulating or hummocky with fre-

quent interruptions in general gradient. This uneven surface is mainly
the result, of the wind action which forms a number of nonarable sand dune

tracts which are interspersed amon~ the arable tracts. Generally the soil

is deep enough on the arable land to permit any necessary leveling with-

out reducing the quality of the land. The project lands are dissected by
the tributaries of the Gallegos, Kutz, and Ojo Amarillo Canyons and the

lower Chaa'Q River, all of which flow north to the San Juan River.

Soils

The geological materials from which some of the project soils have

developed lie beneath the soils. These materials consist largely of

calcareous sediments of the Tertiary age, including such formations as

the Torrejon and Puerco and the Ojo Alamo sandstone. Other geological
formations ,outside the area evidently contributed to a large portion of

the soil material as a result of wind action.

The soils have developed largely under the controlling influences

of a continental arid climate and a subsequently limited vegetative cover.

As a result of the dry climate and sparse vegetative cover, the soils

are relatively low in organic matter, light- colored, and normally highly
calcareous both at and below the surface. Having developed under a light
rainfall, they are generally unleached and have lost little of the elements

of fertility present in the parent material. Most of the soils, having
been developed from sandstone, are generally light- textured and light
brown in color. They are principally aeolian in nature as indicated by
the considerable wind action and many sand dunes present. These ridges of

blown sand, which run generally in a northeasterly direction, are not

considered arable. They are constantly shifting or reforming and thus

encroach on present arable land. Typical 5- foot profiles show a single-

grained structure and deep, light- textured soils. The soils consist mainly
of brown sandy loams, loamy sands, and sands, the texture becoming more

sandy as the soil depth is increased. The sandy subsoils are usually well

leached of toxic SOluble salts and, where undisturbed, they are characterized

by bands of lime accumulation. Small rocks and gravel are sometimes present'
in the subsoil.

Drainage

The light- textured aeolian soils of the project area provide excellent

internal drainage and the numerous natural drainage channels provide ade-

quate surface drainage over most of the' area. A few small enclosed basins

in the dune area, however, are expected to require construction of supple-
menta,l drainage ditches.
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AlKalinity and Salinity

Thb light- tbxtured aeolian soils of the project area are relativbly
free of toxic soluble salts or excessive alkalinity. In general, they
contain less than 0. 1 percent total soluble salts, are moderately to

highly calcareous, and have a pH reaction of less than 8. 0.
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CHAPTER VI

AGRICULTU:RAL ECONOMY

Introduction

This chapter deals with a reconnaissance evaluation of the

agricultural economy as it would be expected to develop on the lands

of a large South San Juan project. The economy in San Juan County,
N. Mex., and' that of the entire San Juan Basin was considered in anti-

cipating the economy that would be expected to develop on the project.
The farming area along the San Juan River extending upstream from

Farmington, N. Mex., ( elevation 5, 300 feet) to the Colorado state line

elevation 6, 200 feet) was considered comparable in climate, growing
season, and tYJ!S of crops grown to that of the project area which

ranges from 5, 400 feet to 6, 135 feet in elevation.

Primary data used in the study were obtained from San Juan

County court house records and from the county agent. Secondary data

were obtained from the following sources: agricultural statistics of

the United States Department of Agriculture, Bureau of Agricultural
EconomicS reports, Department of Commerce agricultural census records

1940 and 1945), Pine River project crop reports, Columbia Basin joint

investigation, restudy of size of: farm units in Columbia Basin, Uncom-

pahgre project report, and New Mexico state Experiment Station publi- .
cations.

Present Land Use

Because of the arid climatic conditions, dry farming is not

practicable in the area. The present use of project lands is there-

fore limited to grazing. The range- carrying capacity of these lands

is about the same as that of the nearby Navajo Indian Reservation lands

which has been estimated at nine cows per section of land ( about. ~/ 6

AUM per acre), having an annual value of not over $ 0. 30 an acre. y
This value is considered negligible compared to the production value

of the lands under irrigation, and therefore the productive capacity
of the lands without irrigation was ignored in the study.

Project lands are now largely in Federal and Indian ownership.
Of the irrigable area, about 43 percent is Indian- owned and about 57
percent non- Indian- owned or oontrolled. About 91 percent of the Indian-

owned land is within the boundaries of the Navajo Indian Reservation and

11 ~ of Farming ~ Ranching Areas, New Mexico State College
Bulletin No. 267.
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about Y percent is outside the reservation.. A prelimin6ry estimto

indicates the present ownership of non- Indian lands to be as follows:

public domain or other Federal land about 75 percent} State land about

4 l)orcent, and privately owned land about 21 percent.

The reconnaissance land classification showed about 93 percent of

the land to be Class 2 with respect to its relative suitability for

irrigation farming. For the purpose of this economic study, all arab10

lands in the project were therefore considered the equivalent of Class 2.

Anticipated Land Use

It is eEpected that farming on the project would follow a similar

j:attern to that of the presently irrigated area along the San Juan

River in New Mexico. Under mature development, however} a slightly
more intensive type of farming could be expected to be practiced on

project lands. Principal crops in this area are alfalfa, corn} field

beans, and apples. The 1945 census showed San Juan County as the

largest apple- producing county in the state of New Mexico.

In the selection of representative farm units for this project}
the Production and Marketing Administration records of 154 farms along
the San Juan River were studied. The average size of farm included

37. 4 acres of crop land plus some range land pasture. A farm of this

size is considered too small for a family unless fruit or vegetables
are raised. For this study three distinct types of farms have been

analyzed to represent the more important types of farming expected to

develop on the South San Juan project. The anticipated types of farms

and a weighted average compared to present farming practices along the

San Juan River are shown in Table XXII. From the analyses fruit -crop
farms on the project would be expected to average about 32 acres in

size. A dairy-field crop farm would approximate 85 acres and a general
crop- livestock farm about 138 acres. Of the total project area, it is

anticipated that 26 percent would be in fruit- crop farms, 52 percent in

dairy-field crop farms, and 22 percent in general crop- livestock farms.

The entire area of the South Ean Juan project, consisting of both
non- Indian. and Indian lands, has been analyzed .on the basis of type of

farming, payment capacities, and benefits that would be expected from

the area under management efficiency equivalent to that of non- Indian

operators.

The average size farm ( all types of farming) under anticipated
conditions would be about 63. 4 acres as compared with the present average
of 37. 4 acres, exclusive of pasture land, along the San Juan River. , Anti-

cipated land use is based on a full water supply with no significant
shorta ge s .
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Table XXII

il.NTICIPATED LAND USE PER FARM

Present Ant ic iuated on nro,iect
ru~1O - illll'Y- venera.L

Estimated crop crop crop -

Average average ( 578  ( 441 livestock

Item 154 farms ( 1, 135 farms) farms) farms) ( 116 farms)

Crops' Acres Perceni Acres Percen Acre s Acres Acres

Alfalfa 11. 7 31.2 15. 96 25. 2 6 24 35
Corn 10. 5 28. 0 11. 10 17. 5 22 25
Beans ( dry) 5. 3 14. 1 5. 42 8. 6 10 15
Wheat 3. 1 8. 2 5. 77 9. 1 3 7 15
Barley 1.9 5. 1 5. 92 9. 3 5 5 14
PotatOGS 1. 1 3. 0 1.16 1. 8 3
Orchard 2. 4 6. 6 6. 36 10. 0 J2 0.;5 0. 5
Garden 0. 5 1.3 1. 26 2. 0 2 0. 5 , 0. 5
Pasture( rotation)  1/ 6. 67 10. 5 2 8 25
Farmstead & waste II 3. 78 6. 0 2 5 8

Total 37. 4 100. 0 b3. 40 100. 0 32 tJ5 13/j
Total gross

irrigab1e area

71, 989g}  3, 496 16 , 008in project 37. 485
Livestock Number Number Number Number Number

Dairy cows 3 b. O 2 J2 3
Boef cows 7 1. 6  -- -- 16
Brood sow 1 1.9 1 3 2
Chickens 75 50 100 100

y 13. 9 acres of land listed by the Production and Marketing
Administration were farmstead and grazing land, but not classified as

to the exact acreage of each. Farms also averaged 90 acres of dry grazing
land.

2/ Total gross area less approxinate1y 4, 289 acres in farmstead
and wste leaves 67, 70o-acres net irrigab1e area in project.

Crop Yields and Prices

Estimated crop yields are based on records from the following
sources: Pine River project crop roports, Dopartment of Commerce Census
of Agriculture, Farmers', Home Administration, and interviews with the

county agent and farmers in San Juan County. Adjustments were made on

the basis that sufficient commercial fertilizer would be used to maintain
original fertility of the soil. Crop yields used are for marketable pro-
ducts.
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The 1939- 1944 price period bas been used as tho base period for

this study.

Prinary source of prices was the . Colorado and New Mexico Agricul-
tural Statistics. Table ,XXIII shows average crop yields and prices
used in the analysis.

Table XXIII

CROP YIELDS AND PRICES ( 1939- 1944)
Yie ld

Item Unit per acre Price

Crops
Alfalfa

Corn

Oats

Barley
Wheat

Beans

Potatoes

Apples
Garden ( commercial)

Orchard ( home use)

ton

bu.

bu.

bu.

bu.

cwt.

bu.

bu.

acre

acre

3., 0

38. 0

40. 0

40. 0

30. 0

11. 5
120. 0

155. 0

11. 00

92
53
62

90
4. 20

65
1.25

220. 00

150. 00

amily Living Allowance

The family livinga110wance for conditions anticipated with proj-
ect development was determined from a relationship between income and

family living costs. It is generally conceded that as tho net income

of the family becomes higher the amount spent for living expenses also
becomes higher. It is not { n direct relationship, however, because

living expenditures tend to level out as incomo increases. This is

depicted in the chart, Family Living Expenses .!!l Relation 1.2 Income,
on the following page. This study complies with the minimum living
allowance in studies made by the Bureau of Reclamation so that full-
time farmers would have units of sufficient size to yield an income
that would allow a family living expense of at least $ 1; 500 above farm

operating expenses. This family living allowance includes cash living
expenses and the value of farra- furnished products used by the family
and the value of farm housing. In this study, an allowance was made
to cover the $ 1, 500 level of living plus a reasonable amount for capital
accumulation or debt retirement and life insurance not included in the

1, 500. To keep in line with the recently adopted long- term price-
projection level of 215 ( 1910- 14 : 100), an adjustment has been made in
the financial sUllUll9.ry of the farm budget by increasing the payment capac-
ity per net irrigable acre by 50 percent. This adjustment then reflects
an increase in the family living allowance from $ 1, 500 to $2, 250.
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Capital Accumulation and IBbt Retirement

With the development of a new farm, a provision should be made for

long- term loans that are available to farmers for land improvement,
construction of new farm buildings and a dwelling. In addition to the

previously mentioned standard of living, an allowanoe of about $ 120 to

200 should be providod to cover capital acoumulation and debt retire-

mont.

In this study 2 - percent interest on total investment has been

allowed as an additiona2. expense in the farm budget for capital accumu-

lation and debt retirement. This was added to the normal charge of

3- peroont interest on total farm investment. This additional interest

charge isestiInated to meet normal requirements for long- term loans and

permit the average farmer to aoquire a debt- free farm over a 35. to 45-
year period.

Markets

The industrial eXplnsion and resultant increase in population of

the soui;v.wostern United states have opened new markets to the San Juan

area thatwcre not anticiplted a decade ago. Truck transportation has

been largelJ' responsible for opening theso marlmts to the farmers of the

San Juan Basin.

At tho present time, most of the crops grown are for local consump-

tion or use. The most important export crops are apples and pinto beans.

With a large increase in irrigated acreage, however, a better and more

stable source of supply could be expected for outside markets. This

would res1.\lt in more intensive farming of high-value crops for export
from the area.

Method of study

The two methods used, in estimating the capoLcity of farmers to poLy
toward irrigation water costs were the farm budget analysis and the

Income -to- land method.

Farm Budget Analysis

ThIs method provides for a systematic and detailed outlining of the

organIzation and operation of representative family- sized farm unIts.

Consideration was given to anticipated yields, income, and expenditures
for a normal year, From these data net farm income and poLyment capoLcity
may be determined.
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IncOl:\A ~to-Lo.nd Method

This tlothod providos for an a:no.lysis of the gross income ( soore of

crops), exponses, and net income properly accruing to land and fixed

capital. The method is based on the premise that some of the receipts
are income- to- land and other fixed capital, while the balance is income

to operating capital and management. The accuracy of this method is

dependent on determining the proper proportion of income and expenses

belonging to land, The farm lease agreement in the area is generally
used as a basis for the division of income and expenses, In San Juan

County, N. Mex., only about 10 percent of the farms were operated by
tenants, and therefore tenant agreements are not sufficient to be con-

sidered ontirely reliable. This income- to- land method, however, was

used to check the results of the farm budget method.

Investment Value. of I.a.nd

Class 2 irrigablo land has been estimated to have an investment

value of $ 5 per acre for the 1939- 1944 period. Most of the land in tho

proj8ct area is public domain with no improvements, The following
summary shows ostiInated average costs per acre of land to pre,pare it

for irrigation farming.

Table XXIV
com OF LAND AND IMPROVEMENTS PER GROSS IRRIGABLE ACRE

1939- 1944 PERIOD)

Item Estimated cost per acre

Class 2 irrigable land

Clearing land

Level, plow, float, and corrugate
Ditches and structures

Engineering and contingencIes

5. 00

5. 00

10, 00

10. 00

5. 00

35. 00Total cost per acre

Representative Farm Units

Tho farm lands toot would be developed are expected to be comparable
in most reepects to the adequately irrigated full-time farms now being
operatod along the San Juan River. After due consideration of all influ-

oncing factors, throe farm budgets were selected as representative of
full-timo farms anticipated for the project. Details of the organization
of thoso farm units are presented in the following paragraphs.
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Farm Budget , Summary, Fruit- Crop Farm

The farm budget summary included as Table XXV on p9.ge 62 covers

information developed for a 32-acre fruit- crop farm with mature develop-
ment. This type of farm is considered representative of the small fruit

or crop specialty farms expected to develop on the project area. It is

realized that many :fl:'uit crops such as peaches, pears, apricots, grapes,
and other similar crops may also be grown. Apples were used in the analy-
sis, however, since more data were available locally on apple production
than on any other crop and since apples are the most important fruit- c4l.sh

crop now grown in the area. .

Farm Budget Summary, Iairy-Field Crop Farm

The farm budget summary included as Table XXVI on page 63 covers

inforootion developed for an 85-acre dairy-f1eld crop farm with mature

development. This type of farm is considered representative of the

average type farm built around a dairy enterprise. Orchard and gardens
would be s!lll.ll and used primarily for production for home consumption
on the farm. Dry beans and potatoes would be the most important cash

crops.

Farm Budget Summary, General Crop- Livestock Farm

The farm budget summary included as Table XXVII on page 64 covers

information developed on a 138-acre general crop- livestock farm with

mature development. This farm is considered representative of an aver-

age type farm built around livestock and general field crops. Orchards

and gardens would be small and used primarily for production for home

consumption on the farm. Alfalfa and corn would be the primary surplus
feed crops, grown. Dry field beans would be one of the most important
cash crops.

Payment and Amortization Capacity

One purpose of the farm budget analysis 18 to determine the capac-

ity of representative farm units on the project to pay costs of furnish-

ing irrigation water for the farm. The amount reooining after deductions

for farm- operating and family living expenses :fl:'om the gross' farm income

is the amount available for payment of irrigation costs. The amount re-

wnining after deductions for the annual costs for operation, maintenance,

and replacements of irrigation facilities from the payment capacity is

the amortiZation capacity or the annual amount available to pay on con-

struction costs of the project works. In order to show economic feasibi-

lity under the new price level, as recently adopted, the payment capacity
per acre has been increased by 50 percent. Also the annual operation,
maintenance, and replacement costs have been increased to 180 percent of

1940 costs and a 25- percent contingency factor has been applied in the
estimtes of amortization capacity.
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Production Disnosition of roduce Y
Av,srag,e      . .. 

Income' to ",,,-Percent yield per
of Acres or acre or Value 2J Family Sales land

Crops and livestock area numbers Unit animal Total um.. To..aJ. Farm use value ran va.1.ue Current Farm Expenses

Farm Income
Orchard ( apples) 37. 5 12 bu. 155 1, 860 $ 1. 25 $ 2, 325   $ 22 $ 2, 303 1/ 4 $ 581 General expen~es

butt;~ 
to land

Alfalfa lS. 8 6 ton 3 18 n.oo 198  $ n7 81 1/ 2 99 Interest,..2fi $ 271
Barley 15. 6 5 bu. 40 200 . 62 124 n3 n 1/ 3 41 Taxes ~ 132 99
Wheat 9. 4 3 bu. 30 90 . 90 81 73 8 1/ 3 27 Insurance 12 12

Truck garden 6. 2 2 acre 220. 00 4/IJ 44 396 1/ 4 no Depreciatioh and

Pasture 6. 3 2 AUM 8 16 2. 00 32 32 1/ 2 16 repair 301, 212
Pasture aftermath Y  ( 6) AUM  . 5 3 2. 00 6 6 Auto farm share 148
Farmstead and waste 6. 2 2 acre Electricity 24

Total crops 100. 0 32      $ 3, 206 $ 341 m $ 2, 799  $ 871, Tractor 195

Dairy cows Crop expense
Butterfat 2 Ibs. 240 480 $. 36 $ 173  $ 6 $ 63 $ 104 Seed 67
cun beef Ibs. 168 336 . 061 20 20 Harvesting 28
Veel beef Ibs. 70 11,0 . n 15 15 Fertilizer 8

Dairy heifers 1bs. 80 160 . 10 16 16 Dusting and spraying 94
HO~ S Hired labor 40

ull sows 1 Ibs. 104 104 . 078 8 8 Orchard depreciation ( 5%) 90
Market hogs 1bs. 1, 750 1, 750 . 10 175 1,0 135 Livestock eXPFDses

Chickens Feed n
Meat 50 1bs. 6. 8 341 . 16 55 31, 21 Supplies anp veterinary 15
Eggs doz. 8. 5 420 . 21, 100 32 68 Baby chickl3: 13

Total livestock        ~ - vb $ffi" ~    Miscellaneous

Total crops and livestock       ~ $ 347 $ 235 $ 3, 186   $ 874 . 2% of above 31
Tot.al  ~ 1. 612 $ 594

Farm Investment Level of Livin.    Fam Work     - Financial Summarv
Farm Income Faim--- Income

ud..et to land Days bUdget to land
Land 2, 875 $ 2, 875 Cash, family  $ 1, 164 Crops lS4 Crop sales I $ 2, 799 ;; 874
Fam buildings 394 394 Home- used produce 235 Livestock 65 Livestock ' 215
House 1, 500 1, 500 Use of dwelling 226 Mis cellaneous 7 Livestock pToducts 172
Fences 102 102 Living allowanc e $ 1, 625 Total 25b Fann privileges dDomestic water system 540 51,0 Capital Work by operator 235 Total 3, 1,7 i874
Machinery and equipment 2, 305 accumulation 160 Family 12 Fann expenses 1. 612 .. 2lit
Livestock 203 Level of living 01, 785 Hired 9 Net farm income $ 2, 035 $ 280
Feed and supplies 72 Total 25b Family living allowance ~ -

Total WI.99I iPJI Payment ca~ city
per farm  $ 410 $ 280

Payment capacity per. net
Footnotes to Budget Summary irrigable acre 11 $ 13. 67 $ 9. 33

Y Budget made for 32- acre
Irrigati,on.._operation and

farm of Class 2 land. Net irrigable area, which excludes farmstead and waste areas,   maim ena-rice costs per
is 30 acres.                net _ irt'tgable acre - 1d2. ... h12

Y Values at average prices for 1939- 1944 period.            Available for construc-

Jj Interest at 5 percent, of which 2 percent is used for capital accumulation and debt retirement.     tion charges per net

Dup1icat.ed acreage.               iITigable acre $ 10. 38 $ 6. 04

Table XXV

SUMMARIZED BUDGET FOR FRUIT-GROPFARM WITH PRDJECT' DE1fEL0PMENT-SOUTH SANJUAN. PR<JJECT Y
I

I
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IE!IIe'nn' ,,'
SUMIIAIlIZED BUDGET FOR DAIRY- FIELD CROP FAIll! wrm I'RWillILT _ 0PJ11EN'l'"-SIl1l'lill' 5lW J1lJl:N PRO'JECT' :!I

r. .....t.:ioI>   .  . oJr         :;;: 1

Average          ,

I ' 
Percent.   . yield ~.      ,        1_ to' ,

Acres or  ..... value 2/ ! .'  ';'''' J,';'""''',,,   s"le.r land'     .
i<,.ff'i -.-

of acre or      . Falmfly'
Croos am livestock area numbers Unit animal Total     -  ""'"   - Part ' Wslule. :   Clrrali F"""", ss,

Farm: Income
Alfalfa 28. 2 24 ton 3. 0 72 $ 1l.OO $ 792   ~     $= 1/ 2 $ 39<;  General ~ ~ to. land

Corn 25. 9 22 bu. 38. 0 836  . 92 769'   3lJ4 465 1/3 2%  Interes1;, 'J/  i298'
Ilrybe&na 1l.8 10 cwt. 11. 5 115 1;.20 W ,  2l 4if,2. IJ31 m  - ..'"",,,  2Il? 1Q
Pasture ( rotation) 9. 4 8 AUM 8. 0 64 2. 00 128 128   .  1/ 2 64 Insurcme:e 12 12
Wheat 8. 2 7 bu. 30. 0 no  . 90 l89 loa 81 1/ 3 63 IJeprecfalt...... and repairs 355 260

Barley 5. 9 5 bu. 40. 0 200  . 62 124 79 45 1/ 3 4L Auto .t8mm mare l4ll
Potatoes 3. 5 3 bu. 120. 0 360  . 65 234 234 1/ 4 57 Elect~ .  24
Orchard ( home use)  . 6 0. 5 acre 150. 00 75     $> 22.   53 IIi.  19,  Tract"", e:zIilense 263
Garden ( home use) . 6 0. 5 acre 220. 00 IlO 44 66 1/ 4 27    . 1

Pasture aftermath Y  ( 55) AUM . 5 27. 5 2.00 55 55 Cr<>p expenses
Farmstead and waste - 2:2 --L acre Seed 90

Total crops 100. 0 85 32, 959  < 11, 375 m  $ 1, 518  $ 1, 084 aarvest.1ng 91
Dairy- cows Fert.ilizel:'   30

Butterfat 12 Ibs. 240 , 880  $. 36 $ 1, 0'37   $ 35  ;; 63   $ 939 llu&ting .".,j spraying 38
Cull beef lb.. 168 , 016  . 061 123 123 Hirsd labw 84
Veal beef lb.. 70 840  . ll 92 92 Planting "'!Pense a

Dairy heifers lb.. 80 9(iJ  . 10 96 96         ,
Hogs Liveato-ek aPense

Cull sows 3 Ibs. 104 312  . 078 24 24 Peed 20
l-1arket hogs lb.. 1, 750 , 250  . 10 525 40 485 Supplies 8IIld. veterinary 70

Chickens Baby chicilil . 26
Meat 100 lb.. 6. 8 680  . 16 109 34 75         )

ggs doz. 8. 5 850  . 24 204 32

d
Mi.scellan~

Total livestock          ' 2 .no  - u5' ~  . 2 .00 2% of abcmi  $
2. 06~Total crops and livestock         ~ n.110  $ 1. S2b.  Sl 08L:   Tota3li  $ 712

Farm Investment Level of Livin~       Farm Work         ! Financial
Farm Income Q!E    ,  Farm Inc.ome

55
to land C.rops 170 bud~et to land

Land    ' 2, 850 Cash, family   < 11, 114 Livestock 232 Crop. sa.res:   $ 1, 5111 $ 1, 084
Parm building.  816 816 Home- used produce 235 Mis cellaneous 17 Livestock.    895
House 1, 500 1, 500 Use of dwelling 226 Total m Livestock pfoducts 1, ill
Fences 262 262 11ving allowance 1II;;75'   Work: by operator 290 Fann privileges 461
Domestic water system 540 540 Capital accumulation 190 Pamiq 105 Total '   ~ lI;om;:

Equij:1llent 1, 854 Level of Iiving  $ 1,765 Hired 24 Farm expeaes 2. 002 --- Z:E
Livestock 1, 393 Total 419 Net income'   < 11,.983 $ 352
Feed and supplies 289 Fami1y li~ allowance .lam

Total J9,5Ol; E%8 Payment capacity
per fa"""  iI408 $ 352

Payment ~ citY' per
Footnotes to Budget Su::nmary net ~ ble acre y $ 5. 10 $ 4.40

Y
Irrigat:iori" operation and

Budget mad e . for 85.,acre farm of Class 2 land. Nct irrigable area. which excladea famstead. and. waste area. is J!l"iat~. per .net .
80 acres.                         irri!!1'b1e acre ~ ~

y Values at average price. for 1939- 1944 period.                   Available ~or construe-

21 Interest at 5 percent, of which 2 percent is used for capital accumulation and debt retirement.      tion charges per net.

4/ Dup;l;,~cate d acreage.                      irrigable acrs $ 1. 81 $~. ll

o.
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Table XXVII

SUMMARIZED BUDGET FOR GENERAL CROP LIVESTOCK FARM WITH PROJECT DEVELOPMENT SOUTH SAli JUAN PROJECT 11

Production lliSDOSiti""',,,f rnduee 2/.     i
A~_ .. ....   ....   ,~- , .  '.    ",;,, 1 e,."

Percent yield per
Value 2/       

Income to  ,

of Acres or acre or Ilamily Sales land   ,

Cronsand. liYest<>Ck area__ .~ ers I1ftH. & llimal Total Uni-t Total.  Farm . use value Parl Value  : CmTent !!,,,,,,,, ....
w '''.' '' 0'-'"

Fenn In.come.

Alfalfa 25. 4 35 ton 3 105 $ 11. 00 $ 1, 155  $ 643    $ 512 1/2 $ 577 General expel:ISes b'~; to land

Corn IS. l 25 bu. 38 950 . 92 874 5 869 1/ 3 291 . Iatereat~'  f425

Pasture ( rotation) 18. 1 25 AUM 8 200 2. 00 400 400 1/ 2 200 Taxes: 
I 3Zf 248:

Beans ( dry field) 10. 9 15 cwt. 11. 5 173 4. 20 727 31 696 1/3 242 Insurance.     12 12

Wheat 10. 9 15 bu. 30.0 450 . 90 4f)!j 162   ,. 243 l/3 13.5 ~ & IiIlil. repai.l:& 4.74. 300

Barley 10. 1 14 bu. 40. 0 560 . 62 347 223 124 1/ 3 116 Auto farm: sIlare IS3

Orchard ( halle use) . 4  . 5 acre 150. 00 75   $ 22 53 1/ 4 IS ElectricitJl; i 24

Garden ( halle use) . 4  . 5 acre 220. 00 110 44 66 1/4 27 ~ ractor expense 310

Raw land pasture fJJ AUM  . 15 9 2. 00 18 18

Pasture aftermath!tl  ( 104) AUM  . 5 52 2. 00 104 104 Crop expens',es,

Farmstead and waste --- 2.1 8 Seed 90

Total crops 100 138        $ 4, 215 $ 1, 586 m 12,563  $ 1, fJJ6 Harvest,iDg,     144

Dairy cows
FertiliZer-.     44

Butterfat 3 Ibs. 240 720 $. 36 $ 259  $ 8 $ 63   $ IS8 Dusting aad"' spraying 44

Cull beef Ibs. 168 504 . 061 31 31 Hired labor.     2S

Veal beef Ibs. 70 210 . 11 23 23

Heifers Ibs. 80 240 . 10 24 24 Livestock expenses

Beef cows
Feed i 25

Cull 16 Ibs. 140 2, 240 . 10 224 224 Suppli,es- ~ veterinary 49

Market beef Ibs. 535 8, 5fJJ . 10 856 20   . 836 Baby chicks!   26

Hogs                       ,
Cull sOWS 2 Ibs. 104 208 . 078 16 16 Miscellaneous!

Market hogs Ibs. 1, 750 3, 500 . 10 350 20 330 2% of above:    -- 1iL
Chickens Total    $ 2, 4111 i985

Meat 100 Ibs. 6. 8 680 . 16 109 34 73

Eggs doz. 8. 5 850 . 24 204 32 172

Total livestock          ~' m $ 15t ~  ! Em  ~ 1 fJJ6Total crODS and livestock 235 4 2

Fann Investment Level of Livina Farm Work Financial SUmmarv

Fann Income P!z!      Fann Income

Udp;et to land Crops 189 bud~et to land

Land 4, 900 $ 4, 900 Cash, family   $ 1, 324 1ivestock 162 Crop sales    $ 2,563  $ 1, 606

Farm buildings 973 973 Home- used produce 235 Mis eellaneous 22 Livestock 1, 559

House 1, 500 1, 500 Use of dwelling 2Z6 Total m Livestock' products 3fJJ

Fences 583 583 Living allowanc e  $ 1, 785 Work by operator 290 Farm privileges 461,

Domestic water system 540 540 Capital accumulation 262 Family 75 Total    $ 4,943  $ 1, fJJ6

Equipnent 1, 965 Level of living  $ 2, 047 Hired 8 Farm expenses  & m  ~Feed and supplies 248 Total m Net income-    2, 4

Livestock 2. 3~                 Family living allowance ..h1!l2
Total i8,1.9b                 -13, 08 Pa;yment. CSl8city

per farm" :  $ 677  $ 621
pa;yment capacity per net

irriga1'iT.;:- acre 11  . 5. 21 $ 4. 78

Footnotes to' BudJ!:et Summary"                   , Irri8i'tj:~ per"'t1on and

maintena.uee costs per

Budget made for 138-acre fann. Net irrigable acreage, which excludes farmstead and waste areas, is 130 acres.   net ~ ble acre  ~ ~

Values at average prices for 1939- 1944 period.               Availab.le tqr construc-

Interest at' 5 percent, of which 2 percent is used for capital accwnulation and debt retirement.      tion charges per net

y Duplicated acreage.                   irrigable ,acre  $ 1. 92 $ 1. 49
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tI' JEAFJ1IGH VI AGRICULTURAL ECONOMY

T,CI'ble XXVIII sununarizos tho estimated payment Clnd amortization

o.p,,\city and probable annual installment that' would be made on construc-

tion costs.

Table XXVIII

SUMMARY OF EsrIMATED PAYMENT AND

AMORTIZATION CAPACITY AND PROBABLE ANNUAL INsrALIMENT

Fruit -crop Dairy- field General crop- Total for

Item farms crop farms livestock farms project -

Not irrigab1e acreage 17, 340 35, 280 15, 080 67, 700
Payment capacity per

net irrigable acre

increased 5(J'/o $ 20. 50 $ 7. 65 $ 7. 81

25% contingencies - 5. 12 - 1. 91 - 1.95
O&M and

replacement!!cost per net acre1 - 4. 23 - 4. 23 - 4. 23
Amortization capacity

per net acre $ 11. 15 $ 1. 51 $ 1.63
Probuble unnua1 in-

stallment per net

irrigab1e acre    $ 1. 50

Total probable annual

installment on proj-
ect construction

costs    $ 102 , 000

Y Estimated at 180 percont of 1940 costs.

Settlement Opportunities

The opportunity to develop and settle new farms would bo vury exten-

sive on this proj~ct as none of the land has been developod or used for

other than grazing purposes. Tho size of farm anticipated for this proj-
ect is expected to average about 5(' to 70 net irrigablo acres. The proj-
ect would thus permit the development of around 1, 000 to 1, 300 new farm

units under conditions of mature devolopment. This would increase by
80 to 100 parcont the nmiher of farms reported in fun JUD.n Count" by the

19115 Census of Agriculture. .,
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CHAFTER VI AGRICULTURAL ECONOMY

Development Period

A development period of about 10 years would be desirable on the

South San Juan project before assessments for construction charges were

nnde. Three or four years would be required to complete the necessary

improvements, farm buildings, and other farm improvements. An addi-

tional 2 or 3 years would be needed to attain nornnl crop rotation and

crop production. Since a portion of the farmers' income would be de-

rived from orchards, which requir6 from 7 to 10 years for development,
1 or 2 years of normal production should be allowed before full charges
are made in order to provide the settlers with the opportunity of im-

proving their financial status.

Repayment Organization

A suitable entity could no doubt be organized to represent the

project water users in the necessary rep:;yment contracts with the Federal

Government and to operate and maintain the project.
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CHAPTER VII

F. I NAN C I A LAN A L Y S I S

The relative economic justification of the project development is

measured by comparing the over- all benefits that would result from the

development with the associated over- all costs of the project, For

purposes of the comparison, benefits and costs have been computed as

average annual equivalents over a 100- year common- time period, The

useful economic life of the project has been estimated at 150 years,
and operation, maintenance and replacement costs have been estimated

to maintain all facilities in good operating condition throughout this

period. Construction costs have been estimated at July 1951 prices,
Project benefits and operation, maintenance, and replacement costs

have been estimated at average 1939- 1944 prices and have been adjusted
to the newly adopted price level as explained in the previous chapter.
All computations for the benefit- cost analysis are based on an interest

rate of 2. 5 percent.

For the purpose of this reconnaissance report the irrigation bene-

fits for a project of 67, 700 net acres have been computed in detail.

Benefits for pro~ cts of other sizes, except Plan A, are assumed to

average the same per acre as the project analyzed in detail. Benefits
for Plan A, however, were computed separately,

Project Benefits

Tangible benefits that would result from the South San Juan proj-
ect are associated primarily with river regulation for irrigation and

incidental uses including sediment retention, flood control, fish and

wildlife propagation and conservation, and recreation. vlhile all of

these benefits are measurable in monetary terms, they would be rela-

tively small compared to the irrigation benefits. Therefore only the

benefits that would be derived from irrigation have been evaluated for

the purpose of the reconnaissance study.

Intangible benefits that would be attributable to the project are

considered sufficient to offset intangible costs,

Irrigation benefits are divided into two classes, direct and

indirect. Direct benefits are taken as the increase in net income to

the farmer. The total annual direct irrigation benefits for the

67, 700- acre project under mature development are estimated at $ 3, 813, 989
as shown in the following table. .
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tit' CHAPTER VII FINANCIAL ANALYSIS

Table XXIX
DIRECT IRRIGATION BENEFITS

Dairy- field

crop farm

3 524
461

I General crop-
I livestock

farm

4, 482
461

262
5, 205
2, 481

2, 724

Item

Cash receipts
Farm privileges
Debt retirement and capital

accumulation

Total income
Less farm expenses 11
Direct benefits to project

farmers

Direct benefits to project
farmers increased by 50%

Total direct benefits per net

irrigable acre

Total net irrigable acres

each type farm

Total benefits each type farm 1

Total project direct irriga-
tion benefits

Total project direct irriga-
tion benefits per acre

11 Expenses as used for benefit

allowance for family labor.

calculations are exclusive of

160
3, 807
1, 612

10

4, 175
2, 002

2, 1732, 19~

3: 292 ~ b~259 I
109. 73 40. 741

I

17, 340 I 35, 280

902 718 ~ 437, 307

4, 086

31.43

15, 080

473, 964

3, 813, 989

56. 34

Indirect irrigation benefits are those that accrue from channeling
of increased agricultural production through business and industrial

firms. Net benefits accruing from the handling and processing of the

products sold from the farm are Class 1 indirect benefits. Total Class 1

indirect benefits are estimated at $2, 116, 186 annually as shown in the

table on the following page. Class 2 indirect net benefits accrue from

purchase of goods and services and are estimated to be 15 percent of the

value of the estimated direct benefits of the project. Class 2 ' benefits
thus estimated would total $572, 098 annually.

Colorado River Storage Pro.1ect

The benefits of future water- consuming projects in the States of

the upper division as defined by the Colorado River Compact are par-

tially dependent upon water being made available through river regulation
of the Colorado River Storage project. An appropriate share of the stor-

age project cost, therefore, has been assigned to dependent projects for
the benefit- cost analyses, but not for repayment. The assigned cost is
estimated at $2. 35 an acre- foot of stream depletion. The depletion for
Plan D- 2 of the Shiprock project, including a portion of the evaporation
from Navajo Reservoir, is estimated at 174, 900 acre- feet annually,
equivalent to an annual cost of $411, 000.
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Table XXX

ESTI~\ TED CLASS 1 INDIRECT IRRIGATION BENEFITS

I Sales I Percent i
Item . value I factor I

Fruit- cro farm

Feed

Grain for milling
Fruits and vegetables sold fresh

Livestock

Poultry
Dairy products

Total farm ( 30 net irrigable
Total farm increased 50%
Total per net irrigable acre

Total indirect benefits ( 17, 340
irrigable acres)

Total adjusted ig2irect benefits

Dairy fie~ rop farm

Feed

Grain for milling
Fruits and vegetables sold fresh

Livestock

Poultry
Dairy products

Total farm ( 80 net irrigable acres)

Total farm increased 50%
Total per net irrigable acre

Total indirect benefits ( 35, 280
net irrigable acres)

Total adjusted indirect benefits

General Cro - Livestock Farm

81

19
2, 699

194
89

104
acres) Il3, lS6

4, 779

l'
770, 414 x : 602) 1/

55
83
65
55
52
71

577
126
815
820
247
939

13, 524
5, 286

55
83
65
55
52

71

j
I'

1, 453. 888 x 545) 1/ ,

55
83
65
55
52
71

1, 381
367
815

1, 484
247
188

4, 482
6, 723

Feed

Grain for milling
Fruits and vegetables sold fresh

Livestock

Poultry
Dairy products

Total farm ( 130 net irrigable acres)

Total farm increased 50%
Total per net irrigable acre

Total indirect benefits ( 15, b80
net irri&able acres)

Total adjusted indirect benefits ($ 464, 916 x , 555) 1/

Total adjusted Class 1 indirect benefits

11 Federal cost adjustment facto~

tilt
69

Indirect
benefit

45
16

1, 754
107

4(..

74
2, 042
3, 063

102. 10

1* 1, 770, 414
1, 065, 789

317
105
530
451
128
667

2, 198
3, 297

S41. 21

1, 453, 888

792, 369

70
305
530
816
128

13
2, 72
4, 008

30. 83

i
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CHAPT;;R VII FINANCIAL ~ ALYSI3

Irrigation Benefit- Cost Ratio

The annual benefits and annual equivalent costs of a 67, 700- acre

South San Juan project estimated for the purposes of this report are

sho,^1!l in the following tabulation.

Average Annual Equivalent Benefits

Direct irrigation benefits

Indirect irrigation benefits Class 1

Indirect irrigation benefits Class 2

Total irrigation benefits

Total average annual equivalent benefit

adjusted for a 10- year development period
885 x 6, 502, 273) attributable to South

San Juan project
Total average annual equivalent benefit

per net irrigable acre

Average Annual Equivalent Costs

Total

value

Construction costs $ 136, 013, 000

Interest (~ of 2~% of 136, 013, 000

for 5 years)
Total construction cost

Less present worth of

salvage value at end of
100 years ( 50/ 150 of

141,, 514, 000 x . 08465)
Net present worth of project

investment

Present worth of project
investment amortized over

100 years at 2k% (. 02731 x

140, 436, 000 )

Jperation, maintenance, ' lnd replacement costs

Costs assigned from Colorado River Storage project
Total average anrmal equivalent cost for project
Total average annual equivalent cost per net

irrigable acre

8. 501, 000

144, 514, 000

4. 078, 000

140, 436, 000

3, 813, 989
2, ll6,186

572, 098
6, 502, 273

5, 754, 512

85

Average annual

equivalent value

3, 835, 000

252, 000

4ll, 000

S4, 498, 000

66

For irrigation features the ratio of the average annual equivalent
benefits to the average annual equivalent costs is 1. 28 to 1 for Plan
D- 2,

70
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CHAPTER VII FINANCIAL ANALYSIS

Average annual equivalent casto and benefit cost ratios for other

sizes of South San Juan projects considered are shown in Table I on

page vi of the Synopsis,

Project Repayment

The cost of constructing the South San Juan

allocable to irrigation on a reimbursable basis.

maintenance, and replacement costs would also be

tion.

project would be

The annual operation,
allocable to irriga- .

A summary of irrigation costs and annual payments for all plans
is included in Table I on page vi.
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CHAPTER VIII

POTENTIAL UPSTREAM HYDROPOWER

This chapter presents a brief description and reconnaissance

appraisal of the potential hydropower development on the San Juan River

and tributaries above the Navajo Reservoir site, excluding the tributary
Pine River. Such' power development may be considered an alternative to

the possible power development of the San Juan. Chame. project as the two

possibilities are largely dependent on the same source of water. Any
water diversion to the San Juan. Chama project in the amounts required to

make that project economically justifiable would make unjustifiable any

upstream power development within the San Juan Basin in the proportions
described in this report. Divsrsions to the San Juan. Chama project from

all San Juan River tributaries as far north as the West Fork would pre-

cludl all the potential power development except that on the Piedra River.

The reconnaiesance appraisal of hydropower development is based

largely on maximum potential development. It is possible that a somewhat
more economical plan for power. development on a smaller scale might be

formulated with additional study.

Plan of Develollment

The plan of upstream power development as evolved from reconnaissance

studies would involve the construction of five storage reservoirs, a sys-
tem of diversion dams, canals and tunnels, five power plants, and an

interconnecting transmission system to tie at Navajo Dam with the contem.

plated transmission system of the Colorado River Storage project. The

general layout of the plan is depicted on the map on the following page.
As shown on the map, the water conveyance system consists mostly of

tunnels totaling 45 miles in length. The storage dams and transmission
lines in the plan ars listed in the tables on page 74.
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CHAPTER VIII POTENTIAL UPST.REAM RlDROPOWER

Dam

Piedra

Lobo

Table XXXI

STORAGE DAMS

HYDROPOWER DEVELOPMENT

Storage
capacity
acre- feet

273, 500

River

Piedra
West Fork of

San Juan River

East Fork of

San Juan River
Blanco
San Juan

180 7, 906

8, 210

8, 063
6 600

Tesoro
90, 000

60, 000

60, 000

8 000

193
165
20

Blanco
Gato

Table XXXII

TRANSMISSION LINES

HYDROPOWER DEVELOPMENT

Capacity
kv

115
115
115
115
115
11

Line
Piedra to pagosa Springs
East Fork to Pagosa Springs
Blanco to Pagosa Springs
Pagosa Springs to Trujillo
Trujillo to Gato
Gato to Nava.lo

Power Development

In the analysis of the potential power development, maximum
utilization of tl1e water was assumed. Studies were made on the basis
of actual water supply records covering the period frcm 1931 through
1940. The critical dry period extending from July 1932 through April
1935 was used as tl1e governing factor in routing water releases from the
storage reservoirs in order to obtain an optimum production of electric
energy from tl1e project plants. TIle water releases were made on a

monthly average availability basie and were so adjusted that all storage
reservoirs would reach their dead storage level at approximately the same
time and at tl1e end of the critical low run- Off period. Such a variation
in releases from the various reservoirs would result in a maximum con-
stant average energy output from the power system of 502. 5 million
kilowatt-hours annually throughout the critical dry period. This coordi-
nation of monthly reservoir releases was made as a basis for the design
of the pOllerfeatures.
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The plant capacities and their estimated average annual energy

generation are summarized in the following table.

Table XXXIII

INSTALLED POWER PLANT CAPACITIES AND ENERGY GENERATION

Estimated average
Installed annual energy generation
capacity Millions of kilowatt- hours

Pow Kilowatts Critical eriod Avera e ear

Truj illo 44, 000 167. 0 250. 5
Piedra 40, 000 185. 6 179. 01/
Gato 24, 000 119. 7 120. 9
East Fork 7, 500 18. 2 28. 0

Blanco 3, 500 12. 0 16. 1

Total 11 000 02. 94.
Losses 8 . of salable ener :' l .0 44. 0

Salable energy available 465. 5 550. 5

1/ Average year less than critical year because of full utilization

of hold- over storage during critical period.

The above estimates are based on over- all plant efficiencies of 80

percent, on the productive heads being equal to the average head on the

plant by months, and on the corresponding estimated monthly water release

through the plant.

By 1970 the annual load factor for the power market area 'was esti-

mated to be approximately 55 percent. To supply an average annual firm

load of 502. 5 million kilowatt-hours at this load factor would require a

peak capacity of 104, 000 kilowatts. An allowance equal to the assumed

capacity of the largest generating unit ( 15, 000 kilowatts) was made for

reserve capacity, making a total installed capacity of 119, 000 kilowatts.

On the above basis the system would supply its proportionate share of the

peaking capacity required with a market area load factor of 55 percent.
It is probable with a broad, integrated power system, however, that the

peaking requirements would be supplied from some other source, such as

the main- stem plants of the potential Colorado River Storage project.
This ~lOuld' enable the comparatively small San Juan portion of the system
to supply base load power to the area at a load factor much higher than

55 percent, but the value of the energy produced by the San Juan portion
of the system would be somewhat lower than it would otherwise be.
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Estimated Costs

Estimated construction and annual costs of the power development
are summarized below.

Construction cost at July 1950 prices 126, 000, 000

Annual costs

Operation 'and maintenance

Reserve for replacements
Amortization of construction costs over 50 years

at 3 percent

430, 000

228, 000

4, 899, 000

5, 557, 000Total annual costs

The total annual costs would have to be paid with revenues

received from the sale of the project energy. Although no estimate was

nade of the secondary energy that could be generated by the project

plants, it was assumed that it could all be sold in this area at an

average rate of 3. 0 mills per kilowatt- hour. For this study, then, the

revenue from the sale of secondary energy has been neglected, and the

entire output from the project plants in an average hydro year ( 594. 5
million kilowatt- hours) was assumed to be firm energy. After deductions

were made for losses equal to 8 percent of the salable energy, an average

annual firm energy output available for sale was obtained. Thus the

salable firm electric energy of 550. 5 million kilowatt- hours would

annua lly cost an average of 10 mills per kilowatt -hour .

Value of Power

The value of power in the power market area was roughly computed by
the Federal Power Commission 1

s method from data contained in the Bureau I s

report entitled Power Market Survey-- Colorado ~ Storage Project,
dated February l~ Fuel- electric plants at the princiInl load centers

were considered as alternatives to the potential hydroelectric develop~
Il'.ent. The cost of such alternative power at the high voltage side of the

plants' substations, based on a 60- percent plant factor, was thus indi-

cated to be around 7. 5 to 8 mills per kilowatt- hour. The value of power

in the market area as measured by the cost of this alternative power

would therefore be less than the cost at present prices of producing

power under the plan of upstream hydropower development, even excluding
a major portion of the cost of transmitting the hydropower to load centers.

On the basis of these. estimates and comparison" development of the hydro-

power would be unjustifiable at the present time.
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Power Market Area

Region 4 of the Bureau of Reolamation has studied the power market
area in the States of the Upper Colorado River Basin that would be
served with power from the Colorado River Storage project. The studies
were based on information compiled by the Federal Power CO!llll1ission and
information obtained from other regions of the Bureau. Results of the
studies are presented in the Bureau' s report of February 1949, entitled
Power Market Surve~-- Colorado River Storage Project.
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