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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 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 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.

1Annual lowest mean discharge for 7 consecutive days with a 
2-year recurrence interval.
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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 year2 
1995. Statistical tests were applied to the annual mini-
mum 7-day discharges. The Mann-Kendall test for 
monotonic trends3 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 III probability distribution was used to estimate 
the 7Q2 for the unregulated and regulated discharge 
data for all 97 streamflow-gaging stations.

Physical Setting

The Brazos River Basin drains about 45,000 
square miles (mi2), of which more than 35,000 mi2 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 

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 
8.65 to 35,773 mi2. 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 

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. 

3A 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. 
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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 
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Figure 1.  Location of the Brazos River Basin, Texas.
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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 7Q2.

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 α = 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 α-level.

Setting α = 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 (τ). The value of τ is influenced by sample size and 
ranges from -1 to +1. τ 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, τ = -1; whereas if all dis-
charges increase with time, τ = +1. The sign of τ 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 α = 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 α-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).
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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 III 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 III 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 τ), 
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 τ), Clear Fork Brazos River near Roby (fig. 4), 
California Creek near Stamford, North Fork Hubbard 
Creek near Albany, San Gabriel River near Circleville, 
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Figure 4.  Annual minimum 7-day discharges for station 08083100 Clear Fork Brazos River near Roby, Texas, 
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Figure 3.  Annual minimum 7-day discharges for station 08099300 Sabana River near De Leon, Texas, water 
years 1961–86.
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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 
Needville, 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 τ 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 τ = 0.017) indicate no significant 
trend at the 95-percent confidence level. The remaining 
five stations with an increasing trend (Kendall’s τ 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 τ 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 τ. The two stations with a negative 
Kendall’s τ (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 τ 
(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 τ 
(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 τ = 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, 
Aquilla 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.
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Figure 6.  Annual minimum 7-day discharges for station 08093100 Brazos River near Aquilla, Texas, water years 
1941–95.

Figure 5.  Annual minimum 7-day discharges for station 08150000 Big Creek near Needville, Texas, water years 
1948–95.
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Figure 8.  Annual minimum 7-day discharges for station 08091000 Brazos River near Glen Rose, Texas, water 
years 1924–95.

Figure 7.  Annual minimum 7-day discharges for station 08082000 Salt Fork Brazos River near Aspermont, Texas, 
water years 1940–95.
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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 
(ft3/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 7Q2 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 
ft3/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 0 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. 
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Figure 10.  Annual minimum 7-day discharges for station 08091500 Paluxy River at Glen Rose, Texas, water 
years 1948–95.

Figure 9.  Annual minimum 7-day discharges for station 08096500 Brazos River at Waco, Texas, water years 
1897–1995.



SUMMARY        13

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 7Q2 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 mi2. 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 ft3/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 ft3/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.
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20        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 
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