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1.

GENERAL

Purpose. The purpose of this report is to present basic hydrologic
and hydraulic data for use in developing the project plan for flood
protection from the Rio Grande ih the reach between Bernalillo and
Belen, New Mexico. Presented are the development of the standard
project flood, results of discharge frequency-analysis, and hydraulic
analysis of the Rio Grande from Bernalillo to Belen, New Mexico.
Plate 1 is a general map of the study area and Plate 2 shows the

individual drainage areas investigated.

Existing Flood Control Improvements. There are four major £flood

control reservoirs in the Rio Grande watershed above Belen, New
Mexico: Abiquiu Reservoir on the Rio Chama, Galisteo Reservoir on
Galisteo Creek, Jemez Canyon Reservoir on the Jemez River, and Cochiti
Reservoir.on the Rio Grande. Abiquiu Reservoir was completed in
1963 and has a reservoir capacity of 562,00 acre-feet for flood and
sediment control. Galisteo Reservoir was completéd in 1970 and has
79,600 acre~feet capacity for flood control and 10,200 acre-feet
for sediment control. Jemez Canyon Reservoir was completed in 1953
and contains 73,000 acre-feet of flood control storage and 47,000
acre-feet of sediment storage. Cochiti Reservoir was completed

in 1975 and contains 492,000 acre~feet of flood control storage

and 110,000 acre-feet of sediment storage.

A levee system was constructed throughout most of the Middle Rio
Grande Valley during the 1930's by the Middle Rio Grande Conservancy
District. At the present time, portions of this system have a capac-

ity less than 20,000 ft3/s. Levees constructed in the 1950's by

the Corps of Engineers in the vicinity of Albuquerque were designed

for a flow of 42,000 ft3/s.



The Albuquerque North and South Diversion Channels were constructed ‘
in the late 1960's by the Corps of Engineers to intercept and convey

arroyo flows to the Rio Grande. The North Diversion Channel dis-

charges to the Rio Grande north of Albuquerque near Alameda and has

a capacity of 44,000 ft3/s. The South Diversion Channel joins the

Tijeras Canyon Channel and has a capacity of 37,000 ft3/s.

The Albuquerque Metropolitan Arrovo Flood Control Authority is
‘presently implementing a plan of flood control for the drainages

into the valley within Bernalillo County. The plan calls for a system
of diversion channels and holding ponds to protect the development

in the Albuquerque area west of the Rio Grande.

The Soil Conservation Service has a small watershed demonstration
program cdnsisting of the Sandia Mountain Tributaries Watershed in

" Bernalillo County and is one of approximately 50 small watersheds
selected from throughout the country for pilot plant treatment.

The program was completed in 1956 in cooperation with the Forest
Service and local interests. The improvements include a retardation
structure on Piedra Lisa Arroyo and approximately 1.10 square miles
of watershed protection works such as pitting, chiseling, contour
furrows, small check dams, and diversions. The Piedra Lisa Dam
controls a drainage area of 4.1 square miles and has a capacity of

of about 300 acre-feet.

Flood control improvements to the Corrales Watershed have been

planned by the Centrél Rio Grande Soil and Water Conservation District,
the Corrales Watershed District, and the Sandoval Soil and Water
Conservation District in conjunction with the State of New Mexico

and the Soil Conservation Service. A retardation structure with

3,980 acre-feet cabacity is planned to control floods from Arroyo

de los Montovas and Arroyo de las Lomitas Negras. It is planned

to control the one percent chance runoff from 63 square miles. The
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principal spillway will discharge to the Sandoval lateral which in
turn will discharge the flow into the riverside drain which discharges
to the Rio Grande. Also, a flood water diversion will be constructed
to divert flows from 10 square miles of Blacks Arroyo into Arroyo

de las Calabacillas which discharges directly into the Rio Grande.

BASIN CHARACTERISTICS

General. The Rio Grande, one of the principal streams in the south-

western United States, is an interstate and international river

of importance. From its source on the eastern side of the Rocky
Mountains in south-central Colorado, as shown on the General Map,
Plate 1, the Rio Grande.flows eastward for about 150 miles to near
Alamosa, and thence southward across the Colorado-New Mexico state
liné. Continuing southward the river nearly bisects New Mexico
from north to south, crossing the New Mexico-Texas state line near
El Paso. From El Paso, the river flows southeastward and forms
the boundary between the United States and Meiico; The total water—
shed area:is 335,500 square miles but a large part of this area

is comprised of closed basins where only 171,900 square miles con-
tribute runoff to the Rio Grande. The total contributing drainage
area above Belen, New Mexico is approximately 15,291 square miles,
of which 4,604 square miles are in Colorado and 10,687 are in New

Mexico.

From its source until it reaches the San Luis Valley in Colorado,

the Rio Grande drains about 1,300 square miles of mountainous area
with peaks of over 13,000 feet in elevation. The Rio Grande then

meanders through the broad San Luis Valley, a gently sloped plain

surrounded by high mountain ranges, until it enters the Rio Grande
Canyon about 25 miles above the Colorado-New Mexico state line.

The Rio Grande Canyon is a narrow deep gorge about 95 miles long,
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cut through a high plateau., This plateau is bordered by high
mountains on the east and lower mountains, isolated peaks, and plains
on the west. The Rio Grande emerges from this canyon near the town
of Velarde, which is the northern limit of the Espanola Valley.
Through the Espanola Valley, about 30 miles long, the Rio Grande
receives runoff from the high mountains and foothills to the east

and the lower mountains and high plateaus to the west. A major
tributary, the Rio Chama, enters the Rio Grande in this reach just
above the town of Espanola. At the lower end of the Espanola Valley
the Rio Grande enters another gorge, White Rock Canyon, cut\into

a broad plain for about 25 miles. The mouth of White Rock Canyon,
about 20 miles west of Santa Fe, marks the beginning of the Middle
Valley. The Middle Valley, which extends about 160 miles to Elephant
Butte Reservoir, is an entrenchment in the desert plains from 100

to 300 feet deep and about 1 to 3 miles wide. Drainage in this

reach is generally from broad plains areas varying in elevation

from 4,000 to 8,000 feet and containing isolated mountain masses,

some of which rise to over 10,000 feet in elevation.

Topography. The Rio Grande watershed in New Mexico above ElvPaso
occuples portions of three major physiographic provinces. The area-
north of Santa Fe lies within the Southern Rocky Mountain province
which consists of fairly continuous high mountain ranges interspersed
with high plains and narrow mountain valleys. Elevations range from
6,000 feet in the valleyé to over 13,000 feet on the mountains.

South of Santa Fe, the western portion of the watershed is in the
Colorado Plateau province which is a broad eréded tableland lying
generally at elevations 6,000 to 8,000 feet, with isolated mountain
masses rising to elevations of over 10,000 feet. The eastern portion
of the watershed lies within the Basin and Range province which is
characterized by low mountain ranges seldom exceeding 8,000 feet

in elevation. The valleys between the ranges vary from 4,000 to

6,000 feet in elevation. The width of the watershed varies from
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a minimum of about 15 miles at the New Mexico-Texas state line to

a maximum of about 125 miles east and west of Albuquerque.

Vegetation. The wide range in annual precipitation between the
high mountains and the deserts in the Rio Grande watershed has
caused considerable diversification in the natural vegetation. The
vegetative cover may be divided into seven general classes: arctic-
alpine, coniferous forest, juniper-pinon woodland, grassland, salt
desert and northern shrub, semidesert savanna, and bosque. The
arctic—~alpine type consists of grasses and herbaceous plants
growing above timberline in the San Juan and Rocky Mountains in
Colorado and the Sangre de Cristo Range in both Colorado and New
Mexico. The pine, spruce, and fir intermixed with aspen groves and
oak brush, make up the coniferous forests which occupy the high
.mountain areas where the precipitation averages about 20 inches.
The woodland vegetation consisting of pinon and juniper trees
intermixed with grass is the prevalent vegetative type in the
higher elevations of the Colorado Plateau and the Basin and Range
provinces. Most of the grassland-type vegetation is found in areas
where the rainfall is between 8 to 14 inches and devoid of trees
and is found principally on the broad plains and ancient terraces
of the Basin and Range province and in the valleys of the Colorado
Plateau province. The salt desert and northern desert shrub type
of vegetation consists primarily of greasewood which is associated
with high saline soils, and sagebrush which predominates over the
high plains of the upper Rio Grande watershed in New Mexico. Both
require about 19 to 15 inches of rainfall per vear. The term
semidesert savanna applies to a vegetative cover consisting mainly
of mesquite, chamiza, and creosote brush with a sparse grass
understory found in the southern arid areas where the rainfall is
less than 19 inches annually. Bosque, the Spanish term for heavily
wooded or timbered land, has been used to describe the dense

thickets of tamarisk, willows, cottonwoods, and brush called tornillo
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found on the flood plains of western rivers. The bosque type is
not dependent upon rainfall because it obtains moisture from
shallow ground water. Bosque is found throughout the flood plain
of the Rio Grande and is predominant at the upper ends of Elephant

Butte and Caballo Reservoirs.,

6. Tributaries. There are three major tributaries to the Rio CGrande

in New Mexico above Belen, New Mexico with drainage areas exceeding
5097 square miles. These are the Rio Chama, Galisteo Creek, and

the Jemez River.

Major tributaries in Colorado are Alamosa Creek, La Jara Creek,
and Conejos River. The contributing drainage areas of these

tributaries are listed in Table 1,

TABLE 1

DRAINAGE AREAS OF MAJOR TRIBUTARIES
RIOC GRANDE ABOVE BELEN

Contributing
Rio Grande Drainage
River Mile at Area
Tributary Location Confluence (1) (square miles)
Alamosa & La Jara Creeks Colorado : 365 1,024
Conejos River _ Colorado 358 821
Rio Chama New Mexico 245 3,159
Galisteo Creek New Mexico 199 670
Jemez River NMew Mexico 183 1,738

(1) River miles above Elephant Butte Dam which is 1,376.4 miles
above the mouth.




CLIMATOLOGICAL DATA

Precipitation. The average annual precipitation in the Rio Grande

watershed above Truth or Consequences is about 12.5 inches.
Precipitation varies from less than 17 inches in the lower river
valleys to over 30 inches in the high mountain regions. Average
annual precipitation of less than 19 inches falls over most of the
area under study in this report. From May to September, precipi-
tation is mostly in the form of local shbwers, with an occasional
heavy rain in an area where the normal is comparatively low.
Maximum 24-hour amounts at various stations range from slightly

more than 1 inch to as high as 7.50 inches.

Snowfall. During the winter months there is heavy snowfall in the

upper mountainous area of the watershed, while over the lower
portion it is generally light. Snow usually remains in the moun-
tainous areas above elevation 8,000 feet from the beginning of
heavy snows in December until early in April when snowmelt runoff
begins., Below elevation 8,NNN feet snow seldom stays on the ground

more than a few days.

Temperature. The average annual temperatures in the Rio Grande

Basin vary greatly with elevation. A record minimum temperature

of 50° F below zero was recorded at Gavilan, New Mexico, elevation
7,357 feet. At Bosque del Apache, New Mexico, elevation 4,520
feet, a record high temperature of 113° F has been recorded. Frost

data at selected stations are shown in Table 2,
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10.

TABLE 2

AVERAGE FROST-FREE PERIOD

Last in First in Number
Station Spring Autumn Of Days
NEW MEXICO:
Albuquerque B AP Apr 9 Oct 30 204
Bingham May 2 Oct 23 174
El Vado Dam Jun 8 Sep 18 102
Flephant Butte Dam Mar 290 Nov 12 228
Grants May 19 Oct 7 141
Jemez Springs May 1 Oct 22 - 174
Magdalena May 1 Oct 15 167
Red River Jun 17 Sep 5 30
Santa Fe CAA AP ‘ Apr 29 Oct 17 171
Socorro Apr 19 Oct 23 196
Tres Piedras Jun 2 Sep 17 117

Wind. Wind data which are recorded at Weather Bureau stations
within the Rio Grande Basin near the study area are at Albuquerque
and Santa Fe. The maximum velocity of 68 miles per hour (for'a

5 minute duration) at Albuquerque occurred on March 18, 1943,

The average wind velocity exceeded 57 miles per hour for 4 con~
secutive hours at Albuquerque on December 9, 1943; with 54 miles
per hour being the greatest l-hour average velocity and 53 miles
per hour the greatest 2-hour average. During this same period,

a gust of 9N miles per hour was recorded. Early records indicate
that a maximum velocity of 53 miles per hour occurred at Santa Fe
on October 21, 1906, This was measured with a 4-cup anemometer
and has been adjusted to the standard 3-cup anemometer equivalent
of 42 miles per hour. Based on these records, 55 miles per hour
is assumed to be the maximum velocity that can be expected in
exposed areas of the Rio Crande Basin for a duration of 1 hour

or more. The Albuquerque station is considered indicative of

exposed areas and the Santa Fe station is considered indicative
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11.

12.

13.

of sheltered areas. Pertinent data on wind velocities at Albuquer-

que and Santa Fe are listed in Table 3.

Evaporation. Evaporation is high throughout most of the basin

and is excessive in the desert areas. Evaporation data for six
stations within the watershed in New Mexico are given in Table 4.
Evaporation rates in the study area are assumed to be comparable

to those at Albuquerque,

Runoff Records. The first stream gaging station in the Rio Grande

Basin was established at Embudo in 1882. At the end of the 1955
water year there were 92 stream gaging stations in the Rio Grande
Basin above Elephant Butte Dam, including 5 stations in the Closed
Basin in Colorado. There are 22 gages located on the main stem.
Table 5 is a list of gaging stations in the study area and Table 6

is a summary of annual runoff for those stations,

Historical Floods, Historical records include references to many

floods in the Rio Grande watershed above Truth or Consequences.
Newspaper accounts are available of floods which'have occurred
since about 1862. Prior to 1862, the only flood which can be
accurately dated occurred during May and June of 1328, Reference
is made to flooding at San Marcial and also at Tome, Valencia
County, New Mexico., Records by a Catholic priest of the 18283 High
watermarks on the Rio Grande at Tome, which is about 28 river
miles beldw Albuquerque, were the basis of an estimate by the
International Boundary and Water Commission that the peak flow may
have been as high as 100,000 ft3/s. Major floods have occurred
along the Rio Grande in 1865, 1874, 1884, 1886, 1891, 1895, 1973,
1711, 1920, 1929, 1935, 1941, and 1942. A description of each of
these.floods can be found in the survey report for the Rio Grande

above Elephant Butte Dam dated December 1953,
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14.

15.

DISCHARGE FREQULENCY RELATIONSHIPS

General. Discharge-~frequency relationships representing existing

conditions were required for economic analyses. The major source
of data for developing these relationships was the stream gage
station data published in the Surface Water Records of New Mexico,
U.S. Department of Interior, Geological Survey - Water Resources
Division, and the Magnitude and Frequency of Floods in the United
States - Part 8, Western Gulf of Mexico Basins, Geoldgical Survey
Water - Supply Paper 1632. The procedures, techniques, and
criteria contained in Water Resource Bulletin 17, A Uniform
Technique for Determining Flood Flow Frequencies, were used to
develope the discharge-frequency relationships from the estimated

maximum annual péaks at Bernalillo -and Albuquerque.

Discharge Frequency At Bernmalillo And Albuquerque. Existing

conditions are defined as Jemez, Galisteo, Abiquiu, and Cochiti
Dams in place and operating and the Albuquerque diversion channels
complete and functional. Because these structures have been
constructed at different times, the gage station records reflect
the effects of only those structures in operation at the time of
the recordings. Therefore, only recent records reflect the

effects of all existing structures. The objective of this analysis
was therefore to adjust older records to consistently reflect the
effects of new structures. Table 7 summarizes the history of the

construction of the structures used in adjusting the records.

Maximum annual peaks at Bernalilleo and Albuquerque for summer
floods for the period of record were estimated, Modifications of
these flows resulting from control by existing structures were
estimated where appropriate and the resulting peaks were subjected

to frequency analyses and adjusted for expected probability. The

E- 14




TABLE 7

HISTORY OF STRUCTURES
AFFECTING PEAK FLOWS

Date Event

1953 Jemez Canyon DamVCompleted

1953, December Albuquerque Unit Started

1956, June Albuquerque Unit Completed

1958 Abiquiu Dam - Qutlet Works Completed
1960, July Abiquiu Dam - Influencing River Flows
1963, February Abiquiu Dam - Completed

1965 | Albuquerque Diversion Channels Started
1968 Albuquerque Diversion Channels Completed
1968, July Galisteo Dam Influencing Flows |

1970 Galisteo Dam Completed

1973, November Cochiti Dam Influencing Flows

1975 Cochiti Dam Completed
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16.

resulting discharge frequency relationships at Bernalillo and

Albuquerque are shown on Plates 3 and 4.

Recorded peak flows at Bernalillo and Albuquerque were adjusted
by'first determining where the peak for a particular year origi-
nated., 1If the peak was generated above any of the existing dams,
before constructed, it was adjusted by regulating the structure in
accordance with established criteria. If the peak was generated
below the dams, no adjustments were made. After a particular peak
flow was adjusted, a check was made for other peaks that may have
exceeded the adjusted flow. The extent of control assumed to be
exerted by each dam was as follows: Cochiti Dam, all flow con-
trolled; Jemez NDam, all flow conﬁrolled; and Galisteo Dam, peak

reduced by reservoir storage.

Discharge~Frequency Relationships at Other Locations. To develop

in a similar manner . Bernalillo, where the discharge-frequency .

discharge~frequency relationships at other locations throughout
the reach between Las Huertas Creek and Belen, the discharge-

frequency relationship at Bernalillo was routed,

The flood discharges aésociated with several exceedence frequencies
at Bernalillo were routed from Bernalillo to Belen. The base
hydrograph used for the routing was the Bernalillo hydrograph
computed by applying uniform rainfall (estimated to have a 1l
percent chance of occurrence) over the entire uncontrolled area
plus the Galisteo watershed. Fach flood discharge was developed

bv factoring each ordinate of the base hvdrograph by the ratio

of the desired peak discharge to the peak discharge of the base
hydrograph. The routed hydrographs corresponded to the 5, 25,

50, and 100-year floods.

?hé di§Chéfgé:ffé§ﬁ€hEy relationship at Las Huertas was developed
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relationship is defined, lies downstream of Las Huertas Creek.
Therefore, a range of peak discharges was routed from Las Huertas
Creek to Bernalillo where the resulting peaks were assigned a fre-
quency based bn the Bernalillo frequency curve. The flows at Las
Huertas Creek were then assigned that same frequency which defined

the discharge-frequency relationship.

Routing was accomplished by the modified Puls method using the
computer program HEC-1l. Storage-outflow relationships used in
routing were those developed for the condition in which it was
assumed that all levees from Las Huertas Creek to Belen were in
place and able to contain the routed flows. To verify the routing
model, the routed flows at>Albuquerque were compared to the dis-
charge frequency relationship at Albuquerque developed from gaged
data as described previously. The comparison as shown in Table 8,
revealed identical results which is considered adequate verifica-

tion of the routing model.

TABLE 8

COMPARISON OF DISCHARGES AT ALBUQUERQUE

5-Yr. 25-Yr. 50-Yr. 100-Yr.

Routed Flows 2,010 8,240 13,740 21,770
Frequency Curve 2,000 8,300 13,900 22,000

DEVELOPMENT OF STANDARD PROJECT FLOOD

Unit Hydrographs. Unit hydrographs were developed by synthetic

methods because of lack of correlation between available storm



rainfall data with recorded hydrographs. The synthetic unit .

hydrographs were determined by use of the following two

formulas:
= 1.08
qp = 12,650(SSt + 0.00109)
e, =0.074 (LLca)0-3 0-669
Sst
where qp = peak flow in ft3/s per square mile for the unit
hydrograph,
tp = lag time in hours from the center of excess rainfall

to the peak of the unit hydrograph,

L = river mileage along the longest watercourse from the

mouth to the upstream limits of the watershed,

Lca = river mileage along the longest watercourse from the

mouth to the center of gravity of the watershed,

and SSt the equivalent slope of the basin.

Plate 2 illustrates the subbasins developed for this study.
Table 9 summarizes the areas of the basins and how they con-
tribute to the drainage area above the main stem gaging sta-

tiomns.
Unit hydrograph parameters are summarized in Table 10. Plate
5 illustrates the resulting unit hydrographs developed for each

subarea.
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TABLE 9

DRAINAGE AREAS
RIO GRANDE WATERSHED ABOVE BELEN

Contributing Drainage Area, Sq Mi
Location Intervening Total

Drainage area contributing

above Cochiti Dam 11,726
Galisteo Creek controlled
by Galisteo Dam 596
Subbasin 6A - Peralta Canyon 61
6B - Galisteo Cr. below dam 95
6C - Canon Santo Domingo 43
9A - Borrego Canyon 107
9B - Arroyo de la Vega de los
, Tanos 43
10 - Tonque Arroyo 197
San Felipe - USGS Stream Gage 12,868
Subbasin 1lA - Santa Ana Mesa Creek 70
11D - Las Huertas Creek 61
Jemez River controlled by Jemez Dam 1034
Subbasin 1l1E - Arroyo Agua Sarca 16
11B - Arroyo Venada 44
11F - Canon del Agua 19
Bernalillo - USGS Stream GAge : 14,112
Subbasin 11C - Montoyas 67
11G - Sandia Wash 35
14 - N. Diversion 97
16 - Calabacillas 98
Indirectly contributing area 93
Albuquerque - USGS Stream Gage , 14,502
Subbasin 15 - Tijeras + S. Diversion 142 '
Indirectly contributing area 647
Belen - USGS Stream Gage 15,291

E-19



01¢ 9.0 067 €1 g€l 01 L°€ 1710°0 06" % 8°6 114 86 91
08¢ 0L°0 0s8°61 o1 01 1'% €%10°0 88°¢ 01 €797 r4a! ST
oYy 66°0 050°01 £01 0°1 Al 9010°0 9Z°% ] 8%l L6 %1
oSy L0 00£°18 (A X4 1] 6°1 v20°0 66 g 87 €8 cg 911
oty 18°0 Q9% Y GET S0 L°1 ¥%20°0 01°2 81 8°9 61 a1t
oy 0L°0 0L0°Y VIT4 S0 9°1 £€970°0 62°C €z 0L 91 411
009 €970 091°¢1 842 S°0 % 65£0°0 18°¢ c'g 8°G1 19 att
0zs L0 016°6 8yl 01 G'¢ T510°0 8y 8°6 8°61 L9 11
09¢ 18°0 0C21°L 791 S0 (A4 8910°0 €L°C €°¢ 8°'8 hy a1t
o8y %4°0 05401 %G1 01 1°€ [S10°0 81°Y 0L 891 0L Vil
009 19°0 009°.2 ol 01 €Y 6%10°0 "Egh°9 9797 867 L61 01
09¢ 2171 0ZL°E L8 0°1 1y 8800°0 09°¢ 0°'S €91 %] g6
009 9°0 0£8°1L1 191 0°1 9°¢ S070°0 1SS 0°21 G ST L01 V6
009 08°0 009°9S c6 01 €9 %010°0 16°L VAN 1Ty 965 8
08¢S £€9°0 00Z°6 V2 ¥4 0°1 LT £€820°0 6T°Y 8L 691 €Y 09
09y 68°0 09€ ‘01 601 01 A Z110°0 0Ly €8 0°1¢ G6 49
009 19°0 ovsel XA 0°1 L2 €1€0°0 £y'y S L 0°61 19 V9
4o o%9 1D Am\muuv (Tu bs) (2y) (ay) Au«wuuv (e>TT) (tTu) (Tw)  (TW bg) ®eay  uoraRU3TSA(
4 Am\mqu N da mm £€°0 mua 1 a3eutrelaq urseqqng
b db

SYALIRVIVA HAVIOOMAAH IINN 40 XIVWANS

0T d14avl

E-20



18.

19.

Infiltration Rates. Precipitation and stream flow data in the

study area from which infiltration studies can be made are sparse.
Measurements of rainfall amounts are usually inadequate for
reliable studies to be made. A review of previous hydrologic
reports in the study area was therefore the basis for the infil-
tration rates adopted in this study. Design Memorandum No. 1,
"Albuquerque Diversion Channels Project, Rio Grande and Tribu-
taries, New Mexico'" contains infiltration studies for the storms
of 23 July 1950, 2—3 June 1952, 27"July 1955, and 24 September
1955. Table 11 sdmmarizes the results of these studies which
show infiltration rates ranging from 0.18vinch per hour to 0.63
inch per hour with an average rate of 0.37 inch per hour. The
resulting estimated infiltration rates adopted for the subbasins

in this study are listed in Table 12.

l‘Flood Routing Criteria. Routing of flood flows was accomplished

by the modified Puls method. Storage-outflow curves were obtained
from backwater computations usiﬁg HEC-2. The reach between the
mouth of Peralta Canyon and the Belen railroad bridge was divided
into 33 routing reaches. Each reach was sized so that its storage
volume at standard project flood outflow approximated the volume

of the outflow during the one hour routing period.

The hydrograph from Peralta Canyon was routed through two routing
reaches to the mouth of Galisteo Creek to form a hydrograph at
that point to which the hydrograph from Galisteo Creek was added.
The flood produced from this combined hydrograph was then routed

‘through several routing reaches to the mouth of the next tribu-

tary where its hydrograph was added. The combined hydrograph
was then routed to the mouth of the next tributary where the
process was repeated and continued on downstream to Belen, New

Mexico.
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TABLE 12

INFILTRATION RATES

Infiltration
Area Rate
Subbasin (Sq Mi) (Inch/Hour)
6A 61 0.38
6B 95 0.26
6C 43 0.31
8 596 0.25
9A 107 0.35
9B 43 0.25
10 197 0.31
VllA 70 0.25
11B 44 0.25
11C 67 0.25.
11D 61 0.33
11E 16 0.26
11F 19 0.31
11G 35 0.29
14 97 0.32
15 142 0.36
16 98 0.25
E-23



20.

An investigation of the magnitude of the SPF under the condition
of complete levee failure was also made. The SPF was routed from
Peralta Canyon to Belen uéing storage-volume curves developed
assuming no levees in place except for the Albuquerque unit. As
illustrated in Table 13, the overbank storage immediately upstream
of the Albuquerque unit would serve to reduce the SPF peak through
the Albuquerque unit levee system by only 2,000 to 5,000 ft3/s.

Standard Project Storm. Data from "Probable Maximum Precipitation
for the Upper Rio Grande Valley", prepared by the Weather Bureau
for the Soil Conservation Service, was used in conjunction with
the extent of the generalized SPS isohyets given in EM 1110-2-
1411. Plate 6 shows the 24-hour point PMP isohyets as used in
this study. Based on these isohyets, the 24-hour point PMP was
computed to be 19 inches. Using»Plate 7, a factor of 0.635 was
determined for transiating the point PMP over 200 square miles.
taking 40 percent of this value yielded an SPS index rainfall
amount of 4,83 inches. Based on previous analyses and account-
ing for basin altituae, exposure and orientation, it was esti-
mated that the standard project rainfall would be 40 percent of

the probable maximum rainfall.

The project basin was superimposed over the generalized isohyetal
map developed from Plate 12 in EM 1110-2-1411. The six trans-
positions that were studied are shown on Plate 8. Areas were
planimetered for each transposition to estimate the average depth
of total storm rainfall over each subbasin. The 24-hour rainfall
was distributed into 6-hour values according to the percentages
from Plate 10 of EM 1110-2-1411. The 6-hour values were further
subdivided into l-hour increments in accordance with letter
SWDED-XW, 15 February 1974, subject: "Maximum 6-Hour Rainfall

Distribution for the Standard Project and Probable Maximum Storms"
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TABLE 13

COMPARISON - CONFINED SPF WITH UNCONFINED SPF

Confined Unconfined
SPF Peak SPF Peak
3 % 3 k%
Location ft7/s ft7/s
Mouth of Las Huertas Creek 74,300 74,000
S.R. 44 Bridge Near Bernalillo 72,300 72,000
Corrales Siphon 71,500 71,000
North Outlet - Albuquerque _
Diversion Channel 71,000 69,000
U.S. 66 Bridge 70,100 65,000
South Outlet - Albuquerque
Diversion Channel 69,200 64,000
Isleta Diversion Dam 68,300 60,000
S.R. 49 Bridge Near Los Lunas 67,300 58,000
Belen Railroad Bridge 65,800 53,000

* Assumes no levees in place upstream of the mouth of Las Huertas
Creek and all levees in place downstream of the mouth of Las
Huertas Creek.

*#% Assumes no levees in place except Albuquerque unit.



21.

22,

Standard Project Flood Hydrograph Estimate. Rainfall excess was

applied to the unit hydrographs and the resulting hydrographs
were routed and combined to yield the standard project flood at
desired locations. Subbasins 11C, 11E, 11F, and 11G were not
included in the calculation of the SPF because the levees below
Las Huertas Creek confine all flows. Flow from these subbasins
pond behind the levees and do not discharge to the river. This
was determined from records of previous floods and substantiated

by examining cross sections of the river valley.

0f the six transpositions studied, transposition 5 proved to be
the most critical. The volume of the resulting standard project
flood below Albuquerque was estimated to be 112,000 acre-feet
which is equivalent to 1.98 inches of rain over the uncontrolled

contributing drainage area.
The standard project floods at selected locations are shown on
Plate 9. Standard project flood peak flows at locations through-

out the study reach are listed in Table 14.

Magnitude of Design Floods. A comparison of standard project

flood peaks with maximum peak discharges experienced in the Rio
Grande basin is shown on Plate 10. The envelope curve shown on
this plate has a definite break at about the 50 square mile
point. This is due to the predominance of thunderstorms of
limited areal extent in the Rio Grande basin. The maximum
peaks of record are usually caused by thunderstorms and in the
larger drainage basins, these storms will cover only a portion
of that basin. Table 15 is a list of the data used to develop
the envelope curve shown on Plate 10 and shows that most of the
maximum peaks of record have occurred during the thunderstorm

season of June through September.
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TABLE 14

FLOWS OF VARIOUS FREQUENCY AT SELECTED LOCATIONS

Standard
50 Year 100 Year Project

Section Flood ‘ Flood ' Flood

No. ft3/s ft3/s _ ft3/s
237 16,600 25,100 74,300
267 16,300 24,700 : 73,300
296 15,800 24,300 72,300
339 15,200 23,500 71,500
367 15,000 23,400 71,400
396 14,800 : 23,100 71,000
428 14,400 22,800 70,400
458 14,200 22,400 70,900
480 13,900 22,100 70,300
510 13,700 21,800 70,100
542 13,500 21,400 69,700
575 13,300 21,100 : 69,200
606 13,100 20,700 69,200
635 12,800 20,400 68,800
656 12,600 20,100 68,300
680 12,400 19,700 68,000
710 12,100 19,400 - 67,700
738 11,800 19,100 67,300
764 11,500 18,800 67,100
793 11,200 18,500 66,700
825 10,900 18,200 66,400
852 10,600 17,900 66,000
877 10,500 17,800 65,800
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TABLE 15

MAXIMUM EXPERIENCED DISCHARGES IN
RIO GRANDE WATERSHED ABOVE EL PASO, TEXAS

3
. ft7/s
Name _ D.A.(sq mi) Date q(;q m;)
1. Rio Chama at Parkview 405 5/21/26 24.7
2. Galisteo Creek at Domingo 640 8/20/35 38.0
3. Arroyo Chico near Guadalupe 1390 7/17/53 10.9
4. Rio Salado near San Acacia 1380 7/31/65 26.2
5. Alamosa Creek near Monticello 403 8/13/64 26.8
6. Percha Creek near Hillsboro 35.4 9/03472 345
7. Arroyo de los Frijoles, Locost Tree ~1.30 8/24/57 1460
Reach, near Santa Fe
8. Arroyo de los Frijoles near Santa Fe 2.92 8/24/57 1830
9. San Cristobal Arroyo near Galisteo 116. 1952 129
10. Tarhole Canyon near Galisteo 2.15 8/12/52 1130
11. San Pedro Creek near Golden 45.2 9/24/55 239
12. Tijeras Arroyo at Albuquerque : 75.3 6/24/67 86.3
13. Encinal Creek near Casa Blanca 6.19 9/09/67 700
14, Percha Creek at Caballo Dam near Arrey 119 9/03/72 129
~15. Aleman Draw at Aleman ' 27 8/07/67 607
16. Tierra Amarilla Arroyo 7 7/28/52 657
17. Arroyo de la Presa 11 8/22/61 1120
18. Arroyo Cuyamungue 3.86 8/22/61 1490
19. San Marcos Arroyo 92 6/17/58 87.9
20. Unnamed near San Ysidro 5 7/23/51 830
21. Gaflon del Agua : 3.93 7/19/56 1374
22. Sandia Wash 15 8/03/63 503
23. Abo (Wash) Arroyo 257 8/21/51 71.2
24. Abo Arroyo _ 355 7/30/56 26.3
25. Encinal Arroyo . 20.4 8/10/54 408
26.  Unnamed near Magdalena 8.1 - 531
27. San Lorenzo Arroyo 27.9 9/19/60 420
28. Nogal Arroyo 60.4 8/01/56 77.3
29. Unnamed near Socorro 6.67 8/01/56 1421
30. Socorro Canyon (flood channel) : 42.2 - 181
31. Alamosa Creek 643 9/04/67 42.8
32. Cuchillo Negro Creek 355 8/25/57 60.3
33. Mud Springs Canyon 19 7/12/50 574
34. King's Canyon 40 7/12/50 725
35. Broad Canyon 36 9/13/58 317
36. Santa Fe River above Cochiti Lake - 231 7/26/71 49.4
37. Jemez Creek near Bernalillo 1038 8/29/43 15.7
38. Mulligan Gulch near San Marcial 413 - 33.9
39. Arroyo Ojito at Zia Pueblo 17.7 8/10/65 932
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24,

HYDRAULIC STUDIES

General. The HEC-2 generalized computer program was used to
determine water surface profiles for all flow conditions and to
determine the storage capacity of the Middle Rio Grande floodway
between Cochiti Dam and Belen, New Mexico. Manning roughness
coefficients of 0.100 for overbanks and 0.020 for channel were
used in the backwater computations for all flow conditions. An
expansion coefficient of 0.3 and a contraction coefficient of
0.1 were used to compute losses caused by changes in the river

cross sections.

Data Limitations. Cross section data in the flood plain areas

outside the existing levee system were_developed from a rather
poor quality topographic map scribed by various methods in 1952.
Inaccuracies in the data will be reflected in the resulting
water surface elevations computed for floodplain areas. Barriers
and reaches of divided or isolated flow were not considered in
evaluating valley flood levels. The data herein is considered
adequate only for project feasibiiity and early stages of project
planning. More severe localized flooding may be expected to
occur as a result of flow blockage caused by numerous subdivisions
and floodplain developments which have occurred with intensity in
the last 25 years. Also, numerous tributaries enter the flood-
plain areas with no flow path to the Rio Grande channel-levee
system. OQften flooding from these sources will be translated

for considerable distances down the valleys and parallel to the
Rio Grande. Prior to mergence with main stream flow water levels,
backing up behind barriers, would possibly create water surfaces
exceeding those shown in this report. For reasons stated, the
floodplain data in this document is wvalid oﬁly as a planning tool.

The data should not be used out of context, i.e. for purposes of
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26.

27.

flood plain development or flood insurance stud