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A PROPOSED STREAMFLOW-DATA PROGRAM FOR NEW MEXICO

By

John P. Borland

ABSTRACT

A streémflow 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 6f élﬁernate programs and tech-
niques for meeting the remaining goals.

The proposed program consists of botﬁ data collection and data
analyses to efficiently provide the streamflow information required ‘
for (1) current water use énd management, (2) planning and design,
(3) determination of long-term trends, and (4) assessment of stream

environment.



INTRODUCTION

The streamflow program of the U.S.“Geologiéal Survey in New Mexico
has evolved through the yéars as Federal and State interests in surféce—
water resogrces.have i;creased and as funds for operating stream-gaging
stations have becﬁme 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 continuous streamflow records started on January 1, 1889.
Two ﬁore stations were placed in operation on the Rio Grande in fhat
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 Engin%er. This legislation resulted in a cooperati&e
agreement between the Territory and the Survey which led to additional
stations beiﬁg built along the Rio Grande. The cooperative agreement
was terminated in 1915 at which time the State assumed all responsibility

for the 62 stations then in operation on streams throughout the State.



On July 1, 1931, a cooperative agreement was again reached and
an office of the Geological Survey was established in Santa Fe. A
period of rapid éxpansion followea this resumption of operatiqn by
the Survey, as needs for streamflow-data were geﬁeratgd by programs
of the Bureau of Reclamation; Bureau of Indian Affairs, U.S. Arhy
Corps of Engineers, and the Ri& Grande Joint Investigation. A maxi-
mum of 329 stations were.operagéd:during 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 go 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 figurg 1.

The stream-gaging program has continued to expand during the
years with the present opefation consisting of 206 continuous~record
gaging stations. Locations of the statiQns are shown in figure 2.
However, the increasing cost of operation, the restraint on funds and
manpower, and the need for a greater variety of hydrologic information,

made it imperative that a systematic evaluation of the streamflow-data
program be made to determine how to apply the funds and manpower avail-
able in order to best serve State and Federal interests. The purpose
of this study is to evaluate the streamflow 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 pfésented in
detail by Carter and Benson (1970), and are summarized only briefly
-in this report. The basic sfeps are: (1) défiqitiéﬁ of the long-term
objectives of the streamflow data program in quantitative form, (2) ex-
amination and‘analysis of 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 remaining objectives.



HYDROLOGY OF THE STATE

New Mexico is ;he fifth largest State in the ﬁnion with_an area
of 121,700 square miles. An indication of the semiarid nature of
the State is that only‘O.l 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 thé principal streams in the State flow in a southern
direction. The principal stream, the Rio Grande, flows almost du¢
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 flow 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
couﬁtry, 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 méjority of the streams in the southerg

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

without flow, depending on summer rains for runoff.

i3



CONCEPTS AND PROCEDURES USED IN THIS STUDY

The firét step in this study was tﬁe classification of stream-
flow data into four types and the second step was the setting of
goals for the streamflow program in terms of the elements to be.
defined and the accuracy needed. The existing data aré 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 framework shown 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 sﬁrveillance 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.

14
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Table 1.--Framework of design of data collection program

Type of

Planning and Design
dato .
Current use Natural fFlow Regulated Flow Long-term trends Stresm envirgnment
Minor streams l Principal streams
Goals To provide current data To provide a long-term To describe the hydrologic

on streamflow needed

for day-by-day declslons
on watar management as
requlred.

To provide Information on statistical characteristics of flow at any site on any stream to the
specified accuracy. .

data base of homogene~
ous records on netursle
fiow streams.

environment of stream
channels ond drainage basing.

Drainage area
Itemlts

Full range

Full range

Ful) range

Ful) range

Full range

Full range

Accuracy
goal

As requlired

Equivalent to 10 years
of record.

Equivalent to 10
years of record.

gEquivaleant to 25
years of record.

Highest obtainable

As required

Approach

Operate gaging stations
as required to provide
specific Information
necded,

Relate flow characteris=
thcs to dralnage basin
characteristics using
dats for gaged basins.

Oevelop generalized
relations that eccount
for the effect of stor-
age, diversion or requ-
tation on natural flow
characreristics.

Utitlze snalycical model
of stream syscem with
observed data as input to
compute homogeneous
records for both natural
flow conditions and
present conditions of
deve lopment,

Operste a number of
carefully selected gag-
ing stations indefinitely

Observe and publish Informe=
tlon on stream environment.

Evaluate
avallable data

Identify stations where
data is used currently
and code the specific
use of data.

Develop relationship

for each flow characterise
tic and compare standard
error wlth accuracy goal,
Evaluate sample.

Apprailse type of regu-
lation, data avallable,
and areas where rela-
tionships are needed.

tdentify stresm systems
that should be studied
using model approach

and determine data re-
quirements. .

Select two stations In
each WRC subregion to
operate indefinitely
for this purpose.

Evaluate Information aveila-"
ble in relation to goals.

Design future
program

Identify goals that have n
Consider alternate means o
Identify elements of futur

ot been attalned.
f attalning goals..
e program.




Data used for planning and design are commonly the statistical
characteristics of streamflow such as mean discharge, the floods of
10, 25, or 50-year recurrence intervals, flood volumes of 1, 3, or
7-day duration for various 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 streamflow 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 transferred 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 reiating flow characteristics to basin characteristics such
as drainage area, topography, and_climate; by relating a short record
to a longer oﬁe, or by interpolating between gaged points on a stream

channel.

16



The definition of flow characteristics of a regulated stream is
often complicated because of changes in flow during the period of
record. Frequently it is not possible to obtaiﬁ a long.recofd uﬁder
one condition of development. Transference of flow characteristics
from one point to another on a regulated stream is difficult because
the procedures ;sed for ﬁatural streams, such as regression or interpo-
lation, do not apply. A systems approach seemsAtb be the most efficient
way to define the flow 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 ﬁodel and associated data can be used to derive homogeneous data
for both natural and regulated conditions.

Data to define long-term trends in streamflow 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 Qater supply, preservation of the aesthetic

“character of water features, and use of the flood plain.
17



-

GOALS OF THE NEW MEXICO STREAMFLOW-DATA PROGRAM‘

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



Data For Current Use

The program goal for this type of dataAis to provide the par-
ticular information needed at specific sites for current use. Accu-
racy goals at a given sité, as specified by the.data user, can be met
by intensive observation, or by more sophisticated instrumentation as

needed.

19



Data For Planning And Desigh

The goal for this type of data is to’define~the stétistical
flow characteristics listed in table 2 within the given accuracy.
This definition applies not onlyito all streams with natural flow,
but also to.those streams that are affected by fegulaﬁion and dif
version. |

‘For the purpose of this study Streams are classified as natural
or regulated and further subdividéd into principal and minor streams.
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. Thefe are ephemeral streams with large
drainage areas ‘that yield little water énd hence are considered
minor in this type of determination. All principal streams in
New Me#ico are subject to regulation and therefore no further sub-

division was made under natural flow.

20



In using past hydrologic éxperience to appraise the probability
of fugure 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, the?efore, are con;
sidered applicable. ' Measures of variability with time of annual
mean flow and other streamflow characteristics are determined from
ﬁhe historical streamflow data, and the probable errors involved in
defining streamflow éharacteristics 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 avérage within which about
67 percent qf future values of the characteristics are expected to
fall. Converéely,-there is only one chance in three that future values
will differ fromlthe average by more than one standard error.

The accuracy goals shown for each flow 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 New Mexico streams) and selecﬁea number of years

of record.

21



In ggneral, the longer the record, the more reliable are the
estimates of probable future occurreﬁées. However, even with a long
record, say SO:to 100 ?ears 6f more, it is not possible to determine
with great precision ‘the probability of certain fiow characteristics
guch as floods of a given magnitude, for example. The standard‘
error of various streamflow parameters decregses with the years of
available record, but at a decreasing rate, as shown in fighre 3.
The incremental econoﬁic 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 now.

22
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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 reiate a streamflow characteristic
to the topographic and climatic characteristics that affeét 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.

24



Table 2.--Accuracy goals

‘Streamflow characteristic Standard error (percent)
10 years 25 yeafs

Mean annual discharge --—--~-~---——-- ‘ 22 14
Standard deviation of annual

discharge --—---——-- e 22 14 .
Mean monthly discharge (average) —— ‘ 33 21
Standard deviation of monthly

discharge (average) =~—=———v-——m—-—- 22 14
50-year flood -~-----—-———————mume——o 65 _ 40
7-day 2-year low flow --——-—=—--—-—- ——— 22 13
7-day 20-year low flow —-———==—=——e——- - 32 20
7-day 50-year high flow --=——-=—-=——— 48 30




Data To Define Long-term Trends

The goal for this type of data is to operate ihdefihitely 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.

26



Data On Stream Environment

Environmental data describe the flow, the stream channel, and
the basin in terms that will be valuable in planning the usé of tﬁe
sﬁream fo; any purpose such as recreation, waéte disposal, conjunc-
tive surface watér—gréund-water supply, and in gua;ding against water
hazards. The long-range goalé for this type of data in New Mexico
are to provide on any stream where heeded the information given below:

1. Stream channel geometry including widths, depths, slopes,
hydraulic 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,
urbén areas, cultiQated; and forested acreage.

4, Time of travel of solutes in channelé.

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

, that are hydraulically connected to stream channels.

6. Basiﬁ characteristics: area, shape, land and stream slopes,
geology and soils.

7. Climatic characteristics.

8. Recreational aspects of runoff.

27



EVALUATION OF EXISTING DATA IN NEW 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 éurrent use. It is assumed that the
need for this type of data is being met, and that this part'of the
program will be modifiea 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-1.

29



Data For Planning And Design

Statistical characteristics of streamflow can be defined by
sample gaging, ana;yti;al méthods of rggibh;lization, 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.

30



Evaluation of the natural-flow system

The purpose of the evaluation of the natural-flow system is to
determing how accurately the statistical characteristics that are
listed a; goals are defined by regionalization qf 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
characteristics to basin characteristics in equations developed by
use of multiple-regression techniques applied to past data. Once the
equation and its constants are defined, streamflow characteristics for
a specific site in a given basin can be computed by substituting the
appropriate values of the hydrologic wvariables in the formulas.

The 64 daily streamflow records used in the analysis and shown in
figure 4 are.those having 10 or more years of virtually unregulatéd
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 conditions, 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
flow characteristics were defined for each daily discharge record. At
sone stations, rezulation materially affected low flows but insignifi-
cantly.affected peaks. No records on large streams were used because

these streams are regulated.

31
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The followiné streamflow characteristics defined at gaging sta-
tions include the full range.of flbw énd fepresents those required
for planning and design: Table A-2 shows selected streamflow charac-
teristics for stations Qéed in the analysis.

a. Low-flow characteristics afe the annual minimum_?—day

Co. mean fiows at 2-year, 5—yeaf, lO-yea;, and 20-year

recurrence intervals (M etc.). These were de-

7,2,M7’S’
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-flow rates are denoted as P, P., ..., P... The
: _ 2, 5 50

frequency cﬁrves weré preparea as deséfibed by thé Water
Resources Council (1967).

¢. TFlood-volume characteristics represent the annual highest
flow for l-day, 3-day, and 7-day periods at recurrence
intervals of 2, 5, 10, 25, and 50 years. Thege character-
istics are notedvsymbolically in this report as

\') etc. They were determined from fre-

V1,2, V1,5, Y3,10,
quency curves prepared as described by the Water Resources
Council (1967).

d. Mean-flow characteristics are described by the mean of the
annual means, Qaf and by the means of record for each
calendar month, Qn’ where the subscript refers to the

nﬁmeriqgl order of the month beginning with January as 1.
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e. Flow-variability characteristics are répresented.ﬁy the
standard deviation of the annual and monthly means.

The symbols used are, respective;y, SDa and SDn’ where
the subscript n refers to the numerical order of months

with January as 1.
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Drainage-basin characteristics

Drainage—basin.charatteristics 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 shown 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 along
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 thé

elevation of the gage determined from the best available maps.

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

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, divided by drainage area, LZ/A.

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

then points 10 and 85 percent of the distance from the gaging site
to the basin divide (main chénnel length). The main channel slope
was computed as the difference in elevation, in feet, at the 10 and
85 percent points 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, (Pm), in inches, was determined for each basin
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, 2lyear 24 hour, (1), in inches, was determined
for each basin from rainfall intensity map prepared by the
U.S. Weather Bureau.

Mean Minimum January temperature, (T), in degrees Fahrenheit, was

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, was

determined to nearest degree using the best available topographic maps.

Soils infiltration index, (Si)’ 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 tﬁe streamflow characteris—
tics to basin and climatic characterisfics in equatiqns'developed>$y
using multiple regreésion techﬁiques. The equation has the form
Y = aAb sz pb3 - - - ,.where Y is a sﬁatisﬁical streamflo? charac-
teristic; A, S, and P are toﬁdgraphic or climatic charactefistics;

a is the regression cgnstant; and"bi;‘bé; and.b3 are exponents’
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
regre;sion equation, the standard error of estimate, and the signi—.
ficance of each basin parameter. It Qas programmed then to repeat
the calculations, omitting the least significant basin paraméter in each
calculation until only the most significant basin parameter “remained.
After relations for a given streamflow characteristic had all been
computed, the entire computation process waé-repeated using another
streamflow characteristic along with the same set of basin character-
istics.

Table A?& shows; for each of 50 streamflﬁw charécﬁeristics; the
regression constant, the regression coefficient (exponent) for all
statistically significant basin parametérs, and the skandard errof.

The standard errors shown in table A-4 éhould be compared with
the corresponding values of table 2 to determine whether the accurécy

goals have been met.
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Comparison of the standard errors of estimate in table A-4 with
the accuracy goals of table 2 indicates that regression reiations de-
fined in this analysis are of inadequate accufacy to meet the goals 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 énalysis on the assumption
that the relation between flow and basin characteristics is linear if
. all characteristics are transformed to logarithms,. Aiternate 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 éharacteristics, 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 recdrds 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
basins of all sizes. However, figures 4 and 5 show that the areal
distribution gages could be improved, and study of flow records indicates
that there is need for a sample of records on ephemeral streams.

As an alternate 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 defining mean annual flows
from mid-month discharge measurements over a period of time, DMoore (1968)
suggested methods of estimating mean flows fromArunoff—éltitude 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 system

The goals for regulated streams are more difficult to attain
because the technique of regionalization does.not apply, the char-
acteristics are not necessarily stationéry in time and a meaningful
correlation seldom exists between flows at two sites if at least one
of the flows is regulated. A systems approach may be used to define
the characteristic of regulated streamflow under different patterns
of regulation, or under the conditionm of natural flow. Systems
studies for all of the regulated-streams systems in New Mexico will
require a major effort. Therefore, the #fesent evaluation is
limited to identifying the reguiated streams in New Mexico and
evaluating the amount of data available.

The streaﬁ systems in New Mexico materially affected by 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 New Mexico.

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 New Mexico streams are shown in
table A-1. Daily records of reservoir contents and canal flows are

available for selected sites in the most regulated basins.
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Data To Define Lontherm Trends

At preSent, two stations, Rio Mora near Terrero gpd Mogollon
.Creek near Cliff, are designated as Long—term trend st;tions and are
to be ope}ated indefinicely. Due to the variable climatic and
hydrologic conditions in New Mexico, additional long—te;m trend statidns
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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Data On Stream Environment

Many environmental factors were determined for the drainage
basins used for the present sﬁudy, particularly basin characteristics
such as érainage area, stream slope, land elevations, channel shape,
area of lakes and ponds, mean annual precipitation, and.rainfali
inﬁensity.

Flood plains have been 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 PROGRAM

The information developed in different segments of this study
- has been merged and applied in planning a_streaﬁflow—infbrmatiOn'
program that would eventually attain as many of the remaining goals
és possible within the limits of'available fuﬁds. For the obtimum
program a balance must be maintained between data collection and
data énalysis 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; idéntifiedzas presently meeting
the needs for current-purpose daﬁa (table A—l); should be continued. 
The changing-needé will be assessed confinuouély, aﬁd'the data-
collection network will be‘modified by adding or discontinuing sta-
tion; as needs change_for current-purpose data. Also the needs for
this type of data will be examinea for each site, and a determina-
tion made as to whether a continuous record of daily diséharge is

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

peak flow or instantaneous flow, would suffice.



Data for planning aand dasign

Natural-flow streams

None of the flow characteristicg required for planning and design
can bg eétimated by defined regression relations with an accuracy
adequate to meet the goals. To provide planning aﬁd design data of
desired écéuracy will require additional data, improved or alternate
analyses, or both additional data and improved or alternate analyses.

Selection of a gaging network to obtain additional natural-flow
data requires considering the adequacy of sampled drainage basins and
the required length of flow records on those basins. In general, the
proposed future daily discharge gaging network was selected to improve
the greal distribution of gaged basins, to increase the sample of
ephemeral streams, and to maintain only a limited number of gages with
records of more than 15 to 20 years (a 15 to 20-year record is assumed
to be adequaté for defining the flow characteristics.needed in analyti-
.cal studies). Thé existing network of partial-record flood gages should
bg 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 following daily discharge gages, with over
10 years of record are not recommended for continued operation in

the future program:

Station no. ' | Station name . Years record
07214860 Rio la Casa near Cleveland- | , 13
08263000 - Latir Creek near Cerro 32
08284500 Willow Creek near Parkview , 52 S -
08291000 Santa Cruz River at Cundiyo 39
08289000 Rio Ojo Caliente at ﬁa 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 following daily discharge gaging stations, which had been discountinued

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

Station no. Station name
08080660 Running Water Draw near Clovis
08330500 Tijeras Arrovo at AlbuquerqueA
08348500 Encinal Creek near Casa Blanca

) 68480700 Indian Creek near Three Rivers

48



To better define the streamflow characteristics on natural-flow
ephemeral streams the conversion of the following crest-stage gages

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

Station no. . A Station name

07154400 ‘: "Carrizozo Creek near Keﬁton, Okla.
07201000 Raton Creek at Raton, N. Mex.
07225000 Pajarito Creek at Newkirk, N. Mex.

07225500 Ute Creek near Gladstone, N. Mex.

- 07227295 Sandy Arroyo tributary near Clayton, N. Mex.
08317600 * San Cristobal Arroyo near Galisteo, N. Mex.
08321900 Rio &e las Vacas near Senorita, N. Mex. |
08331650 Canado Montoso near écholle, N. Mex.
08341300 Bluewater Creek above Bluewater Dam

near Bluewater, N. Mex.

08353500 LaJencia Creek near Magdalena, N. Mex.
08363100 ‘ Rio Grande tributary near RadiumxSprings, N. Méx.
108383300 - Pintada Arroyo near Santa Rosa

08385600 Yeso Arroyo near Fort Sumner

08385700 Cloud Canyon near Gallinas, N. Mex.

08437620 * Monument Draw tributary near Monument, N. Mex.
08492500 Cornucopia Canyon near Pinon, N. Mex.

08350800 Vaqueros Canyon near Gobernador, N. Mex.
09367950 Chaco River near Waterflow

09386100 Largo Creek near Quemado, N. Mex.

09438200 Animas Creek near Cloverdale, N. Mex.
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Flows of numerous minor streams in New Mexico are affe;ted by the
works of manj; fof'exémple,~by sméll resérvoirs, by diversion for and
" return from irfigation, and by runoff frém urbaﬁ areas.“Iq general,
systems studies bf all minor st?éams are iﬁpractical‘because of ﬁhe
great number of streams and because theAcosté of.éystems studies may .
exceed the planning and design beﬁefits resulting from accurate hydro-
logic data. Generalized estimating ;elaﬁions, similar to tﬁe regression
relations for natural-flow characteristics, will be required also for
regulated miﬁor streams, and may be defined from a representative sample
of éaged basins. Probably the most impor;apt of thesé regulated miﬁor
stream planning and design flow characteristics are:

(1) Floodflows below reservoirs and stock ponds,.

(2) Floédflows in urban areas,

(3) Annual and seasonal flows below reservoirs and ponds.
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Some data on the;e flow characteristics is currentiy being ob-
tained, andiexcept'for those sites with over 20 years of record for
ﬁnchanged regulation pon@itions, these gages>shoﬁld continue in opera-
tion in the future program. Gages with over 20 years of fecord for
unchanged conditions are considered to have adequate data for aefini-

- tion of the regulated flow characteristics. Aithough detailed in-
forﬁqtion on regulation patterns yet may need to be obtained, no

additional flow data are required at the following sites:

Station no. Regulated minor stfeams Years record
07211000 Cimarron R. at Springer, N. Mex. 44
07215500 - Mora R. at La Cueva, N. Mex. 41
07216500 Mora R. nr. Goldndrinas, N. Mex. 51
07218000 Co&ote Cr. nr. Golondrinas, N. Mex. 40
08268500 Arroyo Hondo at Arroyo Hondo,.N. Mex. 52
08342000 Bluewater Cr. ﬁr. Blﬁewater, N. Mex. 46
08343000 Rio San Jose at Grants, N. Mex. 27
08343500 Rio San Jose nr. Grants, N. Mex. 32 -
08351500 Rio San Jose at Correo, N. Mex. 25
08352500 Rio Puerco at Rio Puerco, N. Mex. | 34

08390500 Rio Hondo at Diamond "A" Ranch - 29
nr. Roswell :

09367500 La Plata R. nr. Farmingtoh 30

Insufficient data currently are available to define the desired
generalized eéuations 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 in NSQ Mexico. .
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For the purpose of this study,consideratidn.of this category of
data was'limited<only to identifyingvthe regulapéd—stream systems
an& available data. 1In New Mexico thesé are: Rio Grande from Colorado
to Texas, Pecos River below Alamoéordo Dam, San Juan River below}Navajo
Dam, Canadian River below Cimarron River, énd Gila River below Duncan .
Valiey. Priority should be given to the Rio Graﬁde? Pecos, and San
Juan Rivers, in that order, as funds become available for systems
analysis.

The pr0poséd proérams should include provisions to contiﬁue the
collection.of récords~of.inflow,«oﬁtflow, resérvoir contents, diver-
sions, operation schedules, and other pertinent hydrologic data at the
major reservoirs in the regulated-streams systems. |

However, gaging stations in.these basins ghat have more than 25
years of record under 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 network. These stations

are:
Station no. Regulated Principal Streams Years recofa
07224500 ) Canadian R. below Conchas Dam, N. Mex. 27
083190Q0 Rio Grande at San Félipe, N. Mex. 43
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Data to define long-term trends in streamflow

The two stations operated for a shorﬁ time for this purpose in
the current program should be continued in oPefation‘indefinitely,.
As a.part of this study, 12‘additiona1 stations.in the present pro-
gram have been designated as long-term trend stations. These sﬁouid
be operated indefinitely to meet thé nee@s for this type of data.
The additional stations were sélected to provide a long-term sample
reflecting areal coverage of the State, a range of drainage'area
size, and a variety of climatic and physiographic characteristics.
The 14 statiouns identified in this category and proposed for opera-

tion indefinitely are listed in table 3 and shown in figure 6.
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Table 3.--Proposed gaging stations for monitoring long—tefm trends -

Station no. ' Station name ‘Drainage area
07208500 Rayado .Creek at Sauble‘Ranch,'
. near Cimarron, N. Mex. ' : 65.0
. 07222500 Conchas River at Variadero, N. Mex. 52.3
08271000 Rio Lucero near Arroyo Seco, N. Mex. 16.6
08340500 Arroyo Chico near Guadalupe, N. Mex. ,-1’390
08360000 Alamosa Creek near Monticello, N. Mex. 403
08377900 Rio Mora near Terrero, N. Mex. 53.2
08378500 Pecos River near Pecos, N. Mex. . ' 189
08408500 Delaware River near Red Bluff, N. Mex. 689
08477200 Iron Creek near Kingston, N. Mex.
' (presently operated as flood-
hydrograph station) . 0.74
08480700 " Indian Creek near Three Rivérs, N. Mex.
(presently operated as flood-
hydrograph station) 6.8
08481500 Rio Tularosa near Bent, N. Mex. 120
09367950 Chaco River near Waterflow, N. Mex.
(presently operated as crest-stage
gage) 4,350
09386900 Rio Nutria near Ramah, N. Mex. 71.4
09430600 Mogollon Creek near Cliff, N. Mex. : 69
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Data analysis -

The streamflow-data network operated through the years supplies
a base for analysis and reporté thereon which sﬁoﬁld be started as
soon as ﬁhe proposed.streamflow—data'p%ogram can be'implemented.
Some aspects of data analysis are of a continuiﬁg nature, with the
data collection effort contiﬁuing, reoriented as.neéessary to fill
gaps or eliminate deficiencies, ana provide data.for continuihg
future analysis.

The proposed program of data analysis for New Mékico streams may
be glassed in two phaées-—those based on data collected to date, and
those for whiéh additional 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 formé of the regression model may
provide more reliable estimates. Considerable effort might be ex-
pan&ed to define variables that adequafelyidescribe geology, pre-
cipitation, and 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 exceilent 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 available data; thelfollowing analyses and
appropriate reports should be scheduled for completion as soon as
practicgl:

1. @agnitude and frequency of peak flows—~anvupdé£e of the

report,."Magnitﬁde and frequency of floods in Néw Mexiéo;"
which was prepared in 1962 and used discharge records
through 1959,
2. Flood—volume—frequenﬁy and storage requirements.
3. Statistics of mean annual, seasoﬁal, and monthly flows.

4. Low flow characteristics of perennial streams.

5. Flood warning.maps.
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Studies of forthcoming data - Uﬁilizing available data té the

extent possible, but depending on the collection of additional data

specifically required, thé.fqllowing studies should be initiated as

a part of the proposed streamflow data program.

10

Regulated-streams systems, 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 theAstudy.
b. Evaluate the effect that ground-water pumping has upon
streamflow in selecﬁed basins.
c. Study characteristics of reservoir released and flood waves.
Time of travel and dispersion of solutes in selected streams
4 in New Mexico.
Areas inundated by floodwaters and flood profiles on principal
" streams in the State.
Frequency of flooding in urban and suburban areas.
The effects of small reservoirs and ponds on streamflow

characteristics.

These are only a few of the data analyses and hydrologic studies

that should be made in New Mexico. Changing needs for streamflow

information and changing technology in water-related fields must be

continuously evaluated in light of the data analysis that should be

generated under the streamflow data program for New Mexico.
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Appendix A-1l.--Gaging stations in operation and proposed for network

Column 1: B, benchmark or long-term-trend station.
Column 2: C, current-purpose station; [], statinn
Is no longer needed for the purpose indicated.

Columns 3-5: Purposes for which current-purpose
statlon is operated; 1, assessment; 2, operation;
3, forecasting; 4, disposal; 5, water quality;

6, compact or legal; 7, research or special study.

Cotumn 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 monthly flow; blank, no
appreciable effect; 1, no appreciable effect on daily
flow (diurnal fluctuation only); 2, no appreclable
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

published data available to adjust to natural
conditions with an error of less than 10 percent
(Adjustments limited to diversions that completely
bypass the statlon and to not more than two
reservoirs.); 5, effect of regulation 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 103) and data is not available 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; !, annual peak
flow by less than 10 percent; 2, annual peak flow
affected by more than 10 percent; 3, annual 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; §, combination of 1 and 3; 6, combination
of 2 and 3; 7, combination of 1, 2, and 3.

Station
number Station name (M @ 3 W (5 (6) (7) (8) (9)
07153500 Cimarron R, nr. Guy, N. Mex. -- c.. S - -- R S 1 2
7154400 Carrizozo Cr. nr. Kenton, Okla e ee e me a= H == = 2
7193000 Canadian R. nr. Hebron, N. Mex. - c § == - R [ 1 2
7201000 Raton Cr. at Raton, N. Mex. e o= ee  ee  ea H == == 2
7203000 Vermejo R. nr. Dawson, N. Mex. -- c 5 - - H 3 1 2
7204000 Moreno Cr. at Eagle Nest, N. Mex. - c 2 - - R 9 1 2
7204500 Cienequilla Cr. nr. Eagle Nest, N. Mex. - c 2 -~ - R 9 1 2
7205000 Sixmile Cr. nr. Eagle Nest, N. Mex. - [4 2 e~ == H 9 1 2
7206000 Cimarron R. blw Eagle Nest Dam, N. Mex. L R 6 2 2
7207000 Cimarron R. Nr. Cimarron, N. Mex. - = .- - - R 6 2 2
7207500 Ponil Cr. nr. Cimarron, N. Mex. - [ .- == H 9 1 2
7208500 Rayado Cr. at Sauble Ranch, nr. Cimarron, N. Mex. B c 1 3 -- H = - 2
7211000 Cimarron R. at Springer, N. Mex. “s == == == == [R] 6 3 2
7211500 Canadian R. nr. Taylor Springs, N. Mex. - (4 § == == R 9 1 3
7214500 Mora R. nr. Holman, N. Mex. - [ 2 - .- R 9 1 2
7214800 Rlo la Casa nr. Cleveland, N. Mex. .. e= == == es [H] 3 1 2
7215100 La Cueva Canal blw wasteway at ta Cueva, N. Mex, - - - .- -~ R 3 2 2
7215500 Mora R. at La Cueva, N. Mex. e == == == == [R] 9 3 2
7216500 Mora R. nr. Golondrinas, N. Hex. “s == == == .= (R} 9 3 2
7217100 Coyote Cr. abv Guadalupita, N. Mex. L - - R 9 1 2
7218000 Coyote Cr. nr. Golondrinas, N. Mex. e- == == == -- [R] 9 1 2
7220000 Sapello R. at Sapello, N. Mex. EEEEERE N R 9 1 2
7220100 Lake Isabe! feeder Canal nr. Sapello, N. Mex. -- -- -- -- - R 3 2. 2
7221000 Mora R. nr. Shoemaker, N. Mex. -- c 2 - = R 9 1 2
7221500 Canadfan R. nr. Sanchez, N. Mex. -- [4 2 - - R 9 1 3
7222500 Conchas R. at Vartadero, N. Mex. B -- -~ == - H 3 1 3
7223000 Be!l Ranch Canal blw Conchas Dam, N. Mex. L R 6 2 3
7223300 Conchas Canal blw Conchas Dam, N. Mex. -- c § == - R 6 2 2
7224500 Canadian R. blw Conchas Dam, N. Mex. s= == == == == [R] 6 2 3
7225000 Pajarito Cr. at Newkirk, N. Mex. - == == es e H -- - 2
7225500 Ute Cr. nr. Gladstone, N. Mex. == e= == Cee e= H - - 2
7226500 , Ute Cr. nr. Logan, N. Mex. - 4 § -- == H 3 1 2
7227000 Canadian R. at Logan, N. Mex. _ LTI L R 6 2 2
7227100 Revuelto Cr. nr. Logan, N. Hix. -- c § == == H 9 1 2
7227200 Tramperos Cr. nr. Stead, N. Mex. = = == == == H 5 1 2
7227295 Sandy Arroyo Trib ar. Clayton, N. Mex. = == == ee ee H == -- 2
08080600 Running Water Draw nr. Clovis, N. Mex. e H - - 2
8252500 Costilla Cr. abv Costilla Dam, N. Mex. - 4 6 2 -- H 3 1 2
8253000 Castas Cr. nr. Costilla, N. Mex. -- c 6 2 -- H b S | 2
8253500 Santlstevan Cr. nr. Costilla, N. Mex. -- C 6 2 - H 3 1 2
'825%000 Costllla Cr. blw Costilla Dam, N. Mex. -- c .6 2 -- R é 2 2
8254500 Costllla Cr. nr. Amallia, N. Mex. -- c 6 2 - R 6 2 2
8255500 Costitla Cr. nr. Costlilla, N. Mex. - c 6 2 5 R 6 2 2
8256000 Acequla Madre at Costilla, N. Mex. -- [+ 6 2 -- R 6 2 2
8256500 Mesa Dltch nr. Garcla, Colo. - (4 3 2 -- R [ 2 2
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Appendix A-1l.--Gaging stations in.operation and proposed fdr network -

Continued
Station C . .
number Station name : : M- ) G @ 5 6. @) (8 (9)
08257500 Cordillera Ditch at Garcla, Colo. ) - €t 6 2 -- R 6 ‘2 2
8258000 Cerro Canal at Costilla, N. Mex. - ¢ 6 2 .- R 6 2 2
8258500 Associatlion Ditch at Costilla, N. Mex. - e em me L ee - R 6 2 2
8253000 Cerro Canal nr. Jaroso, Colo. SN - ¢ 6 2 -- R 6 2 2 -
8259500  N. Mex. Br. Cerro Canal nr. Jaroso, Colo. -- c 6 2 -- R 3 2 2
8260500 Costilla Cr. blw div. dam, at Costilla, N. Mex. fem [4 [ 2 .- R [ 2 2
8261000 Costilla Cr. at Garcia, Colo. : .- c 6 2 -- R 6 2 2 -
8262000 Eastdale No. 1 Intake Canal nr. Jaroso, Colo. : -- c 6 2 .- R 6 2 2
8263000 Latir Cr. nr. Cerro, N. Mex. e T 2
8263500 . Rlo Grande nr. Cerro, N. Mex. . - es ae em ea R 9 3 3
© 8264500 Red R. blw Zwergle.damsite nr. Red River, N. Mex. D B --  -- 2
8264900 South Ditch nr. Questa, N. Mex. —. . mm ee e - R [3 2 2
8265000  Red R. nr. Questa, N. Mex. . em ee e el R 9 1 2
8265500 Llano Ditch nr. Questa, N. Mex. . L e em ee ae e R 6 2 2
8266000 Cabresto Cr. nr. Questa, N. Mex. ‘ -- 4 2 - -- R 4 1 2
8267000 Red R. at mouth, nr. Questa, N. Mex. - C § .- == R 3 1 2
8267500 Rlo Hondo nr. Valdez, N. Mex. : N 4 7 - -- R == - 2
8268500 . Arroyo Hondo at Arroyo Hondo, N. Mex.: L {R1 9 2 2
8268700 Rlo Grande nr. Arroyo Hondo, N. Mex. -- 3 7 - -- R 9 3 3
8269000 Rio Pueblo de Taos nr. Taos, N. HMex. : - ¢ 7 .- -- H = == 3
8271000 Rio Lucero nr. Arroyo Seco, N. Mex. . 8 4 7 - == H == = 3
8275000 Rlio Fernando de Taos nr. Taos, N. Mex. - C 7 - -~ W 3 - 3
8275300 Rio Pueblo de Taos nr. Ranchito, N. Mex. - -~ . ¢ 7 - - R 6 2. 2
8275500 Rlo Grande del Rancho nr. Talpa, N. Mex. .- 4 7 - -- H 3 1 N
8275600 Rio Chiquito nr. Talpa, N. Mex. -- 4 7 -- - R -- == 3
8276300 Rlo Pueblo de Taos blw Los Cordovas, N. Mex. -- c 7 == - R 9 2 2
8276500 Rlo Grande blw Taos Jct Bridge nr. Taos, N. Mex. - ¢ 7 -~ =-- R 9 3 2
8279000 Rio de Penasco at Dixon, N. Mex. ’ .- 4 7 - .- R 9 1 2
8279500 * Rio Grande at Embudo, N. Mex. - [ 7 - -- R 9 3 1
8280100 San Juan lateral abv San Juan Pueblo, N. Mex. -- 4 7 - -- R 6 2 3
8280200 San Juan Pueblo ditch abv San Juan Pueblo, N. Mex. -- 4 7 - .- R 6 2 3
8280700 Guique ditch nr. San Juan Pueblo, N. Mex. . - 4 7 -- -- R [3 2 3
8281100 Rlo Grande abv San Juan Pueblo, N. Mex. L= c 7 - -- R 9 3 2
8284100 Rio Chama nr. La Puente, N. Mex. . . .- c 2 - .- R 9 1 2
8284200 Willow Cr. abv Heron Res. nr. Parkview, N. Mex. -~ c 2 - -- H - = 3
8284200 Willow Cr. at Steel bridge nr. Parkvlew, N. Mex. L H 3 1 3
8284300 Horse Lake Cr. abv Heron Res., nr. Parkview, N. Mex. -- c 2 - .- R 5 3 3
8284400 Horse Lake Cr. at mouth nr. Parkview, N. Mex. - -- == == == R S 3 3
8284500 Willow Cr. nr. Parkview,-N. Mex. - -— =s ee == {H] 3 H 3
8285500 Rio Chama blw El Vado Dam, N. Mex. -~ ¢ [ 2 =- R 6 -2 2
8286500 Rio Chama abv Abiquiu Res., N. Mex. - - ¢ § ==  -- R~ 6 2 3
8287000 Rio Chama blw Abiquiu Pes., N. Mex. -- 4 § - e- R [3 2 3
8289000 Rio 0Jo Callente at La Madera, N. Mex. == == == == == [H] 9 1 2
8289500 Chamita Ditch nr. Chamita, N. Mex. -- 4 7 -- .- R 6 2 3
8289800 Hernandez ditch at Hernandez, N. Mex. -- (4 7 - -- R 6 2 3
8290000 Rio Chama nr. Chamita, N. Mex. . R -- c § e- .- R 6. 2 3
8291000 Santa Cruz R. at Cundiyo, N. Mex. = == == == == [H] 3 1 2
8294300 Rlo Nambe at Nambe Falls, nr. Nambe, N. Mex. - [ 2 - -- H == == 3
8295200 Rio En Medio nr. Santa Fe, N. Mex. ’ -- c 7 =-- == H == == 2
8302200 North Fork Tesuque Cr. nr. Santa Fe, N. Mex. -- 4 7 -- -- H == - 2
8302300' Middle Fork Tesuque Cr. nr. Santa Fe, N. Mex. ’ -- [4 7 -- -- H -~ -~ 2
8302400 South Fork Tesuque Cr. nr. Santa Fe, N. Mex. -- c 7 - -- H - == 2
830};100 Little Tesuque Cr. nr. Santa Fe, N. Mex. - [ 7 -- -~ H =-- .- 2
" 8304200 Li'ttle Tesuque Cr. Trib No. 4 nr. Santa Fe, N. Mex. .- c 7 == -- H == = 2
8304300 Little Tesuque Cr. Trib No. 3 nr. Santa Fe, N. Mex. -- [ 7 - -- H - -- 2
8304400 Little Tesugue Tr. Trib No. 2 nr. Santa Fe, N. Mex. R SO A I 2
8313000 Rio Grande at Otow! Bridge nr. San lldefonso, N. Mex. . == c 1 2 6 R 9" 2 2
8314500 Rio Grande at Cochlti, N. Mex. . -- c § == == R 9 2 2
8316000 . Santa Fe R. nr. Santa Fe, N. Mex. -- 4 6 -- -- R [ 2 2
8317200 Santa Fe F” abv Cochitl Res., N. Mex. A I T R 5 3 3
8317600 San Cristeval Arroyo nr. Gallsteo, N. Mex. L L R L H == .- 2
8317850 Gallsteo Cr. abv Galisteo Res., M. Mex. . == == == == e- H - - 3
8317950 - Galisteo Cr. biw Galisteo Dam, N. Mex. . . R L R 6 2 3
8318090 Gallsteo Cr. at Domingo,.N. Mex. . -- c § == == R 6 2 )
8319000 Rlo Grande at San Fellpe, N. Mex. S s == == == == [R] 9 T2 2
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Appendix A-1l.--Gaging stations in operation and proposed for network -

Continued
Statfon . .
mumber Statlon name Mm@ e W e E o @ o
08321500 Jemez R. blw East Fork nr. Jemez Springs, N. Mex. S DTS 1) BRSNS
8321900 Rio de las Vacas nr. Senorita, N. Mex. . . ee i ee em e- H - - 2
8323000 Rio Guadalupe at Box Canyon nr. Jemez, N. Mex. = == e= T e= e [H} -- == 6
8324000 Jemez R: nr. Jemez, N. Mex. . T em e ee e a- H == == 3
8329000 Jemez R. blw Jemez Canyon Dam, N. Mex. : - 4 é 5 -- R é 2 3
- 8329100 . Pledra Lisa Arroyo nr. Bernalillo, N. Mex. . =- c § e -- R 6 2 3
8329900 North Floodway Channel! nr. Alamada, N. Mex. - we  em e= em e= R 6 2 2
8330000 Rio Grande at Albuquerque, N. Mex. .- c 2 5 -- R 9 2 3
8330500 TiJjeras Arroyo at Albuquerque, N. Mex. L R -- == 2
8331650 Canado Montosa nr. Seholle, N. Mex. e ee e ee ea H == =~ 2
“8331990 ° Rio Grande C. C. nr. Bernardo, N. Mex. ° ’ : - ¢ 5 e-  -- R 6 2 2
8332010 Rlo Grande Floodway nr. Bernardo, N. Mex. - [ R 6 2 2
8332030 Lower San Juan Riverside Dr. nr. Bernardo, N. Mex. L T S R 6 2 2
8332050 Bernardo Int. Dr. nr. Bernardo, N. Mex. - c § - -- R 6 2 2
8334000 Rio Puerco abv Chico Arroyo nr. Guadalupe, N. Mex. .= = e= e= e- [H)] -~ -~ 2
8340500 ‘Arroyo Chico nr. Guadalupe, N. Mex. B == == - - H -~ -- 1
8341300 Bluewater Cr. abv Bluewater Dam nr. Bluewater, N. Mex, =-- == -- - - K - -~ 2
8342000 Bluewater Cr. nr. Bluewater, N. Mex. ee e= == == = [R] 6 2 1
8343000 Rio San Jose at Grants, N. Mex. =s == == == =e [R] 6 1 3
8343100 Grants Canyon at Grants, N. Mex. S T T T T DT |
8343500 Rlo San Jose nr. Grants, N. Mex. ) == == .== =~ -~ [R] 9 3 3
8348500 Encinal Cr. nr. Casa Blanca, N. Mex. : L H == =~ 2
8351500 Rio San Jose at Correo, N. Mex. o= e= == = -~ [R] 9 1 3
8352500 Rio Puerco at Rio Puerco, N. Mex. : R e (R} 9 1 2
8353000 Rlo Puerco nr. Bernardo, N. Mex. - c 5 == - R 9 1 2
8353500 La Jencla Cr. nr. Magdalena, N. Mex. : B I LT R H - - 2
8354000 Rlo Salado nr. San Acacla, N. Mex. ] -- c § -~ - H == a- 2
8354500 Socorro Main Canal N. at San Acacla, N. Mex. - C 2 - - R 6 2 2
8354800 Rio Grande C. C. at San Acacla, N. Hex. - c 2 5§ -- R é 2 2
8354900 Rlo Grande floodway at San Acacla, N. Mex. - c 2 s -- R § 2 2
8355200 Nogal Arroyo Floodway nr. Socorro, N. Mex. - e es e- ee R 6 2 3
8355300 Arroyo de la Matanza nr. Socorro, N. Mex, B H = - 3
8356000 Socorro Maln Canal S. nr., San Antonlo, N. HMex. . -- c 2 - -- R 6 2 6
8356500 San Antonlo Rliverside Or. nr. San Antonlo, N. Mex. = c 2 - - R é 2 [3
8357000 Elmendorf Int. Or. nr. San Antonlo, N. Mex. a .- 4 2 e- - R 6 2 6
8357500 San Antonlo Rlverside Dr. nr. San Marclal, N. Mex. _-- C . 2 - -- R [3 2 3
8358300 Rio Grande C. C. at San Marclal, N. Mex. -- 4 2 5 -- R 6. 2 2
8358400 Rlo Grande floodway at San Marclal, N. Mex. -— c 2 5§ -- R 3 2 2
8358550 Milligan Gulch nr. San Marcial, N. Mex. . s es e- == H - - 2
8360000 Alamosa Cr. nr. Monticello, N. Mex. B = == == - H = - 2
8361000 Rlo Grande blw Elephant Butte Dam, N. Mex. - -- ¢ [ 1 2 R 6 2 1
8362500 Rio Grande blw Caballo Dam, N. Mex. -- c (3 2 - R 6 2 3
8363100 Rio Grande Trib nr. Radium Springs, N. Mex. = = == ee - H --  -- 2
8363700 Tortugas Arroyo nr. Las Cruces, N. Mex. -- c 5 == == R 6 2 3
.8364000 Rio Grande at E! Paso, Texas -~ ¢ 6 - -- R 9 2 3
8377900 Rlo Mora nr. Terrero, N. Mex. . ] ¢ 5 --  -- H - - 1
8378500 Pecos R. nr. Pecos, N: Mex. . . 8 ¢ 6 -- - H == - 1
8379500 Pecos R. nr. Anton Chico, N. Mex. . - [4 5 a- - R 9 1 2
8380500 Galllnas R. nr. Montezuma, N. Mex. ~e  ae = e= == [H] == =~ 2
8382500 Gallinas R. nr. Colonlas, N. Mex. , -~ c 6 - -- R 9 1 1
8382800 Pecos R. abv Los Esteros damsite nr. Santa Rosa,
' N. Mex. - - - s - - R 9 1 2
8383000 Pecos R. at Santa Rosa, N. Mex. -~ ¢ 1 5 6 R 9 1 2
8383300 Pintada Arroyo nr. Santa Rosa, N. Mex. L L L Hoo=- == 2
8383500 Pecos R. nr. Puerto de Luna, N. Mex. .. -~ =~ .. = . == .C. .5 6. 2. R 9. 1 2
8384500 Pecos R. blw Alamogordo Dam, N. Mex, - [4 1 6. 2 R 3 2 2
8385000 Fort Summer maln canal nr. Fort Sumner, N. Mex. | - ..c. 6 2 =~ _R_ 6 2 2
8385520 Pecas R. blw Fort Sumner, N. Mex. “= == ee == .- R 6 2 2
8385600 Yeso Arroyo nr. Fort Sumner, N. Mex. . L L H o~ - 2
8385700 Cloud Canyon nr. Galllnas, N. Mex. ) R H o~ .- 2
8386000 Pecos R. nr. Acme, N. Mex. - - c 5 [ 2 R [3 2. 2
8387000 Rlo Ruldoso at Hollywood, N. Mex. : -- [4 2 a- - R b4 1 2
8387600 Eagle Cr. blw South Fork nr. Alto, N. Mex. R A - mm e em e H 3 1 2
8387800 Eagle Cr. nr. Alto, N. Mex. ) ' L . LI T R 6 2 2
8390500 Rio Hondo at Dlamond "A'' Ranch nr. Hondo, N. Mex. == == e= «= == [R] 9 -t -3
8350800 Rlo Hondo blw Dlamond "A" Dam nr. Roswell, N. Mex. LS DR D N R 6 2 3
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Appendix A-1l.--Gaging stations in operation and proposed for network -

Concluded
Statfon : .
number ' Statlon name ‘ 1 @ G W (5 (&) () B (9
08393200 . Rocky Arroyo abv Two Rlvers Res. nr. Roswell, N. Mex. == == es o= oo H ~= == 3
8393300 Rocky Arroyo blw Rocky Dam nr. Roswell, N. Mex. - e e e e R 6 2 3
8393600 North Spring R. at Roswell, N. Mex. ) “e  em  ee  ee ew [H] == == 3
8394100 Pecos R. nr. Hagerman, N. Mex. ) -- 4 I R 6 2 2
8394500 Rio Felix at old Highway Bridge nr. Hagerman, N. Mex. - c 2 e- - R 9 t 2
8395500 - Pecos R. nr. Lake Arthur, N. Mex. .- [ R 6 2 2
8396500 Pecos R. nr. Artesla, N. Mex. : -- ¢ 2 5 6 R 3 2 2
8398500 Rlo Penasco at Dayton, N. Mex. . - - ¢ 5 6 -- R ) 1 1
8399500  Pecos R. (Kalser Channel) nr. Lakewdod, N. Mex. ~ -- c 6 2 -- R -6 2 2
8400000 Fourmile Draw nr. Lakewood, N. Mex. .- C 6 <~ -- H == - 1
8401000 Pecos R. biw McMIllan Dam, N. Mex. -- ¢ [ 2 .- R [ 2 2
8401200 South Seven Rlvers nr, Lakewood, N. Mex, - c 6. - - H - - 2
8401900 Rocky Arroyo at highway bridge nr. Carlisbad, N. Mex. -- c 6 -~ .- R 9 1 2
8402000 Pecos R. at damsite 3 nr. Carlsbad, N. Mex. .- 4 6 2 -- R 3 2 2
§403500 Carlsbad main canal nr. Carlsbad, N. Mex. -- 4 6 2 -- R [3 2 1
8404000 Pecos R. blw Avalon Dam, N, Mex. . . .- (4 6 2 ~--_ R [ 2 1
8405000 Pecos R. at Carlsbad, N. Mex. - ¢ 6 2 5 R & 2 2
8405500 Black R. abv Malaga, N. Mex, ) : .- c 6 2 -- R 9 1 2
8406500 Pecos R. nr. Malaga, N. Mex. . .- 4 6 § o= R [ 2 2
8407000 Pecos R. at Plerce Canyon Crossling nr. Malaga, N, Mex, -- c [ 5 -- R 6 2 2
‘8407500 Pecos R. at Red BIuff, N. Mex. . -- 4 1 6 5 R é 2 2
8408500 Delaware R. nr. Red Bluff, N. Mex. ) B 4 [3 2 -- H 2 1 2
8437620 Monument Oraw Trib nr. Monument, N. Mex. es es e em ea H - - 2
8476300 ‘Mimbres R. at McKnight damsite, nr, Mimbres, N, Mex. B C § .- a- H == - 2
8477000 Mimbres R. nr. Mimbres, N. Mex. : - c 3 .- .- R 9 2
8480700 indlan Cr. nr. Three Rlvers, N. Mex. . e me me me | em H - -- 2
8481500 Rio Tularosa nr. Bent, N. Mex. B C .5 == .- R 9 1 2
8486250 Tularosa Valley Trib nr. White Sands, N, Mex, B I R 3 1 3
8486260 Yularosa Valley Trib at Whlte Sands, N. Mex. == ea ee ee e R 3 1 3
8492500 Corrucopla Canyon nr. Plnon, N. Mex. L T TR EE R == - 2
09346400 San Juan R, nr. Carracas, Colo. . -- [4 5 6 -- R 9 1 1
9349800 Pledra R. nr. Arboles, Colo. -- c 5 6 -- R 9 ] 1
9350800 Vaqueros Canyon nr. Gobernador, N. Mex. .- - -~ .- .- H -- - 2
9354500 Los Pinos R. at La Boca, Colo. . -- 4 5 - R 6 2 1
9355000 Spring Cr. at La Boca, Colo. .- c 6 - - H 3 1 1
. 9355500 San Juan R. nr. Arcnuleta, N. Mex. - 4 2 5 .- R 6 2 2
9363500 Anlmas R. nr. Cedar Hill, N. Mex. - c § e~ - R 9 1 2
9364500 Animas R. at Farmington, N. Mex. e c 2 § -- R 9 1 2
9365000 San Juan R. at Farmington, N. Mex. -- c 2 5 3 R 6 2 2
9367500 La Plata R. nr. Farmlington, N. Mex. a= e e= <= == [R] 9 1 2
9367950 Chaco R. nr. Waterflow, N. Mex. e ee  ec e em H == -- 2
9368000 San Juan R. at Shiprock, M. Mex. - 4 1 6 5 R é 2 1
9386100 Largo Cr. nr. Quemado, N. Mex. = es  ee ee e- H - - 2
9386900 Rlo.Nutrla nr. Ramah, N. Mex. R . L B ee ee e ae R == - 3
9386950 Zunl R. abv Zuni Res., N. Hex. ) = e == == - R 6 2 3
9430150 Saplllo Cr. blw Lake Roberts nr. Silver City, N. Mex, == == == == == R 6 2 2
9430500 Gila R. nr. Gila, N. Mex. . .- c 1 3 - R 9 1 2
9430600 Mogollon Cr. ar. CIiff, N. Mex. 8 4 § == - - - 1
9431500 Gila River nr, Redrock, N. Mex. -- c § == -- R 9 1 2
9438200 Animas Cr. nr. Cloverdale, N. Mex, . Smm em e ee e- H o o= == 2
9L42653 Trout Cr. nr. Luna, N. Mex. L R 9 ! 2
9442680 San Franclsco R. nr. Reserve, N, Mex. - B R 9 1 2
9h42692 Tularosa R. nr. Aragon, N. Mex. . == = e e- B o= - 2
9443000 San Franclsco R. nr. Alma, N. Mex. . L L R 9 1 2
9444000 San Franclisco R. nr. Glenwood, N. Mex. .. -~ ¢ 3,5 - R 9 1} 2
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Appendix A~2.--Selected flow characteristics for

used in regression analysis

gaging stations

Station

+ seasonal record
* discontlnued station

4 66

number Station record g, s, M2 Yo Vase %,
07199000 Canadian R. nr. Hebron, N. Mex. 22 8.22 1"n. --

7203000 Vermejo R. nr. Dawson, N. Mex. ()] "19.2 |6.; 0.98 ;.fgg f';gg hg';gg
47204000  Moreno Cr. at Eagle Nest, N. Mex. 32 - - 54 a3 "192 o
+7204500 Cieneguilta Cr. nr. Eagle Nest, N. Mex. 32 - - .63 568 435 740
7205000 Sixmile Cr. nr. Eagle Nest, N. Mex. 10 2.25 .95 - 58.3 57.5 155
7207500 Ponil Cr. nr. Cimarron, N. Mex. . 26 11.0 .84 .

7208500 Rayado Cr. at Sauble Ranch, nr. Cimarron, N. Mex. At 13.4 ;v,za 2[6; gz: ;';: 6';22
7211500 Canadian R. nr. Taylor Springs, N. Mex. 23 106 132 2.95 48,780 28,300 82,000
#7214000  Canadian R. nr. Roy, N. Mex. 29 132 165 2.20 66,220  35.610  13.900
7214500 Mora R. nr. Holman, N. Mex. 15 13.5 9.97 1.8 - 610 ",99 e
7214800 Rio la Casa nr. Cleveland, N. Mex. T2 th.t 5.66 2.12 352 278 .
7222500 Conchas R. at Variadero, N. Mex. 32 17.6 22.5 - 11,220 5.860 58,500
7226500  Ute Cr. nr. Logan, N. Hex. 26 7.6 16, - 9,560 4,020  $§3.400

+08252500 Costilla Cr. abv Costilla, N. Mex. 21 -- - 2. ' 1
+8253000 Casias Cr. nr. Costilla, N. Mex. 17 -- ve ;?2 %ZZ 15? fz:
$8253500 Santistevan Cr. nr. Costilla, N. Mex. 19 -- - .76 23.4 22.6 PR
8263000  Latir Cr. nr. Cerro, N. Mex. ’ 23 5.37 1.87 1.81 93.6 86.0 156
*8264000 Red R. nr. Red River, N. Mex. 1h 15.5 5.74 3.3% 237 237 299
8265000 Red R. nr. Questa, N. Mex. 38 47.8 20.3 12.8 913 857 1,050
8267000 Red R. at mouth nr. Questa, N. Mex. 17 80.2 18.8 8.7 690 694 -
8267500 Rio Hondo nr. Valdez, N. Mex. b1} 35.4 140 9.08 436 K80 609
8263000 Rio Pueblo de Taos nr. Taos, N. Mex. 17 29.4 16.6 5.29 932 880 1,010
8271000  Rio Lucero nr. Arroyo Seco, N. Mex. 28 3.3 8.96 4.92 275 253 304
8275500 Rio Grande del Rancho nr. Taos, N. Mex. 16 19.7 9.04 3.66 379 362 -
8275600 Rio Chiquito nr. Talpa, N. Mex. 1" 8.46 1.77 1.75 178 164 -
8279000 -Rio de Penasco at Dixon, N. Mex. 35 79.5 49.3 . 8.89 1,600 1,440 2,120
_#8283500  Rio.Chama at Park View, N. Mex. 27 134 160 17.4 7.290 6,580 9,760
8284100 Rio Chama nr. La Puente, N. Mex. 13 3N 135 17.7 7,180 6,740 --
8284500 Willow Cr. nr. Park View, N. Mex. 5 13.7 1m.2 - 1,240 1,080 3,790
+8288000 €1 Rito Cr. nr. E! Rito, N. Mex. 19 ‘18.8 12.4 .72 703 604 1,020
8289000 Rio Ojo Caliente at La Madera;, N. Mex. 36 69.2 45.5 3.3 2,780 2,500 3,380
8291000 Santa Cruz R. at Cundiyo, N. Mex. 35 28.3 15.6 6.46 499 437 1,730
#8295000  Rio Nambe nr. Nambe, N. Mex. 19 10.6 6.52 2.33 186 168 3,460
+8302500 Tesuque Cr. abv diversions nr. Santa Fe, N. Mex. 15 3.2t 2.18 .bh 4.9 66.7 1,040
8316000 Santa Fe R. nr. Santa Fe, N. Mex. 13 12.0 7.33 1.36 307 279 -~
8318000 Gallsteo Cr. at Domingo, N. Mex. 23 9.98 7.33 -- 4,020 1,840 28,100
8324000 Jemez R, nr, Jemez, N. Mex. 15 63.1 23.8 13.9 1,160 1,000 7,540
8334000 Rio Puerco abv Arroyo Chico nr. Guadalupe, N. Mex, 17 12.9 9.23 - 2,140 1,400 .-
8340500 Arroyo Chico nr. Guadalupe, N. Mex. 25 2h.% 15.6 - 3,600 2,240 14,600
8354000 Rio Salado nr. San Azacia, N. Mex. 17 14.2 9.1 - 2,180 1,810 15,600
8360000 Alamosa Cr. nr, Monticello, N. Mex. 16 8.56 1.27 6.06 1,190 L th 700
8378500 Pecos R. nr. Pecos, N. Mex. 40 97.6 47.5 18.4 1,450 1,290 2,540
8379500 Pecos R. nr. Anton Chico, M. Mex. 43 129 91.3 . 5.29 6,800 3,930 38,500
8380500 Callinas Cr. nr. Montezuma, N. Mex. 42 18.5 15.2 2.44 1,140 685 7.770
8387000 Rio Ruidoso at Hollywood, N. Mex. 15 n.s 6.70 1.5 27 180 -
#§388000 Rlo Ruidoso at Hondo, N. Mex. 25 19.0 24.6 .59 3,490 2,180 16,700
#8389500 Rio Bonito at Honda, N. Mex. 25 10.3 15.0 -- -- -- 13,300
8393600 North Spring R. at Roswell, N. Mex, 10 -- -- -- 155 65.7 -
8394500 Rio Felix at old highway dridge nr. Hagerman, N. Mex. 29 16.2 21.0 L2 14,980 7.020 34,200
8400000  Fourmile Draw nr. Lakewood, N, Mex, 17 - -- -- 9,630 2,780 -
8405500 Black R. abv Malaga, N. Mex. 21 1h.9 10.8 3.52 9,330 4,110 75,000
8408500  Delaware R. nr. Red Bluff, N. Hex. 3 1.3 4.2 .29 (15,730 5,930 74,100
8477000 Mimbres R. nr. Mimbres, N. Mex. 38 10.8 7.712 2.02 606 466 1,430
*8477500 Mimbres R. nr. Faywood, N. Mex. . 29 1406 13.3 1.26 3,010 1,470 19,200
8477600 San Vicente Arroyo at Silver Clity, N. Mex. 12 - - .- 191 78.6 --
8481500 Rio Tularosa nr. Bent, N. Mex. 20 9.50 1.23 3.96 182 64.7 7,200
#09350500 San Juan R. at Rosa, Colo. 33 1,022 519 105 15,340 13,700 23,000
9355000 Spring Cr. at La Boca, Cola. 17 28.3 3.81 .19 253 - 174 --
9363500 Animas R. nr. Cedar HIll, N. Mex. 34 902 3u . m 12,620 11,430 14,500
9364500 Animas R. at Farmington, N. Mex. LH 871 377 82.1 12,660 11,670 18,500
9430500  Gila R. nr. Gila, N. Mex. 40 -131 78.9 29.2 9,530 5.540 15,100
9431500 Gila R. nr. Redrock, N. Mex. 3 180" 128 15.9 22,110 10,730 24,300
*9443500 Whitewater Cr. nr. Mogollon, N. Mex. 0. ... 17.4 - - - L= -
9444000  San Francisco R. nr. Glenwood, N. Mex. ] 67.5 51.3 0.7 5,390 3,710 8,580



Appendix A-3.--Physical and climatic characteristics of drainage

basins for gaging stations used in regression

analysis . .
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Appendix A-3.--Physical and climatic characteristics of drainage

basins for gaging stations used in regression

analysis - Concluded

Statlon

fumber A L € LS Sy, s S, Py ?, ’, ' ! W L
938705 19.00 7.30  7.18 7.36 2.80 50.0  1.26 5.75 5.25 3.75 125 10.0  5.00 8.67
93954 14,50 s.70 7.8 7.78 2.2 10 a2t 8.50 6.50 590 . 1.50 10.0 S5.33  8.50
93955 558.00 A3.40  6.50 6.97 87 2.0 1.13 5.9¢ 5.90 817 126 180 5.50  B.50
93956 a2 1.00 6.60 6.66 2.38 1.0 1.00 ».50 5.75 3.0 1.18 150 5.67 8.83
98299 83.60 18.50 1.27 7.78 3.82 63.0 1.02 "2 8.17 7.75 nn 18.0 3.50 8.50

* 94305 1,868, 86.3 ,.90 6.10 4.00 37.1 1.0t 1.0 7.0 - 7.0 1.8 16.2° '3.26 '8.26
94309 228.00 35.70 4.0 5.27 5.59 1.0 1.08 9.82 6.51 5.99 1.69 26.0 3.17  B.67

* 94315 2,829.0 15.2 4,09 5.7% 4,63 3.5 1.05  10.0 7.0 7.0 1.5 16.0 3.26  B.26
94382 157.00 15:10 5.02 5.22 1.45 3.0 1.00 8.26 1.27 5.96 1.82 28.0 1.50 8.8y
9NR266 32.00 12.60 7.3t 7.98 4.96  107.0 1.12  12.50 9.14 7.00 1.60 12,0 3.83 9.0
944268 350.00 40.90 5.8 6.88 A.78 §9.8  1.13  10.00 8.00 7.00 172 12,0 3.88 8.92
984269 89.00 13.80  6.75 7.4 2.6 129.0 1:02 1.3 5.30 $.97 1.49 13.0 s.00 B8.50
9us27 9%.60 th,10 6.76 7.55 .10 127.0 1.26 7.50 6.50 6.50 1.43 12.0 &.00 8.87
944278 826.00 33.80 5.9 7.00 2.68 75.0 1.0t 7.39 6.32 .97 1.3 15.0 383 8.50

* 94u3s .o 13.4 5.67 7.28 5.28  261. 1.00  16.0 10.0 H.0 1.86 21,0 3.3h B4

* 9Mu40 1,65). 80.0 A58 5.17 .87 3.0 105 10.0 8.0 7.0 1.69 _17.0 3.68 8.73

® Indicates gaging statlons used in regrassions other than peaks.
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Appendix A-4.--Summary of regression equations
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Bependent 4 Regression  Standard
varfable Exponent of basin characteristic constant error of
estimate
Y [ S N I A 1 oW s . fporcent)
-q, i‘.ot‘ - em e - ok - - 2.5 -- -- - 0.537 - - 3.8 x 1075 53
Y, 161 - e- es 0788 L7 SR N T S -- - ety - - 6.88x1070 gy —
q, L8] mm es e- -- - - IR - - 2.0 - - 8.8 x 108 103
9y 7T e e .- - - .- -~ M67 .- - .- - - - . 9.20x 1678 143
q, B 1 - -- - -- - N.89 - 1.9% .- - - - " 542 x10°8 . 106
9 93 - e e - -- -- - 516 1.6 - - - -A35 882 .59 x 1078 95
.9 l JE T SRR 57 .8 == - hoo - - - Clem 285 - 1.96 x 107 30
g Y S P e e 180 038 - - 188 ee - Bs0xn0d 1
[ N - - ORI (L N IS SRS - 2 - - - 2.8 x 107 68
o 106 o v T267 - 761 - .- 876 21.23 a6 .- 107 - " 2.60 x 197 68
Q, 788 - - - -- - - e 179 10 - -- -- - - " sazaxt0™ 72
9, J13 - e = - - R T T N YR - - - - rx07 g2
v Qy L) A 235 1. - == 3.5 .-‘1‘.6) - - -~ 947 - - 12z 21010 o
5, 850 == = - T T T .- - 186 2,62 A8sa105 &7
5, 895w am e- -- -- - - 2.8 138 .- N - 8.60 x 1075 95
30, L -- -- - e- 158 1.9% - - - .72 .- 2.06x1077  1ob
sy ko meantngful aquatlon derlved.
5o, 872 - = - - - . e e am - 2130 -- - - - 2aux1075 1ze
s, 856 e o= e - - B W T R I - - - -h9h 5.2 .06 x 1077 9
s 935 .- - - 612 -- B K - -- 110 A8 - 124 x 1072 9
s, 881 e e e- - - —- - 228 - < - —- ;237 == 930x10°7 o
é"a 824 - - - -- - -~ .- .B2§ -- .- - - - .- §5.12 x 1072 .81
s, 957 == == - - - - .- - 1.89 - - -- - - 2.06 2107 85
0,4 926 -e o an - - - .- 847 118 -- - - - - 136 at073 104
;on 805 = == == - -- -~ - a2 230 -- -- -- - -~ w30 x0® '0‘;-
$0,, 902 s =- ee - -- - - 2 222 - N 1 - 8.60x 107 95
C M2 566 -- - e- -- -- - e 332 - - - - - N
7,5 146 == == - - L1 - e - - - -g.202 - L - 1rase10® oy
n7,10 198 == e - - 1.86 - - -- - - - .95 -- A o-- 2.82x 1070 142
7,20 1,20 - e -- - 195 - e - - - -9 - M - ssixt10'0 ass
1,2 93 s ee - -- - .- - 183 -- - - -- 1Ay h09 1.08 107" 59
VLS S e - -- - e I Y I - - - <183 A7 1.27 x 107 55
-



Appendix A-4.--Summary of regression equations' ~ Concluded
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o aal? (B2 b)Y g bh b5 (bg by b, by, big b|>| bi2 b1 biy ¢yd1
Vet F2e) g 20 s 05 5% 5 BT p PR p PI p P10 BTN r P12 a 3 oPth 1”15
Depandent . Regrassion Standard
varlabdle Exponant of basin characteristic constant error of
zl!'NKQ
n percent)
Y ALy Sy s [ ’ ' T ML st » :
V1,10 (953 cmm em e e - A N A - - 28 b0z sorxt0d ks
Fvi,2s R - - . I - -- - <25 395 2.39 x 1072 60
FV1,50 988 .- - e -- = - - - -- - - -ah 330 6.79 %1072 66
V3.2 R -- - I 1L P - - 156 378 sy0a10 &
3,5 924 -- e - - == - -~ 2.0t - - - .- -1.98 3.83 5.28 x 10t 56
3,10 933 e e e- -- - - - L7 - - - - 226 3.83 .88 x 107} 55
3,25 950 a= .= e -- -- - ee 57 - -- - - 260 3.82 7.70 x 1073 56
FV3.50 965 em  em am -- -- T R Y -- - .- 288 3.80 2.03x 107 60
7.2 965 -- == 150 - - - e 236 - - - - 161 a22 8.60x 1077 6
1.5 0N ee s e -- -- - ee 255 - -- -- -« -2.09 3.53 2.99 10" 58
7,10 910 - - - -- - N S I A -- - - 29 36 B9 at0” 56
.25 922 em e e - - - e 27 - - - - -2.76 3.68 3.06x 1070 56
7.50 9 e e e - - - - 205 - - -- - 302 372 7.01x107) 59
’ S - e <3A3 331 - 113 - - - 1.37° - 886 103 --. 3.22 x 107 109
“rg A3 ee we 358 381 e <103 -- - - n - J13 108 - 26310 95
: o R \
10 A67 - e= 292 MA == =755 - - -- -- -- -- -- - has 10 97
»
Pis ASh e- = -2.00  .38h == - .98% - - .309 - 836 - -- -- - MEsa 10 99
L]
oo AS9 e- ~-  -1.87 318 - - .929 ~-- -1.06 - 897 -- -- - -~ 7.1 x 10 102



