


iN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION }

Pogt Office Box 640
Durango, Colorado

June 11, 1952
Tos - Regioral Director
From: Ares, Engineer, Durango, Colorado

Bubject: Status Report on Investigations of Potential South Sn Juan
Project, New Mexico, and Potential Upstream Hydropower in
San Juan River IDrainage

- Submitted herewith is the subject report presenting information
and findings of the preliminary investigations made to date. The report
is intended to serve the Bureau of Reclamation ag a guide 1n programming
further work on project investigations and to aid New Mexico and Colorado
State officials and cther interests in appraising and selecting plans for
development 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,
Completion of a detailed project investigation thus would be warranted,

“ The size and plen of development for this project s however, are yet to
be selected by State and other interests as part of the broader problen
of selecting mrojects for the utilization of San Juan River waters.,
Until such selections are made, detailed investigations of the Scuth
Sen Juan project cannot be intelligently progratmed., 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, upstrean frem Nava jo Reservoir site,
Indicates a cost of about 10 mills per kilowatt-hour for production of :
approximately 550,000,000 kilowatt-hours of firm salable energy measured
at an sssumed intercomnecting point near Navajo Dam site on San Jusn '
River, Cursory studies of alternative possibilities of moducing 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 nills per kilowatt-
hour for hydrcelsctric gensration by the potential Colorado River Storage
project, Therefore, the dsvelopment of firm energy at the upstrean
hydroelectric sites in the San Juan River Basin would not be Justified
in the near future. Possible modifications of the. plans to produce pealk-
ing hydroelsctric 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 trangmountain diversions were made by the potential San Juan-
Chawa project,

/e/ William F. Crabtree
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SYWNoOPSIS

Under the broad caption "South San Juan project’, various
possibilities have been investigated for diverting water of the San Juan
River and its tributariles for the irrigstion of some of the vast expanses
of arable dry land located within the river basin and south of the river 7
in northwestern WNew Mexico, The possibllities that appear most promising
have been investigated in reconnaissance scope and are compared in this
report, A comparison of the various alternatives for the South San Juan
project is only one of ths steps necessary in the formulaticn of a plan
‘for the over-all development of the San Jusn River, These alternatives
must be welghed against the other potentialities for using the limited
water supply, New Mexico's compact appertionment of Upper Calorado River
Basin water, including possibilities for exporting part of the water
southeastward tec the Rio Grande Basin before a final choice of the basin
plan can bé made by the State and other intercsts concernwd. This report,
elthough treating primarily only one phase ef the bazin 3ituation, pro-
vides data that will be useful in considering the broader problem,

In addition to date on the South San Juan preject, the report
presents in Chapter VIIT the results of a cursory analysis of potential
power developmente 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 potentislities 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 for the South San Juan project was one
(Plan A) that would divert water high en streams tributary to the San
Juan River in Colorado and convey it southward 90 airline miles to lands
in the southeastern 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 site and release it
for use on Indian lands eouth of Shiprock, N. Mex. Irvestigations were
then made of possibilities for joint use of the Shiprock project storage
and diversion facilities, with enlargement as necessary, to irrigate
lands east of the Shiprock project area. These pcssibllities also have
been explored as & part of the South San Juan project investigations.

The scale of development of the Shiprock project, yet to bhe finally
determined, will affect the plan and economy of the South San Juan project.
In this reconnsissance analysis three different Shiprock project acreages
were assumed at 100,000 acres, 113,900 acros, and 121,700 acres., Upcn
sach of these three bases the South San Juan preject was projected for
economic compariscns as an incremental addition at twe different acreages.
Bach of these six projections was studled under alternatives of the pumps
for the South San Juen project belrg powered by electric motor or by
direct-connected hydraulic turbines, making a total of 12 altermatives in
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all., Separate analyses of the South Sen Juan project to irrigate areas
of 20,450 acres and 67,700 acres were made to determine the relative
econory 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 &8s & base. The six plans involving a
direct-connected hydraulic-turbine pumping unit are identified as D-1 to
D-6, and those that would provide pumping power by electric motors are
identified as E-1 to E-6,

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

Investigation of Plan D-2 was commenced in 140 and hes been done
in greater detall than the investigatlion of other plscs more recently
undertaken, 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
glven Plan D-2 1n the repnrt does not mean an endorsement of that plan
over the other alternatives. The wvarious alternstive plans of develop-
ment are described briefly in Chapter I. More detailed data assembled in
the investigation, particulerly of Plan D-2, are presented . in Chapters II
to VII, inclusive, -

Comparative physical and economic data for each plan of development
for the Sotth San Juan project are presented in Table I following this
discussion., No distinction was made in the economic analysis between
Indian and non-Indian-cwned lande, the same productlive and repayment
ability being assumed for both, In appraising all D and E plens, it was
assumed that the Shiprock project would be economically justified 1f
constructed Indersndently. Coets and benefits attributdble to D and &
plans theréefors 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, comstruction costs were estimated as
of July 1951. Data on agricultural economics were based on the 1939-104k
price period and the results increased by 5C percent where appropriate to
approximate the long-term price-projection level of 215 {1910-14=100),
recently adopted by the Bureau of Reclamation., Opsration, maintenance,
and réplacement costs, alsoc originally estimated at 1939-194k prices,
were adjusted to represent 180 percent of 194N coests in conformity with
the Bureau's long-term price-projection lewel for such costs.

It was assumed in these studies that the South San Juan project will
participate in the benefits and revenues of the Cnlorado River Storage

it
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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 and 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 ite pre rata share of the ecodt of piver
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 determined.

Plen A is shown by the table to have the highest annual equivalent
cost per acre and the lowest beneflt per acre of any of the alternatives.
The estimates indicate that ite benefit~cost ratic 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 acreeges 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 & large plan (67,700 or
57,000 acres) and a smell plan (20,450 acres), each with alternatives of
hydraulic-turbine- and electric-motor~-driven pumps.

Regardless of the Shiprock project acreage selected, some generalitiles
stand nut in comparing the South San Juan project alternatives, FEach
D plan (hydraulic turbine) has a higher construction cost but & lower
operation and maintenance cost than its E-plan (electric motor) counter-
vart. The E-plan operation and maintenance costs are so high, largely
because of electric energy coste, 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 coste and a small amount ~n crmstruction,
Because of their higher construction costs, however, the D plans have
substantially lower benefit~cost ratlos 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 dope in Column 18
of Table I. This shows that the various D plans would be 35 to 70 percent
more costly per acre than thelr counterpart E plans. Because the E plans
would not be able to pay their operation, maintenance, and replacement
coste and also something on construction, however, they would not meet
one criterion for participating projects rec-mmended in the Bureau's
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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 by thile sriterion,

Interesting ecoarnic comparisens 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~
sequently higher benefii-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 punping
(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 comstruction costs
over a 100-year period at 2.5-percent interest, 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-
abllity would be substaentially the same for any size of development
ranging from about 20,000 acres up to the limits of the available water

supply.

If the South San Juen project were limited to the irrigation of
lands outside the Navajo Indian Reservation that can be served by gravity
flow from the Shiprock project canel, it would serve only about 2,270 h
acres. The added cost of constructing the Shiprock project facilities
large encugh to irrigate these lands probably would not exceed $750 an
acre, and the added annual speration and maintenance cost is estimated at
about $1.25 an acre. Both of these costs are materially less than cor-
responding coets for any of the larger plans that would require pumping.

The Hemmond project that would divert the natural flow of the San
Juan River. to irrigate 3,670 acree of land on the south side of the priver
near Bloomfield, N, Mex., has beew recommended for authorization as a
varticipating 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 deeirability of this
alternative has not been Investigated but should receive attention in
future studles,

Authorizetion to construct a dam and power plant on the San Juan
River at the NaveJo site as a unit of the Colorado River Storage project.
wes recommended In the December 1950 report previously mentioned. The
unlt was intended for power production and to assure deliveriss of
Colorade River watér at Iee Ferry as required by the Colorado River
Compact. The report menti-med posaible need of the storage site for
irrigation of lands in the San Juan Basin and cited a provision In the
Upper Colorado River Basin Compact of 1946 providing that if such need

iv
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develops, use of the site for irrigation would kave preference over use
for river regulation for compact purposes, or power production,

The Shipreck and South San Juan project studies have been made con
the assumptlon that these projects would have exclusive use of the site,
The required reservoir ospacities have been estimated varlously from
437,000 acre-feet to 546,000 acre-feet for the Shiprock project alone
and from 524,300 acre-feet to 1,954,000 acre-feet for the combined
Shiprock and South Sen Juan projects. A capacity of 1,200,000 acre-feel
was planned for the Navejo Reservoir as a unit of the flolerade River
Storage project, Possibilities for joint use of the site to accomplish
so far as possible the purposes of all three of the projects ap well as.
for any replacement storage needs of the potential upstiream San Juen-
Chamae trensmountain diversion project should be investigated in future
gtudies. .

_ Potential hydropower Gevelopment at Navajo Pem, <r at tke Arop from
the combined highline canal to the Shiprock Gravity Canal, with water
releases for project needs have not been apmaised 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 ef the South San Juan project,

Tt is not within the purview of this report to segregate one or more
plans for the South San Juan project as being most worthy of further
investigation. Prerequisite to such a gelection are deelsions on the
broader questions mentioned in the first paragraph of this discussion.




Table 1
S0UTH SAN JUAN PROJEST-cALTSRNATIVE PLANS

SIMMARY OF PHYSICAL PLANS, COSTS, BENE

Irrigated aren

South San Juan project {acres)

FITS, AMD REPAYMENT

Rati

fod protect cote 1/

Probable paymont

A 1 Navaje Reservoir capacity{ac.ft. Canal capacity (e.f.3.) Annual operation, 2 Average annual 7 hverage on construction
el:’gg‘:ic = or Additional or Additicnal maintenance, end' "/- equivalent cost Net Ratie of =nnual costs
Proj- Indian Hone Type of pumping Shiprock for Total for  Shiprock for Total for  Constraction cost replacemert costs (amortization in 100  Average aonual annwal benefits peyment — Annual ent __Payment in L0 yrs,
ect ressrvation reservation TWnping energy prolect South both project  South both 1951 prices 180% of 1 riges, years st 2-1/2F) equivalent benefit — equivalent to unity capacity AmoOUNL Total for  lotal  Perceat
plan  Total isnds da snergy (Kw.=hr.) slone San Juan  projects alone  San Juan  projecis Total er acre  Total _ Fer &cre GLE er_acre S er Lere  bemafitd b/ costs  per acre per acre project  amoumt  of cost
1 2 3 i g [3 7 ) g 16 i 12 13 1 1 15 17 18 13 ) Eil %z 23 25 28 7
Y 70,000 34,290 35,710 None o} ) $161,528,000  $2,308 § 36,000 _ P 4,51 $5,171,000 g7 $3,150,000 . bS5 ~$2,021,000 0,61 $4.30 521 o
100,000=acre Shiprock project »
D1 67,700 28,800 38,500 H{drgzlic ] 437,000 1,480,000 1,917,000 1,215 1,415 2,639 137,828,000 2,036 242,000 3.57 4, 545,000 67 55 T54,000 85 1,206,000 L.27 5.74 217 Bla7,000 35,880,000 o
urbine B
E-1 67,700 29,170 38,530 dlecurie 172,120,000 437,000 527,000 964,000 1,215 1,615 2,630 63,788,000 9Lz 933,000 13.78 3,105,000 46 5,754,000 85 2,649,000 1.85 574 =8.04 o
motor
Dk 20,450 o 0,450 H}t'drab\;lic [ 437,000 337,000 774,000 1,215 425 1,640 43,988,000 2,151 85,000 L.16 1,469,000 72 1,738,000 as 266,000 .18 5074 1.58 32,000 1,280,000 3
urbine
E=iy 20,450 0 20,450 Zlecurie 53,221,000 537,000 27,000 525,000 1,215 k25 1,840 15,058,000 785 277,000 13.54 840,000 41 1,738,000 85 98,000 2.07 5T =7.80 0
motor
—4i32900-acre Shiprack project e en ———-
D-2 67,700 28,800 38,900  Hydrauwlie 0 499,000 1,455,000 1,954,300 1,535 1,415 2,950 136,013,200 2,309 252,000 3.72 4,498,000 66 5,754,000 25 1,256,000 1.2 5.7h 2,02 137,000 5,480,000 4
turbine
E-2 67,700 29,170 38,530 Eleg:ric 172,120,000 439,000 750,000 1,249,X0 1,535 1,415 2,950 70,971,000 1,048 936,000 13.92 3,316,000 49 5,754,500 85 2,438,000 L7 5.Th -5.08 bl
notor
D=5 20,450 0 20,450 H{dr%l_.\lic 0 499,000 267,000 766,000 1,535 425 1,960 43,618,000 2,133 87,000 4,25 1,450,000 = 1,738,000 as 28,000 L0 5.74 149 ,000 1,200,000 3
arbioe . .
25 20,450 o] 20,450 Elegtric 53,224,000 459,000 115,000 &L4, 000 1,535 525 1,90 18,029,000 882 279,000 12,64 901,000 Ll 1,738,000 85 837,000 1.93 5.Th ~7.90 0
motor - :
121,700-acre Shiprack project
-3 57,000 19,130 37,850 H{drg\ialie 0 546,000 1,126,000 1,672,000 1,715 1,135 2,900 116,921,000 2,051 195,000 342 3,836,000 57 4,845,000 as 1,007,000 .26 5.7h 2,32 132,000 5,280,000 4
urdlne
B3 57,000 19,520 37,480 ngtct.ric 137,751,500 546,000 £53,000 1,735,000 1,715 1,185 2,900 62,225,000 1,092 764,000 13.40 2,810,000 50 4y BL5,000 85 2,005,000  L.71 5. 7% -7.66 [
moL.or
D6 20,450 o 20,L50 H{dr:\;hc o 546,000 296,900 22,000 1,715 525 2,140 42,012,000 2,054 84,000 411 1,471,000 &8 1,733,000 85 337,000 L2 5.7 1.5 32,000 1,280,000 3
urbine
Zah 20,450 [+ 20,450 Eleetric 53,224,000 546,000 138,200 484,700 1,75 L25 2,10 18,416,000 500 282,000 13.7% 913,000 45 1,738,000 a5 825,000 1.9 5.7h -8.05 o
moLor :
1/ additional cost of joint project over cost of Shiprock project.
2/ Includes cost of pariping pewer Zor 3~ plans at 3 mills per kilowatt-hour, )
Includes §2.35 per acre-foot of stream depletion as credit to Colorado River Staorage project for river regulztion, intersst on expenditures during constructien,
ard allowance for salvage value st end of 100 yeers {see Cnapter VII for method of estimating). -
Column 1% less colwmn 17.
- . . . st . .

ol
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CHAFPTER I
PLANS OF DEVELOPMENT

Thirteen plans of development for the South Sen 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
then the other plans., Plans D-1 to D-6, inclusive, for hydraulic-
powered pumping and Plans E-1 to E-6, inclusive, for electrlc-powered
pumping are closely related, Each would share in the use of the stor-
age and diversion facilities planned by the Bureau of Indlan Affairs
for its Shiprock project.

Under the electric pumping plan, water for the South San Juan
molect lands would be conveyed from NavaJo Reservoir through an en-
larged Shimrock mroject gravity cansl to the pump location. Under the
direct-connected hydraulic-turbine pumping plan, water would be diverted
for the South San Juan and Shiprock mrojects from the Navajo Reservoir
through & highline canal to & point about 28 miles below Navajo Dam.
_Here water for the Shiprock project would be dropped to the Shiprock
mein gravity canal through the pumping plant and thus used for lifting
water to the South San Juan project lands. The elevation of the high-
line canal 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 cenal, would provide sufficient energy to operate the
turbines for lifting the water to the required elevation for the South
San Juan project lands,

The water supply availeble for the Shiprock and South San Juan
projects was assumed to be that remaining in the San Juan River afier
allowances were made for existing development, potential within-basin
projects, and the potential Weminuche Pass diversions to Sen Luis
Valley a8 more fully discussed in Chapter III. Since the analyses were
mwade for comparative purposes, no allowance was made for the potential
Sen Juan-Chama trensmountain diversion to the Rio Grande Basin,

Plan A

Plan A was one of the first plans studied in the reconnaissance
investigation of the South San Juan project, Its general layout 1is
shown on Drawing No. 524-406-95 on the following page.

The plan” involves the construction of five storage reservoirs and
8 long canal system., The canal system would intercept the headwaters
of San Juan River and its tributaries at several points In Colorado
above elevation 7,500 feet and by gravity flow would convey the water
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CHAPTER I PLANS OF DEVELOFMENT

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 offstrean site about midway along the canal
to reregulate the diverted flows for meeting seasonal irrigation needs.
The main canel would consist of a series of open earth canals, bench
flumes, tunnels, and siphons, The conveyance system, including reser-
voir feeder canale, 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 ag in the San Juan-Chams project plan for transmountain diversion
of water to:the Rio Grande Basin.

Water supply and operation studiles, with allowances made for the
potential downstream 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 Jicarilla Indian Reservation,

The features included in Plan A, their capacities, and estimated
costs are tabulated on pages 4 and 5. The project construction cost is
egtimated 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 amual equivalent cost per acre is estimated as

ghown belowi

Average
annual
Total equivalent
: cost cost

Construction cost $161,528,000
Interest during construction 10,096,000
Total construction and interest cost $17L,624,000
Less present’ worth of salvage

value at end of 100 years -4, 843,000
Net present worth of project

investment’ $166,781,000
Amortization of net present

worth of project investment

over 100 years at 24 percent ' $h4,555,000
Operation, maintenance, and ‘

replacements
Asaigned costs of Colorado River

Storage project 300,000
Total average annual equivalent '

cost for project $5,171,000
Total average annual equivalent

cost per aecre $7h

316,00C

P
.




Table I1
SOUTH SAN JUAN PROJECT--ALTERNATIVE PLAN A

SUMMARY OF COST ESTIMATES--FEEDER AND MATN CANALS AND IATERALS

i &M

i July 1951 and
. Capacity | Length = construction replacem
Main canals (c.f.s.) (miles) costal costss
Turkey Creek to West Fork 250 5.32 $2,10k,000 32,020
West Fork to Bast Fork 400 3.96 | 995,000 2,300
Bast Pork to Rio Blanco 800 14 .68 22,548,000 3,260
Rio Blanco to Mavajo River 900 9.49 15,062,000 6,230
Navajo River to Continental Divide 1,000 23.41 | 10,554,000 24,090

Continental Divide to laJara i
Reservoir i 1,000 T.45 17,693,000 5,170
IaJara Outlet Canal 1,200 - 1,300 85.50 38,465,000 100,710
Distribution Canal 1,000 - 250 105.45 8,593,000 82,900
Subtotal 255.26 | 3115,%1% ,000 $232,600
Peeder canals

East Fork 300 0.5% 506,000 ! $200
Coal Creek L0 0.0k 13,000 10
Mill Creek 40 0.06 L, 000 10
Rito Blanco 60 0.95 36,000 160
Rio Blanco 150 0.k2 274,000 110
Nava jo--Little Navajo 100 - 300 7.95 413,000 2,900
Subtotal 9.96 $1,2h2,000 $3,390
Iaterals (70,000 acres) $3,723,000 $41,270
Total $120,379,000 $277,340

;/ Includes contingencies, engineering and overhead,
2/ Based on 180 percent of 1940 costs.
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Table III ‘ ad
SOUTH SAN JUAN PROJECT--ALTERNATIVE FIAN A

| 4

a o~
SUMMARY OF COST ESTIMATES--STORAGE AND DIVERSION DAMS £ o
Maximum g;
water Total Operaticn &
Storage surface Dam . capacity CdJuly 1951 and ~ Replace- =
dams and area. height {acre- construction | maintemance] ment
reservoirs | {acres) (feet) feet ) cost 1 costss coste, /
Lobo 1,200 180 90,000 $6,1458,000 $h ,260 $2,210
Tesoro 0 193 60,000 5,292,000 3,450 1,820
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
. Iadara 2,290 208 167,000 18,793,000 5,860 6,450
e Subtotal 6,515 427,000 $40,770,000 $20,160 | $13,960
Diversion dams
Turkey Creek $40,000 $480 $20
East Fork 40,000 480 20
Coal Creek 19,000 230 10
Mill Creek 2k, 000 280 10 .
Rito Blanco 40,000 480 20 B
Ric Blanco 122,000 1,470 40 =
Nava jo 54,000 - 640 10 o
Little Navajo ' 40,000 480 10 =
Subtotal $379,000 & 540 $140 %
Total $11,149,000 $2h,700 | $14,120 g
Total (Table II £ Table III) $161,528,000 $302,040 | $14,3120 %

;/ Includes contingencies, engineering, and overhead.
2/ Based on .180. percent .of 1940 costs.
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CHAPTER T PIANS OF DEVELOFMENT

The project lands under this plan would lie at an average elevation
of 6,700 feet, In view of the climatic 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 $h5
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 San Juan project, but physieally and economically they should be
viewed a8 extensions of the potentisl 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 understending of the D~ and E-series plans, therefore,
some knowledge of the Shiprock project plen is necessary.

River regulation for the Shiprock project would be provided by
the Navajo Reservoir on the San Jusn River, The reservoir would be
formed by a dem 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 San 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 eizes of Shiprock project have been used as bases in the com-
paretive analyses of the various plans for the South San Jusn project
as presented in this report.

Navajd Dam and Reservoir data for the Shiprock yroject alone are
summarized in the following table,.

Teble IV
SHIPROCK PROJECT
NAVAJO DAM AND RESERVOIR DATA

Reservoir caracity--lAcre -Feet)

Silt Reservoir
Shiprock storage water surface
roject Active Dead above dead | Total elevation
acreage gtorage | storags storage storage | Norwal Dead
100,000 | 214,000 15,000 203,000 k37,0001 5,957 5,763
113,900 | 280,000 10,000 209,000 499,000] 5,968 5,775
121,700 | 322,000 14,000 210,000 | sk6,000] 5,976 | 5,782
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A main canal for each of the three sizes of project, consisting
of & series of tunnels, siphons, and open-sarth and concrete-lined
canals, would head at the reservoir and extend west along the south
gide of the river to oroject lands located in the Navajo Indian Reser-
vation., Pertinont data vertaining to the main canal are summerized
in the following table.

Table V
SHIPROCK PROJECT
MATN CANAL DATA

i Barth unlined | Concrete- - - .
Shiprock | Diversion and clay- lined Total
project capacit lined canals canzgl | Tunnel! Siphen { length
acreage (c.f.8, (miles) (miles) | (miles}(miles) | (miles)
100,000 1,215 L8.77 15,62 17 1,76 93.32
113,900 1,535 418,99 15,64 13,98{ 14,76 93.37
121,700 1,715 48,90 15.76 h.500 14,71 93.87

The general location of the potential Shiprock project and of
possible extensions of it to include the ST,TOOoacre or 57,000-acre
South San Juan project under plans D-1, D«2, D-3, E-1, 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-k, D-5, D-6, E-k, E-5,
and E-6 are shown on Drawing No. 524 -406-98 on page 15,

Plan D-1

Under plan D-1, 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 ocutside the Shiprock project area. The Nava jo Ressr-

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

ity of 1,917,000 acre-feet including an active capacity of T40,000 acre-

feet, The -Joint Main Gravity Canal from Navajo Dam to a hydraulic-

turbine~driven pumping plant would be constructed approximately 268

fset higher than the canal planned for the 100,000-acre Shiprock proj-

ect alone and would have a capacity of 2,630 sscond-feet and & 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 Iargo 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 2h3 feet through a pen-

gtock to hydraulic-turbine.driven pumps, At the pumps the water would

serarate 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 Scuth San Juan project would be pumpsd through
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two pipes to the main distribution canals., In one pipe with a capacity
of 597 second-feet, water would be raised 286 feet above the pumps to
the Gallegos Canal from which 29,370 acres would be irrigated., In the
other pipe with a cezmacity of Thlb second-feet, water would be raised
407 feet above tne puups to the Biesti Canal from which the remaining
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 artificisl means,

Plan D-2

The same South San Juan project area would be served under Plan D-2
as under Plan D-1, The MNavajo 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 Msin 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 & 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 mannery as in Plan D-1 with the same capacity in each line, The
water pumped to the Gallegos Canal would be raised 292 feet and to
the Bisti Canal 413 feet.

The same lateral system and drainage system would be required as
in Plan D-1.

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-1 except that the Bisti Canal
would not be extended to 10,700 acrea 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 Dam to the hydraulic-turbine-
driven pumping plant would he constructed approximately 207 feet higher
than the canal planned for the 121,T700-acre Shiprock project alone and
would have & capacity of 2,900 second-feet and a length of 26 miles.
Thig section of the canal would serve by gravity the same 1,760 acres
of' South San Juan project lands on Pauline Mesa as would be served by
Plans D-1 and D~2., The vemaining water for both projects would drop
190 feet through a penstock to hydraulic-turbine-driven pumps. 1In one
discharge line with a capacity of 597 second-feet, water would be raised

8
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285 foot 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 l&terai system to distribute water to all project lands would
be required, The same acreage as in Plan D-1 is expected to require
drainage by artificial means.

Plan E~l

Plan E-1 would irrigate substantially the same 67,700 acres as
would be sérved by Plan D-1. The principal difference in the two plans
is in the means of conveyance of water from the Navajo Reservolr to the
land, Under Plan E-1 the Shiprock Main Canal planned for the 100,000~
acre Shiprock project alone would be enlarged to a capacity of 2 ,630
gecond -fest 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 large and Munoz Canyons, on Pauline Mess 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 ebove the Shiprock Main Canzl would nct be lrrigated.

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 Gallemos 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 remaining 750 second-feet of water
would flow. in the canal 20 miles to a second pumping plant where 1t would
be lifted 135 feet to the Bisti Cansal that would extend in two directions
from the pump and would serve 36,940 acres of project land,

With the Shiprock Main Canal diverting from the NWavajo Reservoir
268 feet lower than the Main Gravity Canal in Plan D-1, less dead stor-
age capacity in the reservoir would be required. Under Plan E-1 a
total Nave jo 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 eapacity 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 ag described in Plan D-1 would be

required to serve the prolect lands,
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Plan E-2

The same South San Juan project area would be served under this
plan as in Plan E-1., The Shiprock Main Canal planned for the 113,900~
scre Shiprock project alone would be enlarged to a capacity of 2,950
second-feet to convey water for both projects as in Plant E-1. The first
electric-motor-driven pump would lift 1,329 second-feet of water 299 feet
to the Gallegos Cansl, and part of the water would be used to irrigate
28,490 acres under that camal. The second pumping plant would lift 750
gecond -feet of water for the remaining 36,9h0 acres the same 135 feet
as in Plan E-1 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 s8ilt storage requirements for 100 years,

The same lateral and drainage system would be required a8 in Plan .
D-1.

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 mroject area., The same lands would
be irrigated as in Plans E-1 and E-2 except that the Bisti Capal would
not be extended to 10,700 acres in the southern part of the area near
Bisti Wash. The Shiprock Main Canal planned for the 121,700-acre Ship-
rock project alons would be enlarged to a capacity of 2,900 second-feet
to convey water for both projects as in Plans E-1 and E-2.. The pumps
would be driven by electric motors. The first pump, located in the same
place as in Plans E-1 and E-2, would 1lift 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 1ift 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 acrés of land.

With the joint Shiprock Moin Canal diverting from the Navajo Rescr-
volr 207 fect lower then the canal in Plan D-3, lcss dead storage capacity
in the reservoir would be required. A total reservoir capacity of
1,205,000 acre~feet would be required, of which 980,000 acre-feot-would
be active capcity, 12,000 acre-feet would be dead storage, and 213,000
acre -feet would meet silt storage requirements for 100 years.

The same lateral and droinage system would be roquired as in Plan

~ D-3.
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CHAPTER I , PLANS OF DEVELOPMENT

Plan o-4

This plan is for & emall South San Juan project of 20,450 acres of
nenreservation 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 100,000-acre Shiprock project would be conveyed 30
miles through a highline Main Gravity Canal from the Navajo Reservolr
to & point 105 feet below the site of the drop described in Plan D-1.
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
tracte of land shown on the map as near the mouths of Largo and Munoz
Canycns. The remaining water for both projects at the end of the joint
Main Gravity Canal would drop 138 feet through & penstock to hydraulic-
turbine -driven pumps. At the pumps the water would Beparate into two
flowe. That for the Shiprock project would provide pumping power and
then continue by gravity flow in the Shiprock project canal, and that
for the remaining South San Juan project lands would be pumped to the
Capson Censl at an elevation of 6,104 feet. The water would be raised
375 feet above the pumps In an 8-foot~diameter pipe with a capacity of
387 second-feet to irrigate 19,020 acres. '

Nava jo Reservoir for this plan would have a total capacity of
774,000 acre-feet, of which 302,000 acre-feet would be active, 425,000
scre-feet would be dead storage, and 47,000 acre-feet would meet gilt
storage requirements, With these capacities, sedimentation sstimates
indicate a 100-year period of operation before silt deposition would
begin to encroach on the active irrigation capacity.

A lateral syetem to distribute water to all project lands would
be regquired, 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-%, The Navajo Reservolr would be constructed to a
capacity of 766,000 acre-feet, including an active capacity of 390,000
scre-feet., The joint Main Gravity Canal would be constructed 151 feet
higher than the canal planned for the 113,900-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 separate in the same manner a8 in Plan D-k.
The water would be raised 381 feet above the pumps to irrigate the same
acreage with the same penstock sizeé and capacity as in Plan D-4,

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

12
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Plan D-6

The same South Sen Juan project aresa would be served under this
plan as in Plans D-4 and D-5. The Navajo Reservoir would be congtructed
to & 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 &
length of 30 miles. :

Water for both projecte at ths end of the Jjoint 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-b
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 and D-5, :

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

Dok,
. Plan E-4
The same South San Juan project area would be served under this
. plan as in Plan D-4, except that lands on Pauline Mesa above the Ship-

vock Main Canal would not receive water but the scattered tracts near
the mouthe of Iargo and Munoz Canyons would be irrigated. The principal
difference in D-4 and E-U4 plans is in the means of conveyance of water
from Navajo Reservoir to the land, Under Plan E-h the Shiprock Main
fanal planned for the 100,000-s.cre Shiprock project alone would be en-
jarged to a capacity of 1,640 second-feet to convey water for both proj-
ects from Nave jo Dam to a pumping plant, a distance of 38 miles. The
same 2,270 acres irrigated by gravity as in Plan E-1 would be gerved with
this plan. The 370 second-feet of water for the remaining 18,180 acres
would be pumped 395 feet in a T-foot-diameter pipe from a plant located
at the entrance to Kutz tumnel {(under New Mexico Highway No. k) to the
Carson Canal,

With the Shiprock Main Canal diverting from the Navajc Reservoir
175 feet lower than the Main Gravity Canal in Plan D-L, 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,
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Plan E-5

The same South San Juan project area would be served under this
plan a8 in Plan E-4. The Shiprock Main Canal planned for the 113,900-
acre Shiprock project 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
gecond-feet of water for the Carson Canal would be raised 397 feet in
a T-foot-diameter pipe by a pumping plant in the same location as in
Plan E-4,

With the Shiprock Main Canal diverting from the Nevajo Reservoir
151 feet lower than the canal in Plan D-5, less storage capacity in
the reservolr would be required. A total reservoir capacity of 614,000
acre -feet would be required, 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"u' o

Plan E-6

The sams South San Juan project area would be served under this
plan ag in Plans E-b 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 Bk
and E~5, The 370 second-feet of water for the Carson Canal would be
raised 396 feet in a T-foot diameter pipe by a pumping plant in the same
location &8 in Plans E-4 and E-5.

With the joint Shiprock Maim Canal diverting from the Navajo Reser-
voir 140 feet lower than the canal in Plan D-6, less storage capacity
in the reservolr 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-k4.

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 in
the northwest corner of New Mexico and lies astride a section of the
sast boundary of the Navajo Indian Reservation, The project lands lie
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 bo 6,135 feet,
They lie between the narrow dunes and are located generally in the
broad swales which glope moderately to the main drainages, The project
area lies near the center of a broad, geologic structural basin lccated
within the troader San Juan River Basin,

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

~ heads on the western slcpe 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 (oloradec, 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 elevatlon to 3,260 feet
at the mouth of the San Juan River,

With elevation dif ferences of nearly 2 miles between highest ard
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 picturesgue 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 Colorade 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 and semi-
arid, The summers are characterized by warm days and cool nights while
the winters are cold., Temperatures range from a minimum of 15°F, below
zero to a maximum of about 100°F, The frost-free period is about 150
days and the mean annual temperature is about 50°F. 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 productlon. With irrigation climatic conditions are
favorable for growing most field crops, a variety of garden crops, and -
such frults as apvles, pears, peaches, cherries, and aprlcots.

Population

The ponulation 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. Fannlngton, N. Mex,, with a 1950 population of
3,600, is the largest town in the county and is located 10 miles north
of the preject area,

Principal trading centers are located at Farmington, N4 Mex,, and
Durango, Colo., Durango, with a 1950 population of 7,500, is located
“ about 75 miles northeast of the project area, -Schools, churches and
recreational facilities are located at Farmington, Aztec, and Bloomfield,
School busses transport students from cutlying areas in the county to
centrally located achools,

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 grazing of sheep.
The most highly developed agricultural area near the project is that
around Famington 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 coast and to Albuquerque, N
Mex, Both oil and natural gas have been found within the project area,
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A new industry established in the region is the manufacturing 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
Albuguerque and Gallup, Albuguerque and Gallup are 194 and 123 miles,
respectively, from Farmington by highway. New Mexico State Highway
No. 4L traverses the project area connecting with United States Highway
No. 66 at Albuguerque 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 normal
growth an urgent need is anti¢ipated in the near future for settlement
opportunities that new irrigation developments can provide, Workers who
are now migrating by the hundreds into the area to take mart directly or
indirectly in the new natural gas and oil industry will tend to remain
in the ares,

Added to this increased population will be those workers and depend-
ents involved in the related industry, manufacture 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
wranium 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,
arnd with a standard-gage rail outlet an outside market for all agricultural
products that cen 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 elece -
tric generating capacity will be needed. Some new capacity is reported
to be immediately ‘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,
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The South San Juan project and 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 made 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-
tieso

In or near 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 has been for local use, The proj-
ect area is situated 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 part of the gas produced to centers in Arizona and
Califomia is now under construction, Gas to meet the demands’'of the
central portion of New Mexico is also supplied from this field. ILarge
deposits of uranium minerals on the Navajo Reservation near "Four
Corners Area" have been discovered, and intensive prospecting of the
reservation and areas adjacemt to it is in progress. Large-scale mining
and processing of this ore have nbt been startéd, 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 utiligzed at pres-
ent., Undeveloped or partially developed mineral resources in the
Colorado area include tungsten, vanadium, uranium, gold, silver, lead,
and zinec.

Many undeveloped rescurces center around potential irrigation proj-
eets 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 thousards of acres of new land that, with
irrigation, will support’ productive farmsteads and be the means of
livelihood for hundreds of new farm families.

gconomic 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 Fammington, Paradoxically, these conditions
have little effect on the project area 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 connecticn with plans for transmoun-
tain diversions to the Rie Grande Basin were made by the Bureau of :
Reclamation, Results of these studies are covered in the report on Rig
Grande Joint Investigations, 1937.° 1In 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
Bureaii of Indian Affairs, leading to the present plans for the Shlprock
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 1946, This report conteins
the general results of studies made to that time,

Present Investigations

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, amd collection
of basic economic data, Geologic stulies of the Navajo Dam and Reser-
voir sites, including diamond drilling and test pit exploration, were
made by Bureau of Reclametion personnel for the Bureau of Indian Affairs
in connection with the latter agency's investigations of the Shiprock
project, Office work has included the making of detalled water supply
studies, the preparation 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
representatives of the Division of Project Planning and Regions 4
and 5 of the Bureau of Reclamation and representatives of the Bureau
of Indian Affairs, was appointed in the latter part of 1950 to compile
and coordinate technical engineering and economic data related to
potential developments that would utilize New Mexico's compact allot-
ment of Upper Colorcdo River Basin water, This committee is known as
the Sen 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 are: .

M 3¢ % to present to the (New Mexice) 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 and 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 Mexicots {compact) allotment and to advise him on technical

matters relating to the advisability of including such projects
3 3% N

The committee has complled and coordinated related technical data
with primary attention being given to the hydrologic phases, Results
of investigations of the South San Juan project have been made avail~
able to the committee., A Report of the Technical Committee on Use of
Waters of San Juan River in New MeXico was prepared for the Secretary
of the Department of the Interior on January 26, 1951, A committee
progress report was later prepared for the Secretary on March 7, 1952,
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 CHAPTER III
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 51te, 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 adjusted 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 adjusted flows, tabulated by months in Table VII on the following
page, represent the water available for regulation at the Navajo Reservoir
“ gite for the South San Juan and Shiprock projects and for other potential
and existing downstream developments, The adjusted flows average 885,900
acre-fest 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 miscellaneocus 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 Blance would be increased accordingly.
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Table VII a

MODIFIED FLOW OF SAN JUAN RIVER NEAR BLANCO--ADJUSTED FOR UPSTREAM =

WITHIN-BASIN DEVELOPMENTS AND WEMINUCHE PASS DIVERSIONS ~

B - Unit—1,000 acre~feet &

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

1928 49 29 37 34 83 94 185 108 27 19 i4 16 695 H
1929 21 L | 1 17 69 169 | 266 | 216 61 | 166 162 77 1253
1930 32 20 17 31 L7 177 L1 125 55 + 59 16 18 738
1931 14 17 14 19 27 61 113 81 31 | 20 3L 50 481
1932 . 2l 15 15 54 139 341 L34 308 132 71 27 23 1583
1933 16 16 17 18 37 46 118 195 50 19 46 31 609
1934 17 16 17 18 34 72 69 15 11 9 18 11 307
1935 11 13 14 21 L5 172 245 420 172 61 53 31 1258
1936 17 13 1, 14 92 236 244 79 19 Sh L5 29 P 856
1937 29 17 14 21 93 342 403 196 66 23 13 24 - 1247
1938 15 13 15 17 96 230 288 347 83 21 66 L5 11236
1939 28 20 18 15 95 140 191 69 8 6 36 18 IAN
1940 15 12 14 19 L5 69 132 52 10 | 16 2 L0 LL5
1941 22 22 19 51 116 248 680 542 252 59 65 227 2303
1942 9% L6 35 32 63 407 296 261 53 26 22 25 1360
1943 17 16 17 29 54 154 136 89 L7 35 21 25 6L0
1944 18 20 14 18 39 119 1295 | 336 95 | 22 13 36 1025
1945 20 17 14 27 43 137 265 153 50 33 10 33 802
1946 13 12 13 18 26 49 55 52 2h | 3k 13 29 338
1947 2 17 12 21 31 35 8 83 29 Th L6 62 582
1948 25 18 16 26 35 190 316 295 49 31 12 28 1041
1949 16 15 17 23 62 195 265 LO3 1152 33 18 28 1227
1950 18 14 15 27 34 103 105 75 36 10 20 10 467
1951 9 9 8 12 | 18 2, {8 |73 {10 |2 18 | 10 &/} 300

Mean . . =

1930-51} 22,51 17.21 15.9 | 24,11 58,0 | 161.2!208,5{193,1 1 65.2( 33.5 | 28.8 | 33.9 | #85.9 3

1/ Estimated to complete the year, o

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

computing the modified flow at Blanco, the recorded flow at Blanco was adjusted for the effects of the o

ultimate Pine River and Dulce projects in New Mexico and Colorado, the OWeal Park, Carracas, and other >

small miscellaneous projects above the Colorado-New Mexico State line, and the Weminuche Pass diversion.
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TARLE VIIT
NET ACREAGES ABOVE NAVAJO DAM SITE
Presently irrigated i
lands

i
With es- _ i
i

sentially|Requiring
a full |supplemen- | New

Project or area supply |tal water | lands | Total
Dulce project 1,840 14,9501 16,790
O'Neal Park project 2,140 | 5,4001 7,540
Pine River project extension 33,160 35,840 69,000
Misc. areas above Rosa, N,Mex, ;

San Juan River above Pagosa |
"Springs ‘1,680 0 320 2,000
Coal Creek 0 290 0 /e
Four Mile Creek ' 0 3,240 20| 3,260
Mill Creek 210 380 130 720
Echo Canyon 0 660 ] 660
Rio and Rito Blanco 780 290 50 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 and a treaty between the
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 Colorade River Basin Compact of
1949, The Mexican Water Treaty of 1945 defines Mexico!'s rights to the
use of water from the Colorade River system.

The Upper Colorado River Basin Compact ‘establishes the obligation
of each State of the upper division with respect to the deliveries of
water required to be made at lLee 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 (1L 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 ITI of this
Compact, subject, however, to the following:

(a) A first and prior right shall be recognized 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 authoriged,
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