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A PROPOSED STREANFLOW-DATA PROGRAM FOR NE~.J MEXICO 

By 

John P~ Borland 

ABSTRACT 

A streamflow information system is proposed for New Mexico. 

This proposal resulted from a study in which the basic steps were 

(1) definition of the long-term program goals, (2) examination and 

evaluation of available data to determine which goals have been 

achieved, and (3) consideration of alternate programs and tech­

niques for meeting the remaining goals. 

The proposed program consists of both data collection and data 

analyses to efficiently provide the streamflow information required 

for (1) current water use and management, (2) planning and design, 

(3) determination of long-term trends, and (4) assessment of stream 

environment. 
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INTRODUCTION 

The streamflow program of the U.S. 'Geological Survey in New Mexico 

has evolved through the years as Federal and State·interests in surface-

water resources have increased and as funds for operating stream-gaging 

stations have become available. 

The beginning of surface-water investigations in New Mexico was 

in December 1888 when the Geological Survey established a· camp on the 

Rio Grande near Embudo for the purpose of training employees to make 

streamflow measurements. A gaging station was built near the camp and 

the collection of cont1nuous streamflow records starte.d on January 1, 1889. 

Two more stations were placed in operation·on the Rio Grande in that 

same year. In the years to follow, additional stations were built on 

the Rio Grande, San Juan, Piedra, Mora, and Sapello Rivers. 

In 1907, the Territorial legislature enacted the basic surface-

water code and established the position of Territorial Engineer, later 

to be State Engineer. This legislation resulted in a cooperative 

agreement be t~veen the Territory and the Survey which led to additional 

stations being built along the Rio Grande. The cooperative agreement 

was terminated in 1915 at ~vhich time the State assumed all responsibil~ty 

for the 62 stations then in operation on streams throughout the State. 
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On July 1, 1931, a cooperative agreement was again reached and 

an office of the Geo~ogic~l Survey was established in Santa Fe. A 

period of rapid expansion followed this resumption of operation by 

the Survey, as needs for streamflow data were generat~d by programs 

of the Bureau of Reclamation, Bureau of Indian Affairs, U.S. Army 

Corps of Engineers, and the Rio Grande Joint Investigation. A maxi-

mum of 329 stations were operated.-quring the period 1935-39. At the 

end of this period 159 stations remained in operation to fill the 

.needs for streamflow data. 

In 1949, a cooperative agreement was made with the State Highway 

Department to determine flood magnitudes on small streams. This re-

sulted in a program for the establishment and operation of crest-

stage gages~ The program was expanded in 1965 to include flood-

hydrograph stations to further examine the rainfall-runoff relation 

on small drainage areas. The present operation consists of 136 

crest-stage gages and 27 flood-hydrograph stations with the locations 

shown in figur~ 1. 

The stream-gaging progran has continued to expand during the 

years with the present operation consisting of 206 cqntinuous-record 

gaging stations. Locations of the stations are shown in figure 2. 

However, the increasing cost of operation, the restraint on funds and 

manpower, and the need for a grea~er variety of hydrologic information, 

made it imperative that a systematic evaluation of the streamflo\v-data 
progr~m be ~ade to determine ·how to apply the funds and ~anpower avail­
abli in order to best serve State and Federal interests. The ~urpose 
of this study is to evaluate the streanflow data program and use this 
evaluation to design a program that will most efficiently produce the 
types of information needed. The study was supported with Federal 
funds of the Geological Survey. ,. 
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The concepts and procedures used in this study are presented in 

detail by Carter and Benson (1970), and are summarized o~ly briefly 

.in this report. The basic steps are: _(1) definition of the long-term 

objectives of the streamflow data program in quantitative form, (2) ex­

amination and analysis o.f all available data to determine which objec­

tives have already been met, (3) consideration of alternate means of 

meeting the remaining objectives, and (4) preparation of a proposed 

program of data collection and analysis to meet the re.maining objectives. 
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HYDROLOGY OF THE STATE 

New Mexico is the fifth largest state in the Union with an area 

of 121,700 square miles. An indication of the semiarid nature of 

the State is that only 0.1 of a percent of its area is covered by. 

water. Precipitation varies greatly with a mean-annual rainfall of 

about 8 inches in the lower altitudes and about 24 inches in the 

higher mountains. 

Most of the principal streams in the State flow in a southern 

direction. The principal stream, the Rio Grande, flows almost due 

south through the central part of the State. The other principal 

streams are the Pecos River, a major tributary to the Rio Grande, 

and the San Juan and the Gila Rivers, which f~ow into the Colorado 

River in southern Utah and southwestern Arizona respectively. The 

Canadian River is the only principal stream which flows eastward, into 

Texas and eventually into the Mississippi River. 

The topography of the State is characterized by mountains, valleys, 

and large closed basins. Most of the perennial streams drain the high 

country, and are fed by snowmelt. It is not uncommon for some large 

streams that are considered to be perennial locally to be dry for long 

stretches in the channel. A majority of the streams in the southern 

half of the State are ephemeral and for months, sometimes years, are 

without flow, depending on summer rains for runoff. 
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CONCEPTS AND PROCEDURES USED IN THIS STUDY 

The first step in this study was the classification of stream­

flow data into four types and the second step was the setting of 

goals for the streamflmv program in terms of the elements to be. 

defined and the accuracy needed. The existing data are then eval­

uated to determine which goals have already been met. Finally, the 

unmet goals are the basis for the proposed program of data collec­

tion and analysis. The procedures used in this study are presented 

with reference to the general frame~vork shmvn in table ·1. 

Data for current uses.· such as day-to-day decisions on water 

management, assessment of current water availability, management of 

water quality, forecast of water hazards, and the surveillance nec­

essary to comply with legal requirements are commonly obtained by 

operating a gaging station at the site under investigation. This 

element of the program is not subject· to design but· changes in response 

to needs. 
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Table 1.--Framework of design of data coll~ction program 

Planning and Design 

Natura I Flow Regulated Flow Long-una trends Strea111 envi rqNIIent 

HI nor screams Principal streams 

To provide Information on statistical characteristics of flow at any site on any stream to tho To provide e long-urna To descrIbe the hydro log! c 
spec! fled accuracy. d11ta bue of hcwnogene• envl ronment of stream 

ous records on natural• channeh and dr.tlnage bulnt. 
flow streams. 

Ful I range Ful I range Ful I range Fu I I range Fu I I r•nge 

Equivalent to 10 yean Equivalent to 10 Equivalent to 25 Highest obtainable As requIred 
of record. years of record. years of racord. 

Relate flow charactcrls- Develop generalized Uti lin analytical model Operate a number of Oburve and pub lith I nfor.,.. 
tics to dro~inage basin relations that account of s treom s-;stelll wl th carefully ulected gag• tlon on scre11., anvironment. 
charo~cterl stl cs using for the effect of ttor• observed data as Input to lng stations lndeflnl uly 
da U for gaged bul ns. age, diversion or rogu• compute homogeneous 

latlon on natural flow records for both na turel 
chuac.torl sti cs. flow conditions and 

present conditions of 
dcve I opment. 

Develop relationship Appral se type of regu• ldentl fy strecJm systems Select two stations In Evaluate Information avai Ia-· 
for edch flow charactorls• l;nlon, data 01vallable, that shou I d bo studIed each \IRC subregIon to ble In relation to goah. 
tIc and c001pare standard and areas where re Ia- using model approach operate lndeflnl tely 
error wl th accuracy goal. tlonshlps are needed. and determine data ra• for this purpose. 
Evaluate sample. qui rement5. 

Identify goals that have not been •ttalned. 
Consider alterno~to means of attaining go•ls.· 
Identify elements of future program. 
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Data used for planning and design are cormnonly the statistical 

characteristics of streamflow such as mean dischirge, the floods of 

10, 25, or 50-year recurrence intervals, flood volumes of 1, 3, or 

·7-day duration for vario·us recurrence intervals, and 7-day low flows 

of 20-year recurrence intervals. These and other characteristics 

can be obtained from gaging-station records. Although a long record 

is desirable for defining statistical streamflm.r characteristics at 

a site, it is not feasible to collect records at every site where it 

may be needed. A number of such records are required to provide in­

formation that can be ~ransferred to ungaged sites, or to sites where· 

little streamflow data are available. 

The transfer of information on streams ·having natural flow may 

be done by relating flow characteristics to basin characteristics such 

as drainage area, topography, and climate; by r~lating a shor~ record 

to a longer one, or by interpolating between gaged point~ on a stream 

channel. 
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The definition of flow characteristi.cs of a regulated stream is 

often complicated because of changes in flow during the period of 

record. Frequently it is not possible to obtain a long record under 

one condition of development. Transference of flow characteristics 

from one point to another on a regulated stream is difficult because 

the procedures used for. natural streams, such as regression or interpo-

lation~ do not apply. A systems approach seems to be the most efficient 

way to define the flm.v .characteristics of regulated streams. This ap-

proach requires some sort of analytical model of the stream system 

using as inputs, streamflow records, stage-capacity curves for reservoirs, 

operating rule curves for the release of water, losses due to evaporation 

and seepage, stream-channel geometry, and records of diversions and re-

turn flows including ground-water pumpage and aquifer characteristics. 

The model and associated data can be used to deFive homogeneous data 

for both natural and regulated conditions. 

Data to define long-term trends in stre~mflow can only be obtained 

by operating gaging stations indefinitely on a few natural streams. 

The records from these gaging stations will either affirm that the 

characteristics defined from the present records are good estimates of 

the long-term characteristics, or they will provide a basis for ad-

justing. those short-term characteristics. 

Environmental data describe the external features that affect the 

occurrence and use of streamflow, especially those features that re-

late to the use of water for recreation, waste disposal, conjunctive 

surface water-ground water supply, preservation of the aesthetic 

~character of water features, and use of the flood plain~ 

17 



GOALS OF. THE: NE~.J ME..'<I.CO STRE.AHFLOH~DATA PROGRAM 

The objective of the New Mexico streamflow-data program· is to 

provide information on flow at any point on any stream. Within this 

general objective, specific goals are set for· each of the four types 

of data that represent the particular information needed. 
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nata For Current Use 

The program goal for this type of data is to provide the par­

ticular information needed at specific sites for current use. Accu­

racy goals at a given site~ as specified by the data user,· can be met 

by intensive observation, or by more sophisticated instrumentation as 

needed. 
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Data For Planning And Design 

The goal for this type of data is to define ·the statistical 

flow characteristics listed in table 2 within the given accuracy. 

This definition applies not only to all streams with natural flow, 

but also to those streams that are affected by regulation and di­

version. 

For the purpose of this study ·streams are class.ified as natural 

or regulated and further subdivided into principal and minor stre~~s. 

In determining whether a stream is principal or minor more considera­

tion was given to its economic value to the area or State than to the 

size of its drainage area. There are ephemeral streams with large 

drainage areas ·that yield little water and hence are considered 

minor in this type of determination. All principal streams in 

New Mexico are subject to regulation and therefore no further sub­

division was made under natural flow. 
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In using past hydrologic experience to appraise the probability 

of future occurrences, some error must be tolerated. Natural stream­

flow, like other events related to climate, is generally random in 

occurrence and varies· greatly in time and space. Statistical tech­

niques used in the analysis of random events, therefore, are con­

sidered applicable. ·Measures of variability with time of annual 

mean flow and other streamflow characteristics are determined from 

the historical streamflow data, and the probable errors involved in 

defining streamflow characteristics can be appraised. The principal 

measure of the accuracy with which a particualr streamflow character­

istic can be determined is the statistical measure of error, "standard 

error of estimate", and is expressed in this report as a percentage of 

the average value of the characteristic. The standard error is the 

estimated limit above and below the average within ~vhich about 

67 percent of future values of the characteristics are expected to 

fall. Converse!~,· there is only one chance in three that future values 

will differ from the average by more than one standard error. 

The accuracy goals shown for each flo\~ characteristic are equiv­

alent to 10 years of observed record for minor streams and 25 years 

of observed record for principal streams. The standard errors were 

calculated from a theoretical relation of standard error to an index 

of variability (for Ne\v Hexico streams) and selected number of years 

of record. 
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In general, the longer the record, the more reliable are the 

estimates of probable future occurrences. However, even with a long 

recor~, say 50 to 100 years or more, it is not possible to dete~mine 

with great precision the probability of certain flow characteristics 

such as floods of a given magnitude, for example. The standard 

error of various streamflow parameters decreases with the years of 

available record, but at a decreasing rate, as show~ in figure 3. 

The incremental economic value of the additional years of record be-

yond a reasonable limit in the planning and design of projects is 

under continuing study, but no usable guidelines are available nmv. 

i 
. I 
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At sites on natural-flow streams where streamflow records are 

not available, an objective of the study is to define streamflow 

characteristics by means of the relation between the streamflow para­

meter and the characteristics of the drainage basin. This definition 

is normally accomplished by multiple-regression analysis, ·a statistical 

method of handling sample data that relate a streamflow characteristic 

to the topographic and climatic characteristics that affect streamflow. 

In many areas this analysis produces a regression equation that 

can be used to compute flow characteristics at any point on natural 

streams. The standard error of a regression equation provides a 

measure of the accuracy of an estimate made from the equation for an 

ungaged·site. The "standard error of prediction" may also be compared 

with the error associated with the same characteristic defined from a 

given number of years of record in order to determine whether .the 

accuracy objective has been ·met. 
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Table 2.--Accuracy goals 

·Streamflow character is tic Standard error (percent) 

Mean annual discharge ---------------

Standard deviation of annual 
discharge ---------~---------~~~~--

Mean monthly discharge (average) 

Standard deviation of monthly 
discharge (average) ---------------

50-year flood -----------------------

7-day 2-year low flow ---------------

7-day 20-year low flow --------------

7-day 50-year high flow -------------

·25 

10 years 25 years 

22 14 

22 14 

33 21 

.22 14 

65 40 

22 13 

32 20 

48 30 



Data To Define Long-term Trends 

The goal for this type of data is to operate indefinitely a 

small network of gaging stations on streams that are expected to be 

relatively free from man-made changes~ One or two stations should be 

located in each major drainage area in the State, and stations should 

be located on streams that differ in physical characteristics. 
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Data On Stream Environment 

Environmental data describe the flow, the stream channel, and 

the basin in terms that will be valuable in planning the use of the 

stream for any purpose such as recreation, waste disposal, conjunc­

tive surface water-ground-water supply, and iri guarding against water 

hazards. The long-range goals for this type of data in New Mexico 

are to provide on any stream where heeded the information given b~lo~:· 

1. Stream channel geometry including widths, depths, slopes, 

hydrauli~ roughness, bars and berms, and description of 

bed and bank material. 

2. Profiles of flood elevations and area subject to inundation 

by floods. 

3. Data on land use including irrigated acreage, water storage, 

urban areas, cultivated~ and forested acreage. 

4. Time of travel of solutes in channels. 

5.· Data on location, extent, and characteristic of aquifers 

that are hydraulically connected to stream channels. 

6. Basin characteristics: area, shape, land and stream slopes, 

geology and soils. 

7. Climatic characteristics. 

8. Recreational aspects of runoff. 
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EVALUATION OF EXISTING DATA IN NE\~ MEXICO 

In this evaluation all available data are considered and analyzed 

in relation to program objectives. A separate evaluation is made 

for each of the four types of data. 

28 



Data For Current Use 

More than one-half of the gaging stations in New Mexico are 

operated to provide data for current use. It is assumed that the 

need for this type of data is being met, and that this part of the 

program will be modified as requirements change. The 136 gaging 

stations operated in New Mexico to satisfy the need for current 

data and the principal uses of· the data ·are identified· in table A~l. 
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Data For Planning And Design 

Statistical characteristics of streamflow can be defined by 

sample gaging, analytical methods of regionalization, systems 

studies, or any combination of the three. The following discus­

sion of the evaluation of this type of data follows the framework 

shown in table 1. 

~. 
·, 
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Evaluation of the natural-flow system 

The purpose of the evaluation of the natural-flow system is to 

determine how accurately the statistical characteristics that are 

listed as· goals are defined by regionaliza.tion of the data now 

available. 

The most effective way now known for defining statistical stream­

flow characteristics on a broad scale is to relate the streamflow 

characteristi-cs to basin characteristics in equations developed by 

use of multiple-regression techniques applied to past data. Once the 

equation and its constants are defined, streamflo~..r characteristics for 

a specific site in a given basin can be computed by substituting the 

appropriate values of the hydrologic variables in the formulas. 

The 64 daily s treamflm..r records used in the analysis and shmvn in 

figure 4 are those having 10 or wore years of virtually unregulated 

flow, or flow that can be adjusted to natural conditions. For the 

analysis of peak discharges only, a combination of 163 continuous and 

crest-stage gage records having 8 or more years of virtually unregulated 

flow, or flow that could be adjusted to natural condition~ were used. 

The location of these stations is shown in figure 5. Flow characteristics 

were not adjusted to a base period, and because of regulation, not all 

flmv characteristics ~.;ere defined for each daily discharge record. At 

sorne stations, regulation materially affected low flows but insignifi­

cantly affected peaks. No records on large streams were used because 

these streams are regulated. 
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Figure 4.--Location of gaging stations used in all regression analyses. 
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Figure 5.-- Loco tion 1t,lf gaging stations used in regression ana lysis for peak flows .. 
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Streamflow characteristics 

The follow~ng streamflow charact~ristics defined at gaging sta-

tions include 'the full range of flow and represents those required 

for planning and design: Table A-2. shows selected. streamflow charac-

teristics for station~ used in the analysis. 

a. Low-flow characteristics are the annual minimum 7-day 

mean flows at 2-year, 5-year, 10-year, and 20-year 

recurrence intervals (~17 , 2 ,M7 , 5 , etc.). These were de­

termined from graphically drawn low-flow frequency curves. 

b~ Flood-peak characteristics are represented by discharges 

from the annual flood-frequency curve at recurrence 

intervals of 2, 5, 10, 25, and 50 years. In this report, 

these peak-flotv rates are denoted as P 2 , P 5 , · •. , P 50 · 

frequency curves were prepared as described by the \-later 

Resources Council (1967). 

c. Flood-volume characteristics represent the annual highest 

flow for 1-day, 3-day, and 7-day periods at recurrence 

The 

intervals of 2, 5, 10, ·25, and 50 years. These character-

istics are noted symbolically in this report as 

V V V 
0 

etc. They were determined from fre-
1,2, 1,5, 3,1 , 

quency curves prepared as described by the Hater Resources 

Council (1967). 

d. Mean-flo~v characteristics are described by the mean of the 

annual means, Q , and by the means of record for each 
a. 

calendar month, Q , where the subscript refers to the 
n 

numeriq,al order of the month beginning with January as 1. 
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e. Flow-variability characteristics are represented by the 

standard deviation of the annual and monthly means. 

The symbols used are, respectively, SD and SD , where . a n 

the subscript n refers to the numerical order of months 

with January as 1. 
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Drainage-basin characteristics 

Drainage-basin characteristics defined for this study are: 

Drainage area, (A), in square miles, is the total drainage area up-

stream from the gaging~station site and is that sho~vn in the latest 

published·u.s. Geological Survey reports. 

Main channel length, (L), in miles~ is the length of the main 

channel between the gaging station and the basin divide measured alortg 

the channel which drains the largest area, using the best available· 

maps. 

Elevation at gage, (E), in 1,000 feet above mean sea level,· is the 

elevation of the gage determined from the best available maps. 

Mean basin elevation, (E), in 1,000 feet above mean sea level, is 
m 

the average of the elevations at 10 and 85 percent of channel length, 

as used by Benson (1964). 

Shape factor, (Sh)' dimensionless ratio, is equal to the main channel 

length squared, d~vided by drainage area, L
2

/A. 

Main channel slope, (S), in feet per mile, is the average slope be-

tween points 10 and 85 percent of the distance from the gaging site 

to the basin divide (main channel length). The main channel slope 

was computed as the difference in elevation, in feet, at the 10 and 

85 percent point~ divided by the length, in miles, between the two 

points, using the best available topographic maps. 

Storage factor, (St), area of lakes and ponds, expressed as a percent 

of the drainage area with 1 percent added. 
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Mean annual precipitation, (Prn), in inches~ was determined for each ba~in 

from an .isohyetal map prepared by the U.S. Weather Bureau (no date b). 

The parameter used was.mean annual precipitation minus 7.00 inches. 

Mean October through April precipitation, (Pa), in inches, was de­

termined for each basin from an isohyetal map prepared by the 

U.S. Weather Bureau (no date a}. 
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Mean May through September precipitation, (Ps), in inches, was de-

termined for each basin from an isohyetal map prepared by the 

U.S. Weather Bureau (no date b). The parameter used was mean May 

through September precipitation minus 3. 00 inches. 

Rainfall intensity, 2 year 24 hour, (1), in inches, was determined 

for each basin from rainfall intensity map prepared by the 

U.S. Weather Bureau. 

Mean Minimum Januarv temuerature, (T), in degrees Fahrenheit·, 1;.ras 

determined for each basin from. maps published in the U.S. Weather 

Bureau series (Climates of the States). 

Latitude of center of drainage basin, (LA), in degrees minus 30, 

determined to nearest degree using the best available topographic maps. 

Longitude at center of drainage basin, (LO), in degrees minus 100, r..ras 

determined to nearest degree using the best available topographic maps. 

Soils infiltration index, (S.), is an index of soil infiltration 
' ~ 

capacity calculated by the U.S. Soil Conservation Service from in-

formation on soil type, cover, and agricultural practices divided 

by 10. 

Values of the above basin characteristics for each of the 

163 gaging stations used in the analysis are listed in table A-3. 
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Regression analysis 

The next step was to relate each of the streamflow characteris-

tics to basin and climatic characteris~ics in equati~ns developed by 

using multiple regression techniques. The equation has the form 

, where Y is a statistical streamflow charac-

teristic; A, S, and P are topographic or climatic characteristics; 

a is ihe regression constant; ~n~bi~· b~~ and b
3 

are exponerits 

obtained by regression. This method _is described by Benson (1962). 

In this study all 15 of the basin characteristics were used initially 

in each regression. The computer was programmed to calculate the 

regression equation, the standard error of estimate, and the signi-

ficance of each basin parameter. It was programmed then to repeat 

the calculations, omitting the least significant basin parameter in each 

calculation until only the most significant basin_para~eter·-remained. 

After relations for a given streamflow characteristic had all been 

computed,_ the entire computation process was repeated using another 

streamflow characteristic along with the same set of basin character-

is tics. 

Table A-4 shm-rs, for each of 50 streamflmv characteristics, the 

regression constant, the regression coefficient (exponent) for all 

statistically significant basin parameters, and the standard error. 

The standard errors shm-1n in table A-4 should be compared Hi th 

the corresponding values of table 2 to determine tvhether the accuracy 

goals have been met. 

!1. 
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Adequacy of flow characteristi.cs estimates 

Comparison of the standard errors of estimate in table A-4 with 

the accuracy goals of table 2 indicates that regression relations de-

fined in this analysis are of in~dequate accuracy to meet the goal~ for 

planning and design data. To meet the goals there is therefore a need 

either for additional streamflow data, or improved technique for trans-

ferring available data, or for both additional data and improved analysis. 

Regression relations were defined in this analysis on the assumption 

that the relation bet'>veen flow and basin c~1e.1·acteristics is linear if 

all characteristics are transformed to logarithms. Alternate trans-

formations or model forms may be more useful and provide more reliable 

estimates. Also, the regression study used as independent variables 

only those basin characteristics that could be readily obtained from 

maps or available data. Additional or alternate variables, which might 

require measurements in the basin such as channel size and shape, or 

soil characteristics, might improve the estimating relations. More 

detailed analysis obviously offers promise of improved regression re-

lations. 
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The success of improving and using regression relations for 

estimating design and planning flow information depends upon the 

adequacy of the sample of flow records used in the analysis. Ideally, 

the sample will include long-term records on areally distributed basins 

which sample the range of characteristics that exist in New Mexico. 

Inspection of the basin characteristics in table A-3 shows that daily 

flow records over 10 years in length sample a wide range of characteristics 

on basins of a size greater than 10 square miles, and flood records over 

10 years in length adequately sample the range of characteristics for 

bas ins of all sizes. Hmvever, figures 4 and 5 shmv that the areal 

distribution gages could be inproved, and study of flmv records indicates 

that there is need for a sample of records on ephemeral streams. 

As an ~lternate to use of regression relations defined from basin 

characteristics, other methods might be considered for transferring 

planning and design information to ungaged sites. Most alternate 

methods require obtaining some information at the design point. For 

example, Riggs (1969) proposed a method for def~ning mean annual flows 

from mid-month dis charge measurements over a period of time, ~Ioore (19 68) 

suggested methods of estimating mean flows from runoff-altitude relations, 

or from channel width-depth measurements. In general, the flow data 

.needed to develop these alternate techniques is the same as required 

for defining regression relations.· 
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Evaluation of the regulated-flow S:fStem 

The goals for regulated streams are more difficult to attain 

because the technique of regionalization does not apply, the cha.r-

acteristics are not necessarily stationary in time and a meaningful 

correlation seldom exists between flm.rs at t,..ro sites if at least one 

of th.e flm.rs is regulated. A sys terns approach may be used to define 

the characteristic of regulated strea~flow under different patterns 

of regulation, or under the condition of natural flow. Systems 

studies for all of the regulated-streams systems in Ne'tv Mexico will 

require a major effort. Therefore, the present evaluation is 

limited to identifying the regulated streams in Ne'tv Hexico and 

evaluating the amount of data available. 

The stream systems in New Nexico materially affected oy.diversions 

for irrigation and reservoir regulation are: Rio Grande, Pecos, Rio Chama, 

Cimarron, Canadian, San Juan, Gila, and San Francisco Rivers. The 

Rio Grande, Gila, Canadian, and San Juan Rivers are major interstate 

streams with complex regulation patterns; system studies for these · 

streams should not be limited to the parts in Ne~.r Nexico. 

Streamflow records obtained before and after reservoir or major 

diversion channel construction and records of reservoir contents, 

diversions and inflows will be useful and necessary for system studies. 

Available records for regulated Ne'tv Mexico streams are shm·1n in 

table A-1. Daily records of reservoir· contents and canal flmvs are 

available for selected sites in the most regulated basins. 
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Data To Define Long-term Trends 

At pres~nt, t~vo stations, Rio Mora near Terrero and Mogollon 

·Creek near Cliff, are designated as long-term trend stations and are 

to be ope'rated indefinitely. Due to the variable climatic and 

hydrologic conditions in New Mexicoi additiorial long-term trend statiqns 

should be operated. Several existing gages that have a long period of 

accurate record on natural streamflows from basins that are expected to 

remain in a natural condition in the future would qualify for selection 

as long-term trend stations. 
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-I 

Data On Stream Environment 

Many environmental factors were determined for the drainage 

basins used for the present study, particularly basin characteristics 
I 

such as drainage area, stream slope, land elevations, channel shape, 

area of lakes and ponds, mean annual precipitation, and rainfall 

intensity. 

Flood plains have b~en outlined on 16 topographic quadrangle 

maps and flood profiles defined for selected streams. Detailed 

channel surveys have been made at the two long-term trend gaging sta-

tions. Channel surveys have been made at many sites in connection 

with indirect determinations of peak flows for unusual floods. 
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THE PROPOSED PROGRAH 

The information developed in different segments of this study 

has been merged and applied in planning a streamflow-information· 

program that would eventually attain as many of the remaining goals 

as possible within the limits of available funds. For the optimum 

program a balance must be maintained between data collection and 

data analysis as continuous interaction between the two is needed, 

not only to gain a better understanding of the hydrologic system, 

but also to guide future evaluation of the program in meeting ever­

changing needs and in adapting to changing technology. 
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~·· 

Data Collection 

Data for current use 

Operation of the 136_stations; identified as presently meeting 

the needs for current-purpose data (table A-1), should be continued. 

The changing needs will be assessed continuously, and the data­

collection network will be modified by adding or discontinuing sta­

tions as needs change for current-purpose data. Also the needs for 

this type of data will be examined for each site, and a determina­

tion made as to whether a continuous record of daily discharge is 

required or a measure of a specific-flow characteristics such as 

peak flow or instantaneous flow, would suffice. 

!I 
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Data for planning ~nd design 

Natural-flow streams 

None of the flow characteristics required for planning and design 

can be estimated by defined regression relations with an accuracy 

adequate to meet the goals. To p~ovide planning and design data .of 

desired accuracy will require additional data, improved or alternate 

analyses, or both additional data and improved or alternate analyses. 

Selection of a gaging net~vork to obtain additional natural-flmv 

data requires considering the adequacy of sampled drainage basins and 

the required length of flmv _records on those basins. In general, the 

proposed future daily discharge gaging network was selected to improve 

the areal distribution of gaged basins, to increase the sample of 

ephemeral streams, and to maintain only a limited number of gages "tvith 

records of more than 15 to 20 years (a 15 to 20-year record is assumed 

to be adequate for defining the flow characteristics needed in analyti­

cal studies). The existing net~.;ork of partial-record flood gages should 

be continued in operation until 10-15 years of data are available at 

each crest-stage gage site and ·until enough data are available to de­

fine a rainfall-runoff model for each flood-hydrograph-rainfall gage 

site. 
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On this basis the follmving daily discharge gages, with over 

10 years of record are not recommended for continued op.eration in 

the future program: 

Station no. Station name Years record 

07214800 Rio la Cas a near Cleveland 13 

08263000 Latir Creek near Cerro 32 

08284500 Willow Creek near Parkview .32 

08291000 Santa Cruz River at Cundiyo 39 

08289000 Rio Ojo Caliente at La Madera 36 

08321500 Jemez River below East Fork 12 
near Jemez Springs 

08323000 Rio Guadalupe at Box Canyon 11 
near Jemez Springs 

08334000 Rio Puerco above Chico Arroyo 18 
near Guadalupe 

08380500 Gallinas River near Montezuma 53 

08393600 North Spring River at Roswell 11 

In an effort to improve the areal distribution of gaged basins 

the follo~ving daily discharge gaging stations, which had been discontinued 

after a short period of operation, are recommended for reestablishment: 

Station no. Station name 

08080600 Running \-later Draw near Clovis 

08330500 Tijeras Arroyo ·at Albuquerque 

08348500 Encinal Creek near Casa Blanca 

08480700 Indian Creek near Three Rivers 
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To better define the streamflow characteristics on natural-flow 

ephemeral streams the conversion of the· follo\ving crest-stage gages 

to daily discharge record sites for a period of 10 years is recommended. 

Station no. 

07154400 

07201000 

. 07225000 

07225500 

07227295 

08317600 

08321900 

08331650 

08341300 

08353500 

08363100 

08383300 

08385600 

08385700 

08437620 

08492500 

08350800 

09367950 

09386100 

09438200 

Station name 

Carrizozo Creek near Kenton, Okla. 

Raton Creek at Raton, N. Mex . 

Pajarito Creek at Ne\..rkirk, N. Mex. 

Ute Creek near Gladstone, N. Mex. 

Sandy Arroyo tributary near Clayton, N. Mex. 

San Cristobal Arroyo near Gali~teo, N. Hex. 

Rio de las Vacas near Senorita, N. Mex. 

Ganado Nontoso near Scholle, N. Mex. 

Bluew·ater Creek above Blue\..ra ter Dam 
near Bluewater, N. Mex. 

LaJencia Creek near Magdalena, N. Mex. 

Rio. Grande tributary near Radium Springs, N. Hex. 

Pintada Arroyo near Santa Rosa 

Yeso Arroyo near Fort Sumner 

Cloud Canyon near Gallinas, N. Mex. 

Monument Dra\v tributary near Nonument, N. Hex. 

Cornucopia Canyon near Pinon, N. Mex. 

Vaqueros Canyon near Gobernador, N. Mex. 

Chaco River near Wa terflm..; 

Largo Creek near Quemado, N. Mex. 

Animas Creek near Cloverdale, N. Mex. 
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· Regulated-flow, minor streams 

Flows of numerous minor streams in New Mexico are affected by the 
. . . 

works of man; for example, ·by small reservoirs, by .diversion for and 

ret.urn from ir~igation, and by runoff fro~ urban areas. In general, 
. . 

systems studies of all mino·~ str~ams are impractical· because of the 

great number of streams and because the costs of systems studies may 

exceed the planning and design benefits resulting from accurate hydro-

logic data. Generalized estimating relations, similar to the regression 

relations for natural-flm..r characteristics, ,.,ill be required also for 

regulat~d minor streams, and may be defined from a representative sample 

of gaged basins. Probably the most important of these regulated minor 

stream planning and design flow characteristics are: 

(1) Floodflows below reservoirs and-stock ponds,. 

(2) Floodflows in urban areas, 

(3) Annual and seasonal f lmvs belmv reservoirs and ponds. 
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Some data on these flow characteristics is currently being ob-

tained, and except for tho~e site~ with over 20 years of record for 

unchanged regulation ~onditions, these gages should continue in opera-

tion in the future program. Gages with over 20 years of record for 

unchanged conditions are considered to have adequate data for defini-

tion of the regulated flow characteristics. Although detailed in-

form~tion on regulation patterns yet may need to.be obtained, no 

additional flow data are required at the following sites: 

Station no. Regulated minor streams Years record 

07211000 Cimarron R. at Springer, N. Mex. 44 

07215500 Mora R. at La Cueva, N. Mex. 41 

07216500 Mora R. nr. Golondrinas, N. Mex. 51 

07218000 Coyote Cr. nr. Golondrinas, N. Mex. 40 

08268500 Arroyo Hondo at Arroyo Hondo, N. Mex. 52 

08342000 Blue\vater Cr. nr. Blue"~;va ter, N. Mex. 46 

08343000 Rio San Jose at Grants, N. Hex. 27 

08343500 Rio San Jose nr. Grants, N. Mex. 32 

08351500 Rio San Jose at Correa, N. Mex. 25 

08352500 Rio Puerco at Rio Puerco, N. Hex. 34 

08390500 Rio Hondo at Diamond "A" Ranch 29 
nr. Ros"~;vell 

09367500 La Plata R. nr. Farmington 30 

Insufficient data currently are available to define the desired 

generalized equations for estimating flow characteristics on regulated, 

minor streams. No specific additional gaging sites are recommended, 

but it is emphasized that this type of data collection should receive 

more effort inN~~ Mexico. 
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Regulated flow, principal streams 

For the purpose of this study. consideration of this category of 

data was limited .only. to identifying the regulated-stream systems 

and available data. In New Mexico these are: Rio Grande from Colorado 

to ~exas,. Pecos River below A~amogordo Dam, San Juan River below Navajo 

Dam, Canadian River below Cimarron River, and Gila River belo1;v Duncan 

Valley .. Priority should be gi~en to the Rio Grande, Pecos, and San 

Juan Rivers, in that order, as funds become available for systems 

analysis. 

The proposed programs should include provisions to continue the 

collection of records· of 'inflmv, ·outflow, reservoir contents, diver­

sions, operation schedules, and other pertinent hydrologic data at the 

major reservoirs in the regulated-streams systems. 

However, gaging stations in the~e basins that have more than 25 

years of record ~nder the existing regulation conditions and that are 

not ciassified for another type of data collection need, are not recom­

mended for continued operation in the proposed net~;vork. These stations 

are: 

Station no. 

07224500 

08319000 

Regulated Principal Streams Years record 

Canadian R. below Conchas D&~, N. Mex. 27 

Rio Grande at San Felipe, N. Mex. 43 
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Data to define long-term trends in streamflow 

The two stations operated for a short time for this ~urpose in 

the current pr6gram should be continued in operat~on indefiniiely._ 

As i part of this study, 12 additional stations in the present pro-

gram have been designated as long-term trend stations. These should 

be operated indefinitely to meet the needs for this type of data. 

The additional stations were s~lect~d to provide ~ long-terci sample 

reflecting areal coverage of the State, a range of drainage area 

size, and a variety of climatic and physiographic characteristics. 

The 14 stations identified in this category and proposed for opera-

tion indefinitely are listed in table 3 and shown in figure 6. 

r ·\ 
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Table 3.--Proposed gaging stations for monitoring long-term trends· 

Station no. 

07208500 

. 07222500 

08271000 

08340500 

08360000 

08377900 

08378500 

08408500 

08477200 

08480700 

0848:L500 

09367950 

09386900 

09430600 

Station name ·Drainage area 

Rayado.Creek at Sauble Ranch,· 
near Cimarron, N. Mex. 65.0 

Conchas River at Variadero, N. Mex. 52.3 

Rio Lucero near Arroyo Seco, N. Mex. 16.6 

Arroyo Chico near Guadalupe, N. Mex. 1,390 

Alamosa Creek near Monticello, N. Mex. 403 

Rio Mora near Terrero, N. Mex. 53.2 

Pecos River near Pecos, N. Mex. 189 

Dela1;vare River near Red Bluff, N. Mex. 689 

Iron Creek near Kingston, N. Mex. 
(presently operated as flood-
hydrograph station) 0.74 

Indian Creek near Three Rivers, N. Mex. 
(presently operated as flood-
hydrograph station) 6.8 

Rio Tularosa near Bent, N. Mex. 120 

Chaco River near Waterflow, N. Mex. 
(presently operated as crest-stage 
gage) 4, 350 

Rio Nutria near Ramah, N. Mex. 71.4 

Mogollon Creek near Cliff, N. Mex. 69 
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37 l 

--~ River basin boundary 

Figure 6.--Location of additional goging stations for proposed program. 
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Data analysis 

The streamflow-data network operated through the.years supplies 

a base for analysis aqd reports thereon which should be started as 

soon as the proposed .streamflow-data program can be implemented. 

Some aspects .of data analys.is are of a continuing nature, with the 

data collection effort continuing, reoriented as. necessary to fill 

gaps or eliminate deficiencies, and provide data for continuing 

future a·nalys is. 

The proposed program of data analysis for Ne~.; Mexico streams may 

be classed in two phases--those based.on data collected to date, and 

t~ose for which additio~al data will be required. 

Studies with available data - Efforts must continue to define 

improved methods for .estimating planning and design information on 

natural-flow streams. Alternate forms of the regression model may 

provide more reli,able estimates. Considerable effort might be ex­

panded to define variables that adequately describe geology, pre­

cipitation, ~nd the effects of soils and storage. Channel geometry 

measurements seem to offer excellent promise as basin characteristics, 

especially for mountainous areas where precipitation indices are 

poorly defined. Base flow.measurements may be an excellent tool for 

delineating hydrologically similar areas, and thus may describe a 

·geologic index. Several other basin indices also may be improved by 

more detailed analyses. 
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Using currently avai.lable data, the follmving analyses and 

app.ropriate reports should be scheduled for completion as soon as 

practical: 

1. ¥agnitude and frequency of peak flows--an update of .the 

report, ''Magnitude and frequency of floods in New Mexico," 

which was prepared in 1962 and used discharge records 

through 1959. 

2. Flood-volume-frequency and storage requirements. 

3. Statistics of mean annual, seasonal, and monthly flows. 

4. Low flow characteristics of perennial s'treams. 

5. Flood warning maps. 
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Studies of forthcoming data - Utilizing available data to the 

extent possible, but depending on the collection of additional data 

specifically required, the following studies ~hould be initi~ted as 

a part of ·the proposed streamflow data program. 

1. Regulated-streams system~, giving first priority to the. 

Rio Grande and Pecos River basins. 

a. Study of channel gains and losses in the lower Rio Grande, 

evaluating the effect of bank storage during the study. 

b. Evaluate the effect that ground-water pumping has upon 

streamflow in selected basins. 

c. Study characteristics of reservoir released and flood waves. 

2. Time of travel and dispersion of solutes in selected streams 

in New Mexico. 

3. Areas inundated by flood\-laters and flood profiles on principal 

streams in the State. 

4. Frequency of flooding in urban and suburban areas. 

5. The effects of small reservoirs and ponds on s treamflmv 

characteristics. 

These are only a fe\v of the data analyses and hydrologic studies 

that should be made in Ne\-7 Hexico. Changing needs for s treamflmv 

information and changing technology in water-related fields must be 

continuously evaluated in light of the data analysis that should be 

generated under the s treamflmv data program for Ne\v Nexico. 
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Appendix A-1.--Gaging stations in operation and proposed for network 

Column 1: B, ·benchmark or long-term-trend station. 

Column 2: C, current-purpose station; [], stati~n 
Is no longer needed for the purpose indicated. 

Columns )-5: Purposes for which current-purpose 
station Is operated; 1, assessment; 2, operation; 
), forecasting; 4, disposal; 5~ water quality; 
6, compact or legal; 7, research or special study. 

Column 6: P, principal-stream station; H, hydrologic 
station except when classified as· P; R, regulated 
stream; (], station Is no longer needed for the 
purpose Indicated. 

Column 7: Describes the effect of regulation or 
diversion on low flow and monthTy flow; blank, no 
appreciable effect; r, no appreciable effect on daily 
flow (diurnal fluctuation only); 2, no appreciable 
effect on weekly low flow; 3, monthly flow not ap­
preciably affected by diversion or affected not over 
10 percent by regulation; 4, monthly flow affected,· but 

Stat I on 
number Station name 

07153500 Cimarron R. nr. Guy, N. Hex. 
7154400 Carrizozo Cr. nr. Kenton, Okla 
7199000 Canadian R. nr. Hebron, N. Hex. 
7201000 Raton Cr. at Raton, N. Hex. 
7203000 Vermejo R. nr. Dawson, N. Hex. 

7204000 Horeno Cr. a~ Eagle Nest, N. Hex. 
7204500 Cleneguilla Cr. nr. Eagle Nest, N. Hex. 
7205000 Slxmi le Cr. nr. Eagle Nest, N. Hex. 
7206000 C lmarron R. blw Eagle Nest Dam, N. Hex. 
7207000 Cimarron R. Nr. Cimarron, N. Hex. 

7207500 Ponti Cr. nr. Cimarron, N. Hex. 

published data available to adjust to natural 
conditions with an error of less than 10 percent 
(Adjustments limited to diversions that completely 
bypass the station and to not more than two 
reservoirs.); 5, effect of r~gul~tlon has not been 
evaluated; 6, effect on daily flow appears (more 
than 10%); 7, effect on weekly flow appears (more 
than 10%); 8, effect on monthly flow appears (more 
than 10%) ~nd data is not avai table to adjust to 
natural flow with an error of less than 10%: 9, 
effect of regulation varies from month to month or 
season to season. · 

Column 8:. Indicates the effect of regulation on peak 
·flow; blank, no appreciable effect; 1, annual peak 

flow by less than 10 percent; 2, annual peak flow 
affected by more 'than 10· percent; 3, annua I peak 
flow affected by undetermined amount. 

Column 9: Describes how the station Is financed; 
1, federal 2, coop program; 3, OFA; 4, combination 
of 1 and 2 5, combination of 1 and 3; 6, combination 
of 2 and 3 7, combination of 1, 2, and 3. 

( 1) (2) (3) (4) (5) (6) (7) (8) (9) 

c .. 5 R 5 2 
H 2 

c 5 R 5 2 
H 2 

c 5 H 3 2 

c 2 R 9 1 2 
c 2 R 9 1 2 
c 2 H 9 1 2 

R 6 2 2 
1\ 6 2 2 

c 2 H 9 2 
7208500 Rayado Cr. at Sauble Ranch, nr. Cimarron, N. Hex. B c 1 3 H 2 
7211000 Cimarron R. at Springer, N. Hex. [R) 6 2 

72U500 Canadian R. nr. Taylor Springs, N. Hex. c 5 R 9 3 
7214500 Hera R. nr. Holman, N. Hex. c 2 R 9 2 

7214800 Rio Ia Casa nr. Cleveland, N. /"''ex. [H) 3 1 2 
7215100 La Cueva Canal biw wasteway at La Cueva, H. Hex. R 6 2 2 
7215500 Hera R. at La Cueva, N. Hex. [ R] 9 3 2 
7·216500 Hera R. nr. Golondrinas, N. Hex. (R] 9 3 2 
7217100 Coyote Cr. abv Guadalupita, N. Hex. R 9 1 2 

7218000 Coyote Cr. nr. Golondrinas, N. Hex. [R) 9 1 2 

7220000 Sapello R. at Sapello, N. Hex. R 9 1 2 
7220100 Lake I sa be 1 feeder Canal nr. Sapello, N. Hex. R 6 2 . 2 
7221000 Hera R. nr. Shoemaker, H. Hex. c 2 R 9 I 2 

7221500 Canadian R. nr. Sanchez, H. Hex. c 2 R 9 1 3 

7222500 Conchas R. at Varladero, N. i"!ex. 8 H 3 1 3 
7223000 Bell Ranch Canal blw Conchas Dam. N. Hex. R 6 2 3 
7223300 Conchas Canal b1w Conchas Dam, H. Hex. c 5 R 6 2 2 

7224500 Canadian R. blw Conchas Dam, H. Hex. {R) 6 2 3 
7225000 Pajarlto Cr. at Newkirk. N. Hex. -- H 2 

7225500 Ute Cr. nr. Gladstone, H. Hex. H 2 
7226500 Ute Cr. nr. Logan, N. Hex. c 5 H 3 1 2 

7227000 tanadlan R. at Logan. N. Hex._ R 6 2 2 

7227100 Revuelto Cr~ nr. Lugan, ~. H~x. c 5 H 9 1 2 
722720'0 Tramperos Cr. nr. Stead, N. Hex. H 5 1 2 

7227295 Sandy Arroyo Trlb nr. Clayton, N. Hex. H 2 

08080600 Running Water Draw nr. Clovis, N. Hex. H 2 

8252500 Costilla Cr. abv Costilla Dam, H. Hex. c 6 2 H 3 2 

8253000 Casias Cr. nr. Costll Ia, N. Hex. c 6 2 H 3 2. 

8253500 Santistevan Cr. nr. Costilla, N. Hex. c 6 2 H 3 2 

825~000 Costilla Cr. blw Costll Ia Dam, N. Hex. c 6 ·2 R 6 2 2 

8254500 Costilla Cr. nr. Pmalla, N. He.r.. c 6 2 R 6 2 2 

8255500 Costilla Cr. nr. Costilla, N. Hex. c 6 2 5 R 6 2 2 

8256000 Acequla Hadre at Costilla, N. He."<. c 6 2 R 6 2 2 

82565DO Hesa Ditch nr. Garcia, Colo. c 6 2 R 6 2 2 
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Appendix A-1.--Gaging stations in operation and proposed for network -

Station 
nunber 

08257500 
8258000 
8258500 
8259000 
8259500 

8260500 
8261000 
8262000 
8263000 
8263500 

8264500 
8264900 
8265000 
8265500 
8266000 

8267000 
8267500 
8268500. 
8268700 
8269000 

8271000 
8275000 
8275300 
8275500 
8275600 

8276300 
8276500 
8279000 
8279500 
8280100 

8280200 
8280700 
8281100 
8284100 
8284200 

8284200 
8284300 
8284400 
8284500 
8285500 

8286500 
8287000 
8289000 
8289500 
8289800 

8290000 
8291000 
8294300 
8295200 
8302200 

8302300 
8302400 
8304100 

- 830'4'200 
8304300 

8304400 
8313000 
8314500 
8316000 
8317200 

8317600 
8317850 
8317950 
8318000 
8319000 

Continued 

Station name 

Cordillera Ditch at Garcia, Colo. 
Cerro Canal at Costilla, N. Hex. 
Association Ditch at Costilla, N. Hex. 
Cerro Canal nr. Jaroso, Colo. 
N• Hex. Br. Cerro Canal nr. Jaroso, Colo. 

Cost I 1 1 a C r . b 1 w d I J. dam , at Cos t I 1 I a , N . Hex. 
Costilla Cr. at Garcia, Colo. 
Eastdale No. 1 Intake Canal nr. Jaroso, Colo. 
Latlr Cr. nr. Cerro, N. Hex. 
Rio Grande nr. Cerro, N. Hex. 

Red R. blw Zwergle.damslte nr. Red River, N. Hex. 
South Ditch nr. Questa, N. Hex. 
Red R. nr. Questa, N. Hex. 
Llano Ditch nr. Questa, N. Hex. 
Cabresto Cr. nr. Questa, N. Hex. 

Red R. at mouth, nr. Questa, N. Hex. 
Rio Hondo nr. Valdez, N. Hex. 
Arroyo Hondo at Arroyo Hondo, N. Hex. 
Rio Grande nr. Arroyo Hondo, N. Hex. 
Rio. Pueblo de Taos nr. Taos, N. Hex. 

Rio Lucero nr. Arroyo Seco, N. Hex. 
Rio Fernando de Taos nr. Taos, N. Hex. 
Rio Pueblo de Taos nr. Ranchlto, N. Hex. 
Rio Grande del Rancho nr. Talpa, N. Hex. 
Rio Chiquita nr. Talpa, N. Hex. 

Rio Pueblo de Taos blw Los Cordovas, N. Hex. 
Rio Grande blw Taos Jet Bridge nr. Taos, N. Hex. 
Rio de Penasco at Dixon, N. Hex. 
Rio Grande at Embudo, N. Hex. 
San Juan lateral abv San Juan Pueblo, N. Hex. 

San Juan Pueblo ditch abv San Juan Pueblo, N. Hex. 
Guique ditch nr. San Juan Pueblol N. Hex. 
Rio Grande abv San Juan Pueblo, N. Hex. 
Rio Chama nr. La Puente, N. Hex. 
Willow Cr. abv Heron Res. nr. Parkvlew, N. Hex. 

Willow Cr. at Steel bridge nr. ParkvJew, N. Hex. 
Horse Lake Cr. abv Heron Res., nr. Parkvlew, N. Hex. 
Horse Lake Cr. at mouth nr. Park•liew, N. Hex. 
Willow Cr. nr. Parkview,.N. Hex. 
Rio Chama blw El Vado ~am, N. He~. 

Rio Chama abv Abiquiu Res., N. Hex. 
Rio Chama blw Abiquiu Res., N. Hex. 
Rio Ojo Caliente at La Madera, N. Hex. 
Chamlta Ditch nr. Chamlta, N. Hex. 
Hernandez ditch at Hernandez, N. Hex. 

Rio Chama nr. Chamlta, N. Hex. 
Santa Cruz R. at Cundiyo, N. Hex. 
Rio Nambe at Nambe Falls, nr. Nambe, N. Hex. 
Rio En Hedlo nr. Santa Fe, N. Hex. 
North Fork Tesuque Cr. nr. Santa Fe, N. Hex. 

Middle Fork Tesuque Cr. nr. Santa Fe, N·. Hex. 
South Fork Tesuque Cr. nr. Santa Fe, N. Hex. 
Little Tesuque Cr. nr. Santa Fe, N. Hex. 
Lrttle Tesuque Cr. Trlb No. 4 nr. Santa Fe, N. Hex. 
Little Tesuque Cr. Trlb No. 3 nr. Santa Fe, N. Hex. 

Little Tesuque ~r. Trlb No. nr. Santa Fe, N. Hex. 
Rio Grande at Otowi Bridge nr. San lldefonso, N. Hex. 
Rio Grande at Cochiti, N. Hex. 
Santa Fe R. nr. Santa Fe, N. Hex. 
Santa Fe ~f abv Cochiti Res., N. Hex. 

San Crlstv~al Arroyo nr. Galisteo, N. Hex. 
Galisteo Cr. abv Galisteo Res., H. Hex. 
Galisteo Cr. blw Gallsteo·Dam, N. Hex. 
Galisteo Cr. at Oomlngo,.N. Hex. 
Rio Grande at San Felipe, H. Hex. 
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Appendix A-1.--Gaging.stations in operation and pro_eosed for network -
Continued 

Statton 
number Station name . (1) (2) (3) (4) (S) .(6} {]) (8) (9) 

~8321500 Jemez R. blw East Fork nr. Jemez Springs, N. Hex. ll4l 6 
8321900 Rio de las Vacas nr. Senorita, N. Hex. H 2 
8323000 Rio Guadalupe at Box Canyon nr. Jemez, N. Hex. [H] 6 
8324000 Jemez R: nr. Jemez, N. Hex. H 6 
8329000 Jemez R. blw Jemez Canyon Dam, N. Hex. c ' 5 R ' 2 3 

8329100 Piedra Lisa Arroyo nr. Bernalillo, N. Hex~ c 5 -- R 6 2 3 
8329900 North Floodway Channel nr. Alamada, N. Hex. R 6 2 2 
8330000 Rio Grande at Albuquerque, ~. Hex. c 2 5 R 9 2 3 
8330500 Tijeras Arroyo at Albuquerqje, N. Hex. R 2 
8331650 Canada Hontoso nr. Seholle, N. Hex. H 2 

.8331990 Rio Grande c. c: nr. Bernardo, N. Hex. c 5 R' ,. 
2 2 

8332010 Rio Grande Floodway nr. Bernardo, N. Hex. c 5 R 6 2 2 
8332030 Lower San Juan Riverside Dr. nr. Bernardo, N. Hex. R 6 2 2 
8J3205D Bernardo Int. Dr. nr. Bernardo, N. Hex. c 5 R 6 2 2 
8334000 Rio Puerco abv Chico Arroyo nr. Guadalupe, N. Hex. [H) 2 

8340500 'Arroyo ChI co nr. Guadalupe, N. Hex. B H 1 
8341300 Bluewater Cr. abv Bluewater Dam nr. Bluewater, H. Hex. H 2 
8342000 Bluewater Cr. nr. Bluewater, N. Hex. [R] 6 2 1 
8343000 Rio San Jose at Grants, N. Hex. (R) 6 1 'J 
8343100 Grants Canyon at Grants, N. ~ex. H -- 3 

8343500 Rio San Jose nr. Grants, N. Hex. (R] 9 3 3 
8348500 Encl na I Cr. nr. Casa Blanca, N. Hex. H 2 

8351500 Rio San Jose at Correa, N. Hex. [R] 9 3 
8352500 Rio Puerco at Rio Puerco, N. Hex. (R] 9 2 
835)000 Rio Puerco nr. Bernardo, N. Hex. c s R 9 2 

8353500 La Jencla Cr. nr. Magdalena, N. Hex. H 2 
8354000 Rio Salado nr. San Acacia, N. Hex. c s -- H 2 
8354500 Socorro Haln Canal N. at San Acacia, N. Hex. c 2 R 6 2 . 2· 
8354800 Rio Crande C. C. at San Acacia, N. Hex. c 2 s R 6 2 2 
8354900 Rio Crande floodway at San Acacia, Ni Hex. c 2 5 R 6 2 2 

8355200 Nogal Arroyo Floodway nr. Socorro, N. Hex. R 6 2 3 
8355300 Arroyo de Ia Hatanza ~r. Socorro, N. Hex. H 3 
8356000 Socorro Main Canal S. nr. San Antonio, N. Hex. c .2 R 6 2 6 
8356500 San Antonio Riverside Dr. nr. San Antonio, N. Hex. c 2 R 6 2 6 
83570.00 Elmendorf Int. Dr. nr. Sa~ Antonio, N. Hex. c 2 R 6 2 6 

8357500 San Antonio Riverside Dr. nr. San Marcial, N. Hex. c 2 R 6 2 6 
8358300 Rio Grande C. C. at San Harclal, N. Hex. c 2 5 R 6. 2 2 
8358400 Rio Grande floodway at San Harclal, N. Hex. c 2 5 P. 6 2 2 
8358550 Hllllgan Gulch nr. San Marcial, N. Hex. H 2 
8360000 Alamosa Cr. nr. Hontlcello, N. Hex. B H 2 

8361000 Rio Crande blw Elephant Butte Oa~, N. Hex. c 6 1 2 R 6 2 1 
8362500 Rio Grande blw Caballo Dam, N. Hex. c 6 2 R 6 2 J 
8)63100 Rio Grande Trlb nr. Radium Springs, N. Hex. H 2 
8363700 Tortugas Arroyo nr. Las Cruc~s. N. Hex . c s R 6 2 .j 

. 8)64000 Rio Grande at El Paso, Texas t 6 R 9 2 3 

8377900 Rio Mora nr. Terrero, N. Hex. a t 5 H 1 
8378500 Pecos R. nr. Pecos, N: Hex. B c 6 H 1 
8379500 Pecos R. nr. Anton Chico, N. Hex. t 5 R 9 2 
8380500 Galllnas R. nr. Hontezuma, N. He~. (H] 2 

8382500 Galllnas R. nr. Colonlas, N. Hex. t 6 R 9 1 

8382800 Pecos R. abv los Esteros damslte nr. Santa Rosa, 
N. Hex. R 9 2 

8)83000 Pecos R. at Santa Rosa, N. Hex. t 6 R 9 2 

8383300 Plntada Arroyo nr. Santa ~osa, N. Hex. H 2 

"8383500 Pecos R. nr. Puerto de Luna, N. Hex. . c.- . s 6. 2 . R 9. 1 2. 

8384500 Pecos R. blw Alamogordo Dam, N. Hex. c 1 6 2 R 6 2 2 

.8385000 Fort Sunvner main canal nr. Fort Sumner,. N .. Hex. .. t, 6 2 R 6 2 2 

8385520 Pecos R. blw Fort Sumner, N. Hex. R 6 2 2 

8365600 Yes6 A~royo nr. F~rt Sumn~r, N. Hex. H 2 

8385700 Cloud Canyon nr. Calllnas, N. Hex. H 2 

8386000 Pecos R. nr. Acm~, N. Hex. C· s 6 2 R 6 2· 2. 

8387000 Rio Ruidoso at Hollywood, N. Hex. c 2 R 4 1 2 

8387600 Eagle Cr. blw South Fork nr. Alto, N. Hex. -- H 3 1 2 

8)87800 Eagle Cr. nr. Alto, N. Hex. R 6 2 2 

8)90500 Rio Hondo at Dlaoond "A" Ranch nr. Hondo; N. Hex. [R] ' . 1 - 3 
8390800 Rio Hondo blw Diamond "A" Dam nr. Roswell, N. Hex. R 6 2 .J 
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Appendix A-1.--~aging stations in operation and proposed for network 

Stat Jon 
number 

08)93200 
8393300 
8393600 
8394100 
8)94500 

8395500 
8396500 
8398500 
8)99500 
8400000 

8401000 
8401200 
8401900 
8402000 
6403500 

8404000 
8405000 
8405500 
8406500 
8407000 

'8407500 
8408500 
8437620., 
8476300 
8477000 

8480700 
8481500 
8486250 
8486260 
8492500 

09346400 
9349800 
9350800 
9354500 
9355000 

9355500 
9363500 
9364500 
9365000 
9367500 

9367950 
9368000 
9)86100 
9386900 
9386950 

94)0150 
9430500 
94)0600 
9431500 
9438200 

9442653 
9442680 
9442692 
9443000 
9444000 

Concluded 

Station name 

Rocky Arroyo abv Two Rivers Res. nr. Roswell, H. Hex. 
Rocky Arroyo blw Rocky Dam nr. Roswell, N. Hex. 
North Spring R. at Roswell, N. Hex. 
Pecos R. nr. Hagerman, N. Hex. 
Rio Felix at old H'ghway Bridge nr. Hag~rman, N. Hex. 

Pecos R. nr. Lake Arthur, N. Hex. 
Pecos R. nr. Artesia, N. Hex. 
Rio Penasco at Dayton,. N. Hex. 
Pecos R. (KaIser Channe 1) nr. Lakewood, 'lL Hex. 
Fourmile Draw nr. Lakewood, N. Hex. 

Pecos R. blw HcHlllan Dam, N. Hex. 
South Seven Rivers nr. Lakewood, N. Hex, 
Rocky Arroyo at highway bridge nr. Carlsbad, N. Hex. 
Pecos R. at damslte 3 nr. Carlsbad, N. Hex. 
Carlsbad main canal nr. Carlsbad, N. Hex. 

Pecos R. blw Avalon Dam, H. Hex .. 
Pecos· R. at Carlsbad, N. Hex. 
Black R. abv Halaga, N. Hex~ 
Pecos R. nr. Malaga, N. Hex. 
Pecos R. at Pierce Canyon Crossing nr. Malaga, N, Hex. 

Pecos R. at Red Bluff, N. Hex. 
Delaware R. nr. Red Bluff, N. Hex. 
Monument Draw Trib nr. Monument, N. Hex. 

·Himbres R. at HcKnlght damslte, nr, Mimbres, N. Hex. 
Hlmbres R. nr. Hlmbres, N. Hex. 

Indian Cr. nr. Three Rivers, N. Hex. 
Rio Tularosa nr. Bent, N. Hex. 
Tularosa Valley Trlb nr. White Sands, N, Hex, 
Tularosa Valley Trlb at '.lhl te Sands, N .. Hex. 
Corrucopla Canyon nr. Pinon, N. Hex. 

San Juan R. nr. Carracas, Colo. 
Piedra R. nr. Arboles, Colo. 
Vaqueros Canyon nr. Gobernador, N. Hex. 
los Pinos R. at La Boca, Colo. 
Spring Cr. at La Boca, Colo. 

San Juan R. nr. Arcnuleta, N. Hex. 
Animas R. nr. Cedar Hill, H. Mex. 
An1mas R. at Farmington, N. ~ex. 

San Juan R. at Farmington, N. Mex. 
La Plata R. nr. Farmington, H. Hex. 

Chaco R. nr. Waterflow, N. Hex. 
San Juan R. at Shiprock, H. Hex. 
largo Cr. nr. ~uemado, N. Hex. 
Rlo.Nutrla nr. R~mah, N. Hex. 
Zuni R. abv Zuni Res., N. Hex. 

Saplllo Cr. blw Lake Roberts nr. Silver City, N. Hex, 
Gila R. nr. Gila, N. Hex. 
Mogollon Cr. nr. Cliff, N. Hex. 
Gila River nr. Redrock, N. Hex. 
Animas Cr. nr. Cloverdale, N. Hex. 

Trout Cr. nr. Luna, N. Hex. 
San rranclsco R. nr. Reserve, N. Hex. 
Tularosa R. nr. Aragon, N. Hex. 
San Francisco R. nr. Alma, N. Hex. 
San Francisco R. nr .. Glenwood, N. Hex •.. 
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Appendix A-2.--Selected flow characteristics for gaging stations 

used in regression analysis 

Station Years Q. Sl)(la . 117,2 yl .so V·l.SO Qso number Stat ion re~rd 

07199000 Canadian R. nr. Hebron, N. Hex. 22 e.zz II.) 7 ,5JO 3,780 ~o. 2oo 720)000 Verooejo R. nr. Dawson, N. Hex. Ill 19.2 16.5 0.98 2.~90 I ,330 9.730 t7204000 Horeno Cr. at Eagle Nest, N. Hex. ]2 .511 183 192 
t720~500 Clenegullla Cr. nr. Eagle Nest, H. Hex. ]2 .6) 1168 1135 ]ItO 

7205000 Slx"'l le Cr. nr. Eagle Nest, N. Hex. 10 z.zs .95 58.) 57 .s 155 

7207500 Poni I Cr. nr. Cimarron, N. Hex. 26 11.0 8.811 .62 596 546 6,240 
7208500 Rayado Cr. at Sauble Ranch, nr. C lrnarron, N. Hex. 111 1).11 9.28 2.15 954 732 750 7211500 Canadian R. nr. Taylor Springs, N. Hex. 23 106 1)2 2.95 lt8,780 28 ,)00 82,000 

*7214000 Can.tdlan R. nr. Roy, N. Hex. 29 132 165 2.20 66,220 35,610 1) ,900 
7!14500 Hora R. nr. Holman, N. Hex. 15 13.5 9.97 1.8~ 610 499 

7214800 Rio Ia Casa nr. Cleveland, N. Hex. 12 111.1 5.66 2.12 )52 278 
7222500 Conchas R. at Variadero, H. Hex. ]2 17.6 22 .s 11,220 5,860 sa .5oo 
7226500 Ute Cr. nr. Logan, N. ·Hex. 26 27.6 16.7 9,560 lt,020 53,400 

t08252500 Cost I II a Cr. abv Cost Ill a, N. Hex. 21 z.n )21. 21) 274 
t82SJOOO Casias Cr. nr. Cost Ill a, N. Hex. 17 3.16 162 lSI 166 
t825)500 Santistevan Cr. nr. Costilla, N. Hex. 19 . 76 23.4 22.6 21.0 
826)000 Latir Cr. nr. Cerro, N. Hex. 23 5.)7 1 ;87 1.81 9).6 86.0 156 

*8264000 Red R. nr. Red River, N. Hex. 111 15 .s s. 74 3 .Js 237 2)7 299 

8265000 Red R. nr. Questa, N. Hex. ]8 117.8 20.) 12.8 913 857 1 ,050 
8267000 Red R. at mouth nr. Questa, N. Hex. 17 80.2 18.8 "4. 7 690 69'+ 
8267500 Rio Hondo nr. Valdez, N. Hex. )II JS. II 14.1 9.08 496 "80 609 
8269000 Rio Pueblo de Taos nr. Taos, N. Hex. 17 29.11 16.6 5.29 932 880 1,010 
8271000 Rio Lucero nr. Arroyo Seco, N. Hex. Zll 23 .) 8.96 It .92 275 253 )04 
8275500 Rio Cranrle del Rancho nr. Taos, H. Hex. 16 19.7 9.04 3.66 379 362 

8275600 Rio Chlqulto nr. Talpa, N. Hex. II 8.46 3.77 1. 75 178 1611 
8279000 ·Rio de Penasco at Dixon, N. Hex. 35 79.5 119.3 8.69 I ,600 1,440 2 '120 

*8283500 Rio-Chama at Park View, N. Hex. 27 ])It 160 17 ·" 7,290 6,580 9.760 
8284100 Rio Chama nr. La Puente, N. Hex. 13 311 135 17.7 7, ISO 6,740 

*8284500 \lll.low Cr. nr. Park VIew, N. llex. 25 1). 7 11 .2 1 ,240 I ,080 3,790 

*8288000 El Rlto Cr. nr. El Rl to, N. Hex. 19 '18.8 12.4 .]2 709 604 1,020 
8289000 Rio Ojo Caliente at La Hadera~ N. Hex. )6 69.2 "5.5 ).It) 2,780 2 .soo 3 ,)80 
8291000 Santa Cruz R. at Cundiyo, N. Hex. 35 28.) 15.6 6.46 lt99 4)7 1,730 

*8295000 Rio Na..,be nr. Nambe, H. Hex. 19 10.6 6. 52 2.)) 186 168 J,lt6o 
•8302500 Tesuque Cr. abv diversions nr. Santa Fe, M. Hex. 15 ).21 2.18 .64 7ft·' 66.7 I ,

0

0li0 

8)16000 Santa Fe R. nr. Santa Fe, H. Hex. I] 12.0 7.33 1.36 307 279 
8318000 Cal lsteo Cr. at Domingo, H. Hex. 23 9.98 7 .)3 4,020 I ,8'•0 2B, 100 
8)24000 Jemez R. nr. Jemez, N. Hex. 15 6).1 23.8 1) .9 I ,160 I ,000 7,540 
8]34000 Rio Puerco abv Arroyo Chico nr. Guadalupe, N. He,.., 17 12.9 9.23 2,140 1,400 
8)40500 Arroyo Chico nr. Guadalupe, N. Hex. 25 Zit .It 15.6 . 3,600 2,240 111,600 

8)54000 Rio Salado nr. San A.~acia, N. Hex. 17 1". z 9.11 2,180 I ,810 }!.,600 
8)60000 Alao-osa Cr. nr. llontlcel lo, N. Hex. 16 8.56 1.27 6.06 1,190 441 ·~ .700 
8378500 Pecos R. nr. Pecos, N. Hex. Ito 97.6 47.5 18.4 1 ,450 1 ,290 2 .SilO 
8)79500 Pecos R. nr. Anton Chico, N. /lex. "l 129 91.3 s. 29 6,800 3. 930 38. soo 
8380500 Cal llnas Cr. nr. Montezuma, N. llex. 112 18.5 15.2 2.44 1 '140 685 7,770 
8)87000 R lo Ruidoso at HoI lywood. N. /lex. 15 11.8 6. 70 1.41 217 180 

*8)88000 Rio Ruidoso at Hondo, N. Hex. 25 19.0 24.6 .. 59 3,490 2,180 16,700 
•8)89500 RIo Bon I to at Hondo, N. Hex. 25 10.3 15.0 1),300 

8393&00 North Spring R. at Roswel 1, H. Hex. 10 155 65.7 
8)94500 Rio Felix at old highway bridge nr. Hagerman, H. Hex. 29 16.2 21.0 .'t2 111,980 7,020 )4 ,200 
8400000 Fourmile Draw nr. Lakewood, H. Hex. 17 9,630 2,780 

8405500 lllack R. abv llalac;a, N. Hex. 21 111.9 10.8 1 .5J 9.330 11,110 75,000 
8408500 Delaware R. nr. Red Bluff, N. Hex. 31 '"·l 1ft.2 .29 . 15,730 5.930 74,100 
81t77000 Himbres R. nr. Himbres, N. Hex. )8 10.8 7. 72 2.02 606 466 1 ,4)0 

•8477500 II lmbres R. nr. Faywood, H. Hex. 29 1":6 1) .3 1.26 ),010 1 ,470 19,200 
•8477600 San VIcente Arroyo at Silver Cl ty, H. Hex. 12 191 78.6 

8481500 Rio Tularosa nr. 8ent, H. H~x. 20 9:5o 1.23 3.96 182 61t. 7 7,200 

•09)50500 San Juan R. at Rosa, Colo. 33 I ,022 519 105 15 ,)40 13.700 23,000 
9355000 Spring Cr. at La Boca, Colo. 17 28.) ).81 1.19 253 174 
9363500 Animas R. nr. Cedar HI II, N. Hex. 34 902 321 . 171 12,620 11 ,4)0 14 .sco 
9)64500 An ir.~as R. at Farming ton, N. llex. ItS 871 377 82.1 12,660 11 ,670 18 .sao 
94)0500 Ci Ia R. nr. Ci Ia, H. Hex. 40 .. J)l 78.9 29.2 9.530 5,540 15,100 

9431500 Clla R. nr. Redrock, N. Hex. )1 180. 128 15.9 22 '110 10,7)0 24 ,)00 
*9443500 WI\ I tewater Cr. nr. Mogollon, N. /lex. 10- 17 .II 

941t4000 San Francisco R. nr. Glenwood, N. Hex. ill 67.5 51.3 10.7 5.390 3,710 8,580 

t seasona 1 record 
* discontinued station 
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Appendix A-3.--Physical and climatic characteristics of drainage· 

basins for gaging stations used in regression 

analysis - Concluded 
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Appendix A;....4.--Summary of regression equations 
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Appendix A-4. --Summary of regression equations - Concluded 
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