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CLIMATE

The climate of east-central Indiana, classified as
temperate continental, is characterized by warm, oc-
casionally hot summers, cold winters, and considerable
daily variations in temperature.

East-central Indiana frequently encounters cyclonic
disturbances generated by the interactions of northeast-
moving tropical and south-moving arctic air masses.
Locally heavy amounts of rain or snow associated with
the eastward passage of low pressure centers are often
recorded, although basinwide, precipitation is fairly
evenly distributed throughout the year.

Spring is generally mild and rather wet, and is often
characterized by periods of prolonged rainfall over
large areas. Summers have some extended periods of
hot and sultry weather alternating with more pleasant
conditions. Summer rainfall often occurs as local
thunderstorms of short duration. Autumn is relatively
dry and mild, and winter is characterized by short
periods of freezing weather alternating with several
days of milder temperatures.

Other climatic characteristics of the Whitewater
Basin include moderate to high humidities, light to
moderate winds (typically from the southwest), and a
large proportion of partly cloudy to cloudy days in-
terspersed with clear days. The frost-free growing
season for most crops generally extends from late April
or early May through middle or late October. Severe
local storms generated by daytime convection or by
the passage of cold fronts are most common in spring
and early summer. These storms may produce frequent
lightning, strong winds, and large hail, as well as oc-
casional funnel clouds and tornadoes.

Although parameters such as wind, solar radiation,
relative humidity, and soil temperature constitute an
area’s climate, only air temperature and precipitation
will be summarized here. Temperature defines the
growing season and largely controls the process of
evapotranspiration, which consumes about 70 percent
of the average annual precipitation in east-central In-
diana. Precipitation is the source of fresh water either
on the surface or in the subsurface of the earth. The
amount, distribution, and type of precipitation help to
define a region’s water supply and its hydrologic
regime.

Climatic Data

Climatic data in the Whitewater River Basin are

gathered as part of several statewide networks operated
by federal and state agencies. The most extensive net-
works are operated and maintained by the National
Weather Service (NWS) of the National Oceanic and
Atmospheric Administration (NOAA). Climatic data
are collected at NWS cooperative observer stations
operated by water and wastewater utilities,
municipalities, or private citizens.

Additional precipitation data in the basin are gathered
by about seven amateur radio operators as part of a
statewide volunteer network which aids the NWS river
and flood forecasting program. Other precipitation data
are collected by the U.S. Army Corps of Engineers,
U.S. Geological Survey, and the Indiana Department
of Natural Resources, Division of Water for hydrologic
and hydraulic studies and daily water management
operations.

Table 5 lists climatic stations in and within 10 miles
of the Whitewater River Basin. Locations of stations
lying within the basin boundary are shown in fig. 14.
Amateur radio stations are neither tabulated nor map-
ped, because the statewide network changes frequently.

The majority of temperature and precipitation data
from NWS stations are published by NOAA in monthly
and annual summaries. However, measurements of
temperature, hourly rainfall, pan evaporation, relative
humidity, and soil temperature at the Liberty station
remain unpublished. Temperature and precipitation
data from seven of the NWS stations in table 5 are
periodically published in climatic summaries (National
Oceanic and Atmospheric Administration, 1976,
1982a, 1983, 1985). Data from networks operated by
the Corps of Engineers, U.S. Geological Survey, and
Division of Water are not published but are available
at each office.

The distribution of National Weather Service sta-
tions, the availability of published and unpublished
precipitation data, and the availability of published
climate summaries are sufficient for the Division of
Water’s present and anticipated climatic data needs in
the Whitewater Basin.

Temperature?

Normal annual temperature within the Whitewater
Basin averages 51° F (degrees Fahrenheit) and ranges
from near 50° F in northernmost areas to 52° F in the
far southwest near Greensburg. Normal seasonal
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Table 5. Climatic stations in and near the Whitewater River Basin

Agency: National Weather Service (NWS); U.S. Army Corps of Engineers (USCE); Division of Water (DOW); U.S.
Geological Survey (USGS).

Element: Precipitation (P); Temperature (T); Additional parameters (A) - e.g., evaporation, relative humidity, soil temperature.

Gage: Recording precipitation gage (R) - data automatically recorded at selected intervals; non-recording precipitation
gage (NR) - data manually collected once daily.

Publication:  Precipitation and/or temperature data published monthly and annually by the National Oceanic and Atmospheric
Administration (p); unpublished (up).

Station County Agency Element Gage Publication
Alpine 2NE Fayette NWS P R o]
Batesville Waterworks' Ripley NWS P R p
Brookville Franklin NWS P, T NR p
Brookville Lake (at dam) Franklin USCE P,T R up
Brookville (at mainstem gage) Franklin USGS P R up
Cambridge City Wayne NWS P,T NR p
Franklin 1 Franklin DOW P NR up
Franklin 2 Franklin DOW P NR up
Greensburg’ Decatur NWS PT NR p
Henry 1 Henry DOW P NR up
Lewisviile' Henry NWS P R p
Liberty Union NWS P (T,A) NR (R) p (up)
New Castle! Henry NWS P,T NR p
Richmond Waterworks Wayne NWS P,T R,NR o]
Ripley 17 Ripley DOW P NR up
Rushville Sewage Plant’ Rush NWS P,T NR p
Springersville Fayette USCE P R up
Winchester Airport’ Randolph NWS P,T NR p

TWithin 10 miles of basin boundary.

temperatures average 50° F in spring (March-May),
71° F in summer (June-August), 53° F in autumn
(September-November), and 28° F in winter
(December-February).

January, the coldest month, has an average monthly
temperature of 26° F and an average daily minimum
of 16° F. In contrast, the warmest month of July has
an average temperature of 73% F and an average daily
maximum of 85° F.

Diurnal temperature variations (the difference be-
tween normal daily maximums and minimums) typi-
cally range from about 19° F in winter to 25° F in sum-
mer and fall. Extreme temperature readings recorded

*Temperature and precipitation data discussed here are taken or derived from data found
in several NOAA publications (National Oceanic and Atmospheric Administration, 1976,
1982a, 1982b, 1983, and 1985). Data from Brookville, Cambridge City, and Richmond
Waterworks for the Period 1951-80 were used to obtain the various in-basin averages and
extremes, while nearby station data were used to define temperature and precipitation ranges
from the northernmost to southernmost basin boundary.

for the period 1951-80 range from -28° F (Cambridge
City, 1963) to 104° F (Brookville, 1951).

The growing season for most crops ranges from 165
to 175 days, although the extreme southwestern part
of the basin has a slightly longer season. Vegetative
cover, soils, impervious surfaces, and obstructions to
wind are factors which can influence climatic features,
particularly the length of growing season. However,
these factors typically affect climate only over small
areas.

Precipitation

Normal annual precipitation in the basin averages
about 40 inches and ranges from less than 38 inches
in northernmost areas to more than 40 inches in far
southwestern regions.

Although variations in annual precipitation totals
generally are not extreme, yearly amounts recorded
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Table 6. Monthly and annual precipitation at selected probability levels

{From National Oceanic and Atmospheric Administration, 1985, 1983; all precipitation amounts in inches; values were deter-
mined from the incomplete gamma distribution; dash indicates no published data.}

Station 1:  Richmond Waterworks.

Station 2:  Cambridge City.

Station 3:  Brookville.

Probability
level! Station | Jan Feb Mar Apr | May Jun Jul Aug Sep Oct Nov Dec | Annual
10 1 433 433 574 624 700 751 7.31 6.11 538 458 494 538 46.86
2 438 453 578 7.01 689 749 780 604 534 498 549 553 4784
3 526 469 626 625 753 6.71 726 6.90 529 494 499 558 47.93
.30 1 312 274 399 445 497 513 488 398 329 3.01 3.49 352 —
2 317 281 407 482 499 510 507 407 330 3.08 377 352 —
3 3.46 291 433 439 519 492 551 4.51 330 314 342 356 —
.50 1 243 190 3.01 344 382 3.81 355 284 221 216 267 252 38.37
2 2.48 1.91 3.10  3.61 390 378 360 299 224 209 282 245 3930
3 248 199 325 335 388 3.88 448 322 226 219 255 248 40.22
.70 1 185 126 221 259 287 274 249 194 140 149 199 174 —
2 189 123 231 262 298 271 245 212 144 134 204 163 —
3 1.7 129 237 249 282 3.01 358 220 147 146 184 166 —
.90 1 119 062 133 164 180 160 139 102 064 080 124 093 3098
2 123 058 142 155 194 157 128 120 068 063 120 081 3184
3 092 0.61 1.41 153 166 200 252 117 070 073 1.08 0.83 33.38

'Probability that precipitation will be equal to or greater than the indicated amount.

Table 7. Normal monthily and annual
precipitation, 1951-80
{Data from National Oceanic and Atmospheric Administra- dur.mg very dry and wet years have ranged from about
tion, 1982a; values in inches.} 29 inches to nearly 50 inches. There is a 90 percent
probability, however, that annual precipitation over a
Richmond | Cambridge longhperiod of time will average at. least 3.1 inches in
Month Waterworks City Brookville northern areas of the basin to 33' 1.nc}-1es in southern
areas. Annual and monthly precipitation amounts at
January 2.63 268 285 selected probability levels are given in table 6 for Rich-
February 2.25 2130 2.39 mond, Cambridge City, and Brookville.
March 3.33 3.40 3.60 Monthly precipitation totals for the period 1951-80
April 3.74 4.01 3.68 have varied from zero to nearly 12 inches, but monthly
May 417 4.21 4.32 normals range from about 2 to 5 inches (table 7).
June 4.26 4.24 417 Seasonal normals average roughly 8 inches in fall and
July 4.03 417 4.73 winter, and between 11 and 12 inches in spring and
August 3.28 3.37 3.71 summer.
September 2.69 2.70 2.70 Approximately 21 inches, or 54 percent of the
October 248 252 258 average annual precipitation, falls from May through
November 2.93 3.14 2.84 October, the growing season for most crops. During
December 2.01 2.89 292 this six-month period, monthly amounts average
slightly less than 3.6 inches. In any one crop season,
Annual 38.70 39.63 40.49 however, extended periods of little to no rainfall may

occur.



24

Daily precipitation is quite variable due to the
periodic passage of frontal systems, and 24-hour
amounts for the period 1951-80 have ranged from zero
to more than 5 inches. Although precipitation events
are generally interspersed among several dry days, dai-
ly normals fall between 0.08 and 0.14 inch, as deter-
mined from monthly normals at Indianapolis (National
Oceanic and Atmospheric Administration, 1982b).

Average annual snowfall in the basin ranges from
about 24 inches in northern areas to 19 inches in the
south. Annual snowfall averages 22 inches basinwide,
which is roughly equivalent to 2.2 inches of rain. On
average, snowfall in the basin accounts for less than
6 percent of the normal annual precipitation.

Evapotranspiration

The amount of water lost through evaporation from
the soil and surface-water bodies and by plant transpira-
tion is referred to as evapotranspiration. By far the
largest consumptive use of water in the basin,
evapotranspiration consumes about 70 percent of the
average annual precipitation (J. Newman, Purdue
University, personal communication, 1987).

Newman (1981) has used the Thornwaite method as
described in Palmer and Havens (1958) to estimate an-
nual evapotranspiration for nine regions in Indiana.
According to Newman'’s regional estimates based on
1941-70 climatic data, normal annual evapotranspira-
tion in the Whitewater River Basin ranges from about
27 inches in northern areas to 28 inches in southern
areas. These values are regional averages which may
be expected over a period of many years; however,
variations in temperature and other climatic factors can
produce significant variations in evapotranspiration
from year to year.

SURFACE-WATER HYDROLOGY
Drainage Characteristics

Drainage in the Whitewater Basin is well developed,
particularly in southern areas where glacial deposits
are older or absent. The Whitewater River and its ma-
jor tributaries have long and fairly straight valleys with
many small first-order and second-order streams
feeding directly into the trunk channels.

The Whitewater River is entrenched in glacial drift
along its upper reaches. Lower reaches in Franklin and
Dearborn Counties are cut into bedrock and are flanked
by high ridges of limestone and shale which often ex-
ceed 300 feet in relief. Limestone and shale is also ex-

posed along much of the deeply entrenched East Fork
Whitewater River, especially near Richmond and in
the vicinity of Brookville Lake.

Tributary channels have relatively low relief in their
headwater areas and then lose elevation rapidly as they
leave the uplands and drop to the level of the major
valley bottoms. Average channel slopes of 20 to 40
ft/mi (feet per mile) are not uncommon for western
tributaries of the Whitewater River, and some short
tributaries have even greater slopes. Several tributaries
of the East Fork Whitewater River upstream of
Brookville Lake have gradients exceeding 20 ft/mi.

The channel slope of the East Fork Whitewater River
decreases from 12.8 ft/mi at Richmond to 9.2 ft/mi
at Brookville (Glatfelter, 1984). These slopes are
among the highest in the state for rivers draining more
than 100 sq. mi. The gradient of the Whitewater River
at Brookville (7.3 ft/mi) is the highest for Indiana rivers
draining more than 1000 sq. mi.

Stream-Flow Data

The U.S. Geological Survey, in cooperation with
other government agencies, has collected daily stream-
flow records in the Whitewater River Basin since 1915.
Although daily stage readings were obtained for the
Whitewater River at Cedar Grove between 1915 and
1917, the two earliest long-term stations were
Whitewater River at Brookville (established in 1915)
and Whitewater River near Alpine (established in
1928).

As data needs grew and funding became available,
a network of stream gaging stations gradually
developed. Currently, records of daily discharge are
collected at four continuous-record stations on the
Whitewater River (Economy, Hagerstown, Alpine and
Brookville), at two stations on the East Fork
Whitewater River (Abington and Brookville), and on
Little Williams Creek at Connersville (table 8). From
1949 to 1978, data had also been collected for the East
Fork Whitewater River at Richmond.

The two active gaging stations near Brookville are
operated by the U.S. Geological Survey in coopera-
tion with the U.S. Army Corps of Engineers. The other
five stations are part of a cooperative program between
the U.S. Geological Survey and the State of Indiana.
Stream-flow data for these seven gages are published
in U.S. Geological Survey reports prepared annually
for the entire state.

Records of stream discharge during periods of low
flow and high flow have been collected at partial-record
stations where daily discharge data were not available.
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Additional measurements of discharge have been ob-
tained at miscellaneous sites. Data from partial-record
and miscellaneous sites are primarily used in regional
hydrology studies to estimate flow characteristics at
both gaged and ungaged locations.

Table 8 lists continuous-record gaging stations in the
Whitewater Basin as well as 11 partial-record stations
for which discharge-frequency data has been published
in Stewart (1983) and Glatfelter (1984). Gaging loca-
tions are shown in fig. 14. Miscellaneous station
listings and locations are not tabulated or mapped.

Table 8 also indicates continuous-record stations
equipped with telemetering instruments for transmit-
ting encoded information over telephone lines or via
an ecarth-orbiting satellite. Data obtained from
telemetered stations are primarily used for flood
hydrology, flood forecasting, and the operation of
Brookville Lake.

As water management programs develop further, ad-
ditional stream-flow data may be needed to better
define regional hydrology, determine low-flow and
flood frequency discharges, and relate stream-flow
characteristics to local and regional hydrogeology.
Neyer (1985) has recommended that the establishment
of gaging stations should be considered on Greens Fork
or Nolands Fork, Salt Creek or Pipe Creek, and Mid-
dle Fork of the East Fork Whitewater River (upstream
of Middle Fork Reservoir). These gages would pro-
vide regional hydrology data for non-urbanized basins.
Reinstatement of the Richmond gage as a low-flow
partial-record station was also suggested to provide
low-flow data for an urban river reach.

To help balance the cost of these possible additions,
Neyer also recommended that the currently operating
gages near Connersville, Economy, and Hagerstown
be discontinued by 1990. The 20 years of record at
these three sites are sufficient for regional hydrology

functions. Other gages in the basin, used for regional
hydrology, flood forecasting, and the operation of
Brookville Lake, should remain in operation.

Reservoirs

Although there are no natural lakes in the Whitewater
River Basin, hundreds of small manmade lakes, ponds,
and gravel pits are scattered throughout the area. The
lakes and ponds, generally only a few acres in size,
are primarily used for recreation, stock watering, or
aesthetic purposes.

Whitewater Lake, the largest manmade, single-
purpose recreational lake in the basin, covers 200 acres
and has a 1.1 billion gallon storage capacity at normal
pool elevation. Lake Santee (261 acres, 0.9 billion
gallons) is primarily used for recreation, but also serves
as a water supply source for a nearby subdivision.

Middle Fork Reservoir in eastern Wayne County
supplies more than half of Richmond’s water needs.
Completed in 1960, this reservoir is located 2 miles
north of Richmond on the Middle Fork of the East Fork
Whitewater River (fig. 14). The reservoir covers 161
acres and has a storage capacity of 881 million gallons,
as determined from a recent Division of Water survey
(see fig. 34).

Brookville Lake is a flood control, recreational, and
water supply reservoir on the East Fork Whitewater
River (fig. 14). The dam is about 1.5 miles north of
Brookville in Franklin County, and upstream areas of
the reservoir extend northward to near Brownsville in
Union County. The lake controls runoff from a
drainage area of 379 sq. mi. Table 9 summarizes
storage and lake area data at different pool elevations.
Fig. 15 shows the typical operation schedule.

Construction of Brookville Lake began in November
1965, and outlet works were completed in January

Table 9. Storage and area of Brookville Lake
Elevation Allocated Lake
range storage area
Designation (ft msl) ac-it bg acres| sq mi
Minimum pool 713 55,600 18.1 2250 3.5
Water supply pool (winter) 713 - 740 89,300 29 4510 7.0
Seasonal pool (summer) 740 - 748 39,000 12.7 5260 8.2
Flood control pool 740 - 775 214,700 70 7790 12.2
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Figure 15. Typical operation schedule for
Brookville Lake

1968. Since impoundment began in January 1974, the
reservoir has been operated by the U.S. Army Corps
of Engineers as part of a general plan to reduce
flooding in the Ohio River Basin. The lake not only
reduces flood stages in the Whitewater Valley, but also
contributes to flood hazard mitigation along the Ohio
River (U.S. Army Corps of Engineers, 1981). Flood
damages prevented since January 1974 are estimated
to be $2,560,000 (C. Schumann, U.S. Army Corps
of Engineers, Louisville District, personal communica-
tion, 1987).

At emergency spillway crest (elevation 775 feet
m.s.l.), total storage capacity of Brookville Lake is
359,000 acre-feet, or 117 billion gallons (see table 9).
Depending on the season, from 175,700 to 214,700
acre-feet of this total storage capacity is available for
flood control. During flood periods, the upstream end
of the lake extends 24 miles northward to near
Brownsville.

At summer pool elevation (748 feet m.s.l.),
Brookville Lake extends northward about 16 miles, and
has a total storage capacity of 183,900 acre-feet (60
billion gallons). Of this capacity, 39,000 acre-feet (12.7
billion gallons) is allocated for seasonal recreation and
fish and wildlife purposes. About 16,450 acres of reser-
voir land and water have been leased to the State of
Indiana for these two purposes.

From mid-September to mid-April, the lake level is
maintained at 740 feet m.s.1. in order to allow storage
of winter and spring runoff (fig. 15). Of the total winter
storage capacity of 144,900 acre-feet below 740 feet
m.s.l., 89,300 acre-feet is allocated for water supply.
This water supply storage has been purchased by the
State of Indiana from the U.S. Government for sale
to any interested party. The State of Indiana has a con-
tract with the Franklin County Water Association that
allows the IDNR to sell up to an annual average of
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500,000 gallons per day. (For more information on
water supply, see the ‘‘Surface-Water Availability”’
section later in this report).

Stream-Flow Characteristics

Although the amount of available precipitation deter-
mines the theoretical upper limit of stream flow, the
following factors affect the spatial and temporal
distribution of flow: climate; soils and land cover
(vegetation, lakes, impervious surfaces); topography
and physiography (including drainage area, drainage
density, channel geometry); geology (surficial and
bedrock); interactions of surface water with ground
water (areas of recharge, areas of discharge); and man-
made modifications (stream channelization, dams,
diversions, and pumpage).

Geographic variations of these factors account for
the diversity of stream-flow characteristics within and
among basins. Data on flow characteristics are needed
for a wide range of hydrologic and hydraulic applica-
tions, including the determination of the water supply
potential of streams. Selected hydrologic parameters
derived from discharge records provide a semi-
quantitative framework for characterizing the basin’s
surface-water system.

Average Flows

Of all hydrologic parameters, average discharge is
the most easily understood and one of the most widely
used. Average discharge is the arithmetic average of
daily flows for all complete water years of record,
whether consecutive or not.

The combined effects of the factors listed in the
previous section are reflected in average discharge,
which can be interpreted as follows: if it were possi-
ble to store, in a single hypothetical reservoir, all the
water that flows from a watershed during a specified
period and then release it at a uniform rate over the
same period, that rate would be the average flow. This
flow represents the theoretical upper limit of the long-
term yield which can be developed from a stream, even
with regulation.

Average daily discharges of record are given in table
8. Based on average discharge and flow duration data
reported by Stewart (1983), average discharges at
continuous-record stations in the Whitewater Basin are
equaled or exceeded 25 percent of the time. This
percentage, which is less than exceedence percentages
for average flows in northern Indiana, primarily
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reflects the higher flood discharges in the Whitewater
Basin. In some northern Indiana basins characterized
by slight topographic relief, poorly developed drainage,
and extensive, highly permeable outwash deposits, for
example, average discharge would be expected to more
closely approximate the median discharge.

If average discharge is divided by the area drained,
the similarity of unit discharges becomes apparent. As
table 8 shows, average unit discharge for continuous-
record stations in the Whitewater River Basin is slightly
more than 1 cfs (cubic foot per second) per square mile.

Average runoff, which is the depth to which a
drainage area would be covered if the average
discharge for a given time period were uniformly
distributed, represents the amount of water leaving a
basin as both surface-water runoff and ground-water
discharge. Except for flows at Richmond, runoff at
continuous-record stations averages about 14.5 inches
per year.

Low Flows

Low-flow discharge information is essential to the
planning, management, and regulation of activities
associated with surface-water resources. Low-flow data
are used in the design and operation of wastewater
treatment facilities, power plants, engineering works
(such as dams, reservoirs and navigation structures),
and water supply facilities. Low-flow information is
also used to evaluate water quality and its suitability
for various uses. Some low-flow parameters may also
be used in the development of regional draft-storage
relations, in the forecasting of seasonal low flows, or
as indicators of the amount of ground-water influx to
streams.

Low-flow characteristics are commonly described
by points on low-flow frequency curves prepared from
daily discharge records at continuous-record gaging
stations. Correlation techniques can be used to estimate
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curves, or selected points on curves, for stations where
short-term records and/or base-flow measurements are
available.

Curves can be developed from a frequency analysis
of annual minimum flows for selected numbers of con-
secutive days. Fig. 16 shows the relation of annual
minimum average discharges for 1-day, 7-day, and
30-day periods for the Whitewater River near Alpine
during climatic years 1930-84. In this report, the
following points on the 1-day and 7-day curves have
been selected as indices of low flow: the minimum
daily (1-day average) flow having a 30-year recurrence
interval, and the annual minimum 7-day average flow
having a 10-year recurrence interval.

The 1-day, 30-year low flow is the annual lowest
1-day mean flow that can be expected to occur once
every 30 years, on the average. In other words, it is
the annual lowest daily mean flow having a 1-in-30
chance of occurrence in any given year. In this report,
the 1-day, 30-year flow indicates the dependable supply
of water without storage, and is discussed further in
the ‘‘Surface-Water Availability’” section.

The 7-day, 10-year low flow is the annual lowest
mean flow for 7 consecutive days that can be expected
to occur, through a long period, on the average of once
every 10 years. There is a one-in-ten chance that the
annual minimum 7-day average discharge in any given
year will be less than this value. Based on data reported
by Stewart (1983), stream flows at continuous-record
stations in the Whitewater Basin are greater than 7-day,
10-year values about 99.5 percent of the time.

In Indiana, the 7-day, 10-year low flow is the index
for water quality standards. This flow is used for siting,
design, and operation of wastewater treatment plants,
for evaluating wastewater discharge applications and
assigning wasteload limits to industrial and municipal
dischargers, and as an aid in setting minimum water
release requirements below impoundments. In the
future, 7-day, 10-year low flows or other low-flow
parameters may be utilized by the IDNR to establish
minimum flows of selected streams.

Table 8 presents annual 7-day, 10-year low flows
at continuous-record gaging stations as calculated
through water year 1984. The non-concurrency of data
among these seven stations prevents a strict comparison
of low-flow parameters. However, the tabulated values
are statistically more representative of each site because
the maximum lengths of record were used.

The 7-day, 10-year values tabulated for the two sta-
tions downstream of Brookville Lake represent pre-
reservoir (unaffected) flows. These values are con-
sidered more appropriate low-flow characteristics than
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values which include 10 additional years of affected
data. (The effect of Brookville Lake on downstream
flows is discussed in a later section.)

Unit low flow is one indicator of the degree to which
stream flow is sustained by ground-water contribution.
The highest 7-day, 10-year unit low flow at a
continuous-record gaging station occurs on the
Whitewater River near Hagerstown. This value (0.12
cfs/sq. mi.) was calculated for a selected base period
1972-84. The next highest unit flow at an unaffected
continuous-record site occurs farther downstream near
Alpine. This concurrent value (0.11 cfs/sq. mi.) is
slightly higher than the long-term value shown in table
8, which includes flows measured during drought
periods of the 1930s and 1940s. The third highest unit
flow for the period 1972-84 occurs on the East Fork
Whitewater River at Abington. This value does not dif-
fer significantly from the value shown in table 8 for
the period 1965-84.

At partial-record stations, unit low flows are highest
for Martindale Creek and Greens Fork in Wayne
County. Similar unit flows are expected along middle
reaches of Nolands Fork, which drains an area of
similar size, basin shape, and surficial geology.

As table 8 shows, low flows for Martindale Creek
and Greens Fork are significantly less than flows at
the three continuous-record sites near Hagerstown,
Alpine, and Abington. Although Martindale Creek and
Greens Fork, like upper reaches of the Whitewater
River and its east fork, drain watersheds developed
primarily on outwash sand and gravel deposits, the
degree of ground-water contribution to these two
tributary reaches appears to be considerably less.

Low flows for tributaries of Brookville Lake in
Union County and for tributaries of the Whitewater
River in Franklin County either approach or equal zero
(table 8). These tributary basins contain large quan-
tities of glacial till and minimal amounts of sand and
gravel; therefore, precipitation quickly leaves these
watersheds as surface runoff. During periods of little
or no rainfall, the streams cease flowing due to limited
ground-water discharge.

Surface- and Ground-Water Interactions

Interactions between surface- and ground-water
systems in the Whitewater Basin account for much of
the diversity of stream-flow characteristics, particularly
low flows. The use of unit flow as an indicator of
ground-water inflow was discussed in the previous sec-
tion. Other semi-quantitative approaches described
below are also useful for making inferences regarding
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system interactions and for generalizing the water sup-
ply potential of selected streams. Additional analyses
which define available stream flow and storage re-
quirements are discussed in the °‘Surface-Water
Availability’’ section later in this report.

Flow Duration

The flow duration curve is a cumulative frequency
curve that shows the percent of time that specified
discharges are equaled or exceeded during a given
period of record. For example, daily mean flows of
the Whitewater River at Brookville were at least 135
cfs during 95 percent of the time for water years
1956-73 (as derived from fig. 17). Daily flows for this
period exceeded 11,750 cfs only 1 percent of the time.

Even though all chronological sequence of daily
discharges is lost in a duration analysis, a duration
curve can be taken as a probability curve that the flow
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Figure 17. Flow duration curves for
selected stream gages in Indiana

distribution over several years will be approximately
equal to that of prior years (Rohne, 1972). Because
duration data provide a great deal of information on
a stream’s overall flow regime, such data are useful
for water supply and hydroelectric power studies, in-
dustrial and waste treatment plant siting, reservoir
design, and pollution control.

The shape of the duration curve is an index of the
natural storage within a basin that is utilized by the
stream. The more nearly horizontal the curve, the
greater is the storage effect, and the greater the poten-
tial for high sustained yields from both surface and
ground water.

If duration curves are plotted on a per-square-mile
(unit) basis for a concurrent period, comparisons of
storage can be made among drainage basins in areas
of differing geology. For example, the three curves
in fig. 17 show that the ability of a drainage system
to accommodate high flows and sustain low flows
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