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FACTORS FOR CONVERTING LNCK-POUND UNITS TO INTERNATIONAL SYSTEM (SI) UNITS

Multiply

cubic foot per second (ft3/s)

inch (in.)
mile (mi)

square mile (mi2)

By

0.02832

28.32
25.4
1.609

2.590

iv

To obtain
cubic meter per second (m3/s)
liter per second (L/s)
millimeter (mm)
kilometer (km)

square kilometer (km2)
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MONTHLY LOW-FLOW CHARACTERISTICS OF GEORGIA STREAMS

By R. F. Carter and J. D. Fanning

ABSTRACT

Statistics of monthly minimum flows are presented for 129 streamflow
stations. Low-flow frequency data provided are based on graphical or log-
Pearson Type III distributions. The probable magnitude of average standard
errors due to time-sampling bias is tabulated. The average standard errors
were found to be similar over a wide area comprising approximately the
northern two—-thirds of the State. In this area, the average standard error
of estimate for a low-flow statistic, with a recurrence interval of 20 years
and estimated on the basis of 10 years of record, is about 17 percent. In
the southern third of the State, the magnitudes of these errors were also
found to be within a narrow range, but significantly greater than in the
north. In this southern area, the average standard error of estimate for a
low-flow statistic, with a recurrence interval of 20 years and estimated on
the basis of 10 years of record, is about 40 percent.

INTRODUCTION

Many designers of water-development projects, as well as planners, con-
cerned with long-range water use and development need to know the risks of
water shortages for any time of the year rather than just the risk during
the lowest flow period of the year., For example, substantial savings in
construction and operating costs of wastewater treatment facilities may be
realized by varying the level of treatment as available receiving-stream
assimilative capacity changes throughout the year. Most streams in Georgia
experience their lowest annual flows during late summer or early fall, and
these low flows may be substantially less than monthly minimum flows that
occur during other times of the year (fig. 1).

Purpose and Scope

This report presents the results of frequency analyses of monthly mini-
mum flows for 129 complete-record gaging stations. These gaging stations
represent samples from many areas of diverse hydrologic conditions in the
State and adjacent areas. These frequency data supplement and extend low-
flow frequency data presented by Carter and Putnam (1977)., The data in
their report were computed from a distribution of the annual minimum flows
for the climatic year (April 1 to March 31). In this report, low-flow dis-
tributions are based on monthly minimum flows for gaging stations with at
least 8 years of record through September 30, 1978.

Computation of frequency statistics for monthly and annual minimum
flows is identical except that average flows for selected consecutive-day
periods for a given month, rather than each climatic year of record are used

in the analysis.
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DEVELOPMENT OF FREQUENCY STATISTICS

Computation of Average Minimum Flows

Low-flow frequency data were determined from distributions of monthly
minimum flows observed at gaging stations selected for the study. Stations
having less than 8 years of record were not used. Monthly minimum flows
used in the frequency analyses include the lowest average flows for 1, 3, 7,
14, and 30 consecutive-day periods (except February). For example, a low-
flow frequency distribution of 7-day minimum flows for July would be based
on the lowest average flow, for 7 consecutive days, in each July of record

for the station.

Streamflow records were retrieved from the U.S. Geological Survey
WATSTORE files and were processed by computer to determine average discharge
for each of the selected consecutive-day periods of minimum flow in each
month. Monthly minimum flows for each of the selected consecutive—-day
periods were ranked in order of magnitude, with the lowest first.

Frequency Computations

Low-flow statistics were determined for each station using log-Pearson
Type III distribution (Chow, 1964) or graphical distributions for monthly
minimum flows for each of the comsecutive day periods. The log-Pearson Type
III distributions were fitted to the data and frequency statistics were com-
puted by a computer program which determined the minimum flows for various
periods. The program computed non-exceedance probabilities for minimum
flows by use of the formula » where N is the number of nonzero low-flow
events and M is the rank of an individual event. The program also plotted
minimum flows versus their non-exceedance probability on log-normal proba-
bility paper along with a plot of the log-Pearson Type III distribution
curve. If the lower end of the log-Pearson Type III curve did not ade-
quately fit the data, a graphical distribution curve averaging the data
points was used to determine low-flow frequency data. The log-Pearson Type
III distribution was acceptable for most of the stations.



Non-exceedance probabilities for monthly minimum flows of zero were
determined as part of the log-Pearson Type 111 analyses using an algorithm
for probability adjustment as follows:

Adjusted probability = (f x P) + R,
where
n = number of nonzero monthly minimum flows,
N = number of zero and nonzero monthly minimum flows,
and
P = non—exceedance probability obtained by ignoring zero monthly mini-
mum flows.

Frequency data compiled in this report are in terms of recurrence in-
tervals. For a given low-flow event, the recurrence interval is the average
length of the interval in years between occurrences of a low flow less than
the given event. Mathematically, the recurrence interval is the reciprocal
of the probability of occurrence. For example, an event having a 20-percent
chance of occurrence in any 1 year (a probability of 0.20) has a recurrence
interval of 1/0.20, or 5 years; similarly, a 4-percent chance of occurrence
is equivalent to a recurrence {nterval of 1/0.04, or 25 years. The concept
of a recurrence interval does not imply regularity of occurrence; an event
of 25-year recurrence interval might be exceeded in two consecutive years Or
it might not be exceeded in a 50-year period.

The following criteria were used in compiling the frequency data: (1)
for stations at which 8 to 9 years of record were available, the frequency
curves were extended to include the 10-year recurrence interval; (2) sta-
tions having 10 or more years of record, but less than 20 years, were exten~
ded to include the 20 year recurrence interval; (3) stations having 20 or
more years of record, but less than 30 years, were extended to include the
30 year recurrence interval; and (4) stations having 30 or more years of
record were extended to include the 50 year recurrence interval., Data were
not compiled for recurrence intervals greater than 50 years. Within these
limits, recurrence {ntervals of 2, 5, 10, 20, 30, and 50 years were deter-
mined for monthly minimum flows, of the selected consecutive—day periods,
for each station included in the study.

Frequency data are tabulated at the back of this report for 114 sta-
tions on streams having natural flow conditions and 15 stations on streams
subject to regulation. The streams subject to regulation are those that
have well established and consistent regulation patterns.

Plate 1 shows the location of stations included in the gtudy. Stations
are ldentified by an abbreviated form of the U.S. Geological Survey eight-
digit downstream-order number. In that numbering system, the first two
digits identify the geographic area and the following six digits identify
the station within the geographic area. On plate 1 the first two digits of
each number are omitted and also the last two digits, 1f they are both zero.
For example, station number 2065 represents the number 02206500, If either
of the last two digits is not zero, it is shown following a decimal (for
example, as 2130.5). Station numbers used in the text and table are shown
as the full eight digits without a decimal. The numbers are identical to
those for the same stations in the Survey WATSTORE files.

I~



EFFECT OF LENGTH OF RECORD

Flow-frequency data based on past records are normally useful only as
an index to probable future occurrences. Ideally, these data should be
based on a long period of record, possibly 30 years or more, in order to
minimize the effect of extended periods of above or below average climatic
conditions that may affect records as long as 10 years. Persistence in
hydrologic data, that is, the tendency of very wet or very dry years to
cluster, has been noted by many investigators (Dawdy and Matalas, 1964).
This effect can be detected even if only certain aspects of the flow records
are examined, such as a study of only low-flow periods. It can introduce
undesirable bias into estimates based on very short records.

Much useful information would be lost, however, if flow-frequency anal-
yses were limited to stations having long-term records. Analyses of data
from numerous short-term gaging-station records are included here. It would
be desirable to adjust data from stations used in this study to more nearly
represent long-term conditions and thereby reduce possible effects caused by
short-term climatic variations from average conditions, but such ad justment
was beyond the scope of this study.

The magnitude of possible time-sampling error in data developed as part
of this study is illustrated by comparison of low-flow frequency data compu-
ted from short segments of a long stream—gaging record, with frequency data
computed from the full record (fig. 2). Frequency data computed from the
longer segments of the total record tend to be closer to data computed from
full period of record (fig. 3).
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FIGURE 2.--Frequency curves of 7-day low flows in October for
Chattahoochee River near Leaf for 10-year periods and
for total period of record.

Note that frequency curves based on 10-year segments of the flow
record differ markedly from the frequency curves based on the full
31-year period of record. The 7-day flow with a 10-year recur-
rence interval (7-day Qjo) for the period 1959-68 is 37 percent
greater than that for the full period 1939-70, whereas the 7-day
Q1o for the period 1939-48 is 14 percent less than that for the
full period 1939-70. These curves were fitted to the data by hand
and were not mathematically determined.
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FIGURE 3.--Frequency curves of 7-day low flows in October for
Chattahoochee River near Leaf for 20-year periods and
for total period of record.

Note that frequency curves based on 20-year segments of the flow
record are closer to the frequency curve for the full 3l-year
period of record than are frequency curves for 10-year segments of
the record' shown in figure 2. The 7-day flow with a 10-year
recurrence interval (7-day Qo) for the period 1951-70 is 3 per-
cent greater than that for the full period 1939-70, whereas the
7-day Q1o for the period 1930-58 is 10 percent less than that for
the full period 1939-70. These curves were fitted to the data by
hand and were not mathematically determined.

In a previous report (Carter and Putnam, 1977), data from short—term
records were adjusted to eliminate some of the time-sampling bias. The ad-
justments were based on regression analyses of annual minimum flows at
short-term gaging stations with concurrent annual minimum flows at long—term
gaging stations. The method proved to be feasible for some of the short-
term gages used. However, adjustments for record length of monthly data are
beyond the scope of this study and, therefore, frequency data are presented
without the adjustment.

APPLICATIONS OF MONTHLY LOW-FLOW FREQUENCY DATA

The introduction of statistics for monthly frequency improves the water
planner's ability to predict the low-flow behavior of a stream throughout
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the year, or for any given month. As available water resources become more
heavily utilized, these data will be essential in operations such as water
pollution control, water gsupply, irrigation, and wildlife preservation.
However, stream sites that have been gaged intensively represent only a
sample of the surface-water sites that may be considered for development.
Methods of extending observed flow data to additional locations are needed.

Availability of Information

This report includes low-flow frequency data for selected stream sites
that have sufficient records to allow a full range of frequency data to be
computed with reasondble confidence. Representative streams are included
throughout the State, except for some coastal areas, and they provide a
sampling of low—flow characteristics under a wide diversity of hydrologic
conditions. Some gaging stations on regulated streams are omitted because
the pattern of regulation is expected to be altered in the future. For ex-~
ample, stations on the lower Savannah River, on the Chattahoochee River
downstream from Buford Dam, and on the Coosa River near Rome are omitted.
Other regulated gaging stations are included because the regulation pattern
is considered to_ be well established and likely to be maintained. Still
other gaging stations on streams now regulated are included, showing low-
flow statistics based on the period before regulation began. Although fre-
quency data for these stations are no longer applicable to the gaged stream
itself, they are potentially useful as indicators of low—flow characteris-—
tics of nearby stream sites. Gaging stations affected by regulation or by
flow diversion are noted in the "Remarks” paragraph of the station descrip-
tions accompanying the low—flow frequency data for those stations.

Ungaged Streams

Methods for estimating annual low-flow characteristics for ungaged
sites on streams were described in a previous report (Carter and Putnam,
1977), and some of those methods are applicable for estimating monthly low-
flow characteristics. One method consists of making interpolations or ex~
trapolations, described in the 1977 report as follows:

"Adjustment of flow data to nearby sites on the same stream is an
acceptable practice if good judgment is used. Low-flow data for many sites
may be interpolated between gaged sites, or extrapolated upstream Or down-=
stream for short distances in proportion to the difference in drainage area.
Such methods can be used with some confidence if the extension is not great,
if there is no appreciable regulation or diversion at either site, and if
there are no major differences in land characteristics such as geology and
degree of urbanization between the sites.”

Low-flow measurements at an ungaged site may be compared with concur=
rent base-flow measurements at a nearby continuous-record gaging station.
1f sufficient measurements, in different years but in the same calendar
month, are available, a curve of relation for that month may be prepared
using logarithmic coordinates. This relation can be used to transfer char-
acteristics from the continuous-record station to the ungaged site. Unfor-
tunately, suitable measurements for preparing such a relation are seldon

available.
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Rough estimates of monthly low-flow characteristics may be made for un-
gaged streams on the basis of the characteristics of nearby gaged sites, as
given in this report. These will provide a range of probable rates of flow
at the ungaged site for a given frequency. However, if this method is used,
estimates should be based on nearby gaging stations that represent local
streamflow conditions. The use of gaging stations on large streams should
be avoided. For example, in southeast Georgia on the Wayne-Long County
line, flow data for Altamaha River at Doctortown (station 0222600, station
2260 on plate 1) represent flow for a stream having 13,600 square miles of
drainage area, extending into north Georgia. It would not be representative
of the flow characteristics of local streams near the gage site.

Sample data for each of 4 months are shown at the gage locations on
plate 1 if the gage is not subject to significant regulation. These data
consist of minimum 7-day flows with a 10-year recurrence interval. They
show the nature of areal variations and patterns. The reader may, if
desired, plot data for additional months by use of the station-data tables.
Gaging stations affected by significant diversions are indicated by symbols
on plate 1 to show that flow data for these stations do not necessarily
represent natural conditions and should be used with caution in areal

analyses.

ACCURACY

Time-Sampling Error

A streamflow information system can only provide estimates of stream-
flow characteristics; that is, it can only provide estimates of what flow
may be expected in the future. Each estimate necessarily has errors associ-
ated with it such as errors in measurement, distribution errors from the
data analysis, and errors due to unknown regulation or diversion from the
stream. With care, these errors may be minimized and can be neglected. A
more significant error may be associated with the length of the period of
record and whether it occurs during a period of above or below average flow
conditions, as discussed in a previous part of this report. The probable
magnitude of such time-sampling errors can be computed by standard statisti-
cal methods. Average standard errors of estimate in percent for selected
statistics of gaging stations were computed in the manner described by
Hardison (1969). This method of computation assumes no serial correlation
between the annual occurrences. It also neglects the measurement error in
determining the discharge of the annual occurrences as it generally is small
in relation to the time-sampling error and, consequently, has only a minor
effect on the total error. The average standard errors of estimate are
listed in table 1.



Table 1.-~Average standard errors fo

computed from gaging-statlon data

r selected statistics

Area A

Area B

Average standard error in
percent for indicated
length of record

Average standard error in
percent for indicated
length of record

Low—flow
statistics 10 years 20 years 30 years 10 years 20 years 30 years
January
1-day, 2-year 10 7.8 6.4 26 19 16
1-day, 10-year 14 10 8.6 36 25 20
l-day, 20-year 17 12 9.0 40 29 23
7-day, 2-year 10 7.9 6.5 26 19 16
7-day, 10-year 14 10 8.7 36 25 20
7-day, 20-year 17 12 9.1 40 29 23
30-day, 2-year 13 9.8 8.0 27 19 16
30-day, l10-year 17 13 10 3 25 20
30-day, 20-year 20 14 12 40 27 23
April
1-day, 2-year 9.6 6.3 5.5 23 16 14
1-day, 10-year 13 9.0 7.2 30 21 18
1-day, 20-year 14 9.8 7.9 36 25 20
7-day, 2-year 9.8 6.4 5.6 24 16 14
7-day, l10-year 13 9.2 7.4 31 22 18
7-day, 20-year 14 10 8.1 37 26 20
30-day, 2-year 11 8.3 6.6 24 18 14
30-day, l10-year 16 11 9.0 33 23 18
30-day, 20-year 18 13 10 39 26 22
July
l-day, 2-year 9.5 7.2 6.0 26 17 14
1-day, lO-year 13 9.5 7.8 34 25 21
1-day, 20-year 15 10 8.7 40 28 23
7-day, 2-year 10 7.6 6.3 25 18 14
7-day, 10-year 14 10 8.2 33 24 20
7-day, 20-year 16 11 9.4 39 27 22
30-day, 2-year 13 9.3 19 27 19 16
30-day, l0-year 17 12 10 36 25 21
30~day, 20-year 19 14 11 42 29 23
October
1-day, 2-year 12 7.9 6.1 24 17 14
1-day, l0-year 16 10 8.1 32 22 19
1-day, 20-year 18 12 11 38 26 20
7-day, 2-year 12 8.0 6«2 26 18 15
7-day, 10-year 16 10 8.2 35 24 20
7-day, 20-year 18 12 11 41 28 22
30-day, 2-year 14 11 8.7 32 23 18
30-day, 10-year 20 13 11 L4 30 25
30-day, 20-vear 22 15 i3 50 34 23
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These data are averages and do not represent the full range of errors
that may occur. Also, the reader should understand that oanly 68 percent of
the estimates are within one standard error, plus or minus, of the true
velue. The magnitude of these standard errors tends to be similar over much
of the State, but it is significantly higher for streams in the southern
third of the State. The average standard errors listed in table 1 are com—-
puted for areas called A, for most of the State, and B for the area in the
south where these standard errors are highest (fig. 4). For example, in

o o
o BT R | | az

FIGURE 4.-—Regions in Georgia to which average standard errors for
selected streamflow statistics apply. See table 1.

area A the average standard error of estimate for a low-flow statistic, with
a recurrence interval of 20 years and estimated on the basis of 10 years of
record, is about 17 percent. In area B the average standard error of esti-
mate for a low-flow statistic, with a recurrence interval of 20 years and
estimated on the basis of 10 years of record, is about 40 percent.

11



Space—Sampling Error

Transfer of low=-flow information from a gaged to an ungaged site pro-
duces a chance for error that may be greater than error due to time—sampling
bias. Low flows are generally much more difficult to estimate from regional
characteristics than are flood flows. A quantitative appraisal of error
likely to occur in this process is beyond the scope of this report and only
general comparisons of relative degree of accuracy of several methods may be
made. Low-flow estimates obtained by transferring data from gaged to un-—
gaged sites on the same stream are fairly reliable if precautions mentioned
earlier are followed. Low—flow estimates obtained by transferring data from
gaged to ungaged sites on the basis of well-defined flow relationships curve
are also fairly reliable. Low—flow estimates based on flow characteristics
of nearby stream sites, usually the only method readily available, consist
only of a range of probable rates of flow. This method is likely to be the
least reliable and to be the most subject to large errors.

COMPARISON OF MONTHLY AND ANNUAL LOW-FLOW FREQUENCY STATISTICS

Annual low-flow statistics are available in the report by Carter and
Putnam (1977) and this invites comparison with monthly low-flow statistics,
herein. Such a comparison presents some difficulty. It might seem reason-—
able to assume that the l-day, 2-year statistic for the annual series could
be found among the l-day, 2-year flows for all months. In practice, this
assumption is more than likely incorrect. Computation of the annual series
includes all annual minimum average events. In computation of a monthly
series, the daily values used are confined to a calendar month. The daily
values that produced the minimum average—annual events are likely to appear
in different months or to extend past a monthend. With the possibility of
such occurrences, annual (statistical) minimum discharges will never be
larger than their monthly counterparts. They can, however, be equal to
them. Therefore, the monthly (statistical) discharges, which allow more
precise definition of stream behavior, generally have the characteristic of
being higher than the annual statistic. The annual 7-day, 10-year flow is
expected to be exceeded once in 10 years on the average. However, the 7~
day, 10-year flow for September usually will be exceeded more often than
once in 10 years, considering complete years, although only once in 10 years
in September on the average. An example of this effect is shown in figure 5
for the gaging station, "Chattooga River near Clayton, Ga."

12
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FIGURE 5.--Frequency curves of annual and September 7-day minimum
flows for Chattooga River near Clayton (02177000).

Some of the annual low-flow estimates in the Carter and Putnam report
were adjusted on the basis of flow correlation with a nearby long-term
gaging station. For some streams, the ad justed annual minimum flow is
greater than the unadjusted monthly minimum flows. 1f this ad justment was
made in that report, it is noted under "Remarks" in this report because the
annual low-flow statistic (adjusted) may not compare with the monthly low-
flow statistic (based on period of record only) included herein.

PRESENTATION OF LOW-FLOW CHARACTERISTICS OF STREAMS

Data describing the low-flow characteristics of streams are presented
in tables following the text. These items are included:
l. Location and description of the gaging site.
2. Drainage area.
3. Period of record analyzed.
4. Remarks, if applicable, including description of regulation or
diversions.

13
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