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Analysis of Minimum 7-Day Discharges and Estimation
of Minimum 7-Day, 2-Year Discharges for
Streamflow-Gaging Stations in the

Brazos River Basin, Texas

By Timothy H. Raines and William H. Asquith

Abstract

The minimum 7-day, 2-year discharge (7Q2)
was estimated for each of 97 streamflow-gaging
stations in the Brazos River Basin, Texas, with at
least 10 years of unregulated or 10 years of regu-
lated discharge data using the Pearson Type III dis-
tribution fitted by L-moment statistics of the annual
minimum 7-day discharges. Forty-six stations have
at least 10 years of unregulated discharge data only,
26 stations have at least 10 years of regulated
discharge data only, and 25 stations have at least
10 years of unregulated and 10 years of regulated
discharge data.

Statistical tests were applied to the annual
minimum 7-day discharges to determine if the
unregulated and regulated data have trends; and
to determine if the data before regulation are
significantly different from the data after regula-
tion. Results of the Mann-Kendall test indicate a
significant trend at the 95-percent confidence level
for 8 of the 46 unregulated-only stations, for 6 of
the 26 regulated-only stations, and for 5 stations
before regulation and for 10 stations after regula-
tion of the 25 stations with both unregulated and
regulated data. Results of the Wilcoxon rank-sum
test indicate a significant difference between the
unregulated and regulated annual minimum 7-day
discharges at the 95-percent confidence level for 16
of the 25 stations with both types of data.

The 7Q?2 is zero for 31 of the 46 unregulated-
only stations and for 9 of the 26 regulated-only
stations. The 7Q2 also is zero for 9 stations before
regulation and for 3 stations after regulation of the
25 stations with both unregulated and regulated

data. The 7Q2 ranges from 33 to 631 cubic feet per
second for the eight regulated-only stations on the
mainstem Brazos River. For the seven stations on
the mainstem Brazos River with at least 10 years of
unregulated and 10 years of regulated discharge
data, the 7Q2 ranges from 0 to 568 cubic feet per
second before regulation and from 0.30 to 670
cubic feet per second after regulation. The 7Q2
increased during regulation for 19 of the 25 stations
with both unregulated and regulated data. The
effect of regulation for most stations generally was
an increase in the magnitude of the 7Q2.

INTRODUCTION

Low-flow characteristics of streams are useful
to evaluate the effects that proposed or existing with-
drawals or return flows might have on the streamflow
and water quality in the basin. Hundreds of permits for
withdrawals and return flows now exist for streams in
the Brazos River Basin in Texas, and many new permits
are expected to be requested in the future. The effect
that these withdrawals and the return flows have on the
flow and water quality of receiving streams in the basin
is unknown. The minimum 7-day, 2-year discharge1
(7Q2) is useful in assessing these possible effects. The
7Q2 is used by the Texas Natural Resource Conserva-
tion Commission to analyze permit applications. Sev-
eral reservoirs have been constructed in the basin for
flood protection, water supply, and recreation. The
effect that the reservoirs have on the low-flow discharge
also is unknown. No known previous studies of low-
flow frequency have been done for the Brazos River
Basin.

! Annual lowest mean discharge for 7 consecutive days with a
2-year recurrence interval.

Abstract 1



In 1996 the U.S. Geological Survey (USGS), in
cooperation with the Brazos River Authority (BRA)
conducted a study to determine the 7Q2 for streamflow-
gaging stations in the Brazos River Basin using annual
minimum 7-day discharges. The objectives of the study
were to (1) determine the 7Q2 for the 97 stations with at
least 10 years of unregulated or 10 years of regulated
data, (2) determine the 7Q2 for the unregulated period
and regulated period of the 25 stations with at least 10
years of discharge data both before and after regulation,
and (3) determine the effects of regulation on the 7Q2
for the 25 stations.

Purpose and Scope

This report presents an analysis of minimum
7-day discharges and estimates of 7Q2 for unregulated
and regulated streamflow-gaging stations in the Brazos
River Basin and documents the effect of regulation
on the 7Q2. This report is limited to the 97 streamflow-
gaging stations with at least 10 years of unregulated
or regulated daily discharge data through water year
1995. Statistical tests were applied to the annual mini-
mum 7-day discharges. The Mann-Kendall test for
monotonic trends> was applied separately to the unreg-
ulated and regulated annual minimum 7-day discharges
for all 97 stations. The Wilcoxon rank-sum test for sig-
nificant differences between the median of groups was
applied to the 25 stations with at least 10 years of dis-
charge data before and after regulation. The Pearson
Type 11 probability distribution was used to estimate
the 7Q2 for the unregulated and regulated discharge
data for all 97 streamflow-gaging stations.

2

Physical Setting

The Brazos River Basin drains about 45,000
square miles (mi2), of which more than 35,000 miZ are
contributing, and extends from northwest Texas to the
Gulf of Mexico (fig. 1). Mean annual precipitation,
mostly as rainfall, ranges from about 16 inches (in.) in
the northwestern part of the basin to 51 in. at the mouth
and generally increases from west to east (U.S. Depart-
ment of Commerce, National Oceanic and Atmospheric

2A water year is the 12-month period from October 1 through
September 30. The water year is designated by the year in which it
ends; thus, the water year ending September 30, 1995, is water year
1995.

3 A monotonic trend means that a variable (the annual mini-
mum 7-day discharge in this report) increases or decreases over
time, but not necessarily linearly.

Administration, 1990). The periods of minimum flow
generally occur in July and August due to low precipi-
tation and high evapotranspiration. Statewide droughts
during 1932-34, 1938-40, 1947-48, 1950-57, and
1960-67 (Riggio and others, 1987) affected the entire
Brazos River Basin. The magnitude and duration of
droughts vary over the State. During some droughts
only certain regions of Texas are affected. The most
severe recorded drought in recent history occurred dur-
ing 1950-57 and reached its greatest magnitude in the
summer of 1956. Several less severe droughts during
the 1970s and early 1980s affected only parts of the Bra-
zos River Basin.

Thirty-nine reservoirs with normal storage capac-
ities (generally the top of the conservation pool) that
exceed 5,000 acre-feet (acre-ft) have been constructed
in the Brazos River Basin (table 1 at end of report); 10
have a normal storage capacity that exceeds 100,000
acre-ft. Three of the 39 reservoirs are located on the
mainstem Brazos River: Possum Kingdom Lake, Lake
Granbury, and Lake Whitney.

The USGS has operated about 140 streamflow-
gaging stations in the Brazos River Basin during various
periods since 1899. Ninety-seven stations have at least
10 years of unregulated or at least 10 years of regulated
daily discharge data. A regulated station is defined as
having at least 10 percent of its contributing drainage
area regulated by one or more reservoirs. Forty-six sta-
tions have at least 10 years of unregulated discharge
data only, 26 stations have at least 10 years
of regulated discharge data only, and 25 stations have
at least 10 years unregulated and 10 years regulated dis-
charge data (pl. 1). Selected characteristics of the 97
stations are listed in table 2 (at end of report). The con-
tributing drainage areas for the 97 stations range from
8.65t035,773 miZ. Fifteen stations are on the mainstem
of the Brazos River and 41 stations are on 10 major trib-
utaries: Salt Fork Brazos River, Clear Fork Brazos
River, Paluxy River, Nolan River, North Bosque River,
Leon River, Lampasas River, San Gabriel River, Little
River, and Navasota River. For all stations, the total
record ranges from 10 to 97 years; for those stations
with at least 10 years each of unregulated and regulated
data, the unregulated record ranges from 10 to 66 years
and the regulated record ranges from 11 to 58 years.
Fifty-one of the 97 stations have been discontinued or
converted to partial-record stations, leaving 46 as cur-
rently (1997) active daily streamflow-gaging stations.
Of the 51 stations with at least 10 years of regulated
data, 41 stations are regulated by one or more reservoirs

2 Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations in
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Figure 1. Location of the Brazos River Basin, Texas.

listed in table 1. The remaining 10 stations are regulated
by flood-retarding structures with normal storage
capacities less than 5,000 acre-ft. The areal extent

of regulation—the percent drainage area considered
regulated—ranges from 11.1 to 99.8 percent.

Methods of Analysis

The annual minimum 7-day discharges were
computed from daily mean discharge data for the

streamflow-gaging stations. Statistical tests were
applied to the annual minimum 7-day discharges to
identify trends in the unregulated and regulated dis-
charge data and significant differences between the
unregulated and regulated discharge data. The 7Q2

for each station was estimated by fitting the annual
minimum 7-day discharges to a probability distribution.
The station 7Q2 was estimated as the discharge for a
2-year recurrence interval (0.50 exceedance probabil-
ity). Several different probability distributions were

INTRODUCTION 3



examined to select the most appropriate distribution for
the frequency of minimum 7-day discharges in the Bra-
zos River Basin. The results of the statistical analysis
and the frequency analysis were used to determine the
effect of reservoirs on the 7Q?2.

N-Day Analysis

N-day discharges are computed as the mean of N
consecutive daily mean discharges. The annual mini-
mum 7-day discharge is the minimum mean of any
seven consecutive daily mean discharges in each water
year. Each successive water year was analyzed to gener-
ate a time series of annual minimum 7-day discharges
for a station. The 7-day analysis was performed using
the period of record for each of the 97 streamflow-
gaging stations.

Statistical Analysis

The low-flow discharge of a regulated stream
might be affected by the operation of an upstream
reservoir. Such effects might not be consistent from year
to year depending upon the timing and magnitude of
reservoir releases. This inconsistency might affect the
frequency-analysis assumption that the low-flow dis-
charges are independent. For this reason, frequency
analysis typically is used only on unregulated (natural)
streams. However, frequency analysis can be used
meaningfully on regulated streams if no significant tem-
poral trends exist in the regulated record and if the oper-
ational policies remain constant for the period. It is also
desirable to test unregulated discharge data for temporal
trends due to natural causes that could affect the
assumption of independence among low-flow data.

The Mann-Kendall test (Helsel and Hirsch, 1992)
was used to determine if the annual minimum 7-day
discharges for unregulated and regulated periods of
record have significant trends. The test is a rank-based
procedure (and therefore resistant to the effect of a small
number of unusual values or "outliers") used to deter-
mine whether a variable increases or decreases with
time. The Mann-Kendall test in this application is a two-
sided hypothesis test to indicate whether there is an
increasing or decreasing trend in annual minimum
7-day discharges at the o. = 0.05 significance level. The
null hypothesis (what is assumed to be true before the
test) is that there is no trend; the alternative hypothesis
(the situation anticipated to be true if the data show
that the null hypothesis is unlikely) is that there is an
increasing or decreasing trend. The null hypothesis is

rejected in favor of the alternative hypothesis if the
p—Value4 from the test is less than or equal to the a-level.

Setting o = 0.05 results in a 5-percent chance
that the null hypothesis will be rejected when in fact it
is true—that is, the conclusion from the test is that
there is a trend when the true situation is that there is
no trend. Thus the confidence level of the test is 95
percent.

The test yields a correlation coefficient, Kendall’s
tau (7). The value of 7 is influenced by sample size and
ranges from -1 to +1. T is a measure of the strength of a
trend (strength of the correlation between discharge and
time). For example, if all discharges in a tested time
series decrease with time, T = -1; whereas if all dis-
charges increase with time, T = +1. The sign of T thus
indicates the direction of the trend.

If there are no significant differences between
unregulated and regulated annual minimum 7-day
discharges for a station, it might be appropriate to use
the entire period of record for frequency analysis. The
Wilcoxon rank-sum test (Helsel and Hirsch, 1992) was
used to determine if the unregulated annual minimum
7-day discharges are significantly different from the
regulated annual minimum 7-day discharges for the
25 stations with at least 10 years each of unregulated
and regulated discharge data. The test is a rank-based
procedure to determine whether two groups of data are
the same (specifically, whether the two groups have the
same median). The Wilcoxon rank-sum test in this
application is a two-sided hypothesis test that deter-
mines for a station record whether the unregulated
annual minimum 7-day discharges are the same as the
regulated annual minimum 7-day discharges (same
medians) at the o = 0.05 significance level. The null
hypothesis is that the unregulated and regulated dis-
charges are the same (same medians); the alternative
hypothesis is that they are different (median of unregu-
lated discharges larger or smaller than median of regu-
lated discharges). As in the Mann-Kendall test, the null
hypothesis is rejected in favor of the alternative hypoth-
esis if the p-value from the test is less than or equal to
the o-level.

4 The p-value is the "attained significance level" (the signifi-
cance level attained by the data), which is the probability of obtain-
ing the computed test statistic, or one even less likely, when the null
hypothesis is true (Helsel and Hirsch, 1992, p. 108).

4 Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations in
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Frequency Analysis

The objective of frequency analysis of streamflow
data is to relate the magnitude of extreme events
to their frequency of occurrence (exceedance probabil-
ity) through the use of a probability distribution. The
data for each station are assumed to be independent
and identically distributed. The exceedance probability
also can be expressed as a return period or recurrence
interval. A 2-year recurrence interval has a 50-percent
exceedance probability or a 1-in-2 chance of being
equaled or exceeded in any year.

Traditionally, the sample product moments
(mean, variance, skewness, and kurtosis) are used to
summarize the data and to fit a probability distribution.
Another more recent approach is to use L-moment
statistics as introduced by Hosking (1990). The sample
L-moment estimates (mean, L-variance, L-skewness,
and L-kurtosis) are linear combinations of the ordered
data and do not involve squaring or cubing the values
as do the product moments. As a result, the L-moments
are almost unbiased and exhibit small sampling vari-
ance, whereas the product moments are highly biased
and can exhibit large sampling variance (Stedinger and
others, 1993).

An L-moment diagram illustrates the relation
between L-skewness and L-kurtosis and is useful in
determining the most appropriate distribution to fit to
the data. Five different distributions were examined
for use in this study: generalized extreme value distri-
bution, generalized logistic distribution, generalized
pareto distribution, log-normal distribution, and Pear-
son Type III distribution. The L-moment diagrams for
the unregulated and regulated stations with five differ-
ent probability distributions are shown in figure 2. The
Pearson Type I distribution graphically fits the data for
streamflow-gaging stations in the Brazos River Basin
better than the four other probability distributions.

The Pearson Type III distribution is a three-
parameter probability distribution. The L-moment sta-
tistics of the data are used to estimate the parameters of
the distribution. Either the data or logarithmic transfor-
mations of the data generally are used to estimate the
moments (mean, standard deviation, and skewness).
The log-Pearson Type Il distribution, recommended for
flood frequency analyses (Interagency Advisory Com-
mittee on Water Data, 1982), uses a logarithmic trans-
formation of the measured flood peaks. Logarithmic
transformations often are effective for reducing skew-
ness of peaks that range over orders of magnitude; but

logarithmic transformations give greatly increased
weight to peaks of small magnitude (low flows). How-
ever, when L-moment statistics are used, it is not
necessary to use a logarithmic transformation. Also, a
minimum 7-day discharge of zero is possible, which,
if present, requires removal from the analysis because
the logarithm of zero is undefined. A more complete
description of frequency analysis using L.-moments
and the Pearson Type III distribution can be found in
Stedinger and others (1993).
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ANALYSIS OF MINIMUM 7-DAY
DISCHARGES

The Mann-Kendall test was used to determine if
the unregulated and regulated annual minimum 7-day
discharges have trends. The Wilcoxon rank-sum test
was used to determine if the medians of the annual min-
imum 7-day discharges before regulation are signifi-
cantly different from those after regulation.

Mann-Kendall Test

The Mann-Kendall test first was applied to the
annual minimum 7-day discharges for the 46 stations
with at least 10 years of unregulated discharge data only.
A trend for an unregulated station might be the result of
hydrologic variability, land-use change, or increase or
decrease in withdrawals or return flows during the
period of record. There is a significant trend at the 95-
percent confidence level for 8 of the 46 stations (table 3
at end of report). Three different trends are apparent
from graphical examination of the annual minimum 7-
day discharges for the eight stations. The two stations
indicating a negative trend (negative Kendall’s 1),
Sabana River near De Leon (fig. 3) and Big Creek near
Freestone, have a few non-zero minimum 7-day dis-
charges at the beginning of the period of record fol-
lowed by a series of zero discharges. Five of the 6
stations indicating an increasing trend (positive Ken-
dall’s 1), Clear Fork Brazos River near Roby (fig. 4),
California Creek near Stamford, North Fork Hubbard
Creek near Albany, San Gabriel River near Circleville,

ANALYSIS OF MINIMUM 7-DAY DISCHARGES 5
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Figure 2. L-moment diagram for unregulated and regulated streamflow-gaging stations, Brazos River Basin,
Texas.
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and East Yegua Creek near Dime Box, have below-aver-
age minimum 7-day discharges early in the period of
record (probably due to drought) and above-average
discharges late in the period of record. The increasing
trends for the five stations represented by the example in
figure 4, Clear Fork Brazos River near Roby, probably
are the result of hydrologic variability. The minimum 7-
day discharges for the sixth station, Big Creek near
Needpville, indicate a substantially increasing trend (fig.
5), which is probably the result of land use changes dur-
ing the period of record.

The Mann-Kendall test also was applied to annual
minimum 7-day discharges for the 26 stations with at
least 10 years of regulated discharge data only. A trend
for a regulated station might be the result of hydrologic
variability, addition of one or more reservoirs, or
changes in operation of the reservoirs. There
is a significant trend at the 95-percent confidence level
for 6 of the 26 stations (table 3). Kendall’s T is negative
for 1 of the 6 stations, indicating a decreasing trend.
Graphical examination of the annual minimum 7-day
discharges for the Brazos River near Aquilla (fig. 6)
indicates a decrease in the minimum 7-day discharge
during 1969-95 compared to that during 1941-68. Lake
Whitney was completed in 1951 (table 1); the decrease
might be the result of operational changes in the reser-
voir in 1969 when the conservation pool was raised. The
results of the Mann-Kendall test for just the 1969-95
subset of the data for the Brazos River near Aquilla
(p-value = 0.917 and Tt = 0.017) indicate no significant
trend at the 95-percent confidence level. The remaining
five stations with an increasing trend (Kendall’s T is pos-
itive), Brazos River near Dennis, North Bosque River at
Hico, Leon River near Hamilton, Little River near Little
River, and Brazos River near Juliff have a few minimum
7-day discharges that are below average at the begin-
ning of the period of record and above average at the end
of the period of record. The trends for the five stations
are similar to the trend shown in figure 4, Clear Fork
Brazos River near Roby, and probably are the result of
hydrologic variability.

The Mann-Kendall test also was applied to the
annual minimum 7-day discharges for the 25 stations
with at least 10 years each of unregulated and regulated
discharge data. The test was independently applied to
unregulated and regulated annual minimum 7-day
discharges. There is a significant trend at the 95-percent
confidence level for unregulated data at 5 stations and
for regulated data at 10 stations (table 3). For the regu-
lated period at one additional station, Brazos River at

Seymour, the weight of the evidence against the null
hypothesis is nearly strong enough to reject the null
hypothesis (p-value = 0.053, 94.7-percent confidence
level) and conclude that a significant trend is present.
Kendall’s T is negative for 2 of the 5 stations with unreg-
ulated data and for 1 of the 10 stations with regulated
data.

Graphical examination of the annual minimum 7-
day discharges of the five stations with unregulated data
indicates the presence of two different trends based on
the sign of Kendall’s 1. The two stations with a negative
Kendall’s T (Leon River near Hasse and Yegua Creek
near Somerville) have a few non-zero minimum 7-day
discharges at the beginning of the period of record fol-
lowed by a series of zero discharges. The decreasing
trends probably are due to hydrologic variability and are
similar to the trend shown in figure 3, Sabana River near
De Leon. The three stations with a positive Kendall’s T
(Salt Fork Brazos River near Aspermont, Leon River at
Gatesville, and Navasota River near Bryan) might be the
result of minimum 7-day discharges of zero early in the
unregulated period due to drought. The annual mini-
mum 7-day discharges for the Salt Fork Brazos River
near Aspermont are shown in figure 7. The unregulated
period of record for this station is 1940-63.

Graphical examination of the annual minimum
7-day discharges of the 10 stations with regulated
data indicates that only Brazos River near Glen Rose
seems to be significantly affected by the addition of
another reservoir. The minimum 7-day discharges gen-
erally are larger during roughly the first one-half of the
regulated period of record (1941-69) than during
roughly the second one-half of the period of record
(1969-95), consistent with the negative Kendall’s T
(fig. 8). The beginning of generally smaller minimum
7-day discharges coincides with the completion of Lake
Granbury in 1969 (table 1). The results of the Mann-
Kendall test for 1969-95 for the Brazos River near Glen
Rose (p-value = 0.162 and T = 0.194) indicate no signif-
icant trend. The increasing trend for the regulated period
of the remaining 9 stations (Clear Fork Brazos River at
Nugent, Clear Fork Brazos River at Fort Griffin, Brazos
River near South Bend, Paluxy River at Glen Rose,
Agquilla Creek near Aquilla, North Bosque River near
Clifton, North Fork San Gabriel River near George-
town, Navasota River near Easterly, Brazos River at
Richmond) might result from higher minimum 7-day
discharges during 1990-95, which are attributed to
hydrologic variability.

8 Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations in
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Figure 5. Annual minimum 7-day discharges for station 08150000 Big Creek near Needville, Texas, water years
1948-95.
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Wilcoxon Rank-Sum Test

The Wilcoxon rank-sum test was applied to
annual minimum 7-day discharges for the 25 stations
with at least 10 years each of unregulated and regulated
discharge data (table 4 at end of report). There is a
significant difference between the unregulated and
regulated data at the 95-percent confidence level for 16
of the 25 stations. These significant differences most
likely are caused by regulation, which might increase or
decrease low flow. The graph of annual minimum 7-day
discharges for Brazos River at Waco (fig. 9) is an exam-
ple of a station with a significant difference between
unregulated (1899-1940) and regulated (1941-95) data.
The nine remaining stations show no significant differ-
ence between the unregulated and regulated annual min-
imum 7-day discharge data, probably because of
no flow, hydrologic variability, or leakage through the
dams. Also, regulation by flood-retarding structures
might not significantly affect low flow. The nine sta-
tions are Salt Fork Brazos River near Aspermont
(fig. 7), Clear Fork Brazos River at Nugent, Clear Fork
Brazos River at Fort Griffin, Paluxy River at Glen Rose,
Aquilla Creek near Aquilla, Leon River near Belton,
North Fork San Gabriel River near Georgetown, Little
River at Cameron, and Brazos River at Richmond.

The graph of annual minimum 7-day discharges for
the Paluxy River at Glen Rose (fig. 10) is an example
of a station with no significant difference (p-value =
0.102) between unregulated (1942-82) and regulated
(1983-95) data.

ESTIMATION OF MINIMUM 7-DAY, 2-YEAR
DISCHARGES

The 7Q2 was estimated for each of the 97
streamflow-gaging stations by fitting the Pearson Type
III distribution to the annual minimum 7-day discharges
with a 2-year recurrence interval. The L-moment
statistics of the annual minimum 7-day discharges were
used to fit the Pearson Type III distribution. The 7Q2 for
each unregulated and regulated period of record for the
97 streamflow-gaging stations is listed in table 5 (at end
of report).

Stations With Unregulated Discharge Only

The 7Q2 is zero for 31 of the 46 stations with at
least 10 years of unregulated discharge data only. Of
these 31 stations, a majority of the annual minimum 7-
day discharges are zero, including 14 stations with all

zero annual minimum 7-day discharges. Most of these
14 stations are on minor tributaries to the Brazos River.
The 7Q2 ranges from 0.02 to 2.8 cubic feet per second
(f6}/s) for 11 of the 46 unregulated stations. The 7Q2 is
greater than 5 ft3/s for 4 of the 46 unregulated stations
(Lampasas River near Kempner, Lampasas River at
Youngsport, San Gabriel River at Georgetown, and San
Gabriel River near Circleville).

Stations With Regulated Discharge Only

Eighteen of the 26 stations with at least 10 years
of regulated discharge data only are on tributaries to
the Brazos River. The 7Q?2 is zero for 9 stations and
ranges from 0.01 to 55 ft3/s for 9 stations. The 7Q2 val-
ues range from 28 to 631 ft3/s for the eight regulated-
only stations on the mainstem Brazos River. Of the 9
regulated-only stations with 7Q2 of zero, a majority
of the annual minimum 7-day discharges are zero,
including 2 stations with all zero annual minimum
7-day discharges. In contrast, of the 17 regulated sta-
tions with the 7Q2 greater than zero, a majority of the
annual minimum 7-day discharges are non-zero, includ-
ing 11 stations with all non-zero annual minimum 7-day
discharges.

Stations With Both Unregulated and Regulated
Discharge

Although the results of the Wilcoxon rank-sum
test (table 4) indicate no significant difference between
the unregulated and regulated annual minimum 7-day
discharges for 9 of the 25 stations with both types of dis-
charge record, the 7Q2 was estimated separately for the
unregulated and regulated data for all 25 stations
because the data were considered to be two independent
groups. The 7Q2 is zero for the unregulated data of 9
stations and for the regulated data of 3 stations. Of the
18 stations with both types of data on tributaries to the
Brazos River, the 7Q2 ranges from 0.04 to 48 ft3/s for
the unregulated data of 11 stations (the 7Q2 is zero for
the other 7 stations), and the 7Q2 ranges from 0.02 to 54
£t3/s for the regulated data of 15 stations (the 7Q2 is zero
for the other 3 stations). The 7Q2 for the seven stations
on the mainstem Brazos River ranges from O to 568 ft3/s
for unregulated data and from 0.30 to 670 ft3/s for reg-
ulated data. The number or probability of zero annual
minimum 7-day discharges decreases after regulation
for most of the 25 stations.

ESTIMATION OF MINIMUM 7-DAY, 2-YEAR DISCHARGES 11
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Figure 9. Annual minimum 7-day discharges for station 08096500 Brazos River at Waco, Texas, water years
1897-1995.
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The ratio of regulated 7Q2 to unregulated 7Q2
is greater than 1.0 for 13 of the 25 stations (table 5),
ranging from 1.1 at Little River at Cameron to 30 at
Brazos River near South Bend, indicating an increase
in the 7Q2 after regulation. There is no significant dif-
ference (table 4) between the annual minimum 7-day
discharges for 5 of these 13 stations. The ratios for 2 of
these 5 stations with no significant differences (table 4)
are about 1.0 (1.1 and 1.2) and the ratios for the remain-
ing 3 stations are substantially greater than 1.0, ranging
from 6.4 to 9.5.

The ratios for three stations are less than 1.0,
ranging from 0.06 at San Gabriel River at Laneport to
0.65 at Leon River near Belton and indicating a decrease
in the 7Q2 after regulation. There is a significant differ-
ence (table 4) between the annual minimum 7-day dis-
charges for 1 of the 3 stations (San Gabriel River at
Laneport) with the 7Q2 less than 1.0.

The ratio is undefined for 9 stations because the
unregulated 7Q?2 is zero, but the 7Q2 actually increases
after regulation for 6 stations; the remaining 3 stations
showed no change (7Q2 = 0). There is a significant dif-
ference (table 4) between the annual minimum 7-day
discharges for the six stations with an undefined ratio of
regulated to unregulated 7Q2. There is no significant
difference (table 4) between the annual minimum 7-day
discharges for 2 of the 3 stations (Clear Fork Brazos
River at Fort Griffin and Aquilla Creek near Aquilla);
both have a 7Q2 of zero before and after regulation.

The 7Q2 increased during regulation for 19 of the
25 stations with at least 10 years each of unregulated
and regulated discharge data (table 5). Based on the
Wilcoxon rank-sum test (table 4), the 7Q2 increased for
14 of the 16 stations with a significant difference at the
95-percent confidence level between unregulated and
regulated annual minimum 7-day discharges. The effect
of regulation for most stations generally was an increase
in the magnitude of the 7Q2.

SUMMARY

The minimum 7-day, 2-year discharge (7Q2) is a
useful statistic for assessing the effect that proposed or
existing withdrawals or return flows might have on the
streamflow and water quality of receiving streams. The
contributing drainage area of the Brazos River Basin is
more than 35,000 miZ. Of about 140 streamflow-gaging

stations that have been operated in the Brazos River
Basin, 97 have at least 10 years of unregulated or 10
years of regulated discharge data. Forty-six stations
have at least 10 years of unregulated discharge data
only, 26 stations have at least 10 years of regulated dis-
charge data only, and 25 stations have at least 10 years
of unregulated and 10 years of regulated discharge data.
Fifteen of the 97 stations are on the mainstem Brazos
River, and 41 stations are on 10 major tributaries.

Statistical tests were applied to the annual
minimum 7-day discharge data of the streamflow-
gaging stations. On the basis of the results of the Mann-
Kendall test, there is a significant trend at the 95-percent
confidence level for 8 of the 46 stations with unregu-
lated data only, 6 of the 26 stations with regulated data
only, and 5 stations for the unregulated period and 10
stations for the regulated period of the 25 stations with
both unregulated and regulated data. On the basis of the
results of the Wilcoxon rank-sum test, there is a signifi-
cant difference at the 95-percent confidence level
between the unregulated and regulated annual minimum
7-day discharges for 16 of the 25 stations with at least
10 years unregulated and 10 years regulated discharge
data.

The 7Q2 is estimated by fitting a probability dis-
tribution with a 2-year recurrence interval to the annual
minimum 7-day discharges. The 7Q2 was estimated for
each station with at least 10 years of unregulated or at
least 10 years of regulated discharge data using the
Pearson Type III distribution fitted by the L-moment
statistics of the annual minimum 7-day discharges. The
7Q2 is zero for 31 of the 46 unregulated-only stations
and for 9 of the 26 regulated-only stations. The 7Q2 also
is zero for 9 stations before regulation and 3 stations
after regulation of the 25 stations with both unregulated
and regulated data. For the eight regulated-only stations
on the mainstem Brazos River, the 7Q2 ranges from
28 to 631 ft/s. For the seven stations with both unregu-
lated and regulated data on the mainstem Brazos River,
the 7Q2 ranges from 0 to 568 ft3/s before regulation
and from 0.30 to 670 ft/s after regulation. The 7Q2
increased during regulation for 19 of the 25 stations
with at least 10 years each of data before and after reg-
ulation. On the basis of the results of the Wilcoxon rank-
sum test and the ratios of regulated 7Q2 to unregulated
7Q2, the effect of regulation for most stations generally
was an increase in the magnitude of the 7Q2.

SUMMARY 13



REFERENCES CITED

Helsel, D.R., and Hirsch, R.M., 1992, Studies in environmen-
tal science 49-Statistical methods in water resources:
Amsterdam, Elsevier, 522 p.

Hosking, J.R.M., 1990, L-moments—Analysis and
estimation of distributions using linear combinations
of order statistics: Journal Royal Statistical Society, B,
v. 52, no. 1, p. 105-124.

Interagency Advisory Committee on Water Data, 1982,
Guidelines for determining flood-flow frequency:
Reston, Va., U.S. Geological Survey, Office of Water

Data Coordination, Hydrology Subcommittee, Bulletin
17B [variously paged].

Riggio, R.F., Bomar, G.W., and Larkin, T.J., 1987, Texas
drought—Its recent history (1931-1985): Texas Water
Commission, LP87-04, 74 p.

Stedinger, J.R., Vogel, R.M., and Foufoula-Georgiou, E.,
1993, Frequency analysis of extreme events, in
Maidment, D.A., ed., Handbook of applied hydrology:
New York, McGraw-Hill, chap. 18.

U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, 1990, Climatological
data, annual summary, Texas, 1990: Asheville, N.C.,
v. 95, no. 13, 77 p.

14 Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations

in the Brazos River Basin, Texas



€861 00%TS Yo21D e[Iinby §ST WSLToL6  WFhSPol€ anbsog aeTemby  0$€€6080
161 001°LT9 ToATy sozelq €T9°LI W8T.TTLO  WSSITSoIE anbsog Koy o¥eT  00ST6080
7961 009°ST IOATY UBJON 001 WFSVCL6  WO0TLIGIE uosuyof awIngad) jed 9T 00616080
LL6T LYO'TST Yoa1) menbg 79 WISTToL6  WIPPELE  [[PAISWOS T0AI9s9Y Y1) menbg  0¢L16080
6961 3459 IoAry sozelq €rral WO0CIPoLO  WLTTTCE PooH Amqueln e 00606080
0c61 S90°L A1) HO0Y €9 - - odIed SIIPM TBISUIIA 93 e] -
7961 001‘vv A1) ojuld ofed 19¢ 48091086 WI1S8EoCE ojuid ored ojuld ofed =T  00€06080
Iv6l1 00LVTL TOATY sozerq 0€0v1 WCESTo86 W0T.CSoCE ojutd ored oyer] wop3ury wnssod  00S88080
8661 000°6¢ REERO RN 1TC u87.9€.86  uP0.80.£€ Sunox weyeld ayeT 00488080
7961 000°81¢ JeaI1d preqqny S80°1 u€085086  LES6VCE suaydarg JIOAISSIY YoaI) pIeqqny  00+98080
8761 00¥‘11 RESSO RS LZAVI) 9! - - suoyda)g [orue( oye] -
€col 000°S¥ yoar) Apueg VN - - puepiseq 00S17) 9B -
€561 LT6'LS eaID) Juted 89¢ WCSFE.06 WTrv0.£€ [[*3SeH plojure)S oe T  00S¥3080
861 096°¢L YoarD wig Sig 0Ly uS00¥:66  .8S.9€.CE souof e [ITH woueyd 1104 00S£8080
8¢61 029°L RECLORI L) 144 - - Jo[Ae], Aqarsy oxer] -
1261 000°SP N2ID Wiq <01 - - To[Ae], QUIIQY 93eT] -
0¢61 vrsT JooID Iontg 701 uSTBI001  .0TI9TEE uejoN Ioyemioams e T  00T€8080
vLO61 008°8¢ 901D S9N 0yc WO1.€C066  WTEYTEE IojAeq TIOAISSIY NooID) SISMIIA 0088080
6561 S6¢°S Y1) urwyINg VN - - xouy| SIAB(T Y] -
7961 L68 VY TOATY NMYM 689 W10S010T  W8TLT.EE £qsor) BT AR AMYM 01608080
ueboq (y-a10e) (Z1w)
uonenbai Auoedeo nonsesai fq eose apnubuo  epnine fAuno) llonlasay ou
Jeop abelols paje|nbal weans abeuleip uonels
Jew.oN Bunnqryuod

[21qe[TeAR 10U Bate 9FeUTeIp SUNNQLIUOD ‘YN ‘UONE)S AIAING [BIIS0[0AD) *§"() OU ‘-~ 1199J-AI08 )J-0108 ‘S[ru arenbs *_ 1w

sexa] ‘uiseg JaAlY sozeig 188)-840e 000‘S Bulpesoxe sanioedes abeIols [BWIOU YIIM SIIOAI8SeY *| djqeL

15

Table 1



LS61 0SL'81 yoa1D A1 ¥C -- -- puog 104 e SIS --
L¥61 000°S yoa1D) 1sKQ VN -- -- puagd Moq JIOAIQSIY SLIBH WBI[IM --
1861 ¥80°CE Noa1) suoqqrH ¢8 -- -- Sown JIOAIRSIY Y1) suoqqro --
6v61 007°8 yoor) dure) o - - U0s)I9qOY oyer] year) dure) -
861 61€0€ Noa1D) ong VN -- -- Uos}eqoy JIOAIISIY SHeQ UIM], --
8L61 00%°STT IoATY BJOSBABN GL9 4806196  .0L6T.1E Uos}eqoy QUOISAWIT oeT  (OLFOT180
2961 000°01 JoATY BlOSeABN 961 WEVPEO6  WLESELIE  QuoIsewI] BIXO]N 93T  00¢01180
L961 001°091 921D engox LOOT -- -- uosarmg e I[[IaLWOS 00660180
s61 0S9°G1 yoa1) Apueg VN - -- WeA e BOJTY --
SL6T LTTGI 91D Ydesd VN -- -- sozelq oye] senIn uekrg --
0861 00569 JOATY [SLIqeD) ueg 0¢L JFEOLLO6  WPEIP0E  UOSWRIIIA oyeT Je3uBI1D (00950180
0861 001°LE IOALY [PHIqeD UeS YI0] YION L¥T W8EEVoLO6  WE00V0E  UOSWEBIIM UM01d5I09D) LT  O0S9¥0180
8961 00L°S€ET JoAry sesedure| cIel WLSTEL6  W0TIT0o1E [ed e MO[[OH 9@snoy[ns  0S00180
7561 009°LSP JOATY UOT] [es'e W8C8TLO6  WTTI0.TE ed eTuoPg  000C0T80
€961 00%°6S JOATY U097 6ST'1 160.6Co86  uL0BSoIE  Lydurwo)n eT 101001d 0066080
7561 06C°LT JOALY U0 6S¢ WCE0Pe86  WITIToTE puepseq uoaTadeT 00066080
8961 PI8°LE Yoa1)) asnoy3ulpedy, 6¢ -- -- UBUUOTOJA  JIOAISSOY Y9I asnoySurpel], --
€561 00S°8 N1 SOUBN VN -- -- UBUUSTOIN BT YIRID e --
S961 00S°CST IoAry onbsog °S9°1 JISTIoL6  WIPPEIE  UBUUSTON BT OBM  0SSS6080
(y-a10e) (grw)
uebaq
Aoeded Jlonsasal Aq eale ‘ou
uone|nbal apnubuo] apnmeT] Auno) lloAI19s3Y
es abelols paje|nbal weans abeureip uonels
A |ewJIoN Bunnguiuo)n

panuuoD—sexa] ‘uiseg JaAlY sozeig 189)-a10e 000‘S Bulpesoxe sanioeded abeiols [WIOU YIIM SIIOAI8SaY ‘| djqel

Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations

16

in the Brazos River Basin, Texas



- - 0 - Cl SL961 8¢¢ WI10Te66  WEEEECE ploj[eyoeys SeXQ, ‘UBIOI] J& Yo21D) dod 0098080
811 BT [ITH Wojueyd 104 86 S6-8¢61 1L S$6-SC61 886'C  WLTEIO6  WP0.9S.TE PIOJINORYS  SEXJL, ‘ULFHID MO I8 IOARY SOZRIF O Te3[)  00SSS080
- - 0 - €e S6—€961 8Ly WCE8E06  u18.6S.CE sauof SEXJ, ‘PIOJWIR)S T8I 331D BILIOJED 0088080
y'1c O¥eT [[IH wolueyd 104 8S  S6-8¢61 IL S6-SCol 661°T  .6007066  WFTIPoCE sauof Sexa, JRSnN Je TPAR SOZeIg Y104 Iea]) 0008080
- - 0 - 91 6L—1961 I'6¢ W80.16066  .6TETCE JofAef, SEXQL, “QUIIQY 183U 31D WIH SMIT  00F£8080
L9L SWRMIQY 9T 91 6L-¥961 91 6L—961 €el WLT8Y.66  .80.1C.CE Io[Ae], SEXQL, “QUIIQV 183U 31D WH  00£E£8080
- - 0 - IC 68-6961 S0¢ WCELY66 W POVELCE sauof sexq], ‘Kojmey Ieau yoa1) ALLqINN - $HTE8080
- - 0 - (44 688961 91V T .€C81.66  WES.SELTE souof SeX9[, ‘AOJMEH 1 JOATY SOZeIq YIOJ 1ea[)  OFTE8080
- - 0 - 1€ £6—€961 8¢ W81.€C001  WSTiLYoCE 12ystq SexQ, ‘A0 1BAU JOATY SOZBIG Y104 18I 00T£8080
- - 0 - [43 S6—1961 Y01 WESILT66  WSTOI.EE  UOMOUDOOIY], Sexq], ‘Kepunjy 1eou Y221 S[[IAL - 00LT8080
SII DT IRARY AMYM € S61961 IL S6-SCol TL6'S  .T091066  WISTEEE lojfeq SEXQ, “INOWIAIG JE 10ATY SOZBIg  ()0STS080
- - 0 - 1c 98-9961 1T WISP0.001  16S.CToEE [[emaucl§ SeX9, *A11D) XOU3[ I1edU JoaI1D) U00ID) YUON (8128080
- - 0 - 81 £8-9961 8’88 WLV T100T 007 ToEE [[emauolg Sexq[, JuouLiadsy Teau yoa1D) Sunjuns 00128080
9'LT ST IRARI AMYM ¢ S6-1961 9¢ S6—0761 96¥C  W91.¥1.001  .TO0ToEE [[EMOUOIS  SEXQL, JUOULIddSY Teau ALY sOzZeIf Y10 IS 0008080
- - 0 - Ic LL=LS61 €19 WOCYC001 . E0VToEE Sury| sexq[, JuouLiadsy Teau Y021 uolo1) Jes  00S 18080
- - 0 - LT 98-0961 06¢ WCSST00T  W8T.LToEE [[emaucl§ SeX9, ‘UOIAB[ TedU YOI U0l0L) 0018080
L've DT AT AYM €C 981961 €C 981961 S86'T  .ESST00T  WERTIoLE [[emauol§ SEXJ, Y0008 TBU ISALY SOZRIF YO J[BS 00018080
1'sc SQINONNS SUIPILIOI-POO T €T 68-L961 4 68-5961 6LC WLTCY.001  WTTIToEE Uy SEXQL, ‘pIRID JB3U Y321D ond  0S608080
- - 0 - 123 8L-0V61 8¢ W80V 101 W¥P0lote 9[EH SEXQ], ‘MOTAUIE[] 18 MBI( 10JeAN Surumy  00L0S080
- - 0 - €l 8L79961  T'6L WOEETLI0T  u€0.1ToE€ BZIen) SBXQ], 1504 18U 931D P[BUOIIN 0708080
sexq, yuourradsy
- - 0 - 99 S6-SCol 98T .6V.01.001  .6T.000E€ [[emauolI§ TedU IoATY SOZelg 3104 Urejunoy 2[qnod 00508080
sexa], ‘Sinqeonsnf
- - 0 - €€ S6—C961 y¥e WOSTT.10T  W81.C0o€ BZIeD) e IOALY sozeld 3104 UlBUnoA o[qnod  0096L080
SEXQ], ‘1S0q TeoU IOATY
- - 0 - 01 €6 1861 8EY WWCOC 101 WS PIoEE BzIen SOZeld Y10 Urejunojy o[qnod 3104 YHoN  §LS6L080
SBXQJ, “o0qqn-] 18 IoATY
- - 0 - 01 61-0v6l1 00¢ WOP67.101  .80.5€.€€ A}doqqn SOZelg Y10 Urejunojq o[qnod 3104 YHoN 006,080
(yusouad) ‘ON  poliad ‘N potied )
—— SlI0AI9S3l eale ou
10 ueIxe Bunenbas (sa1eah 1o1eM) (s1eah 1o1eM) abeujesp opnubuo  apnier] funo)y aweu uonels uoners
Jolepy plooal plooal Bunnq
ealv parenbay leloL -0

[p109231 Jo porrad paje[n3al ou ‘-- ¢so[rur axenbs ]

sexa| ‘uiseq JaAly sozeig ‘ejep abieyosip paje|nbal jo siesk Q| 1o pajeinbaiun jo sieak 0 1ses) Je yum suonels Buibeb-mowesns g ajger

17

Table 2



181 SQIMONNSs SUIPILOI-POO T 8T S6-8961 9¢ S6—0961 OVl .60.8Tol6  LOL10OPolE anbsog SEXa], ‘S[[IJA A3[[BA 18 JOATY anbsog YLON  00ZS6080
6°0C saIonns SuIpIeIe-poofy O 8¢ S6-8961 L S6—vCol 896 WWOVELO  w60.LYoIE anbsog SEXQ, “UONID) Tedu JoAry anbsog YION 00056080
£9¢ SOIMONNSs SUIPILIOI-PoOL) OF 8T S6-8961 (33 S6—€961 6S¢ (02086 W I7.8So1€ uoyruey SeXQ, ‘00TH J& 10ATY onbsog YMON 00876080
I'ev SQINONNS SUIPILIAI-POO 8 ST €L—6S61 SI €L—6S61 TSP WIrE186 W 9TH0.CE ey SEXJ, “IOPULXIY JBaU Y21 URID  00SF6080
¥'79 SQIMoNNs SUIPIeOI-poofy 41 ¢l 6L-8961 1T 6L-6S61  6'S6 WSS 11086 W9S.C1oCE rerg sexq], ‘o[[rauaydalg 1 1oAry anbsog YUON  00LE6080
8'C8 eTemby €I S6-€861 9¢ S6—0v61 80¢ WW0CToL6  u0V0So1E II"H sexay, ‘e[[nby reou yoo1) e[mby  00SE6080
-- - 0 - 4! 6L-8961  ¥'CI ul8800L6  WTT.SSolE II'H SEXQL, “POQQY Teau Y1) 4q0D  00v£6080
- - 0 - €l 60861  6'LS 168.800L6  .0T.00.CE I'H SeXQ], ‘0I0QS[[IH 1€ 001D AOQOeH  0STE6080
L'66 Kowmypm o]
oL ‘o)e] wopSursy wnssod - 66 S6-I1H61 LS S6-6¢61 8LI'LT WISLToL6  WbP8PolE anbsog Sexq, ‘e[[INby 1eou 10ATy sozerg  001£6080
g'se dumqgay red T 8¢  S6~1961 94 S6-6v61 T8¢ W007CoL6 4 T0.600CE II'H SBXQL, ‘wn|g 18 19AR] UB[ON 00076080
016 TloA1osaY Yoo1) menbs 81 G6-8L61 81 S6—8L61  €0L W9S.EVoL6  WT19T0CE [[oAIWOS SEXQ], 250y US[D Iedu Yoa1D) menbg  (SL16080
1'ce soImonns SuIpIeer-pooy 1 €1 S6-€861 8 S6—8¥61 (187 WLEOVLLO  WESEToCE [[eAIOWOS SEXQ, ‘9S0Y UR[D) Je ToARY AXn[ed  00S 16080
166 Amquein) oye|
£98 ‘oye] wopSuryf wnssod 6§ S6—I¥61 CL S6—vCol TST91  W876EoL6  W81.910CE [[PAIowOS SBXQ, ‘950 US[D T8dU IoALY] sozelg 00016080
$'68 oe] wopSury wnssod LT S6-6961 Le S6—6961 TLYST  WTESSoL6  u9S9€0TE 1ored SEXQL, ‘SIS 18U 19ATY sozelg 00806080
S08 oyd ored ode T €I 9L-1961 4 9L-ts6l €LS 1080186 WIS.LETE ojuld ored SEXJ, “0JUBS JeaU Y21 Ojuld O[ed  00S06080
$'86 oer] wopSury wmssod 6§ 6161 IL S6—SC61 SYTrl 8081086  WSPISoTE ojuld ored SEXJ, ‘0Juld O[ed 183U 19ATY sozelg 00068080
- - 0 - 14 6879961 L6 WSTEVL86  .6€.6VoCE suoydolg SEXQ, ‘UBA] JBOU YOOI1D) 1epa)) 51 0S+88080
- - 0 - 13 68-6S61  TYC W90.LEBO  uEVTIoEE Sunog SEXQL, “WeYRID JeaU Y1) Jelig  00€88080
- - 0 - 61 LL—6S61 811 WOv P86 WE1.CToEE Sunog sexq, ‘Kou[Q 18 901D J[ES 00188080
TI0AIOSY Y1) pIeqqny
(8! ‘proJwRIS N v S6-C961 LS S6-6¢61 LOT'ET  WLE8E86  WLTI0oEE Sunog SEXJ, ‘pUAg INOS TeaU IIARY SOZRIF 00088080
06l JIOAIOSIY YoaID pleqqny 1T Z8-C961 9 8-8I61 L69°S  .6S.SV086  W9E.LSoTE Sunog SEXJ, “S[[IASRI[H 18 ALY SOZRIg Y104 183D 00€L80SO
966 JIOAIOSY YoaID pleqqny 6T 98-7961 53 989661 680°T  .TS9S.86  .E1.0SoCE suoydalg sexa, ‘eSpuuayoarg Ieau yoa1) preqqny  00S98080
- - 0 - €€ S6—€961 08¢ uS1.00:66 W ¥S.8ECE suoydarg SEXQ], ‘95 PLIUAYIAIG 9A0QE 021D Apues S 06798080
- - 0 - 6¢ S6-L961 €19 u§C80.66  .8S.EVoCE ploj[oydeys sexq, ‘Kueqy mo[aq }2a1D preqqnH 71298080
- - 0 - Le 067961  €6¢ W6C91066  WLTTPoCE pIOJ[oYdRYS  SeX]], ‘Aueq[V Teal YOaI) pIeqqnH Y104 YHON  0S198080
- - 0 - €l SL—€961 1494 uC6i60066  W1TIVoCE PpIoj[eydryS sexay, ‘Aueq[y 1eou yoa1) preqqny 00198080
(yusosad) N Poled N poped @w)
SITTYSEEEY eale
uoeinbal Bunenbai (saeah 1o1eM) (saeah 1o1eM) abeulesp apnybuo  apnujer fwuno) aweu uoljels ou
jouepe® 1olepy pl1ooal plooal Bunng uones
eslv paieinbay lelol -1u0)
panunuo)

—sexa] ‘uiseg JaAly sozeig ‘erep abieyosip pale|nbal Jo sieak g| 1o parejnbaiun jo siesk Q| 1ses| 18 yum suonels buibeb-mojjwesns g ajqeL

Stations

ing

harges for Streamflow-Gagi

ISC|

7-Day, 2-Year D

inimum

fM

ion o

harges and Estimati

ISC|

7-Day D

Inimum

Analysis of M

18

Basin, Texas

iver

the Brazos Ri

n



6°¢y UMOJRSI0D OYET  IT  06—0861 1T 06—0861 €96 W90.5€.L6  WST8EL0E UOSWBIIIA SBXQ], ‘IO TeaU JOATY [SLIqeD UBS  ()0ESOTS0
-- -- 0 - 8¢ S6—8961 1'¢8 WIT6EL6  W8TIY0E UOSWBIIA\ SEXQ], ‘UMOIBI0dN Tedu yoa1) A1og  001S0T80
- -- 0 - 6¢ €L-6¢61 Sov W816ELO6  WT106€00€ UoSwel[Im SEX3], ‘UMOIRBI0d 18 IARY [SLIGED UBS  000SO180
Sexay,
- -- 0 - LT S6—6961 €el WLTGIYoL6  WTELENE UOSWEI[[IA\  ‘UMOJOTI0RD) Je JOATY [dLIqeD) UBS Y10 YOS 00670180
SEX9], ‘UM0)a31090)
966 UMOJOZI0D BT 9T S6-0861 LT S6—6961 81T WOVTrol6  WTH6E.0E UOSWBIIIA\ TeQU IOATY [oHIqeD UeS NI0 YMON  00LF0180
§L9 AeTUoNPd €€ S6€961 8¢ S6—1C61 8CT'S  uSPOTol6  w6S.LSo0E ed SEXQ], “TOARY 9[NITT JeaU IATY 9T  00SH0180
1'66 o¥e] MO[[OH °snoy[[BS  TC 688961 9T 681961 ITET  WTE6TLL6  w90.0001€ 1ed SEXQ], ‘U0J[og Teau 1oAY sesedwre T  00TH0180
- - 0 - 9¢ 08—STo1 OVT' T W0ETPol6  W9TLS.0E ed sexa], ‘ModsSunox je 1oAry sesedwreT  000F0180
- -- 0 - [43 S6—1961 €ee WCliC0e86 W ITPSo0E jouing sexa], ‘s3311g Jeau Yoa1D) AYo0y Y104 YInos  006£0180
- -- 0 - €€ S6—€961 818 46600086 W PSH0.1E seseduwe] sexa], ‘roudway] 1eau 1oAry sesedwe]  008£0180
L'66 AeTuapeg TP S6~vS61 L S6—¥T61 WSE€  .8TI9ToL6 W TIW0.IE [ed SEXQ], ‘UOI[og TedU IOARY UOXT  00STOT80
- - 0 - Sy S6-1S61 897 WS0ESLO6  WSOLTOTE [1eA10D) SeXQ], “9Y0IpId J& Y32ID asnoymo) (00010180
8¢S eTI0)00Id €€ S6€961 Sy S6-1661 WET  WThSPol6  u8S.STolE IE e} SBXQ], ‘A[[IASIRD) B JOAR] UOT  ()0S00180
€56 AT I000Id €€ S6—€961 |84 S6—9¢61 168°T  .91.L0.86  .61.LYol€ uojruey SEXQ], ‘UOI[IWEH JBIU I9ARY] UOT (00000180
8°66 AeT 10001 6T  16—€961 43 16061 191  WTELTo86  u8T.LSoIE yduBWOD SEXQ], ‘9SS TeaU IOATY U0  00S66080
umouyury e SIOqEN L 98-0861 9T 98—1961 ¥9¢C W61.9€.86  1,0S.900CE yduBWO) SBXQ], ‘U0 3(J 18U 19ARY BUBGRS  00£66080
1I'vS uoaToyeT 97  98-1961 9C 98—1961 6LY W86 1€.86  WSTOToCE yduBWo) SBXQ], ‘U0 (] T8dU I9ARY UOT 00166080
- -- 0 - 0¢ 78—€961 e WL1.6S096  WSET0.1E Wein SEX3], ‘u0jSUIlINg 1edU YD) Puod 3MIT 00£86080
¥'¥8 Aowmypm o]
L9 ‘oye] wop3ury wnssod  0¢  $6-9961 0¢ S6—9961 0L8°0C .6T.67.96  .T0.80o1€ Sired SEX3, YUBqUSIH Jedu JOATY sozelg 06786080
0'89 oyeJwopSuryy wmssod [T [S—IH61 €l 1S-6¢€61 SY9°'0T  .01.850:96  .8L.LIoIE STred SeXJ, ‘UI[IR]A Teau ISARY sozelg  (00SL6080
1'1S sajonns SUIPILII-PooF 97 LT SL—6S6T L1 SL=6S61 €8 W91.800L6 WST8IoIE SIred SEXQ], ‘A[[IARI00IN 18 nokeg m0D  000L6080
1°88 Komrgp oye]
1'0L ‘oye] wop3ury winssod GG S6-TH61 L6 S661-6681 LO0'0T W TTY0L6  w90.TELTE UBUUTOIN SEX3], ‘00BA\ 1B IOATY SOZRIg  00S96080
8°66 eTOdM LT 185961 (44 180961 9S9°T  W9EITol6  WP09ELIE UBUUTOIN SEXQ], ‘00 TedU 10ATY anbsog 00956080
L'ES sINjonNs SUIPIBII-PoOy T 9 €8—0861 9C S8-0961 8L WCGIToL6  W0TEELIE UBUUTON SEX]], ‘PIOJMEI) JBAU 331D SOH  00FS6080
-- -- 0 - 9T S8—0961 81 WIGTTL6  WEE0ETE UBUUSTIN SEX3], “TOSAIDOIN Tedu T0ATY dnbsog SIPPIAL  00£S6080
(yusosad) ‘ON  poued ‘N potied )
SII0AI9S3 eale
uonejnbai ‘ou
Bunenbas (s1eah 1o1eM) (s1eah 1o1eMm) abeujesp opnybuo  apnier] fAuno) aweu uonels
JO Juaxa uonels
Jolepy plooal plooal Bunnq
lealy
pajenbay lejoL -luod
panuiuo)

—sexa] ‘uiseq JaAly sozeig ‘erep abieyosip pelenbai Jo sieak g 10 palrenBaiun Jo sieak Q| 1ses| 18 yum suonels Buibeb-mojwesns g a|qeL

19

Table 2



€6 Kowmypm oxey
T6¢e ‘oye] wopSury wmssod v $6-8961 ¥C €6—8961 ELL'SE .9S¥E.S6  185.0To6C pueg Hoq SEXQ, ‘UOITRYSOY JeaU IOARY SOZeIg (0S99 180
- - 0 - 1C 6L-6S61  S98 W8VPPoS6  WTH0€.6C puog 1104 sexa, ‘Sraquesoy Teau yea1d AIQ  00F91180
- - 0 - Sy S6—8761 8Ty WST8YeS6  1S€8T.6C puog 1oq SEX9, “9[[IAPI2N Jedu joa1D) 31 00051180
9°6¥ Aouym oxe|
S6¢ ‘oxer] wop3ursj winssod - 07 69-0S61 0c 690561 81S°CE  .8G1€.56  w61.LT66T pusg Moq SBXQ, ‘JJHN[ TeaU I9ATY sozelg  Q0SY1180
L6t Aouym axe|
9'6¢ ‘oxer] wop3ursf winssod 6§ S6-1¥61 SL S6—¥061 IPP'SE  WLTSPoS6  W9SHE.6T puog 1104 SEXQ], “PUOWYDLY 18 I9ARY sOZelg  (000¥ 1180
- - 0 - 0¢ £6—1961 9LE W81.C1.96 W 15.C5.6C unsny SeX, “Q[[IA[[Pg T8dU Y2ID [IHA 00LTTT80
Tars Aouym axe|
60¥ ‘oxer] wop3ursf winssod 6§ S6—1¥61 LS S6-6¢61 PIEYE WSTITe96  WP7.L00€E uoISUIYSEA\ Sex9, ‘peaisdwoy Jeau JOATY sozeld (0STT180
71 QUO)SAWIT e
Sel BN BT €€ ¥6-C961 ey 16—CS61 YSP'T  WTETT196  W01.TS0€ sozelg SeX, ‘UeAIg JEQU IOATY EIOSEABN 00011180
L'69 QUO)SAWIT e
c0c TR BT vE  $6-C961 1L S6-STo1 896 WISLT96  WCT1O0ToIE uosyeqoy sexa, ‘A[1o)sey IeoU IOATY EI0SEAEN  00SOT180
- - 0 - Ll S6—6L61 L6 WI1€61.96  .STOC1E Quojsawlg SEXJ, ‘QU0ISAL] JedU Y1) S 0£H01180
0'¢9 BIXOIN T €1  8,.79961 €l 8L79961 11e W101LT96 W PP0E1E Quojsawl g SEX9], Y[99QSI0ID) 18U IIATY BIOSLABN 0001180
0'C8 BIXOIN BT 91  S6-0861 91 S6—0861 6¢C WWLIE96  WLTYELIE QuojsowIg SBX], NI9Q$I0ID) 2A0qR ALY BIOSBABN  STEOTT80
LSS Kommym e |
1424 ‘oye] wopSury wnssod LT £8-L961 L1 £€8-L961 979°1€  .81.60:96  .0%.1T.0€ UOITUTYSBAN SEXQ], ‘UOJSUIYSEA 18 IOARY SozeIq  00TOT180
- - 0 - €e S6—€961 gol WPTTEI6  u01.5T0€ uosapmng SEX9, ‘SUOAT Jeau Yoa1) uospiaed  00T10T180
866 e AqIaWos 6T 167,961 L9 16-5¢61 600°T  .970€:96  .81.61.0€ uosapmng SEX9, ‘9[[IAIOWI0S Teaul 221D ensox 00001180
- - 0 - €¢ §6—€961 e WC06Y.96 9T T.0€ uosapIng SEXJ[, ‘XOg QWI( Jeau joaI1) eNnZAK Ised 00860180
- - 0 -- €€ 6—€961 9¢¢ WO1PS96 W 1T0T.0€ T SEXQ], ‘XOg SUII( Jeau a1 en3AK APPIA  00L60T80
8'8¢ Kommym e ]
8°9¥ ‘oye] wopSury wmssod ¢S T6—I1¥61 9L 26—0061 6v6'67  .01.6T:96  .TS9E0E sozelg sexa], ‘uekIq 1eau 1oARy sozeiqg 00060180
- - 0 - 1T €L-€961 8y WELT0oL6  WTSISS0E We SEXQ, ‘UOIIWE]) TeaU Y1) W YHON 00280180
008 eTuoled Ty S61S61 8L S6—8161 S90°L  wT0.LSo96  .ES61.0E WeiN SEXJ, ‘UoIWe)) 18 AR MIT 00590180
6'86 eTieueI) 91 S6-0861 0¢ §6—9961 8¢€L WEV9ToL6  W6€11.0€ UOSWEI[[IM sexq[, ‘Hodour] 18 JOARY [SLIGED UES  00LSO180
- - 0 =" 61 9L-ST61 665 WEC8TLO  WEWLELOE UOSWERIIM SEXQ, “9[[IAS[OIL)) TedU IALY [oLIqeD) UueS  00¥S0180
(yuaaiad) ON  pouad ‘ON polied (i)
B SEEEY] eale
uolje|nbai ‘ou
Bunenbai (saeah 1o1eM) (saeah 1o1eM) abeulesp apnybuo  apnujer fwuno) aweu uoljels
JO JuaIXd uonels
1olepy pl1ooal plooal Bunng
|easy
paje|nbay lejoL -Huo)
panuiuo)

—sexa] ‘uiseg JaAly sozeig ‘erep abieyosip pale|nbal Jo sieak g| 1o parejnbaiun jo siesk Q| 1ses| 18 yum suonels buibeb-mojjwesns g ajqeL

Stations

ing

harges for Streamflow-Gagi

ISC|

7-Day, 2-Year D

inimum

fM

ion o

harges and Estimat

isc
Basin, Texas

7-Day D

Inimum

Analysis of M

20

iver

the Brazos Ri

n



- - - ON sexq, ‘Aueq[y Jesu Y1) preqqny 00198080
=" Icr 494 ON sexq, ‘UBIOJA Je oa1) doad 05098080
L1Y 100> SHA 96T - eqr ON SeX9], ‘ULJLLD) 1104 T IoARY SOzZelg 310 1ed[)  (0SSS080
- o 100 SHA SEXQ], “PIOJWIR]S JeaU YI2ID) BIUIOJRD (0878080
80T 0co SHdA 6L1'- ocy ON SEXQL, ‘JUASNN Je JOARY sozeld Y104 Jed[D  000+3080
-- - - ON SBXQ], “SUR[IQV JTeau Y1) W[g SMIT  00£3080
SLO LTS ON - SEeXQ], “dUQ[Iqy Teau Y1) Wg  00££8080
- 1340 432 ON SeXQL, ‘AS[MEH Tedu Y1) ALRqMIN  SHTE]080
- ovL- 45°) ON SeXQ, ‘AQJMEBH 18 JOARY SOZeIg Y10 183D 0FTE8080
- €8¢ €00 SHA SEXQL, ‘AqOY Jesu I0ATY SOZBIg IO IB3[D  00T1£8080
-- - - ON Sexq, ‘AepunjA Jeau yooI) I[N 00,8080
9¢T €50’ ON €50’ 44 ON SEXQ, ‘oA 18 JOARY sozerg  00ST8080
-- - - ON SeXa], ‘“A11D XOU3[ JBau YoaI1D) U0joID) YIHON (08128080
-- 450 8CL ON sexq, ‘yuowrradsy Ieau yoor) Suryung 00178080
SIr 79¢ ON 09t 100 SHA SEXQ, ‘JuouLIadsy Jesu JATY SOZexg Yo J[eS 00078080
-- (4380 6v¢0 ON sexq, ‘yuotiadsy Jeau Yoa1) uojord JeS  00S18080
- - - ON SBXa], »QOH%N—. Ieau yaaI) uojor) 00218080
650° Cizd ON -- SBXQ], Y0038 I8aUl ISARY SOZelg 104 I[BS 00018080
¢10°0 8660 ON -- SBXQ], ‘pIeI) Jeau Y321D Yond  (0S608080
- - - ON SBXJ]J, Sr@?wﬁﬁﬁn— Je MeI(J I91eM\ MEMGGSM 00L08080
-- - - ON SBeXQ], IS0 1eaul Y321 PEUOTIIN  07S08080
- - - ON Sexq], Quowradsy Jeau JOATY Sozelq IO UIRJUnoA 9[qnod  00S08080
-- - - ON SBXQ], ‘3Inqaomsn[ e JIOARY Sozelq Y10, UIRIUNOIA 9[qnod  0096.080
- - - ON SBXJ], ‘)S0d Teau JOATY Sozelq IO urejunojy 2[qno( JIoJ YMoN  S.S6L080
-- - - ON SBXQT, Y[00qqnT 1e IOATY S0Zelq Y10 Urejunojp 2[qno( Yo YHON  00S6.080
1 s jlepud) onjea-d 050°0 =© 1 s ]lepud)] anjea-d 050°0 =© ‘ou
1e puail le puall aweu uonels
uonels
pouad pajeinbay pouad pajenbaiun

[uey) sSIT “> Q[qe[IEAR BIEP OU ‘-- ‘0JOZ Ik SAZIRYDSIP ABp-/ WNWIUIW [BNUUE [[& ‘- 0 0] [enba 10 uey) ss9f st anfea-d J1 jueoyrusis st puai] ]

elep abieyosip paje|nbal Jo sieak
01 Jo parejnBbaliun jo sieah g} 1se9| 1k yim suoiels Buibeb-mojjwealis 1oy sebleyosip Aep-/ WNWIUIW [ENUUE JO S)NSal 1SS} ||lepuaM-Uuel "¢ ajqel

21

Table 3



8TT €60° ON - SeXa, ‘S[[IA A3[[BA I 10ATy] anbsog yoN  002S6080
9T 0S0’ SHX 1L0° S6v ON SEXQL, ‘UOYI[D Jeau J0ATY anbsog yoN  000S6080
LST 0S0° SHA - SEXQ], ‘00TH 1 J0ATY onbsog yioN 0086080
- - ON - SBXQ], ‘JOpueBX9[y Jeau YaaI) uadln)  ()0SH6080
L9T - 8y ON - SEXQ, ‘d[[IAudydal§ Je JoARy anbsog YHON  00L£6080
9% v10° SHX LT er ON sexq, ‘e[[Inby 1eau 321D e[IINbY  00$£6080
- - - ON SEXQL, ‘N0qQqV IedU Y1) 440D 00F£6080

- - - ON SEXQ], “0I0QS[[IH 18 31D ALIRYoeH  (0STE6080

89T - 00’ SHA -- sexq, ‘e[[Inby reau JoAry sozelg  001£6080
oG T ON 8¥T 90T ON SEXQ, ‘win[g Je AR UBON 00076080
TLO- soL ON -- SEXQ], ‘980Y US[D) Jedu yda1) menbs (0516080
€09° 00’ SHA 101~ 66¢" ON SEXQ], ‘9s0Y US[D) 1B JOARY AXn[ed  00ST16080
YLT- €00° SHA vLO™- LOL ON SEXQ, 950y UR[D) Jeau JoARY sozelgd (00016080
So¢ LTO SHA - SEXQ, ‘SIUU(] JEaU JOATY sozerg (00806080
e 62T ON - - ON SEXQ], ‘0JukS TedU YAAID) oluld ofed  00S06080
620’ 09L ON L9T - €re ON SeXQ, ‘0JUld O[Ed JEaU JOATY sozelg (00068080
- 160’ 11T ON SEXQ, ‘UBA] Jeau Yoa1) 1epa) 31 0S+88080

- - - ON SBX], hamaﬁumu Jeau Moqu ,Hmimm 00£88080

- - - ON sexq, ‘AU 18 Yea1) I[eS 00188080

€T LEO SHA ver vse ON SEXQ, ‘pUSg YOS Jeau IOARY sozelqg 00088080
061" LET ON L60- €rT ON SEXQ, ‘9[[IASI[H 1B JOARY SOZeIq YIog 183D  00£L8080
€01°0- 1120 ON - SEXQ, ‘@3 PLIUAAIY Jedu Yaa1) preqqny  00$98080
- 610" 681" ON SeXQ, ‘“@3pLudAIg A0qe yoar) Apues 31 06298080

- 80" 1243 ON sexq, ‘Aueq[y mo[oq yoar) preqqny 71798080

- 61€°0 910°0 SHA sexq, ‘Aueqy Jeau 391D preqqny 04 YoN  0S198080

0S00=" 050°0="0
1 s,lepud)] anjea-d e pusiL 1 s|lepud) onjea-d — ooy UOREIS ou
uonels

pouad pajenbay

pouad pajenbaiun

panuiuop—eiep abireyosip pajejnbai jo sieah
01 Jo pareinbaliun jo sieah Q| 1se9| e Yyim suolels Buibeb-mojjwealis 1oy sebleyosip Aep-/ WNWIUIW [ENUUR JO S}NSa) 1SS} ||lepuaM-uuel "¢ ajgel

Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations

22

in the Brazos River Basin, Texas



§s0- 9Ly ON - SBXQ], ‘IO JeaU IOARY [PHqRD UBS  00£S0180
-- 07T - 780° ON SBXQ, ‘Um03031090) Ieau Yoa1) A110g  001SOT180

- (940 699 ON SEX9], ‘UMOIABI09D) 1B IPARY [QLIqED UBS  000SO180

-- €90 199° ON SEXQ], ‘UMOJATI0D) 18 IOARY [QLIQED) UBS Y104 YInos 00670180

€89 100> SHA 9¢T- 0s¢e ON SEXQ], ‘UMOJOTI0AN) TeaU IOARY [FLIqeD) UBS IO YUON  00LF0180
T 90 SHA - SBXQ], “TOARY NI JBSU ISAR] ST 00SHO180
960~ geL ON -- SeXa], ‘uo[og Ieau 1oAY sesedwre]  00I+0180
-- 900 6S6° ON sexa], ‘1ods3unox 1e 1oAry sesedwe]  000F0180

- 810~ S99 ON SeXa], ‘s3I Teau Joa1d) AYO0y Y10 YOS 006£0180

- €T 6T ON sexa, ‘roudwoy] Jeou JoAry sesedwe ] 080180

9ST 5148 ON vLO™- LS ON SEXA], ‘UOIAf TeaU IOAL UOST  00STOIS0
-- (448 er ON SBXQ, “9Y00PI{ 1B A1) asnoymod - 00010180

orr 85T ON L9Y €00 SHA SBXA], ‘I[[IASAIRD T8 IOARY UOYT  00SO0T80
65T 430 SHA -- SEX3], ‘UOI[IWRH TeaU IOALY UOST 00000180
LY0™- ocL ON 8LI™- 940} SHA SBXQ], “9SSBH IeaU IOAR] UOT  00S66080
- Lee- 410 SHA SEXQ], ‘U0 3(] 18U JOALY BUBQRS  ()0£66080

- - ON - SEXQ[, ‘U0 (T TeaU JOARY U0 00166080

- - - ON Sex9[, ‘uoj3uriIng Ieau Y1) puod AMIT 0086080

810 106 ON -- Sexa], “YUBQUSITH Ieou I0ARY sozeld 06786080
o1’ £es” ON -- SBXQ], “UIIRIA] Jeou IOATY sozelg  ()0SL6080
goc- LIT ON -- SeXa], ‘9[[1A2I00A 18 NoAeg MOD  000L6080
891"~ Lo ON 1400 £6C ON SBX], ‘00BN 1B JOARY Sozelg 00596080
691°0- 98¢0 ON =" SEX9], ‘00BA\ Teau 1oAY anbsog  (009S6080
-- YL~ L6T ON SEXQ], ‘PIOJMEID) JedU Y1) SOH  00¥S6080

- §20°0- SL80 ON Sex, “103aIDJJN Jeau JOALY anbsog PPN 00£S6080

0S0°0 = 0S0°0 =
1 s]|lepud) anjea-d e pusiL 1 s]lepud)l anjea-d — oweu uonEls :L“““w
pouad pajeinbay pouiad pajejnbaiun )

panuiuo)—eiep abieyosip pajeinbal jo sieak
01 Jo parenbaliun jo sieah g} 1se9| 1k yim suoljels Buibeb-mojjweal)s 1oy sebieyosip Aep-/ WNWIUIW [BNUUER JO S}NSal 1S9} ||lepusy-Uuel "¢ ajgel

23

Table 3



S48 €ee” ON -- SBXJ], ‘UOIRYSOY TeaU JOATY SOZRIg  (S991180
- - - ON SBXQJ, ‘319qUasoy Jeau yoa1D A1 00%91180
- 8LY 100> SHA SEXQL, ‘Q[[IAPIaN Jeau Y1) S1g  000S 1180
Lye £e0’ SHA =" SeXQ, ‘JIN[ Jeau IoALY] sozeld  00SH 1180
Tel 0or0° SHA S0¢- 790’ ON SBXJ], ‘PUOUYOLY JB ISALY sozelg 0001180
- eor” [434 ON SBXQ, ‘S[[IA[[og Teau Y1) [[UA  00LITI80
8LT Sy ON -- sexq], ‘pearsdwoy Teau JoARy sozexd  00STT180
I6l” Icr ON 8LS [10° SHA SEXQ, ‘UBAI JEOU JOATRY BIOSLABN 00011180
L8E 100° SHA 980 or ON Sexq, ‘A[10ISey Tedu JOARY LIOSEABN  00SOT180
- L6E - 900° SHA SEXQ, ‘QUOISAAL Jeau Y1) S1g  O¢H01180
9¢T 1T ON =" SBXQ], “Y03(S0ID) Teau I9ATY BI0SeABN 0001180
o' sL ON -- SBX9], Y09(S30IL) 2A0(L JOALRY BIOSBABN  CTEOT180
§9C- (148 ON -- SEXQ, ‘U0ISUIYSEA J& JOARY sozeld  00T01180
-- 6Cl” 760’ ON SEXQ], ‘SUOAT] Jeau YoaID) uospiaed  00T0T180
1340 CLL ON 1c1- 820 SHA SEXQ, ‘9[[IAIAWOS TedU A1) en3ak 00001 180
- 6T 600 SHdA SEXQ, ‘X0g duI(] Jeau jI) en3oX Ised 00860180
=" 900"~ 056’ ON SEXQ, ‘X0g dUI(] Je3u Y1) Bn3AX S[PPIAN  00L60180
L10- 898" ON LIT"- 1214 ON SEXQ, ‘UeAIg IeoU JOARY sozelg 00060180
- - - ON SeX9], ,GOH@ENU Teau Y1) W YION 00280180
ocr 69T ON 8LI- Ier ON SeXQ], ‘UoIowWe)) 18 AR 9T 00S90180
€ee0 6,00 ON 60¢C'- 1443 ON sexq[, ‘podoue e 10ATY [oLIqeD ueS  00LSO180
- 08¢0 200 SHA SeXQ], ‘Q[[IAQ[OII)) Teau JOATY [dLIqeD) UeS  00+S0180
0500 =0 0S0°0 =0
1 s,lepud)] anjea-d e pusiL 1 s|lepud) onjea-d — ooy UOREIS ou
uoneis

pouad pajenbay

pouad pajenbaiun

panuiuop—eiep abieyosip pajejnbai jo sieah
01 Jo pajeinbaliun jo sieah Q| 1se9| e Yyim suolels Buibeb-mojjwealis 1oy sebleyosip Aep-/ WNWIUIW [ENUUR JO S}NSaJ 1SS} ||lepuaM-uuel "¢ ajgel

Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations

24

in the Brazos River Basin, Texas



981" ON SBXQ], ‘PUOUYOLY I ISALY SOZRIg 000+ 1180
910" SHA SBXaJ, ‘UBAIg JBAU JOATY BIOSBABN 00011180
100" SHA Sexa], ‘A[19)sey Jeau JOALY BIOSBABN 00S01180
100> SHA SEXQ, ‘Q[[IATOWIOS TedU Y1) BNSOK 00001180
00’ SHA Sexq], ,:N\Cm Jeou IQATY sozelgq 00060180
86L ON SeX9], ‘UOISWED) JB JOALY 9[NI'] 00590180
4810 SHA sexq[, ‘podoue e 10ARY [QLIqeD) ues 00LS0180
ocT ON SBXQJ, ‘UM030TI000) JBaU JOATY [SLIqRD) URS YI0] YLON 00L10180
6C¢ ON SEXQ], ‘U0I[g Teal IOATY U0 00S20180
0s0’ SdA SBXQ], ‘Q[[1ASARD) I8 JOALY U0 00500180
100° SHA SBXJ], ‘9SSBH JBAU JOALY U0 00566080
100> SdA SBXJ], ‘098 T8 JOATY sozelg 00596080
100 SHA SEXQL, ‘UONI[D Jeau 12ATY anbsog yuioN 00056080
IS¢ ON sexq, ‘e[[inby reau yoar) e[mby 00S€6080
140 SHA SBX9], ‘wn|g Je I9ALY UB[ON 00026080
0s¢ ON SEXQ], ‘980Y US[D) 1B JOATY AXn[ed 00516080
100> SAA SBXJ, ‘9S0Y US[D) Jedu JOATY sozelqg 00016080
010 SdA SeX9J, ‘0JuBg JIBau Y391 ojuld ofed 00506080
100> SdA SBX9], ‘Ojuld O[ed TBaU IOATY sozelq 00068080
100> SHA SEXJ, ‘PUag YINOS Ie3uU I9ALY sozelg 00088080
100> SHA SBXJ], ‘Q[[IASBI[H 1B JOALY SOZeld Y104 Tes[D 00£L8080
vy ON SEXQ, “UYJLID) O, 1B JOATY SOZRIg Y10 Tes[D) 00SS8080
1LE ON SeXq]J, J:owsz Je JOATY SOZeld IO Jed[) 000178080
100> SdA SEXQ, “IOWAQS Je IATY sozelg 00S$78080
201°0 ON sexq], ‘yuowradsy Ieou JOARY Sozelq 10 I[eS 00028080
anjea-d G00=0 }e duaIayIp Juesubis aweu uonels ‘ou uoljels

[uey ssof “> 0 01 [enba 10 ueY) SSIT ST an[eA-d J1 JUAIRYIp APuedlIudIs a1e s931eydSIp pje[ndal pue paje[nsaiun]

elep abieyosip pare|nbai pue parenbaiun
JO Yyoea sieah Q| 1se9| je yum suolels Buibeb-mojwealls Joy sabieyosip Aep-/ wNWIUIW [eNUUE JO S}NSaJ S8} WNS-Yuel UOX0d|IM b dlqeL

25

Table 4



"91qe) JO PUS J& 9JOUJ00,]

- 0 €l 0 sexa[, ‘Aueqy Jeau Yoa1D) preqqny 00198080
- [4 oI 0 SEX9, ‘UBIOIA & Yoa1D dodd 05098080
Z 14 143 0 1% 6 0 SBX3], ‘ULJLID) 10 1B JOATY SOZRIg Y10 183D 00SSS080
- 8¢C S €0 SEX], ‘pIoJuIe]§ JBaU Y21 BILIOJIRD) 00818080
$6 (44 91 8¢ 6 % 0 SEX9L, ‘JUSSNN Je JOATY sozeld Y104 Jea[) 0008080
- 0 91 0 SEXa], ‘QUIIqY JedU Y3ID) WIH dMIT  00£8080
4 14! 0 -- SEXJ], “QUIIqV Jeau Y1) Wg  00EES080
-- ré 61 0 SBXQ, ‘AQ[MBH Jeau YoaI1D) ALI_QININ  S+HZE]080
-- (44 0 a! SEXQ], ‘AQIMEH I JOARY SozZeIg IO Ied[D  0¥CE3080
-- 62 4 I Sexa], ‘Aqoy Jeau IOATY sozeld 1o 1ed[D  001£8080
-- 0 [43 0 sexa], ‘Aepunpy 1eau Yoa1D) SIOMIA  00LZ8080
n 0¢ 4! 0¢ 9 €€ 0 sexo], ‘Mowkag Je IATY sozelg  (00ST8080
- 14! L €0 SeX9, ‘K11 XOU] Jedu Joa1D) UojoI) YHON 08178080
-- S €1 0 sexa[, ‘Juonradsy Ieau yoo1) Sunyuns 00128080
90 [43 0 SO 91 8 80° sexq[, ‘yuouradsy 1eau JoAry sozerg Y104 I[eS 0008080
-- 12 0 ST sexa], ‘quowradsy Ieau YooI1) u0joID S  00ST8080
-- I 9T 0 SBXQJ, ‘UolA®[ JBAU YO9ID) U0I0I)  00ZIS0]0
4 1T 0 -- SBXQ], ‘Y000r9J Jeau JOATY sozeld Y10 IeS 00018080
1c 4 €00 -- SBX3], ‘PIeIID Jeau YaaID Yond  0S608080
-- 0 143 0 SEXQ], ‘MAIAUTR[J 1B MEI(] Io)eA Sutuuny  00L08080
- 0 el 0 SBX3], 1804 183U Y331 P[RUOIIN  0S0S080
-- 61 LY 0 sexa], Juowradsy Ieau JOATY SOZelg 10 UTeIunojA 9[qno  00S08080
-- 0 €¢ 0 SexaJ, ‘3Inqaonsn( 18 JOATY sozelq IO UreUnoj\ o[qnod  0096.L080
-- ¥ 9 0 SEX3J, ‘1S0d Teau JOATY Sozelq IO Urejunojp 9[qno( Yo YHON  S/S6.080
- 0 01 0 SEXa], Y00qqnTT JB I9ARY SOZeIg Y10 UIRIUNOJAl A[qno( Y104 YHON  00$6L080
2oL sanjen sanjea - sanjea san|ea -
019z-UON olaz € 019Z-UON (JEY4 € .
paje|nbaiun zoL zoL oweU uonEls ou
0} paje|nbau 0. lenuuy O. lenuuy uonels
jo ohey pouad pajenbay pouiad pajenbaiun

[019Z a1e Q)L pelenTal pue paje[nIaiun asnesaq pauryapun O/ pale[naIun 0) poje[n3al Jo onel “Z ‘019z st QL PIe[n3aIun asnedq pauyopun g/ poiendaun
0] paje[n3ai Jo onel ‘) ‘zOL andwod 03 J[qe[IBAR JOU BIRp ‘-- (93IRYISIP Avp-/ Wnwiuiw ‘Q)/ ‘puodads 1ad 199 21qnd s/ $a3reyosIp 18L-7 ‘Aep-, wnwiuiw ‘70 /]

sexa] ‘uiseg JaAly sozeig ‘suonels buibeb-mojjweals 1o} sebieyosip Jesh-g ‘Aep-/ wnwiuiw perewnsy g ajqeL

Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations
in the Brazos River Basin, Texas

26



"91qe) JO PUD JB 9J0UI00]

LT 1 'L -- SEXL, ‘S[[TA A3[[BA 18 I9ARY dnbsog YIION  00Z$6080
9% 8¢ 0 I'e 6C Sl 89 SBXQL, ‘UOI[D TedU I3ARY dnbsog YLION  000$6080
L1 11 1T -- SEX9], ‘00IH 18 I9ARY dnbsog YION 00876080
0 ] 0 -- SBXJ, TOPUBXIY IBdU JYAID URID  ()0SH6080
I 11 0 -- SeXQL ‘O[[rauaydalg e 10Ary onbsog YoN  00L£6080
Z S 8 0 0¢ €C 0 sexq, ‘e[mby 1eau yso1) B[Mby  00S£6080
-- 0 1! 0 SeX9], N0qQy Ieau }321D 40D  00£6080
-- 0 €l 0 SEXQ], ‘0I0qS[[IH ¥ Yoo1D) ALRQoeH  0STE6080
LT 0 8¢, -- SeXQL, ‘e[[Inby Jesu 10Ary sozeig  001£6080
[ 9C C 1 0l S LE Sex9, ‘wnig e AR UBON 00026080
QI 0 T - Sexa]J, ﬁOwOM Euﬁu Jeau Y3al) BNDUW Ombﬁoowo
9 6 14 8C LT 8 124 SEXQL, 980y US[D J 10ATY Axn[ed  00ST6080
(47 LT 0 el 4! S e SBXQ], ‘950 US[D Teau IoAry sozeld 00016080
LT 0 (%3 - SeXq]J, nmﬁﬁﬂog Jeau .~®>Mm Sozelgq OOwOOOwO
Z 9 L 0 0 1! 0 SEeXQ], ‘OJuBS Ieau Y231) ould ofed  00S06080
n S¢e 0 ¥ L 6 0 SeX3], ‘OJuld O[] Ieau JOALY sozeld 00068080
-- C T 0 SEXJ, ‘UBAJ 189U Y3a1) 1epd) 51  0SH88080
-- 0 1§35 0 SEXQ, ‘WeyelD Ieau yaaID relg  00£88080
-- 0 61 0 SEXQL, ‘ASU[Q 18 Y1) JES 00188080
0¢ (43 4 01 4! I1 1% SeXa], ‘puag YINOS Ieau 1oAY sozelq (00088080
n 81 € cr € C 0 Sexa], ‘Q[[IASRI[H 1B JOALY sozelg Y104 Jed[D  00£L8080
€ (44 0 -- SEXQ, ‘O pLIUdY0AIY TedU 1D pIreqqnH  00S98080
- I 43 0 Sexa], “afpruaydarg aAoqe year) Apues 31g 06298080
- S T 0 SEX9Y, ‘AUBQIY MO[aq Jo9I1D pIeqqny 71798080
-- 91 11 €00 SeXQL, ‘Aueqy Jeau Yoa1) preqqny o4 YHoN  0ST98080
0L sanjeA sanjea sanjea sanjeA
0192-UON o197 (s/gh) 0192-UON 0197 (s/gh) .
palenbaiun ou
[492 (4973 aweu uonels
0} paje|nbal O/ lenuuy O/ lenuuy uonels
jo oney pouiad pajeinbay pouad pajenbaiun

panunuopy—sexa| ‘uiseq oAy sozelig ‘suoiels Buibeb-mopweains Jo) sebieyosip Jesh-g ‘Aep-7 wnwiuiw perewnsy *g ajqeL

27

Table 5



"91qe) JO PUS J& 9JOUJ00,]

IT 0 1T - SEX], ‘IO TeaU 1AL [PLIqRD UBS  00£SOT80
-- al Tl 0 SBXQ], ‘Um0)a31030) Jeau Y1) A119g  001SOIR0
- LE C Y SEXQ, ‘UMO0Ja5I000) JB 1oAY [ALIqeD UBS  000S0180
- (Y4 C 80" SEXJ, ‘UMO0JTI00D) JB TOATY [QLIqED) UES Y104 (IN0S  006+0180
8'8 91 0 ¥l I1 0 or SEXJ, ‘UMOJOTI0AD) TedU JOARY [QLIqeD) ULS YO YHON  00LF0180
€e 0 99 - SBX3], ‘IOALY S[NIT JBIU AT SNIT  00SH0180
7T 0 oY - Sexq], ‘uoljog Jeou IOATY sesedwe ] 00IH0180
-- <% 11 S¢S sexq], ‘ModsSunox je 10Ary sesedwe ] 00040180
- I 3 0 SEX9, ‘ST Jedu YOI AYO0Y 10 YNOS  006£0180
-- €€ 0 L6 sexq], ‘roudwoy] Jeau 1oAry sesedwe]  008€0180
) 9¢ 9 0¢C 0c 01 r'e SEXQ], ‘U0 TBIU JOARY UOYT  (00STOT80
- 81 LT 0 SBXQ], “9Y00PI{ 18 231D asnoymo) - 00010180
8¢ [43 I 6'1 01 C € SEX3], “Q[[IASIIRD) 1B JOAR] UOYT  (00S00180
[4¢ 1T ST - SEXQ], “UOI[IWBH Jeau I9ARY UOST 00000180
n 6¢ 0 SL € 0C 0 SBXJ], ‘9SSBH JBIU JISATY UOT  (00$66080
- S 14! 0 SEX3], ‘U0 (] 1BAU 1AL BUBARS  ()0£66080
0 9¢ 0 -- SBXJ[, ‘UOIT 9 Feau IAR] U0ST 00166080
- 0 0C 0 SEX9], ‘UOJSUIINg Tedu YOI puod dPI'T  00£86080
0¢ 0 081 - SeX9], “JUBQUSIH Jeou JOATY sozeld 06786080
11 0 861 - SEX, ‘UITRIA] TeaU I9ATY sOZelg  00SL6080
8 6 0 - SEX9, ‘9[[IARI00]A] 18 nokeg 0D 000L6080
y'e 99 0 9¢1 oy C or SBXJ], ‘0B 1B JOALY SOZRIg  (00$96080
9 1 0 -- SBXQ], ‘00BN JBAU JOATY anbsog  009S6080
- o1 ¥ er SeXQ], ‘pIojmer)) Ieau }o21) S0H  00S6080
- 81 8 200 SeX9[, JOFAIDIA Jedu 1oAY onbsog PPN 00£S6080
oL sanjen sanjen sanjeA sanjen
0192Z-UON olaz (s/gw) 013z-UON olaz (s/gh) )
pale|nbaiun ou
(4972 [49A aweu uonels
0} paje|nbai O/ lenuuy . lenuuy uonels

j0 oney

pouiad paje|nbay

pouad paje|nbaiun

panuiuoD—sexa] ‘uiseg JaAly sozeiq ‘suonels buibeb-mojjweas 1o} sebieyosip Jeeh-g ‘Aep-7 wnwiuiw pejewnsy g ajqer

Analysis of Minimum 7-Day Discharges and Estimation of Minimum 7-Day, 2-Year Discharges for Streamflow-Gaging Stations

28

in the Brazos River Basin, Texas



"$6-6961 potad pajengar uo paseq gOL,

v 0 6LS - SEXJ, “UOIRYSOY JBaU ISATY SOZeIg  (S991180
- 0 14 0 SEXJ, ‘810qUOsoy Iesu Yoo1) AId  00Y9T180
- % 14! LT SEXQ, “Q[[IAPIIN] Jedu Y1) S1g  000ST 180
Sl S 34! - SBX3, JIN[ JeaU I9ATY sozelq  00SH 1180
Tl S¢S 0 0L9 0¢ 0 89¢ SEXJ, ‘PUOWIYOLY e I9AR] S0Zelg 0001180
- 0€ 0 8T SEX9L, “Q[[IA[[g 18U Y2ID [N 00LIT180
SS 0 1€9 - SeXaL, ‘pealsduIof] Jeau I9ATY Sozeig (0STT180
n e [4 (44 14 9 0 Sexq], ‘uekIg Ieau JOATY BI0SeAEN 00011180
0¢ 143 0 ¥l 93 [4 oL sexq[, ‘A[1oJser Tedu 1ALy BI0SeABN  00SO1180
-- S 4 0 SBXJ, ‘OU0ISIAL] 183U Y31 81  OSHOT T80
8 S 10" - SEXQ, “Y09qQS0IN) JBaU JOATY BloseAeN  00¥01180
z i 0 - SEXQ, “Y09qSI0ID) JA0GE ISATY BIOSBABN  SZEOT TS0
LT 0 6Ly - SEXQ, ‘UOISUIYSEAN J& TOARY sOZeIq  (0TO1 180
-- S 8T 0 SBXQ], ‘SUOAT J8aU Y1) UOSPIAR  00TOT T80
n g1 01 (4} 14 8¢ 0 SEXQ, ‘Q[[IAIWOS Teau Yoa1) en3aK 00001180
-- ST 81 0 SeXQJ, ‘xog QW] Jeau Y1) enSox 1sed 00860180
- € 0¢ 0 SEXQ], “XOg AWI(] Teall 30a1) BN3AK S[PPIA  00L60180
07¢ [4Y 0 8¢y ¥ 0 61¢ SEXQ], ‘URAI( IedU JOATY SOZeIq 00060180
- 0 1 0 SEXQ[, ‘UOISWE)) JBAU YoaID) Wy YHON 00780180
'l |87 I ¥S 9¢ 0 8t SEXQ, “UOIIWR]) 18 AR 9T 00S90180
900 Sl I 01 14! 0 L1 sexa], ‘Hodoue 1e 10ARY [SLIqeD UBS  00LSOT80
- 61 0 0L SEXQ, ‘S[[IAJ[IIL) TeSU JOARY [dHIqeD UBS  ()0YSOIS0
— sanjea sanjea ) sanjea sanjea )
peleinBolun 019Z-UON 0197 € 019Z-UON 0197 € -ou
01 pajenbai O/ lenuuy eos 0. [enuuy eoz suieu LoRels uonels

jo oney

pouiad pajeinbay

pouiad pajenbaiun

panunuopy—sexa| ‘uiseq oAy sozelig ‘suoiels Buibeb-mopweains Jo) sebieyosip Jesh-g ‘Aep-7 wnwiuiw perewnsy *g ajqeL

29

Table 5



	CONTENTS
	Abstract
	INTRODUCTION
	Purpose and Scope
	Physical Setting
	Figure 1
	Methods of Analysis
	N-Day Analysis
	Statistical Analysis
	Frequency Analysis

	Acknowledgments

	ANALYSIS OF MINIMUM 7-DAY DISCHARGES
	Mann-Kendall Test
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Wilcoxon Rank-Sum Test

	ESTIMATION OF MINIMUM 7-DAY, 2-YEAR DISCHARGES
	Stations With Unregulated Discharge Only
	Stations With Regulated Discharge Only
	Stations With Both Unregulated and Regulated Discharge
	Figure 9
	Figure 10

	SUMMARY
	REFERENCES CITED



