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Appendix 1.

GLOSSARY

Alluvial—describes deposits of clay, silt, sand, gravel, or other particulate rock material in a streambed, on a flood
plain, or on a delta

Aquifer—a saturated permeable geologic unit that can transmit significant quantities of water under ordinary hydraulic
gradients

Bank storage—the water absorbed into the banks of a stream channel when the stage rises above the water table
in bank formations, then returns to the channel as effluent seepage when the stage falls below the water table

Base flow—the portion of stream flow derived largely or entirely from ground-water seepage
Bucket-rig well—a large-diameter well typically utilized in areas of low ground-water yields

Buried valley—depression in an ancient land surface or in bedrock now covered by younger deposits; especially
a preglacial valley filled with glacial drift

Channel slope—the slope of the streambed between points that are 10 and 85 percent of the distance from the loca-
tion on the stream to the basin divide, as determined from topographic maps; expressed in feet per mile

Climatic year—the 12-month period, April 1 to March 31, designated by the calendar year in which it begins; for
example, climatic year 1984 is from April 1, 1984 to March 31, 1985; climatic year is designed to encompass the
annua] summer-fall low-flow period

Colluvium—Iloose rock debris at the foot of a slope or cliff deposited by rock falls, landslides, and slumpage
Combined sewer overflow—a discharge composed of untreated or partially treated sewage mixed with stormwater

Confined—describes an aquifer in which ground water is isolated from the atmosphere by impermeable formations;
confined ground-water is generally subject to pressure greater than atmospheric

Contaminant (drinking water)—as defined by the U.S. Environmental Protection Agency, any physical, chemical,
biological , or radiological substance in water, including constituents which may or may not be harmful

Continuous-record station—a site on a stream or lake where continuous, systematic observations of stage and/cr
discharge are obtained by recording and nonrecording instruments and periodic measurements of flow

Cyclonic—describes a roughly circular area of low atmospheric pressure in which the winds blow counterclockwise
in the northern hemisphere

Direct runoff—water entering a stream channel promptly after a precipitation event; it is presumed to consist of
surface runoff and a substantial portion of the interflow.

Dissected—cut by erosion into hills and valleys or into flat upland areas separated by valleys
Diurnal—having a daily cycle
Drainage density—ratio of total length of all channels within a drainage basin to the area of that basin

Drawdown (ground water)—difference between the water level in a well before and during pumping
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Appendix 1. Continued

Drawdown (surface water)—-artificial lowering of the water level of a lake or reservoir
Drift—unconsolidated sediment and rock debris transported and deposited by glaciers or glacial streams
Dry hole—a well that produces little or no water

End moraine—see moraine

Epilimnetic—describes the upper layer of a thermally stratified lake in which the water is nearly uniformly warm,
circulating, and fairly turbulent

Estimate (population)—a number based on events that have already occurred

Eutrophic—describes a body of water which has become enriched with plant nutrients, most commonly phosphorus
and nitrogen

Evapotranspiration—collective-term that includes water discharged to the atmosphere as a result of evaporation from
the soil and surface water bodies and by plant transpiration

Fecal coliform—bacteria that occur naturally in the intestines of humans and animals; bacterial counts in waterways
are used as indicators of pollution from human and animal wastes

First-order stream—a channel reach which has no tributaries

Flood, 100-year—a statistically-derived flood discharge having an average frequency of occurrence of once in 100
years, or a one percent chance of being equaled or exceeded in any given year

Flowing well—a well deriving its water from a confined aquifer and in which the water level stands above the ground
surface

Fragipan—a loamy, brittle subsurface soil horizon which is low in porosity, low or moderate in clay, but high in
silt or very fine sand; a fragipan appears cemented and restricts plant roots and the percolation of water

Frequency analysis—a statistical method for attaining the probability that a given hydrologic event will be equaled
or exceeded

Grab sample—water collected at a single location and at a single time as opposed to a sample composited over space
or time

Growing season—the average number of days between the last spring and first autumn temperature of 32°F

Ground moraine—rock and soil material deposited from a glacier on the ground surface over which the glacier has
moved; it is bordered by lateral and/or end moraines.

Ground-water discharge—in this usage, the part of total runoff which has passed into the ground and has subsequently
been discharged into a stream channel

Hummock—a mound, knoll, or hillock

Hydraulic conductivity—a constant describing the rate at which water moves through a permeable medium; often
expressed in gallons per day per square foot

Hydrograph—graph showing stage, flow, velocity, or other properties of water with respect to time
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Hypolimnion—the lower layer of a thermally stratified lake in which the water is nearly uniformly cool and relatively
quiescent

Igneous—describes rocks that solidified from molten or partly molten material
Intercalated—interstratified; inserted among other layers

Interflow—the part of precipitation which infiltrates the surface soil, and moves laterally toward streams as perched
ground water

Intratill—describes geologic materials contained within a single till unit

Lacustrine—pertaining to, produced by, or formed in a lake or lakes

Loamy—describes a soil composed of a mixture of clay, silt, sand, and organic matter

Loess—a homogeneous, fine-grained deposit consisting predominantly of silt, and chiefly deposited by wind
Macrophytes—macroscopic forms of aquatic vegetation

Maximum contaminant level—the maximum permissible level of a contaminant in water which is delivered to the
free-flowing outlet of the user of a public water system

Median—the middle value of a set of observations arranged in order of magnitude

Metamorphic—describes rocks that have formed in the solid state in response to pronounced changes of temperature,
pressure, and chemical environment

Moraine—a mound, ridge, or other distinct accumulation of unsorted, unstratified glacial drift deposited chiefly by
the direct action of glacial ice

Normal (climatic)—average (or mean) value for a particular parameter over a designated period, usually the most
recent 30-year period ending every decade (1941-70, 1951-80, for example)

Outwash—sand and gravel deposited by meltwater streams in front or beyond the margin of active glacial ice
Overland flow—the part of runoff which passes over the land surface to the nearest stream channel
Paleosol—an ancient, buried soil

Partial-body contact—any contact with water up to but not including complete submergence

Partial-record station—a site where limited stream-flow and/or water quality data are collected systematically over
a period of years

Per capita income—total money income of the residents of a given area divided by the resident population of that
area; represents the amount of income received before deductions for personal income taxes, social security, bond
purchases, etc.; receipts not counted include ‘‘lump sums’’ payments such as capital gains or inheritances
Phytoplankton—an assemblage of microscopic aquatic plants having no or very limited powers of locomotion

Physiography—the origin and evolution of landforms
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Piezometric surface—an imaginary surface representing the level to which water from a given aquifer will rise under
its own head

Polychlorinated biphenyls (PCBs)—a family of chlorinated hydrocarbons toxic to animals and humans
Projection (population)—a number based on trends and patterns of the past
Recharge (ground water)—process of entry of water into the zone of saturation

Recurrence interval—the average time interval, in years, within which the magnitude of a given event, such as a
flood, storm, or low-flow event will be equaled or exceeded

Regression analysis—a statistical method for determining linear dependence, and, where significant correlation ex-
ists, in making predictions

Regulation (stream)—artifical manipulation of the flow of a stream
Residuum—rock material remaining essentially in place after all but the least soluble constituents have been removed

Runoff (total)—the part of precipitation that appears in surface-water bodies; it is the same as stream flow unaffected
by artificial manipulation; runoff expressed in inches shows the depth to which the drainage area would be covered
if all the runoff for a given period were uniformly distributed

Second-order stream—a channel reach which receives flow from two or more first-order streams

Static water level—the level of water in a well that is not being affected by withdrawal of ground water

Stratigraphy—geological study of the formation, composition, sequence, and correlation of unconsolidated or rock
layers

Surface runoff—water which passes over the land surface to the nearest stream channel (overland flow) plus precipitation
falling directly on the stream

Tailwater—water in a channel or pool immediately downstream of a structure such as a bridge, culvert, or dam
Terminal moraine—a moraine formed across the front edge of a glacier marking its farthest advance

Terrace—a bench or discontinuous segments of a bench, in a valley at some height above the modern floodplain,
and which is part of an abandoned floodplain

Till—unsorted, unstratified drift deposited directly by a glacier without subsequent reworking by meltwater; it con-
sists of a heterogeneous mixture of clay, silt, sand, and gravel ranging widely in size and shape

Topography—the relief and contour of a surface, especially land surface

Toxic—describes materials which are or may become harmful to plants or animals when present in sufficient
concentrations

Transmissivity—rate at which water is transmitted through a unit width of an aquifer under a unit hydraulic gradient
Unconfined—describes an aquifer whose upper surface is a water table free to fluctuate under atmospheric pressure

Unit discharge—a general term used to describe a streamflow parameter uniformly distributed over the drainage
basin during a specified unit of time
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Valley train—a long, narrow body of outwash confined within a valley

Water year—the 12-month period, October 1 to September 30, designated by the calendar year in which it ends;
for example, water year 1984 is from October 1, 1983 to September 30, 1984; water year is designed to encompass
the annual winter-spring high-flow period

Weathering—the decay of earth materials through a complex interaction of physical, chemical, and biological processes

Whole-body contact—direct contact with water to the point of complete submergence

Glossary is partially adapted from Langbein and Iseri, 1960; U.S. Geological Survey, 1984; and the American
Geological Institute, 1976.
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Appendix 3. General Soil Map
AGRICULTURAL EXPERIMENT STATION AND COOPERATIVE
EXTENSION SERVICE, PURDUE UNIVERSITY: AND THE SOIL

CONSERVATION SERVICE, U.S. DEPARTMENT OF AGRICULTURE (1971)
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Note: This map is intended for general planning. Each delineation contains soils different from those shown in the legend.

For operational planning, use detailed soil maps that may be-available in published or unpublished form at the local Soil
and Water Conservation District Office.
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91.
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101.

SOIL ASSOCIATIONS

Wakeland-Stendal-Haymond-Bartle:  Nearly level, somewhat poorly drained, silty Wakeland and
Stendal and well drained, silty Haymond in alluvial deposits, and somewhat poorly drained, silty
Bartle with fragipans in acid alluvial deposits.

Genesee-Shoals-Eel:  Nearly level, well drained, loamy Genesee, moderately well drained, loamy
Eel, and somewhat poorly drained, loamy Shoals in alluvial deposits.

Fox-Martinsville-Alluvial soils:  Sloping and nearly level, well drained, loamy Fox on outwash sand
and gravel, and loamy Martinsviile on outwash sand and silt and associated soils in alluvial
deposits.

Fox-Nineveh-Ockley:  Nearly level, well drained, loamy soils on outwash sand and gravel.

Blount-Pewamo: Nearly level, somewhat poorly drained, clayey Blount and very poorly drained,
clayey Pewamo in glacial till.

Crosby-Brookston:  Nearly level, somewhat poorly drained, clayey Crosby and very poorly drained,
loamy Brookston in glacial till.

Fincastle-Ragsdale-Brookston:  Nearly level, somewhat poorly drained, silty Fincastle in wind-

blown siits and glacial till, very poorly drained, silty Ragsdale in wind-blown silts and loamy
Brookston in glacial till.

Reesville-Ragsdale:  Nearly level, somewhat poorly drained, silty Reesville and very poorly drained,
silty Ragsdale in wind-blown silts.

Miami-Russell-Fincastle:  Sloping, well drained, loamy Miami in glacial till and silty Russell in

wind-blown silts and glacial till and nearly level somewhat poorly drained, silty Fincastle in wind-
blown silts and glacial till.

Miami-Crosby: Sloping, well drained, loamy Miami and nearly level, somewhat poorly drained,
clayey Crosby in glacial till.

Miami-Hennepin:  Sloping, well drained, loamy Miami and steep, well drained, shallow, loamy Hen-
nepin in glacial till.

Morley-Blount:  Sloping, well drained, clayey Morley and nearly level, somewhat poorly drained,
clayey Blount in glacial till.

Avonburg-Clermont:  Nearly level, somewhat poorly drained, silty Avonburg and poorly drained, sil-
ty Clermont, both with fragipans, in wind-blown silts and weathered glacial till.

Cincinnati-Rossmoyne-Hickory:  Sloping, well drained, silty Cincinnati and moderately well drain-
ed, silty Rossmoyne, both with fragipans, in wind-blown silts and weathered glacial till, and steep,
well drained, loamy Hickory in weathered till.

Fairmount-Switzerland:  Steep, well drained, shallow, clayey Fairmount and deep, clayey
Switzerland in weathered shale and limestone.
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Appendix 4. Discussion of exposed stratigraphic units

The Kope Formation consists dominantly of bluish- to brownish-gray clay shale, but about five
percent is thin discontinuous beds of fossiliferous limestone that occur mostly in the upper one-
half to one-third of the formation. These beds are more prevalent southward, so that a considerable
part the of the formation exposed in the southeastern extremity of the basin consists of limestone.

Approximately 100 feet of the upper Kope Formation is exposed in the Whitewater River Basin,
although the formation ranges in thickness from about 250 feet in Dearborn County to more than
550 feet at the northern limit of the basin. The lower Kope Formation grades laterally southward

through a progressive facies change into the Lexington Limestone, which otherwise underlies the
Kope.

The Dillsboro Formation conformably and gradationally overlies the Kope and is about 300 feet
thick in much of the Whitewater drainage area. The Dillsboro is a sequence of alternating, mostly
thin-bedded, fossiliferous limestone and calcareous shale. The limestones tend to be better ex-

posed than the shale, but comprise only about 30 percent of the Dillsboro and are less prominent
northward.

The Whitewater Formation overlies the Dillsboro and encompasses the youngest Ordovician rocks
in Indiana. The formation was named for exposures along the Whitewater River at Richmond, In-
diana. Throughout most of the basin the lower part of the formation is recognized as the Saluda
Dolomite Member, a unit that makes a relatively sharp, but conformable boundary with the underlying
Dillsboro. The Saluda is mostly varicolored, fine-grained dolomite but includes a zone rich in the
corals Columnaria and Tetradium. The Saluda thins to the north and is less than 10 feet thick in
Wayne County. The remaining part of the Whitewater Formation is mostly argillaceous, fossiliferous
limestone interbedded with calcareous shale.

Although there is more limestone in the Whitewater Formation than in the underlying Dilisboro
and Kope Formations, the upper part of the Whitewater Formation in Wayne County consists mostly
of shale. The Whitewater is about 90 feet thick in Wayne County and maintains nearly the same
thickness to the south because the part of the formation above the Saluda thins to the south in
compensation for the thickening of the Saluda.

The Brassfield Limestone of Silurian age unconformably overlies the Dillsboro in the Whitewater
River Basin. The Brassfield is generally a medium- to coarse-grained fossiliferous limestone with
numerous irregular blebs and stringers of shale. The formation is commonly yellowish-brown to
salmon pink, but near Richmond the basal part is nearly white, and the overlying limestone is dark

gray. Maximum thickness at the north end of the drainage basin is about 15 feet, but a thickness
of less than 4 feet is common.

The Salamonie Dolomite unconformably overlies the Brassfield Limestone. In the southeastern
part of the basin, the Salamonie includes some shale and very argillaceous limestone in its lower
part, which is normally less than 40 feet thick. This lithology is transitional to the north into a more

pure dolomite. The upper part of the Salamonie, though absent from the Whitewater Basin, com-
monly is cherty.
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Appendix 5. Characteristics of subsurface stratigraphic units
Thickness
Group Rock unit (ft) Description
Lexington Limestone 0-225 Gray fossiliferous limestone with lesser
amounts of shale
Plattin Formation 195-210 Tan, fine-grained to very fine-grained
Black argillaceous and dolomitic limestone
River
Pecatonica Formation 75-90 Gray and brown lithographic to fine-
grained limestone and dolomite; com-
a2 monly argillaceous or silty near base
oS Joachim Dolomite 105-180 Varicolored fine-grained dolomite and
g Ancell limestone; middle part more pure; black
S shale interbeds in upper part
>
13 Dutchtown Formation 10-55 Light-gray and brown argillaceous
O dolomite; some thin green shale
interbeds
Shakopee Dolomite 0-280 Light-gray to brown fine-grained to very
Prairie fine-grained dolomite with interbedded
du Chien shale, siltstone, and sandstone
Oncota Dolomite 250-310 Gray and brown, mostly medium- to
fine-grained cherty dolomite
Potosi Dolomite 700-1125 Gray and brown fine- to medium-
grained dolomite and a few thin zones
£ of shale or siltstone
[}
7] Davis Formation 75-95 Mixed gray dolomite, siltstone, shale,
& | Munising and limestone
c
-§ Eau Claire Formation 440-510 Variable oolitic limestone, shale,
= siltstone, sandstone, and dolomite
©
© Mt. Simon Sandstone 375-625 White to gray, poorly sorted, poorly
consolidated sandstone; includes
several gray and maroon shale beds
Precambrian rocks
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Appendix 6. Example of hydrograph separation for East Fork Whitewater River at Abington

While the peaks of an annual stream hydrograph represent overland and subsurface flow and
sometimes ground water flow, base flow is a slow response to long-term changes in the regional
ground-water flow (see Freeze and Cherry, 1979, p. 225). The base-flow hydrograph therefore will
be much smoother than the stream hydrograph. A good first approximation to the base-flow
hydrograph could be obtained by simply cutting off the peaks of the stream hydrograph. However,
it is quite possible to have base-flow hydrograph peaks (see Linsley and others, 1982, pp. 210-213).

An ideal base-flow recession is a straight line on semi-logarithmic graph paper. Hence, one can
assume that when the falling limb (recession limb) of the stream hydrograph becomes a straight
line, the hydrograph is essentially all base fiow. However, if a precipitation event occurs before
overland and subsurface flows cease, the recession limb of the stream hydrograph will not be a
straight line. If the second precipitation event and any following precipitation events produce suc-
cessively smaller peaks, there will be a recession trend. It may be possible to glean from the trend
an estimated base-flow recession segment. This segment may be sketched in below the stream
hydrograph (see accompanying figure).

To help detect the slope of the recession segments of multiple precipitation events, it is useful
to inspect the entire yearly stream hydrograph. The slope of the base-flow recession for single
precipitation events can be used to help determine the base-flow recession segments for multiple
precipitation events. Although the slope of base-recession will vary throughout the year, the general
trend of the recession can be estimated from single precipitation events.

The next problem is to determine when the base-flow peaks occur, and when to begin each ris-
ing limb. The methods for constructing this portion of the base-flow hydrograph are arbitrary.
However, it is reasonable o believe that a base-flow hydrograph peak should not occur before the

stream hydrograph peak. The base-fiow rising limb will probably be steeper than the base-flow reces-
sion limb.
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Appendix 7.

Maximum contaminant levels for selected inorganic chemicals
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{All values except pH are in milligrams per liter; if muitiple uses have been designated, the most protective standard ap-
plies; dash indicates no available criterion. References to standards are current as of early 1987.}

Aquatic life:  Values for all constituents except iron, pH, selenium, and silver are for one-hour averages; selenium and
silver are not to be exceeded at any time; trace metals where applicable - at a hardness of 250 milligrams per liter.

Public supply: Maximum permissable level of a contaminant in water at the tap; national secondary regulations (reference
e) are not enforceable; both national primary regulations and state regulations are enforceable (references b,c and f).

All values from National Academy of Sciences, 1974.

Irrigation and livestock:

Aquatic life Public supply
Constituent Irrigation Livestock
Value Reference Value Reference
Arsenic (trivalent) 0.360 a 0.05 b,c 0.1 0.2
Barium — — 1.0 b,c — —
Cadmium 0.011 a 0.01 b,c 0.1 0.5
Chloride 0.019 a 250 d,e — —
Chromium (hexavalent) 0.016 a 0.05 b,c 0.10 1.0
Copper 0.042 a 1.0 e 0.2 0.5
Fluoride — — 4.0 prim b,f 1.0 2.0
2.0 sec f
Iron 1.00 d 0.3 e 5.0 —
Lead 0.264 a 0.05 b,c 5.0 0.1
Manganese — — 0.05 e 0.2 —
Mercury 0.002 a 0.002 b,c — 0.01
Nitrate (as nitrogen) — — 10.0 b,c — 10.0
pH (standard unit) 6.0-9.0 d 6.5—8.5 e 45—9.0 —
Selenium 0.260 g 0.01 b,c 0.02 0.05
Silver 0.020 g 0.05 b,c — —
Sulfate — — 250 d,e — —
Total dissolved solids — — 500 e 500—1000 3000
Zinc 0.254 h 5.0 e 2.0 25.0

aU.S8. Environmental Protection Agency, 1985a
PIndiana Environmental Management Board, 1979
€U.S. Environmental Protection Agency, 1986¢
dIndiana Stream Poliution Control Board, 1985
€U.S. Environmental Protection Agency, 1979

f_ _1986a
S__ 1980
h 1987
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Appendix 9. Concentrations of common stream quality constituents and selected metals col-
lected by the U.S. Geological Survey, 1974-81

{Excerpted from Smith and Alexander, 1983; data for Whitewater River at Brookyville; all values in milligrams per liter except
as indicated.}

Number of
Constituent samples Mean
Temperature (degrees C) 77 12.6
Turbidity (JTU) 38 252
Specific conductivity (micromhos/cm) 74 522.9
pH (std unit) 75 8.0
Dissolved oxygen 59 11.3
Alkalinity as CaCOs 64 211.7
Dissolved solids 75 296.4
Organic carbon, total as C 33 4.4
Ammonia, total as N 41 0.1
Nitrate-Nitrite, total as N 74 2.1
Phosphorus, total as P 74 0.1
Calcium 75 66.8
Magnesium 74 24.4
Sodium 75 9.5
Potassium 75 25
Chloride 75 17.9
Sulfate as SOa 74 39.9
Silica 75 43
Fecal coliform (col/100 ml) 6 7148.0
Fecal streptococci (col/100 m}) 40 2074.0
Phytoplankton (cells/ml) 53 13370.0
Number of
Metals (total) samples Median
Arsenic (ug/l) 24 1.0
Barium (ug/l) 13 100.0
Iron (ug/l) 24 220.0
Manganese (ug/l) 24 40.0

Zinc (ug/l) 23 20.0
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Appendix 13. Discussion of Reservoir Yield Dependability

The dependability of the yield of a reservoir at a particular site depends upon the level of de-
mand and the storage capacity of the reservoir. The YIELD computer program (Biek, 1986) deter-

mines various reservoir capacities needed to maintain a given draft with various levels of
dependability.

Dependability is the fraction of time that demand is met (McMahon and Mein, 1986). The time
increment for calculating dependability is one year. Years in which demand is not met are called
deficit years. In the YIELD program, the deficit years are controlled deficits.

Controlled deficits occur when, during one or more of the dry years on record, controlled cut-
backs in demand are made. For example, if it is anticipated that farmers may be able to tolerate
a cutback to 80 percent of their allotted supply during the months of irrigation for the two severest
dry years of record, then there will be two years of controlled deficit. If users of the reservoir can
tolerate some shortages during these few dry years, then a smaller reservoir can be constructed.

The YIELD program computes the reliability or dependability of the yield for each number-of-
years deficit. The dependability may be defined by the equation:

R=m/(n+1) = (n-d)/(n+1)
where
m = number of years demand is met,

n

the period of record of stream flow data,

d

number of years of deficit in which supply is cut back.

For example, suppose we have 50 years of stream data and one year of deficit will be accep-
table. The dependability of the yield is:

R = (50-1)/(50+1) = 0.96

There is a 96 percent probability that the demand will be met in any given year.





