FLOOD FREQUENCY OF THE SAVANNAH RIVER
AT AUGUSTA, GEORGIA

By Curtis L. Sanders, Jr., Harold E. Kubik, Joseph T. Hoke, Jr., and
William H. Kirby

U.S. GEOLOGICAL SURVEY

wWater-Resources Investigations Report 90-4024

Prepared by
U.S. GEOLOGICAL SURVEY and

U.S. ARMY CORPS OF ENGINEERS

Columbia, South Carolina

1990



DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

Dallas L. Peck,

U.S. GEOLOGICAL SURVEY
%irector

—t

Comments on the utility of this Copies of this report may be
report or requests for additional purchased from:
information on the Water Resources
of South Carolina should be
directed to:
U.S. Geological Survey

District Chief Books and Open-File Reports
U.S. Geological Survey Federal Center, Bldg. 810
1835 Assembly Street, Suite 677A Box 25425

Columbia, South Carolina 29201 Denver, Colorado 80225



CONTENTS

Page

ADSETACE teveveseenevssssssosssesssssssssssssosssssscsssssssssssssnses 1

Introduction sveeeveeecnecnnnes Ceesssessesesesassssasessasasesssnssas 1

PUTPOSE ANA SCOPE seeeesssvssensssssssssssssssssssonss cesesesanns 2

Description of study Grea .eeeeveeeessssssessnssnssacssessosssanns 3

Previous StudieS seeeesvessseasseosssosssssssnsssssssasssnsssannss 5

AckNOW1edgmentsS «eeeeeeereeeesssesassesssessssssssasnssssssosnses 5

Available flood TECOTAS ceeveessesossssssssoscssssssssssssasssssssanss 5

APPTOACH cveeeeeocsoecesosseocsssossssessssssossssnsssssssssssssssnnss 10

Simulated peak diSCNArgesS eseeveecsecessecssessscassssssessssssssnssssns 15

Unregulated peak diSChargesS ceeeeecececeenscscseecscansnssssnanss 19

Regulated peak diSChArges «eeveeeeeeseeseeescnscssccssscennnsenss 21
Computation of daily lake-inflow hydrographs

for the period 1927-51 tiiieiieesercssssssssceessenssnnnes 21

Simulation of initial pool elevation ..cevieeeeenneccnnnens 22

Computation of hourly inflow hydrographs ..ceeeeceessecssass 26

Hydrograph method ceeeeeesseescoscessssssvsssnsssnsssnsns 27

= 27

ATEA D cvoseseescssssesnsossssossssssssnssssnnsnsns 41

ATEA E +sevsvcessssssssssessssssssns crenss ceressssas 42

Area B and C veeeeveeeccsncssnsssnsnss cesevesassns 42

Rainfall-runoff method .eeeeveeeerevecesssencssnssnnnns 67

Relation of regulated to unregulated peak discharges ...veeeeeeeeecens 67

Unregulated floOd fTEQUENCY seeeescevsvssssecsssssosssssssnsssssnsanse 69

Regulated flood fTEQUENCY +eeeeeeecreesenosossesanssssansssnnssssnsasns 76

SUMMEBTY eeeeeeossoseosssseossacssssssssssssosssssssssssssssssssssssssss 83

REfEIBNCES teeevecnosossssscsssssiosssssssssssssasssssssssssssssssssansns 84

iii



Figure 1.

2‘60

7—].6 .

17-24.

ILLUSTRATIONL

|
Map showing location of study area and location of gaging
stations in the study Qrea seeiceeeiinsnssscsnssasssnanss
Graphs showing:
2. Annual peak discharges and simulated unregulated
peak discharges for the Savannah River at
Augusta, Ga. (02197000) for 1786-1985 .eeveeesesnns
3. Flood-frequency relations based on two different
periods of record for the Broad River above
Carlton, Ga. (02191300) ceceveevensosacsnsnansncnns
4. Flood-frequency relations based on two different
periods of record for the Savannah River near
Calhoun Falls, S.C. (02189000) teeeeeeeceacsnancacne
Map showing areas, drainage areas, and gaging stations
used in estimating unregulated inflow hydrographs ......
Schematic diagram of the study area ...eceveveececensnenes
Maps showing lines of equal rainfall for Savannah River
basin upstream from Augusta, Ga. for storms of:

7. August 23-26, 1908 .4...... Gseeccssenssessssessossanse
8. March 14-16, 1912 ..4...... Jeoouvarsscescnsorsscanane
9. August 1928 ..iiiiieinrisnaedosossssannsssassanessanans
10. February 26 to March 3, 192% ........................
11, March 3-6, 1929 iiiiiiiereetesecenessssanencassnnnsss
12. September 25-27, 1929 ..... Gseessscsssenssesssnnssnes
13. September 29 to October 2, 1929 .iieviiinnenncnncnnss
l4. April 1-9, 1936 ..... sevsas €vessessssssssnssescssnnes
15. August 11-15, 1940 .ueieeeedeneansscnncasasassansnnas
16. November 26 29 1948 ...............................

Graphs showing estlmated inflow hydrographs for

areas A-E for:
17. Flood of August 1908 [ceeieeaeeeeeacnnosscccnsessnnans
18. Flood of March 1912 Jiiececaesecccssscnnossccscannnns
19. Flood of AUgQUSE 1928 i cieeedeseeseancsssasncsssananna
20. Flood of February to March 1929 .....ceeeeieeesnesnnns
21. Floods of September and October 1929 ...cecvevevennsns
22. Flood of APTil 1936 devieseaccssocssssassessassananas
23. Flood of August 1940 c.iieiaeieerecnennecnncnennannss
24, Flood of November 1948 ..veeeivssscssnsnssacssssssanse

Page

12

13

16
17

30
31
32
33
34
35
36
37
38
39

48
49
50
51
52
53
54
55



ILLUSTRATIONS--Continued

25-32.

Table

33.

34.

35.

Graphs showing measured flood hydrograph/s
for unregulated conditions and simulated
hydrograph/s for the regulated conditions for the
Savannah River at Augusta, Ga. (02197000) for:

25. Flood of August 1908 c.ieeerveecenesnncssnnsssnnsnnas
26. Flood Oof March 1912 .teiuivereneronnssnnssnonssonsannse
27. Flood of August 1928 cevveerennsenessonssnosssonssnss
28. Flood of February to March 1929 ......ccovveveennnnsns
29. Floods of September and October 1929 ....ccveeeecenss
30. Flood of APril 1936 cvesevecesocassnssossssasssonsoas
31. Flood of August 1940 ccuveeenenenecennsonosnosnsnsnss
32. Flood of November to December 1948 .....ccveeevenssns

Relation between regulated peak discharges and
unregulated peak discharges for the Savannah River
at Augusta, Ga. (02197000) cevecevvssocasnasesssnsaassss
Unregulated peak discharge frequency curve for the
Savannah River at Augusta, Ga. (02197000) .veoveesveeses
Unregulated and regulated peak discharge frequency curves
for the Savannah River at Augusta, Ga. (02197000) ......

TABLES

Characteristics of major reservoirs on the Savannah

River upstream of Augusta, GA. sveeeessesossssnesssnssnns
Annual peak stages and discharges for the Savannah

River at Augusta, Ga. (02197000) for the period

17961985 e uvnrrensonsosnsossssssnsnsssnssnssssnsnsnsns
Drainage areas and periods of record for gaging stations

in the Savannah River basin from which stage and

discharge data were obtained ......cccviveevninnnnnncennnns
Published peak stages for early floods of the Savannah

River at Augusta, Ga. (02197000) .eveveveesescanssnsacens
Measured regulated and simulated unregulated peak

discharges for the Savannah River at Augusta, Ga.

(02197000) for the period 1952-1985 ...ivevesnsnnssncnsass
Equations for computing daily inflow hydrographs ....c.....
Simulated initial lake elevations prior to major

FlOOOS sesesssossssnsansssssnsssnsssosnssssssssssnssssnsss
Areal rainfall amounts for the floods of 1908, 1912, 1928,

1929, 1930, 1936, 1940, and 1949 water years .....eeesses

Page

56
57
58
59
60
61
62

68
74

79

11

23
26

40



TABLES--Continued

9.

10.

11.

12.

13.

14.

Muskingum routing parameter
for the Savannah River fr
Hartwell, Ga. (02187250)
Augusta, Ga. (02197000)

Measured and simulated peak
unregulated conditions fo
Augusta, Ga. (02197000)

Peak discharges and frequenc

unregulated conditions fo
Augusta, Ga. (02197000)

s used in the HEC-5 model
om Hartwell Dam near
to the Savannah River near

discharges for regulated and
r the Savannah River at

y plotting positions for
the Savannah River at

Discharges of unregulated floads of selected percent
chance exceedances of the Savannsh River at

Augusta, Ga. (02197000) .

Peak discharges and frequen y plotting positions for
regulated conditions for the Savannah River at

Augusta, Ga. (02197000) .

Discharges of regulated Flobds of selected percent

chance exceedances of the
Augusta, Ga. (02197000) .

Savannah River at

ooooooooooooooooooooooooooooooo

Page

44

64

70

75

80

82



FLOOD FREQUENCY OF THE SAVANNAH RIVER AT AUGUSTA, GEORGIA
By

Curtis L. Sanders, Jr., U.S. Geological Survey
Harold E. Kubik, U.S. Army Corps of Engineers
Joseph T. Hoke, Jr., U.S. Army Corps of Engineers
William H. Kirby, U.S. Geological Survey

ABSTRACT

A flood-frequency study of the Savannah River at Augusta, Georgia
(02197000) was made to provide information on floods of various
probabilities of occurrence. The study was complicated by the fact that the
Savannah River upstream of Augusta has been regulated since water year 1952
by one or more of three large Federal multi-purpose dams. Although the
period of record, available for analysis of regulated conditions was 34
years, the pre-impoundment period was important to the flood-freqguency
analysis because it included a number of large floods that, even when
adjusted for regulation, exceed all floods since water year 1952. A
reservoir routing model was used to adjust nine such floods for the effects
of regulation by the dams. The model results also were used to develop a
relation for estimating regulated peak discharges for additional unregulated
floods as far back as 1796 that could not be modeled because of lack of
data. The one-percent chance exceedance flood for current (1990) reservoir
operation criteria on the Savannah River at Augusta was computed to be
180,000 cubic feet per second.

INTRODUCTION

Increased development of the Savannah River flood plain and greater
interest in managing development to minimize damages caused by floods have
emphasized the need for reliable information on flood frequency of the
Savannah River at Augusta, Georgia. The U.S. Geological Survey (USGS) and
the U.S. Army Corps of Engineers (COE) jointly made a study to provide
such information.

Although peak discharges for major floods since 1796 at this site have
been documented, the flood-frequency analysis was complicated because the
Savannah River upstream from Augusta has been regulated since water year
1952 due to construction of three large Federal multi-purpose projects:
Hartwell Dam, Richard B. Russell Dam, and J. Strom Thurmond Dam (formerly
called Clarks Hill). These reservoirs have changed the statistical
characteristics of flooding on the river, and the regulated flow records are
those most directly relevant to present and future conditions.



The analysis could not be based solely on the regulated period of
record, however, because the period since regulation began has been
exceptionally free of large storms such as those that occurred prior to
regulation. Most of those large storms were caused by infrequent climatic
events, including hurricanes.

The record of floods prior to commencement of regulation in 1951 could
not be combined directly with the record of jegulated floods. Instead, to
compile a homogeneous record for statistical lanalysis, it was necessary to
use hydraulic simulation models to determine the effects of reservoir
regulation on flood magnitudes. Using these models, the regulated post-1951
flood records were converted into equivalent de-regulated records which
could be combined with the pre-1952 observed unregulated floods. In
addition, the models were used to simulate the effects of regulation on nine
unregulated floods for which sufficient data were available for computation.
In this way, a homogeneous record of unregulated flows and a homogeneous
record of regulated flows were developed for statistical analysis.

\

The extended record of unregulated floods was analyzed by standard
procedures of flood-frequency analysis/. The resultant unregulated flood
frequency curve is representative of flood hydrology on the basin in the
long term in the absence of regulation. The unregulated frequency curve was
combined with relations between corresponding regulated and unregulated
flood magnitudes to derive a frequency| curve representative of regulated
conditions. In addition, an independent graphical frequency analysis of the
regulated data was performed.

Purpose apd Scope

The purpose of this report is to provide discharges for floods of
selected percent chances of exceedance for the Savannah River at Augusta
(station number 02197000) based on current reservoir operating criteria
(1990) (COE, 1974). |

This report presents the results of the flood-frequency analysis and
describes procedures used in the analysis to:

- generate unregulated-peak discharge data during periods when
regulated flow conditions existed;

- generate regulated peak discharge data for major floods during
periods when unregulated conditions existed; and

- develop the flood-frequency relation from the adjusted data.

The flood-frequency data presented in this report for regulated conditions
are based on 1990 reservoir operating procedures. This analysis may not

apply if substantial changes are made in the operation of the three large
reservoirs upstream of Augusta.




Description of Study Area

The Seneca and Tugaloo Rivers, which originate in the Blue Ridge
physiographic province, join within Lake Hartwell. The Savannah River flows
from Hartwell Dam to the Atlantic Ocean, forming the State boundary between
South Carolina and Georgia (fig. 1). The river transects two physiographic
provinces, the Piedmont and the Coastal Plain (Cooke, 1936). The city of
Augusta is on the Fall Line, which separates these two provinces. The slope
of the river ranges from an average of about 3 feet per mile in the Piedmont
to less than 1 foot per mile in the Coastal Plain.

Upstream from the Fall Line, three large Federal multi-purpose dams
(Hartwell take, Richard B. Russell Lake, and J. Strom Thurmond Lake,
formerly Clarks Hill Lake) provide hydropower, water supply, recreational
facilities and a limited degree of flood control (table 1). J. Strom
Thurmond Dam is responsible for most of the flow regulation that affects the
Savannah River at Augusta. J. Strom Thurmond Dam and Lake will hereafter be
referenced as Thurmond Dam and Lake. Richard B. Russell Lake and Dam will
hereafter be referenced as Russell Lake and Dam. Stevens Creek Dam, built
in 1916 and located between Thurmond Dam and Augusta, impounds a minor
run-of-the-river reservoir compared to the three major reservoirs. Stevens
Creek dam and other dams upstream of Hartwell Lake have little impact on
flood discharges at Augusta.

Table 1l.--Characteristics of major reservoirs on the Savannah River upstream
of Augusta, Georgia

Dniz, square miles]

Month
and year Drainage Storage (1,000 acre-feet)
Lake filling began'® area Flood Conservation Total
(mi%)
Hartwell Feb. 1961 2,088 293,000 1,416,000 2,843,000
Richard B. Oct. 1984 2,900 140,000 127,000 1,026,000
Russell
J. Strom Dec. 1951 6,144 390,000 1,045,000 2,900,000
Thurmond

!partial filling due to construction could have occurred prior
to this date.
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Previous Studies

The first comprehensive listing of floods of the Savannah River was
published in U.S. House of Representatives Executive Documents No. 1 and 213
in 1890. UWddated listings of floods in Georgia, along with frequency
relations, were published by Carter (1951); Bunch and Price (1962); and
Price (1979). A similar USGS report for South Carolina (Whetstone, 1982)
lists peak discharges for the Savannah River at Calhoun Falls, Augusta and
Clyo, and provides unregulated flood-frequency information based on the
period prior to 1952 and regulated flood-frequency information based on the
period 1952-79.

The USGS tabulated peak discharges for floods prior to 1962 for several
gaging stations in the Savannah River basin (Speer and Gamble, 1964). The
COE (1971) developed flood profiles for the Savannah River downstream of
Augusta for recurrence intervals of 5, 10, 15, 50, and 100 years. Other
studies that provide information on peak discharges and floods are
documented in several House Documents presented in the reference section of
this report. Other useful reports include: two by Emigh (1914 and 1929) of
the Weather Bureau, reports by Patterson (1889) and Phillips (1892); and
several reports by the COE (1929, 1945, 1952, 1953 and 1974). An
unsteady-flow computer model has been used by the USGS to determine flood
profiles between Augusta and Clyo for 4 historic floods of various
magnitudes (McDonald and Sanders, 1987).

Acknowledgments
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locating historic information pertaining to floods in Augusta, is
gratefully acknowledged. The authors are also indebted to the Federal
Energy Regulatory Commission, which provided additional information
regarding floods in Augusta, and to Dr. Edward Cashin, a professor of
Augusta College, who has been extremely helpful in providing information
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AVAILABLE FLOOD RECORDS

Some information is available on floods in Augusta as early as 1722 and
for flood stages, as early as 1796. A stage of 40 feet (ft) for the flood
of 1796 was first published by the U.S. Weather Bureau (USWB) (Emigh, 1914).
A stage gage was established on the Savannah River in Augusta at 5th Street
about 1835; the datum of the gage and for the city was the low water of
1835,



!

Daily stage readings were published for the Savannah River at Augusta
from 1875 to July 1952 by the National Weather Service (formerly U.S.
Weather Bureau). Stages were recordeé continuously from about 1927 to 1936
at 5th or 13th Streets in Augusta, except for short periods when the recorder
was removed due to bridge construction or relocation of the gage. A staff
gage was used when the recorder was not operated. The gage was located at
5th Street from 1927 to 1932, and at 13th Street from October 1, 1932, to
September 30, 1936. On July 4, 1934, |a staff gage was established on the
Savannah River near Butler Creek, 13 miles downstream at a different datum,
and used until July 30, 1936. A water stage |recorder was operated at the
Butler Creek site from October 1, 1934 to November 10, 1948, when the gage
was moved 0.2 miles upstream to its present location at the New Savannah
Bluff Lock and Dam. The station name |(Savannah River at Augusta, Ga.) and
station number (02197000), have not changed, and peak discharges at the four
sites are considered equivalent.

Peak discharges prior to 1912 were determined using a stage-discharge
rating established by discharge measumements made during the 1890’s and
early 1900’s. The COE first published discharges for the major floods in
U.S. House of Representatives Executive Documents No. 1 and 213 and the U.S.
Weather Bureau published discharges far the major floods in 1891. The USGS
listed the peak stages and discharges |for the floods of 1840, 1852, 1865,
1876, and 1888, and maximum daily stages and 'discharges for *all the large
floods"™ from 1840 to 1905, (Murphy, 1906). The USGS published peak stages
and discharges for the Savannah River |in 1951 (Carter, 1951).

Carter (1951) indicates that disdharges for all floods above 225,000
ft3/s (cubic feet per second) are known (either by direct measurement or
indirect calculations). Newspapers and other publications (listed in
References) used to verify the occurrences of floods indicate that, in
addition to the floods used in the analysis described in this report,
notable floods also occurred on the Savannah River in 1722, 1741, 1793,
1820, 1824, 1830, 1833, 1851, 1854, 1870 and 1875. The Augusta Gazette
(Chronicle) newspaper began publication in October, 1785. It appears that
the newspaper (its name changed several times over the years) reported any
major flooding of the city.

Flood data for all floods of the |Savannah River at Augusta used in
this analysis are listed in table 2 and plotted in figure 2. The flood data
are presented by water year. A water year is the 12-month period October 1
through September 30, and is designated by the calendar year in which it
ends. Other gaging stations in the squdy area with records of stage and
discharge used in this study are listed in table 3 and shown in figure 1.




Table 2.--Annual peak stages and discharges for the

Savannah River at

Augusta, Ga. (02197000) for the period 1796 - 1985
[rt, reet; ft3/s, cubic feet per second]
Water Stage Discharge Water Date Stage Discharge Water Date Stage Discharge
year  Date (ft) (ft3/s) year (ft) (ft3/s) year (ft) (ft¥/s)
11796 Jan. 17 40 360,000 1909 Jure 5 28.7 87,300 1947 Jan. 22 23.97 86,000
1840 May 28 37.8 270,000 1910 Mar. 2 26.4 69,800 1948 Feb. 10 23.90 83,200
21852 Aug. 29 37.4 250,000 1911  Apr. 14 19.1 32,800 1949 Nov. 30 26.61 154,000
%1864 Jan. 1 34.9 185,000 1912 Mar. 17 36.8 234,000 1950 Oct. 9 20.10 32,500
1865 Jan. 11  36.9 240,000 1913 Mar. 16 35.1 156,000 1951 Oct. 22 22.32 46,300
1876 Dec. 30 28.6 86,400 1914 Dec. 31 24.3 48,000 61952 Mar. 6 21.53 39,300
1877 Apr. 14 31.4 119,000 1915 Jan. 20 28.2 61,000 1953 May 8 20.80 35,200
1878 Nov. 23 23.5 51,500 1916 Feb. 3 31.0 82,400 1954 Mar. 30 17.39 25,500
1879 Aug. 3 22.0 44,000 1917 Mar. 6 29.2 68,000 1955 Apr. 15 16.77 23,900
1880 Dec. 16 30.1 102,000 1318 Jan. 30 25.5 45,500 1956 Apr. 12 14.70 18,600
1881 Mar. 18 32.2 130,000 1919 Dec. 24 35.0 128,000 1957 May 7 14.08 18,000
1882 Sept.12  29.3 93,300 1920 Dec. 11  35.4 133,000 1958 Apr. 18 22.91 66,300
1883 Jan. 22 30.8 111,000 1921  Feb. 11  35.1 129,000 1959 June 8 18.65 28,500
1884 Apr. 16 28.0 81,000 1922 Feb. 16 32.0 92,000 1960 Feb. 14 20.58 34,900
1885 Jan. 26 27.5 77,000 1923 Feb. 28 28.0 59,700 71961 Apr. 2 20.56 34,800
1886 May 21 32.5 135,000 1924 Sept.22 28.0 59,700 1962 Jan. S 20.09 32,500
1887 July 31  34.5 173,000 1925 Jan. 20 36.5 150,000 1963 Mar. 23 19.52 31,300
1888 Sept.ll  38.7 303,000 1926 Jan. 20 27.3 55,300 1964 PApr. 9 24.16 87,100
1889 Feb. 19  33.3 149,000 1927 Dec. 30 24.0 39,000 1965 Dec. 27 20.62 34,600
1890 Feb. 27 22.9 48,500 1928 Aug. 17  40.4 226,000 1966 Mar. 6 21.50 39,300
1891 Mar. 10 35.5 197,000 1929 Sept 27  46.3 343,000 1967 Aug. 25 18.10 26,500
1892 Jan. 20 32.8 140,000 1930 Oct. 2 45,1 350,000 1968 Jan. 12 20.94 35,900
1893 Feb. 14 25.0 60,000 1931  Nov. 17 19.9 26,100 1969 Apr. 21 22.24 45,600
1894 Aug. 7 24.0 54,000 1932 Jan. 9 30.4 93,800 1970 Apr. 1 17.68 25,200
1895 Jan. 11  30.4 106,000 1933 Oct. 18 30.3 92,600 1971 Mar. 5 23.30 63,900
1896 July 10 30.5 107,000 1934 Mar. 5 28.5 73,200 1972 Jan. 20 20.36 33,700
1897 Apr. 6 29.3 93,300 1935 Mar. 15 27.4 63,700 1973 Apr. 8 21.63 40,200
1898 Sept. 2 31.3 117,000 1936 Apr. 8 41.2 258,000 1974 Feb. 23 20.13 32,900
1899 Feb. 8 31.0 113,000 1937  Jan. 4 20.1 91,400 1975 Mar. 25 22.24 45,600
1300 Feb. 15 32.7 138,000 1938 QOct. 21 30.1 91,400 1976 June 5 20.27 33,300
1901 Apr. 4 31.8 124,000 1939 “Mar. 2 5 24.10 90,900 1977 fpr. 7 20.50 34,200
1902 Mar. 1 34.6 175,000 1940  Aug. 15 29.40 239,000 1978 Jan. 26 21.98 43,100
1903 Feb. 9 33.2 147,000 1941 July 8 22.89 53,300 197% Feb. 27 21.13 37,300
1904 Aug. 10 25.5 63,000 1942 Mar. 23 24.56 105,000 1980 Mar. 31 22.33 47,200
1905 Feb. 14 25.8 64,800 1943 Jan. 20 25.10 117,000 1981 Feb. 12 14.70 17,700
1906 Jan. 5 29.6 96,600 1944 Mar. 22 25,53 128,000 1982 Jan. 2 19.39 30,700
1907 QOct. 5 23.6 52,000 1945 Apr. 27 23.16 64,000 ®1983 Apr. 10 23.21 66,100
1508 Aug. 27 38.8 307,000 1946 Jan. 9  24.43 97,200 1984 Mar. 5 20.35 34,000
1985 Feb. 7 17.89 25,700
Note: ! Flood of January 17, 1796, reached a stage of about 40 feet (at site and datum

of Fifth Street gage), marked by local residents; discharge approximately
360,000 ft3/s, by slope conveyance study.
data are considered approximate.

w

&

Data furnished by the U.S. Army Corps of Engineers.

Little information exists and the

U.S. House of Representatives Oocument No. 64.

that significantly affects the stage-dischage relation.

A lire across the "Stage" column indicates a change in gage datum and

means that the stages above and below the line are mot comparable.

¢ Filling of Thurmond Lake began in December 1951.

7 Filling of Hartwell Lake began in February 1961.

8 Filling of Russell Lake began in October 1984.

7

A horizontal line in “Water year™ column indicates discontinuous record.

Lines across the "Date™ and “Discharge" columns indicate a change in the site



Table 3.--Drainage areas and periods of recor
Savannah River basin from which stage and

d for gaging stations in the

discharge data were obtained

. Drainage
Station Site or area,
number station square miles Period of record
02184000 Tugaloo River near 909 1925-1927
Hartwell, Ga. 1940-1960
02187000 Seneca River near r 1,026 1928-1959
Anderson, S.C. ‘
02187250 Hartwell Lake near 2,088 1959-current year
Hartwell, Ga.
02187500 Savannah River near 2,231 1950-current year
Iva, S.C.
021839000 Savannah River near 2,876 1896-1898
Calhoun Falls, S.C. 1899-1900
1930-1932
‘ 1938-1982
02189004 Richard B. Russell neaf 2,900 1984 -current year
Calhoun Falls, S.C.
02191300 Broad River above 760 1898-1988
Carlton, Ga.
02192000 Broad River near 1,430 1926-1932
Bell, Ga. 1937-current year
02194500 Thurmond Lake near 6,150 1951 -current year
Clarks Hill, S.C.
02195000 Savannah River near 6,150 1940-1954
Clarks Hill, S.C.
02197000 Savannah River at 7,508 1883-1891
Augusta, Ga. 1896-1906

1925-current year
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Based on information currently (1990) available, the range of
uncertainty for the stage of the flood of 1796 extends from 37 to 41 ft,
with a corresponding range of discharge from 240,000 ft3/s to 410,000 ft3/s.
The published stage of 40 feet and discharge of 360,000 ft3/s were used in
the frequency analysis of this report. The first reference to a stage of 40
ft appeared in House Executive Document No. 23, dated January 1881. Other
references that show a stage of 40 ft|are Emigh (1914), COE (1929), House
Document No. 64 (1935), and Carter (1951). Carter (USGS, written commun.,
3/23/50) indicates that in 1930 the COE had knowledge of a high-water
mark for the 1796 flood and had determined the discharge by a
slope-conveyance computation; no records of the high-water mark or the
computation are available at this time (1990).

Publications prior to House Doc
for peak stages for several early flo
Most publications indicate that the g
routinely from 1 to 4 times daily (Ha
gage was read more frequently. There
some publications may show observed stage and other publications may show the
interpolated peak stage based on more|than one observed stage. These floods
and the peak stages published prior to 1951 and those used in this report
are listed in table 4.

ent No. 64 (1935) list various values
ds on the Savannah River at Augusta.
ge at the 5th street bridge was read
1 and Hall, 1907). During floods the
ore, the differences may be because

APPROACH

Peak discharges for 5 historic amd for floods in water years 1876-1985
as given in table 2 consist of unregulated peak discharges prior to 1952 and
regulated peak discharges since 1952.

To determine the one-percent chance exceedance flood, a flood in which
the peak discharge has a one-percent chance of being exceeded in any year,
it is desirable to use the longest period of record possible (Interagency
Advisory Committee on Water Data, 1982).

\

The period of record used for a flood-frequency analysis can have a
substantial effect on the discharge for a given probability of exceedance;
for example, the one-percent chance exceedance flood computed for the Broad
River near Carlton, Ga. for the period 1898-1985 is 49 percent greater than
that computed for the period 1952-85 (fig. 3). Similarly, the one-percent
chance exceedance flood computed for the Savannah River near Calhoun Falls,
S.C. for the period 1900-1960 is 18 percent greater than that computed for
the period 1931-60 (fig. 4). These differences would be even greater if the
large floods that occurred during the eighteenth and nineteenth centuries
were included. The peak discharges for neither river were subject to
significant regulation during these periods.
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The analysis used in this report |utilizes the period of record from
1786 through 1985 and includes the combined regulation capability of
Thurmond, Hartwell and Russell Dams, and is based on 1990 dam operating

criteria (COE, 1974).

The period of record commences with the water year

(1786) in which the Augusta Chronicle commenced publication, because the

Chronicle apparently reported any sign
period of record.

The approach used in the analysisg

A.

D.

Peak discharges for regulated
converted to peak discharges
using a streamflow routing ma

ificant flooding of Augusta for the

wass

conditions for 1952-85 were
for unregulated conditions
del and inflow hydrographs

estimated from daily streamflow and |reservoir storage data.

Peak discharges for nine majo
converted to peak discharge f

r unregulated floods were
or regulated conditions, using

a reservoir routing model, current neservoir operation

criteria, streamflow routing
and simulated initial lake el

parameters, inflow hydrographs,
evations. The inflow hydrographs

were developed using a rainfall-runoff model or using

hydrographs of the Broad Rive
or above Carlton, Ga. (021913
drainage area size, storm rai
residuals.

r near Bell, Ga. (02192000)
00) adjusted for relative
nfall amounts, and calibration

Hypothetical regulated peak discharges were also

developed using the unregulated discharges multiplied by

factors of 1.25, 1.50, and 2.

Initial lake elevations were
of major floods using a reser

DO.

determined for the beginning
voir routing model and daily

flows computed from daily discharge data at gaging stations.

Median daily lake elevations
were not available for use in

A relation between regulated

was graphically established using th

A flood-frequency relation fo
developed by fitting a Pearso
logarithms of the unregulated
record period of 1876-1985, a
and a historical flood thresh

were used when inflow data
the reservoir routing model.

and unregulated peak discharges
data from steps A and B.

n Type III distribution to the

peak discharges. A systematic
historical period of 1786-1985,
0ld of 225,000 ft3/s were used.

r unregElated conditions was

parameters, see Hydrology Subcommittee Bulletin 178 (Interagency

For an explanation of the sig%ificance of these flood-frequency

Committee on Water Data, 1982

1

.
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E. The flood-freguency relation for unregulated conditions was
converted to a flood-frequency relation for regulated
conditions using total probability methods and the relation
between regulated and unregulated peak discharges.

F. Frequency plotting positions were computed for the highest 10
regulated peak discharges above a historic threshold discharge
of 90,000 ft3/s using a historic period of 1786-1985 and for
the measured regulated peak discharges for water years 1952-85,
historically adjusted to match the longer period. The 10
highest discharges were either simulated or obtained
from the regulated-unregulated frequency relation.

G. The final regulated flood fregquency relation was obtained by
averaging the independent estimates developed in steps E and F.

SIMUWLATED PEAK DISCHARGES

The regulated peak discharges for water years 1952-85 were converted to
unregulated peak discharges using daily lake stage and storage data, daily
discharge data and the streamflow routing capabilities of the HEC-1 computer
program (COE, 1985). Unregulated peak discharges for floods during water
years 1908, 1912, 1928, March and September 1929, 1930, 1936, 1940, and
1949, were converted to regulated peak discharges using estimated daily,
hourly, and bi-hourly hydrographs, streamflow routing parameters, 1990
lake operation criteria and the HEC-5 reservoir-routing computer program
(Coe, 1982).

The lake system and areas A-E for which hydrographs were computed are
shown in figure 5 and schematically in figure 6. Hydrographs for areas A
and C were combined for use in simulating unregulated peak discharges for
water years 1952-85, regulated peak discharges for the 1936 flood, and
initial lake elevations for 1927-85. The inflow hydrographs for each of
the areas represent the flow contributed by the area to the river or lake.
The *local inflow"™ of an area is the difference between the flow from an
immediate upstream area and the outflow from the area in question.

Regulated discharges for the Savannah River at Augusta for 1952-85 were
converted to unregulated discharges by routing of inflows using the HEC-1
streamflow model (COE, 1985). HEC-1 has rainfall-runoff modeling
capability, which was used to generate hourly inflow hydrographs for the
1936 flood.

15
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The HEC-1 computer program is a g neral ized hydrologic program
developed by the COE Hydrologic Engineering Center (HEC) to simulate the
surface-runoff response of a river basin to precipitation by representing
the basin as an interconnected system of hydrologic and hydraulic components

(Coe, 1985).

interception/infiltration parameters.

of hydrologic computation procedures. In thi
Service (SCS) curve number method was used to
unit hydrograph method was used to compute di
and the Muskingum method was used for flood r

A reservoir routing model, HEC-5 [(COE, 1
inflow hydrographs through the three reservoi

elevations for hourly hydrographs for

through the system using the HEC-5 model.

The HEC-5 computer program is a generali
computer program developed by the COE Hydrolo

simulate operation of reservoirs for

Input to the HEC-1 computer program consisted of routing
parameters, inflow hydrographs, precipitation

data, and

C-1 program supports a variety
s study, the Soil Conservation
compute rainfall excess, the
scharge from rainfall excess
outing in channels.

The HE

982), was used to route daily
rs to establish initial lake

ight floods, which were routed

zed hydrologic reservoir
gic Engineering Center to
ood-control purposes during a single

flood or for conservation purposes (such as maintenance of minimum flows for

water supply) and for period-of-record
model was developed to assist in plann
reservoirs, and to assist in sizing th

storage requirements for a specified project.

of the sequential operation of a syste
for short-interval historic or synthet
refer to the users manual (COE, 1982).

Input to the HEC-5 model consiste
relations for reservoirs, reservoir op

configuration, inflow hydrographs, and

routings (COE, 1982). The HEC-5

ing studies for evaluation of proposed
flood control and conservation

The program allows simulation
of reservoirs of any configuration

ic floods. For detailed information,

d of routing parameters, stage-storage
eration rules and constraints, system
initial pool elevations.

The Muskingum method for channel routing was used to route hydrographs

through channel reaches and through e
Musk ingum method approximates outflow

function of inflows at current and pre

h reservoir to the dam. The
from a |channel reach as a linear
vious tiime steps. Flow was routed

through the dams using reservoir storages, reservoir operation criteria

(COE, 1974), and flow constraints at d

HEC-5 was modified to accommodate
criteria specified in plate A-7-1 of t
Savannah River Basin,"™ (COE, 1974).

ownstream locations.

the ¢

e mplex channel flow capacity
he “Reg

servoir Regulation Manual,




Requirements for releases from Thurmond Dam include:

1)

2)

3)

4)

maintenance of minimum weekly average flow of 3,600 ft3/s for
water supply and hydropower generation,

variation of operating channel flow capacity at Augusta from
20,000 ft3/s to 30,000 ft3/s, depending on pool elevations,

releases in excess of 30,000 ft3/s to prevent dam overtopping, and
maintenance of discharge at Augusta equal to maximum

local inflow during periods of falling reservoir stages during
floods to lower lake levels as quickly as possible.

Unregulated Peak Discharges

Regulated peak discharges were converted to unregulated peak discharges
by the following methodology:

l'

For water years 1952-85, daily inflow hydrographs were estimated
using peak discharge, daily discharge, and daily lake elevation
data. Local inflows were computed from the hydrologic storage
equation, Local Inflow = Outflow - Upstream Inflow + Change in
Storage. Where there were no reservoirs in the areas where local
inflows were computed, the changes in storage was assumed to be
zero. Where the areas included reservoirs, changes in storage were
computed using measured lake elevations and relations of lake
storage to lake elevation (COE, 1974). Negative daily local
inflows sometimes resulted using the change-in-storage method, most
likely because of non-equilibrium conditions at the time of day
when reservoir elevations were measured. These negative inflows
were set at a representati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>