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APPENDIX A « HYDROLOGY

Introduction

General

Public Law 87~483, spproved June 13, 1962, suthorized the
Sec;etary of the Interior fo congtruct, operate, and maintain the Navajo
Indian Irrigation Project nﬁd the initial stage of éhe San Juan-=Chama
Project as participating units of the Colorado River Storage Project.

The authorized San Juan-~Chama Project provides for the construce
tion of features to divért, convey, and reregulate watexr from the
San Juan River Basin to the Rio Grande Basin for the purpose of providing
water to existing lrrigation projects in New Mexico and for municipal
and industrial uses in Albuquerque, New Mexilco.

Public Law 88-293, approved March 26, 1964, authorized the use
of project water in a permanent pool for- fish and wildlife and recreae~

‘tion purposes at the proposed Cochitl Reservoir nmear Santa Fe, New Mexico,

" The city of Albuquerque has agreed to accept a reduction of 5,000 acree

feet in its water allocation to supply the estimated annual evaporation
resulting from the permanent pool. Initial filling of the pooi
estimated to be 50,000 acre-feet will be supplied from project water
surplus to the water users needs, The filling of the pool is to take
place as soon as water becomes available for municipal and industrial
purposes.

Plan of Development

The ﬁlan of develupment provides for construction of the divers
aion and regulation element which includes three diversion dams, three

A=l




tunnels, two siphons, one large storage dam and reservolr, and the

modification of the outlet works at El Vado Dam. The plan also provides

for water-use facllities consisting of reservoirs, dams, canals,
iaterals, and drainage systems, and assoclated works and appurtenances
on the tributary irrigation units. This volume is only concerned with
the'facilities on the tributary irvigation units., The features of the
tributary units aré shown ob. Drawihg 4655124556, the General Map,
preceding page 1.
Scope
The tributary irrigation units, as authorized, consisted of
approximately 39,300 acres of land in the Po joaque, Llano, Taos, and
Cerro areés in the Middle Rio Grande Basin aﬁove Otowl, New Mexico,
The planspresented in this repoft are of feasibility grade
and present a reevaluation of the tributary units, Modification of

the authorized units was necessitated by unfavorable geologic findings,

rising costs, and reduced water supplies. This veport will also include

recommendations as to other possible uses of the undistributed portion
of the water allocated to the authoxized tributary units.

Volume I of the Definite Plan Report covered the plans for
diverting and regﬁlating the project water and for the furnishing of
water to the city of Albuquerque and the Middle Rio Grande Conservancy
District. Volume III will cover the possible additional uses as
recommended in this report and will include a revision of the Heron

Réservoir operation study presented in Volume I.
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Water Supply

Public Law 87;483 1limits the diversion from the San Juan
Basin to a maximum of 270,000 acre-feet in any one year and 1,350,000
acre-feet in any consecutive lO-year peried starting with the first day
of October after the project commences operation,

The yield from the lexon Reservoir operation study presented
in Volume I was allocated in the following manner:

Final allocation

1,000
Use _ - acre-feet  Percent
Municipal and industrisles-ecesemeemrewsnecemeemeonn. 53,21/ 59,97
Middle Rio Grande Conservancy Districtmeememmememcw-= 20,9 204,55
Tributary UnitSesenmrmevemscnnannnanunnnanreoneunnee 27,7 27,18
TOTAI‘--“w-‘Q-ﬂhﬂ-unﬂh-vnﬂ-ﬂﬁn.-nuu-——. - - - 101.8 100.00

1/Includes 5,000 acre-feet assigned to Cochiti Reservoir for recreatiom
and fish and wildlife purposes.

The development of project-type irrigationm on the tributary
units would result in an aanual depletion of the Rio Grande flows at the
Otowl gaging station if not compensated for by San Juan-Chama Project
water, During any year there could be both depletions of, and accretions
to, the Rlo Grande flows at Otowi, In general, depletions will occur
when water ls stored in the tributary unit reservoirs and when diversions
of natural flows are greater than the historical, nonproject diversions,
During periods of low flows, and during the nonirrigation season, there
will be accretions resulting from additional retuxn flows from diversioné
réf stored water and greater diversions of natural flows. The depletions
are to be offsét by daily or other shortmperiod releases of San Juan-Chama

Project water from Heron Reservoir, The accretions can be used in meeting
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the demands of the city of Albuquerque and the Middle Rio Grande
Congervancy District for the San Juan-Chama Project watev,

The municipal and industrial demands of the city of Albuquerque
and the supplemental irrigation demands for the Middle Rio Grande
Conservancy District are anual demands, while the demands of the tribue
tary units would vary in accordance with the availabie watex supply
and its use on the unlts.

No project watex user will be allowed to carry over, in Heron
Reservoir, any unused portion of his allocated annual supply. Any
unused portion of a project water user's supply at the end of a calendar
year would revert to the common supply for all water users.

“fhe additional smount of depletions of Rio Grande flows will '

be 1imited in any calendar year to the amount of water avallable from

fmportation to and storage In Heron Reservolr.

Pojoaque Unit

General
A ————————

The Pojeaque River, formerly the Rio Pojoaque, is located in
northern Santa Fe County between Santa Fe and BEspanola, New Mexlco.
The Pojoaque River originates on the western slope of the Sangre de
Cristo Mountains and is bounded by the watershed of the Santa Cruz
River on the north and the Santa Fe River on the south.

The upper portion of the strean is known locally as the
Rioc Nambe and waé-formerly called Nambe Creek, As the stream flows to
its confluence. with the Rio Grande just above Otoﬁi Bridge, it is

successively called the Pojoaque Creek and then the Pojoaque River.
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The portion called the Pojouque Creek begins at the Junction of the
Rio Nambe and Rio en Medio, about 6 wiles above the junction of the
Pojoaque Creek and Rio Tesucue, Below the mouth of the Rio Tesuque,
it is called the Pojoaque River,

When the first Spemiards setiled in the Pojoaque River Valley
about 1610, they found three Indian pueblos (Nambe,'Pojoaque, and
San Lldefonso) where frrigation was being practiced,l The irrigation
has continued.to the preéént time with the presently irrigated lands of
the Pojoaque Unit being located along the Pojoaque River from its
mouth to & point about 12,5 miles upstream, The presently irrigated
area has been limited by the inadequate water supply as is shown by the
irrigated acreage being lens than the recognized water=right acreage.
The features of the Pojoaque Unit are shown on Drawing 465-512-400,
General Map.,

The valley was formed by erxosion of the Santa Fe formation,
which is reporxted to be about 2,000 feet thick. The Santa Fe formation
consists of clay, silt, fine sand, with some beds of sénd and gravel.
Overlaying the Santa Fe formation is an alluvial soil mantle consisting
chiefly of sand, silt, and gravel derived from the Santa Fe formation.
The thickness of the mantle ranges from as little as 10 feet to probably
not more than 100 feet. The yield of wells that derive their source
from the Santa Fe formation rarges from 1 to 40 gallons per minute,
Wells drilled in the mantle yield from 200 to 400 galloms per minute.

Plan of Development

The general plan of development 1s to construct the Nambe Falls
Dam and Reservoixr to provide, through controiled storage of water, a
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Letter supply to the water-right lands in the unit, Presently, it is
believed that there are 2,827 acres of water-right lands and it is
;4je§£iﬁéfed that on an average 2,300 acres couid be irrigated.- It was
assumed that under project conditions the othexr irrigation facilities
will be operated and maintained as they are presently. ﬁowevcr,
impfovements to the distribution system will 1likely 'be made through the
assistange and participation of State and other Federal agencies under
their various pfograms. These ;mprovements are not reflected in the
water supply studies,

The authorized plen differs from the present plan in that
4t envisioned a slightly smaller dam, one new diversion dam, and a
distribution system which would be enlarged and consolidated, It was
previously assumed that 2,710 acres could be irrigated,

Hater Roghts

The Water Right Code of Marel 19, 1907, recognized and ccx-
firmed all beneficial uses at that time as a right to use New Mexico
waters for beneficial purﬁoseso Such rights are filed in the State
Engineer Office in the form of declarations, After that date, new rights
to public waters of the Statie could be acquired only by application‘to
and egpproval by the State Engineer.

Water rights of the Pojoaque stream system havé not as yet
been adjvdicated, butlwill be in the near future, The irrigated area
detefmined by the New Mexico State Engipeer's Hydrographic Survey,
Cdmpleted:in 1563, is considered to be the watér-right land for this

repurt,

Rev, 3-6-68
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Water Accounting

Volume I contains a copy of the report entitled "Accounting
of Water, San Juan-Chama Project,' dated February 1963, which was
prepared in accordance with Sec. 8 of P. L. 87-483 to outline details
of project operation essential to accounting for San Juan River and
Rio Grande flows. The report provides that the effects of operation of
the tributary units, including Pojoaque Unit, on the flows of the
Rio Grande at Otowi shall be compensated for on a daily or short-period
basis by releases of imported S;n Juan water from Heron Reservoir.

The presently irrigated lands of the Pojoaque Unit will be
supplied supplemental water from the Nambe Falls Reservoir, Since the
unit will contain no new lands, it will be assumed that there will be
no increase in direct diversions of natural flow, and only accounting
for storage effects, adjusted for return flow from diversions from
storage, will be required.

Water Supply

The flow of the Rio Nambe near Nambe, New Mexico, was measured
for water years 1933 through 1951. The gaging station was located about
6=1/2 miles upstream from the junction of Rio Tesuque and Pojoaque Creek,
Nambe canal diverts 1,000 feet upstream from the gaging station, and
this diversion has been combined with the flow of the Rio Nambe near
Nambe to represent the virgin flow of the Rio Nambe above the irrigated
area,

The virgin'flow, Table A-l, was extended from 1951 through
February 1963 by use of monthly correlations with the Santa Cruz River
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Drainage area 39,1 square miles

(Unit - 1,000 acre-feet)

Table A-1, Runoff of Rio Nambe near Nambe, New Mexico--(virgin flow)=-Po joaque Unit,
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, and diversions by
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0.36
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0.43

New Mexico.
of Rio Nambe at Nambe Falls, New Mexico based on drainage basin areas.

4/Based on recorded flows.

yo,

Rio Santa Cruz at Cundi

3/Estimated as 113%

irgin rlow equals sum of the discharge of Rio Nambe near Nambe, New Mex

Nambe canal.
2/Correlated with
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at Cundiyo, New Mexico. Cerrelations were derived for the following
three monthly groupings: llovember through January, February through
June, and July through Octcber. The correlations are shown graphically
on Figures A=l through A-3,

Since February 1963, the flow of the Rio Nambe has been
measured immediately below Nambe Falls., After February 1963, the virgin
flow was estimated on a driinege area basis as 113 percent of the flow
of the Rio Nambe at Nambe TFalls,

The average annuil yield of the Rio Nambe near Nambe, 1935
-through 1963, is 8,060 acre-feet, or 206 acre-feet per square mile.
Fifty-five percent of the snnual flow occurs in April, May, and Jﬁne,
the snowmelt season; 29 percent from July through October, the summer
thunderstorm season; and the balance, 16 percent, during the‘nonirriga-
tion season. The maximum discharge of 5,580 c.f.s. on July 31, 1955,
was obtained from a crest stage measurement., The minimum daily virgin
flow of 0.4 c.f.s. occurred in December 1950 and January 1951, |

Tributary inflow originating between Nambe Falls Reservoir and
the Rio Nambe near Nambe goge was estimated to be 1l.5 percent of the
virgin flow passing the gage. Tzble A-2 presents the monthly inflow to
Nambe Falls Reservoir. The Ozl ditch diverts within this reach, but
was not considered in the computations since the effect of the ditch
would be reflected in the discharge records and the land under the
ditch has been idle more than 5 years.

A gaging station was maintained on Pojoaque Creek at Pojoaque
Bridge, near Nambe, New Me:ico, from March 1936 through water year 1941,
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Pojoaque Unit

(Unit - 1,000 acre-ft) Drainage area 34.6 sq. mi,

Table A4-2, Runoff of Rio Nambe at Nambc Falls, llew Mexico
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v Nambe, New Mexico (virgin flow).

Nambe at Nambe Fzlls, New Mexico.

1/88.5% of Rio Nambe ne

2/Recorded Rio




The maximum discharge duriny; this period was 4,700 c.f.s. on July 15,

1938, Comparing this with the comp

near Nambe of about 775 c.f.s., ind

arable discharge of the Rio Nambe

icates that tributaries between the

Nambe and Pojoaque gages contribute considerably to the flood peaks

at the Pojoaque gage.

only a minor volume to the flow of

However, these flood flows probably contribute

the river and were not considered

as part of the available supply since they are unpredictable and erratic.’

No discharge records are

available for the Rio Tesuque at its

mouth, but records are available for the Rio Tesuque above diversions

near Santa Fe, New Mexico, from March 1936 through calendar year 1951.

Inspection of these records and all available diversion records indicates

that very little surface flow which can be diverted downstream reaches

the mouth of Rio Tesuque. 7The Rio

of the water supply. If under proj
is useable, the water supply study

The following tabulation

Tesuque was not considered as a part
ect conditions any tributary inflow
would be conservative,

lists the drainage areas and periods

of stream records at various pertinent locations:

Location

(square miles)

Drainage
area
Period of record

Nambe Falls damsite
Rio Nambe at Nambe Falls
Rio Nambe near Nambe
Pojoaque Creek at Pojoaque lridge=-
" Rio Tesuque at moutheeceeneccw cccaa
Pojoaque River below Rio Tetuguge==

YR Y YR DY)

34,6 1/ None

34.6 March 1963-date

39.1 October 1932-September 1951
92, 2/ March 1936-September 1941
79. 2/ None

173, 2/ None

1/Assumed equal to Rio Nambe at Nambe Falls.

2/ Approximate.
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Diversion records zre¢ available for 17 of the 24 canals
diverting from the Rio Namb:, I'ojoaque Creek, and the Pojoaque River
system from April 1936 through 1950, No winter records are available
after December 1941, Estimites of the diversioms of the 5 ungaged canals
(Oak and 0ld Bernardino ditctes not included because abandoned) were made
usiné a ratio of the capacl:y of the ungaged ditch to the capacity of the
gaged ditches immediately unztirean and downstream. |

The diversion record of the 22 canals was extended back to
1935 and forward through calendar year 1963 by the use of correlations
relating the total diversioas with the virgin flow of the Rio Nambe near
Nambe, These correlations are shown graphically in Figures A-4 through
A-6, and the estimated montaly diversions are tabulated in Table A-3.

Climatic Conditions

Precipitation on the project area has beeﬁ measured at two
locations--Nambe 1 and Nembz 2. The record at Nambe 1 began April 1947
and continues to date, while the record at Nambe 2 began in 1942 and
continued through February 1950,

The station at Nambe 1 is more centrally located and was con-
sidered to be representative of the entire project area. The record
for Nambe 1 was extended back :o 1935 in the following manner: the
monthly precipitation at Nzube 2 was used whenever possible; if Nambe 2
records were missing, 96 perceat of the monthly precipitation at
Espanola was used; and if boirh Nembe 2 and Espanola records were missing,
69 percent of the monthlyprecipitation at Santa Fe was used.

The average monthly temperatures for the project were taken
from the Nambe-Pojoaque-Tesujuz Hydrographic Survey Report of the
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New Mexico State Engineer Cf:ice and are based on 1938-65 averages for
the Espanola weather station.
The mean monthly valuzs of precipitation and temperature for

the project are listed belcw:

Average Mean
precipitationl/ temperatureZ/
Month {inches) (°F)
Januaryseeeeccoe= - G.42 28.5
Februarye=ee= = 0.48 34.5
Marcheecmeemccanw. 0.47 41,2
Aprile-eeaa —e———— 0.55 50.9
May ------- - = o e on 0.88 59.4
JUNeeen—eanax ———— 0,55 68.3
JUlymmeomcnmea= - 1.34 72.9
AugusStemmcacan-- - 1.51 70.8
September-w-wew=- 1.12 63.8
Octoberemmeecmme= 1,01 52.1
Novembereeecemee=x C.48 39.2
Decembere=menmw=- 0.46 ; 31l.9
ANNUAL-=a-c-cmmee 9,27 51.1

1/Average for period 1935-63 at Nambe 1.
2/Average for period 1938-65 at Espanola.

The maximum annual precipitation was 14.07 inches in 1941, or
152 percent of the average anaual precipitation; and the minimum annual
precipitation was 3,04 inches in 1956, or 33 percent of the average
annual precipitation, There are on an average 26 days which have 0.1
inch or more precipitation, aad 4 days which have 0.5 inch or more
precipitation,

The beginning and ending dates for the frost-free period,
May 12-October 3, and the growing seasom, April l-October 20, were
obtained from the Hydrographiic Survey Report. The average frost-free

period is 145 days, and the average growing season is 203 days.
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The maximum temperature at Espanola of 106°F occurred in
July, and the minimum tempcrature of -23°F occurred in January,

Consumntive Use Requirement

The consumptive use requirement for the various crops was
computed by the Blaney-Cricdle mecthod. The growing season for each
crop.and the seasonal consumptive use coefficient (K) were taken from
the Hydrographic Survey Repo:rt. Monthly consumptive use coefficients
(k) were taken from the New llexico State Engineer Technical Report 32,
"Consumptive Use and Water Reguirements in New Mexico,' and then
adjusted so that the total monthly use would equal the use computed

from the seasonal coefficieni:s, The seasonal coefficients are shown in

Table AP4.
Table A-4. Seasonal consumptive use coefficients (K).
Growing season
Frost Frost-free

Crop - period period
Alfalfgeecmncccnccccmcm e tecwmnma—m—c ca—ca——— 0.50 0.85
Planted pasturewmececc-cecwnena e m————— T 0.50 0.80
Native and planted pasture and haywess=eac-cw-=e 0,50 0.75
Native pastureusescemecccmervmcocsccacwen LT 0.50 0.70
Orchardececcnccccncncacncrannmam= o o e o 0 e 0.40 0.65
Cornecan= e e e v e e o 5 e e o e e mmmmeee——- 0.40 l/ 0.75
Gardens and Chilieceamcecccccicavnccnacarcracenea 0,40'l/ 0.68
Spring grainSeecacscecccc i cuncrenccneena- weeeee (0,70 0.70

1/Use on preplanting irrigation.
The monthly consumnptive use factors (£) were computed as shown

in the following tabulation:
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v ————

Mean Monthly percent Monthly
temperatuxe of day-time hours consumptive use

(°F) ___. of thghyc:r 1/ factor (t)(p)/100

Month ) . (p) (£)

January=eceeaesua 28,5 6,99 '1.99
Februaryeweecwe-a 34.5 6.36 2,37
Marc}:l—---—-----—- 41.2 8035 3044
Aprilecccccaccacas 50.9 8.85 4,50
Mayaccanasncccnan 59.4 9.81 5.83
JUNeemracmcenneax 68.3 9,83 6.71
Julyemmnennacanea 72,9 9.99 7.28
AuguStecmena—cca- 70,8 9.40 6,66
Septemberememwe=a 63.8 8.36 5.33
Octobermamacena- - 52,1 7.35 4,09
Novembereeenecwe= 39.2 6.92 2.71
Decembereeeeece=- 31.9 6.79 2,17
ANNUAL-cwncmcnn=- 51.1 100.0 53.08

1/Latitude: 35°56"',

Irrigation Requirement

The irrigation requirement was computed by subtracting the
monthly effective precipitatioi from the consumptive use requirement.
The  effective precipitatior for each month of the operation study.was.
determined by the standard Bur:au procedure using the monthly precipita~-

tion at Nambe 1 in accordarce with the following tabulation:

- Monthly
effective precipitation 1/
Total mont:ly (inches)

precipitaticn Increnental Accumulated

(inches) _ portion total

1 0.95 0.95

2 0.90 1.85

3 0.83 2,68

4 0.65 3,33

5 0.45 3.78

6 6.25 4.03

T/Average values from table nrisented in Volume IV, Chapter 4,1,12 of
the Bureau of Reclamatior. Masual,
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Historic Conditions

Sufficient records are available to permit an analysis of
historic conditions, durirg the period April 1936 through March 1941,
for a portion of the projec: area. The area studied was located above
the Pojoaque Creek at Pojcaqua Bridge gaging station, which was near the
middle of the irrigated area,

The inflow to tte rzach is the virgin flow of the Rio Nambe
near Nambe as presented ir Table A-l., The outflow from the reach was
measured at the Pojoaque (reek gage.

There were 18 c:¢nals which diverted within the study reach.
Diversion records are available for 11 canals and the diversions for
the remaining 5 canals (O:k and Old Bernardino ditches not included) were
estimated, as described previcusly. Diversions during the months of
November through March were assumed to be zero as it is believed that
most of the diverted water is returncd immediately to the river at the
first wasteway., A small ¢mourt of stock watering may occur, but for the
purpose of this study it was considered negligible.

The nonbeneficisl depletion for 463 acres of nonproductive land
was determined by the Blarey=-Criddle method through the use of a
vegetative cultural survey wmace in 1963 and (K) values presented in
Table 4, Appendix B, of the repcrt on "Weater Supply of the Lower Cclorado
River Basin," November 1952, TIhe nonbeneficial waste area includes the '
native vegetation growing along the creek channel and on the ditch
banks plus a depletion on and along farmsteads, roads, etc., within the
irrigated area, The type of vegetaticn, acreage, and areal density are

shown in the following talulaticm,
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Average

areal
density
Vegetation and tyse Acres (%)
C-5 Cottonwood, low densityseemeee-cec—ca- 10 46
C-6 Cottonwood, mediun CensSityweeeswencawa 13 -69
C-7 Cottonwood, high density-weeevce=-- --= 70 100
"7 Elm, high density====«- il 1 100
 lixe5 Mixed, low densiZy-wsemsmescscseccanenm 2 50
Mx-6 Mixed, medium densilymemceccecncccenes 2 66
W=6 Willow, medium cengity-wecen=-e R il 23 64
W=7 Willow, high densitye==em<oececcu=nnce - 23 96
Subtotale~ee=- mmmrmme s e - ————— - - 144
River channeleseccacciweca= O it L E LT - 157
Farmsteads, roads, etCovmwewmcncwsn—ccea --- 162
TOTAL==c=ecccnvcannax cmmmemrsnncneenasaemeea 463

An average weighted (K) value of 0.68 was computed by assuming the follow=-

ing annual (K) values:

Blaney (K)

Zype S ey
River Channel --------------- Ly L ¥ oYy oyl 0.75
Farmsteads, etCorwmwmee = S - 0.40
Vegetation, low dengity-=eeuveeacncecaws 0,73
Vegetation, medium cengilyeeemen-ceccce- 0.83
Vegetation, high dersitye=e=—e=- meme————— 1.00
weighted --------------- ™ 0. 68

The nonbeneficial. ccnsumptive weste was 3.00 feet. It was
assumed to be distributed mcnthly in a pattern simiiar to the use of
alfalfa, The annual depletion of the 463 acres after the correction for
use of precipitation was 2.30 feat, or 1,064 acre-feet.

The tributary inflow within the reach was determined by a

“graphical scalping' process ti:ilizing the hydrograph of daily flows at
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the Pojoaque gage, The tribut:ry flows &s computed represent that portion
of the total inflow which raeazcted the cutflow station.

It was assumed, for this analysis and all subsequent analyses,
that no tributary inflow eniering the river below the Rio Nambe gage
would be available for diversicn. Twenty=five percent of the annual
tribdtary inflow occurs during the nonirrigation season and is, therefore,
not useable. Another 30 percert of the annual tributary inflow occurs
during the summer thunderstorm seasom, July through October, as flood flows
having high peak discharges snd short durations. It is believed that
only a small amount could be diverted. The remaining 45 percent occurs
during April, May, and June, the spring snowmelt season. The spring
tributary inflow becomes availsble at a more or less uniform rate and
undoubtedly could be partially diverted. However, less accurate relation-
ships than those previously presented were derived when an attempt was
made to relate the diversions to the river flow plus tributary inflow,

The assumption of no useable tributary inflow below the Rio Nambe gage
results in a conservative estiniate of the agvailable water supply.

From the analysis of the data available, it was obvious that
the return flow was high and, consequently, the overallhirrigation
efficiency was poor. The overull irrigation efficiency, or the percent
of water diverted that could be¢ consumpiively used by the crops, was
" computed to be 36 percent. £ cuwanary of the annual historic conditions
is shown in Table A~5, and the mouthly conditions are shown in Table A-6.

Examination of th» mcathly studies shows that a considerable

portion of the diversions ace vadiverted. The monthly computation of net
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return flow shows that the return flow occurs almost simultaneously with
the diversion., The return filow during the irrigation season amounted
to 91 percent of the computed annual net return flow.

It is estimated that the present farm irrigation efficiency
is approximately 50 percent. This is the same efficiency as was used in
the ﬁydrographic Survey Repoirt. Using an overall efficiency of 36 percent
as determined from the historic condition study and the 50 percent average
farm irrigation efficiency, results in a distribution efficiency of 72
percent, The distribution efficiency would be considerably lower if
rediversion did not occur.

Present Conditions

The present land use is comprised primarily of small supple=
mentale=income farms, whose owners work in Santa Fe or at Los Alamos and
only farm to supplement their salaried incomes. The predominant irrigated
crops, alfalfa, planted or native pasture, and hay, amount to about 67
percent of the total irrigated acreage.

The general practice in the area is to build up the soil moisture
during the spring snowmelt runoff and to use this soil moisture during
the summer months when the surface supply is limited.

The New Mexico Stai:e Engineer completed a crop survey of the
Po joaque area-in 1963, The acreages and crop distribution determined
from the survey were assumed to be representative of present conditions

and are as follows::
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Area

Crop (acres) Percent
Alfalfaeecaaceaa L L L L TP PP 665 36.1
Planted pastureeresccmesccccncncee 197 10,7
Native & planted pasture & hay==ee 95 5.2
Native pastureeecesccccccccccnccnss 274 14,8
Orchardeccacccccrccccnncancacnccea 200 10.8-
COrNeerummcncasccmrncnnccnccenaacs 113 6.1
Gardengeceecccncrccnccnrccnccnnnce 131 7.1
Small graingececcccecccccsccncanasa 169 9,2
TOTAL IRRIGATED=c=cwcenceccana-nee 1,844 100.0

Consumptive use requirement. The monthly consumptive use require=

ment for the growing season was computed for the Pojoaque area using the
above crop distribution and is shown in Table A-7. The average annual

consumptive use requirement was computed to be 24,84 inches, or 2.07 feet.

Irrigation requirement. The average annual effective precipita-

tion for 1935 through 1963 was computed to be 8.58 inches, or 92,6 percent
of the average annual precipitation. The effective precipitation during
the growing season was 5.28 inches, or 0.44 feet,

The monthly irrigation requirement for the growing season was
obtained by subtracting the effective precipitation from the consumptive
use requirement, The average annual irrigation requirement was computed
to be 19.56 inches, or 1.63 feet.

Diversion demand, The average annual diversion demand is

computed by adding the farm and distribution losses to the crop irrigation
requirement,

Present conditions are assumed to have the same farm irrigation
efficiency, 50 éetcenf, and distribution system efficiency, 72 percent,
as the historic conditions. The overall efficiency would equal 36 percent,
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Table A-7,

Present conditions--consumptive use requirement.

Po joaque Unit Table A-7.
Crop and growing season Pe::ent April May June July _ August September Octogber Season
e Use Use Use Use Use Use Use Use
| (k) |(inch)| (k) |(inch)! (k) |(dnch)| (k) |(inch) | (k) |(imch)]| (k) |(inch)| (k) [(inch)| (K) (inch)
Alfalfa: 36.1
FP 1/ 4/11-5/11ccccccacccanacnanaa. 0.50| 1.50 | 0.50| 1.03 0.50] 2.53
FFP 2/ 5/12-10/3~-=-v-- e 0.74)| 2.80 | 0.84) 5.62 | 0.93| 6.78 | 0.93| 6.20 | 0.74| 3.96 | 0.65| 0.26 | 0.85]/25.62
FP 10/4+-10/1leccccccccccnccanaa 0.50( 0.53 | 0.50{ 0.5
0.79)28.68
Planted pasture: 10.7
FP 4/1<5/1lccacca-a ccecccacacnaa 0.50| 2.25 | 0.50| 1.04 0.50| 3.29
FFP 5/12-10/3 0.68{ 2,56 | 0.78 5.23 | 0.88| 6.37 | 0.88| 5.83 | 0.73| 3.89 | 0.58| 0.23 | 0.80 24,11
FP 10/4-10/20 0.50| 1.12 | 0.50| 1.12
0.73]28.52
Native and planted pasture plus hay: 5.2
FP 4/1e5/1)acccca e 0.50| 2.25 | 0.50| 1.04 0.50| 3.29
FFP 5/12-10/3-cecmeccme e ——- 0.64| 2.40 | 0.73] 4.90 | 0.82| 5.97 | 0.82| 5.46 | 0.68] 3.65 | 0.55| 0.22 | 0.75 22,60
FP 10/4-10/20ccccmccmnennaannane= 0.50f 1.12 | 0.50] 1.12
0.69127.01
Native pasture: 14.8
FP 4/11-5/11cccaca. cecocacacncss 0.50| 1.50 | 0.50| 1.03 0.50| 2.53
FFP 5/12=10/3ccmccacaccccacea. eee 0.61f 2.31 | 0.69| 4.63 | 0.77| 5.58 | 0.77| 5.10 | 0.61]| 3.27 | 0.52| 0.21 | 0.70/21.10
FP 10/4<10/1lcmccccccccaccccccaa 0.50| 0.53 | 0.50( 0.53
0.67|24.16
Orchard: 10.8
FP 4/21=5/11ecccacccaccccacanaa. 0.40| 0.60 | 0.40| 0.83 0.40] 1.43
FFP 5/12«10/3cccccccccccccaccceca 0.59| 2.21 | 0.72] 4.80 | 0.74| 5.40 | 0.72| 4.77 | 0.42]| 2.24 | 0.42] 0.17 | 0.65|19.59
FP 10/4-10/20ccceccancccnacaaa. 0.40] 0.90 | 0.40( 0.90
0.61(21.92
Corn: 6.1
PPI 3/ 5/11=5/15ecaccccnacaccacanacs 0.40] 0.39 0.40] 0.39
5/16=9/20ccccccncacaanccaaaa 0.51] 1.50 | 0.72 4.83 | 0.82| 5.99 | 0.82| 5.48 | 0.72| 2.55 0.75}20.35
0.74120.74
Gardens and chili: 7.1
PP1 4/26-4/30-cccccccancaccan —me 0.40| 0.30 0.40{ 0.30
5/1=10/3eccccccccccaceax ~emea= 0.50| 2.92| 0.67{ 4.50 | 0.78| 5.68 | 0.78] 5.19 | 0.64] 3.41 | 0.50! 0.20 | 0.68]21.90
0.67{22.20
Spring grains: 9.2
4/1-7/10=c-cccmccccacaa- emm—= 0.43| 1.93 | 0.54| 3.14 | 0.97| 6.48 | 0.86( 2.03 0.70/ 13,58
Weighted consumptive use requirement:
Inches--ceu-a meescccsccscecccaaa cecas 1.38 3.38 5.26 5.80 5.12 3.16 0.74 | 0.72 23.84
- D WD D - - = - - 0y 7
3/PPI = preplanting irrigation B A-33




The following tabuletion presents the derxivation of the diver-

sion demand for present conditions:

Crop Consu.l'ﬂptive L5 €2 s irw o e e ot e O i Y o S
EffECtive preCipitatifJn“”"ﬂ*- ----- o -
. Crop irrigation requireNENLawacmemmmwmmemmenmooo—e.=

Farm waste and deep percolation losses (50%)-wmm=m

Farm deli‘very demand—ﬂ-ouu-nmm-uumum-n-nu—u—o-n-uun—-
pistribution system losses (28%)~wewweencancacnennn.

L}

Diversion demandﬂ- et v Al G R0 A AN el A i o e ke e

Acre=feet
per_acze

4.53

Operation study. The present condition operation study was

computed from recorded and est:lmated discharge and diversion recoxda.

It was assumed that the historic water supply represents present condi-

tions, The irrigated acreage, 1,844 acres, determined from the 1963 crop

survey was assumed representative of present conditions. The study was

computed in the following memner:

1. The inflow to the irrigated area 1s equal to the virgln
flow of the Rio Nambe near Nambe (presented in

Table A=1).

2. The divertible flow is equal to the measured or estie-
mated historic diversions for the months of April

through October (presented in Table A~3).

3. The diversfon demand was computed monthly by subtracte
ing the monthly effective precilpitation from the
average monthly crop consumptive use and then correctw

ing for farm and distribution losses.

4. The diversion was assumed equal to the diversion
demand plus a quantilty necessary for proper operation
of the soll woisture reservolr. The diversion was
limited to the divertible flow. Although there are
about 10 days in October outslde of the growing season,
the divertible flow for the entire month was used if
necessary to refill the soll moisture reservoir,
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5. The soil moisture rweservolr was operated so as to
be malntained half full whenever posalble. Any water
stored in the soil moilsture reservoir is useable

" during periods of iimited water supply. The soil

moisture reservoir varies with the individual crops.
For the cropping pattern used for present conditions,
the average soll moisture reservolr was assumed to be
about 6,3 inches. Oane-~half of the soil moisture
reservoir represents a diversiom of 1,340 acre-feet.

Examination of the weather and use data shows that the

effective precipitstion approximates the winter use

and, therefore, vo nonirrxigation depletion of the soil

molsture reservoly occcurs. '

6. The shortage represents the difference between the

diversion demand aad the total supply availlable

(river plus soil raservoir) when the diversion demand

is the largerx.

7. The onslte depletilon represents the historic depletion

of the water supply by the irrigated area, The depletion

"is equal to the diversions multiplied by the overall

efficiency, 36 percent.

The annual summary of the present condition operation study is
shown in Table A-8, and the wonthly operation study is shown in Table A=9.

Summary. The aversge annual diversion demand for the 1,844
" acres was 8,360 acre-feet., The maximum annual demand was 9,760 acre-feet
in 1956, and the minimum annosl. demand was 7,170 acre~feet in 1941,

An average annual shortage of 1,120 acre-feet, or 13,4 percent,
is estimated to occur undex present conditiona. The lands received a
full supply in only 5 of the 29 years., The meximum annual shortage of
4,430 acre-feet occurred in 1956, Thls shortage represents 4504 percente

The maximum shortage for 2 consecutive years totaled 73.6 percent in

1950 and 1951.
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Table A-B.ANNUAL SUMMARY--QOPERATION STUDY--PRESENT CONDITIONS

POJOAQUE UNIT
{ Unit—1 000 Acre-feet }

T ©

3 LA S 5

YEAR x * 6 v s 2~ 25| & 8% E E’

2 @ g w |2832] = |&o% &

T o S E 5 |sE=% 5 Se¢35 Q

- - z2 2 o e = buliowd ot

@ o a izes® v =283 B

K > oW v = ":

a a o o

! 2 3 4 5 & 7 8 9 10
1935 12.00] 12.51] 8.37] 8.92| o©.55] o0.00) 0.0} 3.21
1936 7.56| 7.30] 7.93] 5.48] -1.16] 1.29| 16,3} 1.97
1937 991 9.62| 7.36 7.48] 0.62] 0.50 6.8 2.89
1938 6.82| 8.82| 8.35| 7.5 <0.21] 0.60] 7.27 Z.71
1939 6.46| 8.85] 9.18| 6.93] 0.04] 2.29) 26,9 | 2.49
1940 7.85, 8.92] s8.81} 7.21] -0.23] 1.37] 15.6 | 2.60
1941 23.60] 9.85] 7.17| 8.11| 0.94] 0.000 0.0| 2.92
1942 15.88| 8.02| 7.83| 7.17| -0.29] 0.37] 4.7 | 2.58
1943 5.83| 8.91| 9.10] 6.89] -0.53] 1.68] 18.5} 2.48
1944 9.28| 11.16| 8.32] 9.14| 0.82] 0.000 0.0} 3.29
1945 10.34] 11.61! 9.22] 7.99| -0.73] 0.50f S.4{ 2.88
1946 s.20] 7.32] 7.92 7.10[ 0.10] 06.92 11.6] 2.56
1947 4.85] 6.47| 8.17]  s5.68] -0.54] 1.9 23.9] 2.04
1948 §9%|  8.39| 8.58] "7.és] o0.31 1.21] 141  2.78]
1949 8.00| 8.89| 7.38] 7.36] -0.02f 0,000 0.0] 2.65
1950 2.47| 4.72] 8.50| 4.72] -0.46] 3.32 39.1| 1.70
1953 3,11| 5.83] 8.58] 5.83| 0.21] 2.9 34.5| 2.10
1952 8.80| 9.49| 7.80f 7.45 -0.11 0.24 3,1| 2.68
1953 6.05| 7.37] 8.95, 7.37] 0.1 1.7 19,2| 2,65
1954 4.59| 6.63] 7.9 6.45] -0.04] 1.42 18.0| 2,32
1955 6.59| 8.63| 8.38| 8.63 0.46] 0.2 2,5} 3.1
1956 2.28! 4.67] 9,76/ 4,67 -0.66| 64.43 45.4] 1.68
1957 10.89| 12,01} 8.27] 9.6} 1,34 0.00 0.0] 3.46
1958 13.41| 12.70] 8.56/ 7,120 -0,97, 0.47] 5.5| 2.56
1959 4.16] 6.43|  7.55 6.41] 0,09 1.23 16.3| 2.31
1960 9.85| 10.22| 8.81 8.29] 0.07] 0.59 6.7| 2.98
1961 7.29! 8.88| 8.80] 8.25 -0.10 ©0.49 5.1 2.97
1962 6.42] 7.80| 8.66] 6.87] -0.16] 1.63 18.8| 2.47
1963 6.27] 7.92 8.3 7.74 0,52 1.09 13.1| 2.79
TOTAL 233.60| 249.94 262.53| 210.09]  0.00] 32.44 13.4) 75.61
MEAN 8.06| 8.62| 8.36] 7.24] 0.00] 1.12 13. 2.61
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SHEET ¢ OF 10,

Toble A-9, MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
POJOAQUE UNIT
(Uait - 1,000 Acre-feet)

3 * 2 ©
< e o o
YEAR MONTH 5 w. “ o E.l. 2 © 8“50% E
[ =] Q n O o [a) e
= ® . a je§s2 2 (&=ol @
- = Vo L@ @ b
g | ° R - I I
- o o o
1 2 3 4 5 8 7 8 9 0
DEC ]
JAN 2.2
FEB o 2/
MAR .20
APR o0.¢2l .07 o .21l o .26 0.55 oA
MAY (.28l 2.2l w724 0 71 o . 26
/935 | JUNE x 76| 3.32% 2221 2. .22 2 BD
JULY /. 03| .46y [ 2Dy S 4l 55 Q. &%
AUS RIS N7 | . 7bt o.08 A
SEPT Joa g BA) 4 tO) L. EE o, #E .56
ocT 0..57% a4 B4l 2. 261l o .26 o049
NOV 037
DEC 0.3/ -
TOTAL /2 0/) 2. 501 8. 37| 8.92] o.55 : a2l
JAN 0. 24
FER 2o 2O
MAR 0.5
APR 0. 974 L. 3G} o0 . 855 0.55 2122
MAY ;7). P28 . ¢ . 92 ])..0.97 0,35
JUNE 0..29 JoZAN 2t B 4 Rt 0.82 4. 4.5]
/93 | YULY o 48l o g2l s .45l og2l-0.95 2.38 7. 29
AUG 0. 725 0. 73| s 8% .93 2.2/ o- %3
SEPY o6l @591 .56, 259 0.03 o2t
ocT o7& 2. .38 e 23 ©.38 PaL5 gt
NOV S .50
DEC PR T N D D M
TOTAL | 7 8¢l 7. 50 7. 731 5 .48l /L. le] /. 29 le.3 L.27
JAN 2 301 1 oo e
FEB s 27
MAR @ i85
APR (A8l L. 704 0 50l  sodel 1.6 2. 2|
MAY 2.2 2. /F % 0. al) 2.4 oL
‘ JUNE | 2 08| /.8 s .31} [.31 o.47
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SHEET 2 OF 10,

Tabie A-9, MONTHLY OPERATION STUDY-- PRESENT CONDITIONS

POJOAQUE UNIT
(U nit - 1 000 Acre-feet)
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Toble A-9. MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
FPOJOAQUE UNIT
tUnit - 1000 Acre-feet}
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SHEET £ OF 0.
Toble A-9. MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
POJOAQUE UNIT
(Unit- 1000 Acre-feet)
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SHEET 5 OF 10.

Toble A-9. MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
POJOAQUE UNIT
{Unit - 1,000 Acre-feet)
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SHEET & OF 10.
Toble A-9. MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
POJOAQUE UNIT
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SHEET 7 OF 10

Toble A-9, MONTHLY OPERATION STUDY-- PRESENT CONDITIONS

POJOAQUE UNIT
{Unit - 1,000 Acre-feet]
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Tobte A-9. MONTHLY QPERATION STUDY-- PRESENT CONDITIONS
PCJOAQUE UNIT
{Unit - 1,000 Acre-feet?
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SHEET 4 OF 10,

Table A-S MONTHLY OPERATION STUDY-- PRESENT CONDITIONS
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Toble A-S. MONTHLY QOPERATION STUDY-- PRESENT CONDITIONS
POJOAQUE UNIT
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Since the maximum sbhortages, both annual and consecutive, are
within normal acceptable Limits, but the average annual shortages and
number of years of shortage sre not, it is evident that minor storage
would provide considerable benafilt,

The average annunl onsite depletion is 2,610 acre-féet. The
nmaximum annual depletion is 3,460 acre-feet in 1957, and the minimum
annual depletion is 1,680 acre-feet in 1956,

Because of the varlebility of the water supply, it was thought.
that possibly the irrigated lends may have expanded and contracted with
the supply., Two present condition operation studies were computed to
cover this possibility. The first study was based on a constant acreage
of 1,865 acres., The second study consisted of a variable acreage selected
each year so that the pércent shortage would approximate the average
annual shortage obtained in the first study. The acreage was limited to
2,660 acres. The second study resulted in an average anaual acreage of
1,849 acres, or a difference of only 16 acres. The use of a comstant
 acreage foxr the purpose of estimating presént depletions appears justified,

Future Conditions

The general plan of development will consist of the construction
of the Nambe Falls Dam. The cdam will be located about 100 feet upstreasm
from Nambe Falls and about 1.8 miles above the first major diversion dam
in the project area. No Dnprovement in the distributlon system is con~
sidered in the plan of development. However, it is anticipated that
improvement will be made through the assistance and participation of
State and othe£ Fedefal agercies undexr their varlous programs, Thils
improvemen; is not reflectec in the future condition operation study.
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The water supply 1s so limited that full development of the
water-right acreage is impofaible, The plan will provide, through the
storage facility, a firm surply to a larger acreage than is presently
irrigated. With the dependeble supply, the land use i3 expected.to
change to a pattexn of cropu providing greater monetary returh.

Nambe Falls Reservoir capacity. Several capacity-yileld studies

were made for the purpose of deriving a capacity-yield relationship.

Very little yield was obtained by increasing the active conservation
capacity above 1,600 ac;e-faet. The capacity-yleld curve is sﬁown on
Figure A-7. The difference in yleld between a conservation capaclty of
1,600 acre~feet and 2,000 acre-feet gmounted to 1,200 acre-feet for the
29-year period, or an average annual increased yleld of about 41 acre-feet.
To evaluate the possibility of reducing the resexvolr below 1,600 acre-
feet, the percent of the tine that the reservoir would have been fully
used was determined., A 1,200 acre-foot reservolr would have been fully
_used 14 times during the period of study, or 48 percent of the time; a
1,500 acre=-foot reservoir would have been fully used 6 times, or 21
percent of the time; while the 1,600 acre-foot resefvoir was used 4 times,
or 14 percent of the time, The difference Iin yleld between the 1,500

and 1,600 acre~foot resexvoir was only 430 acve-feet, or less than 15
acre-feet per year. The sbove analyses were made with a demand 13 percent
larger than that finally used in the operxatilon study.

From the above snalyses, a reservoir having an active conservae

tion capacity of 1;490 acre-feet was selected. Combining this capacity
with the 200 acre-foot sediment pool at the end of 50 years and dead
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storage below elevation 6,826.4 feet resulted in a reservoir having a
total capacity of 2,000 acre~feet, The sediment computatlons are
presented latexr in the appendix. The following tabulation shows the
reservoir allocation for the initial, 50-year, and L00-year condition.

Capacity in acre-feet

Initial 50 vears 100 vears
Conservationema=«. 1,600 1,490 1,370
Sedimentewenmmweeam 0 200 400
TOTALamwmnnmew=nw 2,000 2,000 2,000

Consumptive use requirvement, With a dependable water supply

'available, it was determined that 1t could be possible to irrigate 2,300
acres and improve the land use by increasing the acreage of orxchards.
The following tabulation shows the assumed cropping distribu-

tion for future cohditions:

Area
Czop (ncres) Percent
ALfalEammmmmnmmmnmnn 925 40,2
Planted pasttiru--m-- 220 90 6
Orchardgweewennemens 925 40,2
Cardensemmueae srnmwnnae 230 10.0
TOTAL IRRIGALLED 2,300 100,0

The monthly consumptive use requirement for the growing season
was computed for the Pojoaque area using the crop distribution above.
Table A-10 is a monthly swmmary of consumptive use requirements for the
growlng season. The average annual consumptive use requirement for the
growing season was computed to be 25.30 inches, or 2.11 feet,

Irrigation. requirement, The average annual effective precipitae

tion from 1935 through 1963 amounted to 8.58 inches, The effective
precipitation during the growing season was 5.67 inchés, or 0.47 feet,
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Tabie A-10.

Future conditiongw-~consumptive use requirement,

Po joaque Unit Table A-10,
c d " eason Pergent April Hay June July August September Qctoher Season
rop and growing sea ° Use Use Use Use Use Use Usge Uge
area (x) {(nem) | (2) dnem)! () [@iren)] () |(ineh)i () {(nen) | () |(inch) | (&) {(inch)| (k) |{inch]
Alfalfa: 40.2
FP 1/4/11-5/1]l mmmmanmacencnmmenaan- - 0,501 1,50 [0.50 | 1.03 0.50] 2.53
FFP 2/5/12~10/3mmmmacaemvemna o 0.74 | 2.80 | 0.84] 5.62 | 0.93] 6.78 { 0.93} 6.20 { 0.74) 3.96 | 0.65] 0.26 | 0.85{25.62
FP 10/6-10/11uamacmcs i aannaus wam 0.50{ 0.53 { 0.50} 0.53
0.79]28.68
Planted pasture: 9.6
FP 4/1n5/11encmmemmm e 0.50] 2.25 l0.50 | 1.04 0.50! 3.29
FFP  5/12-10/3eccccccunnavcomann -——— 0.68 | 2.56 | 0.78| 5.23 | 0.88| 6.37 | 0.88] 5.83 | 0.731 3,89 | 0.58] 0.23 | 0.80[24.11
Fp 10/64=10/20cce s mvmi S 0.50| 1.12 | 0.50] 1.12
0.73{28.52
Orehard; 40,2
Fp 4/21-5/1lmmmemcc e e e - 0.401 0,60 |0.40 | 0.83 0.40] 1.43
FFP  5/12.10/3eenvcvccncmua v ——— P.59 2.21 | 0.721 4.80 | 0.74] 5.40 | 0.72) 4.77 1 0.42! 2.24 | 0.42| 0.17 | 0.65{19.59
FP 10/4+10/20-wwcmmmaccmcccm e 0.40] 0.90 | 0.40] 0.90
0.6121.92
Garden and chili: 10.0
PPY 3/4/26-4/30=uuummncrcncnnnnem - 0.40 1 0,30 - 0.401 0.30
5/1=10/300unnmnntn e p.50 | 2.92 | 0.67) 4.50 | 0.781 5.68 | 0.78] 5.19 | 0.64 | 3,41 1 0.50] 0.20 | 0.68]21,90
0.67122.20
Wedighted consumptive use requirement:
INChEBwwmmmmm v oot e o4 e ————— 1.09 3.40 5.14 6.07 5.49 3.21 0.90 | 0.70]25.30
] TR — ot o e b i 0t e e o 200 00 0 0020 b 02 0 e o PP e ——— P TTer, [npupupRpies IO PG RPN SR e e 2.11

1/ FP = frost period.

A5

2/ FFP = frost-free period.

3/PP1 = preplanting lrrigation,




The monthly irrigation requirement for the growing season was
obtained by subtracting the effective precipitation from the consumptive
use requirement., The averaga annual irrigation requirement was computed
to be 19,63 inches, or 1.64 feect,

Diversion demand, The average annual diversion demand is

compﬁted by adding the farm and distribution losses to the crop irriga~
tion requirement., Under project conditiomns, it was assumed that through
better control of the water supply the farm irrigation efficilency would
increase from 50 to 60 percent, It was also essumed that the distribution
efficiency of 72 percent wouid not change, This would result in an
overall efficiency of 43.2 porcent.

The following tabulation presents the derivation of the divere

sion demand for future condliions:
Acre«feet

2r acre

Crop cONSUMpLive USeeesimusmmecmaeemammnnwmenemms 2.11
Effﬂﬂtive prECipitationuﬂﬂ*ﬁuﬂuwnﬁu-w—ﬂnnw--—-—-—- -0'47

Crop irrigation requirement-c-w~smwserweneumcenemes 1,64
Farm waste and deep percolation losses (40%)mmwm=w 1.10
Farm deliVEry AOTI L i 0t 1 v ot o o s e 0 0 0 4 e 0 P 2.74
DiStribution Sytitem 108588 (28%)-*"4-"0'-0----““”—“-— 1.06
DiverSion A OTIATIC o e v o ot v o 1 o0 o e e e 0 3.80

Sedimentation. »ost of the drainage basin above Nambe Falls Dam

and Reservoir is characterized by steep mountain slopes where the surface
geology is of.Pennsylvanian and Precambrian age. It is located in the
Sante Fe National Forest and is well covered with ponderosa, pinon, spruce,
and aspen, Graés is flentiful, rainfall retention rates are moderate,

and sediment yields are very low. Just above the damsite, the drainage is
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from the Santa Fe sediments, The cover is sparse and the sediment yield

is considerably greater thsn that of the area upstream. The drainage

arca is approximately 34 square miles. Reservoir sedimentation atudies

were made for the site using the standard Bureau procedure for flow duration,
suspended sediment rating curve analysiss

The daily flow duration curve, shown on Figure A-8, was derived
from recorded daily total flows of the Rio Nambe near Nambe, New Mexico, -
durlng the period October ), 1932-September 30, 1951. The Rio Nambe near
Nambe gage, drainage area sbout 39 square miles, was discontinued at the
end of the 1951 water year, It was assumed the river's flow character-
istlcs on & mean~daily basis hsve not changed significantly since 1951,
so the flow duration curve was not adjusted to reflect the full period
used in the operation study, ‘The United States Geological Survey has a new
gage in operation below Nambe Fglla, but the period of record is not long
enough to analyze.

The suspended sediment rating cuxve, shown on Figure A-9, was
derived for the Rio Nambe near Nambe, New Mexico, using Geological Survey
instantaneous suspended sedﬂnenf records for the new gaging station
below Nambe Falls during the period October 5, 196l-Novemberx 29,-1963.
Records are also available frowm the Corps of Engineers for Pojoaque (reek
at Pojoaque, New Mexico, during the perlod April 17, 1937-July 24, 1943.

An analysis of concurrent suspended sediment data collected by
the Geologlcal Survey and the Coxrps of Engineers was made to determine if
the records of the two agencies were compatible.” The comparison'was
made for the Rio Chama near Abiquiu, New Mexico, for the period

A=53
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July 16-October 30, 1943, and it showed the records did agree so the
Geological Survey data were used to draw the curve while Corps data
plotted on the curve were used as an aid in extrapolating the curve up
to the range of discharges covered by the flow duration analysis,

The suspended sediment at the Rio Nambe near Nambe gage was
combuted from the flow duration and sediment rating curves discussed
above and was 172 tons per square mile per year, Table A-ll shows the
computations for suspended sediment inflow. The unmeasured load was
assumed to be 15 percent of the suspended sediment inflow all in the
sand fraction. The total se2diment load was 198 tons per square miles
per year,

The average inflow suspended sediment particle~size analysis
is 20.3 percent sand, 38.7 percent silt, and 41,0 percent clay., This
Qiatribution was obtained from measurements made by the Geological Survey
and the Corps of Engineers., Figure A=-10 shows the size distribution of
both the suspended and total load sediments,

In computing the L00=year unit weight of 70 pounds per cubic
foot for the total load sediments, the condition of ''sediment always
submerged or nearly submerged" was used because of the dead pool in the
reservoir, The average of l.ane and Koelzer and Trask values for unit
weight was used because neither sand nor clay predominates in the total
load size distribution,

The Nambe Falls Raservolr was estimated to have a trap efficiency
of about 90 percent as determined from Gunnar Brune's lower envelope
curve with a capacity-inflow ratio of 0.28. The average annual sediment

A=56



" HD-32
(7-5u)
Bureau of Reclamatlon

Table A=11
PROJECT INVESTIGATIONS DIViSION

vr iRu ations

HfDKILOGY BKANCH
SUSPEND}.D SEDIMENT INET

oheet 1 ot Z

“10/ 1. 4-mvm Rio Nambe at Nambe

SFCTION Pojoaque Unit Sod L ¢ £ e
(virgin flow) 5/61'1f 129063, °" (Virgin flow) D.A. = 39 sq.mi.
COMFUTED BY (‘H[(KLD B DATE
P.L.P R.A.P. February 4, 1964
1 ] 2 3 [} 5 [ 7
$ LIMITS % INTERVAL % MID. ORD, ow Qs 2x4 Qw. DISCH. | 2x5 Qs. OISCH.
2.00-0, p3 0.0% 0.005 LoD 0 - J050 * 0045 0,915 -
0.03-0.04 0, 6] 0,035 [AZ5 ¢ 2BRO - 0.005 0.288 -
0.049-0.06 0,02 .05 /94,4 . 2670 0.029 o539 -
0.04 ~O/0 o 0 0.08 1390 ¢ 2900 0054 094L0 ¢
0.Jp -0.20. 010 o115 130.0 - 1910 0. /30 1:.9/0 *
O.70-0.30 0, )0 g.25 )20.5 - | Js500 0.)2.0 /. 500
0.50-0.90 0.10 0.35 J2.5 - | (210 0.1/ 2 [:210 "
0908, 60 0.20 0.50 1025 - 92/0 - 0. 205 L820 -
0.65-0.80 5,2.0 0.70 95 45, ZO5 ol9/ [.49/0 -
O.00-4.00 0,20 0.90 £9.5 - 565 " 0,179 /430 -
[oo-) 5O 0.50 1,25 775 . 357 0.388 1785 .
2:50-350 LDO 3.00 50.7_ 89.5 os507.| 0BI5:
2.50-9.52 [ O0 4.00 42.5 - 55 0,924 . 0515 -
450-5,50 1. 00 5.00 3720 ' 332" 0.370 . 0.332. °
550-6.50 [, OO 6.00 525 - 237 O.335 » D237 -
6,50~ 750 1,00 7,00 30,8 [8.] 0.308 - o./8]
J50-9.60 | 1,50 B .25 28.2 . 13,7 ¢ 0,425 . 0,206 ¢
9, 0O-/1.00 2,00 10,00 2575 9,7 - 0.506 ° 0./94 -
24 80+135.00 2.00 /2,00 22,7 ° 6.8 ¢ 0,954 - o0/ 36
(3004500 2.00 14.00 20.] - 4.6 - 0.902. - 0,092.-
15:00-12:00 | _2.00 /4. 00 /8.0 223 . 0.360 " | 0,065 -
1Z.00-/9.00 | 2,00 /B.00 [6:2. 2.32. 0329 -| 0.096 .
/9.00-21.00| 200 2.0.00 /9.7 1.73 . 0.294 0.035 .
2).00-23.00| 2.00 22,00 /24 * 1,29 2268 | 0026 -
TOTAL
Qw.A.D.* D.D.%365x1.963% = {AF}/yr,
) Qs.A.D.m D.D.x365 . Tonnlyr.'
————uw Parcent Correction for Bedload = Tons/yr,
Total s.dl;nont Discharge w Tons/yt.
A.D,- - Tons/yr. _— - (AF)/yr,
Tons/(AF)
ald " - A oml. '
ULy - Ion::IAF"uD As e (AFITe
Concentration: = Q05 _AuDaxt100. —_— Percent
Ow A.D. 1361
Rynoff
Rate' - Ow A.D._ - (AF)/8q.ml.,
D, A.
D.D~=Dally Discharge |
A. D-Anmrll Olscharge |
0. A.:Dn nage Area v
m{one/cubicotott A=57
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Sheet 2 of 2

Table Ac11l
» HD-52 PROJENT IHVESTIGATIONS DIVISION
{r-s¥) HYDRJILOGY BRANCH
Suiroviorineclnlion SUSPENDED SEDIMENT INFLOW
siclion PO Joaque Unit g)w I:Il retion: 17' Z<min Rio Nambe at Nambe
(Virgin flow) 16;‘8 . 1L529?63? a%?é Virgin flow) D.,A, = 39 sq.mi.
COHPUT[D BY CHECKELD B\ DAIE
P.,L.P. . R.A. P, February 4, 1964
2 3 s 5 3 7

% LIMITS % INTERVAL ¥ MiD. ORD, Qw Qs 2x4 Qw. DISCH. | 2x5 Qs. DI SCH.
23,002,000 4,00 2.5 00 1/. 90 0.955 - 04976 " 0.038 -
Z27.00-33.00 6.00 30.00 9,80 0,685 . 0.5A88 0.09] -
33.00-39.00 6,00 3600 B.15 0,525 . 0,989 - 0.032 .
%90.00-45.00 6,00 42.00 7,15 0435 " 0.4929 . 0.026 +
LT DO=4 500 10.00 50,00 6.00 0.333 0.600 . 0.0%%
G5100-45.00| 10,00 60. 00 5,00 0.245 . 0.5 00 . 0.024
85.00-75700 10,00 70,00 4,22 0./76 0.922 0.0l 8 *
Z500-63.00 g.00 789, 00 3,65 O0J/23 - 0.292 - 0,0/ 0"
83.00-87.00 4 .00 B5.00 3,23 - 0.094 . 0./2.9 - 0.009 -
£7060-9].00 4,00 29,00 2.849 0.075 - o014 - 0.00% .
9/.00- 95700 200 93.00 2,32, 0.055 0.09% - 0,002."
95.00-9700| 2.00 94.00 /.87 ¢ 0.040 - 0,037 0.00/ -
97.00-98.00 /. 00 97.50 .58 0.02%5 - 0.0/ 6 . =)
92009880\ 0.0 94 40 136 0.013 - 0.0l =
96,60 499.20 0.4 99, 00 )6 0.0062. . 0.005 ° =
99,20-99,60 0,40 99,40 0,98 0.003 * 0,009 - =
99, 60-/00.00 0,90 99,80 067 - - 0.003 - =

A} \

— T /8.359
)8 yeay gyarage cromWP5= [). 3]

11274 /6 0.33 %errov
w.A.D.® 47,37/ D.D.Ji‘;n'ﬂz';'l.%” » g, 93 (AF)/yr.
’
g T . 4, 70¢ .
Qs.A.D, /3.35‘1 0.0.x365,29 & 6707 ona/yr ’3’5": = ’4’”’/‘,’ /y .
Percent Correctlion for Bedload = Tona/yr.
Total Sediment Olecharge = Tons/yr.
Sadiment
A.D.. s Tons/yr. S - - tAF)/yr,
Tons/{AF)
2 lds Tona/yr, SN (AF)/8geml,
At y Tonsl{AﬂxD.
Concentration: = OB AR B 100, st oo et s e & Percant
Qw A.0.xl361
a Runoft
i Rate: - d Qw ADe . - —— {AF)/sq.mi,
D.A,

D.D=Dally Dlscharge

A, D-Anmru! ] chnﬂno

D.AmDralinage rn
-‘l‘bn J/cuble foot /
=Tons/acra foot . .
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deposited would be 39.7 acre-feet per year, or 397 acre-feet in

100 years, The 100-year deposition was rounded to 400 acre-feet.
Generally acceptec sediment yileld from the wmountainous area

is no less than 0.1 acre-foot per square mile per year, and the Santa Fe

sediments 1.0 acre-foot per square mile per year. Applying these yields

to the drainage comprised of 32,9 square miles of mountainous area and

1.1 square miles of Santa F¢ sediment results in a sediment inflow of

about 4.4 acre-feet per year, This checks the yield determiﬁed by the

sediment rating curve method, The yield from the Santa Fe sediments

was supported by studies made on Galisteo Creek, a tributary draining

the Sangre de Cristo Mountailns south of Santa Fe,

Reservoir sediment distribution studies were made for 50- and
100-year conditions in Nambe Falls Reservoir. The reservoir is Type I
and the empirical area reduction method resulted in 36.6 feet of sediment
against the dam in 100 years. Figure A-1ll is the elevation-area-capacity
curve for the original, 50-, and 100-year conditions.

Evaporation. Using Plate 2 of the "Climatological Study,
Rio Grande Basin, New Mexico, North of Otowl Bridge,' a mean annual
temperature of 49°F was selaocted as representative of the Nambe Reservoir
area., Using Table 5 of the same study, the mean temperature for the period
May through October was deterwined to be 61.6°F. 'Entering this on the
temperature-evaporation curve, Figure A-12, the annual pan evaporation was
determined to be 70 inches. The water surface evaporation would then be

49 inches annually (70 x 0.7). Using the Santa Fe monthly distribution
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FIGURE A.12
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of evaporation and subtracting the mean effective precipitation for
Weather Station Nambe 1, the following monthly net evaporation rates

were determined:

Evaporation

Month (feet)
Decemberme=vrunanaa ——— 0.05
January, February=eee=a 0.09
Novembermemecnaccon= - 0,12
March, October-eemcca== 0.21
Septemberemecne=m=a Y T 0.33
April, Augusteemcceccns 0,375
May, Julye=mcceeca=-- e 0.47
Juneresmrmermeavncsuncns 0,61

These evaporation rates and the area-capacity curve adjusted
for 50 years of sediment dcposition were then used to prepare an evapora-
tion table for Nambe Reservoir (see Table A=12),

Operation study, The future condition operation study was

computed using the 50-year condition in Nambe Falls Reservoir., The reser=-
voir was assumed to fluctuate from 310 acre-feet (dead pool) to 1,800
acre-feet, The farm efficiency was assumed to increase 10 percent over
present conditions, The diversion demands for the 2,300 acres were based
upon a cropping pattern derived to reflect a change to higher land use,
The study was computed in the following manner:

1., The inflow to the reservoir equals the runoff of
Rio Nambe at Nambe Falls (Table A~2).

2. If possible, the irrigation release was made to
satisfy the porticn of the diversion demand and the
requirements of the soil moisture reservoir that
were not met by the tributary inflow between the dam
and the irrigated area.

3, Spill from the reservoir occurred when inflow was in
excess of that required to fill the reservoir after
corrections were made for irrigation releases and
evaporation loss. Maximum content was 1,800 acre=feet,
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4, Tributary inflow criginating between Nambe Falls
Reservoir and the head of the irrigated lands
equalled 11,5 percent of the virgin flow of the
Rio Nambe mnear Nanbe,

5. The total inflow to the irrigated area equals the
sum of the irrigation release and spill from the
reservoir and the tylbutary inflow.

6. The flow diverted was determined by combining the
total inflow to ihe lrrigated area with the diversion
correlations shown in Figures A<4 through A-6., No
diversions were nade during the period November
through March,

7. The soil moisturn reservoir was operated so as to
be maintained half full whenever possible. Any
water stored in the soil reservoir is useable during
periods of limitoed water supply, The soil moisture
reservoir varies with the individual crops., For the
cropping pattern used for future conditions, the
average soil moisture reservoir was assumed to be about
7.1 inches. One~half of the soil reservoir represents
a diversion of 1,570 acre~feet.,

8. The shortage represents the difference between the
diversion demand and the total supply available (river
plus soil reservoir) when the diversion demand is the
larger,
9. The onsite depletiion represents the future depletion
of the water supply by the irrigated area. The
depletion is equul to the diversions multiplied by
the overall efficiency of 43,2 percent plus the
evaporation from the reservoir and any gain or loss
in storage.
The annual summary of the future condition operation study is shown in
Table A-13, and the monthly operation study is shown in Table A-14,
Summary., The average annual diversion demand for the 2,300
acres was 8,740 acre-feet. The maximum annual demand was 10,300 acre-feet
in 1956, and the minimum arnual demand was 7,400 acre-feet in 1941,
Spills from the reservoir occurred in 22 of the 29 years. The

average annual spill was 2,270 acre-feet or 31.8 percent of the inflow.
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Toble A-13. ANNUAL SUMMARY--OPERATION STUDY--POJOAQUE UNIT-- FUTURE CONDITIONS (Unit-1,000 Acre-feet )
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Normally this spill would appear excessive; however, a check was made
on the original sizing studies and it was found that the benefits
derived from a larger reservolr did not exceed the additional costs
required for a larger dam.

The reservoir was rceduced to dead storage in all but 4 years,
River-run conditions existac for 47.3 percent of the time during the
irrigation season.

An average annual shortage of 590 acre-feet, or 6.8 percent,
is estimated to occur under future conditions. Shortages occurred in
14 of the 29 years, or about 48 percent of the time, The maximum annual
shortage of 4,080 acre-feet occurred in 1956, This shortage represents
39.6 percent. The maximum shortage for 2 comsecutive years totaled
55,2 percent in 1950 and 1951,

The average annunl cnsite depletion is 3,640 acre-feet., The
maximum annual depletion is 5,820 acre-feet in 1957, and the minimum
annual depletion is 1,780 acre-feet in 1950,

Project Effect

The average annu:l difference in onsite depletion between the
present and future conditicns results in an onsite effect of 1,030 acree
feet. The onsite effect rcflects the additional water applied to the
land in the future as compired to present plus the effect of storage in
Nambe Falls Reservoir and reservoir evaporation. No change in deep
percolation loss is expected to occur., This assumption was based upon
the great difference in water yield that is known to occur between the
alluvium and underlyiﬁg Santa Fe formation, the existence of springs
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caused apparently by rock cuicrop in the upper portion of the project
area, and the high water table that exists at the mouth of the Pojoaque
River,

The maximum annuzl oasite effect is 2,530 acre-feet .in 1935, .
and the minimum onsite effect is 80 acre-feet in 1950, The maximum
monthly onsite effect was 1,440 acre-feet during May 1957, and the
minimum monthly onsite effect was an accretion of 900 acre-feet during
June 1939,

The San Juan-Chama Project has to supply any losses on water
delivery occurring during the replacement of the project effects at
Otowi., Due to the proximity of the mouth of the Pojoaque River to the
Rio Grande at Otowi, no losses were assumed for this reach, Based on
a monthly routing study, it was found that the reduction in losses on
the Rio Grande and Rio Chama above Otowi during periods of negative
project effect (accretion at Otowi) would offset the losses occurring
when the project effect was positive (depletion at Otowi).

The average annuzl sroject effect is 1,030 acre-feet. The
adjustment for the filling oI the dead pool was not included. The effect
of filling the dead pool if spread over 100 years is beyond the acuuracy
of the study., The annual demaad of 1,030 acre-feet represents 3,72 percent
of the 27,700 acre-feet allocated to the tributary units.

It is recognized that the above demands may vary somewhat
under final water accountirg procedures; however, the change will probably

be minor and should not affect the feasibility of the unit.

A-78



Water Quality

A sample of the caral. water, taken at the upper end of the
unit near the Nambe Indian 5chool, showed the water was medium in
salinity and low in sodium, 3Because of the light textured soils and
the good permeability in this area, the canal water can be considered
suitéble for irrigation use.

Drainage

There are a few areas iIn the Pojoaque Unit with drainage problems
at the present time, For the most part the soils are open and freely
drained, Two localized areas of high water table occur, one in the
vicinity of the confluence of the Pojoaque and Tesuque Rivers, and the
other along the Rio Grande near the western edge of the unit., The esti-
mated income from the lands in these areas would not support the cost of
providing corrective drainage works. Therefore, these areas were
considered nonirrigable,

Under project operstions there will probably be other localized
areas that will develop drairage problems, or the present areas of high
water table may become larger, However, it is believed that the area
affected will be small and ccrrective costs will be relatively minor.

Inflow Design Flood

The inflow design fluod peak, caused by a cloudburst-type rainfall
" of 6,3 inches occurring in 5 hours, was computed as 22,900 cubic feet per.
second at the proposed Namb2 Fulls damsite., This storm was estimated to
produce a runoff of 9,970 acre.iecat in 34,5 hours., The inflow design

flood due to a thunderstorm is shown on Figure A-13.
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An inflow design flood comprising a general-type spring
rainstorm occurring in conjunci:ion with snowmelt runoff was also analyzed,
The combined peak inflow was 11,400 cubic feet per second, and the come
bined volume of runoff was 20,600 acre-feet in 15 days. The inflow design
flood due to a combined rain :nd snowmelt flood is shown on Figure A-14,
The two inflow design floods vere computed from data obtained or derived
in tge subsequent paragraplhs.

Lag curve and dinensionless graph. For the purpose of obtaining

a lag curve and dimensionless graph (or graphs), several storms which
have occurred on eastern slope tributaries to the Rio Grande were analyzed,
No analysis proved satisfactory. In all instances, the volume of the
étorm runoff was not sufficiently large to warrant the assumption that the
storm covered the entire area above the gage being analyzed,

Since it was impossible to derive unitgraphs from recorded
events, the Buckhorn Creek dimensionless graph was used for unitgraph
derivation for the watershcd sbove the damsite, The dimensionless graph
is shown on Figure A-15.

A lag cu?ve for rountain streams which exhibit a small amount
of interflow was used to determine the lag.

Lag, hours = 2,22 (LLga/S0+5)0.38

The lag curve is shown on Fizure A-16.

Retention rates, The retention rate used for the general-type
storm was 0.10 inch per houvr for the entire storm. For the summcr-type
thunderstorm, an initial loss ¢f 0.50 inch was used for the first hour
and a retention rate of 0.10 izch per hour thereafter.
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Design storm rairfall. The design storm rainfall for both the

spring stoxrm and the thunderstcim for the Nembe Falls damsite is shown
in Table A~15.

Lag time, The lig time at the Ncmbe Falls damsite was computed
from the above equation as follows:

L = 11.29 miles; Lez = 6465 miles; LLca = 75,08 miles

Elevation at damiite (feet)u=mmmmmeacmmocecea= 6,700
Maximum upper elevetion (feet)e=-m-m=-==- m—=== 12,600
Average upper elevation (feet)m=mmemcs=a-= wee-== 11,000
Difference in elovetion (feef)===mmmem=mecac=- 4,300
Difference in elcvction per mile = S (feet

per mile)emmmcurvemnmmnmnanas——— B 380,87
S0e5 (feet per mile)smemmmmumm——cmmme cmemcmmnn 19.51
(LLca/S0¢5) (lag factor)=w=-- S L
Lag (hours) [from Figure A-16]e=eeemam-cc-coe- 3.70

Unitgraphs. Two unitgraphs were derived with the first based
on a l=hour duration and the second on a 1/2-hour duration. The unit-
graphs are presented on Figure A-17.

The duration tim: of a unitgraph should not be greater than
approximately one-fourth the lag time. Although the duration time of the
l-hour unitgraph equalled 27 percent of the lag time, 1t was deemed
acceptable.

The l-hour unitgceph was computed for the spring-type storm and
the 1/2-hour unitgraph for the cloudburst-type storm (thunderstorm). The
excess precipitation for the thunderstorm was determined on 1/2-hour incre-
ments, thereby unecessitating the computation of the 1/2-hour unitgraph.

Thunderstorm inflow design flood. The rainfall excess, from

e —

Table A-15, for the thundezstoim design storm was applied to the 0.5-hour
unitgraph, Figure A-17, to cbiain the thunderstorm-type inflow design

flood with the following rasulis:
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Table A-15, Dcsign 3Tol

rainfall in ianches

Nemwbe I"all: msite~-Pojoacue Unit
$:1 Juza-Cacra Project.
Spring storm | Thunderstorm
Hours Total]ExcessuiEEéfEﬂ fours | Total|lExcess|Desipn
0- L | 1,06 .96 | .GV | I 0-0.5 | 2.50| 2.25 | 2.25
1=N2 G591 W49 1 L0 0.5-.0 50| .65 .65
2~ 3 Y N 1.0-1.5 60| .55 .55
3- 4 | W43] .33 .09 | 1.5-2.0 | .60] .55 | .55
L= 5 | 390 .29 | L0 | 2.,0-2.5 .5 W45 45
5- 6 | .35! .25 ! .0 2.5-3.0 | .40l .35 ] .35
6- 7 0331 .23 | L2 3.0-3.5 <351 .30 .30
7- 8 .33| .23 w12 1 3.5-440 .35 .30 .30
8- 9 .30| .20 W23 4.0=L:45 0538 .CO
9-10 | .29} 19| .:3|  14.5-5.0 | .0S| .00
10-11 $29( W19 W25 14
11-12 271 W17 W15 | Total | 6.,30] 5.40 | 5.40
12-13 271 .17 s
13-14 261 .16 )

14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
2425
25-26
26=-27
27-28
28<29
29-30
30-31
31-32
32-33
33-34
34-35
35-36

.26
<25

.23

022
«23
.23
«22
«22
.22
«20
«20
.20
«20
O
<19
«20
.19
+19
.18
.18
.19

.23

.16
.15
.13
13
«12
«13
013
.12
.12
o12
.10
.10
.10
.10
.09
.09
.10
.09
.09
.08
.08
09
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Total

| 6.66

€65 |

Retention rotes

Spring o

.10
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torm:

form:

inch per houxr,

0.50 inch per hour for 0 to
1.0 hour, thereafter 0,10
ianch per hour,
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Peak, 22,900 c.f.s. at 3.5 hours

Volume, 9,970 acre-icet

Total storm rainiall in 5.0 hours, 6.30 inches
Total rainfall e:xcess in 4,0 hours, 5.40 inches

Spring rain inflow cesign flood., The rainfall excess, from

Table A-15, for the spring rain design storm was applied to the 1l.0-hour
unitgraph to obtain the spring rain-type inflow design flood, with the
following results: '

Peak, 11,000 c.f.s. at 22,0 hours

Volume, 12,300 acre-feet

Total storm rainfell in 36.0 hours, 10.26 inches

Total rainfall excecs in 36.0 hours, 6.66 inches

The hydrograph of the spring rain-type flood is shown on Figure A-18,.

Snowmelt flood, The lS-day snowmelt flood was computed in

accordance with the procedures as set forth in the Manual, Volume 1V,
Part 6, Flood Hydroloéy, Chapter 6.9.8 to 6.9,12, inclusive. The
following variations were meade from the standard manual procedure: the
entire area above the damsite was assumed to have snow cover instead of
only a portion of the area; and, the retention rate of the spring rain
flood was not altered due o the concurrent snowmelt flood.

The recorded maximum 1l5-day volumes at the Rio Nambe gage
near Nambe, corrected for thke water diverted at the Nambe diversion dam,
were used in this study. '(he average dates of the l5~day volumes for the
period of record, 1933 to 1951, were May 13 to May 27, inclusive. The
years 1934, 1950, and 1951 were not used on account of low volume. The
average annual recorded l5-day volume for the remaining 16 years of the
record is 705 second-foot d:ys, and the average annual total snowmelt

volume for the same period is 1,720 second-foot days.
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A relationship was doveloped for estimating the mean temperi-
ture gradient {average ween tmmpereture fow May and June) versus elevaiion.

This relationship is shown fu Wsble L£-18 nad aise on Figore 4-19, The

Lenperacule

]

tations used €o oitain the mean adjusted temperature of the
area above the Rio Nambe gere, which has a mesn elevation of 9,400 feet
and a wmean tewperature of 45,1 dezrecs, were as follows:

Terseribure ed jusimenld

Haan

. Ereration wezpure  Adjustment
Sté‘.ti(}rl . {: ;E.'Ege‘g: } “} ( o l‘}
Santa TFe Airport«.u....... 5} 312 630_,: N-'K.?c 1
3AEG FOorenmrevr o i st me b n 7,100 6 “13.6
Red Riverwe~wwmommu-e  &,0676 49,2 “Sol

The mean daully asdjiuszed temperuture grecier fhan 32 degrees was
computed for an elevation ¢f 9,400 feet fow esch day concurrent with the
dgtes of the maximum lS5~day wolume, end sccouwwlated for each year of the
vecord. The LSoday volume in lamches of wunsff divided by the l5-day
accumulated sdjusted mesa doidly tewmperature greater than 32 degrees for the
szme peried, gives the welt ctabe in imches per degree day. The estimated
snowmelt volume following the woninum LS-day voluwme L8 gdded o the wmowinum

15-day volume and the toted rcuscff converted to inches, This total snowe
melt voluwe in inches of rumeff s then plotied with the correspohding wnele
rate for that year and the wawinum melt rate determined from figure &-20,
The maximum memn d2ily scoumulated temperature grester than 32
degrees which occurred om the fiust day of the 1b-year record is then
tabulcted, The ssme thing is done for the second day and on through the
15¢n day. “This tabuléti&nj thexoefore, represeats the wmaximum possible
securmulation of mean daily tsmperstures ovar the watershed during the

16=year period of record, snld iz uged to compute the snowmaelt flood,

£SO
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Snowmelt flocd-w¥:nbe Curoal ,,.\,SM. aear Nambe
Aree « Z2.L sovore i

: Monduan adiusnn, aoln | Mawinmem | ]
“eﬂccr;tura grcier then | welt rvote is | Snowseld
Days ; g 3 sl wunefs
i i
t T
| i | (a.7,d.3
% f |
' "1 23.9 25,0 ¢ S o 234 : 193
2 52,3 23,4 1 1,9 ! L1O i 201
3 63,7 19,4 R5. L2550 uy
& 81.1 T2k L7k JEEG 271
5 $4.G 12,3 7.9 W25 278
5 103.9 24,9 1 1004 257 2o
7 125.8 2Oy Ll Mol § A
3 43,2 s 25,9 L3583 ] 403
9 155.6 12,4 PR L2 504
10 173.5 17 ! .317 ; 335
;1L 194.9 L 272 ; ks
bz 2.6.3 ¥ ; £ 258 3 271
% 233.7 | ; 250 b a6
14 49,6 | O 221 %55 '
15 268.6 i L 174 184 | 153
! i i f
§ 288,06 | 288.0 | 5.968 1 4,170

Although the droinzgs aven of the Nawbe Falls demsire is 34,5
o
square miles, the snowselt flosd was computed for the Rio Nombe fagetide

[ - anT ey ¥ -~ . - - . B AT /S - b el . S Sy A . .
near Nowbe with a drainage aceo of 39,1 square miles, As the diffoerenco

3
=

area is oaly 4.5 sguare wiles cad ot a relative low elevass n, Oo

xd

£

L.'-

jucnaeat insnowmelt runcfl was wmade, The snowmelt flood is, thoere-

fore, assumed to oceur hembe Polis damsite. For the purposc of
combiaing the snowmels flocd with the swring rain flood, the computed

snowaelt £lood in sccond-fcol days was coaverted o a conveniional
.

aydrograph in e¢uf.s. wnite without chaaze in volume, as shown in the

Tollowing tabulation:



Sncunaels flood
Haube Palls damsize

Doy ot Cof. a8,
2l P iaie e,

0 o ¥}
3 ol 207
2 &8 235
3 72 274
4 [ 215G
5 304
3] 't dy A
7 LE8
S 182
o 216

16 2R

11 2

iz
i3
14
15

Poakemmmmsesnv w02 ¢ %o, an 192 hours
Volume——wat 170 s,£,d,, or 8,270 acrewefeet

Combilned spring vo

L T land wi cwinelt Llood. The spring raine

type inflow design flood is asaused Lo ceour during the progress of the
L5-day snowmelt flood., The peade of the maownelt flood oceurs an the end
of the 8th day, or at 192 hours, The epring rain flood starts 1 day later,
ox at 216 hours. The 2 ficols cve combined snd the vesulting total inflow

design flood is as follows:

Combined sy

P A e
Suovnneit flood

Tlood {¢.f,

Spring rain £Loccemeww
Saovwmelt floodueuamma

LOTAL FLOODmmamm v s 11405 | 20,600

;_‘..-—
ol
La



Piverslion during Construch

The diveralon dumidng coustruoction hydrographs were prepared

from fracuency studies bazad on records of the Ric Nawbe near Nembe gage.

The volume of f{low used in the gucney stedies was the suwmnation of
the Rio Nembe gage and the Fawe canal near Nombe., No correction in peak
Gischgrge was made since the offect of the econal in vespect to pesk dise

charge would be fosignificant. The moxiaw recorded wean daily diversion

par seeonds

T

was only 5.2 cubic fee
The frequency curves are shown oo Plgure 4-21, and the diversion

during construction hydrogrephs sre shown on Flgure A-22,

Jutlet Requiramenis '

Uader project coacitions the only demand that will be placed on

the reservoir will be for dywization. The reservelyr will be exempt from

.

aay vegulation by the R

et

effact wil

be compensated for by releznen the none-

irrigetion seagon no relezius arve vequired,

The outletr works shwild be desigrned Lo pass g discharge of 52
cubic feet per second at an olzvation of 6,785.0., The required capacilty
is slightiy lavger thaa th2 cupacity of thae outlet works as deslgoeds

An incraase of 7 c.fsse was not coeansidared lange enough to warrant a

redesign of the dam. The ragiire

the peak demead
during July assuming no preacipiiation has cccurred which would weduce
the diversion demaad. The peck demeund was compated by the Shocklyw

Woodward method. The storspe ab elevaticn 6,78

i approximately

5 percent of the comservaiion cupacizy under inliial conditions. 1& is

4aG6
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Cexro Unin
Introduction

The Cexro Unilt is the norvthermmost tributary unit of the
San JuanwChama Project as it was originally envisioned in the authorie
zing'report. The unit was plomned with the proposed Zwergle Dam and
Reservoir on Red River but, iike the Vuldez site in the Taos Unilt,
the Zwergle site has alse been found zeologically unsound, Wikh no
other good storage sites avallable, the plan would be Timited to the
area that could be served by direct diversion, Thus, the Cerro Unit
can ne lomger be counsidered on the same basis as that used in the pre-
vious report,

For any further consideration, the unit would have to be
developed under some direct diversion scheme, A portion of the Red River
flows are not presently belng beneficially used, but without a storage
and regulating structure the possibility of any irrigation benefits
exceeding costs was eutvemely doubtful,

Because of this doubt, it was decided that a rough estimate
based upon previous studies would indicate vhether additional detailled
studies were justified. Dirvect diversion studies were made as part of
the hydrology supporting material for the authovrizing report. Although
0 new operation studles were made, new data on irrigated acreage and
consumpiive use have been related to the diversions made in the previous

studies,
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Climnatic Conditions

Precipitation has been measured at the Cexro weather statlon
since June 1910 and continuous monthly recowds are gvallable since
February 1932.

Temperature has been measured ot the Cerrvo weathexr station
since June 1910 and continucus wmonthly recowds are avallable since
January 1932,

The mean monthly values (1935 through 1963) of precipitation

_and tempexature for the Ceryxo weather station are considered to be
representative of the Cerro Unit londs and acve listed below:

ferage Mean

[

procipiis

LLOT temp crature

Month {(inc {(°7)
JONNUL QL Yo onom o s om e vt e 0,62 21.3
FeDTUAT Y~ e s rnsni 0. 57 26.9
MATCm =t o o ot om0 0,64 34,0
Bprilmememcnn e Ge27 43,9
PR et e 010 ot 1,18 51.8
JULTLO v o o o 3 0 e m b .81 60.3
JUL Yo e v e s 1,63 65.1
AUGUB Cm o s e 1.80 6400
SEp ECMDE T s i e 1.32 58,2
Qeltoheremummumm - L.19 &7.8
NOVEM QLo ro e ot e e e e 0o 57 34,0
DeCCIDR L mermam o mess e 0.60 24,9
AN AT e o0 oo o e 0 m om e 11.90 Gl oy

The maximum annual precipitation was 18,33 inches in 1957, orx
154 percent of the average sanual precipitation; and the mininum annual
precipitation was 8.33 inches in 1962, or 70 percent of the average
anaual precipitation.

The beginning and endlng dates for the frost-free period,
May 30 to September 25, were obtained from Table 3 of Technical Report 32
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of the State Engineer of New Mexico, "Consumptive Use and Water
Requirements in New Mexico." The avefage frost-free period is 118 days.

Pregent Conditilon

General. The present land use is comprised primarily of small
suppelemental income farms, whose owners work in the molybdenum mines
. near Questa, New Mexice, or in Taos, and only farm to supplement their
salaried incomes, The predominant irrvigated crop, small grain, amounts
to 46,7 percent of the total irrigated acrecage. The New Mexico State
Engineer completed a reconnaissance land use survey of the Cexro area
in 1960, The acreages and crop distrxibution determined from the survey

were assumed to be representative of present condition and are as

follows:

Crop Acreape Percent
Alfalfammcruvwmmmmnman e e 962 27.4
Native hay and pasturemswe=—--= 793 22,6
COL i o v v o e o s s 0 30 0 00 0 e e e 37 1.0
Small graine--se-wcccumnennm— - 1,640 46,7
GRIEACK M = = 1m s oo i s o0 o e s it bt et 81l 2.3
TOTAL TRRIGATED=mmrmammmmemnma 3,513 100.0

Consumptive use requirement, The monthly consumptive use

requirement for the growing and nongrowing seasons was computed for the
Cerro area using the crop distrxibution shown above. Table A-44 is a
monthly summary of the consumptive use requirements for the growing
season.

Table A-44 also presents the beginning and ending dates of the
growing season, the monthly and seasonal consumptive use for each of the
crops, aud differeﬁtiates between the frost-free and the pre-frost-free
portions of the growing season.
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Table A-44. Present condition--consumptive use requirement.
Cerro Unit

Table A-44,

R e ? e e
Percent ril Mavy ' June { July | August i september
Crop and growing season Acres wren = -_,ée__.._a;{:. - —rt ;| i ' _ E‘ TR | R ] _ gl e | o ',.!!Q%.H,?.,._q
- | LR [Chuet) | (k) | (nch)) (k) [(inch)i (k) | ) . K RON ] tach)| (K) _|(inch) |
PTT T PR ——— T W (T I | | | | | | | | | |
FP 1/ 5/15-5/29«e-cu-- Sp— 0.70 | 1.73 | E E | ; @ ; 1 | 0,70 | 1.73
Y¥P 3/ 5/30-9/255=-cccuucnn ' 0.75 | 0.12 | 0.82 | 4.86 | 0.91 | 5.92 | 0.91 | 5.48 | 0.73 | 2.95 | 0.85 [19.33 |
; ; g ! | ! | i 0.84 121,06
Native hay and pasture-------| 793 | 22.6 5 1 ; i g | | ; ;
FP 5/15-5/29-=e-nueuun 0.60 | 1.48 | ; ! | | | | ; 0.60 | 1.48
FFP  5/30-9/25-ccccacau-- 0.62 | 0.10 | 0.71 | 4.22 | 0.80 | 5.22 | 0.80 4.82 | 0.67 | 2.70 |_0.75 [17.06
1 E : | ; ; : : 0.74 |18.54 |
COrNeemn-cccncccmcnmncncncann 37 1.0 ; E | 1 | ; ; *
FFP  6/10-9/25---cac-- - . 0.69 | 2.74 0.79 | 5.15 0.79  4.76 @ 0.69 2.80 | 0.75 |15.45

FP YIL S T —— | 0.41 | 0.79 | 0.41 | 2.02

|
Small grain-------s-eeeeeeeee| 1,640 | 46.7 |
|
|
r
i

_ i
| i | | 1 2.81
FFP 5/30-8/leccccccccaas! 0.50 0.08 | 0.92 5.45 0.81 | 5.31 | 0.79  0.15 i 0.86 {10.99
l i : - i i | ; 0.70 13.80
Gardend-=-ccccccccnccccnccnna { 81 2.3 | [ _ ' | ! ! | ;
FFP 5/30-9/25-c-ncacncea ! 0.50 | 0.08 | 0.65 | 3.86 | 0.75 | 4.92 | 0.75 | 4.55 | 0.62 | 2,51 | 0.70 |15.92 |
| | . | | i i
| ;r | | | |
i | : | | ‘ | |
E | A I
f | | | ; | |
: l | { _ | E ! i
| f i : ! 1 f i |
I | A . . . J L A SR CENCSSEN. | (SRS, | ) SO o G e R (e By
| Welghted Consumptive Use ; | : | !
| Requirement: . | j _ ; ; ' : : | |
| Ioches s=cssumennioensacns $-ceececbecccccaseceana’ 0,37 { ! 1.85 ' 4,95 ! | R4S ' 2.81 1.50 | 0.75 16.93
R Tttt ettt etttk tetetetetetel ettt detetetetetel Sttt ettt el e e S L S bt Atttk dedetetetated D 1.3 W

1/FP = Frost period.
2/FFP = Prost-free period.

A-277




The consumptive use requirement was computed by the Blaneyw
Criddle method. The growing season for each crop was taken from
Table B3 of Technical Report 32 of the State Engineer of New Mexico.
A 15~day pre-frost-free period was added to the growing seasons of alfalfa
and native hay and pasture. As no growing scason was given for corn
ta the Cerro area, the growing season for corn in the Tacs area was
useds The growing season for garden was taken as the frost-free period.
Monthly growlng season consumptive use coefficients (k) were taken from
Table 7 of Technical Report 32 and then adjusted so that the total
monthly use would equal the use computed from the seasonal (K) factors
taken from Table & of the report. A seasonal (K) factor of 0.30 for
perenniai erops and 0.20 for annual crops was used for the nongrowing
season, For the pre-frost period, a (K) of 0.70 was used for alfalfa
while 0.60 was used for native hay and pasture. The secasonal and
monthly (XK) factors are shown in the following tabulation:

Seasonal consumptive use coefficients (K)

Growing secason

. Frost Frost-free
Crop . period period
ALEALLAmm e m oo s e cnmmemmmnn e 0,70 0.85
Native hay and pasturcumeeccammmenmemmamem 0.60 0.75
COrMmr s m e e e e e 0 11 e s 2 0 o - 0.75
SMBLL  EIa L Thr et 950 o o ot o s it e i m .70 0.70
= B« o o Uy, » 0,70

The monthly consumptive use factors (f) were computed as shown

in the following tabulation:
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Monthly consumptive use factors

. Mean Monthly pexcent Monthly
temperature of day-time hours consumptive use
(°r) of the year X/ factor (t)(p)/100
Month (c) () {£)

JanUAL Y e m 21,3 6,95 1,48
Februarysremmeaa-w—- 26,9 6.83 1.84
Marchesanmmmmemmnm—— 34,0 B8.35 2.84
Aprile-cnmmr e e mwn. 43,9 8.86 3,89
Mayemwwama o ————— - 51.8 9.85 5,10
Juneewn e ‘e 60.3 9.87 5,95
JUL Yo o e e s e e 65.1 10,03 6.53
AUZUS L re o msrr rerm o inem 64,0 9.43 6,04
Septemberemmemmecwo. 58,2 8,37 4,87
OCLObErmmmmm st o 47.8 7.83 3.74
Novembersemamux - e 34,0 6,89 2034
Decemberammmmemwmme - 24,9 6,74 1,68

ANNUALm = o m s ————— bbb 100.0 46,30

i/Latitude 36°45', .
- Irrigation requirement., The irrigation requirement is deterw

mined by subtracting the effective precipitation from the consumptive use
requirement.l

The effective precipitation was computed using the following

tabulation:
Monthly
effective precipitation 1/
Total monthly {inches)
brecipitation Incramental Accumulated
{inches) . portion total
1 0.95 0,95
2 0.90 1.85
3 0.83 2.68
4 0,65 3,33
5 045 3.78
6 0.25 4.03

1/Average values from table presented in Volume IV, Chapter 4.1.12 of
the Bureau of Reclamation Manual.
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The average aonnual effective precipitation for 1935 through
1936 was 10.87 inches, or 91 percent of the average annual precipitation.
The effactive precipitation during the growing season was 4.61 inches
and for the nongrowing season, 6,26 inches.

The irrigatlon requirement for the growing season was obtained
by subtracting the effective precipitation from the consumptive use
requirement and amounted to 12,32 inches,

Soil moisture defilciency. As the winter consumptive use, 5.81

inches, was less than the effective precipitation, 6.26 inches, there

was no goil moilsture deficilency under present conditions.

Farm irrigation efficlency and distribution efflciency. Under
pregsent coﬁditions, a farm irrigation efficiency of 50 percent and a
distribution efficiency of 65 percent was used, which resulted in an
overall efficiency of 32.5 percent.

Diversion demand., The average annual diversion demand was come

puted as follows:

Acre-feet

per acre
Crop cConsumplive USe-—mrrmawcmncammenmmen- L.41
Effective precipitationreescsacomunwonmmmn ~0,38
Irrigation requlremeniemem—m-cunwemwana. -~ 1.03
Farm waste and deep percolation losses

(50%)-’"—*“""'”- ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Ak Ak Ap e b P - ) 1003

Farm delivery demandeswmuemememn b o o 2.06
Distribution system losses (35%)~wsw—ruau 1,11
Diversion demandee-wwmcummnmemmeme.-n-- 3,17

Tha average annual diversion demand for 3,513 acres would be
11,140 acre~feet.
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Operation study, Table A«45 is the present (historic) condi-

tion study which was partially presented in the authorizing report.

The period of study was water year 1928 through 1951. The operation is

described below,

1.

2,

3.

The present condition study was made in the following manner.

Total flow available to Cerro ditch was the sum of flow
in Latir Creel, Rio del Medio, and Rio Primero. Sce

the schematic diagran in Table A-45, Tlow was based on
records for Latir Creek necar Cerro, New Mexico. The
records for this station were April 1937 through
September 1951 with irrigation season records only
prior to 1946, DMissing data for the station were derived
from correlation with Red River near Questa records, It
was assumed that Rio del Medio and Rio Primero had the
same unilt runoff as Latir Creek, Thus, total flow
available was derived on a drainage avea basis., Total
drainage area and runoff was 1,73 times area and runoff
from Latir Crecko

Flow below diversions was controlled by the capacity of
Cerxo ditch. Maximum capacity was 25 c.f.s8.5 all mean-
daily flows of 25 ¢.f,5 or less were considered diverted
during the irrigation season. ALl excess, including
diversions greater than demend by 2,400 acres, was cone
sidered as flow bhelow diversions.

The period of record for Llano ditch diversions and
Cabresto Creek near Questa, New Mexico, was Sephembex

1943 through September 1951. Recorded Cabresto Creek
represents depleted conditions since Llano ditch diverts
1/4 mile upstream. Cabresto Creck above diversions was
obtained by adding Llano canal diversions to creek flows,
Recoxds were extended back to September 1928 by correlating
Cabresto Creek above and below diversions te Red River
near Questa., No records were available for content of
Cabresto Reserveoir, It was assumed that historic operation
of the reservoir was adequate and would remaln the same
under present conditions. In the operatilon study,

Cabresto Creek after Llano ditch diversions became

Cabresto Creek near Questa less the diversion demand for
600 acres served by Llano canal, Thus, there were no
shortages on this canal, Cabresto Creek was further
depleted by diverslons to supply demand for 2,543 acres,
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4o Red River near Questa, New Mexieco, records were for
undepleted conditions. Irvigation for 478 acres
occurs below the gaging station. ¥Fish water at
Questa necessary to malantain fish life was considered
to be the minimum wean dally runoff for each month
of record, That minimum was bypassed and flows in
excess were used to supply the demand from 478 acres,
There were no shortages on this land,

5. Rio Grande depletions were determined by assuming

annual return fiow from irvigation water at 25 per-

cent with a wonthly distribution based on McElmo

Creek in Colorado.

6o The sum of bypass and return flow was considered to

be depleted total flow to the Ric Graande while

virgin flow was the sum of the flow available to

Cerro ditch, undepleted Cabresto Creek near Questa,

New Mexlco, and Red River near Questa, New Mexico.

Thus, total depletions were virgin flow less total

leWo

Although there was a large vreduction in the acreage considered
to be presently irrigated between the previous study and the current
study, the diversion demand in both studies (13,500 acre-feet and
11,140 acre~feet) exceeded the divertible supply (10,400 acre-feet),
Therefore, it would appear that the former study is adequate for present
needs,

The incregse in unit diversion demand from 2.24 acre-feet perv
acre in the previous study to 3,17 acre~feet per acre in the current
study results from a change in the method of cowmputing consumptive use
ond effective precipitation, as well as changes in famm and distribution

losses,

Future Condition

Consumptive use requirement., Undex future conditions, it was

determined that it would be possible to irrigate 5,430 acres of land,
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This would include the lands presently being irrigated, 3,513 acres,
plus an additional 1,917 acres.
The following tabulation shows the assumed cropping distribu-

tion:
Acreage  Percent

Alfalfa and planted pasturCemw—wen~ 4,340 80,0
Native hay and pastloGmememmmmoms 595 11,0
8o o B e L T e 19 0.3
SMALL EraLTim et ot st v bt e e e 176 3.2
Gardeime mee mmme i me N L 300 5.5
TOTAL IRRIGATEDmwmmmwmmmmmmnmewme 5,430 100.0

The monthly consumptive use requirement for the growing season
and the nongrowing seaszon was computed for the Cexro area using the crop
distribution presented above, Table A~46 1s a monthly summary of cone
sumptive requirements for the growing season., The average annual
consumpiive use requirement for the growing season was computed to ba

20,25 inches.

Ixrigation requirement, 7The average annual effective precipie

tatlon from 1935 through 1963 amounted o 10.87 inches. The effective
precipitation during the growing season was 5,30 inches and during the
nongrowing season, 5,57 inches,

The lrxrigation requirement for the grbwing season was obtained
by subtracting the effective precipltation from the consumptive usge
requirement and emounted fo 14,95 inches,

Soil moisture deficiency. A4s the winter consumptive use, 6.21

inches, exceeded the effective precipitation, 5.57 inches, by only 0,64

inch, no soil moisture deficlency was considered,
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Teble A-46. Future condition--Consumptive use requirement.
Cerro Unit

, .. ___Table A-46.
il | Ma June 1 Jul i st E b i Gro:’.ns
Percent ADY d Ly Aupust ptember seaso
cmp m gmm season AC[‘ES — — ip 9es YUM g U’_;,_é,___l..__._,__.__.__i T\P(‘ _..-l iT'H E. A ﬁl'_,f_-_.;-;._ i__ - .!4,_.?:.1_(..:...._4
b CR) ((Buch) | (k) | (Ench)y (k) (dnch) ) (k) [(oeb) | () | (inehy! (h)  (ineh)| (K) |(inch) |
Alfalfa and planted paature--i 4,340 | 80.0 | ! § ; i |
FP 1/ 5/15-5/29-cc-vceccnn 0.70 | 1.73 | f f ; 1 . 0.70 | 1.73
FFP 2/ 5/30-9/25-cccccacaun 0.75| 0.12 | 0.82 | 4.86 | 0.91 = 5.92 | 0.91 | 5.48 | 0.73 | 2.95 ] 0.85 | 19.33
| | | | | | T0.84 21,06
Native hay and pasture------= 595 | 11.0 | i E ; | !
FP 5/15-5/29=cccccen== 0.60 | 1.48 i 1 , ; ‘ . 0.60 | 1.48
FFP  5/30-9/25---cna=eee-= 0.62 | 0.10 | 0.71 | 4.22  0.80 | 5.22 | 0.80  4.82  0.67 | 2,70 |_0.75 |17.06
‘ | = : 1 | i | 70.74 |18.54
Dorngssindseseshasunsuessvann 19 0.3 [ I " i L
FPP  6/10-9/25<c-cccaa-an 0.69 | 274 | 0.79 | 5.18 | 0.79 i 4.76 | 0.69 | 2.80 | 0.75 15.45
: i i i ? 1 |
Small graine---ec-eeecc-eo-e- 176 3.2 | i ‘ | | | f
PP 4/15-5/29 0.41 | 0.79 | 0.41 | 2.02 } | | | | 0.41 | 2.81
FFP  5/30-8/1 0.50 | 0.08 | 0.92 5.45 | 0.81 | 5.31 | 0.79 | 0.15 | | 0.86 |10.99
g | | | i ! ! 0.70 |13.80
Gardenececcecc-cccecccccan-aa 300 5.5 ; Lo - | : | l
FFP BI85 essnnsanuwa 0.50 | 0.08 | 0.65 3.86 0.75  4.92 | 0.75 | 4.55 3 0.62 | 2.51 | 0.70 |15.92
! H i | ! i |
; . % | 1 , | r
[ R = |
; | ' | % ‘ 1
{ f | l | 1 | *
| A B | SR . | |
e I S [FIER WS N T S S OSSR TSI,
| Weighted Consumptive Use j & i ; ; | : 1 l
| Requirement: 5 | | g ' i , : | . : | ;
INChes cececccecacccaccnae PR—— s e | 0.02 | 1.73 | | 4.7 | b 5,77 5.18 2.80 | 0.82 {20.25 |
Feeteeaove-- ::::::::r~tt::E:r-231:E1:::--rkr:*:::&:::::-: ------ T T Y PP YT PR TP EEE e cemmmen beeone emmmm—— besmeo-boccae- | 1.69 &
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Farm irrigation efficicncy ond distribution efficiency,

Under future comditions it was assumed that with better project control
the farm irgigation effilcicency would increase from 50 o 60 percent,

it was also assumed that the distribution efficlency, 65 percent, would
remain the same. This would result in an overall efficiency of 39.0
percent,

Diversion demand. The average anmual diversion demand was

computed as follows:
Acie-feet
pex acre

Crop consumptive USEr-amrwrrmmamre. v o v 1.69
Lffective preciplialilonmmm e mm e mo e m oo = o e oo ~0oldh

Irrigation requirementeswwme e wecmn—— v - e 1.25
Famm waste and deep pervcolation losses (40%)mmwwwn 084

Farm delivery demandwew--. o e PR S 2.09
Distribution system losses (35%)remememmunwenca - 1,12
Diversion demand-wameweonow 0 s 0t e 0 0 ——— 3,21

Operation study., The future condition study was made similar

to the present condition study. For water supply purposes Latir canal
was assumed to replace Cerro ditch. WNew lands and the proposed Sunshine
Valley canal were added to historic condition physical features to
simulate a future conditlon dirvect diversion project. The annual
summary is presented in Table A~47. The study is described below:
1, Ylow below Latir canal diversion was the same as

flow below Cerro ditch diversion except that diverw

sions in excess of demand by 2,400 acres were used

as diversion to supply 2,100 acres of new land,

See schematic diagram in Table A«47.

2, Tlow after diversions in Cabresto Creek were the
same as in the present condition study except that
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TABLE A-47. ANNUAL SUMMARY OF OPERATION Al AND DEPLETION STUDY- CERRG;
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excess water was used to ilrripgate new lands or in
the Latir avea, Capacity of Cabresto Reservoir is
very small in comparison £o runoff of Cabresto
Creek, so it was assumed the resexvoir would have
little or no effect on the future condition water
supply. Therefoxe, the reservoir was not considered
in the study,

3. ¥low in Red River after diversions was present cone
dition flow less diversions o old and new lands,

4o  Sunshine Valley canal diversion capability on a

mean~daily basis was a waxivuw of 100 cofoS. after

bypass for fish life requirements.

The average amaual diversion showm by the operation study was
16,090 acre-feet, With the average a2nnual diversion demand of 3,21 acree
feet per acre, and assuming 2 tolerable shortage of about 8 percént,
the water supply would be sufificient for 5,430 acres,

The 5,430 acres include 3,513 acres of presently irrigated land
and 1,917 acres of additional land. The additional land would consist
of 1,369 acres of presently fallow and idle land which would be returned
to Llreigation and 548 acres of new land. The 436 acres presenily being .
irrigated from Red River should not be included as part of the project
since they are presently getting a full supply. Of the remaining 3,077
acreg presently irrigated, 374 acres are Class 6W lands.

The on-site effect of the unit would be the increased depletions
occurring on the land. Under present conditdons it is assumed that
depletions would equal 70 percent of the diversions, or 7,280 acre-feet,
Under fuiure conditions it is assumed that the depletions would equal
75 perxcent of the diversions, or 12,070 acre-feet. Thus, the on-sgite

effect would be 4,790 acre-feet.
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Since the onw-site effect occurs on the Rlo Grande above
Otowi, the loss that would bave occurzed on this water reduces the
effect at Qtowi, The demand at Otowi would be 4,690 acre-feet.
Routing the Otowl demand up to Heron resulis in a demand on storage of
4,840 acre-feet,

From the above rough analysis, it was concluded that the
amount of benefits from 5,183 acres of project irrigable land would
have a benefit-cost ratio of less then 0.5 to 1. It was, therefore,
concluded that detailed studies were not required.

The fish requirements used in the study are less than the
requirements presently recommended. The Bureau of Sport Filsheries ond
Wildlife has  recommended that the fish bypass below diversion dom
be 18 cubic feet per second or the inflow, whichever is less, from May
through Novewber, and 10 cubic feet per second or the inflow, whichever
is less, from December through April. This new recommendation would

Llimit the water supply to the unit still further,
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